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B-Q-Fcts G-R Construction D-B-Fcts Example

The aim of this work

m-variables quaternary functions(F, m) n — variables boolean functions(f, n)
F:GR(4,m)—>Z4 Z4:{0,1,2,3} ng%Fg (F2:{0,1})

The quaternary approach (CONSTRUCTION):

@ GALoIsrings R = GR(4, m).
@ CRYPTOGRAPHIC properties .
@ Characterization of a family of quaternary CRYPTOGRAPHIC functions.

From Z4 to F» (APPLICATION):

@ The binary projection.
@ Drived boolean cryptographic functions.
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The aim of this work

m-variables quaternary functions(F, m) n — variables boolean functions(f, n)
F:GR(4,m)—Zs Z4=1{0,1,2,3} f:F) —Fo (F2={0,1})

The quaternary approach (CONSTRUCTION):

@ GALoIsrings R = GR(4, m).
@ CRYPTOGRAPHIC properties .
@ Characterization of a family of quaternary CRYPTOGRAPHIC functions.

From Z4 to Fo, (APPLICATION): CONTEXT:
_LFSR —
@ The binary projection. _

@ Drived boolean . —
cryptographic functions.
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Outline

@ Boolean and Quaternary functions
e Galois Rings

e The construction

0 Derived boolean functions

e Complete example of construction
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Boolean functions

Let f:F]+—s Fy

@ Truth table S[F(0,- - ,0), -+ L f(1, -+ 1)]en

@ Support : supp(f) = {u € F3 | f(u) # 0}

® Weight : wi(f) =| supp(7) |

@ HAMMING metric 2 du(f, 9) = Wh(f ® 9)(@=+mod(2))
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Boolean functions

Let f:F]+—s Fy

@ Truth table S[F(0,- - ,0), -+ L f(1, -+ 1)]en
@ Support : supp(f) = {u € F3 | f(u) # 0}
® Weight : wi(f) =| supp(7) |

@ HAMMING metric 2 du(f, 9) = Wh(f ® 9)(@=+mod(2))

CRYPTOGRAPHIC PROPERTIES.

Walsh transform : Wy(u) = > (—1)*¥(=1)""), u € F}
ver]

Balancedness : wy(f) = 2" = Wi0)=0
Nonlinearity ©nk(f) = min du(f,g) <= nk(f) =2"""— 1 max|W;(uv)|
g affine Sy

fisbent <= Yu e F3, |Wi(u)| =22.

Maximal nonlinearity (27— — 25*‘) for n even but (not balanced).
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Quaternary functions

Let F,Ge F(Z],Z4) L) — Zy
The ring of integers modulus 4 The group of 47 root of unity in C
Z4=7/47 =1{0,1,2,3} I2° Uy ={£1, £} 2= -1

JADDA & PARRAUD & QARBOUA 2012



B-Q-Fcts G-R Construction D-B-Fcts Example

Quaternary functions

Let F,Ge F(ZD,Z4) : LY —> Z4
The ring of integers modulus 4

The group of 4" root of unity in C
Z4=7/47 =1{0,1,2,3} I2° Uy ={£1, £} 2= -1

@ Truth table

CIF(0, -+ ,0), - F(1, -, 1)]4m
@ Relative support s suppi(F) ={u e Z7 | F(u) = j}o<j<s
@ Relative cardinal

2 ni(F) =| supp;(F) |

ZE€EZ, O[T 2
wi(z) [O0]1]2

LEE METRIC

1

@ LEE Weight s wi(F) = m(F) + 2n2(F) +n3(F)
@ LEE Distance 1al(F, G) = wi(F = G)p— mod(ay
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Quaternary functions

Let F,Ge F(ZD,Z4) : LY —> Z4
The ring of integers modulus 4

The group of 4" root of unity in C
Z4=7/47 =1{0,1,2,3} I2° Uy ={£1, £} 2= -1

@ Truth table

CIF(0, -+ ,0), - F(1, -, 1)]4m
@ Relative support s suppi(F) ={u e Z7 | F(u) = j}o<j<s
@ Relative cardinal

2 ni(F) =| supp;(F) |

Z€Z4 0 1 2
wi(z) [O0]1]2

LEE METRIC

1

@ LEE Weight s wi(F) = m(F) + 2n2(F) +n3(F)
@ LEE Distance Ddu(F, G) = wi(F — G)p— moday
WALSH TRANSFORM.
Wr(u) = " ivifW, uez]

WE(u) = > V(-1 uez]
VEZ] vezp
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CRYPTOGRAPHIC PROPERTIES.

Let F ]:(ZT,Z4)

The function F is balanced — n(F)=4"" vje{0,1,2,3}
—  WE0)=WE0)=0

The nonlinearity of F : nlk(F) min d.(F, G)

G affine
= 47— max {Re(ib WF(a))}

acZy ,beLy
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CRYPTOGRAPHIC PROPERTIES.

Let F e ]:(ZT,Z4)

The function F is balanced — n(F)=4"" vje{0,1,2,3}
—  WE0)=WE0)=0

The nonlinearity of F : nlk(F) min d.(F, G)

G affine
= 47— max {E’e(ib WF(a))}

aez:g",bgm

Fisbent < vx € Z], |WEr(x)| = 2"

The nonlinearity of a bent function F is nlf(F) = 4™ — 2.

JADDA & PARRAUD & QARBOUA 2012
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GALols Rings
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GALols Rings
THE MULTIPLICATIVE REPRESENTATION AND CYCLOTOMIC CLASSES

R == Z4[X]/(9(X)) (6_poi of deg m == Za[f] (2 —1throot of unity ) = ZT

GR(4,m)=R*/TUDUT

Bl if zeT*
i . " s .
VzeR, > 2B ) {f zeD (Mult|pl|cat|yg representation)
B'+28 if zeR*/T 0<j,i<am—2
0 if z=0

The 2™-CYCLOTOMIC CLASSES (Cj)o<j<2m—1 Of order 2™ — 1 of R* are
defined by :

C={8(1+2p), 0<I<2m"-2}
Con={g,0<I<2m-2}

JADDA & PARRAUD & QARBOUA 2012
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The m-variables quaternary function

DEFINITION OF Fy :
vk € {0,1,..,2" — 2}

We define the m-variables quaternary function Fy as follow :

Fk : R — Z4
a+2b — Fi(a+2b) = h(B8"(1+2ba"2))

where, hy : € — Zs and & = {B Y U{B* (1 +20), 0<j<2m -2}
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The m-variables quaternary function

DEFINITION OF Fy :
vk € {0,1,..,2" — 2}

We define the m-variables quaternary function Fy as follow :

Fk : R — Z4
a+2b — Fi(a+2b) = h(B8"(1+2ba"2))

where, hy : € — Zs and & = {B Y U{B* (1 +20), 0<j<2m -2}

CARACTERISATION OF Fy :

F(x) = h(B¥(1 +2p8)) if x€C,0<j<2m -2,
T (89 if xeCm 4UD.
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Conditions on the intern function hx
Relation between bentness of Fx and his intern function hx

Vk € {0,1,..,2™ — 2}

The g-ary function Fy is bent if

Yvee, M =0 (1)
VxeT
| Z Ihk(Bk 1+2v))+3Tr(va)’ _ 2%’ (2)

with, 1
Va,beT, asb=a+b+2(ab)?" T

vzeR  TH(2)=X]5'd(2) €

JADDA & PARRAUD & QARBOUA 2012
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Algebraic duality

Let note E* the dual of 7, and L(x,y) : T x T — 2F, a bilinear, symetric and
nondegenerate function.

b(x) = L(b2, x) where by # b, # 0 and,

h(x) = L(b1, x) are three balanced functions
if,vxeT
l3(x) = L(bs, x) bs = by @ bz
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Algebraic duality

Let note E* the dual of 7, and L(x,y) : T x T — 2F, a bilinear, symetric and
nondegenerate function.

b(x) = L(bz, x) where by # b, # 0 and,
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Then the orthogonal of B={0, by, by, b3} is :
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Algebraic duality

Let note E* the dual of 7, and L(x,y) : T x T — 2F, a bilinear, symetric and
nondegenerate function.

b(x) = L(bz, x) where by # b, # 0 and,
h(x) = L(bs, x) bs = by @ by
Then the orthogonal of B={0, by, by, b3} is :

h(x) = L(b1, x) are three balanced functions
if, vxeT

‘Bi:{xeT|V/€B*:/(X):0}, B = {h,k}

And,if Vie {1,2,3} b ¢ Bt = |B*|=2""2
Example of splitting:

Let L(x,y) = 2Tr(xy) and by # b € T* with Tr(by) is even and Tr(biby) is
odd Then :
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Algebraic duality

Let note E* the dual of 7, and L(x,y) : T x T — 2F, a bilinear, symetric and
nondegenerate function.

b(x) = L(bz, x) where by # b, # 0 and,
h(x) = L(bs, x) bs = by @ by
Then the orthogonal of B={0, by, by, b3} is :

h(x) = L(b1, x) are three balanced functions
if, vxeT

‘Bi:{xeT|V/€B*:/(X):0}, B = {h,k}

And,if Vie {1,2,3} b ¢ Bt = |B*|=2""2
Example of splitting:

Let L(x,y) = 2Tr(xy) and by # b € T* with Tr(by) is even and Tr(biby) is
odd Then :

|T=B"®B=UlbaB"
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CONSTRUCTION OF hg

Let o = (ap, v, a2, 03) € Zﬁ such that:

| io0 4 1 4 jo2 4 jos | =
| I'Oéo _|_ I'Oq _ iag _ I'Otg |
(S1) | o0 — o1 4 joz — jos |

| joo — jor —joz 4 jos | =

I
NN

and by, b, € T* defined in the splitting example.
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CONSTRUCTION OF hg

Let o = (ap, v, a2, 03) € Zﬁ such that:

| io0 4 1 4 jo2 4 jos | =
| I'Oéo _|_ I'Oq _ iag _ I'Otg |
(S1) | o0 — o1 4 joz — jos |

| joo — jor —joz 4 jos | =

I
NN

and by, b, € T* defined in the splitting example.
VO<j#1<3, i+ Tr(b)#aj+Tr(b)  (S2)

Then the intern function hy defined by :
Vj, 0 <j <3, VxeBrab, h(B(1+2x)) =+ Tr(by)

verifies the conditions (1) and (2) .
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CONSTRUCTION OF hg

Let o = (ap, v, a2, 03) € Zﬁ such that:

| io0 4 1 4 jo2 4 jos | =
| I'Oéo _|_ I'Oq _ iag _ I'Otg |
(S1) | o0 — o1 4 joz — jos |

| joo — jor —joz 4 jos | =

I
NN

and by, b, € T* defined in the splitting example.
VO<j#i<3, ai+Tr(b)#a;+Tr(by) (S2)
Then the intern function hy defined by :
Vj, 0 <j <3, VxeBrab, h(B(1+2x)) =+ Tr(by)
verifies the conditions (1) and (2) .

Let o a solution of (S,) then o+ /7 mod 4 and ¢'3(«) are also
solutions.

JADDA & PARRAUD & QARBOUA 2012
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Solutions and models

We note a model a the vector (ao, ai, az, as) defined by:

VO<i#j<3, a=caj+Tr(b) and a #a.
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Solutions and models

We note a model a the vector (ao, ai, az, as) defined by:
VO<i#j<3, a=caj+Tr(b) and a #a.
a-+/ mod 4 0</<3

If ais a model = are
1
o'(a) = (a1, a1, a2, a,3) also models
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VO<i#j<3, a=caj+Tr(b) and a #a.

a+ ! mod 4 0</<3
If ais a model = are
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Solutions and models

We note a model a the vector (ao, ai, az, as) defined by:

VO<i#j<3, a=caj+Tr(b) and a #a.

a+ ! mod 4 0</<3
If ais a model = are
o'(a) = (a1, a1, a2, a,3) also models

Forall balanced function hy defined by :
h(B*(1 +2x) = g if x € by ® B+, Jo satisfying (Sz)

The quaternary Bent function, F; : R= U/?;"O”C, UD — Z4

F(C) — g iffeB-ab
Fk(DUT*) = &

JADDA & PARRAUD & QARBOUA 2012
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The vector representation of elements of R

R=GR(4,m)=T"UDU (U ?C)
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The vector representation of elements of R

R = GR(4,m) = T* UDU (U275 2C)) & Za[f] = E* U WU (U2 2V))

. Zj€Zy
VzeR: z= 21261 zi@ (Additive representation)
with, 3 a root of the b_polynomial

E— d(T) = {0}Uf{v,0<i<2"—2}
Z e ZT W= d(D) = {0} @] {2V,', o<i<2m— 2}(Vi><vj:Vi+j[2m71])
f= d(C) = {w(l+2y),0<i<2m 2}
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The vector representation of elements of R

R=GR(4,m)=T"UDU (U, " 20 & 74[8] =

EruWu (s U5 2Y)

m1 . Zj€Zy
VzeR: z=3% 7, zi@ (Additive representation)
with, 3 a root of the b_polynomial
E= Jd(T) = {0}u{v,0<i<2™-2}
Z € Ly W= d(D) = {0} @] {2V,', o<i<2m— 2}(Vi><vj:Vi+j[2m71])
Vi= d(G) = {v(1+2y),0</<2"-2}

REDEFINITION OF Fi (k € {0,1,..,2™ — 2}):

Fo : EPUWU(E32V) - Z
u+2v —  Fu(u+2v) = F(d"(u+2v))

/_7;( : d(Q:k) — Z4,/_’7k(X) = hk(d71(X))

JADDA & PARRAUD & QARBOUA 2012
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The direct mapping between Z[" and F5™

FROM ZJ' TO F?™:

P 7y — IFS’” . . .
utav = OV is a bijection.

where~is the component mod 2 reduction and || is the
concatenation.
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FROM ZJ' TO F?™:

P 7y — IFS’” . . .
utav = OV is a bijection.

where~is the component mod 2 reduction and || is the
concatenation.

F3™ = o(Z7) = UZ5 2p(V)) U p(E*) Up(w)
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The direct mapping between Z[" and F5™

FROM ZJ' TO F?™:

P 7y — IFS’” . . .
utav = OV is a bijection.

where~is the component mod 2 reduction and || is the
concatenation.

F3™ = o(Z7) = UZ5 2p(V)) U p(E*) Up(w)

Let vy @any mapping from Z4 to Fo such that :
erz“(*")w"(x) =0
Example: Yi(2g+r)=qorvyi(2g+r)=q+r (mod 2).

JADDA & PARRAUD & QARBOUA 2012
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The 2m-variables Derived boolean functions

DEFINITION OF f :

The 2m-variables boolean function f derived from the
quaternary constructed function Fy and defined as :

f . F3" — Fa_
x = Yi(Fe(e(x))) is bent.
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B-Q-Fcts G-R Construction D-B-Fcts Example

The 2m-variables Derived boolean functions

DEFINITION OF f :

The 2m-variables boolean function f derived from the
quaternary constructed function Fy and defined as :

f . F3" — Fa_
x = Yi(Fe(e(x))) is bent.

CARACTERISATION OF f :
W(U]|V) € F3™ = p(Z) = UZ520(V)) U (E*) U p(w)

oy [ wilh(vi(vo +2p)) if TN (UIT) € V) m
f(UHV) - { ¢I( k(Vk)) ! if (P71(UHV) c Ej*[fW
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B-Q-Fcts G-R Construction D-B-Fcts Example

The 2m + 1-variables derived boolean functions

DEFINITION OF f:

The derived boolean function f defined as :

fo Fa™ — Fp
xlle = (Fe(e ' (x)))

has maximal nonlinearity equal to 4™ — 2M+1,
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B-Q-Fcts G-R Construction D-B-Fcts Example

The 2m + 1-variables derived boolean functions

DEFINITION OF f:

The derived boolean function f defined as :

fo Fa™ — Fp
xlle = Ye(Frle™ ()
has maximal nonlinearity equal to 4™ — 2M+1,

CARACTERISATION OF f:

V(@I7lle) € F3™" = (Z2])le = U5 2p(V))l|lUa(E7)l[eUp(w) e

oy [ o +2v) i BT € p(V)]le. 0<j <272
@I ={ Lty i dvle < AEN oWl
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outline

e Complete example of construction
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B-Q-Fcts G-R Construction D-B-Fcts Example

Example of construction (GALOIS Ring)

(307 a, 3233) = (0 2, 1 ) 3)
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B-Q-Fcts G-R Construction D-B-Fcts Example

Example of construction (GALOIS Ring)

(307 a, 3233) = (0 2, 1 ) 3)

R = GR(4,3) £ Z4[4],
g(x) = x3 4+ 2x2 4+ x + 3, with /3 be a root of g(x) of order 7 .
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B-Q-Fcts G-R Construction D-B-Fcts Example

Example of construction (GALOIS Ring)

(307 as, 3233) = (0~ 2~, 1 ) 3)

R = GR(4,3) £ Z4[4],
g(x) = x3 4+ 2x2 4+ x + 3, with /3 be a root of g(x) of order 7 .

T* 1 8 B 32 % 3° 35
E* | {1,0,0} {01,0} {0,0,1} {1,3,2} {233} {331} {1,2,1}
D* 2 23 252 233 254 2435 235
w* | {2,0,0} {0,2,0} {0,0,2} {2,2,0} {0,2,2} {2,2,2} {202}
Co 3 3B 362 36° 36 36°

C | 1428  p+287 pP+28% p+ept prie® B +285 2

G [ 1+28%5 p+28% 24285 p¥+285  pFi2 g2 pB 28
Cy | 1+28% p+28° pZ+285 pF+2  pti2s p+28% BB +28°
Cs

Co | 1+28%5 pB+2 gZ+2p  pPr2p2 P2 pSy2pt g r2g°

L& |
|
> |
Il
’cz‘wzsz B+28% pP+2p" 128 pta28®  pTe2 pS+28
> |
L~ ]
>
> ]

14285  B+28° ) B +2p  pr+2p? g +28° B6+2B4‘
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Example of construction (GALOIS Ring)

(307 as, 3233) = (0~ 2~, 1 ) 3)

R = GR(4,3) £ Z4[4],
g(x) = x3 4+ 2x2 4+ x + 3, with /3 be a root of g(x) of order 7 .

T 1 3 32 B2 B B° 38
E* {1,0,0} {o0,1,0} {0,0,1} {1,3,2} {2,3,3} ({3,3,1} {1,2,1}
D* 2 23 2532 233 2p% 235 28
w* | {2,0,0} {0,2,0} {0,0,2} {2,2,0} {0,2,2} {2,2,2} {2,0,2}
Co 3 38 352 36° 3% 35" 345
Vo {3,0,0} {0,3,0} {0,0,3} {3,1,2} {2,1,1} {1,1,8} {3,2,8}
Cci | 1+28 p+28% F2+28% 428" pti2s® pS+285 iz
Vi {1,2,0p {0,1,2} {2,2,1} {1,1,0} {0,1,1} {1,8,3} {3,2,1}

L& |
Lo
|
v |
’cz‘st? 6+28° p2+280 B2 pF426° o2 pCi28
v
A
v
I

1+28° B+28° pl+2 83128 prt28% B+r2sd 36+234‘

Vo | {1,0,2y {2,3,0} {0,2,38} {3,1,0} {0,381} {1,3,1}  {1,0,1}
Cy | 1+28° pB+28* pZ+28° pS+28%5  pgti2 g2 pF 428
V; | {8,203 {0,8,2} {2,2,384 {3,3,0} {0,3,8% {8,1,1} {1,2,3}
Cy [ 1+28% p+28° 7+285 p¥+2  pie2p g +2p% g5 +28°
vy | {1,2,2} {2,382} {2,0,38} {3,3,2} {2,1,8} {3,3,3} {3,0,1}
Cs

Vs | {3,2,2} {2,1,2} {2,0,1} {1,1,2} {2,3,1} {1,1,1}  {1,0,3}
Ce | 1+28° B+2 gZ+28 po+28% pri28° pSi2p% 820
Ve | {8,0,2} {2,1,0} {0,2,1}  {1,3,0}  {0,1,8} {8,1,3} {3,0,3}
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B-Q-Fcts G-R Construction D-B-Fcts Example

Choice of by and bo

beT |1
Tr(b) | 3

5 B2 B BT B 5o
2 2 1 2 1 1 0

JADDA & PARRAUD & QARBOUA 2



B-Q-Fcts G-R Construction D-B-Fcts Example

Choice of by and bo

beT[1 B F# B p* g5 g% 0
) |8 2 2 1 2 1 1 0

We canchoose by =?and bb =?and bs = by ® b, =7
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B-Q-Fcts G-R Construction D-B-Fcts Example

Choice of by and bo

beT[1 B F# B p* g5 g% 0
) |8 2 2 1 2 1 1 0

We canchoose by =?and bb =?and bs = by ® b, =7

o b [ 1 8 8 B 5 B 85 o

by

1 o 8% S s B A

B g o Bt o1 g B0 g B
62 EG ﬂ4 0 35 8 ,33 1 62
63 B 1 55 0 36 62 4 53
8 g 2 p g5 o 1 g p
55 B4 36 33 62 1 0 B 55
B° g 1 gt g B o g8
0 1o B B Bt B B 0

JADDA & PARRAUD & QARBOUA



B-Q-Fcts G-R Construction D-B-Fcts Example

Choice of by and bs

bieT[1 B B B 5% 85 85 0
) [8 2 2 1 2 1 1 0

We can choose by = 82 and b, = 8% and bs = by @ by = 5°

o [ b [ 1 B 85 p° BT B° 5 o

by

1 o 5 85 s B Bt B

3 B o gt 1 g g8 g5 g
82 88 gt 0 85 s g 1 82
38 8 1 85 0o 85 g gt BB
g* g5 B2 p g o 1 g Bt
8° gr % g g2 1 0 g
8° g2 5 1 gt 2 g o g°
0 18 B2 B gt B 5 o
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B-Q-Fcts G-R Construction D-B-Fcts Example

Choice of by and bs

bieT[1 B B B 5% 85 85 0
) [8 2 2 1 2 1 1 0

We can choose by = 82 and b, = 8% and bs = by @ by = 5°

o [ b [ 1 B 55 B BT B° 5 o

by

1 o 85 B B B B

3 B o gt 1 g g8 g5 g
82 88 gt 0 85 8 8° 1 82
BS B 1 BS 0 “36 52 54 53
g* g5 B2 p g o 1 g Bt
8° gr % g g2 1 0 g
8° g2 5 1 gt 2 g o g°
0 18 B2 B gt B 5 o

We have 7 = U} (B- @ bjand B+ = {x € T, 2Tr(xby) = 2Tr(xb,) = 0}
i=0

B-@&b = {0,8%
Btaeb = {p1}
B-eb = {88
BL@bS - {557ﬂ}
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B-Q-Fcts G-R Construction D-B-Fcts Example

Then we can definie explicitly our quaternary function like that:

0 ifxeUCeUDUT™
2 ifxeuCU Gy
1
3

if x e UC3 U Cy
if x € UCs U Cq4
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B-Q-Fcts G-R Construction D-B-Fcts Example

Then we can definie explicitly our quaternary function like that:

if xe uCgUDUT™
if x e UG, U Gy
if x e UC3 U Cy
if x € UCs U Cq4

Vx € R, Fx(x) =

w-=DNO

Then F is defined such that:

ifxeuVgUWUE*
if x €UV U Vg
if x e UV U Vy
if x €UVsU V4

Vx € ZI, Fy(x) =

wWw-=NMNO

JADDA & PARRAUD & QARBOUA 2012
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Letvy : Zgy — Fo ,0(2q9+r) = g then:
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B-Q-Fcts G-R Construction D-B-Fcts Example

Letvy : Zgy — Fo ,0(2q9+r) = g then:
The 2m-Derived boolean function it’s constructed like that:
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B-Q-Fcts G-R Construction D-B-Fcts Example

Letvy : Zgy — Fo ,0(2q9+r) = g then:
The 2m-Derived boolean function it’s constructed like that:

LetY.co,1y 1 Za — F2, 1=(2q + 1) = g* e + & r then:
The 2m -+ 1-Derived boolean function it's defined like that:
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B-Q-Fcts G-R Construction D-B-Fcts Example

Letvy : Zgy — Fo ,0(2q9+r) = g then:
The 2m-Derived boolean function it’s constructed like that:

LetY.co,1y 1 Za — F2, 1=(2q + 1) = g* e + & r then:
The 2m -+ 1-Derived boolean function it's defined like that:

X
X
X
X

lle € Up(Ve) U
lle € Up(V2)- Uy
le € Up(Va): Up
lle € Up(V5): U

W) U o(E™)-
VO)e
V4)€
Vi)e

if o
if ¢
if
if o

vx € 27, f(p(x)lle) =

M M O O
L]

AN AN AN A
e
P PN
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Conclusion

@ THE QUATERNARY FUNCTION:

F. : R=GR(4,m) — 74
a+2b —  Fx(a+2b) = h(B*(1 +2ba®"?))

Wiﬂ"IVk7 0§k§2m72, hkiek%Z4
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B-Q-Fcts G-R Construction D-B-Fcts Example
Conclusion

@ THE QUATERNARY FUNCTION:

F. : R=GR(4,m) — 74
a+2b —  Fi(a+2b) = h(85(1 +2ba>"—2))

Wiﬂ"IV/(7 0§k§2m72, hkiek%Z4

@ THE BINARY PROJECTIONS:

f:Fs" — T f:Fe™ & Ty
x = i(F(d (o7 () xlle = ve(Fld (e 00))
with R%ZTLF%’" and VU, Ye 1 Ly balanged Fo
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