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THE CONJUNCTION OF A PARTICULAR FORM
OF MAJORITY LOGIC FUNCTIONS AND SOME
OF ITS PROPERTIES

1. Formulation of the problem. Many practical problems, met in
engineering and in natural sciences and, particularly, in information
theory, theory of finite dynamic systems and system reliability theory,
can be reduced to the solution of a problem which may be formulated
in the logical function language as follows.

Let f(x) denote a function of the class P, of binary logic functions
determined on a set of arguments X, the elements of which are the vectors
& = (#yy Xy -.., &), Such that x;¢{0,1} for ¢ = 1,2, ..., r, and f(x) {0, 1}.

Definition 1. A function f(x,,...,%;_,, 2, 2, ,,..., %) = P, does
not depend substantially upon the variable x; if

F@1y ooy @150, B 00y 00y ) =f(xy, ..., 0y, 1, Lipqy oery Tp)e

Let us assume that f(w;,2,,..., 2 ), 1<6<0<...<i,<7
with {4, %5y ...yt = {1,2,...,7} is a function determined on a set
of arguments X whereas the variables not belonging to the set
{:vil, i,y -+ #;,} are the variables upon which the function does not
depend substantially.

Definition 2. f(x) = f(zy, s, ..., 2,) is called a majority logic
Junction if there exists such a k, 1 <k < r, that

1 if S(@) >k,

1@ =1y i S(x) < k,

Wwhere S(z) denotes the number of the components of z = (2, 2,, ..., 2,)
assuming the value 1. The number k is called the degree of the function.
Let us denote by W the class of majority logic binary functions.
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Example 1. The function f,(x), defined in Table 1, is not a majority
function, whereas the function f,(x) is a majority function of degree k¥ = 2.

TABLE 1.
| oz | my |8 | fil®) | fil@)
0 0 0 0 0 0
0 0 1 1 0 0
0 1 0 1 1 0
0 1 1 2 1 1
1 0 0 1 0 0
1 0 1 2 1 1
1 1 0 2 1 1
1 1 1 3 1 1

Letf; ,(2) € Pyy @ = (@1, Tgy ..., L)yt <0 <16 =1,2,...,n+m—1,
m=1,2,...,a< oo, denote a function depending substantially on =
variables &;, &; 1y ..ey Tiyn_y-

Consider the functions

m

(1) f(x) = in.n(w)1
where & = (%1, T2y ...y Tpym_1), =1, and

1 for # such that S(z;, %;,,,..., %;.,_,) = Fk,

f'i,n(a") =

~ |0 for # such that B(@yy Ziyyyoeey By 1) <k,

t=1,2,...,m, 1< k< n.

The functions f;,(x) are majority functions defined on sets of »
arguments the elements of which are vectors (#;, %;,,, ..., %;,,_;); the-
refore these functions are majority functions defined on those variables

on which they depend substantially.
Having in mind the remark stated after definition 1, we may present

function (1) in the form
J@15 oy ooy Tpymr) = 1.0 @1y Tay ooy By) A fon(@ay Tay ooy Ty yy) A
e A STy Tong1s ovvy Tnymo1)s
where f; (T Zipqy-eey Byrpy) = Wy, 1 =1,2,...,m.

Let X; denote a subset of the argument x = (x;, sy ..., Tpim_1)
for which the function f(x) assumes the value 1, i.e.

X! ={o:f(a) =1},
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and let u, denote the power of the subset of elements of X; for which
S(z) = p, that is let

pp, = Card{x : [S(x) = p] A [x<X}]}.

The problem to be solved involves the determination of the vector
p = (Hoy H1y +++y Ppym—) Tor the function f(x) defined by (1) with fixed
kyn, m.

Example 2. Determine p for ¥ =1, n =2, m = 2, i.e. for

f(@y, B2y X3) = [, 2(@1y T3) A fo (@2, @5),

where f, , and f,, are majority functions of degree k = 1.
The results of subsequent calculations are shown in Table 2. Thus
p=1(0,1,3,1).

TABLE 2.
a, | w | @y | Sy, @) | S, 3) | f[i0@) | foe@ | f@ | S(a)
|
0 0 0 0 0 0 0 0 0
0 0 1 0 1 0 1 0 1
0 1 0 1 1 1 1 1 1
0 1 1 1 2 1 1 1 2
1 0 0 1 0 1 0 0 1
1 0 1 1 1 1 1 1 2
1 1 0 2 1 1 1 1 2
1 1 1 2 2 1 1 1 3

Fig. 1 illustrates the result by black circles
indicating the edges in binary three-dimensional
space in which the function f(x) takes the
value 1.

Although the above algorithm is simple, the
use of it for large values of n+m—1 is rather
troublesome (even if a computer is applied).

We examine in the present paper certain
general properties of the considered function
that will be helpful while developing the algo-
rithm of the formulated problem. Afterwards
a solution algorithm will be given for the case
m < n+1.

2. Certain general properties of the considered function. Write
X; = (Zy;y Tajy -y Xpy). Lt x; & o; mean that x> ay;, x> oy, ..., 24
= x,;, and that x; = x; for © #j.
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Definition 3. The function f(x) = P, is called monotonic if for
two arbitrary elements of the set X, such that x; & x;, the relation
f(x;) > f(x;) holds.

We denote by M the class of monotonic functions defined above.

LemMA 1. Function f(x) defined by (1) belongs to the class M.

Proof. Assume, contrary to the statement, that there exist such
@y ;€ X (¢ # j) for which x; & ; and f(x;) < f(w;), i.e. f(x;) =1 and
f(@;) = 0.

From the asumption f(z;) = 0 it follows the existence of some p,
1 < p < m, for which f,,(2;) = 0. From the assumption z; & x; we have,
however, that for every p

(%9 Tprriy oeey Tpyn_1i) > S(xp,y'7 Zpirgs ooy Tpin—1,i)s

and, since f,, < W and f,,.(#;) =0, we have f,,(x;) = 0. However,
from the assumption f(x;) = 1 it follows that f,,(x;) = 1 for every p,
which contradicts the previously said.

This completes the proof.

From lemma 1 the two following properties of the function (1) follow
directly:

PROPERTY 1. If for the function f(x), defined by (1), there exists a p,
(n—}—m—l)’ then u, =(n+m—1) for

0<p<nt+m—1, such that p, = '

every s > p, t.e. we have

S | S T G |

PROPERTY 2. If for the function f(x), defined by (1), there exists a p,
0<p<n+m—1, such that u, =0, then u;, =0 for every s < p, i.e. we
have

I\/ﬂp‘—‘O] :>[/\/‘s=0]'
D 8<p

Note that in the function (1) there is no variable on which it would
not depend substantially. Note, too, that class W is contained in the
class M.

Let us write

Xoin, = {a;: |w e X}| A | /%\ x4 X1} .
xj CCi

It is easy to see that if f(x) = M, then for every x; & x;, where
mieX,‘ninf, we have f(w;) = 1.
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I f(xy, 23y ..., 2,) =« W, then

Card X}nm’ = (;),
where k is the degree of the given majority function. For any arbitrary
argument pair x;, x; (#; # x;) of the set Xllnmf we have S(z;) = 8(x;) =k,
and if x;eX};,,, then every element ; such that S(x;) = S(x;) is also
an element of the set X, .

If, however, f(x) = P, belongs to class M and does not belong to
class W, then there exist «;, #; in the set Xllnmf such that S(x;) # S(x;).

LEMMA 2. The function f(x) defined by (1) does mot belong to the class
W with the exception of the trivial case k = n or m = 1.

Proof. Note that every element xe¢X such that
(2) S(mna’za---,wn) =k7

Tppg = X1y Tpyo = Loy eeny Loy = Ty Tapyg = Ly ---

is the element of the set X1 .. y of the function defined by (1).

Among the elements z satisfying (2) there exists always an element x;
such that x,; =1 and z,,,; = 0,1 <p < n+{m—2. Let 4; be an element
of the set X such that for every I, 1<Ii<nt+m—1,1 #p, | #p+1
I8 @y =ay2,; =0, and ®,,,; =1, so that S(z) = S(x;). Because
of the assumption that z; satisfies (2) it follows that S(x,_, .1, Tp_nisiy ---»
ooy Ty ;) =k and, since #,; = 0, we have, S(L,_ni1,jr Tp_nizjs -1 Tpj)
=k—1.

As x; ¢ X1, and because ; is by assumption an element of Xllnmf and
8(x;) = 8(x;), the function f(x) does not belong to the class W. Hence
the lemma is proved.

From lemma 2 the following property of the considered function
results:

PROPERTY 3. For the function f(x) defined by (1) there exists always,
with the exception of the trivial casesk = nandm = i,ap (0 < p < n+m—1)
such that

n—l—m—-l)
» .
Let o and 7 denote such minimum numbers that u, # 0 and g,

o

O<,u,,<(

—_—
=

, Tespectively.
Since

o = min S(x;)

1
;X ming
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and since every element of the set X ;. p satisfies condition (2), we have

min S(x;) =8z, =0,...,2,_;, =0,2, ., =1,...,2,
xiexl?ninf
= 1’wn+1 = XyyeeeyToy = Ty Toypy = L1y oeny Ty = .’Dw),
where
n+m—1 ]
n-}—m—-l—E’[———]n if m #n(c—1)+1,
= n
n if m =n(c—1)+1,
c=1, 2,...
Thus
n+m—1
0 = E[——n——]k—l—[w—(n—k)]é*(m,n),
where
1 ifm#“n(c—1)4+1
s omym = b
0 Hm=n(c—1)+1,
¢c=1,2,...,
or
n+m—1
®) e 2O
where
n+m—1 {1 for 2> 0,
2=m+k—1—E|——|n 0(2) =
+ [ n ]"’ (%) 0 for z< 0.
From
N =8, =0,...,%, ; =0,2, 4, =1,...,@; =1)
it follows
(4) n=m+k—1.

Thus, the difficulties connected with the calculation of the vector u
consist in the determination of the components u, for p < s < 1.

3. Solution of the problem for the case m < n-+1. The solution will
be sought with the help of combinatorial methods. At first we shall show
that the following combinatorial problem is equivalent to the given one.
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Let N denote a set with n+m—1 numbers 1,2,...,n+m—1.
From the set P(N) of all subsets of the set N we choose m following sub-
sets with » elements each:

N, ={1,2,...,n},
N, =1{2,3,...,n+1},

N,={m,m+1,...,n+m—1}.

Let D = (a;, Gy .0y @), 0 << 83 < ... < @, L < p < n+4m—1, denote
an ordered selection of p elements of the set & and K,(D) — the number
of the elements in the selection D, which simultaneously are elements
of the subset N,

K,(D) = Card{a : (aeD) A (aeN,)}.
We want to know the number of ways a selection can be made in
such a manner that the following conditions will be satisfied:
(5) K, >k, +1=1,2,...,m.

The answer to this question is equivalent to answering the question
what is the value of u,, since for any & such that the components z, ,
Tays ++ 1 Ta, take the value ¢ and the remaining ones are zero we have
S(x) = p and f(z) = 1.
Divide the set N into three following subsets:
A={1,2,...,m—1},
B ={m,m+1,...,n},
C={n+1,n+2,...,n+m—1}.

Let M (D), Mg(D), My(D) denote the numbers of elements of D

which are elements of the sets A,B,C, respectively.
Thus, for any arbitrary selection D = (a,, a,, ..., a,) We have

0< My(D)<m—1, 0< MyD)<n—m+1, 0<Mo(D)<m—1,
MA(.D)—FMB(D)‘F]VIC(D) =Pp.

A necessary condition for the selection D to satisfy condition (5) is
that it fulfills the following system of inequalities:

(6) M (D)4 Mgz(D) 2:,

M (D)+Mp(D) =

Let M = (M4, Mgz, M;) denote any arbitrary combination of the
Values M, Mg, M satisfying condition (6), and {M} — the set of all
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such combinations. Let u,(M) denote the number of selections D satisfying
(5) for the combination M satisfying (6).
Thus

(7) sy = O 1y (I).
{M}

If Myz>k, then every selection D = (a,, a,, ..., a,) satisfying the
necessary condition (6) satisfies also condition (5). Therefore

m—1\ (n—m+1\ (m—1
(8) :up(MA7 MB >k MC) ( -Z'-[A )( _ZlIB ) -MC )’

If Mz<k, then
po(Myy Mg<<ky, Mc) < pu,(M4, Mg>k, My),

sinee not all the selections D satisfying (6) satisty (5).
Wl'ite € = k_.MB’ ‘R.A. = MA—€ = M“I—I_MB_k, .Rcl = .Z‘/IC_E = .MC"I_
+Mp—k.
Note that from the selections
D = (01,85 ..y Qr s AR i1y vy OR per Cap 419 -9 V4 Mg
Oy +Mpr1r ooy OM yr Mpres Qe Mpr1y -+ aIVIA-i-MB+MC)7

satisfying the necessary condition (6), condition (5) satisfy only those
or which

(9) aMA+MB+Z a]?,4 l-l ()2'7 l = 17 27
Let
* * * *
D" =(ag,11y---s QR 16y @M (4 Mpr1y =+ B2 4+ Mpyre)

denote an ordered selection of 2 ¢ elements with aR tlyeees OB +¢ belonging
to the set 4 ={1,2,...,m—1} and a% 4 mp41y-- ,a}',,AH,BH belonging
to the set C ={n-+1,...,n+m—1}, and let

* *
Ay Mgl OR SNy, 1 =1,2,

Let di(a,R 4 H,aM +Mp+e) denote the number of possible different
selections D* for aR ., fixed and for ay, L+ Mptrer
Since every selectlon with

%
< ay<<...<ap, < R +19
%* %
OR4+1 = Ar 19 o2y Op j1e = Ap 1oy

m < an, < e < @Ay My LN,

*
Oy j+Mp1 = a’MA+MA+1’ ceey Oy i Mpte T QDM pier

* -
aMAJrMBH < ak+MA+1 < << aMA+MB+MC = ’I’b—l— m—l,
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satisfies (5), then for the case My <<k we obtain

(10)  up(IM)

- 2 (a’;?,AH_l

* *
* D(a a X
1<aRA+1<'m-1 -RA ) (. RA+17 .MA+MB+6)

n+1<aMA+J|IB+e<n+m_l
*
n—m-+41 n—l—m—l——aMAJrMB_H
X .
Mg Ry

Denoting by N = (2,, &5y ...y ey Y1y Y2y .-, Y.) a selection of the
set of numbers {1,2,..., m—1} with
< By < ... < @,
(11) Y1<¥:<...<¥.,
Y1 S Py Yo < Boy ooy Yo < Xy

and by ¢(«, ¥, &, m—1) the number of such selections for fixed z, =«
and y, = y, we may present (10) in the form

(12) (M, Mp <k, My)

:(nﬁﬂ}njl) 2 P(z, y, & m—l)(“‘l) (”"‘1—?’).

1<z<m-—1 R, Ry

Let ¥*(x,, %, ..., ®,) denote the number of selections of type N
for fixed z,, z,, ..., ..
Since every selection with
0<y, <Y< .oo < Yoy< 2y,
1< Yoy1 < Yoy < o+ < Y ta, < Xy,

Zey < Yapitag_ 1< o+ < Yas...4+a, < ey
where o, =0,1,...,¢ =1,2,...) satisfy the conditions
L0 < &y

1
2< a3+ a, < &y

N

(13)
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satisfies the sufficient condition for being a selection of type N, we have

(14) P* (@), T, ..., L) = Z(””) (x—w) (.p—ax)

{a}e €
where {a}, denotes the set a = (a,, a,, ..., a,) satisfying (13).
Let ¢* (2, @5, ..., @, y,) denote the number of selections of type N

for fixed @, @5, ..., ., ¥, (x, = y,) (of course, for x, < y, we have ¢* = 0).
Similarly, it can be easily shown that

(15) ¢*($1,$2,---,w5,y5)[

$1<1/,

=2 ) an)

where r is the maximum number such that », <y, and where {f},_,,
denotes the set of vectors f = (81, B2y .+» Bry)) (Bi =0,1,...50 =1,2,...
..., r+1) satisfying the conditions

1< < e—1,
2< B +h< e—1,

(16)

r< fi+ Bt B < e—1,

PrtBet-ot Py =¢—1,
and

?/e_l
(17) ‘P*(.xla Loy ooy Ty ys)[xlr,-ye = ( 8_1)-
Therefore
(18) (2, v, & m“‘l)lx<y—e+l = Z ‘P*(mu Loy eeey Loy V)
T=T)<...<Te<m—1
and
m—1—a\[y—1

(19) (p(}.’l?, Y, & M— 1)|la:>y—e+1 = ( e—1 )(8—1).

4. Applications. Let us now point out the connections of the problem
considered with certain application areas.

From the point of view of reliability theory the functions considered
in this paper describe the so called coherent reliability structures ([1]-[7]).

From the theory of finite automata as well as from the point of view
of information theory, the functions considered describe a certain class
of so called sequential majority decision systems used e.g. for signal detec-
tion with noisy background and for the correction of errors under infor-
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mation transmission ([6]-[8]). Finally, from the point of view of logical
function theory the functions considered belong to the class of mono-
tonic logical functions [4].

An application of the results obtained in the present work can be
illustrated by the following example:

Example 3. Assume that x,,®.,...,x,,,_, are two-point, mutu-
ally independent random variables with identical probability distribu-
tions

Priz, =1]1=P, +1=1,2,...,n4+m—1.

We search the probability P, of the event that the function (1) will
assume the value 1, i.e.

P, = Pr[f(z) = 1].
Note that

n+m—1

Py= ) wPa—pytmi
i=1
Thus, the problem is reduced to the determination of the vector

= (Hoy B1y -y Pnpm—1)-

The vector u can be determined for arbitrary, finite parameters
kyn,m (k<n) in a “trivial” manner by determining the value of the
function f(x) for every ;¢ X and by finding

up = Card{z : [S(a) = p] A [fla) = 1]}.

Example 4. Determine the values of the function ¢(x,y, ¢ = 3,
m—1 = 5) for all values (z, y).

The values of ¢ for (x,y) such that x > y—2 may be determined
directly from (19). The values of the function for (r, ¥) such that r < y—2
are determined from (18) and (15) by taking into consideration
@ (@, Ty ..y 0, < Y, ¥,) = 0.

Therefore
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By analogy, we obtain
¢(1, 4, 3,5) = 8.
Numerical results are presented in Table 3.

TABLE 3. Values of the function ¢(x,y, e =3, m—1 = 5).

xr

y 1 2 3 4 5
1 0 0 | 0 0 0
2 0 0 ‘ 0 0 0
3 6 3 1 0 0
4 8 9 3 0 0
5 | 6 8 | 6 0 0

Example 5. Determine the vector u for the function (1) in the
case of k =3, n =35, m =6 (m<nit1)
From (3) and (6) we obtain ¢ = 6, » = 8. Thus

10 10
Bo =t = oo =ps =0, g = g ] M =\g y o = 1.

Now we determine the value y,. Condition (6) is satisfied by one
vector only, M = (M, =3, Mg =0, My = 3), for which ¢ =3, R, =0,
Ry = 0, so that from (12) we obtain

He ZZ‘P(w’ Y, e =3, m—1 =3).
z,y

By the use of table 3 from the previous example, we obtain u, = 50.
Now we will try to determine the value u,. Condition (6) is satisfied
by M, = (4, 0,3) and by M, = (3,0, 4) for which ¢, = ¢ =3, R, =1,
R4, =0, Ry =0, Ry, =1, respectively.
By the use of (7), (12) and from table 3 we obtain
p = 92, 9,3,5)(@—1)+ > o(x,9,3,5)(5—9)
z, Y

z,Y

=[B+9+8)+2(1+3+6)]+[(8+9-+3)+2(6+3+1)] = 80.
Therefore u = (0, 0, 0, 0, 0, 0, 50, 80, 45, 10, 1).

TABLE 4. Values of u for some functions with n+m—1 = 10 and 2+ 1 > m.

kin|m{eln| m|m!lml ra | v | ps | w6 | w2 | pa | w9 | mo
|

275!T6 4i7 0|0 0 o] s0 150|185 |120 | 45 10 | 1
3/6/6/6 8000 0| 0 0 | 5 8/ 45 | 10 1
ai7la)al7] 0] 0 0‘0 1| 30 1115 [120 | 45 | 10 | 1
3:8/3[3:5/ 0] 0] 0!l 20 140/ 252 | 210 | 120 | 45 | 10 1
5'/8/3/56 7,0"0/0; 0| 0! 6 | 70120 45 | 10 | 1
591256/ 0 0 0’010i56‘210 120 | 45 | 10 | 1
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Applying the method developed in the present paper, values of u
for six selected functions with n+m—1 = 10, n+1 > m, were determined.
The results of the calculations are presented in Table 4.
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R. KULESZA (Warszawa)

KONIUNKCJA WIEKSZOSCIOWYCH FUNKCJI LOGICZNYCH SZCZEGOLNEJ
POSTACI I PEWNE JEJ WELASNOSCI

STRESZCZENIE

Wiele zagadnien praktycznych z zakresu techniki i przyrody, spotykanych
W szczegélnosci w teorii informacji, teorii skonczonych systeméw dynamicznych
1 teorii niezawodno$ci systeméw, sprowadza sie do rozwiazania problemu, ktéry
W jezyku dwuwarto$ciowych funkeji logicznych mozna sformulowaé nastepujaco.
Dana jest funkcja

f(xly Lgseeey wn+m—-l) =

=f1,n(x1, Zoy oaey Tp) Af2,n(x2’ Lgy ooy Tp+1) A ... /\fm,n(xm’ Tmt1s +o0s Tntm—1)»
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gdzie f; (@5, Tigp1s ees Tgyn—1), t=1,2,...,m, 83 funkcjami wigkszoSciowymi
stopnia %k, 1< k< n.
Niech X} oznacza podzbiér zbioru argumentéw, dla ktérego funkeja f(x) =

= f(®y, Ty, «..» Tnym—1) Przyjmuje wartos¢ 1, tj. niech
X! = {z:fla) = 1},
a p, niech oznacza liczno§é podzbioru takich elementéw zbioru X!, dla ktérych
S(z) = p, czyh
pp = Card{x : [a:eX}] A [S(z) = p]},

gdzie S (x) oznacza ilos¢ skladowych wektora z przyjmujacych wartosé 1.

Zadanie polega na wyznaczeniu wektora u = (yy, 4y, -, intm—1) Przy usta-
lonych k, n, m.

W pracy rozpatrzono niektére ogélne wlasnosei badanej funkeji oraz podano
algorytm rozwiazania zadania dla przypadku m < n+ 1.

P. KYJEWIA (Bapmapa)

OFBEANHEHNE MAXOPUTAPHBIX JIOTMYECKUX OYHKILIMA OCOBOI0 BUJA
U HEKOTOPBIE EIr'0 CBOVICTBA

PE3IOME

MHoro npakTH4YecKMX 3a7a¥ M3 TEXHMKH M €CTeCTBO3HAHHA, BCTPEYAWMIUXCA
B Teopun MHPOpPMAINU, TEOPMM KOHEUYHHX ANHAMMUECKHX CUCTEM M TeOpHH HAJEK-
HOCTM CHCTEM, CBOAMTCA K pelleHHI0 NpolOieMH, KOTOpAad B A3LIKE ABYX3HAYHHX
Jorudeckux QYHKOMM MOKeT OHTL CPOpPMYIMPOBAHA CIERYIOIIUM O0Opa3loM.

Nmeem ¢yHKIMIO

f@y, oo, ooy Tpym—1) =
= fl,n(®1, @9, ..., Ty) A Jon (@2, @35 «oos T 1) A voi A Fonyn @y Ting 15 o5 Tngm—1)»
rae fin(Zi Tiqp1s ovvs Tipn—1) L = 1,2, ..., m, ABIAITCA MAIKOPUTADHEMH QYHKIMAMHU

panra k(1 < k < n).
IIycrs X} 0003HAUYaeT MO;IMHOKECTBO MHOKECTBA apryMEHTOB, Ha KOTODOM

dynxuna f(z) = f(xy, @2, .++5 Tyrm—1) NPIHHAMAET 3HaYeHHMEe 1, T.e.
Xiz:f(@) = 1},

U NyCThb i, 0003HAYAET MOULIHOCTH ITOJMHOKECTBA TAKMX DJICMEHTOB MHOKeCTBa X;,
Aasa Kotopuix S(z) = p, T.e.

tp = Card{w:[weX;] A [8(z) = pl},

rae S(z) ABJACTCA KOJIHYECTBOM KOMIIOHEHTOB BEKTOpA r MPHHIIMAIOLIMX 3HaueHue 1.
3ajaya COCTOMT B OMpefejdeHHH BEKTOPA & == (Mg, M1, -++5 Uptm—1) TPU PHKCHPO-
BaHHHEIX k, n, m.

B padotre paccmoTpenb HeKOTOpHIe CBOiiCTBA uccaeayeMmoii pyHKUIHM M onpe-
JelleH aJTOPUTM pellleHMA 3ajadyu A caydags m < #+1.



