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pi+4plq+2p°q® 4Apq+4p’e’ 2p°q’
P’ = pi+p’ 4p” +p° 2p°

8

p 4p"+p° 2p
R.(2)=p*+8p’q +8p°q’

6

p12+8p11q+8p10q2 4p11q+20p10q2+12p9 2p10q2+8p9q3+4p8q4
Pg: p12+5pllq+3p10q2 4pllq+8p10q2+p9q3 2p10q2+2p9q3 =
10 2 10 2 10 2

p+4p'q+2pq 4p''q +4p"q 2p"q
R, (3):p12+12p”q +30pl°q2+20p9q3+4pgq4

Conclusion:

In this paper, we compute the reliability of the 2-within-consecutive
(2,2)-out-of-(m,n): F linear (rectangle) and circular (cylindrical) system using
a Markov Chain. Furthermore, the computation process of the reliability of
the cylindrical system is simpler than the rectangle system since the number
of states of the Markov chain in the circular case is less than that of the linear
case. We wish to generalize the used technique to find the reliability of the
k-within consecutive (r,s) -out-of- (m,n) system.
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pi+4plq+3p°q’ 2p'q+4p°q’ 2p’q+2p°q’

P +2p'q 2p’q+2p°q* 2p'q+p°q’

Pl = p*+p'q 2p'q+p°q>  2p'q+p°q’
P 2p’q 2p’q
P 2p’q 2p’q

R, (2)=p8 +8p7q +12péq2

10 2

2p°q* p°q’
2p°q* p°q’
2p°q* p°q’
2p°q* p°q’
2p°q* p°q’

p12+8pllq+]2p q. 2p]lq+12p10q2+12p9q3 2p11q+10p10q2+1op9q3 2p10q2+8p96]2+6[78q2 p10q2+4p9q2+3p8q2
pUaepgrop e 2p"q+8p ¢ +3p°  2pq+6p" g’ +2p°¢’ 2 ¢ +4p’q P +2p'¢
1);: p12+5p11q+5p10q2 2pllq+6p10q2+2p9q3 2p1]q+4p10q2+p9q3 2p10q2+2p9q2 p10q2+p9q2
p12+4p11q+3p10q2 2p1]q+4p10q2 2p]lq+2p10q2 2p10q2 pquZ
p+4p'q+3p"¢ 2p"q+4p" 2p"q+2p"¢ "¢’ P'¢

R, (3) =p” +12p"q +37p"¢> +34p°¢* +9p°¢’

Example 5.2: The reliability of 2 within (2,2) out of (3,4): F cylindrical

system

O; ={D,1,2,3,4,13,24},

.. - . P..
The transitive probability matrix =€ is

[ [L

2
[©]. p* 4rqa 2p°¢|c, Y 4piq

[13], W

c p
Ny »* p¢ o |c |[=F =P Pq
= 4
“lpsp ot o 0 (S p 0
¥ 0 0 o |!

for example:

A (L) ={Z e[ /& (x) e {1}, Va =1.3,4} = {3} = q]

(2l [l=11.23.4)

[13]., =1{13,24)

=1=P.[L1]=p’q

A (13T )= {7 e[ /& (v ) e {13}, Va =134/ =@ =d’ = R [13,1]=0
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2 x 2 -out-of- m x n : F system in a Markov chain, it consists of the following
steps:

1. Consider the consecutive 2-out-of-n: F system.
2
2. Set the equivalence classes of  “(©), which are the states of the Markov
chain.

P
3. Calculate the transient probabilities matrix ~ ).

P
4. Remove the last row and last column of ) | to take only the functioning

! rm

states, and rename it ~ L, and then compute L(©)

5. The reliability of the 2-within (2,2)-out-of-(m,n): F linear (rectangle) and

circular (cylindrical) is the sum the first row in ~ “(©)

Ilustrative Examples:

Example 5.1: The reliability of 2 within (2,2) out of (3,4): F rectangle
system

0] ={3,1,2,3,4,13,14,24}
(2] =04 PL=f3 (8] =24 [14], =14

The transitive probability matrix = is

2 2 2 2
casses [@], [1], [2], [13], [14] ‘I"Z ©
[@]2 P2 20 qt plaiCo P 2% 2p%q 2p%q7 pq’
1 |p* p¢ 0 0 0 |C, rt pq 0 0 0
P_[z]j Pt pq 0 0 0 |C, (=P =|p" pq 0 0 0
Cpep|et 00 0 0 |Cis pt 0 0 0 0
[14] pt 0 0 0 0 |Cy pt 0 0 0 0
1
e Lo 0 0 0 0

For example
A (L) ={Z eD] o —x |22} =3} = d! =1= P, [11]=p'g

A (03T ={Z €[13] :|z —x |22} =@ =d" =0= P, [113] =0
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VWG[XM]E(C) = p;Vq;V = Pwqw = Px 4x, =R(Xll),and YZ E[Xv]i(c) =

P?ICI?I =Pz497 = Px,4x, = R(Xv)

Z pmdxu qu“ Z pnfdx,, qu‘,.

2 i+]
WE[X“]L(C) ZEAL(]C)(W,[XV]Z)

Z p”_qu quu

PL(C) [Xu ’Xv] =

P o [Xu,XV] _ WelX, ] zed(wix) _ WelXJe) zed(mix])
27 R(Xu) Z R(Xu)
WelX, ]y wen L
= X R(x)
ZGAHIC)(W,[XV]Z)

WelX,lo=3acZs f)(X,)=W

Since , using Lemma 3.1, then

PL(C)[XM’X\’]: Z R(Xv): Z R(Xv):d;fifR(Xv)

zedjp(wIx ) 1 2)efie W A0 it (2T

Evaluation the proposed algorithm:

Few researchers used the Markov Chain to evaluate the exact reliability
of the 2-dimensional linear (rectangular) & circular (cylindrical) k-within-
consecutive- r x s -out-of- m x n : F system, Chang and Huang [4] used
2-dimensional discrete scan statistic to find the sample space of the columns
of the rectangle system to define the states of a Markov chain, while the
cylindrical system treated as an extension of the rectangle system with special
assumption. Our proposed algorithm uses the equivalence relations for both
the linear and circular consecutive 2-out-of-n: F system as in section 2 to
reduce the state of the rows of the system to imbed the 2-within consecutive
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P [x x1e 0 vxs+l
L(C)[ s+ v]_ 1 v=s+1

X, 1. =[2]
2. Forany i=1,2,..,m-1, u=0, i.e.[ O]L(C) [ ]L(C) then;

2 2
el
ZPL(C) [XO’XV]_Z -
v=0

v=0 P(S,- - [Xo ]i(c))

s(pﬂ}o)P{AL(C)(XO,[XV]E(C))}

: (p;o) :ZP{AZIC)(XO’[XV]ZC))} =

v=0

S

= P(S,-+1 =[Xv]i(c))=P{®i(c)}=Rf(c) :RL(C)(I)

v=0

,ifaOT:[l 00 - 0]

According to theorem 3.1 in Koutras [6] 1s

=11 - 1 0]
the initial probability, and u= is the row vector, then the

reliability of the 2-within consecutive (2,2)-out-of-(m,n): F rectangle
(cylindrical) system is

= Pme)[Xva]: Z PL’?C)[XO’XV]:RL(C)(m)

— 2
v=0 (X, ]L(C)E®i((7)

3. If the components are i.i.d. pj=pij=h2emii =12, m

Z pprqpr Z p;+lq;+l

Using lemma 2.2
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s n—d d
— Xv - Xy Xy XV j—
CXu _l_deup q dX _d i+l 2
~ p AL(C)(XH %] )
where v=0 and

2 g _ — —
[VX €Ol =dy =d oy =do = 1)

Proof:

1. Consider the system in the functioning state, and assume the state of the
subsystem with 1 layer (circle) is represented by any element of the class

[XM] eG)L(C) =0,1,...,s . .
, and the state of the (i+1)th layer (circle)
X e’ =0,1,..., .
is any element of the class [ ]L(C) G * , the probability
P XX | pere i=120am—1

E P(S”' :[Xv]i(chi :[Xu]i(c ) ZIan (quW {AHI)(W [X]z)})

PL(C) [X X 2
P(Sl = [Xu ]L(C)) Z quW

uo
WelX, ](c)

DR D S

2 ;
welx, ]I_(C) ZeALzlc)(W’[Xv]z)

> Py
Welx, ]i(c)

P X X
For #=0.1.2,..5,v=s+1 ‘tho probability = H¢ )[ “ ”1] indicates that
X ]2 c®

the system moves from the functioning state = “*“(<) ~ ~“) to the failure
2
state [X6+1]L(C) < lPL(c)

according  Markov  chain  properties

P C) [XM’XS+1]:1_ZO})L(C) [Xu’Xv]

2 w2
For u=5+1 je [ Hl]L(C) M) describes the system’s breakdown,
this level corresponds to an absorbing state , hence the probability

21
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representing the state of the ith layer (circle) as in definition 3.1, then

P X, X
L L(C)[ X the probability that the subsystem moves from the state

[x.], [x.],

“€) with i layers (circles) to the state H€) with (i+1)th layers
(circles) is

> evaw 2, prley

WE[Xu]iC € ?IC S| Xy B
© ZA()EZ[T]) u,v=0,1,2,...s
Zz Pwlw
Poldax]={ i

1-> P [X,.X,] u=0,1,2,.s,v=s+1

v=0
0 u=s+1,v=0,1,...,s
1 u=s+lLv=s+1

2. The reliability of the 2-within (2,2)-out-of-(m,n): F linear (rectangle) and
circular (cylindrical) system is

RL(C)(m): Z PLVEIC) [XO’Xv]

[Xv ]i(c) e(BE(C)

Pl X, X | . .. 1
where L(C)[ 0 “] is the m-step transition probability that the system

2 2
X, X
moves from the state [ O]L(C) to the state [ VL(C) .

3. If the components are independent and identically distributed (i.i.d.)
then, the probability transient matrix is expressed as :

classes [g]i<(~) [Xl]i((-) [Xz]i((-) [X,]i((,) [Xx]i(r) \Pi(C)
a1 .
: ]2(” pOARR(X) AER(X) o dUR(X) e dnR(X)[C
Xilio)| pr afir(x) afR(X,) - dSR(X,) - a’jfl‘R(Xs)gX'
[Clio| 27 dUR(X) dUR(X,) - dUR(X,) - dER(X,)|S
po_ '; : : : : :
O P | P iR dR(G) e dUR(X) e dER(X)
@] . . . . Cy,
[x ']2 P’ dYR(X,) dYR(X,) dYR(X,) o dER(X)
S 0 0 0 0 -
‘Pi(r) 1 (s+2)x(s+2)
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Figure 3.1: The failure states of the 2-within- consecutive (2,2)-out-of-
(m,n):F systems

Definition 3.1: Imbedding the 2-within-consecutive (2,2)-out-of-(m,n):
F linear (rectangle) and circular (cylindrical) system in a Markov chain.

A. For any layer (circle) in the system, and without loss of generality, we

1
can rearrange the finite failed component states P( ”)of as
P(IL):{[@]E(C)=[XO]1C,[Xl]ic,[Xz]ic,.‘..,[Xs]i( XL = }

2
, where [Xu ]L(c) ﬂ[X ]L(C =D:Vuzv
B. Consider the subsystem with i layers (circles) in the functioning state.
Add a new layer (circle) to the subsystem and keep it in the functioning
state, then the failed components in the (i+1) th layer (circle) depend
only on the failed components on the ith layer (circle), they must be
away from those in the ith layer (circle) at least 2 steps.

Now, if S EP(I ) =1L2,...m

[Xu]i(c) EP(IL) cu=0,1,...

is a random variable represents any

-8 +1of the ith layer (circle), then the
S.

. S, S. S oy
random variable ~*!depends only on ~‘but not on """l "hence the

class

sequence {S" }’l =12,...m forms a Markov chain
o ;| — I 1
e The variables S’ =12,..m are defined on ( ”)such that,
—[X ]L(C) u=0,1,...,s . . . . .
if and only if the ith layer (circle) in the
2
Ze[x, ]L(C)

subsystem with i layers (circles) has any functioning subset

S, =[x, ..=¥_ _ . :
=X il =Yie if and only if the subsystem consisting of i

layers (circles) is failed.

Theorem 3.1: Consider the 2-within (2,2)-out-of-(i,n): F linear (rectangle)
and circular (cylindrical) subsystem, the state of the subsystem is determined

S, eP(I ) i=1,2,...m

by the state of the ith layer (circle), , the variable S

19
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Ajje (@’[Y]z) - [Y]i(c)

Note that HE)
Aty (X0 ) =05 (NI,

and

flo(X)=W= 1, (A’” (x.[rT )) it (w.T)

Lemma 3.1:

IfZef), (A’*' . (X [Y]z)) SIHed (X,[Y]z)

Proof: such that
z :fLﬂ(C)(H) <

Circular system

@szf(H)@@zHﬂli U fex }
1n ln
D=1l U F(HEX) =1 U fC )| ze 4 (. [1T)
1 ]n} %\Z/—/ l n-1,n
Linear system
S 7= fL |h x|>2 Vhe H,Vxe X <since f is bijection
A ()= 1} (x)|22:he B, VxeX<:>|z W22:vzez el o ze 47 (W [1T)

(1)020.0 00 00 -

The Svstem Failures
d: X represents layer (circle), X = e

elele

00 1og-000-

ab.e X.¥ O represent consecutive

: layers (circles),
- ab|J \| Nye¥, VxeX
| i 1'ﬂ{ U fg(X]‘iz
i az{ln-ln} E
:XNY =@
OBO00 000~ -

E

ole <f> 0

OCO@OO OO OO -

D Functioning Components
. Failed Components
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have a square that includes at least two connected failed components ) see

P(1,)=05¢ U¥,

figure 3.1. Now, ©) is a union of mutual disjoint classes,

where,

:{[@]i(c):[ ]i( ,[X Xz S]i(c)}: S [Xf]i(c):

Jj=0

m—
i
il
P
=
6
Il
€
~
6
)
—_
\_/
1
e
L—'N

[X.. ],

Say J=0 where “is the only

failed class.

Xe®! 07 (X
Consider™ < = H©) represents the ith layer (circle), define L(C)( ) to
2

be the set of all functioning subset Z€ ®L(C) in the (i+1) th layer (circle) that
guarantees that Z must not cause the system fail, i.e. any failed components in
the layer (circles) the ith and the i+1th are away from each other at least 2
steps, otherwise the whole system fails (see figure 3.1.) i.e.

@@(X)—{Ze(ag:zm[ U (X

ln ln

} for the circular system, and
@i(X)z{Ze@i :|z—x|22}

G)i(c) (Q) - G)i(c) ).

for the linear system. (Note that

2
Also, in the same context, consider U represents the ith layer

| A (X T) . [v],
(circle), define to be the set of all functioning subset He)
represents the (i+1) th layer (circle) that guarantee that Z must not cause the
system fail, i.e.

Agl(X,[y]) {Ze Y, zm{ U rx

ln ln

A7 (X [T)={Z €[], :-x22)

17
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. . I X “(X)=Y .
X is a functioning subset, i EX =S ( ’*"l)afL( ) IF O s

even Jr ( rek= 1)_ L @ 1) (X):Yand if it’s odd
I ( rk— 1)_ Z+1rjk+2¢fL ( )_

subset.

,which implies that Y is a functioning

X)=Y

e[X]i:EIan such that fLa( ) ,

. Y
For the circular system, if
since X is a functioning subset,

k-1 k-1 k-1 k-1
fﬂU)QgY:>j?[LJfﬂ@j]= FAr(r) = 7 ((rmodn)+1) @ £ (X) =Y
=0 =0
, which implies that, Y is a functioning subset (replace < by = for the proof
of failed subset ).

Lemma 2.2: In the consecutive k-out-of-n: F linear (circular) system, if

ze[x]

the failed components are represented by M) such that

p; :p:j:1,2,...,n’ thenR(Z):R(X).

e[X] & daeZ ZZfLO(’C)(X) ) fLo(lC

Proof: If such that , since ) is a

bijection function, then dy=dy . Also Pi=P , it implies that,
=p., =[1r]la,=p""¢" =p""q¢" =[1n] 14, = Prax =R(X)
JjezZ jeZ jeX jeX
Imbedding the 2-within-consecutive (2,2)-out-of-(m,n): F linear (rectangle)
and circular (cylindrical) systems in a Markov chain.
Consider the 2-within-consecutive (2,2)-out-of-(m,n):F linear (rectangle)
1

and circular (cylindrical) system, and " be the indices of the components at
the ith layer (circle), then the failure space of the components of the ith layer

. . P(I!
(circle) is ( ”).
If the system is in the functioning state, then any layer (circle) of the

2
system has a functioning subset UC) | otherwise the system fails (we

16
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=~

-1

@C:{XGP(IL):

functioning space and W is the failed space.

fa(r)ch;reI;}

a=0

2. For the circular system, is the

Consider the symmetric property of the components in the consecutive
k-out-of-n: F linear and circular system and define a bijection functions for

fL’fC:IL_)IL

the linear and circular system respectively, where
=n+l- ! = +1 !

fi(r)=n " for any rel, g fe(r)=(rmodn) for any reln’
X,YeP(l!

also define the two equivalence relations for any e (”)

b

X~(=2)Y ©3ael Y= (X)

such that [9-10]. According to the set

n

P(l! : : : iy

theory, ( ) can be written as a union of a finite partition of mutually
x|t =lyepr(1'): x ~(=)Y o}

disjoint classes[ Lie) { (1) (=) }, consequently, “(€) also

may be written as a union of a finite partition of mutually disjoint classes. If

s+1 is the number of these classes, then

‘ k k k K k ¥ k
®IL(C) = {[Q]L(C) = [Xo ]L(C) =[X1 ]L(C) ’[XZ]L(C) ’“"[Xs ]L(C)} = L:JO[Xu ]L(C)
k

L(€) the reliability of the consecutive k-out-of-n: F linear (circular) system
can be written as a sum of reliability of these disjoint functioning classes.

, therefore,

k . k =
Rf(c) - Z R[X“]L(C) :zR[Xu]L(C) :Z Z R(Z)
[Xu ]i(C)EGQ(C) u=0 u=0 ZE[XM]]L(C)
k k
where RX.Liey is the reliability of the class ¥ Lo .

Lemma 2.1: let X is a functioning (failed) subset of the consecutive
ye[x]

k-out-of-n: F linear (circular) system, if HE)

functioning (failed) subset.

, then Y is also a

Proof:

k a _
For the linear system, if e [X]L —JaeZ such that fi (X) =7 , since

15
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reliability, Chang & Huang [4] evaluated the reliability of the system using 2
dimensional scan statistic and finite Markov chain approach.

In this paper, a new algorithm is obtained to imbed the 2-within-
consecutive (2,2)-out-of-(m,n): F linear (rectangle) and circular (cylindrical)
systems in a Markov chain; which can be expressed the reliability of the
system in a simple form in terms of the transition probability matrix.

The following assumptions are assumed to be satisfied by the 2-within-
consecutive (2,2)-out-of-(m,n): F rectangle (cylindrical) system:

1. The state of the component and the system is either *“ functioning” or
“failed”

2. All the components are mutually statistically independent.
3. The consecutive k-out of n: F linear and circular system

In this section, the Index Structure Function [9] is used to present the
1

consecutive k-out-of-n: F system. Let ' 7 denotes the indices of the components

. : . Xcl
of the consecutive k-out-of-n: F linear and circular system, and = = "
denotes the indices of the failed components. If the system is in the functioning

state; we call the setX ”functioning subset”; otherwise it is “failed subset”,
(e.g. in the consecutive 2-out-of 6: linear and circular system, the subset

_ 1
X= {13} <l or for simply 13, indicates that the 1st and the 3rd components
are failed. In spite of these failed components, the system stills in the

functioning state, so 13 is a functioning subset. On the contrary, the subset

12cl!

" is a failed subset).

Now, according to probability theorem, the failure space of the

n

. . . . P(I!
components of the consecutive k-out-of-n: F linear (circular) system is ( )

, we can divide it into two sub collection, 0" and ¥ the functioning and
failure space respectively

o ={xepr(l,):1, zX; rel

1. For the linear system, ’ "”‘”} is the

functioning space, and W is the failed space.

14
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Introduction:

The consecutive k-out-of-n: F system is one of the most frequently
studied system, due to its important applications in various engineering
systems, it has a high reliability and low expense, (e.g. Telecommunication
system with n relay stations, the pipeline of transmit oil system, etc.[3]). The
consecutive k-out-of-n: F system consists of n components; it fails if at least
k consecutive components fail. It is classified according to the connection
between components into two types: linear and circular. Kontoleon’s (1980)
[6] was the first which studied the system under the name “r-successive-out-
of-n: F system”.

In 1986, Griftth [5] has introduced a generalization of the consecutive
k-out-of-n: F system, “The consecutive k-within-m-out-of-n: F system”, the
system fails if there are m consecutive components, which include among
them at least k failed components. When k=m, it becomes a consecutive
k-out-of n: F system, the system has widespread applications in radar
detection, quality control, acceptance sampling, safety monitoring systems,
and DNA sequencing. An efficient lower and upper bounds were proposed by
Stakianikis et al. [13] and Papastavridis and Koutras [11].

In 1990, Salvia and Lasher [12] introduced a 2-dimensional consecutive
system, Boehme et al. [2] present an application of the 2-dimensional
consecutive system “the super vision system, and then many applications
appeared like disease diagnosis on the X-ray, pattern detection.

This model was extended to linear or circular two dimensional k-within-
consecutive (1,s) out-of-(m,n) : F systems, it consists of m x n components
arranged like the elements of a m x n matrix (located on the intersections of m
circles and n rays) and fails if and only if there are at least k failed components
in a sub matrix r x s components. Many applications were appeared “the
alarm systems” and “liquid crystal screen on a computer” [1] etc. The XGA
(1024x768 = total 786432 dot) TFT display system fails if and only if more
than or equal to 10 dot fail in 10x10 dot matrix, then the system become to be
linear 10-within (10,10)-out-of (1024, 768): F system.

Makri and Psikallis [7] have provided an upper & lower bounds of
its reliability, Akiba and Yamamoto [1] presented an algorithm for exact
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Notations:

L(©O)

: Linear (Circular)

he st {i,i+1,..., j}

I 1
: The power set of "

:f(f ..... (£ (x))) a

composition function ~* times

: The cardinality (number of elements) of the set X.

D; (q,. ) : The reliability (unreliability) of the ith component
Dy (q,.j) : The reliability (unreliability) of the jth component at the ith layer (circle).
D, (qz) : pZ:]j;!:pﬁqZ::!;Z[qj
R(Z) =P
) ) : The reliability (unreliability) of the ith layer (circle), when the indices of failed
pZ (qZ) plZ:HpU’qu:qu
components labeled by the set Z, jez jez
P : The transient probability Matrix of the 2-within consecutive (2,2)-out-of-(m,n): F
L(©) linear (circular) system.
RL( 0) (m) : The Reliability of the 2-within (2,2)-out-of-(m,n): F rectangle (cylindrical) system.
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Reliability of 2-within Consecutive (2,2)-out-of-(m,n) :
F Systems Using Markov Chain Imad I. H. Nashwan

Abstract :

The 2-dimensional k-within-consecutive (r,s)-out-of-(m,n): F linear
(rectangle) and circular (cylindrical) system fails if there is at least k failed
components through the sub matrix "*5 components. For example, the
2-within-consecutive (2,2)-out-of-(m,n): F linear (rectangle) and circular
(cylindrical) system fails if there is at least 2 failed components through any

sub matrix 2x2 components.

In this paper, a new algorithm is obtained to imbed the 2-within-
consecutive (2,2)-out-of-(m,n): F rectangle (cylindrical) system in a Markov
chain; this gives the possibility for computing the reliability in terms of the
transition probabilities matrix of the considered Markov chain. Furthermore,
the computational process of the reliability of the cylindrical system is simpler
than the rectangle system since the number of states of the Markov chain in
the cylindrical case is less than that in the rectangle case.

Keywords: Consecutive k-out-of-n: F system, connected (r,s)-out-of-
(m,n): F system, Markov Chain, Transition probability matrix.
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AUALl 8 g3 ga
“2-within Consecutive (2,2)-out-of-(m,n): F”’
SsS ke Judha aladialy
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(k-within-consecutive (r,s)-out-of-(m,n): F) SUGL aall 35 caslsall aUssll
D5 T XS o B sKe Lghuas YA %6 K sae Jius 131 Jaudy Julaiwally 5000
Jiudy Jabiwally (5,514l 2-within-consecutive (2,2)-out-of-(m,n): F alsill Yias
05850 2X2 (o (58 g e INA 355 Jis s B3

2-within-consecutive) alsill L8530 (1881 slanl a3 @l lia &
G‘a&i s (BeSHle Judl IMa o Jibaiually (5,500l ((2,2)-out-of-(m,n): F
Uil L3 g ga 15380 slans] OLs el (o ST JLEBYI 35 phins slay LY
alaitly GsSole Judle o¥la oY el cobiuall aUaill o gl ilghaw¥l
NE R

e (s 55lally  Jaall (k-out-of-n: F system) ca,lull alsill :dsalids olals
oYlaia ¥l JEDI L6 shas adsS,le
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