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Abstract: The paper discusses some problems in designing a non-conflict sched-
ule in communication nodes, realizing synthesis of an optimized non-conflict sched-
ule. A block diagram of the synthesizing algorithm is presented.

The basis for the synthesis of an optimized non-conflict schedule is the account-
ing of the direction of messages transfer in the communication node and the use of
two special matrices-masks. The synthesis of two non-crossing sets of permitted con-
nections enables the construction of a set of matrices with two parallel to the main
diagonal neighbouring diagonals with permitted connections (satisfied requests). It
is proved that in comparison with the approach not accounting the directions of mes-
sages movement, where the matrices of permitted connections are with one diagonal
parallel to the basic one only, under equal other conditions (equal matrix of permit-
ted connections), in the optimized non-conflict schedule the number of permitted con-
nections (satisfied requests) is twice greater.
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Introduction

When solving the problems connected with conflicts in the communication nodes of
distributed information networks, the bi-directional character of messages transfer in
the communication nodes is not accounted [1]. The use of the information about the
direction of a message transfer, contained in its request for commutation, enables the
optimization of non-conflict scheduling. The reserves consist in the possibility for bi-
directional transfer of the messages between two devices simultaneously.

Some conflicts may occur in two cases:

* The investigations are sponsored by theme "Networks models for study and computer modeling of
informatiion processes and systems" No 010058 of IIT — BAS, plan, team leader Prof. Hr. Radev.
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— when a message source generates a request for connecting to two or more
receivers of messages;

— when a receiver of messages is requested for connection to two or more
sources of messages.

Synthesis of an optimized non-conflict schedule

Fig.1 presents the structure of a communication node with dimensions NxN. The mes-
sages commutation is realized between the group of devices A, i =1, ..., N, and the
group of devices B, j=1, ..., N, and vice versa.
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Each device is supplied with a receiver and a transmitter. This enables one de-
vice to receive and to send messages at one and the same time. The generalized
matrix of the requested connections (T) of the commutation node obtains the following
form:
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When o =1, this means that there is a request for message transmission in a
direction from A, towards B, and when B;=2 respectively, there is a request to send a
message from B. t0 A,. A case is possible when o, =1 and B, = 2, without causing a
conflict, unlike the approaches for synthesis of a non-conflict schedule which do not
account the direction of messages transfer [1, 2, 3].

The request for sending a message in a direction from B, towards A, is denoted
by the number 2, and the absence of a request — by null respecfively, with the purpose
to facilitate the presentation and avoid the ambiguity.

The generalized matrix of the connections requested is decomposed in two matri-
ces, which contain the requests only for messages transfer in one direction T _ and TB.
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The following approach is applied to each matrix of requested connections T
and T, in which the generalized matrix of the requested connections is decomposed:
the matrix of the requested connections is successively multiplied by a family of the so-
called matrices-masks. The corresponding terms of the matrix of requested connec-
tions are multiplied by the respective terms of the matrix-mask, as a result of which a
matrix of the permitted non-conflict connections is obtained [1].

The family of matrices-masks is formed in such a way that the conditions for
avoiding a conflict are met. The matrices-masks consist of ones and zeroes only, like
the matrix of connections [1].

As a result two sets of matrices of permitted non-conflict connections R* are
obtained for k =1,..., K and RkB, for k=1,..., K:

(1) [RC 1=[T Ix [M], k=1,..K.

90



o, Mkkn oy, Mkk12 e Ol M';lN

a,,. M b Ol M - e Oloy - M -
Rka: OLll Mkll OLi2' Mkiz OLlN IVIklN ’

O('NZL MkNl O('NZ' MkNZ O('NN IVIkNN

2 [R"B] = [TB] x [ MK], k=1, K.
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The number of matrices-masks (K) depends on N and is defined by the following
equation [1]:
(3) K=2N -1.

Analytical form of the matrices-masks

The description of the matrices-masks is the following:

1) [M*] is a matrix-mask, for which m=1 for i = N and j =1; and m; = =0V
remaining values of i and j;

2) [M?] is a matrix-mask, for which m=1 fori =N -1, Nandj =1, 2; and
m;; = 0 vV remaining values of i and j;

3) [M?] is a matrix-mask, for which m,= lfori=N-2,N-1,Nandj=1,?2,3;
and m.. = 0 V remaining values of i and j;

z{) [M#] is a matrix-mask, for which m,= 1fori=N-3,N-2,N-1,Nandj=1,
2,3, 4;and my; = 0 V remaining values of iand j;

k) [MX] is a matrix-mask, forwhlchm 1 fori=N-(k-1), N —(k-2),N —(k-3),
N—-(k-4),..,N—-(k-k)=Nandj =1, 2, 3 4, ..,k andm =0V remaining values
of iandj;

N-1) [MN-1] is a matrix-mask, for which m,= lfori=2,3,4,05,..,Nand
j=i-1;and m; =0V remaining values of i and j;

N) [M"] is a diagonal matrix, having ones only along the main diagonal, all the
rest elements being zeroes, all termsm, =1, fori =j andm =0 for i = j;
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N +1) [MN*1] is a matrix-mask, for which m=1 fori=1,.,
and my; = =0 V remaining values of i and j;

N+g) [MN+9] is a matrix-mask, for which m=1 fori=
and m;, = 0 v remaining values of i and j;

N-landj=i+1;

1,...,N-gandj=i+g;

2N —1) [M?"1] is a matrix-mask, for which m=1 fori=1andj=N; and m;;
0 V¥ remaining values of i and j.

On the basis of the description of the matrices-masks, the two following formulas
(4a) and (4b) are derived, which describe them analytically.

(4a) [M¥] is a matrix-mask, for which m =1, for i =N —(k-1), N —(k -2), N — (k-3),
N—-(k—-4),..,N—-(k—-k)=Nandj =1, é 3,4,..,k andm = 0V remaining values
of iandj.

This formula is used for k < N.

(4b) [MN+9] is a matrix-mask, for which m=1 fori=1,..,
m;; = 0 V remaining values of i and j.
This formula is used for k >N.

[R] = [R]+[R] fork=1,., K-1; [R]= [R]+[R%].
The algorithm of computations and obtaining the matrices with permitted connec-

tions is shown in Fig. 2.
In an extended form, formula (5) is like:

N -gandj=i+g;and

©)
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At k = K-1, and for k = K, the extended form of formula 5 is as follows:
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Taking in mind that o terms can accept values 0 or 1, while  terms — 0 or 2, it
becomes evident that in the matrices of permitted connections R* for k =1,..., K, the
terms may get four possible values, namely: 0, 1, 2 or 3.

— Zero — no permission;

— one — a permission for message transfer in direction A to B;

— two — a permission for message transfer in direction B to A;
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[R¥] = [R¥.]+ [R" 4]

k =k+1
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[R1= [R" o]+ [R" ]

End

Fig. 2
— three — a permission for message transfer in both directions simultaneously —
from A to B, and from B oA (rf. to Fig. 1)

Comparison between the algorithm for acquiring a non-conflict
schedule [1] and this of the optimized non-conflict schedule,
accounting the direction of messages transfer

The comparison is done on the basis of algorithms block diagrams. The difference is
on one side in the synthesis of the matrices of permitted connections [R¥], and on the
other — in their type. The decomposition of the matrix of requested connections in the
approach accounting the direction of messages transfer of two matrices [T _] and [TB],
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and the synthesis of permitted connections [R] = [R¢ ]+ [R“{], k=1, .. K-1,
[R]= [R*]+ [Rlﬁ] enables the non-conflict transfer in both directions. The matrices
of permitted connections consist of two parallel to the main diagonal neighbouring
diagonals of permitted connections (satisfied requests). In the approach, which does
not account the direction of messages transfer [1], there is no possibility to match the
requests for bi-directional transmission and reception respectively and this is the rea-
son why in the matrices of permitted connections they are theoretically twice fewer.
Each matrix of permitted connections consists of one diagonal only with satisfied
requests [1]:
[RT= [R]+[R], k=L, K- 1, [RY = [R]+ R R ] = [T, Ix [,
[R] =TI x [ M,
[RI=[T]x[M].

An example can illustrate this. The matrix of the requested connections of a
communication node with dimensions 4x4 is given in Fig. 3, not accounting the direc-
tions of messages transfer. Fig. 4 shows the same matrix accounting the directions of
messages transmission.

1111170 11213|0
1110111 21331
1111111 1123]3
1lol1l1 210(2|2
Fig. 3 Fig. 4
T, is shown in Fig. 5, and TB in Fig. 6.
1/0/1]0 012(2]|0
0/1/1]1 212120
110/1/1 012|2]2
0/0/0]0 21022
Fig. 5 Fig. 6
R#*is shown in Fig. 7, R” —in Fig. 8.
1|2 0
1|2
1|2
0 2
Fig. 7 Fig. 8

Conclusion

Taking into account the direction of messages transfer in a communication node allows
the decomposition of the matrix of the requested connections T in two matrices of
equal rank T_and T,.

The synthesis of two non-crossing sets of permitted connections R *and Rk,
k=1,..., K, enables the construction of a set of matrices with two parallel to the basic
diagonal neighbouring diagonals with permitted connections (satisfied requests))
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[R]=[R]+[RG], k=1,..,K-1,[R]= [R]+[RY].

In comparison with the approach without accounting the directions of messages
movement, where the matrices of permitted connections are with one diagonal parallel
to the basic one only, under equal other conditions (equal matrix of permitted connec-
tions), in the optimized non-conflict schedule the number of permitted connections
(satisfied requests) proves to be twice greater.
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CuHTe3 Ha ONTUMU3UPAHO OE3KOH(TUKTHO pa3UCAHNE
C OTYMTAHE NOCOKATa Ha MPUIBMKBAHE HA CHOOIIICHUSTA
B KOMYHHUKAIIMOHHUSI Bb3€JT

Kupun Konuaxos

Huemumym no ungopmayuonnu mexuonoeuu, 1113 Coghus

(Pe3wmMme)

B crarusra ce pasmiexaar npoOieMuTe mpu Ch3JaBaHe HAa OC3KOH(IMKTHU pas-
NnrucaHusd B KOMYHUKAITUOHHUTE Bb3JIM, KaTO € U3BHPUICH CUHTE3 HAa OIITUMU3UPAHO
Oe3koH(uKTHO pasnucanue. [IpencraBeHa e moapoOHa OJIOKCXeMa Ha aJrOpUThMa
3a CHHTE3 Ha OIITHMHU3UPAHO OE3KOH(IIMKTHO pa3uCcaHue.

bazaTa 3a cuHTe3 Ha ONTUMH3HMPAHO PA3NUCAHUE € B OTYMTAHE ITOCOKATa Ha
MNpUABUKBAHE Ha C'I)O6HI€HI/I$IT3 B KOMYHUKAaIIMUOHHHUA BBH3€JI U HU3IMOJ3BAHC HaA
CrieliuaJiHu MaTpulu-MacCKu. CHHTE3BT Ha ABC HEIIpeCHUYall CE€ MHOXECTBAa OT
Ppa3peuICHU BPB3KHU IMMO3BOIABA ChCTABAHE HA MHOXKXCCTBO MAaTpUIIU C 11O ABa YCIIOPEIHN
Ha TJIaBHUS JMAroHal ChCEIHM JMaroHayia ¢ pa3pelieHd BPB3KH (YIOBICTBOPEHU
3asBKH).

Jloka3Ba ce, ue CpaBHEHO C 1Mojxo/1a 0e3 OTYMTaHe Ha IOCOKUTE Ha MPH/IBIKBAHE
Ha ChOOILCHUTA, KbJIETO MATPUIIMTE OT pa3pelieH BPh3KH ca CaMo C eIMH IUaroHal,
YCIIOpENIEH Ha IMIaBHUSA, UMa peaTHa Bh3MOXKHOCT MPHU PaBHU JIPYTH YCIOBUS (€IHAKBA
MaTpula Ha BPB3KUTE) OpPOAT HA pas3pelieHNTe BPB3KH (YIOBIECTBOPEHH 3asBKH) /1
Ob/ie IBa IBTH TIOBEYE MPH ONTUMHU3UPAHOTO 0E3KOH(IMKTHO pa3MucaHue.
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