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IMPACT ASSESSMENT OF DATA SET PROCESSING REFUSAL ON TIME
CHARACTERISTIC OF DATA PROCESSING BY AIR TRAFFIC IN ACS NETWORK

During transfer of information in automated control system network by air traffic is a high probability of durable spike
load. The purpose is to analyse influence of possible switching node faults on the basis of data transfer process time
characteristic in error-control mode by receiver. It is shown that the increase of discard probability on interconnection node
of communication reduce to increasing nondimensional average time of message delivery for wide parameter range and can
reduce to complete cessation of information exchange. A probabilistic and temporal characteristic of supply control method
of data set transfer in data-exchange network requires consideration of interconnection switching node. There is a necessity
to consider both the existence of several data flows from other sources and possibility of fault occurrence in operation on

each of switching nodes.

Keywords: data transfer; switching node; probabilistic and temporal characteristics; air traffic ACS; data set, time-out;
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Introduction

Research objective. Research of probabilistic and
temporal characteristic of supply control method of data
set transfer in data-exchange network (DEN) requires
consideration of interconnection switching node (SN).
In addition to the above, generally should be considered
both the existence of several data flows from other
sources and possibility of fault occurrence in operation
on each of SN.

Analysis of the well-known publications. The [1]
shows the possibility of data set loss on SN under
conditions of spike load.

The [2] shows a model which helps to research
main probabilistic and temporal characteristics of data
transfer process in air traffic ACS net for fixing errors
mode by receiver during data transfer through
interconnection switching node without denial of
service.

The [3] developed a model which helps to research
main probabilistic and temporal characteristics of data
transfer process in air traffic ACS net for fixing errors
mode by receiver with the additional information flow
from another sources and switching node problems.

Purpose of the article. Analysis of possible
switching node influence in air traffic ACS net on the
main probabilistic and temporal characteristics of data
transfer process in the fixing errors mode by receiver.

Main material

Message passing through interconnection SN with
checking data sets by receiver and reconstruction of lost
or distorted data sets (with encountered error) with the
help of retries is considered.

The source gives a message length in M bit which
divides into m bit data sets with information part. The
total number of data sets generated from the message is
M / m. Each data set is accompanied by k., service bit
and 7 check bit. The total length of the generated data
set is

n=m-+tk,+r

Assume that each of the switching nodes, number
of which is denoted by B, in the case of an overflow of
input buffers possible denial of service, i.e. data set loss

probability P, .

The duration of the retransmission time-out is
proportional to the data set delivery time:

TTA:ﬂTn.

Based on the obtained in the [3] for the calculation
formulas of the constraints it may be affirmed that loss
of data set on switching node does not affect the
accuracy of the transferred data inasmuch as such data
sets are retransferred. Thus, possible denial of service
on the switching nodes changes the time characteristics
of the data transfer process.

The timing based on the obtained in [3] for the
calculation formulas of the constraints and analyse the
effect of possible losses at switching nodes of the data
transfer should be analysed.

According to the nature of distribution, there are
two types of errors [4]: uncorrelated, correlated.

Error model. It is known that errors in real
computer networks (CN) can arise in groups (data sets).
Therefore, the evaluation of the pulse-frequency
characteristic on the basis of uncorrelated errors can be
used for approximate calculations, since it has an
approximate character [5].

For a channel with uncorrelated errors, the
simplest error model (the Poisson model) is often used.
Its properties of computer networks as a source of error
are given probability of error in the unit cell codeword —
P,. In this case, all errors are considered to be
independent. Let the probability of distortion of a single
data element in CN is. Then the probability of a correct
combination with n elements:

P, =(1-P, )" (1)

If the properties of error-correcting code applied
unknown proportion not found error depends on the
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number of parity bits r [9]. The probability of not
detecting an error is defined as:

O=(1—(1—Pp,)”j-2".

Analysis of time characteristics. Based on the
calculation formulas obtained in [7] for the accepted
restrictions, it can be asserted that the loss of packets on
the switching nodes does not affect the reliability of the
transmitted data, since such packets are retransmitted.
Thus, possible failures in the service at the switching
node change the time characteristics of the data transfer
process.

The time characteristics based on the calculation
formulas obtained in [4] for the adopted constraints and
the effect of possible losses on the switching nodes on
the data transfer process should be analysed:

r=28 k,= 8.
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Fig. 1 shows that the relative mean time to deliver
messages increases with the length of a package as in
any CN. Moreover, all of the curves have a distinct
minimum. This is due to the fact that for relatively small
packet lengths, there is a large redundancy due to
overhead and test bits. With a further increase in the
length of the packets the redundancy caused by
retransfers increases [10].

Increased probability of switching nodes in loss
leads to an increase of the relative mean time of
message delivery for a wide range of data set lengths.

The relative average message delivery time
increases with the degradation of the quality of the CN
(Fig. 2).

Increased probability of switching nodes loss also
leads to the relative increase of the average time of
message delivery for all values of the distortion
probability of the unit element in a CN [8].
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Fig. 1. Dependence of the relative average message delivery time on the data set length for:
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Fig. 2. Dependence of the relative average time of delivery
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The increase in the probability of packet loss at
switching nodes leads to an earlier increase in the
relative average time of message delivery with a greater
number of switching nodes along the route of the packet
(Fig. 3).
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Fig. 3. Dependence of the relative average time of delivery
of messages on the probability of data set loss on the switching nodes with:
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This statement more evident from the graph, the
relative ratio of the average time of delivery if there is
loss at the switching nodes relative to the average
delivery time without loss of switching nodes (Fig. 4).
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Fig. 4. Dependence of the ratio of the relative average message delivery time,
taking into account the losses at the switching nodes to the relative average time of message delivery
in the absence of losses at the switching nodes from the probability of packet loss at the switching nodes with:

1—m=200,P,=10";2- m=200, P,=10"*;3 - m=500, P,=107;4— m=500, P, =10""

In addition, a significant increase in the probability
of service failures at intermediate switching nodes leads
to a sharp increase in the relative average packet
delivery time [6].

Conclusion

The analysis of discard probability impact at
interconnection switching nodes on temporary
characteristics of data transfer process suggests that the

increase of this probability leads to the increase of
average time of massage delivery for a wide parameters
range. Moreover, the impact of data sets loss at switching
nodes is inherent for networks with a large number of
retransmitting nodes. Special attention should be paid to
the fact that even using high quality data lines (with small
values of error probability of single element) the loss of
data sets at switching nods can lead to complete
termination of information exchange.
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Ouinka BIJIMBY BiAIMOB 00p00OKH NaKeTiB Ha YaCOBi XapaKTePHUCTHKH NMpoinecy 00po0KH JaHUX
B Mepexax ACY noBiTpssHEM pyxom

C. O. O6epemox, 0. C. dosruii, C. I. Xmenescekuii, C. O. Pynp

Ilpu nepenaui iHdopMmawii B Mepexax aBTOMaTU30BaHMX CHUCTEM YIPABIiHHS IOBITPSIHUM PYXOM BHCOKAa HMOBIpHICTBH
BUHUKHEHHS JOBIOTPUBAIMX IIKOBUX HaBaHTa)XeHb. MeTOI0 € NpPOBEICHHs aHali3y BIUIMBY MOXJIMBHX BIIIMOB Ha By3/ax
KOMyTallii Ha OCHOBHI 4acoOBl XapaKTEpPUCTHKU IPOLECY Nepeladi JaHUX B PEKHMI BHSABICHHSA IIOMMIIOK OIEPXKYBaueM.
IMokazano, mo 30iiblICHHS HMOBIPHOCTI BTpPaTH IAaKeTiB HAa MPOMDKHHUX By3JlaX KOMYyTalii NPU3BOAUTH 1O 3POCTAHHS
BIZIHOCHOT'O CEpEeIHbOr0 4acy JOCTaBKH IOBIJIOMJIEHb IUIsl IIMPOKOrO Jialna3oHy HapaMeTpiB Ta MOXKE IPU3BECTH JIO TIOBHOI'O
pUTHHEHAS iHdOpMALi#iHOro 06MiHy. MIMOBipHiCHO-4aCOBI XapAKTEPHCTHKM METOJIB YIPABJIiHHS MPOLECOM Tepeadi MakeTin
B Mepexkax OOMiHy JaHMMM BMMAararTh BpaXyBaHHS BIUIMBY IIPOMDKHHX BY3JiB Komyrauii. € HEOOXiZHICTb pO3MIANATH SIK
HasIBHICTH JAEKLIBKOX IMOTOKIB JaHHX BiJl IHIIMX JDKEPEN, TaK 1 MOXIIMBICTh BUHHUKHEHHS BiJ]MOB B 0OCIyroByBaHHI Ha KO)KHOMY
3 By31iB Komyrauii. OTpumajn HactynHi pe3yiabrard. IIpy BUKOpHCTaHHI BHCOKOSKICHMX KaHalliB 3B'S3KYy (3 MaluMH
3HAYECHHAMU HMOBIPHOCTI CIIOTBOPEHHS OJAMHUYHOIO €JIEMEHTY) BTPATH IIaKETiB Ha By3/aX KOMYyTallii MOXYTb IPUBECTH 10
MOBHOT'O IPUNUHEHHs iH(popMaliiiHoro ooMiny. BucHoBku. IIpoBeneHuii aHani3 BIUIMBY HMOBIPHOCTI BTpaTH IakeTiB Ha
MPOMIXHUX By3JlaX KOMYyTallii Ha THMYacoBl XapaKTEpPUCTHKHU IPOLIECy Mepesadi JaHUX CBIIUUTH IPO T, 10 30UIbIICHHS L€l
HMOBIPHOCTI NpPU3BOIUTH JIO 3POCTaHHSA BIJHOCHOI'O CEPEIHBOrO 4acy AOCTABKU IIOBIOMIICHb JUIS LIMPOKOTO Miala3oHy
apaMeTpis.

Kar4dosi ciaoBa: nepenaya JaHuX; By30JI KOMyTallii; iMOBIpHICHO-4acoBi xapakTepucTuku; ACY IOBITPSHUM PyXOM;
[IAKeT JaHUX; TAHM-ayT; KOPEJISLLisl; BUABJICHHS IIOMHIIOK.

Ounenka BINSIHUS 0TKA30B 00pa00TKH NaKeTOB HA BpEMEHHbIC XapaKTePHCTHKH Nponecca 00padoTKH JaHHBIX
B ceTaAX ACY BO3AYIIHBIM JBHKEHHEM

C. A. O6epemox, 0. C. Honruii, C. U. Xmenesckuid, C. A. Pynp

HpI/I nepeaavue I/IHq)OpMaLII/II/I B CCTAX aABTOMATU3UPOBAHHBIX CHUCTEM YIIPABJICHHUSA BO3AYIIHBIM JBH)KCHUEM BbICOKAs
BEPOATHOCTb BO3HUKHOBCHUS JOJITI'OBPEMCHHBIX IIMKOBBIX HAarpy3oK. He.]'lbl{) SBJISICTCS IIPOBCACHUC aHalli3a BJIMAHUA
BO3MOXHBIX OTKAa30B Ha Yy3JIaX KOMMYTallUl Ha OCHOBHBIC BPEMCHHBIC XapaKTCPUCTUKU ITpOLECCa Nepeaain JaHHbIX B PEKUME
O6Hapy>l(eHI/I5{ OIIHO0K IIOJTy4aTeJieM. HOKa3aHO, 9TO YBCJIMYCHUE BCEPOSITHOCTU IIOTCPHU INAKETOB HaA IPOMEKYTOUYHBIX Y3JIaX
KOMMYyTalyy IMIPUBOAUT K POCTY OTHOCHUTCJIIBHOI'O CPEAHEro BPEMEHH OCTAaBKH COO6HICHPH>1 JUI IIUPOKOro Jauaria3oHa
napamMe€TpoB MU MOXET IIPUBECTU K IIOJHOMY IIPEKpaliCHUIO I/IHq)OpMaLII/IOHHOFO obMmeHa. BepOHTHOCTHO-BpCMeHHHe
XapaKTE€PUCTUKU MCETOHOB YIIPABJICHUS IIPOLECCOM II€pe€aadu ITaKE€TOB B CETAX oOMeHa JaHHBIMH Tpe6y}OT ydu€Ta BIIMSAHUA
IIPOMEXKYTOUYHBIX Y3JIOB KOMMYTallUU. Ectb HGO6XOI[I/IMOCTL paccMaTpuBaTh KaK HaJIMYHUE HECKOJIBKUX IIOTOKOB JAaHHBIX OT
Apyrux MCTOYHUKOB, TaK U BO3MOXHOCTb BO3ZHUKHOBCHHS OTKa3OB B O6CJ'[y)KI/IBaHI/II/I Ha KaXJIOM U3 Y3JIOB KOMMYTalllH.
l'[o.ny‘m.lm cieayrmuye pe3dyiabTarbl. HpI/I HUCIIOJIb30BAHUN BBICOKOKAQYCCTBCHHBLIX KaHaJIOB CBA3HU (C MaJIbIMH 3Ha4YCHUIMU
BEPOATHOCTU HCKAXKCHUS C€AUHUYIHOI'O 3J'IeMeHTa) TIIOTEPpU IMAKETOB Ha Yy3JIaX KOMMYTallMd MOI'yT IPUBECTU K IIOJTHOMY
IIpEKpalCHUI0 I/IH(i)OpMaI_II/IOHHOFO oOMeHa. BI)IBOJII)I. HpOBeZ[CHHBIﬁ AHAJIN3 BJHAHHA BEPOATHOCTU IIOTEPU IIAKETOB Ha
TMIPOMEKXYTOUHBIX Yy3JIaX KOMMYTAllMU Ha BPEMEHHBIC XapaKTECPUCTUKHU IIpoLecca nepeaainu JaHHbIX CBUACTCIBCTBYET O TOM, YTO
YBEJIMYUCHUC 3TOM BEPOATHOCTU IIPUBOAUT K POCTY OTHOCHUTEJIIBHOI'O CPEAHEro0 BPEMEHU JTOCTAaBKU COO6H16HPII>1 JUI IIAPOKOro
Jraria3oHa rnapamMmeTpos.

KawoueBble cJioBa: nepeaadya MaHHBIX; Y3€JI KOMMYTallMH; BEPOITHOCTHO-BPEMCHHBIC XapaKTCPUCTUKHU, ACY
BO3AYIIHBIM ABMXCHUEM; ITAKET JaHHbBIX; TaﬁM-ayT; KOppesinus; BbISIBJICHUC OIIHOOK.
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