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PRIMARY ESTIMATES OF THE CANNEL SWITCHED TELECOMMUNICATIONS
NETWORK TIME CHARACTERISTICS

This article continues the cycle of works on the primary assessment of the time characterris-
tics of telecommunication systems in different modes of their operation and using different met-
hods of switching and data transmission. Based on the analysis of the functioning diagrams,
analytical expressions for calculating the main time parameters of information exchange in
a telecommunication network with circuit switching were obtained. The considered parameters
are key in solving the problem of the user service quality. These parameters include the data de-
lay time in the in the cannel switched network, the time of data delivery to the end user, the du-
ration of the information exchange session, and the usage efficiency coefficients of the channels
through which information exchange is carried out. The materials of the article can be used by
specialists, developers and network administrators, as well as for educational purposes.
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Introduction

This article continues the cycle of works on the primary estimates of the time characteristics of
telecommunication systems in different modes of their operation and using different methods of
switching and data transmission [1]. In works [2]-[9] the main tasks of designing and improving tele-
communication networks are defined, which provide high key indicators of productivity and efficie-
ncy of network functioning. The solution of these tasks consists primarily in reducing the time of
information exchange between network nodes and delivery to the final destination to achieve high
indicators of user quality of service (QoS). In works [1], [10]-[13] the importance and relevance of
the task of primary estimates of the main time parameters at the starting stage of designing a teleco-
munication network are emphasized.

Research problem statement

In the telecommunication networks theory as basic message switching (MSM), packet switching
(PSM) and channel switching (CSM) methods are considered. In modern networks for information
exchange the compatible appliance of these methods are widely used [10]-[14]. This emphasizes the
importance of solving the problems of primary estimation of time parameters during network design
and deployment [1], [15], [16]. In the works [3]-[5], [17]-[21] the main requirements for providing
users with reliable access to resources and services of the telecommunication system are formulated:
productivity, reliability and data security, information and technical compatibility, manageability,
scalability. The main indicators for implementing the specified requirements and assessing the efficie-
ncy of network operation are determined. Among them for the QoS provision an important place is
occupied by the time parameters of network operation. That are information delay time in the net-
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work, data delivery time to the end user, the duration of the user data exchange session including con-
trol information, the efficiency of using communication channels as the ratio the time transfer of user
data to the full occupation of channels (including keeping channels unused), etc [2], [4], [9], [19], [22].

In [1, 15, 16] the issues of primary estimation of time parameters of telecommunication systems
using MSM and PSM methods are considered.

The purpose of our article is to analyze and develop analytical expressions for primary estimation
of time parameters of CSM networks. A characteristic feature of the CSM method is the need to use
all channels with the same data rate for an information transfer session. When using the MSM and
PSM methods, communication lines between end subscribers may have different data rates.

Analyze of CSM networks time diagrams

The basis of CSM is the formation of a direct physical channel for the duration of the communi-
cation session from the sending node (SNS — Switching Node Sender) to the receiving node (SNR —
Switching Node Receiver) through a telecommunication data transmission network. A communica-
tion session is the time interval from the moment when the SNS initiated the exchange to the moment
when all switching nodes (SN), that are involved in the session, have completed the exchange.
A communication session in CSM consists of three phases: formation of a data transmission path
(physical channel), data transmission over the formed path and the disconnection phase — disbanding
the transmission path [4], [5], [7], [19].

The data transmission path formation phase in the following way is carried out. The sending
node SNS, based on the analysis of the address of the final SNR, solves the routing task — the selec-
tion of the next SN to which the user data (UD) will be transmitted, and sends it a connection request
(CR). If the selected SN is the final, the data transmission path is formed and consists of one transmits-
sion link without SN transit (SNT).
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Fig. 1. Formation of the data transmission path phase

In fig. 1 the following notations are adopted:
— SN is a switching node;

— CR is a connection request;

— CC is a connection confirmation;
— TPC is a confirmation of transmission path;
— Trout is a routing time interval;
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next SN is searched for, to which the
corresponding CR is sent. The chan-
nel on which the request was received
and the channel on which the request
was sent are combined, creating a
two-link part of the path. This proce-
dure is repeated until the final SNR is
reached. Thus, if the information exc-
hange is carried out through k nodes,
including the SNS and SNR, we
obtain a (k — 1)-link data transmits-
sion path, which contains (k — 2)
SNT. All CR requests con-tain the
address of the final SNR.

The time diagram of the data
transmission path formation from
node SN (data sender node) to node
SNy (receiver node) through two tran-
sit nodes SN2 and SN is shown in fig. 1.
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— Tscr is a sending time of connection request;

— Trcer is a reception time of connection request;

— Tscc is a sending time of connection confirmation;

— Trcc is a reception time of connection confirmation;

— Tpcc is a processing time of the connection confirmation;

—Tftpc is a forming time of transmission path confirmation;

— Tstpc is a sending time of transmission path confirmation;

— Trtpc is a reception time of transmission path confirmation;

— Tptpc is a processing time of the confirmation of transmission path;

— Tsd is a signal delay in the channel.

In the initial state (the moment time t,)) the sending node SN1 contains user data (UD), that must
be transmitted to the receiving node SNa, as well as the address of this node. The moment time ¢, is
the exchange session beginning.

In the Trout; time interval the SN1 node, based on the analysis of the address of the receiving
node SN4, determines the transmission route (in our case this is the transit node SN2) and sendes
a service message (SM) to this node — a request for connection CR12 (interval Tscry). The value of
this interval is determined according to the expression:

Tscr, = NCR X ]é , 1)

where NCR is a size of the CR service message for a given network protocol (bits); f is a clock synch-
ronization frequency of the transmission system (bits/sec).

After receiving the CR12service message (interval Trcr, = Tscry), node SN2 solves the routing
task (interval Trout,) — the selection of the next NS and link of the path. In our example, this is the
transit node SN, to which the service message CR23is sent. The selection of all subsequent links and
nodes is carried out in the same way until the final receiving node is reached. In our example, this is
node SN, which along the formed path transmits to the sending node SN1 the TPC service message,
which for the SN1 is permission to transmit UD. TPC service message signals the beginning of the
data transmission phase.

Note that when forming each link of the data transmission path the CC service messages to the
sender for each CR request are sent.

Analyzing the time diagram in fig. 1 for a CSM network, we obtain the following expressions
for determining the implementation time of the information exchange session first phase — the forma-
tion of a data transmission path. The transmission path passes through k SN, including the sender and
receiver nodes. All nodes are numbered in the order of the route and have numbersi = 1, 2,..., k (for
the SNS node i = 1, for the SNR node i = k). In other words, the data transmission path consists of
(k — 1) communication links.

For the example shown in fig. 1 (k = 4), the time for forming the data transmission path
Tftp(k=a) is defined as:

Tftp=4) = (Trout, + Trout, + Trouts) + Z(Tsdllz + Tsd, 3 + Tsd3,4) +
+(Trcry + Trers + Trery) + [Tftpe + Tstpe + Trtpe + Tptpc). (2)
In the general case for any k the value of T ftp will be:
Tftp = Y5 Trout; + 2Y¥ ! Tsd; -y + X5, Trer; + [Tftpc + Tstpc + Trtpe + Tptpel.  (3)
Note that the time of sending the service message TPC is defined as:
Tstpc = NTPC X —, 4)
where NTPC is a size of the TPC service message for a given network protocol (bits).
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Taking into account (1) and (4) we obtain the final expression for determining the formation time
of the data transmission path in the CSM telecommunication systems:

k-1 k-1 K 1
Tftp = z Trout; + 2 Z Tsd;—1 + Z (NCRL- X —> +
i=1 i=1 i=2 f

+ [Tftpc + (NTPC X ]lc) + Trtpc + Tptpc].

()

In formulas (2, 3, 5), the expression enclosed in square brackets determines the total time for for-
ming, sending, and processing a SM confirming the creation of a data transmission path.
The data transmission phase is shown in fig. 2.
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Fig. 2. Data transmission phase

In fig. 2 the following notations are introduced:

—UD is a user data;

— UDC is a user data confirmation;

— Tsdtp is a signal delay time in the transmission path;
— Tsud is a sending time of user data;

— Trud is a received time of user data;

— Tpud is a processing time of received user;

— Tsudc is a sending time of user data confirmation;

— Trudc is a received time of user data confirmation;
— Tpudc is a processing time of user data confirmation;
—Tddc is a data delay time in the CSM network;

— Tdtph is a data transmission phase time.

The node SN: send user data UD to the channel of the formed path — the time interval Tsud,
which is determined as follows:
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Tsud = NUD x 1/f , (6)

where NUD is a user data volume (bits).

With a delay of T'spd the user data UD are transmitted to the final receiving node SN4 — the time
interval Trud. On the receiving node side the received data are processed — the time interval Tpud,
which consists of the following: checking the received data for errors during transmission and genera-
ting the SM UDC. Note that the article considers the case of error-free information transmission.

The formed message is issued to the transmission path channel —time interval Tsudc — and with
adelay T'sdtp will be received by the sending node SN1. Here, at the time interval Tpudc it is proce-
ssed. At this interval the data transmission phase ends.

The time interval Tsudc is defined as:

Tsudc = NUDC X 1/f ,

where NUDC is the size of the UDC service message for a given network protocol (bits).

Based on the analysis of the time diagram in fig. 2, we obtain the following expressions for deter-

mining the duration of the data transmission phase at k = 4 (three-link transmission path):
Tdtphk=4) = 2(Tsd1,2 + Tsd, 3 + Tsd3,4) + Trud + Tpud + Tsudc + Tpudc.

Here Tsdtp = Tsdy, + Tsd,3 + Tsds 4, Trud = Tsud.

In the general case, for any k the analytical expression for determining the duration of the data
transmission phase will be:

k-1
Tdtph = 2 z Tsd;;=1 + Trud + Tpud + Tsudc + Tpudc. @)
i=1

Here it is worth noting the main advantage of the CSM over MSM and PSM. This is the smallest
data delay time Tddc in a CSM network, which is determined only by the delays of information sig-
nals in the channels of the created transmission path. As can be seen from the time diagram in fig. 2,
data passes through transit nodes SN2 and SN3 without delays, i.e. without intermediate storage.

After receiving the UDC service message the sending node can start transmitting the next data
block (continue the data transfer phase) or initiate the disconnection phase.

Disconnection phase. The execution of the disconnection phase consists in disbanding the data
transmission path, thereby completing the information exchange session. The time diagram of this
phase for the transmission path between the sending node SN1 and the receiving node SN4 through
two transit nodes SN2 and SNs is shown in fig. 3.
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Fig. 3. Disconnection phase
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In fig. 3 the following notations are introduced:

— DP is a disconnection phase;

— Dl is a disconnect instruction;

— DIC is a disconnect instruction confirmation;

— Tdp is a time of the disconnection phase execution;

— Tsdi is a time of sending disconnect instruction;

— Trdi is a time of reception disconnect instruction;

— Tpdi is atime of processing disconnect instruction;

— Tsdic is a time of sending disconnect instruction confirmation;

— Trdic is a time of reception disconnect instruction confirmation;

— Tpdic is a time of processing disconnect instruction confirmation.

The sender node SN issues over the data path channel the DI SM, which is sent to all nodes of
the transmission path with the corresponding delays T'sd. After receiving this SM all nodes SNi disco-
nnect the channel, through which the command was received from the transmission path. At the inter-
val Tpdi a DIC SM is generated, which is sent to the previous node of the path SNi-1. Thus, each node
SNi-1 after processing this SM receives information about the disconnection of channels from the
transmission path and their release for further use.

The time interval Trdi is defined as follows:

Trdi = Tsdi = NDI X 1/f’ — NDI is a command size (bits)

Taking into account the above and based on the analysis of the time diagram in Fig. 3, we obtain
the following expressions for determining the duration of the disconnection phase for an (k — 1)-link
data transmission path:

k-1

Tdp =2 z Tsd;;=1 + Trdi + Tpdi + Tsdic + Tpdic. (8)

=1

Calculation of the main time parameters of the CSM network

In the works [2], [4], [9], [19], [22] the main requirements and time characteristics of telecomuni-
cation networks, which provide the required quality of service to users, are defined. Detailed analysis
and analytical expressions for estimating the time parameters of MSM and PSM telecommunication
systems are presented in the works [9, 15, 16]. Let us consider in more detail and give analytical exp-
ressions for determining the time parameters in a CSM network. We will assume that the transmission
is carried out through k communication nodes, including the transmitter and receiver nodes. All nodes
are numbered in the order of the route and have numbers i = 1,2,..., k (for the sender node i = 1,
for the receiver node i = k).

Data delay time in the network T'ddc is defined as the transmission time in the physical medium
of each i-th data bit from the sending node SN to the receiving node SNk. For a CSM network this
is the delay time of the information signal in the data transmission path channels (fig. 2):

k-1
Tddc = Tsdtp + Tsd;jyq. 9)
i=1

Data porterage time to the user Tdpu is determined from the beginning of the initiation of the
exchange session by the node SN1 (time interval Trout, in Fig. 1) to the reception and processing of
the message by the final receiving node SNk (time interval Tpud in Fig. 2). Note that this time para-
meter fully includes the duration of the data transmission path formation phase:

k-1

Tdpu = Tstp + Z Tsd;;yq + (NUD X 1/f) + Tpud). (10)

i=1
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The duration of the information exchange session T'sesc is determined by the total duration
of three phases: the data transmission path formation phase T ftp (5), the data transmission phase
Tdtph (7) and the disconnection phase T'dp (8):

Tsesc = Tftp + Tdtph + Tdp. (12)

In practice, all service messages (SM) — CR, CC, TPC, UDC, DI and DIC (fig. 1-3) — have app-
roximately the same sizes. Also, the processing times of all SPs — Trout, Tpcc, Tptc, Tpudc, Tpdi
and Tpdic (fig.1-3) — have approximately the same values. Taking into account the above, based on

(11) we obtain a working formula for the initial estimate of the duration of an information exchange
session in a CSM network:

Tsesc = (NUD x 1/f) + 7S Tsd; r + (K +5)SM + (K + 2) (Nsm X 1/f), (12)

where (Nsm X l/f) is a time of SM issuing/receiving, Nsm is a SM size (bits).

The efficiency of communication channel usage Kefc is defined as the ratio between the cha-
nnel occupancy time for transmitting user data UD and the total channel occupancy time during the
exchange session. The channel occupancy time between nodes SNi and SNi+1 for transmitting UD,
taking into account (6), is defined as:

Teudy sy = Tsdyzay + Tsud = Tsdyzq + (NUD x 1/f). (13)
The total channel occupation time between nodes SNi and SNi+1 TSm; ;4 is defined as the dura-

tion of the exchange session excluding some time intervals in the transmission path formation phase
and the disconnection phase (fig. 1-3):

k-1
TSm; ;41 = Tsesc — [ (i X Trout) + <z Tsd;i+q + Trdi + Tpdi + Tsdic + Tpdic)], (14)
i

In (14), the first term in square brackets reflects the excluded time intervals of the transmission
path formation phase, the second term reflects the separation phase.
Taking into account the assumptions made for expression (12), we obtain:

TSm;;y1 = Tsesc — , (15)

k—1
(i X Tsm) + (2 Tsdij41+2 (Nsm X 1/f) + 2Tsm>
L

Then, taking into account (13) and (15), the channel efficiency coefficient between nodes SNi
and SNi+1 for the CSM method is determined by the expression:

Tsdyiq + (NUD x 1/f)

Kefciiy = (16)

Tsesc — [(i x Tsm) + ( Y 1Tsd; g + 2 (Nsm X 1/f) + 2Tsm)] .

Expression (16) is suitable for assessing the efficiency of using any of the k — 1 channels of the
data transmission path when organizing information exchange in the CSM network.

Conclusion

As mentioned above, the primary estimates task of the telecommunication systems time parame-
ters is of great importance at the stages of designing and deploying data transmission networks. The
importance of solving this problem is due to the widespread use of the basic methods CSM, MSM
and PSM in modern telecommunication networks [1], [7], [10], [21], [22].

This approach ensures better fulfillment of the basic requirements for resources and services of
the telecommunications system: productivity, reliability and data security, information and technical
compatibility, manageability, scalability. The main indicators of assessing the efficiency of network
operation are analyzed: information delay time in the network, data delivery time to the end user, du-
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ration of the user data exchange session including control information, efficiency of communication
channel use. The efficiency coefficient is defined as the ratio of the time of direct transfer of user data
to the full occupancy of the channels (including keeping channels unused).

Transmission time diagrams in the CSM network were analized. That are the phase of data trans-
mission path formation, the phase of data transmission and the phase of disconnection (disbandment
of the transmission path). This analize allows us to assess the advantages and disadvantages of the
CSM method in comparison with other methods considered in the works of this direction [9, 15, 16].
It is shown that the main advantage of the CSM method over the MSM and PSM methods is the sma-
Ilest data delay time T'ddc in the network, which is determined only by the delays of information sig-
nals in the channels of the created transmission path. As can be seen from the timing diagram in fig.2
data passes through transit nodes SN2 and SN3 without delays, i.e. without intermediate storage. This
determines the effectiveness of using the CSM method in real-time systems with a significant duration
of the information exchange session Tsesc, for example, broadcasting various public events (sports
competitions, reports from the scene of real events, etc.).

As follows from the analytical expression (16), the channel utilization factor depends little on
the unproductive use and occupation of channels in the phases of formation and disbandment of the
data transmission path and increases significantly with increasing duration of the information excha-
nge session. Here it should be emphasized the low efficiency of the CSM method when transmitting
individual messages of small volume.

Analytical expressions (9) and (10) make it possible to estimate the delay time and data delivery
time to the final receiving node of the network taking into account the message volume, transmission
speed, number of transit nodes, and other parameters of CSM networks.

Expressions (12) and (16) provide an important estimate for administrators and providers of the
exchange session time and the channel efficiency coefficient for the CSM method. The materials of
the article can be used by specialists, developers and network administrators, as well as in the educa-
tional process.

Bnecok aBTOpiB

Apocna TOPOIIAHKO — koHmenTtyamizarisi 1ociipKeHHs, GopMaizamis 3amadi, po3poodka
gacoBux aiarpam; Mukomna [TPOLIEHKO — anaini3 miTepaTypHUX JpKEpes, METOIO0JIOTIs TOCTiKe-
HHs, Onekcanap TOPOIIIAHKO — anamiTH4Hi po3paxyHKH, BUBEJICHHS MAaTEMAaTHYHHUX BHPa3iB,
anani3 pesynbratis; [rop BYUEHKO — nepeBipka pe3ynbraTiB, iATOTOBKA TEKCTY CTATTi, peAaryBa-
HHS Ta y3arajibHEHHS BUCHOBKIB.

Jexkapanisi npo MTY4YHUH iHTEJEKT
ABTOpH HE 3aCTOCOBYBAJIM IITYYHUH 1HTEJNEKT JJISi CTBOPEHHS MaTepiajiB CTATTi.

Konduikr inTepecis

ABTOpH TIOBITOMJISIFOT TIPO BiJICYTHICTh OY/Ib-IKOTO KOH(IIKTY 1HTEpeciB. Y MpoIieci miaAroTo-
BKH CTATTi He OyJIO BUSBICHO JKOJAHUX KOMEPIIHHKX, (DiHAHCOBUX a00 1HIIMX B3a€EMOBITHOCHH, SIKi
Moryi O BIUTMHYTH Ha Pe3yibTaTH JTOCIHIDKEHHs abo iX iHTeprpertalito. JlocaipkeHHs BUKOHAHO
3 IOTPUMaHHAM MPUHIIMIIIB aKaIeMi9HOT TOOPOYECHOCTI, ETHYHIX HOPM HAayKOBOI JiSUTBHOCTI Ta BH-
MOT PeJaKIIHOT MOTITHKH 1010 3amo0iraHHs KOH(MIIKTY IHTEPECIB.
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A. 1. Topowanxo, M. M. Ilpoyenxo, O. C. Topowanko, I. A. Byuenxo
MEPBUHHI OI[IHKU YACOBUX XAPAKTEPUCTHUK TEJEKOMYHIKAIIMHOI
MEPEXKI 3 KOMYTALIEIO KAHAJIIB
Lieto cmammero npo0osxcyemvcs yuki pooim 3 nepeUHHO20 OYIHIOBAHHS YACOBUX XAPAKMEPUC-
MUK MeNeKOMYHIKAYIUHUX CUCEM 8 DIZHUX PeHCUMAX iX YHKYIOHYBAHHS i 3 BUKOPUCAHHAM PI3HUX
Memodie Komymayii i nepedaui oanux. Ha ocnogi nposedernozo ananizy uacosux oiacpam yHKYioHy-
BAHH5 KOMN TOMEPHOI Mepexci 3 KOMymayieio KaHauie Ompumano aHailimuyHi eupasu 0us po3paxy-
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IIpoGsieMu PO3BUTKY Ta BAOCKOHAJEHHA

| CJIOBO HAYKOBIIf |—

€IUHOI HAIIOHAJIBHOI CUCTEMH 3B’A3KY

HKY OCHOBHUX YACOBUX NApamempie iHghopmayitinoco 0OMIHY, SKi 8 OCHOBHOMY BUSHAYAIOMb SKICb
00C1Y208Y8aHHA KOPUCMYBAYIE. AHANIMUYHI 8UPA3U OMPUMAHT HA OCHOBI PO3POOIEHUX YACO8UX Jlae-
pam iHopmayiiinoco 0OMIHY, 0e 8PAX06AHI KIIOYOBI YACO8I napamempu cucmem nepeoavi OaHux:
NPONYCKHA CNPOMOIICHICMb KAHANI6 nepedayi, 3ampumMKa nepeoayi 0anux 6 Kanauiax, 4ac 0opooKu
OaHUX HA MPAH3UMHUX | KIHYeBoMY 8Y3/1aX, Yac nepedadi i 06pobKu iHghopmayii 360pomno2o 38 3Ky
(keumanyiii). ns kopucmysaua 3 mouku 30py QOS natigadciusiuie 3HauyeHHs MaOMs MAaKi 4acosi
napamempu K yac 3ampumKku iHgpopmayii 6 mepedci, uac oocmasku iHopmayii 0o ompumysaua,
MpUBANicms ceancy 0OMIHY iHpopmayiero, a maxkodic 0esKi iHwi napamempu, SKi HOCIMb Oilbule
eKCNIyamayitiHuil Xxapaxkmep i 8U3HA4AOMbCSL BUKOPUCTOBYBAHUMU NPOTNOKOIAMU, AOMIHICMPAYieo
Mmepedici mowo. Lle yac nenpoOyKmugHo20 3auHAMMmM KaHaie (iHpopmayiuna HAOIUWKOBICIY),
eheKkmusHicmb BUKOPUCMAHHA KAHANIB 36 53Ky, uepe3 SKI 30IUCHIOEMbCA IHGopmayitiHull 0OMiH,
mowo.

llepgunne oyinlo6anHs nepepaxo8anux napamempis Ha emani NPOeKMmy8aHHs i pO32OPMAaHHsL
Mepedci 0036019€ NOKPAWUMU MAKI NOKA3HUKU AK 8UMPAmMu HA CMEOPEHHs | eKCniyamayiro cuc-
memu, Yac NpoeKmy8anHs ma po320PMAHHI MepPedici, XapaKkmepucmuky HaoiitHocmi, NPO2SHO308aHi-
CcMb Mma 3axucm 6i0 NePeHaBanmMAadNCeHHsl, 3a8anmadxcenicmes mepedici. Mamepianu cmammi mModcymeo
Oymu 8UKOPUCMAHT pO3POOHUKAMU MA AOMIHICIMPAMOPAMU Mepedic, A MAKON’C Y HABYATIbHOM) NPO-
yeci.

KurouoBi ciioBa: koM 1oTepHa Mepexa, METOM KOMyTallii 1 epe/laBaHHs TaHUuX, KOMYTallis
KaHaJiB, SKICTh 00CIYrOBYBaHHS, YaCOBA XapaKTepUCTHKa, iH(HopMaIiiiHuii 0OMiH, 4acoBi apame-
TPU MEPEKI.

Haniiimna no penaxii: 02.12.2025

[Ipuiinsara no npyky: 21.04.2026

Omnyo6nikoBaHo: 27.04.2026

© 2026 Ya. Toroshanko, M. Protsenko, O. Toroshanko, I. Buchenko.

Lleit marepian ninen3oBano 3a ymoamu CC BY 4.0.https://creativecommons.org/licenses/by/4.0/

ISSN 2412-9070 12 3B’ 30K, Ne 2, 2026


https://creativecommons.org/licenses/by/4.0/

