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QUEUING SYSTEM WITH BULK SERVICE AS A MODEL OF SCTP PROTOCOL
FUNCTIONING

The article presents the results of developing a model for the Stream Control Transmission Protocol
functioning as a queuing system with bulk service. It constructs a graph of states and transitions for deriving linear
and differential equation systems regarding the state probabilities. We obtain explicit solutions to analyse the basic

SCTP functioning.

Keywords: computer network, protocol, probabilistic model, queuing system, bulk service.

Introduction

One of the modern protocols providing streaming
data over a computer network is the TCP/IP stack
transport protocol — SCTP (Stream Control Transmission
Protocol), which ensures reliable transmission of user
data over the network. It is particularly effective at
transmitting data related to real-time applications such
as speech and video streaming. The quality of
functioning of networks that use the SCTP protocol
largely depends on the timely delivery and reliability of
the transmission of signalling information. Signalling
systems manage establishing connections for traditional
telephony users while also enabling the provision of
‘smart’ network services and cellular mobile networks.
Transferring data via the SCTP protocol proceeds as
follows [1]: data (messages in the SCTP protocol terms)
from the user request is encapsulated in data chunks and
queued for transmission. In the queue, data chunks form
a SCTP packet, which, at the request of the operating
device, is selected from the queue for transmission to
the IP network. Thus, it is possible to describe
transmitting a message over the SCTP protocol in
queuing systems with bulk service terms. Indeed, in
such a system, it is natural to understand a request as a
piece of data, a group of requests as a package, and a
service device as an operating device. The
characteristics of message flow and packet processing
time vary widely and are describable by different
distribution laws. The currently available theoretical
research results on queuing systems with bulk service
do not fully provide applied computational aspects.
Applying these results to the problem solution requires
the development of existing and new models and
methods for analysing probabilistic characteristics.

Literature Review

Queuing systems with bulk service are used in the
areas of human activity such as industry, transport, and
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communications. Research on this queuing systems class
began with scientists N. Bailey and F. Downton [2, 3].
Bailey was the first to consider a system with a Poisson
incoming flow and a variable bounded above by the size
of the group of requests. Using the method of generating
functions, he obtained expressions for the average value
and variance of the request number in the queue for
a Markov chain nested at the moments immediately
preceding the end of servicing groups of requests. Work [4]
examines queuing systems with bulk service under the
assumption of an input flow of requests described by a
Markov process. The paper does not derive some
characteristics, such as the probability of losing
requests. Also, it does not obtain some results in explicit
form. The article [5] is devoted to developing a model
to provide a way to describe several existing arbitration
protocols in a distributed and abstract manner so that
their properties and performance can be easily
compared and analysed. In [6], the service process
operates according to a general bulk service rule, i.e.,
the service process initiation takes place only if
customers are present in the queue at node 1, and the
maximum service batch size is b. The service time
distribution in each phase is exponential with service
rate, which depends on the service stage j, 1 <j <k, and
the size of the batch m, a < m < b. The paper analyses
the system behaviour in the steady state and derives
some important system characteristics. In the study [7],
there was an attempt to review the work done on bulk
queues, modelling various phenomena. The goal was to
provide sufficient information to analysts, managers,
and industry people who are interested in using
queueing theory to model congestion problems and want
to locate the details of relevant models. [8] presents the
analysis of a queue that serves batches of customers
with a novel service policy, showing that it is possible
to derive a closed steady-state distribution of the
number of customers in the queue for a very general
setting of its parameters. The paper [9] proposes a
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procedure to construct the membership functions of the
performance measures in bulk service queuing systems
with the arrival and service rates as fuzzy numbers. The
basic idea is to transform a fuzzy queue with bulk
service into a family of conventional crisp queues using
the a-cut approach. The paper [10] considers an
MX/G(a, b)/1 queueing system with a modified M-
vacation policy and variant arrival rate. After service
completion, if the number of waiting customers is less
than a, the server avails of multiple vacations until the
queue length reaches a or consecutively avails of M
number of vacations, whichever occurs first. The work
[11] obtains expressions of the G/G/1/K queuing model
under the popular protocol interference model when
adopting CSMAJ/CA for MAC control. An extensive
simulation study results indicate that the proposed
G/G/1/K queueing model outperforms M/M/1/K and
G/G/1 under a high network load, while it provides
competitive results when the network is lightly loaded.

A review of the latest research has shown that the
theory of queuing systems with bulk service is
developing intensively. It has led to obtaining several
results that have practical applications. It is worth
noting that most of the works are theoretical; the
research results are not tied to specific technical or
information systems.

Aim and Objectives

Internet  resources, network services, and
applications have become integral to the modern
information industry. An essential indicator of the
quality of network interaction, software, and equipment
used is the throughput of transport connections.
Accordingly, the performance of most network
applications depends on the performance of the
transport layer protocol. Mathematical modelling of
information processes at the transport layer of the
network data transfer protocol makes it possible to
analyse the dependence of throughput on the
characteristics of the data transfer path and protocol
parameters. The object of the study is the data
transmission process via the SCTP protocol, carried out
in stochastic mode. It accounts for the system
functioning as a queuing system with a group selection
of service requests. The article aims to examine the
processes of information transfer via the SCTP protocol
based on queuing systems with a group selection of
service requests. The study will consider the Markovian
and non-Markovian nature of event flows in such systems.

Discussion of Results

Transmitting a message over the SCTP protocol
can be described in queuing systems with bulk service
terms. Indeed, in such a system, data chunks at the input
of the protocol form an input stream of requests,
described by the distribution function A(t). Requests
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enter the buffer memory, where they form a packet. The
operating device carries out the packet sampling from
the buffer memory. The sampling time is subject to the
distribution B(t).

First, we consider the case when the input flow of
requests is Poisson with the parameter A, and the access
of the operating device to the buffer memory obeys the
exponential law with the parameter u: B(t) = 1 — exp(—us).
Fig. 1 shows the system states and transitions graph for
the case when the buffer memory volume is 3.
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Fig. 1. Graph of system states and transitions.

[e] is the state of the system when the operating device is
idle; [i], 1 =0, 1, 2... are the states when the operating
device processes the next batch of requests
in the buffer memory of i requests

Let us denote through Pe the stationary state

probability [e], and through Pi the stationary state
probability [i],i=1, 2, ..., k.

Using the graph of states and transitions per the
methodology of [12], we will compose a system of
linear equations for the probabilities of system states as:
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From system (1), we will successively obtain the next:
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Thus, we found all the probabilities.
Average number of requests in buffer memory is:

il 2 Y 2 2\
TR BT T

Probability of losing requests:

k-1
Pow =2 2| .. ©
loss [ A+ u e

We consider the general case when the service
time of a queue group of requests is subject to a general
distribution with a distribution function B(t).

We denote by r(t) the instantaneous intensity of
reading requests from the drive, defined as

r(t) = B'(t)[1- B(t)] ", through x« — the average intensity

of reading requests, through ﬁ(s):je‘s‘dB(t) — the
0

Laplace-Stieltjes transform from B(t).

Let [e] be the state when there are no requests in
the system and [n, u] — be the state when there are n
requests in the storage. The service channel processes
the next group of requests, and the time elapsed since
the previous access to the storage is equal to u. We

denote through p,(t) the state probability [e] and
through p,(t) — the probability that there are n requests
in the drive, and because p,(t,u) — the probability
density u that there were n requests in the drive and the
time elapsed after the previous access to the drive
(service time) is equal to U, U<U, <U+A. , p,(t) and
related to each other ratio

p,(t,u) are by a

pa(®) = [ p, (t,u)du.

Next, we consider the possible transitions of the
system from one state to another in an interval (t,t+A).
Let us fix the time moment and find the probability
Po(t+Au+A)A that at the moment t + A, the system

will be in the state [0, u + A]. It can happen only in one
case: the system at the moment t was in the state [0, u],
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and during the time A with the probability 1-r(u)A, the

service of a group of requests already being processed
has not ended (the probability of this by definition is
p,(t,u)) and with a probability of 1 — AA, no new

request has arrived in the system. The validity of the
second statement follows from the fact that if a request
arrives during time A, then it will be immediately
selected for service, and the system from the state [e] at
the time t will go to the state [0, A] at the time t + A, but
this contradicts the starting position. So:

Po(t+AU+A)A=

7
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Let us find the probability that at the moment t + A,
the system will be in the state [n, u + A]. It can happen
in two ways:

— atthe moment t, the system was in the state [n, u],
and during time A, no new request arrived, and the
service of the current group of requests did not end;

— at the moment t, the system was in the state
[n —1, u], and during the time A with the probability 1A,
a request came to the system.

So:

P, (t+Au+A)A=p, (t,u)A{[l-r(u)A][l- AT} +
+ P, (t,U)ALA +0(A) ®

Let us determine the boundary conditions at the
point u = 0. To do this, we will again fix the moment of
time t and derive the probability that at the moment t + A,
the system will be in the state [n, A], i.e., since the start
of servicing the next group of requests, the time has
passed that does not exceed A. We will first derive the
equation for the state [0, A]. The system can go to the
state [0, A] in the time A in two ways:

— at the moment t, the system was in the state [e],
and in the time A with probability 1A, a new request
arrived, which was immediately selected for service;

— atthe moment t, the system was in the state [n, ul],
and with probability r(u)A, the service of the previous
group of requests ended, which resulted in the storage
reset. The probability of this event will consist of
probabilities for all possible values of n and all possible
values of u.

Therefore:

Po(t+A,A)A = p, (t)AA + Zk:T p,(t,u)r(u)dua. (9)

n=l o
Since the system can receive no more than one

request during the time A and the drive is reset to zero
when accessing it, then:
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P(tA)=0 . (10)

We derive the probability that at the moment t + A,
the system will be in the state [e]. It can happen in two
ways:

— at the moment t, the system was in the state [¢],
and with the probability of 1 — 1A, no new request will
be received,;

— at the moment t, the system was in the state [0, u],
and during the time A with the probability r(u)A, the
service of the next group of requests ended.

So:

P (t+) = p, ML~ 21+ | p, LU)rE)duA. (1)

Let us open the parentheses in expressions (7) and
(8), transfer p,(t,u) in the left part, add here
p,(t,u+A)—p,(t,u+A), divide everything by A, and
proceed to the limit at A—0. We obtain a system of
equations:

0 0
o Pobu) + - Po (L) = —{ A+ r(U)]po (L, 1),

ﬁp (t)+ - 9 b (tu) =2+ ryp, Guy+ 12
+/1pnfl(t,U)-

Similarly, we can derive the boundary conditions
from expressions (9)—(11):

Po (t,0)A = Ap, (1) + D | p, (t,u)r (u)du

n=1 g

£ p, 0=, +I o (L U)r(U)du,

p,(t,0)=0,0<n<Kk.

(13)

We will take as initial conditions p,(0)=1. The

joint system of equations (12) and (13) can be solved
numerically on a computer using appropriate software,
for example, the grid method.

Let us consider the stationary mode. With t — «,

) _

Pa(tu) = Py (U), —2

(14)

As a result, we get the following system of
equations:

2 py(w) =2+ r]P(v),
u

. (15)
= Po(W) =LA+ TP, (W) + 2P, 1 (W) 1< N <k,

and boundary conditions:

9, + [ Po(W)r(©)du =0,
D (16)
po(0) = 4P, + ) | P, (U)r(u)du.

n=1lg

Solving the system of equations (15) step by step,
we get:

Po(u) =[1-B(u) p,(0)e ™,
py(u) = Au[1-B(u)lp, (0)e ™,

17)
p, (U) = (l“) Y n-Bu)Ip,(0)e ™, 0<n<k.

Substituting expression (17) into the first equation
of system (16), we find:

P = B(A)P(0)/ 2. (18)

So:

i 1
p, = J P, (U)du = L

~ (—I:I)n A0 () }po (0). (19)

where B™(4) is the value of the n-th derivative of

p(s) ats =4

Using the normalisation condition

k
P+ P, =1 (20)
i=0
we will get:
k
Py (0) = Z (/1)} (21)
n=1 n!
For the m-th order Erlang distribution:
PO =Y T e @
For the hyperexponential distribution:
Q) N b4
B =" n'Z (23)

1 ﬂ)ml .
Expressions (5) and (6) determine the main
characteristics of the studied system.
Fig. 2 shows a graph of packet loss depending on
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the intensity of the incoming flow of streams and the
capacity of the buffer memory.

0167

012

Pl m1

008
0.6
004

02

Fig. 2. Dependencies of the probability of losing
requests on system parameters

We can see that the capacity of the buffer memory
strongly affects this dependence.

Conclusions

By drawing analogies with queuing systems, it is
easy to see that transmitting a message via the SCTP
protocol can be described in a queuing system with bulk
servicing terms. Indeed, in such a system, it is natural to
understand a request as a piece of data, a group of
requests as a packet, and a serving device as an SCTP
stream. Due to the independence of SCTP streams, it is
possible to set the operating device number to one. The
study constructs a graph of states and transitions used to
derive systems of linear and differential equations
regarding the probabilities of states. We obtain the
solutions of the systems of equations in explicit form,
which allows us to use them to analyse the basic
functioning of the SCTP protocol.
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CUCTEMA MACOBOI'O OBCJIYI'OBYBAHHA 3 'PYIIOBUM OBCJIYI'OBYBAHHSM SIK MO/JIEJIb
OYHKIIOHYBAHHS MIPOTOKOJY SCTP
A.JL. JlutBunoB, B.M. Bpenixin
XapKiBChbKHH HallIOHAJILHUIN YHIBEPCUTET MichbKoro rocnozaapctsa iMeni O.M. bekeTtoBa, Ykpaina

Ilepedaua ingopmayii uepe3 komn’'iomepny mepexicy SUKOHYEMbCA 3a NneeHuM npomoxoaom. Cyuachuil
npomoxon SCTP mac nusky eiominnux puc. 3okpema, 6in nepedbauac moxciusicmo sx naoitunoi (TCP), max i
nenaoitnoi (UDP) docmasku danux 3 modciugicmio niOmpumku nopsioKy nepeoayi 6cepeOuti KOJMCHO20 3 NOMOKI8
Oanux (¢ynxyis Multistreaming). 3a paxynok yvo2o docsieacmocs epexm nezanedncnol nepedaui He36 sI3aHUX OaHUX,
Hanpuxao, wo nanexcams 00 pisHux nociaye. OCHOBHOIO hepedazolo maKoz2o nioxody € mou axkm, wo GUHUKHEHHS
NOMUTIKYU 8 OOHOMY I3 NOMOKI@ MA MONCIUBA 8MPAMA AKOCHI 8I0N0BIOHOT UOMY NOCYeU He 8NAUBAE HA CBOEUACHY
0ocmasKy OaHux 8 [HWUX NOMOKAX md HA NOKA3HUKU Akocmi iHwux nocaye. Ilomix ingopmayii, wo npoxooums
NPOMOKONIOM, MAE UMOBIPHICHULL XAPAKmep, w0 8UMA2A€ BUKOPUCTHAHHIA UMOBIPHICHUX MoOenell 05l OYIHKU SIKOCH
nepeoaui ingopmayii. Ilpoyec nepeoaui Odanux npomoxonsom SCTP 30iticnioembcsi HACMYNHUM YUHOM: OQHI
(nogioomnennss 6 mepminax npomoxony SCTP), wo naoxodsme 6i0 npoepamu xopucmysaua, iHKANCyIoOOMbCSL 8
nopyii 0anux (Chunks), sxi cmasiamocs 6 uepey na nepeoavy. ¥ uepsi nopyii danux 3oupaiomocs ¢ SCTP-naxem,
AKUL 34 3aNUMoOM OnepayiiHoeo npucmpolo eubupacmocsa 3 uepeu 0as nepeoaui 6 |P-mepeocy. Omoice, npoyec
nepeoaui nosioomnenus npomoxonom SCTP moorcna onucamu 6 mepminax cucmem Macogo2o 00CY208V8aAHHSA 3
2pynosum obciyeo8ysantam. s 6UnaoKy NyAacOHIBCbKUX NOMOKIE noodil no6yo0osano epag) cmanie ma nepexoois,
34 HUM 6UBEOEHO cucmemy JIHIUHUX PIBHAHb w000 UMogipHOCcmel cmawie cucmemu. Ompumaro aHATIMUYHI
supasu 011 cepedHbo20 Yucia 3anumie y Oygepuit nam’ami, umosipuicmo empamu ingopmayii. /[na 0oinbHo
PO3N00INeH020 Hacy 3uumysants ingpopmayii 3 6ygeproi nam’asmi eueedeno cucmemy iHmespo-oupepeHyiarbHux
pieHaHb w000 winbHocmi Uimogiprocmetl cmawuis. Ii piwenns ompumano y 3azanvromy euensodi. Yucnemwi
PO3PAxyHKu nioKpinieni epagixamu 3anexcrocmi UMOGIpHOCMI empamu  iHpopmayii 6i0  iHmMeHCUugHoCmi
HAOX00xceH s IHGhopmayii Ha 6X00i npomoKoy ma emMHocmi 0ygeproi nam’sami.

Kniouosi cnosa: komn’tomepHa Mmepedxca, HNPOMOKON, IMOGIpHICHA — MOOeb,
006C1y208Y8aHHA, 2pYnose 00C1Y208Y8aAHHA.

cucmema  mMacoeoco
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