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ABSTRACT

This paper researches an examination on Video-on-request (VOD) alludes to video benefits
in which customers can demand any video program from a server whenever. VOD has
significant applications in stimulation, training, data, and promoting, for example, film on-
request, remove learning, home shopping, and intelligent news, so on. Versatility in gushing
limit can be cultivated by strategies for interest clumping, in which requests for a video
touching base inside a time allotment are collected together (i.e., batched) and presented
with a lone multicast stream. The target here is to achieve the trade between the multicasting
cost and customer delay in the system. We analyze different clustering schemes (as far as
customers concede experienced, the amount of customers assembled in each bunch, thus
on...), and how framework benefit can be helped given client’s reneging conduct. This issue
of postponement in patch up procedure and separate happening in VOD writing computer
programs is drawn nearer through lining hypothesis in this investigation. Lining disposition
characterizes the mistake I the systems administration and gives out the expected plans
to be passed out to limit the blunder happening assets. It likewise presents the idea of
support period after the fruition of administration. Numerical delineation and an expand
graphical investigation are completed toward the conclusion to approve the model. It gives

a reasonable pondered the applied investigation of lining hypothesis in VOD systems.
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1. INTRODUCTION

VIDEO-ON-DEMAND (VOD) spilling administration over remote systems Iis
exponentially expanding with creative advances in keen cell phones. To give the VOD
spilling administration, high caliber of administration (QoS)requirements ought to be met,
for example, high transfer speed necessity, low administration idleness, low administration
blocking rate, and so forth. Also, clients need to access to any substance, whenever,
anyplace, on any gadget. The conventional unicast transmission has focal points such
straightforwardness, no administration inactivity (i.c., start-up postponement), and simple
execution of client heterogeneities, for example, cushion limit and channel conditions. Be
that as it may, unicast isn’t versatile. The transfer speed utilization increments directly as the
client solicitations increment. In this light, a few multicast/communicate based transmission
plans are being concentrated to deal with the development of portable video traffic. They
are versatile and productive as far as data transmission necessity. All things considered, the
administration by and large produces extreme idleness and can’t promptly think about
client heterogeneities. Clumping, fixing, and occasional telecom plans are in the classes of

the multicast/communicate based transmission.

Service
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Sourcg Discipline Departure
Population > |  Queue or ) Service
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i v
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Among them, clumping can ensure the administration inactivity inside specific limits for
both mainstream and disliked substance The record related qualities of a VOD application
incorporate gushing data transfer capacity, size of the documents, number of video titles,

and video fame. The spilling transfer speed of a video, b0, relies upon the video pressure
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plan utilized (e.g., MPEG-I, MPEG-II, movement JPEG, and so forth). It can go from
under 1 Mbps to more than 10 Mbps. Gushing data transfer capacity likewise relies upon
the encoding technique utilized (e.g., Constant-piece rate, Variable-piece rate, etc.). The size
of a video document is the genuine extra room the record expends in a capacity medium.
It might run from ~10 MB (promoting cuts) to more than ~1 GB (motion pictures). All
documents in a VOD application may not be of a similar size. In MOD (film on-request),
for instance, the record size is probably going to be comparable or “homogencous,” with
each document of about, state, an hour and a half playback time. Then again, record
estimate in intelligent news condition can be fairly “heterogeneous,” contingent upon the
bit of news and whether it is a narrative or not. Somewhere close to the “limits” might be
home shopping, in which record size may run from ~5 MB to ~30 MB (20 seconds to 2
minutes). applications focused to overall population are probably going to have a greater
number of titles than applications for a littler gathering of clients. Various recordings have
diverse access recurrence. The ubiquity of a video is characterized as the likelihood for the

video to be gotten to or picked by any approaching solicitation.

Singh (2016) showed that the gushing design and security issues were the difficulties looked
by VOD. Jain and Bhargava (2008) worried about the examination of questionable server
mass entry retrial line with two class non-preemptive need endorsers. Juhn, and Tseng
(1998) presents another telecom plot, which can bolster live recordings and decrease the
holding up time to 8 minutes. McManus and Ross (1996) presented a particular transport
and transmissions conspire for video — on-request (VOD) called steady — rate transmission
and transport (CRTT). Maragathasundari (2015) derived the execution measures for
a mass section queuing model of three periods of organization with different journey
strategies. Maragathasundari, Anandapriya, Gothaiammal and Gowri (2017) described
a non-markovianqueuing model in which entry was taken after a Poisson method.
Maragathasundari and Karthikeyan (2016) investigated a mass queuing model with
short and long escape. Maragathasundari, Srinivasan and Ranjitham (2014) examined a
bunch landing queuing arrangement of stage get-away with two phases ofadministration
dependent on a Bernoulli plan. Alomari and Sumari (2011) gave measurable data about
the web, correspondences and cell phones and so forth. Abeywickrama and Wong (2013)

featured that vital advancement of a nearby capacity inside the system empowered the
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administrations to be conveyed with improved nature of administration to the client. Kanrar
(2012) displayed an effective estimation of the transfer speed necessity for the distinctive
design. Gupta (2013) should attempt to respond to addresses identified with innovative and
administrative difficulties looked by IPTV and the requirements identified with its effective
usage in India and broke down the capability of IPTV as an apparatus of instruction
in setting to the changing worldview of educating — learning strategy — and Pedagogy.
Viswanathan and Imielinski (1996) gave expository and trial assessments of pyramid
broadcasting dependent on its execution on an Ethernet LAN. Van Den Broeck, Pierson
and Lievens (2007) orchestrated learning on existing review rehearses just as the Video-on —
requests new affordances. He and Liu (2009) demonstrated that VOVO was adaptable and

compelling, giving short start up latencies and great execution in VCR intuitive.

1.1. PROCESS CARRIED OUT IN VOD PROGRAMMING

Different applications have different performance requirements. We list here six such

requirements:
Batch arrival:

In VOD, every client is appointed its own committed uncast stream. Henceforth clients

appreciate fantastic adaptability in interacting with the server while viewing their videos.
First Stage Service: Multicast delivery VOD service

In a multicast conveyance VOD administration, motion pictures are made accessible just
toward the start of spaces. The opening term is on the request of minutes (in our investigation
we utilize the range from 30 seconds to 20 minutes). Clients making a solicitation will in
this way need to pause, by and large, a large portion of a space span before the motion
picture can begin. For short opening lengths (state 6 minutes) this ought not influence “on-
request” nature of the framework. At the point when the server gets a client demand it
decides whether assets are accessible to support the solicitation. The server utilizes data
about exceptional solicitations and the accessibility of assets to accept or reject demands.
Note that the server performs clear “First Come, First Serve”scheduling. Solicitations are
not appointed need, and no solicitation is denied if assets exist to service it. Clients are

educated through reaction messages whether their solicitation is acknowledged or denied.
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All demands that touch base during the present space are booked or dismissed before the

finish of the opening,
Emergency vacation during the time of service:

The Long starts up deferrals are considered as Emergency Vacation during the season of
administration. While a long start-up postpone is bothersome, for the most part clients are

eager to hold up longer under the accompanying conditions:

a. Delay guarantee: Clients might be all the more eager to pause on the off chance that
they are certain that they can watch their recordings at a specific time, regardless of
whether the time is potentially minutes (or even hours) after the fact. This is the rule
behind postpone ensure frameworks, such as deterministic deferral (in which clients
experience comparable deferral) or reservation system, in which clients save recordings

to be shown at a specific later time

b User interactions: We list two such requirements here: response time of the interactions
and control granularity of the interactions. (i) Response time of the interactions (ii)

Control granularity of user’s interactions

¢.  Others: A VOD framework should offer adequate video quality. Various administrations
may require distinctive video quality relying upon the class of the clients, application,
and so on. Besides, the planning arrangements utilized in a server ought to be reasonable.
For instance, in film on-request, a client who happens to demand a disagreeable motion
picture ought not to be separated for a client mentioning an increasingly famous motion

picture, if the two are charged the equivalent.
Second Stage Service:

Interactive VOD Service: In intelligent VOD services, a client viewing a motion picture will
be able to control the playout of the motion picture. Client association with on-request films
can be like the interactivity customers have when they lease a motion picture and watch it
utilizing a video tape machine. In addition, the utilization of advanced video will empower
new ideal models for intelligence. The varieties of the conventional VCR elements of delay,

rewind, and quick forward.
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Service Interruption:
Delay is occurring between separate and fix process — start-up deferral:

We characterize “start-up deferral,” as the holding up time from the minute when a client
at first presents a video demand until the minute when the client starts to see the video.
It is along these lines the absolute holding up time before the mentioned video is gushed.
Clearly, start-up deferral is an irregular variable whose esteem relies upon where the client
is in the line, what the client’s need class is, or even the video mentioned. We recognize here
start-up deferral from the reaction time of client connections. While start-up deferral is the
sitting tight time for a client before the mentioned video is shown, the reaction time of client
collaborations is the inertness from the season of issuing a control order to the genuine
scene change in an on-going video session. In this manner, start-up postponement can be
longer than the reaction time of client communications. Diverse VOD applications have
distinctive least start-up postpone necessities. The necessity may rely upon to what extent a

client sees the video, 1.e., the solicitation’s holding time.
Balking during Repair:

If the VOD server isn’t reachable and for upkeep reason, the Balking of customers may

occur.
Reneging during delay:

Depending on the holding up time achieved, a customer may drop its interest and leave the
system (1.e., renege). The reneging behavior of the customers is a basic idea in the structure

of a nearby VOD structure and the essential interest clumping plans.
Compulsory Vacation after completion of the service:

Video servers: The video servers store various motion pictures (described by their length,
fame and gushing information rate) open by the clients. Every server has limited stockpiling
and spilling capacities. Such assets are viewed as constantly accessible and one might
say effectively paid for the accessible gushing limit might be parceled or shared among
the motion pictures. In a close VOD framework, the fundamental issue is to properly

allot the constrained gushing ability to the different demands by methods for bunching
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Necessary excursion must be taken by the video server subsequent to finishing the gushing
administration. To conquer the solid issue of clog in VOD programming a lining model is
proposed in the present work. The lining instrument is created dependent on the likelihood
circulation in various scope of correspondence. A procedure did in VOD application is
totally changed into a lining issue. As clarified above in VOD application, the procedure
comprises of rendering various phases of administration, a crisis excursion (upkeep work
or set up time work) before the second phase of administration. After the culmination of
the second phase of administration, mandatory excursion (Compulsory support work) is
done. Next, because of blockage and different issues, negligible administration intrusion
emerge. To fathom the intrusion, correction procedure is done. In sensible circumstances,
fix procedure can’t be started promptly because of different reasons. Consequently the
idea of defer happens between administration interference and patch up procedure. The
lining system improves the system measurements, for example, generally speaking system

throughput, lessens the course delay, over hard and traffic blockage likelihood.

1.2. QUEUING THEORY APPROACH

The VOD lining issue is as per the following: Clients arriving in batches follows a Poisson
system. Service starts and it resumes. It pursues general dissemination and it is rendered in
like manner on first started things out served premise in two phases of administration. After
the fulfillment of the primary phase of administration, the server takes a crisis vacation. In
this course of time, maintenance work for the second phase of administration is done. What’s
more, server interrupts because of different reason during the season of administration.
In continuation, it needs to get into repair process, however here in this circumstance, a
delay process idea is been taken over between the intrusion and fix process. Additionally, to
augment the up keep work of the framework a mandatory excursion is presented after the
culmination of second phase of administration. The idea of Balking assumes a noticeable
job in this model. Seeing the line, clients may stop the framework without joining the line.
Furthermore, to that, a portion of the customers may leave the line and quit the framework
because of eagerness. This procedure is known to renege and it occurs in our model during
the postpone time between administration intrusion and redo process. All the characterized

parameters pursuc a general conveyance.
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The issue is depicted by the concept of birth and death process and utilizing the
steady state conditions of the model defined

VOD application issue is understood by the strategy for beneficial variable method. For
every one of the phase of administration, postpone time, fix process, crisis get-away and
necessary get-away beneficial variables are used. Enduring state likelihood creating line
measure, length of the line, number of clients in the framework, holding up time of the
clients in the framework just as in the line are resolved. Likewise, the use factor, the time
spent by the server for the administration and inactive time of the server are inferred for
the characterized VOD programming issue. Numerical depiction legitimizes the model and
the graphical depiction gives a sensible picture about the decisions to be taken before the
startup of the organization. To deteriorate the issue in VOD programming, an undeniable
endorsement is rendered close to the end, by strategies for looking at the numerical results

and graphical examination of the model.

2. MATHEMATICAL ASSUMPTIONS OF THE MODEL

Clients arrive in groups for service with mean arrival rate 1" > 0.
The first order probability that a batch of 1 customers arrives at the system is 1"d;
Here 0<d<iand ¥ d,=1

i=1

For the first stage of service, 0" @), n,®) is the conditional probability of completion of
completion of first stage of service. The probability distribution function of the first stage
of service and its corresponding density function are given by E*(x) and e*(x). Hence:

Ly

(C))

T]l(x) = 1-E*(x) ° e (X) = nl (S)e

Similarly for all the other parameters, Emergency vacation (M (v)), stage 2 procedure
(6 (x)), Compulsory vacation (M (x)), Delay process (P»(x)), Repair process we have the

following functions respectively:

. . 5,00
850 = %y @@ =8p(s)eo
a?(x) ’.[ 8, (x)dx

020 = or - () =82(s)e?
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During delay process, the process of reneging takes place. That is the clients leave the

system due to impatience with probability e after joining the Queue. Also break down

occurs during the stages of service with arrival rate g > o follows a Poisson distribution. After

entering into the system, seeing the Queue, some customers may not join the Queue and

they leave the system. This process of Balking occurs with probability b during the time of

repair process in this Queuing system.

3. GOVERNING EQUATIONS OF THE MODEL

The VOD Queuing model is first defined as a set of difference differential equations:

260000+ + 1, )+ B0 () = 1 5 6!, (o)
’ i=1
200 (x) + (A" +1, () + B0 (1) =0
OME (x) + O+ 8, () ME (x) =X 3 dME , (x)
=1
ZME@+ A +8, () ME(x)=0
202 () + (7 1, () B0 () =1 3 d02, ()
i=1
200 () + 0+, (@) + B0 (1) =0
EM () 0+ 8, ()M () = M, (0
iM(c’) () + O\+ +8, (%) M(()c) x)=0

a0

() €D, (%)

—n-i

ID,(x)+ (A + o)+ D, (x) =1t :il d.D
5Dy (1) + (W + 9 (x) + ) Dy (x) = €D ()
Sy () + (W +y () by (0) =27 (1= D) ky (x) + B é dK, ()
Sk () + 0+ y @) ko () =1 (1= B Ko (x)

30 = [ ko ()Y v+ | MO ()5, () +37 (1~ 5) 0
0 0
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Boundary conditions

The following boundary conditions are used to solve the above equations:

00 (0) - ZC M, ()3, () + f: Ry (7 () e (14)
0,7 (0) = f M} ()8 (@) dx+ (1 fs):J: 0, () (x) dx (15)
MEO =0l @ eds a2 (16)

My =foP e (17)

D, =p 0P War=p? =t (18)

6 =] D, 000 dorz0 (19)

4. DISTRIBUTION OF THE QUEUE LENGTH AT ANY POINT OF
TIME

To solve equations (1) to (12) for a closed form solution we follow the procedure set out

below.

We multiply (1) by and sum over x from 1 to and add it to (2)

We get,

200 (r,2) + (=X D () + 1, ()0 (1,2) = 0 20)

Similarly,
gxME;E) (x’Z)+O¥+—X+D(Z)+5E(x))]\4<qE) (r,z)=0 (21)
6%9(:12) (x,z2)+ (A" =A"D(2) +n,y (x) +B) ei[z) (x,2)=0 (22>
LM (6,2)+ (0 =2 D () + 8, ) MY (x,2) = 0 23)
&Dg(x,2) (M -ND @)+ e £H9(0) Dy (62) =0 (24)
7Kg (6,2) + (00" =D () +7 () Ky (1,2) = 0 (25)

Integrating (20)-(25) between limits O to x , we obtain
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00 (x,2) = 00 (0, 2) exp[~ (W —A"D (2))x — Zn] () dr] (26)
ME (x,2) = ME (0,2) exp[~ (W = A"D (2))x — ZCSE (0 dr] 27)
0 (x,2) = 09 (0,2) exp[~ (W —A"D (z) + B)x — ZO“Z () di] (28)
M© (x,2) = M@ (0,2) exp[~ (A" = A*D (2))x — ZCSL- (t)di] (29)
D (x,z) = D(0,2)exp[~ (y -XD@)+E- é) x— Zcq; (0 dn (30)
K (x,2) = K(0,2)exp[~ b (X" = A"D (2)) x — Iy (t)dr] (31)

The above set of equations (26) holds for all x>0

We next multiply the boundary conditions by suitable powers of z" and taking summation

over all possible values of n and using (13) we get after simplification

200(0,z) =z4"h, (D (2) — 1) + TM(") (%,2) 8, (x) dx + TK(x, z)y (x) dx (32)

0 0
6 (0,2) = TME (0,2) 85 (x) dx + (1 —s)fe“) (5, 2)M, (x) dx (33)

0 0
ME(O,Z):SIJO“)(x,z)nl(x)dx (34)
M 0,2)= Ie@) (x,2), (x) dx (35)
D(0,z) =Pz Tﬁ(z) (x,z)dx (36)
0
K(0,2)= TD (,2) 9 (x)dx (37)
0

Integrating (26) by parts with respect to x, we get,

o* (z) = 00* (0, z) (J-l’i: )) ,g=\A"=A"D(2)
Where E* (g) = fe*“”mc)”dEl(x) is the Laplace transform of the service time of first stage.
0
Again multiplying (26) on both sides by m1 ® and integrating over x, we get

Fo0 (@ 2ym, @ ax = 00" (0,2)E* (g)
0
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Similarly,

02" (2) = 09" (0,2) (F52), h=2" —2"D () + b
02" (2) =09 (0,2) (“52), h=2" ~2"D () + B
1607 (6, 2)m, () dx = 69" (0,2) 47 (h)

0
E* (N — AfE* 1-5"(g)
ME* (2) = MP* (0,2) (-52)
[ M (x,2) 8, (v) dx = ME9 (0,2) " ()
0
©* (5) = pO* 1= (g)
M©* (2) =M (o,z)( . )

.TOM(")* (x,2) 8, (x)dx = ME* (0,2) W* (g)
0

D'@)=D" (0,2 (F2L), g = (1K@ +E- )
{ D* (x,2) ¢ (x)dx = D* (0,2) 45 (q)

K (@) =K (0.2) (K1)
_ZOK*(x,z)y(x)dx:K*(O,z)K*(bg) (38)

Now utilizing the above relations (38) in (32)-(37), we get

200 (0,2) = 2Ky (D ()~ 1) + s () 60" (0,2) E* () + K (b2) A3 () Bz (522 ) + [(F222) 56" (0,2) B () + (1 — 501 (39)

) _ b (DZ)-1)
9 (0= Z) - N N N N 1=A7(h) 15" N
=W QE (@)K (i@ — ) [ L (19| E' @)

Hence we get the following from (36) using (39)
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o= )=

M5 (D)D) [175‘(9]
= @ @)K ot ) [ | L

at b(D@)- l)(! A”Ll)))

= @ @K Gt ) [P 1-9 | E (@)

8" () =[S"(@s+(1 -9 E"(g)

27b,(D@)-1)
Z*S‘W'(g)EYg)*K'(bg)AE(q)BZ(#) [%Tmﬁ(l*x)]ﬁ'(g)

ME (2) = sE* (g) (1“2

zx*b,(D(Z)—l)(L*‘g‘)

M (2) =47 (D[S (@) s + (1= 9)IE" (g) TS
o @ @K G (1) [ 19)]E @

D*(z) = Pz (%ﬂh)) (M) . E28 b,(D(Z‘)*l)lS (sz:i;ﬁl s)‘]i fg)
=@ @K bi@p() [ s 19| @

s bl(D(Z)—l)(%‘;”@)

o @ (@)K btz (S ) [ Er00]

K@) =43 @)z (F1Y) [S"(@)s+(1-9)E" (g)

5. PROBABILITY GENERATING FUNCTION OF THE QUEUE SIZE

To find the probability generating function of the queue size,
Let,T¢(2) =01 () +6%" () + M*" ) + M () + D" (2) + K" (2)

~zb(1-E (g))*+ S (g)s+(1-5)|E" ()21 by (D(Z)~ 1)(‘ A "‘) ~zbE"(g) [1-5"(2)}s—zbA}(W[S" ()s+H(1-5)]E* (@)(1-W* ()} (2)zb\" (D(Z)~ 1)(‘ : (”)(Hf‘”)ls*(g)ﬁ(lf.\-)r,{;
=W @ (@)K (b3 Pz 4L ) [ D519 E(g) (4’ )

6. IDLE TIME AND UTILIZATION FACTOR

The normalization condition 7, (1)+0=11s used in order to determine Q. Because of the

indetermine of 7, (1) , L’'Hopital’s rule is applied in (40) to achieve
r,@= 5 (41)

Now adding Q) to T, (z) given in equation (41) and equating to 1 and simplifying we obtain

o= D'(ﬁi/l\l)'(l)
Mean length of the Queue and to find L , the steady state average queue length, where
Li=4T,@)E=1 (42)

We note that this formula is of % form.
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Hence we write T (Z) as T (2)= m where N(z) and D(z) are the numerator and

denominator of equation (40)

Then using I’'Hopital’s rule, we obtain

L, = lim 2OV O N @0

z—1 2(D' (L)) (43>

Finding the required derivatives at z=1, we have
N(1)=b, {(— bER)N +1) (%) + E(W)}J} —by [N +NUSE()]
D' ()= 1+s\ [E@L)+EW)] - (1-4;B) (1~ 5) {[GE RN +R B)E L) (D] +[~E ) (-1 +&+1]R (b)) ~R" ()
N (1) = (2b,s\*E (s) + 2b,E (L) X" +2b,) [(— Xb,E (R)+ 1Y) (%) +E (W)}C] + [b”%E (R)+ (- X" +8) (A E(R)+ 1B

D' (1) == s RE (W) E (L) + EW) + EGV)] = by (W) ER) (1= 45 (B) (1 =5)+ E () () ER) (1= 47 () (1 5) + ER)b
Substituting (44) in (43) we obtain L in closed form.

Further, the man waiting time of the customers in the queue as well as in the system and
number of customers waiting in the system can be found using Little’s law

Wy=52 W=~ L=r,+p

7. NUMERICAL JUSTIFICATION OF THE MODEL

Assume that service time follows exponential distribution in particular and based on
this condition, the numerical justification is elaborated below. The values are collected

accordingly: 2" =3, =4, b, =1, ¢=3,y=25,5=0.5,n,=4, n,=5, §,=3.5,5.=2

EW)=q.E(L%) = mz,Em—i =3k, EN=7, E(W2)=5%, 4B = 7
E) =, E(4, )= . E®=1, E(R)= ZLRG) =1, 4B =0 e
Table 1. Effect Of ChangeOf Reneging (6 =1,1.5,2,2.5,3),
0 p L L W, w

0.4116 0.5884 7.9348 8.5232 2.8411 2.6449
0.4197 0.5803 7.4296 8.0099 2.67 2.4765
0.4275 0.5725 6.9683 7.5408 25136 2.3228
0.4352 0.5648 6.5741 7.1389 2.3796 2.1914
0.4426 0.5574 6.1635 6.7209 2.2403 2.0545
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Graphic 1. Effect of change of Reneging.
Table 2. Effect Of Change Of Breakdown (B =1.5,2,2.5,3,3.5),

0 p L L w, 4
0.4705 0.5295 2.1088 2.6383 0.7029 0.8794
0.4537 0.5463 2.7691 3.3154 0.9230 1.1051
0.4484 0.5516 3.1270 3.6786 1.0423 1.2262
0.4209 0.5791 4.0008 4.5799 1.3336 1.5266
0.4141 0.5859 4.4935 5.0794 1.4978 1.6931
6
5
4
3
2
: | " l
. m H

1.5 2 2.5 3 3.5

EQ Hp Hlg "L mWq BW

Graphic 2. Effect of change of Breakdown.

From the Table 1, the fact is clear that, as the service goes on in the system, the process of
reneging factor occurring during delay process increases. This creates an effect in all the

Queue execution measures. It leads to an increase in the idle time and hence the utilization
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factor decreases. Length of the Queue, number of customers in the system and the waiting

time gets decreased.

Next, Table 2 shows the performance measures of the system when the break down factor
increases. It leads to an increase in all the performance measures of the system as expected.

The Idle time dropped off and it leads to an enlarge the utilization factor.

8. CONCLUSION

This VOD application process clearly defines the Queuing model consisting of the
parameters Stages of service, multi vacation policy, Delay process, service interruption,
revamp process, Balking and Reneging. VOD service is well analyzed by means of Queuing
approach and the problem is solved by supplementary variable method. Queue performance
measures are derived and the model is well justified by the way of numerical illustration. All

the results are as expected.
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