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Abstract allocation/load dependent transmission for improving
In this paper we introduced the three node communication modelquality of service by utilizing ideal bandwidth [5,6,7].
with feedback for the first and second nodes assuming whereThey considered that the arrival of messages for
every arrival makes homogeneous Poisson process one of thgansmission is homogeneous. But in many practical
EOSE'?le dzasmnt?] byt IOENard'"g to thAe next node ﬁr t% relum giryations arising places like satellite communication,
acCK 10 nodes without taking service. Assuming sucn a aecision_ . . . . .
to be entirely governed by tﬁe queue at the ins?ant of the arrivaI,WIreless . co_mmu_nlcatlon, telecommunl_catlon, computer
the transient solution is obtained using difference—differential Communlcatlon: internet, WAN’ the arrlva! of messages
equations; probability generating function of the number of &re to be considered as time dependent, in order to have
packets in the buffer connected to the transmitter the System ifdccurate prediction of the performance measures of the
analyzed. The dynamic bandwidth allocation policy for system Using the difference-differential equations the
transmission is considered. The performance measures of th@robability generating function of the number of packets in
network like, mean content of the buffers, mean delays, each buffer is derived. The transient behavior of the
throughput,_ transmit_tt_er utilization etc. are derived explicitly ~ommunication network is analyzed by deriving the
under tran§|ent conditions. ) _ system performance measures like the mean content of the
%ﬂﬁ;gjiagggi?ocmﬁﬂmﬂ ’r?éltevc;tl'(on’ Poisson process, buffers, mean delay in transmission, throughput of nodes,
: utilization of transmitters, etc., explicitly. The sensitivity
of the model with respect to the parameters is also carried.
In addition to this, in communication networks the
utilization of the resources is one of the major
considerations. In designing the communication networks
Gwo aspects are to be considered. They are congestion
control and packet scheduling. Earlier these two aspects
are dealt separately. But, the integration of these two is
needed in order to utilize resources more effectively and
efficiently. Little work has been reported in literature
regarding optimization of communication networks.
fratthew Andrews considered the joint optimization of
scheduling and congestion control in communication
networks. He considered a constrained optimization
problem under non-parametric methods of characterizing
the communication network. In general the non-parametric
methods are less efficient than parametric methods of
modeling. Hence, in this paper we develop and analyze a
for the Three-transmitter tandem communication network

To | th litv of cein t . Iwith dynamic bandwidth allocation having homogeneous
otrllmprcr)]ve et%l.JaO: ¥h° Service In t_ransm|tSS|oir<1, sil\_/e_ra arrivals. This communication network model is much
authors have studied the communication networks Ullizing sefy for improving the quality of service avoiding

tandem queuing analogy [4]. . . .__wastage in internet, intranet, LAN, WAN and MAN.
Few works have been reported in the literature regarding

communication networks with dynamic bandwidth

1. Introduction

One of the important considerations in communication
network models is transporting data/voice effectively with
a guaranteed quality of service for accurate performanc
evaluation of communication network. The study of a
tandem queuing system with many stations in service is
studied by Niu S.C.[2]. Each station can have either one
server with an arbitrary service distribution of a number of
constant servers in parallel. The expected total waiting
time in the system of every customer decreases as th
inter-arrival and service distribution becomes smaller with
respect to the ordering. The most important aspect in
developing communication networks is regarding the
utilization of congestion control strategies. Usually bit

dropping is employed for congestion control. The idea of
bit dropping is to discard certain portion of the traffic such
as least significant bit in order to reduce the transmission
time while maintaining satisfactory quality of service [3].
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2. Three node Tandem communication there are ppackets in the first buffer,,rpackets in the
network mode with DBA and Non second buffer and ;npackets in the third buffer. The

Homogeneous Poisson arrivals with feedback ggf?gﬁgvii?dlfferemal equations for the above model are

for both nodes ® 0
— == O AR, OFAOR, 40 OF D4 A-OR,y, 1, O
We consider an open queuing model of tandem 6+ T4 0-7P O+ P 0
R+ -1 3 Myl

communication network with three nodes. Each node

consists of a buffer and a transmitter. The three buffers are?ana ®) _ 0+
: i == +nA-m+n)R,  O+AOR,, . O+ud-6)R, ., )
Q;, @, Q3 and transmitters are,SS,, S; connected in ot oo Lt L
tandem. The arrival of packets at the first node follows + (Y (-7R, 10,2 O+ N+ Dfy,, )
homogeneous Poisson processes with a mean arrival ratee, . @
H L H v == 11_9 3Pn0n A Prwun 21_ Pnnfl 31 3Rxo"+1
as a function of t and is in the formXxflt is also assumed at @ 1t 0= 00+ NI, O A O s, € £ 0 TR, 10 00 O+ D, 1)

that the packets are transmitted through the transmitters

and the mean service rate in the transmitter is linearly &, @
reliant on the content of the buffer connected to it. It is
assumed that the packet after getting transmitted through

first transmitter may join the second buffer which is in

series connected to, Sr may be.reFurned .back buﬁer P (0

connec.tg.d to S for retransmission ywth certa_m 0'07‘”3:_(/].'.'13#3”3010'”3 )+ iy A= Py, o O+ (N + DU Py (1)
probabilites and the packets after getting transmitted Ot
through the second transmitter may join the third bufter S aPO,nz,O(t)
or may be retuned back to the buffer connected,tfoiS ot
retransmission with certain probabilities. 9P, 0o (t)
The packets delivered from the first node arrive at the ———
second node and the packets delivered from the second

node arrives at the third node. The packets delivers from OPO’OYO('[) _

the first and second may deliver to the subsequent nodes OT - _(A)Po,o,o(t)) + ru3P0,0,1(t)
may return to the first and second transmitters. The buffers

of the nodes follow First-In First-Out (FIFO) technique for
transmitting the packets through transmitters. After getting
transmitted from the first transmitter the packets are - . .
forwarded to Q2 for forward transmission withpprobability Let .P(S’Sz’ss’t) be the Jom'f probability .generanfwg
(1) or returned back to the Q1 with probabiliand the ~ function ofF, . . (t) . Then multiply the equation 2.1 with
packets arrived from the second transmitter are forwarded
to Q3 for transmission with probability d)-or returned
back to the Q2 with probability. The service completion

in both the transmitters follows Poisson processes with the
parametersuy, p, and pg for the first, second and third
transmitters. The transmission rate of each packet is
adjusted just before transmission depending on the content
of the buffer connected to the transmitter. A schematic
diagram representing the network model with three nodes
and feedback for first two nodes is shown in figure 2.1

==y Oy ENR o OFAOR 4, o OF Q+IUA-OR, o, ) +14R,,,0

== (/] TNU, (1_ 77))Po,n2 0 (t) +U (1_ H) Plnz—lo (t) U e.Po,n2 1 (t)

=—(A+nyy =), o6 (t) + AR, 100 (1) + 5P, 0 (1)

(2.1)

S'Sy2Sy° and summing over allinn, n; we get

0 n
ooooooooo OoOoooooon
Node 1 Node 2 Node 3
B with DEA DE  winoea 0 with DBA
\/ A4 0
(]u]u[u] >< i ||> >< 10 u> >< [[uln[n]
1-6 1-n

N1ty Nzl N3is

Figure 2.1: Communication network model with three nodes

Let i, and B nz are the number of packets in first, second
and third buffers and leP, . (t) be the probability that

nyNyNg
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2.2)

After simplifying we get

t
P23 by oL 6-ut-n2esru s
& & &

(2.3)

Solving equation 2.3 by Lagrangian’s method, we get the

auxiliary equations as,

dt_ ds _ ds ds dp
1 HEOE-S) #ENE-S) KE-) PE-D
(2.4)

Solving first and fourth terms in equation 2.4, we get

a=(s,-Le™
(2.5 a)

69

Solving first and third terms in equation 2.4, we get

(S =D, - et

(/13 —H, @-m)
(2.5 b)

b= (32 _1)e'/12 @-mt

Solving first and second terms in equation 2.4, we get

6~ (O (1-rpe "™
=1 ) -m)-14(1-6)
(2.5¢)

GHEON S _:DM(]-_@e%(Mt +
(=1~ 14 1-6))

c=E6-Y

Solving first and fifth terms in equation 2.4, we get

d= pepo(Sr M, (s, -1 +(sa—1);|}
/11(1_0) llz(l—ﬂ) Us
2.5d)

Where a, b, ¢ and d are arbitrary constants.
The general solution of equation 2.4 gives the probability
generating function of the number of packets in the first
and second buffers at time t, as B, & S;; ).

PES S )= exg{( ])/1( (1@1) (s ])/](1 euz(mn)

f4-1)
+ ( _])/1 (euz(l-n)t _eul(l—lim) +(§ _])/1 (1—6”3[) +
(16 0-7-140-6)) 1
(- (euzt _ézz(l—n)t)J,
(16=140-1)
eul(l—Ql
- - +
I T s T s
euz(l—n)l et.@l /1)
+.
L (1114 0-6)ps 1 (- 17) cuz(l—zz)—wcus—ula—@)} }

(2.6)

3. Perfor mance measur es of the network
model

In this section, we derive and analyze the performance
measures of the network under transient conditions.
Expand P(§ S, Ss; t) of equation of 2.6 and collect the
constant terms. From this, we get the probability that the
network is empty as
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Roof)=€X p{(i(f)@ (1—e“l°“’“)+r'(ff)n) e )+
_](/]) (éxz @ _eui(lﬂt) +ﬂ (1_9%1)
(ks 0-m)-140-6) 1
+ -1 (é:zt _é‘z(l’n}t)_'_
(4 -p0-7)
eul(lf@t
et m[(q(l—ﬁ)—%ma—m—ua—@)
gt e )
MY S T M A @)} }
(3.2)
Taking S, S3=1 in equation 2.6 we get probability

generating functions of the number of packets in the first Mean Number of Packets in the First Buffer is

buffer is
(Sl _1)A -4 (1-O)t
P@S;t) =exp{— 1-e )
,Ul(l_ 0)( )
(3.2)
Probability that the first buffer is empty as£8)
- /1) -9t
P, t)=ex =) 1-4t? }
) )
(3.3)

Taking §, S$=1 in equation 2.6 we get probability

generating function of the number of packets in the second

buffer is

(s~ -t
P 1-e*
6 )= exl{ 14,0 )( )

(s-

o \= e,u2 (-mt _ e,u1 1-on
(ﬂz(l—fT)—M(l—H))( )}

(3.4)

Probability that the second buffer is empty as=(5

i _ex%ﬁéCT( M)[ Aé(l 7y- H@ 6)(#&]71 #Ht)}

(3.5)

Taking $=1 and s=1 we get we get probability generating
function of the no of packets in the third buffer

e (% _])/‘ t (33 _])/‘ t -t
Ps )=exg 2 Ah-gu)r BT (g
& )exp[ 1 : )+(#3‘ﬂz(1—77))( )+
eﬂl(l’g)‘
- - +
el ”)[aa(l—e)—us)wz(l—m—m(l—@)
euz(l’ﬂ)‘
+
W, 0= 10) - 14 A= O)\ 1ty — 1, 1= 70)
e
o)
4, 0= 70~ 1)ty - 110 )
(3.6)
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Probability that the third buffer is empty £8)
Py :ex;{_]()l)(l—e‘@‘)+_1(/1) (e"a‘ —e“z(l*”")+
14 (1= 150=7)
eul(l-«‘?)t
— - +
et m(wa—e)-%)@a—m—ma—ew
e(lz(l‘”)t
+
W 0= 1)- 14 0~ 6)\ 4, ~ 14,0 79)
-
(6 =1~ )~ 14 (1~ 6))
3.7)
L,(t) = dp(sl:t) - 1(/]) (1_ eﬂl(l—ﬁ)t)
0s, Hy 1-9)
(3.8)
Utilization of the first transmitter is
- 1- - 1= ‘1(/]) _ ak@-ont
U, t)=1-P, t)=1 exp{ﬂl(l_g) (- om0 )}
(3.9

Variance of the Number of packets in the first buffer is

— 1(/]) _ At (-0t
W= e

(3.10)
Throughput of the first transmitter is
- _ - A)  f_ cmaon
Thy = =P, ()= ﬂ1[1+ exp{ﬂl -9 (1 e )
(3.11)
Average waiting time in the first Buffer is
L (t
=1t
#, (1= P, (1)
(3.12)

Mean number of packets in the second buffer is

L(t) = Bp(SZ t) 1(/]) (1_eyz(1fn)l)+ 1(/]) (epza—n)t_eyju—en)
o, - (1, 0= 1) = 14,1 6))
(3.13)
Utilization of the second transmitter is
— 1— —1- ](/‘) (1=t '](/1) o A=t _ 1(1—9)1}
v Om R O expl et e )
(3.14)

Variance of the number of packets in the second buffer is

- 1(/1) @A-mt 1(/1) @-mt 1-ot }
V,(t) = 1- e (el
0 {uz(l—m( I et -na-a)' )
(3.15)
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Throughput of the second transmitter is

The)=p1- P(t)
éfz(l-n)t _eul(l-@t
(uza—n)—ua—@)( )B

;{Hex ghl ”)‘
77)
(3.16)

Average waiting time in the second buffer is

L,(t)
W, (1) = — 2
® /12(1_ P.o.)

%)

(3.17)
The mean number of packets in the Third buffer is

ap(% t) _ ](/1) —ed ]()') et _ g @t
S i I
A 6111(1‘5)‘
# m[ha—e)—%)@(l—m—;a(l—e))
euz(l—n)t
+
(L, - 71)- 14 - O)N 14 — 14,1 17D)
. i (A)j}
0= 7)~ 1) 1y~ 14 0-6))

(3.18)

Utilization of the Third Transmitter is

-11)

(16— 10— 1) e )

U {FEP,= :I-_exl{ﬂ(l_eual)'F
M

eul(l_g)l
+
U 0= 6)~ 1) (1, A~ 7))~ 14,1~ 6))
ghal-mt
N

s (U= 11)~ 14 0= )1, — 14, 0- 7))

g4t J(/l)}
(e Q- - 1) (s — 14 1 6))

D~ 77)[

(3.19)
Variance of the number of packets in the Third buffer is

v, ={@(1_

3

t ](A) t a-mt
eﬂa Hat e/‘z
)+(/13—#2(1—”))(e )+
/a6
+
Wy 0 0)= 1), A= 1) - 14,0 6)

et @-mt

+
(u, Q=)= p1, A~ 0))(#3 M (1= ”))

et g }
- lul(l_ 9)) j( )

H> (1_ ”)[

(/12 (1_ ”) - /ua)(:u3
(3.20)
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Through put of the Third Transmitter is
— _ ) 3t _ i (-t
T ()= 1P 1+exp{ - S | L
1 (1-6)t
1a- n)[ -
(b, (1= 0) = pt3) A= 11) = 11, (1~ 6))
gHz =t
+
W, - )= 4, A= )ty — 4, (L~ 1))
s
(/12 (1_ 7T) - /13)(/13 - /11(1_ H))
(3.21)
Average waiting in third buffer is
L,(t
W, (t) = (1)
/»’3(1_ P..o)
(3.22)

Mean number of packets in the entire network at time t is
L{t)=L.0)+ L.+ L.
(3.23)
Variability of the number of packets in the network is

V(t)=V. 0+V.,0+V 0
(3.24)

4. Performance evaluation of the networ k
model

In this section, the performance of the network model is
discussed with numerical illustration. Different values of
the parameters are taken for bandwidth allocation and
arrival of packets. The packet arriva) garies from 2x19
packets/sec to 7xfOpackets/sec, probability parameters
(6, varies from 0.1 to 0.9, the transmission rate for first
transmitter (4) varies from 5x10 packets/sec to 9x10
packets/sec, transmission rate for second transmitigr (U
varies from 15x1®packets/sec to 19xi@ackets/sec and
transmission rate for third transmitters) pvaries from
25x10" packets/sec to 29xi0packets/sec. Dynamic
Bandwidth Allocation strategy is considered for both the
three transmitters. So, the transmission rate of each packet
depends on the number of packetdh@ buffer connected

to corresponding transmitter.

The equations 3.9, 3.11, 3.14, 3.16, 3.19 and 3.21 are used
for computing the utilization of the transmitters and
throughput of the transmitters for different values of
parameters @, 0,1, |y Mo, M3 and the results are presented
in the Table 4.1. The Graphs in figure 4.1 shows the
relationship between utilization of the transmitters and
throughput of the transmitters.
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Table 4.1
Values of Utilization and Throughput of the Network model with
DBA and Homogeneous Poisson arrivals

T A 6 T [ | Mo | Mg Ui(t) U () Us(t) Th(t) Thy(t) Thy(t)
0.1 2 0.1 0.1 5 15 25 0.14874 0.02534 0.00751 0.74377 0.37995 0.18777
0.3 2 0.1 0.1 5 15 25 0.28057 0.08774 0.04263 1.40R60 1.31609 1.06577
0.5 2 0.1 0.1 5 15 25 0.32801 0.11734 0.06263 1.64035 1.76007 1.56576
0.7 2 0.1 0.1 5 15 25 0.34644 0.12944 0.07108 1.73R46 1.94177 1.47707
0.9 2 0.1 0.1 5 15 25 0.35384 0.13435 0.07453 1.76918 2.01528 1.86319
0.5 3 0.1 0.1 5 15 25 0.44921 0.17074 0.09246 2.24p05 2.56107 2.31147
0.5 4 0.1 0.1 5 15 25 0.5485] 0.2209] 0.12134 2.74P55 3.31361 3.03345
0.5 5 0.1 0.1 5 15 25 0.62991] 0.26804 0.14930 3.14p53 4.02063 3.13246
0.5 6 0.1 0.1 5 15 25 0.69663 0.31237 0.17637 3.483815 4.68487 4.40922
0.5 7 0.1 0.1 5 15 25 0.75137 0.35393 0.20258 3.75p62 5.3(0893 5.06445
0.5 2 0.1 0.1 5 15 25 0.32807| 0.11734 0.06263 1.64035 1.76007 1.56576
0.5 2 0.3 0.1 5 15 25 0.37633] 0.10725| 0.05658 1.88164 1.60882 1.41461
0.5 2 0.5 0.1 5 15 25 0.43492 0.09162 0.04762 2.17462 1.37435 1.19050
0.5 2 0.7 0.1 5 15 25 0.50516| 0.06709 0.03420 2.52578 1.00629 0.8p501
0.5 2 0.9 0.1 5 15 25 0.58720 0.02794 0.01389 2.93601 0.41912 0.34724
0.5 2 01] 01 5 15 25 0.32807 0.11734 0.06263 1.64035 1.76p07 1.56576
0.5 2 01] 03 5 15 25 0.32807 0.14452 0.06063 1.64035 2.16[780 1.51580
0.5 2 01| 05 5 15 25 0.32807 0.18601 0.05666 1.64035 2.79D16 1.41640
0.5 2 01| 07 5 15 25 0.32807 0.26203 0.04242 1.64035 3.93p43 1.06060
0.5 2 0.1] 09 5 15 25 0.32807 0.36800 0.02453 1.64035 5.52p00 0.61333
0.5 2 0.1 01| 5 15 25 0.32807 0.11734 0.06263 1.64035 1.76007 1.56576
0.5 2 0.1 01| 6 15 25 0.29212 0.12337 0.06640 1.75271 1.85054 1.6%998
0.5 2 0.1 01| 7 15 25 0.26203 0.12750 0.06908 1.834223 1.91p55 1.72706
0.5 2 0.1 0.1 8 15 25 0.23676 0.13036 0.07107 1.89411 1.95535 1.77517
0.5 2 0.1 01| 9 15 25 0.21542 0.13234 0.07240 1.93882 1.98510 1.8(0991
0.5 2 0.1 0.1 5/ 15 | 25 0.32807 0.11734 0.06263| 1.64085 1.76007 1.56576
0.5 2 0.1 0.1 5[ 16 | 25 0.32807 0.11099 0.06303] 1.64085 1.77%79 1.57582
0.5 2 0.1 0.1 5[ 17 | 25 0.32807 0.10526 0.06338| 1.64085 1.78949 1.58440
0.5 2 0.1 0.1 5/ 18 | 25 0.32807 0.10008 0.06367| 1.64085 1.80152 1.59178
0.5 2 0.1 0.1 5[ 19 | 25 0.32807 0.09538 0.06393| 1.64085 1.81217 1.59818
0.5 2 0.1 0.1 5 15| 25 0.32807 0.11734 0.06263 1.64035 1.76Q07 1.56576
0.5 2 0.1 0.1 5 15 26 0.32807 0.11734 0.06041 1.64085 1.76Q07 1.57p62
0.5 2 0.1 0.1 5 15| 27 0.32807 0.11734 0.05834 1.64085 1.76Q07 1.57509
0.5 2 0.1 0.1 5 15 28 0.32807 0.11734 0.05640 1.64085 1.76Q07 1.57923
0.5 2 0.1 0.1 5 15| 29 0.32807 0.11734 0.05459 1.64085 1.76Q07 1.583807

From the table 4.1 it is observed that, when the time (t)transmitter is constant and the utilization of the second
and A increases, the utilization of the transmitters is transmitter decreases, the utilization of the third
increases for the fixed value of other parametiens, transmitter increases by keeping the other parameters as
Mo. As the first transmitter probability parametér constant. As the transmission rate of the third transmitter
increases from 0.1 to 0.9, the utilization of first transmitter (H3) increases from 25 to 29 the utilization of the first and
increases and utilization of the second and third transmittersecond transmitters is constant and the utilization of the
decreases, this is due to the number of packets arriving athird transmitter decreases by keeping the other parameters
the second and third transmitter are decreasing as numbeas constant.

of packets going back to the first transmitter and secondlt is also observed from the table 4.1 that, as the time (t)
transmitter in feedback are increasing. As the secondincreases, the throughput of first, second and third
transmitter probability parameter increases from 0.1 to  transmitters is increases for the fixed values of other
0.9, the utilization of first transmitter remains constant and parameters. When the parameteincreases from 3x10
utilization of the second transmitter increases and thepackets/sec to 7xf(packets/sec, the throughput of three
utilization of the third transmitter decreases. As the transmitters is increases. As the probability param@ter
transmission rate of the first transmitter;)(lincreases  value increases from 0.1 to 0.9, the throughput of the first
from 5 to 9, the utilization of the first transmitter decreasestransmitter increases and the throughput of the second and
and the utilization of the second transmitter and third third transmitters decreases. As the probability parameter

transmitter increases by keeping the other parameters ag value increases from 0.1 to 0.9, the throughput of the
constant. As the transmission rate of the second transmittefirst transmitter remains constant and the throughput of the
(W) increases from 15 to 19, the utilization of the first second transmitter is increases and the throughput of the

third transmitter is decreases. As the transmission rate of
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the first transmitter (j) increases from 5xf@ackets/sec

to 9x1d packets/sec, the throughput of the first, second
and third transmitters increases. The transmission rate of
the second transmitter fu increases from 15x10
packets/sec to 19xf(packets/sec and the throughput of
the first transmitter is constant and the throughput of the
second, third transmitter increases. The transmission rate
of the third transmitter}) increases from 25 xf@Go 29

Time vs Throughput 8 vs Throughput
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—a—The()
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Time

x10* the throughput of the first , second transmitter is
constant and throughput of third transmitter increases.

nvs Throughput A vs ThroughPut
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Figure 4.1: The relationship between Utilization and Throughput and
8 VS UTILIZATION T VS UTILIZATION Other parameters
0.7 04
06 o Using equations 3.8, 3.13, 3.18, 3.23 and 3.12, 3.17, 3.22,
Sg:i / 303 the mean no. of packets in the three buffers and in the
5 o0s o |22 M network, mean delay in transmission of the three
£ %2 ey §gi ) transmitters are calculated for different values df, @, T,
o_o,l\" ol M1, M2, M3 @and the results are shown in the Table 4.2. The
01 03 08 07 09 oL 03 08 07 08 graphs showing the relationship between parameters and
performance measure are shown in the Figure 4.2.
Table 4.2
Values of mean number of packets and mean delay of the network model
with DBA and Homogeneous arrivals
t A 0 O [pl[ 2] p3 L1() L2() L3(1) L(D) W1(h) wW2(1) W3(1)
0.1 2 | 01] o1] 5] 15] 25 0.16105 0.0256 0.00744 0.194p5 0.21654 0.06753 0.04015
03 2 [ o1] o1 5] 15] 25 0.32923 0.09183 0.04357 0.464p2 0.23473 0.06977 0.04088
0.5 2 [ 0o1] o1 5] 15] 25 0.39760 0.12481 0.06468 0.587p9 0.24239 0.07091 0.04131
0.7 2 [ o1] o1 5] 15] 25 0.42540 0.13861 0.07374 0.637)77 0.24555 0.07139 0.04149
0.9 2 [ 0o1] o1] 5] 15] 25 0.43670 0.1442 0.07745 0.6583 0.24684 0.07159 0.04157
0.5 3 |oa]o01] 5] 15[ 25 0.59640 0.1872% 0.09702 0.880b4 0.265%53 0.07310 0.04197
0.5 4 |o01]o1] 5] 15[ 25 0.79520 0.24963 0.12935 1.17418 0.28995 0.07533 0.04264
0.5 5 [oa] 01| 5] 15[ 25 0.99400 0.31203 0.16169 1.46773 0.31560 0.07761 0.04332
0.5 6 | 01] 01] 5] 15[ 25 1.19280 0.37444 0.19403 1.761p7 0.34245 0.07993 0.04401
0.5 7 o1 o1 5] 15[ 25 1.39160 0.43684 0.22637 2.05482 0.37044 0.08228 0.04470
0.5 2 [oa]o1[ 5] 15] 25 0.39760 0.12481] 0.06468 0.58709 0.24239 0.07p91 0.04131
0.5 2 o3 ] 01][ 5] 15] 25 0.47213 0.11345 0.05825 0.64383 0.25091 0.07p52 0.04118
0.5 2 o5 01] 5] 15] 25 0.57080 0.09610 0.0487p 0.71548 0.26248 0.06p92 0.04098
0.5 2 [o7]o1[ 5] 15] 25 0.70351 0.06944 0.0348p 0.80775 0.27853 0.06901 0.04070
0.5 2 o9 |01][ 5] 15] 25 0.88480 0.02834 0.0139p 0.92712 0.30136 0.06762 0.04028
0.5 2 | o1]lo1 |5 [15] 25 0.39760 0.12481 0.06464 0.58709 0.242B9 0.07¢91 0.04131
05 2 | 01]o3 |5 [15] 25 0.39760 0.15609 0.06254 0.61624 0.242B9 0.07%01 0.04126
05 2 [ 0o1]o5[5][15] 25 0.39760 0.20581 0.05831 0.66173 0.242B9 0.07876 0.04118
05 2 | 01]lo7 |5 | 15] 25 0.39760 0.30385 0.04334 0.74480 0.242B9 0.07731 0.04087
05 2 [ o1l o9 [ 5 [15] 25 0.39760 0.45887 0.02484 0.88131 0.242B9 0.08313 0.04050
0.5 2 | 01] o1] 5 [15] 25 0.39760 0.12481 0.06464 0.58709 0.24289 0.07091 0.04131
0.5 2 [ 01] o1[ 6 [ 15] 25 0.34548 0.13167 0.06871 0.5458p 0.19711 0.07115 0.04139
0.5 2 [ 0o1] o1[ 7 [15] 25 0.30386 0.13640 0.07154 0.51184 0.16566 0.07132 0.04145
0.5 2 [ 01] o1 8 [ 15| 25 0.27019 0.13967 0.07364 0.4835[L 0.14265 0.07143 0.04149
0.5 2 [ 01] o1] 9 [15] 25 0.24261 0.14196 0.07514 0.4597p 0.12513 0.07151 0.04152
0.5 2 [ 01] o1 s[15] 25 0.39760 0.12481 0.06468 0.5870p 0.24239 0.07091 0.04131
0.5 2 ] 0o1] o1 s5]16 ]| 25 0.39760 0.11764 0.06511] 0.58035 0.24239 0.06625 0.041132
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0.5 2 0.1 0.1 5| 17 25 0.39760 0.11123 0.06547| 0.57430 0.24239 0.06216 0.04{132
0.5 2 0.1 0.1 5| 18 25 0.39760 0.10545 0.06579 0.56884 0.24239 0.05854 0.04{133
0.5 2 0.1 0.1 5| 19 25 0.39760 0.10024 0.06606 0.56390 0.24239 0.05531 0.04[134
0.5 2 0.1 0.1 5 15/ 25 0.39760 0.12481 0.06468 0.58709 0.24239 0.070p1 0.04131
0.5 2 0.1 0.1 5 15| 26 0.39760 0.12481 0.06231 0.58472 0.24239 0.07091 0.03967
0.5 2 0.1 0.1 5 15 27 0.39760 0.12481 0.06011 0.58252 0.24239 0.070p1 0.03816
0.5 2 0.1 0.1 5 15| 28 0.39760 0.12481 0.05805 0.58047 0.24239 0.070p1 0.03676
0.5 2 0.1 0.1 5 15/ 29 0.39760 0.12481 0.05614 0.57854% 0.24239 0.070p1 0.03546

Observed that the performance measures are highly
It is observed from the Table 4.2 that as the time (t) variessensitive towards smaller values of time. Hence, it is
from 0.1 to 0.9 seconds, the mean number of packets in theptimal to consider dynamic bandwidth allocation and
three buffers and in the network are increasing when otherevaluate the performance under transient conditions. It is
parameters are kept constant. When xhehanges from  also to be observed that the congestion in buffers and
3x10" packets/second to 7xX1(@ackets/second the mean delays in transmission can be reduced to a minimum level
number of packets in the first, second, third buffers and in by adopting dynamic bandwidth allocation.
the network increases. As the probability paraméter Time vs No. of Packets i the 8vs No. of Packets in the buffer
varies from 0.1 to 0.9, the mean number packets in the first putfer

@ 1.0 4
buffer increases and in the second, third buffer decreaseg ¢ o m— / —~—w
) £ 5 o Lae 2 5 064 —m— L2
due to feedback for the first and second buffer. When the| £ % .. | ]| g e 50
. . ) ¢ [ Lt
second probability parametarvaries from 0.1 to 0.9, the $® bl L 5 L .

mean number packets in the first buffer remains constant 0103 050709 0103050709
and increases in the second buffer due to packets arrive rime
directly from the first transmitter, decreases in the third
buffer due to feedback from the second transmitter. When
the transmission rate of the first transmittek) (Maries
from 5x10 packets/second to 9x1@ackets/second, the
mean number of packets in the first buffer decreases, in| 3. s "
the second and third buffer increases. When the| 3w / £
transmission rate of the second transmittg) yaries from e
15x10' packets/second to 19xX1packets/second, the mean 3405 6 7 0103 05 07 09
number of packets in the first buffer remains constant and * "
decreases in the second buffer and increases in the third
buffer. When the transmission rate of the third transmitter
(Ms) varies from 25x1b packets/second to 29x1@he
mean number of packets in the first and second buffer| 03

Avs No. of Packets in the buffer mvs No. of Packets in the buffer

25
20

—e—L11)
—m—L2()

L3()
L()

——L1

buffer

e 09 9 9 K
o N » » ® o

No. of Packets in the
No. of Packets in the

Time vs Mean Delay Avs Mean Delay

o
IS

remains constant and decreases in the third buffer. k) 0 ——w]| | 8% / -
From the table 4.2, it is also observed that with time (t) |  o: el | g 02 iy
and A, the mean delay in the three buffers increases for| =o1* " = =~ R

fixed values of other parameters. As the parantetaries " 01 03 05 07 09 T T . .

the mean delay in the first buffer increases and decrease Time A

in the second, third buffer due to feedback for the first and
second buffer. As the parametevaries the mean delay in

the first buffer remains constant and increases in the 05 Mezn Delay mvs Mean Delay
second buffer and decreases in third buffer. As the| o 03
. . . . . 03 03] ¢—o—o—o—o
transmission rate of the first transmitter;)(jvaries, the zosl e | || 70, ——
mean delay of the first buffer d in th d 5% | | 8 02 ——va
y of the first buffer decreases, in the second, ol |2 02 o
H H H faat 2 0. 2 |l n—a—s =u——=n
Third buffer slightly increases. When the transmission rate| =] *—=—=—=— =01
. . X 0.0
of the second transmitter fpvaries, the mean delay of the 05 05 07 08 01 03 05 07 09
first buffer remains constant and decreases for the secon 0 n

buffer, increases in the third buffer. When the transmission
rate of the third transmitter {uvaries, the mean delay of Figure 4.2: The relationship between mean no. of packets, mean delay
the first and second buffer remains constant and decreases and various parameters

for the third buffer.

From the above analysis, it is observed that the dynamic

bandwidth allocation strategy has a significant influence

on all performance measures of the network. We also
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5. Sensitivity Analysis transmitter and the average delay in buffer due to feedback
for the first and second transmitters. Similarly, when the

Sensitivity analysis of the proposed network model with probability parametert increases from -15% to +15% the

respect to the changes in the parametartandmr on the average number of packets, utilization, throughput and the

mean number of packets, utilization of the transmitters, average delay in first buffer remains constant. But average

mean delay and throughput of the three transmitters isnumber of packets in the second buffer increase along with

presented in this section. The values considered for thdhe utilization, throughput of the transmitter, average delay

sensitivity analysis are, t = 0.5 sécz 2x1d packets/sec, and the average number of packets in the third buffer

1 = 5x10 packets/second, ,& 15x1d packets/second, decrease along with utilization, throughput of the

Hs = 25x10 packets/second) = 0.1 andrt = 0.1. The transmitter, average delay.

mean number of packets, utilization of the transmitters, From the above analysis it is observed that the dynamic

mean delay and throughput of the transmitters arebandwidth allocation strategy has an important influence

computed with variation of -15%, -10%, -5%, 0%, +5%, on all performance measures of the network. It is also

+10%, +15% on the model and are presented in the tabl®bserved that these performance measures are also

5.1. The performance measures are highly affected by thesensitive towards the probability parametérsnj, which

changes in the values of time (t), arrival and probability causes feedback of packets to the first and second

constants{, ). transmitters

When the time (t) increases from -15% to +15% the

average number of packets in the three buffers increase

along with the utilization, throughput of the transmitters

and the average delay in buffers. As the arrival parameter

() increases from -15% to +15% the average number of

packets in the three buffers increase along with the

utilization, throughput of the transmitters and the average

delay in buffers. As the probability parameteincreases

from -15% to +15% the average number of packets in the

first buffer increase along with the utilization, throughput

of the transmitters and the average delay in buffers. But

average number of packets in the second and third buffer

decrease along with the utilization, throughput of the

Table 5.1

Sensitivity analysis of the proposed network model

Performance % change in Parameter
Parameter | \ieasure 15 -10 5 0 5 10 15
La(t) 0.3788 0.3858 0.3920 0.3976 0.4026 0.4070Q 0.4110
Lo(t) 0.1156 0.1190 0.1221 0.1248 0.1273 0.1295 0.1315
L3(t) 0.0587 0.0609 0.0629 0.0647 0.0663 0.0677 0.0690
Uy(t) 0.3153 0.3201 0.3243 0.3281 0.3314 0.3344 0.3370
Us(t) 0.1091 0.1122 0.1149 0.1173 0.1195 0.1215 0.1232
=05 U3(t) 0.0570 0.0591 0.0609 0.0626 0.0641 0.0655 0.066}
' Thy(t) 1.5766 1.6004 1.6216 1.6403 1.6571 1.6719 1.6851
Thy(t) 1.6370 1.6827 1.7236 1.7601 1.7927 1.8218 1.8479
Th3(1) 1.4244 1.4767 1.5236 1.5658 1.6035 1.6373 1.6676
Wi(t) 0.2403 0.2411 0.2418 0.2424 0.2430 0.2435 0.2439
Wo(t) 0.0706 0.0707 0.0708 0.0709 0.0710 0.0711 0.0711
W3(t) 0.0412 0.0412 0.0413 0.0413 0.0413 0.0414 0.0414
r=2 La(t) 0.3380 0.3578 0.3777 0.3976 0.4175 0.4374 0.4572
Lo(t) 0.1061 0.1123 0.1186 0.1248 0.1311 0.1373 0.1435
L3(t) 0.0550 0.0582 0.0614 0.0647 0.0679 0.0711 0.0744
Ua(t) 0.2868 0.3008 0.3146 0.3281 0.3413 0.3543 0.3670
Us(t) 0.1007 0.1063 0.1118 0.1173 0.1228 0.1283 0.133y
U3(t) 0.0535 0.0565 0.0596 0.0626 0.0657 0.0687 0.071y
Thy(t) 1.4339 1.5041 1.5729 1.6403 1.7065 1.7713 1.8349
Thy(t) 1.5099 1.5938 1.6772 1.7601 1.8424 1.9243 2.0056
Th3(1) 1.3373 1.4137 1.4899 1.5658 1.6414 1.7168 1.792D
Wi(t) 0.2357 0.2379 0.2401 0.2424 0.2446 0.2469 0.249p
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Wo(t) 0.0703 0.0705 0.0707 0.0709 0.0711 0.0713 0.0716
W3(t) 0.0411 0.0412 0.0412 0.0413 0.0414 0.0414 0.041H
L4(t) 0.3928 0.3944 0.3960 0.3976 0.3992 0.4009 0.402%5
Lo(t) 0.1255 0.1253 0.1250 0.1248 0.1246 0.1244 0.1241
L3(t) 0.0651 0.0649 0.0648 0.0647 0.0645 0.0644 0.0648
Uy(t) 0.3248 0.3259 0.3270 0.3281 0.3292 0.3303 0.3314
Uy(t) 0.1179 0.1177 0.1175 0.1173 0.1171 0.1169 0.1167
0=0.1 U3(t) 0.0630 0.0629 0.0628 0.0626 0.0625 0.0624 0.0628
' Thy(t) 1.6241 1.6295 1.6349 1.6403 1.6458 1.6513 1.6568
Thy(t) 1.7690 1.7661 1.7631 1.7601 1.7570 1.7540 1.7508
Th3(t) 1.5749 1.5719 1.5688 1.5658 1.5626 1.5595 1.556B8
Wi(t) 0.2418 0.2420 0.2422 0.2424 0.2426 0.2428 0.2429
Wo(t) 0.0709 0.0709 0.0709 0.0709 0.0709 0.0709 0.0709
W3(t) 0.0413 0.0413 0.0413 0.0413 0.0413 0.0413 0.0418
L4(t) 0.3976 0.3976 0.3976 0.3976 0.3976 0.3976 0.3976
Lo(t) 0.1229 0.1236 0.1242 0.1248 0.1254 0.1261] 0.126}
L3(t) 0.0648 0.0648 0.0647 0.0647 0.0646 0.0646 0.0646
Uq(t) 0.3281 0.3281 0.3281 0.3281 0.3281 0.3281] 0.3281
Us(t) 0.1157 0.1162 0.1168 0.1173 0.1179 0.1185 0.1190
7=0.1 U3(t) 0.0627 0.0627 0.0627 0.0626 0.0626 0.0626 0.062bH
’ Thy(t) 1.6403 1.6403 1.6403 1.6403 1.6403 1.6403 1.6408
Thy(t) 1.7353 1.7435 1.7517 1.7601 1.7685 1.7770 1.7855
Th3(t) 1.5684 1.5676 1.5667 1.5658 1.5648 1.5639 1.5630D
Wi(t) 0.2424 0.2424 0.2424 0.2424 0.2424 0.2424 0.2424
Wo(t) 0.0708 0.0709 0.0709 0.0709 0.0709 0.0710 0.0710
W3(t) 0.0413 0.0413 0.0413 0.0413 0.0413 0.0413 0.0418
IEEE Transactions on Wireless Communications, Vol.9,
No.7, pp.2206-2215
6. Conclusion [2] Niu S.C. (1981), On the comparison of waiting times in

This paper introduces a tandem communication network

model with three transmitters with dynamic bandwidth

allocation and feedback for both transmitters. Arrival of

packets at the two buffers follows homogeneous Poissorw
arrivals and dynamic bandwidth allocation at
performance

transmitters.

The

measured

the

by

approximating the arrival process with the transmission
process with Poisson process. The sensitivity of the[5] Suresh Varma P., K. Srinivas Rao (2007), A Communication
network with respect to input parameters is studied
through numerical illustrations. The dynamic bandwidth

allocation is adapted by immediate adjustment of packet

service time by utilizing idle bandwidth in the transmitter.
It is observed that the feedback probability parameters
(6,9 have significant influence on the overall performance [7] Nageswara Rao K., K. Srinivas Rao, P Srinivasa Rao (2010),
of the network. A numerical study reveals that this
communication network model is capable of predicting the
performance measures more close to the reality. It is
interesting to note that this Communication network model
includes some of the earlier Communication network
model given by P.S.Varma and K.Srinivasa Rao. Basing
on the performance measures the model is extended for

non-homogeneous Poissatirivals.
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