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Abstract— This paper proposes a use of recurrent neural
network model to solve the problem of congestion by
estimating proper round trip time. Round trip time (RTT) is
used as basic matric to foretell the value in a non-linear systems.
The data is collected by an open source packer tracer software
wire shark. Round trip data collected is then divided into
training data using 70% of the data, test and evaluation which
consist of 15% of data each using Matlab. The neural networks
have been further optimized by changing the number of neurons
and delay units in layers. Further this paper explores the
algorithms to calculate RTT and its contrast to measured value
of RTT
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. INTRODUCTION

Prediction of values is one of the common most practice in
these days in engineering fields. Normally we use mean square
error between the true and expected value that works fine for
large data during long time scale. However in case of
networking, prediction should be on diverse parameters based
on most recent values. The older values should have least
influence in predicting the values. The protocol TCP used in
internet is based on retransmission time out. TCP is a peer to
peer reliable, connection oriented protocol due to its constant
exchange of control message. In addition to this data is
transferred in enumerated manner with sequence number
assigned to each byte to guarantee ordered transfer of data. The
number of such segments generated depends upon Maximum
Segment Size (MSS).The number of segments can be calculated
using (1).

NOS = [S/MSSA (1)

Where

NOS=Generated number of segments.
S=Size of file in bytes.
MSS=Maximum Segment Size.

The Retransmission of packet in TCP is directly related to
round trip time. However packet traversal through its route may
be exposed to noise, loss of packets, queuing delay thus
alienating RTT. Now the question arises, what should be exact
value of Retransmission time out? Should it be equal to round
trip time, less than round trip time, more than round trip time or
should it be fixed or dynamic. If the time will be too short there
will be unnecessary retransmission, which will ultimately lead
to congestion. If time will be too large response time will be too
slow. The retransmission time should be little larger than round
trip time. The fixed value of retransmission time out will not
either help, due to dynamic nature of network parameters.
Overestimating the retransmission time out will result in
devastating of congestion Control mechanisms [1] [2].

A better approach is to estimate the round trip time of next
packet by using the information of last recently sent packets

According to RFC 793 the round trip time can be estimated
based on previous values as shown in (2).

RTTe (K+1) =a*RTTm (k) + (1 —a) * RTTe (K +
1) 2)

Where

RTTe = Estimated Round Trip Time.

RTTm= Measured Round Trip Time.

o= constant whose value is calculated as 0.125.

Equation (2) can be rewritten as

RTTe (K+1)(1—a)*RTTm (K+ 1)+ a(1 —a) *
RTTm (K) + -+ a®*V (1 —a) RTTm (0) (3)

Further solving the (3) to a form as
RTTe (K +1) = YKt} K(1 — a) * RTTm (k) 4)

Substituting the value of a in (4) we get.

RTTe (K + 1) = Xk .£(0.875) * RTTm (k)  (5)
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The above equation is a recursive one and is rewritten form
of Jacobson’s model for calculating Round trip time.

To calculate retransmission time out, the value of round trip
time is multiplied by a constant factor p having value of 2.

RTO (K +1) = p*RTTe (K + 1) (6)

Another method of calculating round trip time is by using
weighted median average.
MDEV =8(rE N+ ,W) (7

E= Set of last previously calculated estimator of round trip time.
N= Set of last previously calculated measurement of round trip
time.

W= Set consisting of corresponding weights of data.

Equation (7) can be rewritten as

MDEV(x) =Er | x—E) |-| (7 represents Ceiling
function) ©))

. PROPOSED TECHNIQUE

Artificial neural networks are widely used for estimating
the future values for systems that are non-linear in nature due to
their dynamic adaptive nature and ability to learn new
sequences[3] [4]. So Artificial Neural networks are by and large
used for Routing protocols, Flow Control Algorithms,
Monitoring Algorithms and predicting end to end delays[5] [6]
[71[8] [9]-

Packet analyzing software Wireshark is used for analyzing
the packets in the Research lab of Baba Ghulam Shah Badshah
University (BGSBU) as shown in Fig. 1 Round trip time is
calculated in Matlab using Jacobson’s Method as in (2).

Taking about 10 lakh samples and frame 1 as base frame
whose RTTm is measured by wire shark as 0.1499800 seconds.

RTTe0 = 0.00187475.
RTTel= (0.875 * 0.00187475) + (0.125* 0.000143000)

= 0.00164040625 + 0.000017875

=0.00165828125

RTTe2= (0.875*0.00165828125) + (0.125 *0.000102000)
= 0.00145099609375 + 0.00001275

=0.00146374609375

RTTe3= (0.875 *
*0,093561000)

=0.0012807778320313 + 0.011695125
=0.0129759028320313

RTTed= (0.875 * 0.0129759028320313) + (0.125 *
0.000206000)

0.00146374609375) + (0.125
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=0.0113539149780274 + 0.00002575
=0.0113796649780274

RTTe5= (0.875 * 0.0113796649780274) + (0.125 *
0.093032000)

=0.009957206855773975 + 0.011629
= 0.021586206855773975

RTTe6= (0.875 * 0.021586206855773975) + (0.125 *
0.000155000)

= 0.018887930998802228125 + 0.000019375
=0.018907305998802228125

RTTe7= (0.875 * 0.018907305998802228125) + (0.125 *
0.073195000)

= 0.016543892748951949609375 + 0.009149375
= 0.025693267748951949609375

RTTe8= (0.875 * 0.025693267748951949609375) + (0.125
*0.000224000)

=0.022481609280332955908203125 + 0.000028
=0.022509609280332955908203125

RTTe9= (0.875 *0.022509609280332955908203125) +
(0.125 * 0.073202000)

= 0.019695908120291336419677734375 + 0.00915025
= 0.028846158120291336419677734375

The graph of calculated and estimated round trip time is
shown in Fig. 3 and Fig. 4 respectively.

From Fig. 5 it is evident that estimated round trip value
should be greater than calculated value in order to avoid
unnecessary retransmission of data that may leading to
congestion. Thus effective estimation of round trip time is very
important as it helps in avoiding congestion in a computer
network.

A. Methodology of predicting values and learning mechanism

Our justification for using neural networks is due to its
ability to learn and to predict time series of values. Therefore in
this method historical data i.e. History of inputs is used to
predict the output by utilizing feedback information. This
recurrent neural network is shown in Fig. 6.

The model is created by analysing Round trip time for a
specific time period. The supervised learning is used by
recurrent neural networks to predict the future values.

Let
RTT(Z) = {RTT(Z — 1),RTT(Z — 2), ...RTT(1)} )

The method for predicting value is defines as in (10).

RTT¥(z) = fn(RTT(Z — 4), RTT(Z — 3)
,RTT(Z — 2),RTT(Z — 1)) (10)
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Where fn denotes the non-linear function used in recurrent
neural network. And the error is defines as in (11).
E =[|RTT — RTT¥|]" Where n is minimum for
appropriate value of n (12)
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By giving the previous historical measurements RTT(Z —
4),RTT(Z — 3),RTT(Z — 2),RTT(Z — 1) we like to predict
the value of RTT¥(z) thatis as close as possible to target value.

File Edit Wiew Go Capture Analyze Statistics Telephony Tools Internals Help

e0AE L BERE «+a72EElacan @#aB8 % B

Filter: | tcp.analysis.ack_rtt Clear Apply Save  syn

v | Expression..

Mo, Time Source Destination Protocol Length  Info
12 0.000000000 198.252.206.25 152.168.0.114 TCP 60 80455727 [ack] seq=1 Ack=% win=32 Len=0
14 0.002055%000 192.168.0.114 198.252.206.25 TCR 54 55727-80 [ACK] Ack=3 wi 53 Len=0
16 0.000336000 1592.168.0.114 198.252.206.25 TCP 54 55727+80 [acKk] Seq=3% ack=4 win=253 Len=0
18 0.008475000 104.16.13.13 192.168.0.114 TCR 66 B0-56420 [SvN, ACK] Seq=0 Ack wWin=29200 Len=0 MSS=1460 SACK_PERM=1 wS=1024
19 0.000186000 192.168.0.114 104.16.13.13 TCP 54 56420+80 [ACK] Seg=l Ack=1l wi 3336 Len=0
21 0.100148000 104.16.13.13 192.168.0.114 TCR 60 B0-56420 [ACK] Se Ack=965 win=31744 Len=0
22 0.136006000 198.252.206.25 192.168.0.114 TCP 54 B0-55727 [AcK] se Ack=10 win=32 Len=0
24 0.273863000 192.168.0.114 104.16.13.13 TCR 54 56420-80 [ACK] Se 65 ack=1167 Len=0
26 0.000346000 192.168.0.114 104.16.13.13 TCP 54 56420-80 [ACK] Se 65 Ack=1242 Len=0
28 0.000256000 192.168.0.114 104.16.13.13 TCR 54 56420-80 [ACK] Seq=965 ack=2702 Len=0
30 0.000236000 192.168.0.114 104.16.13.13 TCP 54 56420-80 [ACK] Seq=565 Ack=3381 Len=0
32 0.000243000 192.168.0.114 104.16.13.13 TCR 54 5642080 [ACK] Seq=865 ack=4760 Len=0
34 0.257125000 192.168.0.114 104.16.13.13 TCP 54 5642080 [ACK] Ack=8220 Len=0
36 0.001798000 192.168.0.114 104.16.13.13 TR 54 5642080 [ACK] Ack=7680 Len=0
38 0.000333000 192.168.0.114 104.16.13.13 TCP 54 5642080 [ACK] Ack=8835 Len=0
40 0.000354000 192.168.0.114 104.16.13.13 TR 54 5642080 [ACK] Seq=965 Ack=10095 win=65536 Len=0
42 0.000481000 192.168.0.114 104.16.13.13 TCR 54 56420-80 [acKk] s5eq=365 ack=11555 win=65536 Len=0
44 0.000852000 192.168.0.114 104.16.13.13 TR 54 5642080 [ACK] Ack=12466 win=64768 Len=0
46 0.001750000 192.168.0.114 104.16.13.13 TCR 54 5642080 [ack] ack=13846 win=65536 Len=0
48 0.251676000 192.168.0.114 104.16.13.13 TR 54 56420+80 [AcK] Ack=14570 win=64768 Len=0
30 0. 001688000 192.168.0.114 104.16.13.13 TCR 54 5642080 [acKk] 5eq=365 ack=15670 win=65536 Len=0
53 A ANA?SENAN 100 1A% N 114 104 1A 12 12 To 54 SAAIN.RN Tarie]l £arm-BRS Al —1A752 WEn-AA512 | an-n h
>
[Calculated window size: 32] ~

[window size scaling factor: -1 C(unknown)]
Checksum: 0x3074 [validation disabled]
urgent pointer: 0
= [SEQ/ACK analysis]
[This s an AcK to the segment in frame: 7]
[The RTT to ACK the segment was: 0.249885000 seconds]
[Timestamps]

&l

Profile: Default

< 3 R0

Packets: 5306 - Displayed: 2413 (45.5%) - Dropped: 0 (0.0%)

09:23 PM
10-06-2015

DO g @ [ B s | ) [ G| () o
Newli Kokl Opea o Hoot Save gopmvm' (i7" Run and Time Sk Layot [y SetPath e ] Request Support
st v v Data Workspace /) CkarWorspace v |7 CiearCommands v Lbaary v  [[[jPacieiy v coAdsOns v
FiLE VARIABLE CoDE SIMUUNK RESOURCES .
€ EE >G> Users » MizaWaseem » Documents » MATLAB v P
Cunent Flde & cooveers vivsion . ORf
Name « >> Retfor2s alg
ﬁ(mom_"wwn_m ‘A The value .00187 2
‘_]dvm The value .00166 -
) feedforwardm The value .00146 :g
The value 3
) recurrentm Y| The value
Y. The value
The value
The value
The value .
The value 0.
Select a file to view details The'valoe o
The value 2.
The value 0.
The value 0.
The value 0.02282
The value 0.02000
Workspace ® The value 0.01751
Name « M | ]l The value 0.
Eﬁ"ﬂ 57000.. 021 The value 0.C
Hi 10 100 The value 0.
['_';msnay 00015 024 The value 0.02689
i 01040 01¢ The value 2 0.03%920
The value 2 0.03433
The value 2 s 0.04584
The value 2 0.04012
The value 26tr 0.03828
The value of RIT 27th is 0.03352
< b s & DT a8 2024 =

Fig. 2:

Representing Calculated Round Trip time
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Fig. 4: Represents Estimated Round Trip time
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Fig. 7: Representing Proposed Recurrent Neural network model

I1l.  SIMULATION

This approach has been verified by using Matlab Neural
network toolbox. The Recurrent neural networks has 5 inputs

Nodes, varying hidden nodes and one output node .The
number of hidden nodes are varied deliberately to check the
performance of changing the hidden nodes. The output is
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provided as feedback .Therefore data is organized as 5 value
set, with first four as input data and fifth as target to calculate
the error. The data is organized in two forms; in first form the
data is organized in such a way such that when new value is
entered the oldest value disappears with step size 1 as shown
in table I.

TABLE |. REPRESENTING INPUT DATA WITH STEP SIZE 1

Input values Target
1 2 3 4 5
2 3 4 5 6
3 4 5 6 7

In the second form the data is organised in such way that
each time 4 new data are used to replace 4 oldest data to
predict the target with step size of 4 as shown in table I1.

TABLE |l. REPRESENTING INPUT DATA WITH STEP SIZE 4

Input values Target
1 2 3 4 5
5 6 7 8 9
9 10 11 12 13

Furthermore the data is using divided randomly using 70%
of data for training, 15% for validation, remaining 15% for
testing purpose and network is trained using Leverberg-
Marquardt algorithm. Fig. 8, Fig. 9 shows the best value of
validation performance with different step size 4 with
different size of hidden layer and delay units.
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Fig. é: Represenﬁ_ﬁg:ﬁérrf‘dﬁnance of RNI\TWithStep size 4, 22 hidden
layers and 1 delay unit
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Figf 9: Representing performance of RNN with Step size 4, 26 hidden
layers and 2 delay unit

From the Fig. 8 and Fig. 9 it is clear that the
performance of predicting the best value of round trip time
increases as the number neurons in hidden layer and delay
units are increased .This is evident because weights are
adjusted to their best values as the number of neuron and
delay units increases. The Fig. 11 shows the changing value
of throughput with increase in time. Initially the throughput
start to increase once it reached to highest load it started to
decreases due to increase in the load of a network during the
peak hours. Fig. 12 shows the change in window
size .Initially the size of window is small then the size of
windows is increased until the size of window becomes
constant

- Best Validation Performance is 0.036201 at epoch 5
10" ¢ -

Train
Validation
Test

Mean Squared Error (mse)

10"

0 1 2 3 4 5 6 7 8 8 10 1
11 Epochs

Fig. 10: Representing performance of RNN with Step size 1, 20 hidden
layers and 3 delay unit
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Fig. 12: Represents window size vs time

IV. CONCLUSION

To control the congestion in TCP/IP network it is very
important to estimate the accurate value of RTT. Using neural
networks approach, the obtained results confirms that neural
networks are the best alternate solution for calculating the
round trip time to alleviate the state of congestion in a
network. Further it was found that by increasing the number
of layers and delay units, the performance of a network
increased . This prediction based neural network model

suggests the prediction of future RTT single and multistep
ahead. This research is still in early stage of study. In future,
work will be done to further improve the performance and to
optimize the error in predicting the values.
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