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Abstract.  We report an analysis of the problems encountered in the 
design of modern high-bit-rate coherent communication links. A 
phenomenological communication link model is described, which is 
suitable for solving applied tasks of the network design with nonlin-
ear effects taken into account. We propose an engineering approach 
to the design that is based on the use of fundamental nonlinearity 
coefficients calculated in advance for the experimental configura-
tions of communication links. An experimental method is presented 
for calculating the nonlinearity coefficient of communication links. 
It is shown that the proposed approach allows one to successfully 
meet the challenges in designing communication networks.

Keywords: optical communication, wavelength division multiplex-
ing, coherent detection. 

1. Introduction 

High-bit-rate coherent communication systems are being rap-
idly developed. Hardly had 40-Gbit s–1 communication sys-
tems [1] replaced the communication systems with a data rate 
of 10 Gbit s–1 when coherent communication systems with a 
bit rate of 100 Gbit s–1 per channel started to be mass-intro-
duced throughout the world in 2013 – 2014 [2 – 4]. In 2015, 
there appeared commercial systems with a single-channel rate 
of 200 Gbit s–1 in the 2 × 200 Gbit s–1 format (400 Gbit s–1 per 
two channels) [5]. At OFC 2016 and ECOC 2016 conferences 
the leading producers announced that commercial systems 
with a channel bit rate of 400 Gbit s–1 are expected to be 
released in the early 2017. Accordingly, the methods of 
designing communication systems with dense wavelength-
division multiplexing (DWDM systems) are being actively 
developed. 

An important feature of high-bit-rate coherent systems 
with digital signal processing is the ability to digitally com-
pensate for the dispersion in the processing of the signal in the 
receiver [6]. This makes it possible to transmit a high-bit-rate 
signal in the communication link without dispersion compen-
sators. The accumulation of nonlinear signal distortions in 
the uncompensated lines does not follow the scenario of the 
dispersion-compensated lines. On the one hand, with a large 
dispersion at the span input*, nonlinear distortions in a single 
span of the communication line are higher. On the other 
hand, the correlation between nonlinear distortions in differ-
ent spans is less than in spans of dispersion-compensated 
links [7 – 9]. Therefore, these approaches to the design, devel-
oped for dispersion-managed communication systems 
[10 – 13], do not apply to coherent communication systems 
without chromatic dispersion compensation in the link.

Calculation of nonlinear distortions is the most difficult 
task in the design of high-bit-rate coherent communication 
lines. Nonlinear distortions depend on many characteristics 
of the link: span lengths, attenuation in the fibre, power and 
dispersion at the input of each span, number and type of 
channels, frequency plan and guard interval, etc. The numeri-
cal simulation based on the solution of the nonlinear 
Schrödinger equation is a powerful tool for the analysis of 
physical phenomena in fibre-optic communication lines 
[14, 15], but it is difficult to apply to design problems due to 
the complexity and duration of the calculations and the need 
for large computational resources. There are theoretical for-
mulae for calculating nonlinear distortions based on the char-
acteristics of the optical fibre and the communication param-
eters of the system [16]; however, they are derived with a num-
ber of conditions taken into account [in particular, a large 
number of spans, a large number of channels, Nyquist wave-
length division multiplexing (NyquistWDM), etc.]. These 
conditions are often not met in real communication systems, 
which makes these formulae unsuitable for computations and 
design of real communication lines. 

From a practical point of view, the design of coherent 
optical communication lines requires an engineering calcula-
tion method that takes into account linear and nonlinear dis-
tortions and is based on the use of relatively simple empirical 
equations which allow for calculations of various configura-
tions of the lines with a sufficiently small error. The develop-
ment of such techniques is a complex scientific and technical 
and experimental problem. Approaches to solving this prob-
lem and the results obtained are presented in this paper. 

In theory there is no difference between theory and practice; in practice there is. 
Yogi Berra
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* The dispersion at the input to the Nth span (accumulated dispersion) is 
used in reference to the total dispersion in an optical path from its be-
ginning to the input to the Nth span.
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2. Phenomenological communication link model 

The most popular theoretical model to describe nonlinear dis-
tortions in coherent systems without dispersion compensa-
tion is the GN-model (Gaussian-noise model), which well 
describes the experimental results for long-haul communica-
tion links (more than five spans). Within the framework of 
this model, nonlinear distortions are treated as a Gaussian 
noise, additive to amplified spontaneous emission (ASE) 
noise [17 – 20]. The main provisions of the nonlinear noise 
model are confirmed experimentally and numerically [21 – 26]. 
It is assumed in this case that the bit error rate (BER) in the 
signal depends only on the total noise [sum of linear (ASE) 
and nonlinear (NL) noises] and is independent of the con
tribution of each type of noise in the total noise. This assump-
tion allows us to construct a simple phenomenological model 
of communication lines, convenient for practical applica-
tions. 

Hereafter, absolute values of the quantities are written in 
capital letters, and the corresponding logarithmic values are 
expressed in lower-case letters: p = 10lgP. The total noise 
affecting the link is described in the GN-model by the expres-
sion 

PS = PASE + PNL.	 (1)

Dividing both sides of (1) by the signal power at the beginning 
of the span, P, we obtain 

OSNR OSNR OSNR
1 1 1

BER L NL
= + .	 (2)

All the values of power in formula (2) must be given for the 
beginning of the span. The quantity OSNRBER = P/PS is the 
ratio of the signal power to the total noise power, determin-
ing the bit error rate in the link. The relation between 
OSNRBER and BER in the model under study is one-to-one 
and described by the calibration curve of the transponder. 
The calibration curve is measured experimentally in the 
back-to-back (BTB) configuration* (with PNL = 0 and PS = 
PASE). An example of the calibration curve is shown in 
Fig.  1. The upper left point on this curve corresponds to a 
maximum value of bit errors in the signal (prior to applica-
tion of forward error correction, FEC), at which the tran-
sponder is still able to receive the signal. In the example 
under study, it is equal to ~1.92 ´ 10–2. To this maximum 
permissible BER value there corresponds the threshold 
OSNRBER, which is called ‘the required OSNR of the tran-
sponder’ and is referred to as OSNRBTB (sometimes the des-
ignations OSNRT and OSNRR BTB are used). This is one of 
the main technical characteristics of a transponder, which is 
always specified in the specification. 

As a rule, for 10, 40 and 100-Gbit s–1 links, when the sig-
nal-to-noise ratio reaches an OSNRBTB value, the number of 
errors increases so dramatically that synchronisation is 
immediately lost. This behaviour is a consequence of the 
efficient operation of FEC algorithms. While OSNRBER at 
the transponder input is greater than OSNRBTB, FEC algo-
rithms successfully correct errors and the bit error rate after 
error correction does not exceed 10–12. When OSNRBER at 

the transponder input becomes smaller than OSNRBTB, 
FEC algorithms can no longer cope with the error correc-
tion in the received signal, which immediately leads to a 
sharp increase in bit errors on the client side and to the loss 
of synchronisation. 

The parameter OSNRL = P/PASE is the ratio of the signal 
power to the ASE noise power. The value of the amplifier 
noise (at the end of the span) is defined by the formula hnB ´ 
(GF – 1) » hnBGF, where B is the normalised bandwidth, G is 
the amplifier gain, and F is the noise factor of the amplifier. 
Reducing this value to the beginning of the span, we obtain 
hnBAF, where A is the attenuation coefficient in the span. For 
brevity, we will use C º hnBAF. Then, 

OSNR P
C1

L
= .	 (3)

The value of OSNRL can be measured experimentally by an 
optical spectrum analyser. In the back-to-back configuration, 
nonlinear distortions are absent and OSNRBER = OSNRL, 
allowing one to measure the calibration curve. In a real link, 
OSNRBER < OSNRL due to nonlinear distortions in accor-
dance with (2). The difference between osnrL and osnrBER is 
called a penalty in power. Measuring OSNRL with a spectrum 
analyser and determining OSNRBER using a calibration curve 
at the BER level on the transponder, it is possible to calculate 
the value of nonlinear distortions. 

The parameter OSNRNL = P/PNL is the ratio of the signal 
power to the nonlinear noise power. The value of nonlinear 
noise in the GN-model depends on the signal power P by the 
phenomenological law PNL = hP3, where h is the nonlinearity 
coefficient. Thus, we obtain 

OSNR
P1

NL

2h= .	 (4)

The condition of the link performance is expressed by the 
inequality 

OSNRBER > OSNRBTB.	 (5)

Using (2), condition (5) can be written as 

OSNR OSNR OSNR
1 1 1

L BTB NL
1 - .	 (6)* In this case, the output and input of the transponder are connected 

with a short connection cable, and nonlinear distortions of the signal 
are absent.
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Figure 1.  Example of a calibration curve of the transponder (100 Gbit s–1).
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To denote the quantity in the right-hand side of formula (6), 
we use the concept of ‘the required OSNR’, defined as 

OSNR OSNR OSNR
1 1 1

R BTB NL
/ - .	 (7)

In view of (7), the condition of the link performance (6) can be 
written as 

OSNRL > OSNRR.	 (8)

In other words, OSNRR is the minimum value of OSNRL in a 
link which is still workable. In the back-to-back configura-
tion, we have OSNRR = OSNRBTB. In a real line, OSNRR > 
OSNRBTB due to nonlinear distortions of the signal. The 
dependence of osnrR on the input signal power P is shown in 
Fig. 2a. The difference between osnrR and osnrBTB is called a 
penalty in the required OSNR for a given link (nonlinear pen-
alty, NP). 

The value 1/OSNRR can be conveniently used as a link 
parameter characterising the quality of the optical signal. 
Before the advent of coherent systems, a measure of the signal 
quality was usually the bit error rate (BER) or Q-factor 
related to each other with one-to-one correspondence. 
However, the Q-factor in the linear regime is directly propor-
tional to the signal power, which masks the influence of non-

linear effects with increasing power. The OSNRR parameter 
in the linear regime does not depend on the signal power, and 
therefore its change shows the influence of the nonlinear 
effects in pure form. Due to this, it is more convenient to use 
this parameter, than BER and Q-factor, for studying the 
influence of nonlinear effects: it more accurately describes the 
signal quality that is not masked against the background of 
the varying signal-to-noise ratio. The smaller the OSNRR, the 
higher the quality of the optical signal. In this case, the 
Q-factor can be treated as a parameter that characterises the 
information quality of the signal. 

In designing the links, use is also made of the concept of 
‘OSNR margin’:

OSNR
OSNR
OSNR

M
R

L/ .	 (9)

Using OSNRM, the link performance criterion (8) can be writ-
ten in the simple form: OSNRM > 1, or osnrM > 0. 

All the above quantities are presented in Fig. 2. The log-
arithmic values are more convenient to use in order to dem-
onstrate the value of osnrM, and the absolute values – to 
demonstrate the value of 1/OSNRNL. If we plot P 2 rather 
than P along the horizontal axis in Fig. 2b, the dependence of 
1/OSNRN on P 2 will look like a straight line*, the slope of 
which is equal to the nonlinearity coefficient h. 

The dependences of OSNRBER and OSNRM on the signal 
power P have maxima that are achieved at different values of 
P. Therefore, known are two main ways to link optimisation 
(calculation of optimal signal powers at the input in each 
span): based on the criterion of OSNRBER maximisation (and 
therefore BER minimisation) and on the criterion of OSNRM 
maximisation (OSNR margin). The second method allows 
one to design more robust links, but requires greater powers 
to be launched into spans. 

Substituting (3) and (4) into (2), we obtain

	
OSNR P

C P1
BER

2h= + .	 (10)

It is easy to calculate that the OSNRBER maximum is achieved 
at a power 

P C
2BER

opt 3

h= .	 (11)

At the optimum point in BER, the linear noise power C is 
twice the nonlinear noise power hP 3 and the penalty in power 
(osnrL – osnrBER) equals 1.76 dB. Substituting (3), (7) and (4) 
into (9), we obtain 

OSNR
OSNRP

C P1
M

BTR

2h= -c m.	 (12)

It is easy to calculate that the OSNRM maximum is achieved 
at a power 

3 OSNR
P 1
M
opt

BTBh= . 	 (13)

At the optimum point in OSNRM, the penalty in the required 
OSNR (osnrR – osnrBTB) is 1.76 dB. There are also other opti-
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Figure 2.  Basic quantities used to describe a communication link with 
allowance for the nonlinear distortion of the signal. 

* In systems with the developed nonlinear noise.
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misation methods. Their advantages and disadvantages are 
considered in detail in paper [27]. 

3. Engineering approach to the design 

To determine the operability of the designed communication 
link, to calculate optimal signal powers by using different 
optimisation criteria and to find the corresponding OSNR 
margins, it is necessary to know the nonlinearity coefficient h 
of the link. Theoretically, with a number of assumptions 
taken into account, it can be calculated based on fibre charac-
teristics and parameters of the transmission system [16]. In 
reality, the existing links allow for some differences from the-
oretical assumptions. In calculations by theoretical formulas, 
the difference between theoretical and experimental results is 
so huge that these formulae are virtually inapplicable. 

An engineering approach to the calculation of h consists 
in the fact that the dependence of h on various parameters 
(dispersion at the fibre input, span length and attenuation in 
fibre, number and location of adjacent channels, etc.) is stud-
ied experimentally. These experimental results make it possi-
ble to construct empirical formulas for this dependence for 
different transponders. Then, the obtained empirical formu-
las are used in the calculation of real links. 

A key issue in the development of an engineering tech-
nique is the choice of a criterion for assessing its applicability. 
The calculated values are always different from the actual, 
and therefore it is needed to set tolerance criteria. As a crite-
rion for assessing the applicability of the engineering tech-
nique we use the difference between the calculated and exper-
imental values of OSNRR at the optimum point in OSNRM 
(13) (Fig. 3). 

If the OSNRR value calculated by the empirical formulas 
of the engineering technique exceeds the experimental value 
by no more than 1 dB, the technique is considered to be prac-
tically applicable for this configuration of the DWDM sys-
tem. If the calculated OSNRR exceeds the experimental value 
by more than 1 dB or is less, the method is treated as practi-
cally inapplicable for this configuration of the DWDM sys-
tem. The main difficulty in the development of an engineering 
technique is that the applicability criterion should be fulfilled 
for all experimental configurations, the number of which can 
reach several hundred, and the value of the nonlinearity coef-
ficient for them can vary by three orders of magnitude or more. 

In reality, for a pilot link we measure directly h rather 
than OSNRR (see Section 4 below). The applicability crite-
rion described above is satisfied if the ratio htheor/hexp = 1 – 2, 
which is readily obtained from formulae (7), (4) and (13).

The nonlinearity coefficient h for a 100-Gbit s–1 channel 
in each span depends on many independent parameters. The 
most important of them include: 

– type of the optical unit in the transponder;
– size of the phase recovery window;
– type of fibre (SSMF, DCF, etc.);
– dispersion at the span input;
– span length;
– attenuation in fibre;
– number of 100-Gbit s–1 channels in the channel group in 

question; and
– frequency plan;

as well as (at the presence of other interacting channels):
– type of interacting channels (100, 10, and 2.5 Gbit s–1, 

etc.);
– number of channels in the group;
– ratio of the power of interacting channels to the power 

of the 100-Gbit s–1 channel; and
– guard interval between the 100-Gbit s–1 channel under 

study and the group of interacting channels. 
In a multi-span link, nonlinear noises in different spans 

are added superlinearly rather than linearly because they are 
correlated. This superlinear addition is performed differently 
for different types of interacting channels (100, 10 and 
2.5 Gbit s–1). 

A detailed description of engineering calculation methods 
is beyond the scope of this paper. However as an illustration, 
we consider two examples: the dependence of h in the span on 
the dispersion at the span input and the calculation of h in a 
multi-span link with an arbitrary dispersion at the input to 
the spans.

The dependence of h in a single span on the dispersion at 
the span input was investigated numerically and experimen-
tally in our work [8, 9]. We have shown that in a single-span 
link, the nonlinearity coefficient reaches the minimum value 
when the dispersion at the span input is d » –180 ps nm–1 
(100   km SSMF, with a channel data rate of 100 Gbit s–1). By 
increasing d to 2 ns nm and higher or decreasing to – 2 ps nm–1 
and below, the nonlinearity coefficient reaches a constant 
value and is further almost independent of a change in the 
dispersion at the span input (Fig. 4). 
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Figure 3.  Evaluation criterion of applicability of the engineering calcu-
lation method. The solid curve is the theory, and the dashed curve is the 
experiment. 
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Figure 4.  Dependences of the nonlinearity coefficient h in a single span 
on the dispersion d at the span input (100 km SSMF): (1 ) numerical 
simulation, (points) experiment and ( 2 ) approximation. 
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The dependence of h on d for a single span can be approx-
imated by the expression 

( ) expd
d

d d1
/

0
0

0
3 2

h h m
r= - - -
-e o= G.	 (14)

Here, h0 = 14 ´10–5 mW–2 is the fundamental nonlinearity 
coefficient corresponding to the nonlinearity coefficient of a 
channel in a span with a large dispersion at the span input; 
and m = 0.1, r = 5 and d0 = – 180 ps nm–1. Formula (14) is used 
in the engineering method for calculating the nonlinearity 
coefficient in a span as a function of dispersion at the span 
input. The values of the fundamental coefficients for the dif-
ferent types of transponders and fibres are calculated experi-
mentally. 

In a multi-span link without dispersion compensation, 
the accumulation of nonlinear noise is not linear but super-
linear (µN 1 + e, where N is the number of spans), as shown in 
recent studies [1, 2, 21]. In our engineering technique, for a 
100-Gbit s–1 coherent link we assumed e » 0.2. 

In practice, there exist links with partial dispersion com-
pensation, for example when a 100-Gbit s–1 channel is added 
to the existing DWDM system with 10-Gbit s–1 channels. 
Therefore, the development of the calculation technique 
allowing one to calculate h in a multi-span link with arbitrary 
values of dispersion at the input to various spans is impor-
tant. Attempts to constructing such a technique have been 
made in recent paper [9]. Using OptSim software we have cal-
culated multi-span links with a different number of spans 
where dispersion after each span is equally over- or under-
compensated. The dependences of the nonlinearity coeffi-
cients for these links on additional dispersion in each span 
have a characteristic S shape. The simulation results for an 
eight-span link are shown in Fig. 5. This S-shaped depen-
dence cannot be satisfactorily explained either by the model 
of linear addition of noises: 

OSNR OSNR
1 1

NL NLii

=/ , 

or by the model of superlinear addition of noises: 

OSNR OSNR
1 1 /( )

NL NLii

1 1 1

=
e e+ +

c m= G/ . 

For the superlinear model in Fig. 5 we use the coefficient 
e = 0.81 calculated on the basis of experimental data for the 
links with total dispersion compensation. One can see that the 
model of superlinear addition is applicable only under condi-
tions of total dispersion compensation or slight undercom-
pensation (up to 100 ps nm–1). 

To correctly describe the accumulation of nonlinear noise 
in the links with a random distribution of accumulated dis-
persions at the inputs of various spans, we proposed a corre-
lation model: 

OSNR OSNR
1 1

NL NLii

=/

	 2
OSNR OSNR

1 1
NL NL

ij
j i i j

s+
2

/ .	 (15)

If the input powers in all spans are equal, then formula (15) 
takes the form 

2i ij i j
i ji

h h s h h= +
1

// , 	 (16)

where the coefficient sij is the noise correlator from the ith 
and jth spans. Suppose that sij depends only on the values of 
the accumulated dispersion di, j at the input to the ith and jth 
spans (i < j ) and is independent of the numbers i and j: 

sij = s(di,  dj ).	 (17)

In this case, we can investigate numerically and experimen-
tally the correlation function for a two-span link, and then 
use these results to calculate the nonlinearity coefficients in an 
arbitrary multi-span link with any number of spans. For 
example, for a two-span link we have 21 2 1 2h h h s h h= + + , 
for a three-span link   2 21 2 3 1 2 1 3h h h h s h h s h h= + + + + + 
2 2 3s h h  and so on. For a two-span link, s can be calculated 
based on numerical simulation and experimental data from 
the formula: 

2 1 2

1 2s
h h

h h h
=

- - .	 (18)

A two-span link was numerically modelled using the OptSim 
software. The simulation results for s as a function of d1 and 
d2 are shown in Fig. 6.

The correlation function obtained in the course of the 
simulation can be approximated by the formula 

expa a
d d a

1
3

1 2 2
2

s = -
- +c m; E,	 (19)

where the coefficients a1 = 0.6, a2 = 150 ps nm–1 and a3 = 
500 ps nm–1. 

The three-dimensional surface of the correlation function, 
obtained as a result of numerical simulation, and its approxi-
mation by formula (19) is shown in Fig. 7. The developed cor-
relation model [formulas (16) and (19)] can correctly describe 
the results of the simulation of multi-span links (Fig. 5). A 
detailed analysis of the correlation model and its experimen-
tal study are presented elsewhere [9]. 
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Figure 5.  Dependences of the nonlinearity coefficient for an eight-span 
link on the additional dispersion in each span (a 100-Gbit s–1 channel): 
(points) numerical simulation, ( 1 ) linear, ( 2 ) superlinear and ( 3 ) cor-
relation model. 
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4. Experimental measurement  
of the nonlinearity coefficient 

The experimental setup for measuring the nonlinearity coef-
ficient h is shown in Fig. 8. An optical spectrum analyser 
(OSA) is used to measure OSNRL; the bit error rate before 
forward error correction (we call this value BERpreFEC) is 
measured by the transponder. Apart from a 100-Gbit s–1 
channel, adjacent channels with data rates of 2.5, 10 and 
100  Gbit s–1 may also be added. At the end of the link, use is 
made of a Teraxion tunable dispersion compensator module 
(TDCM) for adjusting dispersion at the transponder input to 
the optimal value (~700 ps nm–1) and of an optical EDFA 
amplifier for adjusting the signal power at the transponder 
input to the optimal value known from previous experiments 
(–10 ¸ –15 dBm). A second demultiplexer (DEMUX) at the 
end of the link is used to ‘cutoff’ the broadband ASE noise 
and to reduce the total power at the input to the receiver to an 
acceptable level. To measure the calibration curve in the 
back-to-back scheme, a source of broadband ASE noise 
injects additional noise to the link via a variable optical atten-
uator (VOA). 
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The procedure for measuring the nonlinearity coefficient 
is as follows.

1. The dependence of BERpreFEC on OSNRBER is mea-
sured in the back-to-back configuration. The obtained data 
are used to plot a calibration curve of the transponder: the 
dependence of OSNRBER (in dB) on lgBERpreFEC. The experi-
mental points are approximated by a polynomial of the third 
degree. For each transponder and each phase recovery win-
dow the calibration curve is individual. 

2. The dependence of OSNRL at the transponder input on 
the power P is measured. 

3. The transponder measures the dependence of BERpreFEC 
on the input power P. The working range of BERpreFEC lies 
between 10–5 – 10–3; thus, the range of variation in the input 
power is selected so that the BERpreFEC values were in the 
working range. 

4. The calibration curve is used to recalculate the 
BERpreFEC values into OSNRBER values. 

5. The dependence of OSNRL on P (see Section 2) is used 
to calculate OSNRNL from the values of OSNRBER by for-
mula (2). 

6. The dependence of 1/OSNRNL on P 2 is plotted. The 
points are approximated by a straight line whose slope repre-
sents the nonlinearity coefficient  h. 

The example of calculating the nonlinearity coefficient 
from the experimental data for a five-span link with the devel-
oped nonlinear noise is shown in Fig. 9. 

A typical complication in the interpretation of experimen-
tal results is that nonlinear noise in the first few spans has not 
yet been formed, and the very concept of  h is conditional. An 
example of calculating the nonlinearity coefficient from the 
experimental data for a single-span link with the underdevel-
oped nonlinear noise is shown in Fig. 10. The nonlinearity 
coefficient (the slope of the fitting line) is obtained by the lin-
ear approximation method of least squares, provided the 
straight line passes through the origin of the coordinates.
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Figure 8.  Scheme of the experimental setup (N is the number of spans and n is the number of channels). 
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Figure 9.  Calculation of the nonlinearity coefficient (Acacia CFP tran-
sponder, phase recovery window W = 48, five spans of 100 km SSMF, 
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One can see from Fig. 9 that for a multi-span link, the 
GN-model describes with good accuracy the experimental 
results: nonlinearity, measured experimentally, can be treated 
as noise, and 1/OSNRNL =  hP 2. From Figure 10 it is clear 
that for a single-span link, the GN-model does not quite accu-
rately describe the experimental results and can be used only 
with reservations: nonlinearity, measured experimentally, 
deviates from the theoretical law 1/OSNRNL = hP 2. This is 
not surprising, because the GN-model was originally devel-
oped in the approximation of a large number of channels with 
the Nyquist (rectangular) shape of the spectrum in a multi-
span link. 

5. Conclusions 

As noted above, the verification of the engineering calcula-
tion method consists in its application for calculating experi-
mental configurations of communication lines and in com-
paring the calculated values with those measured experimen-
tally. For convenience of verification and refinement of the 
method, all experimental configurations and measured non-
linear coefficients are collected in a single database (Excel 
file), and the calculation method is implemented in MATLAB. 
By executing a MATLAB script, we calculate the values of 
nonlinearity coefficients for all configurations specified in the 
Excel file, which are written back to the file in a separate col-
umn. In this way, we have assessed the applicability of the 
method: all measured values are compared with the calcu-
lated ones and the deviations range is automatically calcu-
lated. 

Currently our database has more than one hundred exper-
imental configurations. The measured values of the nonlin-
earity coefficient lie in the range from 0.8 × 10–5  to 933.82 × 
10–5 mW–2. Deviations from the estimated OSNRR values 
measured for all experimental configurations are within the 
specified range (Fig. 3): they amount to 0.12 – 0.76 dB. Thus, 
we can conclude that the proposed engineering method of cal-
culation can be successfully applied in practice. 
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