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A new phenomenological method and algorithm implementation for estimating the system parame-
ters of a composite communication channel with memory (capacity at a given bit error rate value,
the required signal-to-noise ratio for implementation etc) are developed in the paper. The considered
in the paper channel consists of frequency selective information channel while a multi-position ampli-
tude-pulse signal is transmitting, which can be either unipolar or bipolar, as well as interfering fre-
quency selective channels through which the same type signals are transmitted. The obtained
method and algorithm implementation for major case of frequency selective channel are evolution of
previously private results within the framework of the resolution time theory for broadband com-
munications channels. The results can be interesting to specialist who develop the communication
systems in automotive, air transport area and broadband wired data transmission systems. A dis-
tinctive feature of the developed method and algorithm implementation is that, firstly, they have
polynomial complexity, which is independent of the size of the channel alphabets of the multi-posi-
tion amplitude-pulse signals. The obtained method and algorithm implementation has the following
restriction: the start time of transmission of each signal and transmission rate are the same.
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Introduction 

Currently, the evolution of society toward a new stage, 
namely, the information society is most pronounced [1-3]. It is 
worth noting that the dynamics of such processes is increasing ex-
ponentially, which is clearly visible in the volume of scientific 
publications, which is also growing exponentially by year [1, 4]. 
In particular, this is due to the widespread use of artificial intelli-
gence to solve various types of problems, particularly in: 

a)) ocially significant areas:
- personalized education [5-7]; 
- implementation of "smart" libraries and information and an-

alytical systems [1, 6]; 
- labor market analysis to determine current labor market needs 

[8] 
b) in the area of GDP:
– analysis of user needs when consuming services and services

offered by GDP, followed by forecasting them in the context of 
rapidly changing market conditions [9, 10]; 

– creating systems for generating solutions to support the op-
eration of critical sectors of the economy [11]. 

This leads to a significant increase in the requirements for data 
transmission infrastructure between data center nodes [12, 13], 
which makes a significant contribution to their overall perfor-
mance [14]. 

At the same time, developers of data transmission systems 
(DTS) between data center nodes face with a number of mutually 
exclusive, simultaneously acting conditions and constraints when 
constructing them, namely [15-21]: 

– the need to reduce the required energy per bit of transmitted
information while ensuring a given reliability of the transmitted 
message; 

– he need to increase the data transfer rate, including the case
when severe intersymbol interference (ISI) is observed and pro-
duced by dispersion properties of the propagation medium; 

– the need to reduce the impact of crosstalk on information
signal on the receive end, even in the case with a denser spatial 
packing of potential crosstalk sources; 

– the need of receiver development that are technologically
sufficiently simple; 

– the capacity limitation of DTS due to the imperfections of
the receiving devices and the channel dispersion which produce 
ISI. 

The analysis of recent papers [22-25] shows that bipolar sig-
nals with n multiposition pulse amplitude modulation (bipolar 
PAM-n-signals) are most widespread utilized in data transmission 
for such wired DTS, due to the fact that its practical implementa-
tion has the least complexity and lower value of required signal to 
noise ratio. However, the results of papers [26, 27] indicate the 
fact that, in some wired DTS unipolar PAM-n signals are used. 
Taking into account the above presented information and the re-
sults of papers [15,16], it becomes obvious to find out an optimal 
solution to the above-mentioned problems requires the develop-
ment of a fundamentally new approach to analyzing the processes 
that affect on signal integrity of received PAM-n-signal on the out-
put of frequency selective channel (FSC) in the presence of cross-
talk, when information and interfering signals can be simultane-
ously of both types unipolar and bipolar. 

Based on result [15-19] the solution of presented above prob-
lem would be obtained within the framework of theory of 

resolution time. Therefore, in this case the complexity of resulting 
algorithm would be linear in relation to the number of crosstalk 
sources and independent of the alphabet size of the signals. In the 
considered case, we will limit ourselves to the case where the du-
ration of the channel symbols (CS) of the information and inter-
fering signals are the same, and the start time of their transmission 
and channel symbol durations (CSD) coincide, which is due to the 
fact that in data processing centers, sufficiently small distances are 
used for transmitting information, where this limitation is met. In 
addition, such restrictions may be applied in the field of DTS used 
in transport. 

So, the aim is to develop an algorithm for main system param-
eters estimation of complex FSC (CFSC) implementation the sim-
ulating the function of a wired baseband telecommunications sys-
tem with linear complexity in relation to the number of crosstalk 
sources and independent of the alphabet size of two possible used 
types of PAM-n-signals. 

1 Problem Statement 

To achieve the declared aim, the features for real wired broad-
band communication systems mentioned in the paper [16] in prob-
lem statement section were taken into account for considered case 
in this paper. The most important of them is that the consideration 
is made only the primary impaction of crosstalk.  

Besides analyzing the previous results in the field of consid-
ered problem [16] it becomes obvious that the following private 
tasks should be solved taking into account:  

1) The mathematical model for the considered case in this pa-
per should be obtained by math models modification presented in 
papers [15, 16] taking into account all their limitations. 

2) Based on modified math model expressions and equations
should be obtained for two cases. The first of it is expression for 
greatest settling error (GSE) estimation at the output composite 
FSC in the dependence of CSD and given number of transmitted 
channel symbols (NTCS). And the second of it is the expression 
for GSE for given values of time shift at which information about 
the transmitted CS is retrieved for given CSD and NTCS. Two 
types of equations, the first of it for greatest settling time estima-
tion when GSE coincide to permissible error (PE) of information 
parameter of signal on the receive end and the second of it for 
greatest time shift calculation for given value of CSD and PE 
while GSE coincide to PE for the information parameter of infor-
mation PAM-n-signal at the output composite FSC.  

3) Expression for estimating the dependence of effective
memory for considered math model on CSD. 

4) Construct the algorithm implementation for main system
parameters estimating for math model of considered channel uti-
lizing results of papers [15, 16]. 

2 Problem Solution 

The math model of composite FSC for considered type of 
wired communication systems has the same structure diagram as 
presented in papers [15, 16]. Therefore, each functional block of 
structure diagram has the same functional purpose as in the papers 
[15, 16]. The modified structural diagram of considered composite 
FSC presented in Fig. 1. 

In Fig. 1 the following designation are used: 
 Math operations:  is convolution;
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 Special functions:  t  is Dirac function;

 Variables and sets: s  is CSD; 1,i N  and N are ordinal

number and number of interfering crosstalk sources, respectively; 

l is NTCS; Mr M  and A ,i r A i  are amplitudes of rth pulse

of transmitted signals with n0 and ni multiposition amplitude mod-
ulation of baseband pulses through information FSC and i-th in-
terfering FSC (PAM-n0- signal and PAM-ni- signal, respectively) 

[15,16]; T 0;s s   is the time shift in the retrieving moment on

the received end; M and Ai  are sets, which elements define of

PAM-n0- and PAM-ni- signals signal constellations (SC), respec-
tively; klos0

 and k los i
 are losses introduced by the propagation

medium that defines information FSC (InFSC) and ith interfered 
FSC (i-IfFSC), respectively; k kА А1 2

kА is gain of amplifier,

where 0

1
A 
1

k klos


;

shg t 
P t  

t  

0
0

2

0

А

max
 if max max ;

max

1 if max max . 

gsh t P t
k

shg P t




 
 

  (1)

 Responses of FSC elements: gsh0
t   and g sh i

t   are im-

pulse responses of shapers for InFSC  and i- IfFSC, respectively; 

P t   and Ii t   are the responses of InFSC and i-IfFSC on

gsh0
t  and g sh i

t  , respectively; 0 h t  and i h t   are impulse

responses of InFSC and i-IfFSC, respectively; 

t   s P t r    s Аk
2
P1 1 r   ; 

I t  ri   los  r   ;1  s  s Ak k1
i
I ti

 Process: n t  is AWGN; n t   kАn t   is normalized

AWGN at the output of amplifier. 

The decision device recovers each symbol ( 1,d l ) in se-
quence of transmitted PAM-n0-signal on the receive end in ac-
cording the following rule  

p p 'recd pMM  ,
  (2)

where 
0

0 s dsp smin p
1,p n

1, :np M f  ,p d    . 

The implementation of the method and algorithm implementa-
tion for considered general case is achieved by the following be-
low modifications. 

SC M or Ai   are defined as follows, when PAM-n0-signal is

a bipolar signal: 

/ 2 0.5 1 n m od 2   sc 0 0 0 st 0 01 k

n

k
M n M ,k nM  M sc  0

k   k   1, , (3) 

or 

/ 2 0.5 1 mn od2i  A    
ik i,sc  sck

A
i,1

ni

iki

A i  k i i st ,A k 1, ni in


 . (4) 

In this case according to results of paper [16]: 

1 0

1,

sc sc max

sc sc max

;

.

n

i i ,n i i

MM M

AA A

 

 
(5)

And when considered PAM-n- signal is a unipolar signal, then 

set M or Ai   is defined as follows

sc 01 k

n

k
M stM shM k, 1, nM  M sc  0

k  k      (6) 

or 

sck i,1 i
i

A i k stA i k, 1,i iA shA n
nAsc ik i k

i

,      (7)

In this case according to results of paper [15]: 

1 0

1,

min sc max

sc mini sc max

; ;

,A A;

n

i i ,n i i

sc M M M M

A A



 
(8)

Here Mst  and Asti
 are step between adjacent values of SC

elements of PAM-n0- and PAM-ni- signals, respectively; 

n mod2 is division with remainder; M sh and Ashi
are SC am-

plitude shift due unipolar signal is used. 
To obtain the solution for the second of the stated tasks let’s 

analyze the expression for d-th channel symbol settling error 

set d s   obtained in papers [15, 16]. Since the structure of con-

sidered FSC are the same as in the papers [15, 16] and the expres-

sion for d-th channel symbol settling error set d s   obtained

in papers [15, 16] coincide so for considered structure of FSC in 

this paper the desired expression for set d s   in the absence of

AGWN and Ts 0  has the following form

 s   s r r d, i r, i r d,,
11

d N

d
ir

set  sd M P A I M



      

 
 . (9) 

where r d , s P P d 1r  s ,

i r, ,d s I I i  d 1r s  .

Taking into account approach for calculation combinations of 
amplitude values presented in papers [15,16] for two types of 
PAM-n-signals to obtain the expression for GSE in the presence 
of crosstalk max  .   max set   .  for c onsidered case let’s

modify the equality (9) in the following way: 
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d s 

 d  , 0 С s s d,  s 



s ,d 

11 1 1

1 1

2 2 3 3

2 3

1

set
1 1

d, 0

s
11

1
d d

i 1N r

SС

d d

i N2 r i r

D







z  

  F Ai r, I i r, d,
 

  s  

     F Ai r, Ii r, d, s  

F zM z ,dP s    F dM  ,d dP  s     F ,i rA ,i r ,dI  
 


s 

2N

  ,D d







 d  , 0 С s s d,   

2 2 44

2 4N1

1

1 1

0

1
d d

z i r

S s , dС 



 

F M z Pz d , s   F Md  Pd  d ,  s     F Ai r, Ii r , d,   s 

 

.
   (10) 

Fig. 1. Block diagram of a considered FSC. Designation: 1 – shaper in InFSC; 2 – shaper in i-IfFSC; 3 – InFSC; 4 – i-IfFSC;  
5 – amplifier; 6 – sampler; 7 – decision device 

In the expression (10) the following notations are used:

F x  x sgn sgn  x 1  ;  F x  x sgn sgn  x 1  ;

sgn  x   is a signum function; d d   d ; С s , d   and

С s ,d   are used when PAM-n0-signal is a bipolar signal, in the

case when PAM-n0-signal is a unipolar signal С s ,d   and 

С s ,d   are used; N1 and N2 are sets of ordinal numbers of in-

terfering bipolar and unipolar PAM-signals, respectively. 
Following the method, obtained in the papers [15, 16], it be-

comes obvious that the realization of the following equation 
 ds , : se t  d s ma  x can be ensured under the following

set of conditions: 
 when bipolar PAM-n0-signal is used:

С  d,    ,  d    
 s d 

s s s

s s

max max max

0 , d  0,        , min

 S D ,  d

С S D d

 

 



 
;  (11) 

or 


        

s  , d s

С  ,d s  s  s

d , 0 min

max , max  max

С d D

S d D  ,d

  s  , 0   S    

   ; (12) 

 when unipolar PAM-n0-signal is used:
  d,        ,  d 

  ,d       
s s s

 s  s  s

max max

 min ,  d 0 , min

С S  ,  d D

С S D d

 max  

  
; (13) 

or 

   d,     
      

s s

С d,s  s  s

min  0 min

max max max

С S ,d D  , d

S , d D  ,d

 s 

 



    . (14) 

The analyses of conditions (11) – (14) allow us to formulate 
the following requirements for the multipliers values of the from 
which the terms of the polynomial are formed with satisfaction the  conditions listed above. Therefore, the values of multipliers for bi-
polar PAM-n0-signal are presented in Table 1 and for unipolar 
PAM-n0-signal – in Table 2. 
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Table 1 

Multipliers values of the at which (11) and (12) are meet true 

Considered 
multiplier 

Multiplier values 
condition (11) condition (12)

variant 1 variant 2 variant 1 variant 2

Mz1

M sc1
Mscn0

Msc1 scn0
MMz2

M d   

M d   

A
1,i r

sc1,i
A Asc

i ,n i sc1,i
A Asc

i ,n i
A

4 ,i r

A
2 ,i r Asc

i ,n i sc1,i
A

A
3,i r sc1,i

A Asc
i ,n i

P
1z d , s 

< 0  0  0 < 0 

P
2z d , s 

Pd d  , s  1

P d d, s  1

I
1i r, ,d  s

I
4i r, ,d s 
I

2i r, ,d s   0

I
3i r, ,d s  < 0 

Table 2 
Multipliers values of the at which (13) and (14) are meet true 

Considered 
multiplier 

Multiplier values 
condition (13) condition (14)

variant 1 variant 2 variant 1 variant 2
Mz1

 
Mscn0

M sc1M d   

Mz2 M sc1
M scn0M d   

A
1,i r

sc1,i
A sc

i ,n i
A sc

i ,n i
A sc1,i

A
A

4,i r

A
2 ,i r Asc

i ,n i sc1,i
A

A
3 ,i r sc1,i

A Asc
i ,n i

P
1z d , s 

 0
Pd d, s  1

P
2z d , s 

< 0 
Pd d, s  1

I
1i r, ,d  s

< 0  0 < 0  0
I

4i r, ,d s 
I

2i r, ,d s   0

I
3i r, ,d s  < 0 

Utilizing the results presented in table 1 and 2, expression (5), 

the final expression for max ds   has the following form

d s   s 
d 

max setma x

s , U  s d, s d,  ,
d s , S d     

U d   s ,     s d, 
 (15) 

where   , 1 d U  s s ,  d U  ,  d ;s

   , 10. 5 s sd d,    ,  ; 1(ts ) id s Heavyside function;

s , d 
max A I ,i r,d s 

1

1

0

0

1

max s d ,d s
11

1

M

1 ,

if PAM- -signal is a bipolar signal;

PA - -signal is a unipola

,

if r signal; 

i

i

dd

,r d i,r,d
r iN r

d

i N r

M P I

S
n

n



 

 

 
   P     s     












 maxA 

s , d 

     

     M sc F P

     M sc F P  

,j r , d s  

jn j, 1,

10

10

jn i, 1,

0

1

sc ,r ,
1

,r d s s
1

,d d s s

PAM- -signal is a bipolar signal;

,

if 

1 1

j

n

n

j

d

j d s ,j r ,d s
j N2 r

d

,r d
r

d ,d

A F I scA F I

scM F P
U

scM F P

scA F I

n







   

  


   
  

  scA 

 



   F I

0

s
1

PAM-n -signal is a unipolar signa

,

l.  if

d

j ,r ,d
j N2 r














 



 

Finaly the equality  set setmax
d

 dt pm   using the 

expression (15) takes the form 

set ,pm  S tset d , U st et d,  tset d, set ,
d d d d d d  U t d   tset d ,       t d  ,

(16) 

where 
w

k 1
setd  w.st




kd k


1
 w

w

.end, , d k

S S
t    is greatest settling 

time for d-th channel symbol [15, 16]. 
To obtain the expression for maximum settling error estima-

tion for given time shift at which information about the transmitted 
channel symbol is retrieved for given symbol duration and number 
of symbols in information sequence let’s analyze the expression 

for d-th channel symbol settling error   dset sd t shd d
 s  in the 

absence of AWGN obtained in papers [15, 16], since the structure 
of considered FSC are the same as in the papers [15, 16] 

   
 
 

  

1

set s sh s s
1

1 sd
t , sh s

1 1 s ,
d sh s

1

i r, ,i r d, 1 sd
tsh

11

,

1

,,

d d d d d

d d

d d

d d

r

d d ,d

d d 1,d

N d

i r

td   M r r ,dP 1 s d sh t


M P

t

A I

d 



M P 





      

  


   

 s 





, (17) 
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where 
d

t1 sh  s  s   1 ,tshdd d sd d
r d, P   P d  r    s  ;

s     ,i r,d 1I ,  ;tshdd d i sd d
I d  r  

d
1 sht ss  

 sh sd d
t  is a time shift relative to the transmission start of the 

received dth channel symbol in sequence at symbol duration 


wS

s w.st w.end
1

;
d ,d k ,d k

k 

  
   [16].



Taking into account the approach for calculation combinations 
of amplitude values presented in papers [15, 16] let’s modify the 
equality (17) in the following way to obtain the expression for 

GSE  d set d t
d d  s  sh s  for considered case: 

 t 

      
        

z1

shd
s

1

1 t
d
,s sh s 1 1 sh s

1

С̂ s td dsh,

 1 s st hd s, 1  t  ,

d d

d d d d d d d

d tshd, d

d

z z1 1,d d d ,dF M P F M 
P F M P

sd  С0   sˆ


d d  1,d 

s

set sd   

        s  




  
  

  
  

  

i2
1 1 2 2

s

3

11

i r,1 1i r, d, 1  t
d

 ,s sh s r, i2 r, d,
11

Ŝ s sd dht, 0

1

i r3 3, ,i r d,
1

1 s s t hd s ,
d d d d

ds sht d, d

d d

d d

D̂

d

F A I F A I

F A I





sd 



   

 1 s , tshd s 

 
i N r iN r 

  

  
  

4

2 4 N1

s

1

i r, ,i r4 d,
1

Ŝ s sd dht, 0

d d

,ts sd dh d

d

D̂

F A I

 sd 

 1  s , tshd s   
i r N ir  

    t ,    
      

z2

1

1 s  t
d d

 , sh s 1 sh
1

   С  0 ˆС̂

s sht
d s, 1

d d d d d d

td d,s sh sd d ts shd, d

d

z z2 2,d d d , dF M P F M

P F M P d d 1,d  1

s

  s s         




(18) 

In equality (18) С̂   d dsh sds ,t     and С̂ s t  ,d dsh sd   are

used when PAM-n0-signal is a bipolar signal otherwise 

  С̂ d dsh sd  s t,  and С̂    ,ts sd dh sd  are used.

It is obvious that the structure of expression (18) repeats the 
structure of equality (10) therefore expression for 

 d  sd t sh   d max s max
d d d d s set sd t sh takes 

the following forms 

   U        
            

sd
t, hs s s s

d
t,s sh s s s

sd
 t hs, sd

t hs,


d

t s sh, ,

d d d

d d d d d d

d d d d d d
U 

ds sh,t

  

 

max sd tsh s max set sd sht s       d   d d


 S     



 (19) 

where 

tsh,     U s sh s     sU sh  s      s 1
dd d d d d d d d

,t ,ts    ; 

       1 0.5
d d sd d shd sd  s sd dh sd

 s sh,      st t ,    , t

 d d  

    P    

 s      
1

1

max r d, 1 sd
t, sh

1

1

1,d 1 sd
 t, sh

1

,s s t h s 0

1  d d  d
s , stsh

PAM-n -signal is a bipola

,

i r si lgna

1 sd
 sht , 1

,i ,r d 1 sd
 sht,

f ;

d d d d

d d i d d

d

i

d

r

d

d
r

,i r ,d

PM

P max A I

S

max A I








i N 




 s d d, s  



  s 

 





1

1

0

1

,  

if PAM-n -signal is a unipolar signal;  

d

i N r






















and  

  

  d d d     d d   

    F P   

jn j, c1,
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1

,i r ,d 1 s t , sh s s

sc s
1

0

i,r ,d 1 s sht , ,

if PAM-n -signal is a bipolar signa

1 s tshd
,

l;

j

n d d

d d

d

j N2 r

r

scA F I sA  IF

M  PF ,r d 1 s t 
d


d d

, sh s  scM

U
d

,s sht



1


d

 

  ,r d 

   s 





    M sc F P   
   

  d d  d    d d  d 
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c10

jn i, c1,

1

s

1 s t
d

 , sh s

1 1

1,d d 1  s sht s,

n d d, 1  s st h,
d d d 1  s st h,

d d d

n d d

j

d

scM F P

scM  PF s M PF

scA F I sA F I



  d d,s         
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

1

0

,

if PAM-n -signal is a unipolar signal;
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Taking into account expression (19), the results of papers [15, 

16] the equation max  d t
d  ds sh.pm sd

  p m for permissi-

ble time shift  d sh.pmd
st , given values of permissible error

 pm , symbol duration sd
  and d-th symbol in information se-

quence at the output FSC  can be formulate in the following way, 
according [16] 

d
t  sh.pm s min  ,Tsh  sd d

   (20)

whe

 

re Tsh sd  is the solution of the following equality

S
d    d    d  
d d    d   d d    s sh s  s sh s, , ,T T T s sh s pm

 Ts sh s U  , ,s s T h s s sT h s,
d d d

d
U

     

   
. (21) 

Taking into account the results of papers [15,16], the depend-
ence of effective memory for considered math model on CSD 
takes the form 

   τ  τ 

1 τs 

, i l 1,j l11
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s s
j1

max
s s

1 max1

1
max
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max11
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Here Rh is hth remainder of the majorizing series; ε is a param-

eter dependence on accuracy of resolution time estimation εres. 
Based on results obtained above in this paper and the results 

presented in papers [15, 16] the algorithm implementation for 
main system parameters estimation for considered FSC presented 
in Fig. 2-5 and algorithm implementation subroutine for 
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estimating the parameters of majorizing series ( EH  and  s
H  )

presented in Fig. 6. 
In Fig. 2-5 under := we understand the operation of variable or 

function definition 
In Fig. 2 under type and configuration of j-th of PAM-n- signal 

we are understood as: the number of discrete states nj, the type of 

SC (unipolar or biopolar signal type), the values ofMst or Asti
,

M sh or Ashi
.

In Fig. 3 under W-1( . ) we understand Lambert W function 
when branch -1 is used. 

Fig. 2. The first section of algorithm implementation of main system 
parameters estimation for considered FSC 

Fig. 3. The second section of algorithm implementation of main system 
parameters estimation for considered FSC 

In Fig. 4 under .  we understand ceil function; qc  is 

Kronecker delta 
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Fig. 4. The third section of algorithm implementation of main system 
parameters estimation for considered FSC 

In Fig. 5 the following designations are used [16]: Tsh.pm  is 

permissible time shift; Topt and  

Toptd
are optimal time shift for retrieving information about dth

channel symbol within d G  1  and d G  1 , respectively at 

which minimum GSE is achieved while   s w 1.st ; spr  is the

largest spread of optimal time shifts for retrieving information;  
SA  is the attenuation  for information signal at the output of the 
InFSC caused by the incomplete amplitude settling of the partial 

signal pulse; lbC n0  is lower bound capacity estimation;

alb C n0  is auxiliary lower bound capacity estimation.

In Fig. 6 under Min SNR  and Min SNR  p  we understand

minimum required signal-to-noise ratio in the absence / in the 
presence of the maximum feducial symbol sampler instability p 
for given BER, see expressions for them presented in papers 
[15, 16]. On practice for the considered algorithm l   30 . 

Fig. 5. The fourth section of algorithm implementation of main system 
parameters estimation for considered FSC 

Fig. 6. The fifth section of algorithm implementation of main system 
parameters estimation for considered FSC 

Conclusion 

A new phenomenological method and algorithm implementa-
tion for estimating the system parameters of a composite commu-
nication channel with memory are developed in the paper for ma-
jor case of composite frequency selective channel while both types 
of PAM-n-signals are used.   
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The channel considered in the paper consists of frequency se-
lective information channel while a multi-position amplitude-
pulse signal is transmitting, which can be either unipolar or bipo-
lar, as well as signals transmitted through interfering frequency 
selective channels. A distinctive feature of the developed method 
and algorithm implementation is that, firstly, they have polyno-
mial complexity, which is independent of the size of the channel 
alphabets of the multi-position amplitude-pulse signals. The ob-
tained method and algorithm implementation have the following 
restriction: the start time of transmission of each signal and trans-
mission rate are the same. 

Fig. 7. Algorithm implementation subroutine for estimating 
the parameters of majorizing series 
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Аннотация
В статье разработаны новый феноменологический метод и алгоритм оценки системных параметров составного канала связи с памятью
(пропускная способность при заданном значении частоты битовых ошибок, требуемое отношение сигнал/шум для реализации и т.д.).
Рассматриваемый в статье канал связи состоит из частотно-избирательного информационного канала, в котором передается
многопозиционный амплитудно-импульсный сигнал, который может быть как однополярным, так и двухполярным, мешающие частотно-
избирательные каналы по которым также передаются подобные сигналы. Полученные метод и реализующий его алгоритм для общего
случая реализации частотно-селективного канала являются развитием ранее полученных результатов в рамках теории времени разрешения
для широкополосных каналов связи. Результаты могут также представлять интерес и для специалистов, разрабатывающих системы связи на
транспорте в автомобильной и авиационных отраслях, а также в системах широкополосной проводной передачи данных. Отличительной
особенностью разработанного метода и реализующего его алгоритма является, во-первых, их полиномиальная сложность, не зависящая от
размера канальных алфавитов  многопозиционных амплитудно-импульсных сигналов. Полученный метод и алгоритм имеют следующее
ограничение: время начала передачи каждого сигнала и скорость передачи одинаковы.
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