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ANALYSIS OF CERTAIN STRUCTURES OF DATA TRANSMISSIGN DEVICES

R.I. Shneyder

Examined is one of the methods of increasing the tech-
nical speed of information transmission - the application
of codes with partial correction of errors.

The use of codes with partial correction of errors
(correction and detection) considerably decreases the
probability of the repeat-request. However, increased
here is the redundancy of the code, and the device is
made complicated, since the decoder for the code with
partial correction is more complex than the decoder for
the codgqgg% detection of the errors. Thus the decrease
in the operational flows by increasing the technical speed
of transmission is connected with the growth in capital
expenditures.

In a number of cases the use of codes with partial
correction of errors produces a savings.

Some of the possible structures of this kind (for
transmission of the "tape~tape" type) are examined below.

Structure of the Device with Reverse of Carrier, Zero-Address Re-~
peat-request and Code which Partially Corrects the Errors (Struc-
ture 1)

The selection of the code 1s determined by the assigned cer-

tainty and striving for the maximal increase in the nominal rate
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of transmission of the device VO (i.e., transmission rate in the
absence of errors). Here the nominal rate is limited by the rate
of operation of the input-output devices. Thus the minimal cer-
tified speed of the tape punch PL-150 is 140 characters per second.
When using the standard seven-element code, with the supplement
of each character up to oddness, the maximum transmission rate
at a modulation rate of 1200 baud consists of 150 characters per
second.

In order that the punch would succeed for the flow of the
information being received, it follows to provide the relation

= < 18 = 0,935,

where m is the number of information bit positions of the code
combination; n is the total number of bit positiaons of the com-
bination.

Let us denote %—=R

and call this quantity the coefficient of efficiency. It is
desirable to approximate maximally R to the maximum number 0.935,

which we denote Rmax'

For codes with a correction of errors possessing considerably
greater redundancy than codes with the detection of errors (at
the same certainty), the values of R, which are approximated to
Rmax’ can be obtained only with code combinations of great length.
But the decoders for such codes are constructed on the basis of
of registers with the number of cells equal to n. Therefore,
for the purpose of simplifying the device, it is expedient to de-
crease the length of the codes, and here the value of R is de-
creased. From the code with n = 341 and m = 315, which has the
minimal code distance d = 6, it is possible to turn to a shorter
code, having decreased the number of information bit positions
down to 120 (15 characters). For the obtaining of the same value
of d, it follows to take n = 146, In comparison with the initial
code, for which R = 0.925, with this code R = 0.82., It is capa-
ble of correcting errors of the multiple of 2 and detecting the
minimum 3-fold errors. Besides the 26 excess bit positions (cyc-
lic code), each character is completed up to odd parity, and,




consequently, by the checking of each character for "odd number"
it is possible additionally increase the certainty. The total
quantity of excess bit positions is equal to 41.

The probability of the error procedure of the character is
computed by formula [1]

Cfu-l n I~
200,15 F%(s+|) :

Pom,:u -

where t is the multiplicity of the correctable errors; S - the
multiplicity of the guaranteed detectable errors; o - the coef-
ficient which considers the degree of "bunching" of the errors;
Py - probability of distortion of the elementary bit position.

Let us determine the reliability for the worse conditions
of transmission, considering that pouake=10"2 and (l—a)wmaxe=0,8.
Then Powan=0,64-10-1°, which provides a very high reliability on
the poorest channels.

Let us estimate the probability of appearance in the code
combination of such an error which is not corrected but is de-
tected (i.e., the probability of repeat-request)

Poou. = P (7:—|‘)I-.-

Let us examine the structure of the device (Fig. 1). Besides
the input-output device 1 and coupling module 2, the transmitter
contains a coding device 3 and two registers 4 and 5; the re-
ceiver contains a decoder 6 and registers 7-9. Registers 7 and
8 have each 120 bit positions and the register 9, 26 bit posi-
tions. Given on the block diagram are a channel-forming device,
synchronization modules and modules of the reverse channel. The
decoder 1is similar to the one described in [2] for cyclic codes
with the majority decoding.

Let us assume that the module of information consists of
two combinations. Let us estimate the efficiency of the system.
The coefficient of the repeat-request El is the number which shows
how many times on the average one combination is transmitted and
1s determined by the expression
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where 8 1is the number'ff combinations in the module (in the given
case B = 2),

vp=A+(A+1)ap (A - number of modules being repeated together with
the distorted).

'3

@, = :ﬁ' R, here V, is the modulation rate; z - the number of
bit positions in a character; Vp - the rate of the reverse, 1In
this case V, = 1200 baud, z = 8 bits, Vp = 220 characters/s,

R = 0.82. Hence 9. = 0.62. Considering that X = 1, we get:
v W o
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Fig. 1. Structure with a zero-address repeat-request, reverse

of the carrier and code which partially corrects the errors:

1 - input-output device; 2 - coupling module; 3 - coder; 4-5 -

shift registers; 6 - decoder; 7-9 - shift registers. KEY: 1)
Transmitter; 2) Recelver.

Results of the calculation of the transmission rate are
given in Table 1.

Table 1 Rate of Information Transmission at Three States of
the Channel for Devices with Structure 1

 J—— ti”""f:"""“"' KEY: 1) Parameters;
a [ ]
2) Designation of
Pe 10-* | 5.10- 10-2 :
1—u 08 06 08 state;
Poon. 0022 | 0051 0223 3) character/s.

= 1,16 1,36 3,13
+ V, anax/cex ’) 106 905 4
I
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Structure with Automatic Request of Correction (Structure 2)

In the preceding structure, for the provision of values R

close to R it was necessary to select codes with a large

5
number of g?? positions, since with the presence and absence of
errors the code with partial correction of the errors was used.
One of the possible means of shortening the length of the code
combinations (with the appropriate decrease in the number of
bit positions of the registers) while retaining an efficiency
close to Rmax is the method of automatic request of the correct-
ing bit positions with the detection of the error. In this case
the code with the detection of the error (and, consequently, with
little redundancy) 1is constantly used. With the detection of
an error in the code combination, according to the request from
the receiver the transmitter sends the correcting bits for the
correctlion fof errors In the dlstorted comblination. This makes
it possible to increase the rate of information transmission
owing to the practically complete exclusion of the multiple re-
petitions of the same combination. Furthermore, usually the
length of the correcting part in codes with the correction of
errors (at not too large of values of d) less than the informa-
tion, in connection with which its storage in the transmitter
is simpler to accomplish than the storage of information. There-
fore, it 1is possible to exclude the reverse of the carrier with
a request of the correction. This makes it possible to make the
device mor@éimple than the device with access to the memory
and to provide a higher rate of transmission than for devices
with a reverse of the carrier. Furthermore, a device of such
type on channels of very poor quality provides considerably
greater rates of transmission than the device with access to the
memory. Let us note that in the case of the unsuccessful cor-
rection, 1in the transmitter a reverse of the carrier with re-
petition of the distorted information is carried out.

Let us select the information part of the code combination
n = 88 bits (11 characters). When R = 0.92, n = 96. The number
of correcting bit positions k = 8. Thus we take for the normal
transmission the cyclic code (96.88) with a code distance d = 4,

5
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Let us determine the probability of the error in a character.
With thls code:

Poui. 3. = —2.—11*"— P (-%)l— ’,

where k1 is the total number of redundant bit positions determined
as the sum of the correcting bit positions for the cyclic code

(k = 8) and bit positions which complete each character up to the
"odd." Since there are 11 characters, then ky = 1148 = 19,

When p, = 1072 and 1-a = 0.8

Pou. s =0,115-1075.

A simple module 1is used in the mode of error detection, i.e.,
the length of the combination coincides with the length of the
module.

For the mode of error correction, we use the code (73, 45)
with 4@ = 10, which corrects the four-fold and detecting five-fold
errors. This code has separate checks. Having shortened 1t by
one bit position (72, UU4), we obtain in the case of the correction
the composite module (two combinations). The number of redundant
hit positions k, = 28 (for each combination). Let us determine

2
the reliability which 1s provided in the error correction mode.

(2 —
o g o (3—1—",—)' + P
where P’oman 1s the probability of error in the character in the
correction mode;
Poma ~ the probability of error in the character in the
error detection mode;
n, - the number of bit positions in combination with
the correction of errors;
/= the number of characters contained in the infor-
mation part of combination with the error cor-
rection. A
Let determine the reliability with poor state of the channel

Pe=10%1—-a=08.
P =1,0-10C

Ol 3N,




Thus the probability of error on a character does not ex-
ceed 10—6

A block diagram of the device is given on Fig. 2. With the
transmission without errors, the information is successively re-
corded into the registers 3 and 4 and is issued to the communica-
tion channel. Being generated in the coder 7 are the correcting
bit positions according to the law of the code with deteetion
and the code with error correction. The former are sent to
the communication channel, supplementing each information module.
The second ones are recorded in the registers 5 and 6 (connected
in series), in which stored simultaneously are the correcting
bit positions for three modules (3X56 = 168 bit positions).

The information on reception enters into alternately re-
gisters 9 and 10, whereupon at the moment of reccrding from re-
gidter 10 into register 9 the information is brought out to the
carrier. The correctness of the reception is checked by the
decoder 8. When an error is detected, for example, in the third
module, it is stored in the register (for example, 9), after
which the next combination (fourth) is recorded into the register
10. The fifth combination is inhibited.

In the transmitter, in the process of the output of the fifth
module, the request of correcting bits for the third module is
decoded; they are sent into the channel after the fifth module.
The correcting bit positlions are recorded into register 11, after
which the processing is beguﬁ?gn the case of the successful de-
coding , the output of the third module onto the carrier. During
the transmission of the correcting bits there occurs the reverse
of the carrier onto one module. By the moment of the completion
of the output of the third module, the transmitter again sends
the fifth module. The receiver puts out the fourth module (if it
receives correctly) with the simultaneous recording of the fifth
module, and so on.

With unsuccessful correction according to the reverse chan-
nel, there 1is sent the secondary signal "incorrectly," which de-
notes the reverse of the carrier.
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Fig. 2. Structure with automatic request of correction: 1 -

input-output device; 2 - coupling module; 3-6 - shift registers;
7 - coder; 8 - decoder; 9-11 - shift registers. KEY: 1) Trans-

mitter; 2) Receiver.

The main units of the receiver are the decoder, registers

9 and 10 (88 bits each) and register 11 (56 bits). The main units
of the transmitter are the coder 7, registers 5 and 6 (similar to
registers 9 and 10 of the receiver) and registers 3 and 4 (28 bits
each). In the case of the combination of the receiver and trans-
mitter, registers 3 and 4 coincide with register 11 and registers
5 and 6 with registers 9 and 10. To determine the coefficient of
repeat-request gl, we get the expression

Pom v
sl - lo—(lr’(:)-u. L *

Poon (L+vg) . . _
I — Pobu. 2 toa.’

where tk is the transmission time of the correcting bits for the

correctlon,
w=1; v, =34 42,

where vy is the loss in time of transmission with reverse ex-
pressed 1n the number of modules.

In the given case:

ap=0,626; v2=5,5;

. 45,6 ms (time of transmission of 56 bits);

Yoy ™ 80 ms (time of transmission of 96 bits);

r = 0,58,

Thus the coefficient of repeat-request
. l+Pam.-|.58 + Pobu.-6,5
b, |—Fodn l—‘-ruﬂu. 3
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The probability of the distortion of the combination
Pou. =pon' =

The probability of detection of the uncorrected error
n l—a
P it ] -
Results of the calculation for the three states of the channel

are given in Talbe 2.

Table 2 Rate of Information Transmission with Three States of
the Channel for the Device with Structure 2

') St ‘i 0603naYeHHe COCTORHHA
a 6 | 8
Powm 0.0385 0.0786 0,32
Poon. 00146 - 0,0375 0,146
1) ’) 1,105 1225 2,64
V, anax/cex 125 112 52

KEY: 1) Parameters; 2) Designation of state; 3) character/s.

Structure with Reverse of Carrier (Structure 3)

Let us examine the characteristics of this structure in the
example of the device APD-3 developed at TsNIIKA [State All-Union
Central Scientific Research Institute of Complex Automation]

(see insert to page 56). Used in the device is a cyclic code

(40, 32) d = 4 with error detection. The module of information
consists of .six combinations (240 bits). The answer as to the
absence or presence of the distorted combinations in the module

is sent along the whole module after its reception (decoding is
conducted according to the code combinations). Deciphering of the
answer by the transmitter is accomplished in the process of re-
ception of the next module. When an errcor is detected in one of
the modules, the decoding 1s ceased after the reception of the
distorted combination. Upon completion of the reception of the
distorted module, the request for repeating is sent. The subse-
quent module is also not decoded by the receiver. Upon completion




of the tramsmission of the module following the distorted, there
is carried out the reverse of the carrier on two modules (being
conducted at this time in the channel is synchronization and
cophasing), after which again transmitted along the channel are
the earlier distorted module and the module following behind
L it. Decoding of the distorted module 1s begun after reception of
the earlier distorted combination.

The main units of the device are two recorders (50 bits each),
a coder and a decoder for codes with error detection. The proba-
bility of the error reception of the character does not exceed
10_6. '

The coefficient of efficiency for the examined device is
R = 0.8. The coefficient of the repeat-reqhest El is determined
from the expression

e
=Pyt P
where \‘p=2'09.
Qp=0:545
B =6

Poms 1s the probability of distortion of the combination;
Powi=py n'-*,n ~ the number of bit positions in the combination
(n = 40).

Results of the calculation of the transmission rate for three
states of the communication channel are given in Table 3.

Table 3 Transmission Rate of Information with Three States of
the Channel for Devices with Structure 3

‘) P— ‘i)-ounuenm cocTonnmi
| a | 6 e
Posm. 0,019 0,0455 ¢ 0,79
H 127 148 477
V, 3wnak/cex 3) 95 81 25,2

KEY: 1) Parameters; 2) Designation of states; 3) character/s.

Results of calculations of the transmission rate for the
examined structures are given in Table U4,

10
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i Table 4 Comparative Results of the Calculation of the Trans-
mission Rate for Three Structures
') NapaveTpu z) Tun crpykrype
PACDPLACACHHA
1 2 | 3
Po=10-? 106 195 9
p l—a=08
- Po=5-10-7
1—a=06 90,5 112 8l
fyell 39.4 52 25.2
l—a=08

KEY: 1) Distribution parameters; 2) Type of structure.

Let us estimate approximately in submodules of the system
"Sprectram" the additional flow of elements in the examined de-
vices 1n comparison with the simplest device, which uses the code
with error detection and reverse of the carrier (structure 3).

Results of the calculation are given below:

! @yuxunonarsuui 610K Byucro Bnpnlelﬂlm
faveex
cy;::::v»
‘ Crpyxrypa 1
Perucrpn 320 80
Konaep-aekoaep:
cyMMaTopH 16
NOTEHUHAAbLHAA NMAaMATH 8 8
MaXOpHTapHBIl opray 4 1
{ @oberaownii pacnpeseanteas 8 2
M Bcero 9]
" (L g Crpyxrypa 2
Perncrpu 232 58
1¥Koaep-aekoaep:
19 cymmartapu 10
p@noterunaabhas naMaTh . 10 7
Ma)XOpHTapHulit oprau 5 2
§oberalomnii pacnpeseanteas 8 2
W Bcero 69

KEY: 1) Functional module; 2) Number of cells; 3) Normalized num-
ber of submodules; 4) Structure 1; 5) Registers; 6) Coder-decoder;
7) adders; 8) potential memory; 9) majority organ; 10)scanning
distributor; 11) Total; 12) Structure 2; 13) Registers; 14) Coder-
decoder; 15) adders; 16) potential memory; 17) majority organ;

18) scanning distributor; 19) Total.
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} It is accepted that the cost of 2all the submodules, with
the exception of the submodules of the magnetic memory, is identi-
cal, and each submodule of the memory (60 bits) is equivalent to
four standard submodules.

In analyzing the obtained data, we arrive at the conclusion
that the structure 2, which possesses the greatest efficiency, at

- o

the same time, requires the least additional flow of elements,
and further examination of the structure 1 is inexpedient.

Let us determine now the daily duration of transmission at
which the use of the device with structure 2 is paid for instead
of the device with structure 3. In comparison let us take the
standard period of the cover of the expenditure of 3 years (~800
working days). We will consider that two transmitters operate
for one receiver. The cost of the semi-complex of the device
with structure 3 (K3) is 15,000 roubles, and the average cost of
the submodule is 20 roubles. The cost of the semi-complex of the
device with structure 2 reaches K, = 16.38 thousand roubles.

Calculations are conducted for the three states of the chan-

nel of communication as a function of the range of transmission.
The appropriate speeds V2 (for structure 2) and V3 (for structure
3) are taken from Table 4. Data on the minute-by-minute lease
fee for channels of different length are taken from [3].

The 1limit of efficiency with respect to the time of the daily
transmission for devices with structure 2 and 3 is determined from

the formula
1!5 (K! s K’)

tc o,
7 aoo(_;’.z_l)so.,.,. '

¢ - the minute cost of the lease of a telephone channel.
When {(>teyr. it is expedient to use the device with structure 2.
Results of the calculations are given in the form of graphs on
Fig. 3. It is clear from them that with an increase in the
transmission range and worsening of the state of the communica-
tion channel, the zone of expediency of the use of structure 3
is decreased.

It must be noted that on the long-distance wire telephone

communication channels there 1s observed a sharp irregularity in

12
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t frequency characteristics (amplitude and phase). This leads to
a considerable increase in the number of errors. For the compen-
sation of phase distortions, the use of the automatic correction
of the phase is necessary. However, the accurate compensation
of the irregualarity of the group delay time is sufficiently
complex. At the same time the coarse correction of the phase can
be realized more simply. The correction of error caused by the
incomplete correction of the phase characteristic of the channel
can be successfully carried out with the use of codes with par-
tial correction of the errors, since the indicated errors have
mainly an independent nature.

For purposes of unification of the equipment operating on
the telephone channels, for any distances and levels of noise,
it is expedient to use devices with automatic request of cor-

rection.
tun
80 }Lﬂ
50
Lt
A
%0
20
-
3)
«
10
I~
I

201-808 ~ GOI-QW 12012000 ;‘fn Ln
Fig. 3. Limit of efficiency with respect to time of the daily
transmission for devices with structure 2 and 3:

1 pp=107 |—a=08; 2 - p, =519,
| — awm0,6; 3~ p, == 10-9, |f--o.s i
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