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DATA TRANSHNISSION IR AUTOMATED NASS SERVICING SYISTEMS

Yu. M. Vinogradov, V. Ye. Khazatskiy.

We examined the specific features and described the operating
frinciples of the data transmission apparates for automated mass
servicing systess, in which infcrmation is assesbled and processed by

a cceputer.

The creation of automated mass servicing systems (ASNO) is one
cf the urgent probleas cf mcdern techrclogy. Systems of such type are
ccnstructed cn the tasis of the conmnection cf ccamunication netwvorks
of servicing places with a central storage and processing unit -
computer (VM). In the article are examined the principles of
construction of the data transasission equipsent (APD), which
acccaplishes transsission of information alcng communication lines
frcm an automatic device, installed at the subscriber, to the central

V8, which, in turn, transmits the processed information to the
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subscriber.

Sisilar systems are apprlied abroad. One of the first in 1945 wvas
the introduced system of reservaticn of seats cn the Pennsylvania
railroad (USA). The ccmmunication of subscribers with the computer
vas accomplished by leased teleqraph channels with the aid of

teletyypes.

Similar systeas MARS-101 and MARS-102 are used in Japan for seat
reservation cp rai lroad transport. The channels in these systems are
also telegrarh, formed ty means of seccndary multiplexing of

telephcne chamnels cf high-frequency radio-relay coamunication.

In Copenhagen there is a system of reservation of seats on a
ship with servicing points, located on the territory of Denmark and
FRG. The specialized telegraph equipment for this system is made by
the firm Siemens-Galske (FRG). The system Transdata-8064 of this firm
is irtended for the reservation and sale of railroad tickets both
with direct transmissicn of orders to VN and through svitchboards of
ccamunication channels. The infcrmaticn is transmitted at low speeds
(5C baud), is accumulated at an intermediate pcint and then at high

speed (1200-2400 baud) is transaitted tc Vnm.

At present in the USSR AMSO of such tyre are comstructed for
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reserving and sale of tickets on aircraft and long distance trains
(systems “Sirena-1" and "Pkspress™). Sc far cnly the return of
tickets by the Mosccw stations (for example, in 1968) comprised 1.4
c/0. The overall unmderlcadirg of trains and aircraft due to
disagreement of the wcrk of return and reservation booths and large
lcsses cf tise for the purchase of tickets reaches 2-5 os0, which
leads to econceic losses, comprising several sillions of rubles per
year. Futting the indicated systems intc service will contribute to
the elimination of the indicated deficiencies and will give a great
econosical effect duve tc increase cf the lcading of long-range
transport and substantial acceleration of the servicing of

passengers.

The development of ASNO is pcssible fcr hospitals, vhere the
distributicn of beds will be centralized, ty means of conversion to
cesmon computer. This computer will take cn the problem of accounting
calculations for service. With further growth of the level of
servicing such systess can te applied fer centralized order of
serchandise and secrvice from special pcints, equipped with equipment
fcr the transsission of inforsaticn to VN, and also for connection
with the aid ef special portable devices through the communication

netvork with diagnostic amd reference VAN,

Hierarchic structure and special scde cf operation are
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characteristic for ASNC. The subscriber at the point with the aid of
a specialized device fcr input and transmissicn of information (AD)
is ccnnected to the VM and along the communication channel transaits
the request fcr servicing, containing coded information. After
calculation and detersinaticn cf data for servicing the VM transmits
the resgcnse alcng the communication channel (enters the automatic

sukscriber device).

The APD for ASHO should economically use the channels, should
fossess sufficient quick operaticn and provide high reliability of
transesissicn. Since the character of the next interrogations and
regponses to ASMO is randcam, tten this, in turn, leads to the
requiresent cf transmission of nonuniform volumes of information both
tc VN and to the servicing foint. The block diagram of algoritha of
cperaticn cf ASMO in the interrcgation-respcnse mode is presented in

Fig. 1.
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rig. 1. Bleck diagrem of algorithas of servicing of order (AL A,.. A, -

subscribers cf ASRO): '.

1 - infut cf order to AU; 2 - interrogation of communication; 3 -

vaiting of cosmunicaticn: 4 - transmission of data to VA; S5 -
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interrogation of correction; 6 - processing of data in VN; 7 -
transsission of data tc subscriber; 8 - interrogation of correction;
€ - change cf order; 10 - refusal of order; 11 - calculation with

subscriber; 12 - shift of queue.

Key: (a) Channel is free. (t) Nc. (c) Yes. (d) Data are taken

correct. (e) Requirements of subscriber are satisfied.

As seen frcem Pig. 1, the total servicing tise 7,

10
To= z At,, (1)

I=)

where A/, - time of executicn of i operaticn of servicing algoritha.

Besides the abcve-discussed requirements, into the problem of
data transsission systes for ASMO enters mirimsization of time

parameters of the servicing algcrithm: Al Als, Aly.

In contemgory ASMO the reacticn time of the systen

T|;. & - 2‘ At, (2)

=2

should not exceed 1-4 s during cperaticn cn telephone communication
channels and 10-20 s during operation cn telegraph communication
channels, The uncertainty of reception cf inforsation should be no

vorse than 10-¢ per digit (digit -~ eight bits). The length of order
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! cr resgonse is measured from S5-6 to 256 digits. Besides the

indicated, on the device of informaticn trarssission to ASNO are

isposed rigid requirements cn tte part cf its ccst.

For transport ASHO the flovw of requests (crders of tickets) is
usvally partially determined, tut on relatively short time segments

it can be approximately descrited by Fcisscr distribution [1].

The flow cf errors in the communicaticn channel, affecting the
technical speed of transmissicr of infcrmaticn and the reliability,
as investigaticns cf recent years have shown, is nonst ationary. It is
poorly descrited by existing mathematical mcdels, in view of which
fcr calculaticn of technical speed and reliability there are used
distributicns, apprcxisating tte real data Lty means of selection of a

rusber of ccefficients.

In the State All-Unicn Central Scientific Research Institute of
Cesmplex Autcmation (TsNIIKA) for the system of reservation and sale
of airplane tickets there is develcped data transmission equipment of
tygre APD-2. This device makes it possitle tc perfora transaission
cver telephcne communication channels vith speeds 600 or 1200 baud

and over telegraph chammnels with sgeeds 50, 75, 100 and 200 baud.

The algorithm of operation of APD is identical for all speeds.

e AT MU o
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The subscriber at the servicing point EC (FPig. 2) on the keyboard of

a specialized manipulatcr gathers the inforsaticn of the order and

then feeds the request to servicing.

QLE [@@1 D

Pig. 2. Structural diagram of ASmMO: 1 - ccemsutator; 2 - concentrator.

The commutatcr questions the successive group of PO and connects the
inqui:ihg EO to the APD (API-P), which, in turn, is connected through
the concentratoer or directly to the APD-M, installed on the side of
the VA; the APD-N with the aid of the concentrator questions the
APD-P and, going into synchronisam, analyzes the code, sent by APD-P,

“I¥ the APD-P sends code GF ("ready for recepticn"), then the APD-HN is

Rd 22 L 4 .
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svitched tc another device. If the APD-P sends code GPD (“ready for
transmissicn"), then the APD-M remains connected to the APD-P until

tereination of the sessicn cf exchange.

Por the APD of ASMC there is taken the operation over
ccemunicaticn channel in the wmcde cf operaticnal half-duplex, with
which after the tramsmission of information in one direction the code
of permitting feedtack is sent over the vide-tand channel at the same
sreed in the orposite directicr, for which cosmutation of the channel
is performed. The arplicaticn cf operational half-duplex made it
fcssible tc considerably sisplify the channel-forming device and to
raise the quality of transmission due to the best use of the

frequency range of the telerhcpe channel.

With the presence of interrogaticn for servicing the APD-P sends
the code GPD, and in the next cycle after recertion from the APD-N of
the code GP - ccde "start", order informaticn and correcting digits

KP (Pig. 3, a).
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Pig. 3. Time diagrans of exchanges of signals in APD.

Key: (1) Start. (2) order inforsation. {(3) Fesponse information.

The information part, as was indicated earlier, has variable length.
Por detection of the end of ccesunicaticn fcllowing the last
informational digit there is transmitted the digit "end of

ccemunication©,

The informational part of the blcck is intrcduced into the input
mewcry cf VN - linear adapter (IA). After ctecking the received
infcrmation in the reliability raising device of APD-M and with
detection of error - GP (“incorrect®), With the correct reception of
information in VN the APD sends to the line coded cosbinations GPD

("correct™), and with detecticrn of error - GP ("incorrect”). With
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correct reception the order is processed by VA, and all this time the

APL-M sends the code GPN. After tersinaticn of crder processing the

APC-M instead of the next code GPD sends code "“start” and response
information, The respcnse is controlled by IPD-F. To the manipulator,
as to the VN, is sent the signal "correct" with sisultaneous sending
of code GPD to the line. With distcrticn of infcrmation there is sent
code GP, after which the entire block cf order or response is

repeated (rig. 3, D).

The reception and decoding of comsesand codes occur at a definite
sceent of time. In case of distortion of ccemand codes one of the

devices, being the driving (APP-F), not having received signals from

the driven device (APD-M), repeats the earlier sent command. This
ccevand is decoded in the APD-E, which also answers the earler
decoded communications, If after the transmission of information

there vwas not received signal "correct® (GPD) cr "incorrect" (GP),

ccde “start” is sent with information (Fig. 3, c¢). This makes it
rossible tc reduce the losses cn requestioning. Purther after
decoding of command codes at a certain momert cf time the normal

cperating mscde is restored.

Por raising the reliability during reception of information in \
AP there is used excess coding with the agglication of cyclic codes

(pclyncmial cf fif teenth step), revealing all the single, double and
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triple errors, and frca the errcrs of higher multiplicity ~ all the
useven., Besides, these codes reveal "packs" of adjacent errors of
multiplicity wp to 15. This makes it possible tc provide the
frcbability cf false reception of digit less than 10-¢ with the

prcbability cf distortion of sendings in the ccmmunication channel
Po‘ 103

The ccmrand codes are selected taking into account their
decoding with randca time of reception. These codes are obtained from
fseudorandcs Barker sequerces ty means cf tleir mutual modulation and
swsmaticn., They make it possible to detect all the errors, up to
four-fold inclusively. The bhigh reliability of reception of command
ccles rade it possible in APD to apply correction of single errors,
vhich raises the averace technical speed and reduces the time of

servicing.

As vas noted atove, one of the most important characteristics of
ASMO is the reacticn time of the system. Let us determine the total

average reacticn time of the systes vhen servicing one subscriber.

The reaction time of tte systes takimg intc account operation of

the ccsautater will hes

Topcx= 7:, + P;n 3)
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vhere T;‘ - average vaiting time on the ccemutator for one servicing

Fcint,
u; - average time of one session of exchange.

Tte vaiting time fcr steady-state process is detersmined:

.
’
’ a

Tou = ey L)

vhere p - mathematical expectaticn cf the square of the time of one

sessicn of exchange;
i' - protability of cosmutator being busy.

Por simsplification let us take dispersion equal to zero, then in

accordance with {2)

B = ().
Bence ¢
T = H—sy - ®)

a® is determined by fcrmala
o =dngp;, - ®

vhere )\ - average intensity of the flow of orders, entering the
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sanipulators;

n, - quantity of sanipulators, serviced by one APD-P (let us
accept that the manipulators service an identical number of

sanipulators).

Taking imto account the rate cf esfploysent of concentrator the

tise cf waiting is increased s times.
«” = ma’ @

where m= —‘ .

Here n, - quantity c¢f sanipulators, serviced by one APD-H, m -
coefficient, characterizing the econoay of the number of APD-M

devices.

p; is determined by fcraula
P;-Tm+ru+1‘lﬁn ®)

where Tpy =~ tise expended bty VN for processing the inforsatioa,

Tay = time of transmission of exchange information (i.e., basic

inforsation),
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Twp= time of correction, determined Ly requestions of code blocks

distcrted by interferences.

The general formula for reaction time cf the systeam 7,. will be

a’'m ]

Toc = [14 gy ©

Pcr calculation of the total time of tramsaission 7,, amd
correction T,, let us use the diagram cn Pig. 3 b. Prom the diagranm
ve see that with detecticn cf error in the received information the
opposite signal "incorrect"™ (GP) is transsmitted and repeated -
infcrmation block. The average length of the information block
(in bits) is:

Nu= e+ ny+ Rec+ g, (10)

vhere n. - number of digits of %"start® coade,
n, - average nusber of inforsation digits,
nxc = number of digits of code "emd ccsmunication®,

ny - number c¢f correcting digits.

Delay in the transmissiom of repeated commumication AN:

AN = Rogp + 2813,,0y, ()
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where n,, - number of digits cf inverse signal GP ("incorrect®),

Alyg = time of delay in the cosaunication channel,

v, - transaission speed, lLaud.

In order to determine the transmissiem time, let us use the
value cf the equivalent number of digits N, obttained takimg into

account the absence of limitaticns cf the number of requestionings in

direct channel

Noa= Nut-(Vu+8N)Pou +(Nut ANWP + ..o, (12)

vhere P,u - probability cf error in the information block.

Having ccnverted this erxpression, we oltain:

R PRPYCTERTIANDS T o

Ny = NataN-Pouw (13)

If the signal of the inverse channel is not understood, there is
acccaplished transsission of the "start" signal and tvo feedback .a
signals. The equivalent nuater of digits in the inverse channel N,

vill be equal to

3AN .
Ny = 1—Poy ’ (]‘) i

vhere P;_ - probability cf error in the feedtack signal.
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It is possible to accept that errcrs in direct and inverse

channels are independent, then the total nusber of equivalent digits

N, will be equal tc

N, = Ny + N,o (15)

The technical speed of transaission V; is determined froa expression
- :hz’ (16)
]
The suw of the time of transmissicn and correction will be equal to
Taa+ Tup = NV, ("

In order to deterainme N, it is necessary to calculate P, and
p

During determinatfon of the probabilities cf errors on the
ectual communicaticn channels it is possible tc use the approximation

cf the wodel cf channel [ 3), from which it follows that

Py =1 —(1 =Py, (18)

vhere P, probability of distortion of sending,

o - number of digits in a signal,

v e
""liﬂ‘ =
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a - coefficient of correction betveen errors, changing froam zero
vith isdependent errors tc 1 with completely correlated errors. With
n'-*-P,&1 the expression fcr P,, can be simplified, having written

it ip the fcrx»

Py =n"".P,. (19)

s a result wve obtain the general formula for calculatiom of
Taa+ Twop taking into account direct and inverse transasission:

(Nu + AN-N,*.P,
r..+r,,,.=2v_[ LS )

2

+ (20)

\—ng Py
Using foresulas (8), (9) and (20), it is possible to determine
the reacticn tise of the system taking into account the intensity of
the flcv of crders, degree cf ccncentration, average length of code
ccetination, speed cf trapsaission, effect cf interferences in the
ccssunicaticr channel cn the speed of transsission. The results of

calculation should be the scluticn of inrequality
rp. c{rp. €3,

vhere T,., - assigned reaction time of the systes. "

e e e
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