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Computer vs Relay: Logic diagram for a computer (right) is equivalent to the circuit diagram for a relay system (left).

SIGNALING CONCEPTS

How computers

may be applied

By W .P.Bollinger systems »By W . P . Bollinger

Vice-President, Research & Engineering

Union Switch & Signal division WABCO

The history of railroad traffic control

systems has been one of ever -in -

creasing sophistication for the purpose

of obtaining higher and higher work

capability from the railroad capital in

vestment. In applying newer technol-

ogies we are looking for increased

capability to perform more sophisti-

cated control and decision making func-

tions; a flexibility not only to take

care of the day by day operational

variations, but also the foreseeable

changes that are likely to occur in the

basic railroad configuration and oper-

ating procedures. Of course , we are

interested in getting these improve-

ments at a minimum cost.

Let us look at the areas where we

might apply computer technology to
our railroad traffic control problems.

Since a computer is basically a device

which performs logical operations, any

system which has as its primary pur

pose decision making on a logical ba

sis with inputs and outputs which can

be expressed as binary; that is, on -off

or yes-no functions, is a likely candi

date. Consider a relay logic system

for the control of switching in a classi

fication yard. Although this is a rela

tively small task for a computer when

it is combined with other tasks in a

classification yard , a computer may be

attractive. Another possibility which

has even more potential is the appli

cation of a computer to a centralized

traffic control system , particularly where

such a system involves rather sophisti

cated logic and decision making as

might be required for automatic route

selection and automatic train dispatch

ing. Both of these examples involve

a large amount of decision making

based upon a pre-determined logic

which is basically what a computer is

designed to do.
Before we get into specific appli

cations, let us first examine what a re

lay system basically does and what

the electronic (usually solid state )

equivalent of a relay system is. We

are all familiar with the use of con

ventional relays in rather complex cir

18
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cuitry to perform various degrees of B -
logical decision making. These relays

have evolved over the years into very

specialized devices for railroad appli

cations which provide a large number

of transfer points and the very high

reliability required in railroad circuit

ry. If we examine these circuits (Fig .

1), we will find that regardless of
Fig . 1: Relay operation shows multiple circuit at left. If: A or B then C . The series

the complexity of a circuit, it is basi- circuit is at the right. If: A and B then C .

cally made up of the two elements

shown here. The first is a multiple cir

cuit in which the relay contacts are

connected in parallel. This circuit does

the following : If either A or B is en

ergized we will get continuity from C .

The second basic circuit is our familiar

series circuit in which the contacts are

placed in series. For this circuit we

can state if A and B are energized

then we will get an output at C . Re

gardless of the complexity of the sys

tem , it is made up of these two basic fia
Fig . 2 : Electronic equivalent of a relay circuit. Multiple circuit at left. If : A or B

2 . Electronic

elements. then C . The series circuit is at right. If: A and B then C .

There is an exact equivalent of these

basic circuits using electronic compo

nents rather than the electro -mechan

ical relay. In today's technology this
INPUT A

is usually done with transistor circuits

rather than vacuum tubes. The cir B + -
cuits for accomplishing these basic or /

and functions are made up (Fig . 2 )

of diodes and resistors with transistor
INPUT B

amplifiers if required. If a negative

voltage is applied to either A or B ,

then an output will be obtained at C

since such a negative voltage will go

through either diode and provide a

drop across the resistor. In the second
INPUT C -

circuit the diodes are reversed and a

bias – V is provided . In this case the

bias - V provides a current through
B + -

the diodes until such time as both

diodes are biased off. Therefore in
OUTPUT

this circuit if A and B are energized

with a negative voltage, then a change Fig . 2: Circuit wilFig . 3: Circuit will provide an output at the contacts indicated if either A and B is

in output will be evident at C . From
energized simultaneously or if C alone is energized .

this it is obvious that any relay circuit

can be replaced by an equivalent

electronic circuit to build up any de- input. If we could now remember tant things: Suitable logic elements, a

gree of sophistication desired . By the what happened to its contacts and lift program the equivalent of the circuit

combination of a number of relays we the relay bodily from the position A diagram , and data storage for remem

can accomplish a certain logical func- and place it in position B , we could bering what the element did in each

tion ; and by the combination of diodes, repeat the above analysis. Again , werepeat the above analysis. Again , w position as we moved it around by

resistors, and transistors we can ac- must remember what happened to its the program . Both the program and

complish the identical function . contacts in this position . We now could the data storage basically require a

Now let us look at a concept which put it in position C and again observe memory system ; and so from a hard

is probably not quite so familiar (Fig. and remember what happened to its ware standpoint we need logic ele

3 ). We have here a rather simple cir- contacts. Likewise, if we took the same ments which are the basic and / or

cuit which will provide an output at relay and moved it to position D , with curcuits and memory which can be in a

the contacts indicated if we either the information we have remembered variety of types, the most applicable

energize A and B simultaneously or on the status of the contacts in its to railroad problems being magnetic

if we energize C by itself. Now let previous position , we could now de cores and drums. The magnetic cores

us imagine for a moment that we had termine what the relay would do in are used where high- speed operations

only one relay to carry out this logical the circuit. So we can say that if are required within the computer and

function . We could envision placing we were able to move this one logic the magnetic drum is used for mes

this relay first in the position A and element, the relay, around the circuit sage data storage where access time

observe what it did by itself in the and could remember what it did in is not quite as important. The drum

circuit. Its contacts would either be each position , we might be able to is nothing more than the familiar tape

open or closed, depending upon wheth - get by with fewer relays. recorder where the tape is now a rig

er we had input at A or did not have to do this we need three impor- id drum and the drum is of sufficient

DECEMBER 1964



Computer application may be attractive to

size that a large number of heads and

recording tracks can be obtained .

In the discussion of how we might

use a relay by rapidly moving it

around the circuit diagram , it prob

ably occurred to you that there are

at least two reasons why this is im

practical. The first is obviously the

physical difficulty of moving a relay

from one part of a circuit to another ;

and the second is that since we are

performing the operations sequentially,

the total time for completing the en

tire logic function is probably quite

high. This is because it is accomplished

serially with the relay delay time be

ing multiplied by the number of posi-

tions it must occupy. The principles

illustrated then must be accomplished

with electronics rather than relays

since the electronics can be moved

around with the aid of other elec -

tronics and its speed of response is

sufficiently high that the sequential

operation does not create an impos-

sible delay. We have now in very

simple terms described what a com -

puter does. It is nothing more than

a device which performs logical oper-

ations by taking a small amount of

fundamental logic elements and ap-

plies them in a sequential fashion by

a pre-determined program with mem -

ory to record what is accomplished

at each sequential step . :

In order to understand what hap -

pens to a system as we change it

from a relay system to an all- electronic

system utilizing a computer, let us go

through an evolution of a typical au -

tomatic route selection CTC and see

how we might replace relay systems

with electronic systems. This series

of five steps (Fig . 4 ) will show such

a progression starting with an all-relay

system and finally concluding with

an all-electronic computer system . The

basic office system can be thought of

in terms of functional blocks (top row ).

Coming from the code line we have a

code system which has been indicated

here as being " housekeeping”, which

is a term peculiar to the electronic de-

signer but is equally applicable to our

relay systems. The purpose of this func-

tional block is to take the serial pulse

code coming in from the code line

and convert it to groups of parallel

bits of information . This is equiva-

lent to the US & S 514 system and oth -

ers of similar capability. This grouping

of bits in order to be useful is then

delivered to a storage system , again

consisting of relays. Upon the comple -

tion of transmission from all field sta-

tions, we would then have stored in

these relays the entire status of the

one previously described. We can see,

then , that the introduction of an elec

tronic code system really requires a

duplication of storage in order to inter

face electronics with relays. In fact, it

has been necessary in some applica

tions to have still additional relays to

provide a transfer function from the

electronic storage to the relay storage.

Now , since as we have previously

shown , there is an equivalent elec

tronic circuitry which will perform the

basic logical functions of a relay , let

us consider what would happen ( third

row ) with the introduction of elec
Magnetic memory drum may be used to tronic logic rather than relay logic.

store data or computer instructions. Since we are now driving electronic

equipment in the logic, we can dis

field . If we are going to have automat pense with the intermediate relay stor

ic decision making, such as is required age and eliminate this redundant

for automatic route selection , we must function . At this stage of the evolution

have logic which again consists of re - it becomes apparent that intermixed

lays. In an actual system the storage systems, electronic and relay, usually

and the logic are very much inter- create redundant requirements and as

mixed with the same relay often per a result are often uneconomical. We

forming both functions. However, as previously showed how the logic fumc

will be seen later, we need to sepa- tions accomplished by electronics can

rate these two functions to evolve into be performed in another manner, name

an all-electronic system . Lastly , in ly the use of a smaller logic capability

our functional block diagram , we have which is effectively moved around

our control console which displays the the circuit on a sequential basis to

status in the field and is now the accomplish the desired result. We can

input to a reversal of this flow of in - therefore substitute (fourth row ) this

formation to send controls in the field . smaller logic with the associated mem

The logic then performs certain rou - ory for the larger logic of the previous

tine functions for the dispatcher, with example . Remembering that the mem

the non - routine decision making being ory system is nothing more than stor

accomplished by the dispatcher age, we again have redundancy

through the control console . between the memory in the computer

As the system becomes larger and and the memory in the electronic stor

more complex, the speed of the relay age. As a final step , this physical hard

system , particularly that part associ- ware utilized for electronic storage

ated with the code system house- can be eliminated (bottom row ), with

keeping, becomes limiting and it is all of the storage being accomplished

necessary to provide coding speeds that in the memory of the computer. In its

are not possible with relays. It is now final form , then , we have greatly sim

necessary (second row ) to go to anplified the system by going to an elec

electronic code system , which in prin - tronic computer over the equivalent

ciple performs the same function that system using relays.

the relay system did in the previous Let us look at what this means to

example. Just as in the relay case, the the user. First, a relay installation for

code housekeeping needs a storage a rather small traffic control system

for all of the information delivered in occupies a rather substantial amount

serial form and converted word by of space. A computer system for a

word into parallel form . Since the sys- rather large automatic route selection

tem is operating at a speed much traffic control system is much smaller .

higher than the reaction time of relays, For purposes of further understand

it is necessary that this storage being how the use of a computer would

electronic too. With the total infor- affect you as a user, let us look at

mation from the field now stored in the comparative stages we must go

the electronic storage, it is possible to through in the design and production

go directly into the rest of the system of a typical system . The first step for

via relays. However, now we must a relay system is to prepare a circuit

have a redundant storage in relay formdiagram . The equivalent of this for a

since the electronic storage cannot di- computer is to prepare a logic dia

rectly drive the relay logic. From gram . The circuit diagram actually

here on the system is identical to the shows the connections of the electrical

RAILWAY SIGNALING and COMMUNICATIONS



jutomatic train dispatching in CTC territory

elements of the relays where the log-
ic diagram shows the functional steps

thatmust be accomplished in the com -

puter. The next step is to prepare a
wire list for the relay system . This is

the information that is used by the

wiremen to actually inter-connect the

relays in the system . In a computer
system a wire list is also required ,

but it is very much smaller because

of the greatly reduced number of ele -

ments in the system . It also has the
advantage that it is not unique to the

particular application of the computer

but is identical for installations of simi-

lar capacity . The variable part of the

design starts with the preparation of

the computer program which is a state

ment in computer language of the suc-

cessive steps we wish the computer

to go through to solve our total logic

problem . When this program is com -

pleted it is put in a form which can

be digested by the computer, for ex-
ample, punched paper tape. It can

also be placed on magnetic tape,

punched card , or any other form of
computer input. The last stage in the

production of the final hardware is to

wire the relay system or to feed the

program , in this example, punched pa-
per tape, into the computer. The in -

formation from this tape is stored in

the computer memory and is equiva-

lent to the electrical inter-connection

of the relay system .

One of the principal advantages of

the computer system over relays is

its inherent flexibility . The logic that

the system performs can be changed
in a very short period of time with

the introduction of a new program

To emphasize this point, we could take

the extreme example of a railroad be-

ing completely changed so that its

track plan bore no relationship to the

previous track plan , but did have an
identical number of indicator lights,

levers, and pushbuttons. After the

appropriate re- arrangement of these
indicator lights, levers, and pushbut

tons, the only other change that would

be required to accommodate the new

track layout would be a different pro
gram in punched paper tape or similar

form fed into the machine.

Now let's take a look at compara

tive costs. A computer has the char

acteristics that in order to do anything

it requires a complete complement of

logic elements and memory. Unlike

the relay system which tends to have

a cost which is proportional to the size
of the system , the computer system

will start with a high initial cost and

will have a more modest increase in

cost with the growth of the size of

the system . The growth with size is

almost entirely made up of the cost
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Fig . 4 : How a relay system is replaced with an electronic system in automatic route selection CTC.
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Computer and Relay Characteristics

COMPUTERS RELAYS

Cost Per

Function Low - Complex Systems

Moderate - Proportional to

Size of System

Flexibility New Programming via Punched

or Magnetic Tape

Extensive Rewiring

Usually Added EquipmentO

Speed Very High - Any Anticipated
Requirement

Limited by Operating Time

T
O
T
T

Reliability Potentially High - To be Proven

for Railroads

Proven High by Experience

Maintenance Fewer Elements but Requiring

New Skills

Existing Trained Personnel

Satisfactory

--

Space

Requirements

Small Space for any Size
System

Space Proportionate to System

Size

particularly in large systems. Wemust.

of course, face the fact that few rail

roads are now manned for this type

of technology, whereas the maintain

ers are well equipped to handle relay

systems. The question , then, is one

of the increased components on the

control console proper, with practically

no increase in cost of the computer

proper which performs the logic func

tions.

We can then summarize (above)

the relative advantages and disadvan -

tages of the two approaches by look -

ing at each important feature. First,

the cost. For a computer it will be

relatively high for small uncompli-

cated systems but will be low for large

complex systems. For relays the cost

will be directly proportional to the

size of the system . The flexibility of

the computer system is very high, re-

quiring only reprogramming and the in -

troduction of this program into the com -

puter. The relay system , on the other

hand , requires extensive rewiring

and usually the addition of equip -

ment if new functions are to be per-

formed . The speed of the system is

this is not a factor, but it does become

a factor with large complex systems.

The reliability of a computer system

is very much unproven in railroad ap -

plications. Since the art is relatively

new , we do not have the benefit of

many years of experience. We can

with some confidence look to its poten -

tiality being very high in view of the

tremendous effort on reliability stimu-

lated by the aerospace industry , but

for now we must say it is not proven .

On the other hand, relays have many

years of evolutionary development be-

hind them and as a result have

reached a very high state of perfec-

tion . We also of course have the ben -

efit of many years of experience which

gives us a high degree of confidence

in their reliability . Fundamentally the

maintenance of a computer should be

easier since we have fewer elements,

regardless of whether it is applied to

computers or other systems, such as

code systems. Finally , the space re

quirements are very small for a com

puter installation of fairly good size,

whereas the relay system has a tend

ency to grow physically with its ca

pacity .

There are applications for both sys

tems. Certainly in a small system one

would only consider relays. In certain

situations the availability of trained

personnel might also give preference

to relays, but with the growing use of

electronics in railroads this at best must

be a temporary situation . On the other

hand , if we wish to have more sophis

ticated and therefore more effective

railroad control systems, the strong

trend is toward computers. RS& C

using computers and is limited by the

operating time for electro -mechanical

relays. If the system is not very large

Editor's Note: This is an abstract of the

text of a paper delivered at the Communi

cation & Signal Section , AAR, annual

meeting on Oct. 27 , 1964.
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