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operates, from the point of view of the compucer owner who wants to int

to it, Your comments as to its
. accuracy
. Treadability
. Usefulness
. completeness

are welcomed.
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M,I,T, It is directed primarily at persous reswonsibie for operation of
computers with remote {terminal) access capabilities, since intelligent
operation and planning frequently requires some understanding of the ILimi-
ations of the particular switching equipment used.

The Dataswitch, as it is known, is a Bell System model 711 step-by-
step private branch exchange which is supplied and maincained uy the New
England Telephone Company. It consists mostly of racks of ''stepping switches',
which are basically electrically operated relays which allow connection of
a single telephone line to any of the 100 (or sometimes 200) other lines.
The M,I,T, configuration is described ih table 1.

The overall view of the Dataswitch is that two kinds of telephone lines

converge on it; its function is to make appropriate interconnections among

the lines as requested by persons dialing.

dow the DataSwitch Works

Lines which are assigned 4-digit numbers are known as loops, Loops

are usually used for typewriter comnsoles and are capable of either originating
or receiving calls.
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he loop consists of a pai
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v of wires, named tip and ring, across which

the telephone trx ans itter and receiver arve placed (thus completing the loop

and giving the name) or data signals are



cnters che dacaswitch, a third wire, the supervisory or slecve iead,

the circuit to carry coatrol sizgnals. All connections within
the cxchuange are then 3-wire conncctions. Tor e vihen & phone is
off hook, the change of resistance upon closing ected by a

relay at the exchange which grounds the sleeve lead accompanying the circuit,
A special kind of line which can only receive calls is known as an

auxiliary trunk; auxiliary trunks are usually attached to computer ports,

and have auxiliary trunk numbers yhich are related in groups to the single-
digit numbers dialed to call them.
It is necessary to trace a call through the exchange in order to

understand some of the exchange's limitations. When a loop is taken
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cfi-hook in preparation for makinz a call. a stepping switch known as a
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e line which went off-hook.
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line finder goes into action, searching

When it finds the grounded sleeve lead, it stops there, thereby completing

[
[
Lro]

a three-wire connection between that line and a second stepping switch,

known as a first selector, which is paired with that line finder. When

1

this connection is complete, a dial tone is heard,
The caller now dials his first digit. The dial sends out DC pulses
corresponcing to the digit dialed, across the tip and ring leads. The succes-
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sive dial pulses cause the selector to climb up to one of the ten levels,

When the correct level is reached, the selector then scans across the ten lines

w

On a manual switchboard, the three wiras 0 to the tip, center, ard sleeve
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of the operator's phore plugs, thc center wire being the one connected to

)

the source of bell ringing current when necessarvy: thus the names.
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lug for one thot is not busy. If one is found, the selccror
stops uud cthe originatiag loop is now «.nmected to thar line. If caliling a com-
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ing a 4-digit number
(anothier loop) the line connecicd Lo wons on to a second selector switch
which will accept the second digit and repeat the process. In both cases,
it is possible that all ten outgoing lines on the level were busy {a ling
is busy if another line-finder/selector pair has previously connected to ity
this condition 1is detected by noticing‘that the sleeve lead is grounded) in
which case a busy signal will be heard by the caller.

We have so far introduced enocugh ideas to discuss grading, If a computer
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has, say, 50 ports, there will be 50 auziliary trunks from the Dataswitch
to the computer. From the above discussion it should be clear that any one
person who picks up his phone and dials a one-digit computer number will
only scan some set of 10 of the 50 auxiliary trunks, and will get & busy

1f all of that set of ten happen to be busy, even if some of the 40
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ccurrences, different line-finder/selector pairs are connected to

scan different groups of ten lines, andvin different orders. In response to
observed frequent busy signals from some line-finder/selector pairs, it is
possible to rewire them to search over auxiliary trunks which are observed

to be more lightly used. This rewiring is known as grading, 1In order to
measure frequency of busy signals, one particular computer trunk, with a counter
attached, Is placed as the tenth line on every selector,

& fundamental limitation of this arrang

* . ~

pecomes apparent: If 49 of the computer ports ar
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SUZ, one cannotbt expeel in

leﬁk& SLmu;LaquUSLy, Cne must nave

system might have to be prepaved o wocept calls on 60 toopes in o £
keep busy signals acceptably rare while approaching the 50 user o
limit, Note also that if one decides to temporarily thrortle down o,

15 users on the above system, the

to accept calls on all of its 60 trunks, since one cannot predict which

trunks will be drawn by the 15 users who are allcwed fo log in.
The discussion above has concentrared on connections betweesn loons and

single-digit computer numbers, It is also worthwhile to exnlore inter-
[=) o rh

#38 mentioned above, dialing the first digic results in & hunt for a free
second selector. There must be a puos o: sccoad selectors with some excess

in it, just as there needed to be an oversize pool of auxiliary trunks before.
Dialing the second digit causes the second selector to climb to an appropriate

level, and hunt for an unbusy line (hunting over ten again) and connect to

it. Since after dialing two digits, the
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ield of choice is now narrowed down
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to 100 possible telephone numbers, the line ceming out of the second selector

e
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If one presumes calls to originate abt random with respect to the grading
pattern, then it is quite easy to compubte the maximum aliowable locading

of the trunks for a given probability of a busy signal. The following table
indicates some sample values for 30 or more Erunks:
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C0 positions.
chen wmove the comnector to the correct
level and position in that level respectively and the conmnection is completed;

ing on the status of the sleeve lead of

Ot & osusy signal is returned, depen

the particular loop which was called.

.

+-3

2is latter connection strategy, while simple, has the implication *
that each group of 100 contiguous telephone numbers must have some number of
connectors (say 12) dedicated to it; that number (12) represents the
maximum number of simultaneous conversations which can terminate on those

100 lines. 1In particular, if a cox

(loop) number rather than a one digit (ausiliary trunk) number, it must be
presumed that one connector in that 100 line group is dedicated to serving
that computer port. If insufficient connectors are provided, or they are
incorrectly graded, busy signals at the second selector will prevent use of
that computer port,

In the discussion above, no mention was made of allocation of line-
finders. Each block of 200 contiguous loop numbers has assigned to it a
set of line-finder/selector pairs, comnected in a chain. When any oi the
200 loops goes off hook, the first free line-finder in the chain begins
scanaing over its 200 switch points looking for the off-hook loop. If another

the chain is automatically
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ioop goes off hook, the next line finde:
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triggered. The chain of line finders is comnected in a ring, and different

loops actually trigger the line-finder chain at different but fixed starting
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any individual loop tends ro always ge:

aad thus always search over the samc group of 10 auxiliary trunks when digline

v
4]

ingle digit computer number. [A more elaborate version of

arrangement not used by M, I, T, because it takes up 80 muc.. space, permits

a '"daisy-chain® arrangement in which each time a loop goes off hook it gets

the next line-finder in the chain. Thus if a busy is encountered, by

nanging uwp and redialing, one would be guaranteed to get a differeat line-

a new chance to
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locate a nomn-busy auxiliary trunk, ]

The 103E rack nounted dataser
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“his dataset is designed to be used for a computer port and intended to be connected

X

other configurations. It is connecred o an avxiliary trunk by a three wire
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in priucinpie, one Would cuveck Bhiscltorys (82 monihy oa :
stantially cheaper than extra d{acascos and computer porits (~S150/m0
350/07 and GE-643), and this approact £o the problem should be muc s
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+Y, tne current data switcch at M, 1,7, is severely limited in

UnIorcunate

pirysical space, and this consideration frequentiy becomes the controliling one.

Debuggine, Troubles, etc.

ceneral comments about how one dizgnoses (ifficulties
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in using the data switch are in order.

. If busy signals are encountered Freguent
aubers despite observed Loeding below that indicated in the
tootnote of page 4, it is probably an indication that regrading
can help, Information consisting of the caller's teleplione number
and the list of trunks observed not in use at the time the busy signal
was encountered, 1s the wmost useful input to the regradi

. If the dataswitch appears to make an incorrect connection, or a data-

set does not answer a handshake properly, an appropriate way to pro-

the second s
s o the excess o
Tootmote on page 4,

omput&r



o

.
]

LLZeNV L ILh,

=)
o

is accomplished,




3

[o8

U

~

RSN AN A
PR AVAV)

12 connectors

(o]
Ta
et

electors

-

s

[

60 line finders/lS

e oy

)
\O

-~

use

in use
in

not

use

—
o)
|

okt

™
ol

(0]
1O

=]

o

p]

ce loop numbers)

&

P
epl

ENg

nbers)

-~

to replace loop nu
and MIT P8X

D

ned

i

Ci

to Lincoln Le
CTUnKS

TTunks
4 auxiliary

2

H

iary trunks to 645/Multics

i

<O

[9p]

()

A

S.

"N
.
o
3
)

-
i

1

D numbse

by

loc

S O¥%

SR
AWIENS NS

to 709

T

UnKS

iary tr

[

£

2 auxi

~

-



