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This memo gives a brief intvoduction to the operation of the telephone
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switching equipment used for data-termi ol to computer interconnection at
M, L. T, It is directed primarily at persons responsible for cperation of
computers with remote (terminall access capabilities, since intelligen:
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operation and planning frequently requires some under standing of the limi-

tations of the particular switching

The Dataswitch, as it is known, System model 711 stepn-by-

step private branch exchange which is suppiied and wmaintained by the Xew
land Telephone.Company. It consists mostly of racks of ''stepping switches”
which are basically electrically operated relays which allow connection of
a siagle telephone line to any of the 130 (or sometimes 200) other lines.
The M, I.T, configuration is described in table 1.

The overail view of the Dataswitch is that two kinds of telephone lines
converge on it; its function is té make appropriate interconnections among

the lines as requested by persons dialing.

How the DataSwitch Works

Lines which are assigned 4-digit numbers are known as loons, Loops
are usually used for typewriter consoles and are capable of either originating

or receilving calls.

The loop comsists of a pair of wires, named tin and ring, across which
' MMM WgedoX rA—-Secles

the telephone Lranpsmirrer and receiser u:%‘%L&GGdX{LWLS completing the loop
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and giving the name) or data signals are transmitted. Where the loop
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caters the dataswitch, a third wirve, the supervis S0xy or sleave lead,
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accompanies the circuit to carry coatve . sirnals. ALl connections within
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the exchange are then 3-wire connections. Tor exampie, when a phone is zaken

Aus ¢ ,Y\_( Levyr, A vy Uiy
off Lco\,Jgapcnance of resistance wpen

A

rlocino f“L\/_\‘_l_(\o;l:x
- £ ++

relay at the exchange which grounds che sleeve lead accompanying the circuits, .
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A special kind of line which sax rr—sesacve—eatts 1S known &s an
auxiiiary trunk; auxiliary trunks are usut.ly atcached to computer DOYTS

anc have auxiliary trunk numbers which are related in groups to the single-

digit numbers dialed to call them.
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¢ 1s necessary to trace a calil through the exchange in order to
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understand some of the exchange's limitations. W-ea a ioop is
off-hook in preparation for making a call, a stepping switch known as a
line firder goes into action, sez rching for the lime which went off-hook.
When it finds the grounded sleeve lead, it stops there, thereby completing
a three-wire connection between that line and & second stepping switch,
known as a first selector, which is paired with that line finder. Waen
this connection is complete, a dial tone is heard,

The calle; now dials his fivst digit. The dial sends out DC pulses
corresponding to the digit dialed, across the tip and ring leads. The succes-
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
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On a manual switchboard, the three wires go to the tip, center, and slieeve
of the operator's phone plugs, the center wire being the one. connected to

the source of bell ringing current when necessary; thus the names,



o tnac level looking for one that 1s not busy. If one is fou
stops and the originating loop is now connected r that line

puter with a single digit number, the line coanccted to is one
auxiiiary trunks leading to a computer psorc. If catlivgz a 4-d

is busy if another line-finder/selector pair has previously co
this condition is detected by noticing that the sleeve lead i

which case a busy signal will be heard by the calier.

@ have so far introduced enough ideas to discuss grading
has, say, 50 ports, there will be 50 zuxiliary trunks from the
Lo the computer. From the above discussion it should be clear
person who picks up his phone and dials a one-digit computer n

only scan some set of 10 of the 50 auxiliary trunks, and will

appen to be busy, even if so
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some number of spares in reserve.
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LCED BUsYy signadLs accepltanly rare walle ay proeacaing the 50 user compuier
Limit, Note also that if one decides o tem worarily throttie down to, say,
.
15 users on the above system, the time-sharing system must still be prepared
Lo accept calls on all of its 60 trunks, since one cannot predict which

trunks will be drawn by the 15 usars who are allowed fo log in.
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The discussion above has concentrated on comnnections between loops end
igit computer numbers, It is also worthwhile to explore inter-

connections between two loops, requiring that a 4-digit number be dialed,

As wmentioned above, dialing the first digit
second selector. There must be a pool of second selectors with some excess
ust as there needed to be an oversize pool of auxiliary trunks before.

Dialing the second digit causes the second seiector to climb to an appropriate

over ten again) and counect to
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it, OSince after dialing two digits, tne field of choice is now narrowed dowm

to 100 possible telephone numbers, the Line coming out of the second selector
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If cne presumes calls zo originate ot r
pattera, then it is quite easy to comput i itead
of che trunks for a given probability-of a busy signal., The fOlTONlh” table
indicates some sample values for 30 or more trunks:
probability of busv sienal aliowable loading of trunks
. 0L 70%
L US 85%
L 90%
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S U Tandomness LSSy N Ll

CTipures sugzest the ovder of nagnicude of (he oy >,,1UL

’uv.‘g‘, 0 Mv(,b\ lew n bs/s-( SL?‘r’v-" M ‘5 Y”“"’""“‘ «M Vule mv“‘; S““" UA w‘”
hvvmu l(“b \-ruw-\ +lu-: Coure 5\”‘—.(5”1"" "'&""1"3 '\"’(—"‘L( > ncguden mlﬂ* P \}US-’

W% gT -Wm sml(.h'.Jdu PR AY TSR T T R




funs o a councctor, a third type of spoci hac
each of ¢he 100 possible telephone cumbers TS,

and fourth dialed digits then move the comnector ro the corrock
tevel and position in that level rec tively and the comnection is completed;
or a busy signal is returned, depending on the status of the sleeve lead of
the parcicular loop which was callad.

Tois latter connection strategy, waile simpie, has the implication”’
chat each group of 100 contiguous telephone nembers must have some reaser 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 computer port is assigned to a 4 digit
(Lloop) number rather than a one digit (auxiliary trunk) number, it must be
presumed that one coanector in that 100 line group is dedicated to serving
that computer port. If insufficient comnectors are provided, or they are

incorrectly graded,

that computer port.

In the discussion above, no meniic
finders., BEach block of 200 couc.vous 1
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locate a non-busy auxiliary truak. ]
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This dataset is designed to be used for a computer port and intended to be connecte
to an auxiliary trunk, alithough it can be usad for other purposes and in

other configurations. It is connected to an auxiliary trunk by a three wire
circuit, thus extending the supervisory {(sleeve) lead from the dato. oo

into the computer room. This lead is used to implement the 'make

option of the 103E cabinet. If one wishes o make some Line busy,
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Gf & bad computer port or a bad datase:r, it is done by grounding

iead. There are three observations o be m- e this organization.
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trung loading problem mentioned above back into the exchange. One could,

or example, use Z~digit numbers for access to computer trunks, and give the

O
o
pa
et
o
m
[
0.
oy
e}
el
[¢]
0
O
+h
s
w
jo5)
<
Fh
Fe
<
0]
[N
1
[aW
.
02
e
T
r3
9
el
W
=
4]
s
(M
o
[e]
jay

18 GUS T

ne operation of the counters s




o A"*"{ mws"\ TLYMl"""‘ Mote \M.»\_ al*(V“J(, ocCc ety p—wdls
A S A emcanded v v Xl

Ty e

DUl encounie

i

. n oorder to Luny o [
aneliing the Tagoe mwaet Lo oan G oDropoeriy
graced sccond selecrors. M\
(N"S-.TO/M )
in principlie, one would expect exira selcc:org.é~§agmﬁﬁﬁﬁptg be sibh-
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_ ' Trunks, (che_J‘thq Yaq, A and /25 Junth
stantliaily cheaper than extrahd:iasets LLowlipuber ports (~450[santhoc -
/ (o
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G e ooUfo7 end CE-0645), and this approach to the problem should be wmuch more cconomical
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Unf 71’;111‘;3.Lei,y, the current data switen &bt M, L,7T, is severeLly limited in
physical space, and this consideration frequently becomes the concroiling one.
Troubles, etc,
A few general comments about how one diagnoses difficulries euncounted
in using the data switch.are in order.
. uter
was encountered, is thewmost
Ouw 1038 dhusex;, Ao 4 *
. If the dataswitch appears to

et does not answer a handshake properly, an appropriate way to pro-
ceed is to:
the second selectors obeys the same formulas as loading of computer
the excess of second selectors required is also given by the
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on page 4,
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