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1

This invention relates to automatic accounting
systems and particularly to systems wherein rec-
ords automatically produced by and of customer
uses of given facilities over variable time periods
are processed by electrical devices in a numper
of steps to produce customer bills for the services
rendered.

Objects of the invention are to provide means
for collecting the data from various and scat-
tered sources in the records, to check, add, elim-
inate or modify recorded data thereby to ob-
* tain record entries in usable form, to calculate
the charges to be made and to translate the
records into the form required for printing. )

The present invention, as exemplified herein,
resides in a plurality of circuit details of one
of the electrical devices employed for one step
in the automatic accounting process, that de-
vice known as the computer. This device, like
the other devices employed, is arranged to take
records from an incoming or old perforated
tape, to modify the records in accordance with
the purposes for which it is adapted and to pro-
duce a plurality of outgoing or new perforated
tapes therefrom. ;

The original tape, automatically produced by
-customer use of given facilities, contains scat-
tered items of specific information, such as the
initial entry, the answer or start time and the
disconnect or termination time for each customer
use and other items of general information, such
as the general location of the using customer’s
facilities, the date, the hours and the identity
of the billing period. This tape in a specific ar-
rangement of an accounting system is employed
as an incoming tape in a device known as an
assembler, which collects or assembles the var-
ious and scattered items of specific information.

The next step in the accounting process is
‘performed in the computer which takes the as-
sembled items of specific information, calculates
therefrom elapsed time, modifies the result in
accordance with a billing index which indicates
the rate of charges, translates this result into
& number of unit charges (message units in an
automatic message accounting system) and dis-
tributes the.calculated charges along with ac-
companying details to one or another of a plural-
ity of outgoing tapes.

10

15

20

25

computer is provided with a reader for enter-
ing data from an incoming tape into its cal-
culator and registers and nineteen perforators
for distributing the processeda data to nineteen
outgoing tapes. There will be ten of such per-
forators assigned to the recording of message
unit charges. If the tape is from a marker group
serving more than one office, then as many of
these perforators as there are offices will be used
so that a separate outgoing tape for each of-
fice will be prepared. If the marker group con-
tains but a single office then the charges will
be sorted on a decimal basis either in accord-
ance with the thousands digit of the called line
number or in accordance with the units digit
thereof. There will be six of such perforators
assigned to the recording of detail calls, that is
calls, the details of which will be reported on
the customers’ bills. Since the central office
tapes are recorded by “rounds” and since the
longest round provided for will consist of six
days, then six perforators are provided so that
the detail calls may be sorted by days. There
will be one perforator assigned to the recording
of irregular calls such as straddle calls for those
occasional calls which exceed the capacity of the

- device such as those extending over a period of

35

40

45

In a specific embodiment ox' the invention the §p

‘time greater than ninety-nine minutes. There

will be one perforator assigned to the recording )
of the details of message unit calls where these
details are sought for monitoring or other pur-
poses by the customer. The customer’s bill will
nevertheless be rendered on the message unit
basis 50 that a particular message unit call will
be processed by the computer and two records
produced therefr.Qm, one in short form on one
of the regular message unit tapes for billing pur-
poses and another in longer form on the mes-
sage unit detail record tape for supervisory pur-
poses. And lastly there will be one perforator
assigned to record the line observed calls, that
is, a record made of all calls originated on cer-
tain lines put under special observation under
routine or for any special reason. :

The first seventeen output tapes including the
ten mesage unit tapes, the six detail call tapes
and the irregular call tape will contain billing
information whereas the last two, the message
unit detail call tape and the line observed ¢all
tape will contain reference information. The
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distribution of calls to these nineteen outgoing
channels is a function of the computer and in
most cases is controlled by some index in the

initial entry of each call, but may in other cases.

be controlled by extraordinary conditions derived
or detected by the computer itself, as when the
elapsed time calculated exceeds two digits (99
minutes). Thus, the computer translates, cal-
culates, computes, sorts and otherwise rearranges

the items of information found on an incoming 3

tape to form g plurality of outgoing tapes carry-
ing the thus processed information in another
form. :

By way of illustration, a number of examples
of assembled call information as they appear on
the incoming tape and as they are transformed
for perforation on one or another of the out-
going tapes is given with a short explanation of
certain features of the transformation.

(1) A message unit call entered as:

135246
131746
213046
005444

which is a call made from office 0 of the given
marker group (identified in the tape identity en-
tries) from calling line 5444, and extending from
31.7 minutes to 35.2 minutes. The billing index
(3), we will assume will cause. the calculation of
3.5 minutes of elapsed time to indicate 2 message
units, so that the computer will form and cause
to be perforated on the number 5 perforator
(thousands digit of calling line number, assuming
a single office in the given marker group) the
following output line:

125444
(2) A message unit call entered as:

135237
117537
214037
031234

which is a call from office 3 of the given marker
group (identified in the tape identity entries)
from calling line 1234 and extending from 17.%
minutes to 35.2 minutes., The billing index (4)
we will assume will cause the calculation of 18.7
minutes of elapsed time to indicate 12 message
units so that the computer will form and cause
to be perforated on the number 3 perforator
(sorted by office when the marker group con-
tains more than one office) two output lines:

201234
1000012

(3) A message unit call entered as.

101673
281021
156273
213073
005444

is one very similar to Example No. 1 except that
it also includes an hour entry. The elapsed time
is calculated as follows:

-+01.6
--60.0
—56.2
+5.4
If this in combination with the billing index in-
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dicates 3 message unit calls then the output will
be:
135444

(4) A message unit call might appear as:

101652
281899
156252
213052
005444

The second line in this case is known as an
irregular hour entry and while it does not show
the actual hour it nevertheless sets the hour
circuit back an hour so that the calculation is
identical with Example No. 3 and the output
line will be: L

135444

(5) Should a call appear as follows:

101657
281021
281020
156257
213057
005444

then the calculation of elapsed time would be as
follows:
--01.6

-+4120.0
—56.2

+65.4

Assuming that this elapsed time will indicate 27
message units, the output becomes:

235444
000027

(6) If the line 5444 of Example No. 1 were
under observation, then the input to the com-
puter would be as follows:

135246
131746
243046
005444
051133
010000

The entry index (the B digit of the first line of
the initial entry) is 4 instead of 1 as in the first
example, and two supplementary lines giving de-
tails of the called number are added. In this
case the computer forms and causes to be per-
forated on the number 5 perforator, as before, the
output line:

125444

This is billing information and will eventually be
the data from which the customer’s bill is made
up.

In addition the computer forms and causes to
be perforated on the line observation tape the
following:

105444
062511
051133
010000
000402

This is supervisory information and is not used
in forming bills but goes to company officials for
various purposes such as routine checking, or for
answering complaints, etc. The second line is
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formed by a translator from an assumed date
(15th), hour (21) and answer time (31). The
third and fourth lines are copies of the last two
lines of the assembled call and the last line has
a record of the message unit index (0), the
chargeable time (04—rounded off from 3.5) and
the number of message units charged (02).

(7) In Example No. 6 if the third line had been
233046 instead of 243046 then a message unit de-
tail call is indicated. In such case the output
line will be 125444 as before and the five-line
detail information record will be exactly the
same except that it will be perforated on the
message unit detail call (MUD) tape instead of
the line observed (LO) tape and will eventually
go to the customer for his information.

(8) A detail call read from the incoming tape
as:

135213
131713
239013
005444
051133
010000

will be processed and distributed to the -detail
call output-tape as:

105444
062511
051133
010000
000400

The first line of this output gives the calling
line number. The second line is the start time line
which 1is synthesized from the day (15), the hour
(21) and minutes (31). The third and fourth
lines are copies of the last two lines of the call
as entered and the last line shows the charge-~
able time as 04 minutes. Note the difference be-
tween this and Example No. 6 where the num-
ber of message units (02) appeared as the last
two digits of the last line. In the present case
the message billing index (9) in the third line
239013 of the entries read from the incoming tape
is & means which causes the last two digits of
the last line of the processed call perforated
on the detail call tape to be blanked out as
00. .

(9) With a very slight difference, the digit 4
instead of the digit 3 as the B (or second) digit
of the first line of the initial entry as:

135213
131713
249013
005444
051133
010000

produces the following record:

105444
062511
051133
010000
000400

which will be perforated in both the line ob-
serving output tape and the detail call tape.
There are many variations of the above de-
scribed patterns to take care of many operating
contingencies and which are not here described
in detail. One of the important circuits of the
computer but which in fact gets less use than
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others is the so-called straddle circuit for tak-
ing care of a variety of irregular calls and which
are mainly recorded so that an operator or clerk
may investigate the irregular circumstances and
prepare a bill by hand or by other means.

In general, the computer consists of a plu-
rality of registers into which both items of spe-
cific information and items of general informa-
tion may be entered, a calculator, steering means,
line forming pattern means and distributing
means. Specific details of a call are entered, the
elapsed time is calculated and this is weighted,
rounded off and converted into charges, either
chargeable time or a number of message units.

Again, generally, the first items of informa-
tion entered in the computer are the recorder
number, the hour and the day and these are
registered before any specific problem is pre-
sented for calculation and remain registered
until a complete group (for a single e¢all identity
index) of calls has been processed. During the
processing of this group the hour and the day
registrations are changed from time to time by
the occurrence of an hour entry found among
the scattered items of specific information.

The first of the specific items of information
to be registered are the two items fixing the
start and end of the customer use of the facili-
ties and from these the calculator derives the
elapsed time and transmits this to an elapsed
time register where it is held under control of
an output control circuit. Generally, the elapsed
time may be calculated and registered before the
initial entry giving other details of the customer
use can be completely registered and the output
lines formed and transmitted. To save time,
an overlapping arrangement is employed, where-
by after a calculation has been made and the
elapsed time has been transferred to the elapsed
time register but before the computer has trans-
mitted the patterned lines to an output tape,
the time element lines of the next call are entereq
in the calculator. ‘

After the complete information has been regis-
tered in the computer the output control will
cause the selection of a particular output chan-
nel and will transmit thereto the patterned
lines such as those explained hereinabove.

The circuits are complex and are characterized
by many check circuits for insuring accuracy.
It is believed that the operation of this process-
ing device can best be seen through a short de-
scription of the many novel features incorporated
therein, as follows.

A feature of the invention is a means for
checking one number against another, consisting
of a register having a plurality of denominational
orders in each of which a number may be ex-
pressed in code. The code relays are operated by
a like set of control relays and then locked so as
to express a multidigit number. When, at some
later time, the control relays are again operated
to express the same multidigit number, the con-
tact arrangement of the control relays is com-
pared with the contact arrangement of the regis-
ter relays and if the check of the one number
against the other is complete a permissive cir-
cuit is closed. The advantage of this arrange-
ment is that no time is lost in the operation of
any relay, the permissive circuit rendering it
possible to proceed in the automatic operation of
the complete device without interruption to await
the results of a test. This feature may, there-
fore, be stated as a means for comparing two

-numbers, consisting of means for presetting a
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circuit by one of said numbers and completing
the circuit by the other of said numbers so that
when and only when the two numbers do not
agree is there any interruption in the orderly
progress of circuit operation.

In the disclosed embodiment of the invention
the control relays are known as the reading
relays, those relays which respond to the circuits
established by the sensing fingers of the reader to
express in code the numbers perforated in the
tape which is being scanned. 'The code in use is
‘known as a two-out-of-five code in which five
relays, operated in pairs express the ten.digits of
the decimal system. The register relays are

similarly arranged. HEach set of code relays, how--
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ever, has g set of contacis for reading out the

digits expressed by said relays on 8 decimal basis
and this may be described as the decimal output
of the denominational order. A feature of the
invention may, therefore, be stated as the means
for completing g control circuit consisting of a
set of code relays for first operating a like set of
register code relays and for secondly connecting
the decimal output of the code.relays to the deci-
mal output of the register code relays whereby
the said control circuit will be completed through
like decimal outputs.

A feature of the invention may also be stated

~as a means for establishing a control circuit by
operating relays on the basis of one code and
examining the contacts thereof on the basis of a
different code.

Another feature of the invention is the use of
a check circuit for testing whether the code
relays have been operated in accordance with g
valid code. In accordance with the disclosed
embodiment of the invention the control or read-
ing relays as well as the register relays are ar-
ranged to register decimal digits in g two-out-of-
five code so it is necessary to know when any
set of code relays have been operated that two
and two only of such relays have been operated.
The contacts of these relays are, therefore, ar-
ranged to control a conventional validity circuit
which proves that the relays have been operated
in a valid combination. The validity circuit con-
tacts are, however, employed here for a double
purpose, that of first proving the validity of the
code and second for establishing a comparison
circuit to compare the actual number registered
in the register with a number now stored else-
where. Where a set of code relays must dis-
charge several functions it becomes a matter of
economy and necessity to arrange the output cir-
cuits to perform multiple functions, Therefore,
g feature of the invention may be expressed as
the use of a set of contacts on a set of code relays
for comparing one number to another by proving
the validity of the first in order to exhibit the
second and for then closing a part of a compari-
son circuit. :

Another feature of the invention is a means
responsive to the reading of a number, to com-~
pare such number to a number previously read
and now registered at a given location. If the
comparison shows that the numbers agree, the
circuit operations will continue without halt but
if the numbers do not agree, then the register
will be cleared and the number being read will
be placed in the register in substitution for the
number previously read. In the present device
where the accounting is performed automatically,
certain bits of general information become fac-
tors affecting the final product. Each such
factor is registered so as to be available when

8
needsd. One such factor is the number of the
recorler on which the records were originally
taker. and this becomes a factor since it identi-
fies the office designations of the calling line
numbers. Therefore, each time a section of tape
identity information passes throngh the reader
the recorder number must be ccmpared to the
number glready registered as well as being
checked against the tape identity limits set by
the operator. Since speed of operation is a fac-
tor it is necessary that these routine checks be
performed without delay. Hence, the present ar-
rangement is provided whereby the comparison
of a recorder number with the recorder number
already registered is an operation which entails
no delay, even for the operation of a relay in re-

- 8ponse to a successtul check. If the check is not
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successful, however, there is a short pause to
allow the register to be released and the new
number substituted therefor,

One of the functions of the computer circuit
is to keep track of time, for elapsed time is a
measure of the customer use of the facilities for
which he is charged. In a great majority of cases
where the customer use extends over a few min-
utes the calculation of elapsed time is a simple
subtraction of the minutes at which the use
started from the minutes at which the use was
terminated. However, this period may include
a change in hour and in some cases may even
include two or more changes in hour. Hence,
the so-called hour circuit is an important part of
the computer.

The hour circuit consists essentially of a pair of
registers, one known as the earliest hour register
and the other known as the disconnect hour reg-
ister. Hour entries on the tape are in two forms,
one of which causes the hour entry to be regis-
tered as it is read from the tape and the other of
which causes the hour entry to be reduced by a
value of one hour upon registration. An hour en-
try in the form 281103 will mean that the time 03
(3:00 o’clock a. m.) will be registered in the dis-
connect hour register without change. There-
after, when another hour entry 281003 is encoun-
tered, this will be registered in the earliest hour
register as 02, whereupon g test is made to deter-
mine that this hour entry 02 is one less in value
than the entry 03 in the disconnect hour register.
If this test is satisfactory, the registration in the
disconnect hour register is erased and that in the
earliest hour register is transferred to the discon-
nect hour register.

If a new hour entry in the form 2810XX occurs
during the computation of a charge then the en-
try in the disconnect hour register is locked and
the operation of the earliest hour register will re-
sult in the operation of one or another of a plu-
rality of so-called elapsed hour relays. These
elapsed hour relays have contacts which control
the adder circuit of the computer. Ordinarily,
the contacts of the elapsed hour zero relay are
effective but this may be changed to the elapsed
hour 1, elapsed hour 2, etc.

Another feature of the invention is a means for
registering an hour read from the tape and check-
ing it against the previously registered hour and
then under a given predetermined condition, spe-
cifically the condition established when no calcu-
lation is under way, to release the said previous
hour registration and to transfer the currently
read hour to the previous hour register.

The assembled items of information as they
come to be processed by the computer are in ma-
Jor groups and in subgroups. Each major group
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to a particular facility which has been used and

Each subgroup con-
taing the specific items of information for a call
and will ordinarily contain a disconnect time, an

9,080,900

answer time and an initial entry as the essentials

for a complete message. Such a subgroup does
not involve an hour entry and hence the hour cir-
cuit reports zero elapsed hours in the computation
of elapsed time or number of message units.

- Other subgroups of such specific items of infor-
mation may contain between the disconnect time
and the answer time one or more hour entries
and as these will read from the incoming tape,
means are employed to change the hour circuit to
report one or more elapsed hours to be entered in
the computation of elapsed time. Since the sub-
group of assembled items of specific information
is assembled in the large group pertaining to a
particular call identity index, it is plain that the
factlity so designated cannot report overlapping
calls and hence the changing hour entries will
occur and be noted within a series of calls and an
hour circuit will only be set anew when another
group of assembled items pertaining to s different
call identity index is encountered.

In accordance with the present arrangement,
therefore, during the reading and processing of a
large number of subgroups of items of informa-
tion the first hour entry to be encountered will
be the last hour entry recorded. It is usual prac-
tice to place a plurality of splice patterns in the
recorder tape and to cut the tape at 3:00 a. m.
(when it is believed that customer use of the
facilities will be the least). There will be an hour
entry at exactly 3:00 a. m, (281003). Thereafter,
and as quickly as possible, the various tapes will
be prepared by having the tape identity and splice
pattern codes perforated therein so that they may
be cut. In this tape identity series of codes there
will be an hour entry, ordinarily 03 (281103)
which in this position does not necessarily repre-
sent exactly 3:00 a. m. since it may occur, by way
of example, at 3:20 a. m. Therefore, when these
hour entries are read from the tape and registered
in the hour register of the computer the first one
(which is the last one recorded) is recorded with-
out change in order to account for customer use of
the facilities between (say) 3:20 a. m. and the
next exact hour entry, namely 3:00 a. m.  When
this next entry is read, however, after the usual
checks have been made, it is reduced by one so
that customer use thereafter will be noted-as hav-
ing occurred between 3:00 a. m. (the actual en-
try) and 2:00 a. m,, that is, at 02 hours and some
minutes.

A feature of the invention is a counting means
for entering ‘additional factors into a computa-
tion, responsive to changing hour entries only
when they are reported or read from an incoming
tape between a disconnect and an answer time
entry.

Another feature of the invention is a subtract- -

ing connector for automatically subtracting a
fixed number from a value as read from a tape in
the process of transmission to a register. In ac-
cordance with this feature each hour entry as it is
read from the tape is reduced by one as it is regis-
tered. Each such hour entry has incorporated in
it and as part thereof a signal which indicates
that the entry is to be registered as read or to be
registered as one less than read. In either case a
‘steering relay is operated which interconnects the
register leads from the reader and the register
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10
leads to the register so that such leads are corre-
spondinclyoonneceedornhmedtomreuan-
duced value.

It may happen that for some reason the re-
corder is unable to make an hour entry. In such -
& case means are provided in the recorder for

introducing an “apology” signal and the hour cir- -.

cult responds to such an entry when it is read
by reducing the value registered in the discon-
nect hour register by one to achieve the same re-
sult that would have been produced by a normal
hour entry. By way of explanation, an entry
read from the tape in the form 281103 is an hour
entry to be registered without change, in the
form 281003 is an hour entry to be diminished
by one when registered and in the form 281803
is an apology and constitutes a signal to re-
duce the value registered in the disconnect hour
register by one. In this last case the value reg-
istered in the disconnect hour register is read
from such register through the subtracting con-
nector to the earliest hour register and after the
usual checks are made is substituted in the dis-
connect hour register for the value from which
it was derived.

Another feature of the invention, therefore, is
& means for automatically reducing a registered
value. When such an operation is signalled the
value registered is transferred through a sub-
tracting connector to another register where the
reduced value is then compared to the original
registration and if it proves to have been properly
diminished it is substituted in the first register
for its original value,

There are provided in the hour circuit relays
selectively responsive to the indices 0, 1 and 8
(the D digit of the entries such as 281003 above
set forth) which control contacts in the input
circuit of the earliest hour register. The relays
responsive to the indices 0 and 8 will both shift
the pattern so that any digital value transmitted
thereto will be transmitted therefrom reduced by
1, while the relay responsive to the index 1 will
cause the transmission to be unchanged.

A feature of the invention is, therefore, a plu-
rality of relays whose contacts constitute con-
necting means to close registration circuits to a
register and which are selectively responsive to
different indices in entries being read from a tape
for changing or leaving unchanged the value of
an entry being registered.

There is a special condition in this accounting
for time which is cared for by the provision of
means of a novel nature. When a central office
recorder is made artificially busy for some main-
tenance reason, no call which has not previously '
been initiated may be recorded, but existing ealls
whose initial entry or whose initial entry and
answer time have been recorded may: be con-
tinued to completion. Therefore, a set of time
entries is made so that in the computation of the
elapsed time of a call wherein these special en-
tries occur between a disconnect and an answer
time, means are provided to detect and to enter
into the computation the number of elapsed hours
in case a regular hour entry might have occurred
in this period. The hour circuit of the computer,
therefore, includes means for comparing the last
entered hour entry with the first of the said
special make-busy hour entries and to thereafter
count the number of elapsed hours to the discon-
nect time.

Another feature of the invention is a means
for deriving a possible missing hour entry from
a serles of special emergency hour entries made
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in ‘the original records when & recorder has been
taken out of service and made artificially busy. .

It will be realized that the information from
which a customer bill is prepared consists first of
specific items of information having to do with
the disconnect time, the answer time and the
initial entry containing data identifying the ealled
number, the calling number, etc. and items of
general information such as the hour entries here-
inabove described. There will also be items of
general information identifying the date, ete.
which will occur only in the tape identity nota-
tions and which do not enter into the computa-
tions and are only used in the final preparation
of the bills.

Another function of the hour circuit is to detect
and report a change in day where the day is
only actually registered at 3:00 a. m. In accord-
ance with this arrangement the only registra-
tion of the date carried in from the tape is in
the tape identity entries and since these are made
at 3:00 a. m., the change in day or date has to
be derived from the hour entries. Hence, in ac-

- cordance with the procedure outlined above, whe}l
the hour midnight is read from the tape as 00 it
will be translated to the previous hour, that is,
23. Hence, there will be a testing interval where
23 will be registered in the earliest time register
and 00 will be registered in the disconnect time
register and this will be exactly at midnight and
hence at a change in date. Therefore, means
.simultaheously responsive to a digit 2 in the ‘qens
place of the earliest time register and a digit 0
in the tens place of the disconnect time register
will operate means to adjust the day registers.

In this day ecircuit a register is provided for
registering the date but a day entry is only read
from the incoming tape at 3:00 a. m. so that the
registration is not changed at the next midnight
hour but three hours thereafter.

Therefore, means are provided whereby the reg-
istration as read out of the day register may be
read out in two ways, that is, without change be-
tween the registration of a date, at 3:00 a. m. or
shortly thereafter and the following midnight
and alternatively as diminished by one between
midnight and the next reading of a day entry
from the incoming tape.

A feature of the invention is a translator in
the read-out circuit of a register whose function
it is to diminish the registered value by a pre-
determined amount, in this case specifically one.
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Another feature of the invention is a relay re- -

sponsive to a-signal from the hour circuit coming
at midnight and noting a change in date which
causes the date read out from the day register
to be corrected during the following period, until
the registration in such register can be changed.

It will later be noted that some special means
are provided to operate in these circumstances
for if the day already registered is 01 the change
will be to the day previous, which may be 28, 29,
30 or 31. Where the month is divided into a
number of rounds, the last round of June, by
way of example (assuming three days to the
round), will have the records for the 28th, 29th
and 30th, starting at 3:00 a. m. on June 28th and
ending at 3:00 a. m. of July the 1st. Hence
(since this record is read backwards) the first
dates registered from the tape will be 01 and this
will cover the operations for three hours so that
when the midnight combination of digits ap-
pears the date will have to be changed from 01
to 31.

Further, means are provided to detect and re-
port a change in day under extraordinary circum-
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stances. It has been set forth hereinabove that
the hour circuit includes a pair of registers, one
known as the earliest hour register and the other
known as the disconnect time register. When
an hour entry is read from the incoming tape it
is (normally) diminished by one and then regis-
tered in the earliest hour register. A check is
then made to determine that it is one less than
the hour (which has been previously) registered
in the disconnect time register, after which the
disconnect time register is cleared and the regis-
tration in the earliest hour register transferred
thereto. However, when a call is being computed
and the disconnect time has been registered in
the computer then the disconnect time register
is locked and will remain locked until the com-
putation has been completed. Now it is possible
for an extraordinary call to be encountered ex-
tending in point of time over many hours and
possibly over the midnight hour or the point
where a change in day must be registered. Since
the disconnect time register is locked so that it
cannot indicate a change in its tens digit from 2
to 1 or from 1 to 0, means are provided to note
and remember that the earliest hour register has
made such a change so that with this hour tens
change (HTC) memory relay locked in operated
position the change in day will be registered
when the earliest hour register thereafter changes
from hour 00 to hour 23,

By way of example, if a call had been termi-
nated at, let us say, 02 hours and started at 21
hours, the change in day would be noted in a
normal manner, that is, at the instant that the
earliest hour register changed from 00 to 23.
However, if the call terminated at 14 hours and
was started at 21 hours then at the midnight hour
the disconnect time register would still be set at
14 so that the normal change in the earliest time
register from 00 to 23 could not have produced
the proper combination. Therefore, although
the disconnect hour register remains set at 14
hours, the regular progression of changes in the
earliest hour register will result in the operation
of the (HTC-hour tens change) memory relay
when the hour therein changed from 10 to 09.
Therefore, the memory relay acts as substitute
for the registration that should have been made
in the disconnect time register so that when finally
the earliest time register changes from 00 to 23
the change in day will be duly noted.

A feature of the invention is, therefore, means
to detect a change in date, deriving this from a
change in hour and responsive to a particular
combination of the tens digits of the hours oc-
curring at midnight. Further, the change in date
is made responsive to a tens digit 0 in the last
hour registered and a tens digit 2 in the hour
being registered. Another feature of the inven-
tion is a memory relay for noting that the tens
digit in the last hour registered should have been
a 0 and for so reporting it even though it is not
so registered due to certain given operating
exigencies.

In the device for recording the items of in-
formation for deriving the customer charges it
may sometimes occur that an initial entry of a
call will be recorded just before a tape is cut and
the answer time and later the disconnect time
will be recorded on the beginning of a new tape.
Where the elements of a call are thus divided,
partly on one tape and partly on another, the
data for such a message is known as a straddle
and the elements are processed in a particular
manner leading to the later assembly of the sepa-
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rated elements and the proper derivation of the
charges therefrom.. Such items are sorted or
routed to a straddle tape. However, it may also
happen that the said initial entry was not fol-
lowed by an answer time entry because the called
line was busy or did not answer. It is assumed,
therefore, that if an initial entry is followed by
& number of hour entries that this represents a
“don’t answer” call, for it is extremely unlikely

that if no answer is obtained in over an hour
" that the call could be considered a valid one..
It is, therefore, treated as an abandoned call and
is discarded. - .

Now when such a single item of information is
followed by two or more hour entries, or rather

3,080,900
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in the computer circuit holding information com-

- mom to a group of calls, - /
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when, as read in the computer, two or more con-\.

secutive hour entries are followed by an initial:
entry it is assumed that this represents a don't’
answer call and does not constitute one of the
elements of a straddle call. - Hence, means are
provided in the hour circuit to count the number

. of consecutive hour entries which may occur be-
fore an isolated initia] entry and if the number
counter is two or more, the following initial entry
is discarded, and is not treated as part of a valid
or a straddle call. :

A feature of the invention is, therefore, means
to discriminate betweén a record which might
represent either a valid call which will have to be
further processed or an invalid call which will
have to be discarded. This feature consists of
means for registering certain entries made- on
the record tape subsequent to the entry in ques-
tion and for thereupon and in response to the
sald entries either routing the said entry in ques-
tion to a special new record or discarding such
entry.

In accordance with this feature an hour entry
counting means is provided which functions with-
in the computation of each charge or call. In
aormal calls the number of hours which elapse
between answer time and disconnect time be-
comes & factor in the calculation of elapsed time,
but in this special case the exact elapsed time is
of no interest other than to indicate that the call
is valid or not within the realms of probability.
Hence, the hour counting circuit is enabled and
a signal circuit is prepared which will be com-
pleted if the hour count goes to two or over,

A feature of the invention may, therefore, be
stated as the use of means for enabling the hour
counting circuit and for using the result attained
in a manner deviating from normal. A feature
of the invention may be otherwise stated as the
use of the hour ecircuit normally functioning for
the calculation of time to control a sorting oper-
ation.

It has hereinabove been set forth that the day
circuit from which the date is derived for each
call which is detatled on a customer’s bill is set
to a given date by means of a day entry within
the identity notations at the leading end of each
tape and is then corrected or changed by the
hour circuit. Since the central office tapes are
cut by rounds each of which encompasses several
days, the computer may be set to sort messages
or calls by calendar days within a round. In all
other sorting operations, the sort is made on a
basis of some one or another index number in one
of the itemized entries pertaining to the particu-
lar call at the time being processed. In accord-
ance with another feature of the invention a sort-
ing operation is controlled not by a tape notation
or entry individual to each call but by an element
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- In addition, it may be noted that a tape, said to
be for a particular round may contain the record
of & few calls for the next round. By way of
example, the fifth round of a month (where each
round encompasses three days) will include the
records for the 13th, 14th and 15th. However,
better results are obtained by cutting the central
office tape at or shortly after/3:00 a. m, and hence
this fifth round tape will also contain the records
of calls from midnight on the 15th to 3:00 a. m.
on the 16th. The hour circuit, will as hereinbe-
fore explained, signal the day circuit at midnight
so that the correct date will be reported for each
call, but since in the processing of records for
this fifth round a sorting will be made on to three
output tapes for the 13th, the 14th and the 15th,
those calls for the short period of the 16th will
be diverted to the output tape for the 15th. A
feature of the invention may then be stated as
& means in which information common to a group
of individual messages or calls is employed as a
sorting control and means for diverting messages
or calls characterized by such information and
for which no outlet channel is provided into one
of the regularly provided channels.

One of the elements of the computer is a de-
vice known as the start time line register used
to gather and store information identifying the
day, the hour and the minute at which a call
was started and which will become one of the
details of a customer charge where details of the
charges made are presented to the customer. The
information for the day is originally taken from
the input tape but may be modified by the hour

“eireuit. Such information is one of the items of

general information common to a large group of
calls. The information for the hour is taken from
the hour circuit which is set and reset from pe-
riodically occurring hour entries on the incom-
ing tape which are also items of general infor-
mation common to a large group of calls, The
information for the minute is taken from an item
of specific’ information pertaining to a particu-
lar call. All these items are two-digit numbers
and would ordinarily require six denominational
places to express. However, it only requires the
digits 0, 1, 2 and 3 to express the tens digits of
any calendar day, the digit 0, 1 and 2 to express

" the tens digits of any of the twenty-four hours

of a day and the digits 0 to 5, inclusive, to express
the tens digit of any of the sixty minutes of an
hour, and, therefore, a lesser number of combi-
nations of six digits are actually employed than
the full range of the decimal system would pro-
Hence, the three tens digits of the day,
hour and minute are combined and translated
into a two-digit code so that the original six digits
are compressed into a new code of five digits.

A feature of the invention is a translator which
will combine and translate the tens digits of three
two-digit numbers into a two-digit code and then
combine this with the three units digits of the
said three numbers to express in five digits the
combination of three two-digit numbers.

From a purely mathematical standpoint, there
are one thousand combinations of three digits,
that is, 10X 10X 10 but here are are only seventy-
two needed, that is, 3x4x6. Therefore, the
seventy-two needed combinations may be ob-

- tained by using any one of eight choices in the

(]

first place and any one of nine choices in the sec-
ond place, that is 8 x9="72.
In this exemplary embodiment of the invention,

e
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the translator will form the start time line in ac-
cordance with the following table:

set of four relays to express the 0, 1, 2 and 3 values
of the tens digits of the days and a third set of

Combi-
Combination | nation of
Line |of Day Tens| Hour Day Hour Minute
Index and Min- |Tensand{ Units Units Units
utes Tens | Minutes L
Tens
Tapg Code Digit A B o D E P
Start Time Line 0
0j0(112(3|0|1]2
1jof1{2|3|3|4]|5
. 2(0(112(3)6(|7]8
Minutes 315|6|7[8|0|1]2
Teons
415,6]7|8|3{415
5516718678
0j1i2|3(0(1]|2
Day Hour
Tens Tens

By way of example, if a call had been started
on the 15th of the month at 12:35 the start time
line would then be filled out toread 0 6 1 5 2 5.

Again from a practical standpoint, this line-
forming translation is employed in order to con-
dense scattered information into a short form to
be carried through several other processing stages
before the final charge is derived and printed.
The computer is the device which collects such
scattered items of information, performs certain
calculations and generally translates the collected
items into the order in which the charges will be
presented to the customer. Since further proc-
essing, such as various kinds of sorting must be
performed, this start time line is formed as one
of the functions of the computer.

Another feature of the invention may then be
stated as the combination in a computer of an
automatic accounting system of means for gath-
ering information of both general and specific
nature from various sources translating such in-
formation into a coded form and forming a new
item of specific information for each customer
charge. Still another feature is a translator
which will produce a code from partially trans-
lated and from partially untranslated informa-
tion gathered from a plurality of sources.

Still another feature of the invention may be
stated as a register for receiving and storing a
representation of a plurality of two-digit num-
bers having fewer denominational orders than
the tota] number of digits in said numbers. For
setting said register there are employed a set of
relays for each said number selectively responsive
to the tens digits thereof, the relays of a first and gy
a third of said sets of relays controlling a circuit
network to fill a second denominational order
(the first denominational order is reserved for
control purposes) of said register and the relays
of a second and third of said sets of relays con- g5
trolling another circuit network to fill a third
denominational order of said registers. The
fourth, fifth and sixth denominational orders of
said register are then filled with the units digits
(without alteration) of the first, second and third 79
of said numbers, respectively.

A general embodiment of this invention is one
in which three sets of relays are employed, one
set of six relays to express the 0, 1,2, 3,4 and 5
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values of the tens digit of the minutes, another 75.

three relays to express the 0, 1 and 2 values of the
tens digits of the hours.

In a specific embodiment of the invention dis-
closed herein, only the first of these sets of relays
(the minutes tens) are used and indications taken
from the day and hour registers are extended
through the contacts of the MT (minutes tens)
relays, thus saving a certain number of relays and
circuit wiring.

A feature of the invention may then be stated
to be a translator using a single set of relays for
selectively setting up a coordinate circuit in one
direction and temporarily employing indications
from other apparatus functioning independently
for g different purpose for completing this coordi-
nate circuit in another direction.

Another arrangement incorporated in the de-
vice of the present invention is a so-called gate,
One of the elements of the computer is a reader
which is operated at constant speed by a motor.
On the constantly rotating shaft of the reader a
plurality of circuit closing cams are mounted so
that means are provided for periodically closing
contacts for producing a train of pulses each of
which will be of precisely the same duration.
Now, where a sequence of dependent operations
must occur within one of these pulses, any delay
in the early operations will starve the later ones
and hence a gate is provided which may be shut
to prevent even the start of the later operations
if the earlier operations have not reached a given
stage of completion within a given time. A fea-
ture of the invention may, therefore, be stated
as a means associated with apparatus normally
arranged to perform a series of operations which
in the aggregate must be performed within a
strictly defined time limit for preventing certain
of the last operations in the said series, the said
means being responsive to the lapse of more than
a given time interval for certain of the first oper-
ations in the said series.

In g specific embodiment of the above feature
a check circuit is employed to test the legitimacy
of each line read by the reader, that is, to make
certain that neither more nor less than the
proper number of perforations have been sensed
in the reading of a line. An error of this nature
may arise either from the failure of a sensing
pin to move through a perforation in the tape or
irom one or more pins moving through illegiti~
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mate perforations possibly caused by wear. In
any case if the check for legitimacy fails a check
relay will fail and in that case a gate relay will be
allowed to operate to stop further operations
within this given and precise time interval. The
gate relay is included in a circult at the start of
the interval and is precisely timed in its opera-
tion. The check relay opens the circuit of the
gate relay so that in norma] operations the gate
relay never succeeds in operating, but in faulty
operations where the check relay fails, then the
gate relay is allowed to continue to full operation
to perform its assigned function.

Another feature of the invention is a means for
stopping the processing of calls at a convenient
point without bringing .in an alarm and with
means to dispose of any calls remaining in the
computer circuit due to overlap. Where for some
one or-another reason it is desired to stop the
operation of the computer and where it would
require extreme agility, even if it were actually
possible, for an operator to stop the operations at
a convenient point manually, means are provided
so that when a release key is operated at random

the operations will continue until such a con-

venlent point has been reached. By way of ex-
ample, such a convenient point may be (1) at the
end of reading and in some cases perforating the
tape identity information, (2) at the end of all
calls for a given call identity index for one day,
or (3) at the end of a splice pattern. This con-
venient point is automatically determined in var-
jous ways, one by way of example, when a skip
splice code (286XXX) is read from an incoming
tape by the reader.

A feature of the invention may, therefore, be
stated as means for stopping the operation of
the computer depending on first, a manual oper-
ation constituting a preliminary signal and sec-
ond, on the first subsequent occurrence of an
automatic signal coming from certain prede-
termined conditions occasionally encountered in
the normal operation of the computer.

Another feature of the invention is a means for
continuing the operation of the computer in an
attempt to complete a computation after the
ocourrence of an unstandard condition normally
leading to the establishment of an alarm. Where,
for instance, a fuse has blown, this will result in
the stoppage of operations and the bringing in of
an alarm. However, the particular fuse blown
might not interfere with the completion of the
particular operation being carried out, so means
are provided to defer the stoppage of operations
and the bringing in of an alarm until a signal
has been received which indicates that the com-
puter has been cleared. This feature may he
stated as a means for postponing a shutdown and
an alarm in case of an unstandard condition pro-
viding the circuits and apparatus in use remain
operative,

Another feature of the invention is a means for
checking that if one of a group of entries (record-
er, hour and day) is received, then all must be
received (in a specific order) or an alarm is
sounded and an indication of the particular one
which s missing is given. The identification of
the recorder on which the central office tape was
made, and the hour and the day at which the

start was made is included in the data perforated 7

at the trailing end of the centra] office tape
(which becomes the leading end of the tape in-
coming to the assembler) and since two sorts on
& decimal basis are made, the composite tape
from the assembler used as the incoming tape
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for the computer contains one hundred repeti-
tions of the recorder, hour and day entries, each
preceding the group of calls made under & par-
ticular call identity index. In the operation of
the computer then, before the calculations for
any one call are made, the recorder number, the
hour and the day are registered in the computer
as information common to a plurality of calls and
the registration is maintained (subject to modi-
fication as intermediate hour entries are re-
ceived) until that whole group of calls (all hav-
ing the same call {dentity index) has been proc-
essed. Thereafter, the registers of the computer
are cleared and similar information for the next
group of calls is entered. Since this information
is essentlal, it is important to know that all such
entries into the computer registers have been
made. Hence, a circuit arrangement is provided
which will bring in an alarm if any one of the
three entries is not made and an indication of
the failure will be given. -

A feature of the invention, therefore, may be

- stated to be a sequentially operated checking

25

30

35

means for checking a plurality of entries as they
are read off an incoming tape with means re-
sponsive to failure to read any one of such en-
tries to bring in an alarm and an indication of
which of such entries is missing,

In association. with the above feature a means
is provided for registering g fictitious number in
the corresponding recister of the computer so
that the computations can be continued. By way
of example, if the day entry is missing then a
fictitious day 00 is entered in the day register and
this fictitious date may be carried over into the

* final bill but does not affect the validity or ac-
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curacy of the charges. In the same manner, if
the recorder number fails to be recorded, a ficti-
tious number 20 is entered (recorders are ususlly
numbered 00 to 19 and 40 to 59) which is trans-
lated to U (for unknown) if-and when a record
is made on a straddle tape. Again, in this case .
the fictitious number would not affect the validity
or accuracy of the charges computed. Lastly, if
the hour proved to be missing then the fictitious
hour 25 would be entered in which case any calls
for which details are reported and which pass
through the computer prior to the entry of a
regular hour entry would be reported as having
occurred at a fictitious hour but again the
validity or accuracy of the charges would not be
affected. Thus, means are provided for manually
entering fictitious information in the computer
‘when a stoppage occurs which will cause the com-
puter to continue its operations without in any

"way marring the accuracy of the charges made

for presentation of any customer.

A feature of the invention may then be stated
as & means responsive to an alarm brought in
through missing information for supplying ficti-
tious information for enabling the computer to
continue operations.

Another feature of the invention is a guard
cireuit used in conjunction with the various
manual control keys. There is a plurality of keys
one for each of the registers of the computer by
which such register may be connected to a com-
mon set of display lamps so that the setting of -
the register at any instant may be inspected. It
will be obvious that if under ordinary cireum--
stances two of such keys were simultaneously op-
erated that communication between the two reg-
isters might be established and as a consequence
the registration in one or both of the registers
might be altered and thus the validity of the
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computations nullified. It is essentla] that the
connection of the common display lamps to any
register shall not interfere in any way with the
register. Therefore, the -connector relays con-
trolled by these keys are placed in a one and one
only circuit, that is, a connecting relay will re-
spond to the operation of its key when its key is
the only one at the time which is operated. 1If
while one key is operated another is thrown,
then the connecting relay for the first will release
“and the connecting relay for the other will not
operate. If, thereafter, the first key is released
then the connecting relay for the other will be
operated. In order to prevent an overlap through
the rapid release of the first key, and the imme-
diate operation of the second key, a guard relay
is provided to control the operation of the second
connecting relay. This so-called lamp control
relay must operate momentarily to provide an
operating path for the second connecting relay
but it (the lamp control relay) cannot operate
until (1) only a single key is operated and (2) all
‘the connecting relays are found to be non-oper-
ated. When, therefore, the first connecting relay
.releases, due to the release of its key, the down-
check circuit through the connecting relays will
be closed and the lamp control relay will operate
to close the circuit for the second connecting re-
lay. This connecting relay now opens the circuit
for the lamp control relay and establishes a lock-
ing circuit to its key through a normal contact
of the lamp confrol relay. ‘Thus it will be seen
that the lamp control relay insures the connec-

tion of but a single register at a time to the com-~

mon lamps so that no interconnection of the reg-
isters can take place.

A feature of the invention may then be stated
as & trunk common to a plurality of circuits, a
connecting relay for each said circuit for con-
necting the said circuit to said common trunk, a
key for each said circuit for operating a corre-
sponding connecting relay and a common relay
responsive to the operation of one and one only
of said keys and the complete release of said con-
necting relays for closing an operating path from
an operated one of said keys to its corresponding
connecting relay. Stated otherwise, a feature
of the invention is a lamp control relay acting as
a guard to prevent more than a single circuit from
being connected to a common trunk at a time.

Another feature of the invention is a means
for routing a checking path in one direction for
normal operations and in the opposite direction
for certain special operations. In each of the
accounting devices of an automatic accounting
system the data to be processed is recorded on a
tape in the form of six-digit coded numbers. At
each end of a tape there is recorded certain com-
mon or general information including the num-
bers known as the tape identity information,
which is contained in the last three digital places
of several lines. The first three digital places of
these lines are coded and must be read in a spe-
cific order to satisfy the checking means that all
the tape identity information has been entered.
Under normal procedure a circuit is traced first
through the contacts of the reading relays of the
first digital place, then the second and so on until
the continuity is completed through such con-
tacts of all the digital places in turn. However,
in tape identity reading only the three first places
are of interest for this part of the check and,
therefore, means are provided to trace the circuit
backwards beginning at the end of the third
digital place and tracing forwardly to the begin-
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ning. In this way there is no chance of confu-
sion due to the various operations of the reading
relays of the last three digital places. A relay
(TIE—tape identification ended) which controls
these forward and backward paths switches from
one to the other way and serves as a satisfaction
signal when the tape identity checking has been
completed.

A feature of the invention may, therefore, be
stated as a control means responsive to a satis-
factory check of one type of information read
from a tape to switch a reading path from one
direction starting with the last digit of an infor-
mational code and ending with the first digit
thereof to another direction starting with the
first digit of an informational code and extend-
ing in the direction in which such code is nor-
mally read. )

Other features will appear hereinafter.

The drawings consist of one hundred and
elghty-six sheets having two hundred figures as
follows: .

Fig. 1 is a perspective view of the racks and
cabinets in which the device of the present in-
vention is housed and is intended to give a gen-
eral view of the device; )

Fig. 2 is a highly schematic showing of the
basie switching circuit employed herein:

Fig. 3 is a block diagram showing how Pigs. 4
to 13, inclusive, may be placed to form a more
detailed but yet a schematic-like use of the ele-
ments of the present invention and in which:

Fig. 4 shows the reader and the reading relays
by which the input tape is scanned;

Fig. 5 indicates the location in the circuit ar-
rangement of the reader line count means, the
reading relay translator and the control circuits;

Fig. 6 shows a number of register connectors
and indicates the disconnect time register;

Fig. 7 likewise shows a number of register con-
nectors and indicates the answer time register
and the recorder register; ’

Fig. 8 shows the calling number register, the
area and called office register, the called number
register, the billing index register and the day
and junctor register and decimal translator;

Fig. 9 shows the call type translator, the day
register, the time release register, the day regis-
ter translator, the straddle output register, the
start time line register, the earlier hour register,
the hour transfer check connector, the disconnect
register, the disconnect day register, the start
time line register connector and the time pattern
register;

Fig. 10 shows the adder, that part of the com-
puter which performs the mathematical func-
tions thereof;

Fig. 11 shows the output class register, the sort
class connector, the entry spread progress cir~
cuit, the office assignment pattern connector, the
set~up switches and the line pattern connector
for the end of tape perforation;

Fig. 12 shows the chargeable time register, the
chargeable time translator, the message units
register, the message units formula device, the |
message units formula connector and the line
pattern connector for call entries; and

Fig. 13 shows the elapsed time translator, the
day sort control, the perforator register, the per-
forator control, part of the line pattern connector
for call entries, the check circuit therefor and
indicates two of a plurality of perforator con-
nectors and the associated perforators;

Fig. 14 is a block diagram showing how Figs. 15,
16 and 17 may be arranged and which when so0
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arranged comprise a block diagram showing how
Figs. 18 to 159 may be placed to form a complete
circuit diagram of the device of the present in-
vention in which the varlous blocks of the dia-
gram contain both the figure number and a cap-
tion generally indicating the ecircuits shown
therein;
Fig. 18 shows the motor control circuits;

Fig. 19 shows the reader step check circuit and

the reader step control circuit;

Pig. 20 shows the reader and the reader con-
nector by which the reading contacts of the read-
er are connected to the reading relays;

Figs. 21 and 22 together show the details of the
reader; ) :

Fig. 23 is a time chart showing the sequence
and intervals during which the various reader
contacts are closed; o

Fig. 24 shows the skip splice control;

Fig. 25 shows the tape identity reading progress
circuit;

Fig. 26 shows the billing index translator, the
message unit formula connector, the message unit
formula device and the marker group selecting
relays;

Pig. 27 shows the office assignment pattern con-
nector;

Pigs. 28 and 29 together show the lamps and
the keys used for control and inspection of the
computer;

Fig. 30 shows the off-normal and start means;

Fig. 31 shows the A and B digit reading relays;

Pig. 32 shows the C and D digit reading relays
and the reading relay translator;

Fig. 33 shows the E and F digit reading relays;

Fig. 34 shows the reader line count circuit;

Fig. 35 shows the window splice perforator con-
trol and the splice pattern timing;

Fig. 36 shows the tape end perforate control
and the tape identity perforat: control;

Fig. 37 shows the lamp indics.tion translator;

Fig. 38 shows the decimal lap»n connector;

Fig. 39 shows the timine catries lamp con-
nector;

Fig. 40 shows the reader and maintenance lamp
connector and the adder output lamp connector;

Pigs. 41 and 42 show the output class registers;

Pig. 43 shows the perforator line count circuit;

Fig. 44 shows the recorder register connector;

Fig. 45 shows the recorder register and the re-
corder register compare and control means;

Fig. 46 shows the initial entry register con-
nector; :

Fig. 47 shows the timing entries register con-
nector; )

Fig. 48 shows the day register connector and the
call identity index check connector;

Pig. 49 shows the hour register connector;

Figs. 50 and 51 show the day register trans-
lators;

Fig. 52 shows the day sort control;

.Pig. 563 shows the lamp connector and control
and the timing entries lamp connector;

Fig. 54 shows the adder output lamp connector
actually part of and closely associated with the
figure just above this Fig. 54;

Fig. 55 shows the start time line register con-
nector; : :

Pig. 56 shows the call type translator; .

Pigs. 57 and 58 show the output class registers;

Figs. 59 ..ad 60 show the perforator hold chec
and perforator control circuits; -

Pigs. 61 and 62 show the recorder registers;

Figs. 63 and 64 show the earlier hour registers;

Pig. 65 shows the disconnect hour register;
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Fig. 66 shows the day register; )

Fig. 67 shows the disconnect time tens trans-
lator and the timing entry translator;

Fig. 68 shows the disconnect time register;

Fig. 69 shows the disconnect day register;

Fig. 70 shows the answer time tens translator
and part of the timing entry translator;

Fig. 71 shows the time pattern register:

Fig. 72 shows the start time line register;

Fig. 73 shows the answer time register:

Fig. 74 shows the input class register;

PFig. 75 shows the call identity index register;

Fig. 76 shows the message unit perforator
register and the billing index register:

Fig. 77 shows part of the message unit perfo-
rator register;

Pig. 78 shows the timing release register, the
calling number register and the decimal trans-
lator therefor;

Figs. 79 and 80 show the.calling number regis-
ter and the decimal translators therefor;

Figs. 81 and 82 show the area and called office
registers; .

Figs. 83 and 84 show the called number
registers;

Fig. 85 shows the message unit register:

Figs. 86 and 87 show the straddle input regis-
ters;

Figs. 88 to 91, inclusive, show the straddle out-
rut registers;

Fig. 92 shows the chargeable time register and
the chargeable time register translator;

Pig. 93 shows the tape section register;

Fig. 94 shows the day register control;

Fig. 95 shows the alarm, the alarm timing and
the fuse panel;

Fig. 96 shows the hour transfer and check
connector;

Pigs. 97 and 98 show the hour tens adder relays;

Figs. 99 to 104, inclusive, show the adder relays
and in which: i

Figs. 99 and 100 show the adder relays for the
tens;

Figs. 101 and 102 show the adder relays for the
units; and .

Figs. 103 and 104 show the adder relays for
the tenths;

Figs. 105 and 106 show the line pattern con-
nectors, the end of tape and window patterns;

Figs. 107 and 108 show the line pattern con-
nector for call entries; .

Fig. 109 shows the perforating magnet check
for the A and B digits;

Fig. 110 shows the perforator connector for
the A and B digits;

Figs. 111 and 112 show the computer connector
and control;

Fig. 113 shows the timing entries register lock-
ing circuits;

Fig. 114 shows the call entry register control;

Figs. 115 and 116 show the straddie input
registers;

Figs. 117 and 118 show the straddle register
controls; o

Figs. 119 and 120 show the straddle output
registers; '

Fig. 121 shows the hour counting means;

Figs, 122 and 123 show the hour register
controls;

Figs. 124 and 125 show the elapsed time tens
round-off translator; .

Figs. 126 and 127 show the elapsed time units
round-off translator;

Pigs. 128 and 129 show the elapsed time tenths
round-off translator;
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Pigs. 130 and 131 show the line pattern con-
nectors, the end of tape and window patterns;

Figs. 132 and 133 show the line pattern con-
nector for call entries;

Fig. 134 shows the perforator magnet check
circuit for the C and D digits;

Fig. 135 shows the perforator connector for
the C and D digits;

Figs. 136 and 137 show the call entry register
controls; .

Fig. 138 shows the straddle input register;

Figs. 139 and 140 show the output start circuits;

Figs. 141, 142 and 143 show the set-up switches;

Pig. 144 shows the sort class connector;

Figs. 145, 146 and 147 show the entry spread
progress circuit; »

Figs. 148 and 149 show the line pattern con-
nector, the end of tape and window patterns;

Figs. 150 and 151 show the line pattern con-
nector for call entries;

Fig. 152 shows the perforator magnet check
circuit for the E and F digits;

Fig. 153 shows the perforator connector for
the E and P digits; :

Figs. 154, 155 and 156 show certain of the set-
up switches;

Fig. 157 shows the entry spread progress con-
trol;

Figs. 158 and 159 show the perforators and the
advance check circuit in which Fig. 158 shows

b

10

15

20

25

30

perforators 0 to 8 and Fig. 159 shows perfo-

retors 9 to 19;

PFig. 160 is a block diagram showing the ar-
rangement of Figs. 161, 162 and 163;

Figs. 161, 162 and 163 form a schematic circuit
diagram through which Features 1, 3 and ¢ may
be explained;

Fig. 164 is a block diagram showing the ar-
rangement of Figs. 165 and 166; .

Figs. 1656 and 166 form a schematic circuit
diagram by means of which Feature 2 may be
explained; '

Fig. 167 is a block diagram showing the ar-
rangement of Figs. 168 to 172, inclusive;

Pigs. 168, 169, 170, 171 and 172 form a sche-
matic circuit diagram by means of which Fea-
tures 5, 6, 7 and 9 may be explained;

Fig. 173 is a block diagram showing the ar-
rangement of Figs. 174 to 176;

Figs. 174 to 176 comprise a schematic circuit
diagram by means of which Feature 8 may be
explained;

Fig. 177 Is a schematic circuit diagram by
means of which Feature 10 may be explained;

PFig. 178 is a block diagram of the arrange-
ment of Pigs. 179 to 181;

Figs. 179 to 181 comprise a schematic circuit
diagram by means of which Feature 11 may
be explained;

Fig. 182 is a block diagram showing the ar-
rangement of Figs. 184 to 187, inclusive;

Fig. 183 is a highly schematic circuit diagram
showing the basie translation circuit;

Figs. 184 to 187, inclusive, form g schematic
circuit diagram in more detail than Fig. 183
and by means of which Feature 12 may be ex-
plained; :

Fig. 188 is a schematic circuit diagram by
means of which Feature 13 may be explained:

Fig. 189 is a schematic circuit diagram by means 7

of which Feature 14 may be explained;
Fig. 190 is a schematic circuit diagram by
means of which Feature 15 may be explained;
Fig. 191 is a block diagram showing the ar-
rangement of Figs. 192 and 193;
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Figs. 192 and 193 comprise a schematic cir-
cuit diagram by means of which Feature 18
may be explained; :

Fig. 194 is a block diagram showing the ar-
rangement of Figs. 195 to 199, inclusive;

Figs. 195 to 199, inclusive, form a schematic
eircuit diagram by means of which Feature 17
may be explained; and )

Pig. 200 is a schematic circuit diagram by
means of which Feature 18 may be explained.

In the following description the various relays
are designated by both letters and numerals
which have come to have certain significance
v0 persons familiar with the technical details
of the disclosed arrangements. By way of ex-
ample, the reading relays are known as the A0,
Al and A2 relays for the first group thereof
used to register the A digit of the six-digit line
used in the automatic accounting system tapes.
In the present case, there are three relays in
the first or A set and five relays such as the'
B0, Bl, B2, B4 and BT relays in each of the
remaining flve sets. In a great many cases a
relay will have only such an alphabetic designa-~
tion but in other cases it will have in addition
8 numerical designation which always consists
of the figure number. plus two other digits,
whereby the location of a piece of apparatus
can be at once found by turning to the cor-
responding figure number. Where conductors
are designated by numerals in addition to the
usual alphabetic designation thereof the number
used will be a combination including the figure
number wherein the conductor is first picked
up in the tracing of a circuit and this number
will be retained even though the conductors ex-
tend through another large number of circuits.
Another convention used herein for the sake of
clarity is a numbering scheme for the cables
or bundles of conductors which must be carried
over long distances. This is the use of a hy-
phenated number such as 29-118 indicating that
this cable or bundle of conductors extends be-
tween Fig. 29 and Fig. 118.

For obvious purposes, in certain cases, con-
ductors will bear the same alphabetic designa-
tion as other apparatus. This is not to be taken
as a duplication of the designation but will be
readily understood that such a conductor bears
an intimate relation to the other piece of ap-
paratus.

Similar logical means for designating various
elements of the circuits will be found in the
drawings and are used as an aid to the clear
understanding of the present arrangement.

The exemplified embodiment of the present
invention, as disclosed herein, comprises ap-
paratus mounted in practice in or upon a cabinet
or cabinets, a control panel, and a relay rack
of the general nature illustrated in Fig. 1. Many
mechanical details of the mounting arrange-
ment are not disclosed herein either because
they are well known in the art, would readily
be devised by those skilled in the art, or de-
scribed and disclosed elsewhere, or for a com-
bination of these reasons.

The operative apparatus includes relays, a tape
reader, tape perforators, otherwise designatable
as recorders, and auxiliary equipment for sup-
plying tape and storing the used or reproduced
tapes.

The tape reader is disclosed in the application
of W. W. Carpenter, Serial No. 666,280, filed
May 1, 1946; obviously other devices of similar
function may be employed.
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The tape perforators may consist of devices
such as disclosed in the application of W. W.
Carpenter, Serial No. 588,401, filed April 14, 1945,
now Patent No. 2,583,086, issued January 22, 1952.

The disclosure of the present application is
related to the disclosures of a group of patents
and applications generally relating to equipment
which may constitute an accounting office. The
object of an accounting office from the over-all
viewpoint is to process a tape of the kind pro-
duced in a central office having recorded thereon
data relative to telephone ‘calls specifically
originating in or, more generally, set up through
or by means of said central office and to process
said tape with the ultimate result of producing
through successive steps typed records giving
the details of toll calls made by each subscriber
during a given period of time, typed message
unit records giving the number of units to be
charged to each ‘subscriber for a given period
of time in cases where such subscribers are
billed on a total message unit basis, and typed
records of so-called straddle calls, i. e, those
in which, for one reason or another, the answer,
the disconnect, or the initial entry relating to
a call are present on more than one tape. With-
in the scope of the invention certain other in-
formation may be derived and produced as a
typed record, for example, line observing in-
formation, verification of numbers of newly con-
nected subscribers, etc. -
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A tape suitable for initial use in an accounting

office of the class referred to may be one pro-
duced in accordance with the disclosure of the
application of Cahill-Carpenter-Dimond Serial
No. 57,388, filed October 29, 1948, now Patent
No. 2,599,358, issued June 3, 1952, or the equi-
valent thereof.

Such a tape may contain entries resulting
from the use of many transmission circuits
(which may be known as district junctors or by
other designations) of the central office. In such
tapes the initial entries contain, among other
information, the calling subscriber line number,
answer entries, disconnect entries, and day and
hour entries. Because a single recorder may
be used in common to and ordinarily is used
in common to a number of transmission circuits,
the initial, the answer, and disconnect entries

of a particular call are interspersed with entries |

relating to other calls. Initial entries of calls
never answered may also be recorded. How-
ever, each such entry is identified by the trans-
mission circuit used for the purpose of this call

and the number of this circuit forms a part of

the entry record.

These trunk or transmission circuit number
entries serve an essential purpose in the first
processing of the single office tape which is
sometimes referred to as assembling. The
nature of the assembling process and a disclosure
of equipment for accomplishing it is found in
the Carpenter-Gooderham Patent 2,558,476,
dated June 26, 1951, which resulted from ap-
plication Serial No. 724,992, filed January 29,
1947. .

The assembling process results in a series of
tapes which, when spliced together in proper
order, comprises the input tape for.the appa-
ratus disclosed in this present application.

The present invention disclosed and claimed
herein consists of certain features of an ac-

. counting office now embodied in equipment
known as a computer and which is sometimes
more specifically designated as a computer-

sorter because it may accomplish certain sorting
functions.

GENERAL APPEARANCE

The general appearance of one embodiment
of the invention is given in the prospective view
in Pig. 1. There are two cabinets 100 and 101
in which the relays and other small apparatus
are mounted. The key and lamp panel are in-
dicated at 102 and contain the set-up switches,
the various lamps and the keys used in investi-
gating the condition of the computer at any
time, particularly after an alarm has been
brought in. Two main alarm lamps 103 and
184 are indicated as being mounted near the
top of the relay cabinets and are in such a
position that they can be seen from any part
of the large room in which this piece of ap-
paratus is mounted along with similar appearing-
apparatus for the assembler, the sorter, the
summarizer and the printer.. Shown in this
view, there are six cabinets of which the first
one 186 houses the reader. A reel 106 below
the reader holds a long length of tape such as
107 which feeds into the reader above and after
being processed is returned to and wound on
another reel. Each of the other cabinets such
as the right-hand -end one 108 houses a pair
of perforators. In each of these cabinets there
is mounted a bin such as (09 containing a long
length of unperforated tape which after being
processed by the perforator is fed into another
bin #10. The computer may contain as many

. as nineteen perforators as will be explained
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hereinafter and each customer charge as it is
computed is sorted by being selectively perfor-
ated on one or another of the various output
tapes. ' :

GENERAL OPERATION

Fig. 2 is what might be termed a thumb-nail
sketch to explain the organization of the device
forming the subject-matter of the present in-
vention. It consists of a reader 200 for reading
the perforations on an incoming tape represent-
ing items of information comprising the gathered
and assembled data for customer or subscriber
charges. As the various codes are sensed by the
reader they are then distributed by means of
the register connectors 201 to registers 202.
The registers here represent a temporary hold-
ing means for the information, part of which
is used for calculating purposes or for internal
rearrangement and is reregistered and part of
which is retained in its\original form before
being routed- to output tapes. At any rate a
selecting means, here shown as the line pattern
connector 203 is employed to glean from the
registers selected bits and items of information
and then through another distributing arrange-
ment, the perforator connector 204 to route the
computed charge data to the various perforators
205 whereby a plu\rality of output tapes are

~formed.

There are two communication channels, or
trunks, one to transmit the incoming data from
the reader to the registers and the other to trans--
mit the outgoing data from the registers to the
tape perforators. The registers form the heart
of the device, for it is within this arrangement
that the information is processed and held ready
for the output circuit to make its selection and
its records. :

This Fig. 2 will then be regarded as a backbon
or skeleton for the more elaborate schematic
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shown In Figs. 4 to 13, here arranged as shown
in Fig. 3. ’

In this general schematic of the system, the
Input or reading means is shown in Fig. 4. This
consists of a reader 400, a device essentially for
the sensing of the twenty-eight code perfora-
tions in the automatic accounting system tape,
incoming to this unit of the system and which
had been produced as an output tape by the as-
sembler. The reader consists of an assemblage
of twenty-eight pins which seek to pierce the
holes perforated in corresponding positions of
the tape, those which succeed, signaling the
achievement by connecting ground to a corre-
sponding conductor and those whose path is
blocked by unperforated tape holding their cor-
responding conductors open.

The twenty-eight conductors connected to the
twenty-eight reader pins pass through the con-
tacts of the reader connector 401 by means of
which they may be connected as determined by
the control circuits to the reading relays. In the
case of the first three of these conductors repre-
senting the code for the first or A digit, an addi-
tional break is placed in the path of these con-
ductors consisting of the make contacts of the
8T8 start relay 402 in the off-norma] and start
circuit 403 so that the A digit codes cannot op-
erate the A digit reading relays until the device
has been properly started and is in satisfactory
oberation.

The coded grounds are thus extended to and
operate the reading relays during the reading in.
terval and so far as the registers into which the
codes are read merely act to relay the ground
sienals from the reader. However, the reader
closes but a single path whereas each reading re-
lay controls a plurality of contact sets whereby
the validity of a code may be tested and various
other control cireuits may be closed whereby the
item of information contained in a code being
read by the reader not only may be forwarded to
a register but a part of the code may be used for
control and other operations.

As clearly indicated in Fig. 4, the twenty-eight
places of the code are allotted three for the first
or A digit and five for each of the following five
B. C.D. E and F digits. The A dizit reading re-
lays 404 consist of the AD, Al and A2 relays and
are used to index the line read and to thus
classify the information contained in the other
“five digits.

By way of example, a zero in the A digit, sig~
naled by the operation of the A0 relay, may be a
splice code or a supplementary line of an initial
entry, a 1 in the A digit, is a timing entry such
as the disconnect or the answer time, the 2 in the
A digit may be the first line of an initial entry,
one of the tape identity codes or some special
code and lastly a 3, signaled by the simultaneous
operation of all three A0, Al and A2 relays may
be a special code such as a timed release at the
disconnect time.

Each of the remaining five digit groups of read-
Ing relays such as the B digit group 405 have
flve relays designated 0, I, 2, 4 and T and are
known as a two-out-of-five group, since the code
to express any one of the ten digits consists of
the energization of two out of the five available
relays in such a combination that the sum of their
designations equals the digit expressed. An ex-
ception to this general rule is that the operation
of the 4 and the 7 relays expresses the digit 0.

The splice code 081010 is then expressed by the
-operation of the A0 relay in the A digit group
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404, the Bf and B1 relays in the B digit group 405,
the C0 and C{ relays in the C digit group 406, the
D4 and D7 relays in the D digit group 401, the
E0 and Ef relays in the E digit group 408 and the
P4 and F1 relays in the F digit group 409. Other
codes are expressed in like manner.

The tape identity codes are those which have
the same first three digits 289 and count from
2891XX to 2899XX so that in this case the 289
is used for certain contro] purposes, the 1 to 9
in the D digit for counting purposes and gen-
erally only the last two, the E and B digits for
actual information purposes.

When it comes to the actual information codes,
such as the timing entries and the initial entries,
then only the A digit is used for indexing pur-
poses and the rest are all used for true informa-
tion purposes.

Other entries interspersed with the three in-
formational codes above, such as the hour entries
contain actual information in only the last two
or three digits and identification of the entry in
the others or at least in the first four or three
thereof. .

The computer is prepared for operation by ad-
justing a plurality of set-up switches to express
information concerning a tape to be processed.
Such switches are here represented by the E and
F set-up switches 1100 and | {81, respectively, and
by means of such switches the following infor-
mation may be established:

. Sort of MU calls to be effected
. Marker group—tens
. Marker group—units
. Pirst recorder—tens
. First recorder—units
. Last recorder—tens

. Last recorder-—units
. Day or round—first

. Day of round—2ast
10. Month—tens

11, Month—units

12. Round

QO =T Oy U1 CO DD s

©

All of this information with the exception of
the first will be found in the tape identity codes
and these codes must check by automatic circuit
operation against the setting of the switches be-
fore operation of the device may proceed.

After the set-up switches are adjusted and

" the incoming tape has been introduced in the

reader the tape end key is operated temporarily
and then the start key is operated. It is neces-
sary to operate the tape end key first because
the ends of all output tapes must be prepared
before the computer can go into operation and,
therefore, the circuit is so arranged that until
the tape end key has been operated and then
restored the operation cf the start key will be
ineffective. Once: the tape end key has been
operated the operation becomes automatic and
twenty-seven or some multiple thereof of the
splice code will be perforated in all the output
tapes. In accordance with certain arrangements
which will be fully explained’ hereinafter, nine
codes are spread over the output tapes and this
is repeated three times.  If the tape end key is
restored before this operation is complete, then
the operation will halt after each output tape
has had twenty-seven splice codes perforated
therein, otherwise the operation will be auto-
matically repeated. Thereafter, the start key
will be effective.

In the lower part of Fig, 11 the rectangle 1102
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represents the entry spread progress circuit and
consists of a sequence arrangement known as a
walking circuit, whereby the ten MU perforators
are operated in turn followed in order by the
perforators for the straddle tape, the line ob-
serving tape, the MU detail tape, and the six
detail tapes or any selection of these which may
be determined by the nature of the incoming
tape and recorded on the set-up switches. , These
various perforators, or rather means to sequen-
. tially render them operative to perforate a given
code are here represented by the relays such as
the MU0 relay 1103 at the left to the DETS relay
1104 at the left. . .

The control of this entry spread progress cir-
cuit over the perforators is here shown’sche-

10

15

matically by the conductors such as the 0 con-- .

ductor 1105 controlled by the MUS relay {103
and the 6 conductor (106 controlled by the
DETS relay {104 which may be effectively traced
over the path {107 through the day sort control
1300 and the perforator register 1381 to the
. perforator connector relays such as the P-0 relay
. 1302 and the P-18 relay (303. Thus, the per-
forators such as the PERF.0 designated 1304
" and the PERF.18 designated 1308 may be se-
quentially connected to the trunk for controlling
the perforations to be made.

This trunk consisting of twenty-eight con-
ductors extends from the line pattern connector
1108, through Fig. 12 and Pig. 13 to the twenty-
eight relays A0 to F'T here shown as the perforator
check circuilt 1308. . :

The 081010 splice pattern code is formed in the
line pattern connector (188 employed for the
end of tape preparation. In this rectangle,
there is indicated the 081 relay 1109 which will
extend grounds to the conductors of the perfor-
ator code trunk described so that each perforator
as it is sequentially connected to this trunk will,

" a8 before stated, perforate a series of nine splice
pattern codes, to be repeated three times.

It may now be assumed that the tape end key
is restored and the start key is operated so that
the device will go into operation. The splice
code on the end of the incoming tape will be
passed through the reader until the tape identity
codes are encountered. These are nine codes
2891XX to 2899XX in order. The first of these
must have the tape index 02, indicating that
the incoming tape is one prepared in a second
sort operation by the assembler. In the com-
puter then the first code encountered after the
splice pattern is 289102 and no other code will
advance the operation of this device to-further
operations. It may also be noted at this point
that no other accounting system device will ac~
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cept this tape except the printer when set for

verbatim printing. /

The tape identity codes are then read by the
reader, each in turn, and the information they
carry is checked against the information ex-
pressed by the setting of the switches such as
1100 and 110f, also here generally indicated by
the rectangle 500. Each of the coded 2891 to
2899, inclusive, will be expressed by the A, B, C
and D digit reading relays and passed to the
tape identity progress circuit §01 wherein a series

of relays such as Li relay 502 and L9 relay 503.

will respond as each line is checked. As each
line proves satisfactory a signal is given over the
* R8I lead 504 to operate the RSI reader step
relay 100 to properly advance the tape in the
reader to the next code. On the last line the
reader step relay is not operated immediately
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but held until this information can be spread
on the output tapes. When the full nine lines
of the tape identity codes have been checked,
then the IC tape identification check relay is
operated, and this will start the next operation
by which the tape identification is spread on the
prepared ends of each output tape, the complete
nine lines on one tape and corresponding lines .
then repeated on the next tape under control of
the entry spread progrese circuit 1182. The TIE,
tape identification ended relay 508, operates after
all the tape identification codes have been per-
forated in all tapes. .

The specific information for each line of tape
identification is ‘derived from the setting of the
set-up switches such as 11080 and {10f under
control of the line pattern connector 1108 for
the end of tape, such information being trans-
mitted over the output trunk to the perforators
such as 1304 and 1308, :

The output tape ends having been prepared
and a reader step relay having been operated,
the first'code of the time group having an item
of general information is read. This is the re-
corder number in the form 280XTU where the
D d!g’i;z(;;{) is used to indicate that the recorder is
& regular or an emergency unit and the E and F
digits provide the tens and units digits of any
recorder number from 00 to 19.

The A digit reading relays are shown here as
exercising a control over the control circuits 506
and these in turn over the paths 507 and 688 as
controlling the recorder register connector 78I.
If no recorder number hag been registered then
the RCRA relay 102 will be operated to register
the D, E and F digits being read by the reader
in appropriate parts of the recorder register 783.
It may be noted at this time that where the re-
corder number code is encountered again at the
beginning of another section of the incoming tape,
the RCCA comparing relay 704 will be operated so
that the recorder number may be compared with
the number previously registered. -

The next code is the hour code, 2611TU, and
now the control circuits 506, over the path 601
cause the operation of the hour register connec-
tor 802 to register in the earlier hour register 900
this hour entry (generally 03). If this is as now
assumed the first hour entry, then the HIA-B
relay 604 is operated to register the hour as read.
It may be noted that each subsequent hour entry,
2810TT, is through the HOA-B relay 8§83 whereby
the value of the hour is reduced by I as it is trans-
mitted to the earlier hour register 800. .

The hour having been registered in the earlier
hour register it is now transferred through the
hour transfer check connector 981 to the current
or disconnect hour register 902. This being the
first hour entry such transfer takes place imme-
diately. Where, under other circumstances, there
is an existing registration in the disconnect hour
register 902, then a check is made to see that the
hour registered in the earlier hour register is one
less in value than such existing registration and
when this is proved the said existing registration
is released and that in the .earlier hour register
900 is transferred to the disconnect hour regis-
ter 802. :

The third and final item of general informa-
tlon is the calendar day code, in the form
2821TU, where T and U stand for the tens and
units digits of the actual calendar day. Again
the control nircuits 586 over the path 601 op~
erate the day register connector 605, and the

78 registration is made in the day register 803. This
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is made in the decimal code, there being four
tens relays representing the 0, 1, 2 and 3 for the
tens digits of the calendar day and a full com-
plement of ten units digits. When this registra-
tion is complete the computer is ready to pro-
ceed to its main duties.

It may be noted that the central office tape
having been passed through the assembler twice,
once on a units digit sort and once on a tens
digit sort there may be as many as one hundred
sections in the 289102 tape coming to the com-
puter. These time group entries will follow the
splice code in every case and, therefore, the proc-
- essing of each section of a tape is preceded by
the reading of these three, recorder, hour and
day entries. During the processing of a tape sec-
tion, there may be regular hour entries and these
will adjust not only the hour registration but the
day registration, for as the hour changes from
00 to 23, at midnight, the date also changes.
This usually results in the diminution of the date
by 1 but may entail a complete change, such as
from 1 to 31, 30, 29 or 28. .

The recorder, hour and day entries are not
copied on any one of the output tapes but the
registrations are held available to the line pat-
tern connector whereby bits of information are
gleaned from different sources to form the re-
quired output lines.

The computer acts as a sorting device to sort
the various charges into different categories, such
as message unit charges, toll charges, detailed rec-
ords, line observing records and irregular records
as well as discards. In addition, in single office
marker groups, the message unit calls may be fur-
ther sorted by one digit of their directory numbers.
Tapes from multioffice marker groups must be
sorted by offices. Where the incoming tape from
the assembler contains records for more than
one day the detail records may be sorted in days.
The controls for these different sorting opera-
tions are primarily responsive to the information
in the initial entries and are further vested in
the set-up switches and certain auxiliary cir-
cults as will more fully appear hereinafter.

A regular message unit (MU) call record con-
sists of three entries, the disconnect time, the an-
swer time and the initial entry and it is not known
that this is & message unit record until the initial
entry is reached. However, the disconnect time
and the answer time are registered and trans-
mitted to the calculator and generally the elapsed
time is calculated before the initial entry is reg-
istered. All three entries, however, must bear
the same call identity index. This is registered
upon the registration of the disconnect time and
the index with each of the mext two entries is
compared with it. )

Let us take as an example a call made by a
subscriber at station SUmmit 6-5444, within the
period covered by a record about to be processed.
The initial entry for such a call, which happened
to be made over a facility identified by the call
‘identity index 27 would be

213027
035444

in which the message billing index (digit C of
the first line) is assumed to be 3 and the office
index (digit 3 of the second or first supplemen-
tary line) is 3 and which combined with the
marker group would identify the office SUmmit 6.

Let 1t be assumed that the call was answered
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at 11.535 and the disconnect took place at 11.582.
The answer timing entry would then be

153527
and the disconnect timing entry would be
158227 -

Now this call would have been assembled by
the assembler and recorded in such manner that
it would now be read by the computer in the

- form:
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158227
153527
213027
035444

Therefore, the reader may now be assumed to
read the first of these lines: -

158227

The control circuits 508, over the path 600 cause
the operation of the DTRA-B relay 105 in the
timing entry register connector ‘106 so that the
B, C and D digits thereof may be transmitted
through the B, C and D sections of the discon-
nect time translator designated 1000, 1001 and
1002, respectively, whereupon the three digits 5,
8 and 2 are translated from the two-out-of-five
code to the biquinary code, which is peculiarly
well adapted for caleulation. . After translation
these three digits are transmitted to the adder
1003 where they are registered in the TD (tens,
disconnect), UD (units, disconnect) and PD
(tenths, disconnect) adder relays.

At the same time the disconnect time is trans-
mitted to the disconnect time register where a
record of this data may be retained until it is
certain that it is no longer needed. The arrange-
ment of the disconnect time register 606 and the
disconnect time translators 1000, 100 and 1002 is
such that while both are operated by the reader,
the latter are then held operated by the register
606. In this sense, the register is needed until
the call has been disposed of. However, the reg- -
ister 608 has a regular output which may not
always be used. In a regular MU call it is not
needed but in a detail call or an irregular call it
will be needed. It is, therefore, registered in the
disconnect time register until the processing of
the data for this call is completed.

The E and F digits 2 and 7, respectively, of this
first line of the entry constitute the call identity
index and must be registered to identify later
entries of this same call. Accordingly, when this
line is read by the reader the control circuits
506, over the path 6017, cause the operation of the
DJR2 relay 608 whereby the E gnd F readings of

the code are transmitted over path 609 to the

call identity index register and decimal translg-
tor 800. The call identity index is, therefore, re-
tained for reference purposes and for compari-
son with the call identity index readings of the
succeeding entries of this call,

When the disconnect time register 608 up-
check circuit and the call identity index register
800 up-check circuits are closed showing a proper
registration of this entry, the RSI reader step
relay T00 (circuits not indicated) is operated and
the reader is advanced to read the next entry,
the answer time,

The answer time line

153527

is now read by the reader. The control circuits
506, over path 600 now cause the operation of the
ATRA-B relay 107 whereby the B, C and D digits
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838 of this line are transmitted to the B, C and
D answer time translators 1004, 1008 and 1008,
respectively, for transmission on a biquinary
basis to the TA, UA and PA relays of the
adder 1003. )
As soon as the adder up-check circuits report
a satisfactory registration the elapsed time will
be calculated. The method of calculating is to
express the addend in its natural form, the
augend as its nine’s complement, to add in a
“one” in the lowest denominational order and to
ignore, or throw away the “carry one” out of the
highest denominational order. Thus, where the
disconnect time is 58.2 and the answer time is
53.5 the elapsed time is 4.7 and this is arrived at
by adding
582
464
1

1047

wherein the left-hand 1 is discarded so that the
result becomes 047.

There are, however, other eonsiderations in
calculating the elapsed time and hence the value
calculated in the tens order is carried through
the hour tens adder (808 so that 6 (for 60 min-
utes) or some multiple thereof may be added if
there have been one or more hour entries be-
tween the disconnect entry and the answer time
entry. In the present case we assume there have

' been no such entries and hence the value 0 is
transmitted through the hour tens adder 1008
without change, and the three digits 047 are
brought into the elapsed time round-off trans-
lator 1301, each to its corresponding denomina-
tional order. In actual practice, a small time
allowance to cover traffic delay in establishing a
connection after the called party has answered
and delay in recording the disconnect signal is
-made and then the call is rounded off to the next
higher minute. The details of these operations
carried out in the elapsed time round-off trans-
lator 1307 are described in detail hereinafter.
The output of these translators is chargeable
time and as such will be used as described here-
inafter. The carry-out from the tens translator
goes into the control circuits (not shown) for

urposes to be described. The carry-out 0 will

dicate a negative result while the carry-out 1
will indicate a normal positive result and will
‘constitute a signal to advance the operations.

As in the case of the disconnect time, the an-

swer time also is registered in the answer time .

register 198. When the answer time up-check
circuit is closed the AUC relay 109 is operated
providing the call identity index also checks and
the R8I reader step relay is also operated to ad-
vance the reader to the first line of the initial
entry.

Upon the operation of the ATRA-B answer
time register connector relay 707 a ground is ex-
tended directly to the JCT-JCU call index check
connector relay §(0 whereby the E and F digits
of the answer time line (constituting the call
identity index) are extended for comparison with
the call identity index already registered in the
call identity index register and decimal trans-
lator 800. If the comparison of these numbers
proves them to be identical then a check circuit
combined with the up-check circuit for the
answer time register 768 will cause the operation
of the reader step control to advance the tape
in the reader so that the first line of the initial
entry may be read.

10

15

20

25

30

40

45

50

55

70

(]

The first line of the initial entry is now read
by the reader. The A digit is 2 and since this has
been assumed to be an MU record the B digit is 1.
The B digit in the first line of each initial entry
indicates the general character, message unit, de-
tail or line observing and will cause the operation
of a corresponding relay in the input class register
509 which is of prime importance in the later
operation of the output class register #{{f. In
this case the control circuits 506 over the path
607 operate the CLRA-B relay 6il. The value
in the C digit is transmitted to the billing index
register 801 and the call index check connector
612 is operated as before to check the call identity
index in the register 800.

The reader line count circuit 508 may actually
be considered part of the control circuits $08 and
is shown as being operated from the same source
and as having a control over these control cir-
cuits. It functions to keep a count of the lines
of code read for each group of lines constituting
the charge data for each call. It is a steering
means and is shown as providing a path for the
connector relays for the supplementary lines of
the initia] entry. )

Thus, on the first supplementary line of the
initial entry which follows the proper entry of
the first line and the successful comparison of
the call identity index, the reader line count ecir-
cuit 508 will cause the operation of the NRA-B-C
calling number connector relay 613. Thereupon
the B, C, D, E and F digits of this supplementary
line will be transferred to and registered in the

calling number register and decimal translator

802, so that the output line or lines are now ready
to be perforated if everything has been regular.

The B, C and F digits have output paths lead-
ing through the sort class connector 1110 to con-
trol the sorting of the call in accordance with
predetermined conditions, particularly as re-
corded on the set-up switches.

Meanwhile, during the reading of the lines of
the initial entry the computation of the elapsed
time has taken place, so that during the registra~
tion of the last supplementary line the output is
prepared. Assuming everything to be regular and
the chargeable time to indicate nine or less mes-
sage units, then the charge data becomes a single
line transmitted to the particular output perfora-
tor selected by the sort class connector 1110 and
the value of the digit registered in the calling
number register 802. Unaer control of the output
class register the DN directory number pattern
forming relay 1200 will be operated to control

" the pattern of the output.

The number of message units is calculated from
the computed chargeable time. The output of the
elapsed time round-off {ranslator {307 is trans-
mitted through the message units formula circuit
1201, under control of its connector 1202 and the
calculated message units are registered in the
message units register 1203. It may be noted
that the chargeable time is in some cases also
transmitted through the chargeable time trans-
lator 1204 and registered in the chargeable time
register 1205 where it is available where details
are wanted. In the case under assumption it is
not needed and will not be used. However, the
number of message units calculated and which
have been assumed to be capable of being ex-
pressed in one digit are available over the F path
coming out of the message units register 1203
and are transmitted by the BKi-A relay 11i2 in
the output class register (11| to the B group of
contacts of the DN relay 1200 so that the B digit
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of the output line will contain the computed
charge in message units. ’

The calling line number is transmitted from the
C, D, E and F parts of the calling number reg-
ister 802 to the C, D, E and F contacts of the DN
relay 1200 so that these digits of the output line
will contain this calling line number.

The A digit of the output line is formed through
the operation of one of the relays in the output
class register 1111, such as the BK{-B relay 1113
so0 that this is recorded as 1.

Had the number of message units calculated
been ten or over and, therefore, been capable of
expression only in two decimal digits, then the
output becomes a two-line entry with the DN
pattern relay 1200 operated for the.first and the
TMU relay 1206 operated for the second line. In
this case, the A digit of the first of these lines is
recorded as 2 under control of the BK2-B relay
1114, and the B digit is recorded as 0 under con-
trol of the same relay (path not shown). The C,
D, E and P digits are derived as before from the
calling number register 802.

The second line is formed by the TMU relay
1286. The A and B digits both become 0 under
control of one of the relays in the output class
register such as the BK2-B relay i{1{4. The com-
puter connector and control circuit 805 may be
set to operate through the call type translator 907
to change the record in the B digit through the
TMU relay 1206 from a 0 to a 1 or 2.

The C and D digits are invariably zeros in this
line under control of the DAB relay {15.

The E and F digits are supplied by the output
of the message units register 1203.

As each output line is perforated the perfora-
tor check circuit 1306 reports the progress of the
operations to the perforator control circuits 1309
and after a complete set of charge data lines
have been perforated on a selected output tape
the individual and specific operating units are
released and made ready for another call. Items
of general information, such as the hour and
the day are retained since this formation is com-
mon to all the calls within a given section of
tape. In actual service there is an overlap oper-
ation of elements of the device, consisting of the
release of the disconnect and answer registers as
soon-at it is determined that sufficient informa-
tion has been stored for the perforation of an
output tape. Thus, the disconnect and answer
registers may be cleared before the computer has
completed its task and the disconnect time and
the answer time for the next call may be in proc-
ess of being registered and may even be com-
pletely registered before the remainder of the
device is released.

It is not necessary to describe in detail the
complete operation in other types of calls. All
calls or groups of items of information repre-
senting the data for each customer charge con-
sists of three items, a disconnect time, an answer
time and an initial entry. In each case the two
timing entries are entered first so that they may
be placed in the adder at the earliest possible
moment so that the computation of the elapsed
time may be made as the remaining information
is being entered. The simplest case has been
described in which certain of the apparatus pro-
vided has not been used. In the more complex
cases such as the toll or detail call the area and
called office register 803 and the called number
register 804 are called into use to store informa-
tion contained in the initial entry and from which
information is gleaned by the pattern relays of
Figs. 12 and 13 for forming the output lines.
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One of the important items on all calls in which
the details of the charge are reported is the start
time line. This is a line coded from six digits of
the day, hour and minutes at which the call is
started, generally speaking, the answer time.
The tens and units digits of the calendar day
are taken from the day register 903, passed
through the connector 804 to the day register
translator 806 from which the tens digit is passed
to the start time line register 98¢ for combina-
tion with the minutes tens digit from the answer
time tens translator 1004 to form the B digit
of the start time line. In a similar manner, the
hour tens digit is taken from the disconnect
hour register 902, passed through the start time
line register connector 908 and combined in the
start time line register with the minutes tens
digit from transiator 1004 to form the C digit
of the start time line. The B and C digits thus
formed are transmitted to contacts of the TM
pattern relay 1308 for use as required. The D
digit of the start time line is the units day digit
and, therefore, is the F digit coming out of the
day register translator 905. The E digit of the
start time line is the units hour digit and, there-
fore, is the units digit taken from the current
or disconnect hour register 902, passed through
the start time line register connector 908 and
registered in the time pattern register 909. The
F digit of the start time line is the units digit
of the minutes and comes from the units section
of the answer time register 708 and is passed
through the start time line register connector
sgg and registered in the time pattern register
809. )

Thus, the main elements of the computer and
their cooperative relationship to each other have
been briefly noted and may be summarized as
follows. The computer consists of a reader for
reading off items of information from an incom-
ing tape, a plurality of registers and translators
for storing the information, a calculaior for
computing charges, a pattern circuit for super-
vising the lines of a computed charge and a plu-
rality of perforators, selectively taken into sery-
ice for recording the computed charges under
control of the reader.

Supplementary to these regularly employed
elements is the straddle circuit which has super-
visory functions and acts to keep a .constant
watch on the operations of the computer so that
if there is any deviation from regularity the con-
trol is seized and the call is then disposed of
under direct control of this circuit. Certain
calls such as don’t answer and busy calls are dis-
carded and others are recorded on a straddle tape
where full details may be spread before a clerk
for proper disposition. The important element
in this circuit is the entry progress register which
has a connection from each of the registers to
report the proper operation thereof, Herein is
shown, by way of example, the path 64 leading
from the disconnect time register 606 to the entry
progress register 510 to report the proper entry
of the disconnect time. Should the disconnect
time fail of registration and the other elements
of the call be properly registered then the entry
progress register would report a call with only
one timing entry and if this were at a leading
tape end the straddle input register 511 would
be operated, in turn operating the straddle out-~
put register so that details of the call would be
reported on the straddle tape. There are numer-
ous circumstances by which the straddle ecircuit
takes charge of the output circuit, dealing with
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numerous causes of irregular calls, all of which
.are more fully described in the said Joel applica-

tion. :
DETAILED DESCRIPTION

The following detalled description has been 5
arranged on an indexed basis, for ready reference .
purposes, as follows: -

1, Pnrgose of circuit
. Working limits
. Functions " : : 10
. General description e
5.1 The computer
8.2 Preparation—Tape identification
5.21 Set-up switch preparation: -
. b5.22 gpuee rttern .
© 5.23 Tape identity : S
5.24 - Basis for sorting (office, thousands, units) .
. Recorder, hour and day circuit preparation 18
5.3 I(euar—_—'nenln—uu (message unit) and toll
5.31 U messa,

m . .

5.311 Comﬁ-mon of input and output
entries 10.

5.312 istration of lngut—-lﬂ] .

. Dis t time

[- 73 ]

N

312
3122 Answer time 20
5918 3}; xalthl ﬂ'{y”
X omputing—! N
5.3131 pnerﬂterlu time and. subtract-

) ng .
5.3132 Boundin{ oft .
5.3133 Formula MU’s
5.314 lassification of input -
8.316 Classification of output 28 13,
85.316 Sorting of MU muniel -
5.317 Perforation of output—MU message
5.318 Overlap ggentlon and register re-
lease—MU
5.32 _Toll messages
- 8.321 Composition of input and output

entries .
5.322 Registration of input—Toll

Q

Q

5.3221 Registration of answer and dis-

connect L
5.3222 ngg{;trauon of initial entry—
To .
5.323 Computlnﬁ—'.l‘_oll .
5.324 Classification of input—Toll .
5.325 Classification of output—Toll 35
5.326 Sorting of toll messages
5.327 Perforation of output—Toll
5.328  Overlap glpentlon and register-re-
) lease—Toll
5.33 _ Double output—Separate tapes
5.331 MUD %U and MUD tapes)

. 5.33¢ LO—MUD
‘5.4 Irregular ealls
5.41 Disposal on regular tapes
gﬁ% COT (cancel overtime)

5.413 . LO‘TD)A (observing don’t answer or

usy
5.5 Straddle calls
6.51 Recognizing straddle calls
5.52 Disposal of straddle calls
Calls of over 99 minutes or 99 MU's
Discarded calls (don’t answer, busy, etc.)
5.71 DA or BY calls
6.72 Cancelled calls : 50
56.73 Test calls )
5.8 Final identity entries—Trailing end of tape 12,
8.9- Display lamps

6. The reader )
7. The perforators -
DETAILED OPERATION
8. Preliminary operations

8.01 * Setting of set-up switches 58 13

8.02 Motli:or start and master off-normal opera-

on
. 8.03 Splice pattern perforation on leading end

8.04 Starting circuit into reading operation

8.05 Reader step check

8.08 Skipping initial splice pattern

8.07 Tape identification readlng and checkin 60

8.08 Perforating tape identification—Leading

end .
8.09 Readtlng and checking a line of tape—Tape
gate
8.10 Reflutering recorder—Time group
8.101 Registering recorder number entry
8.102 Registering end of tape hour entry 85
8.103 - Registering calendar daft'.e)ntry

45

oo
s

8.11 Sorting (office, thousands, un
M 8.12 RSortlng ii‘ag)( ity foll
0. ensa; egular—) message unit) and to
9.1 izU messages ge
© 9.11 Composition of input and output entries
8.12 Registration of input
9.121 Disconnect time 70
9.122 Answer time
9.123 Initial entry .
9.13 Computing
9.131 Transfer of time records and deter-
. mination of elapsed time
9.132 Rounding off elapsed time
9.133 Message unit formuolation 7

11.24
- 11,3 Trouble

9.14 Classification of Input
9.15 Classification of output
9.151 Determination of output class
9.152 Output start and preparation for out-
put forming
9.16 _ Sorting, tormlnf and perforating output
9.161 Sorting of MU messages
9.162  Perforator circuit preparation
9.163  Perforating an entry—Message unit
meluﬁe
9.17 Overu&opexat on and register release
9.171 lease of disconnect and answer
- time reglsters
9.172  Register release during perforation
9.2 Toll messages .
9.21 Composition of input and output entries
9.22 Registration of input
9,22 Rezht}ation of answer and discon-

neet
9.222 Registering start time .
-9.223 -Registration of initial entry
9.23 Computin
9.24 Classification of input
9.25 Classification of out;;ut
9.28; Sorting and perforating nufgut
9.27° Overlap operation and register release
Double éntries, same call
0.1 Seguate entries, different tapes
10.11 MUD—(MU and MUD tapes)
10.12 MU-—OBS.— (MU and observin, tapes)
10.13 TOLL—OBS.—(Toll and observing tapes)
10.14 MUD—OBS.- (MU and observing tapes)
10.2 Separate entries, same ta;i; (straddle)
10.2 StI;addle call—Timing entry and initial
. entry
10.22 ‘High clur%e mesgage (over 99.9 minutes
or 99 MU)
The straddle circuit :
111 fea of calls—General
11. S(raddle calls
11.12 “Qver 99” calls
11.13 Discarded calls
11.14 Regular messages
11.2 Straddle indications
11,21 (T:) (28353-) Transfer to emergency re-
corder—Timer in synchronism
11,22 (T,) (52857- Transfer to emergency re-
corder—Timer out of synchronism
11.23 (MB) Make-busy, regular or 3 a. m.—
Tape uncut T
(SI Splice—Tape cut'at.3 a. m.
ndications
11.31 = (2854-) Charge guard entry
11.32 52853— Void call entr,
11.33 (2856-) Make busy—| on-synchronous—
Tape uncut - .
11.4 Functions of various relafs (straddle, register,
class and output start clrcuits)
11.5 Circuit operation :
11.51 Regular messages—MU or TOLL
11.52  COT—(cancel overtime)
11.53 Observing—Cancel charges
11.54  Observing—DA or BY
- 11.55 ~ Straddle
11.551 Registering straddle
11.552 99 + (over 99)
11.553 Interpretation of straddle setting
11,554 Examples of straddle ealls
11.555 Purpose of auxiliar: relays
11.556 Test calls—Straddie
11.557 Skip sgllce signal (286-)
11.558 Logged straddle calls
11.56 Double output—Separate tapes
11.57 Discarded calls—DA, BY and others
11.58 Circuit blocking feature
11.59 Register release
Recorder register: .
12.1 Comparing and releasing recorder number
12.2 Reglstering or comparing irregular recorder

number .
12.3 Manual release of recorder register
12.4 Manua] resetting of recorder register

. Hour registering

Regular hour entries
13.11 Registering
13.12 Checking .
13.13 Releas'ng disconnect hour register
13.14 Transferring hour from earliest to discon-
nect hour register
13.2 Regular hour entries between disconnect and
answer tlmlnf entries
3.21 Holding disconnect hour register
13.22 Registering earliest hour
13.23 Checking earliest hour and counting
elapsed hour
13.24 Releasing earliest hour on receipt of new
hour entry
13.25 Checking the new hour entry
13.26 Indicating hour count to adder
13.3 End of tape hour entries between disconnect
and answer timing entries
© 13.31 Counting hours during make busy of cen-
tral office recorder
13.4 Day change
13.5 _Irregular hour entries . N
13.51 Begisterin% i
13.52 Changing disconnect hour after reglster-
ing irregular hour
13.53 Cancelling irregular hour by registering
subsequent hour entry

- %g} Counting hours as part of preliminary straddle

Manual release of hour registers -
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. 13.8 Manua) resetting of disconnect hour register
13.9 Cancelling manual resetting of disconnect hour

R register by registered hour entry

14, Day reglstering R

14.1 ranslating day register output

14.2 Changing day reglster output

14.3 Manual release of day register

14,4 Manual resetting of day register

Skipping splice and window pattern

15.1  Splice pattern

15.2 Window pattern

Stopping computer

16.1 Normal release

16.2 Detecting window

16.3 At end of last tape

16.4 Alarm

16.5 Releasing call entry reglsters

Manual reader steﬁf)in%

Perforntldng tape identity and splice pattern on trail-
ing ends

Perforating window xi)nttern

Mutilated tape identity

. Power failure

Display lamps

List of relay functions

1. Purpose of circuit

1.1 This circuit is one of a number of succes-
sive stages through which tapes with recorded
telephone call information must pass to enable
the accounting for the proper revenue receivable
from individual and cumulative telephone calls.

15,

18.

This circuit reads from a perforated tape the

individual collected and assembled items of each
telephone call, comprising the directory number
of the calling line, the type and information in-
dicative of the charging rate, the complete called
number or information indicative of the destina-
tion in the case of toll calls, the call identity
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index, the time when the called party answered -

and the disconnect time. From these items the
chargeable conversation time and/or the equiv-
alent representation of this time combined with
the called destination in message units is com-
puted for each call. Calls not answered are
discarded unless the line originating the call is
under service observation. The computed in-
formation required for accounting purposes is
then perforated on one or more of a plurality
of tapes which serves as a first stage of sorting
the information by line directory number. The
passage of time, hours and days, during succes-
sive calls with the same call identity index: is
tracked by components of this eircuit.

2. Working limits
2.1 Reader speed 16 cycles per second.

3. Functions

3001 To read a twenty-eight unit perforated
tape as five two-out-of-five hole digits designated
B to F, and one combined digit, designated A, of
one out of three or all three holes.

3.002 To provide means for checking that a
proper combination of holes has been perforated.

3.003 To provide means for starting the
reader.

3.004 To provide means for extending master
off-normal indications to the various portions of
the circuit when the reader has been started.

3.005 To provide means for starting the cir-
cuit to function by connecting the reader pin con-
tacts to the relay circuits and acting on the first
and succeeding lines of perforations.

3.006 To provide means for determining from
the values of the digits read from g line of tape,
the disposition which the line is to receive,

3.0061 To transfer the line read on a two-out-
of-five basis to one of six call information regis-
ters, viz., the disconnect minute registers, the an-
swer minute registers, the billing index registers,
the calling number registers, the area index and
office registers or called number registers.
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3.0062 To translate two of the digits (E and
F) of the line read to a decimal basis for trans-
ferring to one of two registers, viz., the hour reg-
ister or the day register,

3.0063 To translate two of the digits (E and
F) of the line read to a decimal basis for check~-
ing each of the following seven tape identification
items, one at a time, as met on multiposition
switches: sort, marker group, first recorder num-
ber (of group being processed), last recorder
number (of group being processed) , first and last
day of round, number of the accounting round
period of the billing month and the month.

3.0064 To translate two of the digits (E and
F) of the line read to a decimal basis for check-
ing that the call identity index associated with
the answer and calling line or initial entry agree.

3.00641 To translate two of the digits (D and
E) of the line read to a decimal basis for trans-
ferring to a register for recording information
partially indicative (emergency or regular and
tens digits) of the number of the recorder asso-
ciated with one hundred call identity indices, calls
from which are about to be or have been proc-
essed.

3.00642 To transfer one of the digits (F) of
the line read to a register for recording informa-
tion partially indieative (units digit) of the num-
ber of the recorder associated with one hundred
call identity indices, calls from which are about
to be or have been processed.

3.007 To provide means for checking all the
identification information perforated at the be-
ginning and end of each length of tape against
manually set information on rotary switches,

3.008 To provide means for translating the
billing indices of each marker group to represent
a particular message unit formula.

3.009 To provide means for registering the
hour of the day at which the tape representing
the calls with a particular call identity index for
a day was concluded.

3.010 To provide means for registering each
preceding hour entry on a tape representing the
calls with a particular call identity index for a
day and checking that it is one less than the hour
previously read and/or registered.

3.011 To provide means for registering the
day of the month at which the tape represent-
ing the calls with a particular call identity index
for a day was concluded. :

3.012 To provide means for changing the day
as registered to the previous day when the hour
is changed from 00 (12 midnight) to 23 (11 p.m.).
This change considers the number of days in the
preceding month when straddling the change in
month,

3.013 To provide means for accepting an en-
try indicative of a missing hour entry and for
eventually using this indication for automatically
setting the hour back one. .

3.014 To provide means for remembering the
day and hour registered in the circuit at the time
disconnect and answer entries for a particular
call are read from the tape until the call has been
disposed of.

3.015 To provide means for indicating the
total number of hour entries (not in excess of
three hours) straddled by the disconnect and an-
swer time of a particular call including hours
not recorded on the tape due to the recorder being
made temporarily busy at the time the hour entry
was due.

3.016 To provide means for registering the
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billing index indication from the first line of the
initisl entry. -

3.017 To provide means for registering the -
disconnect time (tens, units and tenths of min- -

" utes) of a call and the call identity index within.
the group of one hundred such indices handled
by the same recorder on which the call was re-
corded. ]

3.018 To provide means for registering the
answer time tens, units and the tenths of minutes
of a call once the disconnect time has been reg-
istered. The answer time is registered in the dis-
connect time register if the disconnect time is
missing from the tape for any reason.

3.019 To provide means for checking the call
identity index appearing on the answer time and
first line of the initial entry against the same
number registered with the disconnect time to
insure that the elements of the call being proc-
essed belong together. )

- 3.020 To provide means for registering the
five digits (office, of marker group, thousands,
hundreds, tens and units) of the directory num-
ber of the callir; line. L

3.021 To provide means for sorting the calls
where only message units are evaluated and per-
forated on the basis of the office, thousands or
units digit of the calling line number as indi-
cated by the manual setting of a rotary switch.

3022 To provide means for translating the
day, hour and minutes (tens and units of each)
of the answer time of a call to a special combina-
tlon of digits known as the start time line.

3.023  To provide means for registering the
start time line."

3.02¢ To provide means for registering the

10

15

20

2

o

30

recorder number as translated (see 3.00641 and -

3.00642).

3025 To provide means for comparing the
registered recorder number against recorder
numbers later read from the tape and to by-
pass those that agree but to glve a signal to the
straddle-call circuit when they do not agree.

3.026 . To provide means for receiving a signal
from the straddle-call circuit when the recorder
number registered does not agree with the re-
corder number being read and to then release the
registered number and register the new number.
} 3.027 To provide means for registering digits

Indicative of the area index, called number index
and called office code (3 digits).

3.028 To provide means for keeping track of
the lines of initial entry in accordance with the
class of the call, four lines for toll and observing
calls and two lines for bulk billed calls.

3.029 To provide means for copying the infor-
mation registered in any register on an output
tape through pattern relays on a two-out-of-five
basis per digit, the perforating paths being opened
by contacts on the reader.

3.030 To provide means for copying the infor~
mation indicated by the setting of the set-up
switches on output tapes on a two-out-of-five
basis per digit.

3031 To provide means for indicating the
month in which a call is made and the number
of days in the month from the set-up switches.

3.032 To provide means for sorting toll billed
calls on the basis of the calendar day in which
the call was made within the round, with the ex-
ception of calls made between 12:00 a. m. and
ap-roximately 3 a. m. on the last day of a round
or & multiday part thereof.

3.033 To provide means for associating lamps
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with relays in various important points in the
circuit when display keys are operated. .

3034 To provide means for translating the
registered answer and disconnect time to biqui-
nary notation and to transfer the numbers in
that form to the adder. ’

3.035 To provide means for clearing the an-
swer and disconnect fime registers when the
numbers have been registered in the adder, the
initial entry of the call has been read. from the
tape and registered and when it is known that
the call is not to be put on the output straddle
tape s0 as to permit the registering of the an-
swer and disconnect time of the next call thus
permitting overlap operation.

3.036 To provide means for clearing the infor-
mation registered as part of the initial entry
after it is placed on output tapes by the pattern
relays.

3.037 To provide means for clearing informa-_
tion concerning the disconnect day of a call once
it is determined that it is not required for straddie.
call purposes.

3.038 To provide means for clearing the infor-
mation registered as part of the start time line
after it is placed on output tapes. . :

3.039 To provide means for giving an audible
visual alarm and turning off the reader motor
after first processing all calls registered if Ppos-
sible when: . ) .

3.03801 The circuit neither perforates nor
advances the reader within .800-second usually
due to a circuit faflure.

3.03802 The circuit attempts to read three
consecutive answer or disconnect time entries.

3.03903 The computer determines that the
elapsed time is a negative quantity.

3.03904 More than one attempt is made to
execute a change in day when calls passed the
midnight hour before reregistering the new day.

3.03805 The reader fails to step ahead only
one line.

3.03906 The reader step relays remain oper-
ated thereby permitting the tape to continuously
run through the reader.

3.03807 A fuse blows on any of the four relay
rack bays accommodating the apparatus of this
circuit.

3.03908 An end of tape hour or calendar day
entry is received before a recorder number entry.
- 3.03909 A calendar day entry is recelved be-

- fore a recorder number or end of tape hour entry.
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3.03910 An end of tape hour entry check fails.

3.040 To provide means for skipping splices
in the tape being read without checking for two-
out-of-flve holes being perforated.

3.041 To provide means for indicating when
all expected tapes have been processed.

3.042 To provide means for counting the
group of ten tapes which constitutes a run and
to check that they 'are processed in order. .

3.043 To provide means for manually releas-
ing all registered information pertaining to a call
(answer and disconnect time, initial entry, etc.)
when a trouble condition is encountered.

3.044 To provide means for advancing the
tape manually one step at a time when a trouble
condition is encountered.

3045 To provide means for manually restor-
ing an alarm to normal and permit the restart-
ing of the reader motor when a trouble has been
cleared.

3.046 To provide means for manually restor-
ing the entire circuit to normal.
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3.047 To provide means for manually cutting
off the audible and remote alarm indications.

3.048 To provide means for clearing registers
not required for making output tape when don’t
answer and busy calls are encountered.

3.049 To provide means for clearing registers
and restoring the line counting to normal when
a straddle call element is encountered and has
been used to form output patterns. '

3.050 To provide means for manually stop-
ping the circuit: :

3.0501 When it has finished processing ali
calls registered or being registered.

3.0502 When it has finished processing all
calls for a given recorder.

3.0503 When it has finished checking and if
necessary perforating tape identification.

3.0504 At any time when a second manual
action is taken.

3.051 To provide means for translating the
registered billing index to a message unit formula
depending upon the number of the marker group
being processed. _

3.052 To provide means for stopping the
reader and giving an alarm after the last tape
has been processed.

3.053 To provide means for manually setting
up an artificial hour of 25, an artificial day of 00,
and an artificial recorder number of 40 if due to
a power failure the current information recorded
in these registers is lost. '

3.054 To provide means for preventing the
processing of any tape until splice pattern has
been perforated on all output tapes and the tape
identification information on the leading end of
the first input tape has been checked against the
switch settings.

3.055 To provide means when the tape identi-
flcation switch settings have been checked for
the first time for starting the perforating of tape
identification information on the output tapes
and for preventing the further advancing of the
input tape until this has been accomplished.

3.056 To provide means for manually restor-
ing to normal the recorder number, hour or day
register and thereafter manually setting up the
corresponding artificial information of item
3.0504.

3.057 ‘To provide means for checking that a
recorder number, hour and day are registered in
the above order and to prevent the processing of
calls should any of these be missing.

3.058 To provide means for insuring that
sufficient time is allowed during a reading cycle
for the required relay operations should the read-
ing pins be slow in feeling the holes in the paper.

3.059 To provide means for indicating when a
marker group contains more than one office, the
specifie office indices which may be expected and
to perforate tape identity group on only the as-
sociated message unit tapes.

3.060 To provide means for subtracting the
registered disconnect time from the registered
answer time,

3.061 To provide means for adding the num-
ber of elapsed hours to the difference of function
3.060.

3.062 To provide means for converting result-
ing elapsed time of function 3.061 of the message
in accordance with a chosen time allowance to
obtain the chargeable time.

3.063 To provide means for registering the
chargeable time on a two-out-of-five basis.

3.064 To provide means for converting
chargeable time to message units in accordance
with a message unit formula chosen by a combi-
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nation message billing index for the message
and the marker group represented by the tape
being. processed. ’

3.065 To provide means for registering the
message units completed in function 3.064 on a
two-out-of-five basis.

3.066 To provide means for perforating the
tape identity group on each output tape..

3.067 To provide means for perforating splice
pattern on each output tape before starting to
process a new tape input.

3.068 To provide means for constructing the
required entries on output tape in accordance
with the type of call indicated by the adder re-
sult and the composition of the call entries.

3.068 To provide means for constructing two
entries on different output tapes in accordance
with the type of call indicated by the adder re-
sult and the composition of the call entries.

3.070 To provide means for checking each
digit for a two-out-of-five code in an entry line
being perforated. .

3.071 To provide means for checking the op-
eration of the perforator advance magnet on
each entry line perforated.

3.072 Keeps a progress record of the discon-
nect and answer time entries, and associated
cancellation entries, and the initial entry, by re-
cording on relays the occurrence and order of
these events. The number of time entries and
the relative position of the cancellation entry or
entries affect the treatment of the ecall.

-3.073 Notes on recording relays the kind or
type of the cancellation entry, since this factor
enters into the disposition of the call.

3.074 Notes and records the occurrence of
transfer or splice indications which precede a
new call. This includes a preliminary splice in-
dication at the beginning of the tape. The cir-
cuit is thus prepared to handle a possible straddle
condition in the next series of entries.

3.075 Notes the occurrence of the initial entry
assoclated with preceding answer or disconnect
entries and uses this signal as a terminal or cut-
off event to cause the output to be delivered.

3.076 Notes the occurrence of any transfer or
splice indication which may appear following the
answer or disconnect entries, and at the same
time uses this signal as a cut-off event to cause
the output to be perforated.

3.077 Determines when calls are to be routed
to one of the regular tapes and registers the re-
sult in the output start circuit. Such calls are:
(a) complete with disconnect answer and initia]
entries or (b) partial with answer and initial
entry, but not associated with a transfer or a
splice indication.

3.078 Determines when calls are to be dis-
carded and registers the result in the output start
circuit. Such records comprise the following:

(a) A non-answered call (DA or BY) consist-
ing of an initial entry which stands alone, un-
supported by an answer or disconnect and not as-
sociated with a transfer or a splice indication.

(b) A non-answered call (DA or BY) consist-
ing of an initial entry alone following a splice or a
transfer point, but preceded by two or more hour
entries (as indicated by the hour circuit). Pre-
sumably, such a call could not have waited an
hour or more to be answered,

(¢) A complete, non-observing call record in
which a charge guard entry (2854-) intervenes
between the initial and the answer entries,

(d) One or two timing entries followed by the
void call entry (2853-).
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(e} A splice or a transfer indication followed
immediately by (2883-)., ,

(/) A non-straddle test call, characterized by
billing index “0”. :

3.07% Distinguishes straddle calls and regis-
ters the result in the output start eircuit. Such

straddle conditions include any portion of an in-.

complete call record which is found adjacent to a .

splice or a tranafer point.

3.080 Inconnection with each straddle output,
the circuit registers the indicated location of the
missing parts of the call (straddle index), togeth-
er with directions for handling the charges
(straddle charge index), for the information of
the matching operator.

3.081 Causes the computer to cancel overtime
on calls in which a 2853, 2854—, or 2856, signal
comes between the answer and disconnect, .

3.082 Causes the computer to cdncel charges
on observing calls in which a charge guard entry
(2854-) occurs between the initial entry and the
preceding timing entry.

3.083 On calls exceeding in duration or MU
value the capacity of the computer (. e. “over
99”), the circuit: o .

(a) Registers a signai to this effect from the
computer and sets up a straddle registration in
the output start circuit. : .

(b) Causes the entry circuit to prepare the
requisite output form.

(c) Supplies suitable call handling information
for use by the operator.

3.084 Closes the reader advance circuit in
acknowledgment of the receipt of any of the can-
cellation, transfer or splice indications above
mentioned.

3.085 Classifles the input entries (initial and
associated timing entries) according to the rank
of the call, as regular, observed, or straddle, and
according to the method of charging, as MU,
TOLL or MUD:.

3.086 Determines from the input classification
whether or not the output is to be perforated
singly or two-fold, and establishes the appropri-
ate form or composition for the output entry or
entries. .

3.087 Sorts the output entries (. e. steers
toward output perforator connectors) in accord-
ance with the output classes (MU, TOLL OBS,
MUD and STDL).

3.088 Registers on primary class relays (MU-,
DET-, and LO-) the general class of the call,
as read from the entry number in the first line of
the initial entry.

3.089 Registers on secondary class relays
(MUAA, MUD-, BI%-) the basis for charging as
determined by the computer form: (a) the
message billing index in the first line of the initial
entry, and () the marker group number sup-
plied by the tape identity.

3.090 Determines whether the output is to be
steered to a single perforator or to two separate
perforators. MUD calls go on the MU output
tape as well as on the MUD tape, and observed
calls are put on the respective MU, MUD, or
TOLL tapes as well as on the observing tape.

3.091 Specifies the class of the regular output
(MU, TOLL, MUD, OBS) and fixes the form or

eomposition of the output entry accordingly ex-'

cept when overruled by the discard or straddle
features. '
3.092 Selects a sorting or perforator connector
path corresponding to the output class assigned.
3.093 Provides up-check and down-check
paths through the primary class register in series
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with the message billing index register to inform
the register control circuit as to the busy or idle
condition of the registers associated with the first
line of the initia] entry.

3.094 Insures the operation of one and only
one secondary class relay (MUAA, MUD-, B{§-)
by providing an up-check path in series with the
sorting path already mentioned.

3.095 Indicates to the line count circuit the
number of lines to be expected in the input entry,
as shown by the entry number and as recorded in
the primary class register (MU-, DET-, LO-).

3.098 Closes lamp circuits for indicating to the
operator whether the input entry is two-line
(MU) or four-line (TOLL OBS). :

3.097 Selects. OBS—CC or OBS—DA calls.
from among those marked for discarding, and
saves these OBS calls for perforation on the OBS
tape. o

3.098 Discriminates between two-line (MU)
and four-line (TOLL or OBS) initial entries to
ald in (@) insuring a check of all lines of the
input before output is allowed to proceed, (b) de-
tecting any inserted or repeated lines as a pre-
caution against false charging, and (¢) blocking
the circuit if such an extra supplementary line
should appear. . \

3.099 Registers the termination of the call,
as indicated by the arrival of the first line of the
initial entry or by the appearance of a transfer
or splice indication signifying a straddle.

3.100 Registers the class of the output (Regu-

* lar, OBS—CC, OBS—DA, STDL or CISCARD)
. according to the determination made by the in-
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put class and straddle circuits.

3.101 Insures that the initial entry has been
read and checked as acceptable, before the out- -
put start leads are closed. :

3.102 . Closes start paths (a) to the output
entry forming circuit and (b) to the sorting cir-
cuit leading to the perforator connectors.

3.103 On discards, restores the A and D reg-
isters at once and primes for release the CL, NR,
TM, AR and CR registers, as well as the straddle
call circuit itself (see section 11.59d). :

3.104 Causes the computer to release the
computer input registers at the beginning of a
straddle output entry (“wWoO” lead). )

3.105 Blocks the register connector leads im-
mediately when a straddle is indicated, in order
to prevent further registration from intruding
upon the straddle call in progress.

5. General description
5.1 The computer

The computer receives, as its input, a second
assembler tapes which contain telephone call in-
formation, in the form of perforations assembled
by call, '

This information includes such items as: dis-
connect time, answer time, message billing in-
dex, office index and directory number, and in
the case of toll calls, area index, called number
index, called office. and directory number.
These items of call information are transmitted
by the reader to reading relays and thence to
relay registers where they are stored for use in
other parts of the circuit.

In addition to call entries the recorder time
and tape identity groups of entries in the end of
tape pattern and hour’entries are encountered
by the reader of the: computer. Reference is
made to the information received from these en-
tries for certain phases of sorting, controlling
and computing in the processing of a call.
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Records for calls not answered are recognized
by the computer and discarded unless the line
which originated the call is under service obser-
vation.

Information for completed calls is taken from
the registers and used to compute elapsed time
and to determine the rate treatment of each
message. Message units are formulated for
message unit messages.

The computer further determines the output
" class of each call and perforates the necessary
information on one or two of a number of tapes
depending upon this class.

In addition the computer is arranged for one
stage of sorting of message unit messages by of-
fice. thousands or units.

10

15

The output for message unit messages is han- -

dled by perforators 0 to 9. The output for
straddle, observing and message unit detail is
handled by perforators 10, 11 and 12, respectively.
Toll calls are handled by perforator 13. When
the computer is to sort toll calls by day, per-
" forators 13 to 16 or 13 to 18 are used depending
upon whether there are 16 or 6 billing rounds
. per month.

The computer output contains items of infor-
mationn such as: calling line number and mes-
sage units for message unit messages and office
index, answer day, hour and minute, area index,
called number index, office and number as well
as chargeable time and MU index.

5.2 Preparation—Tape identification
5.21 Set-up switch preparation

At the start of a run, certain preparatory set-
up switch settings must be made in accordance
with instructions accompanying the tape to be
processed. These settings determine the mode
of sorting and furnish checking data which must
be matched by the identity entries on the lead-
ing end of thé input tape. Failure to check will
block the circuit.

5.22 8Splice pattern

PFollowing the manual preparations, the reader
motor is started and the input tape inserted,
after which further key operation causes a quan-
tity of splice pattern to be perforated on the
leading ends of all output tapes.

5.23 Tape identity .

After sufficient splice pattern is applied, a key
operation causes the reader to advance the in-
put tape through initial splice pattern and then
the identity entries checking each item against
the switch settings. Halting the input tape on
its last identity line, the machine then auto-
matically causes identity information to be per-
forated on each active output tape. Where of-
fice sorting of message unit calls or day sorting
of toll calls is prescribed no identity prepara-
tion is perforated on the unused tapes of these
classes, although splice pattern will have been
applied as. already stated. With thousands or
units sorting the identity preparation is applied
to all ten tapes inactive as well as active, to make
the output of the computer consistent in this re-
spect with that of the sorter.

The Iidentity entries consist of tape index
marker group, first and last recorder number,
office number if such is the basis for sorting,
first and last day of round, tape section and
round and month. The tape index varies with
the kind of tape and shows whether the tape in
question is MU, toll, straddle, etec., while the tape
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section varies progressively from one tape to the
next in a series and corresponds to the thousands,
unit, or office whose message records are to be
entered on that output tape. On office-sort
output tapes the office digit is the same as the
tape section. On day-sort tapes, the tape digit
is omitted and the day which designates a par-
ticular output tape appears as both the “first
and last” days of the round.

All the identity lines mentioned are perforated
as a group entry on one output tape, then on
the next, and so-on until all the tapes are cov-
ered, the unused tapes being skipped as already
explained. - :

5.24 Basis for sorting (office, thousands, units)

Tapes from multioffice marker groups must be
sorted by originating office in the computer stage.
However, tapes from single office marker groups
may he sorted either by calling number thousands
or units, according to circumstances. If the in-
put tapes represent a large volume of business,
the computer sort will probably be by thousands
to permit division of the load among two or more
sorters, each of which will handle its quota of
thousands. For light traffic single office tapes,
however, the choice may be units sort with a view
of completing the subsequent stages on one sorter
machine. Siigle office, single thousand tapes will,
of course, b . computer sorted by units.

§.25 R-_.order, hour and day circuit preparation

After the last active output tape has received
its identity preparation the input tape is ad-
vanced off its final identity entry and driven on-
ward through the next three entries, which set
up registrations in the recorder, hour and day
circuits, respectively. These three items are used
for reference purposes in connection with the
call records which come next on the tape.

5.3 Messages — Regular — MU (Message unit)
and toll )

5.31 MU messages
5.311 Composition of input and output entries

The assembler tape record of an MU call con-
sists of one line each for disconnect and answer
time, and two lines for the initial entry. Each
timing entry is introduced by “1” in the A digit,
and each contains the call identity index and the
time in tens and units and tenths of minutes re-
ferred to the last hour registered. The first
line of the initial entry is introduced by the num-
ber “21” which is followed by the message billing
index and the recorder number. The second
line of the initial entry commences with zero and
includes office index and calling line directory
number.

The output record for MU messages is con-
densed to a single line entry when the MU’s are
expressible with only one digit (1-9), thus leav-
ing four digit spaces for the numerals of the call-
ing line directory number. A second line must
be added if the MU’s exceed this amount or if an
extended range formula is indicated by the mes-
sage billing index. .

5.312 Registration of input—MU)
5.3121 Disconnect time :

The first line of a regular message encountered
by the reader gives the disconnect time. The
reader contacts operate the reading relays, of
which there are three individual relays for the A
digit and five sets of five each for digits B to F,
Inclusive. The Af reading relay comes up on the
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introductory “1” of the disconnect entry and op-
erates a register connector to connect the con-
tacts of the twenty-five B, C, D, E and P digit
reading relays, respectively, to the windings of
disconnect time register relays, D (tens, units
and tenths), and call identity index register re-
lays, J (tens and units). The operation of the
connector relays is made contingent upon a satis-
factory “2-in-5" check through the contacts of
reading relay groups B to F, inclusive.

The disconnect time record in terms of min-
‘ute, tens, units and tenths is thus conveyed from
the contacts of reading relay groups B, C and D
to corresponding relays in the disconnect register
and from there a copy of the record is immedi-
ately passed on in biquinary form to the adder.
The call identity index (tens and units) regis-
ters preserve a record for comparison with the
corresponding item in adjacent elements of the
call

'I"he five registers just mentioned make a 2-in-5
up-check to cause the reader to advance to the
next line, which will contain the answer time.

5.3122 Answer time

In the open interval the line count circuit will
progress so that when the reading relays operate
. on the answer line and satisfy the 2-in-5 check,
the time will be recorded in the answer register
relays, A (tens, units and tenths) in the manner
already described. A copy of the answer time is
carried from the register to the adder and also
to supplementary time registers whose use will
- be explained later. After the 2-in-5 up-check
of the register the reader advances to the next
line. Included in the check is the call identity
index of the answer line, which is compared with
the call identity index register to make sure that
the elements are associated with the same call.

53123 Initial entry

In the open interval the line count circuit again
progresses, and if the initial entry appears next
and meets the usual 2-in-5 reading check the in-
troductory “2” causes a connector to associate
the reading relay contacts with the input class
register (B digit) and with the message billing
index register (C digit). The input class regis-
ter keeps a record of the class of the input (MU,
TOLL, L.O) for use in forming up the output and
sorting, starting and otherwise controlling it.
The message billing index information is for-
warded to the adder by way of the message bill-
ing index translator, which interprets the mes-
sage billing index (C digit) according to the
marker group under consideration. After the
call identity index (digits E and F) is checked
against that registered the reader advances the
tape to the next line.

On the second or supplementary line of the
initial entry, the introductory “0” in the A digit
causes the reading relays to be connected to the
registers, which receive and store the office index
and calling line directory number read from the
five digits B to F, inclusive, of the input tape.

After the usual 2-in-5 check, the reader ad-
vances the tape to the next line.

-5.313 Computing—MU
5.3131 Registering time and subtracting

The disconnect time in tens, units and tenths
of minutes is conveyed in biquinary code from
the disconnect registers to the corresponding
adder registers. Likewise, the answer time tens,
units and tenths are registered in the same
adder registers respectively.

"
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The adder registers derive their name from the
method used to obtain the time difference, name-
1y, that of adding to each digit of disconnect time
the complement, with respect to nine, of the cor-
responding digits of answer time. The process
depends upon the use of translator wiring be-
tween the answer time register and the adder,
and the result for each digit emerges on a group
of leads from the adder. Adjustments between
digits are effected by means of “carry in” leads.
The maximum capacity of the three adder reg-
isters is 99.9 minutes.
~If the hour changes between disconnect and
answer a- corresponding adjustment must be
made in the result of the tens adder, in order
to produce the right answer. Notification of any
such hour change is supplied by the hour reg-
ister, which in turn receives its record from the
reading relays and the tape.

5.3132 Rounding off

The results of the three adders are forwarded
respectively to the three round-off translators
(the tens digit is via the hour tens adder). Here
the elapsed time Is rounded off to the next higher
minute after a small allowance is made covering:

A. Traffic delay in seizing the recorder at central
office.

B. Timed release at central office, whenever such
is indicated to the computer by the reading and
registering of “3” (all three holes) in the A
digit of the disconnect entry.

5.3133 Formulating MU’s

The operation discussed above will ordinarily
be finished before the first line of the initial
entry comes up to reveal the message billing in-
dex (digit C). This last item when read is stored
in the message billing index register and is re-
peated to the adder via the message billing index
translator, which at the outset of the run has
designated the formula applicable to the marker
group concerned. The signal thus relayed to
the adder does the following things:

A. Selects a formulator and connects to it the
output of the elapsed time round-off transla-
tors.

B. Actuates a type of call translator.

The formulator transforms the chargeable
time in minutes into terms of total MU’s for the
massage. Each formulator represents a par-
ticular formula covering fixed initial and over-
time intervals and fixed rates of MU’s for each
such interval. For example, one formula spec-
ifles an initial interval of 5 minutes at 2 MU’s
and overtime intervals of 3 minutes at 1 MU each.
The computer is arranged for eight such mul-
tiple formulae as required, and one non-overtime
single MU formula.

In addition to the formulation of MU’s the
other action derived from the message billing
index is the operation of the “type of call” trans-
lator which interprets the index in terms of range
or scope of the call, distinguishing between MU,
TOLL, MUD and test calls and classifying MU
and MUD as local or extended area 1 or 2. The
translator uses this information:

A. To aid in the determination of the output
form (one or two-line for MU messages and
two-line for MUD).

B. To supply the message unit index to the pat-
tern relays on two-line MU and MUD mes-
sages.
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5.314 Classification of input

Reference has already been made, in section
5.3123 above, to the input class register which is
set up by the entry number (B digit) of the first
line of the initial entry, and which classifies
the input data as representing the two-line MU,
the four-line TOLL, or the four-line I.O. 'This
classification according to entry number (B digit)
is inadequate in the case of TOLL and LO calls,
since TOLL may be either straight TOLL or
MUD (Message Unit Detail), while I.O may turn
out to be either MU, TOLL or MUD. Hence,
the distinction must be carriéd further with the

help of the message billing index (C digit), and -

this service is performed by the type of call trans-
lator discussed previously in section 5.3133. The
result is recorded on secondary class relays sup-
plementing the primary input class relays men-
tioned above. The input is thus completely class-
ifled as either MU, TOLL, MUD, LO—MU, L.O—
DET or LO—MUD. In the present instance,
however, it is assumed that the input class is MU.

5.315 Classificatin of output

The main purpose of output classification is
to perform the first stage of sorting, The prin-
cipal guide for this class sort is the input class-
ification already explained, although other fae-
tors such as the completeness of the call record
will have their effect.

The actual determination of the output class
is made by the setting of the input class register,
subject to control by the straddle circuit, which
keeps a progress record of the call entries and
any other associated modifying entries.

‘The class circuit is also concerned in establish-
ing the form or composition of the output; that
is, the selection of the various line patterns re-
quired to make up the output entry. On entries
for the MU tapes, the one or two-line output is
determined jointly by the class circuit and by the
type of call translator or MU register. On entries
for the TOLL, MUD and LO tapes, the class cir-
cuit alone ccntrols the output forming. On
straddle entries, the straddle circuit either gov-
erns the output forming alone or does so jointly
with the class circuit, depending upon the cir-
cumsiances.

5.316 Sorting of MU messages

The set-up switches determine the basis for
numerical sorting as already explained. This
selection, by operating one of the three sort-con-
nector relays, places the ten numerical perforator
connectors under control of the set of register
relays that corresponds to the office, index thou~
sands or units digit, whichever is to govern. This
sorting channel remains set throughout and it is,
therefore, the only such channel available when-
ever the output class circuit assigns a call to one
of the numerical tapes. Access to the individual
perforator is then gained by operating the per-
forator connector corresponding to the setting
of the digit register.

5.317 Perforation of outpul—MU message

The output perforators are controlled by a cir-
cuit network, as follows: Immediate access to the
perforators is gained through the perforator con-
nectors, one for each perforator. Ahead of the
perforator connector is the common check circuit
and feeding into this are the contacts of the vari-
ous pattern relays. The pattern relays are line
connectors which derive their information for the
various digits of a line from numerous control
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points such as registers, relays and switches.
These sources in turn are fed with ground im-
pbulses from the reader in such manner as to
insure an individual ground impulse for which-
ever of the twenty-eight perforator magnets are
required.

In order for the output to be perforated, the
entire input entry must have been read, checked
and registered before the output operations are
In the case of MU class, this
completion point is reached before the reader has
advanced off the second line of the input entry.

" Then, if the call is still rated as “regular,” a start-

ing signal is giveh authorizing the output form-
ing circuit to operate the perforator connector

. leading into the chosen perforator. This start
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" both being the output forming circuit.

signal is dependent also upon the status of the
adder, which in the case assumed must have
formulated the MU’s and placed the result in its
MU register. )

Let it be assumed that the two-line output is
required for the MU call under consideration.
The perforator control ascertains that its line
sequence and other control features are in readi-
ness, after which it operates the first pattern
relay. In the present example, this pattern relay
will cause “2” and “0” to be perforated in the A
and B digit spaces respectively, the source of
For digit
spaces C, D, E and F, the pattern relay will call
upon the registers which retain the numerals of
the originating line numerals of the originating
line numbering. The office index for this call
and all others on the tape is omitted from the
output entry for reasons of economy and is con-
tained instead in the identity group at the end
of the tape.

With the foregoing information perforated and
checked, the perforator control restores the first
pattern relay, advances its sequence circuit and
the perforator drum, and operates the pattern
relay for the second line. This second pattern
relay causes 0 to be perforated in the A digit
space, and 0, 1 or 2 in the B digit space, according
to the range or extent of the call as shown by the
type of call translator. Digits C and D are
blanked out with 0°s supplied by the output form-
ing circuit, and digits E and P receive the MU/
information from the MU register. After the
perforator has checked out, the pattern relays
and the perforator control restore, and both the
perforator and the reader advance.

5.318 Owerlap operation and register release—MU

) In the computer the input and output opera-
tions are offset with respect to each other so that

the output of one call can be perforated wholly

or partly while the input of the next is being read
and registered. This overlap operation is made
possible by registering each line of input as it
appears and then progressively restoring the reg-
isters as the output circuit finishes with them,
thus providing register facilities for the new call.

Complete overlap is possible on a continuous
string of completed MU messages since:

(q) The D and A registers become available
again some time during registration of the initial
entry.

(b) The adder will have finished its computa-
tions by the time the second line of the initial
entry is registered.

(¢) Preparation for output will have been com-
pleted when the reader commences on the next
message.

(d) The one or two lines of output can be
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made to coincide with the reading of the discon-
nect and answer entries of the new message.
Hence, the reader advances continuously from
one set of entries to the next without pausing for
the output, which is perforated concurrently with
the reading.

The maximum overlap attainable consists of
the two reader cycles during which the D and A
registers freed from one message are being re-
filled with the time entries of the next. If, how-
ever, entries other than D or A are encountered
when the circuit gets ready to deliver the output,
the registration of such new entries must await
the completion of the output, because the regis-
ters involved up to that instant must be guarded
against intrusion.

On regular messages, the disconnect and an-
swer registers are restored after their informa-
tion has been transferred to supplementary time
registers and the adder and after the latter cir-
cuit has finished its computations or at least has
ascertained that the problem is within its capa-
bility. The early release of the disconnect and
answer registers is accompanied by that of the
call identity index registers and certain input
portions of the straddle call circuit. )

On the penultimate line of the output entry,
which in the present example is the first line of
the two-line MU output, the perforator control
primes the following registers for release:

(@) Message billing index and input class.

(b) Calling line number.

(¢) Area index, called number index, called
office. '

(d) Time register, hour and supplementary
answer, etc.

In the present example, registers (¢) are not
occupied and registers (d) although occupied, are
not used. All of these registers when operated
will release at the end of the reading pulse in
which they were primed.

On the last output line, the perforator control
primes for release the chargeable time and MU
registers and also the straddle call circuit. These
registers restore at the end of the priming pulse,
and the straddle circuit at the same time un-
blocks the input equipment to admit to the regis-
ters the new initial entry whose disconnect and
answer times are presumably already registered.
" Had the output entry consisted of only one line
instead of the two lines assumed, all of the regis-
ters above mentioned would have been primed
for release while the single output line was being
perforated.

5.32 Toll messages ‘
5.321 Composition of input and outpul entries

The input record of a toll message consists of
two single-line entries representing disconnect
and answer time, and a four-line initial entry
with an introductory “2” heading the first line.
On the first line, the characteristics are an entry
index “3” in the B digit space and a message
billing index of “9” for the digit. The D digit
is blanked with “0,” and the E and F digits supply
the call identity index for matching with that
of the two timing entries. The second, third and
fourth or supplementary lines start with “0.” The
second line contains the calling line number; the
third contains the area index, called number in-
dex and called office code; while the fourth line
contains the called number.

The output is condensed to five lines, of which
the first commences with “1” and the rest with
“0's.” The first line contains the calling office
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index and directory number, and the second line
tells the date, hour and minute of answer. The
third line copies the area index, called number
index, called office code, while the fourth does
the same for the called line numerals. The fifth
and last line gives the chdrgeable time in two
digits and blanks with “0's” the other three digits.

5.322 Registration of input—Toll

5.3221 Registration of answer and disconnect

The disconnect and answer times and the call
identity index for toll messages are recorded in
their own registers and copied in the adder in the
same manner as for MU messages. At the same
time, the following secondary registrations take
place in order to preserve for the output certain
items whose source may be wiped out when the
answer and disconnect registers are released for
use in the next message:

(@) While the disconnect time is being re-
corded, the disconnect day is copied from the day
circuit to the disconnect day register. This item
is used only in straddle entries.

(b) After- the answer time is recorded, the
answer hour (tens and units) is copied from the
hour circuit to the answer hour register, and the
answer minute unit is copied from the answer
register to the supplementary answer units regis-
ter.

(c) After the supplementary answer units regis-
ter receives its record, the start time register re-
ceives its information as follows:

Minutes-tens for the answer tens register.

Hour-tens from the hour circuit.

Day-tens from the day circuit.

The function of the start time register is to
condense the supplied information into two digits,
so that these plus the three units digits contained
in the primary registers will express the answer
day, hour and minute within the allotted five-
digit space in the output. It may be noted that
this composite form of the answer time is required
for regular TOLL and observing calls, whereas
the uncoded form is usable on some of the irregu-

lar entries such as straddle and unanswered LO
calls. :

5.3222 Registration of initial entry—Toll

The first and second lines of the initial entry
are registered in the same way as previously de-
scribed for MU messages. The area index, called
number index and called office code of the third
line are recorded in five registers provided for the
purpose, and the called line numerals of the
fourth line are likewise stored in another set of
five registers. :

5.323 Computing—Toll

The disconnect and answer times of toll mes-
sages are registered in the adder and the elapsed
time is computed and rounded off, all in accord-
ance with the procedure described for MU mes-
sages.

The message billing index “9” which appears as
the C digit, first line, of the initial entry of the
toll message assumed in this example, is reregis-
tered in the type of call translator. As a result,
the adder withholds the rounded-off time from
the MU formulator and diverts it instead to the
chargeable time register, where it can be retained
until needed for the output.

5.324 Classification of input—Toll

The input class register records the “3” ap-
pearing in the B digit and first line of the initial
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entry, and thereby classifies the input as either
TOLL or MUD. The distinction between. these
two is made when the type of call translator
interprets the message billing index given in the
C digit. In the example under consideration, it
is assumed that the message billing index is “9”
so that the final classification is ‘TOLL.

5325 Classification of output—Toll

The output classification will be the same as
that of the input in the case of a toll message,
and hence in the present instance the output will
be classed as TOLL. This means that the output
in question will be given the toll form and routed
to one of the day tapes in the toll group.

The output form selected under the TOLL
class will consist of the five lines described in
section 5.321 above. Hence, flve pattern relays
representing these lines will be selected and tied
into the output control circuit.

5.326 Sorting of toll messages

Tapes cut and processed by rounds of several
days each must have their toll messages sorted
by days in order to facilitate the listing of such
messages according to date on the customer’s
toll statement.

For this purpose, the number of the round and
its length as shown by the first and last day of
round are included in the leading tape identity
group, while the current date or day of month is
given at each 3 a. m. point. To economize in
perforators, the day sort is made by day of round.
However, the change in days is supplied not in
such terms but rather in terms of the changing
day-of-month to which the messages are referred
and hence the date given must be translated into
day-of-round in order to direct the sorting. Ob-
viously, at a later point in the accounting process
a retranslation must be made from day-of-round
to actual date.

When the perforator control has prepared and
the output start signal has been given a ground
impulse is passed through a day-of-month to
day-of-round translator and is routed to a per-
forator connector by way of the day sort control.

In this manner the day circuit controls the
proper selection of a perforator.

5.327 Perforation of output—Toll

The perforator circuit and the pattern relays
function in the same way for toll as for MU mes-
sages, already covered in section 5.317 above, ex-
cept that five lines of the output must be per-
forated instead of only one or two. The com-
position of the toll output entry is covered in
section 5.321.

The start signal which authorizes the com-
mencement of the toll output is withheld until
after the four lines of the input as read and reg-
istered, and the next line following is read and
checked. A “zero” in the A digit space of this
next line would mean that one of the input sup-
plementary lines had been duplicated or an ex~
tra one inserted. Since these supplementary
lines convey information relative to charging,
such as calling and called numbers, area index,
and called number index, any irregularity of the
kind mentioned may lead to charging errors and
giving an alarm. If, however, the line following
the input entry commences with a digit other
than “zero” the circuit is allowed to proceed with
the output forming and delivery of the output.
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5.328 Overlap operation and register release—
Toll

Both the disconnect and answer of a toll mes-
sage input-can be overlapped with the output
of a preceding MU message. When the preced-
ing message is toll, however, an extra reader cycle
is lost in ‘checking the line following the four-
line input of the first message, so that the over-
lap is reduced to 1 cycle instead of 2. Hence, in
a string of toll messages the reader cycles re-
quired per message would amount to six (input)
plus- five (output) minus one (overlapped) or a
total of ten, instead of the eleven that would be
required if no overlap were provided,

The release of registers in connection with a
toll message follows the same general procedure
as that for MU messages described in section
5.318 above. Here, again, the main group of
registers is wiped out on the next-to-last line of
the output, and the chargeable time and straddle
call registers are delayed in release until after the
end of the last line.

5.33 Double output—Separate tapes

MUD and LO calls are represented on separé.te
output tapes.

5.331—MUD (MU and MUD tapes)

On MUD messages, the MU record is first taken
off on one of the MU tapes for convenience in
accounting, and then the detailed record is placed
on the MUD tape for reference purposes.

On LO messages of either the MU or the MUD
kind the MU record is first placed on one of
the MU tapes, and then the detailed observing
record is preserved on the L.O tapes. LO mes-
sages of the detailed kind are recorded first on
the toll tape and then on the LO tape. i

MUD message records comprise a four-line ini-
tial entry introduced by the usual toll insignia
of “2” for the A digit and “3” for the entry num-
ber or B digit, but marked further with a C
gi_glit index (1-8) signifying “message unit de-

ail.”

The input class circuit, after assigning the mes-

sage to the broad class of toll in accordance with
the entry number “3” of the B digit, looks to the
type of call translator for an interpretation of
phe C digit index. Assuming that a MUD ecall
is indicated, the class circuit accepts that classi-
fication, and prepares the entry forming circuit
to set up first the “MU” and then the toll out-
put forms. After the four-line initial entry has
been read through, registered and verified as
previously described, the usual start signal is
output is entered on one of
the MU tapes. The output control circuit then
switches over from the MU to the toll output
form and diverts the start circuit from the MU
to the MUD tape.
] On the MUD tape the usual five-line toll entry
is perforated, except that the fifth line contains
MU data as well as the usual toll, and also the
type of call (0, 1 or 2, respectively). The extra
data regarding MU and type of message is auto-
matically furnished after the class has been
recognized as MUD,

On a message of this kind the D and A registers
are 1:eleased at the usual early stage but the rest
continue operated until the last two lines of the
second entry, whereupon they follow the usual
releasing sequence of toll messages.

5332 Lo—mU
Observing messages are recognizable from the
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entry number “4” appearing as the B disit ﬂrst'

line of the initial entry. Purther classification
devolves upon the type of call translator which
interprets the message billing index given in the
C digit. Assuming for the present that from the
index (1-8) this secondary classification is MU
the class circuit will accordingly prepare respec-
tively on the MU and LO tapes, in the order
named. Here, again, as in the case of MUD
messages, the fifth line of the LO output con-
tains, in addition to the MU’s, the chargeable
time and the type of call (i. e, area) informa-
tion. This extra information is supplied oh noti-
fication from the class circuit that the call is

observing.
Release of the registers other than D and A

takes place as usual following the last two lines

of the second entry.

5333 LO—-TOLL

These messages are distinguished by the LO
class indication “4” in the entry space or B digit
and the message billing index “9” in the C digit
of the first line of the initial entry. Upon rec-
ognizing the index “9,” the class circuit is notified
that the message is toll and preparation is made
to deliver chargeable time while blanking out
with 0's the MU and type of call spaces of the
fifth line of the output.

With the call classification of LO—TOLL reg-
istered in the class circuit the output control
causes the five-line entry of the message to be
placed first on the toll tape and next on the
LO tape. Register release takes the usual course
already explained for other kinds of /dual entries.

5.33¢ LO—MUD
Observed MUD messages carry the observing
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entry number “4” in the B digit of the first line

of the initial entry, and some one of the C digit
message billing indices (1-8) assigned to mes-
sages of this class. The computer interprets the
index as signifying MUD, the class register is
notified accordingly, the area index is determined
and preparation is made to deliver chargeable
time as well as MU’s. )

With the class registration fully determined as
LO—MUD, the output control first causes the
MU data to be entered on one of the MU tapes
and next causes the five-line toll output to be
perforated on the LO tape. The last line of the
toll output entry contains the type of call,
chargeable time and MU information above men-
tioned. Register release is brought about in the
same way as for other kinds of dual entries.

It should be pointed out that in order to save
circuit complication the computer makes no pro-
vision for recording the LO-—MUD call on the
MUD tape. Hence, the LO tape must be resorted
to whenever the record on observed MUD calls
1s to be inspected.

5.4 Irregular calls
5.41 Disposal on regular tapes
5411 COT (cancel overtime)

Certain “cancellation” entries which denote
troubles or timing irregularities may be inserted
between the disconnect and answer entries when
the tape record is perforated at the central office.
Since these special entries cast doubt upon the
validity of the disconnect entry and that of the
.elapsed time it 1s deemed advisable to cancel
charges on any overtime exhibited and to make
the initial charge only.
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The decision to restrict the charging is made
by the straddle call circuit, which keeps track of
the call entries and any qualifying entries. The
straddle circuit in the present instance calls for
the cancellation of overtime and produces
charges on the basis of zero elapsed time. For
toll calls, the elapsed time is “00,” so that the
charges are billed for the initial period only; for
MU calls, the charge in MU’s is computed upon
the initial period only.

5412 LO—CC

Certain cancellation entries may be so placed
as to discredit both the disconnect and the an~
swer entries, with the result that the call must
ordinarily be discarded as will be explained later.
In the case of observing calls, however, even rec-
ords of this faulty character are preserved by
perforating them together with suitable instruc-
tions upon the LO tape.

Here again, as with COT calls discussed above,
the straddle circuit decides the issue and in the
present instance causes the cancellation of all
charges. The charge cancellation signal “3” is
used and the chargeable time is “00.” The charg-
ing information to be contained on the fifth line
of the LO—CC output will then consist of: “3”
(cancel charges) in the B digit; “00” chargeable
time in digits C and D; and for digits E and F
either “00” on toll calls or “XX” (computed
MU’s) for MU or MUD calls,

5.413 LO—DA (observing don’t answer or busy)

For the sake of completeness in the record un-
answered LO calls as well as the answered ones
will have their output perforated on the LO tape.

The straddle circuit recognizes such calls from
the absence of time entries ahead of the initial
entry and also from the primary classification,
namely, observing. The classification of LO—DA
sets up a special output form in which the cur-
rent day and hour are cited but no answer time,
and all charging information is omitted.

It is of interest to note that the answer time
is omitted or blanked out by zeros furnished to
the pattern relay by the supplementary umnits
register, and the minute tens translator, which
in turn receive their directions from the class
circuit. The charge information of digits B to
F, inclusive, is blanked out with 0’s furnished
to the pattern relays by the entry forming cir-
cuit.

The call is routed to the LO tape alone, after
the initial entry is checked throughout.

5.5 Straddle calls

Straddle calls are those whose elements are
split between separate tapes for one of two rea-
sons: (a) the 3:00 a. m. cutting point intervenes
between disconnect and answer or between an-
swer and initial entry, and the tape is cut at that
point to deliver a section for processing; or (b)
the call identity indexer is transferred from the
regular to the emergency recorder or vice versa
while the call is in progress, thereby dividing the
record between the separate tapes.

5.51 Recognizing siraddle calls

The recognition of straddle calls is performed
by the straddle call circuit, which keeps track of
the disconnect, answer and initial entries. If one
or two timing entries appear and are followed.
by a splice indication, the call is obviously_ a
straddle on the trailing end of the section of tape,
and the missing part or parts are to be found on
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the “previous tape” which was severed from the
“current tape” on the last round and which has
already been processed., If the terminating indi-
cation is a transfer instead of a splice, the missing
parts will be found on the “current tape,” mean-
ing the emergency.tape if the regular is being
processed, or vice versa.

If a transfer or splice indication is registered
in the straddle circuit and then is followed by an
incomplete call record consisting of an answer
and an initial entry, or by an initial entry alone,
the result is cbviously a straddle on the leading
end of a section of tape. If the preliminary indi-
cation is that of a splice, the missing element or
elements will be on the “next tape” from which
the current tape has been cut and which is left
at the central office to be processed in the next
round. If the preliminary indication is a trans-
fer instead of a splice, the missing parts will be
found on the “current tape” of the opposite kind,
whether emergency or regular. ‘

A call which terminates with an initial entry
Jjust ahead of a transfer or splice is obviously not
g straddle, but is either a message or a don’t
answer or busy and is disposed of as such. - Simi-
larly, a message record complete with disconnect,
answer and initial entries all following a trans-
fer or splice point is, of course, a regular message
and is disposed of accordingly. .

5.52 Disposal of straddle calls

When g straddle call is recognized as outlined
above, it is routed to the straddle tape.

If the partial input record consists of two tim-
ing entries preceding the transfer or splice point,
these timing entries are combined into one five-
line output entry containing the following infor-
mation:

(a) Entry index.

(b) Recorder number.

(¢) Call identity index.

(d) Disconnect day, hour, minute and tenth
minute.

(e) The same for answer.

(f) Location of missing elements, such as “cur-
rent” or “next” tape, etc.

(¢) Timed release (or not).

(h) Trouble (nature of any trouble which may
have been indicated and which affects the charg-
ing, such as “cancel OT,” “cancel call,” etc.).

If the partial record consists of a single timing
entry, the above output will be reduced by the
amount of one set of day, hour and minute data
so that only three output lines will be needed.

If the partial record follows the transfer or
splice point and consists of an initial entry only,
the straddle output will consist of & four or six-
line entry, according to whether the input is the
two-line MU class or one of the four-line detailed
kinds. If the call is of the latter type, the entry
index will specify whether the call is regular or
LO. The four-line output will contain:

(a) Recorder number.

(b) Call identity index. =

(¢) Current day.

(d) Current hour.

(e) Office index and directory number of call-
ing line.

(). Message billing index.

The six-line output will include both the data
just enumerated and the area index, called num-
ber index and called office and directory number.
Included also in either entry will be any required
“trouble” indication or restriction upon charging
such as “cancel OT,” etc. and the “location”
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information signifying “current tape” for a trans-
fer and “next tape” for a splice.

If a timing entry and its initial entry follow
the transfer or splice, separate output entries for
the two are perforated upon the straddle tape.
The former is a three-line entry giving the date
and time information and the latter is the four
or six-line output, both of which are described
above. The usual “trouble” informaticn is in-
cluded in each and the “location” information
includes cross-references to the companion entry
as well as to the related tape. The double output
is governed by the entry forming circuit and by
the output control in the same manner as for the
dual output on separate tapes, but in the present
instance the straddle class circuit concentrates
the two upon the single straddle tape.

It may be pointed out that after the straddle
circuit notes a terminating splice or transfer sig-
nal and routes the call to the straddle tape, it
immediately thereafter registers a corresponding
preliminary signal in preparation for another
straddle that may follow. Then, regardless of
whether the new call develops into a straddlie or
a regular call, the preliminary splice or transfer
signal is wiped out after that call is disposed of.

5.6 Calls of over 99 minutes or 99 MU’s

Calls of greater duration or value than the
computer can handle are routed to the straddle
tape for clerical computation. This situation is
recognized by the computer either immediately
from its failure to make the time subtraction or
shortly thereafter when it interprets the mes-
sage billing index and attempts the MU formu-
lation. In either case, the straddle circuit is
primed with a special signal which causes the
output to be perforated in two separate entries
on the straddle tape. The first of these is the
five-line group which cites the disconnect and
answer times, while the second is the four or
six-line group containing the directory number
information, charging instructions, ete. Both
of these groups of entries have been previously
described.

5.7 Discarded calls (don’t answer, busy, etc.)

The following call records which are of no
use for accounting or reference purposes are
eliminated by the computer. This is done by
withholding perforation and clearing the regis-
ters concerned, making sure, however, that the
initial entry is first read through and checked.

5.71 DA or BY calls

These, with certain exceptions, are initial en-
tries of MU or toll class which are unaccompanied
ky any timing entries. One exception is an iso-
lated initial entry which immediately follows a
straddle indication, since this represents a strad-
dle. Another exception is an isolation LO entry
unrelated to a straddle indication, this being
the “LO—DA” variety destined for the LO tape,
as already explained.

The recognition of these DA and BY condi-
tions rests with the straddle circuit, which re-
stores the registers without allowing any perfo-
ration to occur.

If two or more hour entries intervene between
a straddle indication and an isolated MU . to
toll initial entry, such entry is evidently not
a straddle because if it remained unanswered

- for more than an hour it must not have been an-

({]

swered at all. Hence, such a call is discarded
as a8 DA. ’
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§.72 Cancelled calls

Non-observing records in which a charge can-
cellation signal intervenes between the answer
and initial entries, are discarded after the initial
entry has been read through and checked. LO
records of this kind are put on the LO tape, as
described above under the heading “LO—CC.”

One or more timing entries followed by a
certain cancellation signal that is.substituted in
place of a faulty initial entry in the assembly
operations, are obviously of no value and so are
discarded. The condition is recognized by the
straddle circuit which proceeds to clear out the
registers in the regular way.

573 Test calls

These are indicated by the index number “0”
in the first line of the initial entry." The com-
puter interprets the index and the straddle call
circuit discards the call. '

5.8 Final identity entries—Trailing énd of tape

When the input tape has been read through,
it runs out of the reader and stops the machine,
at the same time giving an alarm. The operator
must then retire the alarm,; restore the reader
and operate a certain key to apply tape identity
entries and splice pattern to the trailing ends
of the perforator tapes. The same identity
pattern that was put on the leading ends of
the tapes is repeated on the trailing ends and
it is applied to the same perforators as before.
Perforated just ahead of the splice pattern is
a “skip splice” entry which will enable the sorter
to run automatically through the end splices
which join the several tapes.

5.9 Display lamps

A number of display lamps is provided to help
the operator determine the status of the equip-
ment in case of trouble.

Various keys serve to switch the lamps into
contact with the part of the circuit to be in-
vestigated. For example, twenty-eight of the
lamps can be connected to the reader to indicate
the reading contacts closed, or to the perforator
circuit to indicate the perforator magnets en-
ergized. Another group of lamps, twenty-five
in number and arranged to display digits B to F,
inclusive, in “2 in 5” code, may be attached to
any one of the six sets of registers which store
up the input. Another group, consisting of twenty
lamps and arranged to read tens and units
decimally may be used to display the setting of
the recorder, day and hour circuits, the round-
off translators, chargeable time and MU regis-
ters. Other more individualized lamps show the
progress of the call and others reveal the location
of perforators which are out of paper, designate
blown fuses, etc. However, the display feature
is intended not so much to serve as an immediate
aid to the maintenance man in locating trouble
as it is to enable a fairly complete log of the
circuit conditions to be readily taken by the at-
tendant in case the processing is to be resumed
at once and the location of the trouble deferred.

6. The reader
6.1 QGeneral

The function of the reader is to read the
perforated information on the AMA tape, to con-
trol the advance of the tape, and to provide
various closures for controlling the circuit.

The reader assembly is positioned on the guide
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tracks of the reader mounting and pushed into.
place so that the multi-contact plug on the reader
assembly makes contact with the multi-contact
Jack on the reader mounting. This grounds the
common side of all of the contacts and extends
the individual contacts into other parts of the
circuit. The windings of the STEP and STOP
magnets of the reader are also connected into
the circuit. The alternating current supply is
connected to the reader motor by means of a
cord and plug.

The AMA tape is about 3 inches wide. The
information on the tape is represented by em-
bossed perforations. There are twenty-eight
positions acrosg the tape in which perforations
may occur. These positions are spaced approxi-
mately 0.1-inch center to center both transverse-
ly and longitudinally, the twenty-eight positions
are divided into six groups constituting the A,
B, C, D, E and F digits. Looking at the smooth
side of the tape, with the leading end down, the
A digit is at the left. The A digit group contains
three positions, and the B, C, D, E and F digit
groups each containing five positions. The posi-
tions in the A group are designated 0, 1 and 2,
from left to right. The positions in the B, C,
D, E and F groups are designated 0, 1, 2, 4 and 7
from left to right. For mechanical reasons, each
line of perforations (as perforated and as read),
instead of occupying a straight horizontal line,
The grouping and des-
jgnations of this zig-zag line arrangement are
as follows:

A B C D E F
0120124701247012470124701247

000 00O0C0O0O0O0O0OO0O0OO0
00 00O0O0O0O0O0O0O0CO0O0OO 0

When another line is perforated, the holes of
the top portion of the new line will be inter-
spersed with the holes of the bottom portion of
a previously perforated code so that two suc-
cessively perforated codes each with all holes
punched would look like this:

0000 0O0O0OO0OCO0OO0OO0OO0OO0O D0
0000000000000000000000000000
00 0000000 000 O0O0

By way of example, the splice code 081010,
which will be found in long stretches on all the
tapes will appear like this (ten successive codes) :

oo oo °
o o o000 0000 oo
o o o000 0000 oo
o o ooo 0000 oo
o o o000 0000 oo
o o ooo 0000 oo
o o ooo 0000 oo
o o ooo 0000 00
o o o000 0000 oo
o o o000 0000 0o
o o o oo o

On the tapes read and perforated by the com-
puter each line of perforations contains one per-
foration in the A digit group (with the excep-
tion of a timed release entry and the initial line
of a non-answered observing call; in each of
these entries three holes are perforated in the
A digit group) and two perforations in each of
the B, C, D, E and F digit groups. The informa-
tion contained in each of the B, C, D, E and F
digits is in accordance with the additive two-
out-of-five code, in which the sum of the two-
perforation position designations 0, 1, 2, 4 and 7
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(with the exception of the combination of 4
and 7) equals the numeral represented, accord-
ing to the following table:

Perforated

Positions Numersl

»
e
O -I D T OB bt

The reader is equipped with twenty-eight
reading pins arranged to line up with the holes
in the drum and with the perforation positions
on the tape. These pins are operated with a
reciprocating motion from a motor-driven cam
and are arranged to make contacts when reg-
istering with perforations in the tape. The recip~
rocating motion of the reading pins is dependent
only upon the running of the reader drive motor,
and is entirely independent of the rotation of
the reader drum and the advance of the tape.
Thus, if the advance of the drum is stopped,
the same line on the tape is read repeatedly.
The reader drum advance takes place while the
reading pins are withdrawn from the drum.

The reader runs at the nominal rate of sixteen

T o

10

20

30

times per second, and if the rotation of the drum -

is not stopped it will be advanced at the rate of
sixteen steps per second, resulting in reading
sixteen lines per second.

8. The reader

The AMA tape that is to be read, is fed into
the bottom chute of the reader with the embossed
side of the perforations upward and the A digit
to the left. The tape is then fed around the
drum with the embossed portion of the perfora-
tions in the paper fitting into the holes in the
drum, with the leading end of the tape con-
tinuing into the upper tape chute. The fitting
of the embossed portion of the perforations in
the tape into the holes in the drum holds the
tape in alignment and provides traction so that
when the drum is rotated the tape is advanced
through the reader.

The drum is rotated a line at a time in co-
ordination with the in and out movement of the
reading pins by means of a pawl and ratchet
mechanism, actuated by a cam on the motor-
driven shaft. This rotation, however, may be
permitted or stopped under control of a magnet
called the reader STEP magnet, which must
release in order for the pawl to engage the
ratchet and cause the drum to rotate. Also
another magnet, called the STOP magnet, is
provided. This magnet has to be energized to
permit the drum to rotate. It is used to prevent
the drum from rotating while the motor is
stopped and during the process of starting and
stopping the motor.

There are forty-four lines of holes on the drum
so that each step of advance is about 8.2 de-
grees. At one end of the drum, clear of the
tape, an additional hole is provided on alternate
lines of holes. Two sensing pins, designated G
and G2, are arranged to register with these holes
and have the same in and out motion as the
reading pins. These pins are so arranged that
in one position of the drum the G pin will enter
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a hole and close its contact while the G2 pin will
not enter, and on the next position of the drum
the G2 pin will enter a hole and close its contact
while the GI pin will not enter. The GI and
G2 contacts are used in the reader step check
circuit shown on Fig. 19 and described in section
8.05.

The control contacts are actuated by motor-
driven cams and close and open independently
of the tape pattern. The timing and phasing of
the reading and control contacts are shown in
Fig. 23. All of the reading contacts and the
G, P, H and K contacts (except H3, HT, K3 and
K1 contacts) make and break in synchronism,
the make period being approximately twice the
break period. These contacts are called make
contacts. The H3, HT, K3 and KT contacts are
closed when the reading contaets are open and
open when the reading contacts are closed. They
are called break contacts. The J contacts (ex-
cept J3 and J1) make and break about 9 milli-
seconds after the reading contacts. They are
called late make contacts. The J3 and JT.con-
tacts are closed when the J0 contact is open and
open when the J0 contact is closed. They are
called late break contacts.

A non-locking key TF “Tape Feed” is mounted
on the reader. With the motor running, the
operation of the TF key opens the holding circuit
for the STEP magnet, thus permitting the reader
drum to rotate. This key is used when feeding
a tape into the reader.

7. The Perforators

The function of the perforators is to perforate
the computer output tapes.

Each computer is provided with fourteen or
nineteen perforators, each of which is assigned
for the perforation of a computer output of a
particular class or a particular sort of one of
the classes. Perforators 0 to 9 are designated
for message unit tapes to be sorted by office
thousands or units as described in section 8.4,
Perforators 10, 11 and 12 are for straddle, ob-
serving and message unit detail tapes, respec-
tively. Perforator 13 is for toll tapes. When
provision is made for sorting toll tapes by day
of round, perforator positions 13 to 18 are
equipped.

The perforator assembly is positioned on the
guide track of the perforator mounting and
pushed into place so that the multicontact plug
on the perforator assembly makes contact with
the multicontact jack on the perforator mount-
ing. This connects battery to the outer ends of
all of the twenty-eight perforate magnets and
connects the inner ends of all of the perforate
magnets into other parts of the circuit. It also
connects the winding of the paper advance mag-
net and the contacts of the window splice indi-
cator, into other parts of the circuit.

Each perforator magnet when energized drives
its associated perforator through the tape into
the perforator drum. The arrangement of the
perforator is such that the tape is perforated as
described in section 6, with the A digit to the
left when looking at the smooth side of the tape
with the leading end down.

The drum advance mechanism consists of a
pawl and ratchet actuated by the paper advance
magnet. The AB 40-ohm resistance is in series
with the battery supply to the paper advance
magnet. This limits the current through the
magnet to prevent overheating. This 40-ohm
resistance is shunted by a 200-microfarad con-
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denser. This permits a rapid build-up of eur-

rent through the magnet when the operating.

circuit is closed, speeding up the operation of
the magnet. The operation of the paper ad-
vance magnet sets the pawl in the ratchet ready
to advance. The release of the paper advance
magnet permits the drum to advance one step.

The perforator drum is like the reader drum
in that it has forty-four lines of holes, twenty-
eight holes in each line.. The perforators are
guided to register with these holes. The un-
perforated tape is fed through a guide chute in
the front of the perforator, passes over the drum,
leaves as perforated tape at the rear of the drum,
and drops down. This 180-degree wrap of the
tape around the drum .insures alignment of the
tape and traction, so that when the drum is ad-
vanced one step, the tape is advanced one line.

The window splice indication is arranged to
close a mercury contact when there is no tape
in the perforator or when the tape in the {ape
guide chute has a window. The closure of this
contact operates the (WSA) relay.

DETAILED OPERATION
8. Preliminary operations
8.01 Setting of set-up switches

Set-up switches on the control panel are set
manually in accordance with information ac-
companying a tape to be processed before the
actual processing is begun.

After the machine has been started by several
other preliminary operations described below,
the switch settings are compared with the in-
formation perforated in the tape identity group
of the tape to be processed.

The set-up switches indicate the following:

Sort

Marker Group
First Recorder
Last Recorder
Day of Round
Month

Round

8.02 Motor start and master off-normal operation

Prior to the insertion in the reader of a tape
to be processed, the motor start key is operated
to start the reader motor and to operate several
off-normal relays which provide off-normal
grounds for various parts of the computer.

- The motor start MST relay 1800 is operated
through the operation of the motor start key
2900 which extends a ground from its inner left-

hand contacts through the normally closed con-
tact of the emergency stop key 290{, the MSTI

conductor 2902, extending to armature | and
back contact of the AL relay 950{, thence over
the MST conductor 8500 to the winding of the
MST relay 1800. Through its outer left-hand
contacts the motor start key 2900 also places a
ground on the RLM conductor 2903 extending
directly to the winding of the RLM relay (80|
so that this latter relay is immediately operated
by the motor start key.

Through its armature { and front contact the
MST relay 1800 operates the RON reader off-nor-
mal relay 1803 which in turn operates the RDR
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relay 1804 and the master off-normal MONA
relay 3000. The circuit for the MONA relay
3000 may be traced from ground through the
normally closed contacts of the master release
key 2904, over the MONL{ conductor 2905,
through the armature 4 and front contact of the
RON relay 1803, the armature 4 and back contact
of the MRL relay (806, MON conductor {805 to
the winding of the MONA relay 3006. This relay
will lock through its front contact and armature
6, the back contact and armature § of the MRL
relay 1806 to the ground on the MONL{ con-
ductor 2905. The circult for the RDR relay
1804 may be traced from ground, the front con-
tact of armature 1Z of the MONA relay 30086,
over armature 3 and front contact of the RON
relay (803, the front contact and armature 5 of
the MST relay 1800 to the winding of the RDE
relay 1804. The RDR relay operates slowly to
delay the operation of the stop magnet of the
reader in order to allow the step magnet sufficient
time to operate the avoid falsely. stepping the
reader. Upon.the operation of the RON relay
1803 the battery on armature | of this relay is
extended directly to the winding of the step mag-
net 2000 of the reader. Thereafter, and upon
the operation of the RDR relay, a ground is ex-
tended from the front contact and armature &
of the MST relay 1800 through the front contact
and armature 2 of the RDR relay i804 to the
stop magnet 208§ of the reader.

It may be noted that the RDR relay (804 will
also operate an MOT relay (not shown) in the
alternating current power control and distribu-
tion circuit and here indicated conventionally by
the switch 2002 in series with the motor 2003 and
the source of power 2004.

A locking path is also provided for the MST
relay 1800, over conductor 9500, the armature §
and back contact of the AL relay 9581, conductor
2902, the emergency stop key 2904, the MSTI
conductor 2906, armature 5 and front contact of
the MST relay 1808, the front contact and arma-
ture 5 of the RLM relay {80i, the armature {2
and front contact of the MONA relay 3000 to
ground. The RLM relay is locked over its front
contact and armature 3, the RLML conductor
1802, the inner right-hand contacts of the ma-
chine release key 2901, the MON3 conductor
2908 to the armature 9 and front contact of the
MONA relay 3000 to ground.

The operation of the MONA relay 3000 oper-
ates the RLO relay from the ground over its
front contact and armature 9, conductor 2908,
the outer right-hand contacts of the machine
release key 2907, the RLO conductor 2909 to the
RLO relay 300l. The MONB relay 3002 is oper-
ated directly from the MONA relay 3000 over its
front contact and armature 12.

When the motor has been started the tape to
be processed is fed into the reader by operating
the tape feed key 2005. The tape feed key should
be released before the section of splice pattern
on the leading end of the tape has completely
passed the reader pins.

8.03 Splice pattern perforation on leading end

When the reader motor is running, the end
tape key is operated to perforate splice pattern
on each output tape. Operation of the end tape
key causes the circuit to perforate nine lines of
081010 on the message unit 0 tape, followed by:
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the same on each of the following fapes in sue-
cession:

message unit 1 through
message unit 9

straddie
- observing

message unit deiall

toll 1
znd when the computer is equipped for sorting
of $oll calls by day of round, toll tapes 2, 8 and
£ for & ten-round month, or toll tapes 2 through
3 for o siz-round month. The circuit then re-

gycles and agsin puts nine lines of 081010 on
saech tape in succession. This is repeated for a
third and last set of nine lines if the end tape
key has been restored. In this way a minimum
of twenty-seven lines of splice pattern, 081010, is
assured on each tape.

If it is desired to add more splice pattern, the
end fape key may be reoperated and the entire
wrocess will be repeated.

The start key is not effective until the machine
comes to a stop after applying splice pattern.
“When it is operated, after becoming effective, it
gauses the end tape key to be ineffective, until
the input tape has- been completely processed.
This prevents spreading splice pattern in the
vody of the output tapes. i

A circuit may now be traced from ground, the
front contact and armature 2 of the MONB re-
lay 3002, armature 2 and bhack contact of the
SPA relay 3003, the SP conductor 3004, the
closed right-hand contacts of the now operated
end of tape key 2810, conductor 2941 to the wind-
ing of the SP relay 3600. The -SP relay locks
over its armature 3 and front contact to the ESP
conductor 3601, the back contact and armature
{ of the AT3R relay 15700, the MON9 conductor
{5701, armature 2 and front contact of the
MOCNB relay 3002 to ground. The operation of
the SP relay 3600 causes the operation of the SK
relay 3602 and the ST5 relay 6000. The circuit
for the SK relay may be traced from the MONY
conductor deriving ground from the front con-
tact and armature 2 of the MONB relay 3002
and designated 15701 through the armature 4
and front contact of the SP relay 3600 to the
winding of the SK relay 3602 which now locks
through its armature | and front contact directly
%0 this ground. Also upon the operation of the
SP relay 3600 a ground on its armature 5 is
extended over its front contact, the ST5 conduc-
tor 3603 to the winding of the ST5 relay 6000.

The operation of the STS5 start relay 6000
causes the perforator control to prepare for
perforation as described hereinafter in detail in
section 9.162,

It may be noted that upon the operation of
the MONB relay 3002 that a ground is extended
by armature 8 and front contact thereof to a
down-check conductor which will be extended
through a long series of armatures and back
contacts of the various relays of the straddle
circuit and which will finally operate the SDC
relay 11700, This relay is, therefore, normally
operated during this preparation period and re-
ports that the straddle circuit is in normal un-
operated condition. This downcheck circuit may
be traced from the DC{ conductor 3005 which
may then be picked up in Fig. 78 where it is ex-
tended as the MONI{0 conductor 3005 next ap-
pearing in Figs. 84, 113 and 136 where it is ex-
tended through the back contact and armature
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¢ of the CLUC relay 13600, thence over conduc-
tor 12804 to Fig. 140 where it is extended by the
back econtact and armature 4 of the STC! relay
18800, the armature 2 and back contact of the
STCE relay {4004, the back contact and armature
1! of the SPFA-B relay 14002, the back contact
and armature { of the DSDB relay {4003, the
armature {4 and back contact of the STLA-B
relay 11404, the SDC conductor {1405 now traced:
to Pig. 91 where it extends through the back
gsontact and armature § of the SCD relay 9100,
the armature 6§ and back contact of the SCI
velay 0401, the armature 4 and back contact
of the SC3 relay 8i02, conductor 8103, thence
in a chain through armatures and back contacts
of the DE relay 8900, the DTC relay 8901, the
DTA reiay 8902, the AE relay 88008, the ATC
relay 8801, the ATA relay 8802, the SDCI con-
ductor 8803, back contact and armature 7 of
the ORC relay 13800, armature & and back con-
tact of the ARC relay 3801, conductor {3802,
armature { and back contact of the AS6 relay
1600, back contact and armature 3 of the D56
relay (1508, back contact and armature 4 of
the P56 relay i{150f, armature 4 and back con-
tact of the P54 relay 11502, back contact and
armature i3 of the D54 relay 11503, armature and
back contact of the AS4 relay (1601, the SDC(8)
conductor 11602, armature 2 and back contact of
the ART relay 8904, armature 3 and back con-
tact of the DRT relay 8905, armature 2 and back
contact of the PRT relay 8306, conductor 8901,
armature 9 and back contact of the PE relay
8804 to the winding of the SDC straddle down-
check relay {1700, It will thus be seen that
with the circuit in normal condition the SDC
velay (1700 then responds to the operation of
the MONB relay 3002. i

Upon the operation of the SDC relay a circuit
is closed from ground, armature i and front
contact of the ST5 relay 6000, the conductor
11101, through armature 2 and front contact of
the CRRA relay 11108 which relay is operated at
this time in a manner similar to the SDC re-
lay since its function is to report the computer
registers released (down-check release for com-
puter registers), thence over the SCKI conduc-
tor 11701, through the front contact and arma-
ture 3 of the SDC relay 11700, conductor {3702,
armature 5 and front contact of the NDC relay
{3700 (this calling number register down-check
relay must be operated to indicate that the
calling number register is released), the SCK
conductor §3701 to the winding of the SCK re-
lay 5800. The SCK relay operates and locks
through its front conftact and armature 2 and
back contact and armature 3 of the PL{ relay
4305 to the ground on armature | of the ST5 re-
lay 6000,

Another circuit may now be traced from
ground, the armature and back contact of the
CKC relay 5904, armature 6 and front contact
of the ST5 relay 6000 to operate the CKP relay
5902.

During the operation of the reader a number of
contacts controlled thereby will be constantly
operated. One of these contacts in Fig. 21 desig-
nated detail contact places a ground periodical-~
ly on the 2100 conductor which in one of the
places is extended to PFig. 59 where it may now
be traced to Fig. 108 and is connected to an
armature of each one of the pattern relays so
that when any one of these pattern relays is op-
erated and this includes the 081 relay 4900 for
operating the perforators to operate the 081010
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splice code, this ground will be extended to the
PM conductor 10600 which may be traced to the
winding of the PM relay 5904, thence through a
down-check circuit controlled by the perforator
connector auxiliary relays such as the POD re-
lay 1600, conductor 71100, back contact and
armature (2 of the LK relay 600! to the winding
of the PH relay 5905. Upon the response of the
PM. relay the ground on the PM conductor
10800 is extended through the armature and
back contact of the PS relay 8801 to the winding

" of the PHI relay 908 so that during the prepara-
tion the SCK relay 8860, the CKP relay 5902,
the PM relay 5904, the PH relay 5906 and the
PHI relay 5808 operate.

Then the STA relay 5908 is operated. The cir-
cuit for this relay may be traced from ground,
armature | and front contact of the CKP relay
5902, armature 3 and front contact of the SCK
relay 5900, armature | and front contact of the
PH relay 5986, the two front contacts through
the armature of the PHI relay 5908, armature §
and back contact of the AV relay 5910, armature
2 and front contact of the ST5 relay 6000, thence
in a chain through the armatures and back con-
tacts of the PLA relays such as the PLAS relay
4300 to the winding of the STA relay 5908. The
operation of the STA relay indicates that a con-
nector is avallable.

Then the LK relay 6001 operates to hold the
perforator line count. The circuit for this relay
may be traced from a ground supplied by the X5
reader contact over conductor 2101, through a
series circuit controlled by the PL relays such as
the PLS relay #301, conductor 4302, armature 4
and front contact of the STA start relay 5909,
through the LKA conductor 5911, thence in a
chain circuit controlled by the armatures and
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back contacts of the PLA relays, conductor 4303 -

to the winding of the LK relay 600f. This relay
locks in a circuit from ground, armature § and
front contact of the ST5 relay 6000, armature 6
and back contact of the AV relay 5910 to arma-
ture 9 and front contact of the LK relay 600f.

The PLi relay 4305 now operates from ground
supplied over the armature and back contact of
the PC relay 5912, the front contact and arma-
ture 1 of the STA relay 5909, the armature 4
and front contact of the LK relay 600, the arma-
ture 6 and back contact of the PLAI relay 4304,
the winding of the PLI relay 4305 to battery.
The PLI relay 4305 operates to be ready to op-
erate the pattern connector relays for the first
line. The PH relay 5905, the PHI{ relay 5908 and
the PM relay 5904 release at this time due to the
operation of some one of the perforator connector
relays such as the POD relay 7600.

A circuit is now established from ground, front
contact and armature 2 of the MONB relay 3002,
over the MONY lead, through the armature 4 and
the back contact of the WSI relay 3500, the
armature 4 and back contact of the WSA relay
3502, the back contact and armature § of the
WSC relay 3501, over the ET conductor 3503, the
front contact and armature 8 of the STA relay

5909, the ET conductor 5914, the front contact
- and armature 2 of the SP relay 3600 to the wind-
ing of the SPD relay 3604. Thereupon a ground
is extended from the front contact and armature
(4 of the SPD relay 3604, over the A conductor
3605 to the front contact and armature 9 of the
STA relay 5909, the F conductor 5915 to arma-
ture 3 and back contact of the P{ relay 15102,
over the SO conductor 15703 to the back contact
and armature 3 of the OA relay 14501 to the
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winding of the MU0 relay .14508. Through its
front contact and armature 4 the MU0 relay 14508
directly operates the BLK bulk class relay 1470¢
and causes the operation of the zero perforator
connector and register relays POA designated
15200 and POD designated T800. The circuit for
the POD relay 7600 and its companion POA relay
15200 may be traced from ground, front contact
and armature 8 of the LK relay €001, armature T
and back contact of the E2A relay 6002, the baclz
contact and armature 4 of the EE2 relay 8003,
the front contact and armature 7T of the STA re-
lay 8909, the CKI conductor 5816, lower arma-
ture | and front contact of the BLK relay {4700,
lower armature { and back contact of the SDLA
relay 14101, the lower armature i and back con-
tact of the DBDO relay 14102, the CK conductor
14703 and assuming that the office sort OS2 relay
has been operated by the proper setting of the
sort switch in Fig. 141, thence through the front
contact and armature & of the OS2 relay 14406,
the back contact and armature & of the THSZ
thousands sort relay 1448i, armature 5 and back
contact of the US2 units sort relay 14402, the
CKIi conductor 4403, the armature 2 and back
contact of the P2 relay (57104, the CE conductor
18705, armature 3 and front contact of the MUE
relay 14500, the zero conductor 14502, through
the contact of the PAT perforate all tapes relay
2100 to the zero conductor 270! leading to the
POD relay 1608. The perforate all tapes relay
(PAT) was previously operated through one of
three paths depending upon the sort for which
the computer was set.

Path Sort
(082) operated, (SPA) normal. .. __________________. office.
(US2) operated ..ol units.
(THS2) operated ..o thousands.

The CKC relay 5901 is now operated in a cir-
cuit from ground, back contact and armature 3
of the PI8D relay 1701 and thence through a
chain of back contacts and armatures of the
other P—D relays to the front contact and arma-
ture 3 of the POD relay 71860, thence over con-
ductor 7601, armature 16 and front contact of
the SPD relay 3604, the CKC conductor 3607 to
the winding of the CKC relay 590f. The CKC
relay removes ground from armature € of the
ST5 relay and thereby opens the original oper-
ating path of the CKP relay 5902. However, the
CKP relay remains operated from a ground sup-
plied by the P0 contact (Fig. 21), over the con-
ductor 2102, the armature 2 and front contact
of the CKP relay 5902, the two back contacts and
the armature of the OP relay 5318 to the winding
of the CKP relay 5902. Now upon the ending of
the reader cycle when the PO contact is opened
the CKP relay releases and the circuit is ready
to start perforating.

Upon the next closure of the PO relay the
ground on conductor 2102 is now extended over
armature 2 and back contact of the CKP relay,
armature 8 and front contact of the STJ relay
$000 to the winding of the OP relay 5918 thereby
operating this relay. This path is extended from
the winding of the OP relay 5918, over conductor
5921 to armature 2 and front contact of the MST
relay 1800, thence over conductor {808 to arma-
ture 3 and back contact of the PL9 relay #4304
and thence through an obvious chain circuit to
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armature 2 of the PL{ relay 4205 now operated
to the L{ conductor 4366 through armature { and
front contact of the SPD relay 3604, armature |
and back contact of the TE’I“relay 3608, the 081
conductor 3609 to the winding of the 081 pattern
relay 14900.

The operation of the pattern connector relays
performs several functions:

1. Causes operation of the perfocrate magnets
such as the A0 magnet 15800 for the numbers
$81010, each in series with a checking relay K—-
such as KAD relay §09008, through the operated
perforator connector and pattern connector re~
lays to ground on reader control contacts P—
such as the PAD contact shown in Fig. 21 which
places a ground on the conductor 2{¢2.

2. Advances the line count a half step by the
operation of the PLA! relay 43064. This circuit
may be traced first from the ground supplied by
the H6 reader contact over conductor 2104, front
contact and armature 3 of the STS relay 6§00
to operate the PC relay §942. This relay now
extends ground over its armature and front con-

. tact to the PA[ conductor 5917 which will be
closed through an armature and front contact
of the 081 relay 14900 to the PA conductor {060i
and this wiil be extended through a chain cir-
cuit confroiled by the PL relays to armature 6
and front contact of the PLi relay 4305, thence
to the winding of the PLAI relay 4304, thus
" operating the PLA/{ relay.

3. Directly operates the CKP relay from a
ground on the front contact controlled by the
981 relay 14900 which prevents perforation in
the event the circuit is not properly prepared.

4. Closes a path for the operation of the PM
relay 5904, the perforator check relay PKO and
the perforator advance r.gnet PAMSO. This cir-
cuit is closed by the J¢ r=ader contact placing
ground on conductor 2i0t which may then be
traced through a contact and armature of the
081 pattern relay 14900, conductor 106008 through
the winding of the PM relay 5904, conductor
5806, the armature 6 and front contact of the
POA relay 15200, the winding of the PK0 perfo-
‘rator check relay i5801 and the winding of the
PAMO perforator advance magnet {53802,

Successful operation of one A digit and two
B through P digit check relays causes the op-
eration of the PS and PS2 relays. This circuit
may be traced from ground, armature { and
front contact of the CKP relay 5902, armature
2 and back contact of the PH relay 5905, the
back contact and the armature of the PHI relay
5908, the front contact and armature | of the
PLAI relay 4304, the armature 7 and front con-
tact of the PLI relay 4305, conductor 4307 to
the conventional check circuit of the relays KA0
to KPQ, thence over armature 2 and front con-
tact of the PK0 relay 15801, the armature 3 and
back contact of the remaining relays such as
the PKI{ relay 15803, conductor 15900 to the
winding of the PS relay 5907. A branch of con-
ductor 15900 is extended through armature 4
and front contact of the PO0D relay 7608, over
the PS0 conductor to the PSi relay 6005, thus
operating the PSi relay 6005. It may be noted
that all of the odd-numbered relays such as the
POD relay 7600 and the PI8D relay 1101 ground
the PS0 conductor to operate the PSi relay. In
like manner, all the even-numbered relays such
as the PID relay 7601 and the P{TD relay such
as 1102 ground the PSE conductor leading to
the PS2 relay 6006. Thus, the PS2 relay is op-
erated for even-numbered connectors and the
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PSI relay Is operated for odd-numbered con-
nectors.

The operation of the PLAI relay 4304 releases
the STA relay 5809 at this time so that the
grotind on conductor 3605 is now switched from
conductor 5915 to the B conductor 5920 leading
through armature | and back contact of the P2
relay (5704, the armature and back contact of
the P3 relay 15706 to the winding of the P{
relay 15702, The P{ relay by its armature 2
directly operates the OA relay 14501 and this
locks to ground supplied over armature 12 and
front contact of the SPD relay 3604.

When the reader contacts reopen, the fol-
lowing relays release: PC relay 5912, OP relay
5918, 081 relay 14900, CKP relay 5902, PLI relay
4305 and all of the check relays which have
been operated such as the KAQ relay 10908 as
well as the perforate magnets such as the A0
magnet §5808. Relay PL2 now operates in a
circuit from ground, the armature and back
contact of the PC relay 5912, the armature ¢
and front contact of the PSi relay 6005, the
PL; conductor leading to the armature 3 of the
PLAS relay 4300, thence in a chain circuit to
armature 2 of the PLAI relay 4304 to the wind-
ing of the PL2 relay 4308.

When the late J contacts of the reader open

" the PM relay 5904, the PK0 magnet 5801 and

the PAMO magnet 5802 release causing the per-
forator tape to be advanced to the next line.

The next reader closure causes the release
of the PS relay 5907 and the PSi relay 6005 and
thereafter the operation of the OP relay 5918
and the operation again of the 081 relay 14908.

The process is repeated until nine lines of the
splice code 081010 have been perforated on the
message unit zero tape. During the perforation
of the ninth line the last half step of line count-
ing is made by the operation of the AV relay
5910 in place of 2 PLA relay. At the end of this
closure with the PS2 relay 6006 and the AV relay
5910 operated, the LK relay 600i releases thereby
releasing the perforator connectors, the line count
relays and the CKC relay 590f. The PS relay
5907 and the AV relay 5918 in turn release.

On the succeeding reading cycle the PS2 relay
$006 releases. The CKP relay 5902 will have been
reoperated by the release of the CKC relay 5901.
The STA relay 5909 then will be operated with
a make contact on the SPD relay 3604 shunting
a circuit closed through the contacts of the SCK
relay 5900, the PH relay 5905, and the PHI relay
5908 in the usual check path. This shunt circuit
is provided over the STAI conductor 5921 and the
STA2 conductor 5922 which are closed together
by the operation of armature 1T and front con-
tact of the SPD relay 3604. The circuit, there-
fore, may be traced from ground through the ar-
mature { and front contact of the CKP relay
5902, thence through these parallel circuits in-
cluding that just set forth, the armature 5 and
back contact of the AV relay 5910, the armature
2 and front contact of the ST5 relay 6000, thence
in a chain circuit including an armature and
back contact of each of the PLA relays shown
in Fig. 43 to the winding of the STA relay 59909.
The MUI relay 14501 is operated at this time
from ground through the SPE, STA, Pl and MU0
relays all operated. By means of a make-before-
break contact on armature | of the MUI relay
14501, the MUD relay 14500 is released at this
time and the MUI relay locks to the ground
heretofore provided for the locking of the MU0
relay (4500 over conductor 14704 connected to
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ground by armature {3 and front contact of the
_ 8SPDrelay 3604. i

When the STA relay 5909 is operated the
ground extended over conductor 8820 through
the back contact and armature of the P3 relay
15708 to the winding of the P relay 15702 is re-
moved but a circuit is maintained for the Pl relay
now through the armature and back contact of
the P3 relay 15706, the front contact and arma-
ture 4 of the P1 relay 15702 through the left-hand
-.winding of the P2 relay 15104, the P2 conductor
15707 grounded through armature |1 and front
contact of the SPD relay 3604 to the MONS
ground on conductor (57101. The P2 relay is,
therefore, operated in series with the Pl relay.

The perforator register and connector relays
such as the PID relay 7601 and the PIA relay
15201 are then operated in series from ground
through the BLK relay 14700 operated and the
SDLA relay 14701 and the DBD0 relay 14702 not
operated, through a circuit heretofore described
through the contacts of one out of the three sort
relays in Fig. 144 operated, the MU| relay (450
and the PAT relay 27100 operated. The BLK
relay 14700 is now held operated through arma-
ture 4 and front contact of the MUI relay 14501.

The LK relay 6001 is reoperated by the STA
relay 3909 and at the end of the closure of the
contacts by the reader cycle the CKP relay 5902
releases and the PL{ relay 4305 operates in a
manner hereinbefore disclosed.

On the next closure the splice code 081010 is
perforated on the message unit 1 tape. The PLAI
relay 4304 is operated during this closure and
again releases the STA relay 5909. The P3 relay
15706 now operates in series with the right-hand
winding of the P2 relay 15704 over the ground
supplied on conductor 5920. On the release of
the STA relay 5909 the P relay 15702 is released.

In a similar manner, successive steering relays
and their auxiliaries are operated under control
of the PI, P2 and P3 relays which are driven
through a three-step cycle by the successive oper-
ation of the STA relay 5909. At each step the
next perforator connector is operated through its
steering relay and held through the LK relay
6001 until nine lines of 081010 code have been
placed on the associated perforator tape. The
associated relays and tapes are:

Steering Relay Auxiliary Tape

message unit 0 to 9,
straddle.

observing.

message unit detail,
toll 1 to toll -,

| (DBDO)

When the ninth line has been perforated on
the last toll tape, the pattern connector and line
count relays, control relays and paper advance
magnets will be released as usual.

The AV relay 5910 will remain locked over the
AVL conductor to ground through the lower ar-
mature 2 and front contact of the DET6 relay
14705. This provides an operating path for the
ATIR relay 5708 from ground supplied by the
J1 contact of the reader over the JT conductor
2105, armature 3 and front contact of the AV
relay 5910, the AV conductor 5923, the front con-
tact and armature 3 of the DET6 relay . 14705,
conductor 14706, the back contact and armature
| of the ATIS relay 15709 to the winding of the
ATIR relay 15708, This operation releases the
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SPD relay 3604 which was locked from the ground
on the MONS conductor 15702, through the back
contact and armature 3 of the ATIR relay 15708
over the SPOL conductor to the locking arma-
ture of the SPD relay 3604. The release of the
SPD relay 3604 in turn releases the DET$ relay
14708, the OA relay (450f and the P2, P3 or the
Pl relay. The PSI relay 6005 or the PS2 relay
6008 and thé DETS@ relay {4705 being released

. allow the release of the AV relay §910. The re-

lease of the DETS$ relay removes the shunt from
across the ATIS relay permitting it to operate in
series with the ATIR relay from ground through
the operated SP relay 3600 placed on the GD
:::;iucwr 3618 by armature | of the SP relay

The STA relay 5809 then reoperates through

; the original check path including contacts of the
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CKP relay 5802, the SCK relay 5808, the PH relay
5908, the PHI relay 6308, the AV relay 5910 and
the chain circuit controlled by the PLA relays in
Pig. 43. This causes the SPD relay 3604 and then
the MUG relay 14500 to operate as before,

In this manner a second round of nine lines of
splice pattern is applied to all cutput tapes after
which the AT2R relay 15710 and the AT2S relay
15711 operate in the same manner as the ATIR
and ATIS relays. A third round is then applied

. followed by the operation of the AT3R relay
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18700 which releases the SPD relay 3604. The
AT3IR relay 15100 then releases.

If the end tape key 2910 is still operated the SP
relay 3600 is held operated and another series of
three rounds of nine splice patterns each is ap-
plied to each of the output tapes. If the end
tape key is released the operation of the ATIR
relay 15700 releases the SP relay 3600 which in
turn releases the ATIR, the ATIS, the AT2R,
the AT2S and the ST§ relays. The machine
then stops perforating. The release of the SP
relay 3600 with the SK relay 3602 remaining op-
erated since it is locked to the MONS ground on
conductor (6701 renders the start key 2912 ef-
fective.

8.04 Starting circuit into reading operation

The start key becomes effective for operation
when initial splice pattern has been perforated
on all output tapes and when the reader motor
has been previously started. The release of the
SP relay 3600 with the SK relay 3602 operated
indicates that splice pattern perforation has been
completed. The operation of the start key 2912
causes the operation of the SPA relay 3003 in a
circuit from ground, armature | and hack contact
of the SP relay 3600, armature 2 and front con-
tact of the SK relay 3602, conductor 3616, the
right-hand contacts of the start key 2912, the
SPA conductor 2913 to the winding of the SPA
relay 3003 which then locks to the ground on the
MONSY conductor 15701.

During the open period of the reader the K1
reader contact places a ground on conductor
2006 which is then extended through the back
contact and armature T of the ST4A relay 3006,
conductor 3007, the left-hand contacts of the
machine start key 2912, the ST2 conductor 2914,
the front contact and armature 3 of the SPA
relay 3003, armature 2 and back contact of the
ST2 relay 1809, conductor i810, armature 2 and
back contact of the WSA relay 3502, back con-
tact and armature 2 of the WSC relay 3501, back
contact and armature | of the WSI relay 3500,
conductor 3504, armature | and back contact of
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the ALS relay 8502, conductor 8503, armature 4 '

and front contact of the RLM relay {801 to the
winding of the ST relay {811 whereby this start
relay is operated. The effectiveness of the start
key, therefore, depends upon the operation of the
SPA relay 3003 and this in turn depends upon
the completion of the spreading of splice pattern
on the ends of the output tapes.

A circuit is then closed from ground, front
contact and armature { of the MONA relay 3000,
armature 2 and front contact of the ST{ relay
1811 to the reader connector relay RCA-B-C 2007
so that the contacts of the reader are now ex-
tended to the reading relays. .

The operation of the RCA-B-C relay 2007 glso
opens the CT lead extending from ground, arma-
ture 2 and back contact of the WSI relay 3500,
armature | and back contact of the WSB relay
3505, the CT conductor 3506, armature 1 and
back contact of the RCA-B-C relay 2001, con-
ductor 2008, the armature 8 and back contact
of the ALS relay 9502 to the timing condensers
9504 so that these condensers may start charging
through the upper winding-of the TM relay 9505.
At the same time the TST lead 2009 is grounded
through the front contact and armature 3 of
the RCA-B-C relay 2007 to start the time alarm
circuit in operation. ,

When the KT reader contact opens, ground is
removed from the conductor 2006 heretofore
traced to armature 2 of the ST2 relay 1809 and
thereby removes the shunt on this relay so that
it now operates in series with the ST1 relay.

During this same reader closure the G2 contact
may close and place ground on conductor 2019
to prime the reader step check circuit which will
be more fully described hereinafter under sec-
tion 8.05,

On the next reader open interval the ST3
relay 1818 will operate through armature 2 and
front contact of the ST2 relay 1809 from the
ground placed on conductor 2006.

A locking path for the ST3 relay 18i3 is estab-
lished from ground, armature { and back con-
tact of the RLS relay 1814 and thence in one
direction over the conductor 1845 through the
armature 16 and back contact of the AL relay
9501, conductor 9506 to the ST3 relay 1813 and
in parallel therewith through the conductor 1815,
the left~-hand contacts of the machine release
key 2901, conductor 9506 to the ST3 relay i813.
This double path is provided so that both the
AL relay 9501 and the machine release key must
be operated to release the machine,
operated supplements the operating path for the
RCA-B-C relay 2007 through its armature 2 and
front contact. It also places a ground from its
armature 4 and front contact on conductor {817
which is the hold path for the RW and RZ re-
lays in Fig. 19. At its armature { and back con-
tact the ST3 relay 1813 opens the priming cir-
cuit for the step check circuit which will be de-
scribed in section 8.05.

The ST4A relay 3006 and the ST4B relay 3009
are operated directly by the ST3 relay 1813 at its
armature 10 and front contact.

Relays ST3 and ST4A and ST4B operated
provide grounds for holding various relays in the
circuit which pertain to the processing of a single
call and prepare for the regular tape reading
operations. Relay ST4A operated also supple-
ments the locking path of the MST relay 1800
making it independent of the RLM relay 1801,

Relay ST?"
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8.05 Reader step check

This feature is provided to check the fact that
the reader steps one step each time it is allowed
to step by the operation of the RSI or RS2 reader
step relay. The Gi and G2 contacts are closed
in alternate positions of the reader drum and
the reader step check circuit predetermines the
contact it expects to be closed.

If the reader is initially stopped in a position
where the Gl contact is closed at the closed por-
tion of the reader cycle a path is completed
through a back contact of the RKA relay {900
to permit the checking of a line of tape perfora-
tions by grounding the RCK lead 2012.

If the reader is initially stopped in a position
‘where the G2 contact is closed at the closed por-
tion of the reader cycle the reader step check
relays are primed during the starting of the cir-
cuit as follows: The RW relay 1901 is operated
from a ground closed by the G2 contact over con-
ductor 2010, back contact and armature | of the
ST3 relay 1813 while this relay is normal and
before it has operated as above stated through
the front contact and armature 1 of the STI
relay 1811, the armature and back contact of the
RZ2 relay 1803, the winding of the RW relay 1901.
The operation of the RW relay 1901 permits the
RZI relay 1904 to operate in geries with the RW
relay 1901 at the end of the reader closure when
the ground is removed from conductor 2010. The
circuit is now being traced from ground, arma-
ture 4 and front contact of the STI relay 1811,
armature and back contact of the RZ3 relay 1905,
armature and {ront contact of the RW relay 1904
and thence in series through the windings of the
RZI relay 1904 and the RW relay 1901. The RKA
relay 1900 and the RKB relay 1902 extend the
Gt and G2 contact grounds to the RCK conduc-
tor 2012 to permit the checking of a line of tape.
The RZ2 relay 1903 operates directly from the
RZ[ relay 1904.

-When either the RS! relay 1906 or the RS2 relay
1907 operates to advance the reader during the
open period of the reader then the HT contact
places a ground on conductor 2013 which is ex-
tended by either the RSI or the RS2 relay to the
armatureof theRZ2 relay 1903. If the RZ2 relay is
normal then the RW relay 1901 is operated in turn
operating the RKA relay 1900 and the RKB
relay 1902. Af the end of the open interval the
RZ{ relay 1904 operates in series with the RW
relay 1901 in turn operating the RZ2 relay. If,
however, the RZ2 relay (903 is operated when
conductor 2013 is grounded, then this ground will
be extended to the RZ3 relay 1905 and this relay
will operate to release the RZI and the RW re-
lays. The RKA and the RKB relays release in
turn. The RZ2 relay 1903 is held operated until
the RZ3 relay 1905 releases at the end of the open
interval.

Thus, the check relays RKA and RKB operate
in a cycle of each two reader steps. These relays
are set during the reader open period. If the
wrong G contact closes during the reader closed
period then the RSF conductor 1817 is grounded
instead of the RCK lead 2012 and this ground is
extended through the front contact and armature
8 of the ST3 relay {813 to operate the RSF relay
9507 to indicate a reader step failure.

8.06 Skipping initial splice pattern
When the start key has been operated at the

beginning of processing the first line to be read
from the input tape is a splice pattern entry
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081010. Reading relays A0, Bl, BT, etc..are oper-
ated on the closure period of the reading cycle.
The A0 reading relay 3100 is operated in a circuit
from ground, the A0 reader lead 20{3, the corre-
sponding contact of the reader connector
RCA-B-C relay 2001, the A0 conductor 20i4, the
armature 6 and front contact of the ST3 relay
1813, the AD conductor 1818 to the winding of the
Al relay 3100,

When the A0 reading relay 3100 operates, a
path is closed to operate the SSC skip splice relay
2401 from ground through either the Gl con-
tact, conductor 2011, the armature and back con-
tact of the RKA relay 1900 or the G2 contact, con-
ductor 20(08, the armature and front contact of
the RKB relay 1902, through the front contact
and armature 4 of the RCA-B-C relay 2007, con-
ductor 2012, back contact and armature || of the
Al relay 9501, conductor 9508, thence through
the two-out-of-five check circuit for the B read-
ing relays (Fig. 31), the C and D reading relays
(Fig. 32), the E and F reading relays (Fig. 33),
conductor 3300, the armature | and back con-
tact of the GT4 relay 13103, conductor 13704, the
back contact and armature 6 of the TIE relay
3612, conductor 3613, armature 2 and front con-
tact of the A0 reading relay 3100, conductor 3103,
back contact and armature | of the SSP relay
2400 to the winding of the SSC relay 2401, where-
by this SSC skip splice relay 2401 is energized.

At the end of the reading interval when the con-
tact Gl or G2 opens removing the original oper-
ating ground for the SSC relay through the front
contact and armature 9 of the MONA relay 3000,
conductor 2908, the bottom pair of normally
closed contacts of armature 3 of the ESP relay
2403, winding of the SSP relay 2400, armature 3
and front contact of the SSC relay 2401, whereby
this relay remains operated and the SSP relay
becomes operated. The operation of the SSP re-
lay causes the SS relay 2405 to become operated
through the armature 4 and front contact of the
SSP relay to the ground supplied over the MON3
off-normal ground lead 2908.

A circuit will now be established from ground
supplied by the HO0 contact over conductor 2106,
the front contact and armature 2 of the RCA-B-C
relay 2001, conductor 2010 through the back con-
tact and armature 1 of the A2 reading relay 3102,
the back contact and armature 7T of the Af read-
ing relay 3101, the armature 3 and back contact
of the B0 reading relay 3104, the armature § and

.the back contact of the B4 reading relay 3105,
the armature | and back contact of the E4 read-
ing relay 3301, the armature | and back contact
of the ET reading relay 3302, the armature { and
back contact of the F0 reading relay 3303, the
armature | and back contact of the Fl reading
relay 3304 (all of these reading relays are normal
when the splice code 081010 is being read), over
the ASP conductor 3305, the armature 4 and
front contact of the SS relay 240§, the RS2 con-
ductor 2406 to the winding of the RS2 relay 1901
for the purpose of operating this reader step
relay. Through the operation of the RS2 relay
the reader step magnet 2200 is released from its
ground connection, over the armature { of the
RS2 relay and the armature | of the RS{ relay
1906, thereby permitting the reader to step dur-
ing the next open period. On succeeding lines
of splice pattern 081010 the RS2 relay 1907 will
be operated in the same manner.

When the last line of splice pattern has been
skipped, the first line of the tape identification
entry 289102 is encountered. This will cause the
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A2 reading relay 3102 to be operated in place
of the A0 relay 3100. '

The operation of the A2 relay will open the
RS2 operating path (at armature T thereof) to
prevent further skipping and at the same time
will close the RCK lead 2012 extended to conduc-

tor 13104, through the front contact and arma- -.

ture 6 of the A2 relay 3102, the ESP2 lead to
armature § and front contact of the Bl relay
3106, the armature 3 and front contact of the
BT relay 3107, the ESPI lead 3108, the front con-
tact and armature 4 of the SSC relay 2401, arma-
ture 3 and front contact of the SSP relay 2400,
the upper pair of normally closed, contacts of
armature 3 of the ESP relay 2403 to the winding
of the ESP (end of splice pattern) relay 2403.

The operation of the ESP relay releases the
SSP relay 2400, the SSC relay 2401 and in turn
the SS relay 2405. The ESP relay 2403 releases
at the end of the closure.

Meanwhile, the tape identification entry is read
as described in the following section.

8.07 Tape identification reading end checking

The first line read after initial splice pattern
should be 289102. This is the only line to which
the circuit may now respond. The path may be
traced from the RCK lead 2102 from the reader
step check relay, through the back contact and
armature I{ of the AL alarm relay 9501, the
conductor 8508, over the two-out-of-five check
circuit through the armatures and contacts of
the B, C, D, E and F digit reading relays, the
conductor 3300, the back contact and armature
of the GT4 relay 13103, conductor 13704, the back
contact and armature 6 of the TIE relay 3612,
conductor 3613, thence over a.branch of this
conductor known as the 289 lead which may be
picked up in Fig. 32 and traced through armature
6 and front contact of the D0 reading relay 3202,
armature 4 and front contact of the DI reading
relay 3203, the 2891 conductor 3204, through the
back contact and armature 6 of the CLIT relay
2507 and thence in a chain through the arma-
tures and back contacts of each of the CL8, CLA4,
CL3, CL2 and CLI relays to the winding of the
Ll relay 2600. Relay Li operates in the above
path and immediately locks through its front
contact and armature 5 to the ground on the RCK
lead 2012 independently of the circuit through
the armature of the TIE relay, etc. above traced.
The LI relay 2500 operated checks the tape type
digits 02 of the tape. This check path may be
traced as follows: Ground, armature 2 and front
contact of the LI relay 2500, the DROFE} con-
ductor 2509, armature 2 and front contact of
the E4 reading relay 3301, armature 2 and front
contact of the ET reading relay 3302 (the E4 and
ET relays operated express the digit 0), the ED
lead 3307, the front contact and armature 6 of
the Ll relay 2500, the F2 lead 2510, front contact
and armature 3 of the F2 reading relay 3308,
front contact and armature 3 of the F0 reading
relay 3303 (the F0 and F2 relays operated ex-
pbress the digit 2), the DROF conductor 3309,
the front contact and armature | of the L{ relay
2500, the armature 2 and back contact of the
TIE relay 3612, the RS{ conductor 3615 to the
winding of the RSI relay 1906. Thus, if there
is a legitimate combination of digits expressed by
the reading relays primarily as tested by the
two-out-of-five check circuit and this combina-
tion appears to be 2891 as read by the A, B, C
and D reading relays and the tape type digits
prove to be 02 as read by the E and F reading
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telays, then the reader is stepped forward through
the operation of the RSI relay.

Upon the operation of the RSI relay 1906 &
circuit is established from the K2 reader contact,
conductor 2016, armature 9 and front contact
of the RSI relay 1906, the CL conductor 1908,
armature 3 and front contact of the LI{ relay 2500
to the winding of the CLi relay 2801. The Li
relay 2800 remains locked independently of the
CLI back contact over the RCK conductor. ‘Due
to the operation of the RS|{ relay 1806, the reader
steps to the next line and as the RCK conductor
is opened the Li relay 2500 and the reading relays
release. The CL{ relay locks through its front
contact and armature 2, thence over a chain
circuit controlled by the remaining CL relays,
the back contact and armature 5§ of the TIE relay
3612, the ONS off-normal conductor 36{71, the
front contact and armature 6 of the ST4A relay
3006 to ground.

On succeeding lines of tape identification the

CL~ relay operated prepares the path for oper-
ating the next I- relay. With the TIE relay 3612
released the RCK lead 2012 through the back
contact and armature 11 of the AL relay 9501 and
the two-out-of-five check circuit of the reading
relays, the back contact and armature of the GT4
relay 137103, the back contact gnd armature 6
of the TIE relay 3812, conductor 3613, is now
‘carried back through armature 3 and front con-
tact of the C2 relay 3200, the front contact and
armature 4 of the CT relay 3201, the front contact
and armature 4 of the BT relay 3107, the front
contact and armature 6 of the Bl relay 3106,
conductor 13106, back contact and armature of
the GT2 relay 13705, conductor 3108, armature 6
and back contact of the A0 relay 3{00, armature
‘8 and back contact of the Af relay 3101, armature
2 and front contact of the A2 relay 3102, con-
ductor 3110, back contact and armature § of the
IAB relay 3400, the 289A conductor 3401 to the
D digit relays to effect the 2891 to 2899 leads fo
operate the proper L~ relay which locks around
the CL- relay. This prevents any action from
being taken on any but the 289XXX entries.

The operated L~ relay grounds the DROE lead
2509 through the operated E digit relays, thence
through the set-up switches shown in Figs. 141,
142, 143, 154, 155 and 156 associated with the
particular line of tape identity, then through the
F digit lead DROF 3309 and the operated I—

10

15

20

26

30

35

46

50

relay to operate the RS reader step relay 1906,

The operation of the succeeding CL~ relay re-
ieaseg the previously operated CL- relay. When
identifying the tape digit it may be necessary to
step the tape digit switch one step and one step
only to close the path for the operation of the
CL8 relay 2508. On the reader break interval the
STS relay 9300 operates energizing the minor
switch step magnet permitting the signal to step.
The line is reread on the next closure and a path
is then closed for the CL#8 relay 2508. ‘

The lines of identification and the items
checked in order are as follows:

Line. Item

tape index (type of tape).
marker group.

first recorder.

last recorder.

..| day of round (first and last).
round and tape.

.| month.

The reader does not advance the tape after
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reading and checking the last line of tape idens
tification 2899XX until the tape .identification
information has been perforated on the outgoing
tapes. The IC relay 3619 operates in place of the
RSI relay 1906 with the FIC relay 3620 released
to indicate that identification is completed and
that the reading circuit awaits the operation of
the FIC relay to indicate that the first identifi-
cation is complete and the output tapes have
been perforated with tape identification informa-~
tion. This operation is described in greater de-
tail 'in section 8.08. After operation the FIC
relay 3620 remains locked to the MON4 ground
supplied from front contact and armature 3 of
the MONA relay 3000 over conductor 30i0 until
the end of the run or a power failure. The FIC
relay 3620 in operating prevents the starting of
the circuit from perforating tape identification
when succeeding tape identification portions of
the tape are read and checked. The FIC relay
3620 in operating also rearranges the circuit so
that on succeeding tape identification portions
of the tape the RSI relay 1906 operates on the
ninth line and is followed by the operation of
the IC relay 3619.

The TIE relay 3612 operates in the open cycle
of the reader from a J- break contact. When
the FIC and IC relays have been operated to
indicate that action may be taken on other than
289XXX entries read from the tape, the TIE
relay 3612 locks through the back contact and
armature T of the LI relay 2500 to the MONS5
ground supplied by the armature 5§ and front
contact of the MONA relay 3000 and releases
when the beginning of succeeding tape identifi-
cation sections are checked. The TIE relay in
operating prevents the reader from skipping lines
where the A0 reading relays 3100 operate.

At the beginning of a succeeding tape identi-
fication section the TIE relay will be found
operated and hence the circuit from the RCD
conductor traced as heretofore to the back con-
tact and armature 6 of the TIE relay 3612 will
now be routed instead over the front contact and
armature T of the TIE relay, thence over the
back contact and armature 4 of the MTID relay
3621, the 288A conductor 3401, the armature §
and back contact of the I4B relay 3400, con-
ductor 3{10, front contact and armature 2 of
the A2 relay 3102, back contact and armature 3
of the Al relay 3101, back contact and armature
§ of the A0 relay 3100, conductor 3108, the arma-
ture and back contact of the G2 relay 13105,
conductor 13706, armature 6 and front contact
of the Bl relay 3106, armature 4 and front con-
tact of the BT relay 3107, armature 4 and front
contact of the CT relay 3201, front contact and
armature 3 of the C2 relay 3200, conductor 3613,
armature 6 and front contact of the D0 relay
3202, armature 4 and front contact of the Di
relay 3203, the 2891 conductor 3204 and thence
over the chain circuit formed by the back con-
tacts and armatures of the CL relays to the wind-
ing of the Ll relay 2500. Upon the operation of
the L relay the permanent locking path for the
TIE relay is opened but this relay is held by a
J- make contact so that it releases in the next
open period.

8.08 Perforating tape identification—leading end
General

Having checked the identity of the tape in
the reader the next thing to be done is to per-
forate tape identity data on the output tapes.

Each of the active output tapes is completely
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identified by nine lines of perforations as shown
in the following tape:

82

own front contact and armature 8 to the MON9
ground. The operation of the 289A-B relay

Digits EF
» Digits Message Unit Tapes Sorted
LineNo. | yBCD, by— . o | Mess | pgp
tdl. Obs, grelt? Tape
oft. Thous. Units ’
11 12 13 60 40’ 30 20
41" 31,’ 21[’
TU TU - 1TU TU TU T™U TU
™0 TU TU TU TU TU TU
TU Ty TU U TU TU TU
oft.o 0°0 0°0 0 00 - 00 00
90 90 90 90 90 90 90
Day of Round. .. ¥L ¥L FL FL FL FL F*L*
2808 Tape No. & Round._ ____ Ooff. R Tho. R UR OR OR OR OR
2809 Month.. ... _.____ TU T™U TU TU TU TU TU

* When toll calls are day-sorted F=L=Day of round.

° In single-office marker groups the office number is zero.
’ For multioffice marker group.

#* For singlc-office marker group.

In general, the nine-line identity entries are
put on each tape in turn in much the same way
as the blocks of splice pattern are perforated.

While the identities are being perforated, the
machine continues to read the last line of iden-
tity on the assembler tape. When the last active
output tape has been identified the machine once
more checks the last line of identity in the reader
and then permits the reader to advance to the
next line.

Description of operation

When the last line of assembler tape identity
(2899 month) is read the 2899 code causes the
“line 9” L9 relay 2519 to be operated. Assuming
the month to be 05 and that the set-up switches
have been set to this value, then a circuit may
be traced from ground, armature 3 and front
contact of the L9 relay 2519, the DROE conduc-
tor 2509, the armature 2 and front contact of the
E4 relay 3301, the armature 2 and front contact
of the ET relay 3302, the E0 conductor 3307, con-
tact of the first section of the months tens set-
up switch on which the switch arm (4100 will
now be set, the common conductor 14101, arma-
ture { and front contact of the L9 relay 2519,
conductor 2511 leading to the common contact
of the fourth section of the months units set-up
switch over the switch arm (5400, the F5 con-~
ductor 15401, the front contact and armature 2
of the F4 reading relay 3309, the front contact
and armature 2 of the F'l reading relay 3304, the
DROF conductor 3309, the back contact and
armature 2 of the L9 relay 2519, armature 4 and
back contact of the FIC relay 3620 to the winding
of the IC relay 36198. If the E and F digits as
read from the incoming tape thus agree with the
position of the months tens and months units
switches, then the IC relay 3619 will operate.

The operation of the IC relay starts the opera-
tion of recording the tape identification data on
the output tapes by operating the 289A-B relay
3622. The circuit for this relay may be traced
from ground, the front contact and armature 2
of the MONB relay 3002, over the MONS con-
ductor to armature 4 and back contact of the
WS1 relay 3500, armature 4 and back contact of
the WSA relay 3502, armature § and back con-
tact of the WSC relay 3501, the ET conductor
3503, the front contact and armature 8 of the
STA start relay 5909, the ET conductor 5914, the
back contact and armature | of the IC relay
3619, the back contact and armature 2 of the
FIC relay 3620 to the winding of the 289A-B
relay 3622. This relay operates and locks over its
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closes a circuit from ground over its armature 5
and front contact to, the conductor 3605 leading
as hereinbefore described to the winding of the
MU0 relay 14500. The MUD relay operates to
select the connector for the message unitg “0”
perforator. The MUD relay also operates the
BLK relay as hereinbefore described which closes
the operating circuit for the message units zero
connector, the POA relay 15200 and the POD
relay 1600. The POD relay closes the “1 only”
check on the connectors operating the CKC
relay. When the P0 contact on the reader opens
the CKP relay 5902 releases. On the reclosure
of the P0 contact the OP relay and the 891 pat-
tern relay 14800 and the P289 pattern relay 14801
operate to form the first line of the tape identity
entry. . '

The P289 relay operates the magnets and
check relays to perforate the first three digits
of the code, namely, 289. It also operates the
paper advance magnet and the perforator check
relays in Fig. 158. The P289 relay also operates
the CKP relay and the PLA{ pattern line half
step relay 4304.

The 89/ relay forms the D, E and F digits of
the first line. It operates the D0 and DI perfo-
rate magnets and the associated KD0 and KDI
check magnets for the digit 1 in the D digital
place. The E digit is the first digit of the tape
type which is “1” for message unit tapes. There-
fore, the MUD relay 14500 extends the E digit
leads to the E0 and Ef magnets and the as-
sociated KEO and KEI check relays. The F digit
is the second digit of tape type and for message
unit tapes is 1, 2 or 3 depending on whether
such calls are to be sorted by office number or
by the thousands or units digit of the directory
number. Therefore, the necessary F magnets
and associated check relays are connected by
the MUS relay and one of the OS2, THS2 or the
US2 relay shown in Fig. 144. A check is made

at this time before permitting the perforator

to step. The check involves a circuit through
contacts of CKP relay 5902 operated, the PH
relay 5905 and the PH( relay 5908 both released,
the PLI relay 4305 and the PLAI relay 4324 op-
erated, any one or all three of the A digit check
relays, two-out-of-five of the other perforator
magnet check relays such as the KDJ relay 13400
and one only of the perforator advance check
relays such as the PKO relay 15801, If the check
is successful, then the PS relay 5907 and the
PSI relay 6005 are operated in the manner here-
inbefore described. The operation of the PS re-
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lay §907 permiits the paper advance magnet to

.release when a J- make contact of the reader

ﬁgens, thus stepping the perforator to the next
e

‘The operation of- the PLAI relay 4304 also
releases the STA relay 5909 in turn operating
the PL{ relay 4305.

At the end of the regular closure of the read-
ing contacts the PC, the PL{, the 891, the P28,
the OP, the perforator magnet check relays KA2,
ete., and the perforator magnets release. With
the PC relay released the PL2 relay 4308 is op-
erated. The release of the R289 relay releases
the CKP relay.

The second line is handled in a similar man-
ner. The 892 pattern relay 14802 operates in
series with the P289 relay. The E and F digits
are determined by the marker group tens and
units switches.

For the third line the 893 relay 14803 puts the
E and F digits under control of the ﬂrst recorder
tens and units switches.

‘Por the fourth line the 894 relay uses the last
recorder tens and units switches.

For the fifth line the 895 relay sets up a cir-
cuit to perforate the office number in the E digit
and blanks the F digit with zero. If sorting by
office, the OS2 relay (4400 extends the leads
through the MUQ relay 14500, thus perforating
On subsequent MU tapes the office num-
ber will be the tape number. If it is a single
office marker group then the THS2 relay (4401
or the US2 relay 14402 extends the leads through
the BLK relay (4700 to perforate a zero (which
will also be perforated on the other MU tapes).

The sixth line is perforated as 289690 by the
P289 and the 896 relays. _

The seventh line perforates the settings of the
first and last day of round switches under con-
trol of the 897 and the BLK relays.

The eighth line perforates the tape number as
the E digit and the round number as the P digit.
The tape number is determined by the particu-
lar MU- relay operated.

The ninth line perforates the months, tens and
units switch settings under control of the 899
relay.

This completes the tape identity entry for the
MUQ tape. The circuit advances to the MU
tape as described for the application of splice
pattern.

The appropriate identiﬁcation for the MUI
tape as shown in the tape above is perforated
similarly to the identification of the MU0 tape
as just described.

The tape identification information is perfo-
rated in turn on each of the other output tapes
which will be involved in the operation.

By-Passing a tape

Let us assume that we are processing a tape
for a two-office marker group. The machine
must, therefore, sort message unit calls by the
office number and all such calls will go on either
the MUO or the MU{ tapes. The other MU tapes,
MU2 to MUS, inclusive, will not be used.

In this case, after having perforated the entry
on the MUI tape the No. 1 perforator connector
relays (Figs. 75, 109, 134 and 152) will be re-
leased in the usual way and on the next closure
of the reader contacts the PS relay 5907 and the
PSI! relay 6500 will release followed by the re-
lease of the AV relay 5910, the operation of the
STA relay 5909 and operation of the LK relay
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6001 and the MU2 relay in turn. The operation
of the MU2 relay releases the MU{ relay.

Let us assume that the marker group units
switch in this instance has been set on its third
contact and that, therefore, the arm 15600 is in
connection with the UIB connector (5601. Un-
der these conditions, a ground will.be extended
from armature { and front contact of the OS2
relay 14400, over the SBO conductor 14404 to the
front contact and armature 5 of the SPA relay
3003, thence over the SB0 conductor 3012 to the
arm 15600 which, as just stated, is making con-
nection to the U{B conductor (560{ which will
be extended now- by one of the MTOA-C to
MT9Y9A-C relays which is operated in accordance

. with the setting of the marker group tens switch
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‘arm 15602. The UIB conductor then will be ex—

tended to a cross-connecting point by this
MT-=A-C relay which will be marked (B and this
may be cross-connected to a TC conductor indi-
cated just above the MTOA~-C relay so that the
TCI relay 2703 will be operated. The MU? relay
14503 will, therefore, operate the SKT relay 15113
instead of operating the perforator connector re-
lay as hereinbefore described. The circuit from
the ground and front contact armature 8 of the
LK relay 6001 extending in a long chain to arma-
ture 3 and front contact of the MU2 relay 14503
‘has been described hereinbefore. This circuit is
now extended over conductor 14504 to armature
3 and front contact of the TCH{ relay 2703 and
thence over the conductor 2702 to the winding of
the SKT relay 15718. The operation of the SKT
relay 15713 places a ground on the AV conductor
15714 to operate the AV advance relay 5910.
This releases the STA relay 5909 which thereupon
closes a circuit from ground, the front contact
and armature {4 of the SPD relay 3604, over con-
ductor 3605 to operate the Pl relay 15702 as here-
inbefore described. The operation of the Pl re-
lay releases the SKT relay 157{3. In turn, the
operation of the SKT relay releases the AV relay
5910, thus reclosing the circuit for the STA relay
5909 with theé consequence that the P2 relay {5704
is operated and the MUS3 relay {4506 is now ener-
gized. The operation of the MU3 relay releases
the MU2 relay. This completes the operation of
The cycle
is repeated to by-pass each of the remaining MU-

“tapes.

Unwanted toll tapes are similarly by-passed ex-
cept that the LL relay 6007 is operated instead of
the SKT relay §5713.

When the last line has been put on the last tape
the operation of the ATIR relay through a circuit
closed by the DET6 relay {4105 causes the opera-
tion of the FIC first identification completed re-
lay 3620. The circuit for this may be traced from
ground, armature 4 and front contact of the IC
relay 3619, the FIC conductor 3624, the front con-
tact and armature { of the ATIR relay 15708, the
conductor 15716 to the winding of the FIC relay
3620. The ATIR relay is operated in & fashion
similar to that for splice pattern hereinbefore de-
scribed. The operation of the FIC relay releases
the 289A-B relay 3622 and operates the TIE tape
identification ended relay 3612 in a circuit from
the J3 contact of the reader conductor 2018,
armature 6 and front contact of the IC relay 3619,
front contact and armature 6 of the FIC relay
3620 to the winding of the TIE relay 3612. This
relay locks to ground supplied over armature 5
and front contact of the MONA relay 3000, the
MONS conductor 3015, the armature T and back
contact of the L relay 2500, the TIEL conductor
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2820, the armature 3 and front contact of the TIE
relay 3612 and thence through its winding to bat-
tery.
rVy&’lth the FIC relay operated when the reader
reads the 2899XX month code the L9 relay 2519
connects the check circuit through the month
switches to operate the R8I reader step relay (906
which permits the reader to advance to the next
line.

8.09 Reading and checking a line of tape—Tape
gate

When the tape  identification has been per-
forated on all active output tapes and the TIE
relay has been operated, the circuit is prepared to
read any entry from the tape. :

A path may be traced from the reader step
check relays RKA and RKB, thence over the RCK
lead through the front contact and armature 4
of the RCA-B-C relay 2001, conductor 2012,
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through the back contact and armature 1 of the -

AL relay 9501, conductor 9508, thence through the
two-out-of-five check circult of the B, C, D, E and
P reading relays, the RCK conductor 3300, the
armature and back contact of the GT4 relay
13703, conductor 137104, thence through the front
contact and armature T of the TIE relay 3612, the
back contact and armature 4 of the MTID relay
3621, conductor 3401, armature § and back con-
tact of the L4B relay 3400, the RCK conductor
3110 to the contacts on the A2 reading relay 3102.

A timing entry is normally indicated by a 1 in
the D digit which means that the Al relay 3101
will be operated and the A0 relay 3100 and the A2
relay 3102 will be released, although under cer-
tain conditions all three of these relays may be
operated from a disconnect time entry to indicate
a timed release. In either case a ground will be
extended over conductor 3109 for a purpose which
will be described hereinafter.

All other lines except splice pattern and supple-
mentary lines of a multiline entry operate the' A2
relay. A path for the RCK lead 3110 from the
L4B relay is provided through the A2 relay oper-
ated and the GT2 relay, over conductor 3108, the
back contact and armature of the GT2 relay
13108, conductor 13706 to the B degit reading re-
lays where the entry is interpreted as the initial
line of an initial entry or a special single line
entry, :

The following digits in the B digit indicate
initial line of initial entry for the special cases
listed:

B Digit Type of call

MU.
TOLL or MUD.
1.0 (all kinds).

An entry is interpreted as special single line
when Bis 8. The C digit further identifies special
entries as follows:

280X XX recorder entry

281XXX hour entry

282XXX day entry

285XXX transfer or charge trouble entry
286X XX skip splice pattern entry
28TXXX window pattern entry

The 285 lead goes to the D digit reading relays
for further interpretation as 2853, 2854, 2855, 2856,
or 2857. In addition, the D digit distinguishes the
various types of hour entries 2810, 2811 and 2818.

The operation of the circuit while reading a
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line of tape calls for four steps of reldy opeéra-
tions. The total time for these four steps is
such that a new line can ordinarily be read with
each successive reader cycle.

To prevent the relay circuit from getting out of
synchronism with the reader, gate relays such as
the GT3 and GT4 relays and a check CK relay
have been provided. Ordinarily, a tap from the
RCK lead which Is extended through contacts of
the AL relay and the two-out-of-five check cir-
cuit of the B to F digit reading relays to the back
contact of the GT4 relay 13704 is connected to
the winding of the CK relay {3707 and is used to
operate this relay which in turn prevents the op-
eration of the GT3 and GT4 relays and the four-
step operation for the line being read progresses
in a normal manner. The CK relay (3707 locks
around the B to F digit two-out-of-five check
circuit and the GT4 relays to the RCK lead.

When, however, too much time is spent in clos-
ing through the RCK lead a ground from the
reader JI contact is placed on conductor 2019
and is extended through the armature and back
contact of the CK relay to operate the GT3 re-
lay (3708. The G'T3 relay directly operates the
GT4 relay 13705 which thereupon locks to the
ground on conductor 13704. The operation of
the GT4 relay prevents the RCK lead from func--
tioning on the current reader cycle and a new
trial is made for the same line on the next cycle.

The four-step operation referred to above con-
sists of the following: ’

1. Operating the reading relays from reader
contacts.

2. Operating CK through the path already de-
scribed and extending this path to operate the
proper register connector depending upon the
particular entry -index.

3. Operating the registers through their asso-
ciated connectors and at the same time stepping
the line count.

4. Operating an up-check relay for operating
an RS- relay preparatory to stepping the reader.

8.10 Registering recorder—time group

The call entries containing the same call iden-
tity index are preceded and succeeded by the
recorder-time group of entries, at least once per
day of round (3:00 a. m.).” This group also ap-
pears during the day when the recorder has been
transferred to and from the emergency or made

. busy. These entries are used to determine the
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time (day and hour) which is to appear on each
toll message. Since these entries always occur
in a group a check is made to insure that they
appear on the tape together and in the proper
order.

8.101 Registering recorder number entry

The first of these entries is the recorder num-
ber entry. This entry is identified by 280XTU
where the T (0, 1, 4) and U (0-9) indicate the
tens and units digits of identifying number, the
central office recorder number normally asso-
ciated with a particular call identity indexer.
The X digit is used to indicate whether the tape
was made by the regular (§) or the emergency
recorder (6). A tens digit 4 indicates that the
tape was made by the emergency recorder when
not serving in place of a regular recorder.

The 280 lead is grounded over a long path ex-
tending from either the Gi{ or the G2 reader con-
tact through the armatures of the RKA or RKB
relays, the front contact and armature 4 of the
RCA-B-C relay 2001, conductor 2012, the back
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éontact and armature {1 of the AL relay 9501,
conductor 9508, thence over the two-out-of-five
check circuit controlled by the B, C, D, E and F
reading relays, conductor 3300, armature { and
back contact of the GT4 relay 13103, conductor
13704, front contact and armature 1 of the TIE
relay 3612, back contact and armature 4 of the
MTID relay 3621, the 289A conductor 3401, the
armature § and back contact of the I.4B relay
3400, conductor 3110, front contact and arma-
ture 2 of the A2 reading relay, back contact and
armature 3 of the Af reading relay, back contact
and armature 6 of the A0 reading relay, con-
ductor 3188, armature and back contact of the
GT2 relay 13105, conductor 13706, armature 6§ and
front contact of the Bl relay 3106, armature 4
and front contact of the BY relay 3107, armature
{ and front contact of the C4 relay 3205, arma-
ture 3 and front contact of the C1 relay 3201 to
the 280 conductor 3206.

Assuming at this time that nothing is regis-
tered in the recorder number register, then a
path for the RDC relay is traced from ground
through the contacts of the master release key
2804, conductor 2905 and in parallel therewith
from ground, front contact and armature {f of
the MONA relay 3000, through the front contact
and armature 71 of the RL0O relay 300( to con-
ductor 2905, therice over armature {8 and back
contact of the RCCA-B relay 4408, armature 28
and back contact of the RCRA-B relay 4491, con-
ductor 4402, thence in a chain including the
armatures and back contacts of the recorder
register relays from the RCU® relay 6200 to the
RCUT relay 6201, conductor 6202, back contact
and armature {6 of the RCRA-B relay #4401,
thence through a chain cireuit including the
back contacts and armatures of all the relays
of Fig. 61 to the RDC conductor 61080 to the wind-
ing of the RDC relay 4500 which relay now be-
comes operated.

Ground on the 280 lead 3206 holds the RDC
relay operated and is extended through arma-
ture 6 and front contact of the RDC relay 4500,
the front contact and armature 5 of the C relay
4501, the RCL conductor 4502, the armature §
and back contact of the PE relay 8804 to the
winding of the RC relay (1800. The RC relay
locks to ground on the RCL conductor i812,
through armature 2 and front contact of the
ST3 relay i813. Upon the operation of the RC
relay a circuit is established from ground, the
armature T and front contact of the RC relay,
conductor {1801, armature 10 and back contact
of the SPFA-B relay 14002, conductor 14005, the
back contact and armature 4 of the ARA-B
relay {3804, the back contact and armature i5
of the DRA-B relay 13803, conductor 13805, front
contact and armature 2 of the SDC relay {1706
operated at this time and thence through the
winding of the PE relay 880f{. The PE relay
locks in g cireuit from ground, armature | and
front contact of the SDC relay 11700, through
armature 2 and front contact of the PE relay
8804 and thence through the armature and back
contact of the PT3 relay 8805, armature 3 and
back contact of the PT{ relay 8806, thence
through the back contact and armature 2 of this
same relay 8806, the back contact and armature
2 of the PT relay 8805, the front contact and
armature | of the PE relay 8801 to lock this
relay under control of the SDC relay 117100. The
RC relay 118008 releases on the open cycle of
the reader permitting the register connector
RCRA-B relay 440f to operate on the follow-
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ing reader closure from the ground on the 286
lead now extended over conductor 4502, the ar-
mature § and front contact of the PE relay 8804,
the RCR lead now connected through the back
contact and armature | of the RC relay 108, the
RCR lead [(802 to the winding of the RCRA-B
relay 4401. The RDC relay is held operated
through its front contact and armature 4 to the
ground on the 280 lead 3206. ’

With the RCRA-B relay #4401 operated a
ground will be extended over the front contact
and armature {1 thereof to the DROE conductor
2509, whereby and in accordance with the opera-
tion of the E digit reading relays one of the three
conductors E0, Ei or E4 will be grounded and
extended through the armatures 4, § or 8 of the
RCRA-B relay 4401 to operate one of the RCTO,
RCTI1 or RCT4 relays (recorder number tens
digit) in Fig. 61. At the same time two of the
F digit reading relays in Fig. 33 will be operated
and will apply ground directly to two of the five
leads F00, Fi0, F20, F40 and FF0 which will be
extended through the armatures 1, 8, 9, 10 and {1
of the RCRA-B relay to operate two of the rec-
order number units relays shown in Fig. 62.
Thus, the recorder number is registered.

An up-check path is closed from the RON
lead 2905, through armature I8 and back contact
of the RCCA-B relay 4400 through one of the
RC6 or RC5 relays which indicates that the
recorder is regular (or emergency), conductor
6101, one of the RCT0 or RCTI relays, conductor
4402, two of the RCU- relays of Fig. 62, thence
out over one of the UOC to UIC conductors,
through one of the armatures 12, 13 or 14 of the
RCRA-B relay to the UIC conductor which is
then connected by one of the right-hand arma-
tures of each of the two RCU- relays which are
operated such as the RCUO relay through its
armature 8 and front contact, the front contact
and armature 21 of the RCRA-B relay to the
RS2 conductor leading to the winding of the
RS2 relay 1907 for the operation of this relay
and the consequent advance of the reader. The
RS2 relay in operating permits the reader to
step from this line. The RC~, the RCT- and the
RCU- relays in operating lock to the reader
off-normal ground on conductor 2905 which may
be traced through the armature 2 and back con-~
tact of the RRL relay 4503, the RCTG lead
4504, the front contact and armature 1{ of the
RAR® relay 3900, the RCL: conductor 390( to
the locking contact of each one of these relays.
Relay RCRA-B in operating operates the RCR
relay 4505.

Relay RCR registers the fact that a recorder
number entry has been received and that no
initial entries may be processed until the end
of tape hour and calendar day entries, the re-
mainder of this recorder time group have been
registered. Relay RCER in operating locks
through either the RHEDR relay 9400, or the DR
relay 8401 when these relays are in normal con-
dition over the RCRL conductor 4506 to the
MON{ ground. The RCR relay 4505 in operating
opens the path which permits the registering of
the initial line of an initial entry. The RCR
relay in operating disconnects the “2811” lead
from the RCM relay operating path so that when
the next entry and end of tape hour entry is
received it will not bring in an alarm. ’

When the reader cycle is completed the 280
ground is removed thus releasing the RCRA-B
relay and the RDC relay.
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8.102 Registering end of tape hour entry

This entry is identified by the code 2811TU
where T (01 or 2) and U (0 to 9) indicate the
tens and units digits of the hour of the day at
the time this group of entries was placed on the
central office tape. The 2811 lead is grounded
from the RCK lead path, with the TIE relay
operated and the MTID and L4B relays normal,
relay A2 operated, relays Al, A0 and GT2 normal
and relays Bi, BT, and C0 and C| operated, re-
lay H83 normal and relays D0 and DI operated.

Should this entry have occurred on the tape
without being preceded by a recorder number
entry the 2811 lead in being grounded would
have operated the RCM relay 9510 indicating
that the recorder number was missing and that
further processing may not coniinue until some
action is taken by the machine operator. The
RCM relay in operating locks through the RCR
relay 4508 released and prepares to light &
“recorder number missing” lamp when the time
alarm is effective.

Assuming nothing is registered in the earliest
hour register the HRIN relay 12300 is operated
in a path from ground, armature 3 and front
contact of the MONB relay 3002, the MON8
conductor 3014, thence in a down-check chain
circuit through the armatures and back contacts
of the hour units HU- relays shown in Pig. 64,
a similar circuit controlled by the HT-A relays
of Fig. 63 to the HRIN conductor 6300, the back
contact and armature 3 of the SPA relay 3003,
the HRIN conductor 3016 to the winding of the
HRIN relay 12300. This relay would have been
operated prior to the operation of perforating
splice patterns on the ends of all output tapes
(see section 8.03). The HRIN relays locks ir a
circuit independent of the SPA relay 3003.

The grounding of the 281 lead with the RCR
relay 4595 operated, the LTH relay 12301, the
LHU relay 12302 and the HRLC relay {2303 nor-
mally unoperated and the HRIN relay 12300 op-
erated permits the 2811 hour register connector
relay HIA-B-C numbered 4800 to operate. This
relay locks to the 281 lead on the C digit side
of the released H83 relay 12304, With the oper-
ation of the H'A-B-C relay 4800 a circuit is ex-
tended from ground, armature 2 and back con-
tact of the AUCA-B relay 13604 over the HDRO
lead 13665 to the armatures 8 and 9 of the
HIA-B-C relay 4800 whereby the DROE con-
ductor 2509 and the DROF conductor 3309 are
grounded permitting the E and F digit reading
relays to ground the corresponding decimal out-
put leads and operate the corresponding HT-A
relays of Fig. 36 and the HU- relays of Fig. 64
so that the hour tens and units digits may be
properly registered.

The operating ground of the HU- relays, for
example, the HUS8 relay 6400 is extended through
its armature 5 and front contact to the conductor
6401 through the back contact and armature 3
of the HRL relay 12305 to operate the LHU relay
12302. This ground also passes through a check
circuit on all the HU- and HT-A relays to check
that one and ona only in each group is operated.
This ground is also extended from the armature
2 of the HRL relay 12305 over the EHUCI lead

f2306 through cne and one only chain circuit 7

controlled by the HU- relays of Fig. 64, conductor
G402, a similar one and one only chain circuit
through the contacts of the relays HT0A, HT2A
and HTIA to the EHUC conductor 6301 which
may then be traced to the armature 23 of the
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H{A-B-C relay 4800 where it is connected to the
EHC conductor 480i. This ground will provide
an up-check circuit to be explained shortly.

The operating ground of the hour tens HT-A
relay is extended through its locking contact and
the back contact and armature 3 of the HRL re-
lay 12305 to operate the LHT relay 1230f{. The
LHT and LHU relays operated, lock through the
normal contacts of armature 3 of the HRLC
relay 12303 to the ground on the HON{ conduc-
tor supplied from the front contact and armature
8§ of the MONA relay 3000 through the front con-
tact and armature 4 of the RL0 relay 300f. The
locking path for the LHU relay 2302 is through
a contact of the LHT relay (2301 so that the
locking of the LHT relay also controls the lock-
ing of the LHU relay. The locking of relays LHU
and LHT also provides the locking ground for
the operated HU- and HT-A relays, respectively.
The ground on the EHC conductor is also ex-
tended over the HCF conductor 480{ extending
to Fig. 95 where it operates the HCF relay 9511.

The ground is also extended through the. front
contact and armature 22 of the HIA-B-C relay
4800 to conductor 4802, armature (4 and back
contact of the DUCA-B relay 13606, the RS con-
ductor 13667 which may next be picked up in
Fig, 122 fraced through Pig. 65 toc the RS eonduc-
tor at the front contact of armature 20 of the
HiA-B-C relay, thence over conductor 4803, the
back contact and armature { of the H8R relay
12308, the back contact and armature 12 of the
HP relay 12308 to the RS2 conductor leading fo
the RS2 relay 1907 to cause the operation of this
relay which in turn permits the reader to step the
tape at the end of the reading cycle.

Upon the operation of the H'A-B-C relay 4800,
a ground is extended from armature 28 and front
contact thereof over the HR lead through arma-
ture 10 and front contact of the RCR relay 4505
to cause the operation of the HR relay 12200.
Relay HR in operating disconnects the 282 lead
away from the RCM relay 9510 so that when the
next entry, a calendar day entry, is received it will
not bring in an alarm. The HR relay is locked
in a path from the MONI ground, both through
the armature { and back contact of the DR relay
9401 and the back contact and armature 2 of
the RHDR relay to the HRL conductor 9402
which is extended to the front contact and arma
ture 7 of the HR relay 12200. :

The HRIN relay 12300 releases when the HT-A
and the HU- relays operate. The HIA-B-C re-
lay releases when ground is removed from the 281
lead at the end of the reading cycle. The HCF
relay 9511 releases at this time since its locking
circuit is open. .

The hour value registered in the earliest hour
register is transferred to the disconnect hour
register. The HR2N current and disconnect hour
register normal relay 12310 will have been oper-
ated in response to the operation of the master
off-normal relays in a circuit from the MONS
ground on conductor 30(4, thence in a chain eir-
cuit through the armatures and back contacts of
the UHY to UHO relays in Fig. 65, the back con-
tacts and armatures of the THOA relay 6501,
through the TH2A relay 6503, the HR2N con-
ductor 6500, the back contact and armature 4 of
the DCRR relay (2201, the back contact and
armature 8 of the DCR relay 12202, the back con-
tact and armature 3 of the HTC relay (2203, the
armature 3 and back contact of the L'TH relay
12312, the armature 3 and back contact of the
LUH relay 12311 to the winding of the HR2N
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relay 12810. This relay, therefore, will be stand-
ing operated a$ this time. The LET relay 12304
and the LEYU relay 12302 which provide locking
grounds for the earliest hour register will have
been operated in the manner hereinbefore de-
scribed. Therefore, as soon as the earliest hour
register has been filled and it is certain through
the operation of the HR2N relay that the discon-
nect hour register is empty and in g condition to
have the registration in the earliest hour register
transferred thereto a circuit will be established
from ground, front contact and armature 3 of
the LHU relay 12382, front contact and armature
{ of the LET relay 12381, the armature 3 and
front contact of the HREN relay 12348, over the
T conductor {2313 to operate the T¥ relay 8608.
The T velay then locks o the 'TFL conductor
968¢ which by-passes the armature 3 of the HR2N
relay so thet the TF relay is now held independ-
antily of this last relay.

The TP relay 9800 establishes communications

between the output contacts of the tens and units
relays of the earlier hour register in igs. 63 and
§4 to the windings of the corresponding tens and
units relays of the disconnect hour register in
g, 65. The LUH relay 2311 responds to the
ground placed on conductor {3697, the locking
path for the units relays of the disconnect hour
register. The LTH relay {2312 operates from the
-locking path of the tens hour relays of Fig. 65.
In operating the LTH relay provides the locking
path for itself and the tens relays.

With relays LTH and LUH operated the one
and one only circuit controlled by the tens and
units relays of the disconnect hour register is
closed so that a circuit may be traced from
ground, iront contact and armature § of the LUK
relay 12314, the front contact and armature § of
the LTH relay 12312, the HUC up-check con-
ductor 12314, the one and one only circuit con-
trolled by the UH relays of Fig. 65 and the TH-A
relays of Fig. 65 to the HRL conductor 5504,
armature {4 and front contact of the TF relay
9600, conductor 9602, the back contact and arma-
ture 4 of the CTL relay §2204 to the winding of
the CTH relay 12205. The CTH relay in operat-
ing extends its operating circuit to operate the
HRL relay 12305 and this relay locks to the oper-
ating path of the CTH relay.

The HRL relay 12305 in operating releases the
operated hour tens and units relays of the earlier
hour register by opening their locking paths.
When these relays have released, a path is closed
from the winding of the LHU relay 12302, over
conductor 12306, the down-check circuit of the
HU- relays of Fig. 64 and the down-check circuit
of the tens relays of Fig. 63 to the HRLC con-
ductor 6302, the back contact and armature 5 of
the HRIN relay 12300 and thence through a front
contact and an armature of either of the LHU
relay 12302 or the LHT relay 123081 to the winding
of the HRLC relay for the operation thereof.
The HRLC relay {2303 in operating permits the
HRIN relay to operate and lock as it did before
when the SPA relay 3003 was released. The
HRLC relay in operating releases the LHU and
LHT relays and it remains operated until these
latter relays open their front contacts.

The release of the LHU and LHT relays per-
mits the HR2N relay (2310 and the TF relay 9600
to release.

8103 Registering calendar day entry

With all the register tens and units relays and
the translator relays of the day circuit normal
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the day register down-ciieck relay 9403 is oper-
ated in a circuit from ground, armature 8 and
front contact of the MONA relay 3000, the front
contact and armature § of the RLO relay 3001,
the DON conductor 3617, through a chain circuit
consisting of back contacts and armatures of the
DTO te D3 relays and the DUO to DUI relays
of the day register (Fig. 66), the conductor 6600,
thence through a chain circuit controlled by the
DTT3 to DTT? relays and the DUTO to DUTI
relays of the day register translator (Fig, 51), the
DC conductor 8160, the back contact and arma-
ture § of the NCD relay 9405, the back contact
and armature § of the CD relay 9406, the con-
ductor 8487, the back contact and armature { of
the DCRR relay $2201, conductor {2205, the back
contact and armature 2 of the DRL relay 9405
to the winding of the DDC relay 9403. The oper-
ation of this down-check relay indicates that the
day register circuits are in normai condition
awaiting the registration of a calendar day entry.
The DON relay 9408 is operated through the
armature 4 and back contact of the DRL relay
8404 to an off-normal ground. If the recorder
number and end of tape hour entries have been
received, ground on the 282 lead will pass through
the RCR and HR relays operated, the armature 5
and back contact of the DTBC relay 9409, the
armature 3 and front contact of the DDC relay
403 to the windings of the DYRA-B relay 4304
and the DYRA-C relay 4805.

These day register connector relays in operat-
ing, ground the DROE and DROF leads to the
reading relays to enable a decimal reading of
these digits through the said connector relays to
enable the registering and locking of the day
register relays of Fig. 66.. The DDC relay 9403
releases as soon as one of the DT~ or DU~ relays
of Fig. 66 operates. The DR relay 94014 is oper-
ated from the day register connector relay 48085
to indicate that the entire recorder-time group
of entries has now been received.

With one day tens relay and one day units
register relay operated a path is closed from
ground through the one and one only check cir-
cuit of these relays the DON relay 9408, the DRL
relay 9408 normal and the day register connector
4804 to operate the reader step magnet RS2. This
bermits the reader to step ahead to the next line.
The NDC relay 9405 is operated to indicate to
the day change part of the circuit that the day
as registered is corrected and has not as yet been
changed.

Should this entry have occurred on the tape
without being preceded by both the recorder
number entry and an end of tape hour entry the
appropriate RCM (recorder number missing) or
HM (hour missing) relay would have operated
and locked bringing in the proper alarm. Once
the recorder number entry has been received
without receiving the end of tape hour entry
and calendar day entry, the receipt of an initial
entry will bring in an alarm indicating the miss-
ing recorder-time group entry. The operation
of the DR relay 9401 permits the REDR relay
9400 to operate through a contact of the day
register connector relay when a J- break contact
of the reader closes between reading cycles after
the RS2 reader step relay has operated.

The RHDR relay 9400 locks through the arma-
ture | and the back contact of the AQ reading
relay 3100 to the ground at armature 5 and front
contact of the DON relay 9408, the RHDR relay
8400 and the DR relay 9401 being operated per-
mit the RCR relay 4505 and the HR relay (2200
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to release. The DR relay 8401 may be released
when the RCR relay releases, the DR relay hav-
ing locked to the RHDR relay normal and the
RCR relay locked.

With relay RCR normal the circuit may now 3
register initial entries. When the supplementary
lines of the initial entry are read, the A0 relay
in operating releases the RHDR relay 9406.

8.11 Sorting (office, ,ihousands, units)

e

10

Tapes from multioffice marker groups must be
sorted by the originating office ini the computer
stage. However, tapes from single office marker
groups may be sorted either by calling number
thousands or units, according to circumstances. 15
If the input tapes represent a large volume of.
business, the computér sort will probably be by ™
thousands to permit division of the load between
two or more sorters, each of which will handle
its quota of thousands. For light traffic single 20
office tapes, however, the choice may be units

_sort with a view to completing the subsequent
stages on one sorter machine. Single office, sin-
gle thousand tapes will, of course, be computer
sorted by units. 25

The detailed operation of sorting is as follows:
Off-normal ground on conductor 3018 is con-
nected through the marker group units switch
arm (5603 to one of the ten decimal leads as
determined by the setting of that switch., This 30
ground is closed through contacts of the oper-
ated marker group selecting relay such as the
relay MTO0A-C or the MT8A-C relay of Fig. 26
to operate a sort class connector relay such as
the OS| relay 14405 as will be more fully described 35
hereinafter. A set of marker group selecting
relays such as the MTO0A-C relay of Fig. 26 is
provided for every ten marker groups; the set to
be operated being determined by the setting of
the marker group tens switch. 40

Thus, there will be a -C terminal, such as
the 0C to 9C terminals, on the front contacts
of the MTO0A-C relay 2600 for every marker group.
The -C terminals for multioffice marker groups
are connected to a common group of “SB0” ter- 45
minals such as the SB0 terminal 260f connected
to the winding of the OS|{ relay 14405 to operate
the OSI relay directly for office sorting. The “C”
terminal for single office marker groups are con-
nected to a common group of SBTU terminals 50
to operate the US| and THSI relays 14406 and
14407, respectively, depending upon the setting
of the sort switch (4102 for units or thousands
sort.

A common start ground is closed through the 55
input class register and other control relays to
ground a decimal] lead from each of three regis-
ters, calling office, calling number thousands and
units. One of these three grounded leads will be
closed through an operated sort class connector G0
to operate a perforator register relay in series
with a perforator connector corresgonding to the
digit of the grounded lead. This path is described
in greater detail in section 9.16. Perforator con-
nectors 0-8 are used to connect tc the ten per- 65
forators used for sorting by office, thousands or
units as required. . Connectors 13-18 will connect
to perforators used for sorting toll calls by day
of round if required; otherwise connector 13 will
be used for all toll calls. Connectors {0, (I and 70
12 connect to perforators for straddle, observa-
tion and message unit detail, respectively.

8.12 Sorting (day)
Tapes cut and processed by rounds of several 75

94
days each must have their toll calls sorted by
days in order to facilitate the listing of such
messages according to date on the customer’s
toll statement.

For this purpose, the number of the round and
its length as shown by first and last day of round
are included in the leading tape identity group,
while the current date or day of month is given
at each 3:00 a. m. point. To economize in perfo-
rators, the day sort is made by day of round.
However, the change in days is supplied not in
such terms but rather in terms of the changing
day-of-month to which the calls are referred and
hence the date given must be translated into
day-of-round in order to direct the sorting. Ob-
viously, at a later point in the accounting process
a retranslation must be made from day of round
to actual date.

‘It will be recalled that the days of the month
appearing at intervals throughout the input tape
are each applicable to a twenty-four hour series
of call records for a particular call identity in-
dex. Due to the reversed order of reading in
the assembler, the time entries retrograde sc
that the first date encountered by the computer
marks the last day of the round to the first day.
All the calls included from the last day to first
of the round are associated with one eall iden-
tity index for a particular indexer. This day of
round series is repeated for the like numbered
index on the next indexer and so on to the last
indexer after which the system is repeated for
the next and succeeding call identity indices.

The statement at ove made at the first day en-
countered marks the last day of a round requires
explanation. Since cutting always occurs at
3:00 a. m., the leading end of the tape in the
computer will bear the date of the day which
follows the last day of round and this day is
valid only for call records occurring between
3:00 a. m. and 12:00 midnight. At 12:00 mid-
night, however, the date actually changes, al-
though without notation on the tape other than
the appearance - of the hour reading “00.”
Hence, the hour circuit must be called upon to
change the day back by one, after which the
corrected day record applies to the twenty-four
hours business extending back to the preceding
midnight. When 3:00 a. m. is again reached,
another day reading appears, but since this must
agree with the day record already in force no
further adjustment is made until midnight.
Thereupon the day record is again set back by
one. On the leading end of the final round tape,
the date “01” must be changed at midnight to
31, 30, 29 or 28, according to the length of the
current month. .

The conversion from day-of-month to day-
of-round is executed by a translator consisting
of relays supplemented by the round switch.
Two translator options are available, one for ten
three-day rounds per month and the other for
six five-day rounds, but only one of the options
is furnished.  The round switch serves to group
the final three hours’ output of the round with
that of the preceding day, so that both go on the
last tape of the round.

The sorting path to the day sort perforators
is directed to the active perforator only. This
is done by the day sort control, which is pre-
pared at the beginning of the run in agreement
with the day-of-round switch setting. Under
this arrangement, access to the several day per-
forators is channeled to the active ones only,
thus making possible the processing of partial
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rounds or even a single day’s tape. An extra
perforator is always provided in addition to the
three of the ten-round month or the five of the
six-round month, to perforate date for the 31st
day of the month. As has been mentioned be-
fore, the 12:00 fo 3:00 a. m. records for the day
following the last day of the round are perfo-
rated on the same tape which handles the last
day’s business.

In veview, the sorting path originates in the

output control, is made dependent upon the
readiness of the computer, is directed by the class
circuit and by the day sort features discussed
above, and finally operates the chosen perfora-
tor connector. This connector closes paths
from the pattern relays through the perforator
check clreult to the magnets of the selected per-
forator.

T4 is interesting to note that the day sort pre-

cedes the class sort, since the day sort is pre- ¢

selected at the beginning of a twenty-four hour
series of calls for o particular call identity in-
dex, whereas the class sort takes place later as
the call records appear on the tape. This order
is the reverse of that followed on MU calls, where
the class sort is prepared first and is followed
by the numerical sort.

9. Iessages — Regular — MU (message unit)
and toil

9.1 MU messages

9.11 Composition of input and output entries

The second assembler tape record of an MU
call consists, generally, of three consecutive en-
tries. The first line of a message to be en-
countered by the reader of the computer is a
disconnect entry. This line contains the call
identity index and the time of disconnect in tens,
units and tenths of minutes, referred to an hour,
one less than that of the last hour entry read.
The reference hour will be in the next hour en-
try encountered by the reader since the chrono-
logical order of calls is reversed by the assem-
bler. The next line to be read is an answer en-
try which contains the same call identity index
and the answer time expressed in the same way
as in the disconnect entry. This line is followed
by the first line of initial entry which repeats
the call identity index and indicates the billing
index. The second line of initial entry includes

50

the calling office number in the given marker -

group and the calling directory number.

The computer output record for an MU mes-
sage is & single line entry when the formulated
number of message units is less than 10. A
single line MU entry indicates the number of
message units and the calling line directory
number. When the number of message units for
a given message is 10 or greater, its output en-
try will consist of two lines and will indicate an
area index in addition to the number of mes-
sage units and the calling line directory num-
ber. The area index distinguishes between local
area, extended area—type 1, extended area—type
2, cr charges canceiled—observing only.

9.12 Registration of input
9.121 Disconnect time

Each timing entry is identified by a “1” in the
A digit except for the case of a timed release
when three hours are perforated in the A digit.
The first timed entry received by the circuit is
onsidered to be a disconnect entry.- When the
reader contacts are closed the Al reading relay
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3101 is operated and at the same time two out of
each five of the B to F groups of reading relays

-are operated to express each of the other B

through F digits. The operation of the Af relay
causes ground to be closed from either the Gl
or the G2 contact through the RKA relay 1900
or the RKB relay 1902, through the front con-
tact and armature 4 of the RCA-B-C relay 2007,
conductor 2012, the back contact and armature
1§ of the AL relay 3801, conductor 9508, through
the two-out-of-flve check circuit of the B to F
digit reading reiays, conductor 3300, the arma-
ture and back contact of the GT4 relay 137083,
conductor 13704, the front contact and arma- -
ture 7 of the TIE relay 3612, the back contact
and armature 4 of the MTID relay 3621, con-
ductor 246, armature § and back contact of the
LB& relay 3480 over the RCK conductor 3{1 0,
the back contact and armature { of the A2 read-
ing relay ${02, the front contact and armature {
of the Al reading relay 8101, the back contact
and armature 4 of the A0 reading relay 3100,
conductor 3189, armature 4 and back contact of
the RLS relay 814, conductor 1820, armature 2
and back contact of the DTUC relay 13602 (in-
dicating that the day has been registered) , arma-
ture and back contact of the GTI relay 13603,
conductor 13604, back contact ang armature §
of the DTMB relay 3402, the DTRL conductor
to the back contact and armature i of the ATTR
relay 47100, the DTRL conductor, front contact
and armature i of the ADDC relay 11300, back
over the DTRL conductor and thence in series
through the windings of the DTRA relay 4701,
the DJRI relay 4600 and the RDD relay 4601 to
operate these last three relays. The ADDC an-
swer and disconnect register down-check relay
11300 had been operated through the down-check
of the registers associated with the answer and
disconnect time. Through armature | and front
contact of the DTRA relay 4701, this relay and
the other two in series therewith lock in this cir-
cuit around the front contact and armature |
of the ADDC relay {1300 so that these relays
will not be released as soon as the ADDC relay
is released as a disconnect time becomes regis-
tered. In the case of g timed release, these con-
nectors are operated over the same path, this
time, however, traced from the conductor 3404,
through the front contact and armature 2 of the
A2 reading relay 3102, the front contact and
armature 2 of the Al reading relay 3104, the
front contact and armature 5 of the A0 reading
relay 3100 to the conductor 3110.

One of the timed release register relays, the
NTR relay 7801 or the DTR relay 7800, then op-
erates through the armatures and contacts (18
or 19) of the DTRA relay 4101 and the contacts
of the A digit reading relays. If the code of the
timing entry is one which begins with a 1 then
only the Al reading relay will be operated and
the circuit above traced through the RCK lead
3401 will be extended through the back contact
and armature | of the A2 reading relay 3102 and
the front contact and armature | of the Al read-
ing relay 3101 to the NTR lead which will cause
the operation of the NTR relay 7801. If, on the
other hand, the code of this timing entry starts
with a 3, then both the A2 and A}l reading relays
will be operated and the ground on the RCK lead
3401 will be extended through the front contact
and armature 2 of the A2 reading relay 3102,
front contact and armature 2 of the Al reading
relay 3101 to the DTR conductor leading to and
causing the operation of the DTR relay T800.



2,630,269

97
Either of these relays in operating will lock to

the TRL conductor 11303 from the armature 1 .

and front contact of the ADHA-B relay 11301.
The ADHA-B and the ADHC-D relays will have
been operated through the ADDC relay 11300 and
both of these relays will have locked to the ADHL
conductor grounded at the armature 3 and front
contact of the ST4A relay 3006.

The operation of the DTRA relay 470§ also
causes the time entry line count circuit to be
advanced by extending ground from the RCK
lead, conductor 9508, through the armature 16
and front contact of the DTRA relay #10{, the
armature 3 and back contact of the DTMB relay
3482 to the winding of the DTMA relay 3403.
This latter relay operates and locks from the
ground supplied by armature T and front con-
tact of the STAA relay 3008, over the ONT lead,
thence in series through-the armatures and back
contacts of the LLA relay, the L2A relay, the
L3A relay and the LAA relay in Fig. 34, the LCAL
lead to the front contact and armature [9 of
the ADHC-D relay {1302, the LCALI conductor
to armature 2 and back contact of the ATMA
relay 3403, armature { and front contact of the
DTMA relay 3403,

In addition, the operation of the DTRA relay
4101 closes leads from ground through the op-
erated B digit reading relays to operate two out
of five relays in each of the two sets of dis-
connect tens registers. At the same time it
closes leads from ground, through the operated
C and D digit relays to operate the two sets
of disconnect tens and the two sets of disconnect
tenths register relays, respectively. The tenths
registers are identified by the letter P (for part)
to distinguish them from the tens registers.
Similarly, the operation of the DJRI relay 4600
causes the operation of two call identity index
tens and two call indentity index units register
relays corresponding to the operated E and F
digit reading relays. The operation of the RDD
relay 4801 causes the operation of two addi-
tional registers, the disconnect day tens and the
disconnect day units in accordance with in-
formation stored in the day register translator.
The register connectors have thus caused the
operation of eleven registers, all of which are
locked to the ADH relays in Fig. 113, ten on a two-
out-of-five basis and one on a one-out-of-two
basis as follows: The call identity index tens
and units registers which preserve a record of
the index for comparison with the correspond-
-ing item in adjacent elements of the call; the
disconnect time tens A, units A and tenths A
registers which store the disconnect time in
minutes for use in straddle calls and will be
described in more detail at a later time; the
disconnect time tens B, units B and tenths B
which translate their information into a form
acceptable to the adder circuit; the disconnect

day tens and day units registers which store.

information useful in the processing of toll calls;
and the timed release register which notifies
the elapsed time tenths round-off translator
whether or not to make an allowance for tlmed
release.

A circuit is now established from a ground,
through the two-out-of-five check circuit of the
JT- and JU- register relays of the call identity
index register (Fig. 75), through the two-out-
of-one check circuit controlled by the NTR re-
lay 2801 and the DTR relay 1800, through the
two-out-of-five check circuit of the DTA-,
DUA-, DPA- disconnect time register relays of
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Fig. 78, the DDT- and DDU- relays of the dis-
connect day register (PFig. 79), over the up-
check conductor 6908 to operate the DUCA-B
relay 13608. A branch of this up-check circuit
conductor 6909 is extended through armature
19 and front contact of the ADHA-B relay |1301,
over the DUC conductor, armature {71 and front
contact of the DTRA relay 4181, the RSI con-
ductor 36{8 to the RS! relay 1966. The op-
eration of the RSI relay causes the tape to ad-
vance one line through the reader on the next
open period. When the reader contacts are
open the register connectors DTRA, DJRI and
RDD and the reading relays release. A ground
from the K1 contact then is extended over the
conductor 2008, armature § and front contact
of the RSI relay {906, the LCB conductor,
through a series circuit comprising armature
and back contacts of the L2A, L3A and LAA
relays of Fig. 34, armature 3 and back contact
of the ATMA relay 3404, armature 2 and front
contact of the DTMA relay 3403 to operate the
DTMB relay 3402, The DTMB relay then locks
through its front contact and armature 2 to a
ground on armature {1 and front contact of the
ST3 relay 1813 over the LCBL conductor 1821, the
armature 3 and back contact of the LLA relay
3405, the LCBL conductor to the front contact
and armature 20 of the ADHC-D relay (1302,
the LCBLI conductor to armature 2 of the
DBMD relay 3402. The line count circuit is
thus advanced by the operation of the DTMB
relay which is then held locked under control
of the ADHC-D relay.

9.122 Answer time

The second timing entry encountered by the
reader is handled as an answer entry. The
Al reading relay operated to indicate a timing
entry causes the operation of the register con-
nector ATRA relay 4102 over the same path
used for the operation of the disconnect regis-
ter connectors except that at this time it is
extended cover the front contact and armature
§ of the DTMB relay 3482 and the back contact
and armature 2 of the ATMB relay.

The call identity index conneetor, the JCT
relay 4808, is operated directly from ground on
armature If of the ATRA relay 4702. The
ATRA relay at this time causes the advance of

~ the line count by closing & path from ground

60

75

on the RCK lead heretofore traced to conductor
9508, through armature 18 and front contact of
the ATRA relay 4102, the TMA conductor to
armature 4 and front contact of the DTMB
relay 3402 to cause the operation of the ATMA
relay 3404. This relay now locks through its
front contact and armature { to the same ground
used for holding the DTMA relay 3483. The
operation of the ATMA relay 3404 unlocks the
DTMA relay 3403 and this relay returns to nor-
mal.

The ATRA relay 4102 also closes paths to op-
erate two of the five relays in each of the two
answer tens registers from contacts on the op-
erated B digit reading relays. At the same
time, this relay causes the operation of two
answer units registers and two answer tens
registers from contacts on the operated C and
D digit reading relays.

The answer time register connectors have thus
permitted information to be placed in the six
answer time registers on a two-out-of-five basis -
as follows: The AT-A answer time tens relays
shown in Fig. 73, the AU-A answer time units
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relays indicated in Fig. 73 and the AP-A answer
time tenths register relays shown in Pig. 73
which store the answer time in minutes for use
in straddle calls; the AT-B answer time tens
relays, the AU-B answer time\;nits relays and
the AP-B answer time tenths relays shown in
Fig. 70 which translate their information into
a form acceptable to the adder. The answer
time registers are locked by contacts on the
ADHC-D relay 11302.

The answer time registers close a ground
through the two-out-of-five up~check of the tens,
units and tenths A registers of Fig. 73 to operate
the AUCA-B relay {3604. The ground extended
to the winding of the AUCA-B relay is also ex-
tended over the AUC conductor (Fig. 113),
through the front contact and armature (9 of
the ATRA relay 4702, the DROF conductor 3309,
through the contacts of the F digit reading re-
lays, thence over one of the decimal leads out-
going from these relays, through one of the ar-
matures and front contacts of the JCT relay
4806, through the armatures and contacts of the
JU call identity index units register relays op-
erated provided that they match the P digit
reading relays, then through the similar contacts
and armatures of the JT call identity index tens
register relays, an operated contact and arma-
ture of the JCT relay 4806, through cne of the
decimal leads to the E digit reading relays pro-
vided that they match the call identity index
tens register relays, the DROE conductor 2509,
the front contact and armature {71 of the ATRA
relay 4702 to the RS( conductor 3615 to cause the
operation of the RSI relay 1906. Thus, it will
be noted that the E and F reading relays operated
on a two-out-of-five code basis are now com-
pared to the operation of the answer time regis-
ter relays also operated on a two-out-of-five code
basis over a single decimally ‘denoted conductor.
The operation of the RS| relay causes the reader
to advance the tape one line. The opening of
the reader contacts releases the reading relays,
the ATRA relay 4102 and in turn the JCT relay
4806. A K break contact then closes a ground
through the RS{ relay operated, the 124, the L3A
and the L4A relays normal and the ATMA relay
operated to gperate the ATMB relay 3406 in a
circuit similar to that hereinbefore described for
the operation of the DTMB relay 3402. The
ATM relay now locks to the path heretofore pro-
vided for the lock of the DTMB relay 3402.

Any succeeding lines with a 1 in the A digit will
be ineffective in advancing the circuit until the
ATMB and the DTMB relays are released.

9.123 Initial entry

The next line encountered by the reader is
the first line of an initial entry and is identified
by a 2 in the A digit and in the case of an MU
call a 1 in the B digit. 'The operation of the
A? and the two-out-of-five reading relays in the
remaining digits causes the operation of the
CLRA connector relay 4602, over the reader check
path described in section 9.111, over conductor
3401, armature 5 and back contact of the L4B re-
lay 3400, the RCK lead, front contact and arma-
ture 2 of the A2 reading relay 3102, the back con-
tact and armature 3 of the Al reading relay 31014,
the back contact and armature 6 of the AQ relay
3100, conductor 3108, armature and back con-
tact of the GT2 relay 13105, conductor 13706,
thence to the B reading relays where it may be
closed by either the B0, the B2 or the B4 reading
relay but in this case through armature 4 and

10

20

39

40

45

50

55

60

70

7

100 :

front contact of the B0 reading relay 3104 to con-
ductor 3112, armature 7 and back contact of the
RCR relay 4505, conductor 4501, the armature 8
and front contact of the CLDC relay 1371 {, the
armature 3 and front contact of the NDC relay
13700, the armature 3 and front contact of the
ADC relay 13112, the armature 3 and front con-
tact of the CDDC relay 13713, the armature 8and
back contact of the TDC relay 13709, conductor -
13710, the armature | and front contact of the
TMRA relay 5500, conductor 5504 to the winding
of the CLRA relay 4802 resulting in the operation
of this first line of initial entry connector relay
CLRA. ' The CLRA relay locks about the relays
of Fig. 137 to the conductor 4507. The CILDC
relay is known as the class register’s down-check
relay and was previously operated through the
down-check of the input class register (Fig. 74),
the output start circuit, the coTA relay (1803
and the billing index registers from ground sup-~
plied by the master off-normal MONA relay.
The NDC relay is the calling number register’s
down-check relay, the ADC relay is the called
office area and called number structure register’s
down-check and the CDDC relay is the called
number register’s down-check relay, all of which
must obviously be operated at this time to indi-
cate that these components are in properly re-
leased condition ready to be of service.

The call identity index connector relay, the
JCT relay 4806, is operated directly from ground
on armature 10 and front contact of the CLRA
relay 4602. The GT! gate relay (3603 is also
operated directly from armature {3 and front
contact of the CLRA relay and is used to pre-
vent the registration of any further timing en-
tries. The GTI relay locks through its arma-
ture and front contact, the armature T and back
contact of the ADDC relay 11300 to the ground
on the MONG6 conductor supplied at the arma-
ture 7 and front contact of the MONA relay 3000.

The operation of the CLRA relay also causes
the reader line count to be advanced by closing
the ground on the RCK lead 9508, through its
front contact and armature 8 to the winding of
the L4A relay 3407 which releases the ATMA
relay 3404 and locks to the ATMA locking path.

The CLRA relay 4602 in operating closes a
ground from its armature 9 and front contact,
thence through armature 6 and front contact of
the B0 relay 3104, armature 8 and front con-
tact of the Bl relay 3106, over the MU lead to
operate the MU0 relay 7400 in the input class
register which completes a record of the class
input (message unit, toll, line observing) for
use in forming the output. These input class
register relays such as the MUA relay 1400 lock
from ground, armature 5 and front contact of
the CLLK relay {1400 over the CLLK lead 11401,
The CLLK relay has been operated previous to
this in response to the operation of the down-
check relay 1371f and now locks through its
front contact and armature 4 and back con-
tact and armature ( of the CLRL relay (1402
to the ground on the ON| conductor coming from
gzxor;ature 5 and front contact of the ST4A relay

At the same time the CLRA relay in operating
closes paths from the operated C digit reading re-
lays to operate corresponding ones of the BI0
to BIT relays in the billing index register (Pig.
76) which designates the message unit formula
to be used. These relays also lock to the CLLK
conductor 11401,

Ground is then closed through an up-check
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circuit of the call identity index tens and units
relays, the input class register message billing in-
dex and one billing index translator as deter-
mined by the switch settings for the marker
group, thence through operated contacts of the
DUCA-B relay 13606 and the CLRA relay 4602
and thence over a check circuit of the operated
F and E digit reading relays versus the call iden-~
tity index units and tens in that order as de-
scribed in section 9.122 and finally through the
armature |1 and front contact of the CLRA re-
lay 4602, over the CLRS conductor 4603 to op-
erate the CLUC relay 13600. The CLUC relay
locks to the previously described up-check circuit
independently of the call identity index check.

The operating ground for the CLUC relay is
also transmitted over the RSI conductor 3815 to
operate the RS| reader step relay which locks to
a K-break reader contact. The operation of the
RS{ relay permits the tape to be advanced one
line. )

When the reader contacts open, the reading re-
lays, the CLRA relay and the JCT relay in turn
release. The CLUC relay 13600 remains locked

to ground through the input class and billing in- 2

dex registers and the billing index translator.
The K1 reader contact then places ground on
conductor 2006 which is now connected through
armature 6 and_front contact of the RS( relay
1906 over the LCB conductor, thence in a chain
through a back contact and armature of the L2A
and L3A relays, over armature 4 and front con-
tact of the LAA relay 3401 to operate the L4B
relay 3400, thus operating the IL4B relay and ad-
vancing the line count. .

The second or supplementary line of an initial
entry is identified by a zero in the A digit and
uron the reader closure causes the operation of
the calling number register connector, the NRA
relay 4604 from the RCK lead 3401, over the back
contact and armature 3 of the A2 reading relays
3102, the back contact and armature 4 of the Al
reading relay 3101, the front contact and arma-
ture 1 of the A0 reading relay 3100, the conduc-
tor 2111, the armature 4 and back contact of the
L3B relay 3408 the armature 4 and front con-
tact of the L4B relay 3400, the NRL conductor
3409, the front contact and armature 6 of the
NDC relay 13700, conductor 13714 to the winding
of the NRA relay 4604.

the calling office and calling number register.
The NRA relay 4604 locks directly to the conduc-
tor 3409, that is, about the contacts of armature
6 of the NDC relay 13700 so that upon the re-
lease of this relay as soon as one of the register
relays of the calling number register has operated
the NDC relay will be released.

The NRA connector relay 4604 over its arma-
ture 27 and front contact directly operates the
GT2 gate relay 13785 to temporarily prevent the
recistration of any further initial lines. The
GT? relay {3105 locks through armature 71, the
back contact and armature 5 of the CLDC relay
13711 to the ground supplied over armature 7 and
front contact of the MONA relay 3000 to the
MONS lead. )

The LLA last line account relay 3405 for a two-
line initial entry is also operated at this time in a

circuit from ground, front contact and armature -

~29 of the NRA relay 4604, the armature {71 and
front contact of the MUA relay 1400, conductor
1401 to the winding of the LLA relay 3405.
The NRA relay 4604 through its front contact
and armature 21 grounds the NR lead which ex-

The NDC relay (3700 5
_was previously operated from the down-check of
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tends through armature 9 and front contact of
the MUA relay 1400 to conductor 71402 leading
into the output start circuit (Figs. 139 and 140)
to indicate on two-line initial entries that the
perforating of the output may commence.

The NRA relay 4604 closes paths from the op-
erated reading relays of the B through F digits
to operate the calling office and the calling line
number thousands, hundreds, tens and units
registers in that order. The calling office regis-
ter comprises the OF0 to OFT register relays of
Fig. 78 and the calling number register com-
prises the NTHO to NTHT register relays for the
thousands digit, the NH0 to NHT register relays
for the hundreds digit shown in Fig. 79, the NT0
to NTT register relays indicated in Fig. 80 and
the NUO to NUT register relays shown in Fig. 80.
These registers all lock to contacts of the NLK
relay 11403 which was operated by the NDC re~
lay 13700 and which locks through the back con-
tact of the NRL relay 11404 to the ground sup-
plied over the ON2 lead coming from the arma-
ture 4 and front contact of the ST4A relay 3006.
The calling office and calling number registers
store their information for use in sorting and in
perforating the output entry.

The up-check of the calling office and calling
number registers passes ground through the op-
erated contacts of the NRA relay to operate the )
RS2 reader step relay thereby permitting an-
other single line advance of the reader tape.

The reading relays and register connectors
then release. The LLA relay 3405 remains op-
erated during the open interval through a ground
supplied by the KT reader contact over conduc-
tor 2208, the front contact and armature 5 of the
RCA-B-C relay 2007 and thence over the LLAL
conductor to armature I and front contact of the
LLA relay 3405.

9.13 Computing

8.131 Transfer of time records and determina-
tion of elapsed time

When the disconnect and answer times for a
call have been registered and checked, they are
translated from the two-out-of-five code to the
biquinary code described below and conveyed to
the adder where a computation is made to deter-
mine the elapsed time of the call. If the hour
changes once or twice between the answer and
disconnect times each hour change will appear as
a line of information on the tape between the
answer and disconnect entries. Such hour en-
tries are processed by the hour circuit which tells
the computer to add 60 minutes for one change
of hour, 120 minutes for two changes of hour or
nothing if the hour does not change.

A successful registration and check of answer
time is indicated by the operation of the AUCA-B
relay 13308 which closes a path from ground
through its ‘armature and front contact, the
armature 8 and back contact of the ADDC relay
11370, the armature 3 and front contact of the
DUCA relay 13606, over the FA conductor to
armature 3 and front contact of the RCK relay
11104 to cause the operation of the FAA-B relay
11102. The RCK relay known as the down-check
for the adder has been previously operated in a
long check circuit from ground on armature 4
and front contact of the ST4B relay 3008, over
the ON8 conductor to armature 2 and back con~
tact of the W0 relay 11105, the conductor 11106
and thence in series through a chain circuit con-
sisting of back contacts and armatures of the
CRO, CRI{, MT00, MT5 relays in Fig. 97, the MT0
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and MTI, 2, 3 and 4 relays of Fig. 98, the H0, Hi,
HCO00 and HCS5 relays of Fig. 97, the HCO, the

HCi and HC? relays of Pig. 98 (Figs. 97 and 98"

include the hour tens adder relays), the TADC
relay 10000, the TDDC relay 10001, the UADC
relay {0200, the UDDC relay 10204, the PADC
relay 10400, the PDDC relay 10401 comprising the
down-check relays of the added tens, units and
tenths relays, then RTDC relay 12500 and the
RUDC relay 127000 of the elapsed.time tens and
units round-off translators through a similar eir-
cuit of all the relays in Figs. 128 and 129, the
elapsed time tenths round-off translator, conduc-
tor 12900 and thence through back contacts and
armatures of the 100 relay (1202, the CCA-B
relay 11201, the COT relay (1200, the FAA-B
relay 11102 and the SC relay 11103 to the wind-
ing of the RCK relay (1104. The RCK relay
{1104 locks through the back contact and arma-
ture | of the OCK relay 11107 to the ground on
the ON8 off-normal ground conductor. The
FAA-B relay 11102 grounds the binary and qui-
nary leads to each of the six time translating
registers such as the B and Q leads to the DT0B
to DTTB relays of Fig. 67, the disconnect time
tens translator. These grounds through the
operated time register operate the adder relays as
will be described hereinafter.

The determination of elapsed time involves the

subtraction of the answer time from the discon- :

nect time, plus the addition of 60 minutes for
each intervening change of hour. Each time in-
volved is available in tens, units and tenths, and
so the basic. problem involves the handling of two
three-digit numbers. )

The difference between two three-digit num-
bers D (disconnect) and A (answer) may be writ-
ten as follows: -

D—A=D+41(99.9—4) +40.11-100.0

The right side of this equation shows (1) addi-
tion of D -to the difference between A and 100
(this difference being the complement of A), fol-
lowed by (2) subtraction of 100. The operation
of the circuit follows the right side of this equa-
tion. The operation of subtracting A from 99.9
is accomplished by translating the numbers pre-

" sented to the answer time registers to their nines
complement before forwarding them to the adder.
Thus, the relays of this part of the computer per-
form the functions of addition, and so this part
of the computer is called the “adder.”

The adder uses a numbering scheme known as
“biquinary.” In the biquinary system, the ten
decimal digits are segregated into two groups of
five each; and each decimal digit can therefore
be indicated by its location within the five-group
together with an indication as to whether it is in
the low or the high five-group. In the adder the
“-quinary” (or five-group) relays are designated
-0, -1, -2, -3, -4 and the “bi-” (or low five, high
five) relays are designated -00 and -5. Thus,
each digit of the decimal system is represented by
biquinary relays as follows:

Decimal Biquinary
0 00,0
1 00,1
2 00,2
3 00,3
4 00,4
5 5,0
6 5,1
7 52
8 5,3
9 5,4
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An example of the determ'nation of elapsed
time will make possible s detailed description of
the adder and round-off operation.
Assume the following:

Disconnect time._________________ 35.7 minutes
Answer time.._ 17.3 minutes
Hour change ——— ~ none
Timed release____________________ no
Rounding-off allowance_._________ 18 seconds

Relays in the time translators will then be
operated after registration as follows:

Onerated

Register - Relays

DTIB, DT2B
DU1B, DU4B
DPoB, DP7B
ATOB, ATIB
AUOB, AU7B
APIB, AP2B

answer tenths -

These relays operated close paths for “B” and
“Q” grounds to operate adder relays representing
the numbers 35.7 in the disconnect digits and 82.6
in the answer digits. The latter is the comple-
ment of 99.9 for the registered number of 17.3.
This translation of each answer digit to its nine’s
complement is accomplished by wiring between
the registers and corresponding adder digits as
follows: -

Operates
Adder
Digit
Relay

Lead

It should also be noted that both tens transla-
tors are arranged so that no number greater than

. 5 can be handled since the number of minutes
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referred to any hour cannot exceed 59.9.
The adder relays operated for this example
are:

: Operated
Digit Relays
5 diseonnect tens_..___.____.._________.___.____._____ TD00, TD3
disconnect umits...._....__________ 7T D5, UD0
disconnect tenths..._. _-| PDs5, PD2
answer t{ens TA5 TA3
UA0D, UA2
PAS, PAL

The adder relays lock to ground on (LA) which
in turn was operated from an off-normal ground
through (RCK) operated and (W0) normal.

The next step in setting up the equation for
D—A is to furnish g tenth (.1) of a minute to
add to the numbers for D and 99.9—A4 which are
already in the adder. This is accomplished by
permanently grounding the “carry-in-one” lead,
“CRI,” to the disconnect tenths adder digit.

We are now ready to begin the addition.
Ground on the CRI lead 10405 to the tenths digit
is closed through the armature 12 and front con-
tact of the PD2 relay 10402, the front contact
and armature { of the PAl relay 10403, over the
No. 4 conductor leading to the winding of the
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;‘ RP#4 relay 12901 for the operation of this relay.
The CRI ground is also extended over armature
¢ and front contact of the PD2 relay 10402, the
armature 1 and front contact of the PAl relay
19403, armature 6 of the PDS5 relay 10301, the
armature 3 and front contact of the PAS relay
10308 to the winding of the RP00 relay 12800 to
cause the operation of this binary relay.
Through the operation of the PD$ relay a ground
is extended from its armature § and front con-
tact, thence through the armature 2 and front
contact of the PAS relay 10300 to cause the oper-
ation of the PCRI relay 10302 which puts a
ground on the CR} lead to the units digit. This
has the same effect as carrying one to the next
higher digit in conventional addition since it rep-
resents ten tenths. This completes the addition
for the tenths digit.

Ground on the CRI lead to the units digit is
closed through armature {1 and front contact of
the UD? relay 10202, the armature 2 and front
contact of the UA2 relay 10203 to the No. 3 con-
ductor leading to and causing the operation of
the RUS3 relay (2700. At the same time the
ground is extended through the armature 6 and
front contact of the UDJ relay 10202, the arma-
ture 7 and front contact of the UA2 relay {0203,
the armature 6 and front contact of the UDS
relay 10101, the armr 2cure 4 and front contact of
the UAO00 relays 1042 to the winding of the RUS
relay 12500 to cause the operation of this relay.
The operation of the RUS and the RU3 relays
expresses the value 8 in the units digit. The
ground for the operation of the RUS relay is also
extended through armature 4 and front contact
of the UDS relay 10101, the armature | and front
contact of the UAO0 relays 10102 to operate the
UCRO units carry 0 relay 10100 so that the CR0
lead to the tens digit relays of the adder is
grounded.

The addition in the tens digit is performed in
a similar manner and results in the operation of
the MT00 relay 9701 and the MT{ relay 9800. In
a similar manner the CRI relay 9780 is operated
in order to ground the carry 1 lead from the tens
adder to the hour tens adder.

A sum of 118.4 minutes has thus been recorded.
The hundreds and tens digits of this sum are in
the hour tens adder and the units and tenths
digits are in the elapsed time units round-off
translator and the elapsed time tenths round-off
translator, respectively.

It should be noted that a ground “CR1” lead
from any digit indicates that with the previous
digits already subtracted its subtrahend is equal
to or less than its minuend. A ground “CR#@”
lead indicates a subtrahend greater than the
minuend. Consequently, the operation of the
CRI relay 9700 in the hour tens adder indicates
that the elapsed time in minutes is zero or greater
whether an hour change between the answer and
disconnect time has been registered or not.

When the FAA-B relay 11102 was operated, its
armatures §, 2 and 3 grounded the BQ, BB and
BH leads to the hour counting circuit (Fig. 121).
Since there was no hour change the HRO relay
12100 was operated and has extended these
grounds to the HCO, the HC80 and the HO leads,
respectively, to operate the HCO relay 9801, the
HCO0 relay 9702 and the HO relay 97103, respec-
tively, in the hour tens adder. These relays lock
to ‘contacts closed by the LA relay 11§08 which
has been operated through armature | and front
contact of the RCK relay (i104. When hour
changes are encountered between answer and
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disconnect entries the hour tens adder relays are
operated as follows:

Hundreds
and Tens
of Minutes

Hour—Tens Adder

Number of Hour Changes Relays Operated

(H0), (HCS), (HCL).
(H1), (HCO00), (HC2).
Not handled by computer:

06
P 12

.......................... 12

18

With the operation of the bhour tens adder
relays a ground is closed through armature | and
front contact of the HCO00 relay 97102, the front
contact and armature 6 of the MT00 relay 9101,
the armature 4 and front contact of the CRI re-
lay 9700, the armature 5 and front contact of the
HO relay 9703, thence over the ACK conductor,
the armature 2 and back contact of the 100 relay
11202 to the winding of the ACK relay {(1i09
which indicates through its operation that the
total elapsed time including recorded hours is
less than 100 minutes. The capacity of the com-
puter is 99 minutes. .

The contact configuration in the hour tens
adder automaticaily deducts 100 from the sum in
order to complete the solution of the equation
for D—A. '

Any combination of the MT-, the CR~, the
H- and HC-- relays which indicates a sum greater
than 99 minutes will ground the “99” lead 9704
extended through the armature 4 and back con-
tact of the 100 relay {1202 to conductor 11203,
armature 2 and back contact of the COTA relay
11803, the armature # and back contact of the
DSDA relay 13900, conductor {390, armature
{3 and front contact of the CLA relay 13806,
conductor 13807 to the winding of the OC over-
capacity relay {1702, The “99” lead is also
grounded through the HR3 relay which is oper-
ated when three or more hour changes between
the answer and disconnect time have been re-
corded.

After the registration of hours in the hour
tens adder the minute tens and hours are added.
This sum is placed in the elapsed time tens
round-off translator as follows: First, a circuit
is established from ground, armature § and front
contact of the HCO relay 9801, the armature
T and front contact of the MT{ relay 9800 to
operate the RTI relay 1250f. Another circuit is
established from ground, front contact and arm-
ature 8 of the MTI relay 9800, armature 6§ and
front contact of the HC00 relay 9102, armature
§ and front contact of the MT00 relay 970{ to
operate the RT00 relay 12400.

When the RT- relays of Figs. 124 and 125 are
operated the OCK lead is closed through the same
series of circuits described for the “RCK” lead
to operate the OCK relay 11107.

9.132 Rounding-off elapsed time

When the total elapsed time in tens, units and
tenths of a minute has been placed in the three

. round-off translators, a rounding-off process is
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begun in preparation for the formulation of mes-
sage units.

The elapsed time is rounded off to the next
higher minute after an allowance is made for
traffic delay in seizing the recorder at the central
office and for timed release whenever this is
indicated. .

A call with no timed release is recognized by
the operation of the NTRL relay {280f. An al-
lowance of .2 minute to cover traffic delay is made
for such calls. This value can be increased to
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.3 or 4 minute by a simple alteration of the
wiring at the option of the proprietor.

The record for a call which was timed released

causes the DTRL relay 12802 to be operated.
A flat allowance of .6 minute is made in this case
to cover trafic delay and the time-out period.

The example in the previous section can be
followed through at this time to illustrate the
detailed operation of rounding-off. The G and
Gl leads normally grounded at the back con-
tacts and armatures I1 and 10, respectively, of
the COTI-2 relay (1200 will be closed through
the armatures 4 and 3, respectively, of the RP00
relay 12800 and the armatures 6 and 1 of the
RP4 relay 12901, th- armatures ¢ and 5, re-
spectively, of the NTRL relay 12801 (after passing
through an alternative wiring arrangement for
fixing the allowance of elapsed time to cover
traffic delay indicated below the RP2 to RP4
relays), thence over the CRI and CRI’ leads to
the units translator. The grounding of these
leads indicates & positive difference between
elapsed time tenths and the allowance and, there-
fore, increases the elapsed time units by one.
The CRf and CRI’ leads are now closed through
the armatures 6 and 5, respectively, of the RUS
relay 12600, the armatures 10 and 8, respectively,
of the RU3 relay 12700 to ground the leads
“9” and “8’” to the message unit formulator.

The units round-off translator closes its G
lead through the armature | and front contact
of the RU5 relay 12600, armature | and front
contact of the RU3 relay 12700, over the CRO
lead, through the back contact and armature &
of the DC relay 12401, the armature 9 and front
contact of the RT00 relay 12400, armature {{ ang
front contact of the RTI relay 12501, over the
“1” lead, through the armature 2 and back con-
tact of the ETRC relay (2502 to the message unit
formula connector (Fig. 126) where it is extended
by some one of the CP chargeable plan relays
such as the CP relay 2602.

The output of the tens and units translators
18 on a decimal basis and represents chargeable
ime.

9.133 Message unit formulation

When the chargeable time for a call has been
determined, it appears on two pairs of leads, on
& decimal basis, as the output of the elapsed time
round-off translators. This information in tens
and units of minutes is passed to the message unit
formulator to be transformed into total message
units for the call, after it has been determined
that various parts of the circuit are ready for
this operation.

It must first be established that:

1. The message unit register, chargeahle time
register and call type translator are normal. This
is indicated by the operation of the CRR relay
11110 through the register up-check relays, the

BRO relay 11204, the ETRO relay 11205 and a.

down-check of the registers and translators.
The CRR relay {1110 in turn operates the CRRA
relay 11100 directly,

2. A chargeable time within the capacity of the
computer has been determined as indicated by
the operation of the ACK relay {1109 as described
in section 9.131.

3. This elapsed time has been successfully
placed in the three digits of round-off transla-
tors as indicated by the operation of the OCK
relay 11107 as described in section 9.131.

A path is then provided from ground, the
armature 3 and back contact of the BRO relay
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11204, the armature 4 and front contact of the
CRRA relay (1100, the front contact and arma-
ture 3 of the ACK relay (1109, the armature 3
and fronf contact of the OCK relay 11107, con-~
ductor 11111 into the contacts of the BI0 to ZI1
billing index register relays (Fig. 76) to emerge
as one of ten decimal leads representing the num-
ber recorded in the register through a billing
index translator BIT- relay such as the BITS
relay 2603 to operate a message unit formula con-
nector such as the CP relay 2602.

The billing index register must previously have
been operated from the first line of initial entry.
In the case of message unit calls the billing
index can be any number from 1 to 8. The bill-
ing index leads “1” to “8"” are multipled to the
contacts of all BIT- relays of which there will
be one for every marker group.

One BI'™- relay was previously operated from
off-norm .1 ground through the marker groups
units sv.tch (Figs. 143 and 156) and an MT-A re-
lay s1.n as the MTOA-C relay 2800 before called
prr.essing was begun. The MT-A relay in turn
was operated .through the marker groups tens
switch (Figs.i143 and 156).

There will be eight CP- relays for each BIT-
relay when'ithere is a full complement of billing
indices. Since each CP- relay has its contacts
wired to 'its own message unit formulator and
since each formulator is wired in accordance with
options for a particular message unit formula,
there can be as many as eight message unit for-
mulae available to the calls for any one marker
group. Further, when a particular message unit
formula is to be used in several marker groups,
the contacts of the CP~ relays using the same
formula are multipled.

Thus, when a CP- relay corresponding to a
particular billing index and for ga particular
marker group has been operated, its formulator
makes available the desired message unit for-
mula. The operation of the CP- relay causes
the operation of one of ten relays, the TOA to
T94, in the message unit formulator from ground
on one of the ten decimal leads from the elapsed
time tens round-off translator. The operation
of the T— relays causes the operation of one
tens and one units relay in the message unit
register (Fig. 85), from ground on one pair of the
decimal leads from the elapsed time round-off
translator.

Each message unit formula represented by a
particular formulator covers fixed and initial and
overtime intervals and fixed rates of MU’s for
each such interval. For example, one message
unit formula specifies an initial interval of 5
minutes at 2 MU’s and overtime intervals of 3
minutes at 1 MU each.

In the example used for the determination of
elapsed time, section 9.121, the “1” lead from the
tens translator and the “9” and “8’” leads from
the units translator were grounded. This would
cause the operation of a TIA relay (Fig. 26) in
the formulator and for the particular message
unit formula contained would extend circuits
through such TIA relay to operate the MUTI
relay 8500 and the MUO0 relay 8501 in the mes-
Sage unit register. These register relays lock
to the front contacts of the CRHD relay (1206
operated at this time by the CRR relay 11110,

When it is desired to charge on the basis of
& single MU per call regardless of the duration
of the call, the SMU relay 2604 will be operated
through the appropriate contact of one of the BIT
relays. The operation of the SMU relay 2604
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will operate the MUTO relay 8802 and the MUUI
relay 8803 in the message unit register thereby
taking the place of a CP relay and the formu-
lator. This is the single message unit formula.

9.14 Classification of input

A type df call translator will be operated di-
- rectly by the SMU relay or one of the CP- relays
in order to supplement the information con-
talned in the input class register. The translator
relay operated depends upon the billing index
and indicates the range or scope of the call dis-
tinguishing between the message unit, toll, mes-
sage unit detail and test calls and classified
message unit and message unit detail as local or
extended area 1 or 2. The billing index for a

message unit call will cause the operation of "

the AMU relay 5600 for local, the BMU relay
8604 or the CMU relay 5602 for extended area 1
or 2. The SMU relay 2604 will always cause the
AMU relay 5600 to operate. The relays of the
call type translator (Fig. 56) lock over the LTC
.lead to the front contact and armature &4 of
the CRHD relay 11206. An up-check through
the call type translator, the message unit regis-
ter and the STA start relay 5909 will cause the
operation of the BRO bulk message units relay
11204,

9.15 Classification of output
9.151 Determination of output class

The main purpose of output classification is
to perform the first stage of sorting; that is,
to determine what kind of perforator shall han-
dle the output record of the call. The principal
guide for this class sort is the input classifica-
tion already explained, although other factors
such as the completeness of the call record will
have their effect. The following list will show
the correspondence between the input and out-
put classes and the receiving tapes:

Input Class Oé’ltal_’g‘;t Receiving Tapes
MU. et MU MU (10 numerical—off.,
thous., units).
TOLL ... TOLL...... a%LIfo(s day t‘ap%;;)
numerical).
MUD. oo oo MUD._..___. vy ’
LO-MU- o oo LO-MU___ y(.)u (10 numerical).
LO-DET. .. LO-DET.._ EOLL (6 day tapes).
MU (10 numerical).
LO-MUD...._......... LO-MUD..\iL0.
LO (Don’t Answer)..... LO-DA.___. LO,
LO (Cancel Charges).._.| LO-CC._.__ LO
Straddle.._.._____....___ S8TDL..__.. STDL.
Don’t Answer
and Cancel
Discard{ Charges (other [DSD
than LO and
straddle).

Note.—LO or OBS indicate—observing.

The actual determination of the output class
is made by the setting of the input class register,
subject to control by the straddle circuit, which
keeps a progress record of all call entries, regular
and otherwise, and any other associated modify-
ing entries.

Additional relays pertaining to class of call are
operated in the input class register when a call
type translator has been operated. In the pres-
ent instance, a message unit call has been as-
sumed and the AMU, BMU or CMU relay of the
call type translator (Fig. 56) having been op-
erated, will operate the MUAA relay 71403 di-
rectly over the lead 5603.

The progress record of the entries for a reg-
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ular call is kept in the straddle input register
as follows: The DRA-B relay 13803 is operated
directly from ground on the armature 8 and
front contact of the RDD relay 4604 and is sub-
sequently held through the armature 8 and front
contact of the DUCA-B relay 13606 thereby re-
cording the registration of disconnect time.
Similarly, the ARA-B relay 13804 is operated
through armature 20 and front contact of the
ATRA relay 4702 and held through armature 4
and front contact of the AUCA-B relay 13608
recording the registration of answer time. The
registration of an initial line of an initial entry
is recorded by the operation of the CLA relay
13806 from the CLRA relay 4602.

The D relay 8600 for disconnect is operated
immediately following the registration of dis-
connect from ground on armature 7 and front
contact of either the DTR relay 7800 or the
NTR relay 7801 over the DK conductor 1802
through the armature {8 and back contact of
the AS4 relay 11601, the back contact and arma-
ture {1 of the Ab6 relay 11600, the back contact
and armature 18 of the ARA-B relay 13804, the
armature T and back contact of the D54 relay
{1502, the armature 6 and back contact of the
D86 relay (1500, the front contact and arma-
ture 4 of the DRA-B relay 13802 to the winding
of the D relay 8608. This relay operates and
locks directly to the ground on the DK con-
ductor 7802. The DA relay 86081 will be operated
after the registration of answer from the same
source but through the armature {9 and front
contact of the ARA-B relay 13804, the armature
2 and back contact of the DK relay 8602, the arm-
ature 2 and front contact of the D relay 8600 to
the winding of the DA relay 8601 which also locks
directly to the ground on the DK conductor 7802.
The operation of the DA relay indicates the se-
quence of call entries registered, i. e., disconnect
and answer without an intermediate cancella-
tion signal.

The straddle circuit is thus prepared to cause
the selection of one of the message unit tapes
subject to numerical sorting described in section
9.161 for the preparation of the output entry for
the call.

9.152 Output start and preparation for output
forming

The operation of the straddle input register
and the input class register prepare the way for
the operation of the output start. The output
start circuit registers the termination of the call
as indicated by the arrival of the first line of
the initial entry, registers the class of output and
insures that the initial entry has been read and
checked as acceptable, and finally makes possible
a check of the straddle circuit indicating that all
the necessary elements of the call have been regis-
tered in their proper sequence and that the out-
put start leads may be closed. The RSRT relay
13902 in the output start circuit will be operated
for a regular message unit call from ground on
conductor {1 and front contact of the CLRA re-
lay 4602, over the CLK conductor 4605, the arma-
ture 3 and back contact of the DAK conductor
8603, the front contact and armature 6 of the
DA relay 8601, the conductor 8604 to the winding
of the RSRT relay 13902 and this relay will lock to
the SLK conductor which may be traced through
the front contact and armature | of the CLLK
relay (1400 to the armature 28 and front con-
tact of the SLKA-B relay {1703,

The STCI relay 14080 unlike most of the relays
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in the device has its winding grounded and is
now operated from a battery connected to arma-
ture 9 of the SLKA-B relay {1703, through
the armature 5 and back contact of the SDC
relay (1700, the armature 2 and front contact

of the CLUC relay 13600, the armature 3 and

front contact of the CLA relay 13806, thence
over a very long down-check circuit controlled
by a large number of straddle relays, finally ex-~
tending through armature 4§ and front contact
of the RSRT relay 13902, the back contact and
armature {3 of the STLA-B relay {4004, to the
winding of the STCH{ relay (4800. This check
circuit in detail may be traced from armature 3
of the CLA relay 13806, over the STC6 conductor
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to the back contact and armature 2 of the ART .

relay 8904, the back contact and armature 1
of the AE relay 8808, the back contact and
armature T of the ATA relay 8802, the armature
2 and back contact of the DRT relay 8905,
armature 9 and back contact of the DE relay
8900, armature 9 and back contact of the DTA
relay 8992, back contact and armature 9 of the
DTC relay 8801, back contact and armature
8 of the ATC relay 8801, the STC2 conductor,
armature 8 and back contact of the S57 relay
12000, the back contact and srmature 5 of the
PO relay 12001, the STC4 conductor, the arma-
ture | and back contact of the PRK relay 11504,
the back contact and armature 2 of the PT3
relay 8805, armature 2 and back contact of
the PRT relay 8906, armature i85 and back
contact of the PTEA-B relay (2002, the STC2
conductor, armature 1 and back contact of the
P54 relay 11502, armature 6 and back contact
of the P56 relay 1158¢, back contact and arma-
ture 5 of the PRK relay 1{504, back contact and
armature {1 of the D54 relay (4503, back con-
tact and armature 10 of the D56 relay (1500,
armature 6 and back contact of the DRK relay
11505, the back contact and armature 4 of the
A54 relay (1601, the back contact and arma-
ture 3 of the A56 relay 11600, armsature 2 and
back contact of the ARK relay 11506, back con-
tact and armature {1 of the D relay 8600, arma-
ture 2 and back contact of the DRC relay
13800, the STC3 conductor, the armature {5
and back confact of the DUCA-B relay (3606,
the back contact and armature 3 of the AUCA-B
relay 13608, the STCI conductor, armature |
and back contact of the ARC relay 1380{, back
contact and armature 7 of the DKA relay 8505,
back contact and armature 2 of the DA relay
860¢, back contact and armature 2 of the DRK
relay 11505, back contact and armature 5 of
the DK relay 8602, back contact and armature
4 of the DKA relay 8605, armature 4 and back
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contact of the ARK relay 11506, armature 2 and .
back contact of the DKAK relay 8606, back con-

tact and armature { of the DAK relay 8533, the
STC2 conductor, through the front contact and
armature 9 of the CLA relay (3806, the back
contact and armature 2 of the ARA-B relay
13804, armature 9 and back contact of the P54
relay 11502, armature 13 and back contact of
the D54 relay 11503, the STC{ conductor, through
the back contact and armature 8 of the S54
relay 8109, the STC2 conductor, through arma-
ture { and back contact of the DSDA relay
13900, armature 9 and back contact of the LODA
relay 13903, the back contact and armature 5
of the LOCC relay 13904, the front contact and
armature 4 of the RSRT relay 13902, and thence
as previously stated through the back contact
and armature |3 of the STLA relay 14004 to the
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winding of the STCI relay {4080. The STCI
relay locks through its front contact and arma-
ture 5 directly to the front contact and armature
8 of the SLKA-B relay 11703. For calls other
than those classified as regular this check is
made through various combinations of the strad-
dle relays some operated and some normal as
described in Section 11.

The RPF start relay 14006 will then be oper-
ated from ground, armature 28 and front contact
of the NRA relay 4604, over the NR lead to
armature 8 and front contact of the MUA relay
7400, conductor 7402, the front contact and
armature {0 of the RSRT relay 13902 and thence
either through the front contact and armature
2 of the SC relay 11103, or the front contact and
armature 4 of the BRO relay i1204, through the
front contact and armature 2 of the STC{ relay
14000 to the winding of the RPF relay. When-
ever the chargeable time as determined by the
adder is found to be enough so that even with
the highest billing index the capacity of the
message unit formulator cannot be exceeded the
8C short call relay 11103 is operated thereby
permitting the starting impulse to be passed
wthout waiting for the billing index and final
computation. When, however, the chargeable
time exceeds this value, the starting cannot take
place until after the computation is finished as
indicated by the operation of the BR0O up-check
relay for the message unit register type of call
circuit as described above. The RPF relay locks
in a circuit from ground, front contact and
avmature 19 of the SLKA-B relay #1103, through
armature 4 and back contact of the SRL relay
i 1704, the front contact and armature 1 of the
RPF relay 14006. The SLKA relay 11103 was
previously operated through the PTEA-B relay
12002 hereinbefore described. The SDC relay
was previously operated through a series of
straddle relays in normal condition also as here~
inbefore described. R

In any event the output start signal for the
operation of the RPF relay (4006 in the case of
a message unit call is passed along before the
reader has advanced off the second line of an
initial entry.

Start relay RPF, when operated, closes paths
to the entry forming relays and to the perforator
cut-in relays as described below.

The output class is used to establish the form
or composition of the output; that is, the selec-
tion of the various line patterns required to
make up the output entry. On entries for the
message unit tapes, the 1 or 2-line output is
determined jointly by the input class register, the
type of call translator and/or message unit reg-
ister. On entries for toll, message unit detail
and observing tapes the input class register alone
controls the output forming. On straddle en-
tries, the straddle circuit either governs the out-
put forming alone or does so jointly with the
input class register depending upon the circum-
stances. ‘

The source of ground for operating the output
forming relays is in the perforator control. Here
the LK relay 6001 is operated from ground on a
K- reader make contact through the ST5 relay
6000 operated, perforate line count relays PLI
to PL§ (Fig. 43) normal and STA relay 5909 op-
erated.

The operation of relay STA and other control
relays concerned with the function of perforat-
ing will be discussed in detail in section 9.162.

Ground is then closed from the front contact
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and armature 8 of the LK relay 6001, through
armature 7 and back contact of the E!A relay
6002, the back contact and armature 4 of the
EE2 relay 6003, the front contact and armature
7 of the STA relay 5909, the front contact and
armature 8 of the RPF relay (4006, the arma-
ture § and front contact of the MUA relay 7400,
the armature 3 and front contact of the MUAA
relay 7403 to the BCK conductor and thence
through one of the following paths:

1. Through the armature 8 and front contact
of the AMU relay 5600 to the BKI conductor
leading to the BK{ relay 41980 for the forming of
a single line output.

2. From the BCK conductor through one of a
number of alternative paths such as armature 9
and front contact of the BMU relay 5601, the
‘armature 9 and front contact of the CMU relay
$602, the armature 2 and front contact of any one
of the MUTI to MUT? relays such as the MUTI
relay 8508, to the BK2 contact leading to the
winding of the BK2 relay 4101 for the forming
of a two-line output. :

9.16 Sorting, forming and perforating outpul
9.161 Sorting of MU ‘messages

The marker group selecting relays and the
set-up switches together determine the basis for
numerical sorting as already explained. This
selection, by operating one of the three sort class
connector relays, places the ten numerical per-
forator connectors under control of the set of
register relays that corresponds to the calling
line office, thousands or units digit, whichever is
to govern. This sorting channel remains set
throughout and it is, therefore, the only such
channel available whenever the output class as-
signs a call to one of the numerical tapes. Ac-
cess to the individual perforator is then gained
by operating the perforator connector corre-
sponding to the setting of the digit register.

If MU sorting is to be done by thousands, for
example, the sort class connector relay corre-
sponding to that digit connects the ten per-
forator connector leads to the register relays of
the thousands or C digit. Whenever the output
class finds that a call is to be routed to one of
the MU digits, it activates a common start lead
feeding into the digit registers (office, thousands,
units). Since by assumption only the thousands
channel from registers to perforators is closed,
the start lead is effective on that channel alone,
80 that the thousands or C digit register is the
one which operates the individual perforator con-
nector and thus governs the numerical sorting.

Assume the following for the moment:

1. The output is to be perforated for a mes-
sage unit call.

2. The sort is to be by thousands.

3. The calling number thousands digit is 6.
. 'Then the common start lead referred to above

is closed from a ground standing on the 'WSi
lead, through armature 6 and front contact of
the STA relay 5905, the back contact and arma-
ture 4 of the E2A relay 6002, the armature 3 and
back contact of the EE2 relay 6003, the OC|{ lead,
armature 1 and front contact of the MUA relay
7400, the OC2 lead, front contact and arma-
ture 8 of the BRO relay 11204, the OC3 lead,
armature 9 and front contact of the MUAA relay
7403, back contact and armature i3 of the MUDA
relay 7404, back contact and armature 9 of the
Bi9 relay 7405, armature { and front contact of
the RPF relay 14008, armature 8 and front con-
tact of the MUA relay 71400, armature 6 and front
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contact of the MUAA relay 1403, the DT con-
ductor, through armature 8 and front contact of
the MTH2 relay 7908, the armature 8 and front
contact of the MTH4 relay 7901, the No. 6 con-
ductor, through the corresponding front contact
and armature of the THSI| relay 14407, over the
No. 6 lead and thence in series through the P6D
relay which would be in Pig. 76 and the PSA
relay which would be in Pig. 152 to operate these
perforator connector relays.

_ 'The circuit is now prepared for perforating the
output entry subject to the control of the per-
forate control relays.

9.162 Perforator circuit preparation

When all the information needed for an out-
put entry has been stored in registers and when
entry forming relays and a perforator connector
have been cperated, the perforator control cir-
cuit must be ready for the perforation of the out-
put entry.

This circuit is prepared for its next operation
as soon as the perforation of an output entry has

" been completed. The ST5 relay 6000 is operated
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directly from the ST4A relay 3006 at the very be-
ginning of tape processing. This provides paths
and off-normal grounds for making the neces-
sary checks after a perforator operation. The
SCK relay 5900 is operated at this time from
ground on the ST§ relay through the operated
down-check CRRA relay 11180, the SDC relay
11700, the NDC relay 13700 and the PL{ relay
4305 and the SCK relay locks through the back
contact and armature 3 of the PLI relay to
ground at the armature | and front contact of
the STS relay 6000.

The main function of the SCK relay is to make
sure that noé output can be perforated unless the
computer, the straddle circuit and the registers
concerned with the initial entry as represented
by the calling number register have all been
emptied and cown-checked after their last use.
The SDC relay 11100 which down-checks most
of the straddle circuit requires special treatment
for this purpose since overlap operation demands
that the straddle circuit take in timing and can-
cellation entries for the new call before an oid
call has been disposed of. Hence, the SDC relay
is arranged to meet the following requirements:

a. Down-check all parts of the straddie circuit
except those directly related to timing entries.

b. Lock up in such a way as to remain undis-
turbed by the receipt of new timing entries and
associated cancellation entries.

c. Remain locked up long enough to synchro-
nize with the computer down-check in operating
the SCK relay 5300 and the PLi{ relay 4305 be-
fore permitting the output to proceed.

d. Restore on each call handled whether by
perforating or discarding to make possible the
performance of its down-check function between
calls.

During the next reader interval upon the oper-
ation of the J0 contact a ground is placed on con-
ductor 2100 and is now extended through the
armature 3 and back contact of the CKE relay
§925, the back contact and armature T of the LK
relay 6001, the front contact and armature 6 of
the STS relay 6000, through the winding of the
PM relay 5904, thence in a series circuit through
armatures and back contacts of the POD to the
PI8D relays, conductor 1700, back contact and
armature 12 .of the LK relay 6001, through the
winding of the PH relay 5905. The operation of
the PM relay 5904 extends this path through the
armature and back contact of the PS relay 5901
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to the winding of the PHI relay 5908. This ef-
fectively short-circuits the winding of the PHI
relay 5908 but when the J0 contact opens, then
the PH relay 5905 and the PHI relay 5%08 will
effectively be in series so that the PH relay will
be held and the PHI relay will operate.

The operation of the STS relay 60008 causes the
operation of the CKP relay 5902 from ground on
the CKC relay 5901. The CKP relay 5902 is op-
erated whenever perforation is to be prevented,
e. g., during the period in which the remainder
of the circuit is being prepared. )

A vircuit is now closed from ground through
armature | and front contact of the CKP relay
5302, front contact and armature of the SCK re-
lay 5900, the front contact and armature of the
PH relay 5905, the front contacts through the
armatures of the PHI relay 5908, armature 5 and
back contact of the AV relay 53910, the front con-
tact and armature 2 of the ST5 relay 6000, thence
in & chain circuit through back contacts and
armatures of the PLAS relay 4300 to and includ-
ing the PLA{ relay 4304 to the winding of the
STA relay 5909. The PLA- relay chain indicates
that no perforator is connected. The portion of
the operating circuit of the STA relay including
the contacts of the PH{, the PH and the SCK
relays are shunted over conductors 5921 and 5922
by contacts of the SPD relay 3604, the 289A-B
relay 3622, the CKE relay 5925 operated between
two output entries derived from the same input
entry of the WSI relay 3500 operated for window
splice perforation. This check with the PH and
the PH!{ relays will occur just previous to the op-
eration of the SPD relay 3604 or the 289A-B re-
lay 3622, The operation of the STA relay 5309
is used to control the operation of entry forming
and perforator connector relays to insure that the
perforator control circuit is checked before the
other parts of the circuit are ready for perfora-
tion.

The ST5 relay 6000 also causes the operation of
the PC relay 5912 when the H6 contact closes
and places a ground on conductor 2{07.

The LK relay 6001 is operated when the previ-
ous operations are complete and supplies locking
contacts and other controls used in perforating.
Its operate path is described in section 9.152
above. The operation of the LK relay shunts
down the PHI relay 5908 and releases the PH
relay 5905.

Perforator line count is begun. When the PLi{
relay 4305 operates following the operation of the
LK relay 6001, through ground derived at the
back contact and armature 2 of the SKT relay
15713, over conductor 15116, the armature 5 and
front contact of the ST5 relay 6000, the front
contact and armature 5 of the LK relay 6001,
conductor 5911, and transmitted in a chain cir-
cuit over armatures and back contacts of the
PLAS to PLAI relays, conductor 4303 to the wind-
ing of the LK relay 6001, then the perforator
line count is begun.

The control circuit is now ready to perforate an
entry as soon as the form and location of this
entry are known.

9.163 Perforating an entry

When a particular perforation has been desig-
nated for the perforation of an output. entry,
eleven of its twenty-eight magnets (one of three
in the D digit and two of five in the B through F
digits) will be operated from ground on the
perforating make contacts, P-, of the reader.
These grounds are fed through locked-up registers
containing the desired information and various

CRs s U,

15

20

25

30

40

45

50

55

60

65

70

{]

116

pattern circuits for line indices, then through
pattern connector relays which are controlled by
the proper entry forming relays, through wind-
ings of perforator magnet check relays which
indicate that the proper number of magnets are
operated, and finally through contacts on the
associated perforator connector relays whic

were previously operated under control of.the
sort connectors in the case of a message unit
message.

The detailed operation of perforating can best
be explained by setting up an example. Assume
that the output is to be a two-line message unit
entry of the local area type with ten message
units charged to directory number 1234 and
with sorting by units.

When one set of entry forming relays and only
one set of perforator connector relays are oper-
ated a path is provided for the operation of the
CKC relay 5902. In the assumed case the CKC
relay is operated from ground at the back eon-
tact and armature 3 of the PI8D relay 71101,
through a one and one only up-check circuit-of
the perforator register relays such as the relay
Pi8D with the P4D relay .(not shown) operated,
thence over conductor 7601, armature 4 and front
contact of the BK2 relay 4181, the CK{ lead to
the back contact and armature 3 of the E2A relay
6002, the back contact and armature 6 of the
CKE relay 5925, the armature | and back con-
tact of the SCK relay 5900 to the winding of the
CKC: relay 5901. This causes the operation of
the CKC relay and in turn the release of the CKP
relay 5902 when the reader contact opens.

The OP relay 5918 operates on the next closing
of the contacts of the reader during the reader
inferval. At the same time the DN .pattern con-
nector relay (5000 is operated from the same
ground through the MST relay 1800, the PL$ to
PL2 relays of Fig. 43 in normal condition, the
PLI1 relay 4305 operated and the BK2 relay 4104
operated,

The first line of the two-line output entry is
then perforated with the following information
in the A through F digits: 201234. The initial 2
for the message unit message indicates the first
line of a two-line entry. The 0 in the B digit is
filled in and the 1, 2, 3, 4 indicate the calling
directory line number.

During the reading interval through the oper-
ation of the PA2 reader contact, ground. is placed
on conductor 2108 and is extended through the
armature | and front contact of the BK2 relay
4104, conductor 4102, the A2 contact of the DN
relay 15000 (Fig. 107), through the winding of
the KA2 check relay 10900, thence through the
A2 contact of the selected perforator connector
to the A2 perforator magnet (Fig. 158). The B4
and BT magnets are operated over a similar path
from the PB4 and PB1 reader contacts. The
Co, Ci, DG, D2, El, E2 ¥0 and F4 magnets are
also operated over paths from reader make con-
tacts.

A late J contact, the J0 contact, then places
ground on conductor 2100 which is extended
through the armature 3 and front contact of the
DN relay 15000, conductor 10608 through the
winding of the PM relay 5904, conductor 5906,
through a contact of the P4A relay (not shown)
in Fig. 152 and thence in series through the PK#4
perforator check relay and the PAM4 perforator
advance magnet.

The operation of the DN relay 15000 also causes
the line count to be advanced one-half step by
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operating the PLA( relay 4304 from ground, the
armature and front contact of the PC relay §912,
conductor 5917, the armature 2 and front contact
of the DN relay 15000, the conductor 1060 and
thence in a series circuit through armatures and
back contacts of the PL9 to PL2 relays, inclusive
(Fig. 43), thence through armature 6 and front
contact of the PL{ relay 4305 to cause the oper-
ation of the PLAI relay 4304. When the PLAI
relay operates the STA relay 5909 is released
thereby opening the perforator connector operat-
ing path. The connector relays, however, re-
main locked to the HD conductor 1703 which is
grounded at armature | and front contact of
the LK relay 6001. The connector relays, there-
fore, remain locked up to the LK relay and will
not be released until the last line of the entry
has been perforated. In addition, the DN relay
15000 reoperates the CKP relay 5902. ]

At this time a ground is closed from the arma-
ture and front contact of the CKP relay 5902,
the armature 2 and back contact of the PH relay
§905, the back contact and the armature of the
PHI relay 5998, the front contact and armature
I of the PLA{ relay 4304, the armature T and
front contact of the PLI relay 4308, conductor
4307 and thence through the check circuit con-
trolled by the KA2 relay 10900, through the KF1
relay 15212, the conductor 15203, thence through
a8 one and one only check circuit controlled by
the perforator check relays such-as the PK0 relay
15831 to the conductor 15300 to the winding of
the PS relay 5907 thereby causing the operation
of this relay. This ground is extended through
the perforator register relay P4D (not shown) to
the conductor 7603 to the winding of the PS2
relay 6006 which then locks to ground on the
conductor 2109 controlled by the H3 reader con-
tact. The operation of the PS2 relay 6006 indi-
cates that an even-numbered perforator is in use
while the PSI| relay 6005 indicates an odd-num-
bered perforator. The operation of the PS relay
and one of its auxiliary relays indicates that the
line is perforated correctly and the circuit is
ready to advance.

When the next open period begins, ground is
closed from the armature and back contact of
the PC relay 5912, the front contact and arma-
ture 2 of the PS relay 6006, thence through a
chain contact consisting of the armatures and
back contacts of the PLAS8 to PLA2 relays, thence
through armature 2 and front contact of the
PLA( relay 4304 to cause the operation of the
PL2 relay 4308. The PL2 relay operates and
releases the PL{ relay 4305. As an added safe-
guard against perforating the same line twice
the circuit to relay PLi is closed through the K5
contact, over conductor 2101 so that the PLI
relay will be released even though the PL2 re-
lay should fail to operate.

During this same open period the OP relay
§918, the DN relay (5000 and finally the CKP re-
lay §902 release. The release of the DN relay and
the opening of a late J- make contact remove
the operating path for the paper advance magnet
and it will release causing the paper to be ad-
vanced in preparation for the next line. If,
however, the perforation of the line has been
faulty the PS relay 6907 will remain unoperated
and provide the. holding path mentioned in
perforator preparation, that is, ground from the
K8 contact, over conductor 2102, through the
front contact and armature 6 of the LK relay
6100, the back contact and armature of the PS8
relay 8907, the front contact and armature of
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the PM relay 8904, through the winding of the
PM relay, conductor 5806 and thence in series
through the perforator check relay and the
perforator advance magnet to hold these magnets
operated. The same perforating magnets will
be reoperated during repeated reader closures un-
til either the PS relay 5907 operates or the cir-
cuit is timed out.

Briefly, then what happens after perforator
preparation is this: The reader contacts close and
operate the pattern connector relays, the perfo-
rator magnets and energize the paper advance
magnet in that order. An additional half step
is marked in the line count circuit followed by
the operation of the PS relay 5907. When the
reader contacts open the pattern connector re-
lays, perforator magnets and the paper advance
magnet are deenergized, the paper is advanced
one line and another half step is marked in the
line count. The circuit is then ready for the
perforation of the next line.

The next closure of a P~ contact will operate
the OP relay 5918 and the second line pattern
connector relay for this call, that is, the TMU
relay 500({. The pattern connector ground for
this line is routed through the PL2 relay 4308
operated and the BK2 relay 4101,

The second line of the two-line output entry
is then perforated with the following informa-
tion in the A through the F digits: 000010. The
initial 0 for a message unit message indicates
the second line of a two-line entry. The 0 in
the B digits indicates the type of call to be local
area. The next two digits are filled in and the
10 is the number of message units.

The perforator magnets and associated check
relays are operated as follows:

Magnet Through Relays

TMU 15001 operated,

B4 TMU 15001 operated.

BT - AMDU 5600 operated.
- CCA 11201 normal.

C7. o< |JTMU 15001 operated,
84 JR BK2 4101 operated.
J (R

E0. TMU 15001 operated.

Ei..... - MUT1 8500 operated.,

¥4 TMU 15001 operated.

B MUUO 8501 operated.
""""" BK2 4101 operated.

Thus, the information stored in the type of
call translator and the message unit register are
translated to the output entry, :

In a manner similar to that for the first line
of the entry the pattern connector relays estab-
lish paths during the period of closure for the
operation of the paper advance magnet, the
CKP relay 5902, the PLA2 relay 4309 which con-
stitutes the next half step of line count and re-.
leases the PLA{ relay 4304, In addition the LL
relay 6007, the last line relay, is operated from
ground through an armature and front contact
of the TMU relay, over the MUA lead (see Fig.
150), front contacts and armature 2 of the BK2
relay 4101, armature 3 and back contact of the
2TB relay 5800 to the winding of the LL relay
6007. The line is then checked and the PS re-
lay 5807 and the PS2 relay 6006 are operated.

When the LL relay 6007 operates indicating
that the last line of the entry is being perforated
the AV advance magnet 5810 is operated from
the front contact and armature { of the LL re-
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operation of both the PS2 relay 6006

lay. Th?
AV relay 5910 removes the locking

and the '
ground from the LK relay 6001.
lay in releasing causes the release of the BK2
entry forming relay 4i01, the line count relays,
the perforator connector and perforator register
relays. The operation of the AV relay 5910 also
places a holding ground on the CKP relay 5902
until the CKC relay 5901 releases. The CKC re-
lay, the PS relay and the paper advance magnet
are in turn released by the release of the perfo-
rator register relay. i

When the reader contact P- opens, the OP
relay 5818 and the pattern connector relays are
released,

On the next reader closure the H3 contact
removes ground from conductor 2109 and releases
the PS2 relay 6006 which in turn releases the
AV relay 5910. The operating path for the AV
relay through the contacts of the LL relay was
opened when the BK2 relay 410f was released.

9.17 Owerlap opératibn and register release

When a series of regular calls is encountered
by the reader of the computer, a saving is made
in the time required for the processing of these
calls by so-called overlap operation.

The time required for two reader cycles can
be saved on each call by reading and registering
the disconnect and answer time entries of a call
while the output entry for the previous call is
being perforated. :

In order to accomplish this the disconnect and
answer registers are released by the computer as
soon as it has been determined that there will
be sufficient information for the perforation of
an output entry. These registers are thus re-
leased some time during the registration of the
initial entry, and become available for the suc-
ceeding call.

Several reader cycles later, when the next to
last line of the output entry has been perforated,
other registers, for which there is nn further use
will be released by the perforator cor.trol.

Finally, when the last line of the output entry
has been perforated, the remaining registers are
released and made available to the succeeding
call whose timing entires have alerady been reg-
istered.

The release of all registers is discussed in detail
below.

9.171 Release of disconnect and answer time
registers

Prior to the operation of the answer and dis-
connect time registers, the down-check relay,
ADDC relay 113080, was operated through the fol-
lowing registers normal:

Call identity index tens
Call identity index units
Timed release
Disconnect time tens
Disconnect time units
Disconnect time parts
Disconnect day tens
Disconnect day units
Answer time tens
Answer time units
Answer time parts

The operation of the ADDC relay {1300 causes
the operation of the ADHA-B relay (1301 and
the ADHC-D relay {1302 which provide locking
grounds for the registersidisted above. The ADH~
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relays lock through the back contact and arma-
ture of the ADR relay 11304, over the ON3 con-
ductor grounded at the front contact and arma-
ture 3 of the ST4A relay 3006.

When the operated disconnect and answer
time and associated registers are no longer need-
ed to supply information for the output entry,
the ADR relay 11304 is operated to release the
ADH- relays and in turn the eleven registers.

-In the case of a regular message unit message,
the ADR relay 11304 will be operated either from
a ground on the front contact and armature |
of the SC relay 11103, over the ADR conductor
or ground on the front contact and armature |
of one of the MUT- relays of Fig. 85, over the
ADR conductor, the front contact and armature

"1 of the RSRT relay 13902, the front contact and

armature | of the TUC relay 13809, the front
contact and armature 8 of the CLUC relay 13600
to the winding of the ADR relay f 1304.

The SC short count relay {1103 indicates be-
fore the computer has completed its operation
that the charge in message units is. within the
capacity of the message unit register (Fig. 85)
while one of the MUT- relays indicates a com-
pleted computation within its capacity.

The operation of the RSRT relay 13902 indi-
cates that disconnect, answer time and initial
entires have been encountered by the reader in
that order and the output forming circuit should
begin to function. The output circuit must be
prepared to cause perforation when the reader
begins on the next call.

The TUC start time register up-check relay
indicates that the answer time units registration
has been transferred to the supplementary an-
swer units register and that other information
needed for the perforation of a start time line is
available. However, this information is not used
for an MU message.

The CLUC class register up-check relay indi-
cates that the first line of initial entry has been
registered. .

When the registers have released due to the
operation of the ADR relay 11304 the ADDC relay
11300 will be reoperated. A circuit is then estab-
lished from ground, front contact and armature
3 of the ST4A relay 3006, over the ON3 conductor,
the armature and front contact of the ADR relay
11304, the front contact and armature 4 of the
ADDC relay 11300 to the winding of the ADRH
relay 11305. At the same time the ADH- relays
will be reoperated and locked through the arma-

-ture | and front contact of the ADRH relay 11305.

This new locking path is needed since the ADR
relay (1304 is now operated.

When the ADR relay is finally released the
ADRH relay 11305 is released. The ADH— relays,
however, will remain operated due to the short
released time of the ADR relay {1304,

The CLRA connector relay 4602 used for the
first line of initial entry operates the GTt relay
13603 directly to prevent the registration of any
further timing entries. The GTI relay remains

locked up until the ADDC relay 11300 is oper-
ated.

9.172 Register release during perforation

Prior to the registration of the first line of ini-
tial entry, several down-check relays were oper-
ated to indicate the normal condition of the reg-
isters required for this line. Following this the
corresponding lock relays were operated to be



2,680,369

121
used later in controlling the release of these reg-
isters.  The CLDC relay 13711, for example, was
operated through the following normally closed
cirecuit.

" The CLDC relay 13711, for example, is op-
erated through the following down-check circuit
normally closed from ground, armature T and
front contact of the MONA relay 3000, over the
MONG lead, the armature {3 and back contact
of the MUA relay 7400 and thence through simi-
lar armatures and back contacts of the DETA
. and the LOA relays, the conductor 1407 to the

back contact and armature (4 of the LODA-B
relay 13902, the back contact and armature 7 of
the RSRT relay (3900, the armature 2 and back
contact of the DSDA relay 13900, the armature
@ and back contact of the LLOCC relay 13904,
the armature § and back contact of the COTA
relay 11803, conductor 11804, thence through the
down-check circuit consisting of armatures and
back contacts of the BI0 to BIT relays of the
billing index register (Fig. 76), conductor 1603 to
the winding of the CLDC relay 137i1i.

The CLLK relay 11400 then locks through two
parallel paths:

1. Through the armature | and back contact
of the CLRL relay 11402, over the ONI conductor
to the front contact and armature § and thence
to ground of the ST4A relay 3006.

2. Over the conductor {1405 to armature 4 and
front contact of the RL relay 6007. -

When the information stored in the billing in-
dex register (Fig. 76) and the input class register
(Fig. 74) have been used to form a two-line mes-
sage unit output, the BK2 entry forming relay
4104 will have been operated as described in sec~
tion 9.152. Then on the reader closure during
which the DNA pattern connector relay 15000 is
operated for the preparation of the next to last
line of output entry the RR relay 6008 will be
operated in a circuit from ground, armature and
front contact of the DNA relay 15000, conductor
18002, the armature 9 and back contact of the
2TB relay 5800, the armature 3 and front contact
of the BK?2 relay 4101, conductor 4163 to the
winding of the RR relay 6008. - It is incidéntal in
this case that the next to the last line of output
entry is the first line.

The RR relay primes the two registers and
part of the output start for release by directly
operating the CLRL relay 11402, over its arma~-
ture & and front contact. The operation of the
CLRL relay opens one of the above noted locking
paths for the CLLK relay 11400.

When a check has been made that the line has
been perforated the PS| relay 6005 or the PS2
relay 6006 is operated to release the RL relay

6001. The RL relay was previously operated in-

a circuit from ground, back contact and arma-
ture 7 of the DSDB relay 14008, over the RLI
conductor 14007, back contact and armature 7
of the PS2 relay 6006, back contact and arma-
ture § of the PS| relay 6005, the RLI conductor
to the front contact and armature il of the
STAA relay 3008 to the winding of the RL relay
§087. It is then held operated by the operation
of the P! reader contact as it places ground on
the conductor 2110. At the end of a reader cycle
the release of the RL relay removes the remain-
ing lock for the CLLK relay 11400 which then
releases and in turn releases the billing index
and input class registers.

Three other groups of registers each with their
own control relays are primed for release and re-
leased at the same time and in the same manner
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as the billing index and input class registers.
These are tabulated below:

Registers Locked to— Under Control of—
pillintg lindex .......
input class.._._.._.
) S out}mt start (part (CLLK).....- (CLRL) and (RL),
(l)lir;g office
calling office._.....
2 e ser | JN L) oo (NRL) and (RL).
area index_........
3 called number. EALKA)— (ARL) and (RL).
""" ALKB),
called number.
answer hour

(TRL) and (RL).

The registers in group 3 are not-operated for an
MU message and are, therefore, not affected by
the operation of ARL relay 11406, The registers
in group 4, although not used for an MU mes~
sage, are operated and released at the usual time.

The remaining registers in the computer are
primed for release in a similar manner by the
operation of the last line LI relay 6007. Relay
LL is operated during the reader closure in which
the last line of output entry is perforated. Its
operate path, during the perforation of a two-
line MU entry, is from ground through TMU
and BK2 operated and 2TB normal.

The release is effected, after perforation, by
the release of -relay RL. The registers released
after the perforation of the last line are: -

Registers Locked to; Under Control Of—

(SLKA)-
(S_LKB) .

(CRED)...._.

straddle output....
start (part of)..._..
{message unit_ ...

straddle input.....
(SRL) and (RL).

chargeable time__._

(CRRL) and (RL).
call type translator :

The straddle input and output and charge-
able time registers are not operated for an MU
message and, therefore, will not be affected by
the operation of relay LL at this time.

‘When the output is to be a single line MU
entry, all registers referred to in this section are
primed for release by the operation of relay LL
during the perforation. Relay LL, in this case,
is operated from ground on DNA operated, 2TB
normal and BK{ operated.

9.2 Toll messages . )
9.21 Composition of input and output entrtes 5

The record of a regular toll message on a sec-
ond assembler tape consists of three consecutive
entries as follows:

disconnect time entry
answer time entry
initial entry

The components of the timing entries are the
same as those for a regular message unit mes-
sage.

The initial entry for a toll message is a four-
line entry and is identified by the A, B and C
digits of its initial line, i. e., 239. The 2 indicates
an initial line of initial entry, 3 is the entry
index indicating a detailed call;:and 9 is the mes-
sage billing index reserved for toll calls. The
initial line also contains the call identity index
by means of which the initial entry is associated
with the two preceding timing entries. The re-
maining three lines of the initial entry are sup-
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plementary lines, each with a 0 in thg A digit.
The supplementary lines are composed as fol-
lows:

Supplementary Line Components

{oﬂice index.

calling line number.
area index.
called number index.
called office code,
called line number,

The computer output for a toll message is a
detail enfry consisting of an initial line identi-

fled by a 1 in the A digit and four supplementary
lines with a 0 in the A digit. :
The lines of a detail entry are composed as
follows: :
Line of Entry Components
Il {ggf}iﬁgér}?;ex :number.
1st supplementary . ... start time line.

called number index,
called office code.
called line number,
{n;lessageblfnép index.
......................... chargeable time,
4th supplementary. o

area index.
ond supplementary .. ... ______________

3d supplementary .. ... ._...___

9.22 Registration of input
9.221 Registration of answer and disconnect

When the timing entries of a toll message are
encountered by the reader, the operation of the
circuit is the same as that for a message unit
message. .

The reading and registering of the discon-
nect time entry, as described in section 9.121, re-
sults in the operation of registers which record
the following items:

Disconnect time (tens, units and tenths minutes)
Call identity index

Disconnect day (tens and units)

Timed release or no timed release

The disconnect time is referred to a record in
the hour circuit.

The reading of the answer time entry, de-
scribed in section 9.122, operates registers to
record answer time in tens, units and tenths
minutes. The call identity index in this entry
is compared with that from the disconnect time
entry. The circuit will block if they do not
match.

§.222 Registering start time

Once the answer time has been successfully
registered the time to be perforated on output
tapes for toll and straddle calls may be registered.
The start time is a five-digit entry in which the
tens and units digits of the answer day, hour and
minute are recorded. '

The TDC relay 13709 is operated if the start
time register (Fig. 54) is normal, over a path
from ground supplied at the MONB relay 3002,
the MONI10 ground, thence through the armature
3 and back contact in series with the MT25 re-
lay 7200, the MTO03 relay 7204, the MTH relay
1202, the MTL relay 7203, through a similar cir-
cuit controlled by the AHT0, AHTI, AHT#4 and
AHT1T relays of Fig. 72, the AHUD, 1, 2, 4 and 1
and the AU, 1, 2, 4 and T relays of Fig. 71, over
the DC conductor to the winding of the TDC
time pattern register’s down-check relay (3709.

With the TDC relay operated then a circuit
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is established through the front contact and
armature |4 of the AUCA-B relay 13608, arma-
ture 3 and back contact of the TMR4 relay 5508,
the armature § and front.contact of the TDC
relay 13708, the armature 3 and back contact of
the TRL relay 11407 to the winding of the TMRS3
relay 5501 which now operates and locks in a cir-
cuit from ground, the front contact and arma-
ture § of the TLK relay {1408, the back contact
and armature T of the TUC relay 13608 to the
armature 6 and front contact of the TMR3 re-
lay 5502. The operation of the TMR3 relay
causes the direct operation of the TMRA4 relay
§500 which locks to the ground supplied over the
front contact and armature (4 of the AUCA-B
relay 13608. The TLK relay (1408 supplies a
ground over its armature 3 and front contact to
the MTL conductor which may be traced through
the armature 10 and front contact of the TMR3
relay 5592 to armatures | and 2 of the LHU re-
lay 12302 and depending upon whether this lat-
ter relay is operated or not will cause the oper-
ation of the TMRI( relay 5503 or alternatively
the TMR2 relay 5504.

The TLK relay ({408 operated in response to
the operation of the TDC relay in a circuit from
armature 2 and front contact of the ST4A relay
3006, the armature 2 and front contact of the
TDC relay 13709 to the winding of the TLE
relay which then locked through the back con-
tact and armature | of the TRL relay 11407 to
this same ground independently of the contacts
of the TDC relay.

The TLK relay in operating provides locking
grounds for the start time register relays which
thereupon operate. With the TMR3, TMRS and
TLK relays operated, the MTHL and MT03 leads
are grounded to operate one of the three relays,
either the MT25 relay 7200, the MT(4 relay 71204
or the MTO03 relay 7201, where one of the last
two digits indicates the value of the minute tens
and one of the MTH relay 7202 or MTIL, relay
1203 from the operated combination of the
answer tens translator relays. These relays lock
to the MTL conductor grounded at the front
contact of armature 3 of the TLK relay ({408.

With either the TMR| relay 5503 or the TMR2
relay $504 operated, the two answer hour tens
and two answer hour units relays are operated
from the point in the hour circuit coritaining the
current or disconnect hour.

With the TMR3 relay 5502 operated the answer
minute units digit is transferred to the sup-
plementary answer units digits register consist-
ing of the AUQ to AUT relays (Fig. 71).

With these register relays operated in the
broper combination the master off-normal
ground is removed from the TDC relay 13709
causing it to release and permit the TUC relay
13609 to operate as an up-check.

The above action occurs between the reading
of the answer time entry line and the initial
line of the initial entry.

9.223 Registration of initial entry

The initial line of initial entry for a total mes-
sage is registered in the same manner as that
for a message unit message deseribed in section
9.123. The same connector relay, the CLRA re-
lay 4602, is operated by the entry index 2. The
DET lead at the front contact of armature 7
of the B2 reading relay 3114 is grounded through
the operation of the Bf and B2 relays to operate
the DETA relay 1408 for this entry indicating
that the message is toll or message unit detail.
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This time a 9 rather than one of the digits 1 to
8 is placed in the message billing index to indi-
cate that the call is toll.

The method of handling the first supplemen-
tary line is the same for message unit and toll
except that the line count in the case of toll
must be extended to receive the additional sup-
plementary lines. Consequently, the L3A relay
3410 operated from ground at the front contact
and armature 29 of the NRA relay 4604, the
armature 24 and front contact of the DETA re-
lay 7408 to the winding of the L3A relay. At
the end of the current reader closure a K- break
contact again advances the line count by operat-
ing the L3B relay 3408 in the manner herein-
before described.

The operation of the L.3B relay routes the RCK
lead for the second supplementary line through
armature 5 and front contact thereof, thence
through the back contact and armature 4 of the
L2B relay 341§, the front contact and armature
§ of the ADC relay 13712 to operate the AAR
connector relay 4606 and this relay through its
armature | and front contact locks in a circuit
independent of the ADC relay 13712.

The operation of this connector relay permits
the registration of

area index'
called number index
called office code

in their respective registers. -

The AARA relay 4606 operates the L2A relay
3412. At the end of the closure a K break con-
tact operates the L2B relay 3411 and routes the
RCK lead now over the front contact and arma-
ture 5 of the L2B relay to operate the CDRA
connector relay 4607. The operation of the
CDRA connector relay permits the registration
of the called line number. The CDRA relay op-
erates the LLA relay 3405 to indicate that the
last line of the entry has been read and checked.

The supplementary lines of the initial entry
are stepped through the reader under control of
the RS2 relay {907. Relay RS2 is operated on
each line from an up-check of the registers op-
erated on that line.

9.23 Computing

The series of operations required for comput-
ing the elapsed time for a toll message is the
same as that described for a message unit mes-
sage in section 9.131.

Briefly the operations are as follows: a suc-
cessful up-check of the disconnect and answer
time registers and a down-check of the adder
cause the ﬁll-the-adder FAA-B relay 11102 to
operate.

This relay in turn grounds binary and quinary
leads which are threaded through the six digits
of the registers (3 each for disconnect and an-
swer) to operate relays in the corresponding six
adder digits on a biquinary basis. Wiring be-
tween the answer register and the adder changes
each of the answer time digits to its nine’s com-
plement.

The answer time in tens, units and tenths
minutes is then subtracted from disconnect time.
This is accomplished by adding: "

disconnect time
nines’ complements of answer time
a 1 in the lowest answer adder digit

This sum appears on three sets of adder output
leads, one for each digit, on a biquinary basis to
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operate relays in the elapsed time round-off
translators. Adder outputs of units and tenths
are passed directly to the translators. The tens
output, however, is forwarded to the translator
via the hour tens adder where additional minutes
in blocks of 60 are added to the elapsed time, the
number of such blocks depending upon the num-
ber of hour changes recorded between answer
and disconnect time. At the same time a 1 in
the hundreds digit resulting from a carry one
from tens is dropped in the hour tens adder. -
The equation

D—A=D}1(99.9—4) +0.11—100.0
has thus been fulfilled and in addition the inter-

vening hours have heen added. The complete

elapsed time is now recorded in the round-off
translators. )

The elapsed time round-off translators perform
in a manner similar to that for message unit mes-
sages, rounding off the time to the next higher
minutes after an allowance has been made for
traffic delay in seizing a central office recorder
and for timed release whenever it is indicated.

The message billing index 3 is registered in-
dicating that the message is toll. A ground is
closed through the back contact and armature 3
of the BRO relay {204, the front contact and
armature 4 of the CRRA relay 11100, the arma-
ture 3 and front contact of the ACK relay i1{09,
the armature 3 and front contact of the CCK
relay (1107, over the conductor §flif, thence
through armatures and contacts of the Bi7 and
B12 relays to the 9 lead extending to the winding
of the INS relay 5604 which thereupon operates.
As a result, the chargeable time which is the out-
put of the elapsed time round-off translator is
withheld from the message unit formulator and
diverted to the chargeable time register.

In the process of rounding off elapsed time the
DC detail call relay (2401 is operated from
ground, armature 8 and front contact of the IN9
relay 5604, the armature 13 and back contact of
the CCA-B relay {1201, the back contact and
armature 6 of the ETRJ relay (1205 to the wind-
ing of the DC relay {2401,

The operation of the DC relay reroutes the
carry leads from the units round-off translator
to operate the RTCO relay 12402 or the RTCI re-
lay 12403 in the tens translator. The operated
RTC- relay in turn grounds the tens translator
output leads through the operated tens transla-

_tor relays.

When the rounding-off operation has been
completed, the chargeable time for the message
in tens and units minutes is passed from the
round-off translators to the chargeable time reg-
ister.

When the DC relay 12401 has been operated a
circuit is established from ground, the front con-
tact and armature of the CPDC relay 2606 and
thence in series through similar contacts of other

‘CPDC relays such as 2607, over the conductor

2605, the armature | and front contact of the DC
relay 12461, conductor 12404, to the winding of
the ETA relay 9200. .

The ETA relay translates the chargeable time
from a decimal to a two-out-of-five notation and
causes the operation of the chargeable time reg-
ister, that is, a selected two of the tens relays
ETTO to ETTT and a selected two of the units
relays EUTO0 to ETUT, thus registering charge-
able time.

Since the number of message units need not
be formulated for a toll message, the message
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unit register will be filled with zeros. The opera-
tion of the IN9 relay 5604 in the type of call
translator directly operates the MUUOQ relay 8501
and the MUTO relay 8502, over conductors 5606
and 5806, respectively.

9.24 Classification of input

The classification of input for a toll message
is determined jointly by the input class register
and the type of call translator. The entry in-
dex, 3 in the B digit, in the initial line of initial
entry indicates that the entry is for toll or mes-
sage unit detail. Input class register DETA re-
lay 7408 is operated through the B digit reading
relays as described in section 9.223. To supple-
ment this information and definitely identify a
message as toll, the message billing index 9, found
in the C digit of this same line causes the op~
eration of IN9 relay 5604 in the type of call trans-
lator. Relay IN9 in turn operates secondary in-
put class register BI9 relay T40%.

9.25 Classification of output

The output class, as has already been explained,
is used to determine which of the perforators
should handle a particular call. In the case of
a toll message the input and output classes are
the same, i. e, toll and relays will be operated
to direct the output to the toll tape or to one of
the toll tapes when day sorting is required.

The output start ground originates as for mes-
sage unit messages on the connector CLRA relay
4602, which is operated on the initial line of
initial entry. The RSRT relay 3902 is oper-
ated from the front contact and armature i{ of
the CLRA relay 4602, over conductor 4605, arma-
ture 3 and back contact of the DAXK relay 8603,
the front contact and armature 6 of the DA re-
lay 860f, conductor 8604 to the winding of the
RSRT relay.

A check is then made of the straddle circuit
as described in section 9.152 resulting in the op-
eration of the STC{ relay {4000 and in turn the
STC2 relay 140804

When the called line number in the last line
of initial entry has been registered as indicated by
the release of the CDDC call number register
down-check relay {3713 and when it has been de-
termined that there are no further supplementary
lines as indicated by a new entry in the next line
with a 1 or a 2 in the A digit, when the RPF relay
14005 will be operated. A circuit for this relay
may be traced from the RCK conductor, a branch
of the conductor 13704 and thence through either
the Al or the A2 relay contacts to the conductor
3113, the armature 5 and back contact of the
CDDC relay 13713, the armature I and front
contact of the DETA relay 1408, the armature 9
and front contact of the RSRT relay 13902, the
RPFA conductor and thence through either the
armature 2 and front contact of the SC relay
11103 or the armature 4 and front contact of the
BRO relay 11204, the armature 2 and front con-
tact of the STCI relay 14000 to the winding of the
RPF relay 14006. The operation of the SC and
the BRO relays is described in section 9.152,

When the RPF relay has been operated the toll
entry forming DTL relay 4104 will be operated
from ground, front contact and armature 8 of the
LK relay 6001, armature T and back contact of
the E2A relay 6002, back contact and armature &
of the EE2 relay 6003, front contact and armature
1 of the STA relay 5909, front contact and arma-
ture 8 of the RPF relay 14006, armature 8 and
front contact of the DETA relay 1408, armature
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3 and front contact of the Bi9 relay 1408 to the
winding of the DTL relay 4104.

9.26 Sorting and perforating output

The operation of the RPF relay 14006 described
in the previous section and the preparation of the
perforator control as described in section 9.162
provide a path for the proper perforator con-
nector relays as follows: Ground is closed through .
armature | and front contact of the LK relay
6001, armature 6 and front contact of the STA
relay 5309, the back contact and armature 4 of
the E2B relay 6002, the armature 3 and back con-
tact of the EE2 relay 6003, the OCI conductor to
the front contact and armature 2 of the ETRO
relay {1206, the front contact and armature 8 of
the BRO relay {1204, the OC3 conductor to the
armature 10 and back contact of the MUAA relay
7403, the back contact and armature (4 of the
MUDA relay 7404, the front contact and armature
8 of the Bi9 relay 1405, the armature | and front
contact of the RPF relay 14006, the armature (2
and front contact of the DETA relay 7408, the
armature 6§ and front contact of the Bi9 relay
1405, the DST conductor to Fig. 51 where it
threads through varicus armatures and contacts
of the DUT0 to DUTT relays (Fig. 51), thence
through the TU0 to TU3 relays (Fig, 52), the
CDT{ to CDT6 relays (Fig. 52) emerging on the
DT{ to DT6 conductors leading in Fig. 77 to the
Pi3d to the PI8D relays each in series with the
corresponding PI3A to PI3D relays in Fig. 153
whereby the proper one of the perforator con-
nector relays is operated.

‘When only one perforator connector has been
operated, the CKC relay 590i will operate form-
ing ground on the back contact of armature 3 of
the BI8D relay 1101 providing this particular per-
forator connector relay is not operated, through
the one and one only circuit emerging on arma-
ture 2 of the POD relay 1600, over conductor 1601,
front contact and armature 4 of the DTL relay
4104, the back contact and armature 4 of the 2TA
relay 4201, the back contact and armature | of
the 2TB relay 5800, the CK{ conductor to the
back contact and armature 3 of the E2A relay
6002, the back contact and armature 6 of the CKE
relay 5925, the armature | and back contact of
the SCK relay 5900 to the winding of the CKC
relay $90{. This releases the CKP relay 5902.
On the next closure the pattern relay DN will
operate from ground extended by the PO reader
contact over conductor 2102, armature 2 and back
contact of the CKP relay $902, armature 8 and
front contact of the ST§ relay 6000, conductor
5927, armature 2 and front contact of the MST
relay 1800, conductor 1808, thence in a chain cir-
cuit through armatures and back contacts of the
PL9 to PL2 relays, inclusive (Fig. 43), armature
2 and front contact of the PLI relay 4305, con-
ductor 4306, armature 9 and front contact of the
DTL relay 4104 to the w1nd1ng of the DN relay
15000.

The operated DN relay closes reader grounds to

operate perforator magnets as follows:

In
Ground Through Perforates Digits
DTLrelay 4104 ______...____. entry index 1._..______ A
Office index reg. and DTL relay | office index...._....... B
4104,
Calling lineregs...._...........__. calling line number....| C-F

As described in detail in section 9.163, the per-
_foration is followed by a reader open period at






