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The present invention relates generally to supervision
and maintenance aspects of complex systems or ma-
chines,

Particularly, the instant invention pertains to systems
or machines wherein data may be stored or registered
and wherein the status of the system or machine, etc.
may be of interest at any time to maintenance or super-
visory personnel.

In automatic switching systems or in computers or in
accounting machines or systems it is not infrequent to
find a large amount of data registered or stored therein
at any one time for processing purposes and relating to
more than one distinct operation., The more complex
and more intricate such systems or machines become, the
more skill and care is required to analyze troubles and to
supervise the functioning of the apparatus.
becomes more exacting as to skill and care when there
may be simultaneously contained in such a system or
machine much data relating to various operations in
process and where supervision and trouble shooting re-
quire increasing amounts of human judgment in separat-
ing or segregating data relating to various simultaneous
processes.

The present invention provides means whereby a visual
display may be effected of data relating to one operation
ln process to the exclusion of data relating to other oper-
ations, etc. not of immediate interest. This removes the
twman element from a considerable amount of the analy-
sis of the trouble being investigated.

The main object of the present invention is to enable
i maintenance or supervisory person to visually display
data registered or stored in a system of apparatus and to
o so in a selective manner whereby only data relating
o a particular operation of interest is displayable and
osther data is prevented from being displayed.

The foregoing object is attained by the use of selec- ;

tively controlled connector means whereby a common
set of display lamps is connectable to many parts of a
machine to visually display data registered or stored in
those parts.

The main feature of the invention resides in the ar-
rangement whereby an operator may choose one of a
plurality of operations in process to be investigated, may
indicate the choice by certain selective manipulations of
ipparatus, may visually display registered or stored data
relating to that choice, and will, during this procedure,
:ause the automatic prevention of any display whatsoever
of data relating to choices not indicated.

A particularly useful embodiment of the invention, as
psed herein by way of illustration, is in a maintenance
lamp display arrangement of an &utomatic accounting
sjystem wherein records of customer uses of a facility are
:ontained in record media which, in turn, are processed
for charging purposes, etc.

In processing original customer records, there may be,
ind more generally are, successive groups of data ar-
ranged on a record medium where data for different
sustomer usages are interspersed. This means that parts
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of a plurality of such uses may be, and again almost al-
ways are, registered in one part or another of the ac-
counting machine at the same time. If such a machine
develops trouble requiring analysis by an operator or
maintenance person or if the status of the processing of a
particular customer use is desired at any time, it is ad-
visable to exclude from the possibility of human error all
registrations not pertinent to a particular usage process-
ing. This is particularly important because the data de-
rived from the analysis may affect charging.

The particular embodiment used by way of example
herein is an automatic machine for sorting and computing
telephone subscribers’ charge data. The machine may
have parts of as many as four different calls in process
simultaneously. When it is desired, for one reason or the
other, to analyze the status of any one call, the present
invention enables an operator, etc. to visually display all
pertinent information and at the same time prevents the
display of undesired data. This eliminates the human
element from entering a considerable amount of the analy-
sis upon which customer charges may be based.

The particulars of the present invention, as embodied
in the exemplary disclosure, comprise an arrangement
of keys, lamps, connectors, check and control circuits,
etc. whereby any particular call in process may be se-
lected for display to the exclusion of others. Certain
key manipulations effect certain connector operations, de-
pending upon the status of various registers in the ma-
chine, such that a common bank of display lamps is con-
nected to only those parts of the machine containing
information pertaining to the call of interest.

ARRANGEMENT OF DISCLOSURE

In the following description, various relays may be
designated by letters which have come to have certain
significance to persons familiar with the technical de-
tails of the disclosed arrangements. By way of exam-
ple, the reading relays are known as the A0, A1 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 Bo, B1,
B2, B4 and B7 relays, in each of the remaining five sets.
In a great many cases, a relay will have only such an
alphabetic designation, but in other cases it will have in
addition a numerical designation which always consists
of the figure number plus two other following digits,
whereby the location of a piece of apparatus can be
found at once by turning to the corresponding figure
number. Where conductors are designated by numerals
in addition to the usual alphabetic designation thereof,
the number used will in most cases be a combination in-
cluding the figure number wherein the conductor is first
mentioned in the tracing of a circuit and this number will
be retained even though the conductor extends through a
large number of other figures. For obvious purposes,
conductors will often bear the same alphabetic designation
as other apparatus. This is not to be taken as a dupli-
cation of the designation, but it will be readily understood
that such a conductor bears an intimate relation to the
said other piece of apparatus. Another combination used
herein for the sake of clarity is a numbering scheme for
the cables or bundles of conductors which must be car-
ried over long distances. This is the use of a hyphenated
number, such as 59-118, indicating that this cable or
bundle of conductors extends between Figs. 59 and 118.

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 operative apparatus of the disclosed embodiment
includes relays, tape readers, tape reperforators, other-
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wise designatable as recorders, and auxiliary equipment
for supplying tape and for storing the used or repro-
duced tapes.

A suitable tape reader is disclosed in the Patent 2,669,
304 to W. W. Carpenter of February 16, 1954; obviously
other devices of similar function may be employed.

The tape perforators may consist of devices such as
disclosed in the Patent 2,583,086 to W. W. Carpenter of
January 22, 1952.

The disclosure is divided into two main parts: one
group of drawings illustrates in a highly schematic form
the essential elements of the whole assembler-computer
required to understand the features of the present inven-
tion; and, another group of drawings disclose the com-
plete assembler-computer to provide a completely opera-
tive circuit as a basis for the highly skeletonized feature
drawings. Two circuit descriptions are provided for these
two groups of drawings: one description applies to the
feature sketch and the other comprises an indexed group
of sections descriptive of various major components of
the assembler-computer.

A block diagram is provided with some general circuit
description to set forth in a general fashion an overall
brief résumé of the assembler-computer opération.

A group of drawings is provided to illustrate the vari-
ous types of coded data on central office tapes and ac-
counting center tapes. Descriptions of these various codes
are also provided.

INTRODUCTORY DESCRIPTION

The present disclosure is part of an automatic ac-
counting system useful in telephone systems to process
central office tapes which are perforated with data re-
lating to customer uses of chargeable telephone facili-
ties.

Central office automatic telephone systems may be pro-
vided with recording equipment which can record on per-
forated tapes the statistics pertinent to customer uses of
chargeable facilities. Such information includes such
items as the calling subscriber’s number, the time the
call was answered, the disconnect time, the trunk or junc-
tor or other transmission channel number (identifying the
channel used for the call), the called party’s number, etc.
The three basic parts of each complete call are the initial
entry (general data recalling party, office, etc.), the
answer time and the disconnect time. These parts of a
call will be interspersed at random in a tape or tapes
among other such items for other calls and among gen-
eral data, such as hourly time entries, end-of-tape pat-
terns, etc. Two disclosures of systems for producing such
central office tapes may be found in the W. W. Carpenter
and R. E. Collis Patent 2,688,658, of September 7, 1954,
and in the H. D. Cahill, W. W. Carpenter and T. L.
Dimond Patent 2,599,358 of June 3, 1952. Since all
elements of any particular call must necessarily involve
the use of the same transmission channel, the identifica-
tion number of the latter is a good way of identifying or
detecting parts of the same call. The channel, whether
it be a trunk or a junctor, etc., may be identified by a
two digit number which in the accounting center can be
used to assemble and to process parts of calls.

The present disclosure 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 overall view-
point is to process a tape of the kind produced in a cen-
tral office having recorded thereon data relative to tele-
phone 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 sucessive 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
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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 time entry, the disconnect
time entry and the initial entry relating to a call are
present on more than one tape. Within the scope of the
accounting system, certain other information may be de-
rived and produced as a typed record, for example, line
observing information, verification of numbers of newly
connected subscribers, etc.

A tape suitable for initial use in an accounting office
of the class referred to may be one produced in accord-
ance with the disclosure of the above-mentioned Patent
2,599,358 to Cahill et al. or the Patent 2,688,658 to
Carpenter et al., or the equivalent thereof.

Such a tape may contain entries resulting from the
use of many transmission circuits (which may be known
as district junctors or trunks or by other designations)
of the central office. Such tapes contain the initial en-
tries, including among other information, the calling sub-
scriber line number, and contain answer entries, discon-
nect 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 the disconnect entries of a
particular call are interspersed on the tape at random
among entries relating to other calls. Initial entries of
calls which are never answered may also be recorded.
However, each such entry is identified by the transmission
circuit used for the purpose of this call and the number
of this circuit forms a part of the entry record.

The principal stages of processing are the assembling,
the computing, the sorting, the summarizing and the
printing stages.

The first step in the accounting center is to assembled
all of the recorded data on each call, so that subsequent
processing can deal with complete information per call.
This is accomplished by a machine known as an assembler
which perforates assembled messages on its input tapes.
Such a machine is disclosed in Patent 2,558,476 to W. W.
Carpenter and J. W. Gooderham of June 26, 1951. As-
sembling is the process whereby the fragments of informa-
tion belonging to a particular call are identified by a
two-digit call identity index number (which is generally
the trunk or junctor number used as the transmission
path) and by their time sequence on the central office
tape and such fragments are sorted onto output tapes in
accordance with these indices without disturbing the time
sequence of the various calls.

After the calls have been assembled, the output tapes
of the assembler may be fed into a computer for perform-
ing the next or computing step of the process. The com-
puter computes data and prepares output tapes providing
data on each call as to the chargeable time for toll calls
and the chargeable message units for bulk-billed calls.
Uncompleted calls are discarded. Portions of calls which
straddle accounting periods are preserved on straddle
tapes. Other miscellaneous tape outputs are made for
calls whose segregation is desired for various reasons. A
suitable computer is disclosed in Patent 2,630,269 to
A. E. Joel of March 3, 1953,

Since the objective of the accounting center processing
is to determine the total charges applicable to each tele-
phone customer, the computed messages are next ar-
ranged in a sorting step by a sorter according to the
telephone numbers of the calling subscribers. The output
tapes of such a machine contain all of the messages origi-
nated by a particular subscriber adjacent to each other
and all such subscriber groupings are arranged in ascend-
ing order of calling subscribers’ telephone numbers. Pat-
ent 2,590,625 to A. E. Joel of March 25, 1952, discloses
a sorter whereby such sorting may be accomplished in a
number of discrete steps, each step comprising a separate
sort by a different telephone number digit.

After all of the bulk-billable messages for subscribers
have been brought together by means of the assembling,
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compiting and sorting steps, these may now be sum-
marized by a summarizer which produces an output tape
containing the total number of message units chargeable
to each subscriber. A suitable summarizer is disclosed
in Patent 2,572,132 to H. A. Giroud, G. C. Irwin, L. A.
Kille, J. B. Retallack, G. Rizgs and W. B. Strickler of
October 23, 1951.

The last process step is the printing process which trans-
lates the sorted and/or summarized tapes into informa-
tion understandable in terms of the actual billing of a
customer. The printer accordingly may accept these
sorted and/or summarized tapes and produce from them
typewritten lists of message units and typewritten toll
slips which may then be used to bill the customer. Such
a printer arrangement is disclosed in Patent 2,510,061 to
D. E. Branson, G. A. Locke and T. A. Marshall of June
6, 1950,

The present disclosure is what may be termed an “as-
sembler-computer” because it is one machine which may
take the place of the assemblers and computers of the
prior system, thereby to accomplish the assembling and
computing steps in one automatic step directly from the
central office tapes. Patent 2,925,957 to A. E. Joel, Jr,
of February 23, 1960, discloses and claims certain aspects
of an assembler-computer.

The copending application of E. W. Flint, Serial No.
508,041, filed on the same day as the present application,
discloses and claims certain features of the instant dis-
closure relating to the use of two sets of reading relays
cooperating with a single tape reader to improve the proc-
essing machine. The copending application of E. W.
Flint and A. E. Hague, Serial No. 508,042, filed on the
same day as the present application, discloses and claims
certain features of the instant disclosure relating to the
sorting of call data for processing. Patent 2,921,191 to
K. K. Kennedy of January 12, 1960 discloses and claims
a test circuit of the present disclosure and relating to the
connector circuits for transmitting timing entries into and
out of the timing registers.

BRIEF DESCRIPTION OF MAIN DRAWING
GROUPS

The following are brief descriptions of the content of
various main groups of drawings in the present disclosure:

Figs. 1 through 29 comprise representative samples of
the perforated tape codes found on central office tapes
and on tapes produced by the accounting center assem-
bler-computer as a result of processing central office
tapes;

Fig. 50 (same sheet with Fig. 49) shows how Figs. 30
through 49 may be arranged to illustrate a block diagram
functional layout of the assembler-computer comprising
the general disclosure;

Fig.'51 (same sheet with Fig. 52) shows how Figs. 52
through 58 may be arranged to illustrate how the figures
of the main detailed disclosure fit together to disclose
the complete details of the assembler-computer;

Fig. 52 shows the arrangement of Figs. 59 through 63,
67 through 75, 79 through 85, and 90 through 95;

Fig, 53 shows the arrangement of Figs, 64 through 66,
76 through 78, 86 through 89, and 96 through 105;

Fig. 54 shows the arrangement of Figs. 106 through
112;

Fig. 55 shows the arrangement of Figs. 113 through
117, 125 through 129, 135 through 139, 144 through 148,
151 through 161, 165 through 174, 175 through 184, and
185 through 194,

Fig. 56 shows the arrangement of Figs. 118 through
124, 130 through 134, 140 through 143, 149 and 150, and
162 through 164;

Fig. 57 shows the arrangement of Fig. 195 through
204, 207 through 216, and 227 through 232;

Fig. 58 shows the arrangement of Figs. 205 and 206,
217 through 226, 233 through 241, 242 through 249, 250
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through 256, 257 through 263, 264 through 286, and 269
through 271; and )

Fig. 302 (same sheet with Fig. 301) shows how Figs.
272 through 301 may be arranged to show in skeleton-
ized form those circuits of the assembler-computer which
can afford a general and short understanding of the na-
ture of the present invention as embodied in the larger
circuit layout.

BRIEF DESCRIPTION OF MAIN DISCLOSURE

Figs. 59 and 60 show the off-normal and start circuits;

Figs. 61 through 63 show the perforated tape reader,
reader connectors and manual stepping circuits;

Figs. 67 through 70 show the A reading relay set;

Fig. 71 comprises the A reader step and reading relay
release circuits;

Figs. 72 through 76 show the corresponding B reading
relays with their step and release circuits;

Figs. 74 and 79 show, respectively, circuits for con-
trolling the reader, etc. while reading splice patterns and
while skipping code lines;

Figs. 91, 92, 113, 114, 125, 126, 135 and 136 show
representations of 100 assembling registers and four
spare registers with associated connectors;

Figs. 95 and 96 show the “28" register;

Figs. 97 through 105 show the input parts of the No. 1
or side 1 processing register;

Figs. 106 through 112 show the No, 2 or side 2 process-
ing register;

Figs. 81 and 82 show the timing connector circuit
whereby timing entires are transferred from the reading
relays to the assembling registers;

Fig. 85 shows “28” connectors whereby entries begin-
ning with the digits 28 are transferred from the reading
relays to the “28” register;

Fig. 86 shows the initial entry link input whereby
initial entries are steered to the processing registers;

Figs. 80, 83, 84, 65, 66, 77, 78, 87, 88, 89, 50, 93, 94,
115, 127, 128 and 137 show various control circuits
which come into play for steering a tape entry read by
th reader into one of various parts of assembling regis-
ters, “28” registers, processing registers, etc.;

Figs. 119 through 123 involve connectors and registers
for keeping track of the recorder number of the tape
being processed, etc.;

Fig. 124 shows the sort connector circuit which is
used to control the sorting of calls onto one or more
output tapes;

Figs. 129, 139 and 140 show circuits for keeping track
of the calendar day, etc. involved in tape under process;

Figs. 130 through 134 and 143 relate to the circuits
used for keeping track of the hour of the day associated
with tape processing;

Figs. 138, 141 and 142 show circuits concerned with
checking tape identity;

Figs. 146 through 150 and 164 relate to circuits, etc.
for deriving information from the day register for use by
other parts of the machine;

Figs. 151 through 163, 165 through 170, 175 through
180 and 185 through 190 relate to the computer part of
the machine wherein and whereby the answer and dis-
connect times for a call are translated into elapsed time
and/or charges;

Figs. 195, 196 and 198 through 200 are connector and
control circuits related to transferring information into
the output parts of the No. 1 and No. 2 (or side 1 and
side 2) processing registers;

Figs. 197 and 203 are other connectors related to the
output part of the side 1 processing register;

Figs. 205 and 206 relate to the output parts of the
side 2 processing register and correspond to Figs, 197
and 203 for side 1;

Figs. 207 through 216 are circuits of the output part
of side 1; .
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Figs. 217 through 226 are circuits of the output part
of side 2;

Figs. 227 through 231 show the connector circuit
whereby side 1 may cause its information to be trans-
ferred to the output perforators;

Figs. 238 through 241 show the output connector cir-
cuit for side 2;

Figs. 249, 256, 263, 268 and 271 show the output per-
forators and associated check circuits;

Figs. 244 through 248 and 251 through 255 show pat-
tern relays, the selective operation of which causes in-
formation to be used from various parts of the machine
for perforating purposes;

Figs. 232 through 237, 242, 243, 250, 257 through
262, 267, 269 and 270 are various control circuits for
effecting control over output perforating jobs;

Figs. 264 through 266 are manually adjustable set-up
switches for exercising a form of program contro! over
the machine; and

Figs, 171 through 174, 181 through 184, 191 through
194 and 204 show the maintenance lamp display circuit.

BRIEF DESCRIPTION OF FEATURE DISCLOSURE

Figs. 272 and 273 show a reader, A and B reading
relays, A and B reader connectors and off-normal and
start and alarm circuits;

Fig. 274 shows part of the motor start circuit,;

Figs. 282 and 283 show reader step and line skip con-
trol relays for the A and B reading relays and the A and
transferred B timing connectors whereby timing entries
may be transferred from the reading relays to the as-
sembling registers of Figs. 292 and 293;

Figs. 292 and 293 also show parts of the computer
connector whereby information is passed between parts
of the machine and to and from the computer proper
illustrated in Fig. 300;

Fig. 284 shows A and B “28” connectors whereby en-
tries of the 28CDEF variety may be registered in the
“28" register of Fig, 284.

Fig. 284 also shows control circuits relating to window
splice, tape progress, “28" control and hour control;

Fig. 285 shows A and B initial entry link input con-
nectors whereby lines of initial entry codes (may be two
or more lines) may be placed on the link multiple ex-
tending across Figs. 285 through 289 and appearing be-
fore contacts of the link output connectors for the side A
and side B initial entry or processing registers;

Figs. 286 and 287 show the line 1, line 2, line 3 and
line 4 link output connectors whereby lines of initial en-
tries may be passed from the link multiple into the side
A processing registers of Figs. 296 and 297;

Figs. 288 and 289 show the link output connectors for
the side B processing register of Figs. 298 and 299;

Figs. 285, 276 through 279 and 286 through 289 show
various control and steering and check circuits whereby
various lines of initial entries are steered into appropriate
register sections of the side A and side B processing
registers;

Fig. 300 shows other register sections of the two proc-
essing registers and which are used for output perforat-
ing purposes through the output connectors of Fig. 300;

Fig. 301 shows pattern connectors which glean data
from various parts of the machine for feeding the per-
forators; and,

Figs. 280, 281, 290 and 291 show various connectors,
keys, lamps, control circuits, etc. whereby information
relating to particular calls in process may be visually dis-
played for maintenance and/or analysis purposes.

. A detailed description of this feature circuitry is pro-
vided following the Detailed Description of Main Dis-
closure and preceding the claims.

REGULAR CENTRAL OFFICE RECORDER TAPE

'3 AM.—The regular recorder tape in the central
office is prepared with tape idengity groups of codes
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always at the 3 AM. hour. These tapes are always cut
at the 3 AM. point on the first day of a month. They
may be cut at the 3 AM. point on any day depending
upon where the accounting center is to start processing
these tapes backwards (in time).

The 3 AM. point for the regular recorder may repre-
sent one of two conditions:

(1) The regular recorder may be in operation; or,
(2) It may be out of service.

No entries are placed on the regular recorder tape, of
course, if it i3 out of service. The operating condition is
represented by the tape identity group of Fig. 1 where
the P and R arrows show, respectively, the directions in
which the entries are perforated in the central office and
are read in the accounting center and where:

(1) The E and F digits of the 282 line represent the
tens and units digits, respectively (01 to 31), of the
calendar day at 3 AM.;

(2) The E and F digits of the 281 line (that is, 03)
represent the tens and units digits of the hour at 3 A.M.;

(3) The D digit of the 280 line will be a 5, indicaling
that the regular recorder is operating;

(4) The E and F digits of the 280 line represent the
tens and units digits, respectively, (00 to 19) of the
regular recorder number;

(5) The D digits of the 284 and 283 lines represent,
respectively, the tens and units digits (01 to 31) of the
last day of central office recording for the instant account-
ing period (this will always be the day previous to the
stated “calendar day”);

(6) The E and F digits of the 283 line represent,
respectively, the tens and units digits (01 to 12) of the
month associated with the calendar day, except that
where the calendar day is 01 the month is shown as the
preceding (in time) month;

(7) The E and F digits of the 284 line represent,
respectively, the tens and units digits of the marker
group from which the recorder tape was produced; and,

(8) 286000 is a code which directs the reader (which
will read these tape identity groups) to skip the splice
pattern 081010.

Since the processing of the central office tape begins
(at the accounting center) at one of the 3 A.M. points,
each regular recorder (00 to 19) tape will be cut there.
Thus, the leading end of this tape (the last part per-
forated in the central office due to accounting processing
backwards in time) will comprise only the upper half of
Fig. 1 since the cut takes place through the splice pattern.

Other than 3 A.M.—A regular recoider may have sub-
stituted for it or vice versa (when proper) the emergency
recorder at any time or may be made busy. This sub-
stitution will be referred to as a transfer. This transfer
or make-busy may be synchronous or non-synchronous.
Fig. 2 illustrates what appears on a regular recorder tape
at each such point (same as Fig. 1 except a 285 line is
added) where the D digit of the 285 line is a 5, 7 or 6
depending upon whether the point is respectively a syn-
chronous transfer, a non-synchronous transfer or a non-
synchronous make-busy. If a make-busy point is a
synchronous one, the tape identity codes are as shown
in Fig. 1; that is, there is no 285D00 code needed.

Special 3 A.M. transfer or make-busy condition.—In
the event that a transfer or make-busy condition occurs
at 3 A.M., one of two things can happen depending upon
whether the master timer starts the regular 3 A.M. proc-
ess first or the transfer or make-busy starts first. In
either case, whichever one starts first will cause its job
to be completed; then, the other will follow.

Sections.—The various tape sections from the regular
recorder (00 to 19) are arranged in that order and are
spliced together so that when processed at the accounting
center the 00 recorder tape is processed first and then the
01, etc. to and including the last one, The first and last
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‘ecorders to be processed may have any numbers desired
vithin those numbers assigned to the recorders.

Processing—The regular recorder tapes, arranged in
iscending order of recorder numbers (starting and end-
ng at any desired numbers) and spliced together in that
wrder, are processed after the emergency recorder tapes
ire processed where, as is generally the case, each block
f recorder numbers has its own individual emergency
ecorder. A block of recorder numbers is generally 00
o 19 and is assigned to a specified marker group with
in emergency recorder individual thereto. In the event
hat only one emergency recorder may be assigned to
ierve more than one recorder group (the accounting
enter processes only one marker group or recorder
;roup at a time). The emergency tape for a recorder
woup must be processed after the regular tape; other-
vise, the leading tape identity might not check out on
he “last day” code in the 284 and 283 lines (see
7ig. 1).

Regular splice pattern—Fig. 3 shows that regular
;plice pattern is 081010 in a series of lines, the number
»f which depends upon the situation where it is per-
‘orated.

Skip splice and window splice.—Fig. 4 illustrates splice
sattern 081010 preceding (in the reading direction) by
1 skip splice code 286000. This is the usual introduction
o a splice pattern except, as previously described, in the
;:ase of splice pattern on the leading end of a tape inserted
nto the accounting machine for processing.

A “window,” a rectangular elongated cut in the center
»f the tape, is produced where two sections of tape are
shysically spliced together. This is to preclude the use
»f this double thickness of tape for code groups. A win-
jow splice code group, such as Fig. 4, is produced when
1+ window is detected by a recorder in its unpunched sup-
sly tape. Window splice procedure awaits the comple-
tion by the recorder of its then business, in the event
hat it is perforating code entries, because there is suf-
jcient tape ahead of the window to finish any perforat-
ing job started. In the event that the recorder is in
he process of perforating an entry which includes splice
pattern, such as the tape identities of Fig. 1 or 2, it is
permitted to continue because the net effect is to produce
a1 window splice.

Regular hour entries—At each hour in the central
»ffice a one line code 2810EF is perforated on all re-
corder tapes. The E and F digits represent the respective
tens and units digits (00 to 23) of the current hour (see
Fig. 6).

Missing or mutilated hour entry—Upon some occa-
sions a recorder, due to one reason or another, either fails
.0 perforate an hour or perforates it incorrectly.

If a recorder fails to perforate an hour and such fact
's detected at that time, a missing hour entry 281899, as
shown in Fig. §, is perforated. This is a signal that
there should be a regular hour entry at this point and
that whichever machine is processing this tape should
take note of that fact and make suitable adjustments, etc.
These adjustments include the cancellation of overtime
sharges because the 281899 code may not represent the
Tue exact missing hour point.

If a recorder perforates a mutilated hour entry the
-ecorder immediately in the next line perforates an
wpology entry 281999, as shown in Fig. 6, This entry
tells the reading equipment to skip the next line (the
nutilated 2810EF hour entry) and to take proper steps
o adjust itself to the proper condition. This requires
no charge cancellation because the timing is exact.

Initial entries—Whenever a call is placed by a calling
subscriber, the call must be set up over a trunk or a
junctor or some common transmission path, which is
identifiable by number. Each regular recorder (00 to
19) is assigned to handle the recording of traffic over
any one of such paths within a particular marker group
(central office common control equipment covering at
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10
least one central office and quite generally more than one
office).

When the call is placed and the transmission path
(which will be considered as a trunk) is selected, an
entry is placed on a recorder tape. This entry is called an
“initial entry” and can take one of two forms. It may
be a two-line entry or a four-line entry. The two-line
entry is one produced by a call which can be charged by
message units. A four-line entry is one which must be
charged in more detail, such as a toll call or an observed
call or an ordinary message unit call for which detailed
billing information is desired.

Fig. 7 illustrates the arrangement of a two-line initial
entry where the following factors appear:

(1) The A digit 2 in line (1) indicates the first line
of an initial entry;

(2) The B digit 1 in line (1) indicates a message unit
{MU) call;

(3) The C digit of line (1) is a message billing index
indicating the basic charging rate for this customer;

(4) The D digit of line (1) is not used;

(5) The E and F digits of line (1) are the tens and
units digits of the call identity index (the number of the
transmission path or trunk used);

(6) The A digit 0 in line (2) indicates a supplemental
line of an initial entry;

(7) The B digit of line (2) represents the calling office
by an index number which identifies it within the marker
group; and,

(8) The C, D, E and F digits of line (2) represent
the thousands, hundreds, tens and units digits of the
calling line numericals.

Fig. 8 illustrates the arrangement of a four-line initial
entry where the following factors appear;

(1) The A digit of 2 in line (1) indicates the first line
of an initial entry;

(2) The B digit of line (1) is a 3 if the call is a mes-
sage unit detail (MUD) or toll (TOLL) call;

(3) The B digit of line (1) is a 4 if the call is an ob-
served (OBS) call;

(4) The C digit of line (1) is the message billing
index;

(5) The D digit of line (1) is not used;

(6) The E and F digits of line (1) comprise the call
identity index;

(7) The A digits of O in lines (2), (3) and (4) indi-
cate supplemental lines of an initial entry;

(8) The B digit of line (2) is the calling office index;

(9) The C, D, E and F digits of line (2) represent the
calling line numericals; :

(10) The B digit of line (3) is an index representing
the calling area (this is necessary for extended message
unit service, if provided for, between charging areas);

(11) The C digit of line (3) is the called number in-
dex which is 3, 4 or § indicating that the called line
numericals consist of 3, 4 or 5 digits, respectively;

(12) The D, E and F digits of line (3) represent the
A, B and C called office code digits; and,

(13) The B, C, D, E and F digits of line (4) repre-
sent the respective thousands, hundreds, tens, units and
station (or party) digits of the called line numericals.

Timing entries.—The initial entry is the first call entry
perforated for a call. Next, the time when the call is
answered is recorded in a timing entry of one line as
shown in Fig. 9. Later, when the call is disconnected,
a timing entry is again perforated according to Fig. 9.
These are designated the answer and disconnect timing
entries, respectively. In view of the fact that the three
elements of call data are not necessarily, and usually are
not, produced on the tape one right after the other, it
is necessary for the accounting machinery to segregate
the items relating to each other from a jumbled sequence
of unrelated such items on the central office tape. In
view of the fact that the accounting machinery processes
the central office tape backwards (in time), the normal
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course of events is to read the disconnect time first, then
later to read the answer time and then later to read the
initial entry. All three are coordinated by means of
the call identity index which, of course, is common to
all three entries.

An answer or disconnect timing entry is perforated ac-
cording to Fig. 9 where:

(1) The A digit is 1 or 3 designating the line as a
timing entry;

(2) The A digit of 1 indicates a regular or normal
answer or disconnect time;

(3) The A digit of 3 indicates that the disconnect was
caused by a time out (that is, called party disconnects
first and calling party, due to its failure to disconnect,
is timed out, and thus an allowance in charge time must
be made in computing the charges};

(4) The B, C and D digits represent, respectively, the
tens, units and tenths (or “parts”) of the time in terms
of minutes; and,

(5) The E and F digits comprise the call identity in-
dex.

Lost initial entry.—In the event that an initial entry
is lost or cannot be perforated, due perhaps to the fact
that the regulator recorder is out of service and the
emergency recorder is also busy with another call, ac-
tion is taken to prevent the perforating of the answer
and disconnect timing entries when they occur even
though a recorder is then available.

Apology entry for a line or lines—Whenever, due to
one reason or the other, such as the detection by the re-
corder of a mutilated single or multiline entry, the re-
corder makes a mistake, an apology entry 287000 is en-
tered immediately after the line or entry. When the tape
is processed the 287000 is read first of course. Fig. 10
shows an apology entry 287000. This signal tells the
accounting machine to skip the next line and all subse-
quent consecutive lines having an A digit of zero. This
287000 code therefore is effective to cause skipping of
any single line or any entire initial entry.

Charge guard entry—For one reason or the other the
recorder, at times, such as when a timing or other charg-
ing defect is discovered which might cause an error in
customer charges, will perforate a charge guard entry,
which is a single line of 285400, such as is shown in Fig.
11. The ultimate effect of this code at the accounting
machinery is to cause all charges or merely overtime to
be canceled depending upon where the 285400 code ap-
pears on the tape with reference to the three elements of
call entries (answer, disconnect and initial entries) for
any particular call in process.

If the 285400 appears on the central office tape, the
intelligence conveyed to the accounting machine is that
the timing means at the central office was not accurate
at that time or that some other defect existed which
might affect charging. Depending upon how many tim-
ing entries (one or both or none) have been read by the
accounting machinery prior to reading the 285400 code,
the accounting machinery will cancel overtime or all
charges.

The accounting machinery reads and stores the call
entries in the order of disconnect, answer and initial en-
tries, as has been mentioned. The first timing entry read
is assumed to be the disconnect and the second is thus
the answer. If a 285400 is read after the first timing en-
try for a call has been read, but before the second tim-
ing entry for the call, it is assumed that the disconnect
time is wrong and the accounting machine immediately
cancels any overtime charge (by releasing the timing
entry) on all calls for which one timing entry only has
been read. If the 285400 is read after two timing en-
tries have been read for a call, it is assumed that both
entries are wrong and the accounting machinery cancels
all charges (by releasing both entries) on all calls hav-
ing two timing entries.
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EMERGENCY CENTRAL OFFICE RECORDER
TAPE

3 A.M.—The emergency recorder tape in the central
office is prepared with tape identity groups of codes al-
ways at the 3 A M. hour. These tapes are always cut
at the 3 A.M. point on the first day of a month. They
may be cut at the 3 AM. point on any day of a month
depending upon where the accounting center is to start
processing these tapes backwards (in time).

The 3 AM. point for the emergency recorder may
represent one of two conditions:

(1) The emergency recorder may be idle; or,

(2) The emergency recorder may be acting for one of
the regular recorders.

These two conditions are represented by the follow-
ing two tape identity groups, respectively:

(1) Fig. 1 where:

(a) The D digits of the 284 and 283 lines represent
the calendar day at 3 A.M.;

(b) The E and F digits of the 283 line represent the
month associated with the calendar day except that where
the calendar day is 01 the month is shown as the pre-
ceding (in time) month;

(¢) The E and F digits of the 280 line are 40 show-
ing that the emergency recorder is idle, and

(d) The D digit of the 280 line is 6 indicating that
this tape is emergency recorder tape.

(2) Fig. 1 where the same codes as in (1) directly
above are available except that the E and F digits of
the 280 line represent the regular recorder (00~19) num-
ber for which the emergency recorder is acting.

Either one of these two conditions may occur at the
3 AM., point. Since the processing of the central office
tape begins (at the accounting center) at one of the 3
AM, points, the emergency recorder tape will be cut
there. Thus the leading end of this tape (the last part
perforated in the central office due to accounting process-
ing backwards in time) will comprise only the upper half
of Fig. 1 since the cut takes place through the splice pat-
tern.

Other than 3 A.M.—The emergency recorder may
transfer to or from a regular recorder at any time. The
emergency recorder may transfer to or from a regular
recorder synchronously or non-synchronously. Fig. 2 il-
lustrates what appears on the emergency recorder tape
at each such transfer point where the D digit of the 285
!me is a 5 or a 7 (depending upon whether the transfer
is synchronous or non-synchronous) and where the D
digit of the 280 line is a 6.

Special 3 A.M. transfer condition.—As explained in
connection with the regular central office tapes, if a
transfer coincides with the 3 AM. point both identity
groups are perforated one after the other in the order
of their occurrence.

Entries—All entries made in the emergency recorder
tape are the same as would have been entered in the
regular recorder tape had it been acting for itself. This
includes all of the particular types of entries discussed in
connection with regular recorder tapes including regular
hourly entries (2810 line) even though the emergency
recorder may then be idle.

Sections—Due to the fact that the emergency recorder
may be called upon to act for various regular recorders
at various times, there is no definite order to the successive
sections of emergency recorder tape other than a time
sequence. The particular point of interest here is that
the recorder number entries (280 lines) do not occur in
a definite sequence.

Processing.—The emergency recorder tape is always
processed in the accounting center assembier-computer in
whole ahead of the various regular recorder tapes where
only one marker group is involved (thus—no duplication

78 of recorder numbers).
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ASSEMBLER-COMPUTER OPERATION-—GENERAL

General operation.—The basic task of the accounting
:enter machinery is to process the data contained on the
:entral office tapes. This process consists of reading the
sentral office tapes, sorting out the three elements of call
la'tait for each call (disconnect time, answer time and
nitial entry), making a computation to arrive at the
sharges or the chargeable time, and perforating the com-
?uted information on output tapes which can be used
‘urther to control machines for preparing the computed
pformation in billable form, such as typewritien billing
ists, etc. Teletypewriters may be made responsive to
he output tapes to print such tabulations. Reference to
he block diagram layout of Figs. 30 through 49 (arranged
s shown on Fig. 50) will be helpful in understanding
his general description.

:I‘he output perforators of the assembler-computer com-
yrise a minimum of twelve operating perforators, such as
serforators 0 to 11 of Fig. 44. There are ten so-called
‘message unit” (MU) perforators (Nos. 0 to 9) identi-
iable by respective digits 0 to 9, one so-called “detail”
‘DET) perforator (No. 10) and one so-called “straddle”
‘STDL) perforator {No. 11).

The assembler-computer can dispose of calls in one of
hree general ways depending upon the information avail-
ible in the assembler-computer on the call at the time an
nitial entry is read into the machine:

(1) The call may be perforated on one of the “regular”
>utput tapes (MU or DET); or, '

(2) The call may be perforated on the straddle tape
(STDL); or,

(3) The call may be discarded.

The manner in which the “call disposition” is handled
lepends upon certain information in the assembler-com-
>uter which requires some discussion at this point in
srder to appreciate the call disposition aspects of the
nachinery.

Main parts of assembler-computer—The assembler-
:omputer comprises at least seven main functional parts:

(1) Reading—means for reading the codes of in-
formation in the successive lines of input tape (centeral
office tape);

(2) Entry recognition—means for recognizing the type
»f code read and properly routing or recording it within
‘he accounting machine;

(3) Tape controlling—means responsive to tape iden-
ity codes and to other control! codes for checking proper
succession of tape sections and for accomplishing various
specific control functions responsive to particular codes
and for storing tape control information;

(4) Assembling timing data—means for assembling
together the timing entries for the same call according
o the call ideatity index;

(5) Call entry handling—means for recording initial
sntries and for initiating computing and ouiput functions
for the call identified in its parts by the call identity index;

(6) Computing—means for computing chargeable
lime or message units on a call; and,

(7) Output—means for disposing of both processed
and unprocessed calls to an output tape or for completely
discarding certain calls.

The set-up switches.—~The assembler-computer includes
1 number of manually adjustable so-called ‘“set-up
switches” which are settable manually at the start of the
processing of central office tape to control the accounting
period as to what tapes will be processed and in what
order, etc. Such switches are indicated in Figs. 41
and 42.

It will be recalled (see Fig. 1 and the discussion relat-
ing thereto regarding central office tapes) that the tape
identity groups at the leading, trailing, transfer and make-
busy points on central office tape include codes of the
nature of 284DEF, 2830EF, 280DEF, 2811EF and
2821EF, etc. including information regarding each sec-
tion of tape as to its last day, calendar day, month, re-
corder number, marker group, etc.
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There is a set-up switch for each of the following items
with the indicated significance:

(1) Last day tens (see ¥ig. 41)—LDT—the setting
of the LDT switch determines the tens digit (0, 1, 2 or 3)
of the last accounting day of central office tape which
is to be the first part processed;

(23 Last day units (see Fig. 41)~—LDU—the setting
of the LDU switch determines the units digit (0 to 9) of
the last accounting day;

(3) Month tens (see Fig. 41)—MT—the setting of
the MT switch determines the tens digit of the month
which is to be processed;

(4) Month units (see Fig. 41)—MU—the setting of
the MU switch detremines the units digit of the month;

(5) First recorder tens (FRT) and units (FRU)
switches (see Fig. 41) determine the number of the cen-
tral office recorder tape which can be processed first gen-
erally after the emergency recorder tape);

(6) Last recorder tens (LRT) and units (LRU)
switches (see Fig. 41) determine the recorder tape which
is to be processed last;

(7) Marker group tens (MGT) and units (MGU)
switches (see Fig. 42) determine the number of the
marker group whose tapes may be processed; and,

(8) The sort (SORT) switch (see Fig. 42) deter-
mines what digit of the calling line number will be used
to sort calls onto the ten MU perforators (0 to 9)—the
sort digit may be the office index (where the marker group
covers more than one office) or the thousands or units
digits of the calling line number (where the markpr group
covers only one office)—for a sort by units, for instance,
the 0 MU perforator will produce output entries for all
MU calls from calling parties having a units digit of 0
in the line number, etc.

The tape identity groups on the central office tapes are
checked against these set-up switches and the machine can
continue to process central office tapes onl-y upon a satis-
factory check of the tape identities against the set-up
switches at the start and satisfactory periodic checks
against the set-up switches and against a proper progres-
sion from the previously processed tape or tapes, except
that the “last day” check is canceled after it is checked on
the leading end of each tape section as processegi. Tl'.le
various tape sections of the central office tape will begin
and end with these tape identity groups of codes and, as
has been discussed in connection with central office tapes,
the various sections are connected to each other by splice
patterns, etc., due to the 3 A.M. end-of-tape groups t}nd
the transfer or make-busy points and due to the physical
splicing together of tapes from variously numbered cen-
tral office recorders.

All tape identity codes are “28” codes (of tl.le forxp
28CDEF). The “28" circuit of Fig. 31, along with vari-
ous registers and control circuits illustrated gex.lerally in
Figs. 31 and 40 and along with the reader, reading _relays
and related circuits of Fig. 30, handles the checking of
tape progress during the processing of central office tape.

Factors controlling call disposition.—Whenever the
elapsed time of a call is computed as exceedir}g 99 }Txlnutes
or 99 MU’s. it is considered as “gver-capacity” since }he
computer cannot handle it. If a call is not overcapacity,
such an indication is provided. The computer shqwn in
Figs. 48 and 49 controls this situation upon detecting an
overcapacity condition. i

Calls where elapsed time is less than 40 minutes never
can be overcapacity due to the charging rates employed
in this system. These calls are classified as “short calls”
by the computer. “Non-short calls” are those of more
than 40 minutes’ duration as computed.

An indication is available from the assembling regis-
ters of Fig. 39 as to whether no, a single or two timing
entries are available on a call. When the initial entry is
received in one of the processing registers of Figs. 32 and
33, this timing entry indication is passed to the computer
of Figs. 48 and 49.
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The assembler-computer will also know whether or not
a call is an observed call. This information will be
available to the processing registers of Figs. 32 and 33
from the initial entry.

At the start of each tape section (at a recorder change
or a transfer point) the assembler-computer keeps track
of the passage of time and provides an indication as to
whether or not a minimum of one hour has passed since
the start of the tape section. Figs. 31 and 40 show vari-
out circuits related to hour control.

Each assembling means, such as one of the assembling
registers of Fig. 39, provides an indication as to whether
or not it has handled (recorded and disposed of} the tim-
ing entry or entries for its “first call” of each tape section.

After the start of the processing of a tape section even-
tually the initial entry with a given call identity index
will be read by the reading relays of Fig. 30, which pass
the data relating thereto into one of the processing regis-
ters of Figs. 32 and 33. At that time there will previ-
ously have been read into an assembling register (Fig. 39)
of the machine either one or two or no timing entries;
two, if all of the three call entry items are on that section
of tape; one, if the disconnect entry is on a later (in time)
central office tape; or, none, if both answer and discon-
nect entries are on a later tape,

At each reading of an initial entry, the call disposition
is decided upon, generally by the involved processing
register, as to whether the call is to be perforated on a
regular output tape (MU or DET) or on the straddle tape
(STDL) or is to be discarded.

At the end of processing a tape section, only timing
entries (one or two per call) can be left in the timing
data assembling part of the machine. This requires a
special straddle tape operation not requiring the services
of the call disposition aspect of the machine. The effect
is to place all such uncomputed and incompletely proc-
essed timing information onto the straddle tape (perfora-
tor 11 of Fig. 44).

Call disposition.—The following conditions will cause a
call to be perforated on a regular output tape (perforator
0 to 10 of Fig. 44):

(1) A short call having two timing entries;

(2) A call having two timing entries and not over-
capacity and not a short call;

(3) A call having one timing entry and not a first call;

(4) A first call having no timing entries and which is
observed but which comes after the one hour count; and,

(5) An observed call having no timing entries and not
a first call.

The following conditions will cause a call to be per-
forated on the straddle tape (perforator 11 of Fig, 44):

(1) A first call having a single timing entry;

(2) A first call having no timing entries and which is
not observed and which comes before the one hour count;

(3) A first call having no timing entries and which is
observed and which comes before the one hour count;
and,

(4) An overcapacity call having two timing entries.

The following conditions will cause a call to be dis-
carded:

(1) A first call having no timing entries and which is
not observed but which comes after the one hour count;
and,

(2) An unobserved call having no timing entries and
which is not a first call.

First call and hour count analysis.—~The logic behind
the “first call” situation is this. The call identity indices
in the timing and initial entries are the main controlling
signals for associating related items of call data for
processing in or by the assembler computer. These in-
dices may be, and generally are, trunk members and it is
obvious that one trunk can handle only one call at one
time.

Therefore, when a new tape section is started the first
call of a particular call identity index may logically be in-
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complete because one or both timing entries may be on
the next (later) central office tape and thus these records
are reproduced on the straddle tape. If, however, an
hour has passed before reading the initial entry, there
having been read no associated timing entry, it is highly
improbable that it took more than an hour for the call
to be answered so it is discarded unless it is observed,
whereupon it is perforated on the regular DET tape. If
an hour has not passed, there having been read no timing
entries, whether observed or not, it is placed on the
straddle tape. If the first call has only one timing entry,
it is placed on the straddle tape.

After the first call has been handled, however, it must
be assumed that the next initial entry having the same
call identity index should have had both of its timing
entries on the tape section subsequent (as read) to the
handling of the first call. Thus, such a non-first call
having no timing entries is discarded unless it is observed,
whereupon it is placed on the regular DET tape. Also,
such a non-first call with only one timing entry is placed
on a regular tape on the assumption that the other tim-
ing entry was lost.

Trailing end straddle.~At the end of processing a sec-
tion of tape (at a recorder number change or a transfer
or make-busy point) there may be one or two timing
entries still remaining in the assembling means (Fig. 39)
and for which no initial entry has been received in a
processing register of Figs. 32 and 33. This, of course,
may mean, and generally does mean, that the initial
entry for this or these timing entries will be found on
a prior (in time) central office tape for another account-
ing or processing period. These timing entries must be
preserved and the means therefor is the straddle tape.

Since no initial entry is involved in the trailing end
straddle entries, the call disposition circuit, etc. is not
involved in disposing of these entries. The straddle tape
is controlled by the assembling (Fig. 39) and comput-
ing (Figs. 48 and 49) means to produce these output
items.

Regular perforators.—The regular tapes are those pro-
duced by the ten MU perforators (0 to 9 of Fig. 44)
and the DET (detail) perforator (10 of Fig. 44). The
usual message unit calls which can be charged by a
computation of message units up to 99 are perforated
as computed on one of the MU perforators (0 to 9)
depending upon the sort digit (office, thousands or units).
Toll calls are perforated on the DET tape. Any “ob-
served” call is perforated on the DET tape. If an MU
call is observed, it is perforated on both the MU and
DET tapes. A call may be of the MUD class (message
unit-detail) because for some reason the MU call re-
quires detailed billing information. This call is repro-
duced on both the MU and DET tapes.

Straddle perforator.—Calls reproduced on the straddle
tape (11 of Fig. 49) are those which are overcapacity
(over 99 MU’s or 99 minutes) and those for which full
billing information is not available and which are not
discarded. The straddle clerk will process these calls
manually by inspection of the straddle tape.

ASSEMBLER-COMPUTER OUTPUT
TAPES—GENERAL

Leading tape identity.—At the start of processing cen-
tral office tape sectioms, the first process in the output
of the assembler-computer is to perforate a series of
splice patterns on all output tapes. This pattern is regu-
lar splice 081010 for all regular tapes and straddle splice
181010 for the straddie tape. Then, when the leading
tape identity group of codes for the central office emer-
gency tape (see Fig. 1) is read and checked, leading tape
identity is placed on all output tapes.

Fig. 12 shows the leading tape identity which is placed
on all regular tapes under the control of the set-up
switches, etc., where P shows the direction of perforating

and where:
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(1) The E and F digits of line (1) are the tens and
units digits of the tape index which is 11 for MU tape-
office sorted, 12 for MU tape-thousands sorted, 13 for
MU tape-units sorted and 50 for DET tape;

(2) The E and F digits of line (2) show the marker
group tens and units digits;

(3) The E and F digits of line (3) represent the
tens and units digits of the first recorder to be processed;

(4) The E and F digits of line (4) show the last
recorder tens and units;

(5) The E digit of line (5) is an index designating
the pertinent calling office where a multioffice marker
group is involved—this digit is 0 for a single office marker
group;

(6) Line (6) is a meaningless code inserted merely
to satisfy the numerical progression of code entries;

(7) The E and F digits of line (7) are the tens and
units digits of the “last day,” which is the last central
office accounting day represented by the tape being proc-
essed;

(8) The E digit of line (8) is the tape sort digit which
is 0 for DET tape and 0 to 9 for MU tapes; and,

(9) The E and F digits of line (9) represent the month
tens and units,

There are two different conditions which can take place
regarding leading tape identity on straddle tape depend-
ing upon the situation at the start of processing. These
two conditions are as follows:

(1) If the emergency recorder tape processed shows
that at the 3 A.M. cutting point the emergency recorder
was idle, three lines of straddle splice code 181010 per
Fig. 13 are placed on the straddle tape in lieu of tape
identity; or,

(2) If the emergency recorder was busy at the 3 AM.
point, tape identity, as shown in Fig. 14, is placed on
the straddle tape where:

(a) The B digit of line (1) is a 1 to indicate that the
tape is an emergency recorder tape;

(b) The C and D digits of line (1) indicate the re-
corder tens and units for which the emergency recorder
is acting;

(c) The B digit of line (2) is a 3 indicating that this
tape section represents a transfer condition;

(d) The C and D digits of line (2) are the month
tens and units digits;

() The E and F digits of line (2) are the day tens
and units digits;

(f) The C and D digits of line (3) are the marker
group tens and units; and,

(g) The E and F digits of line (3) are the hour tens
and units digits.

Emergency tape transfer points—The emergency cen-
tral office tape in its entirety is generally processed first.
Here there is no definite order of recorder numbers so
there is no check of a definite progression of such num-
bers from section to section of emergency tape.

As a result of processing the emergency tape, each
call (initial entry and/or one or two timing entries, de-
pending upon the type of call, etc.) is disposed of by
either:

(1) Perforating it on an MU tape; or

(2) Perforating it on the DET tape; or,

(3) Perforating it on both an MU and the DET tape; or,
(4) Perforating it on the STDL tape; or,

(5) Discarding it.

Whenever, on the emergency tape, a tape identity
proup is encountered which indicates a transfer to or
from a regular recorder or a return of the emergency
recorder to an idle condition, suitable action is taken
as follows:

(1) If a transfer is from a regular recorder to an
idle emergency recorder and the transfer is indicated as
having been made in synchronism with the master timer,
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a straddle tape identity group as shown in Fig. 14 is
perforated on the STDL tape where:

(a) The B digit of line (1) is 1;

{b) The B digit of line (2) is 3; and,

(¢) The C and D digits of line (1) show the number
of the rezular recorder from which the transfer was
made.

(2) I the transfer in paragraph (1) directly above
were non-synchronous, a straddle tape identity group as
shown in Fig. 15 is perforated on the STDL tape where
line (4), the 077777 code, is the indication of a non-
synchronous transfer,

(3) If a transfer is from a busy emergency recorder
back to a regular recorder, a straddle tape identity group,
such as Fig. 14 or Fig. 15, is perforated on the STDL
tape (after all timing entries derived from that section
of emergency tape have been disposed of) depending
upon whether the transfer is synchronous or non-syn-
chronous.

Regular tape transfer, make-busy or recorder change
points.—After the emergency tape has been processed,
the regular central office tapes are processed in one string
wherein each recorder (00 to 19) tape is spliced to its
next higher numbered recorder tape, the first one cor-
responding to the first recorder set-up switches settings
and the last one matching the setting of the last recorder
set-up switches. These sections of regular tape must be
processed in a strict order of progressively higher recorder
numbers.

The first section of first recorder tape is processed and
during this processing it may be found to have gone
through one or more of these conditions:

(1) Tt may have been made busy or returned to service
from a busy condition without a transfer to or from the
emergency recorder either synchronously or non-synchro-
nously; or,

(2) It may have transferred to or from the emergency
recorder synchronously or non-synchronously.

NMeither of the conditions of (1) or (2) directly above
will cause any tape identity to be perforated on the
regular tapes, but suitable tape identity will be entered
on the STDL tape according to Fig. 14 (synchronous) or
Fig. 15 (non-synchronous) where:

(1) The B digit of line (1) is O indicating that the
straddle information comes from a regular tape; and,

(2) The B digit of line (2) is a 3 if a transfer is
indicated or a 2 if a non-transfer (such as a make-busy)
is indicated,

Whenever a regular tape is brought into service, lead-
ing end straddles are taken care of and whenever a
regular recorder tape is taken out of service, trailing
end straddles are handled.

Wherever, in the regular tape, there is tape identity
which shows a recorder change, trailing end straddles are
handled for the tape section (recorder number) just
finished, followed by straddle tape identity for that re-
corder number.

This straddle tape identity will be according to either
Fig. 14 or Fig. 15 where:

(1) Fig. 14 is used with a B digit of 2 in line (2)
if the recorder tape section ends with the regular re-
corder in operation;

(2) Fig. 14 is used with a B digit of 3 in line (2) if
the recorder tape section ends with a synchronous trans-
fer from the emergency recorder;

(3) Fig. 14 is vsed with a B digit of 2 in line (2) if
the recorder tape section ends with a synchronous re-
turn from a make-busy condition;

(4) Fig. 15 is used with a B digit of 3 in line (2)
if the tape section ends with a non-synchronous transfer
from the emergency recorder; and,

(5) Fig. 15 is used with a B digit of 2 in line (2)
if the tape section ends with a non-synchronous return
from a make-busy condition.

Leading tape identity is placed at once on the STDL
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.tape for the next recorder. This will be Fig. 14 or Fig.
15 depending upon whether the emergency recorder was
in operation for the new recorder at the start of the tape
section or whether the regular tape was in operation or
whether the start of the tape section represents a trans-
fer or make-busy point of synchronous or non-synchro-
nous nature.

The process is repeated until the end of the last re-
corder tape section has been processed. When the tape
identity group is reached at the end of the last recorder
tape section, the trailing end straddles are put on the
STDL tape followed by trailing tape identity on all out-
put tapes beginning with STDL tape followed by regular
tapes.

The trailing tape identity on the STDL tape is in ac-
cordance with Fig. 16 or Fig. 17 depending upon whether
the last regular recorder was in operation or not. If the
regular recorder is in operation, there is no special
straddle condition, so three lines of straddle splice code
181010 are substituted for the usual tape identity fol-
lowed by straddle splice pattern 181010, all per Fig. 16.
If the end of the tape indicates that the regular recorder
was not in service the tape identity per Fig. 17 is used,
which is the same as Fig. 14 plus straddle splice pattern
codes 181010.

The trailing tape identity on the regular tapes is in
accordance with Fig. 18 which contains the same informa-
tion as in Fig. 12 except:

(1) The E and F digits of line (10) are the tens and
units digits of the machine number—this is the perforator
number (these are assigned in blocks of two digit num-
bers per assembler-<computer);

(2) Line (10) is skip splice code 2860EF; and,

(3) Lines (11) comprise a number of regular splice
pattern codes 081010.

ASSEMBLER-COMPUTER REGULAR OUTPUT
TAPES

All output entries are perforated by one perforator at
a time, but on occasion, such as MUD or MU-observed
calls, the output entry must be perforated by two or more
perforators. 1In these cases the MU perforator(s) is (are)
allowed to function first followed by the DET perforator.

Window splice.—If a window is detected in a regular
output tape either at the Ieading or trailing end of the
tape, the application of regular splice pattern 081010
covers the window so no special procedure is necessary.
This condition is shown in Fig. 19.

If a window is detected at an intermediate point, the
perforator is permitted to finish the job that it may then
be doing and the next output item is window splice ac-
cording to Fig. 20, which is regular splice codes 081010
preceded and followed by a line of skip window splice
code 287020.

Call entries—general—There are only three types of
call entries placed on the MU and DET tapes. These
represent completely processed calls and are:

(1) A onme-line entry on an MU tape for a local call
of less than 10 MU’s (message units);

(2) A two-line entry on an MU tape for a local call
of more than 9 MU’s or for an extended area MU call;

(3} A five-line entry on the DET tape.

One-line MU entry—Fig. 21 shows the make-up of a
one-line MU entry where:

(1) The B digit is the number of charged MU’s (0 to
9); and,

(2) The C, D, E and F digits comprise the thousands,
hundreds, tens and units digits of the calling line number.

Two-line MU entry—Fig. 22 shows a two-line MU
entry where:

(1) The C, D, E and F digits of line (1) are the
thousands, hundreds, tens and units of the calling line
number;

(2) The B digit of line (2) is a combined index repre-
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senting the message billing index and the called number
index as shown in the table with Fig. 22; and,

(3) The E and F digits of line (2) are the tens and
units digits of the charged MU's—10 to 99 for local
MU'’s and 01 to 99 for extended MU's.

Five-line detail entry.~—Fig. 23A shows the construc-
tion of a five-line DET entry where:

(1) The B digit of line (1) is the calling office index;

(2) The C, D, E and F digits of line (1) comprise the
calling line number;

(3) Line (2) is the start time (answer time) of the
call;

(4) The B and C digits of line (2) comprise a two-
digit compressed code representing the minute tens, hour
tens, and day tens of the start time and are shown in the
table of Fig. 23B;

(5) The D, E and F digits of line (2) represent the
day units, hour units and minute units of the start time;

(6) The B digit of line (3) is the called area index;

(7) The C digit of line (3) is a combined message
unit and called number index (see Fig. 22—line (2)—
B digit);

(8) The D, E and F digits of line (3) are the A, B and
C digits of the called office code;

(9) The B, C, D, E and F digits of line (4) are the
called number numericals, where F is the station (party)
digit;

(10) The B digit of line (5) is a combined class and
observing index according to the table of Fig. 23A;

(11) The C and D digits of line (5) are the charge
time tens and units; and,

(12) The E and F digits of line (5) are the message
unit tens and units.

ASSEMBLER-COMPUTER STRADDLE
OUTPUT TAPES

Entries on the straddle tape are entries for calls where
information on the tape section (central office tape)
being processed is not complete or where a call is over-
capacity or for other control purposes requiring special
clerical attention.

Window splice—A. window splice anywhere on the
straddle tape is produced according to Fig. 24 where it is
to be noticed that special straddle splice code 181010 is
used instead of the regular splice code 081010 and that no
skip window splice code is used.

Single timing entry—Fig. 25 shows a single timing en-
try where:

(1) An A digit of 1 in line (1) indicates a trailing end
straddle entry;

(2) An A digit of 2 in line (1) indicates a leading end
straddle entry;

(3) A B digit of 3 in line (1) indicates a disconnect-
timed out;

(4) A B digit of 1 in line (1) indicates a disconnect-
not timed out;

(5) The C and D digits of line (1) are the day tens
and units digits;

(6) The E and F digits of line (1) are the hour tens
and units;

(7) The B, C, D digits of line 2 are the tens, units
and tenths of minutes; and,

(8) The E and F digits of line 2 are the call identity
index tens and units.

Double timing entry.—Fig. 26 shows the make-up of a
double timing entry where:

(1) Respective A digits of 2 and 1 in lines (1) and (3)
indicate a trailing end straddle condition;

(2) Respective A digits of 3 and 2 in lines (1) and (3)
indicate a leading end straddle condition;

(3) The B digit of line (1) is a 3 or a 1 for timed out
and not timed out disconnect times, respectively;

(4) The rest of lines (1) and (2) are the same as lines
(1) and (2) of Fig. 25 for a disconnect time;
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{5) The rest of lines (3) and (4) are the same as lines
(1) and (2) of Fig. 25 for an answer time.

Initial entries—general—There are two kinds of initial
entries on straddle tape:

(1) An MU entry of four lines; and,

(2) A detail entry of six lines.

Six-line detail initial entry —Fig, 27 shows a six-line de-
tail initial entry where:

(1) The C and D digits of line (1) are the day tens
and units;

(2) The E and F digits of line (1) are the hour tens
and units;

(3) The E and F digits of line (2) are the call identity
index tens and units;

(4) The B digit of line (3) is the calling office index;

(5) The C, D, E and F digits of line (3) comprise the
calling number;

(6) The B digit of line (4) is a 1 or a 0 depending
upon whether the call is observed or not observed;

{(7) The D digit of line (4) is the message billing
index;

(8) The E digit of line (4) is a class index where the
digits 0 or 1 represent respective commercial or test tapes;

(9) The B digit of line (5) is the calling area index;

(10) The D, E and F digits of line (5) are the A, B
and C digits of the called office code;

(11) The C digit of line (5) is the called number in-
dex; and,

(12) The B, C, D, E and F digits of line (6) comprise
the called number numericals, including a station or party
digit in the F position.

Four-line MU initial entry~Fig. 28 shows the form
of a four-line MU initial entry where the same informa-
tion is provided as in the first four lines of Fig, 27 except
that the B and E digits of line 4 are both 0.

Charge cancellation entries—At times during the proc-
essing of central office tape signals are found on that (or
those) tape sections indicating that action should be taken
to guard against false charging. These conditions may be
summarized as follows:

(1) Whenever a missing hour code 281899 (see Fig. 5)
is read, the accounting machine must take steps to cancel
overtime charges on all calls in process because the 281899
entry is not necessarily the exact point of the missing regu-
lar hourly entry;

(2) Whenever a charge guard entry 285400 (see Fig.
11) is read or the “Cancel Charge Key” is operated (due
to machine trouble), the accounting machine must take
steps to cancel all charges on all calls in process where
one or two timing entries are recorded because the charge
guard code is a signal that a serious defect in the charg-
ing circuits has been detected;

(3) Whenever a non-synchronous transfer or make-
busy condition or a non-synchronous return of an idle
recorder to service is detected (see Fig. 2) the account-
ing machine must take steps to cancel overtime on calls
involving one timing entry; and,

(4) Whenever a missing hour is detected (by an hour
check failure), overtime charges must be canceled.

Missing hour.—If a missing hour is detected by an hour
check failure or by reading the 281899 code, all registers
containing single timing entries are released. This, in
effect, will cancel overtime on such calls. In order to tell
the straddle clerk of this action, an entry as shown in
Fig. 29 is placed on the straddle tape after the registers
have been released. Line (2) in this case will be 077777,
a signal to cancel overtime on calls affected.

Charge guard.—If a charge guard entry 285400 is read
or the cancel charge key is operated, all registers are re-
leased no matter how many timing entries are involved.
This will cause cancellation of all charges. The straddle
tape receives an entry as shown in Fig. 29 after the regis-
ters are released, Line (2) in this case is 099999, a signal

“to the straddle clerk to cancel all charges on calls affected.
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Transfers and make-busy.~—At transfer or make-busy
points there will be a straddle tape identity (see Figs. 14
and 15) associated with the leading and trailing end
straddle entries, where the presence of absence of the
line 077777 in this tape identity tells the straddle clerk
whether or not to cancel overtime, etc. on calls affected.

DETAILED DESCRIPTION OF MAIN DISCLOSURE

In the following detailed description of circuits, com-
ponents, equipments, etc. of the assembler-computer,
various sections thereof have been given identification
numbers for ease of reference. The following General
Table of Contents shows the overall arrangement of this
description:

GENERAL TABLE OF CONTENTS

Section 0—General circuit description

Section 1—Key controls for machine start and stop

Section 2—Reading relays

Section 3—Assembler registers

Section 4—Computer

Section 5-—Call entry registers

Section 6—Output control

Section 7—28-register and recorder, hour and day reg-
isters

Section 8—Logging keys and lamps

Section 9—Miscellaneous

At the beginning of each main section is a fairly de-
tailed table of contents of subject-matter by subsection
numbers. For instance: the third main subsection of
Section 0 is 0.3; the fourth further subdivision thereof
is 0.34; the third next subdivision thereof is (.343; and,
the fifth further division thereof is 0.3435. Each main
section is so arranged to facilitate reference to particu-
lars.

The General Circuit Description—Section 0 is geared
particularly to the block diagram of Figs, 30 through
50 and will, in conjunction with this functional layout,
afford an overall understanding of the system.

Sections 1 through 9 relate to circuit details shown in
the complete layout of Figs. 59 through 271 arranged as
shown on Figs. 51 through 58.

GENERAL CIRCUIT DECRIPTION—SECTION 0

0.1 Purpose of cireuit
0.2 Divisions of circuit
0.8 General description of process
0.31 OQutline of operation
0.32 Duphcate conirols
0.321 Duplicate reading relays
0.322 Duplicate call eniry equipment
0.323 Overlap operation
0.324 Call entry link
0.33 Assembling registers
0.33 General
0.332 Input—assembling of timing entries
0.333 Output—association of timing and initial
entries
0.34 Computer
0.341 General
0.342 MU messages (non-observed)
0.3421 Translation and subtraction
0. 312° Release of computer-connector
0.3423 Correlation of timing and initial entries
0.3424 Round off
0.3425 Class and billing index translation
Billing index translator
Charging formula connector
Computer class translator
0.3426 Tormula circuits
0.3427 Output from computer to call entry
register
0.343 Toll messages (non-observed and observed) —
detail form of input
31 General
0.3432 Class and billing index transiation
0.3433 Start time—hour and minates
0.3434 Start time—day
Start time day connector
Hour comparison
0.3435 Output from computer to call entry
register
0.344 Miscellaneous call classes
0.344 Toll unit messages
MUD messages
MU messages (observed)
Test calls (210 or 230)—(discarded)
“Cancel Overtime” messages

-

0.3445
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“Don’t Answers” or “Busles”
DA’s of intermediate calls
DA’s of non-observed first calis
DA’s of observed calls
0.8447 Overcapacity calls (over 99 MU’s or
99 minutes)
0.3448 Leading end straddles
Initial and one timing entry .
Initial entry only—no timing entries
0.3448 'Trailing end straddles
Two timing entries
One timing entry
0.35 Call entry registers
0.86 Output circuit
0.361 General
0.362 Composition of output circuit
0.863 OQutput circuit—regular calls
0.3631 MU call—decimal sort
0.3632 Toll call
0.3633 MUD and observed MU
0.3634 Straddles—leading end of tape
Initial entry and one timing entry
Initial entry alone—no timing entries
Straddles—trailing end of tape
Two timing entries
Single timing entries
Straddle tape identity
Straddles—overcapacity
Discarded calls
Cancellation entries
Tape preparation
group and recorder,

0.3446

0.3635

0.3636
0.3637
0.3638

G.3639
0.37 28-reglster

. and day
registers

hour

General
Composition of 28-circuit
Tape checking process
Recorder register
Hour register
Missing hour
Irregular hour 281899 (hour missing)
Irregular hour 281999 (skip faulty
entry)
Hour count
0.376 Day register
Last day record
0.38 Lamp display circuit
0.39 Straddle feature
Straddle page
Transfer-—synchronous (285500)
Transfer-—non-synchronous (285700)
Cancellation—make busy—non-synchronous
(285600)
Cancellation—charge guard (285400)

0.1 Purpose of circuit

The assembler-computer is designed to combine in a
single machine of the tape recorder accounting center
functions heretofore performed separately by the assem-
bler and the computer. The machine reads the central
office recorder tapes directly and stores the timing en-
tries in registers in such manner as to make possible the
assemblage of call elements, the computation of elapsed
time and message unit charges, and the sorting to output
tapes, all in one stage of operation.

Not only does the assembler-computer economize in
the number of processing stages, in tape handling effort,
and in quantity of tape consumed, but it further improves
the processing time through the use of its high speed
reader and perforators and through the duplication of
register and control equipment. Another improvement
arising out of the present method of assembling call
elements is a simplified straddle call procedure.

The assembler-computer undertakes to meet the fol-
lowing basic requirements:

hour

(a) To require no changes in central office automatic
message accounting (AMA).

(b) To be suitable for additions, replacements, and new
installations.

(c¢) To be used with a perforated tape-to-accounting card
tape-to-card converter.

{d) To make no provision for toll charge computing.

(e) To retain internal accuracy checks.

(f) To use magnetic reed-glass enclosed relays in regis-
ters.

0.2 Divisions of circuit (refer to general block diagram)

0.201 One reader (Fig. 30), designated for 25 pulses per
second for reading central office (CO) recorder tapes
and for providing control and perforating impulses.

0.202 Two sets of reading relays (Fig. 30), used alter-
nately so as to match the reader speed.

0.203 One hundred dry-reed relay assembling registers
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(Fig. 39) for storing the answer and disconnect times
pending association with the respective initial entries.

0.204 Two call entry registers (Figs. 32 through 36),
used alternately, for recording the initial entry together
with the results of computation.

0.205 One computer (Figs. 48 and 49), arranged (a)
to take the answer and disconnect times from the as-
sembling registers and the entry and billing indices from
the call entry register, (b) to subtract for elapsed time,
(c) to compute charges in MU’s (message units), and
(d) to deliver the results to the call entry register
concerned.

0.206 One output control circuit (Figs. 41, 42, 43 and
44), attachable to.either of the two call entry registers
on demand, and arranged to deliver the call output in
suitable form to the perforator selected by the con-
ditions of sorting.

0.207 Twelve perforators (Fig. 44) to record the call
outputs on tapes which are to be fed inmto the next
stage of the accounting process. These perforators
comprise ten for decimal sort (office, TH, U) of MU
messages, one for toll, MUD (message unit detail)
and OBS (observed) calls, and one for STDL (straddle)
and overcapacity (OC) calls.

0.208 One control unit (Fig. 43) for applying tape
identity, splice pattern and window pattern to the
various perforator tapes, to prepare the tapes for fur-
ther processing.

0.209 Various control keys (Fig. 45) to govern the
circuit operation, and an elaborate lamp display ar-
rangement (Figs. 37, 38, 45, 46 and 47) to aid the
operator in recording the condition of the circuit when-
ever necessary.

0.210 Miscellaneous registers, such as the 28-register
(Fig. 31), and the recorder (Fig. 40), hour (Fig. 31),
and day (Fig. 40) registers.

0.211 Miscellaneous connector and control equipment.
0.3 General description of process
0.31  Outline of operation

This section outlines the working of the circuit when
ordinary call eniries are assembled and computed and the
results either discarded or sorted and perforated on the
output tapes. Immediately following are the sections
which cover in somewhat more detail not only the features
briefly touched upon below but also some others not men-
tioned herein, such as tape preparation, operation of the
28-register, etc.

The method followed by the assembler-computer in
assembling calls is to store the answer and disconnect
timing entries of each call, as they are read from the CO
tape, in the particular one of 100 assembling registers
(Fig. 39) which corresponds to the CO district junctor
or trunk used on the connection, and then upon the ap-
pearance of an initial entry to summon up to the com-
puter (Fig. 48) the related timing elements waiting
in the assembling register.

The computer thus takes in the timing entries from
the assembling register while the initial entry is being
recorded in one of the call entry registers (Figs. 32
through 36). Upon receiving the entry and billing indices
(in Fig. 49) from the call entry register, the computer
(Fig. 48) proceeds to compute whatever elapsed time
and message charge information is required and to pass
this information over to the call entry register (Fig. 32
or 35). If only one timing entry is present, charges are
computed for the initial period but not for overtime, and
if no timing entry at all is present the computation is of
course omitted. Just previous to this point, the computer
(Fig. 48) has indicated to the call entry register how many
timing entries are involved and has dimissed the assem-
bling register (of Fig. 39) to free it for another call.

The call entry register, having checked to see that it
has received and recorded in its output registers (Fig. 32
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or 35) all of the data required from the computer, then
frees the computer for use on the next call. At the same
time, the call entry register attaches itself to the output
control circuit (Fig. 41), provided the latter circuit is
free to accept a new call. Meanwhile the call entry
register determines (call disposition Fig. 32 or Fig. 35)
whether the call shall be disposed of by perforating its
output on one of the regular decimal tapes or the toll
tape, or by perforating it on the straddle tape, or by dis-
carding it entirely. Factors entering into this determina-
tion are the class of call, i.e., whether MU, MUD, Toll,
OBS or NOBS (non-observed), test or non-test; the num-
ber of timing entries; whether the call when incomplete
is a first or intermediate call; whether it is overcapacity,
ete.

The output control circnit (Figs. 41 through 44), when
attached to the call entry register, takes note of the call
disposition prescribed by the call entry register, and if
the call is to be regular it sets up the form or composition
of the output as directed and indicates what perforator
or group of perforators is to handle the call. If the call
is MU the final act of sorting is done by the call entry
register, which selects the particular perforator corre-
sponding to the office, thousand, or umits digit of the
calling line, whichever has been designated by dial switch
setting (sort switch Fig. 42) as the kind of sort desired.
If the call is a toll call, a single output entry is perforated
on the detail tape. If the call is MUD, or if it is ob-
served and either MU or MUD, two output entries are
required, the first on one of the MU tapes for account-
ing purposes and the second on the detail tape, as a matter
of record.

The output is perforated one line at a time, the date
of each line being selected by a pattern relay (Fig. 43)
interposed between the entry or output registers (Fig. 32
or 35) and the perforator (Fig. 44). Before the output
control circuit allows the perforation to start it ascertains
that the initial entry is completely registered and that
none of its supplementary lines (i.e., 2nd, 3rd or 4th line)
is repeated.

If the call is classified as straddle by the call disposi-
tion circuit (Fig. 32), the initial entry will be present
but one or both of its timing entries will have been cut
off from the current tape and left on the trailing end of
the tape remaining at the central office for the next day’s
run. Straddles containing the initial entry will, there-
fore, be the first calls to appear for their respective
trunks or junctors and they can be recognized by an
indication which is supplied by the assembling register
(Fig. 39) on only the first call of the tape section and
forwarded through the computer (Fig. 48) to the call
entry register (Fig. 32 or 35). Such straddles are dis-
posed of by perforating their output in the usual man-
ner, but on the straddle tape only {No. 11 of Fig. 44),
The trailing end straddles, which consist of timing en-
tries left unmatched to initial entries when the end of
a tape section is reached, are perforated off on the
straddle tape one after another. Also routed to the
straddle tape are overcapacity calls, which require cleri-
cal handling because their elapsed time or charges exceed
the computing capacibility of the machine. At the con-
clusion of the run, the straddle tape entries are transcribed
to a printed page to be assembled and disposed of by a
clerk, who uses the call identity index or trunk number
to match together elements of the same call.

If the call cannot be classed as either regular or
straddle, it is disposed of by discarding. This is done by
the control circuit (Figs, 41 through 44), which, after
seizure in the usual manner, is caused to restore all parts
of the call entry register. Calls to be discarded include
completely recorded test calls and ordinary non-observed
DA’s (don't answers) or BY’s (busy calls). However,
any ordinary call or any test or observing call which
lacks one or both timing entries and which occurs as the
first call on a trunk, must be preserved on the straddle
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tape in order that the clerk may determine the status
of the call and match and dispose of any stray timing
entries. Also, recognizable DA’s or BY’s of observed
calls arc preserved for the record by perforating their
output on the detail tape.

0.32  Duplicate controls

0.321 Duplicate reading relays

In order to operate the reader (Fig. 30) and per-
forators (Fig. 44) at a speed of 25 pulses per second
and at the same time to minimize the number of cycles
required to process the CO tape, it has been found
necessary to duplicate the reading relays (Fig. 30) and
the call entry registers (Figs. 32 through 36). The read-
ing pin contacts are connected first to one set of reading
relays and then to the other set, alternately throughout
the run over separate connectors (Fig. 30). Each set
of reading relays upon operating locks itself, checks for
the correct number of relays energized (one only or all
three for the A digit and two-out-of-five for the rest)
advances the reader drum so as to present the next line
of tape to the reader pins, and operates an outlet con-
nector leading to a receiving register.

The two sets of reading equipment are interlocked
to guard against interference. For convenience, let the
two sets of reading relays be called “read A” and “read
B” (or side A and side B (Fig. 30)). If read A has
just taken a reading and has advanced the reader drum,
the outlet connector for read A must operate before read
B is connected to the reading pin contacts. This outlet
connector (Fig. 30) transfers the information from read
A to the waiting register, the register is checked for re-
ceipt of the record and the outlet connector and read A
are restored. The release of the outlet connector also
activates the start lead from read B, which in the mean-
time has been filled, so that read B can now operate its
own outlet connector provided a receiving register is
ready.

Stated more generally, the situation is such that once
a set of reading relays has taken in a record, the opposite
set cannot receive until after the first has been assured of
a delivery channel, nor can the opposite set, when filled,
start its output until after the first delivery channel has
been cleared away.

0.322 Duplicate call entry equipment

The reading relays (Fig. 30) can empty their record
into any one of three kinds of repisters; namely the
assembling registers (Fig, 39), the 28-register (Fig. 31),
and the call entry registers (Figs. 32 through 36). The
first two are reached by simple connectors, such that
either set of reading relays can operate its own con-
nector (timing connector of Fig. 30) to reach the as-
sembling registers (Fig, 39), or its own connector (28
connector of Fig. 31) to reach the 28-register (Fig. 31).
The call entry registers, on the other hand, are dupli-
cated so that the output from one call can be perforated
from one of the call entry registers while the input from
another call is being received on the other call entry
register.

Connection from the reading relays to the call entry
registers is made through a link (Figs. 31 through 36),
to be described shortly. Each call entry register contains
four separate line registers (Fig. 33 for the first call
entry register) for recording an initial entry having as
many as four lines, and in addition it contains miscel-
taneous output registers (Fig. 32) which are set from the
computer (Fig. 48) and which contribute a share of
information to the output circuit at the time of perfora-
tion. These oufput registers (Fig. 32), namely, (a)
MU, (b) chargeable time, (c) start time, (d) the com-
bination index for class, charge, and observing and (e)
the assembling register indications (first call and number
of timing entries), are all operated from the computer
through various comnectors that are mentioned in the



2,930,630

27

computer section following. The output from each caill
entry register is conveyed to the output circuit through
a large connector (Figs. 32 and 33), to which further
reference is made in the section on output. Each call
entry register also contains call disposition relays (Fig.
32), already referred to, which determine the manner of
treating the output.

0.323  Overlap operation

The overlapping of input and output functions of a
call entry register permits straightaway operation on an
unbroken series of MU (message unit) initial entries,
provided the relays operate normally. Specifically, if
call entry register No. 1 (Figs. 32 and 33) serves the
first call of a series, and register No. 2 (Figs. 35 and 36)
the second call, the only question as to availability is
whether register No. 1 can be made ready again in time
to receive the third call without delay. Assuming a
two-line output for the first call, then within the first
line of output the line No. 1 register (Fig. 33) of entry
register No. 1 is restored and made receptive to the first
line of the third MU entry. Between the first and second
lines of output, the line No. 2 register (Fig. 33) of entry
register No. 1 is restored; and, finally, after the second
line of output the rest of call entry register No. 1 (Figs.
32 and 33) is restored. This means that call entry reg-
ister No. 1 is made available in plenty of time to receive
the third MU call without delay under normal conditions.

Unusually long relay functioning times may cause a
delay of one reader cycle on every third call of a series
of comsecutive MU calls, although the concurrence of
sluggish relay operation and the consecutive series of
entries should not happen frequently enough to have any
material effect upon the processing time.

Another three call unbroken sequence which loses
reader cycles is that consisting of a toll initial entry fol-
lowed by two MU entries. In this case, if call entry
register No. 1 (Figs. 32 and 33) serves the toll call and
call entry register No. 2 (Figs. 35 and 36) serves the next
call, then call entry register No. 1 must be prepared to
receive the third call. This is accomplished in part by
restoring the line No. 1 portion of call entry register
No. 1 within the first line of output of the first or toll
call, thus allowing the line number 1 register to take
in the first line of the third call at once. After the fourth
or next to last line of the toll output, the line No., 2
register of call entry register No. 1 is restored and
checked down, for a purpose to be explained in a later
section. The line No. 2 register is held out of service,
however, until after the fifth or last line of toll output
has been perforated, at which time the output portion
of call entry register No. 1 and its lines No. 2, No. 3,
and No. 4, registers are made accessible. This means
that the third call must wait two extra reader cycles for
its supplementary line to be received. In other words,
the toll-MU-MU sequence wastes two cycles at the end
of the third call, although that delay does serve to wipe
out the lag of the call entry register for the time being.

The occurrence of a timing entry, since it involves only
the assembling registers of Fig. 39, in effect relieves
the demand for the services of the call entry registers,
and thereby minimizes or possibly eliminates any delays
attributable to the latter source. The computer proper,
arranged for the early release of its input side (Fig. 39),
is able to serve both call entry registers in turn, without
aggravating the delays. The occurrence of a 28-entry
first permits both call entry registers to dispose of their
records through the output circuit, and then interrupts
the processing of calls until after all operations involv-
ing the 28-register (Fig. 31) have been completed.
While several reader cycles may be occupied in this way
on any one 28-entry, the proportion of these entries is
relatively small,

It is worth noting that information concerning three
separate calls may be found stored in the call entry

10

15

20

25

30

35

40

50

5]

70

%

28

registers at the same time, assuming the three initial
entries to occur consecutively and with no other kind
of entry intervening. Some of the output information
for call No. 1 remains in the entry register during per-
foration of the output, and overlapping this in the same
call entry register will be the input for line 1 of call Ne.
3. Call No. 2 is meanwhile held recorded in the other
call entry register, awaiting its turn to be perforated.
One line of a fourth call may at the same instant be
under the reader pins and be readable on the display
lamps, but such line is momentarily excluded from the
reading relays. Calls of all classes may participate in
the above-mentioned condition of overlap.

0.324 Call entry link

The call entry link provides a 25 lead channel (Figs.
31 through 36) over which the record contained in
either set of reading relays (Fig. 30) is transferred to
one or the other of the two call entry register. On its
input end the link multiples to two connnectors (Fig.
31) which give access respectively to the output con-
tacts of read A and read B. At its terminating end the
link branches out to eight connectors, of which half
(Fig. 33) give access respectively to the four line rep-
isters of call entry register No. 1 and the other half
(Fig. 36) do the same for call entry register No. 2.

On the input end of the link (Fig. 31), the allotment
as between the two sets of reading relays is made by
the reader control circuit. On the output end of the
link (Figs. 33 and 36), the link control circuit preselects
one of the call entry registers to receive a call, and then
the other call entry register to receive the next call, and
so on alternately throughout the run. On any one call,
therefore, the two sets of reading relays (Fig. 30) alter-
nate with each other in delivering the lines of initial
entry into the link, while the terminating end of the link
stays put on one call entry register, passing information
a line at a time into the respective line registers (Figs.
33 and 36) until the call is entirely registered.

For example, when read A records the first line of a
four-line initial entry, it operates a start relay to ener-
gize its own connector (Fig. 31) onto the link, and also
the first line connector {(such as Fig. 33) leading out of
the link to the preselected call entry register (such as
No. 1 of Fig. 33). Read A also causes the reader drum
to advance to the next line of tape, although that line
cannot be read by read B until after read A has seized
the link. The record from read A is transferred to the
line No. 1 register, and after an up-check of the register
the link is disconnected and the read A relays are un-
locked.

Meanwhile the line count circuit (Fig. 33) associated
with the call entry register advances the conuector path
at the output end of the link so that the next linc will
be recorded in the line No. 2 register (Fig. 32)}. At the
same time the line count circuit switches the reading
relay start leads in such a way as to admit “0-” or sup-
plementary lines to the link. This latter feature in effect
insures that if and when a “0-” or supplementary line
is accepted it must have accompanied a “2-” or initial
line, the aim being to prevent a repeated or left-over
supplementary line from being registered in error as the
initial line of a new call.

Reverting to the present example, read B (Fig. 30),
which by this time has taken in the second line (i.e., first
“0-" line), advances the reader drum, operates its con-
nector (Fig. 31) to reach the link, and operates the line
No. 2 connector (Fig. 33) to extend the link to the line
No. 2 register. At this instant, read A is connected to the
reader pins to read in the third line (second “0-” line),
and read B transfers its record to the line No. 2 register.
The register makes its up-check and restores the link con-
nectors and read B. In like manner, the third line from
read A is registered, the fourth line is taken in by read
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B and transferred to the line No. 4 register, and read A is
directed to the next call,

The steering of the output end of the link from one
call entry register to the other takes place in two stages.
The first stage occurs during the registration of the initial
line of entry when the preference is shifted away from the
call entry register (Fig. 33) handling the call and directed
to the other entry register (Fig. 36). This prevents the
same call entry register from being used twice in succes-
sion. The second stage occurs during the registration of
the last line of entry (second or fourth) when sufficient
leads are switched over to preselect the other call entry
register, without, however, disturbing the link connection
already in use. The preselection takes effect when the
first call has been fully registered and the reading relays
which have started in on the next call are allowed to
seize the link, for at this point the link output is routed
to the new call entry register.

0.33  Assembling registers

0.331 General

The assembling registers (Fig. 39) record the discon-
nect and answer timing entries as these appear on the
central office tape, and later deliver these entries to the
computer (Figs. 39 and 48), as their respective initial
entries turn up. There are 100 active assembling registers,
numbered to correspond respectively to the 100 central
office trunks or district junctors served by a single recorder.
Each assembling register has storage capacity for the
disconnect and answer entries of the same call. The
time information registered for each entry comprises the
hour tens and units, and the minute tens, units and
tenths and the timed release index. In addition to the
registers for these timing items, there are certain control
relays (Fig. 39) per register, such as connector relays, a
release relay, a relay which indicates the busy condition
of the register, and a “first call” relay which shows whether
the call is the first one to occur on the junctor or trunk
for a given section of tape. For use in case of trouble,
there are four spare assembling register equipments (not
shown on Fig. 39), any one of which may be substituted
in place of any one of the 100 regular ones.

Two multilead channels, one for disconnect and the
other for amswer, are multipled before all the assem-
bling registers (Fig. 39), and are branched and extended
to the two timing entry connectors (Fig. 30) and to the
computer connector (Fig. 39), the former branch for the
intake of timing entries from the reading relays of Fig. 30
and the latter branch for emptying the assembling registers
into the computer of Figs. 39 and 48. A disconnect and
an answer time register connector per assembling register
serve to individualize the multiple whenever entries are
put into or taken out of the assembling register. The
answer time register connector has certain relay contacts
wired in such a way as to supply to the multiple the
call identity index which corresponds to the assembling
register.

0.332 Input—assembling of timing entries

When a set of reading relays (Fig. 30) receives a timing
entry it makes a 1 in 100 selection (over cable EF SEL
of Fig. 39) according to the call identity index given in
the E and F digits of the first line of entry, and so ener-
gizes the disconnect or answer timing register connector
in the assembling register (Fig. 39) indicated. The dis-
connect timing connector is always the first one to be
picked if the assembling register is empty, while the
answer time connector is selected if the assembling
register already contains one timing entry. The main
timing entry connector (Fig. 30) associated with the
reading relays in question next operates to connect the
reading relay output contacts into the multiple, at the
same time tying both halves of the multiple together, due
to the simultaneous operation of both halves of the timing
connector, inasmuch as either portion of the assembling
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register may have to be reached. Through the timing
entry connector and onto the multiple also passes the
hour data, which the hour circuit (Fig. 31) supplies
from the hour entries appearing at intervals on the tape.
The hour information (tens and units), and the minute
information (tens, units and tenths) and the timed release
index are thus conveyed to and stored in the relays of
the assembling register.

The registration of the disconnect or answer entry is
accompanied by the operation of a disconnect or an
answer control relay (Fig. 39) in the assembling register,
and this relay causes the release of the reading relays
and of their associated timing connector, as well as the
release of the disconnect or answer time connector in the
assembling register. The disconnect and answer control
relays, when operated, remain locked as an indication
that their respective timing entries have been registered.
The disconnect control relay also serves to steer the next
timing entry to the answer side of the register. Both
timing entries, or possibly a single one, are held in the
register awaiting the initial entry.

0.333  Qutput—association of timing and initial entries

When the first line of initial entry appears on the tape,
the reading relays (Fig. 30) start the link connectors
(Figs. 31 and 33) which lead to the preselected call entry
register (Fig. 33), and at the same time they initiate the
connection of the assembling register multiple (Figs. 30
and 39) to the computer (Figs. 39 and 48) and cause the
selection of the individual assembling register (Fig. 39).
The 1 in 100 selection of the assembling register to be
seized is made by the reading relays from the call identity
index contained in the E and F digits of the same first
line which started the demand for the call entry register.

5 Hence, at the outset, the assembling register selected

corresponds to the call which is being registered at the
moment in one or the other of the call entry registers. It
will be indicated later how the computer, after receiving
information from both the assembling and the call entry
registers, makes sure that the call elements obtained from
the two separate sources contimue to be associated with
the same call.

Just before the compiiter-connector operates, a com-
mon “joining” connector (Fig. 30) associated with all
the assembling registers closes for each register a con-
tact which, in the case of the selected assembling reg-
ister, permits both the disconnect and the answer tim-
ing register connectors to operate. This imeans that
both the disconnect and the answer registers are con-
nected to their respective halves of the muliiple, so that
when the computer-connector operates to connect the
main multiple to the computer, the disconnect and an-
swer records are carried in separately over their respec-
tive channels.

In the computer the disconnect and answer timing
entries are reregistered (Fig. 48) and are put through
a subtracting process to obtain their difference or elapsed
time, after which the result is passed through a connec-
tor to the output side of the computer (Figs. 48 and
49). At the same time, the checking information from
the assembling register, which states the number of tim-
ing entries and whether or not the call is a first call,
is recorded in the computer and rerecorded in the call
entry register, Also, the entry and billing indices from
the B and C digits of the line No. 1 part (Fig. 33) of
the entry register are recorded in the output side of the
computer (Fig. 49). When the above-mentioned things
have been done, the output side of the computer (Figs.
48 and 49) is ready to go to work on the call, and
both the input side of the computer and the assembling
register can be dismissed.

To restore the assembling register, the computer op-
erates a common release relay which restores the com-
puter-connector, thereby detaching the assembling regis-
ter multiple from the computer. The common release
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relay also causes the FC or “first call” relay of the as-
sembling register to be operated and locked, if the relay
is not already operated, and then it energizes the in-
dividual release relay in the assembling register. This
results in the release of all registers and control relays
in the assembling register, except the FC relay, which is
left operated thereafter to the end of the section of
tape. The assembling register is now ready to receive
the timing entries of the next call on the same junctor
or trunk.

0.34 Computer
0.341 General

The computer is divided into an input (Fig. 39) and
an output (Figs. 48 and 49) side so that data can be
taken in for a new call while that of the previous call
is being worked on and delivered. This division con-
tributes a small but necessary share to the overlap op-
erations, previously mentioned, whereby a continuous se-
ries of MU initial entries can be handled without proc-
essing delays.

On the input side, the main parts are: (a) the com-
puter connector (Fig. 39), which admits disconnect and
answer timing entries from the assembling registers;
(b) the translating registers (Fig. 39), which store the
timing entries and which supply a translation of them
to the subtracter; and (c) the subtracter relays (Fig.
48) which make the subtraction to obtain the elapsed
time.

On the output side are: (a) the round-off connector
(Fig. 48), which conveys the elapsed time setting from
the subtracter to the round-off registers (Fig. 48); (b)
the round-off registers, which make certain small time
allowances and round off the elapsed time to the next
higher minute; (c¢) the formula circuits (Fig, 48), one
of which is selected in accordance with the billing in-
dex of the call to translate elapsed time into message
units; (d) the two billing index connectors (Fig. 49),
one of which takes in the class and billing index infor-
mation from the call entry register concerned; and
(e) a set of miscellaneous connectors (Figs. 32 and 35)
from the output side of the computer to each of the two
call entry registers, one set being operated to deliver the
computed results to whichever call entry register is con-
cerned with the call,

On ordinary MU, MUD or toll messages, the com-
puter performs the following main functions:

(a) Assemblies charging data for the call by copying
the class (MU or DET) and billing indices from the call
entry register containing the initial entry of the call in
question, and copying the timing entries from the cor-
responding assembling register,

(b) Restores the assembling register
thereafter.

(c) Subtracts the time data to get elapsed time, rounds
off the result to minutes, and computes MU charges.

(d) Passes on to the call entry register certain in-
formation supplied by the assembling register regarding
the status of the timing entries, and transmits to the
same place its own derived data as to the class of call,
the MU charges, and if required, the starting time and
chargeable time.

(e) Effects the release of its input equipment up to
and including the subtractor, as soon as the determina-
tion is made that such equipment is no longer needed
on the call in process and that data for a new call can
be admitted.

(f) Restores its output equipment when informed
that such equipment is no longer needed on the call in
process and that all data supplied from computer to
call entry register has been properly registered in the
latter circuit.

Much the same pattern of operation as that just out-
lined for ordinary calls is followed on leading end strad-
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dles; but, on trailing end straddles no call entry regis-
ter is involved and the computer serves as intermediary
between the assembling register and the output circuit.
This and other exceptional cases will be discussed in
more detail later, but first of all consideration will be
given to normal action of the computer in connection
with MU and toll calls.

0.342 MU messages (non-observing)

0.3421 Translation and subtraction

The timing entries for these calls are transmitted in
a two-out-of-five code from the assembling registers
(Fig. 39) and through the computer-connector (Fig. 39)
to separate translating registers (Fig. 39) in the com-
puter, one register for disconnect and the other for an-
swer. The relays in these registers make a translation
of hour tens and units, and minute tens into a duo-dec-
imal or “bi-sexenary” code and make a translation of
minute units and tenths into bi-quinary code, and the
results are registered in the subtracter registers (Fig.
48) in such manner as to place like items of answer
and disconnect opposite each other. By means of trans-
lator wiring interconnecting the relay contacts in the op-
posing parts of the subtracter, and with the further aid
of “borrow” relays, the subtraction is effected at once
and made available to the round-off connector (Fig. 48).

With regard to the bi-sexenary scheme just mentioned,
it is sufficient here to point out that the arrangement in
effect converts the 24 hour day into minutes, so that dis-
connect and answer can be conveniently subtracted with-
out separate manipulation involving hours alone. The
plan divides the 24 hours into 12 (i.e. 2X6) periods of 2
hours each, and each 2 hour or 120-minute period in
turn into 12 (i.e. 2X6) tens of minutes. The minute
units and tenths are expressed in the familiar bi-quinary
form, as already stated. The plan is covered in detail in
a later section.

In addition to the timing entries, the following mis-
cellaneous items are brought up from the assembling
register (Fig. 39) through the computer-connector (Fig.
39) and registered in the input side of the computer
(Fig. 39):

(a) The “timed disconnect” indication, which accom-
panies the disconnect timing entry on the central office
tape and which shows whether or not the disconnect
was produced by timing out the central office junctor or
trunk. This item is recorded in the translating register
(Fig. 39) for subsequent transmission to the round-off
register (Fig. 48), where it determines the granting of a
small time allowance.

(b) The call identity index, which originates in the
jack wiring of the assembling register (Fig. 39) and is
stored in a two-digit register in the input side of the
computer (Fig. 39). This item is not used in the MU
call under consideration.

(c) The assembling register indications which show
whether or not the call is the first to be handled by the
junctor or trunk, and whether one, two or no timing
entries are present. These indications are at once re-
registered in the call entry register, by way of the steering
register, to be mentioned next below.

The steering register, operated through the computer-
connector, records which of the two call entry registers
is engaged at the moment in recording the initial entry
of the call. With the foregoing miscellaneous items regis-
tered (Fig. 39) and checked, the computer is ready to
take in the entry and billing indices from the designated
call entry register, and so it operates the corresponding
billing index connector (Fig. 34).

0.3422 Release of computer-connector

Also at this time the computer is ready to let go of
the assembling register, since all information from the
latter source has been received and checked. Accord-
ingly the computer now operates the computer connector
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release circuit, which restores the computer-connector

(Fig. 39) and brings about the release of the assembling
register (Fig. 39) as already described.

0.3423 Correlation of timing and initial entries

It is important to recognize that the steering record
(in miscellanecus computer input register of Fig. 39)
above referred to furnishes means for maintaining the
association between the timing data and the initial entry
of the call. This is so because the steering record, which
designates to the computer the call entry register receiv-
ing the initial entry, enters the input side of the com-
puter (Fig. 39) along with the timing entries and re-
mains in control while the billing index is brought into
the computer (Fig. 49) and while the computed data
are delivered. Hence, the correlation of the parts of the
call is insured by (a) initial selection, on the part of the
reading relays (Fig. 30) and in accordance with the
calling index of the initial entry, of the assembling regis-
ter (Fig. 39) which is to supply the timing entries to
the computer, and (b) selection by the computer (Figs.
39 and 48), under control! of the steering record, of the
sume call entry register that contains the initial entry
concerned, for the purpose of obtaining the billing index
and later for depositing in the same call entry register
the results of the computation.

0.3424  Round off

At the same instant that the billing index connector
{Fig. 34) operates and the release of the computer-con-
nector (Fig. 39) gets under way, the round-off connector
(Fig. 48) operates to forward the elapsed time from the
input to the output side of the computer., The elapsed
time is deposited in the round-off registers (Fig. 48),
along with the timed release indication, and there a
small time deduction is automatically made to cover
delays in the registration of disconnect, such as traffic
delays in the seizure of a recorder and delays occasioned
by the use of 0.1 minute timing interrupter. 'This allow-
ance may be set by optional wiring at 0.2, 0.3, or 0.4
minutes, and once established it applies to the entire area
served by the accounting center.

An additional time allowance is granted whenever the
disconnect entry contains an indication showing that the
release of the central office junctor or trunk which served
the call had to be restored by means of the “timed re-
lease” feature. On such a call the round-off circuit (Fig.
48) makes a single deduction of 0.6 minute to cover both
the allowance for timed release and the allowance for
the various registration delays just mentioned above. In
any case, after the time deduction is made, the registers
rqund off any remaining fractional value to the next
higher minute and the result in minutes is the chargeable
time for the call.

The round-off registers (Fig. 48), like the subtracters
(Fig. 48), employ translator wiring and “borrow” relays
in making their time adjustment. The input to the
round-off registers follows the mixed bi-sexenary and bi-
quinary arrangement of the subtracters. The output
from the round-off registers is given in a two-out-of-five
code for the two-digit expression of chargeable time
which is prepared for use in the call entry register (Fig.
32), and in decimal form for the two-digit expression of
chargeable time used by the formula circuits (Figs. 48
and 49). A more detailed account of the feature is given
in a later section.

0.3425 Class and billing index translation

The form and class of the call are represented by the
entry and message billing indices contained in the B
and C digtts, respectively, of the first line of the new
entry (Fig. 33). These are brought in to the output
side (Fig. 49) of the computer through the billing index
connector (Fig. 34) which, it will be recalled, has been
directed by the steering record to the proper call entry
register (Figs. 32 and 33).
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BILLING INDEX TRANSLATOR

The message billing index is interpreted by the billing
index translator (Fig. 49), which prescribes the set of
formulas applicable not only to the central office tapes
under process but also to the tapes of other central
offices served by the same marker group. Several billing
index translators may be furnished in the accounting
center, a separate one for each marker group if neces-
sary, although such variety will probably not be re-
quired under the charging plan for the area. Cross-
connections located between the marker group dial
switches (Fig. 42) and the billing index translator relays
(Fig. 49), and other cross-connections (Figs. 48 and
49) between the billing index translators and the formula
equipments, provide flexibility of assignment. Under
this arrangement, the setting of the marker group dial
switches (Fig. 42) determines the billing index translator
(Fig. 49) to be used throughout the run, and the billing
index translator in turn selects the formula equipments
from which a choice can be made in accordance with the
C digit, first line of the initial entry (Fig. 33). The
actual choice of the formula is therefore made by the
C digit register (Fig. 33), which acts under restrictions
imposed by the billing index translator (Fig. 49) and
operates a corresponding charging formula connector
(Fig. 48).

CHARGING FORMULA CONNECTOR

The charging formula connector (Fig. 48) has the
main function of connecting the output of the round-off
registers (Fig. 48) to the formula equipment (Fig. 48).
In addition, it provides class translation on such calls as
réquire the services of the formula circuits for computing
message units or toll units, namely, MU, MUD and toll
unit messages.

COMPUTER CLASS TRANSLATOR

In addition to the class translations, which are con-
veniently performed by the charging formula connector,
as just mentioned, certain other class translations are
performed by or registered in the computer class trans-
lator (Fig. 49). The main object of all such class trans-
lations is to aid the call entry register in selecting the
appropriate form and content for the output of the call,
but in addition they contribute to the control of the com-
puter itself.

The computer must classify the call as early as pos-
sible in order to determine whether to restore the input
equipment promptly or to hold the input longer as a
source of direct information for the output.

If the call is found to be MU and not over 40 minutes
in length, as shown by the round-off register (Fig. 48),
then no matter what formula is used the call will still
be within the capability of the computer. Such “short
calls” can proceed without further assistance from the
input side of the computer and, therefore, the latter is
dismissed at once. If the call is MU and 40 minutes
or more in length, it must wait for the formula circuit
to decide the question of capability. If then the elapsed
time in minutes or the MU’s are less than 99, the input
equipment is of no further use and can be dismissed.
If, however, the MU’s as measured by the formula cir-
cuit, or the elapsed time minutes as determined by ecither
the round-off register or the formula circuit, amount to
99 or over, the call is “overcapacity,” and it is neces-
sary to hold the translator registers longer in order to
copy their disconnect and answer times into the output
entries perforated on the straddle tape.

MUD calls, like MU calls, require the formula circuit
to interpret the billing index and classify the call. Like-
wise, “toll unit” calls are dependent upon the formula
circuit for both classification and computation and the
same applies to MU “extended area” calls, if and when
this latter service is available. Such extended area service,
however, would impose the extra function on the formula
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connector of supplying a “0,” “1” or “2” MU index for
the MU calls, and a “fill-in” MU index of “0” for toll
unit or MUD calls. With toll or single message unit
calls the fill-in or “0” index would be supplied by the
computer class translator itself.

1f the call is toll or single MU, the formula circuit is
not involved, and the class is determined at first hand
by the class translator (Fig. 49) under control of the
billing index connector (Fig. 34). On such calls, the
billing indices will ordinarily be “9” for toll and between
1 and 8 for single MU, although flexibility of assign-
ment is provided for both classes by means of cross-
connections.

A test call, like the toll and single MU calls, is
directly identified and classified by the computer class
translator without involving the formula circuit. The
billing index for the test class is “0.”

The form of the input entry, whether the two-line
“bulk” or the four-line “detail,” is of importance to the
computer class translator as a means of control. This
information, from the B digit of the first line of the
initial entry (Fig. 33), is passed through the billing index
connector (Fig. 34) and registered in the computer class
translator (Fig. 49). When the “bulk” form is registered
(B digit of “2”), the release of the translator and sub-
tracter equipment follows immediately after the short
call condition becomes recognized.

This quick release of the input equipment takes place
also on non-straddle calls having only a single timing
entry or none, except that in such case the short call
determination cannot be made and alternate means for
releasing the translator are substituted. When the “de-
tail” form is recognized in the computer, as the result
of a B digit index of 3 or 4, the release of the computer
input must not take place at once but must await the
release of the output side, since extra operating steps are
required in transferring the start time data from the
translator registers (Fig. 39) to the call entry register
(Fig. 32). This and other instances of delayed release
will be considered later.

0.3426 Formula circuits

The formula circuit (Fig. 48) converts rounded-off
elapsed time into message unit charges, combining in one
total both the base charge in MU’s for the fixed initial
period and the charges for any intervals of overtime
beyond the initial period. For example, with a base
charge of two MU’s for the first 5 minutes and one MU
for each succeeding 3-minute intervals or fraction thereof,

an elapsed time of 10 minutes would amount to four :

MU’ (24141 charges). One formula circuit will be
furnished to represent each combination of base and
overtime rates that is required under the charging plan
of the area. Probably the number of these different com-
binations will not exceed eight in any given area, but there
is no circuit limitation as to the variety of formula equip-
ments that may be provided.

The equipment of each formula circuit consists of ten
connectors, a number of cross-connecting terminals, and
translator cross-connections. The ten connectors rep-
resent the tens of minutes, and one of them is operated
in accordance with the minute tens setting of the round-
off register, by way of the charging formula connector.
The minute units output leads from the round-off regis-
ters are multipled directly to the connector terminals
of all the formula circuits while the associated connector
contacts inside each formula circuit are attached to
cross-connecting terminals. These terminals represent
individual minutes of elapsed time, from 00 to 99, and
they in turn are cross-connected to output terminals in
such a way as to indicate on these latter terminals the
number of MU’s which corresponds to the given elapsed
time at the prescribed charging rate. It may be pointed
out that each formula circuit is comparable to a par-
ticular computation table which is selected in accordance
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with the requirements of the problem in hand, and which
yields the answer directly by cross-reference procedure.
The arrangement is described in detail in a later section.

A formula circuit setting of 00 (0 minutes’ elapsed
time) produces the MU charges of the base interval
and is, therefore, useful in applying charges on “cancel
overtime” calls, A formula circuit setting for any value
of chargeable time translatable into more than 99 MU's
will give an “overcapacity” indication to cause the di-
version of the output to the straddle tape.

0.3427 OQutput from computer to call entry register

With the setting of the formula circuit (Fig. 48), the
computer is ready to deliver its output to the call entry
register (Fig. 32). Just prior to this point, and at the
instant when the round-off register (Fig. 48) completes
its record, the class and message unit connector (Fig.
32 or 35) is operated toward the call entry register
(Figs. 32 and 33 or 35 and 36) handling the call. The
choice of connector, like that of the billing index con-
nector (Fig. 34), is governed by the steering record,
which has been brought over into the output side of
the computer, The class of the call, in this case MU,
is now carried through the class and message unit con-
nector (Fig. 32) and registered in the class and ob-
serving index register (Fig. 32), and the MU charges
from the formula circuit are forwarded through the
same connector and registered in the MU register (Fig.
32). Also, the “short call” indication, assuming such
to be the finding of the round-off register in the call
under consideration, is transmitted through the class
and message unit connector to cause the immediate op-
eration of the “regular” call disposition relay (Fig, 32)
in the call entry register.

The call entry register now has received all informa-
tion expected in the present case, and upon checking
the receipt of the information, it starts the output circuit
(Figs. 41 through 44) and returns a release signal to the
computer to cause the release of all off-normal equip-
ment in the output side. The input side of the com-
puter may in the meantime have taken in the timing en-
tries for the next call and these can now be admitted
to the output side just vacated.

0.343 Toll messages (non-observed and observed)—
detail form of input

0.3431 General

Toll calls are recorded in the four-line detail form
so as to include the called as well as the calling line
number, and they are characterized by the message billing
index “9” in the C digit of the first line (Fig. 33). The
entry index (B digit) may be either “3"” for non-observed
calls for “4” for observed calls.

On these calls the computer input functions the same
as on MU calls, but the output side performs differently
in that here it furnishes the starting time of the calls
in terms of day, hour, and minute and supplies charge-
able time in place of MU’. These items are transmit-
ted to the call entry register (Fig. 32) through the start
time day connector (Fig. 32) and the start and charge
time connector (Fig. 32). The class of call information
is passed over through the class and MU connector (Fig.
32), in the same manner as described for MU calls, and
a fill-in entry of “00” is placed on the MU register.

0.3432 Class and billing index translation

The form of the call, indicated by the B digit “3,” is
registered as “detail” in the computer class translator
circuit (Fig. 49). This registration switches the com-
puter controls to make preparations for obtaining the
start and charge time.

The C digit or billing index “9,” acting through the
billing index translator (Fig. 49), selects the toll class
relay instead of a formula connector. Thus the output
class is determined directly without the intervention of
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the formula equipment, which is not brought into play
on a regular toll call.

0.3433  Start time—hour and minutes

With the call classified as “detail,” the start time
link connector (Fig. 39) operates to connect the trans-
lator register (Fig. 39) to the input side of the start
time link (STL extending through Figs. 39, 40 and 31
through 35). This link provides a multilead channel
for conveying hour and minute information, in a con-
densed two-out-of-five code, from the answer or the dis-
connect translator register (Fig. 39) to either call en-
try register (Fig. 32 or 35).

On its input end the link is fed from the answer trans-
lator registers (Fig. 39) on ordinary calls having two
timing entries, since it is the answer time which is taken
as the starting time for the call. If the answer timing
entry is the only one present on an ordinary non-strad-
dle call, this entry will be found in the disconnect trans-
lator register (Fig. 39) which will then be the point of
attachment for the start time link, On its output end
the link terminates in the two start and charge time con-
nectors (Figs. 32 and 35) which give access respectively
to their associated call entry registers (Figs. 32 and 35).
The “steering memory” circuit operates that one of the
start and charge time connectors which corresponds to
the call entry register handling the call,

0.3434 Start time—day

Start time day connector

The answer day information is supplied in the two-
out-of-five code from the day circuit (Fig. 40), through
one of a group of day change connectors (Fig. 40), and
through one of two start time day connectors (Figs. 32
and 35), to the call register handling the call. The
start time day connector, like the start and charge time
connector, is selected by the steering memory circuit
(Fig. 39), both connectors operating immediately after
the detail form of the call is recognized. The day change
connectors (Fig, 40) are arranged, respectively, to add
one day to the day reading, or to subtract one, or to
transmit the reading unchanged, in accordance with the
requirements of the call, as explained below.

Hour comparison

Since in the interest of economy the assembling regis-
ters contain no provision for storing the day information,
the answer day must be derived from the day entries
given at 3 AM. or at transfer or make busy points in
the central office tape. The initial day of reference is
the one at 3 AM,, and this day, when recorded in the
day circuit (Fig. 40), is left unchanged until supplanted
by a new day entry smaller by one. Although the day
registration itself remains fixed, as stated, the output
from the day register (Fig. 40) must be varied to agree
with timing entries recorded before or after midnight,
at which point the calendar day changes.

For example, assume a call to be originated and an-
swered just before midnight on day 10 and disconnected
a few minutes later on day 11. The recorded day is 11,
but the day of answer which is the date required for the
start time, is day 10. Other calls than this started and
finished before midnight, would use day 10 as the start
time while those calls falling wholly between midnight
and 3 AM. would use day 11.

In arriving at the correct start time day, the computer
must determine the position of the call elements relative
to midnight. To do this requires two steps: (a) deter-
mination of the position of midnight with respect to the
initial and the answer entries considered together, and
(b) the same with respect to answer and disconnect, For
item («) the hour comparison circuit (Fig. 40) compares
the current hour as shown by the hour circuit (Fig. 40)
at the appearance of the initial entry, against the hour
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of answer as brought from the translator register (Fig.
39).

A negative result shows the two events to be on oppo-
site sides of midnight while a positive result shows that
both occurred on the same side of midnight. For item
(b), the hour result circuit (Fig. 49) shows whether the
subtraction for elapsed time turned out positive or nega-
tive; that is, it shows whether the disconnect time was
greater than the answer or whether the disconnect was
the smaller and so required the subtracter to borrow a

ay to complete the subtraction.

These two results, made respectively by the hour com-
parison circuit (Fig. 49) and the elapsed time hour re-
sult circnit (Fig. 40) enable the computer to operate the
proper day change connector (Fig. 40), previously men-
tioned. In the present assumed case of a toll call, the
connector will be either the “day 41" or the “day as
registered” connector (Fig. 40).

A more complete explanation of the answer day fea-
ture will be found in the detailed description of the com-
puter.

0.3435 Output from computer to call entry register

The various output connectors which carry the data
from the computer (Figs. 39, 48, 49, etc.) to the call
entry register (Figs. 32 through 36) have all been men-
tioned. These connectors and their functions may be sum-
marized as follows:

(a) The class and message unit connector (Fig. 32),
which was operated immediately after round-off. This
connector transmits the call class, in this case “toll,” to-
gether with the appropriate fill-in of “00” for the MU
register.

(b) The start time link connector (Fig. 39), which was
operated following the recognition of the “detail” form
of the initial entry. This connector supplies start time
minutes from the answer or disconnect translator register
(Fig. 39) to the start and charge time connector (Fig.
32).

(¢) The start and charge time connector (Fig. 32),
which operates when the call is classified as “detail.”
This connector completes the link path for the start time
minutes (Fig, 392) into the call entry register (Fig. 32),
and it also forwards the elapsed or chargeable time in-
formation from the round-off register (Fig. 40) to the
appropriate place in the call entry register (Fig. 32).

(d) The start time day connector (Fig. 32), which
operates like the others after the “detail” classification.
This connector forwards to the call entry register (Fig.
32) the start time day information, which it has received
from the day circuit (Fig. 49) by way of the day change
connector (Fig. 40).

Contributing also to the output is the steering record
equipment which, prior to the release of the input side
of the computer, serves as a connector to transmit the
assembling register indications showing whether the call
is a first call and how many entries are present.

The foregoing operations supply all the computer in-
formation which the call entry register requires for the
completion of the toll call. After checking for receipt of
the data and determining the disposal of the call, the
call entry circuit starts the output control circuit (Figs.
41 through 44) and causes the release of the computer.
It should be noted that on this type of call the input
side of the computer is not dismissed early as on MU
calls, but is made to wait upon the release of the output
side,

0.344 Miscellaneous call classes

0.3441 Toll unit messages

Since these calls require the computation of toll unils,
they employ the formula equipment (Figs. 48 and 49)
in the same way as MU calls. The formula connector
(Fig. 48) provides the “TU” class calls, and a formula
circuit evaluates the elapsed time in terms of toll units
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and furnishes them to the MU register (Fig. 32) of the
call entry group instead of the fill-in “00” used on toll
calls. Other data, such as chargeable time and start time,
are furnished by the computer in the same manner as for
toll calls,

0.3442 Message unit detail messages

On MUD messages the computer operates in practi-
cally the same way as for toll unit messages, except that
a different formula connector will be selected to indi-
cate the MUD class and probably a different formula
circuit to evaluate the elapsed time in MU’s rather than
TU’s. The start time and chargeable time will also be
furnished, as for toll and TU calls. Double outputs will
be provided, the first on one of the MU tapes and the
second on the toll tape.

0.3443 MU messages (observed)

These require the same computer operation as MUD
calls. The initial entry comes in detail form, and two
separale outputs are provided, the first on one of the
MU tapes (perforators 0 and 9 of Fig. 44) and the sec~
ond on the toll tape (perforator 10 in Fig. 44).

0.3444 Test calls (210 or 230)~—(discarded)

These calls, indicated by the billing index “0,” are clas-
sified directly through the billing index connector (Fig.
34). When the class is copied into the class and ob-
serving index register (Fig. 32) of the call entry group,
the disposition circuit (Fig. 32) at the latter point is set
for discard. The output circuit (Figs. 41 through 44) is
then called in to release both the computer and the
call entry register, without perforating any output.

0.3445 *“Cancel Overtime” messages

When only one timing entry is produced by the as-
sembling registers (Fig. 39), the computer is set for COT.
This prepares the start and charge time connector (Fig.
32), to fill-in “00” chargeable time in the case of detail
calls requiring this item in the output. It also operates
the class and MU connector (Fig. 32), and prepares the
charging formula connector (Fig. 48) to apply “00”
elapsed time to any formula selected, for the purpose
of furnishing basic MU or TU charges, without over-
time, on MU, MUD or TU messages. In other respects
the computer functions in the normal manner and the
output is perforated as usual.

0.3446 “Don't Answers” or "Busies” DA’s of intermedi-
ate calls

When no timing entries at all are associated with the
initial entry and the call is neither straddle nor observed,
the computer merely lends assistance to the call entry
register in discarding the call. In the latter circuit the
call disposition feature (Fig. 32} is set for discard, and
the output circuit is called in to restore both the call
entry register and the computer, without perforating any
output.

DA’s of non-chserved first calls

DA’s on the leading end of the tape are distinguished
from leading end straddles and are discarded in order not
to burden the straddle operator.

A counting feature associates with the hour circuit
(Figs. 31 and 40) records the appearance of two hour
entries following a splice or transfer point in the central
office tape, and this measures a one hour minimum in-
terval against which to compare the delays occurring
between initial entries and their associated answer en-
tries. Any first call initial entry that appears after this
point and which is unrelated to a registered timing entry
could not have been answered within an hour's time and,
therefore, must not have been answered at all. Such an
isolated initial entry, although apparently a straddle, is
actually a DA (don't answer) and is discarded as such
by the call entry register. 'This diversion is brought
about by the control which the hour count feature ex-
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ercises over the call disposition circuit in each call entry
register.

DA’s of observed calls

DA’s of non-straddle calls from lines under observa-
tion have their output perforated on the toll tape (per-
forator 10 of Fig. 44). For such calls the computer
always furnishes “00” MU to aid the call entry register
in starting, and “00” chargeable time for use in the
output entry. DA’s from observed lines, if they are
“first calls,” are straddles and so have their output per-
forated on the straddle tape (perforator 11 of Fig. 44).

0.3447 Overcapacity calls (over 99 MU’s or 99 minutes)

Overcapacity calls have their output perforated on the
straddle tape. The output answer and disconnect tim-
ing entries each contain, among other data, the complete
time including the day on which the entry was made.
The output initial entry also includes the current day.
It is essential, therefore, on this type of call to determine
from a common source, namely the day circuit (Fig.
40), what day of month is applicable respectively to the
disconnect, answer, and initial elements of the call.

Another requirement is to make the overcapacity dis-
tinction. Calls of two to twenty hours’ duration are
rated OC directly from the subtracter (Fig. 48). Calls
having chargeable time of 100 to 119 minutes are classed
as OC by the round-off register (Fig. 48). Calls whose
charging formula is high enough to bring their charges
over 99 MU’s or TU’s (and these calls range from 40
to 99 minutes of chargeable time), are classified OC by
the formula circuit (Figs. 48 and 49).

The upper limit for calls that can be perforated on
regular tapes is therefore 99 minutes. All calls be-
tween 99 minutes and 20 hours are rated OC (over-
capacity) and are perforated on the straddle tape. Also,
99 is the upper limit in MU or TU charges, and all calls
exceeding this limit are routed to the straddle tape. Calls
whose charging time exceeds 20 hours are charged for
on the basis of the “greatest minutes difference,” disre-
garding the hours, and are perforated on regular tapes.

The r1easons underlying these circuit restrictions are
explained in detail elsewhere.

Assuming now that the OC status of the call has been
recognized, the computer operates the start time link
connector (Fig. 39) to connect the answer time transla-
tor register (Fig. 39) to the start time link STL. The
link connection may or may not be completed through
the start and charge time connector (Fig. 32) to the call
entry register, depending upon whether the call is detail
or MU, respectively, but this is an incidental operation
which is not required on OC calls. Also at this time the
start time day connector (Fig. 32) operates.

The next step, as in the case of the toll call already
described, is to make the hour comparison (Fig. 40)
and the elapsed time comparison (Fig. 40) to determine
where the midnight point lies with reference to the ele-
ments of the call. The answer hour is taken from the
answer translating register (Fig. 39) and is compared
with the current hour from the hour circuit (Fig. 31),
showing whether midnight comes between the initial and
answer entries. The elapsed time subtraction as noted
in the hour result circuit (Fig. 40) shows whether mid-
night comes between the answer and disconnect entries.
These operations energize the proper day change con-
nector (Fig. 40) (day as read, or day +1), so that
the answer day information is transmitted through the
start time day connector (Fig 32) and through the day
change connector (Fig. 40), to the start time translator
register (Fig. 32) of the call entry group. The receipt
of this information is checked and the computer is noti-
fied.

Having deposited the answer day in the call entry reg-
ister (Fig. 32), the computer proceeds to put the dis-
connect day in the disconnect day register (Fig. 40).
First, it restores the start time day connector (Fig. 32)
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and the day change connector (Fig. 40), and operates
the disconnect day connector (Fig. 40). The day change
connector (Fig. 40) again cperates under control of the
hour result circuit (Fig. 40), and the disconnect day
is fed from the day circuit (Fig. 40), through the day
change connector (Fig. 40) and the disconnect day con-
nector, to the disconnect day register (Fig. 40). Here
an up-check is made and the connectors just mentioned
are dropped out.

The last step is to prepare the current day informa-
tion for use in the initial entry output. To do this the
day change connector (Fig. 40) is again operated, this
time not under contro! of the hour result circuit (Fig. 40),
and the current day information is communicated from
the day circuit (Fig. 40), through the day change con-
nector (Fig. 40}, to the pattern relays (Fig. 43).

At the end of these preparations, the start signal is
given from the computer by way of the class and MU
connector (Fig. 32) to the call entry register. The out-
put circuit takes over and perforates the disconnect, an-
swer and initial cutput entries in the order named. The
disconnect hour, minute and minute tenths are taken
directly from the disconnect translating register (Fig. 39)
to the pattern relays (Fig. 43) and the disconnect day
comes from the disconnect day register (Fig. 49). The
answer hour and minute information is taken directly
from the answer translating registers (Fig. 39), and the
answer day from the start time day translating register
(Fig. 32) of the call entry group. The current day for
the initial entry is taken from the day circuit (Fig. 40)
through the day change connector (Fig. 40), as above
stated. The current hour is taken directly from the hour
circuit (Fig. 31) to the pattern relays (Fig. 43).

At the conclusion of the output perforation, the out-
put control circuit releases both the computer and the
call entry register.

0.3448 Leading end straddies

These straddles, which consist of the initial entry alone
or initial and one timing entry, are portions of call records
which straddle or span a cutting point or a transfer point
in the central office tape. Such calls are the last to be
handled by their respective central office trunks; but,
since the tape is read backwards in the accounting cen-
ter these calls will be the first to appear in processing,
The two distinguishing characteristics of leading end
straddles are: (a) the incompleteness of the timing record
(i.e., one timing entry or none), and (#) the non-oper-
ated condition of the “first call” relay in the assembling
register. ‘This information is recorded in the computer
and also in the call entry register involved in the call.

The output for these calls is perforated on the straddle
tape.

Initial and one timing entry

If a single timing entry is present the computer must
obtain the start time day pertaining to the answer, which
is registered in the disconnect translating register (Fig.
39), and also the current day applicable to the initial
entry. As a first step the computer operates the djscon-
nect branch of the start time link connector (Fig. 39)
to enable the hour comparison (Fig. 40) and the opera-
tion of the start time day connector (Fig. 32), while at
the same time having the output end of the link open at
the non-operated start and charge time connector (Fig.
32). The start time day connector (Fig. 32) operates,
and the hour comparison and hour result circuits (Fig.
40) function to note the position of the call elements
relative to midnight, and to operate the proper day change
connector (Fig. 40). The day of answer is thus passed
from the day circuit (Fig. 40) through the day change
connector (Fig. 40) and the start time day connector
(Fig. 32), and recorded in the start time translator (Fig.
32) of the call entry group.

The computer meanwhile determines the class of the
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call either in the formula circuit (Figs. 48 and 49) or
in the computer class translator (Fig. 49), after which ?t
transmits the class through the class and message unit
connector (Fig. 32) to the call entry register. In the
last-named register, also, the call disposition circuit (Fig.
32) is set to dispose of the call on the straddle tape, and
an up-check is made of all information received and a
check signal returned to the computer.

Upon receipt of the check signal, the computer next
drops off the start time day connector (Fig. 32) and the
day change connector (Fig. 40), and then again oper-
ates one of the latter connectors to supply current day
for the imitial entry from the day circuit (Fig. 40),
through the day change connector (Fig. 40), to the pat-
tern relays (Fig. 43).

Having made the preparations mentioned, the com-
puter sends a start signal to the call entry register which
causes the output to be perforated on the straddle tape.
For the output timing entry, the start time day is taken
from the start time translating register (Fig. 32) while
the hour and minute are fed directly from the disconnect
translating register (Fig. 39) of the computer to the pat-
tern relays (Fig. 43). For the output initial entry, the
current day is taken from the day circuit (Fig. 40) and
through the day change connector (Fig. 40) to the pat-
tern relays, as explained above. The current hour is
taken directly from the hour circuit (Fig. 31) to the pat-
tern relays. After the output is perforated, the output
control circuit restores both the computer and the call
entry group of registers.

Initial entry only—no timing entries

If no timing entry is present, the computer omits the
operation relating to the start time day and prepares at
once to deliver the current day for use with the output
initial entry. The straddle output then proceeds as just
described above.

It is worth mentioning that on leading end straddles,
the computer connector (Fig. 39) and the assembling reg-
ister (Fig. 39) are restored immediately after they have
delivered their information to the computer, the same as
on regular calls. Both the input (Fig. 39) and output
sides (Figs. 48 and 49) of the computer, however, are
held until the completion of output perforation.

0.3449  Trailing end straddles

When the trailing end of a section of tape is reached,
the straddle control circuit (Fig. 42) is notified and it
in turn sets the computer to handle timing entries with-
out the aid of the call entry registers. The timing entry
or entries in the first occupied assembling register (Fig.
39) are taken into the computer in the usual way and
are held in the translating registers (Fig. 39) until the
output has been perforated. The computer connector
(Fig. 39) and the assembling registers (Fig. 39) are held
in place throughout the call, for control reasons.

Copies of the timing and call identity index data are
perforated on the straddle tape, after which the computer
connector (Fig, 39) is dropped off and the computer re-
stored. The assembling register (Fig. 39) also is released
at this time and the assembling register control circuit
(Fig. 39) passes on to the next occupied assembling reg-
ister, connecting it to the computer as before. The
process is repeated until all assembling registers have
been emptied.

Two timing entries

With the computer set to handle trailing end straddles,
the registration of disconnect and answer in the trans-
lating register (Fig. 39) is followed by the usual positive
and negative elapsed time check (Fig. 40) between dis-
connect and answer, and by the operation of the round-
off connector (Fig. 48) and the start time link connector
(Fig. 39). The latter connector makes possible ihe hour
comparison between the answer entry and the splice or
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transfer point that marks the end of the tape section,
The day in which the splice or transfer occurs is con-
sidered the “current” day in this case. The hour com-
parison and the elapsed time check together show whether
or not midnight occurs between the answer and the splice
or transfer time, or between answer and disconnect.

After this determination is made, the disconnect day
connector (Fig. 40), which has operated meanwhile,
causes disconnect day to be read from the day circuit
(Fig. 40) through the day change connector (Fig. 40)
and the disconnect day connector, to the disconnect day
register (Fig. 40). After the up-check of this register,
the disconnect day connector and the day change con-
nectors (Fig. 40) are restored and one of the day change
connectors (Fig. 40) again operates to produce the an-
swer day from the day register.

When the output of the timing entries is perforated on
the straddle tape, the disconnect day is taken to the pat-
tern relays (Fig. 43) directly from the disconnect day
register (Fig. 40) and the hour, minute and minute
tenths from the disconnect translating register (Fig. 39).
For the answer output the answer day is read from the
day circuit (Fig. 40), through the day change connector
(Fig. 40), to the pattern relays, and the hour, minute
and minute tenths are taken from the answer translating
register (Fig. 39) to the pattern relays. The call identity
index is supplied from its register (Fig. 49) in the com-
puter to the pattern relays.

One timing entry

When the trailing end straddle consists of a single
timing entry the registration in the disconnect translating
register (Fig. 39) is followed by the operation of the
round-off connector (Fig. 48) and the disconnect branch
of the start time link connector (Fig. 39). The latter
connector enables a comparison to be made between the
hour of disconnect and that of the splice and transfer.
The position of these events relative to midnight is then
determined and the day change connector (Fig. 40)
is operated accordingly. Meanwhile the disconnect day
connector (Fig. 40) has operated, and the disconnect day
is now read from the day circuit (Fig. 40), through the
day change connector and the disconnect day connectors
(Fig. 40), to the disconnect day register (Fig. 40). From
the last-named register, the disconnect day is read di-
rectly to the pattern relays (Fig. 43) on output, and the
disconnect hour, minute and minute tenths are read
from the disconnect day translating registers (Fig. 39).
0.35 Call entry registers

The call entry registers (Figs. 32 through 36, such as
No. 1 of Figs. 32 and 33):

(a) Provide storage for the initial entry (Fig. 33) as
it is read from the central office tape and for the data
(Fig. 32) derived by the computer;

(b) Determine what disposition (Fig. 32) shall be
made of the call record, whether thrown out or preserved
on an output tape; and

(¢) Cooperate with the output control circuit (Fig.
41) in disposing of the record.

These call entry groups are provided in duplicate (No,
1 of Figs. 32 and 33 and No. 2 of Figs. 35 and 36) and
are arranged for alternate use so that one of them can
be delivering output data for one call while the other is
receiving the input of the next call. It has been pointed
out already that this interchange enables a series of
MU calls to be processed in straightforward manner,
without loss of reader cycles.

The initial entry registers have sufficient capacity (Fig.
33) to record (in a two-out-of-five code) the B to F
digits, inclusive, of each of the four lines of a detail
initial entry, although only half this capacity is needed
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on the two line MU type of entry. The secondary
registers (Fig. 32) comprise the following:

(a) Call disposition register

(b) MU register

(c) Class and observing translator
(d) Charge time register

(e) Start time register

The first three of these items are involved in MU calls,
and all five in calls whose output takes the detail form,
such as toll, etc. Both (¢) and (d), when supplying data
for perforation, do so in a condensed form to save space
in the output entry. In (c), the call class and observing
items are combined in a single digit, while in (d) the
charge time day tens, hour tens and minute tenths are
composited to compress the three digits into two. How-
ever, regardless of its origin, each digit is perforated on
the output tape in the conventional two-out-of-five code,

In item (a) above, the call disposition feature (Fig.
32) determines whether the call shall be discarded or
shall have its output perforated on one of the regular
tapes or the straddle tape. Conditions affecting the de-
cision are the number of timing entries, the position of
the call relative to a straddle point, the class of the call,
and the length of the call. The first two indications are
passed from the assembling register (Fig. 39) to the
computer (Figs. 39, 48 and 49) and from there through
the steering memory connector to the call disposition
register (Fig. 32). The class of the call (MU, MUD,
TOLL, TU, TEST), is determined by the computer and
passed from the class and message unit connector (Fig.
32) to the class and observing translator register (Fig.
32). The last-named register also notes whether or not
the call is observed, as shown by the line one register
holding the “B” digit. The length of the call is deter-
mined by the computer and is indicated to the call entry
group by way of the class and message unit connector
(Fig. 32). A “short” call (under 40 minutes), or a
longer one still within the capacity of the machine, is
allowed to proceed under the “regular” procedure, while
an “over-capacity” call is marked for “straddle” disposi-
tion. A more detailed explanation of these features has
been given above in the computer section. In that sec-
tion, also, is a description of the “discard™ procedure.

Access from the reading relays (Fig. 30) to the primary
registers (Fig. 33) which record the initial entry is by
way of the call entry link (Figs. 31 through 36) which
feeds calls first into one call entry register (Figs. 32
and 33) and then into the other (Figs. 35 and 36), alter-
nately, as previously explained. Reference has already
been made in the computer section to the billing index
connector (Fig. 34) which conveys the entry and billing
indices from the call entry register to the computer, and
of the various connectors which return the computer data
to the secondary registers (Fig. 32) of the call entry
group.

The output connectors (Figs. 32 and 33) which deliver
the record from the call entry register (Figs. 32 and
33) to the output control circuit (Figs. 41 through 44)
are covered in the section dealing with the latter circuit.
Also, in the output section is a brief discussion of the
register release features of the call entry group.

0.36 Output circuit

0.361 General

The output circuit (Figs. 41 through 44) has these
main functions:

(a) To prepare the various output tapes (Fig. 44)
for subsequent stages of processing, and

(b) To dispose of all call information that engages
the computer equipment (Figs. 39, 48 and 49) or the
call entry registers (Figs. 32 through 36), either by per-
forating it on the output tapes (Fig. 44) or causing it
to be discarded by the call entry registers.
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Under tape preparation can be included the applica-
tion of splice pattern at the tape ends or at windows,
as well as the perforation of leading and trailing end
identity entries.

On regular messages the output circuit connects itself
between the call entry register group awaiting service
and the perforator designated to receive the output, and
then directs the perforation of the output entry in ap-
propriate form, a line at a time. Also, the output cir-
cuit restores the call entry registers, either progressively
during output perforation, or simultaneously at the finish.

On MUD or observed MU messages, the output circuit
makes dual output entries, one on the proper MU tape
and the other, for record purposes, on the toll tape.

On leading end straddle calls or on overcapacity mes-
sages, the operation is much the same as on regular mes-
sages, except that the computer is held over to supply
timing data, and the straddle tape is the one selected for
the output.

On calls to be discarded, the output circuit omits its
customary connection to a perforator and instead causes
the call entry registers to restore, thus wiping out the
record.

On trailing end straddles, which consist only of timing
entries whose initial eniries appear on other tapes, the
output circuit attaches itself between the computer and
the straddle perforator without involving the call entry
registers. At completion, the output circuit releases the
computer.

0.362 Composition of output circuit

The main components of the output circuit are:

(a) Two output connectors (Figs. 32, 33 and 35, 36),
for connecting the output circuit to whichever call entry
register is first to reach the output stage. The two con-
nectors are mutually exclusive in their operation, and
during the run they alternate with each other because
the call entry registers do so.

(b) The output class relays (Fig. 42), which deter-
mine the form or composition of the output entry by
selecting the pattern relays (Fig, 43) to be used in the
various lines of output. These class relays operate under
the control of the output circuit itself for tape prepara-
tion, or under direction of the call entry registers for all
calls except trailing and straddles, in which case they are
set by the computer.

(c) The pattern relays (Fig. 43), which determine the
composition of the individual lines in the output, either
supplying the information themselves or gathering it
from various sources, such as the output circuit itself for
tape preparation or the computer or the call entry reg-
isters or and the output class relays, for calls. These
pattern relays, whose contacts feed their information
through the perforator connector (Fig. 44) to the per-
forator (Fig. 44), each represent one line and are oper-
ated one at a time under joint control of the output
class circuit (Fig. 42) and the output line count circuit
(Fig. 42).

(d) The perforator connectors (Fig. 44), each of
which closes a 28 lead channel from the pattern relay
multiple (Fig. 43) to the magnets of its associated per-
forator. On regular calls, the perforator connector to
be used is selected under joint control of the call entry
register and the output connector, while other conditions
require other modes of selection, as will be shown.

(e) Twelve perforators (Fig. 44) of which ten are
for decimal sorting by office, thousands, or units as re-
quired, one toll MUD and toll units, and one for straddle
and overcapacity entries.

(f) Miscellaneous controls, including line count (Fig.
42) and perforator check (Fig. 44) features, and means
(Figs. 42 and 43) for applying tape identity and splice
pattern at windows and at tape ends.
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0.363 OQutput circuit—regular calls

0.3631 MU call—decimal sort

On a non-straddle MU call all the information re-
quired for the output is contained in the call entry reg-
ister, which first determines that the call is to be dis-
posed of in the “regular” way on one of the MU output
tapes, and then operates its associated output connector
control (Fig. 41), provided the output circuit is avail-
able.

The class feature (Fig. 32) of the call entry register
indicates that some one of the MU perforators is to
receive the output, and with the output connector (Figs.
32 and 33) operated, the selection of the individual per-
forator out of ten is made in accordance with the setting
of the office, thousands, or units register (Fig. 33) in the
cail entry group. Some one of these digits of the calling
line number is chosen at the start of the run as the basis
for sorting, and the choice is registered on the set-up keys
(Fig. 42).

An output class relay (Fig. 42) now operates from the
call entry register in accordance with the conditions
found in the latter place as to the class, number of timing
entries, and disposition of the call. The output class relay
operates additional output connector relays to supplement
the output control previously operated, and it also pre-
pares an operating path for the pattern relay (Fig. 43)
which represents the first line to be perforated. On
most MU calls a single line of output will be sufficient,
but the present example assumes that two lines are
required. -

The pattern relay can operate only after the output
circuit is made ready for perforation and after the neces-
sary information for the call has been received in the call
entry registers. This latter requirement insures that if
trouble should block the circuit before all information is
ready, no part of the output can be perforated on the
output tape.

The operation of the pattern relay (Fig. 43) makes
the final preparatory closure in the perforator magnet
paths, The interrupters new close operating circuits
through the call entry registers and through the output
connector and the pattern relay to the perforator mag-
net windings (Fig. 44). The first line is thus perforated,
including as its principal items the calling line number.

The output control circuit (Figs. 41 through 44) makes
vorious checks and at the end of the operating pulse ad-
vances the perforator tape, restores the first pattern relay
(Fig. 43), and prepares its line count (Fig. 42) to oper-
ate the pattern relay (Fig. 43) for the second line., This
second line pattern relay provides a new set of operating
paths, such that the interrupters, acting through different
register contacts than before, can operate perforator mag-
nets corresponding to such data as the MU charges, thus
perforating the second line. The output control circuit
again cuts off the perforating paths and advances the tape,
and then completes the release of the call entry registers.

While the first output line is being perforated, the out-
put control circuit causes the release of the line one reg-
ister (Fig. 33) in the call entry group, so that the first
line of a new entry can be recorded. This overlap makes
possible the continuous processing of a series of MU calils
as previously pointed out.

At the end of the first output line (same as next to
last line in this case) the line two register (Fig. 33) of
the call entry group is restored, and at the end of the last
or second output line, the remainder (Figs. 32 and 33)
of the call entry registers are restored. The output cir-
cuit itself is then restored and the release of the output
connectors (Figs. 32 and 33) just used activates the oppo-
site output connector control (Fig. 41) to admit a new
call from the other call entry register. )

Had the MU output been single line instead of two
line, all registers would have been restored together, at’
the finish of perforation. :
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0.3632 Toll call

On these calls the output control circuit functions in
much the same way as on MU calls, but the output entry
is enlarged to five lines to accommodate such extra data
as called line number, chargeable time, and start time.

After the output connector control (Fig. 41) is oper-
ated, the output class relay (Fig. 42) operates to record
the input conditions (toll class and two timing entries
assumed), and to prepare operating paths for the five pat-
tern relay (Fig. 43) required. The output class relay
also, on this type of call, operates extra connector relays
to expand the connector facilities beyond those sufficient
for the simpler MU output.

The first pattern relay cannot operate until after the
reader (Fig. 30) has advanced through the four-line
initial entry and has come to a line other than a “0” or
supplementary line.

Should such a line be encountered, it would be a stray
or repeated “0” line which must be disposed of in order
not to be registered as the first line of a new initial entry.
This is done, as stated earlier, by arranging the call
entry link (Figs. 31 through 36) to refuse acceptance
to a “0” line unless such line has been introduced by a
“2” or first line of an initial entry. Hence, the circuit
blocks under this condition and the surplus “0” line is
disposed of when the call is logged off. Meanwhile, how-
ever, part of the output entry would have been per-
forated if the output circuit had been permitted to start,
and it is to prevent such faulty procedure that the pat-
tern relay operation is delayed until the input entry has
been completely verified.

All data for the output are available in the call entry
registers, and it is to the latter point that the pattern
relay look for their information. While the first out-
put line is being perforated, the cutput circuit resores the
line one register (Fig. 33) of the call entry group, and
after the fourth or next to last line it restores the line two
registers (Fig. 33). The remaining registers (Figs. 32
and 33) are dismissed after the perforation of the last
line,

0.3633 MUD and observed MU

For MUD calls, a multiple output is perforated, first
a message unit entry on one of the MU tapes and then
a detail entry, for record purposes, on the toll tape. All
data required are contained in the call entry registers.

When the output connector (Figs. 32 and 33) operates,
the proper MU output class relay (Fig. 42) operates,
together with the perforator connector (Fig. 44), as on a
regular MU call.
and the MU output is perforated in the regular way.
Next, the output control circuit shifts over to the detail
output class and operates the perforator connector lead-
ing to the toll perforator. The various pattern relays
pertaining to the detail class are engaged to perforate
the detail output on the toll tape.

No register release occurs in the call entry group in
connection with the first or MU output entry, inasmuch
as the calling line number is required also for the second
or detail output entry. Once the latter entry is under
way, however, the release of registers in the call entry
group proceeds in normal manner, as described for toll
calls.

MU observed calls, whose input comes in detail form,
are perforated like MUD calls on both the MU and the
toll tapes.

0.3634  Straddles—leading end of tape

These partial call records, which consist of initial en-
tries alone, or one timing entry and the initial, are per-
forated on the straddle tape (perforator 11 of Fig. 44).
Nearly all of the information pertaining to the initial
entry is contained in the call entry register, but the timing
information must be produced by the computer (Figs.
39, 48 and 49) and by the day and the hour circuits

The pattern relay (Fig. 43) follows, *

10

15

20

26

30

40

45

65

70

75

48
(Figs. 31 and 40), and therefore contact with these
sources must be maintained throughout.

Initial entry and one timing entry

In the output for this class of call, the timing entry
is perforated first. The start time day, which is con-
tained in the start time day translator register (Fig. 32)
of the call entry group, is fed through the output connec-
tor (Fig. 32) to the pattern relay (Fig. 43), while the
call identity index is fed from its register (Fig. 49) in
the computer directly to the pattern relay. The answer
hour minute, and minute tenths are brought from the dis-
connect translator (Fig. 39) of the computer directly to
the pattern relay.

As to the initial entry all information except the cur-
rent day and hour is available in the call entry registers
and is fed from there through the output connector to
the pattern relay. The current day comes from the day
circuit (Fig. 40) via the day change connector (Fig. 40),
directly to the pattern relay. The current hour comes
directly from the hour circuit (Fig. 31) to the pattern
relay.

Initial entry alone—no timing entries

For these straddles, the output class relay (Fig. 42)
selected is such as to restrict the output circuit to the
initial output perforation only. The initial output en-
try calls upon the same sources of information as just
mentioned above.

0.3635 Straddles—trailing end of tape

These consist of the timing entries left unmatched by
their respective initial entries at the end of the tape sec-
tion, as already explained. The call entry registers are
not involved and the output circuit deals directly with
the computer. The straddle control circuit starts the
operation of clearing out the timing entries from the oc-
cupied assembling registers (Fig. 39), one after the other,
and at the finish it causes the output circuit to apply
tape identity on the straddle tape, as a punctuation mark
for the straddle record.
Two timing entries

The disconnect and answer are perforated as distinct
output entries, in the order named, but in consecutive
output lines. The call identity index comes to the pat-
tern relay (Fig. 43) from the computer register (Fig. 49)
of that name. Disconnect day comes to the pattern re-
lays from the disconnect day register (Fig. 40), and dis-
connect hour, minute, and minute tenths from the dis-
connect translator register (Fig. 39). Answer day is
brought from the day circuit (Fig. 40) through the day
change connector (Fig. 40), and answer hour, minute
and minute tenths from the answer translator register
(Fig. 49) of the computer to the pattern relays (Fig. 43).

Single timing entries

Here the output class relay (Fig. 42) restricts the out-
put entry to two lines. The sources of the output infor-
mation are the same as those just mentioned above for
the disconnect entry.

Straddle tape identity

The straddle tape identity which marks the completion
of the run-off of trailing end straddles is initiated by an
output class relay (Fig. 42) which operates after the as-
sembling registers (Fig. 39) are all emptied. The com-
pletion of this identity entry releases the straddle control
circuit (Fig. 42) to clear out the straddle set-up.

0.3636 Straddies—overcapacity
Overcapacity calls are perforated on the straddle tape
as three separate entries, disconnect, answer and initial
in the order named, but in consecutive lines of output.
The call entry register sets up the “OC” classification
in the output circuit, and perforation starts when the
initial entry is completely registered and verified. The
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answer or start time day is taken from the call entry reg-
ister (Fig. 32), the disconnect day from the disconnect
day register (Fig. 40), and the current day for the initial
entry from the day circuit (Fig. 40) via the day change
connector. Other data are obtained from sources al-
tready mentioned in connection with other types of strad-
dles,

0.3637 Discarded calls

On these calls the output control circuit receives its
“discard” output class setting from the corresponding dis-
position setting (Fig. 32) in the associated call entry reg-
ister group. As a result, the output circuit causes all
registers in the call entry group to restore simultaneously,
thus discarding the call.

0.3638 Cancellation entries

Cancellation entries are perforated on the straddle
tape in order to guide the straddle clerk in disposing of
calls whose elements have been assembled from one or
more straddle pages. These are two such entries, one
for canceling overtime and the other for canceling all
charges. If the call information assembled from the
straddle pages includes a “cancel overtime” between dis-
connect and answer, the clerk proceeds to cancel any
overtime charges. If the assembled record shows a “can-
cel charge” entry between the answer and the initial en-
tries, the entire charges are canceled.

It will be recalled that on non-straddle calls these can-
cellations are performed automatically by clearing out
from the assembling registers (Fig. 39) all single timing
entries to cancel overtime, or all double timing entries to
cancel charges. However, to make the cancellation ef-
fective for straddle calls, notice of the cancellation must
be placed on the straddle tape (perforator 11 of Fig. 44),
as pointed out above. To do this the straddle control
circuit (Fig. 42), after restoring the assembling registers
(Fig. 39) as required, operates the appropriate cancel-
lation class relay “cancel overtime” or “cancel charges,”
in the output control circuit. The corresponding can-
cellation entry is then perforated on the straddle tape,
after which the straddle control circuit is restored.
0.3639 Tape preparation

The application of splice pattern and tape identity at
the leading and trailing ends of the tape, and of splice
pattern at windows encountered in the tape, is covered
in the detailed description of the output control circuit.

0.37 28-register group and recorder, hour and day
registers

0.371 General

The “28CDEF” series of entries on the central office
tape serves to control the assembler computer in various
ways, and to transmit the day and hour time elements
which pertain to all calls but which for the sake of
economy are shown periodically, rather than within the
timing entries of each call.

These “28” entries as they appear are temporarily
deposited by the reading relays (Fig. 30) in the 28-
register (Fig. 31), which thus provides for the 28 entries
a place of disposal corresponding to the call entry reg-
isters for initial entries and to the assembling registers
for timing entries. Since several translations must be
made on the contacts of the 28-register relays (Fig. 31),
the single 28-register effects considerable economy in
taking over this burden from the two sets of reading
relays. In adopting the separate 28-register, no attempt
is made at time saving, however, since the comparative
infrequency of the 28 entries makes it feasible to halt
the processing of calls long enough to carry out what-
ever control operations are demanded by the particular
28 entry.
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0.372 Composition of 28 circuit

The 28-register group (Figs. 31 and 40) comprises the
following parts:

(@) Two 28-connectors (Fig. 31), which provide ac-
cess respectively from the two sets of reading relays
(Fig. 30) to the 28-circuit. A reading of “28” on either
set of reading relays operates the corresponding 28-
connector.

(b) A four-digit “28-register” (Fig. 31) for copying,
in a two-out-of-five code, the settings of the C, D, E and
F reading relays (Fig, 30).

(¢) Recorder connector (from 28-register to recorder
register) of Fig. 40, recorder control circuit, and two-
digit recorder register (Fig. 40).

(d) Hour connector (Fig. 31) and “hour —1” con-
nector of Fig. 31 (from 28-register to recorder register),
hour control circuit (Fig. 31), and two-digit hour reg-
ister (Fig. 31).

(e) Day connector of Fig. 40 (from 28-register to
day register, day control circuit (Fig. 40), and two-digit
day register (Fig. 40).

(f) Day change connectors of Fig. 40 (“day +-1,”
“day as read,” “day —17”) serving as outlets from the
day circuit (Fig. 40) to the disconnect day register
(Fig. 40), to the pattern relays (Fig. 43), and to the
display lamps (Figs. 46 and 47).

(g) Two-digit disconnect day register (Fig. 40).

(k) Miscellaneous registers such as those for record-
ing the occurrence of transfer points, cancellation entries,
etc.

0.373 Tape checking process

At the start of the runm, certain manually controlled
dial switch settings (Figs. 41 and 42) are made in ac-
cordance with instructions accompanying the input tapes.
These settings prescribe the method for sorting (sort
switch of Fig, 42) the MU calls (office, thousands,
units), and they serve as a reference against which to
check the tape identity eniries on the tapes to insure
that only the right kind of tapes are processed (i.e., CO
tapes) and in proper sequence, without repetition. They
also govern the identity entries which are perforated
on the output tapes to prepare the latter for the next
accounting stage.

The dial switch settings show the marker group (Fig.
42), the month (Fig. 41), the last day (Fig. 41) of the
run, and first and last recorder (Fig. 41). The marker
group switches (Fig. 42) operate the billing index trans-
lator (Fig. 49) to select the charging formulas applicable
throughout the run. The month tens and units switches
(Fig. 41) operate auxiliary relays which adjust the check-
ing paths in accordance with the number of days in the
month.

After the dial settings have been made, the machine
is started and a tape (Fig. 30) is fed into the reader
(Fig. 30), the first tape always being the emergency
tape when such is present. The end-of-tape key, when
thrown, causes several inches of splice pattern to be
applied on all output tapes (Fig. 44) under control of
a timing circuit. Next, the input tape is advanced
through the tape identity area, where each item upon
being taken into the 28-register (Fig. 31), is checked
against the corresponding dial key settings (Figs. 41 and
42). Any failure to check will block the circuit. The
recorder, hour and day readings included in the tape
identity are passed on from the 28-register (Fig. 31)
to the recorder, hour and day registers (Figs. 31 and 40),
respectively.

1f the check is satisfactory, the machine next pro-
ceeds to apply leading tape identity to the output tapes,
using the dial key settings as the source of information.
In this preparation, the straddle tape is passed over
without applying tape identity to it, if the emergency
tape is shown by its tape identity to be unused at the
beginning. If, on the contrary, the emergency tape is
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shown to be in use at the start, leading end tape identity
is applied to the straddle tape, including the number of
the recorder for which the emergency recorder was sub-
stituted.

With leading tape preparation completed, the machine
automatically starts processing calls. If the emergency
tape is present and is in use at the start, any leading
end straddles to appear have their output perforated on
the straddle tape (perforator 11 of Fig. 44), while reg-
ular calls are perforated on the appropriate regular
tape (perforators 0 to 10 of Fig. 44). At the trailing
end of the same emergency tape section, any trailing
end straddles encountered are run off on the straddle
tape and are followed by straddle tape identity including
the same recorder number as before. The straddles thus
recorded, both the leading and trailing, are therefore
embraced between identity groups containing the num-
ber of the recorder whose trunks or junctors handled
the calls. The call records from any other trunk frames
which were transferred to the emergency tape in the course
of the processing period, will be handled in like manner.

When the emergency tape has been processed, the
reader (Fig. 30) advances to the 00 recorder tape either
automatically if the central office tapes are spliced to-
gether, or after having stopped and having been manu-
ally restarted, if the tapes are not spliced. The recorder
number is checked to see that the regular tapes com-
mence with “00,” and a tape identity including the “00”
recorder number is applied to the straddle tape to mark
the transition and prepare for leading end straddles.

The calls are now processed, the ordinary calls being
perforated on the regular tapes, and leading end straddles
on the straddle tape. At the end of the 00 tape, the
trailing end straddles are run off and perforated on the
straddle tape, to be followed by a straddle tape identity
containing the “00” recorder number. At the transition
point between the tapes for recorder 00 and recorder 01,
a check is made for the correct numerical sequence and
the transition is noted on the straddle tape. The
sequence check and the straddle operations are repeated
at each such change or “splice” point.

When the emergency tape is not included, the run
may start on any recorder indicated by the “first recorder”
setting of the dial switches (Fig. 41), but the progress
must be in numerical sequence to the last recorder. No
tape beyond the last one indicated by the dial switches
can be run, this requirement being imposed to prevent
repetition.

0.374 Recorder register

The recorder register (Fig. 40) keeps track of the
recorder numbers appearing at intervals on the central
office tape and notes any change in the number, since
such a change indicates a splice point and a discontinuity
in the record which requires trailing and leading end
straddles to be diverted to the straddle tape. The re-
corder number registration also serves to insure sequen-
tial processing, as just pointed out above.

The recorder register (Fig. 40) has capacity for two
digits, and it is set from the 28-register (Fig. 31) by way
of the recorder connector (Fig. 40). While the regular
recorder tapes are being processed, each new recorder
number taken into the 28-register is compared against
the existing setting of the recorder number register, and
any change is noted and used as a signal to the straddle
control circuit (Fig. 42).

The straddle control circuit causes the trailing end
straddles to be run off and tape identity to be perforated
on the straddle tape for the old recorder number, after
which tape identity for the new recorder number is per-
forated on the straddle tape. The machine then pro-
ceeds to perforate leading end straddles on the straddle
tape and ordinary calls on the regular output tapes.

In the emergency tape the means for distinguishing
the transition points between sections of business for the
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various recorders consists of the transfer entry (2855EF
or 2857EF), instead of the recorder change.

The recorder register (Fig. 40) furnishes a decimal
translation to the dial switches (Fig. 41) to check the
recorder number sequence and the first and last recorder,
and furnishes at two-out-of-five output to the pattern
relays (Fig. 43) for use on straddle tape identity.

0.375 Hour register

The two-digit hour register (Fig. 31) keeps a running
record of the hour entries taken into the 28-register
(Fig. 31). The circuit supplies hour information: (a)
to the timing connectors, for use with the timing entries
stored in the assembling registers; (») to the pattern
relays (Fig. 43) for use as “current hour” in straddle
initial entries; (¢) to the computer (Figs. 39, 48, etc.)
for purposes of comparison; and (d) to the hour count
circuit to distinguish DA’s from leading end straddles.
Items (a) and (b) are in the two-out-of-five code.

The “2811EF” hour forming part of the tape identity
group is transferred without modification from the 28-
register (Fig. 31), through the hour register connector
(Fig. 31) to the hour register (Fig. 31). The “2810EF”
hour entries, however, which are perforated every hour
on the central office tape, must be reduced by one since
the tape is being read backwards and thus the current
hour applicable to the calls will be that of the hour pre-
ceding the one just read from the tape. Before the
“2810EF” hour is registered, it must be compared with
the hour already registered, to make sure that no hours
are missed, since an omission of this kind would in effect
lengthen the elapsed time and so would cause over-
charging.

The check of the 2810EF hour is made by way of the
hour check connector (Fig. 31), placed between the E
and F digits of the 28-register and the hour register. If
the new reading agrees with the hour previously regis-
tered, the check is satisfactory, and the hour register is
restored. The “hour —1" translating connector (Fig.
31) between the 28-register and the hour register is then
operated to subtract one as the new hour reading is trans-
ferred from the 28-register to the hour register. The
28-register is then restored and the output feature of the
reading relays (Fig. 30), suspended during the 28-proce-
dure, is reinstated.

Missing hour

If an hour entry is missing, the circuit blocks after the
check fails, and the situation calls for manual correction
by means of the hour reset key. First of all, the assem-
bling registers (Fig. 39) containing only one timing entry
are restored with a view to canceling overtime, inasmuch
as some of these entries may have been recorded with
the old hour and as such can cause an hour’s overcharge.
Notice of this cancellation is also perforated on the
straddle tape (Fig. 44) for the information of the straddle
operator. Lastly, the hour circuit (Fig. 31) is restored
to clear out its old reading and the new hour contained
in the 28-register (Fig. 31) is transferred to the hour
register by way of the “hour —1" connector (Fig. 31),
which subtracts one hour. The 28-register is then re-
stored and the processing resumed.

Irregular hour 281899 (hour missing)

This entry is applied on the central office tape as a
substitute for a missing hour entry, but since some slight
delay could occur between the exact hour and the ap-
plication of the 281899, a few timing entries might inter-
vene and so be associated with the wrong hour. To
prevent false charging from this source, the assembler
computer applies the same treatment as described above
under the heading of “missing hour.” That is, it cancels
overtime in the assembler, places a corresponding entry
on the straddle tape and causes the hour circuit to be
reset.

The resetting of the hour circuit does not, however, in
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this case require the assistance of the operator. At
the moment, the 28-register (Fig. 31) contains the substi-
tute 281899 in place of the hour itself, and yet a way
must be found to reduce the hour registration by one.
This is done by recycling the hour circuit through the
28-register. The last two-digit registers of the latter, con-
taining the “99,” are restored and the hour from the hour
register is transferred through the irregular hour con-
nector (Fig. 31) to the 28-registers (Fig. 31) just va-
cated. Next, the hour register is restored to make room
for the new hour registration. ‘Finally, the hour is trans-
ferred from the 28-register, through the “hour —1”
connector (Fig. 31), to the hour circuit, being reduced
by one in the process. Throughout the foregoing pro-
cedure the 28-register, being off-normal, disables the
reading relay output so as to confine the operations to the
28 entries under consideration.

Irregular hour 281999 (skip faulty hour entry)

This entry, which is applied to the central office tape
following a faulty hour entry, serves as an erasure signal
for the defective entry and also establishes the hour reg-
istration at the correct value, as the proper hour entry
would have done.

In this case, unlike that of the 281899, the cancella-
tion signal is so applied at the central office that no tim-
ing entries can come between it and the faulty hour entry,
and therefore the cancel overtime procedure is omitted
at the accounting center. The assembler computer, read-
ing the tape in reverse order as usual, encounters the
281999 first, and after recording it advances to the faulty
hour entry and skips that. The machine next recycles
the hour circuit through the E and F digit registers of
the 28-register group, as described above for the 281899,
thus reducing the hour reading by one. The 28-register
stands guard meanwhile, disabling the output circuit of
the reading relays (Fig. 30) until the procedure is finished.

Hour count

Mention has already been made, in the computer sec-
tion, of the hour count feature which enables the call
disposition circuit of the call entry group to separate out
DA’s from leading end straddles.

This feature, associated with the hour circuit, counts
the first two regular “2810EF” hour entries appearing
after leading end tape identity. Upon noting two such
hour entries, the counting circuit sets the call disposition
circuit of both call entry groups (Figs. 32 and 35) to
discard any non-observed, first call initial entries that are
not accompanied by a timing entry. The assumption is
made that such calls, unanswered for an hour, should
be discarded as DA’s (don’t answers”).

0.376 Day register

The day register (Fig. 40) keeps a record of the calen-
dar day entries (2821EF), included as part of the tape
identity at the tape end and at make busy points.

Access from the 28-register (Fig. 31) to the day regis-
ter (Fig. 40) is through the day connector (Fig. 40),
which joins the two circuits. The first “current day” to
appear for registration in the day circuit is normally the
day applying to hours 00 and 03, inclusive, on the lead-
ing end of the tape. As the hour changes at midnight
from 00 to 23, the day register remains fixed, but an ad-
justment is made by the hour circuit to note the change
in calendar day at that point. As the reading continues
backward, the appearance of a tape identity group at
a make busy or transfer point will reset the day register
accordingly, and the new setting will remain until again
superseded.

The circuit furnishes day information: (a) through the
start time day connector (Fig. 32 or 35) to whichever
call entry register requires it, for use in the start time
line of regular detail outputs, or for use as answer day
in leading end straddles or OC straddles; (b) to pattern
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relays (Fig. 43) for use as current day in initial entry
outputs of leading end straddles; (¢) to pattern relays
for straddle tape identity; (d) through the day change
connector (Fig. 40) to pattern relays for use as answer
day, on trailing end straddles; (e) to the disconnect day
register (Fig. 40), for transmission to pattern relays on
disconnect outputs of trailing end straddles or OC
straddles.

Last day record

The assembler computer is arranged to process central
office tapes covering any part of a month, provided that
the first day of the current month and the first day of the
next month are not both included in the same run. This
restriction prevents the confusing of the first day of one
month with that of the next.

Every recorder tape includes in each of its tape identity
groups a duplicate of the day information which forms
part of the associated recorder-time group. The day in-
formation is thus made accessible for checking purposes
when the leading tape identity is verified against the corre-
sponding dial switch settings (Figs. 41 and 42) at the
start of the run. It has already been explained that these
switch settings govern the tape preparation reproduced on
the computer output tapes.

The day cited in the leading tape identity of the central
office tape is a day later than the “last day” which is
set on the dial switches to designate the run, since it
applies to the three hours’ business (hours 00-03) in-
cluded with that of the previous whole day. On the
final run of the month, the date applying to this three
hours’ business is that of the first day of the new month;
whereas, the month number given in the tape identity is
that of the old month. Consequently, for detail calls oc-
curring within these hours, a tranlation must be made in
the month number when the call is printed.

For example, assume that the “last day 31” tapes are
in process for the month ending May 31. In the leading
tape identity of the central office tape fed into the as-
sembler computer, the month will be recorded as “05”
and the last day *31,” and these same data will be pro-
duced in the tape identity of the computer output tapes,
along with the “last day 31” designation for the run.
Now, a toll call occurring in hour 02 of day 01 (June 1)
would be correctly labeled on the detail output tape with
the start time hour 02 and day 01, but the month (06)
would not be included as part of the individual output
entry. Hence, at the printing of the subscriber’s bill,
the month of the call (06) would have to be interpreted
from the given month (05).

To facilitate this interpretation, the start time line
(Fig. 32 or 35) of the detail entry is modified, in a cer-
tain manner, in the case of calls which originate between
hours 00 and 03 of day 01 of the new month, but which
are included with the business of the old month. In the
present example, this modification in the start time line
causes the printer to assign month 06 rather than month
03, to the day 01. If the “last day” of the run is some day
other than the last of the month, no such translation is
needed, since the current month is applicable, and in
such case the start time information is left unchanged.

The point in the circuit at which the foregoing modifi-
cation is effected is the start time register (Fig. 32 or
35) of the call entry group. Here the “last day” or “no
last day” indication is registered by way of the start and
charge time connector (Fig. 32 or 35), from the last
day dial switches (Fig. 41) and relays as a source. On
every detail call one or the other of these indications is
registered, the “last day” registration for the final run
of the month, and the “no last day,” otherwise. Then if
the call has started within hours 00 to 03 of the last day’s
tape, the start time day will be 01, and under that con-
dition the modification in start time information is made
as above described so that the printer can interpret the
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month accordingly. Further details of this feature are

covered elsewhere.
0.38 Lamp display circuit

An elaborate lamp display circuit (Figs. 37, 38, 45,
46 and 47), actuated by means of keys (Figs. 38 and 47),
is provided to show the condition of various parts of
the assembler computer, such as the reader (Fig. 30),
the perforators (Fig. 44) and the registers. This feature
is intended mainly for the use of the operator when it
becomes necessary to log the status of the machine after
it stops on an alarm, but the feature is also useful for
maintenance purposes.

As has been pointed out in an earlier section, the
machine may block at an instant when as many as three
calls are registered in the call entry registers while a
fourth is in the reading stage and awaiting registration.
In view of this overlapping of calls, the lamp control
circuit has for one objective the grouping together of all
items of information pertaining to each call, and to keep
this information separate from that of the other calls.
It is also necessary to provide logging pilot lamp indi-
cations to classify the information, for the guidance of
the operator.

The principal display lamps are as follows:

28 lamps 3700 of 37 (3 for digit A and 5 each for digits
B to F, inclusive) for reading the reader contacts and
the perforator magnets, in a two-out-of-five code

28 lamps 3701 of Fig. 37 for reading various registers
in a two-out-of-five code

20 lamps 4600 of Fig. 46 (tens and units) for reading
various registers in decimal code

Logging lamps, line count lamps, cancellation famps,
etc. (Fig. 45)

Four main grouping keys (Fig. 38) are provided, each
arranged to select whatever subsidiary keys (Figs 38 and
47) are needed to display on the lamps the information
related to one of the calls in the machine. The A group-
ing key (Fig. 38) serves call entry group No. 1 (Figs.
32 and 33, etc.) and selects the keys which are capable
of displaying one at a time the setting of the initial entry
line 1, 2, 3 and 4 registers (Fig. 33), as well as the various
registers (Fig. 32, etc.) concerning the charges. The
B grouping key (Fig. 38) does the same for call entry
group No. 2 (Figs. 35 and 36, etc.). The C grouping
key (Fig. 38) selects those keys which can display the
line 1 registers of either call entry group, when such reg-
isters have taken in part of a call No. 3. Grouping
key M (Fig. 38) exercises similar control over keys
which display miscellaneous information pertinent to
the calls, such as that of the 28-register (Fig. 31), and
the recorder (Fig. 40), the hour (Fig. 31), and the day
(Fig. 40) settings, etc.

The grouping keys are effective only when the machine
is off-normal and stopped. The perforator display key
(Fig. 45), used for maintenance, is effective only after
an audible alarm has been retired but before the registers
are released. The reader lamp key (Fig. 45) is effective
at any time, whether the machine is running or not. It
is understood, of course, that the keys are supple-
mented by relay connectors (such as in Fig. 37).

0.39 Srraddle feature

The straddle tape (perforator 11 of Fig. 44) is the
depository for calls which the machine cannot handle
automatically, either because the charging data exceeds
the handling capacity of the machine or because part
of the call elements are missing.

The first of these two classes consists of the over-
capacity calls, whose timing entries are both present, but
whose elapsed time or charging data are beyond the
ability of the computer (Figs. 48 and 49) to handle and
therefore require the services of a clerk.

The second of the two classes comprises straddle calls
which straddle or span either a cutting point in the
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central office tape or a point of transfer where the record
is split between the regular and the emergency recorder.
In either case, the record is discontinuous, or incom-
plete at the moment, so that the machine must route
the record to the straddle tape for ultimate assembly
by clerical means.

In addition to the call elements themselves, the straddle
tape receives a record of certain cancellation entries
having general application, namely “cancel overtime”
and “cancel charge.” Obviously, these cancellations ap-
ply to calls handled by a clerk as well as to those dis-
posed of by the machine. The straddle tape also re-
ceives a record of every splice or transfer point, to show
the location of the point of discontinuity with respect to
the call elements affected.

Straddle page

At the end of the run, the straddle tape is printed out
on a “straddle page” in expanded form, so that like
items appear in the same column for easy comparison.
The straddle pages for consecutive runs are collated and
the entries pertaining to each call are picked out and
assembled, the basis of association being the call identity
index or trunk number. Any cancellation entries pres-
ent will have their position noted in relation to that of
the timing entries of the call. The “cancel overtime”
entry. occurring between answer and disconnect of a
call causes any overtime present to be canceled, but
otherwise is ignored. The “cancel charge” entry oc-
curring between answering and initial call causes all
charges to be canceled, or between answer and discon-
nect causes any overtime to be canceled. Calls which
do not embrace these cancellation entries are not affected
by them.

The straddle page will also contain sufficient tape
identity entries to enable the clerk to determine where
and when in the progress of the regular tapes any trans-
fer to emergency occurred, so that the corresponding
straddles from the emergency tape can be inserted in the
right place. This matter will be discussed further below.

Transfer-synchronous (285500)

A point of transfer, on a regular recorder tape, rep-
resents an interval during which the call records appear
not on the regular recorder tape but on the emergency
recorder tape. Each side of the interval is marked on the
central office tape by the transfer signal “285500” (or
“285700,” non-synchronous). As the central office tape
is read Dbackwards, the first two 285500 groups en-
countered cause “trailing end” straddles (answer and
disconnect) to be run off on the straddle tape and fol-
lowed by a straddle tape identity, including the recorder
number and the time at the current hour. As the second
two 285500 groups are encountered, a second tape iden-
tity is applied to the straddle tape, after which leading
end straddles are run off on the straddle tape.

When the emergency tape containing the call records
of the transfer interval is processed, (and this precedes
the processing of the regular tapes) the accompanying
output to the straddle tape consists of: (a) tape identity
for the recorder served, with date and hour; (b) leading
end traddles; (c) ftrailing end straddles; and (d) tape
identity for the same recorder, with date and hour.

When the foregoing records are printed on the straddle
page, the two tape identities of the regular tape indicate
a gap in the record, into which must be inserted the emer-
gency tape straddles included between tape identities that
correspond rtespectively to those of the regular tape.
Trailing end and leading end straddles, which comprise
part of the same call, are thus associated with each other,
so that the assembly is facilitated.

Transfer-non-synchronous (285700)

This entry represents a transfer which occurred at an
instant when the recorder timer at the central office was
out of synchronism with respect to the master timer, thus
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making the timing entries unreliable. Such an event fall-
ing bewteen answer and disconnect on any call therefore
affects the elapsed time and requires the cancellation of
overtime to avoid risk of overcharge. Hence, in such a
case, the machine must cancel overtime by restoring all
assembling registers containing only a single timing entry,
and must put some form of “cancel overtime” entry on
the straddle tape for use on clerically assembled calls.

If the non-synchronous transfer appears at the trailing
end of a tape section, the cancel overtime procedure is
used in so far as the release of the assembling registers
is concerned, after which the trailing end straddles are
run off on the straddle tape and followed up with a strad-
dle tape identity which includes the overtime indication.

If the non-synchronous transfer is noted on the leading
end of a tape section, the circuit attempts the same cycle
of operation as just described; but, finding the assembling
registers already normal, it proceeds at once to apply the
straddle tape identity containing the cancel overtime
indication.

Cancellation—make busy-non-synchronous (285600)

This entry, which indicates that the regular frame re-
corder at the central office was made busy while the timer
was out of synchronism, calls for the same cancel over-
time treatment that was applied to all singly occupied
assembling registers in the case of the non-synchronous
transfer; but, a separate cancel overtime entry is made on
the straddle tape, since no trailing end straddles are run
off.

Cancellation—charge guard (285400}

This entry indicates a charging trouble at the central
office which warrants the cancellation of all charges for
the call. Recognition of this entry by the 28-circuit is
followed by the releasing of all timing entries, both single
and double, that may be present in the assembling regis-
ters when the cancellation signal appears. Also, a rec-
ord of the cancellation is placed on the straddle tape for
possible application to straddle calls which are assembled
by the clerk.

KEY CONTROLS FOR MACHINE START AND
STOP—SECTION 1

1 Off-normal and start
1.1 Motor start
1.2 Motor stop
1.21 Before machine has been started
1.22 Emergency
1.23 Alarm
1.24 Regular release
1,25 After end-of-tape operation
Master release
Machine start
Release at end of run
Regular release
Release after alarm
Manual reader step
The numbers in parenthesis indicate the figures of the

drawings which shows the apparatus designated.
1. Off-normal and start

1.1 Motor start

Operation of the Motor Start key (171) operates relays
RLM and MST of Fig. 59. Relay MST operates the
MOT relay (59) in the Alternating-Current Power Con-
trol Circuit, starting the reader motor (61). The contact
of relay AL (202) in the operate and lock circuit of relay
MST stops the motor in the event of an alarm and pre-
vents it from being restarted until the alarm has been re-
leased. The contact of relay MRL (59) stops the motor
at the completion of a run when the release of the End-
of-Tape key (171) operates relay MRL. Since relay
MRL remains locked until all assembling registers (91,
92, 113, 114, 125, 126, 135, 136) have been checked
normal, any failure of this portion of the circuit would
prevent starting the motor, so that a new run could not
be started with anything in the assembling registers.

Relay MST operates relay ARON (84), and then op-
erates relay MON1 (60) through relay ARON. Relay
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RIM (59) locks to relay MON1 through the Machine
Release key (171). Relay MST locks temporarily to
relay MON1 through relay RLM. Relay MON1 oper-
ates other master off-normal relays MON2 (60) and
8MON, and MON2 operates AMON and BMON.

1.2 Motor stop

1.21 Before machine has been started

Under this condition operation of the Machine Release
key (171) releases relay RLM (59) which releases relay
MST (59), stopping the reader motor (61). The master
off-normal relays remain operated.

1.22 Emergency

The Emergency Motor Stop key (171) releases relay
MST (59) and stops the motor immediately. The circuit
then times out and a call may be lost.

1.23 Alarm

Whenever an alarm comes in the AL relay (202) re-
leases relay MST (59) and stops the motor (61). The
motor cannot be started again until the alarm condition
has been released.

1.24 Regular release

On a regular release the RLM relay (59) is released
by the Machine Release key (171). When relay ST3
(59) finally releases, relay MST (59) releases and stops
the motor. See Section 1.6.

1.25 After end-of-tape operation

The release of relay ST60 (243) releases relay MST
(59) and stops the motor (61).

1.3 Master Release

Simultaneous operation of the Master Release and
Machine Release keys (171) releases relay MON1 (60).
This releases all other master off-normal relays and all
regular off-normal relays but does not release the assem-
bling registers.

1.4 Machine start

After splice pattern has been perforated at the start
of a run, operating relay SPA (258), the Machine Start
key (171) is momentarily operated. Provided the End-
of-Tape key (171) is normal and relay SPA (258) is
operated, this operates relay SPD (258), which locks
to relay MON2 (60). Relay SPD (258) disables the
splice perforating function of the machine. Relay ST1
(59) operates through the Machine Start key (171)
when reader contact JB4 (63) closes. Back contacts of
relays ARS (71) and BRS (76) in this path check that
these relays, which control reader stepping, are normal.
The contacts of relays SP1 (258) and TET1 (260) open
the start path while the circuit is perforating splice and
trailing end tape identity, respectively. Relay SPD
(258), whose operation is described above, must be
operated before relay ST1 (59) can operate. The con-
tacts of relay ST2 (59) switch the operating path from
relay ST1 (59) to relay ST3 (59) when ST2 (59) op-
erates. The contact of RLM (59) has two functions.
It insures that the motor (61) is running, and it re-
leases ST1 (59) on a regular release. ST1 (59) locks
to MON1 (60) through RLS (59) normal.

When reader contact M5 (63) closes, ST2 (59) op-
erates and switches the JB4 lead to ST3 (59). ST2
(59) locks in parallel with ST1 (59).

When reader contact JB4 (63) closes again, ST3 (59)
operates and locks through RLM (59) operated and RLS
(59) normal to MON1 (60).

Off-normal relays ONA, ONB, ONC and OND (60)
operate from ST1 (59) and are held by ST3 (59). ONA
(60) operates other off-normal relays 10N (199), 20N
(200), ONS1 (118), ONTC (60).

The operation of OND (60) starts the output start
circuit, resulting in the operation of ST10-ST60 (243),
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PHK (257), and computer off-normal relays ONR (165)
and ONT (170).
One set of reader connectors is operated by ST1 (59).
This operation is described in Section 2.1.

1.5 Release at end of run

Following perforation of tape identity and splice at
the end of a run, MRL (59) operates, releasing MST
(59), as previously described, and also releasing MON1
(60). This releases all off-normal and master off-normal
relays and restores the machine to normal,

1.6 Regular release

The assembler-computer can be stopped during a run
by operation of the Machine Release key (171). In
order not to lose any calls, the assembling registers are
not released, and all answers and disconnects registered
are retained. To prevent a high current drain while
the machine is in the released condition, the actual re-
lease does not take place until the end of a day’s business
of a recorder.

Operation of the Machine Release key (171) releases
RLM (59), releasing ST1 (59) and opening one of the
locking paths for ST3 (59). As the machine progresses
through the tape, the HTO (hour tens zero) relay (133)
operates, and later the HU3 (143) (hour units three).
When the reader (61—62-—63) reaches the 284DEF
(marker group) entry, it stops stepping until any calls in
process have been perforated. The tape identity entries
are then handled in the usual manner. The first line
of splice pattern operates ASP (79) and ASP1 (79)
(assuming that it is received on the A side reading relays
of Figs. 67 to 70). This releases TEK (142). The
second line of splice operates BSP (79) and BSP1 (79).
The ST3 (59) now releases, opening the paths from the
reader G1 and G2 contacts (61) and preventing further
progress. ST3 (59) also releases all off-normal relays
and releases MST (59), stopping the motor (61).

1.7 Release after alarm

When the Machine Release key (171) is operated fol-
lowing an alarm, RLS (59) and OPR (243) operate.
OPR (243) initiates the release of the output circuits.
RLS (59) opens one of the holding paths for ST1, ST2
and ST3 (59), and releases the computer-connector re-
lays CCA to CCH (144—145). RLS (59) also operates
the R (such as Fig. 93) relay in the assembling register
whose connector is operated. R (93) supplies a ground
to lock the DCABC (91) or the ACABC (92) connectors
until R (93) releases. R (93) also releases JC1, JC2,
JC3 and JC4 (94), releasing JCSAB (84).

The release of CCB (144) and CCF (145) releases
ST1, ST2 and ST3 (59), releasing all off-normal relays.
When OND (60) releases it drops RLS (59), releasing
R (93), which drops the assembling register connectors
(91—92).

It is important to insure that no current is being car-
ried by the contacts of the assembling register connectors
when they release. If the computer-connector relays
CCA to CCH (144—145) were slow in releasing, it is
possible that the assembling register connectors might
release first. If the off-normal locking ground had al-
ready been removed from the translating registers in
the computer, their operating current would be broken
by the dry-reed assembling register connectors. Assum-
ing no trouble conditions, even if the break contact of
RLS (59) were not bridged by makes on CCE and CCF
(145), the CCA to CCH (144—145) relays would get
down a considerable time before the dry-reed connectors
release. The make contacts of CCB (144) and CCF
(145), therefore, are an additional safeguard against
failure of the computer-connector relays to release.

1.8 Manual reader step

In order to step the reader (61-—62—63) manually,
the machine must be in a released condition and the
reader lamps (174) must be conmected to the reader.
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Operation of the Reader Step key (171) connects MRS1
(62) to a reader H make contact (62) through OND
(60) normal, RL (184) operated and MRS2 (62) nor-
mal. MRS1 (62) locks to a reader H back contact (62),
and energizes the reader STEP magnet (61). Closure
of the H back contacts (62) operates MRS2 (62), which
releases MRS1 (62) so that the reader takes only one
step. MRS2 (62) locks through the key (171) so that
MRS1 (62) cannot reoperate no matter how long the key
is held.

If MRS2 (62) should fail to operate, or if its back
contact should be shorted, the reader would step more
than one line.

READING RELAYS—SECTION 2

2 Reading relays
p Reading connecior
2.11 Starting
2 12 Running
Splice skipping
2.21 Start of first ta%
2,22 Splice skipping between tape sections
Reading relays
2.31 Release of reading relays
2.311 Initial entry
2.312 Timing entry
2.313 Splice
2.314 28 lines
2.4 Entry recognition and reader output connector op-
er%t on

2.2

2.3

Reader step check
Reading check
Miscellaneous down-check
28-entries

Timing entries

Initial entries

Steering initially to side 1
Registering a four-line entry
Registering two-line entry
2.6 Skipping Hnes—287 entry

2.7 TIrregular hour 281999

2.8 Irregular hour 2818990

2 Reading relays

2.1  Reader connector

The reader connector (61 and 62) consists of two simi-
lar relays. ARC (61) connect the 28 reading leads from
the reader (61) to the reading relays of the A side (67 to
70) and BRC (62) connects them to the reading relays of
the B side (72 to 75). The two sets of reading relays
read alternate lines on the tape. Lines which are in the
positions on the reader drum corresponding to a closure
of the G1 contact (61) are read by the A side, those cor-
responding to G2 (61) by the B side,

2.11  Srarting

Assume that when the machine is started the reader
drum (61 to 63) is in the G1 position. As discussed
elsewhere, ST1, ST2 and ST3 (59) operate from reader
control contacts. ST1 (59) operates the off-normal
relays, of which ONB (60) operates the two reading relay
down-check relays ARDK (71) and BRDK (76). When
the G1 contact (61) closes, the A connector ARC (61)
operates through ST3 (59) normal, ST1 (59) operated,
ARDK (71) operated, FA (202) normal and BRC (62)
normal. They lock through BRC (62) and ARS (71)
normal to OND (60) operated. When ST3 (59) oper-
ates it removes the connections between G1 and G2 (61)
and the reader connectors (61 and 62). Each reader
connector operates and locks through a back contact on
the opposite set, so that it is impossible for both connec-
tors to be up simultaneously and permit one line of tape
to be registered in both sets of reading relays. A back
contact of the fuse alarm relay FA (202) is placed in the
operating path of each reader connector to stop any fur-
ther reading in case a fuse blows.

2.5

2.12 Running

As soon as the reading relays have operated and an up-
check has been made (only one or all three for the A
relays and two out of five for the B, C, D, E and F) the
reader step relay ARS (71) or BRS (76) operates,
stepping the reader and releasing the corresponding
reader connector. Before the reading contacts close
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again, the opposite reader connector must be operated.
In every case, this is done by the closure of a P make con-
tact (63) on the reader operating through the ARS1 (71)
to operate the B connector, or through the BRS1 (76) to
operate the A connector.

Assume a series of lines being read alternately by the
A and B reading relays. Assume the A reader connec-
tors operated and a first line of an initial entry being read.
The B reader connector is operated from the reader P
contact (63) through ARSI (71), ALK (86), JC5AB
(84) and BRDK (76) operated, and FA (202) and ARC
(61) normal. The second line of the initial entry is read
by the B reading relays and the A reader comnector is
operated from a reader P contact (61) through BRS1
(76) and BLK (86) operated, through the combination of
BAO (72) operated and BA1 (72) and BA2 (72) normal
(since a zero in the A digit is being read on the B side),
ARDK (71) operated and FA (202) and BRC (62)
normal.

If the next line read on the A side is a timing entry,
the B reader connector is operated from the reader P
sontact through ARS1 (71), ATCABC (81), ATCEFG
(81) and BRDXK (76) operated, and FA (202) and ARC
(61) normal. The contacts of ATCABC (81) and
ATCEFG (81) check that both sets of timing connector
-elays have operated.

A 28-line read on the B side operates the A reader con-
wectors from the reader P contact, through BRS1 (76),
B8C (85) and ARDK (71) operated, and FA (202) and
3RC (62) normal.

When the line skipping circuit (64) is operating, it re-
eases the reading relays for each line to be skipped and
t must also operate the reader connector for the opposite
side. If a line on the A side is skipped, the operation of
ALS (64) and ARR (71) operates the B reader connec-
ors from the reader P contact through ARS1 (71), ALS
(64), ARR (71) and BRDK (76) operated and FA (202)
and ARC (61) normal.

The operation of the reader connectors during splice
skipping is described in Section 2.2.

22 Splice skipping

121 Start of first tape

When the motor (61) is started at the beginning of a
un 8MON (128) operates, and with SPA (258) normal,
srimes MHK (131) and TTIK (79), which remain
ocked, MHK (131) until a timing entry is read, and
[TIK (79) until leading tape identity is read.

After splice pattern has been perforated on the output
apes, resulting in the operation of SPA (258), which
ypens the priming circuits of MHK (131) and TTIK
79), the machine is started. The proper reader con-
1ector is operated during the starting process, as described
n Section 2.1. Assume that the A reader connector is
perated and a line of splice pattern 081010 is read.
jround from MON1 (60) operates ASP (79) through
JA2 (72), AC2 (68), AA2 (67) and AA1 (67) normal,
nd AAO (67), AB7 (68), AB1 (68), MHK (131) and
“TIK (79) operated. ASP (79) locks through BRC (62)
ormal and operates ASP1 (79) which locks. ARS (71)
perates from the reading relay up-check and operates
\RS1 (71). ARS (71) steps the reader and releases the
\ reader connector, and ARS1 (71) operates the B
cader connector. ‘This circuit is from ground at a reader
* contact through ARS1 (71) operated, TEK (142) nor-
nal, ASP (79) and BRDK (76) operated, and FA (202)
nd ARC (61) normal. The operation of ASP and
\SP1 operates ARRA and ARRD (71) which lock to
\RDK (71) and release the A reading relays. When the
eading relays release, ARDK operates and releases
\RRA to ARRD (71). The operation of BRC (62) re-
2ases ASP (79}, but ASP1 (79) remains locked.

The second line of splice is read on the B side and
perates BSP (79). The operation is the same as de-
cribed above. Both ASP1 and BSP1 (79) remain locked
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up. Alternate lines of splice are read by the A and B
sides, with the reading relays releasing after each line.

The first line following splice pattern always starts with
a two. The operate paths for ASP (79) and BSP (79),
and the lock paths for ASP1 and BSP1 (79) are both
opened by an A2 appearing in either set of reading relays.
The line following splice does not operate ASP or BSP,
so the previously described path for operating the op-
posite reader connector is not closed. The release of
ASP1 and BSP1 (79) opens another reader connector
path whose use is described in Section 2.22. The receipt
of the line if the 28-circuit therefore governs the reader
connectors and the release of the reading relays. The
operating paths for ASP and BSP (79) contain, in addi-
tion to back contacts of the A2 relay of both sides and
the A and B digit relays to indicate 08, the back contacts
of the C2 relays for their respective sides. This is a safe-
guard to stop skipping if the arrival of the A2 digit fails
to do so. The C2 relay operates on the second line of

) tape identity and would stop the skipping process if the

tape had progressed this far. The C2 relay operates again
in the day entry of tape identity.

72.22  Splice skipping between tape sections

After a section of tape has been processed, MHK
(131) and TTIK (79) are operated and either ASP
or BSP (79) operates on the first line of splice. After
two lines have been read, both ASP1 and BSP1 (79) are
locked up. ASP or BSP operates on each line and op-
erates the relays which release the reading relays. In a
splice between tape sections, several lines may be partially
or totally blank. On these lines, ASP and BSP (79)
cannot operate and any reading relays which operate re-
main locked up. The two-out-of-five check paths
through the reading relays are bridged by a back con-
tact of the A2 relay and front contacts of ASP1 and
BSP1 (79), so that ARS (71) and BRS (76) will op-
erate to step the reader past mutilated or blank lines
as long as an A2 does not appear. A path is also pro-
vided for each reader connector through ASP1 and BSP1
(79) operated so that the reader connectors will con-
tinue to operate during mutilated or blank lines where
ASP and BSP (79) do not operate. This path also by-
passes the make contacts of ARDK (71) and BRDK
There
must be two good lines of splice pattern following a
physical splice to operate ASP and BSP (79) relays and
release each set of reading relays.

2.3  Reading relays

Two sets of reading relays designated the A (67 to
70) and B (72 to 75) sides, are provided. In each set
there are six A digit relays (two per reader AO, Al and
A2 pin), five each B, C and D digit relays and fifteen
each E and F digit relays (three per reader EO-E7 and
FO0-F7 pins). As previously described, the A side read-
ing relays are operated by the reader through ARC (61)
and the B side through BRC (62). The A side reading
relays lock through ARRA, ARRB and ARRC (71)
normal to AMON (71} operated, and the B relays
through BRRA, BRRB and BRRC (76) to BMON (76).

2.31 Release of reading relays

Note.—The following descriptions apply to the A side.
The operation of the B side is identical.

2311 [Initial entry

When the link operates to transfer a line of an initial
entry from the reading relays to the initial entry register,
ALKA (86) operates ARR (71) which locks through
ARRD (71) normal to AMON (71). When the line
is registered and checked, ALKA (86) releases and op-
erates ARRA, ARRB, ARRC and ARRD (71) which
release the reading relays and ARR. The release of all
the A side reading relays operates ARDK (71), releas-
ing ARRA, ARRB, ARRC and ARRD (71),
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2.312 Timing entry

When a timing entry is registered in an assembling
register, either D (93) or A (93) is operated. This
operates ARRA, ARRB, ARRC and ARRD (71)
through either the disconnect connector DCABC (91) or
the answer copnector ACABC (92) operated, through
CO (90) operated and the timing connector ATCABC
(81). Release of the reading relays takes place as de-
scribed for the initial entry.

2313 Splice

Operation of ASP and ASP1 (79) operates ARRA,
ARRB, ARRC and ARRD (71) to release the reading
relays, as described in Section 2.2.

2.314 28-lines

When a 28-line is registered and checked in the 28-
register, 8UK (128) operates. This operates ARRA,
ARRB, ARRC and ARRD (71) through 8R (128) nor-
mal, a contact network on the C and D reading relays,
and A8C (85) operated. The network on the C read-
ing relays is arranged so that it is open if the C digit
is 7, or if the C and D digits are 19. This prevents im-
mediate release of the reading relays on 287DEF and
281999 entries. In these cases, the operation of A287
or B287 (64) bridges this network to release the read-
ing relays.

2.4 Entry recognition and reader output connector

operation

All lines of tape read, except splice pattern, are classi-
fied by the circuit as initial entries, timing entries, or 28
entries. Ground for this function originates as the G1
and G2 pins (61) of the reader. It passes first through
a reader step check circuit, operating ARSK (71) or
BRSK (76) if the reader connectors are synchronized
with the reader. If this check is satisfied it operates
ARS (71) or BRS (76), indicating that the reading
relays have been checked up. The ground, after various
other checks, covered in more detail below, is passed
through the reading relays to determine the disposition
of the line. If the A and B digits are 21, 23 or 24, the
line is the first line of an initial entry. If the A digit
is 0, it is a supplementary line of an initial entry. These

lines are transferred to the call entry registers. Lines

in which the A digit is 1 or 3 are timing entries and are
registered in the assembling registers. Lines in which the
A and B digits are 28 are routed to the 28 registers for
further interpretation.

2.41 Reader step check

The ARSK (71) relay is operated from the G1 pin
(61) of the reader through ST3 (59) and ARC (61)
operated and RSF (202) normal. Similarly, BRSK
(76) operates from the G2 pin (61) through ST3 (59)
and BRC (62) operated and RSF (202) normal. As
long as the reader connectors operate alternately, and
the reader drum takes a single step each time ARS (71)
or BRS (76) operates, ARSK (71) operates on all G1
lines and BRSK (76) on all G2 lines. If the reader
should overstep or fail to step, or if the reader con-
nectors should get out of synchronism, ARSK (71) and
BRSK (76) cannot operate. A path is then closed from
G1 (61) through BRC (62) or from G2 (61) through
ARC (61) to operate RSF (202) to indicate a reader
step failure. To prevent operating ARSK or BRSK in
case both reader connectors should be operated simul-
taneously, break contacts of RSF (202) are inserted in
the operating paths of ARSK (71) and BRSK (76).

2.42 Reading check

The operation of ARSK or BRSK extends the G1 or
G2 ground through the A or B side reading relays.
If only one or all three A digit relays are operated, and
if exactly two relays are operated for each of the other
five digits, ARS (71) or BRS (76) operates, locking to
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a reader L contact (62) and stepping the reader. ARS
(71) operates ARS1 (71) which locks until the line has
been disposed of and the BRC (62) has operated. BRS1
(76) is operated in a similar manner by BRS (76). The
G1 or G2 ground is extended through a back contact
of ARS1 or BRSI1 until the operation of ARS1 or BRS1
replaces it with a direct ground. Thus the ground re-
mains after the G1 or G2 contact opens until disposition
of the line locked in the reading relays operates the op-
posite reader connector and releases ARS1 (71) or BRS1
(76).

2.43 Miscellaneous down-checks

From the make and break contacts of ARSI and BRS1
the G1 and G2 leads continue through back contacts on
B287 and A287 (64), respectively. If a line is read on
the A side, for example, which signals the circuit to skip
the next line, A287 (64) opens the G2 lead so the next
line is not directed into a register. This is discussed in
more detail in Section 2.6.

Each lead passes through back contacts of ATCABC,
ATCEFG (81), BTCABC, BTCEFG (82). These con-
tacts check that both sets of timing connectors on each
side are normal. The operation of a timing connector,
in case a timing entry is read, opens the G1 or G2 lead
to isolate it from the locking circuit of the assembling
register connector.

The G1 and G2 leads go through back contacts of
BLKA and ALK (86), respectively, and each lead goes
through back contacts on eight link output relays, 1C1
to 1C4 (87) and 2C1 to 2C4 (88). This checks the
link relays normal, and opens the G1 and G2 leads while
a line is being registered in the call register. A back
contact of BRC (62) in the G1 lead and ARC (61) in
the G2 lead opens each lead when disposition of the line
in the reading relays operates the opposite reader con-
nector.

A break contact of 8UK (128) and make contacts of
8DK2 and 8DK1 (128) in both leads prevent any prog-
ress until the 28-circuit has finished its job on a previous
line.

The G1 and G2 leads branch at the 8DK1 (128), one
branch being used for 28 lines and the other for initial
entries and timing entries.

2.44 28 entries

The only path available when the A and B digits are 28
is through 1DK1 (77), 10DK (77), 2DK1 (78) and
20DK (78) operated, and through a reading relay con-
tact network to the 28-connector, A8C (85) or BS8C (85).
The 10DK (77) and 20DK (78) relays insure that the
output registers on both the 1 and 2 sides are normal,
and the 1DK1 (77) and 2DK1 (78) relays insure that
the first line of both the 1 and 2 sides of the call entry
register is normal. Thus, when a 28-entry arrives in the
reading relays, it must wait there until all calls in process
have been disposed of. Then ground from G1 or ARS1
(71) operates A8C (85) or ground from G2 or BRS1
(76) operates B8C (85). These relays lock through their
associated reading relays. As described under Reading
Relays, satisfactory registration of the 28-entry releases
the reading relays, thus releasing the 28-connector.

2.45 Timing entries

For entries other than 28 the G1 and G2 leads (61)
are extended through B8C (85) and A8C (85) normal,
TEK (142) operated and WD (270) normal to contact
networks on the A and B digit reading relays. No call
entries can be handled, therefore, unless both 28 conec-
tors are normal, the machine has checked leading tape
identity, and the machine is not engaged in perforating
window splice. An A digit of 1 or 3 extends the G1 or
G2 lead through JC5AB (84) and CO (90) normal,
HRUK (130) operated, and CCC (144), CCG (145),
ARFC, ARKR and ARKM (80) normal to the E and
F digit reading relay selection network. JCS5AB (84),
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being down, indicates that all the individual JC1 to JC4
relays (94), which connect answer and disconnect con-
nectors together in the assembling registers, are normal.
The CO (90), being normal, indicates that no assembling
register connectors are operated. When one does oper-
ate, the CO relay (90) opens the Gl or G2 lead to
separate it from the assembling register connector lock-
ing circuit. The HRUK (130) relay, being operated,
indicates that there is an hour recorded in the hour cir-
cuit, ready to be registered with the timing entry in the
assembling register. If there is no hour recorded, the
machine blocks and an artificial hour is introduced by
the attendant. The back contacts of CCC (144) and
CCG (145) check that the computer connector is nor-
mal, so that information being transferred from the read-
ing relays through the timing connector and an assembling
register connector cannot be connected to the computer.
The ARFC, ARKR and ARKM relays (80) are test re-
lays which test important leads in the multiple to the
assembling registers, Operation of any of these relays
at this time would block the machine, ARFC (80) tests
the operating path for the FC relay (93) in the assem-
bling registers, ARKR (80) checks the operating path
for the R relay (93) in the assembling registers, and
ARKM (80) checks the operating path for ARRA to
ARRD (71) and BRRA to BRRD (76).

The networks on the E and F digit relays of both sides
(67 to 70 and 72 to 75) are arranged to make a 1
out of 100 selection to select the assembling register
whose number corresponds with the call identity index
represented by the E and F digits of the timing entry. By
means of this network the G1 or G2 ground (61) is ex-
tended to either the disconnect or answer connector of
an assembling register. If the D relay (93) in the regis-
ter is normal, it indicates that there are no entries re-
corded and the disconnect connector operates, If D (93)
is operated, it indicates that a disconnect entry has al-
ready been recorded, and the answer connector operates.
The connector locks eventually to the timing connector
ATCABC (81) or BTCABC (82), but a temporary hold-
ing path is provided from reader contact LM5 (62)
through OND (60) operated and contacts of the A digit
reading relays. This is required because ARSI (71) or
BRS1 (76) operates at the same time as the assembling
register connector and replaces the G1 or G2 ground
with a solid ground. The auxiliary holding path for the
assembling register connector prevents it from releasing
during the momentary open thus produced.

The operation of an assembling register connector
operaies a vacuum tube detecting circuit which operates
SCO (90), indicating that it has found a single connec-
tor operated. If it finds more than one connector oper-
ated, the machine blocks. SCO (90) operates either the
A side or B side timing connector, depending upon
whether ARSK (71) or BRSK (76) is operated, The
circuit is from ground at ONTC (60), through DCO
(90) normal, SCO (90) operated, and CCR (90) nor-
mal. Here the path splits, each part going through
JC5AB (84) normal to operate two sets of three relays
on either the A or B side, through ARSK (71) or BRSK
(76) operated. The contacts on ARSK or BRSK are
paralleled by contacts on ARS1 (71) or BRS1 (76) so
that if the timing entry has been held in the reading re-
lays beyond the first reader cycle (in case of delay
caused by previous entries), the timing connector can
still be operated. The operated timing connector locks
through ARRD (71) to AMON (71) or through BRRD
(76) to BMON (76). When both the assembling regis-
ter connector and the timing connector have operated,
the information contained in the B, C and D digits of the
timing entry (minutes and tenths) is transferred to the
assembling register, and the hour is simultaneously trans-
ferred from the hour circuit. The D or A relay in the
assembling register operates, depending upon whether the
information is recorded in the disconnect or answer part
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of the register, and this operates the relays which release
the reading relays and the timing connector. The release
of the timing connector releases the assembling register
connector.

2.46 Initial entries

The first line of an injtial entry has 21, 23 or 24 for
its A and B digits, This extends the GI lead to the
AIS (86) relay of the link or the G2 lead to the BIS
(86), through either 1L1B (65) normal and 1SA (89)
operated or 2L1B (66) normal and 2SA (89) operated,
and through CCC (144) and CCG (145) normal. 1SA
and 2SA (89) are steering relays for the link which
determine whether the entry is to be recorded in side 1
or side 2. The 1L1B (65) or 2L1B (66) back contact
insures that the corresponding register line count is nor-
mal. The back contacts of CCC (144) and CCG (145)
check that the computer-connector relays are normal
when the link starts. At the same time that AIS or BIS
(86) operates, JC (84) is operated through parallel make
contacts of ARSK (71) and ARS1 (71) or BRSK (76)
and BRS1 (76), and break contacts of CCR (90), 1L1B
(65), 2L1B (66), CCD (144), CCH (145), ALK (86),
BLK (86) and JC5AB (84). Here the ARSK and ARS1
or BRSK and BRS1 steer from the G1 or G2 lead, and
the back contacts check that the computer-connector and
its release relay are normal, that the link is normal, that
both link line count circuits are normal, and that all the
individual JC1 to JC4 relays (94) are normal. JC (84)
locks to CCD and CCR normal and operates auxiliary
relays, designated JC1, JC2, etc. (94). These relays
have one make contact per assembling register to tie the
windings of the answer connector to the windings of the
disconnect connector so that both the answer and the
disconnect lines can be withdrawn from the register for
use in the computer. The individual JC relays operate
JC5AB (84).

Having connected the answer and disconnect connec-
tors together, it is now necessary to operate these con-
nectors in the assembling register whose number is the
same as the call identity index in the first line of the
initial entry being read. JCSAB (84) supplies a ground
to the 1/100 selection network of the E and F digit read-
ing relays through ARSK and ARS1 (71) or BRSK and
BRS1 (76) operated, through A and B digit reading relays
(for A and B digits 21, 23 or 24), and through CCC
(144), CCG (145), ARFC, ARKR and ARKM (80)
normal. This operates both connectors in the proper
register which lock to JC5AB (84).

25 Link

The link consists of a multiple of 25 leads connecting
between contacts of the reading relays and windings of
the call entry registers. On its input side it connects
to the A side reading relays through ALK (86) and to
the B side reading relays through BLK (86). There are
eight sets of output relays to connect to the call entry
registers of side 1 and side 2, each of which has a register
for each line of four-line entries. The relays connecting
to side 1, line 2, for example, is designated 1C2 (87),
that for side 2, line 3, is 2C3 (88). In registering an
initial entry, lines are taken alternately from the two sets
of reading relays, and transmitted to successive line reg-
isters of one side. The steering circuit switches between
sides 1 and 2 only between entries.

2.51 Steering initially to side 1

When the machine is started, the steering circuit ar-
ranges to register the first initial entry in side 1. When
ONA (60) operates, 1S and 2S both operate (89).
1S immediately opens the circuit to 28 so 2S releases
again. A back contact of ST3 (59) bridges the back
contact of 25 so that 1S remains operated and operates
1SA (B89). This steers the link to side 1.
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2.52 Registering a four-line entry

The first line of an initial entry may come from either
the A or the B reading relays. In this discussion, it is
assumed that the first line comes from side A and that
the entry is to be registered in side 1. As described pre-
viously, the G1 lead operates AIS (86) in the link. This
is a double-wound mercury relay. Its armature is
grounded by a ground from the operated AMON (71)
relay, through 1UK1 (77) and 1L1B (65) normal, 1SA
(89) operated, 2C4 and 2C2 (88) normal. AIS locks
to this ground on its secondary winding and operates
ALK (86) to connect the A reading relays into the link.
The contacts through which ground is supplied to the
armature of AIS (86) check that the register for side 1,
line 1 is normal, and that the steering relay for side 1 is
operated. AIS operates 1C1 (87) through ARS1 (71)
and 1SA (89) operated, 1L1B (65) and IL1A (65)
normal, and 1DK1 (77) operated. ARSI is a steering
relay for side A and 1SA for side 1. 1L1B and 1L1A
(65) indicate that the line count circuit is normal. 1DK1
is the down-check relay for side 1, line 1. 1C1 (87) lock
through 1UK1 (77) normal to AMON (71). 1C1 (87)
operates 1L1A (65) in the line count circuit which locks
temporarily through 112B (65) normal, and later (in
the case of a four-line entry) through 1DOB (97) op-
erated and 1L4B (65) normal. 1L1A opens the operat-
ing circuit for the 1C1 (87) relay. The register (97 and
98) for line | now operates and records the line from
the reading relays, releasing 1DK1 (77) and operating
1UK1 (77). 1UK1 opens the ground to the armature
of AIS (86), and AIS (86) release. 1UKI releases 1C1
(87) and operates 1L1B through 1L1A (65). 1L1B
(65) locks through L2B (65) normal at first and then
through 1DOB (97) operated and 1L4B (65). 1DOB
is part of the line 1 register and operates when the B
digit in line 1 is three or four, indicating a four-line
entry. The operation of 1C1 (87) to record the first
line releases 1S (89) which operates 2S (89). This pre-
pares for a change in the steering circuit, but 1SA (89)
remains operated and 2SA (89) normal, so the link con-
tinues to steer toward side 1 until the whole entry is
recorded.

The second line of the entry operates BIS (86). The
BIS armature receives ground from AMON (71) op-
erated, through 1UK2 (77) and 1L2B (65) normal,
1L1B (65) and 1SA (89) operated, 2C4 (88), 2C2 (88)
and AIS (86) normal. BLK (86) operates to connect
the link to the reading relays of side B, and the 1C2 (87)
relay connects the link to the side 1, line 2 register. The
operate path for the 1C2 relay contains make contacts
of 1DK2, 1DK3 and 1DK4 (77) to check that the second,
third and fourth line registers are normal. These regis-
ters are all released together and must be down before
registration of a new initial entry is allowed to register
more than its first line. 1C2 (87) operates 1L2A (65)
which releases 1L1A (65). Registration of the second
line operates 1UK2 (77), operating 1L2B (65) and
releasing BIS (86) and the link connector relays. In
the same manner, the third line, arriving on the A reading
relays, is registered and operates 1L3A and 11L.3B, releas-
ing 1L2A (65). The fourth line operates 1L4A, which
releases 1L3A, and 1L4B does not lock (65). It releases
1L1B, 11L.2B and 1L3B (65), and when these three relays
release, they release 11.4A which releases 11L4B (65),
restoring the line count circuit to normal. The operation
of 1L4A, while the last line is being registered, releases
the 1SA (89) steering relay. Since 2S (89) operated
previously, the release of 1SA operates 2SA (89), and
the next initial entry is steered into the registers of side 2.

2.53 Registering a two-line entry

On a two-line entry the 1IDOB (97) or 2DOB (106)
relay is not operated when the first line is registered.
1L2B (65) therefore does not lock. It releases 1L2A and
1L1B (65), and the line count circuit restores to normal
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after two lines have been registered. The operation of
1L2A releases steering relay 1SA (89) and the steering
circuit shifts following the registration of the second line.

2.6 Skipping lines—287 entry

When a 287 line appears on the central office tape, it
arranges the machine to skip the 287 line, skip the next
line without making a two-out-of-five check, and skip
any succeeding lines in which the A digit is 0.

The 287 line is recorded like any other 28-line in the
28-register. The 8C1 and 8C7 relays (95) operate A287
(64). When an up-check of the 28-register operates 8UK
(128), ground from 8UK through 8R (128) normal,
A287 and ASC (85) operated operates ARRA, ARRB,
ARRC and ARRD (71), releasing the reading relays.
With A287 operated, the two-out-of-five check path
through the reading relays of the B side is shorted out so
that the line following the 287 entry will operates BRS
(76) regardless of any mutilated digits in the line. The
ground from reader contact G2 (61), when the second
line is read on side B, operates BLS (64) through A287
(64) operated. BLS operates BRR (76) which locks to
BRRD (76) normal. BRR operates the A side reader
connector which releases BRS1 (76), releasing BLS (64).
The release of BLS operates BRRA to BRRD (76) and
releases the B side reading relays. When BLS operates
it operates SKS1 (64), and when it releases it operates
SKS2 (64). This opens the short around the two-out-of-
five check, requiring that subsequent lines meet the two-
out-of-five test. With SKS2 operated, any line with an
A digit of zero operates ALS (64) if it is read on side A
or BLS (64) if on side B. This releases the reading relays
and operates the opposite reader connector as described
above. All zero lines are skipped in this manner. When
an A digit 1, 2 or 3 appears, 8R (128) is operated re-
leasing A287 (64) and the 8C~, 8D (95), 8E— and 8F-
(96) register relays. This releases 8UK (128), SKS1 and
SKS2 (64) and the line is handled in the regular manner.

2.7 Irregular hour 281999

When an irregular hour entry 281999 appears, the
machine skips it and skips the following line (presumably
a mutilated hour entry) without making a two-out-of-
five check. When the next line is read, the machine does
not handle it until it has subtracted one from the hour
registered in the hour circuit.

The 281999 is recorded like any other 28-line in the
28-register (95 and 96). The 8C- and 8D- relays (95)
operate AIRH (64) (assuming the line is read on the A
side), which operates A287 (64). When an up-check of
the 28-register operates 8UK (128), ground from 8UK
through S8R (128) normal, A287 (64) and ABC (85)
operated, operates ARRA, ARRB, ARRC and ARRD
(71), releasing the reading relays. With A287 operated,
the two-out-of-five check path through the reading relays
of the B side is shorted out so that the line following
281999 will operate BRS (76) regardless of any mutilated
digits in the line. The ground from reader contact G2,
when the second line is read on side B, operates BLS
(64) through A287 (64) operated. BLS operates BRR
(76) which locks to BRRD (76) normal. BRR operates
the A side reader connector which releases BRS1 (76),
releasing BLS (64). The release of BLS operates BRRA
to BRRD (76) and releases the B side reading relays.
When BLS operates, it operates SKS1 (64), and when
it releases, it operates SKS2 (64). This opens the short
around the two-out-of-five check, requiring that subsequent
lines meet the two-out-of-five test.

The C and D digits 1 and 9 are held registered in the
28-register (95) until all hour circuit operations required
by the 281999 entry have been completed. This holds
8DK1 (128) normal and prevents any further lines from
progressing beyond the reading relays. The second line
following 281999 operates ARS (71) which releases the
A reader connector and operates ARS1 (71). Ground
from ARSI through the A side A digit reading relays



2,089,830

69
(reading 1, 2 or 3), SKS2 (64) and AIRH (64) oper-
ated, SHC (130), 8DK2 (128) and IRH2 (130) normal
operates IRH1 (130). This releases the E and F digits
of the 28-register releasing 8UK (128) and operating
8DK2 (128). The ground which operated IRH1 (130)
now operates IRH2 (130) through 8DK2 and IRH1 oper-
ated. With both IRH1 and IRH2 operated, IHCA (134),
HKCA (132) operate and transfer the hour from the hour
circuit to the E and F digits of the 28-register. The
operation of the 8E— and 8F— relays (96) releases 8DK2
(128) and operates 8UK (128). A check is made to in-
sure that the hour recorded in the 28-register agrees with
that in the hour circuit. Agreement is indicated by the
operation of HTRK and HURK (131), operating through
the hour check connector, HKCA (132). The operation
of HTRK and HURK (131) operates HRR (130) through
IRH2 (130) operated, releasing the hour register HT-
(133) and HU- (143) and IRH1 (130). IRHL1 drops
THCA (134), and the release of the hour register releases
HTRK and HURK (131) and operates HRDK (130).
HRDK releases HRR (130) and the check conmector
HKCA (132), which operates the “minus one” connec-
tor HMCA (132). The “minus one” connector recon-
nects the hour register with the 28-register in such a way
that the hour register operates to record an hour which
is one less than the one now in the 28-connector. Re-
operation of the hour register operates HTRK and HURK
(131), operating 8R (128) which releases A287, AIRH,
SKS1, SKS2 (64) and the 28-register (95 and 96),
When the 28-register releases, 8DK1 and 8DK2 (128)
operate and permit the line which is recorded in the A
side reading relays to be handled by the rest of the ma-
chine. The reader meanwhile has advanced to the next
line, but the B reader connector does not operate until
the line on the A side is taken from the reading relays.

2.8 Irregular hour 281899

The 281899 entry is a substitute for a missing hour en-
try. It is read and passed into the 28-register like any
28-line. The opposite reader connector is operated, and
the reading relays which have read the 281899 are re-
Jeased. Operation of the 28-register (95 and 96), by re-
leasing 8DK1 and 8DK2 (128), prevents any more lines
from progressing beyond the reading relays and the ma-
chine blocks. A manual “cancel overtime” operation is
required before the machine can be restarted.

ASSEMBLER REGISTERS—SECTION 3

8.1 General descrigtion of assembling registers
3.2 Composition of assembling registers
8.3 Detailed circuit description

8.31 Operation of time registers—disconnect, answer,

time, ete.
3.32 f)peration of memory relays—disconnect, answer
8.33 Operation of first call (FC) relay
8.34 Operation of assembling register relay
3.841 During normal processing
3.342 Durini sequential release
3.3421 ny timing entries
~3.3422 Single timing entries
8.35 Master release
3.386 Test for double operation of connectors
3.4 Speclal check features
8.5 Special precautions in use of dry-reed relays

3.1 General description of assembling registers

The primary function of the assembling registers (91
to 93, etc.) is to store up the timing entries as they
occur on the central office tape, associate the corre-
sponding answer and disconnect times, and when an
initial entry occurs on the central office tape, present
the appropriate answer and disconnect times to the com-
puter so that the elapsed time of the call can be
computed.

In order properly to perform its primary function, the
assembling registers have a number of secondary func-
tions. These functions are:

(1) Indicate if call was timed released.

(2) Indicate if call was the first handled by the par-
ticular register in the recorder day being processed. This
gives an indication if additional information may be
found on the straddle tape for the following day.
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(3) Indicate to the computer how many timing entries
it should find in the assembling register. This is a check
feature provided to reduce the chances of falsely oper-
ating or releasing answer or disconnect time registers
without bringing in an alarm.

(4) Indicate to the computer, the identity of the regis-
ter to which it is connected. This is provided to insure
that the identity of the assembling register is the same as
the identity of the trunk which handled the call. In other
words, so that the calls and subscriber numbers are cor-
rectly matched up.

(5) The assembling registers supply the input to an
associated circuit which determines the number of assem-
bling register connectors which have functioned at a
given time. This information is used to determine that
the proper number of connectors is operated when each
type of entry is being processed, or ultimately, to cause
an alarm if the incorrect number of connectors is
operated.

(6) On timing entries, the assembling registers fur-
nish an indication to the rest of the circuit that regis-
tration of the timing entry should be completed. This
signal is a necessary step in advancing the machine into
position to handle the next tape entry.

(7) On initial entries, the assembling register releas-
ing relay restores the register and memory relays and
provides an indication to the rest of the machine when
the various registrations have been restored to normal
after the information in the register has been absorbed
by and satisfied the computer.

(8) There is a group of circuits associated with the
assembling registers which are provided to check certain
features of the assembling register which are not self-
checking. Most features of the assembler computer are
largely self-checking, so that if a trouble should occur,
it would result in a machine stoppage. On the circuits
in question, however, a stuck assembling register connec-
tor contact or a false ground on the multiple (which
goes to either 104 or 208 connector contacts) could re-
main in the circuit for an indefinite time until picked
up by a test tape or an accuracy run.

(9) When it is necessary to release some or all of
the assembling registers, it is the function of the assem-
bling registers themselves to steer the releasing path
into the proper registers sequentially,. When the required
registers have been released, the assembling registers
pass on a signal to the common control circuit indicating
that the order has been carried out. There are two
categories of sequential release:

(a) Sequential release of all registers with exactly
one time registration. This should follow the reading
of a cancel overtime (2856EF) entry on the central office
tape or a non-synchronous transfer (2857EF) entry.

(b) Sequential release of all registers with either one
or two time registrations. The wiping out of all registers
should follow reception of a charge guard (2854EF)
entry on the central office tape or a machine trouble
requiring the operation of the cancel charge key (171).
After the desired sequential release functions have been
completed, the last register passes a signal on to the com-
mon control circuit. The sequential release of all register
functions is also called in after the completion of each
section of straddle tape to insure that all the registers
are empty before a new run of tape is started. The
“all registers empty” signal must be present in order
to start processing any new runs of tape. In addition
to providing a “down-check” on the timing registers,
the assembling registers also provide a down-check on
the FC relays (such as Fig. 93) to insure that first call
indications are not held over after a recorder change
or transfer.

(10) Steer the first timing entry into the disconnect
side and the second timing entry into the answer side,
since the answer and disconnect time entries have no
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distinguishing features except their order of appearance
on the tape.

(11) After a recorder change, the information re-
maining in the assembling registers is passed on to the
computer in a manner similar to the (2854EF) sequen-
tial release, except that in this case the registrations are
passed on to the straddle tape. Calls in process at the
time of transfer can then be reconstructed from the
straddle tapes for consecutive days.

3.2 Composition of assembling registers

There are 100 regular assembling registers, each of
which corresponds to one of the possible 100 district
junctors or trunks with which a particular central office
recorder is associated. The assembling register number
corresponds to the number of the trunk (or junctor)
which it represents and it registers the answer and dis-
connect times of all calls handled by the corresponding
central office circuit. In addition, there are four spare
assembling registers which can be patched in place of
the regular registers if so desired.

Each assembling register consists of the following com-
ponents:

(1) Answer time connector ACABC (91) three dry-
reed connector relays with twelve make contacts each,
which are operated in series.

(2) Disconnect time connector DCABC (92) of the
same composition as above.

(3) Answer hour tens register (92)—consisting of
three out of five of a five-element dry-reed register relay.
The hour tens digit is registered on a one-out-of-three
basis.

(4) Disconnect hour tens register (91)—same as
above.

(5) Answer hour units register (92)-—consisting of a
five-element dry-reed register relay. The hour units digit
is registered on a two-out-of-five basis.

(6) Disconnect hour units register (91)—same as (5)
above.

(7) Answer minutes tens register (92)—same as (5)
above.

(8) Disconnect minutes tens register (91)—same as
(5) above.

(9) Answer minutes units register (92)—same as (5)
above.

(10) Disconnect minutes units register (91)—same as
(5) above.

(11) Answer minutes parts register (92)—same as
(5) above.

(12) Disconnect minutes parts register (91)—same as
(5) above.

(13) Timed release—no timed release—registered (91)
on a one-out-of-two basis in the remaining two out of
five of the disconnect hour tens register relay.

(14) An answer relay, designated A (93), which indi-
cates or remembers that an answer time has been regis-
tered.

(15) A disconnect relay, designated D (93), which in-
dicates that a disconnect time has been registered.

(16) A register releasing relay, designated R (93),
which releases the register and memory relays.

(17) A first call relay, designated FC (93), which op-
" erates after the assembling register in question has han-
dled its first call of a recorder day, indicating that sub-
sequent incomplete calls are not straddle calls and should
not be placed on the straddle tape,

3.3 Detailed circuit description

3.31 Operation of the register relays in the assembling
registers

1. Hour registers

When the reading relays read either a one or a three
in the A digit, the E and F digits make a one out of 100
selection of an assembling register connector. If there
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is nothing in the register already, the disconnect con-
nector DCABC (91) is operated. However, if a discon-
nect time has already been registered, the D relay (93)
steers the operating path to the answer connector
ACABC (92). The assembling register connector is op-
erated first because there is a requirement on its dry-reed
contacts that they shall neither make nor break cur-
rent—the only exception to this rule is the transient cur-
rents involved in charging wiring and protection capaci-
tances, when required.

Operation of the register connector operates SCO (90)
through a vacuum tube circuit; then the timing connector
ATC- (81) or BTC~ (82) operates and which connects
the hour register to the assembling register and sets up
the hour registration in the assembling register. The
hour tens digit is registered on a one-out-of-three {deci-
mal) basis. The hour registers lock to the R relay (93)
released.

2. Minutes register

Up to the point where the timing connector operates,
the minutes registration is the same as the hour. In
this case, however, the registration is derived from the
B, C and D digits of the reading relays. The registra-
tion is on the same two-out-of-five basis as read by the
reading relays. The minutes registers also lock to the
R relay (93) released.

3. Timed release—no timed release register

If the A digit in the reading relays is a three, it indi-
cates the call was timed released. Following operations
of the disconnect connector DC~ (91) and the timing
connector ATC- (81) the timed release register DTR
(91) is operated. Under the same circumstances, a one
in the A digit would cause operation of the no timed re-
lease register NTR (91). This information is not regis-
tered with an answer time. NTR and DTR (91) lock to
R (93) released.

3.32 Operation of the memory relays

1. Disconnect time registered (D) relay

The D relay (93) is operated from the same ground
which locks the disconnect time registers insuring that
a locking ground is available for the registers. (Since
if D does not operate, the machine will block.) When
the disconnect connector operates causing operation of
the timing connector, the disconnect time registered D
relay will operate and lock to the release relay. Oper-
ation of the D relay (93) causes the release of the read-
ing relays, timing connectors and assembling register con:
nector. The D and A relays (93) lock to the same R
(93) back contact.

The locking ground for D comes from a back contact
on the patching jack (93) so that when a spare register
is used, no harmful registrations will be held over in the
regular assembling register. On the spare registers,
ground is supplied by a front contact so that registrations
will lock in only if the spare register is in use.

2. Answer time registered (A) relay

A (93) operates in the same manner as D except that
it operates through the answer connector instead of the
disconnect connector. The A and D relays (93) lock to
a common circuit. The locking ground for A and D is
supplied from a different patching jack contact (93) than
the locking ground for the register relays, in order to
make them as independent as possible. This makes it
more likely that a trouble on one would not also occur
on the other, creating a disagreement between the two,
which the computer would pick up.

3.33 Operation of first call (FC) relay

The purpose of the FC first call relay (93) is to indi-
cate to the computer if additional call information may
be found on the straddle tape for the following day.
When an initia] entry occurs on the tape, as indicated by a
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21, 23 or 24 code in the A and B digits of the reading
relays, the assembling register connector relays selected
according to the call identity index indicated by the E
and F digits are operated, followed shortly by the com-
puter connector relays. If, at this time, the FC relay
(93) is normal, the first call normal test relay FCNT
(83) will operate. When the computer translating regis-
ter passes back its up-check, the computer connector re-
lease relay CCR (90) operates, operating the FC relay,
which locks to one of the first call ground FCGA relay
(83). The operate path of the FC relay is always the
same but the associated events are different when perfo-
rating straddle tape than in normal operation.

The FC relays are locked to FCGA (83) operated,
and, once operated, they remain locked until either the
trailing end straddle or a master assembling register re-
lease is called for and all timing entries have been re-
leased from the assembling registers. These conditions
cause operation of the first call release FCR relay (83},
release of FCGA (83) and release of all operated FC's.

3.34 Operation of the assembling register release relay
(R)
3.341 During normal processing

The normal source of operating ground for R (93) is
the locking ground of FC (93). This insures that FC is
operated and locked before the machine can release the
assembling registers and proceed to the next operation.
There are two sequences of operating the release relay R
(93) after receiving an initial entry, depending upon
whether the first call relay is up or down. If the FC first
call relay is normal, it must first be operated according to
the preceding section. The operation of RC (93) op-
erates the first call operated test FCOT relay (83) which
operates the R relay.

If the call being processed is not a first call, the first
call normal test FCNT relay (83) will be down and as
soon as the computer connector release CCR relay (90)
operates, the assembling register release relay R will op-
erate. Any time R operates it locks to the A and D relays
(93), insuring that they get down before R (93) restores
to normal.

3.342 During sequential release

There are two general types of sequential release opera-
tions, one type releases all registers with any information,
the other releases only those registers which have a single
time entry.

3.3421 Any timing entries

Sequential release of all assembling registers which
contain any timing entries takes place following the read-
ing of a 2854EF (charge guard) entry on the central
office tape, operation of the cancel charge key (171),
during the perforation of the trailing end straddle tape,
following the processing of each run of tapes, and upon
simultaneous operation of the machine release and master
assembling register release keys (171).

Charge guard

After receiving a charge guard indication, the sequen-
tial release cycling relay CY1 (83) applies a pulsating
ground to the assembling register release relay multiple
in delayed synchronism with the sequential operation of
the assembling register connectors of all occupied regis-
ters. Operation of R (93) in turn causes the release of
CY1 which releases R and the register connector, provid-
ing that the memory relays are also down by this time.
Details of the operation of CY1 (83) are given under
Section 3 on general assembling register control.

Cancel charge key

This key (171) is operated when there is a mutilated
initial entry first line or a possibility of an overcharge
due to a machine trouble which permits a false assembling
register registration. Operation of the cancel charge key
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{171) causes the sequential release of all occupied assend-
bling registers. The operating path of R (93) is the same
as described above, although the general control circuit
operation is different.

Trailing end straddle

During perforation of the trailing end straddle, each
occupied assembling register is released after its informa-
tion has been accepted and checked by the computer. Op-
eration of R (93), in this case, is over the same path as
in normal processing.

At the end of each run of tapes

As a check that all assembling registers are normal be-
fore beginning a new run of tapes, a sequential release
is ordered at the end of each run. Operation and release
of the end-of-tape key (171) operates MRL (59) which
operates MAR (83) followed by SEQR (83). The re-
lease of all occupied assembling registers in then accord-
ing to sequence.

3.3422 Single timing entries

There are four conditions under which this type of
release is required. It has the effect of canceling over-
time. The conditions are:

Reception of a "“Non-Synchronous Make Busy” entry
on the central office tape

Since this indicates that the elapsed time of the call
may be wrong, only the initial period should be charged
for.

Reception of a “Non-Synchronous Transfer” entry

This has the same effect as the non-synchronous make
busy entry.

Reception of a 281899 (irregular hour) eniry

Since the irregular hour entry does not necessarily oc-
cur before any timing entries during the new hour, some
assembling registers may contain false hour registrations.
All overtime charges on calls in progress at this time must
be canceled to prevent overcharging.

Hour entry missing

If there is an hour entry missing, there can be no over-
charges until a good hour entry shows up—only under-
charges. However, when a good hour entry comes in,
all calls in progress at the time will have hour entries
which are in error by one or more hours. Calls which
are in progress at the time the new hour comes in will
indicate too great an elapsed time. Overtime charges on
these calls are canceled by releasing all assembling regis-
ters with single timing entries.

The operating ground for the release relay R (93)
is applied under the above conditions to a chain of con-
tacts which goes through contacts of the A, D uand R relays
(93) of all registers. The chain starts at the lowest num-
bered register and proceeds in numerical order to the high-
est, except for the spare registers which are sandwiched
in after each twenty-fifth regular register. The chain by-
passes registers containing two timing entries, indicated
by A (93) operated, steers into registers with only D
(93) operated, causing operation of R (93) and through
to the next register when A, D and R are all down.

3.36 Test for double operation of connectors

This is a vacuum tube and relay circuit (90) which
continuously monitors the assembling register connectors
to determine how many connectors are operated at a
given time. A vacuum tube circuit is used because the
dry-reed contacts of the connector relays are not permittad
to make or break any considerable currents such as would
be required to operate relays directly.

When processing a timing entry, it is necessary to have
a single connector indication in order to operate the tim-
ing connector—insuring that the answer or disconnected
time is not registered in more than one register and also
that the assembling register connector (dry-reed con-
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tacts) is operated before any registration is attempted.
If the single connection indication, operation of SCO
(90), is not gotten, the machine blocks and alarms.

On initial entries, the number of connector circuits
does not enter into the operation of the computer-con-
nector, but it does supply the ground to the number of
timing entries circuit of the computer when it has a double
connection indication. If a double connection is not in-
dicated on an initial entry, the computer will note the
discrepancy and cause the machine to clock.

A third indication is that either some or no connectors
are operated. CO (90) normal indicates that no con-
nectors are operated and it is necessary that CO be nor-
mal in order to operate the assembling register connectors
on timing entries. CO must be operated in order to
release the reading relays. In this way a constant check
is kept on the performance of CO (90).

Getting into more detail, the input to the number of
connectors circuit is multipled to both answer and dis-
connect connectors of all 104 assembling registers. Each
connector which operates connects a 100,000-ohm resistor
(9100 of Fig. 91) from --130 volts to the multiple. In
the detector circuit is a 71,000-ohm resistor 9000 joining
the multiple to —50 volt battery B1 (90). The voltage
on the multiple will then be determined by the number of
connectors operated, being:

Volts
0 conNEctOrS oo ————— -—50
1 CONNECOr e ———— 424
2 CONNECIOrS oo oo ——— +55

SCO (90) is operated by a voltage comparison circuit
consisting of a double triode tube T1 (90) with common
cathode resistance which tends to operate in a “flip-flop”
fashion depending upon which grid has the higher poten-
tial. In this use, the left grid is connected to the assem-
bling register connector multiple and the right grid is
connected to a potential divider which supplies a voltage
midway between ground and the voltage on the multiple
with a single connector operated. As the input voltage
approaches the comparison voltage, the left triode starts
to conduct and the right triode starts to cut off. When
the two grids have equal potentials, the plate currents
are equal. When the input voltage increases about S
volts above the comparison voltage, the right-hand triode
reaches cut-off and the left-hand tube draws about 9
milliamperes which is sufficient to operate SCO (90)
in about 5 milliseconds. The purpose of the varistor V1
(90) on the input side of the tube which operates SCO
is to limit the input voltage on this grid to not more
than 24 volts. Resistor RA (90) decouples the limits
from the other tube inputs.

DCO (90) operates in the same manner as SCO but
its comparison voltage is set at 40 volts, which is about
halfway between the input voltage for one and two con-
nectors operated. The plate of the right half of the tube
T2 (90) is coupled to the grid of the right half of the tube
T1 so that when DCO operates the operate circuit for
SCO is disabled, so that both SCO and DCO cannot be
operated at the same time.

The tubes T1 and T2 are coupled by means of a
gas diode D1 (90) and a varistor V2 (90). When DCO
(90) is normal the plate voltage of D1 is about 80 volts
and the cathode is about -5 volts. Since this is less than
the right-hand grid voltage of the tube T1, the varistor \'74
is non-conducting. At this time, the two tubes are inde-
pendent. However, when DCO operates, the only voltage
across RB (90) is due to conduction through the gas tube
D1 and the cathode potential of the gas tube D1 rises to
about 45 volts. The varistor V2 now becomes con-
ducting and raises the grid voltage to about the same
value. Since the left-hand grid voltage of the tube T1
cannot go above about 24 volts, SCO (90) cannot re-
main operated after DCO (90) operates.

This comparison circuit was selected because it is
very nearly independent of battery voltage fluctuations
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and tube characteristics, since variations in battery volt-
ages affect both sides almost equally at the operating
points and the tubes act almost as cathode followers.

The operating points were chosen so as to be above
ground for both conditions so that a false ground on the
multiple could not cause a “good” indication from the
circuit, and the machine would, therefore, block without
finishing the entry it was attempting to process.

In practice, it may be desirable to introduce a slight
delay in the operating path of the SCO relay (90) be-
cause of differences in operate times of the two assembling
register connectors called in on an initial entry. This
would result in a2 momentary single connector indication
which might be of sufficient duration to cause SCO to
operate.

The primary purpose of CO (90) is to insure that the
assembling register connector for one timing entry has
released before the next assembling register connector
is permitted to start to operate—eliminating the chance
for overlap operation. An overlap of assembling register
connectors would result in double time registrations when
both connectors were on the answer side or the disconnect
side. In this case, it would probably be impractical to
salvage the calls involved and might also be a very dif-
ficult type of trouble to analyze.

When no assembling register connectors are operated,
the tube T3 (90) has a —50 volt bias which drives it
below cut-off. When any connectors operate, the grid
voltage becomes positive and the tube B conducts, the
current being limited primarily by the resistance lamp
L1 (90) in the cathode circuit. The resistance lamp
L1 is used to widen the range of grid voltages over which
sufficient plate current to operate CO (90) will flow
without having excessive currents with high grid volt-
ages. The variable resistance of the lamp will also tend
to reduce grid current flow because, as the grid voltage
goes up, the cathode voltage will tend to follow closer
than with a fixed resistance.

A CO make contact (90) is included in the operate
path of reading relay release relays, ARR (71) and BRR
(76), on timing entries to check that it is operated when
it should be.

The release time of CO (90) is more critical than the
operate time. A 950-ohm coil on a relay with maximum
load and short travel are felt to be the best combination
of relay characteristics for this circuit.

3.4 Special check features

There are a number of assembling register connector
circuits where special check features are considered de-
sirable because of possible troubles which may occur in
the dry-reed contacts used for this function, the multi-
plicity of contacts in these circuits, and the fact that the
troubles visualized would result in possible overcharges,
continued loss of revenue, and/or trouble conditions dif-
ficult to detect and analyze. The relays in this category
are ARFC, ARKM and ARKR of Fig. 80.

The purpose of ARFC (80) is to detect a false ground
on the multiple which operates the FC relay (93). The
false ground could result from a stuck assembling reg-
ister conmector contact in this path, dry-reed contacts
being susceptible to this sort of trouble after making or
breaking excessive (for them) currents. The stuck con-
tact would soon cause the false operation of its associated
FC relay (93) and the locking ground would then feed
over to the multiple permanently. Future DC- (91)
operations would then immediately operate associated FC
relays (93) with consequent deterioration of the DC~ 91
contacts, loss of straddle indications, discarding of initial
entries which should have been on the straddle tape with
the possibility of overcharging. In addition, without
some special check feature, this condition could exist
indefinitely without being detected.

The check on the FC operating multiple is made fol-
lowing reception of each hour entry on the central office
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tape at which time the assembling register check con-
nector ARKC (80) operates, applying a ground to one
end of the multiple in question and also connecting
ARFC (80) to the other end. ARFC is checked oper-
ated by the hour circuit and, after sufficient time for
any FC (93) associated with a stuck contact to operate,
ARKC (80) is released. The locking path of ARFC
is permanently connected to the FC multiple which will
now be grounded if there were any stuck assembling
register connector contacts. Release of ARFC (80) at
this time indicates that the FC lead is free of grounds.
ARFC must be released before any new timing or initial
entries can be processed—it has back contacts in the
operating paths of the assembling register connectorp
(91 and 92).

The purpose of ARKM (80) is to detect false grounds
on the lead over which the A and D memory relays (93)
operate the reader release relays ARR (71) and BRR
(76). This is another place where a stuck connector
contact in AC- (92) or DC~ (91) will place a perma-
nent ground on the multiple whenever the A or D (93),
with which it is associated, is operated. The conse-
quences of this condition are not so serious as the pre-
vious condition, but could cause machine stoppages which
would be hard to explain. Specifically, it would cause
a race condition in which operation of the timing con-
nectors would operate the reading relay release relays
(71 and 76) which would open the locking path of the
timing connectors (81 and 82). Simultaneously, the
timing connector would start operation of the A or D
relay (93). If the timing connector dropped off before
A or D pot up, it would eventually cause a machine
stoppage when the initial entry came along. If D (93)
had failed to get up, the second timing entry would be
registered on top of the first, and the two-out-of-five
check would be lost. If A (93) failed to operate, the
assembling register would contain two timing entries, but
would indicate only one to the computer. Either of
these troubles would be difficult to diagnose.

The operate path of ARKM (80) is designed to con-
nect ARKM to the multiple whenever no assembling
register connectors are operated. The back contact of
CO (90) does this except for the operate time of CO.
PB (80) is a fast mercury relay operating from the back
contact of a P cam (63). If it operates faster than
the two-out-of-five check on the reading relays, it will
open the ARKM (80) operate path before any as-
sembling register connector on timing entries. On initial
entries, the PB (80) coverage may not be sufficient,
but in this case JC (84) always precedes the operation
of assembling register connectors and opens the operate
path of ARKM (80). If there is a ground present on
the multiple when CO (90), JC (84) and PB (80) all
say there should be no connectors operated, ARKM (80)
will operate and indicate that some connector contact is
falsely operated or that there is a cross to ground on
the multiple. Operation of ARKM will prevent han-
dling of any new initial or timing entries.

The purpose of ARKR (80) is to detect false oper-
ation of the AC~ (92) and DC- (91) contacts on the
multiple which operates R (93). The result of stuck
contacts in this circuit would be the less of most or all
of the calls handled by the register containing the stuck
contact, since the legitimate release of any other register
would also release this register. The trouble condition
would never show up except on an accuracy run and
could remain in the machine indefinitely.

The operate path of ARKR (80) is similar to ARKM
(80) except that a make on the P cam (63) is used
instead of a break contact on a relay operating from
a break on the P cam. This difference is possible since
operating battery is supplied through R (93) and ARKR
(80) is enabled through the ground path. Once having
operated, ARKR must lock to both battery and ground,
since both paths are interrupted. It may be desirable
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to have ARKR (80) open its own operate path o a§
to prevent the A and D contacts (93) from trying to
short it down if A and/or D should happen to be up.
The circuit will probably work as shown, since A and
D will release rapidly and a shunt release is quite slow.

ARKM and ARKR (80) lock to the same off-normal
contact and, once operated, they will stay up until the
machine is released, blocking the processing of new ini-
tial or timing entries.

3.5 Special precautions in use of dry-reed relays

There are several special characteristics of the pres-
ently available dry-reed relays which necessitate special
design considerations. These characteristics are:

(1) Extreme speed.

(2) Inability of contacts to make or break “normal”
currents many times.

(3) Small energy required to actuate contacts.

Since the dry-reed relay contacts may act in less than
a millisecond and inertia effects may result in contact
actuation due to an impulse of considerably shorter
duration than the operate time, it must be assumed that
any appreciable false closure to a dry-reed relay may
result in its operation, For instance, on a two-out-of-
five check, if three relays are energized and two are
slightly faster than the third, a good two-out-of-five
check will be indicated during the time that the second
relay is up and the third one is not up. Also, the stag-
ger time between a make and a break on the same relay
may easily be long enough to actuate. a dry-reed relay.
The possibility of false operation due to short impulses
must be guarded against.

The present dry-reed relay contacts are likely to lock
up after making or breaking normal relay operating cur-
rents more than a few times, Because of this fact, cir-
cuits using dry-reed contacts must be so arranged that
the dry-reed contact is never the last to close or the
first to open. The current for charging and discharging
wiring capacity and protective condensers reduces con-
tact life, but for the circuits used in the assembler-com-
puter it is felt that the effect is small enough to be neg-
lected.

The energy required to operate a dry-reed register
relay is very small. It was found, for instance, that a
.1 to .2 microfarad condenser charged to 50 volts had
sufficient energy to operate certain relays. Since this
is about the size of the contact protection capacity used
on the multiples which operate the digit register relays
in the assembling registers, some means of insuring
against their false operation is required. A 50,000-
ohm bleeder resistor (91 and 92) marked B connected
from the multiple to battery is provided to prevent con-
denser discharges into any unoperated dry-reed register
relays when the register connector relay operates.

In order to use a single protection network for the
twenty-five relays of each half assembling register, it
must be put on the only common circuit, which is the
locking path. When R (93) operates to release the reg-
isters, the register locking contacts open at approximate-
ly the same time as the voltage across the protection ca-
pacitance reaches its peak value of about 100 volts. If,
when R (93) releases about 10 to 15 milliseconds after
operating, this 100-volt charge were still on the conden-
ser, the discharge through the R contacts would be
severe and cause excessive contact erosion. The bleeder
is connected across the network to battery while R is
operated and is calculated to reduce the condenser volt-
age to nearly 50 volts by the time R releases.

The bleeder resistance could be common to all an-
swer or all disconnect registers, but little or no cost sav-
ing can be seen and the circuit would be more com-
plicated,
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COMPUTER—SECTION 4

X ]
4.1 General
4.2 Message unit type call
4.20 hort calls—two thining entries
4.200 Registration of timing entries

4.200 Detalled operation of computer

connectors
4,2001 Detailed operation of answer and

disconnect registers
4.2002 Registration of call identity index
4.2&'03 Registration of steering informa-

on
4.2004 Registration of call disposition in-
formation
4,2005 Check of Input registration
4.201 Translation of input information
4.2010 Biquinary translation
4.2011 Necessity of bisexenary translation
4.2012 Minute *‘tens” translation
4.2013 ‘“Hours” translation
4.2014 Fictitious hour condition
4.202 Subtraction
4.2020 Biquinary subtraction
4.2021 Borrow circuit features
4.2022 Bisexenary subtraction
4.2023 Hour resuit and elapsed time re-
lays—short call
4.208 Round-off
4.2030 Round-off connector control
4.2031 Round-off tenths circuit
4.2032 Round-off tens network
4.2033 Round-off units network
4.2034 Short call indication
4.204 Computing message unit charges
4.2040 Operation of billing index con-

nector
4.2041 Billing index translator
4.2042 Charglng formula econnector
4.2043 Formula circuit
4.205 Class determination
4.2050 Message unit class indication
4.2061 Charge and no charge Indication
4.2052 Observing and non-observing ind}-
cations
4.2063 Entry index translation
4.206 Computer control
4.2060  Round-off up-check
4.2061 Release of translating registers
4.2062 Operation of class and message
unit connector
4.2063 Operation of call disposition regls-

ters
4.2064 Up-check of registers and release
of computer
4.21 Message unit “Non-Short” call
4.210 Registration, computing, round-off mes-
safe unit charge computation
4.21 Non-short call indication
4.212 Computer release
4.2120  Translation register release
4.2121 Release of round-off registers
4.22 Message unit call—single timing entry—non-
straddle
4.220 Reglstrution of timing entries
4.2200 Reglstration of disconnect time
4.2201 Registration of call disposition in-
formatien
4.2202 Check of input registration
4.221 Round-off operation
4.2210 Cancel overtime registration
4.222 Computing message unit charge and de-
termining class
4.2220 Initlal charge computation
4.2221 Class determination
4.2222 Charge Indication
4.2223 Non-observing indication
4.2283 Computer control
4.2230 Release of translating registers
4.2231 Operation of class and message
unit connector
4.2232 Call disposition register
4.22833 Up-check of reglster and computer
release
4.23 Message unit type call—no timing entry—
non-straddle
4.230tl Registration and check of input infor-

mation
4.231 Round-off operation
4.232 Reglstration and release
4.24 Single message unit type calls
4.241 Translating registers
4.242 Round-off operation
4.243 Registration and release
4.3 Toll type calls
4.30 Toll eall—two timing entries
4.300 Registration of timing entries
4.301 Charge time computation
4.3010 Charge time round-off network
4.302 Class determination
4.3020 Toll class relay
4.3021 Charge and observing indices
4.303 Start time indication—hour and minute
4.3030 Answer link connector operation
f 4,3031 Start and charge time connector
' 4.3032 Minute units, hours, tens and units
registration
4.3033 Minute tens reglstration
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4.304 Btart time Indication—day
4.3040 Hour comparison
4.3041 Day connector operation
4.3042 Day change indication
4.3043 Day register operation
4.305 TUp-check and computer release
4.31 Toll call—one timing entry
4.310 Translating register operation
4.311 Charge time indication
4.312 Class determination
4.313 BStart time indication
4.314 Up-check and release
4.32 Toll call—no timing entry
4.4 Message unit detafl calls
4.0 Overcapacity calls
4.50 vercapacity at computer
4. Translating register operation
4.5000 Output circuit hour and minute
information
4.501 Overcapacity indication
4.5010 our result relays
4.5011 Overcapacity relay operation
4.602 Day determination
4.5020 Answer day
4.5021 Elapsed time comparison
4.5022 Comparison registers
4.5023 Answer day up-check
4,5024 Disconnect day determination
4.5025 Disconnect day up-cheek
4.5026 Initial day indication
4.503 Clars determination
4.504 Computer up-check
4.505 Release
4.51 Overcapacity indication at the round-off stage
4.52 Overcapacity indication at the formula stage
4.6 Leading end straddle calls
4.60 Two timing entries
4.61 No tlming entry—one hour intervening be-
tween initial entry and straddle point
4.62 Single timing entry
4.63 No timing entry—-less than one hour between
initial entry and straddle point
4.7 Tralling end straddle calls
4.70 Two timing entries
4.700 Translating register operation
4.701 Computer operation
4.702 Day determination
4.7020 Disconnect day
4.7021 Answer day
4.703 Computer control
4.71 Single timing entry
4.8 Miscellaneous type calls
4,80 Calls “Over 20” hours long
4.800 Non-straddle condition
4.8000 Computer input operation
4.8001 Hour indication
4.8002 Round-off operation
4.8003 Computer eontrol
4.801 “Over 20" condition overcapacity due to
message unitg
4.802 “Over 20" tralling end straddle condi-

tion

4.81 Test calls
4.82 Line observing don't answer callg
4.83 “25 Hour” indication

4.831 Message unit type calls

4.832 Detail type calls
4.84 Elapsed time negative—hour comparison

negative Indication

4  Computer

4.0 Purpose

The purpose of the computer is:

(1) To compute “chargeable time” on all calls hav-
ing two timing entries.

(2) To pass the computed charge time to the call en-
try registers for a toll or MUD type call.

(3) To compute message units based on the charge
time for message unit type calls having two timing en-
tries, or message units based on the initial period only
for calls having only one timing entry.

(4) To provide a release signal to the assembling
registers.

(5) To provide class information to the entry reg-
isters.

(6) To provide storage means so that the output cir-
cuit can perforate the timing entries on the straddle tape
for various straddle conditions.

(7) To reconstruct the proper day information cor-
responding to the answer time on a regular call, and the
disconnect, answer and initial entry or entries for the
various straddle conditions and to fill the call entry day
registers, fill the disconnect day register, or hold the
proper day connector as required,

4.1 General
In general, the computer receives as its “raw material”
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the timing entries from the assembling registers and com-
putes charge time and message units based on these
entries. It also receives information from the hour and
day circuits and serves to control, in conjunction with
other circuits, the day entry in the start time line of a
detail output entry. Information from the entry registers
in the form of billing index and entry index is also required
to enable the computer to handle the call properly. Al-
though the basic functions of the computer are to sub-
tract the answer time from the disconnect time, apply
the proper round-off allowance, and compute message
unit charges based on the round-off time resulting from
the subtraction, it was found desirable to have it function
on all calls, even those for which there is no timing entry
in the assembling register. By so doing, the main cir-
cuit components of the assembler-computer function, to a
large extent, the same for all types of calls. This is done
to simplify as far as possible the overall control problems
and to enable checking features (checking for “either one
or the other” or “one and only one” out of several
possible conditions) to be more readily incorporated in
the circuit.

4.2 Message unit type calls
4.20 Short calls—two timing entries

4,200 Registration of timing entries

As outlined in the General section, when an initial
entry is encountered by the reader, a series of actions
are initiated, among which is the summoning up to the
computer of the timing entries which have been stored
in the assembling registers. The basic operation per-
formed here is to complete the act of assembling the
basic elements of the call, viz., the disconnect time, the
answer time, and the initial entry, all corresponding to a
given call identity index. Previously, it has been indi-
cated how the timing entries with a given call identity
index were stored in a given register; first, the disconnect
time, which is encountered first because of the fact that
the tape is processed in the reverse direction from that
in which it was perforated at the central office, followed
by the answer time. Now, when the initial entry is
:ncountered, the appropriate timing entries are trans-
ferred to the computer, and at the same time, the initial
:ntry is stored in one of the entry registers. Hence, be-
‘ween these two circuit components all elements of a
ziven call are now assembled in the machine. Informa-
jon is also give to the computer to enable it to associ-
ite the computed information with the proper entry
‘egister. \
42000 Derailed operation of computer conneciors

As indicated in Section 2.46 receipt of an initial entry
-esults in operation of the JC (84) and JC1 to JC4 relays
'94). These proceed to operate the dry-reed connector
elays, corresponding to the call identity index of the
nitial entry, as described, Also, the JC1 to JC4 (94)
ind JC5- (84) relays operated close a path to operate
he computer connectors CCA-H (144 and 145). Only
yne path is brought through the JC- relays (94). This
s permissible since both connector groups must be oper-
ited to fill the register and checks are made as will be
lescribed in Section 4.2005 that the register has been
woperly filled,

Relays DTDK, ATDK and TDK (170) are used to
ndicate a down-check on all sections of the translating
egisters. The operate path for both sets of connectors
s brought through the down-check relays in order to
revent the connectors from operating unless all registers
1ave been fully released. The down-check relays are
ocked to back contacts on the same connector relays
vhich carry the connector locking contacts. This is done
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so that in the event of an abnormal difference of operat-
ing time between the two groups of connectors, it will not
be possible for one connector to operate ahead of the
other, and possibly release the down-check relay, due
to operation of one or more of the regular relays, thus
destroying the operate path for the second group of
connector relays before they have become operated. A
back contact of TUK (170) is incorporated merely as a
check that it is not falsely operated due to a trouble
condition. This is done since TUK (170} plays an im-
portant part in controlling further progress of the call.

The computer-connector operated closes paths to the
disconnect and answer registers, As indicated in Section
3, the dry-reed connectors must not actually make or
break current through their own contacts. To accom-
plish this, the selected dry-reed connectors are operated
simultancously with the computer-connectors. Because
the dry-reed connectors operate in a considerably shorter
time than the slower computer connectors, the computer-
connector contacts actually close the circuit to the trans-
lating register relays of the computer.

42001 Detailed operation of answer and disconnect
registers

The operating path for the translating registers is
provided by the locking grounds of the operated assem-
bling registers, through the operated dry-reed and com-
puter-connector contacts to the winding of the translat-
ing register relays, which then operate and lock to the
TRRA relay (170).

The situation of the assembling register multiple at
this time is as follows. The answer and disconnect multi-
ples are now separate, since the timing connectors are
not operated. The answer and disconnect connectors of
the proper assembling register are both operated, so that
the answer multiple has two-out-of-five leads grounded
corresponding to the various digits of the answer time
and the same applies for the disconnect. The computer-
connector completes the connection from the multiple
through the translating registers which are operated as
described.

The hour and minute and tenth (part) of minute are
registered for both answer and disconnect time. In addi-
tion, a “timed release” or “no timed release” indication
is given as a part of the disconnect time information.
These indications are by means of the TRT and NTRT
relays (151), respectively,

4.2002 Registration of the call identity index

The computer connectors and assembling register an-
swer connector also close a path from ground to operate
two out of five of the call identity tens and units register.
This information is required for straddle calls, but since
it is not known at the time of registration whether or
nolt1 a call is to be straddle, it must be registered on all
calls,

4.2003  Registration of steering information

As the steering link functions to connect the incoming
initial entry into either the No. 1 or No. 2 call entry
register, operation of the 1SA or 2SA relay (89) occurs.
A path is established for operating either 1SSA or 2SSA
(170), which then locks. This information is passed to
the output side of the computer to indicate the proper
message unit and class connector to operate. At the same
time, it closes paths to permit the call disposition register
in the entry register to be filled as will be described in the
following section.

Another contact on the 1SSA and 2SSA relays (170)
closes a path to operate the 1C2 (87) or 2C2 (88) which
controls registration of the second line of the initial en-
try. This is done to provide an interlock between the
entry register and computer as a check that the com-
puter has been called in and has started to perform its
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functions on a given initial entry. If the interlock were
not used, the entry register would not receive proper in-
formation from the computer and a trouble indication
would be received ultimately. However, by using this
interlock, the trouble indication is made to appear sooner,
resulting in a greater ease of trouble location.

4.2004 Registration of call disposition information

As described in the assembling register section, a de-
termination is made of the number of timing entries and
whether or not the call is the first one handled since a
recorder change or other straddle point has occurred. This
information is passed from the assembling register con-
trol circuit via the assembling register and computer-con-
nectors. This same information is also passed through
the steering register relays described above which per-
form the additional function of an “early connector” to
the entry register, and operate the call disposition reg-
isters as partial preparation for properly handling the
call. For the case being considered here, DTE (152),
indicating two timing entries should be received, and FCO
(151), indicating that the “first call” has already been
handled, both operate.

42005 Check of input registration

After all items of information described in the above
sections have been received, it must be checked to permit
the assembling register to release and also to permit the
computer functions to be completed. For two timing en-
tries, complete answer and disconnect time registrations
are expected which will operate DTUK, ATUK and TUK
relays (170). Relay DTUK checks that either a timed
release or no timed release has been received in addition
to the one-out-of-three hour tens and two-out-of-five hour
units, minute tens, minute units, and minute tenths. Relay
ATUK checks answer time one out of three and two out
of five in a similar manner, while TUK checks two out
of five of the call identity index tens and units also
that it contacts either two, one or no timing entries, that
it is either a “first call” or a “not a first call,” and finally
that the call is associated with either side 1 or side 2.

If both entries are successfully registered on a two
timing entry call, a path for operating CCR (90) is
established. Relay TUK (170) operates indicating that
all information regarding call identity index and call
disposition has been received. Since two timing entries
are expected, both ATUK and DTUK (170) must be
operated. When CCR (90) operates, it locks, starts the
release of the assembling register as described in Sec-
tion 3, and releases the computer-connector relays.
4.201 Translation of input information

After completing registration of the input informa-
tion, the computer is ready to proceed with the next
basic function, the subtraction of the answer time from
the disconnect time. The subtraction is accomplished by
means of both the familiar bi-quinary circuits and a new
arrangement, the bi-sexenary circuit, which closely re-
sembles the bi-quinary circuit.

4.2010 Bi-quinary translation

Previous experience in the computing field has indi-
cated the bi-quinary form of subtraction as being quite
useful for relay circuits. Consequently, this form of cir-
cuit was adopted for the minute tenths (parts) and min-
ute units. Since the information was registered on a two-
out-of-five basis, a translation to the bi-quinary form
must be made.

When a decimal number is expressed on a bi-quinary
basis, one relay in each of the binary and quinary sec-
tions are operated, for example, 7 is expressed by having
the 5 relay of the binary section and the 2 relay of
the quinary section operated. Refer to the table below
for other digits.
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Decimal No. Two-Out- | Bi-quinary
of-Five Code
Code
4,7 00,0
0t 00,1
0,2 40,2
1,2 00,3
0,4 00,4
1,4 5,0
2,4 6, 1
0,7 5,2
1,7 8,3
2,7 5,4

Identical networks are provided for the answer and dis-
connect registers for this as well as the other transla-
tions.

4.2011 Necessity of bi-sexenary translation

The minute tenths and unit subtraction can be car-
ried out by the bi-quinary circuit because the informa-
tion is expressed on a decimal basis. The minute tens
and hour tens and units are not handled so readily since
the numbering system for these items does not have a
decimal base. For example, suppose that an answer time
occurred at 10:59.6 and the disconnect time occurred at
11:02.7—obviously the call duration is 3.1 minutes. How-
ever, if the time entries are subtracted on a decimal basis,
the subtraction is as follows:

11:02.7
—10:59.6

00:43.1

giving an answer 40 minutes too high. This error occurs
because there are only

60

10~
items of “minute tens” in an hour, whereas the method
of subtraction assumed there were 10.

Similar difficulties would appear if decimal processes
were applied to a call lasting over midnight. Suppose
a call originated at 11:30 P.M., lasted one hour to 12:30
A.M., the subtraction would appear thus:

00:30:0
—23:30.0
77:00.0

“borrowing” a day to complete the subtraction. Again,
the answer is absurd, because for this case the method
of subtraction assumed there were 100 hours in a day.

Although suitable corrections could be applied using
decimal subtraction, any method of applying these would
result in requiring more time for the computing process.
Then it would not be possible to meet the speed require-
ments unless more than one computer circuit was pro-
vided per machine.

The bi-sexenary arrangement was found to overcome
the difficulties and enable the correct answer to be avail-
able immediately. The basic arrangement is derived as
follows. Since there are 60324=1440 minutes in one
day, and the minute units are handled on a decimal basis,
there are 144 items, each consisting of 10 minutes, to
be handled. The square root of 144 is 12, hence two like
networks can handle all the items and no more, if each
network can handle 12 items.

The duo-decimal system is capable of handling 12
items, and thus fulfills the requirements of the system.
Accordingly, what is done is to convert the hour units
and minutes tens into a new form such that there are
12 groups of minute tens, or 120 minutes (or two hours)
total, which are handled by the first network, and 12
groups of 2 hours each which are handled by the second
network. The first network is called the minute “tens”
network, although actually, hour units are involved. The
second network is called the “hours” network although
the basic unit handled is two hours long.
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. Since decimal computations are handled more effi-
ciently by the bi-quinary or high and low five circuits, in
a similar manner duo-decimal computations can be
handled more efficiently by a bi-sexenary or a high and
low six-circuit arrangement. This arrangement has been
incorporated in the machine.

42012 Minute “tens” translation

As described, a high and low six translation i3 re-
quired. Since actual minute tens are already on a base
of six, contacts on the minute tens register are arranged
as for the usual two-out-of-five to decimal translation.
The binary portion of the minute tens is derived from
the hour units relay, if an hour is even 0, 2, 4, etc., the
00 lead is grounded; if odd, the 6 lead is grounded. The
only exception is in the combination 1 plus 4, for which
the tens digit must be 0 or 1. This is done so that the
“25 hour” signal will not operate a minute tens relay.

42013 Hours translation

This translation requires that two adjacent hours, for
example 02 and 03, be considered as a unit, grounding
the same binary lead and the same sexenary lead when-
ever either one is encountered. For the binary transla-
tion, lead 00 is grounded for hours 00 through 11, and
lead 6 for hours 12 through 23. Hence both hour units
and hour tens contacts are involved in the translation.
The same holds true for the sexenary translation. For
example, for hours 00 and 01, lead 0 is grounded, where-
as for hour 10 and 11, lead 5 is grounded, while for
hours 20 and 21, lead 4 is grounded. The complete
trapslation of hours and minutes tens is given in the
following table,

C.0. Bli-sexenary Translation
Tape
Clock Hours Hours
Two-out-| Binary |S8exenary| Bilnery
of-Five | Hours Hours | “Minute

Code Tens”
00 co 0 00
01 00 0 )
02 00 1 o0
03 00 1 [
04 00 2 on
05 {0 2 3
06 00 3 4]
07 00 3 6
08 00 4 0
09 00 4 f
10 00 5 0
11 00 5 [
12 6 i} an
13 6 [ 6
14 8 1 [}
15 6 1 6
16 6 2 G0
17 8 2 6
18 6 3 00
19 [i] 3 (]
20 6 4 00
21 (] 4 6
22 [¢] 5 00
23 6 5 ]

4.2014 Fictitious hour condition

Under some conditions, due to mutilation of the central
office tape, or other irregularities, the hour of processing
is unknown. In this case, a fictitious hour 25 is regis-
tered in the hour circuit and is stored in the assembling
registers. This figure has no significance when comput-
ing elapsed time and consequently cannot be translated.
However, special treatment is required and so the relays
DH2S and AH2S5 (189) are used to identify the presence
of such an entry.

4.202 Subtraction

As indicated in the previous section, the subtraction
is carried out by the use of the familiar bi-quinary cir-
cuit and the newer bi-sexenary circuit. The reason for
requiring the bi-sexenary arrangement has been given in
Section 4.2011,
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4.2020 Bi-quinary. subtraction

The two bi-quinary networks are arranged in a circuit
configuration such that the answer time is subtracted
directly from the disconnect time. (The so-called “nines
complement” scheme is not used.) Basically, the cir-
cuit function is roughly comparable to a translator that
is for a given digit in the minuend and a given digit in
the subtrahend, a lead, corresponding to the appropriate
digit in the remainder, is grounded. Suppose a discon-
nect time of 00:09.7 and an answer time of 00:07.3 is
received, the DPS, DP2, AP0¢ and AP3 relays (169)
will be operated in the minute parts network. DP2 and
AP3 together ground the lead to RP4 (178). DP2 and
AP3 also ground and operate the lead to relay PBB1
(169), which in turn grounds RP00 (178) via DPS and
AP0 (169) contacts through RCA-D (179) operated.
Relays RP4 and RP0OO (178) together indicate “4" for
the parts result., Also, DPS (169) operated applies
ground through AP0 (169) to the NB or “No Borrow"”
lead to the minute units network (168). For the min-
utes unit network relays DU4, DUS, AU2 and AUS
(168) are operated as well as UQBO (168), which
operates from the “No Borrow” lead. These relays in
turn operate RU2 (177), also UBBO (168), which in
turn operates RU00 (177) thus indicating two as the
minutes remainder and also ground the NB lead to the
minute tens network (167).

If, on the other hand, a disconnect time such as
00:09.3 and an answer time of 00:07.9 are received, the
minute parts DP00, DP3, AP5 and AP4 (169) relays
are operated, operating the RP4, RP00 relays (178), in-
dicating 4 as before, but with the Bl or “Borrow 1”
lead grounded instead of the NB. The B1 lead grounded
shifts the ground so that UQB1 (168) operates, operat-
ing RU1 (177) through DU4 and AU2 (168) operated
instead of the RU2 (177), as previously.

4,2021 Borrow circuit features

It was noted that if the NB or Bl lead from the min-
ute parts network (169) to the units network (168) was
grounded, either the UQB@® or UQB1 relay (168) (units
quinary borrow 0 or 1) was operated. UQBO or UQB1
operated, closes the circuit to the required RU-~ (177)
relays, Relay UBBO or UBB1 (168) (units binary bor-
row 0 or 1) operates from ground supplied either by
the DU- and AU- relays (168) in the units network, or
from the ground applied to the NB or Bl lead from
the parts network. Thus, in some cases, the ground sup-
plied by the parts network will be carried through the
units and further through the minutes tens and hours
networks operating two relays in each network to op-
erate a total of seven borrow relays. In any case, the
circuit for operating the borrow relay in any network
is closed as soon as the subtracter relays have been
operated. This arrangement thus provides a remainder
in two relay operations, the subtracter relays followed
by the subtracter borrow relays. However, since a vari-
able number of borrow relays up to seven may operate
from a given contact, the borrow relays themselves must
not draw collectively in excess of 0.5 ampere. To main-
tain speed with sufficiently high resistance to meet this
requirement, the relays are thus restricted to mercury
relays. Usually, mercury contact relays are required to
handle large load currents, but in this case they are re-
quired in order not to provide too great a load on the
drive contacts, inasmuch as it would be very expensive
to duplicate the drive contacts.

4.2022 Bi-sexenary subtraction

Comparing the minute tens and hours bi-sexenary sub-
tracting (166 and 167) with the bi-quinary network, it is
seen that the bi-sexemary circuit is very similar. It can
be considered that the bi-sexenary circuit is equivalent
to the bi-quinary circuit “expanded” by one relay. It
is noted that this “expansion” is in the form of a square,
that is, both a horizontal and a vertical row of contacts






