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Automatic Message Accounting 

Cc. F. SEIBEL 

Switching Systems Development 

Within the past few years, the Automatic 

Message Accounting (AMA) system has 
been placed in commercial service by the 
Bell System in a number of metropolitan 
areas. These systems record in the central 
offices all the data required to charge for 
subscriber-dialed telephone messages, both 
local and toll, and process this record in ac- 
counting centers through computing, sort- 
ing, summarizing, and printing machinery. 
Both the recording and processing arrange- 
ments employ many novel circuit and ap- 
paratus components. The use of the system 
will permit wide expansion of direct sub- 
scriber dialing to nearby and more remote 
points, with resultant increased speed, and 

convenience to telephone customers. Al- 
though AMA is the first system to carry out 

The photograph at the top of the page shows 
part of the Automatic Message Accounting 
center at Philadelphia. 

DI pnt ise, 

automatically both recording and account- 

ing for toll calls, it is not the first step in this 
direction but is rather the culmination of a 

long line of developments. 
During the early years of the telephone, 

subscribers were charged exclusively on a 
flat monthly or yearly basis but since the end 

of the last century, message rate service has 
been available in most of the larger cities. 

Initially the record of such calls was in the 
form of tickets prepared by operators. This 
method was later supplemented by the use 
of a small electromagnetic counter, called a 

message register, associated with each mes- 
sage rate line and operated once for each 
call made. As the metropolitan areas grew 

larger and subscribers began to call regu- 
larly beyond their local areas, zone registra- 

tion was adopted. It provides circuits that, 
on each call beyond the local area, operate 
the message register the proper number of 
times to represent the cost of the call. Thus 
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if the charge on a call was 20 cents and each 

message register operation represented a 
charge of five cents, the register would be 

operated four times for this particular call. 
Although zone registration is an economi- 

cal method of charging for short toll calls, 

it does not, of course, leave any record of 
the details of the various calls. For calls re- 
quiring more than five or six message regis- 
ter operations, it has generally been felt 
preferable to have a record not only of the 
point to which the call was placed but of 
the day and time it was made. To secure 

such a record, and at the same time to obtain 
the economies and increased speed possible 
from automatic operation, an automatic 

ticketing arrangement* was developed some 
years ago for step-by-step areas. With this 
system a toll ticket is automatically printed 
for each toll call, and thus all essential in- 
formation pertaining to the call is perma- 
nently available. 

*Recorp, July, 1944, page 445. 

os Q ss 

Fig. 1—A section of AMA tape after it has been 
perforated. 
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The alternative to all such methods, of 

course, is to bring in an operator for each 

such call and to have her make out a ticket. 
This is a less economical method of handling 
the call in many areas, however, and may 
delay its completion. It has of necessity al- 
ways been used for calls beyond the range 
of the available automatic charging methods. 
The writing of a toll ticket, moreover, is 
only part of the work of charging for calls. 
Before subscribers can be billed for their 
calls, the thousands of tickets from hun- 
dreds of operators must be brought together 
and sorted out according to subscriber, 
computed, and totaled, and then the bill 
must be prepared. This work is extremely 
laborious and represents an appreciable 
item of expense. 

It was recognized for some time that the 
entire process of recording calls and pre- 
paring the customer's bills could be done 
mechanically. One of the early suggestions 
was to provide an automatic accounting 
system that would supplement the auto- 
matic ticketing system, using the auto- 
matically prepared tickets as the basic in- 
formation. Problems encountered, however, 
indicated that it would be desirable to re- 
cord the information pertaining to the calls 
in a different manner. As a result, a com- 

pletely new system from recording to billing 
was projected. 

As now developed and being put into use, 
the automatic message accounting system, 
besides providing automatic accounting of 
messages, records the information pertain- 
ing to calls in an entirely different form from 
any used before. The potential usefulness 
of the system, moreover, has greatly in- 
creased with the prospect of nationwide 
subscriber dialing, since to take full advan- 
tage of nationwide subscriber dialing, an 
automatic method of recording billable in- 
formation on calls dialed must be available. 

In this new automatic message account- 
ing system, the information pertaining to all 
calls requiring a charge is perforated in code 
on an oil impregnated paper tape three 
inches wide. A specimen of the section of 
the tape after perforation is shown in Figure 
1. There is space for twenty-eight holes 
across the tape, which is used for recording 

six digits, each representing a single item 
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of information. Adjacent rows are about one- 
tenth inch apart, and either four or six rows 

of information are required per call. The 
items of perforated information are auto- 
matically read and interpreted at the ac- 
counting center at a rate of over 80 digits 
per second. 

The recording machines are installed in 
cabinets like those shown in Figure 2. They 
are associated with the outgoing trunks in 
the No. 5 crossbar system and with the dis- 
trict junctors in the No. 1 crossbar system. 
One recorder serves 100 trunks or district 
junctors. Together with their associated 
equipment, they are installed in the indi- 
vidual telephone central offices. Each day at 
about 3:00 a.m. the tapes in all the recorders 
are automatically prepared for cutting by 
perforating a readily recognized pattern to 
indicate the section where the tape is to be 
manually cut. After cutting they are trans- 
ported to the accounting center for process- 
ing. This accounting center may handle the 
tapes from many central offices and may be 
remote from any of them. 

Since each tape from a recorder includes 
the information for all calls handled by a 
group of 100 trunks or district junctors, calls 
from a particular subscriber may be dis- 
tributed over a number of tapes, and the 
information for any one particular call, al- 

though on a single tape, will not usually be 
on adjacent lines of the tape. Certain of the 
information is recorded as the call is dialed 
or shortly thereafter, but the time the called 
subscriber answers, which is the beginning 
of the charge period, is somewhat later, and 
in the meantime information relating to 
other calls may have been recorded on the 
same tape. The time the conversation is 
completed will in general be considerably 
later, and thus there will be information per- 
taining to many calls between the record- 
ing of the beginning and the ending of any 
particular call. Each tape, moreover, will in- 
clude information on calls that are charged 
for in entirely different ways. For calls that 
are billed in bulk, it is not necessary to re- 
cord the office and number of the called 
subscriber, since the duration of the call and 
other billing information provided in the call 
record is sufficient to determine the charge. 
This is the type of call that requires only 
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Fig. 2-Two tape perforators with their supplies of 
used and unused tape are mounted in a single cabinet. 

four lines on the tape, while six lines are 

required when information pertaining to the 
called subscriber must be recorded. 

In the accounting centers, the work in 
general consists in automatically assembling 
the information pertaining to each call, com- 
puting the conversation time for each call, 

sorting as to type of call—that is, toll calls, 
those that are bulk billed, and miscellaneous 
types—and then grouping the calls accord- 
ing to the subscriber. A list of toll calls, and 
a summary of bulk-billed calls, made by each 
subscriber during the billing period is then 
automatically printed. The total bill, includ- 
ing local, toll, other services and credits, is 
at present produced manually at the ac- 
counting center. 

Because of the entirely new character of 
the AMA system, and the need for great ac- 
curacy in recording the calls dialed by the 
subscribers and in processing this informa- 
tion at the accounting center, it was con- 
cluded that a fairly large amount of this 
equipment should be observed in actual op- 
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eration prior to placing it in regular service. 
That part of the system which is located 

in the telephone central offices was installed 
in a 5,000-line No. 1 crossbar office at Wash- 
ington, D. C., that had not yet been placed 

in service. Many hundreds of carefully con- 
trolled test calls were put through this 
equipment, and the recorded output of the 
AMA equipment checked against the known 
input of test calls. The result was extremely 
gratifying. 

About this time the No. 5 crossbar system 
and the AMA accounting center develop- 
ments were nearing completion. The No. 5 
system was designed with provision for 
AMA, and AMA equipment was included in 
the first No. 5 installation at Media, Pa. The 
associated AMA accounting center was in- 

Fig. 8—A view of part of the AMA accounting center at Philadelphia. 

stalled at Philadelphia. Before the Media 

office was cut into service an extended test 

run was made similar to that at Washing- 

ton. The Media tape recordings were proc- 

essed at the Philadelphia accounting center. 
The performance of both the central office 
and accounting center AMA equipment was 

very satisfactory. 
A number of other AMA equipped offices 

and their associated accounting centers have 

since been installed around the country. 

AMA is particularly attractive in areas where 
a large number of short haul toll calls is orig- 
inated, and where it is economical to permit 

the subscribers to dial such calls directly. 

The use of the system will further increase as 
steps are taken toward nationwide subscriber 

dialing. 
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J. W. DEHN 
Switching Systems Development 

In telephone switching and accounting 

systems certain information regarding each 

call must be transmitted and recorded 

quickly and accurately. In many cases, 

moreover, the same information must be 

transmitted and recorded many times. Most 

of this information is in the form of decimal 

numbers, of which the component parts or 

digits may have any of 10 values. The tele- 

phone number CH3-1074, for example, is 

equivalent to the decimal number 2431074, 

since as a glance at a standard dial will 

show, C is one of the three letters that is 

represented by 2, and H, one of the three 

letters represented by 4. Much other in- 

formation regarding each call is also rep- 

resented by decimal numbers. The physical 

location of each line in the switching equip- 

ment, for example, the trunk and other 

parts of the switching system used on the 
call, and the rate of charge, are all repre- 

sented by decimal numbers. It is obvious, 

therefore, that the transmitting and record- 

ing of decimal numbers by electrical and 

mechanical means is very important in tele- 
phone systems. 

In transmitting decimal numbers from 

place to place, each of the ten possible 
values of a digit must be represented by 

a unique electrical or mechanical condition. 

Both the mechanical and electrical repre- 

sentations of a digit are used in the familiar 

dial. The number of degrees in the arc 
through which the dial is mechanically ro- 

tated for a specific digit is proportional to 
the value of the digit—“one” being the 
smallest arc, and “zero” being the largest. 

The arc representing 0 is ten times that of 
the arc representing “one”. The values “two” 

to “nine” are represented by arcs of in- 
termediate value. When the dial is released 

by the calling subscriber, it produces, on 
its return to its normal position, a number 

of electrical impulses corresponding to the 
length of the arc through which it rotates, 

  

Code Patterns in Telephone Switching 

and Accounting Systems 

one impulse for the value “one”, two im- 

pulses for “two”, and so forth, with ten 

impulses for “zero”. 
In the central office, electrical and me- 

chanical devices respond to these impulses 

and take one of ten positions dependent 

upon the value of the digit dialed. Thus a 

decimal number, such as 2431074, is trans- 

mitted from a subscriber station and re- 

corded in the central office by means of a 
  

Taste I—A Four-ELEMENT Cope USED FOR 

SoME PURPOSES IN THE BELL SySTEM TO REP- 

RESENT DecimaL Dicits. THE ELEMENTS OF 

THE CopE UsEp To REPRESENT A Dicir ARE 

INDICATED By X’s: ELEMENTS Not Usep ARE 

INDICATED BY — 

Decimal 
Digit Code Elements 

Represented 1 2 4 5 

] X _ — - 
2 — X — _ 
3 Xx X —- = 
4 _ —- xXx _ 
5 — = — X 
6 X — — X 
7 = X — X 
8 xX xX - xX 

9 — = X X 
0 — —_ — — 

  

simple code, each digital value being rep- 

resented by a discrete dial arc, a number 

of impulses, and a position of the recording 
device. 

This simple decimal code is frequently 
used to pass a number from place to place 
within a central office by providing ten con- 
ductors per digit between the two places and 
closing current to one and only one of these 
conductors. It is also used to transmit all 

or part of a decimal number to a distant 
office by means of electrical impulses similar 

to those generated by a dial. 
Where transmitting and receiving devices 

must be simple, as in station equipment, this 

9
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code is suitable. There are many cases, 

however, where more complex codes are 
used for purposes of economy, accuracy, 

or speed. The decimal code has ten ele- 
ments, one for each of the ten values to 

be indicated. It is possible, however, to 
represent ten values with a code of fewer 

than ten elements by using combinations 

of two or more of the elements to indicate 
the ten values. A code having four elements, 
where a single element or a combination 

of two, three, or four elements are used, 
can represent as many as sixteen values, 

and, of course, ten of these sixteen can be 
used to represent a decimal digit. One prac- 
tical code of this nature has its four ele- 

ments designated 1, 2, 4 and 5, and the 
ten digital values are represented in Table I. 

have been in use in telephone switching 
systems since about 1914, when the call- 
indicator systems were installed in New 

York City for completing calls from the 

Metropolitan toll office in Walker Street to 

the various manual “B”  switchboards 
throughout the city. Four impulses or 

spaces are transmitted for each digit. These 
impulses (or spaces if the impulse is omit- 
ted) are nominally 0.070 second in dura- 
tion; so that 0.280 second is required for 
the transmission of each digit. Each of the 
four impulses or spaces is one element of 

the code. By suitable receiving equipment 
the decimal value is reconstructed. The 
higher average speed of the four-element 

code, compared with the ten-element code, 
permits more efficient use of the common 

  

TaB_Le II—ANOTHER FoUR-ELEMENT CopE UsEpD 

IN THE BELL SYSTEM 

Decimal 

Digit Code Elements 

Represented 1 2 4 8 

1 X — - _ 

2 _ X — a 

3 X xX _ = 

4 = _ X - 

5 X — X - 

6 — XxX XxX _ 

7 X X X _ 

8 7 7 = X 

9 X _ _ X 
0 _ _ _ _ 

  

It will be noticed that the sum of the ele- 
ments equals the value of the digit. An- 

other four-element code, shown in Table 
II, is also used, and again the sum of the 
elements equals the value of the digit. 

Each of these two codes has certain char- 

acteristics which are desirable for specific 

purposes. In panel and crossbar No. 1 sys- 
tems, for examples, the 1, 2, 4, 5 code is 

used for all digits except the thousands 
digit, which uses the 1, 2, 4, 8 code. There 
is an advantage in using 1, 2, 4, 8 for the 

thousands digit and 1, 2, 4, 5 for the hun- 
dreds digit because this facilitates transla- 

tion from these two decimal digits to the 
incoming brush, incoming group, and final 
brush selections used in the panel system 
and vice versa. 

Four-element codes such as the above 

10 

TaBLe JIJ—In RECENT YEARS A FIVE-ELEMENT 

CoprE Has Comer Into EXTENSIVE USE 

Decimal 

Digit Code Elements 

Represented 0 1 2 4 7 

] X xX — = _ 
2 X _ X — _ 
3 — X X _ _ 
4 X — = X _ 
5 — Xx _ Xx - 
6 — — X X - 
7 X i — _ X 
8 — X - = X 
9 — _ X — X 
0 7 i — X X 

  

control devices. 
The four-element code is also used to 

pass a decimal number from place to place 
within a central office. This is usually 
accomplished by providing four conductors 

for each digit between the two places con- 
cerned. This is a substantial reduction 

over the ten conductors required for the 
simplest code, and, although wires are not 
very expensive, the contactors and means 

for actuating them to establish multi-con- 
ductor connections between parts of a sys- 
tem are costly. Each of the four wires and 
the four devices actuated by them are the 
four code elements, and are used in the 
patterns shown. 

In 1942, a five-element code came into 
use in telephone systems. The five elements 

are given the designation 0, 1, 2, 4, and 7, 
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Fig. 1—One form of checking circuit used with the new five-element code. 

  

and each digital value is represented by 
two of the elements, as given in Table II. 

It will be noticed that for the values 1 

through 9, the sum of the element designa- 
tions is equal to the value which the com- 

bination represents. There are only ten 
combinations of five elements taken two 
at a time, and thus the remaining combina- 
tion, 4 and 7, must be used for zero. 

The principal advantage of this code is 
that devices can be readily designed to 
receive decimal numbers in this code, check 

for errors due to equipment or line faults, 
and to call attention to the trouble. Sys- 
tems using the four-element code check 

intra-office wiring by an indirect method, 
which is somewhat slower than the direct 
method used with the five-element code. 
Inter-office pulsing using the four-element 
and similar codes is not  self-checking. 
Checking with the five-element code is ac- 
complished by arranging the transmitting 
or receiving device to demand that exactly 
two of the code elements are actuated for 
each digit. A lost element or an added 
element indicates trouble. Figure 1 shows 
a commonly used configuration of relay con- 
tacts, which assures that exactly two of 
the five relays are operated. The electrical 
path from a at the left to B at the right 
will be closed if any two relays, no more 

and no less, are operated for the digit. 
The path is, of course, extended through 
similar contact configurations for other 
digits of the decimal number, so that, if 

an error appears in any digit, circuit action 

is stopped, and trouble reported. 

One use of the five-element code is for 

transmitting a decimal number from one 

office to another. Power supplies of five 
distinct frequencies are available at the 

originating office for use in combinations 

of two. The frequencies used and their 
corresponding code designations are: 

0 1 2 
700 cycles 900 cycles 1100 cycles 

4 7 
1300 cycles 1500 cycles 

Thus, to send the numeral three, frequen- 
cies of 900 cycles and 1100 cycles are 
transmitted. At the receiving office, filters 

separate the component frequencies, and 

actuate two of the five detectors. 
For transmitting a number within an of- 

fice, five conductors are used for each digit, 
two of the five carrying current to convey 
the required numeral. 

In the Automatic Message Accounting 
(AMA) systems,* the details of calls are 
perforated on a paper tape. Much of the 
information is in the form of decimal num- 

bers, and is recorded in the five-element 
code. For each decimal digit, spaces are 
provided for five perforations, and, to 
record a particular numeral, the AMA 

recorder perforates two of these five spaces. 

The above examples illustrate how widely 
the five-element (two-out-of-five) code is 
utilized in modern telephone switching 
and accounting systems. Because of the 
simplicity and speed of the self-checking 
facilities that can be designed for it, this 

code is being used wherever practical. 

* See page 5. 

II
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Basic AMA 

Central Office Features 

Automatic Message Accounting® not 
only takes the place of message registers 

and zone registration equipment, but in 

addition furnishes all the information neces- 

sary for the conventional detailed billing 

of short haul toll calls. The circuits act so 

quickly that there is no delay in the normal 

completion of the calls. In fact the sub- 

scribers would be unaware of the existence 

of the new facilities except that they are 

no longer required to place these calls 

with an operator. These new accounting 
facilities are available in both No. 1 and 

No. 5 crossbar offices; the fundamental 

features are the same in the two systems 
although some of the details vary due to 

D. H. PENNOYER 
Switching 
Systems 
Development 

Figure 1. The digits dialed by the sub- 
scriber are temporarily stored in the origi- 
nating register and then transferred to the 
marker as for a non-AMA call. The marker, 
through the line and trunk link frames, pre- 
pares a path to an idle AMA trunk. It 

also transfers to an outgoing sender the in- 
formation needed for completing the call 

and for making the AMA record. This in- 

cludes the calling subscriber's line location 
and party identity, the number of the re- 

corder serving the selected trunk, and a 

digit known as the message billing index. 
This digit is determined frorn the class of 

service of the calling subscriber together 
with the office to which his call is directed, 

  

    
  

  

            

      

  

  

  

        

  

      

                
              

differences in the two systems. All the and constitutes the basis for determining 

LINE LINK — TRUNK LINK 
FRAME FRAME AMA 

—> 
OUTGOING _—_—— nn 

--___| TRUNK TO SUBSCRIBER aa TERMINATING 
LINES ] OFFICE 

1 PER 1000 4 Louie. Nos. y | PER MARKER GROUP. 

7 ORIGINATING AMA TROUBLE MASTER 
REGISTER TRANSLATOR) [| RECORDER TIMER 

| tl |p x | | 
—_ RECORDER CALL 

MARKER }—x—4 OUTGOING | —xITRANSVERTERL—1 IDENTITY 
—> [PERFORATOR INDEXER 

3 105 PER OFFICE Ay PER 100 AMA TRUNKSA 

x.       

X INDICATES CONNECTOR 

Fig. 1—Block diagram of the circuits associated with an AMA call in a No. 5 crossbar office. 
  

necessary information pertaining to a call 

is perforated on a paper tape by common 
AMA control circuits with holding times 

in the order of 0.1 to 1 second. 
A simple block diagram showing the 

various circuits associated with an AMA 

call in a No. 5 crossbar office is given in 

  

* See page 5. 

12 

the charging rate on bulk billed calls where 
the called number is not recorded on the 

AMA tape. The sender now signals the 

transverter connector for connection to a 

transverter, and transfers to it all the fore- 
going information. 

From the message billing index, the 
transverter determines whether the call is 

to be bulk billed on a message-unit basis 

\ 
ed 

4. 
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a TYPE OF ENTRY INFORMATION RECORDED 
  

ENTRY | 
INDEX | 

INITIAL. ENTRY 
a BULK BILLED 

2 LINES 

A | B 
1 

° OFFICE 
oo0j0o0000 

| 
| 

ENTRY INDEX 
2 1-8 ° U 

0 8010000010 0100 0100900100 000100000 
Jee 

DIGITS ; 
c 0 | E 

1 | | | 1 

CALLING NUMBER | 
TH 1 ' 

o0¥'o clo08 oojoed oclo08 00 

MESSAGE i ! 
| 

INDEX ! CALL IDENTITY INDEX 
| 
| T | | 

| 

  

INITIAL, ENTRY 
DETAIL BILLED 

ENTRY | 4 LINES INDEX | 

. 
Fig, 2—Arrange. 
ment of the more 
common entries on 

an AMA tape. 

  

ENTRY | 
ANSWER OR mpe* | 

ENTRY | 
INDEX | i CALLED _NUMBER | 

° TH | STATION 
08 c!00 80 0!0 08 001008001008 00)0 0000 

| 
— NO. AREA | CALLED No.! 
INDEX | cope 

o- o-2 Cc 
08 010 0°0'0 010 010°0 01008 0 0100 8 000 08 00 

° OF U 
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or detail billed to include the called num- 

ber; for a bulk-billed call a two-line 
7 initial entry is adequate, while for a detail 

billed call, a four-line entry is required. 

The transverter then summons the trans- 

lator and obtains from it the directory num- 
ber corresponding to the calling subscriber's 

line and party assignments. The trans- 

verter also causes the call identity indexer 

to furnish the call identity index to the 

recorder. This completes the information 

required for the initial entry. Primed with 
this information, the transverter engages 

the recorder assigned to the outgoing trunk 

selected, and causes it to operate the 

proper perforator magnets one line at a 

time. The actual perforation of the tape 

is accomplished by a perforator which is 

individual to the recorder circuits. This 

initial entry is normally recorded while the 
switching circuits are completing the con- 
nection to the called subscriber’s line in a 

distant office. 

The arrangem 

  

l 

nt of the information on 
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e
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the central office tape for the more com- 
mon entries is shown in Figure 2. Six 

digits are recorded in each line in positions 
designated A to F from left to right. For 

the A digit, one of the three punch posi- 
tions is perforated to designate digits 0, 1, 

, while for the digits B to F, two out 

of five punch positions are perforated to 

designate digits 0 to 9. The first few digits 
of each line comprise the entry index, and 

indicate the type of information the line 
contains. 

At a central office, the lines are per- 

forated in the order from top to bottom 

of Figure 2. At the accounting center, on 

the other hand, the tapes are read in the 
opposite direction, and thus for a two-line 

initial entry, the accounting center will 

first read the line whose entry index is 21. 
This index indicates a two-line entry, and 
the zero entry index in the next line iden- 

tifies the second or supplementary line of 
this entry. The message billing index, or 

message index, appears at the right of the 
Lv  
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entry index, and may be any digit from 

1 to 8, inclusive. Next is an unused digit 

zero, and beyond it are the tens and units 

digits of the call identity index, which in 
the No. 5 crossbar system is the trunk 

number. Two digits are adequate, since 

no more than one hundred such circuits 

are associated with a single recorder. In 
the second line of the initial entry, a single 

digit suffices to designate the office in 
which the calling subscriber is located 
since no more than ten offices are served 

by a common group of originating equip- 
ment, known as a marker group and iden- 

tified elsewhere on the tape as described 
later. The calling subscriber's directory 
number appears in the remaining four 
digits of this line. 

Below the two-line initial entry of Fig- 
ure 2 is a four-line initial entry used for 

detail billed calls. The first two lines, in 
the order read by the accounting center, 

are similar to those of the two-line entry 
except that the entry index of the first line 

is 23 to indicate three additional or sup- 
plementary lines, and the message index is 
always 9. The last two lines of this four- 

line initial entry both have zero as the 

entry index, and contain the called office 
code and the number dialed, a’ numbering 

area digit, and a called number structure 

digit. Since the called office may be out- 
side the local area, it is necessary to iden- 
tify the area as well as the office, and the 

called area digit is used for this purpose. 

Calls to outside areas require special pre- 
fix digits for control of the switching equip- 

ment, and these digits cause the proper 
numbering area code to be perforated. 

The called number structure digit serves 

to indicate whether the numerical portion 

of the called number is made up of three 
digits, four digits with or without a party 
letter, or five digits as in numbers above 

9999; this digit is used by the accounting 
center for proper printing of the called 

number. 
At the start of conversation, the call 

identity indexer, under control of the trunk, 

brings the recorder in on the connection a 

second time to perforate the time of an- 

swer. At the end of conversation, the 

process is repeated for the purpose of en- 
tering the time of disconnect. One of these 
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Fig. 3—Holding sequence of the circuits on an AMA call in a No. 5 crossbar office. Circuit 
holding times are approximate. 
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entries is shown in Figure 2 below the 

four-line initial entry. The entry index for 
this line is a 1, which indicates to the 

accounting center that the line is an an- 
swer or disconnect entry, no differentiation 

being required between the two. The B, 
C, and D digits in this line show the time 

at which the recording was made in terms 

as of tens and units minutes and tenths of 

in which the various major circuits come 

into play for both the switching and the 
AMA tape recording of a call in a No. 5 
crossbar office. Approximate circuit hold- 

ing times are indicated, and (for the AMA 
control circuits) range from approximately 
0.1 second for the directory number trans- 
lator to 0.7 second for the transverter in 
handling a two-line entry. A four-line 
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a minute past the hour. Digits E and F 

contain the call identity index for later use 
— by the accounting center in associating 

this entry with the proper initial entry. 

a Since the answer and disconnect entries 
show only the number of minutes past an 

hour and do not specify the hour, it is ap- 
parent that some record of the hour is 

needed. This is obtained at the turn of 
each new hour by automatically recording 
the new hour on the tape of each recorder. 
Such an entry, with the identifying entry 

7 index 2810 followed by the tens and units 
digit of the particular hour is shown in 

the last line of Figure 2. The hour infor- 
- mation is obtained from the master timer. 

An interesting feature of the AMA equip- 
™ ment is its high speed of operation. This 

is important to insure against delay in 
the normal completion of calls and also 

= to obtain short holding times for the com- 
| _ mon control circuits to permit a small num- 

ber of these circuits to handle all the AMA 
- traffic for an entire central office or group 

| of offices. Figure 3 shows the time sequence 

[ 
[ 
[ 

| 

| 

entry engages the transverter for about 

1.1 seconds. Between the common con- 
trol circuits are connectors (not indicated 
separately in Figure 3) which follow con- 
ventional patterns and use preference and 

chain relay features to avoid interference 
between simultaneous calls. 

The principal function of the master 

timer is to keep a running record of time 
in steps of six seconds. This record in- 

cludes the month, day, hour, tens and units 
minutes digits, and the tenths of a minute 
digit. A running record of the time within 

each hour is delivered to each recorder 

where it is always available for the re- 
cording of answer and disconnect entries. 
With the turn of each hour, the timer di- 

rects the perforation of an hour entry on 
all recorder tapes as previously mentioned. 

Once a day, at 3 A.M. when the traffic 
is low, a series of special lines is recorded 
on all tapes to permit cutting them prepara- 
tory to transportation to the accounting 
center. These special lines start with one 
set of tape identification entries as shown. 
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in Figure 4, and are followed with about 

six feet of a uniform “splice” pattern. A 

second set of the tape identification entries 

completes the 3 A.M. record. With this 

arrangement the tape may be cut any- 

where in the splice pattern, and the tape 

identity information will be available on 

both sides of the cut. 

As shown in Figure 4, the lines of tape 

identification entries are characterized by 

three-or four-digit entry indexes, each 

starting with a 28 and followed by a digit 
0 to 4 which identifies the particular line 

in the entry. These lines, in the order 

read by the accounting center, start with 

the one whose entry index is 284. The D 

digit, together with a corresponding digit 

in the following 283 line, identify the day 

on which the tape is perforated, either in 

terms of calendar day, or round and day 

of round. A round is a group of consecu- 

tive days the business for which is handled 

as a unit in certain parts of the accounting 

processes. In some accounting centers it 

is used in place of the more conventional 

calendar day. The marker group data is 

carried by the E and F digits of the 284 

line and identifies the unit of common con- 

trol equipment known as a marker group, 

which serves one or more offices in the 

same building. The identity of this unit, 

together with that of the particular re- 

corder in the unit as provided in the 280 

line, will completely identify any recorder 

tape in an entire accounting center area 

for a particular day. The D digit in the 

280 line is a 5 on regular recorder tapes 

and a 6 on the tape of the emergency re- 

corder which may be substituted for any 
regular recorder in trouble. In the latter 

event, the recorder number shown is that 

of the regular for which the emergency 

is substituted. The 282 line records the 

day, while the 281 line records the hour. 

The D digit in the 282 line is not used, 

and its position is filled in with a 1, since 

every position must have a digit or a 
trouble will be recorded. In the 281 line, 

however, the D digit, which is also a 1, 

forms part of the entry index, which is 

thus 2811. There are thus two types of 
hour entries that may be found on a tape: 
the one just described with an entry index 

16 
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Fig. 5—The AMA master timer. 

   
downloaded from: TCI Library - http://www.telephonecollectors.info - Source: Connections Museum, Seattle, WA



  

  

c
e
r
e
 

cc
na
te
rm
ni
 

d 
| 

& 
| 

is
 

4
 

a
 

‘c
em

ms
sm

ee
d 

  

  
  

    

          

  

  

    
  

    

LINE LINK 
FRAME 

-___— DISTRICT Lo 
SUBSCRIBER JUNCTOR To 

LINES 1 PER 1 PER TERMINATING 
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  x 

X INDICATES CONNECTOR 

Fig. 6—Block diagram of the circuits associated with an AMA call in a No. 1 crossbar office. 

2811, and the one described in connection 
with Figure 2, with an entry index 2810. 

Since these two hour entries may require 
different treatment at the accounting cen- 

ter, they are differentiated by 0 or 1 as 

the fourth digit of their entry index. 

Many safeguards are designed into the 
AMA circuits to insure against incorrect 

charging in the event of equipment failures. 

For example, digit information is conveyed 
by the “two out of five” method, and a 
check is made to determine that no more 

or no less than two leads in the group of 
five are grounded before the information 
is accepted. Critical leads are checked 

for opens, crosses, and false grounds. If 
a trouble is encountered, the trouble re- 

corder is summoned and a trouble card is 
produced showing the condition of the sig- 
nificant relavs at the time of failure. In 

addition to the ability of detecting trouble 
on service calls, there is provision for mak- 

ing test calls on all the service circuits. 

The above description has been specifi- 
cally concerned with AMA in a No. 5 cross- 

bar office. In No. 1 crossbar, the basic 
equipment and circuit features are similar 

but some of the details are different be- 
cause of differences in the detailed circuit 

operations of the two systems. The AMA 

tapes are identical in the two types of of- 
fices, as indeed they would have to be 

to avoid the need for dissimilar handling 
at the accounting center. Figure 6 shows 

a block diagram of the principal circuits 

involved in AMA recording in a No. 1 
crossbar office. In this system the sub- 

scriber’s dialing is registered directly in 

the sender instead of initially in a register 
as in No. 5. Also, the transmission circuit 

is a district junctor instead of a trunk. In 
both systems the sender seizes a trans- 
verter via a transverter connector, and the 

operations of the AMA circuits in recording 
the data on tape are the same. 
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One of the basic devices of the Automatic 

Message Accounting system* is the tape 
perforator. Its function is to perforate holes 
in paper tape in a coded pattern, and it is 

used both in central offices and in account- 
ing centers. In central offices, it records the 
pertinent information for each call, while 
in accounting centers, it provides new tapes 

as the data are processed for use in pre- 
paring the customers’ bills. The machine 

consists essentially of 28 perforating mag- 
nets, a drum, and a paper advance mecha- 

nism. The magnets, each with an armature 

arm carrying a perforating pin, are mounted 

on a two-level steel frame as shown in 
Figure 1. The drum and paper advance 

mechanism, together with a number of 
auxiliary units are mounted on the under- 

side of the machine. The steel frame, con- 

sisting of two duplicate halves, is designed 
to protect the parts mounted on it from 
damage when the machine is resting on 
any side, and at the same time to provide 
handles by which the perforator may be 
moved about. 

In early studies of the AMA project, it 
was decided to use a tape three inches wide, 
and to record six coded digits in each line 

of perforations across the tape. Since one 
of the digits requires space for three per- 
forations, and each of the remaining digits 
requires space for five, a total of 28 per- 

* See page 5. 
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The AMA 

‘Tape Perforator 

P. B. DRAKE 

Switching Apparatus Development 

forating positions is required. Allowing for 

suitable margins along each edge of the 
tape, this gives only a tenth of an inch be- 
tween the centers of adjacent perforations. 

Since the perforating pins themselves are 
about a tenth of an inch in diameter, and 

the armature bars that operate them are 

appreciably wider than that, it was obvious 

that all 28 pins could not be lined up in a 

single row across the tape. The arrange- 

ment adopted is indicated in Figure 2. 
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Fig. 1—Side view of the perforator used in account- 
ing centers.
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The perforating magnets are divided into 
four groups of seven each and mounted on 
two levels; on each level seven magnets 

are mounted in an arc near the front edge 
of the frame, and seven in a similar arc near 

the rear edge of the frame. The fourteen 
pins operated by magnets along the rear of 
the frame are lined up over alternate per- 

forating positions in one row, and those 
operated by magnets along the front end of 
the frame are lined up over alternate per- 

forating positions in the adjacent row. This 

is indicated in Figure 3, where the positions 

are numbered from 1 to 28 across the tape, 
and the rows are numbered in the order in 
which they pass through the perforator. The 

first “line” of codes perforated use the even 
numbered holes in Row 1 and the odd num- 
bered holes in Row 2. The second “line” 
perforated use the even numbered holes in 

Row 2 and the odd numbered holes in Row 
8, and so on for successive “lines” of infor- 
mation. Although in descriptions of the 
AMA system reference is always made to 

  

      

Fig, 2-Broken away perspective view of the perforator. 
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the information carried by a “line” of holes, smaller holes that guide the perforating ] 

the holes comprising such a “line” are physi- pins into the proper holes in the drum. 

cally the alternate holes in adjacent rows. 

One of the most difficult undertakings in 

the design of the perforator was the drum 

on which the paper rests while being per- 

forated. This drum is approximately 1% 

inches in diameter and 3% inches long and 

has 1232 holes (44 rows of 28 each). The 

holes are countersunk so as to conform to 

the conical ends of the perforating pins. 

Extreme precision is necessary in drilling 

these holes to permit the perforating pins 

to seat properly in them without binding in 

the guide. Also, the periorated tape is later 

passed through a reader at the accounting 

center, and the conically shaped pertora- 

tions must fit accurately in the holes of the 

drum of a reader while the tape is being 

read. Since the machine was designed, more- 

over, to perforate 20 lines a second, and 

thus for each perforating operation the 

drum must be started, rotated a little over 

8 degrees, then stopped, and still leave suf- 

ficient time for the perforating operation, 

all within 0.05 of a second, it had to be 

made very light to limit the force of inertia. 

It was therefore made from aluminum tub- 

ing with a wall about 1/16 of an inch thick. 

One of these drums removed from the ma- 

chine is shown in Figure 4. 

In operation, the tape is fed into the 

chute just under the bottom level of the 

frame, evident in Figure 2. This chute 

directs the paper under a curved metal 

guide plate, also evident in Figure 2, that 

holds the paper against the drum and 

guides it out of the machine. This guide is 

drilled with two rows of clearance holes 

to permit the perforating pins to pass 

through. Just above this guide is a second 

guide, similarly drilled, but with slightly 

20 

When the pins are up, their points are just 

below this upper guide, and when a mag- 

net operates, the conically shaped point of 

the pin passes through the hole in the lower 

guide, perforates the tape, and forms a 

paper cone in the tape that seats in the 

countersunk hole in the drum. As the pin 

is retracted, the paper cone remains in the 

drum, and it is by means of these cones 

that the tape is drawn as the drum is 

rotated. 

The paper-advance mechanism consists 

of a magnet and an armature carrying a 

Fig. 4—An AMA drum. 
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pawl which engages the teeth of a ratchet 
attached to the drum, evident in F igure 4. 
When the magnet is electrically energized 
the pawl is withdrawn from a ratchet tooth 
and positioned to engage the next tooth. 
A retaining pawl prevents the drum from 
rotating when the driving pawl is with- 
drawn. When the magnet is de-energized, 

  

  

Fig. 5—Diagram showing relative positions of 
perforating pins and drum. 
  

the spring-driven armature causes the pawl 
to engage the ratchet tooth and rotate the 
drum to advance the paper tape one row 
of holes. Each time the perforating magnets 
perforate holes in the tape, the paper-ad- 
vance mechanism operates and advances 
the tape one step. 

Each perforating pin moves along the 

line passing from the center of a hole in 
the drum to the axis of the drum, and thus 

the pins for the two rows of holes slant 
inward as the sides of a V that would inter- 

sect on the axis of the drum. This is evident 
in Figures 1 and 2 and in more detail in 
Figure 5. Since the pins must move essen- 
tially in a straight line, while the ends of 
the armature bars travel in an arc, a flexible 
coupling is required between them. This 
is accomplished by the construction shown 
in Figure 6. It consists of a steel ball held 
firmly between a cup-pointed set-screw and 
the top of the perforating pin by a helical 
spring. One end of the spring is held by the 

  

screw threads of the set-screw, while the 
other end is set into a groove in the pin. 
This coupling readily permits the slight 

rocking needed when the magnet operates. 
These springs are evident in F igure 1, which 

also shows the Springs at the rear of the 

magnets that return the armatures to their 
normal positions, and thus withdraw the 
perforating pins when the operating cur- 
rent is interrupted. 

To provide a continuous tape for the 
perforators, the end of one tape is spliced 
to the beginning of another. In this splic- 
ing operation the two tapes are overlapped 
for a short distance, and since the perforat- 
ing pins cannot consistently penetrate the 
double thickness of tape, each perforator 
is equipped with a splice indicator, which 
detects an approaching splice and causes a 
special pattern to be perforated on the tape 
for a short distance each side of the splice. 

At the time the splice is made, a rectan- 
gular hole, called a splice window, is cut 
in the tape across the splice as shown in 
Figure 8. The splice indicator itself con- 
sists of a flat finger (just below the middle 
of the drum in Figure 9) that rests on the 
tape a short distance back from the drum. 
When the splice window comes along, this 

  

    Fig. 6—Arrangement used to 
connect the armature arms to 

the perforating pins. 
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spring driven finger moves up a short dis- 
tance through the splice window and in 

doing so permits a micro-switch to operate, 
causing an associated circuit to direct the 
perforator to produce a splice pattern—also 

shown in Figure 8. For the brief period 
while this splice pattern is being perforated, 
the machine is unavailable for perforating 
message information, and thus there is 
avoided the possible mutilation of informa- 

tion pertaining to a call because of the 

perforating fingers’ being unable to pene- 
trate the double thickness of paper at the 
splice. At the accounting centers, the cir- 

cuits recognize the splice pattern, and no 
information is recorded until the splice pat- 

tern has passed through the reader. 
Besides these various features of the per- 

forator that are common to the machines 
used in both central offices and accounting 
centers, there are a few auxiliary features 
used only in the central office machines or 
only in the accounting center machines. 
In central offices the tapes are cut only once 
a day, and to allow space for cutting, the 
recorder — at about 3 a.m. — automatically 

22   

  

        
  

e
e
 

Y
e
 
P
e
e
 

e
e
e
 

‘
2
 

e
e
 

8 
e
e
 

e
e
 

e
k
 

e
e
 

P
e
e
 

ee
 
e
e
 

. - 

‘ 
8 4 

> 
* 

. 
* 

> 

* 

a 
* 

‘ 
4 e

w
 

e
e
 

e
e
 

e
e
 

e
w
e
 
E
E
 

Fig. 8—A section of the tape showing a splice 
window and a splice pattern. 

Fig. 7—View of the AMA perforator showing 
the two duplicate halves of the frame as- 
sembled to provide a two level structure for 
supporting the perforating magnets. 

perforates several feet of splice pattern on 
the tape together with tape identification 

codes on each end of the splice pattern. 
Tape may then be cut anywhere within this 

splice pattern at the convenience of the 

operating staff. 
At accounting centers, on the other hand, 

the tapes are cut more frequently and at 
irregular intervals. To simplify this cutting, 

an electrically operated paper cutting 

mechanism is attached to the machines used 

in the accounting centers. It consists of a 
longitudinal section of a cylinder, shown 
just above the perforating drum in Figure 
10, that when rotated by a solenoid, shears 

the paper from one side to the other against 
a stationary knife edge. The cutter is push- 
button controlled, and thus permits the 
tapes to be quickly cut by the attendants 
whenever the required amount of informa- 

tion has been recorded. 

At the accounting center, the perforated 
tape is allowed to fall into a bin. It was 

found during the development stage that at 
times, particularly during the winter 
months, the paper in passing through the 
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Fig. 9—View of the underside of a central of- 
fice perforator showing the splice detecting 
finger just below the middle of the drum. 

perforator collected sufficient static elec- 
tricity to cause the tape to cling to the 

storage bin. This drastically reduced the 

amount of tape that could be deposited in 
a bin. To alleviate this, a static eliminator 
consisting of a series of needle points was 

designed and mounted on the paper cutter 
frame to dissipate the static electricity as the 

tape leaves the perforator. This static 
eliminator is also evident in Figure 10. 
There is no need for it in the central office 

machine where the perforated tape is 
wound on a motor-driven drum. 

Although the machines in central offices 

do not have either the paper cutter or the 
static eliminator, they, in turn, are equipped 
with a drum-advance check that is not used 

in accounting centers. It consists of a small 
relay having a finger on its armature to 
“peck” at the drum. Special holes around 

the periphery of the drum on one end, 
shown in Figures 4 and 9, are arranged so 
that at every other step of the drum one of 

  

  
Fig. 10—Underside of an accounting center 
perforator showing the cutting mechanism and 
the static eliminator just above the drawer. 

the holes is brought into alignment with 
the finger of the relay. Each time that the 
perforating magnets are electrically ener- 

gized, the relay is also energized so that its 
finger will strike the periphery of the drum 
or engage one of the drum holes. When it 
engages a hole, the relay armature is per- 
mitted to complete its operating stroke and 

to close its contacts. When it strikes the 

drum, however, the motion of the armature 

is restricted and the relay contacts do not 
close. Continuation of this sequence indi- 

cates to the associated circuit that the drum 
advances after each operation of the per- 

forating magnets. A failure of the sequence 
at once gives an alarm so that the opera- 

tion of the perforator can be checked. 
The electrical components of the per- 

forator are connected by a local cable to 
a plug mounted on the underside of the 

perforator, partially evident in Figures 9 
and 10. This plug contains 44 terminals 
arranged on two levels and is so designed 
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and mounted that it may be plugged into 

the properly positioned jack to which the 
associated circuits are connected. 

In designing the perforator, a number of 

parts manufactured for existing telephone 
apparatus were used, and modified where 

necessary to keep down the development 
and manufacturing expense. The perforat- 
ing magnets, for instance, contain the same 

coil assembly and pole pieces used on 263- 

type relays. The paper advance mechanism 

utilizes the magnet, armature, pawl, and 
framework of the 206-type selector. Per- 

forators used in accounting centers are 
known as KS-18882, List 1, while those for 
use in central offices are known as KS- 

13882, List 2 perforators. 
These perforating machines are at pres- 

ent being manufactured by the Teletype 
Corporation in Chicago. 

  
Fig. 11—AMA perforators in central office recorders. 
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Recording on AMA ‘Tape 
H. D. CAHILL 
Switching 
Systems 
Development 

With the new Automatic Message Ac- 
counting system*, the basic information 

that will later be used in the accounting 
center for computing and printing subscrib- 

ers’ bills is recorded on AMA tapes in the 
various central offices. These tapes are 

punched by perforators but the perforators 

are controlled by a “recorder” or by a re- 
corder and a transverter working together. 

For each call, three separate entries are 

made on the tape. The first entry includes 
all the information needed except the time 
for the beginning and ending of the call; the 
second gives the time the conversation be- 
gins; and the third, the time the call ends. 
Each entry requires only a fraction of a sec- 

in Central Offices 

recorder may serve as many as 100 trunks, 

the three entries pertaining to any one call 
may be separated by entries pertaining to 

other calls. Each entry includes the number 
of the trunk involved, and it is this trunk 
number, that identifies the three entries for 

any one call. 

The information perforated in the tape 

for these three types of entries is indicated 
in Figure 1. For the initial entry, either two 

or four lines are required: four when the 
office and number of the called subscriber 

is required, and two when it is not. In a 

two-line entry, the first line includes the 
calling office and number, while the second 

line includes the message index and the call 
ond of the recorder’s time, and since each identity index, which is the trunk number 

* See pages 5 and 12. in the No. 5 system, and the district junctor 

  

  

TYPE OF ENTRY INFORMATION RECORDED 
  

  

  

DIGITS 
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ENTRY | | 
INDEX | \ CALLING NUMBER \ 

INITIAL ENTRY O \\( OFFICE | H i | U 
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I 
| 

2 1 1 1-8 | Oo T 
00 0!100000100000;00000/00000|/00000 
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CALL 
IDENTITY 

SENDER INDEXER 
  

       
   

  
  

  

RECORDER 
AND 

PERFORATOR 

x x 

TRANS~ TROUBLE MASTER 

LATOR RECORDER TIMER 

X INDICATES CONNECTOR 

TRANS- 
VERTER   
  

  
Fig. 2—Block diagram of circuits used for AMA rfe- 

cording in central offices. 

  

in the No. 1 system. In a four-line entry, the 

called-line information is given by the first 

two lines; the last two lines include the 

information contained in a two-line entry. 

The two time entries for each call are 

identical except for the time indicated. 

A block diagram of the circuits employed 
in making these recordings 1n a No. 5 cross- 

bar office are shown in Figure 2. When a 
call is placed, a marker establishes a con- 

nection from the calling line to a suitable 
trunk, associates a suitable sender with the 

trunk, and transfers to the sender all the 

information it will need in handling the call. 

After the sender has recorded this informa- 

tion, it seizes the transverter, and transmits 

to it the identification of the calling line and 
certain other information. This identifica- 

tion of the calling line is in terms of the 
position of the line on the line link frame, 

however, and since this identification is not 

suitable for billing purposes, the transverter 

seizes a translator* to secure the directory 

number of the calling line. Having secured 

this information, it then seizes the recorder 

to make the initial entry. 
If this initial entry requires four lines, the 

sender as well as the transverter will be 

used in controlling the recorder. The 

method employed is indicated in simplified 
form in Figure 3. Six groups of leads—five 
of five leads each, and one of three—con- 

nect the transverter with the recorder, and 

° See page 30. 
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eight groups of five leads connect the trans- 

verter to the sender. As soon as the recorder 

is seized, relay c4 in the transverter is oper- 

ated, and connects through to the sender 

the five sets of leads that will control the 

perforation of the last five digits of the first 

line. Relays in the sender are already oper- 

ated to close two leads of each set of leads 

to cause the perforation of a thousands, 

hundreds, tens, units, and station digits of 

the called number. The a digit of the entry 

is controlled by contacts on relay c4 in the 

transverter, and serves to indicate that the 

line being perforated is not the last line of 

the entry. 

Immediately after this line of digits has 
been perforated in the tape, the recorder 

will release relay c4 in the transverter, and 

operate relay c3. Digits a, B, and c will be 

controlled directly by relays in the trans- 

verter, while the leads for digits for p, 5, 

and F will be closed through to the sender, 

where relays, already operated, will close 

two out of each set of five leads to indicate 

the three digits of the called office code. As 

before, digit a indicates that the line of 

entry is not the last line. Digits B and c give 

the number area code and the called num- 

ber structure, and relays in the transverter 

will have already been operated by the 

sender to indicate the proper digits that 

are to be used. 

As soon as this line has been perforated, 

the recorder will release relay c3 and oper- 

ate relay cz. The six digits for this line are 
the entry index, the calling office number, 

and the thousands, hundreds, tens, and 

units digit of the calling number. Relays in 
the transverter have already been operated 

by the translator to record the proper values 

for these digits. 

Perforation of the fourth line follows at 

once by the release of relay c2 and the oper- 

ation of c1. The first four digits of this line 

are determined by relays in the transverter. 

These are the entry index, which requires 
two digits, and indicates the last line of a 

four-line entry, the message index, and a 

zero to fill up a position not required. The 

FE and F digits of this line are the tens and 

units designation of the trunk. The leads 

that control the perforation of these latter 

two digits are cut through from the call- 
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a 

identity indexer by a relay in the recorder 

that is operated at the same time as relay 

ci in the transverter. Immediately after this 

four-line entry has been perforated, the re- 

corder is released by the transverter and is 

ready to proceed with another call. 

A call identity indexer is permanently as- 

sociated with each recorder, and identifies 

the trunk through a group of tens and a 

group of units relays to indicate the tens 

and units digits of the trunk. These relays 

in simplified form are indicated at the 

lower right of Figure 3. When a trunk has 

been seized, and while the first line of an 

initial entry is being perforated, the trunk 

grounds its py lead to the call identity in- 

dexer. Through a back contact of a tens 

auxiliary relay, this causes one of the tens 

relay TO to T9 to operate and lock, thus iden- 

tifying the tens digit of the number of that 

particular trunk. The operation of the tens 

relay places ground on the proper tens 

leads on a two out of five basis to the perfor- 

ator, and also operates the tens auxiliary 

relay through one of whose back contacts it 

has been operated. When the auxiliary re- 

lay operates, it closes the ten DJ leads to 

the group of units relays, and one of them 
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operates and places ground on the proper 

units leads to the perforator. The connec- 
tion to the py lead in the trunk will then be 
opened, but the tens and units relays will 
remain locked until after the cut-in relay to 
the recorder has been operated and the 
trunk number has been perforated. 

For answer entries or disconnect entries, 

the operation of the indexer relays is the 
same. For these entries, however, the start 
signal over lead py is under control of the 
supervisory relays in the trunk instead of 
relays in the transverter, and the recorder 
makes the answer or disconnect entry in re- 
sponse to the operation of the relays in the 
call identity indexer. 

The rapid perforation of four lines of 
initial entry outlined briefly above is ac- 
complished by a relay circuit of which the 
principal components for perforating three 
of the four lines are shown in simplified 
form in Figure 4. Relays c4, c3, etc. of this 
diagram are the cut-in relays in the trans- 
verter already referred to in connection 
with Figure 3, but for simplification the six 
sets of leads that are cut through by their 

contacts have been reduced on the diagram 
to one lead for each relay. 

When the recorder is connected to the 
transverter, ground on a spring of relay pro 

operates relay p4 in the transverter. Relay 
p4 holds itselt operated through a front con- 
tact on one of its springs, and through 

ground on another spring, and through a 
back contact of p4a, operates c+. This per- 
forates the first line as already described. 

Through another contact, c+ also operates 
ptc in the recorder, which in turn operates 
the paper advance magnet and closes the 
operating circuit of pro. Since this latter is 
a slow operate relay, there is a short inter- 
val before it operates. Operation of the 
paper advance magnet pulls back the pawl 
on the operating drive of the paper so that 
when the operating magnet is released, the 
paper will be advanced one line. 

When the perforating magnets operate as 
a result of the operation of c+, relay cx is 
operated, thus closing a connection over 
lead pi to the transverter and opening the 
connection over lead Pp. Circuit pro is given 
slow-operate characteristics to allow a short 
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Fig. 4—Simplified schematic of line progress control circuit. 
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ume interval to insure that the pertorating 
magnets have time to operate fully. When 
PTO operates, ground is applied to lead Pi 

and this operates Pia in the transverter 
through back contacts of P2, and P3 and a 

front contact of p4. As P4A operates, it locks 

itself in and releases c4, and this in turn 
releases PTC in the recorder. This releases 

the paper advance magnet and thus ad- 

vances the paper one line and also releases 
pro, thus again placing ground on lead P to 

the transverter and removing it from P1. In 
the meantime, the release of the perforating 

magnets has released the ck relay. 
Since relay P4a is now locked operated, 

ground over lead Pp operates relay p3. The 
sequence of operations resulting in the per- 

foration of the second line is now exactly 

similar to that of the first line, and in a 
similar manner, after the second line has 

been perforated, relay p2 is operated and 
the third line is perforated, and so on for 

the fourth. After the last line, the recorder 

is released. 
The sequence of operation of the various 

relays is given in the time chart shown as 
Figure 5. Relays p+, p4a, p3, and p3a, etc., 

once they are operated remain operated 

until the sender is released, but the other 
relays are operated for brief intervals only 
to carry out the various steps in the process. 
For calls requiring only a two-line initial 

entry, relays c4 and c3 are not operated. 

Whether or not these two relays are used 

depends on the information given to the 

transverter by the sender. 
For the two time entries of each call, the 

transverter is not employed at all. At the 
proper moment, the trunk signals the re- 

corder through the call-identity indexer— 

operating the cut-in relay shown in Figure 
3—so that the trunk number may be re- 
corded in the last two positions. The per- 
foration of the a digit, giving the entry 
index, is controlled by the recorder, and 
digits B, c, and p—giving the time in tens, 
units, and tenths minutes—is also con- 

trolled by the recorder using information 
passed to it by the master timer. The hour 
is not required because a separate hour 
entry, giving tens and units digits for the 
hour, is perforated on the tape at the be- 
ginning of each hour under contro] of the 
master timer. A set of switches in the re- 

corder carries a running record of the time 
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Fig. 5—Time diagram for operation of the relays of 
Figure 4 in perforating a four-line initial entry. 
  

in tens, units, and tenths minutes, and when 

a time entry is to be made, this group of 

relays controls the perforation of the B, c, 
and p digits. Each tenth of a minute, the 
master timer transmits a pulse to each re- 

corder and thus maintains the proper indi- 

cations on the time switches in the recorder. 

The AMA circuits are designed so that 

they are self-checking to a large extent. The 
recorders, for example, include means for 
checking the closure of two-out-of-five per- 
forator magnet leads as well as detecting 
opens, crosses, and trouble grounds. If 
trouble is encountered, a trouble recorder 

circuit is brought in and a trouble record 
card is perforated, which will aid in locating 

the trouble. Under some conditions a 
trouble entry is placed on the central office 

tape for the use of the accounting center 

equipment. In addition to the ability of the 
circuits to detect trouble on service calls, 

there is also provision for making various 

test calls. A circuit called the master test 
frame has direct access to the transverters 

for miscellaneous tests and for checking 
translator frame cross-connections. Also 

built into the master test frame are facilities 
for testing the transmittal of AMA informa- 

tion through the senders and transverters, 

and for checking the associated trunks for 
the start signal in preparation for an answer 
or disconnect entry. 
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T. L. DIMOND 
Switching Systems Development 

In the No. 5 crossbar system, the sub- 
scriber lines terminate on verticals of cross- 
bar switches on the line link frames. They 
are identified for switching purposes by the 
number of the frame on which they appear 
and their position on that frame. This posi- 
tion on the frame is defined by specifying 
the horizontal group, and the vertical group 
and file in which the vertical is found. The 
scope of the divisions of the frame is shown 
in Figure 1. There are ten horizontal groups 
and from six to twelve vertical groups on 
each line link frame. Each vertical group 
consists of five vertical files. 

The series of numbers specifying the line 
link frame, vertical group, horizontal group, 
and vertical file, is known as the equipment 
number, but there is no fixed relation be- 
tween this equipment number and the direc- 

tory number. The reasons for this lack of 
relationship have to do mostly with keeping 
an even distribution of traffic through the 
frames and with providing flexibility for 
changes in assignment of directory numbers. 

Since the marker obtains the equipment 
number in the process of handling an origi- 
nating call, it is readily available to the AMA 
equipment. However, directory numbers 
rather than equipment numbers are required 

by the AMA equipment in billing the 
charges for a call. A translator is therefore 
required to convert the equipment number 
to a directory number. This translator is an 
electrical directory with the equipment num- 
bers appearing in an orderly array each with 

its associated directory number. 
After a subscriber picks up his handset 

to place a call, the marker seizes the calling 
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Fig. 8—Simplified diagram indicating method of using 
the coil shown in Figure 2 for translating. 
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line link frame, finds the calling line, con- 

nects it to an originating register, and tells 
the register the equipment number. The 
register records this number and, if the call 
is from a two-party line, determines whether 
the tip or ring party is calling. After the 
subscriber has dialed, the register obtains 
a marker and gives it the calling equipment 

number, including tip or ring party identi- 
fication, and the called directory number. 
The marker in turn passes this information 

to the outgoing sender, which records it. 
After the marker completes this job, the 

sender controls the selection of the called 
number and at the same time obtains a 
transverter, which is part of the AMA equip- 
ment, and gives it the information. The 
transverter uses this information to obtain 
a translator to which it passes the equip- 
ment number. From this information the 
translator determines the directory number 
and returns it to the transverter, which 
causes it to be placed on the AMA tape in 
the form of five digits: one to indicate the 
office, and one each to indicate the thou- 
sands, hundreds, tens, and units digits of 
the subscriber’s directory number. 

The new element of the translator is the 
coil shown in Figure 2 and is shown sche- 
matically as applied to a circuit in Figure 3. 
The winding of the coil is connected to the 
control anode of a gas filled tube. If a surge 

of oscillating current is sent through one 
of the jumpers, an oscillating voltage is in- 
duced in the winding. This voltage ionizes 
the tube, thus allowing it to pass current 
between the cathode and the main anode, 
and operate the associated relay. 

The method of using these coils in the 
AMA translator is shown in Figure 4. At the 
top of this figure is the surge circuit which 

generates the jumper current. Below is a 

relay tree that selects one of the terminals 
in the equipment number terminal bank. 
There is one terminal in this bank for each 

equipment number. 

From each terminal, a jumper is threaded 
through one coil in each of the five rows of 

coils and terminated in ground. The coil 
used in the top row indicates the number of 
the office in which the calling line is located. 
The coils used in the other four rows are 

    
Fig. 2-The coil used with AMA; one of the essential 

elements of the “Dimond” ring translator. 

chosen in accordance with the thousands, 
hundreds, tens, and units digits of the asso- 

ciated directory number. 
When the transverter is connected to the 

translator, it operates relays in the relay tree 
which select one of the thousand equipment 
number terminals and connect it to the 
surge circuit. When this connection is made, 
a path is closed from ground through the 
jumper, the relay tree, and the back contact 
of relay sst. This ground suddenly changes 
the potential of point a from minus 48 volts 
to ground. This voltage change is carried 
through a coupling condenser to the control 
anode of the ssr tube which is caused to 
pass current, thus operating relay sst. Relay 
ssT now closes a discharge path for the oscil- 
latory discharge of capacitor c through in- 
ductance L to ground. The discharge circuit 
is closed by the mercury contact relay sstT 
rather than by the contacts of the tree cir- 
cuit because the high current (about 3 am- 
peres peak) in the surge might damage ordi- 
nary relay contacts, especially if there is 
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any contact chatter. Any chatter which oc- 

curs in the relay tree contacts subsides dur- 

ing the operating time of relay sst. 

The surge current in the selected jumper 

induces a voltage in the output windings of 

the coils through which the jumper passes. 

The associated gas-filled tubes fire from this 

voltage, and cause relays in the transverter 

corresponding to the directory number to 

operate. The translator connector then re- 

leases, disconnecting the transverter from 

the translator. 

The relay tree is shown schematically in 

Figure 5. By using the line link frame num- 

ber and the vertical group number, the trans- 

verter grounds one of the twenty G leads to 

operate the proper c relay. Tip parties and 

ring parties are assigned to separate trans- 

lators. The transverter also operates one of 

the vr relays corresponding to the vertical 

file number of the calling line, and operates 

horizontal group relay in accordance with 

the horizontal group number. 

The c relay uses fifty contacts to select 

from the thousand equipment number ter- 

minals the particular fifty of the vertical 

group of the calling line. The vr relay se- 

lects ten of the fifty terminals selected by 

the c relay, and the horizontal group relays 

select one of the ten terminals selected by 

the vr relay. Thus, by this process, one ter- 

minal out of 1000 is connected to the surge 

circuit, whereupon the operation proceeds 

as above. 

Since the jumpers are changed rather fre- 

quently and since the terminals in the equip- 

ment number terminal bank are fairly 

closely spaced, it is felt to be worthwhile 

to design the translator so that inadvertent 

shorts between adjacent terminals will not 

cause severe reaction. With all the jumpers 

connected to a common ground bus as indi- 

cated at the bottom of Figure 4, such a 

short might result in the failure to translate 

the equipment numbers for a large number 

of lines, and the fault might be difficult to 

find. Suppose, for example, there were a 

short between the equipment number ter- 

minals for jumpers A and 8. An attempt to 

translate the equipment numbers associated 

with either of these terminals would, of 

course, give the translation of both because 

of the short. This in itself is not too serious 
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since only two lines are involved and the 

trouble could soon be located. The serious 

feature of such a short is that the short forms 

a closed loop consisting of the two jumpers. 

As a result, a surge in any jumper passing 

through one or more of the coils threaded 

by either of the shorted jumpers will induce 

a surge in the closed loop and thus besides 

operating the proper tubes for the transla- 

tion will also operate those associated with 

the jumpers of the closed loop. With the 

short between jumpers A and s, for example, 

when jumper p is energized, a surge voltage 

is induced in jumper a because it threads 

tens-coil No. 6 in common with the p jumper. 

A current is therefore induced in the a and B 

jumpers, which energizes several coils be- 

sides the desired ones. This does not cause 

charging irregularities, however, because the 

transverter recognizes the operation of more 

than the correct number of tubes as a trouble 

condition. It would not accept the transla- 

tion but would call in a trouble recorder. 

The fault would be difficult to locate, how- 

ever, because the equipment number of the 

line that caused the trouble recorder to be 

called in may not be anywhere near the 

equipment numbers whose terminals are 
shorted in the bank. 

To avoid such a situation, the formation 

of closed loops by shorts must be prevented. 

To this end, ground is provided through a 

bank of 1000 terminals physically arranged 

just as are those of the equipment-number 

terminal bank. Jumpers are run between 

corresponding terminals of the two banks. 

The method of supplying ground to the ter- 

minals of the ground bank is indicated in 

Figure 6. The Esw relay is operated by the 

horizontal group relays of the relay tree 

whenever the equipment number being 

translated is in an even horizontal group. 

Similarly the osw relay is operated if the 
horizontal group is odd. The vr relays are 

the same relays as the vr relays shown in 
the relay tree. When a translation is to be 

made. the Esw or osw and vF relays together 

supply ground to only a certain fifty of the 

thousand ground-supply terminals, and no 

two of these fifty are adjacent. Esw and vro, 

for example, ground the even terminals in 
the bottom row of Figure 6. 

With this arrangement there can be no 
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closed loops due to shorts between adjacent 
terminals in the equipment number terminal 
bank. If the shorted terminals are horizon- 
tally adjacent, then one must be in an odd 
horizontal group and the other in an even 
and, therefore, only one of the jumpers can 
be supplied with ground because of the Esw 
and osw relays. If they are vertically ad- 
jacent then only one can be supplied with 
ground because only one vr relay is oper- 

is supplied from a different vr relay. With 
no closed loops there can be no tubes falsely 
operated, and therefore the circuit will trans- 
late satisfactorily in spite of the short. 

Not only does this scheme prevent false 
operation, but it causes a trouble record to 
be made indicating that a short exists. If 
jumpers a and B are crossed either in the 
equipment-number or ground-supply ter- 
minal banks, then when the a jumper or 

ated, and each horizontal row of terminals any other jumper on the same ground sup- 
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Fig. 4—Simplified circuit schematic of the AMA translator. This schematic shows jumpers set up to 
identify terminals of directory numbers 2-4328, 0-1264, etc. 
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a 

before another occurs which, in combination 
with the first, might cause translation fail- 
ures on a large number of telephone lines. 

A translator frame is shown in Figure 7. 

At the top, not shown in the photograph, 
is the translator connector, which has a ca- 

mounted next. The tubes are mounted im- 
mediately behind the coils. Near the bottom 
is the ground supply terminal bank. The 
whole assembly of coils and terminals is 
within easy reach of a maintenance man 

standing on the floor. 

  
Fig. 7—Lower part of a translator frame; tube side at left, and coil side at right. 

pacity for five transverters. In the middle 
of the frame are the relays making up the 
relay tree. The bulk of these are the multi- 
contact c relays. Below the relays are the 
terminal strips making up the equipment- 
number terminal bank. The coils are 

One of the difficult equipment and appa- 
ratus problems was the design of the coil 
structures and the general layout in such 
manner that the jumper could be readily 
removed. With the arrangement finally de- 
vised, the jumper can be removed by loos- 
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ening both ends and pulling. One reason for 
terminating the jumpers in the same relative 

locations in both terminal banks is to make 
this possible without tracing the jumper 
through the coils to find its ends. The coils, 

one of which is shown in F igure 2, are en- 
closed in  bakelite cases with smooth 

rounded jumper windows to reduce friction. 
It was found that an oblong window ac- 
commodates more jumpers than a round 
window of the same area. The maximum 
that can be placed in the coil is 600. 

As a further aid in changing jumpers, the 
terminals in the equipment number and 
ground supply banks are of a new solderless 
type. These are shown in Figure 8. Each 
consists of a slit punching into which the 
stripped end of a jumper is slipped. A com- 
plete turn of the jumper is then made 
around the terminal so that any movement 
of the jumper will not disturb the electrical 

connection. The pressure between the 

jumper and terminal is very high, insuring 
a good, low resistance contact. Tests show 
that this terminal allows a reduction in 

connection and disconnection time. 
The basic type of translator employing 

the kind of coil described above is known 

in the Bell System as a ring translator be- 
cause of the shape of the coil. Its main ad- 

vantage over more conventional types of 
translators is that it reduces the number of 
jumpers and connections. This saving in 
jumpers represents appreciable savings to 

the Telephone Companies because on the 
average each jumper is removed and re-run 
once each three years. 

The same translator circuit as described 
above is used in the No. 1 crossbar system, 
although the equipment details are slightly 
different. The basic ring translator scheme 
has also been applied to computers. 

  

Fig. 8—A close-up of one of the terminal banks of the translator showing the 
new type of terminal employed. 
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Automatic Message Accounting*, as its 

] name implies, is a system that automatically 

records, sorts, computes, and summarizes 

the required information for subscriber 
dialed telephone messages to determine the 

] service charges. The original information 

recorded includes the time of the beginning 
7 and end of each call, and thus a dependable 

source of time must be associated with the 
recording equipment. This is provided by 
the AMA timer, and two of them—called 

the “even” and “odd” timers—are furnished 

for each AMA office. Both maintain a con- 
tinuous record of time and check each 
other every minute for synchronism, but 

| 

* See pages 5, 12, 18, 25 and 30. 

The AMA Timer 

W. C. JORDAN 
Switching Systems Development 

only one of them is “in control” at a time. 
Only one of them at a time, in other words, 
is supplying time information to the re- 

corders, but each has certain checking and 

testing functions to perform whether “in 
control” or not, and either may carry out 
all functions when the other is out of service. 

Each timer has a small synchronous mo- 
tor, driven from the commercial power 

supply, that serves as the basic source of 
time. This motor drives a cam shaft with 

two cam-operated switches. Every six sec- 

onds one of the switches is closed for a 
brief interval, thus sending a pulse to the 
control circuit. This sequence of six-second 

pulses operates a chain of 206-type rotary 
selectors on which the various time units 

  

e000 °° ° 
° ° © 9 

R
l
 

=
U
 

e
l
 

  

  

    

  

° ° 
°o °o 

5 °o 

U O° 

SYNCHRONOUS 
MOTOR 

sO TIMER + 

ca 
u = SM TO 105V L]= 3 

- (m ) SS 60 
VF SKC AC SUPPLY 

SG 

TPE OR TPO “= 

Cc. 

cl TO 
= (RECORDERS 

I tO 

  

        

  

  

Fig. 1—Method of operating the vu, t, and u, selectors in the timers and recorders. 
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are recorded. One of the selectors, desig- 

nated vu, records the six-second pulses 
themselves—each pulse moving the selector 
one step. The next, designated 1, operates 
one step for each ten of the original pulses, 
and thus moves one step each minute. The 
third, designated u, operates one step for 
each ten steps of the T selector, and thus 
makes one step every ten minutes. Oper- 
ated in a somewhat similar manner, there 
are also the uv, the ur, the pu, the pt, and 
the selectors, operating one step for each 
hour, each ten hours, each day, each ten 
days, and each month, respectively. 

To insure a continuous record of time 

even during failure of the commercial sup- 
ply, means are provided for automatically 
transferring the timing motors to an emer- 
gency ac supply. This consists of a rotary 

converter, driven by the central-office bat- 
tery, which is started automatically when- 
ever the voltage on the commercial ac lines 

drops to 85 per cent of its normal value. 

When the voltage returns to 90 per cent, 

the motors are automatically transferred 
back to the commercial supply. 

Besides operating the chain of selectors 
in the timer, the sequence of six-second 

pulses from the timer “in control” is also 
transmitted to each recorder in the office, 

and each recorder includes a vu, a T, and an 
H selector, and thus has available within 
itself the information needed to control the 
perforation of the time of answer and dis- 
connect on the tape. For the hour entry and 
the tape identification entry, however, the 
time comes from the master timer in con- 
trol. The hour entry is made on each tape 

at the turn of each hour, and includes a 
tens and a units digit to identify the hour of 
the day. Six time digits are used for the tape 

identification entry: the month tens, month 
units, the day tens, the day units, the hour 

tens, and the hour units. The tape identifica- 
tion entry is made at 3 a.m. each morning, 

and at certain other occasions, such as 
at each splice, and each time a recorder 

is made busy or is returned to service. 

The method of operating the time selec- 
tors is indicated by the simplified schematic 

diagram of Figure 1. Each pulse from the 
timing cam operates a relay that repeats 
the pulse over a number of branch leads— 
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some going to the recorders and one to the 

associated timer circuit. Over this latter 
lead the stepping magnet of the vu selector 

is operated, and on release, the selector 
moves ahead one step. A lead multipled to 

the 10th and 20th contacts of the vu selector 
runs to the step magnet of the T selector. 

During each six-second pulse, ground is 
applied to the lower brush of the v selector, 
and every tenth pulse this ground, through 
a contact of the u selector, operates the T 

selector, and thus moves it one step. In a 
similar manner the 8 selector is operated 
every 10th contact on the T selector. 

The 206-type selectors have six semi- 
circular arcs each of 22 contacts, and since 
the brushes are double ended, the 23rd 
operation brings a brush again to the first 
contact. On the selectors such as the v selec- 
tor just described, where a succeeding 
selector is operated every ten steps, the cir- 

cuit is arranged—through connections on 

one of the other arcs of contacts—so that 
the selector moves automatically from the 
21st contact to the first contact. Various 
other combinations of automatic stepping 

are also used as required for some of the 
subsequent selectors. One, two, or even 

three of the arcs may be used to control 
the operation of subsequent selectors, while 

some or all of the remaining arcs are em- 

  

  

  

  

  

  

  

  

  

  

  

DIGIT 5 BERFORATING POstTIONS | 

1 x x Oo oO O° 

2 x Oo x O° O° 

3 oO x x Oo oO 

4 x Oo Oo x Oo 

5 oO x O° x Oo 

6 O° Oo x x oO 

7 x O oO oO x 

es oO x oO O x 

9 Oo Oo x oO x 

° O° oO °O x x         
Fig. 2—Translation of the “2-out-of-5” code. 
Positions perforated are marked with a cross. 
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ployed for some of the other functions that 
the timer performs. 

All digits carrying charging information 
are recorded on the tape in a “2-out-of-5” 
code: five perforating positious are avail- 
able for each digit, and each of the ten pos- 

tape supplies ground to the brushes of the 
two translator arcs of each selector. As a re- 
sult ground will appear on two out of the 
five code leads from each selector to give 
the correct code corresponding to the posi- 
tion of the selector. These code leads are 
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Fig. 3—Simplified diagram of the coding circuit of the selectors. 
  

sible digits from 0 to 9 is represented by a 
particular pair of perforations. The code is 
readily translated by assigning the five per- 
forating positions the numbers 0, 1, 2, 4, 
and 7 from left to right. Then the digit 
perforated is equal to the sum of the num- 
bers assigned to the two holes punched. 
The only exception is the digit 0, which is 
represented by positions No. 4 and No. 7. 
This translation is shown in F igure 2. 
Two of the arcs of each selector are used 

to translate the digit represented by the 
position of a selector to the “2-out-of-5” 
code. There are five output leads from the 
pair of translation arcs of each selector, and 
for each position of the brushes of the selec- 
tor, ground will appear on the proper two 
leads. How this is accomplished is indicated 
in Figure 3. A relay that is operated when- 
ever a time digit is to be perforated on a 

  

connected to the perforator by the recorder 
in the same general manner as other infor- 
mation, which has already been described °. 
In recording the time of answer or dis- 
connect, the codes are taken from the selec- 
tors in the recorder, as already mentioned, 
but for the hour and the tape identification 
entries, the codes come from the selectors 
of the timer, since this information is not 
available in the recorders. 

Besides keeping a running record of time 
and supplying it to the recorders, the mas- 
ter timer in control, also makes a check 
every minute to see if the corresponding 
selectors of the other master timer and of 
all the recorders are in step with its own. 
Other arcs of the selectors are used for this 
purpose by a circuit indicated in Figure 4. 

* See page 25. 
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The No. 4 arc of the v selector controls this 

test, over a lead multipled to its No. 9 and 

No. 19 contacts, by supplying ground to a 

check relay. The actual test is made through 

contacts of the No. 6 arc. The No. 6 arcs 

for the u selectors only are indicated in 

Figure 4, but a similar circuit is provided 

for all of the timing selectors. 
The second cam driven by the timer mo- 

tor, designated cu in Figures 1 and 4, 

closes, and remains closed for about 3.5 

tors of the other master timer and of all the 

recorders are connected to relays marked 

u on the diagram, and if all these brushes 

are on the same contact as that of the 

master timer in control, the vu relays all op- 
erate. At the end of the 3.5 second period, 

when the cam-operated contact CH opens, 

relay cK is released. No other action has 
taken place since all the selectors are in step. 

If one or more of the selectors had been 

out of step, however, one or more of the 
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Fig, 4—Simplified diagram of the synchronizing test circuit of the timer. 
  

seconds, one second after each six-second 
pulse. Between every 9th and 10th six- 

second pulse, ground on the brush of the v4 
arc holds the check relay operated, and 

thus when the cam-operated cH contact 
closes following the 9th six-second pulse, 
relay ck operates. This supplies ground to 
the No. 6 brush of the uv selector of the mas- 
ter timer in control at the time. The brushes 
of the No. 6 arcs of the corresponding selec- 

40 

u relays would not have operated, and as a 
result ground would have been applied to 

the cx relay to hold it operated after the 

cH cam contact had opened. Under these 

conditions, the next closure of the cam-oper- 

ated TP contact, which gives the six-second 

pulses, would operate relay ssr through a 
front contact of cx. This would sound an 

alarm to call attention to the fact that at 

least one of the selectors was out of step. To 

c " 

be 
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Fig. 5-A master timer frame in the No. 5 
crossbar office at Englewood, N. J. 

determine which selector it is, the cKL key 
is operated. This lights a lamp associated 

with any recorder that has a selector out of 
synchronism, since as long as a selector is 
not in synchronization, its u relay will be 
unoperated. 

The No. 6 arcs of the selectors are also 
used to give a lamp indication of the posi- 
tion of each selector in the master timer 

“in control.” A lamp with one lead con- 
nected to battery has its other lead con- 

nected to the lead multipling one of the 
contacts of all the No. 6 arcs of the selectors. 
Each contact of all the arcs has such a mul- 
tipling lead with a lamp connected. When 

the cKL key is operated, ground is applied 
to the brushes of the selector at the master 
timer, and thus the lamp connected to the 

lead from the contact on which the brush 
is resting will light. As long as this key is 

operated, successive lamps will light as the 
selectors step around. 

Besides providing these tests every min- 
ute to insure that all timing selectors are 
in step, the master timers are also used to 
test the operation of the recorders. These 

latter tests are under control of the odd 
timer and proceed automatically, but they 
are started by a key operation. Should trou- 
ble be encountered, the test will block, a 
trouble record will be provided, and a re- 
corder trouble lamp will light. Restoration 

of the test circuit to normal will then be 

accomplished by another test key opera- 
tion. On either normal completion or irregu- 

lar completion of a test cycle, a test identi- 
fication entry is perforated in the recorder 
tape at the end of the cycle. This entry pro- 
vides information to the accounting center 
which enables it to skip the test perforations 
when processing the tape, since some of the 
test perforations resemble information pro- 

vided as part of the subscriber call records. 

A master timer for a No. 5 crossbar office 
is shown on the second bay from the left 
in Figure 5. The lamps below the middle of 
the bay include the lamps that display the 

selectors when the cKL key is operated. 
Below these lamps is the even master timer, 

and above them, up to and including the 
206-type selectors, is the odd master timer. 

Above it is the equipment for the recorder 

test and the common relays that transfer 
control from one timer to the other. 
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Central Office Equipment 
for AMA 

Automatic message accounting equip- 
ment in a central office comprises seven 

major units. These, with their interconnec- 
tions, are indicated in solid lines in Figure 
1. AMA equipment is available for both 

No. 1 and No. 5 crossbar offices, and except 

for the transverter and the transverter con- 
nector, these major units are the same in 

both types of offices. The frame construc- 

tions, however, are different for the two 
types of offices, and the association of the 

AMA equipment with the central office 
circuits also differs. In No. 1 crossbar offices 

the association is with district junctors and 
subscriber senders, while in No. 5 offices 
it is with outgoing trunks and senders. 

For the AMA circuits in a central office, 

the transverter*® performs a common con- 

trol function much as the marker does in 

the central office switching system. It is 
brought in on all AMA calls by the sender 
acting through a transverter connector, the 

number of transverters being dependent on 
the amount of message rate and subscriber- 
dialed toll traffic. Usually there are not less 

than three transverters, with a maximum 
of five in No. 5 offices and eight in No. 1 

offices. Each transverter has access to all 
recorders and translator frames. + 
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Fig. 1—Seven major equipment units, indicated by 
solid lines above, comprise the AMA equipment in a 
central office. 
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P. W. SHEATSLEY 
Switching Systems Development 

Each recorder has a perforator{ and a call 
identity indexer directly associated with it, 

there being one such group for each 100 

trunks in a No. 5 office, and tor each district 
junctor frame of 100 district junctors in a 
No. 1 office. The outgoing trunks in the No. 

5 system appear on the trunk link frames, 
which makes it possible to limit the AMA 
equipment to particular trunk groups hav- 

ing sender access and arranged for message 
rate traffic. The major portion of the flat 

rate traffic is routed over other trunk 
groups not equipped with AMA recorders. 
In No. 1 offices, the district junctors appear 
directly on the line link frames, where it 

generally is not feasible to segregate the 
message rate traffic. All non-coin district 
junctors therefore must be arranged for 
AMA, and this is done by assigning a call 
identity indexer, recorder and perforatcr 
to each district frame. The No. 1 crossbar 
system being arranged for 20 district frames 
may have 20 regular recorders supple- 

mented by an emergency recorder. In the 
No. 5 crossbar system, the maximum pro- 
vided for is ten regular recorders and an 

emergency recorder. 
In a No. 5 crossbar office, the call 

identity indexers and recorders mount on 
two-bay frames called recorder frames, 
Figure 3. The equipment for these two 

circuits is assembled in shop-wired and 
shop-tested units, the recorder unit extend- 

ing across both bays of the frame, and the 
call identity indexer unit across one bay. 
Two call identity indexer units thus occupy 
the space of a recorder unit. The initial 

frame in an office is equipped with three 
recorder units, emergency and two regular, 
and with two call identity indexers asso- 
ciated with the two regular recorders. 

The perforators for the recorders are 
mounted in a steel cabinet, two in each 

cabinet, along with a supply of paper tape 

* See page 25. + See page 30. t See page 18. 
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and facilities for storing the perforated tape 
output. The paper tape is supplied in 

folded form rather than on reels or spools 
so that there will always be a continuous 

supply available to the perforators. This 
is done by storing the folded paper in two 

bins placed one above the other, each 
containing 3,000 feet of tape. By splicing 

the bottom end of the tape in the top bin 

to the top end of the tape in the bottom 

bin, there is available to each perforator a 
total of 6,000 feet of tape. When the supply 

in the top bin is exhausted and while there 
is still paper in the bottom bin, the latter 

1s moved to the top position, and a fresh 

carton of paper is added in the second bin. 
This bin is then placed in the lower posi- 

tion and the two lengths of paper spliced 
together. The output from the perforators 

is stored on reels that are rotated auto- 
matically by motors as slack develops with 
the operation of the perforators. Figure 2 

shows a central office cabinet enclosing two 
perforators in the upper portion behind 
a clear plastic cover. Below the perforators 

on either side of the cabinet are the paper 
input bins, and between them are the 

motor-driven reels for storing the output 
tape from the perforators. 

The transverter circuit occupies the 

frame shown in Figure 4. Besides the 
register, check, progress, and recorder start 
relays comprising the basic part of the cir- 
cuit, there are facilities that enable the 
transverter to connect with a particular 

translator frame and terminal on that frame, 

as determined by the calling subscriber's 
line location number. A cross-connecting 
field in the lower portion of the frame 

provides flexibility in the assignment of the 

translator frames to the lines as they ap- 
pear on the line link frames. A minimum 

size group of three transverters is usually 
furnished so as to provide for maintenance 
and trouble conditions. 

The transverter connector frame pro- 

vides connecting paths over which the AMA 

information registered in the outgoing send- 

ers is transferred to the transverters. Each 

connecting path, called a transverter con- 

nector, is common to five senders in a No. 5 

office. There are three connectors on each 

frame, thus providing transverter access for 

  
Fig. 2—A perforator cabinet houses two per- 
forators and their tape supplies. Below the per- 
forators on either side are the paper input bins, 
and between them are the motor-driven reels 
for storing the output tape from the perforators. 

a maximum of 15 senders. 
A single master timing frame* shown in 

Figure 5 serves all the recorders associated 

with a transverter group. Each frame in- 

cludes two master timing circuits, desig- 
nated even and odd, either one of which 
may be used to supply six-second pulses to 
the recorders and perform other functions 
such as periodically checking their timing 

circuits for synchronization, causing a time 

entry to be placea on the tape of each 

recorder at the turn of the hour, and con- 
trolling the entry of the end of tape pattern. 
Also included on the frame are transfer 
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Fig. 8 (left)—A recorder frame in a No. 5 crossbar office in Englewood, N. J. Three recorders occupy the upper = 
three quarters of both bays of the frame, while two call identity indexers are at the bottom of the frame—one 
call identity indexer in each bay. Fig. 4(center)—Three transverter frames in the No. 1 crossbar office at Hack- _ 
ensack, N. J. Fig. 5 (right)—The master timer frame at the left and the transverter trouble indicator frame on 
the right in the No. 1 crossbar office at Hackensack. 

44 | 
A 

amldownloaded from: TCI Library - http://www.telephonecollectors.info - Source: Connections Museum, Seattle, WA



  

— 

a] 

  

Fig. 6 (left)—A district group connector frame which is requ:red only in No. 1 crossbar offices. 

Fig. 7 (right)—A transverter connector bay at the left, a calling line register bay in the middle, and a bay of 

senders at the right in the Hackensack office. 
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facilities between the even and odd timing 
circuits, and means for testing the recorders 

in making initial, answer, and disconnect 

entries. Between the even and odd timing 
circuits in the lower and mid portions of 

the frame, respectively, are the two motor- 

driven timers, also a key, lamp, and jack 

panel used in making synchronization 

checks. The upper portion of the frame is 
occupied by the transfer and recorder test 
functions. 

Of the above equipment, the call identity 

indexer, recorder, translator and master tim- 

ing circuits are common to both No. 5 and 

No. 1 crossbar, as already mentioned, but 

are assembled on sheet-metal frames for 
No. 5 offices and on bulb-angle frames for 
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Fig. 8—Auxiliary equipment in a No. 1 crossbar office 
to transmit information from the line link frames to 

the senders. 
  

No. 1 offices. The transverter is different 

for the two systems, primarily because of a 

difference in the translator selection feature, 

brought about by a difference in the way 

the subscriber's line is identified. 

Another frame that is different for the 

two systems is the transverter connector 

frame. In No. 5 crossbar, the transverter 

connector serves five senders and completes 

a path of 150 leads to the transverter, while 

in No. 1 crossbar it serves a maximum of 

ten senders and connects through 120 leads. 

The difference in sender capacity is brought 

about by the use of multi-frequency out 
pulsing senders in No. 5 offices. These have 

a much shorter holding time than the 
revertive out puising senders used in No. ] 
crossbar system, which, as a result, reduces 

the number of senders that can be accom- 
    

* See page 387. 

46 

modated in a single transverter connector. 

In No. 5 offices the calling line number 
is registered in the marker in the normal 

course of handling a call and accordingly 
is available to the outgoing senders on AMA 

calls. In No. 1 offices arranged for AMA, on 

the other hand, auxiliary equipment must 

be added to transmit this information from 
the line link frames to the senders. This 

takes the form of a district group connector 
frame, a sender group connector unit, anda 

calling line register frame. This arrange- 
ment is indicated in Figure 8. From and 

including the call identity indexer and the 

transverter connector, the AMA equipment 
is as shown in Figure 1. Included on the 

calling line register frame, shown in Figure 
7, are 25 relays used for registering the 

calling line number as received from the 

line link frame. In the No. 5 system these 
register relays are mounted with the sender, 

but in No. 1 offices it is necessary to locate 
them exterior to the sender. There is one 
district group connector frame, Figure 6, 

for each 16 line link frames and a calling 
line register frame for each 30 subscriber 

senders. One sender group connector and 

one call identity indexer is furnished for 
each district junctor frame. These two units 

therefore are grouped on a separate frame 
in No. 1 offices, designated a call identity 

indexer frame and having a capacity of 
four district junctor frames. The recorders 

in No. 1 offices appear on recorder frames, 

four recorders to a frame. 

Supplementing these AMA frames in the 

No. 1 central office are two maintenance 

frames: a maintenance recorder frame and 

a transverter trouble indicator frame. The 

maintenance recorder frame together with 

a perforator and reader located in the per- 
forator cabinet and a teletype printer lo- 

cated in the maintenance center is used 
to make a printed record of calls to per- 

manent signal holding trunks, line verifica- 
tion test calls, and sender test calls. The 

transverter trouble indicator frame, by 

means of a lamp display, indicates trouble 

or irregular operation encountered in the 

transverter, recorder, and master timing cir- 

cuits. In No. 5 offices the functions of these 

two frames are performed by the trouble 
recorder and master test frame. 
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Basie Features 

of the AMA Center 

JOHN MESZAR 
Switching 

Systems 
Development 

Although the charging information for 
telephone calls is recorded in the individual 

central offices, all the work of telephone 

message pricing, billing, and bookkeeping 
for the Bell System is concentrated at about 
a hundred accounting centers. When one 

recalls that the Bell System has upwards 

of twenty-five million customers, and that 
the total number of accountable messages 

per month is close to two hundred million, 

the truly impressive proportions of the 
message accounting job are readily appre- 
ciated. In addition to its magnitude, this 

message accounting job has, of course, very 
exacting requirements of accuracy and 

promptness. Perhaps the most challenging 
factor in message accounting is, however, 
the need for the highest efficiency, since 

Fig. 1—Above, A view of the AMA center in 

Philadelphia. 

the accounting costs must add but a negligi- 
ble amount to the low price of billable 

telephone messages, about 65 per cent of 
which are priced at fifteen cents or less. 

These basic characteristics of the message 

accounting job had a controlling influence 
on the design of the machinery for the AMA 

center, which is generally in or readily ac- 
cessible to the existing Accounting Centers. 

As has been brought out in preceding arti- 
cles*, the original message data for the 
AMA system are recorded in central offices 
as patterns of perforations on paper tapes. 

These tapes are then sent periodically to 
the accounting center where machinery per- 
forms the various data-processing tasks 
peculiar to message accounting. The ulti- 
mate AMA objective is, of course, the de- 
velopment of completely mechanized data- 
  

* See pages 5, 12 and 25. 
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processing techniques to deliver printed 
customer-bills. However, the initial phase 

of the development had a more modest goal, 
and the machines that are at present avail- 
able carry the automatic processing only 
part of the way toward this ultimate goal. 

The processing technique is based on 
putting the central office data sequentially 
through different types of machines, each 
of which has been designed for a specific 

purpose. All of the machines receive their 
input information on tapes perforated in 
the preceding stage. Each machine “reads” 

its input tape, performs its assignment, and 

perforates its output on fresh tapes. The 
exception is the last machine whose output 

is in the form of typed alphabetical and 
numerical characters for use by the ac- 
counting center personnel. 

A typical accounting center machine is 
shown in Figure 2. The low cabinets con- 

tain the input tape reader with its tape 
reeling mechanism, and the output tape 
perforators with their fresh tape supply and 

  

perforated tape receiving bins. The taller 

cabinets house the functional circuitry of 
the machines. Each machine has only one 
input tape reader, but the number of out- 

put perforators and the size of the func- 
tional circuitry varies from machine to 

machine. The principal machines, in the 

order of their usage, are the assembler, the 
computer, the sorter, the summarizer, and 

the printer. 
After it is received at the accounting 

center, the reel of central office tape is first 
put into the reader of the assembler. As 

was brought out in the articles on central 
office AMA recording techniques, the bill- 
ing data for thousands of telephone calls 
are perforated on this tape in the order in 

which the data became available. The data 
for a particular call are thus interspersed 

with corresponding data on other calls. 
The first step in the accounting center is 

therefore to assemble all the recorded data 

on each call, so that subsequent processing 
can deal with complete information per 

  
Fig. 2— An accounting center machine showing relays and miscellaneous equipment in the tall 
cabinets at the left, a reader in the first low cabinet, and perforators in the other low cabinets. 
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Fig. 3—A message-unit summary list as it comes 
from the AMA printer. 

call. This is accomplished by the assembler 

which perforates assembled messages on its 
output tapes. Assembling is basically a two- 

stage sorting process. The fragments of in- 
formation belonging to a particular call are 

identified by a two-digit call identity index 

number and their time sequence on the 
central office tape, and the assembler sorts 
the fragments in accordance with these call 
identity indexes without disturbing the 
chronological order of the calls. 

After the calls have been assembled, the 
required computations can be conveniently 
carried out. This is done by the computer 

into which are fed the output tapes of the 

assembler. For toll or detail-billed messages, 
the computer at present only computes the 
“chargeable interval” in minutes. For local 
or bulk-billed messages, the computer eval- 

uates the chargeable time into “message 
units,” in accordance with the applicable 
rate structure. Uncompleted calls are of 
course automatically discarded. The com- 

puter perforates separate output tapes for 
the local or bulk-billed messages and for 

the toll or detail-billed messages. It also 
perforates other miscellaneous output tapes 

for calls whose segregation is desired for 
various reasons. 

Since the objective of the accounting 
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Fig, 4—A toll slip from the printer for telephone 
number BE 6-0217 for April. 

center processing is to determine the total 

charges applicable to each telephone cus- 
tomer, the computed messages are next 
arranged by the sorter according to the 

telephone numbers of the calling customers. 

On the output tapes of this machine the 
calling customers’ telephone numbers ap- 
pear in ascending order, and all the mes- 
sages originated by the same customer are 
perforated adjacent to each other. Sorting 
is a four-stage process, one stage of sorting 
being required for each of the four digits of 
a telephone number. Local and toll mes- 
sages are sorted at different times. 

After all the local messages chargeable 
to a customer have thus been brought to- 
gether, it is feasible to summarize their 

message unit values for bulk billing. This 
is accomplished by the summarizer, which 

perforates on its output tape the total num- 
ber of message units chargeable to each 
customer for a designated period. 

The last machine of the existing account- 

ing center series is the printer. Since the 
accounting work beyond this stage is to be 
done by the staff of the accounting center, 
the main function of the printer is to pre- 
sent the output of the AMA system in a 

form readily understandable by human 
beings. Accordingly, the printer types a 
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message-unit summary list from the mes- 
sage-unit summary tape. A segment of such 

a list is shown in Figure 3. In the AMA 

system, zeros are printed with a slant line 

through them to distinguish them from the 
letter O. At the top of the summary list is 

the calling office and the last day included 

in the list. The four-digit numbers in the 

left column are the subscriber numbers, 

while the figures in the right hand column 

represent the total number of message-units 

billable to each subscriber. 

Besides these message-unit summary lists, 

the printer types toll slips for each custom- 
er. These show the pertinent billing in- 

formation on each customer's toll messages. 

The messages are presented in order of 

date, and the slips are automatically stacked 

by the printer in the order of the customer’s 

telephone numbers. A toll slip with the 
record of four messages is shown in Figure 

4. The subscriber’s telephone number and 

the month are given at the top of the slip, 

while the data for each call are given by 

a two-line entry. In the upper line of each 

entry is the day of the month, the hour and 

minute of the day, the called area, and the 

called office, while the lower line gives the 

called number and the chargeable time in 

minutes. The time of day is given on a 24- 

hour basis, and thus the 1722 of the second 

entry represents 5:22 p.m. 

A diagram of the over-all accounting cen- 

ter processing scheme is shown in Figure 

5. Each of the accounting center machines 

will be described more fully in succeeding 

articles. Their most outstanding characteris- 

tic is accuracy. Features are incorporated 

in each machine which enable it to con- 

tinuously check its own internal actions. One 

basic checking principle is to insure that 

circuit components—such as relays—always 

act in a designated pattern. If, for instance, 

a group of ten relays is used to represent 

the ten values of a digit (decimal code), 

the machine checks that in every use of 
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Fig. 5—Block diagram of an accounting center. 
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Fig. 6—Testing AMA machines at the Laboratories. 

this group of relays one and only one relay 
is activated. Or, if the digit is represented 
in the so-called 2-out-of-5 combinational 

code, the machine checks that in every use 
of the five relays two and only two are 
activated. These and other types of rigorous 

self-checking features are woven through- 
out the whole circuitry of each machine, 
and include also an examination of the 
perforation pattern of the input tapes. If 
any internal irregularity or tape defect is 

experienced by the machine, it stops and 

signals the attendant to take appropriate 
corrective action. The machines are even 
capable of discovering human operational 

errors. For instance, if the wrong tape is 

put into a machine, it refuses to proceed 
with the processing. Accuracy tests run 

on the system have shown not only that 
the number of errors is extremely small, 
but that the few that are made result in an 
undercharge rather than an overcharge, 
which was one of the objectives in design- 
ing the checking features. 

A second important characteristic of the 

machines is their reliability. This has been 
obtained simply by the use of time-proven 
central office type of apparatus and circuit 
design techniques. 

The third notable characteristic of the 
accounting center machines is their speed 
of operation. With the exception of the 

printer, all the machines are capable of 

reading their input tapes and performing 

their required functions at the rate of ap- 
proximately 1000 tape-lines per minute. The 
average speed of the computer—and to a 
smaller extent of the assembler—is a func- 

tion of the types and relative quantities of 
the various calls, and is, of course, some- 
what lower than its capability. The printer’s 
speed in turn is determined by its output 
typing mechanism, which is rated at 100 
words per minute. 

One more common characteristic of the 
accounting center machines worthy of em- 
phasis is their load capacity. All of them 
have been designed with input and output 
tape capacities sufficient for several hours 
of unattended running. Once an operator 

loads and starts a machine, it requires no 
further attention until the processing of the 
load is finished, at which time the machine 
shuts itself off and signals the operator 

both audibly and visually. 
These are some of the primary attributes 

of the accounting center machines. Over 
and above these important physical charac- 
teristics, however, is the amount of built- 
in intelligence such machines possess. A 

little reflection on their main functions— 
reading, writing, computing, summarizing, 
sorting, checking, etc.—brings out the sharp 
similarities between the doings of such 
machines and human activities classified as 
intelligent. 

51 

Nee  downloaded from: TCI Library - http://www.telephonecollectors.info - Source: Connections Museum, Seattle, WA



  

The AMA Reader 

For each of the successive operations in 
an AMA Accounting Center*—assemblingf, 

computing, sorting, summarizing, and print- 
ing—a reader is required to transform the 
information perforated on the input paper 
tapes into equivalent electrical information 
that may be properly processed. Each 
reader has a drum—similar in general con- 

struction and arrangement to that of the 
perforatort—and a set of twenty-eight read- 
ing fingers properly lined up with the holes 
in the drum. The input tape is fed over the 
drum through guides from the front in such 

a way that the small paper cones forced 
out in perforating the tape at the central 

office fit into the holes in the drum. Sixteen 

times a second, the reading fingers move in 
toward the drum and each finger will either 
be stopped by unperforated tape or will 

* See page 47. 
+ See page 59. 
t See page 18. 

  
Inspecting tape in the AMA reader at the New- 
ark accounting center. 
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Switching Apparatus Development 

pass through a perforation in the tape. Each 
finger has associated with it a pair of twin 

contacts, and these are closed if the corre- 

sponding finger passes through the tape but 
are held open if the fingers meet unper- 

forated tape. After each line is read, the 
fingers are withdrawn and the drum is ro- 

tated just enough to bring the next line of 

holes in line with the reading fingers. In 
rotating, the drum carries the tape along 
with it. 

As shown in Figure 1, each reader is 
mounted in the upper part of a cabinet 

similar to that used for a perforator. In the 
lower part of the cabinet is space for two 
reels: one for the input tape and the other 
for the tape that has been read. The reader 
drum, shown in Figure 2, like that used in 
the perforator, has twenty-eight holes in 
each row along the face of the drum paral- 
lel to the axis. It differs from the perforator 
drum, however, in having thirty-six of these 
rows instead of forty-four, and is thus 
smaller in diameter. It differs also from the 
perforator drum in having cylindrical in- 
stead of conical holes, and there is a double 
rather than a single row of step-checking 
holes around the rim. Since there are thirty- 
six rows of holes, a ten-degree rotation of 
the drum is required for each advance. 
Provisions are made both for stopping the 
advance of the drum and for allowing it to 
be rotated freely, as may be desirable when 
a tape is being removed. 

Besides the twenty-eight reading con- 
tacts and the two check advance contacts 
that are operated with them, the reader has 
sixty others, all twins, that are also closed 
and opened sixteen times a second. These 
sixty contacts are arranged in four groups: 
one of thirty for controlling the operation 
of a perforator, designated the P contacts, 
and three of ten contacts each for control 
purposes, designated the u, x, and 7 con- 
tacts respectively. The twenty-eight read- 
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Fig. 1—Each reader cabinet includes a reader 
in the upper compartment and reels for the 
input and output tapes in the lower. 

Fig. 3 (above)—The AMA reader. Input tape enters 
roo through the chute, passes over and around the drum, 

      
Fig. 2—The reader drum 
has thirty-six rows of 
twenty-eight cylindrical 
holes each. The two rows 
of holes in the rim are for 
checking the advance of 
the drum. 

and then down to the takeup reel. 
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ing contacts, and the two advance-check 

contacts, close at the same time, if not re- 

strained by blank tape or the drum, and 

they all open at the same time. All the per- 
forator contacts open and close together, 
while in each of the H, kK, and J groups, six 

contacts are closed while four are open, 

and vice versa. The Pp, H, k, and reading 
contacts are all in phase: the contacts open- 

ing and closing at the same time. The J 

contacts are phased to operate about fifty- 
two degrees later than the others. All ninety 
contacts, however, are operated once tor 

each revolution of the cam shaft. 
The reader is shown in Figure 3, and a 

diagram indicating the arrangement of the 

various components is shown in Figure 4. 
A small ac motor that runs continuously 

cams, which, through rocker arms with 
rollers riding on the cams, operate the read- 

ing fingers and the four sets of contacts 

already referred to. One rocker arm oper- 
ates the group of thirty perforator contacts, 
three of them operate the three groups of 
control contacts, while the fifth, at the right- 

hand end of the cam shaft, operates the read- 

ing fingers and their associated contacts. 
The cam shaft runs continuously, and 

thus the reading fingers move in and out 
and the contacts close and open sixteen 

times a second. The motion of the drum, 

however, depends on actions in the stepping 

mechanism. Advance of the drum is under 

control of the reader circuits, and is at the 

rate of sixteen lines per second continuously 
or intermittently as required for the proper 

  

    

    

    

      

     

READING CONTACTS 

READING _ 
FINGERS 

STEPPING 
MECHANISM 

“>> CONTROL -=*) 
CAMS 

  

    

  

   
    

    

    p 
PERFORATOR CONTACTS 

drives the cam shaft of the reader at 960 
m. There is a reduction gear between 

the motor and the cam shaft, and the latter, 

through another set of gears, drives the 
stepping mechanism, whose input shaft also 
runs at 960 rpm. On the cam shaft are five 
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ROCKER 
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READER 
CAM 

H K J 
CONTROL CONTACTS 

Fig. 4—Diagram of the reader showing the relationships between the major components. 

processing of the tape. The timing of the 
advance, when it is made, is always prop- 
erly phased with the cam shaft so that 
the advance is made while the reading pins 
are fully withdrawn. 

The stepping mechanism, shown in Fig- 
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LOCK__- MAGNET 
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STEP 7 

RACK~ PLUNGER 

Over-all view of stepping mechanism. 

ure 5, has an input shaft driven through 1:1 
ratio gearing from the cam shaft, and an 

output shaft that carries the reading drum 
and a thirty-six tooth gear. In the actual 
machine, the step gear on the output shaft is 

directly above the step rack, but in Figure 5 
it is shown moved away from it to reveal 

more detail of the mechanism. 

Stepping is brought about by the action 

of the step cam on the step follower, to 

which the step rack is fastened. Its action 

can be seen more clearly in Figure 6. The 

follower is u-shaped, and pivots on the 
follower pivot pin. Two of its inner sur- 

faces, marked a and B, are held against 

the step cam by the engage spring and 
the step spring. The step cam, which is 

mounted directly on the input shaft, is 
so designed that in rotating, it first pushes 
the follower down so as to disengage the 

step rack from the step gear, then moves 

the follower to the right, then allows the 

engage spring to pull the follower up so 

that the rack engages with the step gear, 

and finally, allows the step spring to pull 
the follower to the left and thereby rotate 

the drum just enough to bring the next row 

of holes in line with the reading fingers. 
This cycle is repeated each revolution of the 

step cam, and thus a total of sixteen steps of 
tke drum are made every second. 

To secure this type of cycle, the step 

cam has two opposite 135 degree (3 times 
45 degrees) sectors of constant radius, and 
two opposite 45-degree sectors of changing 
radius. The constant-radius sectors are 

a and c in Figure 6. Sector a has a greater 
radius than sector c; the difference between 
them is just enough to allow the rack 

to move the drum one line. Sectors B and p 

make the transition from large to small and 

small to large radius. When sector p reaches 

surface B of the follower, it forces the fol- 

lower down and disengages the rack from 

the gear. This requires one-eighth of a 
cycle, or forty-five degree rotation of the 
cam. For the next one-eighth cycle, the 

follower remains still because its a and B 

surfaces are riding on constant radius sec- 

tors of the cam. At the beginning of the 

DRUM RELEASE 
PLUNGER       

      

~-STEP RACK 

step “sprinc 7 | 

STEP 
¢77<-—eP 
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RELEASE ! " ENGAGE 
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RETURN 
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A 
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Fig. 6—Step cam and follower from drum end. 
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next one-eighth cycle, however, sector D has 

reached surface a and moves the follower 

to the right. After another one-eighth cycle 

of no motion of the follower, sector B reaches 

surface B and allows the follower to move 

up so that the rack engages the teeth 
of the step gear. Another one-eighth cycle 
of rest follows, and then sector B, having 

reached surface a, allows the follower to 

move to the left under the pull of the step 

spring, and advances the drum one line. 
The motion of the step follower, as illus- 

trated by point Pp, is produced at practically 
constant acceleration and deceleration by 

the shape of the step cam. The performance 

is quiet and free from shock and thus long 
life is achieved. 

In proper phase with the step cam, an- 

other cam, marked Lock cam in Figure 6, 
holds a lock tooth in mesh with the step 
gear except during the one-eighth cycle 

while the drum is being stepped. This pre- 

vents any possible motion of the drum 

while the reading fingers are in the drum. 

The interposer magnet, shown in Fig- 
ure 5, provides the means by which the 

control circuit can prevent the drum from 

stepping. When this magnet is released, 

its plunger moves forward behind a finger 

on the follower and prevents the follower 

from being pulled to the left by the step 
spring. When the interposer magnet is re- 
leased, therefore, the follower will move up 
and down following the step cam, and the 

lock tooth will move in and out in the proper 

phase, but the follower will remain in its 
extreme right-hand position, and the drum 

will not be stepped. 

A non-locking tape-feed key mounted at 

the left end of the control contact housing 

permits the interposer magnet to be oper- 

ated by the attendant, thus allowing the 

drum to advance continually. This key is 
used principally when a new tape is being 
inserted in the reader. 

Just above the follower and_ passing 
through the housing of the stepping mech- 

anism is a drum-release plunger by which 

the follower may be pushed down to disen- 
gage the step rack from the step gear. If 
this is done at the middle of the step period, 
while the lock tooth is disengaged, the drum 
is left free to turn. This is taken advantage 

56 

of in inserting and removing the tape. 
Mounted on the cam shaft at the right is 

a flywheel (index wheel), evident in Fig- 
ure 2, marked along the inner edge of its 

periphery with a degree scale from 0 to 360 

in five-degree steps. This is used during 

adjustments and tests to set the cam shaft 
to any position of the operating cycle. Built 

into this flywheel is a ratchet which pre- 
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Fig. 7—Simplified diagram of the reader. 

vents the reader from turing backwards as 

the reader comes to a stop. This ratchet 

is of the centrifugal throw-out type, and is 
disengaged when the reader is running. It 

thus produces no noise or wear under oper- 

ating conditions. It may also be disengaged 
by inserting special pins in the flywheel 
to permit the reader to be turned by hand 

in either direction for servicing. 
All of the contacts of the reader must be 

adjusted to close and open within fairly 
narrow limits. With the drive motor stop- 
ped, the opening and closing positions of 
the various contacts may be checked at any 
time by rotating the dial and reading its 

position as the various contacts operate. 

The relationships between the markings on 

the dial and the mean values for the clos- 

ing and opening of the various sets of con- 
tacts are shown in Figure 8. The zero posi- 
tion on the dial corresponds to the middle 
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DEGREES | 

9° 

! 
1 

! 

  
Fig. 8—-Time-angle diagram for the reader shown in relation to the degree scale 
on the flywheel, 

  

of the stepping period. Inside the degree 

scale of Figure 8 a time scale in milli- 

seconds is marked—each revolution of the 

cam shaft requiring 62.5 milliseconds. 

The contact assemblies, shown in Fig- 

ure 7, are mounted to the frame of the 

reader with four screws and in addition 

are doweled in place with locating pins 
so that they are readily removable and can 

be remounted without disturbing the ad- 

justment. Easily removable sheet metal 

covers protect the contacts from dirt. The 
cover for the reading contacts has a lucite 

window through which the positions of the 
reading fingers can be observed. An ad- 

jacent scale, marked a to F to designate 
the six digit-positions on the tape, permits 

the code being read to be directly observed. 
The reading, perforating, and control 

contacts and the interposer magnet are 

connected by local cable to a plug mounted 

at the rear of the reader as may be seen in 

Figure 9. This plug contains terminals on 

two levels, and is designed to plug into a 
jack in the reader cabinet to which the asso- 

ciated circuits are connected. The motor 

is separately connected in its own switch 

box to a power receptacle to which 110- 

volt ac supply is connected under control 

of the reader circuit. 

There are three additional versions of the 

basic accounting center reader. Two of 

these are used as test readers for mainte- 
nance of both the central office and ac- 
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counting center pertorators. They are 

geared to operate at twenty-four cycles per 
second, and are equipped with only one 
group of control contacts. The fourth is a 
maintenance recorder reader used in the 

No. | crossbar central office. It operates at 

the same speed as the accounting center 

reader but is equipped with the same con- 

tacts as the test reader. These readers are 

manufactured by the Teletype Corporation, 

and their basic design was carried out at 
Bell Laboratories by F. M. Thomas for- 

merly a member of the technical staff. 

Since the reader is in use many hours 

each day, it is necessary that the adjust- 
ments be held over long periods of use. 

Tests have shown that the reader is stable 

in adjustment, and that substantially 

trouble-free operation can be expected with 

occasional lubrication and maintenance. 

  

Fig. 9—A rear view of the reader. 
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The AMA Assembler 
GLEN G. DREW 
Switching Systems Development 

In central offices employing automatic 

message accounting, a recorder perforates 

a tape for all AMA calls handled by a 

group of 100 transmission circuits—trunks in 

the No. 5 crossbar, and district junctors in 

the No. 1 crossbar system. Such tapes are 
sent periodically to a common accounting 

center® so that bills may be prepared from 

the information perforated on them. The 

information pertaining to any one com- 

pleted call is contained in three entries—a 

disconnect time entry, an answer time en- 

* See page 47. 

Fig. 1—An AMA as- 
sembler consists of a 
reader, a relay cir- 
cuit and ten per- 
forators. 

try, and an initial entry. Typical initial and 

timing entries are shown in Figure 2. The 

entries for any one call are usually inter- 

spersed with similar entries of other calls 

and the first step in the accounting center 

is to bring the entries pertaining to each 
call together. This is done by the assembler, 

which consists of a reader, a relay circuit, 

and ten perforators, as shown in Figure 1. 

Only one of the ten perforators is used at a 
time, but the control circuit of the assembler, 

guided by information it reads on the input 

tape, can choose which perforator to use for 
recording each entry found on the input 
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tape. The result of this assembling process 

is an arrangement of call records and time 
indications that is the same as would result 

if a separate perforator had been provided 
at the central office for each transmission cir- 

cuit and then the resulting tapes had been 
joined together in numerical order. 

Each of the entries pertaining to a call 

on the central office tape carries a call iden- 
tity index (cm), which is a two-digit num- 
ber identifying the trunk or junctor that is 

being used for the call. Although each of 
these transmission circuits may be used for 

many different calls recorded on the same 

carrying the same cu, and since these en- 

tries are perforated in the same time se- 
quence in which they appear on the central 

office tape, the entries for each call will 
always be grouped together. Such an as- 

sembling is brought about by a double sort- 
ing process, using first the units digit of the 

cu and then the tens digit. For the first 

stage sort, the units digit of the cu, which 
is the F digit on the tape, is used to select 
one of the ten perforators for recording the 
entry. The perforators are designated from 
0 to 9, inclusive, and all entries with an F 

digit zero are recorded on the number zero 

  

TYPE OF ENTRY INFORMATION RECORDED 
  

INITIAL ENTRY o0o°0 
DETAIL BILLED 

    

ANSWER OR 
DISCONNECT ENTRY   

DIGITS 
A B c { D 

1 
MESSAGE | 
INDEX | 

INITIAL. ENTRY 2 1 “1-8 
BULK BILLED C001ID000 01000001 

2 LINES 
° T | U 

o990001I000001I00000 

t ' 
CALLING NUMBER 

E F 1 
' 

| CALL IDENTITY INDEX CALL IDENTITY INDEX _ . . Fig. 2-Three entries 
' are associated with 

each completed call: 
  

OFFICE TH | H 

! 

ENTRY _ INDEX 
1 
1 

1 
| 
| 

1 

o | 
ooo;   

\ | MESSAGE 
ENTRY INDEX | _ INDEX 

f_ 5 TO OE™>NN I AT —E™N 
2 4 3 I {1-9 

oo0!100 000! 

| 
| i 
1 

1 
° OFFICE 1 H 

1 

NO. AREA | CALLED NO|! 
CODE | STRUCTURE |! 

1 

4 LINES 

° 
ooo 

1   
' 
! 
It 
I 
t 
t 
I 
' 
' 
' 
1 
' 
' 
1 
' 
1 
' 
! 
' 
I 
' 

ENTRY ! ' 

INDEX TIME IN MINUTES 

   

CODDDIDDDDDDDDDOjODDOD Oj;00000 

ce Too er oaoaec—3n~—mea——aaaao 
1 

1 
1 

| Oo 
09000100000 

1 
1 

CALLING NUMBER 

H { | T 
9OODDOT1IODDDDjOOCDC O!ID00 00100000 

i) 1 

! CALLED OFFICE CODE 

0-9 ' 0-2 | A | ' c 
OADDDj|O0DDDIDD0 DD 0j;00 DC O}O0000 

1 1 1 
1 1 
1 1 ' 

\ CALLED NUMBER 
° TH \ H i T | U | STATION 
COD'IODDDDD0DDCOIDC OD OID 000 01ID0000 

1 “TENS =| UNITS” | TENTHS | U 
OO Dj0CCO MOO OD DIODAVODIOD0DDO}|00000 

! ' 1 

lnc v an original entry, an 
answer time entry, 

T and a disconnect 
| SA ENTITY INDEX time entry. The an- 
lo C0001I00000 swer and disconnect 

time entries are iden- 
tical in type and dif- 
fer only in the time 

! recorded. Two types 
of initial entries are 
employed: one for 
bulk-billed calls and 

one for detailed 
billed calls. 

U   
1 B 1 

1 

| 
CALL IDENTITY INDEX 

I T     

tape, it will of course serve only one at a 
time. In an accounting center, the tapes 
are read in reverse time order, and thus if 
a call was completed, the first entry for it 
encountered by the reader will be the dis- 
connect entry. The other two entries for 
this particular call would be the next two 
encountered that carry the same cm as the 
disconnect entry. It is this fact that the as- 
sembler takes advantage of to bring the 
entries for each call to adjacent positions 
on the output tape. 

In general the process consists in bringing 
together on the output tapes all entries 

60 

perforator, all with an F digit 1 on the num- 
ber 1 perforator, and so on. After the pro- 
per perforator has been selected, the entry 
is recorded on it exactly as it appears on 

the central office tape. 

After the input tape has been completely 
sorted in this manner, the ten new output 

tapes are spliced together in numerical 

order and then used as the input tape for 
the second stage sort. Exactly the same 

process is again carried out except at this 
time it is the tens digit of the cn, the E digit 

of the entry, that is used to select the per- 

forator used for recording the entry. A chart 
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an 
4 

a 
i 

indicating how the two stages of sorting 

distribute the entries is given in Figure 3 

for a simplified section of a central office 

tape. It shows the information recorded on 

the central office tape and on the various 

output tapes of the assembler. The infor- 

mation is indicated by a letter to give the 

type of entry—1, initial; a, answer; and p, 

disconnect—followed by two digits repre- 

senting the call identity index. At the left 

of the tape is an identifying number. On 

the input tape these run in sequence from 

1 to 27, but they will be rearranged on the 

various output tapes. The ten output tapes 

from the second sorting stage are spliced 

together and serve as the input tape for 

the computer, which takes the next step in 

the accounting center procedure. 

Besides the entries for each call, the input 

tape includes certain other entries to iden- 

tify the particular group of calls it includes 

and to indicate the hour of the day. The 

perforators at the central office place a tape 

identification entry at each side of a splice, 

and these entries will thus appear at the 

beginning and end of each tape. In addi- 

tion, at the beginning of each hour they 

perforate an hour entry on the tape. All of 

the information in the central office tape 
identification entry is not needed on the 

output tapes of the assembler, but certain 

additional information is needed. The as- 

sembler, using some of the data read on 

the central office tape identification entry 
and supplying the other information itself 

prepares a new tape identification entry of 

seven lines. These two tape identification 

entries and the hour entry are shown in 

Figure 4. The hour entry and the new tape 

identification entry must be perforated on 

all ten output tapes of the assembler. This 

process is called “spreading” the entry. 

When an entry to be spread is encountered, 

the advance of the reader is stopped, and 

a sequence circuit causes the entry to be 

erforated on one output tape after another 
until all have been perforated. The reader 

is then allowed to advance. 

A block schematic for the assembler is 
given in Figure 5. Although assembling the 
entries for each call is its chief function, 

there are other operations that it must carry 

out to insure accuracy, which is essential 

throughout the accounting process. For this 
purpose the assembler is provided with cir- 

cuits that check the accuracy of both the 

input and output of the machine. As indi- 

cated by the diagram, input checking fea- 

tures connect to the reading relays and parts 

of the control circuit, and check that the 

proper number of holes is detected in each 

line of the input tape, that the reader drum 
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              ( 

CENTRAL | 
OFFICE 
TAPE FIRST 

ASSEMBLY 
27 I 00 STAGE 
26 I 55 
25 I 99 
24 A 55 ( { \ ) 

23 I 50 
22 A 99 PERFORATOR|___|PERFORATOR| __|PERFORATOR 
21D 55 0 9 
20 I 95 
19 1 09 27 I 00 26 I 55 25 I 99 
18 A 00 23 I 50 24 A 55 22 A 99 
17 D 99 18 A 00 21D 55 19 I 09 
16 D 00 16 D 00 20 I 95 17 D 99 
15 1 99 13 I 00 11 I 55 15 I 99 
14 A 99 10 A 00 8A 55 14 A 99 
13 1 00 7 A 50 6D 55 12 A 09 
12 A 09 5 D 00 3A 95 9 D o9 
11 55 4D 50 2095 1D 99 
10 A, 00 
9 D 09 
8 A 55 
7 A 50 
6 D 55 
5 D000 
4 D 50 SECOND 
3 A 95 ASSEMBLY 
2095 STAGE 

1 D 99 

  

          
  

PERFORATOR|__|PERFORATOR|___|PERFORATOR 
0 5 

19 I 09 26 I 55 25 I 99 
12 A 09 24 A 55 22 A 99 
9 D 09 21 D 55 17 D 99 

27 I 00 11 I 55 15 I 99 
18 A 00 8A 55 14 A 99 
16 D 00 6 D 55 1D 99 
13 I 00 23 I 50 20 I 95 

I= INITIAL 10 A 00 7A 50 3.4 95 
A= ANSWER 5 D 00 4D 50 2D 95 
D = DISCONNECT           
  

Fig. 3—Simplified chart indicating how the entries 

are distributed on the ten output tapes by the two 

sorting stages. 

  

advances one line each time it is instructed 

to, that no line of an entry is either omitted 

or repeated, and that the proper tapes are 

fed into the assembler in the correct order. 

Output checking features insure that the 

proper number of holes is perforated in 

each line, that the perforation takes place 

on only one perforator at a time, and that 

the perforator tape advances after each 
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TYPE OF ENTRY INFORMATION RECORDED 
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L_ENTRY INDEX | Day TENS MARKER GROUP 
2 8 I 4 | 0-3 T ! U 
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perforation. Failure of any of the above 
checks will cause the operation of the ma- 
chine to stop with an alarm lamp indicating 
the type of trouble. 

These checks are provided for by wiring, 
through various relay contacts, circuits that 
will not be closed unless the proper condi- 
tions exist. Through the contacts of the 
reading relays for the various digits, for 
example, circuits are wired that are closed 
when two and only two of the reading re- 
lays for digits from B to F, inclusive, are op- 
erated. To make sure that only the proper 
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tapes are being processed at any one time, 

somewhat similar circuits are wired through 
contacts of the reading relays and also 
through contacts of some of the dial switches 
on the control panel. On this control panel, 
there is one dial switch to indicate the as- 
sembly stage, either the first or the second, 
two to indicate the marker group in tens 
and units, a tens and units dial for both 
the first and last recorder of the group for 
which the tapes are being processed, a 
tens and units dial for the month, and a 
tens and units dial for the last day of the 
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period for which the tapes are being proc- 

essed. Before the assembler is started, these 
dial switches are all set in accordance with 

the particular tapes to be processed. If the 
assembler, in reading the tapes, finds that the 
various tape identification entries do not cor- 

respond with the settings of these switches, 
the reader stops and an alarm is given. 

To accomplish these tests, a group of 
series circuits are established through the 
contacts of the various reading relays and 
through the contacts of the various dial 

switches on the control panels in such a 

way that a closed circuit is established only 

when the information indicated by the op- 
erated reading relays corresponds to the 
information set on the dials. Figure 6 in- 
dicates the conditions for a closed circuit 
for one particular line of identification in- 
formation. The a, B, and c digits of each 
such line indicate the type of information 

carried by the remaining digits of the line. 
If the a, B, and c digits are 284, for example, 
the p digit will carry the day tens digit, and 
the © and F digits will carry the marker 

group tens and units digits. 
When the a, B, and c reading relays indi- 

cate 284, therefore, a path is established to 

the contacts of the p reading relays. There 
are five relays for each digit except a, and 
since the information is recorded in a “2 
out of 5” code, two of the relays will be 
operated. Circuits through the contacts of 

the five relays of the p digit are used to 
translate from “2 out of 5” to decimal code 
in such a way that ground on the single 

input lead will be extended to one of four 
output leads depending on the digit indi- 

cated. These four output leads run to the 
last-day tens dial switch on the control 
panel, and the ground on one of the leads 
will pass through the switch only if the 
dial is set to that particular digit. From 
this switch, a lead runs to the contacts of 

the E reading relays. Here again the cir- 
cuit translates from “2 out of 5” to decimal 

code, and the ten output leads run to the 

tens dial switch for the marker group. The 

single lead from the arm of the marker 

group tens dial switch runs to the contacts 

of the F reading relays. These similarly 

translate the “2 out of 5” code on the F 

relays to decimal code, and the 10 decimal 

leads leaving the F relays run to the ten 
points on the marker-group units dial switch. 
From the arm of this switch, the lead runs 

to the reader step control relay, which will 
operate and allow the reader to advance 

only if a closed circuit has been established 
through the entire chain. For other codes 
conveyed by the a, B, and c digits, similar 

circuits are established through the p, §, 
and F reading relays and other dial switches 

on the control panels. 
In addition to these various checking 

features, it is necessary also to dispose of 
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Fig. 5—Block schematic of the assembler. 

  

certain erroneous or mutilated entries on 
the input tape. Recorder circuits in the 

central office have checking features that 
enable them to detect irregularities in the 
perforation on any line of the tape, and to 

detect other conditions that would cause 
false charging. When any such condition 

is found, an entry is perforated by the 
central office recorder to indicate that an 

uregularity has occurred, and as far as 

possible to give the nature of the trouble. 

If it has been determined that more or less 

than two holes had been perforated for 
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any digit on any line of an initial entry, a 
cancel entry is perforated as the next line. 
The assembler upon reading the cancel en- 
try (reading the central office tape back- 
ward) will skip over the line which was 
found in difficulty, and any other lines of 
the initial entry already perforated. The 

faulty entry is thus thrown out at the first 
assembly stage. 

Provision is also made in the assembler 

to care for mutilated entries for which no 
cancel entries have been perforated at the 

Fig. 

central office. Such mutilations may occur 
due to weak spots in the tape through which 

the reading pins project. The circuit is ar- 

ranged to stop with an alarm at these con- 
ditions, and the machine will not start 

until the attendant takes appropriate action. 
At sixteen lines per second about one- 

half mile of central office tape can be proc- 
essed through the first assembly stage in 

an eight-hour day. This represents from 50,- 
000 to 90,000 calls, depending on the type 
of traffic in the office. 

  

7—Key and lamp panel of the assembler unit. 
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The AMA Computer 
A. E. HAGUE 
Switching Systems Development 

Of the various circuits in an Automatic 
Message Accounting Center,* the computer, 
which follows the assembler} in processing 
order, is the largest and most complicated. 
Its chief functions are to compute the 
chargeable time for detail-billed calls and 
the number of message units for bulk- 
billed calls, to discard “don’t answer” and 
“busy” calls, to sort out the calls according 
to type, and to perforate condensed output 

Fig. 1—The AMA 
computer includes, 
from left to right 
and back - to - back, 
four cabinets of con- 
trol equipment, a 

reader, and fourteen 
perforators, two in 

each of the seven 
cabinets. 

entries from which all unessential informa- 
tion has been excluded. For these various 
functions it requires four cabinets of relay 
equipment with lamps and control panels, 
a reader,{ and fourteen perforators — two 
in each of seven cabinets, as shown in 
Figure 1. 

The input tapes of the computer come 

* See page 47. + See page 59. ¢ See page 52. 
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from the assembler which, as the first in 

the series of accounting center machines, 
receives the tapes perforated at the central 
office. These central office tapes contain 
the initial, answer time, and disconnect 

time entries of each call. All three entries 

for any one call are marked by the same 
call identity index, and are in chronological 

order but intermingled with similar parts 

of other calls. Reading the central office 

chargeable for the call. Once these calcula- 
tions have been made, the disconnect time 

entry is no longer needed in the accounting 
rocedure, and the answer time is used only 

with detail-billed calls to serve as an addi- 
tional identification for the call. The call 

identity index, having been used by the 

assembler, is also no longer needed. As a 
result, these items can be eliminated, and 
the entries to be perforated on the output 
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tapes in reverse, for a purpose to be ex- 
plained later, the assembler rearranges the 
entries in such a manner as to bring to- 

gether the scattered elements of each call 

in consecutive lines on one of its output 

tapes. These become the input tapes for 
the computer. 

From the disconnect and answer entries 
the computer calculates the chargeable 

time, and for message unit calls calculates 
in addition the number of message units 
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a ie   

tapes of the computer can be correspond- 
ingly compressed. For bulk-billed calls 
where the number of message units is not 
greater than nine, only a single line is 
required for the output entry, which in- 
cludes one digit for the number of message 
units and four digits for the calling tele- 
phone number. When there are more than 
nine message units, a two-line entry is 
perforated, with the calling telephone num- 
ber in one line and the number of message 
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units in the other. Output entries for all 
telephone calls that are recorded in detail 

are reduced to a single entry of five lines 
from the four-line initial entry and two one- 
line time entries on the central office tapes. 
The significance of the various lines and 

digits in this five-line output entry is shown 

in Figure 2. 

One of the important processes in the 
accounting center consists in sorting or 

grouping messages according to type. Part 

of this sorting process is performed by the 

sorting operation reduces by one stage the 

amount of work to be done by the sorter, 

which processes the tapes after they leave 
the computer and brings together all the 
messages dialed by the same calling line 

within a given period. 
A block schematic indicating the major 

components of the computer is given in 

Figure 3. In general, the process consists in 
reading the lines of the input entries per- 

taining to each call one after another, 
recording the information contained in each 
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computer, which classifies its output entries 
as toll, message unit, message unit detail, 

etc., and then further sorts the message unit 
calls according to a digit of the calling line 
number. The office digit of the calling line 
number is used for sorting whenever the 
input tapes include calls from more than 
one central office served by the same marker 
group. When only one central office is in- 
volved in the marker group, the message 

unit calls are usually sorted according to the 
units digit of the calling line number. This 

line in the appropriate registers, computing 
the chargeable time and, in the case of 
bulk-billed calls, the number of message 
units for the call, and then perforating an 
output entry on one of the fourteen per- 
forators. An overlap operation is provided, 
however, so that an output entry may be 

perforated while the next input entry is 
being read. This is indicated in Figure 4. 
For message unit entries, where the output 

entry consists of only one or two lines, there 
is no delay at all due to output perforating. 
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The input entries are read line by line in 
continual succession and the complete 

output entry for one call is perforated while 
the timing entries for the next call are being 
read. While the five-line output entry of 

a detail-recorded call is perforated, the 

progress of the input tape is held up four 
timing intervals, or a total of one quarter of 
a second, to permit the output entry to be 
completed before the input tape is advanced 
to read the initial entry of the succeeding 
call. 

The timing intervals just referred to are 
determined by the motor-driven interrupter 

of the reader. Sixteen times a second the 
reading fingers move in to read the tape 
and a group of contacts are closed. The 
resulting pulses guide the operation of the 
computer and the perforation of the output 

tapes. Normally the reader is advanced on 
each pulse, but when a five-line output entry 
must be perforated, the advance of the 

reader is held up; the reading fingers move 

in and out and the contacts close and open 
but the input tape remains stationary. 

The first entry of a call encountered on 
the input tape is the disconnect time in 

tens, units, and tenths of minutes relative to 

the hour, which is registered as a separate 
item from hourly entries on the tape. Next 
comes the answer entry, and then the initial 
entry, this inverse sequence being produced 
by the tape reversal at the assembler stage 
in order that computation may proceed 
without awaiting the initial entry. As the 
disconnect time entry is read, it is recorded 

at once in the disconnect register, and the 
input tape is advanced to the next line, 
which is the answer time entry. As the 
latter entry is read, it is at once recorded in 
the answer time register. Both of these 
registers are in the computer section of the 
circuit, and as soon as the answer time has 
been recorded, the computer subtracts it 
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from the disconnect time to determine the 

elapsed time. This elapsed time is then 
passed to the “round off” circuit where a 

definite amount is subtracted to allow for 

any possible delays in recording the dis- 
connect time at the central office. The 
remaining interval is then rounded off to 

the next higher minute to produce “charge- 

able” time. 
In the meantime, the reader has advanced 

to the first line of the initial entry of the 

call. This includes the entry index showing 
the general class of the call — message unit 
or detail—and the billing index, which 
provides the final distinction regarding the 
specific type of the call and also indicates 
the particular rates to be used for the initial 
and overtime periods of message unit calls. 
As soon as the latter index is read, it is 

recorded in the billing index register, which 
interprets it and passes the resulting infor- 
mation to the control circuit of the com- 

puter. If the information indicates a detail- 
billed call, the computer passes the rounded 
off or chargeable time to the chargeable 
time register for later use in perforating 

the output entry. If the billing index sig- 
nifies a message unit call, the control circuit 

of the computer selects the appropriate one 

of a number of formula circuits, of which 
there is one for each combination of initial 

and overtime rates in use. The chargeable 
time is then passed to this formula circuit, 

where a single stage translation evaluates 
the time in terms of message unit charges. 

This one operation is the equivalent of 
dividing the total chargeable time into 
initial and overtime periods, evaluating each 

in terms of message units, and adding the 

two results together to give the total num- 
ber of message units chargeable for the 

call. This number is then transferred to 
the message unit register. 

If the call being processed is a message 
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unit call, the next line read by the reader 
will be the second or last line of the initial 

entry. This includes the calling office and 
line number, which will be recorded in the 

calling line register. For such a call, all the 

information needed for perforating the out- 
put entry is now in the registers of the 
computer. During the next impulse from 

the reader, therefore, while the disconnect 
entry for the succeeding call is being read, 
one line of the output entry is perforated on 
one of the ten perforators, as shown in 
Figure 4. Which perforator is used depends, 
as has already been stated, either on the 

office number or on the units or thousands 
digit of the line number. 

For detail recorded calls there will be 

three lines of the initial entry to be read 
after the receipt of the message billing in- 

dex has allowed the chargeable time to be 
transferred to the chargeable time register. 

Only after these three lines have all been 
read and the information recorded in the 
proper register can the output entry be 

started. Actually, however, one additional 

pulse period of the reader is allowed be- 
fore the output entry is started. This is 

to make sure that the next line on the input 
tape pertains to the next call and is not a 
repeated line of the call just being 
processed. Thus in the call sequence shown 

in Figure 4, perforation of the output for 
the toll call does not begin until the answer 

entry of the next call is being read on the 
input tape. 

After the disconnect and answer entry of 
a call have been recorded and the elapsed 

time calculated, the disconnect and answer 
registers can be released, and are thus 

available for recording the corresponding 
entries of the next call. This permits the 
overlap operation already illustrated in 

Figure 4. Here, short horizontal lines rep- 
resent the pulse periods of the reader — each 
one-sixteenth of a second long. Since the 
third call indicated is a toll call, its five- 
line output entry will require more time 
to perforate than the reading of the next 
two timing entries. As already stated, out- 
put perforation of the toll call begins after 

the disconnect entry of the next call has 

been read. While the next four lines of 

the output entry are being perforated, 

  

therefore, the input tape is not allowed to 

advance. Four pulse periods must be 
allowed before the input tape is again 

started and the remaining part of the next 
entry is accepted by the registers. 

One of the major sections indicated in 
Figure 3 is concerned with perforating the 
output tapes. There are connectors for 

each of the fourteen perforators, and there 
are selecting circuits to determine which 

one is used. The ten-message unit per- 
forators are selected either by the calling 
office or the calling line number as already 
noted. Three of the remaining perforators, 

the toll, message unit detail, and observing 
all have the same type of input entries, and 

which perforator is selected depends on 
either the entry index or the message billing 
index, or both. Message unit detail calls are 
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billed on a message unit basis from output 
entries perforated on the regular message 
unit tapes, but an additional output entry 
for each such call is perforated on the 
message unit detail tape to preserve the 

details of the call, including the message 
unit charges and the chargeable time. Ser- 

vice observing calls are those on which a 
check is being made by the operating per- 
sonnel, and such calls have a detailed 
form of output perforated on the observing 
tape in addition to the regular output on 
one of the other tapes. On the straddle 

perforator are recorded those calls whose 
entries are not all contained on the tapes 

being processed. Some part of each such 
call will be on the tape in question, while 

the rest will be found on the tapes of the 
preceding or following period. Entries on 

the straddle tape have to be assembled later 

as a separate step. 

Besides selecting the proper perforator, 

the output control circuit must also select a 
line-pattern relay for each line perforated 

on an output tape. These line pattern relays 
are connectors that establish paths from 

various registers to the perforator connec- 
tors. There is one pattern connector for 

each type of output line that may have to 
be perforated. In simplified block form, 
Figure 5 indicates their association with the 
registers and perforator connectors for de- 

tail and message unit calls. Other combina- 

tions of line patterns are used for straddle 
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calls. A comparison of Figure 5 with Figure 
2 will show that the line pattern relay for 

each output line connects the registers con- 

taining the information for that line through 
to the proper perforator connector. 

“Don’t answer” and “busy” calls (except 

those in the service observing category) are 

discarded by the computer. Such calls will 

have an initial entry on the input tape but 

no preceding disconnect or answer entries. 

When the computer receives an initial entry 

without having previously received the dis- 

connect and answer entries, it releases its 

registers and the reader proceeds to the 

next entry, discarding the uncompleted call. 

The computer includes a large number of 

checking features, as do other circuits of the 

AMA system. Among the elementary checks 

are those to insure that two and only two 

reading relays are operated for each digit, 
that the reader and perforators advance 

when they should, that the proper perforat- 

ing magnets are operated for each output 

entry, and so on. However, a major con- 
sideration in the design of the computer has 

been the prevention of overcharging. Ex- 

tensive additional checks have therefore 

been provided to insure that all elements 

relating to charging, particularly those re- 
quiring cancellation of all or part of the 

charges, have been taken into account be- 
fore the output proceeds. If all conditions 

are not met, the machine stops and gives 

an alarm. 
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Chargeable ‘Time 

The AMA Computer: 

and Message Unit Computations 

Although the computer of the AMA sys- 

tem has many functions, the one from 

which it derives its name, and its chief 

one, is computing. The computing opera- 

tions are all related to the determination of 

charges for calls, and include: the calcula- 
tion of the conversation time, the deduction 

of a fixed allowance from the calculated 

conversation time to compensate for re- 

cording variations, the rounding off of the 
net conversation time to whole minutes, 

MARY E. PILLIOD 

Switching Systems Development 

tion found in the three entries that the 

computer receives for each completed 
AMA call. From the answer entry and the 
disconnect entry, the conversation time can 

be calculated. After this conversation time 
has been adjusted and rounded off, it be- 
comes chargeable time. How this charge- 
able time is used depends on whether the 

call is a message-unit call or a toll call. This 

information is contained in the initial entry. 

Message-unit calls are rated by the com- 
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' the conversion of chargeable time into mes- charges for all such calls are lumped to- 
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TasBLeE I — Tue Two-Ovut-oF-FIvVE AND THE 

B1-Quinary CobEs. 

Decimal Two-out- Bi-Quinary Equivalent 
Digit of-Five Bi Quinary 

0 4 7 0 0 
1 0 1 0 
2 0 2 0 2 
3 1 2 0 3 
4 0 4 0 4 
5 1 4 5 0 
6 2 4 5 1 
7 0 7 5 2 
8 1 7 5 8 
9 2 7 5 4 

bill at the end of the month. Toll calls are 

rated at a subsequent accounting stage 

after the computer has determined the 

chargeable time, and all of these calls will 
appear individually on the bill that is sent 

to the customer. 

A diagram of the computing operations 

is shown in Figure 1. The first step in the 

computations is to translate the disconnect 

and answer times from the “two-out-of-five” 
code in which they were originally re- 

corded to the “bi-quinary” code, which is 
to be used for computing. The “two-out-of- 
five” and “bi-quinary” codes are given in 
Table I. Although there are many codes 
available for use in computing, the “bi- 

quinary” most nearly meets the require- 

ments of the situation. These are: easy 
translation to and from the “two-out-of- 

five” code, which is employed in AMA, 
easy translation to and from the decimal 
code for the convenience of accounting and 

maintenance personnel who work with the 

machine, relatively simple computing net- 

works, economy of apparatus—only seven 
elements are required to represent the ten 
decimal digits—and the ability to be made 
self checking. 

The computation of conversation time 

requires the subtraction of the answer time 
from the disconnect time. Since both times 

are recorded in tens, units, and tenths of 
minutes after the last hour, this amounts to 

the subtraction of one three-digit number 

from another. Although a direct subtraction 
operation might have been performed the 

72 

“complements adding” process, which has 

been fully described previously*, is used 

for calculating the conversation time. 
In calculating conversation time, the 

computer must also take into account the 

passage of hours. Entries are recorded at 
the beginning of each hour and are regis- 

tered and checked by the computer as has 

already been described+. To compute con- 

versation time, it is necessary to know how 

many hours have passed between answer 
and disconnect times. The computer has an 

“Hour Count” circuit which supplies this 
information, and, after the answer time has 

been subtracted from the disconnect time, 

TABLE II — REPRESENTATIVE CHARGING PLANS IN 

UsE IN THE BELL SYSTEM 

Initial Overtime 
Charge Initial Charge Overtime 

in Period in Period 
Billing Message in Message in 
Formula Units Minutes Units Minutes 

A 1 5 none . 

B 1 5 1 5 

Cc 2 5 1 8 

D 3 5 1 2 

E 4 5 1 2 

F 5 5 1 1 

G 6 3 2 1 

H 6 4 1 1 
J 7 8 2 1 
K 7 4 2 1 
L 8 3 2 1 
M 8 3 1 1 

N 4 3 1 1 

P 5 3 1 1 

Q 4 5 1 1 

—
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an adjustment is made for the passage of 
hours. Let us assume a call that was an- 

swered at 17.3 minutes after an hour and 
disconnected at 35.7 minutes after an hour. 

Subtracting the answer time from the dis- 

connect time gives a result of 18.4 minutes. 
If the hour count shows that no change has 

taken place in the hour between the an- 

swer and disconnect times, then 18.4 min- 

utes is the conversation time. If the hour 
changes once, the answer being at 9:17.3 

* Recorp, December, 1946, page 457. 

+ See pages 65 and 77. 
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and the disconnect at 10:35.7, for example, 

then sixty minutes must be added to get the 
conversation time of 78.4 minutes. Simi- 

larly, if the answer had been at 8:17.3 and 

the disconnect still at 10:35.7, the hour 

would have changed twice, i.e., from 8 to 9 
and then from 9 to 10, and 120 minutes 

must be added to get the conversation 

time of 138.4 minutes. 

After the conversation time has been 

calculated, a small time allowance is made 
to cover any delay that might have oc- 
curred at the central office between the 

actual disconnect and its recording on the 

tape. The conversation time adjusted in this 
manner is then rounded to whole minutes. 

With an allowance of 0.1 minute, a call 

with conversation time of 18.4 minutes 
would fall in the interval 18-19 minutes 

(designated by 19) while a call with con- 
versation time of 18.1 minutes would fall 

in the interval 17-18 minutes (designated 
by 18). 

The subsequent treatment of this charge- 
able time depends on the message billing 

index, which was registered as part of the 
initial entry. If the billing index indicates 
that the call is a toll call, the chargeable 

time is registered and the computing op- 
eration is completed for the call, since the 

charges will be determined at a later time. 

If, however, the billing index indicates that 

the call is of the bulk billed variety, mes- 
sage unit charges must now be computed 
according to the billing formula designated 

by the billing index. 
There are many billing formulas in use 

throughout the Bell System, and the con- 

version of chargeable time to message units 
depends on which billing formula applies 
to the particular call. Each formula speci- 

fies an initial time interval and the charge 

in message units for this interval, and also 
the length of and the charge for the over- 

time interval. Some typical billing formu- 
las are listed in Table II. The message-unit 

charge for each length of chargeable time 
from zero to thirty minutes for eight of 
these billing formulas is given in Table III. 
If a call lasted for fourteen minutes, for 

example, and billing formula C applied, 
the charge would be five message units. 

In calculating the number of message 

units applicable to each call, the computer 
employs circuits that are equivalent to a 
set of tables, like Table III, but with a 

chargeable time running from zero to 

ninety-nine minutes. Calls which _ last 
longer than ninety-nine minutes or for 

which the charge is more than ninety-nine 
message units are recorded on a special out- 

put tape and are rated manually. 

The circuit for converting chargeable 

time to message units may employ any 

number of billing formulas up to a total of 

eight. Although there are many more than 
eight formulas employed in the Bell Sys- 

tem, there will not ordinarily be more than 

  

Taste III[—Messace Unir CHARGES FOR THE 

BiLLinc FORMULAS OF TABLE II AND FOR CHARGE- 

ABLE TIME Up To Turrty MINUTES 

Chargeable 
Time Billing Formula 

A B CG D E F G 

08 01 02 03 05 O06 O8 16 
09 Ol 02 04 O05 O06 O9 18 
10 Ol 02 04 06 O7 10 20 

W Ol 03 04 06 O7 Il 22 

18 Ol 04 O7 10 11 18 + 86 
19 Ol 04 O7 +410 dI1 19 88 
20 Ol 04 O7 Il 412 20 = 40 

21 01 05 O8 Il 12 21 42 
22 01 05 O8 12 18 22 44 
23 Ol 05 O08 12 18 23 46 
24 Ol 05 09 138 14 24 = 48 

26 Ol O06 O9 14 %I15 26 52 
27 Ol 06 10 14 #+%&I5 27 54 
28 Ol O06 10 415 %I16 28 56 
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eight used in the area covered by an ac- 

counting center, and the computers for 

each center are equipped only for those 
formulas that apply to the local area. 

Chargeable time, after being computed 

as described above, is registered on two 
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Fig. 2—Simplified schematic of the circuit that con- 
verts from chargeable time to message units. 

groups of relays: one group representing 
the tens digit, and the other, the units digit. 

Leads from the contacts of these relays to- 
gether with leads from the register for 
the message billing index run to the con- 
version circuit as indicated in Figure 1. 
At the output of the conversion circuit there 
are twenty message unit relays—ten for the 
units digit and ten for the tens digit. The 
function of the conversion circuit is to op- 
erate the proper tens and units message 

unit relays to give the number of message 
units corresponding to the chargeable time 
and the message billing index. 

A diagrammatic over-all view of this con- 
version circuit is given in Figure 2. There 
is a cp relay corresponding to each billing 
formula for which the computer is equip- 
ped, and each relay is operated over one of 
the eight leads from the message billing in- 
dex register. The operation of the cp relay 
connects the ten tens leads from the charge- 
able time register to a group of Ta and TB 
relays. As shown in greater detail in Fig- 
ure 3 there is a Ta and a 7B relay for each 

me
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Fig. 3—Schematic showing the arrangement of the 
TA and TB relays associated with each cr relay. 
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of the ten tens leads coming from each cp 

relay, but for the sake of simplicity Fig- 

ure 3 shows only the Ta and ts relays as- 
sociated with one cp relay. 

Each units digit in the chargeable time 
register is represented by ground on two 

leads. There are thus two groups of ten 

leads for the units digit of chargeable time, 

and one lead in each group will be 

grounded for any one units value of charge- 
able time. One of the groups of leads mul- 

tiples to springs on all the Ta relays, and the 
other, to springs on all the TB relays. The 
front contacts of the Ta and 1B relays con- 

nect respectively to the windings of the 
units and tens message-unit relays, Figure 2, 
in accordance with the billing formula rep- 

resented by the cp relay with which the 

particular ra and ts relays are associated. 
When a cp relay is operated, the ground 

on one of the tens digit leads of the charge- 
able time register will operate the corre- 

spondingly numbered ta and Tp relays in 

series. As a result of the operation of a Ta 

relay, the ground on one of the units digit 
leads from the chargeable time register will 

be connected through to one of the message- 

unit units relays, while as a result of the 

operation of the 1s relay, ground will ap- 
pear on one of the message-unit tens relays. 

Figure 4 shows the circuit involved when 

the cp relay number 3, corresponding to 
billing formula D, is operated and when the 
tens digit of chargeable time is one. Had 

the tens digit of the chargeable time been 

other than one, a different pair of Ta and 

TB relays would have been operated. A 
similar circuit is controlled by each of the 
seven other cp relays. 

It will be noticed that Figure 4 corre- 

sponds to the parts of two columns of Table 
III set in bold face type; it covers all 

message-unit charges for formula D when 
the tens digit of the chargeable time is one. 

Contacts 10 to 17, inclusive, of the TB relay 
are all multiplied together and connected 
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to the “zero” message-unit tens lead, while 

the 18 and 19 contacts connect to the “one” 
message-unit tens lead. Contacts of the Ta 

relay are multiplied in pairs; contacts 10 

and 11 connect to the number six message- 

unit units relay; contacts 12 and 13, to the 

number seven message-unit units relay, etc. 

The fully equipped conversion circuit cor- 
responds to a table, like Table III, extending 

to ninety-nine minutes of chargeable time. 

Each of the cp relays corresponds to one 
of the eight lettered columns, and each pair 
of ra and TB relays associated with a cp 
relay, correspond to ten lines of the column. 

When chargeable time has been con- 

verted to message units, the computing func- 
tions are completed. The total time re- 

ARs 

et 
L aibaanel 

    
    

quired to make the computations for the 

call is approximately one tenth of a second. 

This time, small though it is, includes 

time to check at each step of the compu- 

tations that the required result has been ob- 

tained. Checks are made throughout the 

entire AMA system, but they are nowhere 

more important than here where the actual 
charges for calls are calculated. The proof 

of the efficiency of the checks is the fact 

that from July, 1949 to March, 1951, almost 

two years of AMA operation, during which 

time more than 100 million calls were proc- 

essed by AMA computers, there was no 
known case of a call being wrongly charged 

due to misoperation of any of the com- 
puting circuits described in this article. 

Adjusting tape take-up mechanism in the AMA accounting center in the 
Philadelphia office. 
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Tracing ‘Time Backward In AMA 
A. E. JOEL, JR. 

Switching Systems Development 

In central offices operating under the 

automatic message accounting system, the 

entries pertaining to calls are perforated in 
the AMA tapes in their proper time se- 

quence. The initial entry, containing the 
basic information for identifying the call, 

will be perforated first, then the time the 
called subscriber answered, and finally the 
time of disconnect. In the accounting cen- 
ters where these tapes are processed, on 

the other hand, they are read backwards. 

Of the three entries pertaining to any one 
completed call, the disconnect entry will 

be read first, the answer entry next, and 
the initial entry, last. An advantage in proc- 
essing in reverse order is one of convenience 

in tape handling: the free ends of the tape 

on the reels received at the accounting 
center from the central office can be fed 
directly into the first machine—the AMA 

assembler. For subsequent machines, the 
intervening splicing and rereeling routines 

set up, preserve the reverse order. There 

are, however, more basic reasons. 

When, for example, the check circuits 
in a central office detect that an error may 

have occurred in the perforation of an 
entry, they cannot erase what has already 

been perforated, but they can and do pro- 
vide a subsequent cancellation or correction 

entry. By reading in reverse at the account- 
ing center, this warning entry is encoun- 

tered first, and the machine thus knows in 
advance how to act when reading the entry 
with the suspected error. 

In Figure 1, for example, is a sequence 

of entries in the order in which they might 

have appeared on an AMA tape. This tape 
was perforated from top to bottom: the (¢) 
entry was perforated first, the (f) entry 
next, etc. At (c) is an initial entry that was 
suspected of being faulty by the central 
office circuits. As a result, a cancellation 
entry, (b), was perforated immediately 

afterward. When the tape reaches the ac- 
counting center, it is read backward, that 
is, in the order (a), (b), (c), etc. The (b) 
entry is thus encountered before the (c) 
entry, and thus the accounting center ma- 
chine will know how to deal with a faulty 

entry when it reaches it. 
There are, however, two other impor- 

tant advantages from reading the tape 

backward by the AMA computer. With 
this order of reading, the disconnect time 

and the answer time are both read before 
the initial entry, and thus the answer time 
may be subtracted from the disconnect 
time while the initial entry is being read 
from the tape. A set of three such entries 

for the same call is shown at (d), (e), and 
(f) of Figure 1. They were perforated at 
the central office in the order (f), (e), (d), 
but they are read after assembling it in the 
accounting center in the order (d), (e), (f), 
and thus the timing entries may be proc- 
essed while the initial entry is being read. 

By reading the tape backward, it is pos- 
sible also to recognize the initial entries of 

calls without timing entries (calls to busy 
lines, unanswered, or free calls) immedi- 
ately upon reading the first line of the initial 
entry and thereby avoid the further reg- 
istering and analyzing of the entry by the 

AMA computer. Such an initial entry is 
shown at (g) of Figure 1. Since the immedi- 
ately preceding entry was also an initial 
entry, the absence of intervening discon- 
nect and answer entries shows that (g) was 
unanswered, and it may be discarded. 

As a result of reading the tape in the re- 
verse direction, however, the progress of 
time must be followed backwards. Time 
manifests itself in two ways in the results 

of the AMA process. First, there is the 
elapsed time on the messages, which is 

used directly for charging purposes, and 
second there is the date and time of day 
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Fig. 1-A sequence 
of entries of various 
types that might ap- 
pear on an AMA 
tape. 

Fig. 2—Various types 
of hour and day en- 
tries that appear on 
the AMA tapes. 
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each call is answered, which is provided 

on detail-billed records for determining the 

rate and for use in any discussion of the 
call with the customer. 

The principal accounting machine in- 

volved in these uses of time is the AMA 

computer. All entries recorded on the cen- 

tral office tape for individual calls are 
brought together by the AMA assembler. 

The answer and disconnect timing entries 
indicate only the minutes of the current 

hour. Interspersed among these call entries 
are the single-line hour entries, which are 

perforated each hour in the central office 
tape. These identify the hour by tens and 

units digits, which appear as the E and F 

digits on the tape, while the entry index 
2810 occupies the A, B, C, and D digits. 
There are also two other hour entries known 

as “irregular hour entries” which have entry 

indexes of 2818 and 2819, and a 9 as the 
E and F digits. In addition, there are the 
end-of-tape entries which also iaclude an 
hour entry with an entry index of 2811. 

These latter entries were originally per- 

forated in the central office but have been 
copied on the output tape of the assembler. 
Unlike the regular hour entries, they do 
not indicate a change in the hour, and thus 

they are treated differently from the regular 
hour entries by the computer. These various 

types of hour entries are shown in Figure 2. 
One or more of these hour entries may, 

of course, be found between the disconnect 
and initial entries pertaining to any one 
call and will thus affect the hour to be as- 
sociated with the tens and units minutes 
digits of the answer and disconnect times. 
The computer must thus maintain a correct 
record of the hour at all times, and this it 
does with the hour circuit. A schematic of 
the hour circuit is shown in Figure 8. 

This circuit consists of two principal reg- 
isters: the “earliest hour register” and the 
“disconnect hour register.” Associated with 
these are several connectors and subsidiary 
registers and an hour-counter circuit. Since 

the tape is read by the computer in the 

reverse time order, each regular hour entry 
received will be the hour following the hour 

that applies to the call entries read from 

the tape before the next regular hour entrv 
is encountered. Thus prior to reading a 

disconnect entry that occurred at 9 hours 

52.6 minutes, the computer will have read 

the hour entry 10. The call entry includes 
only the minute figures 52.6, and for the 

proper computation of the charges on the 

call the hour 9 must be associated with 

them. Since the previous hour received by 
the computer was 10, an important part 

of the hour circuit is a “less one connector,” 
which subtracts one from each regular 

hour entry before registering it. 

A schematic of this “less one connector” 
circuit is shown in Figure 4. At the right 

are the ten units leads and the three tens 

leads from the reading relays, and at the 

left are the equivalent output leads that go 

to the earliest-hour register. Each time a 
regular hour entry recorded on the reading 
relays is to be transferred to the earliest- 

hour register, ground is placed on the lead 

marked 2810 at the right of Figure 3 and 

on one each of the units and ten leads. 
Ground on the 2810 lead operates the Ho 

relay and also—if relay cro is not operated 

—operates the nc relay. None of the other 
relays will operate except for input hours 
00, 01, 10, 11, 20, and 21. Under these con- 
ditions, the hour appearing on the output 

leads will be one less than that on the in- 
put leads. By the operation of Ho each input 
units digit is connected to the next lower 

digit lead on the output side, and each 

tens digit input lead is connected to the 

same valued output lead. 

When the input hour is 00, 01, 10, 11, 
20, or 21, however, the translating proced- 

ure is a little different. When the input 

units digit is 1, and the tens digit is not 0, 

such as 11, or 21, the nc relay is operated 

at the same time as the Ho relay, and the 

translation is to one lower number on the 
output leads as before. Thus 11 is trans- 

lated to 10, and 21 to 20. Ground on the 0 

lead of the units output group, however, 
operates relay cro. This causes no change 

at the moment because nc holds itself 

operated, and cr cannot be operated be- 

cause of an open back contact of Nc. When 
the reading relays are subsequently dis- 

connected from the less-one connector, 

however, HO and nc release but cro re- 
mains operated until after the reading re- 

lays have been again connected to the less- 
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one connector to record the next hour entry. 
When this occurs, since cro is now oper- 

ated, Nc will not operate because operating 
circuit is open at cro. Instead relay cr will 

operate, and thus the output leads will 
record 09 or 19 with input 10 or 20, 

When the input hour is 01, relay ne will 

operate with Ho as before, and the transla- 

tion will be made to 00. After the Ho and 

nc relays have been operated, however, 

both cro and cru will operate because of 

the grounds on the 0 units and 0 tens out- 

put leads. Both of these relays hold oper- 

ated after Ho and nc have released, and 
thus when the reading relays are con- 
nected through for hour 00, relays crui 
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and Ho will operate simultaneously. With 
cTu1 operated, the input 00 is translated 
to 23 at the output. This scheme of opera- 
tion and translation is shown in Table I. 
When beginning the processing of a new 

tape, an end-of-tape hour entry is the first 
hour entry received. It is identified by the 
entry 2811, and when such an entry has 
been recorded by the reading relays, the 

Since this entry is made after a regular 

hour entry, it will be correct for application 
to call entries read subsequently because 
the tape is read in reverse time sequence. 
With an end-of-tape hour entry made at 
3:30 A.M., for example, the hour value will 
be 03. This hour will be correct for all ca!l 
entries made during the preceding half 
hour, and this—since the tape is read back- 
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Fig. 4—Simplified schematic of less-one connector circuit. 
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end-of-tape hour connector is operated. 

The © and F digits of the reading relays 

are transferred to the earliest hour register 

through the end-of-tape hour connector 
instead of passing through the less-one con- 
nector. Since there is no hour value regis- 
tered at this time in the disconnect hour 
register, the hour value in the earliest hour 

register is immediately transferred to it. 

wards—for all calls encountered prior to the 
next regular hour entry. The end-of-tape 

hour entry recorded on the earliest hour 

register is, therefore, immediately trans- 
ferred to the disconnect hour register, and 

the earliest hour register is released after 
a check is made that the hour value now 

in the disconnect hour register agrees 

with the earliest hour value recorded. 
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Whenever the reader of the computer 

encounters a 2810 entry index, indicating 

a regular hour entry, and has recorded the 

entry on the reading relays, the regular 

hour connector is operated. This connects 

the © and F digits of the reading relays 
through the less-one connector to the 

earliest hour register. 

Each time an hour has been recorded in 

the earliest hour register, the hour counter 

circuit checks it against the hour recorded 

in the disconnect hour register, and then, 

if the difference between the two registers 

is correct for the conditions, allows the 

reader to advance to the next line. At this 

time also the hour will be transferred from 

the earliest hour to the disconnect hour 

register, unless a call entry has been re- 

ceived in the meantime. Once the first, or 

disconnect, timing entry has been read 

from the tape and stored in another part 

of the computer, the hour circuit is pre- 
vented from performing the transfer of 
the hours from the earliest hour register 

to the disconnect hour register. The hour 

circuit is then arranged to start counting 

the hours whenever a regular hour entry 
has been registered in the earliest hour 

register and checked. 

Should it happen that a regular hour 

entry be received prior to the receipt of 

the answer timing entry on this call it 

would be registered — less one — in the 

earliest hour register and checked. At the 

same time the hour counter would count 

one hour, and this count would change 
the number of expected elapsed hours 

should another hour appear before the 

answer timing entry is received. As long 

as one timing entry has been registered, 

the succeeding hourly entries are registered 
only in the earliest hour register—each new 

one displacing an old one. It is for this 

reason that it is called the “earliest hour 

register,” since during a call it contains 

the earliest hour value that has been re- 
ceived and interpreted by this circuit. The 

disconnect hour register contains the hour 

value as it was at the time that the dis- 
connect timing entry was received. If new 

hour entries are received by the earliest 

hour register the elapsed hour connector 

is arranged to expect the difference be- 

82 

tween the earliest and disconnect hour 

register in accordance with the hour count 

thus far recorded. The advance of the 

hour counter when registering new earliest 

hours during a call is permitted only after 

the elapsed hour check has been made on 

the value as received. 

When the answer timing entry is read 

from the tape, all hour counting ceases 

  

TaBLeE I—TABULATION OF RELAY OPERATIONS 

IN THE LEss-ONE CONNECTOR CIRCUIT 

Earliest 

Input Hour 

Hour HO CTO CTU NC CT CTUI Register 

01 x x 00 
x x 

00 x x x x 23 

23 x x 22 

22 x x 21 

x 20 

21 x x 

20 x x x 19 

19 x x 18 

12 x x 11 

11 x Xx 10 

x 

10 x x x 09 

x 

09 x x x 08 

08 x x x 07 

01 x x x 00 

x x 

00 x X x x 23 

  

since the hours counted between the dis- 

connect and answer timing entries are the 

only ones to be used in the computation 
of the elapsed time. At the same time the 

answer hour register is used to record the 

hour value at the time the answer timing 

entry was read. If no hour occurred between 

the disconnect and answer timing entries 

the answer hour registration is taken from 

the disconnect hour register. If, however, 
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one or more hours have intervened between 
the disconnect and answer timing entries, 
then the answer hour is to be found at this 
time in the earliest hour register. 

The result of the hour count is passed on 
to the portion of the computer where 
elapsed time is calculated. The hour coun- 
ter is arranged to count a maximum of 
only three hours since calls with more than 
three elapsed hours are beyond the capaci- 
ty of the elapsed time calculation. On such 
calls it is necessary to obtain both the an- 
swer and disconnect hour values from the 
hour circuit. The answer hour is registered 
as previously described and the disconnect 
hour is taken directly from the disconnect 
hour register. 

Means are provided in the central office 
for placing entries on the tape to indicate 

that difficulty is being experienced in plac- 

ing the proper hour value on the tape for 

the regular hourly entries. In this case ir- 
regular hour entry 281999 will appear on 
the central office tape and is passed to the 

accounting center for correcting the in- 

formation in the hour circuit. The 281999 

irregular hour entry indicates that a diffi- 

culty was experienced in recording the reg- 
ular hour entry and that what has been 
recorded should be skipped. This skipping 
operation was performed by the assembler 
which in turn placed an 281899 irregular 
hour entry on its output tapes. This entry 
may appear on the central office tape if 

  
Fig. 5-A computer installation at the Philadelphia accounting center. It consists of four relay 
bays, a reader cabinet and seven perforator cabinets. 
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an equipment trouble prevents a regular 

hour from being perforated, and the as- 

sembler reperforates the entry without 

change. The computer in receiving an ir- 

regular hour entry 281899 first registers 

this fact in the irregular hour register. If 

there is no call in the computer circuit at 

this time, the earliest hour register is nor- 

mal and the irregular hour register takes 

action to connect the output of the dis- 

connect hour register through the irregular 

hour connector and the less-one connector 

to the earliest hour register. In this way the 

hour circuit boosts itself by its own boot 

straps to produce artificially from the hour 
already registered, the new hour which 

was missing or mutilated on the central 

office tape. 
If a call is in progress, the irregular hour 

register is prevented from performing this 
self-correcting action since the disconnect 

hour may not be the succeeding hour value. 

In this case the irregular hour register con- 

trols the hour circuit so that it may be 

brought up to date when the next regular 

hour is read from the tape. When the next 

regular hour value is read between the dis- 
connect and answer timing entry, the ir- 

regular hour register arranges the controls 
so that the regular hour entry is first read 
in as an end-of-tape hour without subtract- 

ing one. This in effect brings the hour regis- 

tration up to date and will permit the prop- 

er subtraction of one hour from this hour 

value when it is next read through the 
regular hour and less-one connectors. In 
this way once again the hour circuit 
lifts itself up by its boot straps so that 
the correct hour progression _ passes 

through the earliest hour register and 

84 

the correct subtraction can thus be made. 

The end-of-tape hour entry is perforated 

on the tape at the central office and reper- 

forated by the assembler on the tape that 

goes to the computer. Such an entry is 

placed on the tape each day between 3 and 
4 a.m. to provide the time information at 

the point where the tape may be cut for 

transmission to the accounting center. These 

entries may also appear on the tape at any 

point where regular recording was stopped 

or restarted. In this case further recording 

is usually continued by an emergency re- 

corder on a different tape section. 

Should end-of-tape hour entries occur 

during processing, the first of these to be 

received is checked to see that it agrees 
with the previously registered hour. In this 

case the elapsed hour connector expects no 
change in the hour value. Succeeding end- 

of-tape hour entries are registered without 

checks since they may be the start of new 
processing which takes place after a cen- 

tral office trouble of indefinite length. 

The timing and dating of calls requires 

the day and month to be traced backward 

in much the same manner as described 

above for the hour records. For this pur- 

pose a day circuit is provided in the com- 
puter which together with appropriate por- 
tions of the tape identification circuits in- 

sures that the correct calendar day appears 

on all detail call records. The hour circuit 

aids in this function by providing the day 
circuit with an indication when the mid- 
night hour entry is registered. The AMA 

printer and tape-to-card converter also 
must interpret the calendar day and tape 

identification records to print or control 

the punching of the proper month value. 
n
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The Sorter for 

Automatic Message Accounting 

F. N. ROLF 
Switching Systems Development 

At some stage in the telephone message 

accounting process* it is obviously neces- 

sary to bring together all the messages 
chargeable to a particular customer for the 
billing month. In the AMA system this is 
the function of the sorter which receives 

the tapes from the computert described 
previously. The sorter consists of a reader, 
ten perforators{ (two in each of five cab- 
inets) and a relay rack containing about 
300 relays together with a key and lamp 

panel. The input tapes for the reader are 
those prepared by the computer, and are 

of two general types. One type includes 
only message unit calls and has a mixture of 

one-line and two-line entries; the other type 
includes only detailed calls, and its entries 

all have five lines. Each entry of either 
type includes the number of the calling 
subscriber, but the telephone numbers are 
in random order. The function of the 

sorter is to prepare new tapes containing 
the same entries that were on the input 
tapes but arranged in the order of the 
calling subscribers’ numbers. 

Sorting is accomplished in four stages: 
one stage for each of the four digits of 
the calling subscriber's number. The first 

stage sorts the entries according to the 
value of the units digit; the second stage, 
according to the tens digit; the third, 
according to the hundreds digit; and the 

fourth according to the thousands digit. 
Assuming a set of four-digit numbers 
arranged in random order, as in column 1 

of Table I, the arrangement of the numbers 

after the first, second, third, and fourth 
stages of sorting would be as in columns 

* See page 65. t See page 65. t See page 18. 

2, 3, 4, and 5, respectively. Digits 3, 4, 5, 
and 6 have been omitted trom the numbers 

of Table I to simplify the tabulation. It 
might seem off-hand that sorting should 

begin with the thousands rather than with 
the units digit. If this were done, however, 

    

The sorter includes an enclosed relay rack, the reader 
cabinet, and five perforator cabinets. 
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the numbers after the four stages of sorting 

would be in order when read from right to 

left instead of the normal order of from left 
to right. Column 6 of Table I gives the 

numbers in the order in which they would 

be found had the sorting started with the 

thousands digit. 

Sorting in the various stages is brought 

about by using each of the ten perforators 
for recording the entries with a particular 

value of the digit being sorted at the time. 
The perforators are designated 0 to 9, 
and during the first sorting stage, all entries 

with a units digit 0 in the calling number 
will be perforated by the number 0 per- 

forator. All entries with the digit 1 in the 

units place will be perforated by the number 
1 perforator, and so on. This is indicated 
by the bracketing of the various columns in 

Table I. 

At the end of the first stage of sorting, 

the tapes are removed from all ten per- 
forators and spliced together in numerical 

order. This composite tape then becomes 
the input tape for the stage two sorting. 
It is placed in the reader, and the sorting 
is carried out exactly as for the first stage, 
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Toe Pyl Py 
Hh, 

        26 OTHER 
--PERFORATOR-~ 

MAGNETS 

26 OTHER 
--PERFORATOR-- 

MAGNETS 

- -. 

eh
 

Ha
l - 
  

[ PERFORATOR DRUM 0 | [ PERFORATOR DRUM 9 | 
  

circuit used in perforating an output tape with the 
same information that appears on the input tape. 
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except that now it is the digit in the tens 

place that determines the perforator to 
which each entry is allotted. At the end 

of each successive stage, the newly per- 
forated tapes are spliced together in order, 
and become the input tapes for the next 

stage. The composite tape resulting from 
the fourth stage becomes the input tape for 

the following stage in the accounting center 

procedure. After the tapes have been used 
to control the next sorting stage, those 
resulting from the first, second, and third 
sorting stages may be discarded. Only the 

original input tape and the composite tape 
resulting from the fourth sort are retained 
as records. 

So far as each entry of the input tape is 

concerned, the function of the sorter is to 
cause the perforator to reproduce the same 
entry on an output tape. The sorting func- 
tion comes in only in selecting the particular 

one of the ten perforators to be used for 
perforating each entry. Reproducing func- 

tions of the sorter require that leads from 
the contacts of the 28 reading fingers be 
associated with the 28 perforator magnets 

of a perforator so that each reading contact 
that closes will cause the corresponding 

perforating magnet to operate. The essen- 
tial circuit elements by which this is brought 

about are indicated in Figure 1. For each 
line of an entry, one of the ter cut-in relays 
will be operated as described later. As soon 

as the cut-in relay operates, ground from 
control contacts in the reader is extended 
through front contacts of all operated read- 
ing relays, and through corresponding front 
contacts on the cut-in relay that has been 

operated, to operate the associated per- 
forating magnets of the perforator. In this 
way the complete line of the entry on the 
input tape is duplicated on the output tape 
of one of the ten perforators. Following 

this, both the reader and the perforator are 
allowed to step ahead one line. 

Which perforator cut-in relay should be 
operated for each line of the input tape 
depends on one of the digits of the calling 
subscriber’s number. The calling-line num- 

ber always appears as the c, D, E, and F 

digits in the first line of an entry, as indi- 
cated in Figure 2. These digits are per- 

forated in the 2-out-of-5 code used through- 
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  TYPE OF ENTRY INFORMATION RECORDED 
  

A 

ENTRY 
INDEX 

MESSAGE UNIT | 
1 LINE 

MESSAGE UNIT 
2 LINES 

Fig. 2 — The three 

types of entries that 

  

appear on the input 000 
tapes for the sorter. 
Message unit tapes O 
have both one-line 
and two-line entries, 

have five-line entries. 
DETAILED 

5 LINES     

O00 

eee xa 
ENTRY | 

DIGITS 
B D 1 

1 
' 
| 
| MESSAGE 

CALLING NUMBER 

| | 
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U | TH 1 H i T 
1 
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OO0000 
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T t 

OFFICE | TH | H ; 
00000! 

! | 

| START TIME-DAY, HOUR, MINUTE 

1 
| | 

CALLED |! | | 
NUMBER |! 
INDEX | 

I t T 
A 

| 
| 
! | 
| 

| 
CALLED NUMBER 

| | 

CHARGEABLE TIME 
IN MINUTES 

° T | U T U 
0990010000010 0000100000!l00000   | 1 
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| 
T 

! ! a ! O0000;j0000 0;0000 O10 0 

| 
1 
| 
\ T 1 U I U 

C0000!ID0000;00 00 0j0 0 
| 

| 8 
C200 0}0000 0]o 000 0j0 0 

U 

U H. | T 
90900010000 0}00000 

! 

MESSAGE UNITS 
LOT 

| Pare: i000 001I0 0000 
| I | i ri a 

| I 

CALLED OFFICE CODE 

TH H | T U |. STATION 
Oo 999010 00900!1ID90900 0100 000;0 0000 

I 
| 

MESSAGE UNITS 

o
c
 

o
c
 

o
n
   

  

out the AMA system, and indicated in 
Table II on page 90. 

A set of springs on the five reading 

relays associated with each of the digits 
c, D, E, and F is wired in such a way that 

ground applied to a single input lead will 

appear on one of a group of ten output 
leads. The ten output leads are numbered 

0 to 9, and the circuit is so arranged that 
for any particular pair of relays operated, 

the ground appears on the output lead 

indicated by the translation table of Table 
II. One form of translating circuit of this 
type is shown in Figure 3. 

For each stage of sorting, under control 
of a key set at the beginning of the sort, 
ground from a control contact of the reader 
is applied to the input lead of the trans- 
lating circuit of the digit that is to control 

the sort. Similarly, the ten output leads 
from that translating circuit are connected 

to the cut-in relays of the perforators. If, for 
example, the tens, or £, digit is to control 
the sorting, ground will be applied to the 
input lead of the translating circuit on the 

  

E digit reading relays when the reading 
contacts close. If for the particular entry 
encountered, the second and fourth holes 
were perforated, which have the values 1 
and 4, respectively, ground would appear 
on the number 5 output lead, and as a 
result the cut-in relay for the number 5 
perforator would be operated. By means 
of the circuit shown in F igure 1, the com- 
plete information on the line being read 
would be perforated by the No. 5 perforator. 

  

  

  

     
Toe 

mala ] 
1 

81 3112 St i 

    
q 
{ 
‘ 

LL 

      
| 

714 

+] 
' 

Or 19 

Fig. 3—One of several possible forms of circuit for 
translating from a “2-out-of-5” to a decimal code. 
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TaBLe | — Twenty Four-Dicrr NuMBERS IN RANDOM ORDER IN COLUMN 1] ARE SHOWN IN 

Cotumns 2, 3, 4, AND 5 as THEy Are ARRANGED AFTER THE Ist, 2ND, SRD, AND 4TH SORTING 

Staces. CoLuMN 6 SHOws THE ORDER IN WHICH THE NuMBERS WovuLD BE ARRANGED 

Arter Four Sortinc STAGES IF THEY WERE CARRIED OUT IN REVERSE ORDER 

      

1 2 3 4 5 6 
Random After After After Completely Sorted in 

Numbers Units Sort Tens Sort Hundreds Sort Sorted Reverse Order 

9190 8802 1009 0217 9110 
038780 [Sso7 2018 0277 038780 

9190 [es ” 7008 °) 7077 0281 9190 
ca fos 1009 8091 0789 ozs 

i890 8091 9110 9110 1009 8091 

rast pong HOHE 3B gg 
9192 9722 9722 
7908 2) 8802 9722 0217 2018 2) 7989 
gree 7282 231829 9} 0277 219807 9192 

8091 (oaza 1828 oe 7077 (eger 
1009 71077 7fo277 7) 7282 7}0217 
7798 [7307 7077 9722 7798 |poze 
2807 0217 9780 ; 8780 7908 0277 

3 7908 0281 [F708 8091 7908 
Ore 817798 8) 7989 8! 8780 8/2018 

i220 2018 0789 8802 8802 7798 
9110 832807 
7282 1829 9190 7890 9110 [ages 
0217 1009 8091 9190 o) 1829 
0789 9} 1929 9) o199 97908 9 9199 [2938 

(0789 |a708 1929 9722 0789 
  

If all entries consisted of only a single 

line, the two circuit arrangements just 
described would be all that would be re- 
quired except for certain checks and safe- 
guards that must be included. There are 
two general types of input tapes. One 
includes only bulk-billed calls, and_ its 

entries have either one or two lines. The 

other includes only detailed billed calls, 
and all its entries have five lines. There 

is no need for the sorter circuit to auto- 
matically distinguish between these two 

types of tapes, except to block and give 
an alarm if the wrong type of tape is 
inserted, since switches on the control panel 

are operated manually before the beginning 
of a sort to indicate the type of tape that is 
being used. 

It is necessary, however, to distinguish 
automatically between one-line and two- 
line entries on the message unit tapes, 
and to perforate the two lines of a two-line 
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entry on the same perforator. With detailed 
billed calls, it is necessary to make sure 
that all five lines of an entry are perforated 
by the same perforator. These various types 
of entries are indicated by the a digit of 
the first line, and the sorter uses this index 

to guide its operating procedure. 
On the message unit tapes the entry 

index of a one-line entry is 1, and when 

this entry index is encountered on a mes- 
sage unit tape, the circuit recognizes a 
one-line entry. When 2 is encountered as 

the a digit, the circuit recognizes a two-line 
entry, and the second line of the entry, 
which will have an a digit of 0, will be per- 

forated by the same perforator. With 

detailed billed tapes, the entry index 1 of 

the first line indicates—as with message unit 
entries—the line that will determine which 
perforator to use, and all the following 

lines of the entry, which have o for the a 

digits, will be perforated by the same per-
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forator. An A digit of zero always indicates 
a supplementary line with any type of entry 
and thus may be used as an indication that 
the same perforator should be used for 
recording it. In addition, however, a count- 
ing circuit is brought in to count the lines 
of an entry to make sure that the proper 
number of lines is recorded. 

A very much simplified diagram indicat- 
ing the over-all action of the sorter is 
given in Figure 4. Besides the translating 
circuits wired through contacts of the c, 
D, E, and F reading relays, already referred 
to, there are circuits wired through other 

springs of all the reading relays that will 
be closed when two and only two of the 
B, C, D, E, and F group relays are operated, 
and when one and only one of the three 
relays of the a digit group are operated. 
These various check circuits are indicated 
in block form on the diagram. 
When the cam-controlled reading fingers 

move in to read a line on the input tape, 
11 of the 28 reading contacts will close (one 
for the a digit and two each for the B, C, D, 
E, and F digits). All the control contacts, 
marked Pp on the diagram, will also close 
as will the k contacts. Ground through the 

  

SORT CONTROL <—~~_ 
RELAYS \ 

     
   

oN ON READING RELAYS 

  

TWO-OUT-OF-FIVE TO 
“Sy east DECIMAL TRANSLATORS 
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Sven and 9 f HS TWO-OUT-OF-FIVE 5 5 t.-4 CHECK CIRCUITS ON 
hI READING RELAYS | Leo | 10 Leaps a 4 QJ TTSh 

CHECK AND ieee US Q CIRCUITS ON (A-)READING 1 (READER 
RELAYS lj bust (g---------. : | 28 READING | 

oO. 4 | CONTACTS | 
r) | 
' T 

t | a | 

' 
| I 

I Jj ; = ! 3 
4 be------ 4 | CONTROL. | pao] —} ppo pas| ——J pps pas] __Ippg | CONTACTS PERFORATOR CUT-IN Lt | —--> I I AND MEMORY RELAY. 1. am di Hl) ml | = = a = a + 3 | = cir - = cr = = cr = = | 28 READING =H =|! = | - RELAYS 28PERFORATOR ~ !! i - —+_} 2 CHECK RELAYS f 7 : Pi) 2a! | -+———_f IF iF Py psa ra re ! , ~ Ne in | = " 

] ; oJ | PKO PKS PKQ 4! i 
tL | PERFORATOR | 7 STEP MAGNET —-> = CHECK RELAYS 

| | H 1 ! oa ee a ! TO | 28PERFORATOR |__! TO t | PERFORATOR | MAGNETS |PERFORATOR + NO. 0 | | NO. 9 . 1 L ee a 
| } | step. | | Bi nwt = |) MAGNET 4 PERFORATOR | | = CHECK RELAYS | = | bag | | 

| | | ! ! | ; -_ ——__Y_:~ FT lm | ONE-OUT-OF-TEN TWO-OUT-OF-FIVE A | = ; | oD — CHECKS CHECKS | | I ; — IoD ONE-OUT-OF-THREE | = | ] Lie J >= CHECK |____PERFORATOR NO.5 | 
i Fig. 4—Simplified schematic of the sorter. 
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READING 
CONTACTS 
  

READING 
RELAYS 7 NF N 4 » 
  

PERFORATOR 
CUT-IN RELAYS ¢ ¥ 2 . 4 ‘ 

PERFORATOR * 
MAGNETS —_N — —N 

PERFORATOR 
CHECKING a \ =a \ a“ \ 
RELAYS 
  

RS RELAY 4 “\ 7 ‘NX 

READER STEP 
MAGNET 7 \ 7 \ Sf \ 
  

SEE NOTE 1 _ _—_ — 

SEE NOTE 2 ce —_ ee 

l | ! ! ! | | 
° 0.5 1.0 1.5 2.0 2.5 3.0 

TIME IN CYCLES 

% PUNCH MAGNET IS OPERATING AND PERFORATING PAPER. 

NOTES: 
1. READER DRUM STEPS DURING THIS INTERVAL PROVIDED STEP 
MAGNET HAS BEEN OPERATED. 

2. PERFORATOR DRUM STEPS DURING THIS INTERVAL PROVIDED 
PERFORATOR ADVANCE MAGNET HAS PREVIOUSLY BEEN 
OPERATED AND IS PERMITTED TO RELEASE. 

Fig. 5—Time diagram of the sorter operation. 
  

K contact will be passed through the check 

circuits on the springs of the reading relays, 

and, if the a digit is one or two, to the trans- 

lation circuit on the reading relays for the 
digit that is to control the sorting. As a 
result, the ground will appear on the lead 

to the cut-in relay, pa, for the proper per- 
forator. This operates the cut-in relay, and 

the proper perforating magnets will be 
operated from grounds on the control con- 

tacts p. Ground from the J contact of the 
reader passes through a spring on the cut-in 

relay, through a pK check relay, to operate 

the step magnet of the selected perforator. 
In series with each perforating lead is a 

check relay, and the groups of check relays 
for each of the six digits of a line have 

circuits wired through their springs that 
will be closed only if the proper number of 
relays in each group is operated: two for the 

B, C, D, E, and F digits, and one for the a 

digit. The closure of these circuits indicates 
that current is flowing to the proper per- 
forating magnets. As shown at the lower 

left of Figure 4, ground is passed through 
these check circuits, through a checking 

circuit on the px relay that is closed if one 
and only one of the px relays is operated, 
and through a similar check circuit on the 
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pp relays, to be described later, to operate 

the rs relay and prepare the reader for 

stepping to the next line. Relay rs locks 

itself operated until the next reading cycle 

begins. 
The contacts of the reader are operated 

and released sixteen times a second by a 

power drive, and the circuit operations 

described above all take place in about 40 

milliseconds. When the reading and per- 

forating contacts open at the end of a read- 

ing cycle, the operated reading relays, 

the operated pa relay, and the perforating 

magnets release. Contact J of the reader, 

however, does not open until shortly after 

the other contacts, and thus the stepping 
magnet of the perforator is not released 
until after the perforating magnets have 

been released and the perforating pins have 
had time to withdraw from the tape. A 

time diagram showing the operation of the 

various relays for a succession of reading 

cycles is given in Figure 5. 

To take care of multiple line entries, a 

pp relay is associated with each pa relay 

and is operated by it. If a message unit 

tape is being sorted and the entry index 
of the line being read is a 1, the pp relay 

will release when its associated pa relay 
releases, and the circuit action will be as 

described above. If the entry index had 

been a 2, however, indicating a two-line 

entry, the holding ground for the Pp relays 

would have been closed by circuit elements 

not shown, and the Lx2 contact, shown at 

the upper left of the diagram, would have 

opened as the reader stepped to the next 

  

Taste II— Key ro THE “2-OutT-oF-5” TO 

DECIMAL TRANSLATION 

Pair of Holes Corresponding 

Perforated in Tape Decimal Digit 

and 1 

and 2 

and 2 

and 4 

and 4 

and 4 

and 7 

and 7 

and 7 

and 7 
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line. Because of its holding circuit, relay pp 

would therefore remain operated after its 
pa relay had released. This in no way affects 
the perforation of the line just read, but 
when the reader contacts close on the next 
line, the path to the translation circuit is 

opened at contact Lx. If the a digit of 

this next line is 0, however, as it normally 
would be, a circuit through the check cir- 
cuit on the a reading relays will be closed, 

and over it the same pa relay will be oper- 

ated through a front contact of its asso- 
ciated pp relay that had been held operated. 
A similar action takes place when sorting 

entries of a detailed message tape. In both 

cases, the counting circuit already referred 
to counts the lines, and after the proper 
number has been recorded, the pp and LxK2 

relays are released, and the sorter is ready 
for a new entry. 

Besides the checking circuits described 
above, others are so arranged that troubles 
encountered in reading the input tape, 

whether sorter troubles or mutilations in 
the tape, prevent a perforator cut-in relay 

from operating. The sorter stops and sounds 
an alarm, and the operator can read the 
line on which it stopped by means of 

twenty-eight reading lamps associated with 
the reader to determine whether the tape 
or the sorter is at fault. When a line is 
read properly, but because of some other 

trouble it is not properly perforated, the 
RS relay fails to operate and the sorter stops. 
In this case, since perforation has taken 
place, the perforator step magnet is pre- 
vented from releasing until the trouble is 

)
 

——a
 

ee
 

corrected. This guards against the repeti- 
tion of any line on the output tape and is 
an important safeguard. As a further pre- 
caution, this feature of the sorter is auto- 
matically checked at the beginning and end 
of each sorting stage. Other lamps are pro- 
vided on the control panel to assist the 

operator and the maintenance personnel in 

the event of trouble. When a stoppage 
occurs, the operator is able to tell imme- 

diately whether it was caused by a faulty 
input tape or by an internal sorter trouble 

which requires maintenance action. In the 
latter case, the lamps give an adequate 

indication to the maintenance personnel of 
the exact nature of the trouble. 

Every AMA tape has a section of “splice 

pattern” at each end. This is a series of 
identical lines conveying no information, 

used to permit feeding the tape into the 
reader and to permit splicing without inter- 

fering with call entries. Between the call- 
entry section and the splice pattern at each 

end of the tape is a series of “tape identity” 
entries which completely identify the tape 
as to central office, date, type of tape, and 
the stage in the accounting process where 
it was produced. All this information is 
automatically checked by the sorter by 
matching it with the switches on the con- 

trol panel set by the operator, to insure 

that the proper type is being used. When 

the input tape to the sorter consists of 
a number of sections spliced together, the 

sorter counts the sections, checking that 
they are all present and that they have been 
spliced in the correct order. 
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Since local calls are billed to the custom- 
ers monthly as a single item, instead of in- 
dividually as are toll calls, they pass through 
a stage in the automatic message account- 
ing system that is not required for toll calls. 

      
  

  

                    
Fig. 1—-A summarizer includes a tape reader, a tape 
perforator, and two cabinets of control equipment. 
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The AMA Summarizer 

GEORGE RIGGS 
Switching Systems Development 

This stage is the summarizer, which is the 

fourth stage in handling local calls. In the 
three preceding stages,” the entries per- 
taining to each call are brought together as 
adjacent lines on the output tape of the as- 
sembler, the chargeable time for toll calls 

and the number of message units for local 
calls are calculated and placed on separate 
output tapes of the computer, and all the 

messages for each calling number are 

brought together on the output tapes of 
the sorter. The output tapes of the sorter 
serve as the input tapes for the sum- 
marizer, which adds the message units for 

the group of calls made by each subscriber 
and produces an output tape with a two- 

line entry for each calling number, giving 
the total number of message units charge- 

able to it. 

The summarizer consists of a tape reader, 

relay control equipment, and a tape perfora- 
tor as shown in Figure 1. Although adding 
is its major function, the summarizer must 
be able to discriminate between different 
calling subscriber numbers since only the 

message units for one number are added 
together. It thus includes two major circuits: 
one for comparing the calling numbers, and 

the other for adding the message units. 
The number comparison must be made first 

since whether the associated message units 
are added to the previous total or used as 
the start of a new total depends on whether 
or not the new calling number matches that 

of the previous entry. The calling number 

comparison circuit includes two sets of reg- 

isters, and the calling numbers of successive 
entries are recorded alternately in them. 

Circuits are wired through the contacts of 

the register relays in such a way that if the 

* See pages 59, 65 and 85. 
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same number is recorded in both registers, 
the adding circuit will add to the previous 
sum the message units indicated in the last 
entry. If the calling numbers are not alike, 

the advance of the input tape is stopped 
momentarily, and the previous calling num- 
ber and the total message units chargeable 

to it are perforated on the output tape. Im- 
mediately after this has been done, the in- 
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Fig. 2—Block schematic of the summarizer circuit. 
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put tape is allowed to advance and a new 
sum is started for the new calling number. 
Both the number comparison and the add- 

ing circuits carry out their operations so 

rapidly that the input tape is stepped along 
from line to line without interruption at the 
rate of sixteen lines per second as long as 
the calling number does not change. 

The adding circuit includes two input 
registers and two sum registers, and the 

message units of successive entries on the 

input tape are recorded alternately in the 
two input registers. The message units of 

the first entry of the input tape will be re- 
corded in the x input register, and imme- 
diately transferred to the x sum register, 

thus releasing the x input register. The mes- 
sage units of the second input entry will be 
recorded in the y input register, and — if 

the calling number is the same as for the 
first entry — will be added to the number in 

the x sum register and then the sum will be 

recorded in the y sum register, after which 
the y input and x sum registers are re- 
leased. This recording in an input register, 

adding to the total in the sum register of the 
Opposite name, and recording in the sum 

register of the same name continues alter- 
nately back and forth as long as the calling 
numbers remain the same. When the calling 
number of an entry is found to differ from 
that of the preceding entry, the process is 

momentarily stopped after the message 

units for the new number have been re- 
corded on the input register, and the previ- 

ous calling number and the total of mes- 
sage units recorded in the sum register are 
used to control the perforation of an entry 
on the output tape. Immediately after this 
is done, a new summation is started for the 
new calling number. 

A block schematic of the summarizer cir- 
cuit is shown in Figure 2. As the entries are 

read, the calling numbers are recorded al- 
ternately in the a and B registers of the 
number comparison circuit, and the mes- 
sage units are recorded alternately in the 
x and y input registers of the adder circuit. 
If the number of a new entry recorded in 
the B register is the same as that already 
recorded in the a register, the A register 
will be released and the number of the next 

  

Table I—Tabulated operation of the summarizer 

for four entries for line number w with asso- 
ciated charges of a, b, c, and d message units 

respectively, and one entry for line number z 
with e message units. Time flows across the 
table from left to right, and downward from 
top to bottom. 

Calling Number 
Comparison Input 

Entry Registers Registers Sum Registers 

A B xX Y Xx Y 

1 w oO ao a oO 

2 wow o b a 0 
o ow 0 oO Oo a+b 

8 w ow c oO 0 a+b 
w oOo 0 Oo at+tb+te 0 

4 w ow o d a+b+e oO 
o w 0 oO oO a+b-+c+d 

5 ZoWw e oO 0 a+b+e+d 
Zz Oo 0 oO e 0 

  

entry will be recorded in it. If this is the 
same as the number in the B register the 

latter will be released, and so on as long as 
the number remains the same. In step with 
these operations, the message units will be 
recorded alternately in the x and y regis- 
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ters. A message unit figure recorded in the 

y input register will be added to the total 
in the x sum register, recorded in the y sum 

register, and the y input and x sum regis- 
ters will be released. The next message unit 

figure will be recorded in the x input regis- 
ter, added to the total in the y sum register, 
recorded in the x sum register, and the x 

input and y sum registers will be released. 

Only when a new calling number is encoun- 
tered will this back and forth action be 
stopped long enough to perforate a total on 

the output tape. 
This action is indicated in Table 1 for a 

series of input entries for calling line num- 
ber w, and then for an entry for calling 

line number z. The number of message units 
for the various entries are indicated by the 

= 
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Fig. 83—Simplified schematic of the adding circuit for the tens digit only. 
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Table I[—Relationships between the decimal, 

2-out-of-5, and biquinary codes. 

Decimal 2-out-of-5 Biquinary 

0 ALT LO 
1 0+1 Ll 
2 0-+2 L2 
3 142 L3 
4 044 LA 
5 144 HO 
6 244 H1 
7 O47 H2 
8 LL H8 
9 247 H4 
  

letters a, b, c, etc. Time flows downward 
from the top of the diagram, the top line 
representing the first input entry. A small 

circle represents that the circuit is released. 
Each of the four circuits of the adder — 

the x and y input and the x and y sum — is 
arranged to register and add three digits — 

units, tens, and hundreds-—and thus the 
complete circuit will handle up to 999 mes- 
sage units. At the thousandth message unit, 
a carry-over signal from the hundreds cir- 
cuit causes an entry for 1000 message units 
to be perforated on the output tape. There- 
after the circuits add as before until an- 
other 1000 message units have been added, 
when another 1000-message unit entry will 
be made. When a new calling number is en- 
countered, the sum remaining on the adder 
will be perforated as an additional output 
entry for the preceding calling number. 
When there are more than 999 message 
units, therefore, there will be two or more 
output entries for the calling number that 
is involved. 

A simplified circuit diagram for the tens 
digit of the adding circuit is shown in Fig- 
ure 8. The circuit for the units digit is the 

same except that it will not have a “carry 1” 
(c1) lead coming in from the right. The 
circuit for the hundreds digit is the same as 
Figure 4 except that the “carry 1” lead ex- 

tending out at the left, instead of being used 
to increase the next higher digit, will be 
used to initiate the perforation of a thou- 
sand-message-unit out-put entry. 

The message unit digits recorded in “2- 

out-of-5” code on the input tape are trans- 
lated to a biquinary code before they are 
transmitted to the input registers of the 

adder. In this latter code each digit is re- 

corded by operating one of two binary re- 
lays and one of five quinary relays. The 
binary relays are designated t and 4, to in- 

dicate “low” and “high,” and the quinary 
relays are designated 0, 1, 2, 3, and 4. If x is 

understood to represent zero, and 4, 5, the 

digit in the biquinary code is the sum of the 
operated relays in the two groups. The re- 
lationships between the decimal, “2-out-of- 
5”, and biquinary codes are given in detail 
in Table II. 

In Figure 3, the short slant lines at the in- 
tersections of the various leads represent 

contacts on the binary and quinary relays 
of the section of the circuit with which they 
are associated. With digit 1 recorded in the 

x input circuit, for example, register relays 
L and 1 will be operated, and thus all con- 
tacts marked tL or 1 of that circuit will be 

closed. The y input and sum circuits are 
identical to the x input and sum circuits, 

but both are shown in Figure 38, so that their 
interaction may be followed. 
Assume that when the digit 11 (1) is 

recorded in the x input register, a digit 
u3 (8) is already recorded in the y sum reg- 
ister. If there is no carry-over from the next 
lower digit, there will be ground on the nc 

lead at the upper right corner of the dia- 

gram. Since the No. 1 relay of the x input 
register is operated, this ground is extended 

through the No. 1 contact on the nc lead, 

down to the No. 3 contact on the y sum reg- 
ister, which is also closed, and thence to the 
No. 4 relay of the x sum register. 

Ground on the nc lead will also be ex- 

tended through the second no. 1 contact on 
the Nc lead down to the No. 3 contact on 

the nc lead of the y sum register, and thence 
to the left to the two operated u contacts. 
Through the first of these, it passes up and 
then through the closed 1 contact of the x 
input register to appear on the nc lead run- 
ning to the hundreds digit. Over the second 
H contact on the nc lead of the y sum regis- 
ter it passes up and through another closed 
L contact in the x input register and thence 
down to operate the relay of the x sum 

register. These paths are indicated by heavy 
lines on the diagram. In this way number 
L1 in the x input register has been added to 
H3 in the y sum register to give H4 in the x 
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sum register. Expressed in decimal code, 
this is 1 + 8 = 9, with no carry-over. 

If the next entry is for the same calling 

number, the message units will be recorded 
in the y input register. Assume that the tens 
digit is two with no carry-over from the 

units digit. Under this condition 12 will be 

recorded in the y input register, and the 
heavy lines on the lower part of the diagram 
show how this would add to the m4 just 
placed in the x sum register to give L1 in 

the y sum register (which had been re- 
leased after H4 had been recorded in the x 
sum register) and the “carry 1” to the 100’s 
digit. In decimal terms 2 + 9= 11, but 
the 1 in the tens place is carried to the next 
higher digit. 

The two rectangles of contacts, five con- 
tacts square, at the right of the sum regis- 

ters, together with the two parallel rows of 
contacts on the Nc and ci leads in the input 
registers, perform the quinary part of the 

addition, while the rectangles, two contacts 

square, at the extreme left of the input and 
sum registers perform the binary part of 

the addition. The remaining part of the cir- 
cuit is involved in the No-carry and “carry 

1” operation — both from the quinary to the 
binary sections of the digit and forward to 
the next higher digit. 

For billing purposes, the message unit 

summaries for an entire month are required. 
Each month, however, is broken up into a 
number of processing periods, and a sum- 
mary tape is perforated for each. To obtain 
a cumulative summary, the summary tape 

for the first period is sorted with the mes- 
sage unit tapes for the second period. The 
summary tape for the second period then 
contains all of the message units for the first 
two periods. This summary tape is sorted 
with the message unit tapes for the next 

period, and so on until the end of the bill- 

ing month. The summary tape for the last 
period will thus contain the message units 

for the entire month. 

  
Reeling and splicing tape AMA at the Philadelphia accounting center. 
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The 

AMA 

Printer 
  

    
  

  
T. A. MARSHALL ie 
Telegraph 
Systems ae 
Development 

In all the automatic message accounting 
processes described in previous issues of 
the REcorp, the information is in the form 
of numbers perforated in “2-out-of-5” code 
in paper tape. The original information was 
recorded in this form in the central offices, 
and it has been assembled, computed, 
sorted, and summarized in the accounting 
center, and new tapes have been prepared 
in the same 2-out-of-5 code. Before the bills 
representing these various charges can be 
made out, this information must be trans- 
lated from a sequence of digits in 2-out-of-5 
code into the corresponding words and num- 
bers, and then printed for use by the ac- 
counting center personnel. It is this trans- 
lation and printing that is the major func- 
tion of the AMA printer. 

As may be seen from Figure 1, the prin- 
ter consists essentially of a regular AMA 
reader for obtaining the information from 
the tape, relay circuits for interpreting and 
translating the tape information, and a tele- 
typewriter for printing the call records. 
This equipment is mounted in six cabinets: 
the printer itself is in the left hand cabinet, 
the reader in the next cabinet, and the re- 
lay equipment, in the four taller cabinets. 
The printer proper, shown in greater detail 

  

in Figure 2, is a standard 15-type teletype- 
writer modified by the addition of arrange- 
ments for cutting the typed paper strip into 
toll tickets and stacking them in the ticket 
box, evident on the top of the machine, and 
by a few other changes. The reader is the 
standard AMA reader already described in 
the Recorp*, but the control circuits differ 
somewhat from those used with the reader 
in the other stages of the accounting proc- 
ess. Just above the middle of the first relay 
cabinet is the control panel on which dials 
are set to identify the particular tape being 
processed. These are shown in greater de- 
tail in Figure 8. 

Although the printer is designed for proc- 
essing and recording tapes of several dif- 
ferent types, its general method of opera- 
tion can be indicated by describing the 
processing of the two types of input tapes 
that comprise the main bulk of the work of 
an accounting center. One of these, which 
is prepared by the summarizer, contains all 
calls charged for on a message unit basis. 
These calls are grouped according to the 
central offices, and for each central office 
are arranged in numerical order of the call- 

* See page 52. 
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ing number. For each calling number there 

is a two-line entry giving the calling num- 

ber and the total number of message units 

chargeable for one accounting period. For 

these message unit tapes, the output of the 

printer takes the form shown in Figure 4. 

It is a strip of paper three inches wide and 

folded every eleven inches. At the top is 

printed the central office name and the date, 

and below, in numerical order, are the 

calling line numbers with the number of 

message units chargeable to each during 
that month. In all cases the printer uses a 

zero with a slant line through it to repre- 

sent a significant zero, and a dash to repre- 

sent a non-significant zero. A list including 

every subscriber in a 10,000 line office would 

require about 180 feet of paper, and would 

fold to form a pack eleven inches long and 

about 200 sheets thick. 
The other of the two most important types 

of tape supplied to the printer includes all 

  
    

    

  

toll calls, which are perforated as a 5-line 

entry, also in order of the calling number 
under each central office. For these tapes, 

the output of the printer takes the form 

shown in Figure 5. These are slips of paper 

three inches wide and five inches long, and 

are thus of the same size as the slips pre- 

pared manually by operators for calls be- 

yond the dialing range. This equality in 

size facilitates correlating the slips in pre- 

paring the subscriber's bills. Each such slip 

records the calls of only one subscriber, 

and may record as many as nine calls. 

When there are more than nine calls for a 

subscriber, more than one slip is required. 

At the top of the slip is placed the sub- 

scriber’s office name and line number, and 

also the month. Each call is represented by 

two typed lines. The first gives the day of 

the month, the hour and minute the call was 

answered, the called office area index, and 

the called office abbreviation, while the sec- 

Fig. 1 — An AMA 
printer includes, 
from left to right, 
a printer, a reader 
and four bays of re- 
lay equipment. 
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Fig. 2—For printing the output tapes and tick- 
ets, a standard 15-type teletypewriter is em- 
ployed with a cutter, a stuffer, a ticket box, 
and a few other items added to it. 

ond line gives the called line number and 
the chargeable time in minutes. The time 
the call was answered is given on the basis 
of a 24-hour clock: the first two digits repre- 
sent the hour, ranging from 01 to 24, and 
the last two digits give the minutes after 
the hour and range from 00 to 59. 

The reader is capable of reading and ad- 
vancing the input tape at the rate of six- 
teen lines per second, while the teletype- 

Fig. 3—The control 
panel for the printer 
includes dials for set- 
ting the type of tape, 
the marker group, 
the central office, 

and the month and 
day to which the 
tape applies. 

  

writer operates at a speed of 600 opera- 

tions per minute, or ten characters per 

second. Each entry on the message unit 
output tape requires ten operations, in- 

cluding the carriage return, as may be seen 
from Figure 4, and thus requires about 1 

second, while the corresponding input en- 

try can be read in one-eighth of a second at 
the most. A similar discrepancy exists for 

the toll tapes. An entry on the output toll 
slip requires about two and one-half sec- 

onds, as may be estimated from Figure 5, 
while the corresponding input entry can 

be read in five-sixteenths of a second. For 

both types of tape it thus requires about 

eight times as long to print the output en- 

try as to read the input entry. As a result, 
the reader is operated intermittently in- 

stead of continually. The circuits of the 
printer include a number of storage circuits, 

and each line of the input tape is registered 

in one of them as it is read. After a com- 

plete entry has been received, the reader 
is stopped, and is not started again until 

the printer is ready to begin printing the 
next entry. 

In processing a two-line message unit en- 

try, the printing begins as soon as the first 
line is registered in the proper storage 
circuit. The second line will be immedi- 

ately registered in its proper storage cir- 

cuit. Then the reader will step the tape to 
the first line of the next entry and wait 

for the printer to finish the entry. Simul- 

taneously with the return of the type basket 
of the teletypewriter to the left margin of 
the paper, the information in the line being 
held in readiness by the reader will be 

©€666666660666 
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Fig. 4—An output tape for message unit calls is 

headed by the central office name and the date, and 
carries all the message unit calls made on that date 
as single line entries for each subscriber. 
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passed to its storage circuit so that the 
printing of the second entry may begin 

without hesitation. 
Likewise, in processing the five-line en- 

tries of the toll ticket tapes, printing starts 

with the storage of the first line of the entry. 

The second, third, fourth, and fifth lines 

are immediately registered in their respec- 
tive storage circuits and the reader waits, 

ready with the first line of the next call, for 

the completion of the printing of the call 
information. 

Before a new tape is started through the 

reader, dials on the control panel, shown in 

Figure 8, are set to indicate the type of 
tape, the marker group that serves the calls, 
the central office in which the tape was pre- 
pared, and the month of the original rec- 

ord. Each tape carries an identification en- 

100 

try that was perforated in it by the com- 
puter to give this and other information. As 
the tape is started through the reader, the 

control circuit compares the tape identifica- 
tion entry with the information set on the 

dials, and gives an alarm and _ stops ad- 

vancing if there is any irregularity. 
Message unit input tapes to the printer 

consist of a sequence of two-line entries 

each like that indicated in the upper part 
of Figure 6. Each entry gives the total 
number of messaye units chargeable to a 
subscriber for one month. The printer iden- 

tifies the entry by the entry index in line 1. 

The mu index in the B digit in line 2 has re- 
mained in the entry from previous use in 
the summarizer and is of no significance in 
the printer. Both the calling line number 
and the number of message units are re- 
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corded in the input tape in 2-out-of-5 code, 
but, in transferring them to the storage cir- 
cuits, they are translated to decimal code. 
The information in the first storage circuit 
controls the printing of the first tour char- 
acters of each line of Figure 4, while the in- 
formation in the other storage circuit con- 
trols the printing of the last 4 characters of 
the line. Not more than 1000 message units 
will be recorded in one entry by the sum- 
marizer. If the number of message units 
chargeable to a particular subscriber is 
greater than 1000, the additional units will 
be recorded in a second entry for the 
same subscriber. 

For these message unit tapes, the calling 
office and date, which appear at the top of 
the tape, are taken from the control dials 
shown in Figure 8. The name of the cen- 
tral office of the calling subscriber is trans- 
lated from the two-digit marker group num- 
ber and a single digit office designation to 
the familiar two letters and single numeral 
by the marker group translator. The three- 
letter month abbreviation is derived from 
two digits by the month translator, while 
the day of the month is translated from the 
day tens and day units dials. 

For the toll tickets, the calling office num- 
ber and the month, which appear at the top 
of each ticket, also are taken from dials on 
the control panel. The day of the month ap- 
pears as one of the items of each entry since 
the calls appearing on a single ticket were 
not necessarily made on the same day. All 
the calls indicated on the toll ticket, how- 
ever, are made by the same subscriber, 
and thus the calling line number is placed 
at the head of the ticket as one of the 
identifying marks. This is taken from the 
call entries on the input tape, one of which 
is shown in the lower part of Figure 6. These 
entries are grouped on the input tape ac- 
cording to subscriber line numbers, and 
successive entries will be placed on the out- 
put ticket being printed until a new num- 
ber is encountered. 

Each of the five lines of an input entry 
is read and registered in one of the storage 
circuits of the printer. The calling number 
appears in the first line, and, as soon as it 
has been recorded, the printer either uses 
it in printing the heading of a new ticket, 
or recognizes it as the same as the number 
of the ticket being printed and proceeds to 
print the new entry. 
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the first six characters of a toll entry on 
the output ticket are the day and answering 
time of the call and are translated from the 
five digits of the second line of the input 
tape. This day, hour and minute information 
has gone through several metamorphoses in 
the preceding AMA circuits. It was record- 
ed as three separate entries in the central 
office tapes. The day was placed in the tape 
identification entry as a tens and a units 
digit; the hour, in the hour entry, also as 
a tens and a_ units digit; the answer- 
ing time appeared in the answering time 
entry as three digits: minutes tens, minutes 
units, and minutes tenths. A total of seven 
digits are thus used on the central office tape 
to convey this information. The minute tenths 
digit is eliminated in the computer, and the 
remaining six digits are compressed by cod- 
ing into five so they may be put in a single 
line on the output tape of the computer. 
This is possible because only four digits 
are required for the day tens digit (zero to 
three inclusive); only three digits for the 
hour tens (zero to two inclusive); and only 
six for the minute tens digit (zero to five in- 
clusive ). The total number of possible com- 
binations of the three tens digits is thus 
4x3x6— 72, and since 72 things can al- 
ways be represented by a two-digit number, 
a code has been devised by which the day 
tens, hour tens and minute tens digits are 
recorded in the output tape of the computer 
by a two-digit number. The day units, hour 
units, and minute units each require one 
digit and thus the entire information is 
represented by five digits. As a result the 
printer must reconvert these five digits to 
the six digits that are actually printed on the 

102 

first line of each entry of the output ticket. 
The four digits designating the called of- 
fice area index and the called office itself, 
which also appear in the first line of the 
output ticket, are translations of the B, D, E, 
and ¥F digits of the third line of the input 
entry. This is a more complex translation 
which will be described in a subsequent 
issue of the Recorp. 

The second line of the output entry in- 
cludes the called number and the elapsed 
time. Either four or five digits or four digits 
and a letter are required for the called line, 
and these are translated from the fourth line 
of the input entry. The elapsed time is given 
as one or two digits, and is taken from the 
c and p digits of the fifth or last line of the 
input entry. 

Besides reading the input tape, record- 
ing the information in storage circuits, mak- 
ing the many translations required, and 
printing the output tickets, the printer car- 
ries out many checks throughout its opera- 
tion. It checks the tape identification entries 
against the settings of the dials on the con- 
trol panel, it checks every line read for com- 
plete registration in all digits, it checks 
many other operations, and stops operating 

and reports trouble on a bank of lamps 
whenever an irregularity is encountered. 
These many and varied operations call for 
a large and complex circuit, and, according 
to a Science News Service release of June 
6, 1950, the patent® covering the printer 
is one of the largest on record. 

* Patent No. 2,510,061 granted to D. E. Bran- 
son, G. A. Locke, and T. A. Marshall on June 
6, 1950. See Bett Lasoratories REcorp, March, 
1950, page 515. 
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The AMA Called-Office 

D. E. BRANSON 
Telegraph Systems Development 

In an AMA accounting center, the in- 
formation required for subscriber billing 
is processed through a number of stages as 

described in previous issues of the Recorp*. 
In one of these stages, all the calls to be 
charged to a particular subscriber in a 
billing month are assembled by a Sorter, 

and then passed to a Printer circuit where 
the information is translated and printed in 

a form that can be utilized by accounting 
center personnel. Most of this translation 

is relatively straightforward and has been 
described in previous articles. The desig- 

Name ‘Translator 

Part of the information required for cus- 

tomer billing by Automatic Message Ac- 
counting equipment is the designation of the 
central office to which each call is directed. 

This information is supplied to the AMA 

equipment as a sequence of three digits, and 
a special circuit is provided to translate it to 

the familiar sequence of two letters and a 
numeral in the final presentation. 

Fig. 1—Called office name translator as set up at 
Bell Telephone Laboratories, West Street, with 
W. B. Groth threading the ring coils. 

nation of the called office, indicated on the 

third line of a typical detailed entry as 

u
t
y
 

a
c
a
i
 

e
l
i
t
 

shown in Figure 2, however, requires a 
more elaborate translation. 

The more complex nature of this trans- 
lation can be illustrated by a specific ex- 
ample: a subscriber dials the FUlton-9 cen- 
tral office in Philadelphia as FU-9 but this 
information is recorded on the AMA tape 

as 389. Reference to any telephone dial 
will show, however, that the 3 in this se- 
quence might represent a D or an E as well 

as an F, and the 8, a rT or a v as well as a 
u. The FU then, is only one of 9 possible 
letter pairs which can be formed by select- 
ing one of the letters p, r, F and adding a 

T, U, or v. These 9 pairs are indicated in 
Table I. This situation is further compli- 
cated by the fact that an AMA center may 
serve a relatively large geographic region 
which might well include several central 
offices designated by the same number se- 
quence. In this example, 389 refers to the 
FUlton-9 exchange in Philadelphia while   
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the same sequence designates the EVer- 
green-9 office in New York. These AMA 
regions, therefore, are divided into a num- 
ber of dial areas identified by a digit re- 
ferred to as the called area index, and with- 
in each area, a particular three-digit se- 

quence has a unique translation. The Phil- 
adelphia area in this example is arbitrarily 

the first and second digits of a sequence 
can each have any one of eight values cor- 

responding to the positions two through 

nine on a telephone dial, 64 two-letter cen- 
tral office abbreviations are possible. The 
third digit of a sequence, however, can 

have any of ten possible values for the 
central office numeral, and the 64-letter 

  

TYPE OF ENTRY INFORMATION RECORDED 
  

  

DIGITS 
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designated by the index 0 and the New 

York area by the index 1. A series of four 

digits is thus required on an AMA tape 

to specify the called office: one to indicate 

the dial area, and three to designate the 
particular central office within that area. 

To carry out the translation, the called 
office name translator, illustrated in Figure 

1, has been developed. This translator 

serves as an accessory to the Printer, and 

converts each four-digit sequence to a dial 
area index and called office designation: 

a numeral, two letters, and a numeral. 

The translation is then transmitted to the 
Printer where it is used to print the called 

office abbreviation on toll slips. 
When a called office name translator is 

used in an accounting center serving only 

one dial area, a called area index is not’ 
required and the task of the apparatus is 
to translate a three-digit sequence to a, 
pair of letters followed by a numeral. If 
the New York area were the only one 

served, for example, the sequence 389 
would always be translated as EV-9. Since 
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pairs and ten numerals provide a total of 

640 possible combinations. The translator 

must provide a means whereby a three- 

digit sequence on an AMA tape can select 

the proper one of these combinations. 
Eight horizontal rows and eight vertical 

columns on each of two 10 x 10 crossbar 

switches having five contacts per cross- 

point are used in this translator to provide 

the 640 unique positions required to rep- 

resent the possible central office designa- 
tions, and a particular three-digit sequence 
selects one of these positions. To accom- 
plish this, the first digit of the sequence 
causes the select magnets of the horizon- 
tal rows corresponding to its value to op- 
erate. As illustrated in Figure 3, the first 

digit 3 causes the operation of the num- 
ber three crossbar select magnets. The 
second digit 8 of the sequence completes 
a circuit to the hold magnets corresponding 
to its value on both switches. In the illus- 
tration of Figure 3, the digit 8 closes a 
path to the number eight hold magnets, and 

thus the 3-8 crosspoints are chosen. Only one 
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DIGIT 8 DIGIT 3 LETTER GROUP 
LETTER 
GROUP D E F 

T DT ET FT 

U DU EU FU 

Vv DV EV FV             

TaBLE 1—THE NINE PossIBLeE LETTER Pars 

ForMED By One LETTER FROM THE GROUP 

D, E, F, AND ONE FROM THE GROUP T, U, V 

of these two crosspoints is actually closed, 
however, and this choice is governed by 
the third digit. If this digit has any of the 
values zero through four, the hold magnet 

for the indicated vertical on the first switch 
is operated. If the value lies in the range 
five to nine, however, the corresponding 
crosspoint on the second switch is closed. 

The third digit in the example 389 indi- 
cates that the 3-8 crosspoint on the second 
switch should be closed as shown in the 
diagram. 

Each of the crosspoints is equipped with 
five individual contacts. On the first switch, 

the five contacts at crosspoint 3-8 represent 

the sequences 380 through 384 and the 

contacts on the corresponding crosspoint 
of the second switch represent the se- 
quences 385 through 389. The third digit 
of a sequence causes a ground to be applied 
to all the switch contacts corresponding to 

its value. In Figure 3, the ground is ap- 
plied to all the number 9 contacts. Since 
the 3-8 crosspoint on the second switch is 
the only one closed, however, contact 389 

provides the only complete path for ground. 
In this way, a three-digit sequence selects 
a unique position of 640 possibilities. 

To complete the translation process, an 

AMA printer must be directed to print the 
central office designation corresponding to 
the selected switch contact. The 24 printer 

character relays corresponding to the let- 
ters on a telephone dial are divided into 
eight groups of three each as they are ar- 
ranged on the dial. The first digit of a 
sequence, in addition to activating select 
magnets, closes a path to its corresponding 
group of printer character relays. As shown 
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Fig. 3— Block diagram of called office name translator as used for single area translations. 
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Fig. 4—Nine ring coils corresponding to each of three dial areas with the line from the 389 contact on 
the crossbar switch threading one coil in each group. 
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TUBES 

TO CHARACTER SELECTOR RELAYS 

  

  

  
  

        
  

  

      
          

  

    
  

in Figure 3, the digit “3” closes a path to 
the characters p, £, and Fr. The second digit 
similarly closes a path to the printer char- 
acter group corresponding to its value. In 
this way, two of the eight possible relay 
groups are selected. 

In the remaining step, the correct letter- 
pair of the nine possibilities provided by 
the six characters in these two groups must 
be selected. This is done through the use 
of one of nine character combination se- 
lector relays. Each of the 640 contacts in 
use on the crossbar switches is cross-con- 
nected to one of these nine relays and they, 
in turn, are connected to the printer relays 
in such a way that they direct the printing 
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of the desired one of three characters in 

each of two groups. Since circuit paths to 
only two of the groups have been com- 
pleted by the first two digits in the sequence 
however, the characters indicated by the 
combination selector relays in these groups 
are the only ones that operate. The cross- 
bar switch contact 389 in F igure 3, for 

example, is wired to the selector relay “2, 
3.” This relay applies ground to the second 

character in the first group and the third 
character in the second group. In this way, 
the character relays EV are activated. The 
third digit of a sequence causes the central 
office numeral to be printed directly, and 
the translation is thus completed.
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The preceding account describes the use 
of the called office name translator in ac- 
counting centers which serve only one 
dial area. The process is considerably more 

complicated, however, in the more typical 
situation of several areas served by the 
same center. In actual practice, as many as 

three dial areas are involved and it is pos- 
sible for the same three-digit sequence to 
occur in two or three of them. The trans- 
lator must then include a provision for 

supplying a different translation of the 
same sequence for each dial area in which 

it may appear, and the choice of the partic- 

ular translation is governed by the called 
area index. The apparatus required to se- 

lect the proper translation consists essen- 
tially of an additional group of relays, a 
set of ring coils* with associated amplifiers, 
and a set of gas tubes. 

The operation of a called office name 
translator in regions including more than 

one dial area is an extension of that pre- 
viously described. In a multi-area applica- 
tion, however, the circuit is so arranged 

that the third dialed digit causes an alter- 
nating current rather than a ground to be 

placed on the selected contacts of the cross- 
bar switch. In the example of Figure 3, ac 
is supplied to contact 389. From the switch 
contact, the signal follows the path indi- 
cated in Figure 4 to the character combina- 
tion selector relay rather than the direct 
route shown in Figure 3 for a single area 
translation. 

The diagram in Figure 4 illustrates the 
arrangement of ring coils, amplifiers, and 
trigger tubes used in a translator serving 

three dial areas. As shown, there are nine 
ring coil-amplifier combinations for each 
dial area with one combination per area 
connected to each character combination 

selector relay. This ring coil array is also 
evident in the open rack at the left of 
Figure 1. 

A lead from each crossbar switch con- 
tact is threaded through a coil correspond- 
ing to the Selector relay that yields the de- 
sired translation for each dial area. In 
Figure 4, the lead from contact 389 passes 
through a coil in the dial area zero group 
that is associated with relay “3, 2.” The 
  

* See page 30. 

same lead encounters the coil for relay 
“2, 3,” in the area 1 group, and that for 

the relay “1, 2” in area 2. The grids of the 
amplifier tubes associated with the ring 

coils are normally maintained at a potential 

of 48 volts below ground and hence the 
associated trigger tubes illustrated in the 
figure are kept far below their operating 
threshold. A storage circuit, containing the 
called area index, however, applies ground 
on a lead to operate one of three relays, 

Ao-a2. This relay, ao in the case of the 0 
Philadelphia dial area or a1 for the num- 
ber 1 New York area, changes the grid 
potential on the 9 amplifiers in the bank of 

  

BES 9683 APR 

G5 1841 @ FUS 
4319 12 

38 99538 1 EVS 
331i 15   
Oo
 

OO
 

0 
OO

 
O 

O       
Fig. 5 —Sample toll slip from printer showing 
calls to the FUlton-9 and EVergreen-9 offices. 

coils corresponding to its area, from —48 
to —1.1 volts. For the four-digit sequence 
1389, relay a1 is operated to raise the grid 

potential of the 9 amplifiers for area 1 to 
—1.1 volts. 

The ac signal on the lead from contact 
389 induces a voltage in the ring coils it 
encounters but this voltage has no effect 

on the associated amplifier tubes that have 
grid potentials of —48 volts. The ac signal, 

however, will be amplified with a grid po- 
tential of 1.1 volts. The ac on the lead from 

contact 389 in Figure 4 does not affect the 
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amplifier-coil combination through which it 
passes in the area 2 group since this grid 
potential remains at —48 volts. Similarly, 
the combination in area 0 is unaffected, but 
the induced voltage in the area 1 coil 
makes its associated amplifier tube con- 
ducting and this fires trigger tube “2, 3”. 
This tube, in turn operates Character Com- 
bination Selector relay “2, 3” which directs 
the printer to type EV-9 as previously de- 
scribed. The dial area index is typed by the 
printer circuit directly. 

If the FUlton-9 central office in the Phila- 
delphia dial area had been called, the four- 
numeral sequence would have been 0389, 
differing from the EVergreen-9 sequence 
only in the dial area index. In this case, 
relay AO would have raised the grid poten- 
tial of the amplifiers, in its bank and acti- 
vated Character Selector relay “3, 2”. This 
directs the circuit to operate the third char- 
acter relay in the first set, the F, and the 
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second in the second set, the uv, and the 
designation FU-9 is then printed. Figure 5 

shows a sample toll slip on which the 
called office name translator has directed 
the printer to type the combination OFU9 

from the sequence 0389 and 1EV9 from 

1389. 
Several variations in translation are pro- 

vided for in this apparatus since it may be 
necessary to convert central office designa- 
tions of one numeral, of one letter, of two 
numerals, of one letter and one numeral, 
and of two letters. For these, additional coils 

and their associated relays are required. 
A very thorough check feature is in- 

corporated in this circuit which requires 
the operation of one and only one relay in 
a group before the typing of any char- 
acter can proceed. Any improper func- 
tioning of this circuit or improper recording 

of a central office designation operates a 
trouble alarm. 
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Throughout the Bell System, accountable 
telephone messages in the order of about 

200 million per month must be recorded, 

priced, and billed. The immensity of this 
message accounting job, one that must be 

done under exacting requirements of accu- 

racy and promptness, made it particularly 
desirable to mechanize much of this work. 

Complete mechanization is the ultimate 

goal, and the present AMA system is making 

strides in this direction. The tape-to-card 

converter is one of these steps. 

Card column assignments on the IBM control 
panel of the AMA Tape-to-Card Converter are 
checked by W. B. Groth. 

A 'Vape-To-Card Converter for 

Automatic Message Accounting 

W. B. GROTH 
Switching Systems Development 

Billing data for customer-dialed local and 
toll telephone messages are now recorded 
and processed by means of the automatic 
message accounting (AMA) system in the 
areas of eight principal cities in the Bell 
System network. This system records the 
information required for billing the cus- 
tomer in the form of perforations in paper 
tape in the central office. Recordings are 
made while the switching machinery is es- 
tablishing connections between telephone 
lines, and while the messages are in 

progress. 
These perforated paper tapes are cut 

daily and forwarded to an accounting cen- 

ter where the information is processed 
through a series of machines, each of which, 

except the last, produces new paper tapes. 
Individual message records are assembled, 

and chargeable message units or charge- 
able time, in the case of toll messages, are 

determined. Individual message entries are 
sorted by calling line number, message units 

for a given billing period are added, and 
finally message unit summaries and_indi- 

vidual customer toll slips are printed. The 
printed output of the AMA accounting cen- 
ter is used by clerical personnel in pro- 
ducing toll service statements and cus- 

tomer bills. 
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Fig. 1 — A Toll Service Statement as prepared is in two sectivns; a section, shown in the upper part 
of the illustration, is sent to the customer, while the one shown in the lower part of the illustration 
is retained by the Telephone Company. 

It is hoped ultimately to make even this 

last step automatic. As a step in this direc- 
tion, IBM machines using punched cards 

are now used to process toll calls. De- 

signed to make the accounting procedure 

more efficient, this process is known as 

tape-to-card conversion and has had a 

marked effect upon the routines followed in 

the accounting center. Tape-to-card con- 

version, therefore, is not merely an adjunct 

of the AMA system, but a new process in- 

tended to supplement AMA in its previous 
form. A typical toll service statement for 

the customer is shown in Figure 1. 

110 

Since the processing immediately pre- 
ceding the final preparation of the toll serv- 

ice statement is done with punched cards, 
it was necessary to develop suitable equip- 
ment to convert the information from the 
perforated tapes used during the earlier 

stages to punched cards that can be used 
in the later stages. The result is the tape-to- 

card converter, which first went into service 
in Newark in 1951. When this machine is 

used, the four sorting stages* and the print- 

er that were formerly employed for toll 
calls are eliminated and the tape-to-card 
  

* See page 85. 
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converter will take over from the output 

of the computer. 
At its input, the tape-to-card converter 

employs a reader* to which the toll tapes 
from the computer are supplied. At its out- 

put is an IBM card punching machine which 

punches 3 by 7 inch cards, each card having 
space for all the essential information for 
one entry on the input tape. Other IBM ma- 

chines carry out the rest of the accounting 
process to produce an individual Toll Serv- 

ice Statement for each customer. 
The laboratory installation of the tape-to- 

card converter is shown in Figure 2. At the 
left is the card punching machine, next to 

the right is the reader for the input tape, 
while the bays at the extreme right com- 
prise the relay equipment of the converter. 
In brief, the converter consists of a group 

of input registers for recording the data 
read from the input tape; a few translators 

to translate certain items of the input tape 
entry before they are placed on the card; 
a group of output registers on which are re- 

corded the data to be punched on the card; 

and the card punch itself. These various 

units are indicated in the block schematic of 

Figure 3. 
The information recorded for one entry 

on a toll tape is shown in Figure 4. Each 
line of an entry carries five digits of in- 
formation — The B, C, D, E, and F digits 

—and the A, or index, digit. Digit 1 in the 
A position indicates the first line of an entry, 
and this prepares the converter to accept 
a new entry. Each of the succeeding lines 

of the entry will have a zero in the A posi- 
tion, and thus the next appearance of a 1 

indicates that the preceding entry has been 
completed and that a new one is to begin. 

Most of the information on such a tape 

can be transferred directly to the card, but 
for certain items, such as the calling office 

designation and the start time, a transla- 
tion is needed. Only a single digit is re- 

corded on the tape entry to indicate the 
office — the B digit in the first line. This is 

because a single tape records only calls 
handled by a single marker group, and such 
a group never handles the calls of more 
than ten offices. The marker group to which 
  

* See page 52. 

the tape applies is recorded at the end ot 

the tape and is set up on the control panel 

of the converter before the tape is inserted 
in the reader, and from the marker group 
and the office index, the B digit of line 1, it 
is possible to derive the three digits identi- 
fying the calling office. This is one of the 

translations that the converter makes. 
The start time of the call was originally 

recorded as six digits: day tens and day 

units; hour tens and hour units; and min- 
ute tens and minute units. As already de- 

scribed,* however, these six digits are re- 
coded so as to require only five digits on 

the tape supplied to the converter. Another 
translation is therefore required to reconvert 

the start time to the original six digits. With 

these and some minor additional transla- 
tions, all the information on the input tape 

is transferred to the card. The card is of the 

form shown on Figure 5. 
Such a card has eighty columns and 

twelve horizontal rows. These rows are 
designated, from top to bottom, 12, 11, 0, 

and then 1, 2, 3, 4, 5, 6, 7, 8 and 9, while 
  

* See page 97. 

Fig. 2—W. B. Groth and L. J. Koos examine a toll 

message card punched by the AMA Tape-to-Card 
Converter. 
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Fig. 8— Block Dia- 
gram of the Tape-to- 
Card Converter. 

Fig. 4—A diagram in- 
dicating the spaces 
available for a toll 
entry on an input 
tape to the converter. 
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the eighty columns are indicated from left 

to right along the bottom of the card. Indi- 
vidual items of information are found in 

one or more columns. Information requiring 

three digits, for example, will be punched 
in three columns with one digit in each 

column. The particular card shown in Fig- 
ure 5 was for a call from Office 236, and 
this calling office designation will be found 

in Columns 55, 56 and 57. An inspection of 
the card will show that in Column 55, the 

2 has been punched out; in Column 56, the 
3; and in Column 57, 6. A similar method is 

employed for all items. The called number 
for the card of Figure 5 was 1614], and 
these digits will be found punched out in 

Columns 63 to 67, inclusive. Column 62, 

which is also one of the columns reserved 

for the called number, is used only in the 
comparatively rare cases when the number 
has a digit in the ten thousands place. Rows 

11 and 12 at the top of the card are used 
only for special information such as the 
type of card and certain check information. 

These cards move through the machine 

at right angles to their length. There are 
eighty punching magnets, one for each 

column, and Row 12 is punched first, Row 
11 next, then Row 0 and so on. The vari- 

ous items of information are not punched 

one after the other but rather the zeros 

in all the items will be punched at one 
time, then the I’s in all items, and so on. 

After all the information of one entry 
of the input tape is recorded in the input 

registers and translated where necessary, it 

is transferred to the output registers where 
it is then available in the correct form for 

the punching process. The procedure 
leading to punching may be followed with 

the help of Figure 6. A sequence circuit 

grounds twelve emitter leads one after the 
other, and following the grounding of each 

lead, one row of the card is punched and 
the card is stepped ahead ready for punch- 
ing the next row. These twelve emitter leads 

are multipled to the output registers and 

are so associated with the register relays 
that a ground on the zero emitter lead, for 

example, will pass through contacts of the 
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relays of all registers that have a zero re- 
corded to operate a check punch relay and 
a punch relay in series for each digit of in- 
formation. F ollowing this, a circuit breaker 
operates and sends current through the 
contacts of all the operated punch relays 
and thus operates the proper punch mag- 

nets. The punch relays are released follow- 
ing the punching, but the check punch re- 
lays are held operated until the card has 
been fully punched. 

After the sequence circuit has grounded 

the number 9 emitter lead, all of the check 
punch relays required for that entry will be 

  

poo Ecc dT 
EMITTER 

  

                    

  

    

    

  

    

  

  

  

                                    
  

  

  

    

  

  

Hed Had aid a 
g------- a CALLED | CALLED | CLass SEQUENCE 5 8} CALLING | CALLING | START | Geerce | NuGoR On CHARGEABLE 
MONTH | OFFICE LINE TIME arREA |& PARTY! CALL TIME 1 

= 

RELEASE 
we SIGNAL 

LT 

OTHER CHECK PUNCH CHECK 
AND PUNCH RELAYS GOOD caRD PUNCH 

(1 SET PER DIGIT) PUNCH. RELAYS 

* Ci] x PUNCH 
RELAYS 

= 

oo 4 

| 
| IBM 

CONTROL 
PANEL 

60 61 70 71 80 | 
6 6-—---9 Odean | 

be 
~\ ( f12 

SYNCHRONIZING | | 
i 

L__ SIGNALS Og || IBM 519 SUMMARY PUNCH WH. 1am | | | CIRCUIT (4 ng | BREAKER 

Fig. 6 — Simplified diagram outlining the punching procedure. 

3 4 ' 5) | rene | | SA A - ' ' 1 ' I I ' 1 ' ! I | i i ! i ! | \ I ! puT 2 Ps + REGISTERS i T 1 | | * I 
' ' ! 1 ' ' ! \ ' \ { ! i ' I | | 1 ' | \ OUTPUT tii { 21 ' I \ 13 ! i I 4 i \ REGISTERS FI 7 

! i | \ \ i ' 1 i | i ! | ' i | PUNCH 3 i { é ! LL 3 | Lt 4 1 ! | 
| | ! ! | \ ' ' \ \ | \ | I | ' \ 1 ( | 1 t | 1 | 1 | | 1 | 1 ! 1 i | i { | | { LV L 1 1 1 1 L 1 i i L i L i i { 1 Oo 01 02 03 04 05 06 07 08 O09 10 i te 13 14 15 16 17 18 19 20 

TIME IN SECONDS 

Fig. 7 — Time chart showing overlap operation of the converter. Successive entries are indicated 
by numerals over the lines indicating the operated condition. 

  

114 

i" 
a. 

' 
q } 

v
x
 

a
 

  

 
downloaded from: TCI Library - http://www.telephonecollectors.info - Source: Connections Museum, Seattle, WA



dd
d)
 

h
o
t
t
 

a
 

ba
l 

Ca
ul
k 

o
l
a
)
 

    
ig. 8—L. J. Koos removes toll message cards 

punched by the AMA Tape-to-Card Converter. 

operated, since as already mentioned the 
check punch relays are held operated after 
the punch relays are released. At the time 
the last check punch relay is operated, 

therefore, a circuit will be closed to the 

good-card punch relay. As a result when 
row 9 is punched a punch is made in column 
74, designated AMA check on the card, to 
indicate that the correct number of punches 

has been made in the card. The operation 
of the check relay for the good-card punch 

has closed a circuit to the release control, 
and through it—after the No. 9 row has 

been punched — the output registers and 

the check punch relays will be released and 
the card will be automatically advanced in 

order to allow a new one to take its place. 
The card machine is capable of operat- 

ing at the rate of 100 cards per minute, 
and thus only 0.6 second is required to 
punch the twelve lines of one card. Since 
the reader operates at sixteen lines per sec- 
ond, it reads the five lines of an entry in 
only a little more than half of the time 
required to punch the card. To permit op- 

eration at the full capacity of the punch — 
100 cards per minute — an overlap opera- 
tion is provided. Entry No. 2 is being read 
while the card for entry No. 1 is being 
punched, and so on. This is indicated in 
Figure 7. After the last row of a card is 

punched, the output registers are released 
and immediately afterward the input reg- 
isters transfer their information for the 
next entry to them. A check circuit of the 

output registers then releases the input 
registers. This starts the reader, which reads 

the five lines of the next entry and then 

   
Fig. 9 — W. B. Groth and L. J. Koos test for trouble in 

laboratory model of the Converter. 

ceases to advance until the input registers 

are again released. 

The printing on the cards and the type 
of information put in the various columns 
may differ at different accounting centers 
because of local conditions. To permit this 
flexibility, the contacts of the punch relays 
and the leads to the punch magnets are con- 

nected to jacks on the control panel of the 
punch machine. Plug leads are used to as- 
sociate the various punch relays with the 
punch magnets. 

After a card is advanced in the punch 

beyond the punching stage, it is sensed to 
insure that the correct number of punches 
has been made. This is called double punch 

and blank column detection and may be as- 
signed to columns on a flexible basis through 

the IBM control panel. 

The card may be end printed with quar- 

ter inch characters in the next station of the 
card punch. Connect time and calling line 
number, selected by control panel wiring, 

are shown end printed at the left side of 
Figure 5. These items are used for visually 
selecting certain message records. 

The end printing completes the over-all 

tape-to-card conversion process. Cards 

punched by the tape-to-card converter are 
then processed in a punched card machine 

system where they are sorted by called 
place, gang punched in certain of the blank 

columns with rate and called place informa- 

tion, sorted by calling line number, and 
finally used in a tabulator for printing the 

toll service statement. This statement then 

becomes available for sending to the cus- 
tomer. 
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Test ‘Tapes for Automatic 
Accounting Centers 

Machines of the automatic message ac- 
counting center*—assemblers, computers, 

sorters, summarizes, and printers—are of a 

type unique in telephone systems in that 
they function without benefit of intercon- 
necting leads to pass intelligence from one 
to another. In place of the more usual wire 
connections, these machines read _ holes 
which have been perforated in paper tapes 
to gain the information necessary to their 
jobs, and all of them provide a physical 
output in the form of other punched tapes, 
printed call tickets, or summary sheets. 

Four of the machines, the assembler, 
computer, sorter, and summarizer, per- 

forate other tapes to furnish information to 
subsequent machines in the processing 
series, while the printer makes its output 

* See pages 47, 52, 59, 65, 85 and 92. 

Fig. 1—The test tape perforator includes a reader, 

L. A. KILLE 
Switching Systems Development 

in the form of typed records. In all cases, 
all operations of each machine are fully de- 

termined by the punched hole information 

on the tape which is fed into it. Similarly, 
for every punched paper tape fed into a 
machine, there can be only one correct out- 
put whether in the form of tapes or printed 
matter. Such machines can best be tested 

by means of specially prepared test-tape in- 
puts and by checking the machine’s output 

against master output tapes or lists, pro- 

vided this checking or comparing process 
can be carried out with sufficient speed and 
accuracy. 

Since each line of an AMA tape is in 
the form of coded six-digit numerals, the 
tapes used to feed the test information to 
each machine, and also those used for 
comparison with the machine’s output, are 
designed by preparing lists of numbers to 

two key sets on a table, and a small relay 
cabinet evident just below the table top at the right. 
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represent the information to be punched 

into the tapes. These numbers are tailored 
to the operating peculiarities of each ma- 
chine so as to provide as complete testing 
as possible with a minimum number of en- 
tries. The number lists also carry informa- 
tion for key manipulations and some other 
special operations required of the test man. 

Copies of these number lists are also used 
by the test man in locating trouble when 

the machine stops during testing. For this 
reason the lists are also made to carry as 
many “sign posts” as possible to facilitate 

analysis of troubles when they occur. Sev- 
eral expedients are used for this purpose: 

digits that do not affect the operation of 

the machine on particular tests are ar- 
ranged in ascending numerical order; de- 
liberate errors are introduced into the tape 
to cause machine stoppages at predeter- 
mined points; and meaningless repetitive 
entries are used to mark certain positions 
on the tape by producing visually recog- 
nizable punched hole patterns. 

After the number lists have been de- 
signed, the test tapes represented by these 
number lists must be manufactured. To 
facilitate this operation, a test tape per- 
forator was developed. As shown in F igure 
I, this consists of two key sets mounted on 
a table on which is also mounted a small 
cabinet for the register and relays that con- 
trol the operation of a perforator of the type 
used in other AMA machines.* In per- 
forating a test tape, two operators are used, 
and each is furnished a copy of the test 
tape number list. Each operator writes the 
entries on her list on her own key set. Since 
the lists are identical, the operators should 
be writing the same number at each writ- 
ing. The associated relay circuits monitor 
the results of the two operators’ keving for 
each line of six numbers by a match check 
similar to that described later in this article 
for the tape comparer. If the numbers 
match, the relay circuit causes the associ- 
ated perforator to perforate the number 
corresponding to the identical key setups. 
The keys of both operators are then auto- 
matically restored, and the operators pro- 
ceed to write the next line. If any lack of 
agreement in the key settings is found, the 

  

* See page 18. 

  
Fig. 2-A tape comparer employs two readers, a 
large cabinet of relays and other control apparatus. 

circuit refuses to perforate the line until 
the operator at fault corrects the error. 

In addition to the design and manufac- 
ture of the test tapes and test tape lists, 
there still remains the problem of making 
the comparison with the machines’ outputs 
sufficiently rapid and accurate. In the case 
of the printer, a visual check of the output 
is unavoidable. This check, however, has 
been made as convenient as possible by 
showing the expected output in printed 
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form on the input test-tape number lists 
alongside the entry line numbers. 

A different sort of problem is posed by the 
assembler, computer, sorter, and summa- 

rizer. The output tapes from these machines 
contain thousands of lines of punched holes 

which must be compared with previously 
prepared output test tapes to determine if 

they are exact hole-for-hole duplicates. To 
provide a speedy and accurate means of 
tape comparison, a tape comparer was de- 

veloped. It is used also for comparing new 

test tapes with the originals. Since the test 
tapes are paper, their life is limited. Thus 
new tapes must be made rather frequently, 

and these reproduced test tapes must also 

be compared line-for-line before the worn 
originals may safely be discarded. 

The tape comparer, shown in F igure 2. 
employs two standard tape readers, and 
the tapes to be compared are fed into them. 
Relays in the comparer so control the line 
stepping of the two readers that the tapes 
are compared for identity line-for-line; the 
machine stops and sounds an alarm when- 
ever any lack of identity is noted or when- 
ever either tape violates the code system 
used by having too many or too few holes 
on either tape. 

Included in the relay cabinet at the right 
of the two readers are two relay registers, 
one for each reader. As each line is read, 
the six-digit number is recorded on the as- 
sociated register. A circuit is wired through 
the contacts of the register relays in such 
a way that unless the same numbers are 
recorded on both registers, and unless, for 
each 2-out-of-5 digit, two and only two of 
the five relays are operated, the circuit will 
not be closed and the two readers will not 
be stepped to the next line. The portion 
of this circuit for the last digit of the line 
is shown in Figure 8. 

To obtain the highest speed of operation 
and to provide reliability, it was found nec- 
essary to operate the two readers in syn- 
chronism with each other. In view of the 
fact that the readers are driven by induc- 
tion motors and fixed gear trains, this pro- 
vided an interesting problem. The solution 
was found by taking advantage of the fact 
that, with a fixed load, induction motor 
slippage can be made to vary slightly with 
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the applied voltage. The reader motors are 
required to drive only a relatively light and 
fairly constant load consisting of the reader 
gear train and tape reading and moving 
mechanism. It was found that the inser- 
tion of a fixed resistor into the power feed 

of one reader motor after it had reached 
running speed was sufficient to guarantee 

that it would run somewhat slower than the 
other reader motor and still leave sufficient 
reserve power for all reader operations, 
Control over the other reader for syn- 
chronizing purposes was obtained by pe- 
riodically cutting in and out a resistance in 
series with its power circuit. The control 

arrangement used is shown in the simplified 
diagram, Figure 4. 

To understand the operation of this cir- 

cuit arrangement, assume that readers a 
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Fig. 4—Simplified schematic of control circuit that 
keeps the two readers operating in synchronism. 
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and B are running with their respective cam 
contacts J and H momentarily in synchro- 
nism. Relays a and 8 operating from these 
contacts will also be in synchronism and 
there will be no tendency for relay Pp, which 
is in series with the reversed transfer con- 
tacts, to operate. Reader B however, is run- 
ning faster than reader a because of re- 
sistor C in series with the reader a motor. 
Contact H and its relay 3, will, therefore, 
become slightly out of phase with contact 
J and its relay a. With relays a and p 
slightly out of phase, ground pulses are 
delivered to the 8-mf condenser P through 
resistor P at the beginning and end of each 
reader cam cycle. As the out of phase re- 
lationship increases, these ground pulses 

discharge condenser P to the point where 
the difference between the potential on 
condenser P and the 50-volt supply becomes 
sufficient to operate relay p. The opera- 
tion of relay P causes the release of the 
power control relay pc which in turn in- 
troduces resistor c1 into the power leads 
to the reader B motor. This relatively high 

resistance in its power leads causes the 
motor of reader B to lose speed, thus bring- 
ing contact H back into phase with contact 
J. This brings relays a and B also back 

into phase with each other, thus ending 
the ground pulses to the pulse summarizing 
condenser P. 

The ending of these ground pulses per- 
mits the potential to build up on condenser 
p to the point where relay Pp releases, re- 
operating relay pc. With the re-operation of 
relay pc, the speed of reader B is once more 
increased because of the removal of re- 
sistor C1 from its power leads, and the speed 
control cycle, just described, repeats itself. 
This arrangement provides a degree of syn- 
chronization sufficient to keep both readers 
stepping reliably on each line read and to 

avoid the loss of time which would other- 
wise result from each reader waiting for 
the other when out of synchronism. 

Because of the flexibility of the test tape 
method of testing, it has been possible to 

impose upon each machine a much greater 
number of testing conditions than would 
have been practicable with specially de- 

signed test sets or manual testing. Also, 
since test tapes are made to conform in 

general with the requirements for the reg- 

ular processing tapes, their use permits 
some of the routine testing to be done, if 
desired, by the regular operating forces. 
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A Test Unit for AMA 

Perforators and Readers 

To simplify the testing and adjusting of 

perforators and readers used in the AMA 

system*, the test unit shown in Figure 1 

was developed by the Laboratories as part 
of the maintenance facilities for accounting 

centers. It consists of a cabinet type relay 

bay, which houses the relay equipment of 

the test circuit and a rectifier for supplying 

50 volt de power, and a table carrying a 

control turret and mountings for a reader 

and a perforator. These mountings incor- 

porate jacks through which the reader or 
perforator is electrically connected to the 

test circuit. The perforator mounting at the 
left, rides in a sub-base and turn table so 

arranged that after a perforator is plugged 

into the test circuit and fastened, it may be 

* See pages 5, 18, 47 and 52. 

Fig. 1—Perforator and reader test unit. 

A. R. BONORDEN 
Switching Systems Development 

tilted and rotated to expose any face toward 

the attendant for adjustment purposes. The 

design also permits the bottom face of the 
perforator, which carries the paper advance 

mechanism, to be so exposed, as indicated in 

Figure 2. 
Immediately behind _ the perforator 

mounting, rests an oscilloscope used to 

check reader contacts under dynamic con- 

ditions for chatter and phase difference. 

This instrument, being portable, is also 

available to the maintenance force for use 
outside of the test room. Floating fluores- 

cent lighting fixtures are located above each 

of the machine mountings. The fixture over 

the reader carries a 5-inch magnifying lens 

which provides an excellent aid to vision 

when checking and adjusting the reader 
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Fig. 2—By tipping up the perforator, sliding 
back and then rotating its mounting, its under- 

surface is exposed for inspection or adjustments. 

contact springs. Below the table, provision 
is made for holding blank paper tape for the 

perforator and perforated tape for the 

reader, and for collecting the output tape 
from each machine in metal bins. 

Also associated with the test unit is a 

cleaning cabinet, shown in Figure 3, which 

provides compressed air and a_ suction 
pump for removing accumulation of paper 

fibers and dust from the machines before 

adjusting, lubricating, and testing. 
Each accounting center reader has 

twenty-eight reading pins with their associ- 

ated spring contacts, two advance checking 
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fingers also with their associated contacts, 
and sixty other pairs of contacts arranged 

in two groups: a perforating group and a 

control group. These three sets of thirty 
pairs of contact springs are driven by sepa- 
rate cams on the drive shaft and are phased 
differently. 

In the lower part of the control turret 
there are three banks of thirty lamps on the 
right, and three banks of similarly arranged 
jacks on the left side of the turret. During a 

test, the lamps are associated with the three 
groups of contacts in the reader: thirty as- 
sociated with the twenty-eight reading pins 

and the two advance check pins, thirty with 

the perforator contacts, and thirty with the 
control contacts. The jacks give access to 

the reader contacts and also to the perforator 
magnets. Above the lamps and jacks are two 

meters and a group of keys used in con- 
trolling the various tests. One of the meters 
is a de voltmeter for indicating the output 

voltage of the rectifier; the other is a pulse- 
per-second meter used for indicating the 
running speed of the reader. 

Certain sub-groups of contacts on the 

reader make and break at different points of 

the reading cycle, and one of the static tests 
of the reader is made to determine that 

each contact makes and breaks within spe- 

cified angular limits of the drive shaft. In 

Fig. 3—Perforator being cleaned with com- 
pressed air in the cleaning cabinet. 
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Fig. 4—Each contact of the perforator group of 
the reader is associated with a jack and lamp 
as indicated at (a) and through its jack may be 
associated with a lamp in the top of the test 
table, as at (b) or with an oscilloscope, as at (Cc). 

making this test, the index wheel of the 
reader* is set to precise position while 

watching the lamps associated with the con- 

tacts to see that all those in each group 
light or go out within prescribed angular 

settings. When it becomes necessary to work 

on an individual contact spring, the strain 
of watching one lamp in a group is elimi- 

nated by a simple patch between the jacks 
at the turret. This patch connects the de- 
sired contact directly to a lamp located in 

the table top near the reader where its con- 

dition, whether lighted or not, is readily 
evident even though the eye is focused on 
the index wheel marking. 

The association of the lamps and jacks 

with the contacts of the perforating group 

is indicated by the top drawing of Figure 4. 

Somewhat similar arrangements are pro- 

vided for the other two groups of contacts. 
The lamp in the table top used for checking 

individual contacts is also associated with a 

jack, and it may be substituted for the lamp 

* See page 52. 
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in the turret by use of the patch cord indi- 

cated at (b) of Figure 4. It will be noticed 
that the reader contact is connected to the 

tip of the jack, and this is true of the equiva- 
lent circuits for all three groups. 
Among the dynamic tests of the readers 

are those for contact chatter, phase differ- 
ence of contacts, and false closure on blank 

tape. For the first two tests, the oscilloscope 
is patched through a simple jack circuit, in- 

dicated at (c) in Figure 4, to the reader 
contact to be tested. With the reader run- 
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Fig. 5— Auditory test circuit employed to detect 
closures of reading contacts sensing blank tape. 

  

false 

j 

  

ning, each closure impresses a small voltage 
across the input of the vertical sweep ampli- 

fier in the oscilloscope to cause the trace to 
move upward. When the horizontal sweep 

is synchronized with the reader speed, the 

two horizontal lines of the repetitive trace, 

representing the make and break portions 
of the cycle, will readily indicate any chat- 

a
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ter or bounce during the cycle. By means 

of patching in a second reader contact to 
jack Ls, it is possible to see the phase differ- 

ence between the closure or openings of the 
two contacts. The second contact when 

closed alone provides a vertical deflection 

half that of the first, and when both are 

closed together, the deflection becomes one 
and one-half times that of the first alone. 
With one cycle of the trace spanning thirty- 
six divisions on the oscilloscope screen, out- 
of-phase conditions greater than five de- 

grees are readily detected. 
A telephone head receiver plugged into 

jacks in the front apron of the table is used 
to detect false closure of any of the twenty- 

eight reading contacts with the reader run- 

ning and reading blank tape. Such contact 
closures are not necessarily cyclic and are 
difficult to observe on the oscilloscope 

screen. The telephone receiver provides a 

convenient method, and its sensitivity is ex- 

cellent for this purpose. The usual varistor is 

connected across the receiver to limit the 
intensity of the audible clicks emitted on 

closure and opening of a contact. 

The circuit arrangement used is shown in 
Figure 5. Three of the twenty-eight reading 
contacts are associated with the a digit of 

a line of perforations on an AMA tape, and 

five contacts are associated with each of the 

five remaining digits designated B to F in- 

clusive. The contacts for each of the six 

digits of a line of the tape are connected to 

the test circuit through a separate relay, and 
which relay is operated depends on the 

position of the Aup TEsT rotary switch. The 

first position of this switch, by operating 
relay ALL, connects all twenty-eight con- 

tacts to the test receiver. The lamps associ- 

ated with the contacts are not connected to 

the circuit unless the Lrt-3 relays are oper- 

ated from the aup CHECK key. 

Before making the test, however, it is 

necessary to make sure that the test circuit 
itself is not defective. With the reader run- 

ning without tape, the aup CHECK key is 

operated and released after observing that 
all twenty-eight reading lamps flash, 

which checks the paths between contacts to 
the lamps. The aup TEsT switch is then 

turned to the att position and the aup 
CHECK key again operated and released after 
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Fig. 6—Connecting paths of perforator magnets. 

  

observing that the same lamps light steadily, 
which assures that all contacts are con- 
nected to the test circuit. The receiver will 

now be emitting clicks. The actual test for 
false closures now consists in inserting blank 

tape into the running reader and noticing 
its effect on the output of the receiver. With 
blank tape in the reader none of the reading 

contacts should close and therefore all clicks 

should be eliminated. 
Should false closures be detected on the 

receiver with the AUD TEST switch on the ALL 

position, the switch is advanced step by step 
through the succeeding six switch positions. 
Each position leaves connected to the re- 
ceiver one of the a to F groups of reading 
contacts. When the location of the contact 
failure has been narrowed to a particular 

group, the receiver circuit is then extended 
through a patch cord to each of the test jack 
tip springs individually in that group to lo- 
cate the contact at fault. 

For a static test of the perforator magnets, 
the circuit indicated in Figure 6(a) is em- 
ployed. The jack indicated here is that for 
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Fig. 7—Test pattern on tape used in over-all test. 

one of the reading contacts, and like all the 

jacks has a reader contact connected to the 

tip. All the jacks for the twenty-eight read- 

ing contacts, however, have one of the per- 

forator magnets connected to their ring con- 

tacts. When no plug is inserted in the jack, 

and relays pct-3 have been operated for a 

perforator magnet test, there is a path 

through the winding of the check relay 

xp2 to the ring contact of the jack. The mag- 

net may be operated individually by a patch 

from this ring contact to a ground jack or to 

a 35-type test set*, which permits the cur- 

rent flow tests. 

During the adjustment of the perforator 

advance mechanism, it is necessary to have 

eleven of the perforator magnets operated. 

This is accomplished by rotating the reader 

index wheel by hand until the reading pins 

have completed their advance toward the 

drum on which has been placed a short 

piece of tape having a splice pattern. This 

allows eleven contacts to close and operate 

eleven magnets through check circuits like 

that of Figure 6(a). 
Two additional jack circuits shown at (b) 

and (c) of Figure 6 provide electrical ac- 

cess respectively to the perforator advance 

magnet (pam) and to the perforator ad- 

vance check magnet (Pac) when equipped. 

As an aid in effecting and checking adjust- 

ments of the associated mechanisms, these 

two magnets may be conveniently operated 

* Recorp, April, 1940, page 134. 
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by means of remote control keys (82A-test 

set) patched to jacks pAM and Pac. 
A final over-all operation test is used in 

which the reader under test reads a test 

pattern test tape, shown in Figure 7°, and 

drives a perforator known to be in good ad- 

justment. Similarly a perforator under test is 

arranged to be driven by the test reader. 

The test reader runs at a higher speed 

than service readers. It provides contact 

make and break periods which are repre- 

sentative of the shortest periods encount- 

ered by perforators serving in accounting 

center machines. The test pattern test tape 

provides a six foot length of “checkerboard 

pattern” preceded and followed by one foot 

of splice pattern. During the passage of this 

test tape through the reader the perforator 

is caused to perforate the pattern line by 

line as read, each magnet being operated 

from the corresponding reader contact over 

a test jack circuit such as Figure 6(a). 

Just before the end of the test tape 

reaches the drum of the reader, the reader is 

stopped, the test tape is removed, and the 

leading end of the output tape from the 

perforator is inserted into the reader to 

initiate a “feedback” test. The reader is 

again started and allowed to run for five 

minutes during which time ihe perforator 

reproduces eight or nine complete test pat- 

* Specification X-64669B, List 1. 

Fig. 8-The KS-14343 tape reader in position 

on a tape disclosing a good line. 
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tern test tapes in tandem as a continuous 

output tape. Inasmuch as each such test 

tape is derived from the preceding test tape, 
any tendency toward malfunctioning in 

reading or perforating very often provides a 

cumulative worsening of any defective per- 

foration through the reproduction stages so 

that these conditions are readily noticed 

when making a visual examination and com- 

parison of the last and first test tapes in the 
output. Easily noticed also are missing lines 
and extra lines indicative of a failure of the 

drum to advance in the perforator and 
reader respectively. 

The duplication at the test table of test 

Test room at Newark showing tape comparer 
test unit. 

| 
fs 

tapes for the processing machines of the 

accounting center is also an important func- 

tion and is accomplished as explained above 

for the initial reproduction ot the test pat- 

tern tape. If errors exist in such input 
test tapes, they must be previously located 

and marked with the aid of the KS-14343 

tape reader, Figure 8, so that the reader 

may be stopped a few lines ahead of the line 

containing the error. Control means then 

permit alternately stepping to and perforat- 

ing each good line, and with dummy plugs 
and a patch cord the error may be corrected 
in reproduction or the bad line may be per- 

forated correctly hole by hole. 

  
unit, perforator and reader test unit, and printer 
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Performance Studies of 

AMA Readers and Perforators 

H. T. DOUGLASS 

Switching Systems Development 

Perforators and readers, used in the ac- 
counting center of the AMA system, may 
be subjected to 25,000,000 and 250,000,000 
operations per year, respectively, and in 
spite of their heavy operating schedules, 
they must perform reliably and require a 
minimum time-out-of-service for mainte- 
nance purposes. This goal has been achieved 

not only by rugged design of the machines 
but also by obtaining a thorough knowledge 
of the operating capabilities of the appara- 
tus through intensive laboratory studies, 
thereby permitting the machines to be used 
at their optimum capability in the various 
circuit applications. These studies of read- 
ers and perforators were undertaken for 
three general purposes; first, to determine 
the operating characteristics of the reader 
or perforator as manufactured; second, to 
recommend changes in design to improve 
speed, assure reliability, lengthen mainte- 
nance-free service periods, and to increase 
circuit operating margins; and third, to es- 
tablish working limits and field test require- 
ments for the final product to insure the 
maximum service interval before readjust- 
ment is necessary. 

The physical characteristics of the paper 
tape used for recording call data have con- 
siderable influence on the reliable operation 
of readers and perforators. The texture of 
the tape must be such as to permit it to be 
readily punched by the perforator, yet 
strong enough to resist penetration by re- 
peated impact of the reading pins when the 
tape is stationary in the reader. Oiled per- 
forator tape paper four thousandths of an 
inch thick was selected as providing the 
best over-all performance. This is a No. 1 
grade (best quality) sulphite bond paper 
made without the clay loading usually used 
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in sulphite papers to render them more 
opaque and to make the surface more sat- 
isfactory for writing or typing. Clay loading 
is considered objectionable in AMA tapes 
because it increases abrasiveness of the 

paper. 
The tape, three inches wide, is sup- 

plied in approximately three-thousand foot 
lengths, which are fan folded into a nine- 
teen-inch package approximately eleven 
inches high. Folding in this manner permits 
the tape to be withdrawn from the container 
without excessive drag, and makes a con- 
tinuous supply of tape available for the per- 
forator, since the trailing end of one package 
can be readily spliced to the leading end 

of the next package. 
The early experimental models of readers 

and perforators were designed and con- 
structed under the direction of W. W. Car- 
penter. To establish the range of operating 
capabilities, the models were tested under 
limiting conditions, simulating extremes of 
actual operating conditions. To do this a 
special laboratory test frame was con- 
structed which provides facilities for repet- 
itive or start-stop operation of a group of 
perforator magnets at various speeds and 
circuit closure intervals. The circuit, shown 
in Fig. 1, is arranged so that pulse-machine 
closures operate a group of fifteen mercury- 
contact relays each of which, in turn, when 
operated, closes a ground to operate one of 
the perforating magnets. Jacks and keys pro- 
vide facilities for operating the perforator 
magnets in any desired combination, as well 

as the paper advance magnet. The mercury 
contact relays provide chatter-free im- 
pulses, and adjustment of the timing po- 

tentiometer permits the operate and release 
times of the relays to be made equal so 
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that no distortion of the impulses is indi- 
cated when the pulse trace is observed on 
an oscilloscope. The impulse which controls 
the paper advance mechanism may be de- 

layed in continuously variable amounts up 
to nine milliseconds by the condenser-timed 
delay relay. Controlled variations in the 
speed and the ratio of make-to-break inter- 
vals of the pulse machine provide means for 

establishing the limiting conditions under 
which satisfactory operation of the perfora- 
tors may be obtained. 

For satisfactory perforator operation, all 
magnets, when operated in groups of four- 
teen, must produce well centered, fully em- 

i 

determined. The variations investigated in- 
clude adjustments of armature travel, dis- 
tance of perforating pins from tape, arma- 
ture restoring spring tension, and similar 
factors. Proper consideration is also given 
to the effects of magnetic interaction and 
the vibration of the parts under repetitive 
operation at various speeds. 

To determine the capability range, im- 
pulses of a selected speed were applied to 
the groups of perforating magnets, and the 
ratio of the open and closed periods of the 
impulses was varied in small steps until the 
perforator either failed to advance the tape 
properly or until inspection of the perforated 

  

  
A reader at the left and two perforators at the right as used in an AMA accounting center. 

bossed, uniform perforations, and the ad- 

vance of the tape through the perforator 
must be accomplished without observable 
irregularity. The over-all operating capa- 
bility of the perforator is thus limited either 
by the perforating magnet having the poor- 
est capability or by the paper advance mag- 
net. In making these tests, the effects on 
over-all capability of series check relays, of 
variations in mechanical adjustments of the 
individual perforating magnets, and of vari- 
ations in lead resistance and voltage are also 

tape disclosed light, missing, or off-center 

perforations. When this point had been de- 
termined, the make-break ratio of the oper- 
ating impulses was adjusted until satisfac- 
tory perforations and advance of the tape 
were obtained and the maximum and mini- 
mum settings were recorded as the limiting 
capability at the selected speed. Similar data 
were obtained at speeds ranging between 
five and twenty-five impulses per second. 
To estimate the anticipated life of the per- 
forators, the models were operated continu- 
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Fig, 2-Shadowgram showing movement of the CO perforating arm. 

ously with frequent inspections to determine 

the wear and adjustment changes. 
The results of the tests outlined above 

indicated that the design was functionally 

satisfactory. The need for modifications of 
the original design to reduce wear, increase 
reliability of operation, and facilitate manu- 

facture and field maintenance, however, was 
also indicated. Some very effective tools for 

determining and recording the various mo- 
tions are the stroboscope, the shadowgraph, 

and the high-speed motion picture. A pre- 
liminary analysis of the motions of the vari- 

ous parts was obtained by operating the 
perforators at various speeds and circuit- 
closure times from an interrupter, and ob- 
serving the motion of the parts using a strob- 
oscope. In this manner critical motions were 
located and selected for more detailed study 
and analysis. By means of the stroboscope, 
the apparent motion of the various parts 
may be slowed or stopped and the action of 
the parts under operating conditions ob- 
served visually, 

For more detailed study of the motion of 
individual parts and the relation of this 
motion to the current flow through the mag- 
nets, the rapid record oscillograph equipped 
with a shadowgraph attachment was used 

Fig. 3-Shadowgram showing motion of the armature of the paper advance magnet. 

  

for obtaining a photographic record of the 
time relation of the events involved. Figure 
2 shows a typical shadowgram illustrating 
the movement of the perforating magnet 
arm, and Figure 3 is a similar illustration 
showing the motion of the arm of the paper 
advance magnet. The electrical circuit of 
the magnet is connected to the oscillograph 
string in such a manner that a deflection 

proportional to the current through the mag- 
net is reproduced on the sensitized paper. 
Superimposed on this current record is the 
shadow showing the motion of a point on 
the arm as it moves from the unoperated to 
the operated position. The trace of the cur- 
rent operating the perforating magnet is 
marked co on both oscillograms, while that 
for the current to the paper advance magnet 
is marked PAPER ADVANCE. Trace F7, which 
is in synchronism with co, may be neglected. 
The fine vertical lines of the figures are 
spaced one millisecond apart, thus provid- 
ing a positive measurement of the time of 
application of the operate current and the 
motion of the arm. By this means the speed 
of motion of critical parts was determined 
for establishing final requirements, High- 
speed motion pictures of the action of vari- 
ous parts under repetitive operation con-    
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tributed further to the determination of the 

capability of the perforators, and disclosed 

interactions that could be eliminated by 

modification either in mechanical adjust- 

ment or in the associated control circuits. 

After analyzing motions of various parts 

of many typical perforators by the method 

described above, a composite chart of the 

seconds passes before the magnet begins to 
operate, and about twelve milliseconds more 

is required for the perforating pin to com- 
plete its travel. These figures are averages; 
the maximum and minimum are both indi- 
cated on the diagram. A dwell period of 

about four milliseconds is then allowed to 

insure a crisp, fully embossed perforation 
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Fig. 4—Maximum operating limits of the KS-13882 perforator. 

perforator operation was prepared and used 

to establish limits of operation from which 

maintenance and manufacturing require- 

ments were set. This type of chart is illus- 

trated in Figure 4 for the limiting capability 

of the perforator. The circuit to the perfo- 
rating magnet is closed at the left end of 

the upper diagram and remains closed for 

twenty-three milliseconds. About six milli- 
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before the circuit to the magnet is opened 
and the perforating pins are retracted, A 
horizontal line indicates the point where 
the pin touches or leaves the paper tape. 

The circuit to the paper advance magnet 
is closed about eight milliseconds after the 
circuit to the perforating magnet has been 
closed. Tape advance is accomplished, how- 
ever, on the release of the paper advance 
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magnet, and the circuit to the magnet is 
not opened until after the perforating pins 
have started to retract. Because of the coni- 
cal ends of the perforating pins, indicated 
in Figure 5, rotation of the drum may be 
begun before the perforating pin has com- 
pletely left the paper. Actually nearly half 
the rotation has been made by the time the 
tip of the perforating pin leaves the upper 
surface of the paper. 

Figure 6 shows the test limits established 
for the perforators to insure proper opera- 
tion in service based on a testing speed of 
twenty pulses per second. Service operation 
is at a speed of sixteen pulses per second, 
twelve milliseconds being added to the 
closed contact intervals to provide time for 
the operation of associated circuit control 
relays before the perforating pulse is applied 
to the magnets. 

Mechanical requirements applying to the 
various moving parts were selected to insure 
maximum over-all speed of operation and 
fully embossed uniform perforations. Varia- 
tions of such adjustments as perforating- 
magnet armature travel, retractile spring 
tension, and operated armature gaps were 
explored, and limits were established that 
would insure most effective operation of the 
perforators. For example, the retractile 
spring tension of the perforating magnet 
must be sufficiently high to insure proper 
withdrawal of the pin, but must not be high 
enough to require excessive current through 
the magnet or to increase the maximum 
operate time of the magnet beyond the lim- 
its imposed by the over-all operating condi- 
tions. Oscillographic records of operate and 
release times obtained with various retrac- 
tile spring tension adjustments supplied the 
basic information for establishing the ulti- 
mate requirement. 

To show the full satisfactory operating 
range of the perforators and the relation- 
ships of the various test points to this range, 
plots like that of Figure 6 were employed. 
The duration of an operating cycle, which 
is the reciprocal of the operating frequency, 
consists of a break period, b, and a make 
period, m, of the circuit to the operating 
magnet; and the break period as a percent- 
age of the total, p, is thus 100b divided by 
m + b. When the break period is too short, 
the drum will not advance properly because 

the pins will not have sufficient time to with- 
draw. When the break period is too long, 
on the other hand, the make period will be- 
come too short to allow the pins to perforate 
the paper properly. There is thus both a 
lower and an upper limit for the per cent 
break period at any frequency, and these 
are indicated by the two curves of F igure 7. 

The per cent break is readily varied for 
test purposes by changing the make-to-break 
ratio of the interrupter supplying the oper- 
ating magnets. The lower curve of F igure 7 
was obtained by adjusting this ratio at vari- 
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ous operating frequencies until the shortest 
break period was found at which the per- 
forator would advance properly. Similarly 
the upper curve was determined by increas- 
ing the per cent break until the make period 
was just long enough to give satisfactory 
perforation. If the minimum break period 
were the same at all frequencies, the lower 
curve would be a straight line with the 
equation p = 100bf. As may be seen from 
Figure 7, the lower curve is a straight line 
and gives a break period of about 17.6 milli- 
seconds. Similarly if the same minimum 
make period was required at all frequencies, 
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the upper curve would be a straight line 
with an equation p = 100 (1-mf). This curve 
also is seen to be straight, and gives a value 
of m of 16.3 milliseconds. The maximum 
operating frequency, which is the recipro- 
cal of m + b, is thus 29.5 cycles. This, it 
will be observed, is the frequency where the 
curves intercept. 

Any combination of per cent break and 
frequency that lies in the space enclosed by 
these two curves is within the limiting over- 
all capability of the perforator. The normal 
operating point is indicated by a circle, 

provide for circuit control, paper advance, 
and perforator operation. 

In the accounting operation, each line of 
information on the input tapes must be ac- 
curately read and recorded before the tape 
is permitted to advance to the next line. 
The paper advance mechanism of the reader 
is held locked in position under circuit con- 
trol until the associated circuit indicates 
that the line has been accurately read and 
recorded. At this point the drum locking 
feature is released permitting the reader to 
advance to the next line. Critical time mar- 
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Fig. 6—Operating-time chart for perforator test at twenty cycles per second. 

   

  

  

while the field test point is indicated by a 

triangle. Shop test points for minimum break 
period and minimum make period are also 
indicated. 

The primary function of the accounting 
center reader is to translate the perforations 
in the tape into contact closures of proper 
duration to cause the associated relay cir- 
cuits and perforators to function and thus 
accomplish the assembling, sorting, comput- 
ing, and billing functions incident to proc- 
essing the tape. Auxiliary contacts, operat- 
ing either in synchronism with the reading 
contacts or at a predetermined interval later, 
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gins are involved in these operations, and 
laboratory studies established release times 
adequate to insure proper movement of the 
tape during circuit operation. 

The permissible variation in phase of the 
reading and control contacts, the effect of 
instantaneous speed variation on the reader 
pulses, and the effect of the drag on the in- 
put tape were explored and the design of 
the readers and the associated control cir- 
cuit coordinated to insure adequate mar- 
gins for accurate reading. 

Laboratory studies on the current readers 
were concerned chiefly with the determina- 
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tion of the operational characteristics of the 
various parts of the reader mechanism and 
the over-all coordination of these character- 
istics with the circuit conditions imposed 
by the associated circuits. Items considered 
in the laboratory studies included contact 
phasing and chatter, margins for preventing 
false closure on unperforated tape, inter- 
poser magnet operate and release character- 
istics, relation of drum motion to reading 
pin motion, and the resistance of tape to 
false perforation under repetitive impact of 
the reading pins. As in the case of the per- 
forator, the stroboscope, the rapid record 
oscillograph, and high-speed motion pictures 
were used to obtain data for use as the basis 
of establishing requirements for mainte- 
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nance and for recommended improvements 
in reader design. 

The initial commercial installation of the 
AMA system was put into operation in Phil- 
adelphia during 1948. Subsequent installa- 
tions have been made in Newark, Chicago, 
Detroit, and other locations. The per- 
formance of the readers and perforators in 
these installations has been outstanding, 
and has clearly demonstrated the value of 
thorough analysis of the inherent capabili- 
ties of the apparatus in its application to 
the proposed circuit arrangements. Labora- 
tory studies of the readers and perforators, 
with the resultant improvements, contrib- 
uted materially to bring about the reliable 
record of operation of these machines, 
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Fig. 7—Operating range of the perforator in terms of 
frequency and of the ratio of the break period to the 
length of the operating cycle, which is the reciprocal 
of the operating frequency. 

133

downloaded from: TCI Library - http://www.telephonecollectors.info - Source: Connections Museum, Seattle, WA



Accuracy Provisions in AMA 

Although a high degree of dependability 
is sought and maintained in all telephone 
circuits and operating procedures, it be- 

comes of dominant importance in the auto- 
matic message accounting system. If the 

bills presented monthly to customers are not 
accurate, the system producing them can- 

not be justified regardless of any favorable 
features it may possess. This need for accu- 
racy was recognized at the very beginning 

of the development of the AMA system, and 
has been the guiding influence throughout. 

Other articles have described various 
features built into the central office equip- 
ment to assure accurate central office tapes. 
Such features are provided in the individual 
relay circuits, which tell what is happening 

on each call, in the circuits for electrically 
transferring charging information through 
the numerous central office paths, in the 
timing circuits, and in the equipment for 
perforating the information in the central 
office tapes. Trouble entries are automati- 
cally made when an irregularity has been 
detected that might affect charging, and 
special testing facilities are furnished to aid 
in locating and clearing troubles. In account- 
ing centers, which process the output of 
many central offices, accuracy provisions 
play an even greater role. Earlier articles on 
accounting center equipment have indicated 
some of these, and others are described in 
the present article. 

Undoubtedly the most important accuracy 
aid is the 2-out-of-5 code. It is used exten- 

sively in both central office and accounting 
center design, and it has merits for electri- 

cal storage and transfer of information simi- 
lar to those afforded in recording on paper 
tape. As has been described earlier, the rec- 
ords on the central office tapes, and on the 
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numerous tapes prepared in the course of 

accounting center processing, consist of 

coded numbers perforated in successive 
lines across the tape. There is space for six 
digits in each line, and all except the first, or 
A digit, which is used only to aid in identify- 
ing information carried by the rest of the 
line, are perforated in the 2-out-of-5 code. 

In the space allowed for each digit there is 
room for five perforations, but of these pos- 
sible five, two and only two are used to rep- 

resent a digit. All the accounting machines 
are arranged so that during the reading, 
recording, or perforating of information they 

check that there are two and only two ele- 
ments for each digit. Practically every type 
of trouble that could arise, such as defective 
paper, relay contact failures or open, and 

crossed or grounded leads, will result in 
fewer or more than two elements for a digit. 
This use of the 2-out-of-5 codes thus makes 
practically certain that the information on 
the tape is correct. 

Another and very important over-all ac- 
curacy requirement is the proper identifica- 

tion of all AMA tapes. In the central office 
where the original tapes are made, a group 

of recorders perforate tapes for all calls han- 
dled by a marker group, which may serve 
more than one central office. There may be 
as many as twenty recorders in a group, and 
each recorder will perforate upward of 100 
feet of tape a day. These tapes are removed 
from the recorders and sent to the account- 
ing center periodically, and for a maximum 
recorder group there may thus be twen 

reels with a total of nearly half a mile of 
tape for each day’s business. 

After each processing stage in the account- 

ing center, new tapes are perforated until 
the printer is reached, which — as a final re-
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sult — prints a list by subscriber number of 
all calls made during the accounting period. 
The various stages in the accounting center 

process are indicated in Figure 1. The cen- 
tral office tapes are spliced together consec- 
utively in order of their recorder numbers, 
and are then processed through the first as- 
sembly stage. The ten output tapes of this 
stage are spliced together in order and 

processed through the second assembly 
stage. This operation produces ten new out- 
put tapes on which all of the elements of 
a call are adjacent. These ten tapes are 

then spliced in 0 to 9 order and processed 
through the computing stage, which com- 
putes chargeable time on all calls, and mes- 
sage units on local calls. The output of this 
stage consists of ten message unit tapes, one 

toll tape, one message-unit detail tape, one 

observing tape, and one straddle tape. 
Each of the message unit tapes containing 

calls from one central office are processed 
separately through the remaining stages. This 

consists of sorting by the calling subscriber's 

number, summarizing all the message units 
for the billing period for each subscriber, 
and printing a list of message units charge- 

able to each subscriber. Each of the other 
tapes from the computer contains calls from 
all of the offices in the marker group. The 
observing and straddle tapes go to the 
printer without sorting. The toll and message 
unit detail tapes are sorted by calling office 
and by the calling subscriber's number, and 

then go to the printer. 
Since there is a tape from each recorder 

of each marker group for each collection 
period, and tapes from each accounting 
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Fig. 3—Tape identification entries punched in the 
tapes in an accounting center. 
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stage, there is a very large number of tapes 
in an accounting center all the time. The 
need for the proper identification of each 
tape is therefore obvious. This identification 
is of two forms. To permit the accounting 
center attendants to identify the tapes so 
that the proper ones will be supplied to the 
proper machines at the proper time, each 
tape is marked on its outer end by a rubber 
stamp or by an associated tag. The other or 
more basic identification of the tape, how- 
ever, is carried by a group of identification 
entries perforated at each end of each sec- 
tion of tape. In general, this information is 
required to make sure, when processing 
calls made by a particular group of sub- 
scribers in a particular period of time, that 
all tapes containing such calls are included, 
that no tape is processed twice, and that 

tapes containing calls made at another 
period or by other subscribers are excluded. 
The machine attendants get their instruc- 
tions as to which tapes to process from as- 
signment slips, which also give information 
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as to the settings of the various checking 
dials on the processing machines. As the 

tapes are “read” by the various machines, 
their identification entries are checked 
against the information set on the dials, and 
should the information be found not to 
check, the machine will stop and give an 
alarm. By this means all tapes are checked 
for marker group, month, and day. The cen- 
tral office tapes and the assembler tapes are 
also checked for recorder number. In addi- 
tion, the accounting center tapes are checked 

for stage of processing and, after office sort- 
ing, for the office index. 

Tape identification entries are of two gen- 
eral types: one is perforated in the tape at 
the central office and is used only at the first 
assembly stage; the other is perforated in all 

tapes made at the accounting center. The 
central office tape identification entries, 
shown in Figure 2, are characterized by a 
three-digit entry index each starting with 28, 

which defines the nature of the information 
in the remaining three digits. The D digit of 
the 284 line together with the 283 line iden- 
tifies the day and the month during which 
the calls recorded on the tape were made. 
The E and F digits of the 284 line identify 

the marker group in which the calls origi- 
nated. The identity of the marker group to- 
gether with the recorder number, which is 

perforated in the 280 line, completely iden- 
tifies any central office tape for a particular 

day. 
These identification entries are used by 

the assembler only for the first assembling 
stage. In perforating new tape, however, the 
assembler and all the other accounting cen- 
ter machines perforate an identification en- 
try of the type shown in Figure 3. Here a 
four-digit entry index beginning with 289 
and comprising the digits A to D, inclusive, 
is employed to indicate the information car- 

ried by the E and F digits of each line. 
The stage of processing, or tape index, is 

indicated by entry 2891 of Figure 3. This is 
a two-digit number. The first digit indicates 
the type of tape — message unit, toll, etc. — 
while the second digit gives the processing 

stage. These tape indexes are marked be- 

side the various stages in Figure 1. 
To insure that all tapes are included and 

that no tape is processed twice, each ma- 
chine requires that the tape sections which 

it reads be in numerical sequence. The cen- 

tral office tapes are checked for recorder 

number sequence (280 entry) and the ac- 
counting center tapes, for tape sections 0 to 

9 (2898 entry). If complete agreement is 
obtained during the tape identity checking, 
the machine proceeds, otherwise it stops 
and signals the attendant, who then takes 

corrective action. 
Operating procedures have been set up 

which further safeguard accuracy. All cen- 
tral office tapes for each marker group are 
spliced together in recorder-number se- 
quence. Accounting center tapes which are 
to be processed as one run are also spliced 
together. This splicing tends to prevent 
tapes being processed twice, since a long 
tape, after it has been read, will have its 
starting end toward the inner or center of 
the reel and could not be processed again 
without rereeling. A short unspliced tape 
might not be on a reel, and processing it 
again could be done in error. 

Other checks are made which are peculiar 
to the type of machine. The computer deals 
with individual elements which make up a 
call: the initial entry, the answer and dis- 

connect entries, hour entries, and various 
entries that indicate cancelled or straddled 
conditions. Since many of these entries are 
not always present on a particular call, fail- 
ure to register any of them and hold the 
information until needed would not be de- 

tected, and would result in inaccuracies un- 
less safeguards were introduced. The loss of 
the answer, the disconnect, or an hour entry 
would result in loss of revenue if the call 
lasted longer than the initial charge period. 
Since the purpose of the cancel entry is to 
prevent the computer from charging for the 
particular call or for overtime, the loss of 
such an entry might overcharge the cus- 
tomer. To prevent these inaccuracies, the 
computer registers this type of entry in two 

places, completely independent of each 
other. In one place it merely registers the 
type of entry, but in the other the actual 
information contained in the entry. The cir- 
cuitry is such that when the information is 
to be used, if an entry is registered in one 
place it must also be registered in the other 
or the machine will not proceed. If the entry 
had been registered in only one place, a cir- 
cuit failure such as an open lead, might have 
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dropped it out, and the machine would have 
no way of knowing that this had happened. 
The probability of two faults that would 
drop out both entries is negligibly small, 

however. 
In printing the information in the final 

stage, the standard teletypewriter code is 
not used since it is a five-element code using 
from one to four elements to represent a 
digit. It thus lacks the advantages of the 
2-out-of-5 code. A new code was devised for 
the printer, therefore, in which each digit 

was represented by two elements. 
In addition to the self-checking features, 

test tapes are provided for each machine. 
These consist of input tapes which contain 
entries and combinations of entries for 

checking all the operating features, and out- 

put tapes which contain the entries that 
would be perforated by the machine if it 
were in perfect working order when the 
input tape was processed. To test a machine, 
the input test tapes are processed, and the 
output tapes thus obtained are automatically 
compared in the tape comparer with stand- 
ard output tapes. If the tapes are identical 
the machine has done its job accurately and 

correctly. 
As a result of these provisions for insur- 

ing accuracy, the report on the accuracy test 
of an installation in Philadelphia stated: 
“There were no overcharges of any kind. 
Undercharges occurred amounted to 0.78 
per 10,000 messages, or 0.0078 per cent.” 

  
General view of a section of the accounting center in Newark. 
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