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MACHINE BOOKKEEPING OF CHECKING ACCOUNTS

A machine to perform the necessary accounting for 50,000 commercial checking
accounts has been developed for the Bank of America by Stanford Research Institute.
In engineering language it is called Electronic Recording Machine, Accounting, which

conveniently abbreviates to ERMA.

The prototype has been successfully tested at the Institute’s laboratories in
Menlo Park, California, and will be installed early in 1956 for operational use by the

Bank of America at San Jose, California.

ERMA is a large, data-processing and paper-handling system designed specifi-
cally to handle checking-account bookkeeping. From its central position it will
perform the accounting for checking accounts of all the branch banks in the San Jose
area. The machine enters into individual accounts deposits and checks, remembers
details of all transactions, maintains customers’ correct balances, accepts stop-
payments and hold orders, stops when an item would overdraw an account or when a

hold item is presented, and sorts checks.

The electronic bookkeeper physically occupies about 4000 square feet of floor
space, and weighs about 25 tons. Its 34.000 diodes, and 8200 vacuum tubes and
associated electronic components are housed in two, 40 foot long rows of metal
cabinets, six feet high. Sixty kilowatts of power at six d-c voltages are supplied by
regulated selenium rectifiers. A 25-ton air-conditioning plant removes the heat from

machine’s electronic equipment,

The electronic bookkeeper was developed over a period of five years by SRI
for the Bank of America. The numerous patents that have arisen from its development
will be assigned to the Bank of America. The bank, likewise, will arrange with

equipment builders for the construction of production models.




ERMA....Electronic Recording Machine, Accounting
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Operator ot the input console. The amount of deposit or withdrawal is punched
on the keyboard, the check or deposit slip is dropped in the outomatic reader,
then ERMA's work cycle begins.
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ELECTRONICS AND A BANK ACCOUNT

Consider how the electronic bookkeeping machine keeps track of a typical
checking account. Assume it is the account of Harold Brown in the Hester Branch
bank of the Bank of America at San Jose. Assume that in the Bank of Americasystem
this is branch number 157 and the hypothetical Mr. Brown has been assigned account
number 11756 in that branch. Thus Mr. Brown is known to the bookkeeping system of
Bank of America —and to ERMA —as 15711756.

Mr. Brown writes a check for, say $19.00 to a neighborhood merchant. Here is
where the first but inconspicuous element of difference comes in. Each check of the
book supplied to Mr. Brown carries his account number — 15711756. (How this number
is put on we'll come to later. Just assume it is in some language intelligible to the
electronic computer but not necessarily readable by you or me.) Except for the
account number and it is further personalized with Mr. Brown's name and address,

the check looks like any other Bank of America check.

The merchant deposits Mr. Brown's check to his own account, which may or
may not be the same bank as serves Mr. Brown. In any case the check arrives via
usual banking channels, such as clearinghouse transfer or directly from one of the
branches’ own tellers, to the desk of one of the five operators for ERMA the electronic
bookkeeper. It is in one of the thick bundles of checks against the many accounts

for which the machine is responsible.

The operator has before her, as do the other four, an array of keys that resembles
the keyboard of a large adding machine. One section of the array applies to the
branch-bank number and the account number and the other is for the dollars and cents
amount of the item. Between the account-number section and the amount section is a

single column of keys for various code purposes.
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Hundreds of relay units ore combined in the construction of ERMA. The units
are all of the “plug-in" type and can be replaced with a minimum of difficulty

and lost time.
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ERMA....Electronic Recording Machine, Accounting

The operator, we'll now assume, picks up from the pile Mr. Brown’s check for
$19.00. She depresses the keys 19.00 in the amount side and places the check in a
slot of the check reader in front of her. The reader then scans the check and reads
the account number. It instantly pulls down the keys on the account portion for
15711756. In fact, this is accomplished far faster than the operator can enter the
check amount. The operator, if need be, can see the account number the machine has
read, although ordinarily there is no reason for her doing so. Or, she can enter the
account number by hand if need be. The operator next presses an entry bar at the
side of the keyboard. This signals the machine to take over the bookkeeping functions,

whereupon it initiates a long but lightning-fast chain of events.

The machine calls for Mr. Brown's current balance from its storage of such
information. The machine simultaneously searches for two other pieces of information.
Is there a “stop payment” against this check? And, are there any “holds® against
funds in Mr.Brown’s account? Stop-payment and hold data are stored on the machine's
magnetic drum, as are account numbers and current balances, but on a separate
section reserved only for that purpose. The machine, in effect, scans the storage
drum for a stop-payment signal on a $19.00 check in account 15711756. If such is
found, a light flashes before the operator and the machine refuses to take further
action on this check. Meanwhile it goes on to the next input position ready for it.
If any holds against this account are found, their amounts are transferred to the
arithmetic unit and subtracted from the current balance so that the actual funds

available are known.

The machine, we'll assume, finds no stop payment on this particular check.
It has delivered into the arithmetic unit the amount of this debit and the amount in

Mr. Brown's account available for withdrawals, i.e., current balance minus holds.

Next the arithmetic unit makes the subtraction of $19.00 from that amount. If
the result of this subtraction is a negative quantity, it indicates that Mr. Brown has
overdrawn his account. This unhappy fact is flashed, by signal light, to the operator
who refers the matter to the supervisor. The supervisor sends the item to the branch
for authorization or rejection of the overdraft. In any case, the machine processes
this item no further until directed. It moves on to the next item at the next ready

input position.
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Many hundreds of thousands of connections and a million feet of wiring are

needed to make ERMA function.




ERMA....Electronic Recording Machine, Accounting

Ordinarily the check passes these examinations. The subtraction is completed
in the arithmetic unit to establish a new current balance. After the machine checks
its arithmetic in several ways, the old current balance for account 15711756 is re-
placed on the drum by a new one less the §19.00.

Meanwhile the account number and the $19.00 debit item are “written down” in
another section of the drum reserved for the temporary storage of this information. It
is held there for an appreciable period of time —minutes perhaps, or an hour or so—
until convenient for the machine to transfer the information to its detail, account
activity file, i.e., magnetic tape. Thereupon, — which is but a small fraction of a
second since the start of the operation—the account number and the amount of the

item are printed on paper tape in view of the operator.

Checks and deposit slips for different branches and different accounts come to
the machine in completely random fashion. The information obviously must finally
be stored in an orderly manner. The drum processes the information in whatever
sequence it arrives. The drum then holds that processed information (in temporary
storage) until it is transferred to the magnetic tape where the details of the trans-
actions to all accounts are held in sequence and in complete detail. Meanwhile, the
five operators at the input keyboards continue to feed new check or deposit information
into the drum.

Transfer of information about Mr. Brown's withdrawal of $19.00 from the input
keyboard to the temporary storage section of the drum is done in a semi-ordered
fashion. On the drum are many circular tracks of information. At any one time a track
or a group of tracks is assigned to a particular block of account numbers that corre-
spond to those on one of ten magnetic storage tapes. Within that set of tracks the
information is stored in random (incoming) order. When information about Mr. Brown's
check is sent to temporary storage it is placed on the next empty space on the par-
ticular group of tracks assigned to the tape assigned to 15711756.

Essentially instantaneous emptying of the temporary-storage section of the
magnetic drum is not necessary. Information is transferred from temporary storage to

only one tape at a time.




ERMA....Electronic Recording Machine, Accounting

In a short while it becomes time for the tape containing Mr. Brown’s account
to be brought up to date by receiving information for its accounts held for it in drum
temporary storage. The machine makes the decision when that time arrives. It con-
tinually surveys its temporary storage sections, and when one nears filling, it auto-

matically plans for connection to the associated tape at an early opportunity.

The drum rotates 30 times per second (and hence scans all the information held
in any particular group of tracks 30 times per second). The tape moves slowly—
relatively—at 75 inches per second. Hence some speed-matching device between
them is necessary to effect the transfer of information from drum to tape. This device,
called the shift register, is an array of electronic tubes that can receive information

from the drum at a rapid rate but delivers it slowly to the tape.

After information for one account is transferred from drum temporary storage to
the tape via the register, the temporary storage-drum reading head searches the tracks
for the next higher account for which it has an item. (Because the drum scans itself

30 times per second this search is accomplished in practically no time at all.)

Assume the next account for which temporary storage has information is that of
Mr. Brown. His account number and the $19.00 debit item are transferred to the
register and held there while the tape unwinds through the intervening accounts for
which no items are available. When the tape reaches account 15711756, that fact is
signalled to the register, which readies itself to transfer the item information to the
next available empty space on the tape. Physically this is immediately after the most
recent entry to Mr. Brown's account. This may have been earlier in the day or on a

previous day.

When the item has been entered in the proper place on the tape several cross-
checks for accuracy occur. When the machine satisfies itself that it has made no
mistake, the transfer-to-tape action proceeds to the next higher account number for
which it holds entries. The process continues until the tape reaches its end, at which
point the temporary-storage tracks have been wiped clean. The tape automatically

rewinds itself to await its next turn for a new round of information.

The bookkeeping for Mr. Brown's $19.00 check has now been accomplished. In

like manner other withdrawals and deposits are entered throughout the remaining days
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ERMA....Electronic Recording Machine, Accounting

of the month. At the end of each day the machine automatically calculates from mag-
netic tape information Mr. Brown’s new current balance. It is checked against that
recorded on the magnetic drum and is recorded on the magnetic tape.

At the close of business for the month each tape is removed from the electronic
bookkeeper and connected to a high-speed printer. Meanwhile, the machine has
calculated the service charge automatically, prints that charge on the statement, and
alters its own records on the drum and tape accordingly. The machine figures this
charge automatically, applying a formula that includes account activity, balance,
and type of account, which the machine ascertains from a code within the account
number. Sinultaneously a written record of account activity is printed on paper for
the bank’s permanent record. When ready to print, the information held for each
account in code on the tapes is converted into words and numbers, which it prints on

the conventional-appearing monthly statement.

The machine-printed statement is combined with Mr. Brown’s checks for the
month, which have been sorted by machine and stored in the same order they were
processed by the bookkeeping machine. The statement and his checks are delivered

to Mr. Brown in the usual way.

When the machine has printed the monthly statement for Mr. Brown it retains
(1) on the drum only his account number and current balance and (2) on the tape his
account number, name, address, and the current balance. The machine is now ready

for next month’s activity to Mr. Brown's account, and all others for which it is charged.
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Power at seven different voltages is required to keep ERMA in operation. This
panel controls the units required to convert 80 kilowatts of alternating current to
direct current and to assure freedom from voltage variations.
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ERMA....Electronic Recording Machine, Accounting

This chart shows the path of a check or deposit through the electronic bookkeeper.
The physical check or deposit slip takes the path of the dotted line; the informa-
tion from it follows the solid lines. Checks or deposit slips in bundles come, in
the usual way, to the operators of ERMA. Assume, as a typical case, a check for
$19.00 by a Mr. Brown. The number 157 11756 has been assigned to him, the
first three numbers (157) identifying the branch bank with which Mr. Brown does
business. To perform the bookkeeping for this check, the machine requires three
pieces of information. The amount of the check and the fact that it is o check not
a deposit is supplied by the operator who presses the proper keys at her keyboard.
The account number is read by the machine from the check. Having this informa-
tion, the machine looks up the old current balance for this account, and delivers
that sum to the arithmetic unit. It also determines if there is a stop-payment
against this check or any holds against funds in this occount. If none, the sub-
traction of the amount of the check is made from the old current balance by the
arithmetic unit. If the remainder is plus (o minus sum indicates an overdraft),
the new current balance is written on the mognetic drum and the item details are
stored in the temporary storage section of the drum. Later these details are
transferred, via the shift register, to the magnetic tape where all information
for this account for the current month is held in sequence in space assigned at the
beginning of the period to Mr. Brown. At the end of the month the account details
for the period are read from the tape by a high-speed printer which writes them
onto the statement. This is combined with the checks, which have been auto-
matically sorted and filed, and delivered to Mr. Brown in the usual way.
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THE MAIN ELEMENTS OF THE ELECTRONIC BOOKKEEPING MACHINE

INFORMATION INPUT

The input keyboards are the eyes and ears of the electronic bookkeeper (ERMA
for electronic recording machine accounting). It is the means by which the machine
receives information. In external appearance it is the keyboard of a large adding
machine. Its principal array of keys are arranged in 19 columns of nine keys, one for
each digit. In addition, there are keys that inform the machine whether the entry to
an account is a check or a deposit. An entry bar at the side enables the operator to

signal the machine when she is ready for it to process the item.

Of the 19 columns of keys, the first 3 identify the branch bank and the following
5 the customer's account number. For example, keys 15711756 indicate by 157 that
the item is for the Hester Branch Bank and 11756 is the number assigned to, say,
Harold G. Brown (the hypothetical person assumed here for purposes of illustration).

To the right of the keys identifying the branch and account is a row of red,
lettered buttons. These are code designations, some of which are controlled by the
machine and some by the operator. They indicate such things as correction of an
error, adjustment to an account, entry (automatically by the machine) of a service

charge.

Finally, at the right of the code column, are ten columns for dollars and cents.
Thus, the machine is not embarrassed by any check up to $99,999,999.99.

The keys actuate electrical switches. Each is connected to the wires for five
circuits, four of which establish a code to identify the particular digit represented by
a key. (The fifth circuit is retained for checking purposes and for simplicity can be

omitted in this discussion.) For example, pressing any 8 key closes the first, third,

S R
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ERMA....Electronic Recording Machine, Accounting

and fourth code circuits connected to it; the second circuit remains open. Thus, the
machine recognizes an 8 by circuits 1, 3, and 4 being closed but 2 open. This can
be represented by 1011. Likewise the number 7 is coded as 1010, and so on. The
four circuits provide enough on-off combinations to identify all ten digits plus several

symbols.

The electronic bookkeeper has five input keyboard positions (four operators and
a supervisor). Because the machine handles the average item in half a second, it
can switch itself without apparent delay among all operators as they signal to it. Even
if all four operators happen to press their entry bars at once, one of them might have
to pause about a second if she were entering items as fast as possible before the

keyboard would respond to her next entry.

Each of the five input stations required to keep ERMA busy also have means

for printing on paper tape a record of each item entered into the machine, i.e. account

» 1001 = 1) AELEVAN i.;r::n(! COMPANY 1001
9 —i . 200
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Account numbers printed on the customer's check, on the back in code and on the
front in arabic numbers, are printed in magnetic ink for use by the check scanner.
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ERMA....Electronic Recording Machine, Accounting

number, amount of item, and whether it is a debit or credit. This same print-out
device gives a written answer to any question asked of ERMA, such as, *What is the
current balance in Harold Brown's account?” Because the print-out mechanism is
operated by depressed keys, each key has a solenoid to pull it down in response to
the machine's answers to queries. In other words the keys can be depressed by the

fingers of the operator or by solenoids responsive to electronic circuits.

Incorporated into each input station is the account-number reader.

MACHINE READING OF NUMBERS

One of the major technical accomplishments embodied in the electronic banking
machine is the ability given it to read numbers automatically from the paper. This
development not only plays a large part in the success of the machine but also has

enormous implication for other data-handling machines.

This scheme differs from most previous attempts to “train” machines to *read.”
It does not rely on optical methods such as photocells that distinguish between light
and dark or that utilize phosphorescent inks. This machine reads numbers by a mag-
netic process at the rate of 1000 characters per second. The numbers are printed on
the paper in magnetic ink —ink containing particles of iron oxides, about 40 millionths
of an inch in size. After the ink has dried, the particles can be aligned like tiny

magnets by exposure to a strong magnetic field.

The technique of machine reading of information printed in magnetic ink was
undertaken in two steps. The first was to develop a method of reading numbers printed
in code in magnetic ink. This is the system used with the prototype electronic book-

keeping machine.

These codes consist of combinations of five narrow black-ink bars for each
digit. Thus a 1 is represented by blank, blank, bar, blank, bar (00101) while a 2 is
bar, blank, bar, blank, blank (10100), and so on. These codes are analogous to the
telegraphic code of dots and dashes.

When a check, with its magnetic-ink coded number on the back, is placed in the

check reader to be read it first passes under a magnetizing element. This causes the

14
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ERMA....Electronic Recording Machine, Accounting

tiny iron-oxide particles to line up in a prescribed direction. Immediately thereafter
the check passes under a reading unit containing five magnetic reading heads side
by side. Because the positions of magnet-ink bars differ, the pattern of voltages at
the five reading heads differ for each digit. The machine's electronic circuits are

designed to distinguish between these unique wave patterns.

Operator using the Travelers Check number-scanning machine. This machine
“reads" arabic numbers on Travelers Checks and punches IBM cards for use in
Bank of America accounting systems.
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Obviously it would be tremendously advantageous for the machine to read not
codes but conventional arabic numerals. Arabic numbers are easier to print, and

occupy less space on the check.

The second phase of the development program—direct reading of numerals —
has proceeded in parallel and beyond with the code reading. A technique for direct
number reading has been developed and successfully tested. It will be incorporated

in future electronic bookkeeping machines.

The particular phase of the banking function chosen for the development of
machine reading of conventional appearing numerals was the serial number on Travelers
Checks. This was done for reason of simplicity. The traveler’s check problem could
be isolated from other phases of banking, yet it provided all the elements required

for the development of direct number reading by machine.

The numbers as printed on the front of Travelers Checks (and eventually as the

branch-bank and account number on depositors’ checks) are recognizable to the human

I | | \
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Arabic numerals ond the wave forms produced by the Trovelers Check scanner.
As the numbers printed on the Travelers Check pass horizontally beneath the
read-head, the head sums up the total magnetic ink covered in a given time
interval and produces a proportional electric signal.
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ERMA....Electronic Recording Machine, Accounting

eye as ordinary printed numbers. However, the numbers have been designed so that

the machine can recognize them with a high degree of accuracy.

The Travelers Check reader has been tested with over 300,000 checks. On many
of these the serial number has been purposely disfigured by rubber stamps, ink, dirt,
fingermarks, tears, scotch tape, or crumpling, that make optical machine reading
impossible. Because this machine responds only to magnetic ink it is not confused
by such obliterations. The printing tolerance is large. Numbers can be printed as
much as one-half inch above or below their normal position without influencing reading

accuracy.

Also, before each check is read it passes through a set of pressure rollers to

take out wrinkles. Checks that have been folded or crumpled and crudely smoothed

out are readily handled by the machine.

The machine also verifies its own reading accuracy. EachTravelers Check is
printed with a nine-digit serial number and a tenth number that indicates check de-
nomination. In addition, an eleventh number is provided. This number, in every case,
is chosen such that the sum of all eleven digits is divisible by nine. The check
reader makes this summation after each reading. If the sum is not divisible by nine
the machine “knows” that it has not read the number correctly, for some reason, such
as faulty printing. The check is diverted into a separate compartment for attention

by a human operator, or re-run through the machine. These are called rejected checks.

The prototype reader is currently reading (and verifying) the eleven-digit numbers
at 100 checks per minute. Rejected checks normally amount to less than one percent
of the total number processed. Errors, i.e., checks incorrectly read but passed as
correct by the machine are less than one in one hundred thousand, as determined by
laboratory tests using machine error-detection techniques. It is expected that even
this outstanding performance, which is perhaps 50 times better than human accuracy,

will be improved.

THE MAGNETIC DRUM

The magnetic drumis one of the information “files” in the electronic bookkeeping

machine. Physically, it is a smooth vertical cylinder of non-magnetic metal 16 inches

17
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in diameter and 20 inches high contained in a dust-proof housing. An electric motor

drives it at a constant speed of 1800 rpm.

The drum surface is coated with a resin containing millions of tiny particles of
iron oxide. Under the influence of fields from electromagnets mounted close to the

drum surface, groups of these can be made to act like small permanent magnets of
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ERMA's magnetic drums are contained within these vertical cylinders. The drums 1
store current balance, stop-payment and held information for future use.

controlled polarity. A surge of electric current through the electromagnet in one ’
direction causes the microscopic iron-oxide particles in the tiny area under the electro-
magnet to align themselves so that their north poles lie in one direction and south *
poles in the opposite direction. If the current, i.e. field, is impressed in the opposite

direction the poles are reversed.

I
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ERMA....Electronic Recording Machine, Accounting

The drum surface with its iron-oxide particles is invisibly divided into 300
parallel, circular tracks, each about 0.040 inch wide. In a lengthwise direction each
track is divided —again invisibly —into sections 0.010 inch long. Each little magnetic
cell stores what is called a single binary digit or bit of information. Thus the drum
surface can be thought of as made up of 1,500,000 separate, but invisible, magnetizable
areas. Each of these can be magnetized at will in one direction or the other. The

drum thus provides, on the binary system, 1,500,000 information elements.

Four bits are required to store a single digit (a fifth is also reserved for each
digit but it serves for checking purposes and can be neglected in understanding the
basic principles of the machine). Thus to store an account number such as 11756 the
first two sets of four bits on a track are magnetized N-S, S-N, N-S, N-S, (0100), which
in machine language means 1. The third set, for the numeral 7 (1010) would be
magnetized S-N, N-S, S-N, N-S. Actually, to save bits, which cost money, the informa-
tion is stored in a way that does not require writing the full account number for each
account. The drum is divided in a sort of pigeon-hole or post-office box system in
which there are 100 “boxes™ in each vertical column (corresponding to 100 spaces
around one track) and 300 columns (i.e. drum tracks). Thus, Mr. Brown's account
number is filed in the 56th box of the 117th track, without the necessity of having to
write on the drum the account number with the current balance. Following the account
number on the track the current balance is stored, using the same language of properly

polarized four-element magnetic cells.

A set of about 300 elements, one per track, are held close to the rotating drum
and spaced evenly around its surface. Each element is used for both reading and
writing. These enable the machine to add information into this file, to read its contents,

or to empty it when necessary.

Fach magnetic head element consists of a coil through which current can be
passed. Itis wound around a piece of magnetic material containing an air gap spaced
a few thousandths of an inch from the rotating tracks. To write a number onto the
drum, bursts of current, electronically timed, are passed through the coil. These
bursts, by their direction, magnetize the sets of four bits in accordance with the code
for the number to be written. The number thus written down remains until it is neces-

sary to change or erase it. Should electric power be turned off no information is lost.
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The numbers are read by the same magnetic head elements that write them.
Thus each magnetized bit on the drum as it sweeps by the element induces a voltage
in the coil. The direction of this voltage is determined by whether the little magnet
on the drum is N-S or S-N. Thus the heads can look for a given desired number by
searching for the proper combination of bits on the drum. Information, such as current

balance, can be read in similar fashion.

One of the "building blocks” used in the arithmetic unit, capable of performing
additions and subtractions on sums as large as $99,999,999.99.

When it is desired to change a number, for example to write a new current
balance, it is necessary only to “write over” the old number. The magnetizing forces,
applied in the proper coded sequence, are strong enough to overpower the magnetism
of any bits that previously were oppositely polarized. Or, a section can be completely

“erased” by simply magnetizing all the bits in one section with a common polarity.

A drum has space for about 300,000 decimal digits. Actually two drums are
used, for reasons of practical physical size. This gives a total of approximately
600,000 digits of information. This is adequate for servicing the accounts under

ERMA's jurisdiction.
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THE ARITHMETIC UNIT

The arithmetic unit is one of the many devices built up from the standard
electronic “building blocks.” It comprises a battery of electronic tubes and related

components capable of performing additions and subtractions on sums as large as

§99,999,999.99.

Detailed account activity information is “filed” by ERMA on 10 reels of magnetic
tape, each almost half a mile in length. Accounts are kept in numerical order on
the tapes which provide storage space for a month's activity.
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The high speed printer, used in statement preparation, prints 15 lines per second.
The printer can prepare all the statements for ten branch banks in about five

working days.
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Since the basic building blocks can count only up to two (i.e., they recognize
only numbers 0 and 1) the decimal numbers are handled in a coded form such that each

decimal number is represented by a unique pattern of binary numbers.

The tubes are arranged in pairs, known as flip-flops, so that when a potential
is applied to a pair, one tube becomes conducting, the other non-conducting. The next
application of potential causes the conducting tube to become non-conducting, and
vice versa, Thus the device has the essential features of a device to store one bit

of information, just as each cell on the drum served this function.

THE MAGNETIC TAPE

The second and more detailed information file is kept on magnetic tapes, of
which ten are used for storage and two serve auxiliary functions. The entire month’s

activity for each account is kept together in its incoming sequence, each account

being in numerical order, just as in a standard manual file.

The tape itself is the same as conventionally used with data-processing ma-
chines, It is a tape 2400 feet long contained on a reel, which provides space for the
detail information for several thousand accounts. The tape can be unwound past a
set of magnetic heads, similar to those used on the drum, that either write new informa-
tion on the tape or read information from it as needed. The tape stores inform=tion on
the same binary basis—bits that are magnetized either N-S or 5-N—as on the drum,
The tape consists of a plastic backing coated with a film containing iron-oxide par-
ticles. The tape of standard size gives room in one row across the tape for seven
information bits, Because the tape must store words, i.e. letters, as well as numbers
seven bits are required to identify all letters and numerals. The bits in one row
across the tape are used for a single letter or numeral. In this way, however, informa-
tion as to account number, name and address, and account activity for a month can be
maintained in about nine inches of tape for an average individual checking account.
Space on the tape is allocated at the beginning of every month. The amount of that

space in each case is determined by previous experience with that account.

The manner of writing information, reading information, or erasure is essentially

as described for the magnetic drum.
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HIGH-SPEED PRINTER

Under present banking procedures the entries to monthly account statements
are posted daily by hand. This is essential because the volume of work makes doing

it all at one time a physical impossibility if it were done manually.

With machine accounting daily posting to the customer's statement sheet is
unnecessary. Each statement is printed all at one time on a selected day each month.
To make this system possible, however, requires a means of printing information of

statement sheets at extremely high speed.

Consider the enormity of the job of statement preparation, For 50,000 accounts
and with an average of, say, 25 lines to be printed on each statement (name, address,
daily activity, daily balances, service charge, final balance, etc.) that amounts to
1,250,000 lines to be printed.

When the development of the electronic accounting machine was begun the
highest speed printer available could manage three lines per second. That seems
fast. However, to print 1,250,000 lines at 3 per second—and counting no lost time
between statements —would require 120 hours of uninterrupted operation, or five

24-hour days.

Subsequent developments have fortunately resulted in increasing the printer
speed by more than three times —to 10 lines per second — and it is expected this will
soon be increased to 15 lines per second. This enables the statement printing for all
the accounts handled by the machine to be accomplished in about five normal working
days. With the machine serving about 10 branch banks, the statements for all these

branches can be turned out during a working week around the month end.

The actual printing element consists of a cylinder with rows of raised characters
lengthwise across it. Each row is as wide as the line of printing on the statement.
One row contains nothing but a succession of A’s, the next, B's, and so on around
the cylinder for the remainder of the alphabet, numerals, and other needed symbols.
This cylinder rotates continuously at 1200 rpm, above a row of stationary striking

hammers, one for each character in the row. Between the hammers and the cylinder

is the statement blank and a carbon ribbon.
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For printing statements the printer is connected to a magnetic tape where the
account detail information is stored. Suppose the statement for the hypothetical
Harold Brown is to be printed. As the reading heads at the tape reach the codes
spelling out HAROLD BROWN, a blank statement at the printer is synchronized with
it. When the line of A’s on the cylinder are in a printing position, the coded signals
from the tape cause the printing bar to strike the second A in the row of A’s. One
five hundredth of a second later the B line is in position and the B as the first letter
in the surname is printed. There being no C’s in the name no hammers strike the paper

when the C row sweeps past. Next the D in the given name is printed, and so on,

The electronic check sorter separates the checks by account number and by bank
branch so the checks may be returned to the customer with his monthly statement.
Automatic sorting is made possible by a special magnetic ink code marking on
the back of each check.
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Another view of the check sorter which sorts by account number. Each bundle of
checks must be passed through the machine five times (once for each digit). The
checks travel at the rate of 150 inches per second through the sorter.

Thus in one complete revolution of the drum—one tenth of a second —the whole name
is filled in. The paper then indexes to the next line for the street address, which is
printed in like manner. Similarly, the remainder of the address, and the account
information, including the machine-calculated service charge and current balance, is

printed in. The average 25-line statement is completely printed in three seconds.

The monthly statement for Mr. Brown then is assembled with his checks in the
order of their presentation which have been sorted by the check sorter and filed for

the period, Mr. Brown therefore receives his monthly statement and checks in the
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usual manner. Except that the statement carries the account number, nothing else
distinguishes it to Mr. Brown from others he received before the advent of machine

bookkeeping.

THE CHECK SORTER

After all the bookkeeping for a bundle of checks has been completed the checks
must be sorted by account number and the checks filed in the same sequence as that
in which they are held in the electronic bookkeeper. A machine has been developed

to sort them mechanically.

The check sorter has the same ability to read account numbers printed in mag-
netic ink on the checks as has the input section of the electronic bookkeeping machine.
The machine has 12 boxes or output compartments (0 through 9 plus two for rejected

checks) into which it sorts the checks or deposit slips.

To sort checks, a bundle is first placed in the sorter. The top check is whisked
off by a vacuum feeding device and guided to a scanning head that is manually set to
read the first (units) digit of the account number. This information, i.e. whether the
unit digit is a 0,1, 2or other number, is stored for a fraction of a second on a rotating
mechanical memory device. Meanwhile, the check itself is being carried at the rate

of 150 inches per second on a belt into the sorting section.

Mr. Brown’s account number is 11756. Hence, when the sorter comes to that
check, the value of the digit is read as 6 and remembered by the memory mechanism.
When the check approaches the number 6 compartment, the memory device causes a

gate to open, sidetracking the check into that compartment.

In this manner all checks are sorted according to the units digit. Then the
checks from each of the ten compartments are manually collected and run through the
machine again, this time sorting for the tens digit. On this next pass, Mr. Brown’s
check goes into the 5 compartment. By sorting each bundle five times (once for each
digit) the checks are placed in sequence by account number—and the items for any

one account are in the order of processing by the bookkeeping machine.

27




ERMA....Electronic Recording Machine, Accounting

ERMA's “"Service Station” used to insure the perfect operation of the many
delicate circuits in the bookkeeping machine. This maintenance board facilitates
the location of troubles within the machine.
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The outstanding features of this device are not those of its basic principle of
operation, which is relatively simple. The requirements of speed and accuracy are so
high, however, as to generate engineering problems of a different order of magnitude.
Account numbers are read and checks sorted at the rate of 10 per second. A stack of
a thousand checks about 5 inches high “melts” down in the input container in about
one and a half minutes. To obtain good accuracy at these speeds the paper is con-
trolled pneumatically for both feeding and stacking, not by mechanical friction devices.
The machine errors—checks sorted into wrong compartments—run less than 1 in

100,000. Rejects, or checks the machine cannot sort, are below one percent.

Machines are created by people. To conceive, develop, build and test a machine
of the size and complexity of ERMA requires the services of many men and women
with many skills.
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