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Artist's drawing of first proposed ERMA installation. I 
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MACHINE BOOKKEEPING OF CHECKING ACCOUNTS 

A modlin~ to perform the necessary accounting for 50,000 commercial checking 

accounts has been developed for the Bonk of AmE"ricn by Stanford Research Inslitute 

In engineering language it is called Electronic Recording \Iachine, Accounting, which 

conveniendy abbreviates to EIl\IA. 

The protOtype has been successfully tested 81 Ihr In!Julute's loboratories in 

\lenlo Park, California, and will be installed earl)' in 1956 (or operolionol use by the 

Bank of America at San Jose, California . 

En'IA is a large, data'rroces~ing and pOp<'r-handling s),slE'm designed speciri­

cally to handle checking-account bookkcf'ping. From its central position it will 

perrorm the accounting for checking accounts of all the branch banks in the an Jose 

area. The machine enters into individual accounts deposits and checks, remembers 

details of all transactions, maintains CUSIOll1l'tS' correct balances, accepts stop· 

payments and hold orders, stops when an item would overdraw an account or when a 

hold item is presented, and sorlS checks. 

The electronic bookkeeper physically occupies about WOO square feet of floor 

space, and weighs about 25 tons Its 3,,000 diodes, and 8~OO vacuum tubes and 

associated electronic components arc housed in two, 40 fOOl long rows of metal 

cabinets, six feel high. ixt)' kilowatts or power at six d~ voltages are supplied by 

regulated selenium rectifiers . A 25·ton air~onditioning plant remo,'es the heat from 

machine's elect.ronic equipment. 

The electronic bookkeeper was developed over 8 period of five years b)' RI 

(or the Bank of America. The numerous patents that have ari~en 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. 
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ERMA .. . . Electronic Recordtng Machine, Accounting 

Operator at the input console. The amount of deposit or withdrawal is punched 
on the keyboard, the check or deposit slip is dropped in the automatic reoder, 
then ERMA's work cycle begins. 
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ELECTRONICS AND A BANK ACCOUNT 

Con,idN how the rlectronic bookk('C'ping machine keeps track of a Iypical 

checking account. Assume it is the account of lIarold Oro\\" in the lIesler Oranch 

bank of the Bank of America at San Jose Assume thai in the l3ank of -\mericasystem 

this is branch number 157 and the hypothetical 'Ir Bro"'"" has been as~igned account 

number 11756 in that branch. Thus \lr. Brown is known to thE" bookkeeping system of 

Bank of Amf"rica-and to ER\lA-as 15711756. 

\lr Brown writes a check for, say 519.00 to a neighborhood merchant. lIere is 

where thf' first but inconspicuous eif'mcnt of dirCr-renee comes in . Each check of the 

book 'Iupplied to \Ir . Brown carries his account numbt-r-15711756. (110\\ this number 

is pul on ..... e·lI come to lalcr. lust as!\umP il is in somt" language intelligible to the 

eleclronic compuler but nOI necessarily rcodablp b)' you or me.) Except for the 

account number and it is further personaliz.ed with \Ir. Brown's name and address, 

the clu'ck look~ likp any other Bank of AmNica chcc-k. 

The merchant deposits \lr Brown '5 check to his own account, which mayor 

rna)' not ~ the same bank as sC"rves \Ir . Bray,n. In any cas(' the check arri"es via 

usual banking channels, such a~ c1e8ringhou~e transff'r or direc-tiy from one of the 

branches' own tellers, to the desk of one of the five oJ'l'?'rators for ER\\:\ the electronic 

bookk,.eper It is in one of the thick bundles of chrcks 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 8 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 ~ection and the amount section is a 

single column of keys for various code purposes. 
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ERMA •... Electronic R ec ordin g ~ra c hine , Acco unting 

Hundreds of relay units ore combined in the constNction of ERMA. The units 
ore all of the ·plug-in- type and con be replaced with 0 minimum of difficulty 
and lost time. 
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ERMA .... Elecrrontc Recording Machtne. Accounun& 

The operator. we'll now assume, picks up from the pile \lr. Brown's check for 

SI9.00. She depresses the keys 19 .00 in the amount side and places the check in 8 

slOl 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 facl, this is accomplished for foster than the operator can enter the 

check amount. The operator, if need be, can see the account number the machine has 

('od, although ordinarily there is no reason for her doing so. Or, she can enter the 

oecount number by hand if need be. The operator next presses on entry bar at the 

sideof the kryboard. This signals the machine to take over the bookkeeping functions , 

whereupon it initiates a long but Iightning·fasl chain of events. 

The machine calls for \Ir. Brown's current balance from its storage of such 

information. The machine simultaneouslyseorches for twO other pieces of information. 

Is there a "stop payment- against this check? And, are there any -holds· against 

funds in \lr . 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 reser .. ed only for that purpose. The machine, in effect, scans the storage 

drum for a Slop-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. \leanwhile it goes on to the next input position ready for it. 

H ony holds against this account are found, their amounLS are transferred to the 

arithmrtic unit and subtracted from the current balance so Ihat Ihe actual funds 

avai lable orc known. 

The machine. we'll assume, finds no SLOp payment on this particular check. 

II has delivered into the arithmetic unit the amount of this debit and the amount In 

'Ir. Brown's account a\'silable for withdrawals, i.e., current balance minus holds. 

~ext the arithmetic unit makes the subtraction of S19.oo from that aOlOunt. If 

the result of this subtraction is a negative quantity, it indicates that \Ir . 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 overdra£(. 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. 

1 



ERMA . . .. EI~ctronic Recording Machine.Accounting 

Many hundreds of thousands of connect ions and a million fee ' of wiring ore 
needed to make ERMA function. 
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ERMA •••. £ltctronlc Recordtns Machine. AccountinB 

Ordinarily the check passes these examinations. The subtraction is completed 

10 the arithmetic unit to establish a new current balance. Alter the machine checks 

its arithrt'lf'lic in several ways, the old current balance (or occount 15711756 is re· 

placed on the drum by a new one less the $19.00, 

Meanwhile the account number and the S19.oo debit item are ·written down- In 

another section of the drum reserved for the temporary storage of this information. It 

is held there (or 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. Thcreupon,-which is but 8 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 infonnation in whatever 

sf'quence it arrives . The drum then holds that processed infonnation (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. \leao""hiie, the 

five operators at the input keyboards continue to feed new check or deposit information 

into the drum. 

Transfer of information about \Ir. Brown's withdrawal of $19.00 from the input 

keyboard to the temporary storage seclion of the drum is done in a semi-ordered 

fashion. On the drum are many circular tracks of information. At anyone time a track 

or I) group of tracks is assigned to a particular block of account numbers that corre­

spond to those on one of ten magnetic storage tapes. "ithin that set of tracks the 

information is stored in random Oncoming) ordE'r. "ihen information about \Ir. 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. 

7 



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 lime arrives. It con· 

tinually surveys its temporary storage sections, and when one nears filling, it auto· 

mstically 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 particu lar group of tracks 30 times per second). The tape moves slowly­

relatively-at 75 inches per second. lienee 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 afte r 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. "'hen 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 itseH to await its next turn for a new round of information. 

The bookkeeping for ~{r_ Brown's S19.OO check has now been accomplished. In 

like manner other withdrawals and deposits are entered throughout the remaining days 
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ERMA .... fl~ctro,lic Recording Machlne. Accounting 

of the month . At the end of each day the machine automatically calculates from mag­

netic tape information Mr. Brown's new CUrTent balance. It is checked against that 

recorded on the magnetic drum and is recorded on the magnetic tape . 

AI the close of business for the month each tape is removed from the elecuonic 

bookkeeper and connected to 8 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 according ly . 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 wrillen 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 Slatem~nt for 'Ir. Brown it retains 

(I) 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 10 Mr . Brown's account, and all others for which it is charged. 

9 



ERMA., .. Ehctronic Recording Machine, Accounting 

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 ossure freedom from voltage variations. 

10 

1 

.1 
1 
1 
1 
1 
1 
1 
1 

.1 
1 
1 
1 
1 
1 
1 
1 

·1 
1 



./ 

II 

II 
~ 

II 

II 
It 

" It 

" II 
II I 

It 
[I 

II 
II 
II 
Ii 
h 
II r: 

ERMA .... Electronic Recordin g 'la c hine , Account1ng 

This ChOff shows the path of Q check Of deposit through ,he .Ieclronic bookkeeper. 
Th. physicol check or deposit slip tokes the path of the dotted line; ,he informo­
,ion from it follows the solid lines. Checks Of deposit .Iips in bundle. como, in 
rhe usuol way, 10 the operotofS of ERMA. Assume, as 0 typical case, 0 check fOf 
S19.OO by a Mr. Brown. The number 157 11756 hos been assigned 10 him, the 
fir" three numbers (157) identifying the branch bonk with which Mr, Brown does 
business. To perform the bookkeeping for this check, the mochine requires thr •• 
pieces of information. The amount of ,he check and the focI thaI it is 0 check nOI 

o deposit i. lupplled by the operotor who presses the proper keys 01 her keyboard. 
The account number II reod by the machine from rhe check. Hoying ,hi, informo· 
lion, rhe machine looks up the old current balance for thil account, and dellyers 
that sum to Ihe arithmetic unit. It also determines If there is a stop-payment 
against this check Of any holds agains, funds in ,his acccxmt. If none, ,he sub­
traction of the amount of the check is made from the old current balance by the 
arithmetic unit. If the remainder is plus (0 minus sum indicates an overdraft), 
the new current balance is written on the magnetic drum and the .'em details or. 
StOfe<l in rhe temporary storage section of the drum. La'.r these details are 
transferred, yia the shift register, 'a the magnetic lope ...mere all information 
fOf this account fOf the current month is held in sequence in space assigned 01 the 
beginning of th. period 'a Mr. Brawn. At the end of the month the account detoils 
for the period or. r.ad from the tape by a high-speed printer which writes them 
onto the statement . This is combined with the checks, which haye b •• n au,o­
matically sOfted and filed, and deljyer.d to Mr. Brown in the usual way. 
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THE MAIN ELEMENTS OF THE ELECTRONIC BOOKKEEPING MACHINE 

IN FORMA T ION INPU T 

The input keyboards are the eyes and ears of the electronic bookkeeper (ERMA 

for ~Iectronic ~cording !!!8chine ~ccounting). 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. 

or 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 ror 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 or 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 I 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 firth circuit is retained for checking purposes and ror simplicity can be 

omitted in this discussion.) For example, pressing any 8 key closes the first, third, 
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ERMA .... El~ctronic Recording Machine, Accounting 

and fourth code circuits connected to iti the second circuit remains open. Thus, the 

machine recognizes an 8 by circuits I, 3, and 4 being closed but 2 open. This can 

be represented b)' 1011. Likewise the number 7 is coded as 1010. and so on. The 

four circuils provide enough on--ocr combinations to identify all ten digits plus several 

symbols. 

The electronic bookkeeper hos five input keyboard positions (four operators and 

a supervisor). Because the machine handles the average ill"m in half n second, it 

can switch itself without apparent del a)' among all operators 85 they signal to it. Even 

if all four operators hoppen to press their entry bars at once, one of thC'm might have 

to pause about 8 second if she were entering items a~ fast ns possible berore the 

keybotard "auld respond to her next entry. 

Each of the rive input stations required 10 kf"f"p En\\:\ bus)" also have means 

for printing on paper tape a record or each item entered into the machine, i.e. accounl 
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Account numbers printed on the customer's check, on me back in code and on the 
front in arobic numbers, are printed in mognetic ink for u.e by me check scanner . 
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ERMA .. .• EI~ctronic Recording Machine, Accounting 

number, amount of item, and whether it is a debit or credit. This same prinl-oul 

device gives a written answer to an)' 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 NUMB ERS 

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 

It does not rely on oplical 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-inkcontaining 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 fo r eacb 

digit. Thus a 1 is represented by blank, blank, bar, blank, bar (00101) while a 2 i~ 

bar, blank, bar, blank, blank (10100). and so on . These codes are analogous to thl; 

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 
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ERMA .... Electronic Recording Machine. Accounting 

tiny iron-oxide particles to line up in 8 prescribed direction. Immediately thereafter 

the check passes under a reading unit containing rive magnetic reading heads side 

by side. Because the positions of magnl"l-ink bars differ, the pattern of voltages at 

the rile reading heads differ for each digit. The machine's c-ieclrOnic circuits are 

designed to distinguish between these unique wove pott('rns. 

OperatOf uling the Troveler. Check number-scanning machine. This machine 
-reods · arabic numbers on Trovelen o,ecks and pYnche. IBM cords fOt use in 
Sonic of Americo accounting systems. 
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ERMA .... El~ctronic Recording Machine. Accounting 

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 (or 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 or Travelers Checks (and eventually as the 

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

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

eye 8S 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 ~ith over 300,000 checks. On many 

of these the serial number has been purposely disfigured by rubber stamps, ink, dirt, 

fingermorks, tenrs , scotch tape, or crumpling, thaI make optical machine reading 

impossible. Because this machine responds only to magnetic ink it is nOI confused 

by such obliterations. The prin ting tolerance is large, Numbers can be printed as 

much as one·half inch above or below their normal position without influencing rcading 

aec-urney. 

, Also, befon:' each check is read it passes through a set of pressure rollers to 

lake oul wrinkles, Checks that have bef'n folded or crumpled and crudely smoothed 

oul are l'E'adily handled by the machine. 

The machine also verifies its own reading accuracy. Each Travelers Check is 

printed wilh a nine-digit serial number and a tenth number thot indicates check de­

nomination. In addition, an eleventh number is provided. This number, in every case, 

is chosen such thai the sum or all ele\'en digits is divisible by nine. The check 

reader makes Ihis 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 ror attention 

byahuman operator, or re-run through the machine. These are called rejected checks. 

The prototype reader is currently reading (and verifying) Ihe eleven-digit numbers 

at 100 checks per minute. Rejected checks normally amount to Jess than one percent 

of the tOlol 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 elTOr-delection techniques. h is expected that even 

this outstanding performance, which is perhaps 50 limes beller than human accuracy, 
will be improved. 

THE MAGNETIC DRUM 

The magnetic drum is one of the information -files" in the electronic bookkeeping 

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

17 



ERMA .... El~ctronic R~cording Machin~, Accounting 

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 

ERMA's magnetic drums are contained within these vertical cylinders. The drums 
store current balance, stop-payment end hold 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 Liny area under the electro­

magnet to align themselves so that their north poles lie in one direction and south 

poles in the opposite direction. Jf the current, Le. field, is impressed in the opposite 

direction the poles are reversed. 

18 
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ERMA .... Elecrronic Recordlng Machine, Accounting 

The drum surface \-\;th its iron-oxide particles is invisibly divided into 300 

parallel, circular tracks, each about 0.040 inch wide. In a lengthwise direclion each 

track is divided-again invisibly-inlo sections 0.010 inch long. Each little magnetic 

cell slor'es what is called a single binary digiJ. or hi1. 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 informa tion elements. 

Four bi lS nre required to store 8 single digit (0 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 t'ft'O sets of four bits on a track are magnetized N-S, S-~, N-S, 'J-S, (OIOO), which 

in machine language means 1. The third set, for the numeral 7 (IOI0) would be 

magnetized S-'J, ~-S, S-\, ~-S. Actually, to save bits, which cost money, the informa­

tion is stored in a way that docs not require wriling the full account number for each 

account. The drum is di\'ided in a sort of pigeon-hole or post-oITice box system in 

which there ore 100 -boxes" in each vertical column (corresponding to 100 spaces 

around one track) and 300 columns (Le. drum tracks). Thus, 'Ir. Brown's account 

number is £iled 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 

wriling. These enable the machine to add information into this £ile , to read its contents, 

or to empty it when necessary . 

Each magnetic head element consist.s of a coil through which current can be 

passed. It is 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 "'Titten. The number thus "Tillen down remains until it is neces­

sary to change or erase it. Should electric power be turned off no information is lost. 

19 



ERMA .... El~ctronic Rf!cording Machin~ , Accounting 

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 
odditions 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 • "'Ti le 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 (or about 300,000 decimal digits. Actually two drums are 

used, for reasons of JX"actical physical size. This gives a tolal of approximately 

600,000 digits of information. This is adequate for servicing the accounts under 

ERMA's jurisdiction. 
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ERMA .... £ltcrronic Recording Machine, Accounting 

THE ARITHMETIC UNIT 

The arithmetic unit is one or the many devices built up rrom the standard 

electronic -building blocks.· It comprises a battery or electronic tubes and related 

components capable or perrorming additions and subtractions on sums as large as 

$99.999.999.99. 

D.tailed account activity information is -flied- by ERMA on 10 reels of magnetic 
tape. each almost half a mile in lengt!" Accounts are kept in numerical order on 
the tapes which provide storage spac. for a month's activity. 

21 



ERMA .... El~crronic Recording Machine, Accounting 

The high speed printer, used in statement preparation, prints 15 lines per second. 
The printer con prepare all the statements for ton branch bonks in about five 
working days. 
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ERMA .•.. Electronic Recording .\lachine. Accounttng 

ince the basic building blocks can count only up to two (i.e., they recogniz.e 

only numbers 0 and 1) the decimal numbers are handled in 8 coded form such thai each 

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

The tubes are arranged in pairs, known as rlip·f1ops, so that when a potential 

is applied to a pair ,one tube becomes conducting. the other non<onducting. The next 

application of potentia l causes the conducting lube to become non-conducting. and 

vice versa, Thus the device has the essential feotures of 8 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, or 

which ten are used ror storage and twO serve aux.iliary functions. The entire month's 

activity ror each account is kept logether in its incoming sequence. each account 

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

The tape iueU is the same as con,"entionally used with data-processing ma­

chines. It is a tape 2400 feet long contained on a reel, which provides space ror the 

detail inrormation ror several thousand accounts. The tape can be unwound past a 

sel or magnetic heads, similar to those used on the drum, thal ei ther write new inronna­

tion on the tape or read inrormation rrom it as needed. The tape Siores informe:ion on 

the same binary basis-bits that are magnetized either N-S or S-N-as on the drum. 

The tape consists of a plastic backing coated with 8 film containing iron-oxide par­

ticles. The tape of standard size gives room in one ro\\ across the tape for seven 

inrormation bits. Because the tape must store words, i.e. leners, as well as numbers 

seven biLS are required to identify all letters and numerals. The bits in one row 

across the tape are used ror a single leller or numeral. In this way, however, inrorma­

tion as to account number, name and address, and account activity ror a month can be 

maintained in about nine inches or tape ror an average individual checking account. 

Space on the tape is allocated at the beginning or every month. The amount or that 

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

The manner or writing inronnation, reading inrormation, or erasure is essentially 

as descri bed ror tbe magnetic drum. 
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HIGH-SPEED PRINTER 

Under present banking procedures the entries to monthly account statements 

ate 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 lime 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, rinal 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 pnnter 

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 ..... eek around the month end. 

The actual printing element consis ts of a cylinder with rows or 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 or stationary striking 

hammers, one for each character in the row. Bet ..... een the hammers and tbe cylinder 

is the statement blank and a carbon ribbon. 
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ERMA .... EI~ctronic Rtcordins Machlne. Accounttns 

For printing statements the printer is connected to a magnetic tape where the 

8("count detail information is stored. Suppose the statement for the hypothetical 

florold Brown is to be printed. As the reading heads at the tape reach the codes 

s JX"lIing out HAnOLD BROWN, 8 blank statement al the p-inter is synchronized with 

it. When the line of A's on the c)' tinder are in a printing position, the coded signals 

rrom the tape cause the printing bar to strike the second A in the row or A's. One 

nve hundredth or 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 

whf'n the C row sweeps past. ext the D in the given name is printed, and so on. 

Th •• Iectronic check sort., separates me checks by Occount number and by bonk 
branch so me enecks moy be returned to the customer with his monthly siotemenl. 
Automotic lorting is made possible by a special magnetic Ink code marking on 
the back of each check. 
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ERMA .... Electronic Recording Machine, Accounting 

Another view of the check sorter which sorts by account number. Eoch hundle of 
checks must be passed through the mochlne five times (once for each digit) . The 
checks trov.1 at the rote 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, tbe remainder of the address, Bnd the account 

information, including the machine·calculated service charge and current balance, is 

printed in. The average 25-1ine statement is completely printed in three seconds. 

The monthly statement for Mr. Brown then is assembled with his checks in the 

order or their presentation which have been sorted by the check sorter and filed ror 

the period. Mr. Brown thererore receives his monthly statement and checks in the 
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ERMA .... E l~c fron lC Recording Mach tne, ACCOLln ting 

usual manner. Except that the statement c8n'ies the account number, nothing else 

distinguishes it to ~Ir. 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 snme sequence 8S thaI 

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 IYlO (or 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 

orr 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, 20r other number, is stored fo r a fraction of a second on a rotating 

mechanical memory device. Meanwhile, the check itself is being carried at the rate 

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

Mr. Brown's account number is 11756. lienee, when the sorte r comes to that 

check, the value of the digit is read as 6 and remembered by the memory mechanism. 

Wnen 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 lens digit. On this next pass, 'Ir. Brown's 

check goes into the 5 compartment. By sorting each bundle £he limes (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. 
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ERMA .... El~c tro n i c R~ co rdin g Machi n !!. Accountin g 

ERMA's -Service Station* used to insure tne perfect operat ion of the many 
delicate circuits in the bookkeeping machine. Th is ma intenance board faci li tates 
the location of troubles within the machine. 
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ERMA .... Electronic R~cordlnB Machtne. Accol.lntins 

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 al the rate of 10 per second. A s lack of 

a thousand checks about 5 inches high -melts · down in the inpul container in about 

one and a half minutes. To obtain good accuracy at these speeds the paper is con· 

trolled pneumaLically for both feeding and stacking, nOl by mech anicel friction devices. 

The machine errors-checks sorted into wrong compartments-run less than 1 in 

100,000. Rejects, or checks the machine cannol sorl, are below one percent. 

Mochines are created by people. To conceive, develop, build and test a mochine 
of the size and complexilyof ERMA requires the IOrvlces of many men and women 
with mony skills . 
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Artist's drawing of first proposed ERMA instollotioo . 
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MACHI NE BOOKKEEPING OF CHECKING ACCOUNTS 

A machine to perform the necessary accoun ting fo r 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, CalHornia. 

ERMA is a large, data-processing and paper-handling system designed specHi­

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 £Ioor 

space, and weighs about 2S 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 

regula ted selenium rectifiers. A 25·too 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 atrange with 

equipment builders for the construction of production models. 
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ERMA .... Elt"ctronic Recordtng Machine. Accounting 

Operator at the input console: . The amount of deposit or withdrawal is punched 
on tho keyboard, the check or deposit slip is dropped in the automatic 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 8 typical 

checking account. Assume it is the accoun t of Harold Brown in the I-les ter Branch 

bank of the Bank of America at San Jose. Assume that in the Bank of America system 

this is branch number 157 aod the hypothetica l 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 PUI on we'll come to later. Just assume it is in some language intelligible to !he 

electronic compu!er but not necessarily readable by you or me.) Excep! for !he 

account number and it is further personalil.ed with Mr. Brown's name and address, 

the check looks like any other Bank or America check. 

The merchant deposits Mr. Brown's check to his Own account, which mayor 

may not be the same bank as serves Mr . Brown . In nny case the check arrives via 

usual banking channels, such as clearinghouse transrer or directly from one or the 

branches' own tellers, to the desk of one of the rive operators ror ERMA the electronic 

bookkeeper. It is in one of the thick bundles of checks agains! the many accounts 

ror which the machine is responsible. 

The operator has before her, as do the other four, an array of keys that resembles 

the keyboard or a large adding machine . One section of the array applies to the 

branch.bank number and the account number and the other is (or the dollars and cents 

amount o( the item. Between the account·number section and the amoun t section is a 

single column or keys (or various code purposes. 
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ERMA .... £ It!c tron ic R t!cording Mach int!, Ac co un ting 

Hundreds of relay units are 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 losl time. 
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ERMA ... . El~ctronic R~cording Machin~. Accounting 

The operator, we'll now assume, picks up from the pile Mr. Brown's check for 

S19.00. 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 tbe 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 infonnarion. 

Is there a ·SIOp payment- again~t 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 519.00 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 

avai lable 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 519.00 from that amount. H 

the result of this subtraction is a negative quantity, it indicates that ~tr. 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 0 mi Ilion feet of wiring ore 

need.d to make ERMA function . 
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ERMA . ... Electronic R~cording Machin~. 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 S19.00. 

Meanwhile the account number and the S19.oo debit item are -written down- in 

ano ther section of the drum reserved for the temporary s torage 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 anyone 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 len magnetic storage tapes. Within that set of tracks the 

information is stored in random (incoming) order. When information about Mr. &o",,,'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 Crom temporary storage to 

only one tape at a time . 
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In a short while it becomes time for the tape containing ~Ir. 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 Lime arrives. It con­

tinually surveys its temporary storage sections, and when one nesrs filling, it auto­

mstically 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 an)' particular group of tracks 30 times per second). The tape moves 510wly­

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 slorage-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 temporar)' storage has infonnation is that of 

~lr . Bcown. llis account number and the S19.00 debit item are transferred to the 

register and held there while the tape unwinds through the inlt:rvening 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 infonnation to the 

next available empty space on the tape. Physically this is immediately after the most 

recen t e ntry to ~lr. 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 Jroceeds 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 ~lr. Brown's $19.00 check has no ..... been accomplished. In 

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

or the month. At the end or each day the machine automatically calculates rrom mag­

netic tape inrormation 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 or business ror the month each tape is removed rrom 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 rigures this 

charge automatically, applying a rormula that includes account activity, balance, 

and type or account, which the machine ascertains rrom a code within the account 

number. Sinultaneously a written record or account activity is printed on paper ror 

the bank's permanent record. When ready to print, the inrormation held ror 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 ror 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 ror Mr. Brown it retajns 

0) 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 

ror next month's activity to Mr. Brown's account, and all others ror which it is charged . 
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ERMA .. .. Electronic Recording \lachine. Accounting 

Power at seven different voltoges is required 10 keep ERMA in operotiOfl. This 
pone I controls the units required to convert 80 kilowatts of alternaling current to 
direct current and to assure ft_dam from voltage variations. 
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ERMA .... Ele c tronic Recording Ma c hine , A c counting 

This chart shows the path of a check or deposit through the electronic bookkeeper . 
The physico I check Of deposit slip ,okes the path of tho dotted line; the informa­
tion from it follows the solid lines. o,ecks or deposit slips in bundles come, in 
the usuol way, 10 the operators of ERMA. Assume, as a typical cose, a check for 
519.00 by a Mr. Brown. The number 157 11756 hos been assigned to him, the 
first three numbers (157) identifying the branch bonk with which Ik . Brown does 
business . To perform the bookkeepi ng for this check, the machine requires three 
pieces of information . The amount of the check and the foc t thol it is 0 check not 
a deposit is supplied by 'he operator who presses the proper keys 01 her keyboard. 
The accoun t number is reod by the machine from the check. Having this Informa· 
tion, the machine looks up the old current balance for this account, and delivers 
tha t sum to the arithmetic uni t. It a lso de termines if there is a stop·poymen t 
against this check or any ho lds against funds in this account. If none, the sub· 
traction of the amount of the check is mode from the old current balance by the 
arithmetic unit. If the remai nder is plus (0 minus sum indicates on overdraft), 
the new current balance is wri tten on the mognetic drum and the item details a re 
stored in the temporary storoge section of the drum. Later these details are 
transferred, via the shih register, to the magnetic tope where 011 information 
forth is 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 ore reod from the tope by a high·speed printer wh ich writes them 
anto the s latemenl . This is combined with the checks , which have been auto· 
motically 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 (ER~IA 

(or ~lecll'Onic ~cording !!!achine !ccounting). 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 ..... hether 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. 

or the 19 columns of keys, the first 3 identify the branch bank and tbe 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, 

lIarold G. Brown (the hypothetical person assumed here for purposes of illus tr ation). 

To the right of the keys identifying the branch and account is a row of red, 

lellered bUllons. These are code designations, some of which are controlled by the 

machine and some by the opera tor. 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 tbe code column. are ten columns for dollars and cents. 

Thus . the machine is not embarrassed by any check up to S99.999.999.99. 

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. 
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ERMA .. . . Electronic Recording Machine, Accounting 

and fou rth code circuits connected to it; the second circuit remains open . Thus, the 

machine recognizes an 8 by circuits I, 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 itseIrwithout apparent de lay 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 8S possible before the 

keyboard would respond to her next entry. 

Each or the five input stations required to keep EmlA busy also have means 

for printing on paper tape a record of each item entered into the machine. i.e. account 
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Account numbers printed 0f1 the customer's check, 0f1 the back in code and 0f1 the 
front in arabic numbers, are printed in magnetic ink for use by the check scanner. 
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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 ER\1A, such as, ·What is the 

current balance in lIarold Brown's account?W Because the print-out mechanism IS 

operated by depressed keys, each key has 8 solenoid to pull it down in response to 

the machine's answers to queries. In other \\ords lne keys can be depressed by the 

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

Incorporated into each input stalion is th~ 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 £oc otber 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_inkcontaining particles of iron oxides, about 40 millionths 

of an inch in size . Arter 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 [irst 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 eac~ 
digit. Thus a 1 is represented by blank, blank, bar, blank, bar (00101) while a 2 i~ 
bar, blank, bar, blank, blank (10100), and so on. These codes are analogous to th( 

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 
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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 Oteck number-scanning machine. This machine 
·reads· arabic numbers on Travelers Checks ond punches IBM cords for use in 
Bank of America accounting systems. 

1, 



ERMA .... Electronic Recording Machine, Accounting 

Obviously it would be tremendously advantageous (or 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 o( numerals­

has proceeded in parallel and beyond with the code reading. A technique (or direct 

number reading has been developed and successfully tested. It will be incorporated 

in future electronic bookkeeping machines. 

The parlicular phase of the banking function chosen (or the development oC 

machine reading of conventional appearing numerals was the serial number on Travelers 

Checks. This was done for reason oC simplicity. The tra\'eler's check problem could 

be isolated Crom other phases of banking. yet it provided all the elements required 

Cor the de\"elopment of direct number reading by machine. 

The numbers as printed on the front of Tra\'elers Checks (and eventually as the 

branch.bank and account number on depositors' checks) are recognizable to the human 

Arabic numerals and the wove forms produced by the Travelers Check scanner. 
As the numbers printed on the Travelers Check polS 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 wi th 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 thei r normal posi tion 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. Each Travelers 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 tbis 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 prin ting. The check is diverted into a separate compartment for attention 

by a human ooerator, 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 erTOr-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 drum is 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 

ERMA', magnetic drums are contained within these vertical cylinders . The drums 
store current balance, stop-payment and hold 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 . 
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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 ginary digU or.hl1. of infonnation. Thus the drum 

surface canbe thought oCas 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 e lements. 

Four bits are required to s tore 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 s tore an account number such as 11756 the 

first two sels of four bits on a track are magnetized N-S, SoN, N-S, N-S, (0100), ..... hich 

in machine language means 1. The third set, for the numeral 7 (1010) ..... ould be 

magnetized S-~, 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 ..... riting the full account number for each 

account. The drum is divided in a son 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 (Le. 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 curren t 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. 

Each magnetic head element consists of a coil through which CUrTent can be 

passed. It is wound around a piece or 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 bil 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 fot a given desired number by 

searching for the proper combina tion of bits on the drum. Information, such as current 

balance, can be read in similar fashion. 

On. of the -lxJilding blocks" used in the arithmetic unit, capable of performing 
additions ond subtractions on sums as large as S99,999,999.99. 

When it is desired to change a number, fot example to write a new current 

balance, it is necessary only to -write over- the old number. The magne tizing forces, 

applied in the proper coded sequence, are strong enough to overpower the magnetism 

o( any bits thal previously were oppositely polarized. Or, a section can be comple tely 

-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, (or reasons of practical physical size. This gives a tOlal of approximately 

600,000 digits of information. 

ERMA's jurisdiction. 

This is adequate for servicing the accounts under 
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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 8S 

$99,999,999.99. 

Detailed account activity information is -filed- by ERMA on 10 reels of magnetic 
tope, eoch olmost half a mil. in length. Accounts are kept in numericol order on 
the tapOi which provide storoge space for a month's octi",ity. 

21 



ERMA .... El~ctronic R~cordin8 Machint'. Accounting 

The high speed printer, used in sl1Ilemenf preparation, prints lS lines per second. 
Th. printer can prepare all the stalements for ten bronch bonks 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 rorm such that each 

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

The tubes are arranged in pairs, known as Clip-naps, so that when a potential 

is applied to a pair, one tube becomes conducting, the other non-conducting. The next 

application or potential causes the conducting tube to become non-conducting, and 

vice versa. Thus the device has the essential features or 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 inrormation rile is kept on magnetic tapes, of 

which ten are used for storage and two serve auxiliary runctions. 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 reet 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 inrorma­

tion on the tape or read information from it as neeaed. The tape stores infor"'''~ion on 

the same binary basis-bits that are magnetized either N-S or S-N-as on the drum. 

The tape consists of a plastic backing coated with a £jIm containing iron~xide par­

ticles. The tape of standard size gives room in one row across the tape for seven 

inrormation 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, hov.·ever, 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 detennined by previous experience with that account. 

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

as described ror the magnetic drum. 
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HIGH-SPEED PRINTER 

Under present banking procedures the entries to monthly account statemenLS 

are posted dei Iy by hand. This is essential because the volume of work makes doing 

it all at one lime 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 8 selected day each month. 

To make this system possible, however, requires a means of printing infonnation of 

statement sheets at extremely high speed. 

Consider the enormity of the job.£Lsl&tement 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. lIowever, to print 1,250,000 lines at 3 per second-and counti ng no lost time 

bet .... een statements-would require 120 hours of uninterrupted operation, or five 

2·~·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 nonnal 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, S'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 

lIarold 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 sewter separates the checks by occount number and by bonk 
branch so the checks moy be returned to the customer with his monthly statement. 
Automotic sorting is mode possible by 0 speciol mognetic ink code marking on 
the bock of eoch check. 
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Another view of the check sorter which sorts by occount number. Eoch bundle of 
checks must be passed through the mochine five t imes (once for each digit), The 
checks trove I at the rate of 150 inches pet second through the sarter. 

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 2S·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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ERMA .... Electronic Recording Machine, Accounting 

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 th e 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 

orr 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, 20r 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. lience , 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. 
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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 maintenonce board facilitates 
the location of troubles within the machine. 
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ERMA .... Electronic Recording Machine, Accounting 

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 s tacking, not by mechanical friction devices . 

The machine errors-checks sorted into wrong compartments-run less than 1 in 

100,000. Rejects, or c hecks 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 ..... omen 

..... ith mony skills. 
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ERlUA-

ELECfRONIC BOOKKEEPER 

FI VE YEA RS of research and de­
velopment have culminated in a 

revolutionary electromechanical ac­
counting machine to handle all book. 
keeping functions for 32,000 check. 
ing account!. Future production models 
will serve 50,000 account!. Designed and 
constructed in RI', Computer and Con ­
trol Systems Laboratories. ERMA (Elec­
tronic Recording Machine. Accounting) 
was devdo~ for the Bank of America. 

ERMA credit! individual accounts 
with deposits, dcbitll withdrawals, rcmem· 
bers details of alllransBclions, maintains 
correct balollcel, 8~pl! Slop-payment! 
lind hold orden, prevents overdrawing of 
accounts, and lorts checks. 

ERMA verifies each accounting Itep 
lIutomatically and with lightning l!peed. 
Virtually any error is immediately sig­
naled to the operator. Parallel proceMeS 
ensure accuracy and cach Btcp musl be 
corred before the neXI begins. There is 
an ovcr.all balancing at the cnd of each 
dB). plus a monthly r~pitulation. 

Technically, ERMA stemmw from 
"'ar-~Iimulated progress in "electronic 
brain" computers. Its high degree of 

bookkeeping efficiency is made possible 
by a wide range of developments in mag· 
netic recording, machine reading of 
printed codC!!, and techniques of me­
chanical paper handling and high.speed 
printing. 

In addition to the major problcm of 
\isuali:ing the complex system requircd 
to handle the bank's accounting I)'Btcm 
SRI's engineers found an e\'en larger 
task in mBkin~ componentl of the B)stem 
function together. 

In working out the mus of detnils 
necessary to do the job, sevcral special. 
ized problems ,,'cre o\'ercome. Working 
together, mechanical and electrical en· 
gineers in the Control Systems Labora· 
tory devised methods of handling cheeks 
of !e\'eral sizes and weight.s-even when 
badly mutilated. 

S),stems were evoh'ed for reading 
codes and actual Arabic characters 
printed in magnetic ink, as well as for 
de\'eiopmenlof the ink itself. These make 
possible the reading of characters with 
freedom from errors due to poor regis­
tration or overprinting. 

ERMA includes more than one million 

.",L . :~' . .r r;·,~. U""'~,,,, .. 
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feet of wiring. 3-l,OOO diodes, 8,000 vac. 
uum lUbes, and it ",dgh. in the neighbor. 
hood of 2S lonl. It uses 80 kilowatt! of 
electricity brokl'.n down into lix ,-olt'get 
and generates enough heal to warm three 
eight-room houses. An air-condition ing 
system cools it. 

The fint ERMA machine will be mo\"cd 
to San JOlIt early in the coming year to 
handle checking accounts for branches in 
the San JO§e area. The Bank of America 
needs .bout 37 ERMAI 10 .tent its 
branch banb throughout California. 
The bank's dCpo"il accounts ha\'c been 
growing at 8 rail'. of mOTl' th.n 23,000 
a month o\'er the pa~1 len )'cars. 

EltMA'. "SCII 8et" 

The input keyboa rds are Ihe C)'elI and 
eara of ERMA. There are fi"c of Ih~. 
each fHembling a large adding machine. 
The keyboard is the m/:8ns by '" hich the 
system TC(til-es information. There are 
key. 10 represent the account number, 
branch bank number. and the amount of 
the check or deposit. ERMA is not em. 
barra.ued by any check less than S99,. 
999,999.99. 

The lceys actuate electrical switches, 
each of which isconnttted 10 n\'e circuits. 
Four of the cireuill ~tablish a code 10 

identify the digit repr~ntcd by the key 
-the 6flh circuit is for checking pur· 
po5e5_ For rumple. pres!ing an 8 key 
dose! the first. third, and fourth code 
circuits; the !eCOnd circuit remains open. 
Thus, ER\1.\ rt'Cognius an 8 h)' circuits 
1,3, and .J. being c1csW, but 2 open. This 
can be repr~nted by 1011. Likewise, 
number 7 is coded by 10tO, snd 10 on. 
The four circuits pro\·ide enough on.off 
comhin:ations to idenlify 811 ten digits 
plus sc\eral s)mbols. 

The electronic bookkttper ha.s five in­
put keyboard&--four operators and a su­
pen·ilOr. As the machine handles a~1 
8\erage accoun t item in hall a second, II 
tan switch itself without apparent delay 
among all operalOrA. Even if all oper­
ators prCO'-s their item-entry bat! at once, 
one of them might ha\'e to pause only 
about a second if ~he were entcring items 
as rut 85 possible, before the keyboard 
would respond to her next entry. 

ERMA has tw o magnetic drums about 
the size of small oil drums_ These arc 
part of the machine', tempora ry infor· 
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Key. 10 ERftIA'. olle:ralion It re IhC!le ",\il ~. Arlbl'~ eOIl<'CI. l ion III left ~how. I,-pieal 
inpul elillion wilh ~om'" or EIt'IA', ""nell>ol1nl~ in lHldl;8 rollnd . P icture III left sho .... 
one of Ibe mll8nelie drums .. h ieh lemlJUrll ril, ~ Iore~ IIeli,il,. infofl1'lIlioll. In eenler 
/8 one of hundrecle or e le<:l ro nje III1<,kIlIlW~ "'hieb ,10 EIlMA's ·;, hinki" K'" MII,netie 
Illpe. II I rl ,lal pro,-ide pcrn'anc nl bloral '" of lIeeou l11 i,,£ormillion 

mation "files," capable of sen' icing a 
tolal of 32,000 accounts. The drums are 
coated with a resin containing tiny par­
ticles of iron oxide, the polarity of which 
can be controlled under the influence of 
magnetic fields. Each drum is divided 
into 300 invisible pantUel circular tracks 
about the thickness of a butter knife 
blade. Each track is divided into sections 
0.010 inch long. Under the influence of 
electromagnets mounted close to Ihe 
drum surface, tile 1,500,000 magnetic 
cells 011 each drum are an informal ion 
storage element fo r bits ( from binary 
digiu ) in the binary s)'~tem. Thus. lIince 
five bits nrc used to identify each number, 
300,000 separate numbers may be stored 
0 11 each drum. 

ERMA can read! The machine identi­
fies each check by "reading" in format ion 
printed in magnctic ink on the back of 
the check. This code is madc up of rows 
of bars \\ ith sl>ccifie spacing, apparcnt 
to Ihe human cyc, and is similar to the 
coding described for the input keyboa rd. 

The magnctic illk process nllows 
ERMA to read numbers at thc r3te of 
1,000 characters a second. ERMA is not 
confused by dirt, ink, or other deface· 

mcnts of the coded number. When the 
check passes lll\(ler a mngnetizing ele­
ment in the reader, the tiny iron-oxide 
particles in the bars line up in a pre· 
scribcd direction . Thcn the check passes 
under a un it wilh fi\'c magnetic readi ng 
heads side by side. Because the posit ions 
01 magllet·ink bars diller. the pattern of 
voltages nt each of the five reading heads 
diffcrs for each digit. ERMA's electronic 
ci rcuits arc able to distingui s.h between 
the resulting unique wave patterns. 

ERMA's arithmet ic unit is made up of 
a ballery of electronic tubes and related 
components arrangcd in pairs capnbJe of 
performing add itions and subtractions 
on sums as large as 599,999.999 .99. 

Since the " building blocks" of the 
arithmetic unit can cou nt only up to two 
_ recogn izing only two situations­
decimalnumbcrs a re representcd by spe­
cific patterns of binary numbers. 

The tubes arranged in pairs are known 
as "flip-Oops." When II potential is ap­
plied to a pair by ERi\IA to "remember" 
informa tion, one lube becomes cond uct­
ing, thc other nonconduct ing. Thus. the 
device essentially stores pieces of infor­
m3tion in much the same manner as each 
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cell on the magnetic drum SCHet this 
function. 

Detailed Informatio n 

More detailed account information is 
kCIJ! on the machine'!! main information 
storage system. on magnetic lapes. Here 
it is stored in its incoming sequence. Ac· 
counl! are maintained in numerical order 
ju~t all they would be in a file cabinet. 

Each of ERMA's t",e!,"C tape units 
handle:!! 2.100 fect of :\/' pla~lic·badced 
ma~nclic ta~. thereh) IlfO\-iding ~pace 
for Ihl! detailed r«ord of ailiranyctionl 
o\er the period of a month. 

The tape can be unwound p<l51 • set of 
maf=;ncl ic heads similar 10 those used on 
the drum. for "writing" lIew information 
on the tape or "reading" information M 

it j .. sumlllonffi. The tllpe ~torC!l informa· 
tion on the !lime biliary b ... i5-biIS mag· 
Jlt'lizcd eilh('f \·5 or .\ - as 011 lhe 
ma~lIcti{' drum!. Th~r~ is room on th~ 
standard ~ize tope for S(!\·~n information 
bits in a row acr~ th~ tape. Because the 
tape lIIust ol~o slore words or l~ttefl iden· 

EltblA·. hl.h" peed print'! .... III bO! 
kepi in a ipecia l ~undpl""Otlfw room 

tif)'ing transaclion!!. K\'~n bits ar~ reo 
quired to id~ntifl alll~t~n and numer· 
als. Thu ~ach row of bit!! identifies one 
charact~r. In thi!! \ny. information a, 
to account number. name and addrC!s, 
and account acti\-ity for a month can be 
slored in aboulnine inches of tape for an 
o\'eroge checking account. Space on the 
tape is allocated at the ,Iart of each 
month. ba~ed on pre\·jou! ~xperience 
wilh that account. The manll~r of writ· 
in!. rradinp:. ur ero-ure I)f information 
on Ihe lape i!l e~ .... ntioll) II~ de,.cribed for 
the mOf!:n~lir drum. 

~ Ionthly O(TOunt -tatemenb - " .. ilh 
~f\ ice chor~t'" autnmoticalh calculated 
-ar~ pr~port'(1 from information l'tored 
on the tOile h)' a hip:h. pffd printer. The 
pTinter 113'1 a nUltinuuu~ ~peed of 600 
lill(>$ 0 minut('-fluul1 to Iw increo!led to 
900 lin£"! a minute- and nero!! hUlllan aid 
olll~· when more pOI)Cr is net'ded. 

The Cnllllllf'ffially nailahle printin~ 
element cC)l1~i,t .. IIf a qlinder wjth row"!! 
of rai".-d characler! arro.~ it. each row 
bting a~ wide Il!l the line of printing on 
Ihe ~tatenl('nt. One row C~lIItAin~ a ~uc· 



ERlItA'1 K .... lc:e pi nel wllh h i nlyrl l d o f 
indic:alor lI,h lt hdp. '''lH'r "",,ort Imnle­
dlalely Joule trouble tpol. In the eompleJl: 
ti~uilry. From Ihe tef" l«I det" ERl\IA 
eln be pullhrou,h III IlaC:ellloft lio n Ii,. $"'''' ' 
lion 10 pr«iul,. loeale n •• lfundion. a nd 
the operation ean b.., . I OII I~I al a ny poi nl 
in tbe information Ilroc:e...ln. 

cession of A'" the next 0'1, and 10 on 
around the cylindcr for the rest of the 
alphabet, for numerals and other aym· 
bois. The cylinder turns continuously at 
1,200 r.p.m., abm"e a row of litationary 
striking hammers, one for each charac· 
ter in the row. Between the hammera and 
cylinder ia the statement blank and car· 
bon ribbon. 

Check Sorter 

As information from the checks passea 
through the bookkeeping functions, the 
paper (depol!it slipa and cheeks 1 is sorted 
for each individual account by a !pe. 
cially developed automatic sorter which 
"reads" account identificaliOlls and aora 
check!! al the rate of 10 per ~ond. A 
stack of a lhouund checks about 5 inches 
high melts down in the input compart· 
ment in about a minute and a half. Pneu. 
matic feeding rather Ihan mechanical 
friction dc\icts accounts for the dJiciency 
maintained al these hi@h speeds _ with 
errors of less than one in 100.000. 

To sort checks, a bundle is placed in 
the sorter. Top chttks arl' whil!ked off 
b) a \'acuum feeding device and p;uided 
10 a scanning head set t41 read Ihe first 
digit of the attounl number. This in· 
formation is momentarily atored on II 

rotaling mechanical memory dev ice. The 
has 12 compartments (0 through 

plul! two fo r rejected checks) into \\ hieh 
sorts checks or deposit slips. The 

are sorted through for each d igit 
I requiring the sort ing of each 

limes t41 Illace them in proper 
by account number. After aort· 

to be laler combined 
to custo· 

Beh.ind the d OJ.enA o r pan",! boud~. m.J.e 
of wire. Ii..,. to,eth"'r the huntlred. ot 
elec:lronie padt. , eII wh.ic:h a~ Lhe IenJOeli 
or ElUlA 
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BUDdies of chec:k .. or del)()silillipa come, by the usual route, to the op«'t'ators 
of ERMA. JU8ume, ua a Iypic:al CAae. a chedc fot' 819.00 II) a Mr. Brown to 
whoM! account the bank haa U8eigned number 15711756. To perform the 
bookkeeping (or thia c.hec:k, tbe machine require. thr« pie«t of inCornut· 
lion : the amount of the ch«.k, ",hieh Ihe DlleralOr 'UppJiH by preQing 
ke~" j the fael thai it ia a cheek, nOI a deposit; and the .('counl number, 
whieh the machine reada from lht' «Kle on the buck of the ('b~k. "."ing 
thiA inlormation, the machine 100"- up lhe old ('urrent balance for thi. ac­
count., and delheNi that lunt 10 the arithmetic unit. It .1.0 delermine. 11 
there ia a .IOP·IJ.lI~·melil againAt Ihis check or any bold. againat funda in this 
aecount. H none, the luhtruelion of the amount of the ,,-heck it m.d~ from 
the old currenl balanc~ b) Ihe nrilhmelic unit. U Ihe remainder i.l plu. (8 
minU8 lIum indiealelJ an o\erdraft), the nCl'l' current bulance is written on 
the magnetic drum nntl the ilem detail8 are 8tored in the ten1llOrary ,torage 
IIcction o( the drum. Latcr I1H~tfe detail, are trnntl(err~, \·w the IIhiCt regl'. 
ter, to the mllgnclic. mpe where all informution (Or thi' account (or the eur· 
rent month is held. At the end o( the month the uccount detail, (or the 
I)criod are written Ly a high'8peed "rinter onlo lhe ,(ulement. Thj.l III com. 
bined ~illithe check., which have takcn lhe I)ath .bo",n Ity the dOlled line, 
and are pro\ided to Mr. 8rO"'11 in the usual way 

rffl me: W'HOOWjjII_ 

~ CHECItSOR 
DEPOSIT SUPS 

REAOlNG HEAD 

1 

I 
I 
I 
I 
I 
I 
I • CHECKS OR 

DEPOSIT SLIPS 

HO. 

PAPER-TAPE 
RECORD 

AMOUNT $ 19.00 

CHECK READER 
AND SORTER 

( ~----+ 

,"5900 
-'19_00 
• ,uo.OO 

7 

HOW ERMA FUNCTIONS 

I 

HE • 

ACCOUNT NUMBER 

CURRENT 
BALANCE 

STOP 
PAYMENTS 

t+OLDS 

:=--J~~~~~~~~ STORAGE 
ItINO AND AMT. ,~~5~H~"~T!; OF ITEM 

MAGNETIC TAPE 

DAY'S 

HIGH-SPEED 
PRINTER 

ACTIVITY .... _ 1/ LIST 

3D REVS 

PER SEC. ACCOUNT NO l~~~~"'I~~~;~~ KINO AND AMT_ 
OF ,T£M 

CHECKS AND DEPOSIT 
SLIPS SORTED AND "'lEO 

8Y ACCOUNT NUMBER 

IITSI 
"9 _00 

MOfH ..... Y 0 
STATEMENT 

- - - -+ (1'751 if!I-.. - - - - - - - - - - - -----1 
TO 

HAROLD G BROWN 
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Dr. Kennelh n. EldreclJ!;e, m aml,er DC the Control S,,81rm8 I ... boratorr. a" nd" hy the 
inpul . ,a!lon of the IIU lo,".lie ",heck ..orler, " ' hieb .. ,.... • .1 ... account IdenllfiUllon eml" 
rna,nelleally a nd JO ru ..,hceb a t .. fDle or 10 per teeond. The oo"('r ,....j<ecl. chedu whleh 
h.~ e no ma,nelle cod.., ldenlifieatio-.. in Ihr ell,ie of ellunl"" ('heck_nd theM: .re 
then handled manuall,.. The check .orler lIIulomlll;«II,. ,"..,rillet h. own "relldin." IIC­

cura..,r by mun~ or lIul!!.in ..,hcekinA' re.lu~ or Ih"" nl •• nelie eode i~1r li nd .. ilhin 
the machlnt. The !tOrler nli"",,,1I1I leM ,han one in 10,000 eheck. li nd rejeeu l et~ 1h.1n 
one I~r«.nl due to muln.don 01 fiMlelI or pll~r 

• 

-
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H AROI.O 9ao,,,' wri 
119.00 to a m~r(':h TIt; his branch 

number in the Bank of America system 
i. 167 and his account number is 11756. 
Thul to ERMA Brown is known .a 
16711756 and his cheels carry Ihis idf'n· 
tification in magnetic code. 

Ennlually, the check arrives at the 
desk of one of ERMA's five operators via 
usual banking channeb-dearinghouse 
transfer or dirtttly from one of the 
branches' own Idlera. It is in one of lhe 
thick bundles of checks against the many 
account! for which the machine is respon­
sible. 

The operator of the input keyboard de­
presses keya 10 inform ERMA that the 
$19.00 item i. a check rathe.r than a de­
posit. The machine leans Srol.tn', ac­
count number and automatically pull. 
down the kt)"s On his entire identification 
number-16711756_<m the account 
number AeCtion of the keyboard. 

By pres!ing an entry har the operator 
signals ERMA to take over the remaining 
bookkeeping functions. 

In a lightning.fasl chain of evenll the 
machine colleell the amount and infor· 
mation as to ",hether the item is a check 
or deposit from the input keyboard and 
the current balance from the magnetic 

U,."~r 1M ERMA ""um ta~" claeelc 
carrie, OCClNlnl in/orm/ldon I,. coded 
bar. on fhe IHfclc 01 Ihe ~"I!C" l1.li 
. hOMO" in inure 

• 

drum information storage system. These 
three pieces of information it gives to an 
arithmetic unit. It also hI! scanned ill 
drum storage s)"lIte.m for two other per­
tinent bill of information - is there a 
"~top payment" against thi! check and 
are there any " holds" against funds in 
Brown's account? If "hold~" are found, 
their amounts are subtracted from the 
cu rrent balance, or if a stop-payment is 
found the operator is notified. 

If sufficient funds remain in Brown's 
account, the arithmetic unit subtracts the 
819.00 from the total. Then a new cur· 
rent balance is established and the ma­
chine checks it! arithmetic in !leveral 
way!. 

The new balance is "written down" on 
the storage drum, to be held for minutes 
or perhaps hours until it is convenient 
for the machine to tran8fer it automat i­
cally to permanent storage on the mag­
netic tape. 

Checks and deposit slips arrive in a 
random manner but obviously musl be 
"filed" on the tapes in an orderly way. 
The drum processes information in what­
ever sequence it arrh'cs and holds it in 
temporary storage on the drulTUl until it 
can catch up with itll filing on the mag­
netic tape. 
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A standard Flexo\\riler paper tape 
rcadl'r ill used in combinntion with 
EIl\1 \ to transcribe new and 
l·hangNi names and nddreMell to 
the permnnent files on the magnetic 
lapt" •. It ellrl nl~() be u'lt'd to re!'lore 
information in the c\'cnt tapes arc 
dama~('d. 

The reader o~rales photoelec­
trically al EpeOOlI UI' to 200 char. 
:wler a ,,",ond from Inpc "hieh hall 
IIfTIl manualh punched by bank 
lW'r-ollnel. The information pa!SeS 
Ihmu~h II code COII\C"rlcr con~i~1 ing 
(If paint of Hlcuum lube! or "flip­
no!' ... · and relay!! ('II route to the 
m3;,tlleti(' talK'!'. 

1\ "rcaclin~ hrad" automatically 
!If'arcliM thl' track!! 011 the magnetic 
drumll Jonkinp; for Ihe nexi higher ae. 
('nUI1I numher fllr "hiell it hM 311 item to 
r<'Cllrd. Thnt l1umocr - assume il is 
BnuH,'jI; 117.;()--/llui till' 11) .00 debil 
are lrandcrred 10 an inlcrmediatcslorage 
r{';::i~II'r 11)('('311'«" Ihe drum operalC:!l 
lI1ul'h ra ~ler Ih1m Ihe Lape) and Ihen to 
Ihe ma~llf'tie tape IIhen Ihe nexl empty 
~Ilacc is round in Sl.'t}ucnee on the lape. 

Arler the item is enlerrd on the lape 
!eVe-ral cross·check!! for tlccuracy occu r. 

When the macbine is !latislled it has made 
no error, the action proceeds 10 the next 
higher account number lor ""hich it bolds 
entries. 

The bookkeeping on Brown', 819.00 
cbeck has now been accompli!lhed and 
other deposits and withdrawals are en­
tered in like manner throu((hout the 
month, At the close 01 bU!lin~ each 
month the tapes are connected to high, 
speed printer, which C(ln\ert the coded 
information into word. and numbers lor 
the conventional monthly !'lntement, in· 
eluding service charges automatically 
calculated, and eurnnt balances altered 
accordingly. 

Harold Brown'. chcch are machine· 
sorted, combined with the monthl)' stllte· 
menl. and rcturned to him !J!\ u~unl. 

1I0W TilE CII ECK S~'l\En 
" READS" MAC!\'ETICALLY 

A magnetic pid..up hend somewhat 
similar 10 that of an ordinary lape reo 
corder enables the trn\eler's check ~call' 
lief to idcntir, Arabic numeral!! by the 
spt"Cific ""a.'c form. produced by each 
numeral. 

] 45 

As cach lIumber- printed in magnetic 
ink-mo\cs lal ernlly ncross the reading 
heml, thl' amplilu<ic- of Ihe ~iC:llul \, ill he 
diu!ttl) proportional 10 the alllount of 
magnelic lllalrrial ulldrr the hc-ad. T1lU~, 
there is 3 dirttt reillt ion bell-Hoell the 
heiglll of each portion of the 1I1l1-'e form 
belo .... and Ihe amounl of mngnclic ink 
in the corrt'!'pondins se~:tion Ilf the nu· 
mernl aoo\"e. 

< 

• 
• 
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~luchine.reudillg A.'ubic Numerals 

Til E PROTOTYPE ERMA reads bi· 
nary coded numbers printed on 

checks and deposit slips. Concur· 
rently with ERMA's development, a 
projecl was undertaken to devise a 
method b)' which future EIl.\1As could 
read printed Arabic numC'rau dirt·dly. 
Thil study was carried out using the Bank 
of America's lra\'der's check operation 
which could be illolatcd Crom other phases 
of banking, bUI providing all the elements 
required for the development of direct 
number reading by machine. It is ex· 
pected this method will be applied Lo laler 
models of ERMA. 

The numbers printed on front of the 
traveler's checks appear to be ordinary 
printed numbers. !loIII'ever. this can also 
be "read" by the liCanllCT with 3 high de­
gree of accuracy despite di.diguremcnl 
from ovenlamping, ink. dirt, finger. 
prints, or wrinkles. Because the scanner 

responds only to magneli~ ink such ob­
literations do not confuse II. 

Thc machine also yerifies its own read· 
ing. Each check is printed with a nine· 
digit serial number and a tenth ~~mber 
indicating denomination. In addlhon an 
eleycnth number is provided to make .the 
lum of all cleven digits dhisible by Illne. 
A computer element in the &canner makes 
this addition and diyision after each 
reading. If the su m is not divisible by 
nine the scanner "knows" it has not rca.d 
the number corredly lind the check 15 

diYerlOO into a separate compartment for 
monual attention. . 

The prototype scanner reads and ven­
fies cleven·d igit number! at 100 hchecks 
a minute and rejects (checks t e rna-

h" k ;ws have been read incorrectly) 
c me n cent of 
constitute much less than one per . 
the lolal. This performance--estunated 
al 50 times better lilian human accuracy­
is being impro\·ed. 

s 
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are man·made to aid 
m~n and women in the Pf'T­

lor..manoe of uKluL .... 'ork. £Rl.1A .. 
lht product of the kno~'ledge. experi. 
ence, and tenacity of many members 
of the SRI staff and Ihe Bank of Amer­
ica. It would not be possible to men­
tion all those who contributed 10 its 
design and construction over a five· 
year pe:riod, or those whose relaled 
research ha. made ERMA's dc\'clop­
menl pouible. 

O"<':r .• 11 direction of the project wu 
the responsibility of Thomas H. Mar· 
rin, SRI'. director of engineering re­
search, and Charles Conroy, UAistant 
vice president of the Bank of America. 

Oirect responsibility for the lech­
nical program lay with Or. Jern: D. 
Noe •• uistan! director of engineering 
research. Supervision of major por· 
lions of the work wa!! di"jded among 
Or. Byron J. Bennett, manager of the 
Computer LaboratorYi Dr: Oliver W. 
Whitby, tWinical planning co-ordi· 
nator; and Or. K~nn~th R. EJdredge, 
manager' of the Control Systems lab­
oratory. To these men fell the respon· 
sibility for envisioning ERMA as a 
whole and seeing to it the many sep· 
arate parts "play together." 

For Ihe Com llUte r 

Mihon B. Adams, Or. Frank W. 
Clelland, Jr., Richard W. Melville, and 
Howard M. Zeidler headed major 
gToups in the development. 

Bonnar Cox. Jaeli. Coldl)('r,; and 
Dr. William H. l\aut' wtre r~pon· 
sible- for the- detailed 1~ic.1 d i8n. 

Roy C. Amara, worge A. Barnard 
III, and Dr. John A. D1iclc:ensderferde­
veloped logical design and translatw 
logic into the physical wiring specifica. 
tions. 

C. Bruce Clark was responsible for 
component I!IC:IKtion and quality con· 
trol. 

Other engineers who pla,ed an es­
sential part in ERMA's development 
are: John A. Boy~n, Rolfe fol!om, 
Alfred W. fuller, Keith Henderson, 
Robert E. Leo, Maurice Mills, Robert 
Rowe. 

Fol" the Papel" Handling and 
Data.Transeribing Systema 

Or. F'. J. Kamphot:fntt and Paul H. 
Wendt had direct charge of the elec· 
tronic and mechanical work. 

B. J. O'Connor and A. W. Noon 
were responsible for the detailed me­
chanical designs. 

Mendole D. Marsh, P. E. Merrill, 
and C. M. Steele del'eloped the elec­
tronic Iysteml lor data transcription. 

S. E. Graf CMried responsibility for 
the magnetic ink dev~lopme:nt. 

Other t!§enlial 8Jlpecta of the pro­
grams were handled by F'. C. 8equaert, 
K. W. Gardiner, T. Hori, A. E. Kaeh. 
ler, and R. J. Ptdnell. 
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DIVIIION Of EHGtNf(IIN IESfA,eH 

• AUTOMATIC INPUT FOR BUSINESS DATA PROCESSING SYSTEMS 

By 

K. R. Eldredge, F. J . Kamphoefner 
and P. H. Wendt 

ABSTRACT 

Computers for business applications are generally input limited 
and require excessive manpower for data preparation. This can be 
reduced and gains can be made in speed and reliability if the data forms 
for the computer and the human being are compatible. Documents must 
be prepared for manual use in conjunction with many phases of automatic 
business or technical data handling, and such documents with suitable 
format arrangements can be fed directly to the computer input with the 
techniques described. The numbers and symbols on the document are 
printed in magnetic ink in conventional form and size, and machine 
reading can be accomplished at rates exceeding 5000 characters per 
second. The documents themselves have been handled at rates up to 
50 per second . 

• fhe work described in this paper was performed under contract for 
the Bank of America. NTSA. and subsequently continued for the 
General Electric Company. Industrial Computer Section. 
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INTRODUCTION 

It would be difficult to define the limits of application of computers 
to the problems encountered in business operations. It can be stated, 
however, that one of the most important fields of application lies in 
control of business transactions. Up to a comparatively short time 
ago such control was achieved largely by manually produced documents, 
which necessitates a great deal of clerical effort. Lately. the trend to 
use computers to perform the chores of preparing payrolls, inventories. 
and gathering statistical data of many types has reduced the cost and 
man-power required to perform some of these necessary tasks. 

One of the difficulties which has seriously limited the application 
of computers to business problems lies in the fact that information in 
hwnan language, such as is found on business documents, can not be 
fed to the computer without translation into the machine language of 
the computer. Generally, a considerable amount of manual transcription 
is required to process the data before it can be fed into the computer. 
This manual work can be reduced and gains can be made in speed and 
reliability if the data (orms for the computer and human being are com­
patible. The techniques developed at SRI permit the entry of information 
into a computer directly from business documents in the form of con­
ventional nwnbers and symbols printed in magnetic ink. Machine reading 
can be accomplished at rates exceeding 5000 characters per second, and 
the paper documents themselves have been handled at rates exceeding 
50 per second. 

Most of the work in these techniques has been aimed at developing 
a check handling system for banks but the same techniques are readily 
adaptable to other business applications such as charge tickets. payroll 
systems, and cost accounting of all types. 

Work on the computer input system which has been developed may 
be conveniently divided into three categories. The first consists of the 
development of techniques for the reliable machine reading of characters 
and symbols printed in magnetic ink. The second is the development 
of a series of magnetic inks suitable for character reading and at the 
same time compatible with a wide range of printing methods and practices . 
The third category is in the area of development of electro-mechanical 
machinery which is capable of reliably handling individual pieces of 
paper of varying sizes, weights and degrees of mutilation. 

z 
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STANFORD RESEARCH INSTITUTE CHARACTER READING SYSTEM 

In the Stanford Research Institute character reading system the 
questions relating to magnetic ink printing. to document handling. and 
to electronic decoding circuitry. are all grouped into a single proble m 
inasmuch as variations arising in anyone of the areas affects the other 
two areas. It is recognized, for instance, that magnetic ink printing 
has to be adaptable to most of the current techniques for imprinting on 
paper, but in order to keep the electronics reasonably simple. certain 
minimal demands are put on printing in order to maintain adequate 
machlne reading quality. On the other hand, the electronics are de­
signed to handle a wide range of registration tolerance in both printing 
and document handling so that there is a considerable relaxation of 
these tolerances for the printing and paper handling machinery. In 
order to further relax the tolerances in both printing and electronics. 
it was decided to use a degree of stylin g in the design of the characters 
such that the wa ve forms would be more distinct for the machine but 
which would not prejudice reading by eye. Throughout the whole of 
this magnetic character reading system. limited compromises have b een 
made which go far to reduce the cost and to increase the reliability of 
the equipment. 

CHARACTER READING 

Character reading . properly speaking. begins at the magnetic 
read head which is in contact with the paper upon which the magnetic 
characters are printed. The quality of si gnal derived . in turn, depends 
on the quality of the printing. but (or the purpose of discussing char acter 
reading it will be assumed that the signals are adequate. 

The magnetic read head used for this type of character reading 
is conventional in style . The air gap of the read head is positioned at 
right angles to the line of travel of the paper carrying numbers and in 
general the numbers are read from right to left. The length of the air 
gap must be at least equal to the height o( the numbers and in addition 
it has some greater length depending upon how much space is left for 
registration tolerance. Heads having more than one inch of gap length 
have been used. Read head inductance is matched to the frequency and 
impedance requirements (or the amplifier input. 

In Fig. 1 is shown a simplified block diagram of the electronic 
reader. The input signals are generated by first passing the magnetic 
characte r s through the field of a permanent magnet. such that the 
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polarization is from left to right across the numbers. The output signal 
from the read head then corresponds, in a first approximation, to the 
dHferentiation of the plane area of the number as it passes under the 
read head. The signals are rather small at this point; in the neighbor­
hood of only ZOO microvolts peak. This is occasioned by the fact that 
the layers of printed ink are quite thin, in the neighbo rhood of 0.0001 
thi ck, and consequently contain very little magnetic oxide. 

The signal has a wave form appropriate to the character involved 
but up to the present time it has b een found that the very high frequencies 
are less reliable as far as the decode characteristics are concerned, 
whereas the lower frequencies are much more reliable. During the 
processes of amplification then, the signals are filtered in such a way 
that the maximum wave length acceptable from the number is of the 
order of 1/6th of the width of the number. The amplification is such 
that the signals have a median peak level in the order of 50 volts. The 
signals in actuality may be materially greater or materially less than 
this value. If printing is light the signal level may be only l/Sth that 
from characters which are printed heavily. Consequently. the whole 
of the electronic system has been devised to take care of this order of 
level shift. 

The amplified signals are fed into a lumped constant delay line. 
At a paper speed of 150 II per second and with characters printed at 
eight to the inch, character rate is ll00 characters per second. The 
dela y line would be just longer than one character and consequently 
have a delay time of approximately 800 microseconds. For 5000 charac­
ters per second the delay time is correspondingly shorter or about 190 
microseconds. In the presently used equipment, the delay line has 
essentially zero attenuation and linear phase shUt within the band width 
of the information used. In addition, the delay line is provided with 18 
taps along its length. The nwnber 18 provides a 50% safety factor in the 
nwnber that sample theory predicts is required to completely re-define 
the wave form within the band width selected. 

From the delay line onward, the cirCuitry is divided into a nwnber 
of channels equal to that of the nwnber of characters to be decoded. At 
the head of each channel there is a correlation network from which auto­
and cross-correlation voltages are derived for each character as it is 
sent through the delay line. 

Each correlation network is computed on the basis of the expected 
wave form for its corresponding number, and if the wave form from that 
number is passed through the delay line, this particular correlation 
network will have a higher output than any other correlation network at 
the time that particular wave form is properly stationed within the delay 
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line. All of the remaining correlation networks will have lesser outputs 
and recognition is premised on the basis of the maximum voltage. 

In order to distinguish between the channel carrying the maximum 
output and those carrying lesser outputs, differential detectors are used . 
The differential detectors are high gain difference amplifiers in which 
one side carries the channel voltage and the other side carries a refer­
ence vOltage. This reference voltage is derived from a diode mixer 
associated with all channels and which reaches the rnaximwn voltage 
carried by any channel. 

In addition to the character channels. there is an additional timing 
or character presence channel. This character presence channel is 
composed of a network which is so disposed that it produces an output 
at the time when about 1/3 of the character has passed. This output is 
dependent entirely on the shape of the first portion of the character and 
is independent of the amplitude of the character. Stray noise and fuzzy 
edges of the character play little part in affecting the decisions of the 
character presence circuitry. 

The output of the character presence circuitry is appropriately 
delayed until the character wave form is stationed in the delay line in 
the design position. The design position is that for which the corre­
lation networks were computed. At that time instant a gate pulse is 
brieOy applied to the differential detector circuitry and the character 
channel output lines each carry a positive or a negative pulse depending 
upon the state of the several differential detectors. 

In the normal case only one channel is positive and the remainder 
of the channels are negative. Because the system is based on probability 
for recognition it is possible that two or more of the channels may become 
positive during the recognition interval. Such multiple recognition ac­
tivates reject circuitry. 

The use of probability in this system makes it possible to exert 
a control over the error - reject ratio in the r esults. In this case errors 
are spoken of as being faults which the machine does not know it makes; 
whereas, rejects are faults which the machine recognizes it has made. 
The distinction between these two is important inasmuch as the unknown 
fault is carried along with the good material; whereas, the rejected 
fault can be placed aside for manual intervention. In the discussion of 
the difierential detector circuitry above it was mentioned that the refer­
ence line carried the maximum voltage of any of the character channels. 
Control over the error-reject ratio may be exerted by controlling the 
fraction of the maximum VOltage which is applied to the reference lines 
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of the differential detector circuitry . For instance. if 1000/0 of the value 
of maximum voltage is supplied to the reference line. then in all cases 
the most probable number will be accepted. If. however. 90%of the 
maximum voltage is applied as a reference, then not only will the most 
probable number be accepted but also any number having 90% or greater 
probability will also be accepted. This percentage value may be car­
ried to lower values to increase the chances of producing a reject by 
reason of two or more recognitions from one signal and thus reduce 
the chances of accepting an error. 

The magnetic ink character reading system is secure against 
most of the common types of defacement. Over-printing. dirt. or 
writing across the numbers causes no trouble. Embossmg caused by 
ball point pens ordinarily causes no problems nor does wrinkled or 
sharply creased paper. In the process of reading. close contact with 
the read head is desirable but a layer of transparent adhesive tape over 
the numbers causes no trouble. This means that the bulk of torn material 
can be repaired if necessary. Material printed with magnetic ink is 
highly durable and thousands of transits across the bead cause no im­
pairment of the signal. 

MAGNETIC INK PRINTING 

Magnetic ink is little different from ordinary printing ink except 
that it contains pigment which is magnetic in quality. Because the 
amount of ink. transferred to paper in ordinary printing processes is 
not large. it is desirable to use a material which has a large B-H pro­
duct. 'The best materials so far found are those ferrites which are 
comrn.only used for magnetic tape. These materials give useful sig­
nals even with light printing although considerable care must be used 
in the mechanical and electronic design in order to minimize circuit 
and other noises. 

Satisfactory inks have been prepared for both letterpress and 
offset printing, and there is no doubt that suitable inks can be prepared 
for essentially any other wet printing process. A magnetic transfer 
tape has also been prepared which has been used successfully on electric 
typewriters and some types of adding machine mechanisms. No suc­
cess has so far been achieved with ordinary ribbon type transfer because 
we seek in this process to transfer an appreciable amount of tbe solid 
pigment and not merely a visible amount of a dye. 

The several inks developed have each been tailored to transfer 
to the paper roughly the same amount of magnetic material. Letterpress 
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characteristically transfers more material than does offset printing. 
and consequently, the offset inks carry more magnetic oxide than do 
the letterpress inks. Both of these inks are designed to match the 
magnetic transfer tape so that all three processes give roughly the 
same signal amplitudes. Another quality has been added to the transfer 
tape--namely, that of complete transfer. Without complete transfer 
the ink laye r is not un1Iorm and noisy electrical signals are produced, 
but when transfer is complete or nearly complete they produce uniform 
and highly reproducible electrical signals. 

Engineering standards have not been established for printing and 
to do so may prove to be difficult. In the work carried out so far. the 
definition of "good commercial printing 11 has been adequate to produce 
machin~ readable results. Printing that is poor enough to cause a 
significant increase in reject rate has proven to be discernible to the 
eye and is generally in the categories of smudgy or gray printing. The 
most probable fault is expected to be in the region of light printing 
where the print is definitely gray by comparison to better printing. In 
tests carried out, the amount of ink transferred has varied by a factor 
of about five to one for badly over-inked material where such faults as 
squeeze-out are present. to somewhat under-inked material where blank 
spaces or grayness begin to appear. The electronic circuitry can handle 
this range of printing. Material has been obtained from many print 
shops with a wide range of printing quality and the number of rejects 
has been very small. 

DOCUMENT HANDLING 

Basically. the paper handling problem is one of presenting in­
dividual docwnents to a reading device and storing them in an orderly 
manner after they have been read. A document sorting operation can 
often be conveniently performed in conjunction with this operation. 

It should be kept in mind that the docwnents from which the in­
formation is to be read into the computer in most cases are not in "new 11 

condition. They have been "manhandled" and mutilated to various degrees 
and are not necessarily of the sante size or of the same kind of paper. 
They may have originated from many different sources and have received 
all sorts of treatment. It therefore becomes impossible to base the 
design of the equipment upon the physical characteristics of a specific 
document type or even on the physical properties of a certain kind or 
type of paper. 
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A schematic presentation of the mechanical arrangement of pre­
sently used equipment is shown in Fig. Z. 

The equipment performs several basic paper handling functions. 
These consist of (1) separating the first document to be fed from the 
remainder of the documents in a stack, (Z) feeding this document into 
a transport system and past a magnetic read head, (3) stacking the 
document in one of several stacking bins. 

In Fig . 3 a stack of documents imprinted in magnetic ink with 
the information to be fed to the computer is placed into the feeder bin. 
Vacuum nozzles within the rotating feeder drum pull the first check in 
the stack against the release fingers. This action seals the vacuum 
nozzles in the feeder drum, stopping air flow in the feeder drum noz­
zles and preventing additional checks from being picked up. A command 
from the computer energizes the release finger solenoid. The solenoid 
retracts the release fingers to a position below the periphery of the 
feeder drum, permitting the document to be sucked against the rotating 
drum. Friction between the document and the drum conveys the docu­
ment into the donble belt transport system. Before the entire document 
has been pulled into the double belt transport system, the release 
fingers are restored to their initial position outside of the periphery of 
the feeder drum. As the trailing edge of the document passes into the 
double belt transport system, the vacuum nozzles in the feeder drum 
are uncovered and the next document is pulled against the release fingers . 
The next document is then ready to be fed as soon as the previous one 
has cleared into the transport system. 

It has been found that paper documents have a tendency to stick 
together because of perforations. bent corners, static electricity. and 
for numerous other reasons. In order to overcome this tendency, a 
leading edge vacuum nozzle is incorporated in the feeder. The air flow 
into this nozzle separates the first document from the second as the 
first one is pulled against the release fingers. 

It should be noted that no large valves or heavy mechanical com­
ponents need to be actuated in the feeder configuration. The forces 
which are exerted on the paper, however. are comparatively great. 
This becomes apparent when one considers that the weight of a com­
mercial document is in the order of one to two grams while the friction 
force between the feed drum and the paper while it is being accelerated 
is about two pounds. The mechanism is therefore suitable for high 
speed operation. 
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The document is held firmly between two rubber impregnated 
canvas belts while it travels from the feeder past the magneti zing head 
and read head to the stacking drum. Rubber rollers hold the document 
firmly to the magnetizing and read heads to insure reliable signal out­
put from the magnetic ink printed material. even though the paper may 
be wrinkled or embossed. 

While the document travels from the r ead head to stacking drum 
(A). the information received by the read head is interpreted by the 
computer. resulting in a command that the document should be stacked 
in either stacking drum (A) or (B). This arrangement serves to sort 
the documents into two categories. The addition of more stacking bins 
transforms the machine into a sorter which may be used for sorting by 
decimal or other means. 

The stacking drums are essentially hollow cylindrical drums with 
rows of small holes drilled circumferentially along the axis of the 
cylinder. Each axial row of holes is interconnected to a vacuum valve. 
If the computer commands that the document is to be stacked by stackmg 
drum (A). a photo diode in the track senses the presence and location 
of the document . The diode actuates a solenoid which in turn opens the 
required vacuum valves of the stacking drum . When the document reaches 
the stacking drum, it is attached to the drum by the air flowing into the 
vacuum holes and transported to stack (C). As the document reaches 
the stripping fingers the vacuum valves are closed and the document is 
deposited in stack (C). If the paper is to be directed to the other stacking 
drum (5) it is permitted to continue in its path, and the same stacking 
procedure is followed when it reaches stacking drum (B). 

In some cases it has been found to be advantageous to install a 
mechanical gate at each stacking drum. Such gates are used to provide 
a bridge to enable mutilated documents to travel smoothly to subsequent 
stacking drums. They are not used to deflect the document to a specific 
drum since this action can be achieved more positively by means of the 
suction holes of the stacking drum. 

An experimental model of the document handling machine has been 
operated at rates as high as fifty - five per second with a document trans­
port speed of 450 inches per second. 

Fig . 4 shows a version of an input machine which is used by the 
Bank of America to handle and read travelers checks. 

A ten-pocket bank check sorter has been in corrunercial operation 
since January 1956. All customary sizes and weights of bank checks 
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are handled at the rate of ten per second . In the ordinary day-to-day 
operation rejects for all causes are less than one per thousand passes . 

CONCLUSION 

In the system described. character reading. printing. and document 
handling are strongly interrelated . The system is secure against usual 
defacement problems and most torn documents can be repaired with 
ordinary transparent adhesive tape. Printing can be achieved with com­
mercial equipment with little more than ordinary care. Documents c a n 
be handled and information can be read with rates and accuracy that ar e 
compatible with a large class of computer input requirements. 

October 30. 1956 
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FIGURE 2 
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FIGURE 4 
DOCUMENT FEEDER 
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Chapter 3 

Bank of America: 
Breaking with 500 Years 
of Tradition 

The early 1950s found the banking industry on the brink of a crisis. 
Check use in the United States had doubled between 1943 and 1952, \ 
from low billion to eight billion checks per year, and bankers were 
projecting continuing increases of one billion checks per year by 1955. 
Banks were at a standstill, unable to expand, or, in some cases, even 
to keep pace with the increasing flow of paper. 

The immediate cu1prit was the check clearing process. Each of the 
28 million checks written every business day passed through approxi­
mately 2~ banks, taking more than two days to be processed. The 
result was a staggering 69 million checks in p~s throughout the 
United States on an average day. Unless deposited at the bank where 
both accounts were located, a check had to be sorted by hand and I 
individually tallied on an adding machine at least six times during 
the dearing process. 

In a 4O-person branch, seven or more people were kept busy sort­
ing, adding, and bundling checks. Most were young female book­
keepers between the ages of 18 and 24. Given the drudgery of the 
work and the age of the women, who traditionally left the banks 
upon marrying, turnover was exceedingly high, in some instances 
100 percent per year. I 

Bank of America (called Bank of Italy until 1930) was founded in 
1904 as a small San Francisco savings and loan. A single branch, 
opened in 1909, grew to 24 by the end of 1918 and to 292 by the 
bank's twenty-fifth anniversary in 1929, at which point Bank of 
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America employed more than 7,000 people and had more than $1 
billion in assets. L. M. Giannini, some of founder A. P. Giannini, 
took the bank to 495 branches and $2.1 billion in assets by the end 
of 1941. With World War n, California's population and economy 
mushroomed, boosting the bank's resources 10 more than 55 billion. 
Following the war, Bank of America opened nine overseas offices; 
by 1946, it was the largest bank in the world. 

Former national bank examiner S. Clark Beise, who had come to 
Bank of America under A. P. Giannini and risen to senior vice 
president by 1950 (and to president in 1954 to 1964), was acutely 
aware of the serious problems that faced the nation's banks in gen· 
eral and Bank of America in particu lar. The bank was managing 
more than 4.6 million checking. savings, and Timeplan loan ae- , 
counts, with checking accounts growing at a rate of 23,000 pen .... 
month . Realizing Ihat growth would be limited not by new busi­
ness, but by inability to service new accounts adequately, Beise 
became the first of the bank's senior managers to seek a solution in 
the automation of check handling. Exhibit 3-1 lists key events in 
Bank of America' s use of IT. 

EXHIBIT 3-1 Development of the Bank of America 
Dominant Design 

Vear Eyenl Significance 

19205 Establishes systems enaly- Competence In systems 
sis department enalysls 

1950 SRI hired to enalyze poten- Beise learns of potential 01 
Ual of IT for check proc- IT; forms joint study team 
esslng 

1951 Belse hires Zlpl as IT man- Forms IT function 
eger 

1952 SRI to build ERM Prototype check-processing 
system 

1953 Zlpf orders IBM 702 Credit automation Initiated 

1954 Eldredge Invents MICA Human- and machine-
readable type 

1955 SRI's ERMA works; Zlpl In- Proves electronic check 
stalls 702 and it works processing ; begins automat· 

lng credit eppllcallons 

EXHIBIT 3-1 

Vear 

1956 

1958-1959 

1960-1961 

1963-1964 

1966-1968 

1969-1978 

1978-1981 

I 
1 

I 1981-1992 

I , 

i 
1993-present 
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Continued 

Eyent Significance 

GE to build ERMA; lnlllate Joint development project; 

loan exceptions automates credit man-
agement 

Links: branches to headquar- Develops electronic Inlra-
lers; proollng In ERMA; In- structure; enables elec-

traduce credit card tronlc processing: expands 
electronic product base 

Finishes Instat1lng ERMA; In- Expands branches to small 

stalls 70705; expands credit lowns; new capacity for 

card to U.S. new services; national 
market 

Credit card restricted to Cal· Bank banned from Inter-
lIorni. ; Belse retires; Pe- slate acts ; given charge to 
terson CEO; Zipf orders expand overseas; new gen-

new computer eratlon must reprogram 

System fallures plague IT; Loses conlldence 01 man-

Zipf head of retail bank agement: S&ER leaderless ; 
loses momentum 

Cost-minimization IT era; Full generation behind In 

Zipf retires; IT skUls depart use 01 IT; loses momentum. 
ATMs vetoed 

Clausen recognizes prob- Hires competent IT man-

lem; works to brlng in ager; rebuilding IT Inlra· 

ATMs structure 

Armacost and then Clausen Hopper designs new archi-

CEO; Clausen empowers a lecture; Simmons bUilds on 

maeslro; management be- Hooper's effort; creates on-
comes Involved; establishes going planning process; 

evolving IT strategy strengthens IT compelence 

Rosenberg CEO picks Mae- Swam experienced IT man-

stro : continuing IT strategy eger; expanding In new 
products 
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The Searching Phase: 1950- 1953 

When a promotional meeting at the Emporium department store 
near Bank of America headquarters ended earlier than expected, 
Dr. W. B. Gibson of the Menlo Park, California, Stanford Research 
Institute (SRI), an independent technology research institution at 
the leading edge of electronics, decided to caU on Heise. "( lold 
Beise that this was just a 'shot in the dark,' but that I thought 
Bank of America should be thinking about electronic applications," 
Gibson latcr recaIled. 2 

Beise had previously approached several business equipment 
manufacturers about creating an automated bookkeeping system. 
Although willing to improve their basic proof machines. none of 
the manufacturers was interested in investing time or capital to 
create an entirely new system. Beise acted quickly on Gibson's ad­
vice; vice president of operations Frank M. Dana, asked by Bcise 
to follow up and develop a proposal, contacted SRI's director of 
engineering research, Thomas H. Morrin, and immediately com­
menced a series of meetings to explore the automation of check 
processing, account numbering, and paper handling. SRI seemed 
to Beise to be the perfect solution. As a prominent research and 
development organization with a strong track record in electronics 
research, it could eSI'ablish the possibilities in automated check han- k 
dling and design a model to tes\ or sell 10 a manufacturen Beise r 
formed a dose relationship with Morrin, vice president of SRI Engi­
neering and R&D. WorlCreg under a charter from L. M. Giannini to 
solve the banking crisis, he signed a contract, with the understand­
ing that no publicity would be given to the effort. Morrin became 
his R&D manager. Subsequently, a highly secret feas ibility study 
was initiated. Beise assigned Charles Conroy as systems analyst to 
work with the SRI team. 

Automating Check Processi"g 

When a check was deposited at a bank, two steps had to be 
accomplished quickly: proofing and bookkeeping. Each afternoon, 
"on us" checks, meaning checks drawn on the bank that held the 
account, were sorted by signature and taken to a conventional led­
ger-card accounting machine whose operator entered the dollar 
amount on a ledger card and subtracted it from the balance, thereby 
creating a permanent record for month-end reporting. Oaily depos­
its and withdrawals were subsequently posted to customers' ac-
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count balances. All other checks were batched into proofed totals 
and forwarded to other branches and banks. To finish p roofing 
ea rly enough to catch stop payments or overdrafts, most banks were ~ 
forced to shut their doors to business by 2:00 r.M.3 , 

The check was central to SRJ's feasibility study. Bank of America, 
regarding it as an important emotional link to customers, wanted 
few, if any, changes to the check. One of the first critical choices was 
between customers' usage habits and system needs with respect to 
the account filing system. Standard banking practice was to orga­
nize customer fi les alphabeticaUy, which resulted in changing the 
order of sorting with the addition of each new account, and to 
identify and verify checks against customers' Signatures, which 
were maintained on index cards at branch oCfices. SRI engineers 
suggested that a numerical accounting system would make check 
processing easier to automate and provide a more reliable means of 
identifying checks. Conroy worked with them to develop a revised 
paperwork flow to articulate the potential savings. The proposed 
change would entail distributing new checkbooks with customer 
name and account numbers printed on checks and warning cus­
tomers against loaning bank checks to friends, a common pre­
automation practice. 

The feaSibility study provided an opportunity for engineers and 
bankers to le,arn the complexities of each other's businesses. Bank 
of America vice president RanauJf Beames stressed to SRI engineers 
the service-industry/customer-focus character of banking, empha­
sizing that prompt, reliable banking services engendered customer 
loyalty. He also underscored the bank's desire that customers be 
inconvenienced. as little as possible and that usage habits be 
changed only as necessary. Beames djscussed with Beise the alter­
native work flows resulting from printing identification numbers on 
the checks, and Beise quickly agreed the change was essential. They 
encouraged SRI to explore the means of electronically identifying , 
the account number, thereby changing a banking tradition estab­
lished in Venice in 1431.4 

In lale September 1950, Morrin informed Beames thai SRI's feasi­
bility study "indicated it was technically possible to build an auto­
matic bookkeeping system for ledger posting and processing of 
commercial checking accounts" and suggested a three-phase project 
approach entailing (1) a study of banking procedures external to the 
machine, (2) logical design, and (3) development, construction, and 
testing.' Because manufacturing ran counter to SRI's mission state­
ment, the last phase was to be carried out by an equipment manu-
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facturer. Reise approved the project under CEO funds and made 
the fixed investment toward electronic banking. The $15,(X)') con­
tract (later augmented by $5,000) for SRI's part in the project re­
ferred to the system as an electronic recording machine (ERM), 

Although the Bank of America was interested in using the 
proofing process as an input to bookkeeping activities, an April 
30, 1951, interim report described the machine as fundamentally a 
bookkeeping device. Completion of the first two phases of the proj­
ect found the bank and SRI in agreement that the system would 
have to perform five basic bookkeeping functions: credit and debit 
all accounts; maintain a record of all transactions; retain a record 
of current customer balances to be printed as needed; respond to 
stop-payment and hold orders on checks; and notify operators of 
checks that caused accounts to be overdrawn. 

SRI subsequently began what was supposed to be its final project 
for the bank, estimation of optimal account capadty for and cost of 
constructing the ERM. An initial rough estimate of $750,000, with an .. 
additional $15,000 for development of a check reader, was arrived at 
by comparing it with estimated construction costs incurred by other 
companies for such huge-scale computer projects as the Mark tn. 
UNIVAC, EDVAC, and Whirlwind l. When ERM development was 
broken down into specifics, the final estimate was $949,000. a fig· 
ure deemed high by Morrin. who suggested estimating minimum 
and complete systems. The readjusted figures were $530,000 and 
S830,000, respectively. 

Only Burroughs expressed an interest in building an ERM for the 
bank, and its proposal to modify an existing system that would 
deliver less functionality at twice SRI's cost estimate was rejected . 
Consequently, Beise asked SRI to construct an engineering proto-­
type of the ERM, a decision motivated to some extent by his belief 
that confidentiality was less at risk with the research firm. Although 
it had no interest in manufacturing and was iU equipped to build 
what was to become one of the largest and most complex computer I 
systems yet designed, SRI, on January 28, 1952, contracted to de· 
velop, construct, and test a pilot ERM. Beise still planned, once SRI 
had demonstrated a working prototype, to sell the system design 
to a manufacturing company. 

Phase 3 work on the ERM was to involve completing the logical 
design of remaining operations; constructing a pilot model; testing 
the model at a Bank of America branch; and finishing and install· 
ing the machine at a local branch. The bank was to pay SRI no more 
than $850,000 over four years. plus an additional $25,000 to cover 

I 
\ 

I 
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subcontracts. (Although expenses were never released, most engi· 
neers estimal'e that the final cost was in excess of $5 million.) I. 

Once SRI had the mandate to develop the system, Morrin and 
colleagues Jerre Noe and Oliver Whitby - referred to by the few 
bank employees who knew about the project as the "whiz kids" -
began working as technical advisers on the creation of a prototype. 
Conroy moved to Palo Alto to supervise the project and work with 
the team. Monthly review meetings with Beise were held at bank 
headquarters. Design and operation of the ERM were fairly well 
defined by the fall of 1952. The primary system was to consist of 
four centrally located. 3O,<xx>-account capacity ERMs linked by (in 
some cases, flying) messenger services to approximately twelve 
branches. Each ERM was to be operated by ten or twelve bookkeep-­
ers and handle both bookkeeping and proofing functions. 

SRI had begun in 1952 to develop a system for encoding electroni· 
cally readable customer. bank, and account information on checks 

r 
to support automatic proofing. A magnetic ink bar printed on the 

I backs of checks was selected as the best solution to punched~rd 
I approaches. Encoding project manager Kenneth Eldredge deveJ· 

oped a system to form the magnetic ink into Arabic charaders that 
could be read by humans as well as computers. This magnetic ink 
character recognition (MICR) system, successfully developed and 
tested in the summer of 1954 on Bank of America's traveler's check 
program, proved, a superb showcase for advances in machine read· 
ing and paper handling; by June 1955, more than 300,(0) traveler's 
checks had been scanned through the system. 

SRI launched a wide-ranging technology search for components, 
visiting companies in the United States and Europe to observe and 
assess willingness to develop products for the ERM. Meanwhile, 
SRI engineers had set to work on the logical design of the system. 
A major design choice was to develop electronic logic using tubes 
and wired programs, leaving open the possibility of transistorizing 
the final ERM. 

Organizing for A" tomatio" 

On December 23, 1950, just as SRI had begun work on phase one 
design of the ERM, Al Zipl. an operations manager in a Southern 
California branch, received from Bank of America president L. M. 
Giannini a letter marking the fonner's fifteen years of service. Zipf, 
a high school graduate, joined the bank as a night clerk and worked 
his way up to assistant branch supervisor, along the way securing 
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four patents for inventions and improvements in banking machin­
ery and systems. He responded wiLh a detailed Jetter encouraging 
the president to automate bank activities. "If we are willing to take 
an active part in the engineering development of new machines:' 
he wrote, ") am confident that it is possible and economically practi­
cal to accomplish the virtually automatic performance of such tasks 
as the sorting, listing. and commercial ledger posting of near­
standard paper checks." He dosed the letter with "my best wishes 
for Seven Million Dollars, less staff, and more machines."6 Gian­
nini gave the letter to Beise, who invited Zipf to San Francisco. Im­
pressed by his energy and recommendations, Beise asked Zipf to join 
the innovation team on a confidential basis to explore alternatives 
to the SRI approach and instructed that he receive Frank Dana's 
copies of SRI reports and meeting minutes. 

Encouraged by Beise and Dana to evaluate the applicability of 
current technology to banking, Zip!, on leave at UCLA to study 
electronic systems during the spring of 1952, began searching for 
equipment and ideas under the guidance of pioneering computer 
designer George W. Brown. Zip! visited comput'er-using manufac-
turers and firms to observe management and service problems and 
evaluated the banking potential of more than a dozen suppliers' 
systems. In a letter to Dana, he observed that there "were enormous 
opportunities in electronics" and suggested that the bank form a 
systems and equipment research group. In late 1952, over Morrin's 
protestations that the ERM could be expanded to support all the 
bank's data processing, Zipf persuaded Beise and Dana that it was 
important to begin a computer acquisition appraisal to gain experi­
ence with computers for improving bank operations beyond the 
automation of check handling. 

Zipf returned to Bank of America in the summer of 1953 and in 
October was promoted to assistant vice president with responsibil­
ity for managing the newly created Systems and Equipment Re­
search (S&ER) Department. He began with one secretary and a 
mandate to establish internal systems capability, evaluate suppliers, 
and pursue potential economic applications of general-purpose 
computers. Zipf, on the basis of an analysis of two general-purpose 
computers, the UNJVAC I and IBM 702, decided that IBM could 
deliver better support and reviewed the latter system's potentia l 
with Beise. A tentative order, authorized in October 1953, caUed for 
delivery of one IBM 702 to San Francisco in September 1955 and a 
second to Los Angeles in June 1956. It was contingent on Zipf's 
proViding detailed analyses of costs and benefits with profit objec-
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lives by the fall of 1954. The implementation effort was to paraUel 
the ERM project to gain experience in the management and opera­
tion of general purpose computers in non-check-processing opera­
tions. 

Discussion of the Searc1ti"g Phase 

The management team had acquired perspective on the state of 
electTonic technology and the means of applying the technology to 
banking. They knew it was critical to capture information electroni­
cally as soon as possible to take advantage of the speed and econom­
ics of electronic processing. In addition, for efficiencies, the more 
information printed in accessible electronic form, the better. Auto­
mating with IT was profitable for certain paper-based systems. Plan­
ning is most important prior to designing a system because it is 
essential to perform a careful analysis of exactly what is desired in 
the process SO as not merely to automate existing procedures but 
to redesign to improve the entire process. Planning is time consum­
ing and iterative with involvement of systems analyzers and knowl­
edgeable bankers. There are no absolutes, but trade-offs must be 
made between costs and service requirements. The role of business 
leadership is to make those trade-offs . In addition, some seemingly 
obvious processing activities, such as on-line access 10 memory, are 
not possible at this point but may be in the future. 

The team also gained a broader set of insights into the overall 
impact of electronic automation. To really gain significant cos t re­
ductions, old methods had to change dramatically, not incremen­
taUy. There existed no paper-processing standards, and each manu­
facturer had its own set of codes and designs for the proofing and 
bookkeeping procedures. The manufacturers intent on incremental 
inventions in their present systems to maintain and grow market 
share were unwilling to risk a leap to a totally new system. To 
obtain such a system, significant capital would have to be invested 
and the banks would have to change their procedures. The push 
for that change could come from a knowledgeable banker with per­
sistence and capability. Since he knew it was just as difficult to learn 
banking as it was to learn systems, Beise decided to lead. 

Building IT Competence: 1954-1956 

Zipf was faced with three immediate chaUenges: deciding which 
tasks to automate, designing and developing programs to automate 
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these tasks, and selecting and training a learn. He immediately set 
about recruiting a group of knowledgeable systems analysts and 
programmers. An internal personnel announcement of an opportu­
nity (or training in computer programming drew thirty-four re­
sponses from experienced bank officers. After all were carefully 
screened, four senior managers were selected to attend, with Zipf, 
IBM's 702 programming school in Poughkeepsie, New York. There 
Zip( met and hired the bank's first data-processing "professional," 
Harry Kahramanian, a graduate of Grace Hopper's UNIVAC pro­
gram. Hopper, a computer pioneer, had developed the first produc­
tion-control system (Of a computer and the elements of a systematic 
approach to programming computers. When they completed the 
course, two teams were organized - one in Los Angeles and one 
in San Francisco - 10 analyze existing operations and delennine 
where computer automation would be most profitable. 

Zipf believed that the computer's greatest potential was for im­
proved management reporting but recognized that the cost of large­
scale computing could not be justified on that basis alone. With 
management reporting as the ultimate objective, he and his team 
of newly trained programmers searched for areas of bank operations 
characterized by high-volume, repetitive dericaJ activities. 

In 1954. the American Bankers Association, concerned with the 
explosive growth of float owing to the cumbersome sorting process, 
appointed a committee on the mechanization of check handling; 
Harold A. Randall of the First NationaJ Bank of Boston was its 
chainnan. In early 1955, Randall appointed a technical subcommit­
tee of operating managers who were the leaders in using electronic 
process in their banks. At the time, eleven banks were actively 
pursuing the use of computers, ranging from the suburban County 
Trust bank in While Plains, New York, to the Mellon Bank of Pitts­
burgh." Most were automating loan processing and two were testing 
punched-card checks. 

TIle committee was chaired by John Kley. leader of the White 
Plains effort. He selected his committee from innovative IT manag­
ers at innovative banks.' Zip!, a member of this group, gained ac­
cess to leading users of IT and the opportunity to be exposed to 
manufacturers' proposed solutions. The committee met regularly 
twenty-two times over a three-year period to define a standard that 
would allow automatic sorting of checks and proofing the sari. At 
these meetings they heard proposals for the standard from all 
the major manufacturers, including IBM, NCR, Burroughs, and 
Addressognph-Multigraph. In July 1956 the subcommittee recom-
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mended, with ABA committee approval, that the Bank of America 's 
MlCR be the standard for U.S. check processing. One year later ) 
it approved the present bottom right-hand comer location, which 
was consistent with the electronic recording machine (ERM) design. 
The Bank of America was assured thai it was developing the stan­
dard check-processing system not only for its customers but for the I( 
entire U.S. banking system. 

By November 1954 programs for real estate and installment-loan 
accounting were sufficiently defined to permit evaluation of the 
functionality and economics of the IBM 702. The program design 
provided a basis for detailed evaluation of the potential savings 
from converting existing manual operations to electronic proc­
essing. The comparison showed early losses owning to conversion. 
with a profit beginning in the second year and leveling off at 
$189,364 in the third year as a result of staff reductions . On 
Beames's death in the spring of 1953, Howard Leif became control­
ler and assumed responsibility for the ERM project. Beise, Dana, 
and Leif reviewed the analysis with the management committee 
and in early December 1954 Zipf confinned the order for delivery 
of the first IBM 702 to San Francisco. Each group then proceeded 
with full-time IBM 702 programming of the system it had analyzed 
_ San Francisco for installment, and Los Angeles for real estate 
and loan programs. They began to automate operations. 

Even without a computer, S&ER had grown to twenty-five people \ 
by June 1955. Its two development projects, the SRI ERM and the 
IBM 702. were at the forefront of computer technology with the first J 
operational large-scale computer applications in banking. The ERM 
was to be announced and begin servicing lh n Jose brand" and 
the 702 was to be delivered to San Frandsco in the fall of 1955. Zipf, 
having learned during his trips to other companies of the anxieties 
that introducing a computer could generate, had encouraged the 
bank in the spring of 1955 to launch a training program to further 
develop bank employees' understanding of computer systems and 
mitigate their apprehensions by emphasizing the jOint man­
machine nature of data processing. The message promulgated to 
bank employees was that although the IBM 702 (nicknamed BEAST 
for Bankamerica Electronic Accounting Service Tool) was to take 
over duU work, it would require strong personnel support to func­
tion weU. 

Beise, Leif, and Zip!, growing restless as experimentaJ costs con- AJ 
tinued to rise, dec1ared the design of the ERM complete in the 1 J 

spring of 1955. They had shifted their goal from building an opera-
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tianal system to building an "as is" prototype for a September 1955 ~ 
demonstration, with adjustments to be permitted afterward.' 

Completing construction within the bank's time frame proved 
challenging; engineers were working in around-the-clock shifts as 
September neared. When existing paper-handling systems were 
deemed too unreliable to support proofing, the ERM became ex-{ 
dusively a bookkeeping machine. Checks were to continue to be 
proofed at branches and sent to the ERM centers. SRI's earlier hope 
of combining high-speed sorting and bookkeeping into a continu­
ous process also proved unfeasible in the time allotted, relegating 
the SRJ sorter to postprocessing sorting of checks to customers. 

When, in the spring of 1955, Beise diverted his team's attention 
from construction to a grand public announcement, the bank's pub­
lic relations office, deeming ERM too technical sounding and po­
tentially intimidating to customers, introduced a name change. To 
the considerable dismay of the engineers, who requested the more 
scientific-sounding FlNAC (for fmancial accounting), the Market­
ing Department rechristened the machine to the more appealing 
ERMA (Electronic Recording Machine Accounting). 

Bank of America deSignated September 22, 1955, ERMA Day. To '/ 
avoid leaks, the press was bused from San Francisco to SRI's Menlo 
Park headquarters, the site of the announcement. S. Oark Beise, 
by then Bank of America president, and Thomas Morrin conduded 
the presentation. Beise spoke of the great contribution the machine 
would make to Bank of America and the banking community in 
general; Morrin emphasized the magnitude of the engineering ac­
complishment and demonstrated the system. Neither named the 
£inns that had collaborated on the project nor the costs incurred. 
Bank of America had invited an impressive list of journalists -
inducting the financiaJ editors of newspapers and wire services, 
California business syndicate writers, and writers from The Nm; York 
Times, Life, Forllme, NewstUWc, and Business Week - which paid off 
in a barrage of articles lauding its accomplishment. 

The same month that ERMA was announced, the bank's first IBM 
702 was installed in a new computer room in San Francisco. The 
installment loan system was brought up on the San Francisco 
computer within three weeks, followed in November by the Los 
Angeles- developed reaJ estate loan program, to which 90,000 loans 
had been converted. An S&ER implementation auctit of the install­
ment and real estate loan operations compared estimated with ac­
tuaJ costs to verify the savings and justify to the management com­
mittee purchase of a second 702 for Los Angeles. Increased machine 
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costs were attributed to necessary system modifications and the 
high labor costs of variable run times. Scheduled five-how jobs 
couJd be stretched to eight hours or more by system errors and 
to as much as twenty hours when unplanned maintenance was 
necessary at busy times, yet overall potential savings still produced 
a planned positive cash (Jow in the fourth year and a net profit from 
labor savings in the ruth . A1though machine and labor costs were 
found to have exceeded expectations by $6,373, or 23 percent, Beise, 
on the basis of analyses that suggested that the loan system would 
eliminate 200 man-years of clerical activities, approved the second 
IBM 702 for delivery to Los Angeles in June 1957. 

In 1956 Zipf appointed a number of bank managers who relied 
on the IBM 702 or were interested in automation to an advisory 
council charged with appraising bank procedures and suggest· 
ing automated-processing improvements. Potential plans were re­
viewed with this council. which also suggested new applications 
to Zip£. The annuaJ progress summary (or 1957 noted forty-three 
suggestions. a number oC which were incorporated into 1957 activi­
ties or a 1958 plan. These included such improvements as five new 
services for Timeplan loans, automated automobile insurance re­
newal, and ctiscontinuation of delinquent loan notices, for which 
the new system had eliminated the need by focusing on coUection 
procedures. 

Discussion of Building IT Competence Years 

Senior and systems management developed a set of habits that 
gave the bank technological leadership in the use of computers in 
banking. The members initiated technology scanning of competitors 
and suppLiers and perfected it with experience. They moved quickly 
to invest in research or early developments. often in paraUel, to 
ensure that their approach stayed at the leading edge and better 
understand its strengthS and weaknesses. They naturally brought 
these ctiscussions into the management committee and assumed 
quarterly reviews and full-scale analyses of new technology stan; 
dard procedures for running a bank. For 1955. this was a unique 
bank. In this process, they became competent at managing the com­
plexities of computer systems to reduce costs and provide differenti­
ated service. 

The bank's senior management had begun to understand the 
need for changes and the Significance of cost savings in automating 
paper processing with computers. The costs of prcx:essing loans had 
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been reduced and accuracy improved by the 702 system, with a 
base (or doubling volume a t marginal increases in cost. For a flXed 
investment, working computer system costs were, up to a point, 
independent of changes in volume. However, the flXed-cost struc­
tures were complex. There were Significant up-front costs (or train­
ing and programming as well as for equipment. Further, the slate 
of development of electronics and programming made precise esti­
mates of functionality difficult. It was essential to set objectives, 
deadlines, and cost guidelines and trade off among the three. Even­
tually, however, the deadJine had to be adhered to, and functional­
ity was restricted to control cost. The managers learned that at the I 
curren I state of the technology, computers were not necessarily ' 
cheaper than punched cards and were more rigid and costly to 
maintain. 

The bank's management team and system staff ga ined an under· 
standing of how to design and build computer systems. On the 
positive side, they learned what applications would reduce op­
erating costs and how to design systems 10 improve reliability and 
accuracy. To obtain this benefit, they learned the nitty·gritty essen· 
tia ls of computer·based systems and the importance of redundancy 
and reliability. They developed a strong sense of the state of the art 
in electronics and the reasons the current technology was expensive 
and unreliable. They learned about emerging technologies, the 
prOblems these innovations might solve, and those areas which 
remained Significant uncertainties. This perspective, rooted in a 
pragmatic systems approach of conSidering cost versus speed and 
capadty, evolved into an appreciation for the art of the possible, 
economically as well as technically. The SRI's leaming·by;::loing de­
velopment of ERMA had alerted them to the importance of compre­
hensive planning for a computer center. 

The ERMA experience provided the team perspective on all as· 
peets of implementing a computer system and the necessary lead 
time required to meet deadlines. It was able to plan and construct 
a fully operational environment that allowed its 702 to roll in and 
sta rt up quickly, while at least one bank took delivery on a computer 
before beginning to build the space. The 702 experience convinced 
the bank management that programming was time consuming and 
required considerable testing. In addition, it discovered the impor­
tance of exchanging infonnation to learn of problems and solutions 
as it went along. It initiated and practiced a team approach to sys· 
tern development. It learned that programmers had to provide com· 
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plete documentation and that running and maintaining systems re­
quired well;::lefined operational pr~dures. Beise an~ Dana learned 
the necessity of management analYSIS. Careful planmng was essen· 
tial to building cost..effective systems. Most important, the team 
learned the value of knowledgeable, well-trained people who can 
solve complex problems quickly. . 

The SRI experiments tempered the management's expectations ,J 
about the reliability of electronic systems: they failed unexpectedly. 
The operation was highly dependent on quick, re~ponsive actions 
by alert individuaJs. Repairing breakdowns took time and usually 
required restarting of the entire procedure. ~use banks.~epend I 
on overnight processing for knowledge of their cas~ positions. at ( 
the start of the following day, it was essential to finish processmg 
every night. The development of backup proc~dures an~ emerge":cy 
actions was an early concern of the team. FmaLly, Selse and Zipf 
conduded that it was equally important to mold the computer sys· 
tems to their needs, and that existing technology could not com· 
pletely satisfy those needs. By the fall of 1955 the team consisted 
of relatively sophisticated computer managers. . 

At the time, several banks had automated loan processmg and 
two large banks were experimenting with alternative check·process· 
ing systems. The Chase Manhattan Bank was working with the MIT 
Laboratory for EJectronics to design and build a system - a com· 
puter referred to as Diana, the "Goddess of the Chase." The First 
National City Bank was collaborating with an Int~rnational Tel~ 
phone and Telegraph subsidia~ in Antwerp, Bel~um. Both pro)· 
ects relied on slave systems, With checks placed lOto transparent 
pockets for sorting and with human en~jng at the input. stage. 
The subsequent proof process was electromc. A few banks, lOdud· 
ing the County Trust of White Plains, were experimenting with 
books of punch-ord checks. Following the announcement of l 
ERMA, aU shifted to planning for MICR·type processes. to 

Finally, they had initiated management procedures for. dealing 
with system issues within a small clique of managers. nus group 
knew how to deal with the technology in tenns of costs, risks, and 
rewards. The ERM experience had shown the value of carefully 
tracking the system..d,evelopmenl process and phrasing questions 
in bank-processing terms. They appreciated the trade--olfs between 
function, access speed, and cost, realizing that the use of computer 
technology was in constant, rapid change. The 702 implementation 
had demonstrated the learning required to achieve technical compe-
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tence in developing and operating a system and gave them the 
confidence to expand. The traveler's check project confirmed the 
value of printed information and taking a system point of view. 

Expanding IT Competence: 1956-1958 

By the fall of 1956, data processing at Bank of America had grown 
from one roM 702 in an air-conditioned room in San Francisco to 
two fuU-fledged data centers, one in San Francisco and one in Los 
Angeles, each with an IBM 702 and a thirty-person support staff, 
plus thirty temporary staff to handle data conversion. The bank's 
seasoned systems-development and programming staUs had estab­
lished proven track records and were growing at the rale of 30 
percent per year. 

The dose lies to senior management that resulted when Zipf was 
promoted to vice president reporting to Dana enabled S&:ER to de­
velop a broad research and development program within its charter 
to "function as an internal consuJting group (with} authority to initi· 
ate studies and projects in instances where a preliminary evaluation 
of an application suggests it is justified."11 For any project it under· 
took, Systems and Equipment Research had responsibiJity and au­
thOrity for economic evaluation of the application, systems deSign, 
evaluation and selection of equipment, site preparations (if re­
quired), and installation, conversion, and daily operation until a 
stable routine was established - essentially complete control of the 
system-development life cycle. 

S&:ER maintained a list of potentiaJ applications that would pro­
vide significant payback, and Zipf sequenced these to reduce expen­
sive infrastructure development. An example was the complete re­
write of tape files, which was embedded in a project to convert all 
credit applications. The high marginal returns covered the invest­
ment in infrastructure. Zipf met with Dana regularly to review prog­
ress, and both met with Beise to keep him informed. Quarterly, 
Zipf discussed a portfolio of projects with the operating committee 
of senior managers; annually, he submitted a proposed budget and 
longer-term program plan to the management committee for ap­
proval. He generally provided a two-year program of work, which 
always included two or three research projects such as remole input 
or modification of standard machines. 
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Manu facturing ERMA 

Following the announcement of ERMA, Bank of America fac;,ed 
the task of selecting a qualified man~fact~rer to build[thirty-s~pf \,r 
the machines for use throughout Cahforma. A bank leam outlined ~ 
four criteria by which to judge prospective manuiactUIers: techno­
logical ability. financial stability, reputation and size, and cost of 
the proposed system. 

The approXimately thirty companies that visited Stanford Re­
search Institute to observe the prototype and submit some form of 
proposal ranged from such predictable contenders as Lnternational 
Business Machines (IBM) and Remington Rand 1"0 companies as 
remote from electronics as General Mills and United Shoe Machin­
ery. By late November the bank had arrived at a short list of four 
manufacturers, each of which was invited to make a presentation. 

Three of the four finaUsts: IBM, Radio Corporation of America 
(RCA), and Texas Instruments (TI) were expected contenders. Gen­
eral Electric (GE), a newer entrant, had experience only in military 
computer systems. The companies' final proposals were submitted 
to the bank in February 1956. IBM, although a logical choice, was 
suspect relative to its intentions (a 1971 report suggested that IBM 
might have been planning to shelve the technology). RCA, although 
in the final list, also was not considered seriously, leaving TI 
and CE. 

Texas Instruments' plan was to provide the requisite functionality 
through staged deve10pment of a transistorized computer. Payment 
to Bank of America (or patents and rights ranged from 55 to $17 
million over six to eight years, in addition to which it was antia· 
paled that the bank would realize $135,000 in annual savings. TI 
strongly recommended that the automatic input system be devel­
oped with SRI. 

General EJectric. the dark horse in the competition, had no publi­
cized digital computer experience and no organized unit-developing 
computer systems. GE's proposal encouraged advancing SRI's sys- l 
tern and using transistor circuitry wherever possible. The proposal 
showed how new technology could increase reliability and speed 
while reducing processing costs, and a work program caned for GE 
engineers to coUaborate with SRI engineers on the initial design 
stage. 

SRI engineers overwhelmingly favored Texas Instruments be­
cause of its demonstrated technological know·how and interest in 
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extending a number of SRI innovations. The bankers, however, 
favored General Electric, whose $30 million proposal was consider· 
ably lower than any of the others and specified a million-dollar 
default to be paid to Bank of America if the machine was not pro­
duced. Because TI's more costly proposaJ specified a down pay. 
ment, the bank was concerned by what it perceived to be the 
company's shaky financial circumstances. Ultimately, the bankers 
prevailed, and GE was awarded a $30 miUien contract to build the 
thirty-six ERMA computer systems. The contract called for a de­
tailed design proposal by December 31, 1957. 

PROPOSALS AND COUNTERPROPOSALS. Once GE recovered from its 
surprise at being awarded the prestigious contract. Bob Johnson 
was recruited from its Schenectady electronics laboratory to fonn 
and lead a development team. Owing to severe time constraints, 
Johnson and his team decided to design and develop the hardware 
logic, assembler language, and control program in three paralJel 
efforts - incredible goals that were nevertheless realized. The team 
set three objectives: design a reliable computer that could perform 
necessary functions without strain, given existing capabilities; write 
assembler programs to perform the necessary banking functions; 
and develop peripheral hardware to create sorted input tapes. The 
bank was to design the latter jointly with NCR. 

In paraUel with the GE effort, Al Zipf and his team, under assis­
tant vice president of systems Reg Carlson, had been making a 
detailed analysis of check processing in the Los Angeles area, the J 
fastest-growing customer base. Believing that GE needed more sys- I 

tems gUidance, in September 1956 the bank gave GE a counterpro­
posal that detailed check-processing activities at the branches and 
added proofing to the system. The bank believed that paper 
handling was key to Check-proofing operations; Simultaneously 
proofing and sorting checks to their sources in account order and 
generating a dollar amount control tape would reduce paper proc­
essing to a minimum, as checks would have to be sorted to tape 
only once, after which aU processing would be from magnetic tape. 

Proofing, which had been in the original, was lost in the final 
SRI system design. S&ER's proposal restored it, causing a flurry of 
meetings among the bank, GE, NCR, and SRI. Although GE and 
NCR were concerned about the extra cost and complexity of adding 
proofing, all recognized the market value of doing it, and discus­
sions focused on how best, not whether, to implement the function. 

The interest and demonstrated flexibility of the vendors led Beise 
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and his team to conclude that GE would probably fulfiU its contract, 
and Zipf was asked to develop for the bank's board of directors a 
proposal identifying the costs and benefits of the proposed system 
(Table 3-1 compares expected cost for the GE ERMA with competing 
systems of the day).12 Analysis was favorable due, in part, to recov· 
ery of cash from systems depreciation, expected growth in proc­
essing activities at relatively constant cost, and projected labor sav­
ings from the new system of 51.4 percent direct clerical labor hours, 
or 546,566 per month, for the Los Angeles branches. The proposal 
was subsequently approved . 

PREPARING fOR ERMA. Planning for the implementation of ERMA 
began in late 1956 and continued throughout 1957. ERMA systems 
were to be installed every other month during the first year and f 
every month during the second year. The first system was to be 
installed in San Jose by December 31, 1959, the thirty-.sixth in . San I 
Diego County on February 28, 1%1. Each would reqUJre a tram.ed \1 
staff of seventeen and total training time of 221 man-months. With 
ABA specifications finalized in March 1958, following more than 
two years of discussion with manufacturers, the bank continued 
rollout of its standard MICR checks for nearly two million accounts. 
Over the following five years, Bank of America spent more than $3 
million teaching other banks and printers how to print MlCR checks 
and test the quality of printing for character definition and signal 
strength. 

THB FINAL PUSH TO COMPLETION. In the faU of 1958 the GE-Bank of 
America team hunkered down to develop a working model of 
ERMA. All components were in the process of being debugged, 
with connection planned by year end. A working system for Decem­
ber 31 handling of 100 accounts proved thai the system could pro­
cess checks. Zipf accepted the ERMA system from GE as meeting 
the contract requirements on December 30, 1958. But a contract tha t 
spelled out no functions, only the processi~g o~ a specifie~ num~r 
of checks at a set price, was open to varymg mterpretalJOns . Zlpf 
and Mel Gienapp, manager of the bank's data operations, recruited 
a team of thirty seasoned operations managers to be trained as 
ERMA programmers to serve as backup. Starting on the 702, they 
switched to the emerging ERMA language. An off-contract compro­
mise on proofing needs, reached in late February, called for GE to 
expand the core of the main computer hardware to allow the ba~k 
to move quickly to automate proofing as the systems were dehv-

---------- -------
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ered. Bank of America was to provide most of the programming 
support needed to code the applications. 

Organizational Leaming during Expansion 

The maturing of the bank's organization is evident in i ts ability 
to develop two complex system expansions and at the same time 
continue a research program and provide new seJVices. The need 
for detailed, long-range planning for a service-oriented computer 
sy~tem was well u~derstood as a prerequisite to guiding implemen­
tation and converSIon of computer-supported proceSSing. The man­
agement committee recognized that human planning was at least 
as important as preparing for equipment and buildings. 

The bank's experience demonstrated the importance of involving 
key.senior management in reviewing fu tu re system developments. 
Senior management was a part of the ongoing process, which could 
become intense when important dedsions were to be made. Plan­
ning never stopped. The state of current demand, future demand, 
and .expected alternatives was reviewed at least quarterly. Tracking 
outsIde developments was a full-time activity. Senior managers con­
tinuously developed a portfoliO of computer-based product services 
to meet and influence customer needs. This had evolved naturally 
from early reviews of customer needs and was refined. with the 
roUout of the 702 and ERMA. Monthly, senior management moni­
tored exception to plans on the status of equipment and applications 
of new developments, always considering cumulative savings and 
new adaptations of existing systems. 

Equally important, management developed the complementary 
assets to nurture and support systems and gained perspective on 
the lead times required to develop support. Space, training, utility 
support, and backup procedures all had to be planned, maintained, 
and factored into the "cost" of the system. Management's acquisi­
tion of pragmatic competence led it to appreciate the necessary level 
of detail, the lead times, and the importance of people to the success 
of the system. Charles Conroy's early difficulties in securing suit­
able printing made the team consdous of how broadly a new system 
aHects existing practices. Initially, printing seemed a minor detail, 
but it proved to be a major problem that had to be solved for the 
system to work. SRI and bank employees became printing experts 
and that knowledge became a competitive edge. The success of 
ERMA was due in no small part to the bank's effort in training 
independent check printers. 
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As technology managers they had fashioned an evolving technol­
ogy strategy. They managed a broad spectrum of external sources 
while continuing an internal inventive activity that expanded proc­
ess and product design efforts. They had also acquired an under­
standing of and skill in developing specialized IT with ERMA. They 
tracked their competitors, learned new ideas, and confirmed their 
policies with regard to the importance of investing in people. They 
formulated a program to expand the scope of applications with the 
702 and began to gain experience in general as weU as special­
purpose systems. They had developed an efficient electronic bank­
ing factory and moved to operational dependence on IT. 

Establishing the Banking Industry Dominant Design: 
1958-1964 

In late 1958, Systems and Equipment Research progressed from 
automating to include exception reporting, trend analYSiS, and no­
lice of time-dependent actions, a move to informate as they auto­
mated . IBM 702 use was expanded to increase management support 
for loans and mutual funds and add such functions as bond invest­
ment, branch clearings reconcilement, accounts receivable, and cor­
porate trust. The trust system was developed to provide timely 
information on due dates, coupon requirements, and other opera­
tional activities of portfoHo management, including inventory man­
agement and accounting and analytical investment portfoHo eval­
uation. An S&.E.R program initiated the same year to develop 
standards, due dates, and cutoff points for exception reporting on 
overdue loans helped managers identify out-of-conlrol situations by 
tracking actual resuHs rather than merely identifying exceptions for 
management analysis. Most loans were being tracked by 1959. 
S&ER clearly had progressed beyond the automation of existing 
procedures to utilizing programmed procedures on electronic data 
to improve customer service and deliver new services to the 
branches and credit orfices. 

Meanwhile, an S&ER team working with the bank's credit man­
ager for retail businesses developed a design for a timely exception­
reporting system that would build upon the new systems. By the 
end of 1959. the bank had extended exception reporting to all loans. 
balances, and payment procedures, and a number of analytic pack­
ages supported trust and loan officers in portfoHo management. 
Management of large commercial accounts and automation of the 
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general ledger were untouched. Commerdal banking did not seem 
appropriate (or inclusion, as it wouJd yield no cost savings. and in 
any case, managers continuously reviewed their credit accounts to 
provide personal service to their clients. 

In April 1959, twenty newly trained programmers and three sea· 
soned IBM 702 programmer-managers began working with the GE 
team to test the production ERMA system. With an August comple­
tion date for bringing up the San Jose system and a parallel installa­
tion of a second ERMA system under way in Los Angeles, aclivity 
became intense. A bank team headed. by Tom Russo, a systems 
manager, had developed a proofing system and set of procedures 
(or implementing the bank's proposed operations, which were 
tested and implemented. in San Jose in the fall. Against all odds, 
and in the face of Stanford Research Institute's initial skepticism 
and the stormy start of the Bank of America-GE relationship, GE 
produced ERMA on time and within budget, a matter of great pride 
to those working on the project. 

ERMA was a far different machine &om the computer SRl had 1\ 
constructed three years earlier. The state-of-the-art, programmed 
computer with automatic check sorting and magnetic character rec­
ognition input took advantage of progress in many areas, including 
transistorization and the latest data-processing techniques. The cen- " 
tral processor's command structure and peripheral equipment were 
especially designed for Bank of America's accounting system. 

A 1959 ana lysis of ERMA's economic impact showed savings in­
creasing at a faster rate than cost, owing parUy to a greater than 
expected volume of processing resulting from higher than projected 
numbers of customers and increases in check. usage. Original esti­
mates were for 1.98 million accounts; by the time the system was 
implemented, there were 2.3 million. More accurate check proc- v 
essing, coupled with the elimination of 2,332 bookkeepers, helped 
to reduce float and expand the customer capacity of branches and 
variety of services. 

Opening ceremonies for ERMA, held in 1960 at three different 
loca tions connected by closed-circuil television, were hosted with 
grea t fanfare by Ronald Reagan of Gelleral flee/ric's Maslerpiece Tlle- I ~ 
aler. With the installation of the last ERMA in June 1961, 13 ERMA 
centers, employing 32 computers, were servicing 2.3 million check-
ing accounts at 238 branches. Conversion of the bank's 2,382,230 
savings accounts was begun on January 11, 1962, and completed 
on February 23, 1%2. 
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Exploiting all AlI-Electrmlic Base 

Shifting data processing to an all-elect:ronic base had opened a 
new set of opportunities. There was no longer a crisis to solve. 7( 
only economy of scale and experience in providing systems to build 
upon. Over the next seven years Bank of America, under the leader­
ship of Oark Beise and AI Zipf, expanded the domain of informa­
tion technology to Link to customers, support the introduction of 
new products and services, and improve management control. IT 
support became a means to market expanSion. not just a way to ( II 
achieve cost savings, and the availability of up-ta-date information 
fostered more effective control throughout the bank. 

Believing that with ERMA he could economically open more 
branches in smaller communities than had previously been possi­
ble. Beise aggressively pushed branch growth, acquiring and con­
verting small banks to branches. Branches grew from 617 in 1957 to 
871 in 1964, with a peak addition of 81 in 1961. Bank of America 
owned 40 percent of the branches in California. which accounted I \ 
for a 44 percent market share {because its branches could serve more 
customers}. At a board of directors review of ERMA on July 19, 
1960. Zipf presented a detailed cost analysis of the 1958 proposal 
for savings for 1963 with a 1960 analysis based on two years of 
actual experience. Compared with the former manual system, the 
cost would have been $15,880.000 versus an expected total of 
$9,775.000 or a $6 million-plus saving, as shown in Table 3-2.13 

Since the internal supply of available and interested. bankers 
could not keep up with demand for systems personnel, a new ap­
proach was adopted - recruiting from engineering schools and 
training the beginners for a career in systems. The key ingredient 
was not the electronic boxes, but capable people who couJd use 
the boxes effectively. Zipf, Gienapp. and Herb Swenson of S&:ER 
personnel carefully worked the bank's bureaucratic personnel sys­
tem to make their job classifications of systems personnel equal to 
middle-level 100"1.n officers or branch managers so as to maintain 
externally competitive salaries. They developed career paths from 
operations to programming systems to analyst and eventually to 
manager. Although the bank's system development organization 
was growing rapidly, the operations organization provided faster 
promotions for professionals. Gienapp. the human resource leader 
of the group. creatively documented the functions of the new jobs 
in order to substantiate salary levels and job tiUes competitive with 
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outside employers. However, while individually rewarding the cre­
ation of a tWo<ulture environment - fast-track techies and tradi· 
tional bankers - who required much longer to be promoted -
began to isola te systems personnel from other bank employees. 

11ft Credit Card Saga 

With S&ER overloaded during the ERMA and IBM 702 projects, 
Howard Leif, asked by Beise to identify other services that might 
benefit from the processing potential of the new computer systems, 
had contracted with Arthur Andersen for an analysis of alternatives. 
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Among other projects, Arthur Andersen had suggested introducing ( 
a credit caret. Western Union had issued credit cards as early as 
1914 but succumbed to expensive operating costs and credit losses. 
Since the computer could potentially reduce costs and provide tight 
credit control, Leif recommended that the bank introduce a credit 
card; a program was initiated in 1958 under the direction of the 
assistant controller. Development of system design was subcon­
tracted to an outside supplier, which created a debossed card sy5" 
tern (depressed versus raised character) . The system was to be 
tested in Fresno in 1959 and, if successful, gradually rolled out to 
other branches. The plan was to move city by city, issuing credit 
cards to the bank's better customers, beginning with the valley cities 
of Sacramento and Redding and refining the system before taking 
on the large metropolises. 

As Bank of America prepared to enter Sacamento, the First West­
ern Bank of San Francisco announced its intention to issue a credit 
card statewide. With Beise overseas at the time, Leif and the man· 
agement committee decided, on the basiS of a trial, to preempt \ 
the competition by immediately rolling out Bank of America's card 
statewide, beginning in Los Angeles and San Francisco in early 
1960. Expansion continued throughout 1960 and into 1961, but 
when delinquent account losses for the former year were found to 
exceed $10 million, Leif halted the expansion and changed manage­
ment. On taking over the credit card program, Jack Dillon initiated 
a crash development enort with S&ER that was to employ an em­
bossed card and incorporate a credit tracking system. He subse­
quently brought in Ken Larkin from corporate lending to manage 
the revised system, which was subsequently installed throughout 
the branches to replace the existing credit cards. Statewide reissue 
was completed in late 1961. A follow-up project revised the IBM 
702 system to create invoices and account for payments. The new 
credit card became a solid product and source of strong earnings. 

The market popularity of Bank of America's credit card attracted 
the attention of banks throughout the country. The bank exchanged 
its credit card system with Mellon Bank of Pittsburgh fo r a loan 
portfolio management system and, after Marine Midland of upstate 
New York bought the system and three other banks expressed 
strong interest in it, decided to franchise the product. Larkin ac­
tively marketed the credi t card service nationally and internation­
ally. But when federal banking authorities threatened to sue for 
iUegal interstate banking, Bank of America decided to divest its 
out-of.state credit card operations. It subsequently sold its non-
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r 'California franchises to the founders of Visa and shifted its empha­
• sis to overseas expansion. 

Organizational Adaptatiorr 

The introduction of the IBM 702 and ERMA systems occasioned 
fundamentaJ changes in Bank of America's operations. Tradition­
aDy. each branch manager had reported to the president as the 
personal representative of Mr. A. P. Giannini and his successors. 
Credit granting and various fmancing instruments were subject to 
strong functional control, which had grown with the bank. Central 
credit staffs in Los Angeles and San Francisco had line responsibility 
for large statewide and national accounts and functional control 
of branch credit products such as home and consumer loans and 
Timeplans. Each branch had a manager, an operations officer, a 
loan /credit officer, and depending on size, a range of positions f()<­
cused on such customer areas as retail, smaJi business, and home 
loans. Branch managers operated fairly independently, occasionaUy 
visiting the central office and being visited by Specialists. They 
tended to focus on the banking needs of consumers and small retail­
ers and worked to be identified with the community. Branch man­
agers who routinely exceeded project objectives and expanded 
market share were given greater autonomy and rewarded with 
promotion to larger branches. 

Oark Beise realized when he launched the automation project 
with S&ER that the organization would have to decentralize. His 
first step was to create {our functional field staffs - in credit. per­
sonnel, operations. and business development - that would exert 
control over the branches from the center of each region. Field rep­
resentatives of these staffs served groups of geographically adjacent 
branches. 

The automation effort also shifted roles at the branches. The posi­
tion most affected was that of Operations officer, traditionaUy the 
second in command, with the greatest number of direct reports and 
responsibility for maintaining fiscal integrity. With expansion of its 
services into operations and loan procedures. 5&:ER often met with 
branch operations officers to assist with deyeJopmental activities 
and training. As automation transformed the branches. Operations 
lost clerical duties and gained increasing responsibilities related to 
new systems, staffing requirements. training in standard proce­
dures. and managing support (or new products. The latter responsi­
bility drew Operations officers into business development and mar-
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keting activities. and its strong link to S&:ER made it an important 
presence in the branch. 

The result was a shift from laissez-faire independent branch man­
agement of a constant product line with functional staff guidance 
to an ongoing marketing program orchestrated by S&ER through 
the introduction of new procedures and products. Gradually. 
through system-development studies and continual search (or new 
applications, S&.ER became the dominant influence in the branches. 

As S&ER grew. AI Zipf assumed more control over field opera­
tions, first by managing the development and implementation of 
IBM 702 applications and later in deploying the ERMA program. 
He assumed formal control of operations in 1959 and extended his 
authority to personnel and bank operations in 1960. Branch manag­
ers then had two bosses - Zipf with his area managers and the 
president with his regional credit managers . The objective was to 
make every branch officer a business developer with a focus on 
customer service. Although it was officially a dramatic change. the 
bank had been moving in this direction since the introduction of 
the IBM 702. 

A New Hardware Base 

Customer and application growth created a capadty problem 
sooner than anticipated, but rapidly changing technology fortu­
nately made it less expensive to upgrade than to continue with 
existing capadty. The bank's experience with the IBM 702 installa­
tion and observation of other banks' experiences suggested a two­
year lead time for planning and installing new equipment. Russell 
Fenwick. an early programmer who became S&:.ER's system plan­
ner. annually forecasted capacity demand fOUI years out, which was 
in excess of 15 percent per year. By 1958 applications growth re­
sulted not only from the opening of new branches but also from 
accelerated growth of applications and management reports. Fen­
wick's projection showed that the bank could exceed the capacity 
of the IBM 7025 by 1960 instead of the planned 1962- ]963 date. 

IBM had announced its 7000 family of computers in the summer 
of 1958. Its initial offering was the 7070. a fully transis torized , core 
memory machine that was less expensive, significantly more power­
ful and reliable. took up less floor space, and required less air condi­
tioning than the IBM 702. Moreover. the 7070 was to be easily up­
graded to take advantage of rapidly changing transistor technology. 
in the spring of 1959, S&:ER ordered two 70705 for delivery in early 
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1961. Analysis of costs predicted substantial savings from the 7070s, 
~nd 7070 assembly language promised a significant improvement 
10 programmer productivity over the constrained machine language 
and standard IBM progTams of the 702. The management committee 
approve~ a proposal that documented the value of buying rather 
than leasmg the systems, at a saving of more than $5 million before 
taxes, assuming a five-year life expectancy. 

New accounting systems {or the 7070s, completed in 1960, used 
an e~ception-based management reporting procedure for branches, 
credit c~rds, and trust,s. ,The, San Francisco-based systems group 
moved mto a new budding In February 1%1; the two machines, 
~nstaJled and tested in March, were running production applications 
In fewer than ten days. Soon thereafter, most of the other programs 
were upgraded, and those remaining began to be converted from 
the 702, a complex task that required subtle system modifications 
to enable their taking full advantage of the 7070s. Conversion was 
complete by the end of 1961. 

New Markets 

. The IBM ~070 provided excess computer capacity that Zipf and 
hiS team bebeved could be used to expand services to customers 
out~ide the b~nk to earn real income. S&ER subsequently formed a 
busmess service group under Hugh Dougherty, a founding member 
of S&ER, to provide computer-based services to retail stores and 
professio.nals. As Bank of America was already linked to the stores 
through. ItS credit card, it had an established customer list. It began 
by oifenng payroll for stores, doctors, and other professionals. Pric­
in~ its services competitively enabled the team to gain market share 
qUlckJy and break even, with a positive cash flow in the second 
year. The second step was to expand the product line to include 
professional billing and freight payments. 

In late spring 1%2, Zipf discussed with the management commit­
tee the need to expand computing capacity, noting that the IBM 
7070s could process the existing workJoad until 1968, but that new 
applications in planning and development, including personal 
trust, accrual loans, and business services, would require greater 
capacity. TechnOlogical changes, he pointed out, would allow sig­
nificantly lower per unit costs while adding capacity, with essen­
tially no conversion expense, since the new 7074 was compatible 
with the 7070. In December 1962 Zipf recommended and the man­
agement committee approved conversion to IBM 7074s. 
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ExpalJdillg the Commlmicatiolls FUlIction 

Awareness of the importance of communications as an aspect of 
information processing had led ZipC and S&ER to assimilate the 
communications functions and actively begin to manage the cost 
and form of service. Spurred partially by the need to service a 
broadly distributed branch banking service, the move quickly led 
to consideration of how communications might be employed to im· 
prove service to customers. 

By 1959 Bank of America boasted a complete internal communica­
tions service, with a new switchboard in Oakland and an expanded 
service switchboard in San Francisco. Two years later it had the 
equivalent of an 800 number dial-in service for customers in the 
San Francisco area. The bank continued to expand its direct-dial 
switchboards throughout the state and initiated a program to pur­
chase standard telephone equjpment for all branches at quantity 
discounts. A later study of the feasibility of using private point-to-­
point microwave links between locations in Fresno led Bank of 11 
America to file for a license to become one of the earliest private 
microwave operators. By 1963 the bank was operating its own tele­
phone service throughout California . 

Linking computers over telephone lines had reduced transporta­
tion costs and permitted information to be processed in a more 
timely fashion. The trend generally was to centralize processing and 
develop electronic means for collecting and distributing informa­
tion. One important set of technological projects concerned commu­
nications between ERMA and the roM 70705; S&ER developed a 
magnetic tape conversion method for transferring information from 
one system to the other. BuUdjng on competence gained from work­
ing on the 7070-ERMA link, S&ER was able to select an input o r 
remote processing system on a cost-effective basis and plug it into 
existing communication systems. 

Discllssion of the Domi"ant Des;gll Era 

The confidence gained in the expansion period fueled Heise's ap­
petite for new IT products, and as his team expanded into the new 
technology, he and Zipf found a real Jeap in productivity owing to 
the new solid-state reliable system. The team realized enormous 
cost savings on the operation side, and new storage capacity led to 
the opening of an entirely new set of products. The team shifted to 
product expansion and new services in addition to automating and 
informating old systems. Their visions began to grow to services 
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founded on their existing competencies and customer base. Their 
payroll and payable services were expanding with the rollout of 
ERMA. Bank of America was changing from an aulomate/ infonnate 
focus to a market-new product service strategy. Its economic scale 
allowed it to make money at lower costs than small customers couJd 
realize independently, in proving its reliability. An entire new mar­
ket based on existing relationships opened up. S&ER, strongly sup­
ported by Beise, expanded rapidly, and the cash flow supported 
this activity. 

Beise, who wanted to grow faster to dominate the market, 
searched beyond his maestro for new ideas, partly because Zipf was 
wedded to automating, informating, and then expanding on that 
electronic base and partly because Zipfs team had a great deal to 
do. Beise wanted to move to new markets. When the credit card 
venture was proposed, S&ER was overloaded and Beise recruited 
an inexperienced team to evaluate and introduce a new IT product 
without involving the credit organization or S&ER. That team be­
came a classic example of enthusiastic product champions who ex­
pect a system to be successful without their taking careful steps to 
prevent problems. They did not institute a trial, nor did they really 
want to understand what their market was telling them. namely, 
that the system was cumbersome to use and card impressions were 
not readable. They wanted success quickly. The resilience of the 
existing organization demonstrated the value of competence in sys­
tems and the ability of experienced line managers to quickly use 
the systems to bring the product under control. 

The maturing of the organization is evident in its ability to move 
to an all-electronic base as a means to expand its customer base and 
product Line_ In addition. the managers continued to experiment 
and provide new services. They had dearly mastered the art of 
detailed long-range planning for a service-oriented computer sys­
tem. In the entire rollout of ERMA. the most serious glitches were 
caused by weather-related construction delays. Giving as much at­
tention to human planning as to system development and imple­
mentation building is an art several companies ignore today. 

A second aspect of planning that is evident is the timing and 
involvement of key individuals. It was a process that became in­
tense as important decisions had to be made. They never stopped 
planning. They reviewed the state of demand, future delT)and. and 
expected alternatives at least quarterly. Involved staff tracked out­
side developments and senior managers continuously reviewed the 
needs of their customers. They did it naturally. as they had started 
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this process in the beginning and refined it with the installation of 
the 702 and ERMA to enable the 7070 decision as a nonnal banking 
investment. 

They combined their technological scanning with constrant re­
views of capacity and how bottlenecks might be alleviated with new 
technologies. When none existed and they saw a real need. they 
confidenUy invented a system. Their analysis of technology was 
always based on capacity and cost: How much per unit of service? 11 
was the criterion. At this point they were experienced users of tran­
sistor-based assembler-programmed computers . They were clever 
in organizing the input/output functions to increase throughput. In 
short, they had learned to adapt existing technology. 

Zipf and S&ER had become aware of the importance of communi­
cations as an aspect of information processing. Among the first 
to assimilate U,e communications (unctions, they began actively to 
manage the cost and form of service. This was to some extent due 
to their real needs of servicing a broadly distributed branch banking 
service. It quickly led them 10 consider how they could provide 
better service to customers. 

Strategically. the most important lessons were how to use the 
systems competitively. The following quotation from Zipfs leHer 
recommending the new focused services documents his insights: 

Bank of America's leadership in pioneering the development and ap­
plication of electronic processing tedlniques to internal bank account­
ing activities today yields a competitive advantage from a standpoint 
of quality and accuracy in existing deposit account services. However. 
leday's advantage is largely. if not entirely. a question of lead time 
over competition, for with the passage of time, our competition will 
achieve the same benefits from the plans they now have under way . 
It is therefore dear that if we are to maintain our position of leadership 
and the attendant competitive advantages. we must set out now to 
establish new variations in service that will enable us to preserve our 
present margin. 14 

Sustaining an Evolving IT Strategy 

The group worked to stay ahead in systems in order to stay ahead 1 
in services, not as an end in itself. During this era it gained in 
competence and understanding of the intricacies of operating a 
growing complex system. On average. 2 million checks were pro­
cessed and more than a million customer transactions were handled 
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each day. In addition, it was expanding services and aUempting to 
link new services 10 old to provide better customer service, making 
the processing more interrelated. At the end it had the lowest cost 
in the industry and broadest product line through infonnation lech­
nOlogy. The group was secure in the belief that its future lay with 
new technology. 

The group had not made any significant shift in the commercial 
side of the bank other than in trust, owing partly to the personal 
nature of corporate banking and partly to the lack of scale economics 
in its customer-relation activities. It converted loan accounting but 
did not change the loan negotiating process or strive for innova­
tions. Nor did it try to move overseas with its retail computer com­
petence or work with any affiliate. The leadership and Zipfs compe­
tence was focused on Cali£ornia retail banking. This concentration 
influenced the evolution of computing at the bank. 

Clark Beise felt that technology was a force which could be man­
aged to meet market needs. The bank was managing an IT-based 
strategy through which to support market growth. Evaluating the 
technological risks as well as the market risks was customary. Beise 
and Frank Dana reviewed the progress of projects under way and 
approved new proposals quarterly. For large project proposals, full 
discussions were held with the management committee. The multi­
ple-year plan, which documented cumulative savings to date, and 
market progress of new services or products were reviewed annu­
ally. Special emphasis was placed on these areas and on significant 
research projects, such as credit card or microwave communication. 
Beise presented the business case; Zipf handled the technology 
costs and risks. 

With greater understanding of the potential of systems, S&ER's 
organizational structures changed to fit the bank's new needs. In 
the early days an operations group to run the computer and a pro­
gramming team and analyze and create programs was sufficient. 
Later a standards and control group, which defined operations and 
programming standards, was created. Soon thereafter a mainte­
nance group to work on released programs was created. 

The 702 conversion had driven home the importance of standards 
not only for input data but for procedures in creating· and main­
taining programs, operating systems, and files . The value of moving 
to a standard system to gain overall economies of system develop­
ment was demonstrated . As the system-development organization 
grew, working software development standards evolved. The group 
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was subsequently split to accommodate different customers' needs, 
a change accompanied by a commitment to maintain well-trained 
individuals familiar with those requirements. 

The S&ER managers combined technological scanning with a re­
view of capacity and how bottlenecks might be alleviated with new 
technologies. Real needs, unmet by existing technology, were dealt 
with by inventing a system. The GE experience had taught them a 
valuable lesson as to the importance of defining the necessary func­
tions of a system before searching for alternatives. Bank processing 
was considered to be in its elemental steps of input, memory access/ 
size, processing steps, future processing needs, and maintainability 
requirements. Technology was analyzed on the criteria of capadty 
and cost: How much per unit of service? As experienced users of 
transistor-based assembler language programmed computers, they 
devised clever solutions to organize the input/output functions to 
increase throughput. In short, the bank personnel had learned to 
adapt existing technology to their business needs. They were con­
fident they could make things work, and they did. 

Senior management grew more and more confident that its sys­
tems expertise was a real competitive advantage that would allow 
it to stay ahead. Continual reviews were held on system progress, 
alternatives, and new market opportunities for system use. Consid­
ering complex investments in research and development became 
routine. Management had learned to appraise and evaluate the risks 
of an R&D decision, for example, the Stanford Research Institute 
overrun and the QC(:asional mishaps with General Electric and IBM. 
A tradition had evolved of annuaUy reviewing the three-year tech­
nological plan that identified major applications and hardware sys­
tem changes. Zipf was convinced that technology was an engine of 
growth. Beise felt that technology was a force which could be man­
aged to meet market needs. They were managing an IT-based strat­
egy to support market growth. 

Management worked to stay ahead of the competition in systems, 
not merely as an end in itself but to stay ahead in banking services. 
Beise, as preSident, led the management team and was supported 
by Dana, his operations chief. Together with Zipf, they were the 
overall designers of IT systems, continually scanning for new tech­
nologies. A common tactic was to invent a new service system, then 
find someone to develop it for them, sharing the risks, as in the 
credit carel. New product services and processes were designed 
as extensions to existing systems. System support was expanded 
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throughout the value chain to retail store customers, other banks, 
and the FederaJ Reserve. 

("Buck") Rodgers of IBM believed that the bank was at least two 
years ahead of all other banks and even further ahead of most 6-
nandal service companies,lS Maintaining the bank's lead required 
confidence in the system and a well-trained staff. A resilient support 
system had been developed during the implementation of ERMA. 
The bank managers comfortably assumed that computers were reli­
able and never failed to deLiver on time. By 1962 an extraordinary 
competence had evolved to develop new products and operate 
mainframe computer systems in support oC banking activities . The 
largest distributed private-sector system had been installed econom­
ically, and on time. The bank was on the top of the mountain, 
confident and aggressive in its intensions. 

Losing Momentum: 1964-1968 

In early 1964 S. Oark Beise became chairman of the board and 
RudoU A. Peterson, a former bank employee who had been CEO 
of a Hawaiian bank and had experience in international banking, 
became president of Bank of America .16 With California banking 
opportUIlities growing well and further expansion within the 
United Sta tes thwarted (A. P. Giannini's dream of u.S. expansion 
had been denied by the Congress and the Federal Reserve, and 
there was considerable pressure to divest Transamerica), Peterson's 
charge from the board was to expand overseas. 

That summer Zipr sent Peterson a plan outlining personnel 
expansion as an introduction to systems planning. The summary, 
highlighting recent growth in demands on central office systems, 
which in 1964, with 114 fewer people, was handling 51 million 
items, an increase of 1 miWon since 1%2, called for increasing ad­
ministrative sta ff by 195, with 90 additional people in Business Ser­
vices, 74 in Trust, and 31 in Systems and Equipment Research . 
The rationale was to build programming support for an intregrated 
branch accounting/management system and further expand Busi­
ness Service's product line by introducing a professional billing ser­
vice. In lieu of a strategic discussion with the CEO, Zipf received a 
note from Peterson, who was traveling abroad, to proceed.. Pe­
terson, focusing on overseas expansion, delegated all information 
technology responsibility to Zipf. 

-
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The spring 1964 p lanning review had convinced S&'ER manage­
ment that business service expansions and increased volume would 
soon exhaust the capacity of the IBM 7074s. IBM had just an­
nounced its 360 series to replace all its prior series, including the 
1401. 1074. and 7094 computers, and Burroughs, Remington Rand, 
and General Electric had recenUy announced new computer mod­
els. Analysis of eight different systems convinced S&ER that the 
IBM 360, with its operating system COBOL support and massive 
disk storage capacity, was the only true third-generaL-ion system; 
an IBM 360 could replace a 7074 and increase capacity while re­
ducing costs. S&ER subsequently ordered one and initiated a cost­
benefit analysis. 

Zipf and his team were eager to convert to a higher·levellanguage 
such as CODOL. Heralded as the programming language of the 
future, COBOL held the promise of standardized, machine·inde­
pendent programming, which would minimize the amount of re­
coding required in moves to subsequent generations of hardware. 
S&ER was maintaining more than 400,(0) lines of assembly code 
running 2 million machine instructions and adding approximately 
80.000 lines of code per year. S&ER personnel wouJd have to con­
vert all these programs. reformat hundreds of millions of tape rec­
ords into disc format, and learn new operating techniques. The 
longer S&::ER waited, the greater would be the cost to change, which 
made moving to COBOL a prime objective. 

The first step was to bring up the IBM 7074 data-processing pro­
grams. Concurrently, planning couJd begin for conversion of the 
ERMA system, which wouJd be more complex, its mas ter account 
file having gr6wn to twenty-two tape reels and become an operating \I 

nightmare for daily posting. Tape failures were causing occasional 
delays in providing the branches with necessary balance Worma- I 
tion before opening. Russell Fenwick and his colleagues believed ' 
that mass disc storage wouJd eliminate existing cumbersome proce­
dures and improve reliability. Although ERMA would have to con­
tinue to rely on card-to-tape data capture and tape-to-printer opera­
tion, a parallel tape operation was expected to speed the process. 
The biggest Challenge would be running both systems during the 
transition. 

On November 30, 1964, the management committee approved 
$3,643,100 for the acquisition of two IBM 360/505 to replace the raM 
7074114015. Existing 7074 programs would have to be converted 
from assembler to COBOL, and 7074 tapes to 360 tape formats . On 
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the basis of its 702 and 7070 conversion experience, the bank de· 
cided to subcontract a large part of the effort to reduce the hiring 
hump and allow development to continue. 

Consolidati"g the Hardware Base 

In the spring of 1965, IBM announced the details of its operating 
system for the 360/65, which with greater disc capacity and more 
upward growth potential than other 360s promised "more bang for 
the buck." Four IBM 360/655 could replace all the ERMA processors 
and provide the same overnight service. as well as acccommodate 
the 7074 work.1oad and planned expansions during daytime pro­
cessing. thus supplying a consistent computer architecture and the 
potentiaJ for economy·of-scale operations. 

Moreover, the 360/655 promised multitasking (Le., simultaneous 
input, printing, and computing), which would reduce elapsed pro­
cessing time, and supported random-access secondary disc storage, 
which was much faster than serial-access magnetic tape. Existing I 

bank operations were tape and printing bound, and processing 
growth was pushing the twelve-hour turnaround window for deliv­
ering accurate, up-to-date balances to branches each moming(8.t 
more than a million transactions per day, the bank was at the upper 
limit of a tape-based system":fThe primary operating appeal of the 
360/65 was that it wouJd a1l6w consolidation of all operations into 
two centers with remote inputs and concentrated operations. This 
would permit the bank to reduce operations personnel, concentrate 
support at two sites, and keep running up to a seven-day work­
week. 

To provide background for the IBM 360 decision, S&ER devel­
oped the "lmpact of Automation," an economic analysis dated No­
vember 8, 1965, and discussed it at a management committee meet­
ing called to review the progress of automation. The analysis, based 
on the number of employees the bank would have to hire to support 
its current business at standard manual times for processing tasks, 
concluded that the existing 2,662 system employees would have to 
be increased to 4,478. Adjusting for differences in higher system 
salaries, the annual savings for ERMA would be $4.6 million. Fur­
thermore, actual head count in check processing was decreasing as 
volume was increasing. Bank of America's profitability continued 
to rise with expanded service and efficiency enhancements, and 
processing costs per transaction had fallen by more than 7 percent 
per year for the past four years. But the bank was approaching a 
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limit to growth within the existing ERMA system. The new com­
puter promised an opportunity 10 continue striding foward. 

A careful cost analysis of alternative systems of comparable capac­
ity, including utilization of the ERMA for its full operating life ver­
sus switching to the IBM 360/65, demonstrated operating expense 
savings of $12 million from converting ERMA and the 7074s to 3601 
65s. Growth and dramatic improvements in technology had led Zip! 
to make this request four years earlier than he had anticipated. The " 
management committee, after some discussion, approved a 514.22 ~ 
million proposal (considerably less than the $32 million it took to 
build the GE ERMAs) 10 replace ERMA with two mM 360/65s and 
substitute two more 360/65s (or the 360/50s. 

ConverNlIg ERMA 

Zipf and his team planned to begin converting ERMA and IBM 
7074 programs to the 360/65s after scheduled delivery in June or 
July 1966. Check processing was to be done at night, most normal 
data processing during the day. Existing 7074 procedures were to 
be tested on the 360/50 over the winter and spring of 1966 and 
converted to the 360/65s on their arrival in the summer. Conversion 
was to be completed by December. 

The ERMA conversion was to be a massive task. Fenwick esti­
mated that approximately 500 man-years of programming, data ron­
version, and testing would be required to convert aU bank systems 
to a COBOL-based disc system. Existing systems would not only 
have to be converted, but also relieved of accumulated patches 
made over the years and improved to take advantage of disk access. 
The S&ER staff was to be augmented with IBM system developers 
and a number of consultant programming groups. In fact, there 
were to be as many outside as inside staff reprogramming and 
building new systems during the transition period. The IBM 3f:IJ1 
50s were to be installed on delivery and replaced by the 360/65s as 
soon as the latter became available. 

EARLY DlSILLUSIONMBNTS. The first IBM 360/50 arrived in San Fran­
cisco in September 1965, the second in Los Angeles in October. By 
mid-November it had become apparent that IBM's operating system 
was not functioning effectively and was highly unstable except in I 
running jobs one at a time. Gloom spread through the S&:ER group, \ 
but programming continued, one job at a time being debugged with 
sample data. Conversion plans had to be revised considerably be­
cause of the instability of the IBM software. On the basis of conver-
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sations with senior IBM executives, S&ER members were convinced 
that they would be able to begin heavy-duty conversion efforts by 
summer, and a personnel plan was implemented for training and 
placement of ERMA workers to be transferred to other jobs later 
that year. 

In January 1966, S&ER informed the management committee of 
a revised plan that deferred the start of the conversion until August 
1966. They warned of the possibility of further delays, citing a faulty 

l 
operating system and unstable tape and disc drives. S&:ER esti· 
mated the cost of system failu re and lost work at between $70,000 
and $100,000. Capacity restrictions soon began 10 influence opera-
tions. Business Services, which had been growing at 15 to 20 percent 
per year, believing that it couJd not deliver, stopped soliciting new 
business and tenninated several of the projects it had under way, 
such as loan flooring, which promised a 200 percent relurn on in­
vestment. Worse, contention surfaced in job scheduling for on-time 
delivery. Growing demand from both new market services and vol­
ume expansion among existing customers exacerbated the problem 
and delays persisted. 

On December 9, 1966, S&ER informed the management commit­
tee that the conversion of IBM 360 programs was deferred once 
again as a result of IBM's continued delay in providing a multitask­
ing operating system. IBM informed the bank that " no other large 
sca le business user ... approaches Ithe bank'sj level of complexity 
of multiprogrammed systems."17 The additional expense of delay, 
estimated at $364,0Cl0, was due to the cost of maintaining parallel 
systems and a loss of programming effectiveness stemming from 
operating system failures. Data-proceSSing and ERMA programs 
were converted to a IBM 360 assembler, with some COBOL rou­
tines, using IBM service center 360s and the bank's 360/505. 

By late December 1966, the operating system seemed stable and 
it was decided to try to convert the mutual fund package, which 
relied on a massive tape me of the Los Angeles and a smaller file 
of the San Francisco customer bases. Conversion, scheduled to oc­
cur over the New Year's hOliday, went as planned in San Francisco. 
But in Los Angeles, where the entire twenty-reel customer master 
file had to be updated to finish the conversion, the new high-speed 
tape systems proved inoperable. Fenwick was called away from a 
New Year's party at Zipf's home to try to expedite the conversion. 
After three hours, he called IBM's Buck Rodgers, the company's 
banking industry executive, who flew a team of IBM tape specialists 
and system engineers in from Denver to mount a massive change-
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over effort, which failed. But at least all then understood the scope 
of the problem: the size and sophistication of the application was 
pushing the IBM 360/65 to the limits of its capacity. IBM's hardware 
support was good, but its lack of strong software had hurt the effort. 

BN[H)F-CONVERSION CRISES. Frustration at the lack of progress and 
delays in bringing up new systems generated a stann of criticism 
from members of the management committee in the spring of 1%7. 
Zipf felt compelled to defend his decision to proceed with the IBM 
360; on May 10, 1%7, he dispatched a letter of explanation to Pe­
terson in which he noted that 

1966 was the first disappointing year since the group was created in 
1954. Disappointing because the delays in converting to the 360 sys­
tems did not permit us to achieve the operating economies that had 
been forecast. HaVing acknowledged responSibility for what have 
proven to be unrealistic conversion schedules, I should not like to 
think my efTOr in judgment wiU reflect unfavorably upon a compe­
tent, dedicated staff who worked ceaselessly in an attempt to achieve 
the impossible. 18 

On May 25, Zipf reviewed with the management committee a 
plan that had been prepared in late March, but delayed because oC 
improvements in systems stability and the addition of more core 
memory. The plan, developed by Fenwick, suggested that S&.ER 
was fmally seeing light at the end of the tunnel. The department 
had regrouped, summarized its progress, and generated a more 
positive plan with demonstrable results. Morale, which had been 
terrible, had picked up and the group's "can do" spirit returned. . 

Although only 35,000 of 400,000 BankAmericard and 504,0Cl0 of 2 
million Timeplan accounts had been converted by March, the group 
gained momentum during a stable and productive April; by May it 
had completed the conversion of BankAmericard, Timeplan, and 
one oC the largest ERMA products. The group had developed new 
fail-soft procedures and through strenuous efforts with IBM had 
stabilized. the tape subsystems. An additional ray of hope came from 
the successful start of the demand deposits conversion, the bank's 
largest ERMA application. With the transformation secure in the 
spring, Zipf, in a presentation to the management committee, em· 
phasized that not only had other banks (oUowed its leadership to 
similar systems. but the others' shifts vividly demonstrated the 
Bank of America economy of scale, as shown in Table 3-3. 19 

However, the delay had entailed serious costs. A staff analysis 
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TABLE 3-.3 Deposit and loan Volume 
Bank of America and Principal Competitor. System Comparison 

eank 01 WeU. CfO(:ker Security 
No. 01 Account. Amartc:, F ..... UCO Cltklnl Pacific 

Checking 2,695,000 "',000 350,000 650,000 1,300,000 
Savings 3,033,000 650,000 450,000' "',000 673,000 
Installment Loans 1.130,000 125,000 300,000 500,000 250,000 
Real Ettat, Loan, 2$3,000 75,000 13,000 25,000" "'0,000 
Totll 7,121,000 1,450,000 1,113,000 1.775,000 2,263.000 

Equipment ("J 360-658 (2) 38C).65s (1) 36O-65t (2) 36O-65s (2136G-65s 

Oe/'d or on Older (2) """'" (8) 36O-3Os (5) :J6O.3Os (2) "'"""" 
(2) 36O-4Os 
(6) 36O-3Os 

~: Memorandum from A. R.llpl to R. A.. P.tll~n, Samua! B. Stewlr1, F. M. DanII: 
lubjecl: Computer System. - Third Generation, Burrough. VI. IBM, May 5, 1967. Re­
printed with permiSSion Irom Sank 01 America. 
• ApprO)l;lmaUons. 

suggested that conversion delays for some of the services. such as 
the flooring program, had had a direct economic impact on profits 
of $),471,000 and that delays in developing new products for Bank· 
Americard and providing more automated support for mutual 
funds and trust had significant negative impacts on earnings. Total 
impact was estimated to be in the millions of dollars, offset, ac­
cording to the report, by IBM's conbibutions, which increased pay· 
ing all equipment costs, providing professional help valued at 
$2,700,160, and maintaining an account balance of more than $14 
million. lO 

The inescapable condusion was tha t the massive conversion ef· 
fort had failed because of software problems. The report reviewed 
all the decisions, induding the new plan and the cost of the bank 
of programming and outside help. By May the total direct repro­
gramming effort was estimated at 167 man-years at a cost of $1.65 
million, of which at least 37.4 man-years, valued at $363,834, had 
been lost - a costly effort. 

Discussion of Stagnant Period 

The IBM 360 conver.;ion debacle could not have happened at a 
worse time. Senior management had just shifted from an operations 
orientation with long experience in systems to a credit orientation 
with no systems experience or interest. Promotion of key architect 
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AJ Zipf to a wider venue had diluted his influence and diminished 
reliance on his expertise. Dialogue among senior members of the 
group about systems development ceased and nothing formal re­
placed that interchange. System managers, overwhelmed with the 
conversion, could devote little time or energy to promoting general 
understanding of what was happening. and the technicians, be­
cause the system they had chosen was not working, were con­
strained in their explanation. 

The systems group, which over time had become isolated from 
the rest of the bank. was nurturing managers from within. It had 
enjoyed a history of rapid growth and qUick promotions; managers 
in systems were promoted in about half the time and garnered 
higher salaries than managers in operations, causing resentment in 
some quarters (for example, Russell Fenwick at thirty-one became 
Bank of America's youngest vice president ever). Tension between 
the two cultures continued to grow . 

Unfortunately, what the new senior managers believed they had 
learned was that trying new technology is risky and unnecessary. 
that the only safe move is to use "tried and true" technology. More­
over, they came to believe that computer suppliers, IBM in particu- )\ 
lar, were not to be trusted. Senior management reached these con­
clusions as observers, not as active participants in the events or 
from hands-on reviews of system development efforts. With no one 
but Zipf competent or interested, IT development was no longer a 
senior management topic. IT had become a tough sell, and Zipt, 
who also had a retail banking agenda~ had to select his topics care­
fully. Ultimately the lessons ot the IBM 360 conversion were ab­
sorbed only by the technical, not the senior, managers. They moved 
from a strategiC use of IT as their engine of growth to a support IT 
stra tegy. 

The systems group 5(X)n learned the terror of unreliable systems 
and disgruntled customers. As long as the group was pushing the 
limits of the technology, any change in the system could and did 
resuJt in system crashes. Because S&'ER took the blame, regardless 
of the source of the crash, the group became conservative and tested 
very carefully. Group members became, by some accounts, highly 
cautious noninnovators. 

Lacking senior management support and unable to deliver new 
services, the systems group quickly lost any remaining support among 
its active practitioners, who began to use the chain of command to 
secure priorities rather than work within the system planning process 
or take leadership from S&ER. The long-tenn effect at the two-culture 
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environment and conversion debacle was to tum S&CR's once docile 
customers into aggressive, shortsighted cost savers. 

Finally, (our years of seven-day workweeks and eighteen-hour 
days had exacted a toll on the health and morale of the group. The 
IBM representatives noted that when the conversion was finally 
complete, the exhausted group received no compliments from us­
ers, who had waited impatiently to get on with their work and 
viewed the job as long overdue. in the wake of the strenuous effort, 
the systems group faced the development backlog with little enthu­
siasm. It had learned both the frustration and sadness of failure. 

A more fundamental impact on the bank's IT orientation resulted 
from the lack of shared vision or understanding between Rudolf 
Peterson and his maestro. Peterson viewed Zipf, whom he trusted 
implidtly in the dual role of line officer and maestro, as automating 
retai l banking while expanding market share and adding new prod­
ucts. The CEO neither believed it to be his role, nor was he inclined 
to explore new avenues for IT. Peterson's interest, encouraged by 
the bank's board, was in expanding commerdal banking overseas, 
a pursuit for which he saw no relevance for IT. 

In hindsight, it would have been wiser to experiment with the 
360/50 in connection with the delivery of the less time-dependent 
customer-oriented services. But with the opportunities so great and 
the risks seemingly so modest, Zipf had boldJy struck out. Falling 
back and regrouping was not considered. No other senjor executive 
had any interest or competence in IT, and IBM's marketing branch 
was unaware of how far behind scheduJe development of the 
mUltitasking operating system had fallen. Quite simply, both the 
vendor and the customer had underestimated the complexity of 
the project. 

The Cost-Minimization Era: 1968-1978 

Events returned somewhat to normal during 1968. The IBM 360 
conversion, despite an enormous backlog of work, was under con­
trol, but urgent priorities arising from failures of outmoded systems 
interrupted other activities. Changeover of the general ledger had 
to be aborted to deal with a number of operating systems crises, 
and continued conversion demands delayed almost all requests for 
support and new products. 

A1though the S&:ER leadership believed that the conversion, be­
cause it had resulted in the development of a modem, stable plat-
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form as a basis for growth, had been worth the effort, senior man­
agement was skeptical. A. W. ("Tom") Gausen, who replaced 
Peterson as CEQ in late 1969, continued to emphasize credit and 
overseas expansion. Zipf, the only management committee member 
with operations or computer experience, was promoted to executive 
vice president in charge of the California bank in the spring of 1970. 
He was charged with reorganizing retail from a functional to an area 
structure, and given responSibility for marketing, credit, operations, 
personnel, and profit of the retail bank. Fenwick became the opera­
tional leader of s&:ER. reporting to Samuel Stewart, a lawyer in 
charge of administrative functions. With a backlog of system work, 
Fenwick and the S&:ER team focused inward. 

The S&ER management process had Changed from an annual 
three-year planning discussion and follow-up annua l budgeting ses­
sion with quarterly program review with the management commit­
tee 10 an annual budgeting session oriented toward short-term pay­
offs. Despite a severe backlog and more work than stalf, expansion 
of S&:ER was not considered. The new senior management, preoc­
cupied with expanding overseas and managing CaIifomia retail op­
erations for cash flow, did not perceive any overseas opportunities 
for IT, and the recent conversion experience had shaken its confi­
dence in technology. 

S&ER continued to grow apace with overaU volume expansion 
but lost its leadership role. The early 19705 were devoted to catching 
up with systems work and improving existing services. S&ER's ex­
perience was in large mainframe systems and batch processing; its 
technidans had Little experience with and no means to test on-Line 
processing with database technology. Such an implementation 
would have required a complete rewrite of existing systems, a task 
for which they had no enthusiasm. S&:ER had slipped behind a full 
generation of computer software, and its systems effort was not in 
strategic mode. The group had come to be viewed and managed as 
a production factory, driven by low cost and timely processing, not 
product or service innovation. Its broad presence in California and 
e(fident service continued to susta in a growth in retail banking into 
the 1970s. 

Expanding Abroad 

By the 1970s Bank of America had eighty-eigh l overseas branches 
in eleven countries. With the credit market abroad growing faster 
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than that in the United States, management focused on expanding 
such markets to gain economy of scale. Overseas system develop­
ment began in 1968 with a London accounts receivable project that 
was quickly extended to provide a comprehensive analysis of overall 
accounting needs. 

Development of a new loan~reportjng-and-accounting system 
was led by s&ER's Bruce Foster, an experienced systems developer. 
The design sele<:ted after an extended proposal process called for a 
central site with distributed minicomputers in the branches. In Au­
gust consideration was given to means of improving vendor mainte­
nance response to machine failures, wh.ich had become common. 
At the same time, more horsepower was applied. to printing. disk 
storage was expanded, and commitments were made to rapid re­
sponse. Still the systems failed, so in spring 1975, Alvin Rice, senior 
vice president of the International Division, demanded a "high 
noon" review of internationaJ support. TIlis resulted in the transfer 
of international computer support from the central group to Rice's 
organizations. With intemationaJ development fragmented in Eu­
rope, Asia, and South America, Bank of America's systems groups 
lacked the coherent image that Otibank and other competitors had 
fostered. However, electronic banking had not become a force, and 
Bank of America's markets were growing rapidly owing to the 
bank's presence and breadth of produd line. 

Management Succession 

In the early 1970s the four systems groups (S&ER, Centralized 
Operations, Business Services, and Management Science) had re­
ported to Stewart and coordinated with one another, maintaining 
close ties to Zipf. When Stewart retired in 1973, Zipf assumed re­
sponsibility for the computer groups, but being deeply involved in 
managing the California bank, delegated day-to-day activities to 
Fenwick. GraduaJly the systems organizations drifted apart, Busi­
ness SeIVices creating its own development group. As it became 
completely independent and forsook technology sharing, Business 
SeIVices' income growth began to erode and costs increased. 

When iJJness caused Zipf suddenly to retire in 1975, Tom Gausen 
selected Stan Langsdorf, a former comptroller, to be responsible for 
all administrative systems, including S&ER. Langsdorf, a relatively 
passive manager, allowed the three remaining systems groups to 
continue to coordinate domestic development. In 1975, after receiv­
ing permission from the comptroller of the currency, S&ER experi-
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mented with ATMs. Fenwick proposed, but the head of branch 
operations vetoed as too expensive, risky, and counter to the bank's 
tradition of personal service, a statewide introduction of ATMs. 

Bank of America was growing faster overseas than in California, 
where it had begun to lose market share. Its share further declined 
as Security Pacific and Wells Fargo rolled out ATMs and other com­
petitors aggressively introduced new loan products. By 1978 Bank 
of America was being outstripped by all its major competitors and 
losing market share per branch. This loss was due to a variety of 
fadors, growth of competitors, increased price and produd compe­
tition, and lag in systems development significant among them. The 
bank's decentralized, branch-oriented full line of banking empha­
sized loans as the prime source of income; in IT services the bank 
lagged conSiderably behind those of the competition. Senior man­
agement in retail banking had a strong bottom-line profit orienta· 
tion with no in-depth understanding of the economics of systems 
development. Twenty-six executives had to agree to the acquisi­
tion of a significant computer system for the California division; 
consequently, there had been no major improvements in several 
years. 

Orga"izatio1lal teaming dllri"g tire Dedin;"g Years 

The seventies marked a continued shift in Bank of America's strat­
egy from fOCUSing on California to fOCUSing on the international 
scene and on loans rather than on retail banking. This change was 
pushed by capable credit managers with no experience or interest 
in computer technologYi stylistically they were delegators rather 
than hands-on managers. They inherited a split voice for systems: 
Stewart's pleas for caution and cost control and Zipf's thrust to stay 
technologically strong. 

The ability of Zipf to lead actively was encumbered by his respon­
sibilities in managing the largest retail banking operation in the 
world in a time of increasing competition and continued population 
growth. Although he maintained dose contact with S&::ER, adhering 
to his retail banking agenda was a severe challenge, and he could 
spare only modest energies to focus on systems. Further, Stewart's 
formal authority limited Zipf's infJuence. 

Systems continued to grow to keep pace with the overall volume 
expansion but lost its new processes leadership role. The early sev­
enties were devoted to catching up on systems and improving ex­
isting services. S&.ER's experience was in large mainframe systems; 
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developments in distributed systems were produdng innovations 
in which the group had tittle practical knowledge. A1though it had 
developed a large, mainframe-based branch support system on the 
latest IBM equipment, it began to gain experience relatively late in 
1972. The system effort was not in a strategic mode _ at best it was 
considered a production factory and managed as one. S&.ER was 
driven by maintaining low cost and timely processing. not innovat­
ing products or services. Because it delayed its decision on space, 
as well as concern for not being first in a computer technology, the 
bank was a lal'e converter to the IBM 370. This limited its opportuni­
ties to move to on-line query and remote processing. Part of the 
problem was the massive rewrite of existing software that would 
have been necessary and S&:ER's reluctance to undertake that task. 

By the end of the era management had lost aU its managerial 
and system competence to e((ectively gu ide the development of 
competitive information systems. The conversion to the 370 ab­
sorbed S&ER. OnJy system managers were concerned with innova. 
tive systems. There was a complex set of reviews: any proposal that 
required investment and new technOlogy genera ted tension. Hugh 
Dougherty retired when the environment ceased being fun . Fen. 
wick left, not merely because he did not get the promotion, but also 
because of the continued hassles the job entailed. They were the 
last of the old-guard managers, although most of the programming 
efforts were still run by experienced system managers. In five years 
the bulk of the innovative talent in the organization in both the 
systems and management groups had dissipated . Joe Carrera, an 
effective comptroller, was experienced in solving operational prob­
lems but had no familiarity with computers. Having observed !he 
360 debacle, he wanted to ctistance himself from the problem . 

The fundamental cause of this dramatic loss of technological lead­
ership was lack of concern in maintaining an edge. The new man­
agement did not have an understanding and perspective of manag­
ing technOlogy. It was composed of credit--oriented bankers when 
systems had not yet become a powerful force. Leadership must be 
nurtured to be sustained. 

The Long Climb Back: Building Competence 

Clausen, who began to recognize the problem in 1978, appointed 
John Mickel senior vice president in charge of systems. 21 Mickel , the 
fonner CEO of Decimus, one of Bank of America's most profitable 
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subsidiaries, had a strong product-line marketing focus .. ':e was 
charged with staunching the loss of market share ~y revIVing the 
competitiveness of the bank's computer systems ~Jth ~ewer tech· 
nology in the branches. With Clausen's 5ponsors~lp, Mlckel.~m­
mended two critical projects that seemed essentJaI to provl~n~ a 
basis for electronic banking: statewide rollout of ATMs and Shlfting 
the demand-<ieposit accounting system for checking to an on· line 
database system, which would provide easy access to da~ ang sup­
port more rapid development of new products and serv~ces. ~th 
projects received full funding for a two-year implementation: Mickel 
recruHed teams of experienced systems managers and outSide con· 
sultants and hired Peter HiU from IBM to provide guidance in devel­
oping a distributed system. Twenty-six A TMs te~ted by the S~nta 
Clara branch were subsequently deployed stateWide. In 1981, eigh­
teen months into both projects, Clausen wen t to the World Bank 
and Samuel H. Armacost became CEO. Worldwide banking was in 
a credit crisis and U.S. banking was in the process of dereguJation. 
Bank of America's loan and credit portfoliOS were mismatched and 
its decentralized organization was ill prepared to meet demands for 
rapid response.23 . . , 

Armacost embarked on a reevaluation of Bank of Amenca s sys­
tems strategy, recruiting Max Hopper from American Airlines to 
restore momentum in retail banking - Mickel had left to start a 
telecommunications business - and forming a senior retail banking 
advisory committee. 24 Discussions between Armacost and Hopper 
about how to make the bank a competitive systems user became a 
daily ritual, and a vision for the future emerged. Hopper recrult~ 
Bruce Fadem of IBM Systems to run RetaU Banking and Joe Ervin 
to head Operations and Technology. This leam, with Hill, analyzed 
the bank's need to develop an overaU architecture, which was dis­
cussed with an expanded advisory committee. 

With the help of Hill, Fadem, and Ervin, Hopper initiated the 
development of a high-capacity, bankwide comm~nications sy~t~m 
and centralized policy to create an overaU bank view. Recogmzmg 
that enormous investments would be required to bring the bank's 
structure up to competitive standards, h~ initiated two m~jor sys­
tem-development projects - BankAmenca Systems Engmee~ng 
(BASE) and BankAmerica Payments Systems (BAPs) - to proVide 
the essential architecture for the future . As a member of the man­
agement committee, Hopper was involved in discussions of why 
these systems were essential to establish bankwide standards and 
support the eventual integration of inIonnation and payments. 
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Armacost had recruited Tom Cooper, an early ATM proponent, 
an experienced computer user, and a cosl-oriented banker from 
Mellon Bank, to the International Division for the worldwide rollout 
of BAPS. They developed a program to integrate overseas and ex­
pand the product line with BAPS. When Bank of America subse­
quently experienced a series of earnings pressures that made expan­
sion unJXlpular and cost cutting important, Cooper pressed to 
reduce system costs and slow the transition, while Hopper believed 
it was essential to continue. When Armacost sided with Cooper, 
Hopper returned to American Airlines and was replaced by Lou 
Mertes of SeaFirst of Seattle, a Bank of America subsidiary. 

Armacost and Cooper charged Mertes with controUing systems 
costs, establishing a business-oriented planning process, and devel­
oping a boUom-up planning and budgeting process that would pro­
vide an economicaUy sound basis on which the management com­
mittee might evaluate systems investments. Mertes emphasized a 
detailed, analytical economic planning discipline as the core of sys­
tems planning and worked to streamLine and reduce the size of the 
systems organization. When he left a year later after a series of 
system problems, Hill and Fadem became acting managers of infor­
mation technology. 

Gausen. returning to Bank of America in 1986, assumed personal 
responSibility for restoring the bank's leadership position in IT. fijs 
search for a strong IT manager produced Mike Simmons of Fidelity, 
who subsequently launched an aggressive integration of electronic 
banking in Credit and Retail worldwide. Dick Griffith, hired by 
Gausen from the Federal Reserve to manage Wholesale Banking, 
brought with him Bill OU, the architect of the Federal Reserve sys­
tem. With this new team, which possessed more than a hundred 
years of systems development experience, and the competent tech­
nical managers Mickel and Hopper had hired, the systems function 
regained its intellectual base. 

Simmons, charged with demystifying the technOlogy and encour­
aging users to support expansion, worked with Clausen to better 
understand users' requirements. Finishing the implementation of 
BASE and BAPS, they were early marketers of a personal computer­
based treasurer's system. Simmons artfully described the impact of 
IT programs in customer tenos and organized a user committee of 
senior managers that met regularly to review a portfolio of proposed 
projects and establish priorities. 25 He also rejuvenated Hopper's ex­
periments in future technologies and created a lab to test, among 
other products, a new smart card. Most important, his team pro-
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duced reliable, money-making services and products on time and 
within budget. 

Hopper's communications network capitalized on economies of 
scale by consolidating aU systems at the fOUI existing sites into one 
overseas system in London (for Asia and Europe), all national ac­
counts in San Francisco, and South American accounts in Los 
Ange1es. This network, coupled with a coherent hardware. design 
consolidated around a few vendors and software systems Wlth con­
sistent operating systems, lent Bank of America a modem bank 
architecture. At Gausen's retirement in 1992, Richard Rosenberg 
was named CEO. When Simmons subsequently moved on to First 
Boston to continue rebuilding, Rosenberg hired as his new maestro 
Marty Stein of Paine Webber, who was later promoted to vice 
chairman. 

Diversion cost it twenty-two years, but Bank of America has re­
gained its leadership position and is building momentum. The next 
dominant design for information processing in banking, if it is not 
originated by Bank of America, will quickly be appropriated by the 
bank. 

Discussion of Decli"e a"d Regaini"g Mome"tum 

The gradual demise of Bank of America prowess in IT was 
masked by its incredible economy of scale and competence in retail 
banking. The California bank was a classic cash cow as it allowed 
its technolOgical competence to decline. Had it rolled out A TMs, the 
bank might have moved into other new technologies. Technologi.cal 
brass rings appear but quickly pass the hesitators. Senior IT line 
leadership is essential to sustain appraisal of the art of the possible. 
These invesbnents require an understanding of both the potential 
and the risks of emerging infonoation-processing innovations. Had 
the bank been experimenting with minicomputers along with its 
competitors, management might have understood the future trend 
in IT architecture and the need for ATMs. Management has to ap­
preciate the market impact of emerging IT innovations within an 
evolving IT strategy. Few unique innovations cause a strategic shift, 
but the fast pace of change in the underlying chip continually causes 
potential services to appear. To judge the innovation effec:tively 
requires a shared vision of how the organization could fun~tio~ as 
well as how to merge new technologies and move the orgamzatlon. 
The bank leadership lost the planning process and thereby sowed 
the seeds of its eventual loss of leadership. 
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The ensuing saga demonstrates the momentum an IT strategy 
creates and the ability to obtain short-run profits at the expense 
of long-term gains. As Richard Vietor has pointed out, IT was a 
con tributing factor to the mismatch of the bank's loon- and interest­
generating portfolios. Whether that was a direct result of not contin­
uing improvements in management control is not clear. However, 
lack of an integrated overseas system hindered the bank in under­
standing its overall international portfolio and aUowed individual 
managers to pursue different polities. Domestically, the bank not 
only fe ll behind but extended an outmoded technology, creating a 
more costly renovation project. 

The Bank of America had lost its apparent technica1 competence 
and ability to frame technological investments in business terms 
acceptable to the line managers. Whether the loss was reaJ or appar­
ent is irrelevant because the IT group could not arrange a productive 
hearing of the issues and opportunities. A dialogue is essential to 
maintain the ability to perceive the impact of new technologies on 
the market and to believe in the economics of the investment. In 
large part, innovating with IT is a matter of faith created by experi­
ence. A key issue is to perceive how an innovation will affect the 
organiza tion as well as the market. At their peak, Beise and team 
could review an idea and instantly perceive the impact on their 
markets and costs, for example, of the credit card. The technological 
glitch arose from lack of experience in developing and implementing 
the system and failing to involve S&ER. 

The long climb back to competence documents the deep, implicit 
nature of an IT strategy. Management's attentive curiosity to the 
art of the possible and willingness to experiment depends upon 
IT leadership. Information processing typically impacts not only 
procedures and services but also the management process and orga­
nizational structure. The line managers during the decline of IT at 
the bank realized tha t they had to rely on IT and wanted to sustain 
it wi thin their purview. They gradually created a strong control 
system to maintain the status quo- a typical response, as IT causes 
change that can threaten roles, the experience base of individuals, 
and power bases. Creating a vision that includes how the organiza­
tion couJd function and the growth potential is a salient facet of IT 
strategic planning. 

The long road back required not only rebuilding technology but 
also perspective on the competitive value of IT. Clausen saw the 
need and moved but did not weave the effort into the bank's proc­
esses. Armacost, who recruited and empowered Hopper, again, 
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had not embedded IT as a vital element of strategy. When Clausen 
returned, he realized the full court-press effort required to regain 
momentum and effectively built upon former efforts to forge an 
IT-based stra tegy. The saga documents the ease of slipping and the 
expense of regaining momentum. 
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