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This Exciting Pevice Stores 5 Million Thoughts 

/' 

-·---­.... 

IBM Engineers at San J9se 
Perfect New Machine 

Two years of intensive work by 
some 50 men in · the Advanced 

Engineering Laboratory of Interna­
tional Business Machines Corp. at San 
Jose has resulted in a starUingly new 
electronic device. 

Known simply as IBM 305, it is 
destined to make ~ignificant contribu­
tions to the business world by speed­
ing up bookkeep~g procedures and 
cutting costs. 

So far only engineering pilot models 
of the "random access" memory de .... 
vice have been co~tructed but t:\1.e 
day of general manufacture and use 
is approaching. 

The experin;lental unit stores 5,000,-
000 characters, and, when combined 
in multiple units for use with a single 
electronic data processing system, will 
provide a business information mem-

. ory bin of ·almost unlimited capacity: 
The new memory unit is made up 

of a stack of.magnetic discs, mounted 
on vertical shafts and slightly sep­
arated one from another. Data are 
stored as magnetized spots .on the . 
discs. At the side of t:pe stack is a 
reading and writing arm which moves 
under electronic control direcUy to 
the "address" or location of the data 
desired: 

A good example of how IBM 305 
might be used is this: 

Installed in a department store, the 
device could record the inventory of 
thousands of different.' kinds of items. 
When a· sale is made it would credit 
·the sales person with a commission, 
deduct the item· .from the available. 
inventory and add one to the list of 
reorders. It would also ~barge the 
item to a customer's account and give 
the store a constant running record 
Of itS total overall inventocy.' Buyer~ 
would have an up-to-the-minute 
picture of how their merchandise is 
moving and would thus know when 
new orders shc;mld be placed. 

Cards conveying . appropriate in-· 
formation would be available for the 
sales, payroll, shipping and purchas­
ing departments. 
.. Such department store bookkeeping 
is now performed by far slower and 
costlier methods. 

Rand.om access memory permits re­
turn. jn prinCiple ·to the . accounting 
methods used in pusiness ·houses long 
ago when there was no necessity for 
batch-processing of records as today. 
Then, clerks on high stools adjusted 
all affeCted records each time a trans-

July, 1955 

action occurred. But the 305 borrows 
only the old p~osophy, and, using 
a multi-million character memory 
and taking instructions from a stor:ed 
program, it does its job automatically 
and at very high speed. 

The new equipment will be used 
with both punched cards and mag­
netic tape-operated machines, and 
also will be the lieart of a new line 
of IBM electronic processing ma­
chines. 

The IBM laboratory at San 'Jose 
was established in .1952 to augment 
a plant installation started 10 years 
previously. In the initial stages of 
the 305, a wide variety of scliemes and 
ideas were generated in engineering 
"brainstorming" ses.sic;ms. Whirling 

rods, spinning· drums, endless tapes, 
wires, bands, plates and spirals were 
all considered as possible 1'memory" 
units. 

Each idea was pursued to the point 
where its individual limitations were 
established. The in-line philosophy of 
machine accounting was developed 
with the aid qf sales, engineering and 
product planning people cooperating. 

The 305 will serve the smaller busi­
·ness as well as the large national 
corporation and the military organiza­
tion with vast supply operatio~ ... 
IBM expects to find· extensive use 'm 
such diverse fields .as banking,_. in~ 
surance, manufacturing, distributiOn, 
transportation,. retailing · and many 
others. 

THis rs IBM'S new magnetic disc "memory" device. Wesiey Diclin~on, associate engineer 
in IBM's development group at San Jose, points to the reading an~ writing arm that permits 
instaritaneou$ access to any one of five million characters wt.ich the machine can -store. 

Million Will Enjoy · · · 
Yosemite ·This Year 

According to the National Park 
Service 1,060,000 per~ons a:re expected 
to visit Yosemite National Park this· 
year. This will be an increase of 109 
per cent over 1940 when 507,000 en­
joyed the famous California region. 

This summer an estimated 19,000,-
000 persons are expected to tour our 
national parks, which are equipped to 
handle only 9,000,000, the Park Serv­
iCe has announced. 

A total of 1,568 students from 87· 
different foreign countries were en­
rolled on the various campuses of the 
University of CaJifornia during the 
last semester. 

G. E. Will Double Size 
Of Palo Alto Laboratory 

A 100 per cent expansion .of the 
new General Electric microwave r.e­
search laboratory on Stanford Uni­
versity land has been announced only 
six- months after the laboratory was 
first opened. . 

Scientists at the laboratory are busy· · 
developing new and improved micro­
wave tuoes which will make possible 
new wonders in the American home 
and in the field of communications. 

According to H. R. Oldfield, Jr., 
laboratory manager, microwave tubes 
will be used for home cooking, µistant 
·defrosting of frozen foods and visual 
telphones based on television ·.prin­
ciples. Tubes now under study may 
make possible transoceanic television. 
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Slu:m Communkarion 

L. D. Seader 

A Self-Clocking System for Information Transfer 

Summary 

Thil paper describ~ :.i circuit which genc:rutes :i con1in· 
. uou5 main or clock pulses be:aring a fixed phase rela· 
don5hip to informacion pul~es. By swirching two gated 
oscillatots. the inform;ation pulses continuously correct 
the phase ~f the c:lock pubes. 

Introduction 

Jn digitul cJut.1-s1or.>gc un'1 cran:sfc:r 5ysrem~. a clock signal 
is rcquin?d in ordar to cJetcct lhe ;absence or prescn~ of 
informcaiion bit.~ The clock signed i~ merely a lr:ain of 
pvlscs of unirorm sp.acing which has a fixed phase rel~­
tionship with the inforni:ttion bit~. Coincidence between 
a clock pulse <1ntl an information pulse indlc-.rc:s u ··one" 
bit whlle Mti-coinc:iJencc indicarc~ a ••t.cro" bil for the 
bh slot corresponding to that particular clock pulse. 

In ~omc synchronou.' syst~,;. suc:h as a ma~nctic-drum 
sror.a~9C s~tcm. il is pe>::.~iblc to gcnct".ate the clock signal 
so that h inherenlly muin.1ains 1he proper ph:ase relation­
ship wilh respect to lhc informarion bits. In some usyn· 
chronouic systems. "uc:tl :as a nlcsgnctic:-core sroragc system. 
the phase :and frequency of the: infotmarion birs is deter· 
mined by an inc.lcpen~ently gener-cated clock signal. In 
addition. however. there :trc some systems where it is 
\.ither inconvenient or impo~:\ibJc to use an independently 
generated clock signal. These $ystem~ require that the 

. clock $ignal be derived from the information bits. The 
purpose of lhis reporr is to presenl a method of deriving· 
c;Jock pulses from information bits which has proved·to 
be both simple and reliable. The circuit is called a 
pha~ c:lock .. pul,;c generator. 

Figurct J Bloclc diagram of the circuit. 

® GATED 

OSCILLATOR 

INCOMING BINARY 

OATA <D TRtOGER 

GATED 

® OSOILLATOR 

© 

@ 

Block diagram description 

A block Jiagram of the circuit i~ shown in Fig. l and the 
idealite<J waveforms ure shown in Fig. 3. A binary cor­
reetecJ triggct ill driven hy the information pulses so that 
every time a pulse ls received. rhc trigger changes st:uus. 
The lWO outputs of the trigger urc used to gate two oscil­
l:nors such that one oscill:iror is on :and the other oscillator 
i~ off. An incoming lnformulion pul!iie reverse.' condition.oe 
and the o~illutor which w:.s previously on i"S turned off 
and vice versa. The uscUlators ~tre of a type which start 
with a known ph:tse so 1hut ph:isc correction is inherent 
in the swicching of the oscillators. The outpulS of the 
two o~cill<ltors arc: mixcJ in an ··or .. circuit to pro"'ide a 
continuou:t truin of clock. pul.;cs. and the overdriven 
:impliflcr serves ro square up the half-sinusoidal output 
of the '"oe··· circuir. ·rhe ourpur or 1he circuit. then. i:s " 
continuou,r truin or ~quurc clock pulses which mainl:ain 
:t tixed-phusc rehltionship with ahe informaliori puJsc5. 

Detailed circuit description 

The pha5ed clock-pur~e gcncr~dor was originuUy devcl· 
oped to overcome cerro.in clock-phasing prah!cms a$$0ci­
ared with rhe IBM random-access memory. Because 
of the mcchanic-c1I tolerance$ in the access mechanism a 
proper pha~e rclation!hip bc1ween the data and a recorded 
clock track. could not be maintained over Jong periods. 

figure 2 is :.. detailed circuit di;agram of the phased 
clock-pulse generator cs:s ir i5 used in the RAMAC 305 
computer in conjuncrion with the random-access meni· 
ory. The circuits are d!$igncd for a nominal clock fre­
quency of 80 kc. NRZl recording is u!'ed. 

OR 
© OVERDRIVEN © PHASED 

AMPLIFIER CLOCK PULSES 
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Figu,e 2 Circuit diagram 
of the phased dock' pulse generator. 
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Reading 

For reading information out or the memory rel3y point 
S - l is open. v l B is. rheref ore, cut off and does not a fleet 
the operation or the trigger. Jncoming data pulses are 

. invened by VI A and fed to the binary-connected trigger 
so tbac the trigger changes states with the leading edge 
of each data pulse. The trigger is a standard Ecclcs­
Jordan type with capacitive-coupled triggering. Each 
plate of the trigger is d-c coupled to a gated Hartley oscil­
lator. V4A and V4B provide the gating functions for the 
two oscillators while VSA and VSB provlde low-im­
pedance outputs and supply energy to the tank circuits to 
sustain oscillation." The initial amplitude of oscillation 
depends upon the LI C ratio of the tank circuit and the 
cathode current of rhe gating tube (V4) just before the 
tube is cut off. The relationship L~ given by rhe equation 

fl-21~~ ' (1) 

where I is the cathode current of V4, JI is peak .. peak 
initial amplitude of oscillation. · 

The outputs of the two oscillators are mixed in a nega· 
live "or" circuit consi~c;ng of V6A :md V6B. A negative 
••or" circuit is used since the gatc:d Hartley oscillator ~rarrs 
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in :i neg;ative-going c.lircclion. The voltage level of the 
.. oft'' oscilla&ot' is such that rhe ··or" circuit clips off the 
positive h:.lf of the signal. The capacitor shunting the load 
resiscor of the .. or., circuit :llJoW$ a certain control over 
the symmetry of the clock signal by smearing the positive 
going edge of the half-sinusoid and thereby changing the 
width or the clock pulses. The hal!-sinu~idal signal is 
squared up by the overdriven amplifier consisting of 
V7Aand V7B. 

Writing 

For writing information into the memory, a continuous 
train of cloclc pulses is required. This is obtained by clos· 
ing relay point S-1. V 1 B, then, conduclS and clamps the 
trigger to the state In which V2A is conducting and V2B 
is cut off. The clamp renders the trigger immune to any 
impulses from VIA. The grid voltage of V4A is about 
-35 volts while the grid voltage of V4B is 0 voles. Under 
these conditions. the HarUey oscillator associated with 
VSA is allowed to oscillate while the oscillator associated 
with VSB is highly damped and produces no signal. Suffi­
cient feedb:ick is provided in the Hartley oscillator for 
the amplitude of oscillation ro build up to the point when:: 

r 
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Flgw·~ 4 Sliver elimination. 

V4A will conduct on the negative peaks and limit the 
buildup. The feedback is not so great, however, that :my 
appreciable di~rortion occu~ from the limbing acrion. 

Special considerations 

Figure 4 illustndcs two special con$iderations which must 
be taken into account in the design and application of the 
PCPG. Both of these considerations arise from the facr 
that individual data pulses may be out or phase with 
respect to adjacent puJses. 

In the left half of Fig. 4. ir will be noted that the 
dat~ pulse in slot 3 is lagging in phase. As a result of this. 
oscillator (S) generates an extra fraction of a cycle which 
operates the overdriven amplifier. Assuming the ideal 
waveshape shown at (3). oscillator (5) is abruptly shut 
off at the leading edge of the data pulse while oscillator 
(4) is turned on and starts down at a sinusoidal rate. 
It is seen. the ref ore, that a sliver will be generated equal 
in width to the time it takes oscillator (4) to get through 
the active region o( the overdriven amplifier. 

The solution to the sliver problem is shown in the right 
half of Fig. 4 •. By slowing down the rise time of the 
wa"e!orm at ( 3) so that oscillator ( 4) crosses the active 
region before osci1Jat0r (S) recrosses the active region 
the sliver is eliminated. In the circuit of Fig. 2, the 
rise rime of the trigger is inherently poor with respect to 
the faJl rime because of the 82 µ.pl compensating capaci­
tors. 
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The? sccont.I ~peclal con~idcration is ~ccn in the wuvc­
forn\ of C7J in the right h~llr of Fig. 4. h will be noteJ 
thal when a data pulse is out of phase the negative goin8 
\?dg~ of the clock pul~e hca~ no fixccJ rclutionship to the 
leading edge of the datn pulse, but the positive going edge 
~lways occurs half a bir time after she leading edge or th~ 
dar:i pulse. Any data standardizing $}'Stem using the 
PCPO must take thi$ facl into account for reliable 
operdtion. 

While the PCPG will tolerate rather large phase errors 
in individual data birs. the Jong-term data rate must be 
held quite accurately. depending upon the maximum 
nu.mber of cycles which may occur in the system between 
data pulses. The reht.tionship is given by the equation 

A/ .. n. .S 
(2) ---=-

/ N 

whc~ h./ is the: difference in frequency of oscillators 
and data, N is the maximum number of cycles between 
data pulses. 

This is a theoretical limit and a safety factor should be 
employed to take into account short-term phase errors 
and finite rise and fall times of the circuits. When prop· 
c:rly designed and applied, the PCPG has resulted in 
reliability and simplicity previously unattainable. 

R.~c~fr~d January JS, 1957 



PR<bDUCT DEVELOPMENT LABORATORY 
SAN JOSE 
OCTOBER 22. 1957 

ME~ORANDUM TO: Mr. R 11 L. Palmer 

SUBJECT: 

REFERENCE: 

La.rge Capacity Random Access Memory St~dy 

September Z7, 1957 ~emo on Referen~e Subject 
J. W. Ha.anstra to R. L. Palmer · 

Our ·study of the Large Capacity Random Access Memory area has been. 
compl~ted from the Engineering viewpoint and· we would like to submit 
the attached report· for your consideration. Mr. L. C. Wood is conducting 
a series of four applications studies to further define the requirements in 
the.Large Capacity Memory A~ea. We plan to combine the information 
in this. repo.rt with the application study results to form· a joint .Product 
Development-Product Planning report· and recommendation for presenta­
tion at the Top Priority meeting scheduled for November 14, 1957. 

We .have contacted all of the organizations listed. in the attachment to the 
reference memorandum and have summarized and interpreted as best we 
can what we have learned.· Our three directions of study- competitive 
situation, requirements, and Engineering status of devices and technology~ 
have. been investigated. In the competitive area we concluded that there is 
no significant threat at the present time, however, the pressing requirement 
for Random Access Memory in Business Data Processing will undoubtedly 
foster competition in the future. In the requirements area there was very 
little in the way of specific detailed information, however, the.re was a 
general unanimity·of opinion concerning the importance of Random Access 
Memory and the direction and p~iorities tliat should be associated with 
our future efforts in this ar.ea. 

We have reviewed the status of Large Capacity Memory Developments 
in IBM and elsewhere, and have studied the related compone~t technology 
as it exists in IBM. We have concluded that three development prograxris 



Mr. R. L. Palmer -2- October ZZ, 1957 

should be implemented to assure a position of leadership for IBM in the 
I.arge Capacity Randc:>m Access Memory Area. 

Our recommendations based upon the results of this study are as follows: 

A. Product Development Programs 

B. 

1. Increase the capacity specifications of the 
Advanced File Program to 50 million characters 
and expand this program to assure release in 
the last half of 1959. 

Z. Initiate development of a tape strip bin file with a 
capacity goal of 1 billion characters. Anticipated 
release date for this product would be in 1961. 

3. Formulate a program for development of a 
1 million character 10 millisecond access time Random 
Acc~:ss Memory unit. 

Other Programs 

1. Formulate an aggressive program to explore 
the Systems Applications for Random Access 
Memory with the view of further refining the 
specifications for the above developments 
and providing a sounder IBM kD.owledge in the 
application of Random Access Memor~es than 
presently exists. 

Z. Emphasize Research in the areas necessary to 
provide a technological basis for extensions in 
performance. beyond that which can be attained in 
the programs recommend~d above. 

The attached report contains a discussion of the various aspects of the 
Large Capacity Random Access Memory Area that le·d to the above 
conclusions and recommendations, along with detailed informati~n con­
cerning the recommended programs. We have included in the appendix 
written information from the departments contacted during this study 
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whenever possible. Some of this information is not yet available. It 
will be incorporated when received. 

We plan· to work closely with Mr. L. C. Wood in preparing the final 
recommendations for Division Management to be presented at the 
November 14, 1957 Top Priority meeting.. I plan to discuss this 
report with you before that time in order that we have a chance to 
incorporate your thinldng on this subject in the final recommendations. 

JWH:mf 

cc: Mr. C._ F. Earley 
Mr. W. W. Simmons 
Mr. M. · B. Smith· 
Mr. L. i:>. Stevens 
Mr .. L. C. Wood 
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1. INTRODUCTION 

Within the Data Processing Division there is an increasing realization 
of the importance of Large Capacity Random Access Memories in future 
Data Processing Systems. The correspondence enclosed in Appendix 7.1 
indicates the concern that the planned effort in the Random Access 
Memory area ~ay not be sufficient to follow through fast enough on the 
initial entry of the 305-650 RAMAC into this area. AccoJ'dingly, an initial 

I . 

survey of current Research effort was made and is documented in Dr. Piore's 
report of September 12 (Appendix 7. 2). A Pro~uct De~lopment study was 
then initiated to. evaluate the readiness of Research efforts for Product 
Development ·and to recommend specific programs to develop Random 
Access Memory Units. A concurrent Product Planning survey of 
requirements will verify the need for the recommended programs 
and final recommendations will be jointly presented.· 

The purpose of this report is to explain and substantiate the recommendations 
resulting from that study, and thus form a basis for securing the recommended . 
increase in the presently planned research and development effort on 
Random Access Memories. 

The problem is to recommend development programs for Random 
Access Me~ory units in. the most important market areas timed 
within range of present technology and ahead of competition. Programs · 
for high capacity units i;-equiring more advanced development IIlU&t also 
be recommended along with fast access units to complete coverage of the 
Random Access area. Of course. rental targets ~ust be kept within 
a marketable range. 



2. 

f*'. 

SCOPE 

Jn order to formulate a recommended program for early management 
decision. a quick three pronged approach was taken. First, a review of 
the competitive situation, second, an evaluation of available devices and 
proposals, and third, a determination of application requirements and 
markets. 

Z. l 

2.2 

2.3 

Competitive Situations 

An analysis of the competitive situation was obtained from 
Business Ma.ch.ines Analysis, and is enclosed as Appendix 7. 3. 
With the possible exception of the small drum area, the~e is ~o 
evidence of a serious competitive threat. In view of th.is in­
formation we have concentrated on. r.ecommending a comprehensive 
development program for all market areas. Vigorous imple­
mentation of this program should minimize the risk of 
competition gaining any eub~tantial lead. 

Technology 

The various devices and propo~als in Research and Product­
Developmen~ at all Laboratory locations were considered and 
discussed with the engineer's advocating them. To make valid 
comparisons between various proposal&, the important . 

. characteristics such as bit and track density have been 
evaluated on the common basis of what would have ·an· 
excellent probability of reliable operation within a ~ormal ·develop­
ment t:Tc~e:.· 

Requirements 

·Rather than taking the time for a general requirements survey 
without any proposed hardware in mind, the following 
approacla was _chosen. First, a general idea of requirements 
was formed from several interviews with key people and groups 
within the Division.· Product Planning .~d Engineering Planning 
at Endicott and Poughkeepsie, Advanced Planning, Market 
Analysis, and the various Product Planning and Research groups 
in San Jose have been interviewed an4 the written· ·comments will 
be attached in.the Appendix when available.· Second, a proposal · 
to develop three basic memory units to cover the requirements is 
ma·de in this report. Third, Product Planning is to verify the 
developments chosen by checking the selected functional 
specifications vs. various industry requirements and markets. 
Their verification will be both an immediate effort to back up 
the recommended program and a longer term program to 
provide further guidance during early development. 

. . 



3. REQUIREMENTS CONSIDERATIONS 
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3.1 Cost, Capacity, and Access Time Relationships 

In order to provide a framework for stating capacity and 
access time requirements and the consequent cost of meeting them, 
Mr. Haanstra's proposal to relate these three by means of the 
square root r~lationship: 

(Rental) Cost : k Capacity 
Access Time 

was adopted as a working hypothesis. The assigned constant k 
is $1000 for disk files in the 10 to 100 million character region, 
about $500 for bin configurations in the billion character 
region at access times longer than 0. 5 second, and about 
$2000 for faster access drum or disk storage in the one­
million character region. These relationships are 
illustrated in Figure 1. 
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Note that this square root appr9ximation applies only to 
choice of basic module, for example a 40 million character disk 
module would be expected to cost twice that of a 10 million 
character module of the same access time. Once the module 
size is chosen, the cost varies directly -- two 10 million 
modules obviously cost double that of a single 10 million 
module. Thua to minimize cost and achieve reasonable 
reliability. module size should be chosen as large and as 
fast as technology permits, yet the basic module should 
not be larger than the majority mark.et needs. 
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3. Z Requirement Opinions 

3. 2.1 Sales 

Mr. Jones' feeling of the Sales situation is that, although 
the billion character region is important for prestige, 
the most urgent requirements are in the 100 million 
character region and that we must find a way to increase 
the capacity of our disk.files before our competition 
finds a way to increase the access of their tape arrays. 
He is anxious for IBM to retain their leadership in the 
Random Access Memory field, and thinks that we have 
only about two years time before we are threatened with 
losing business, although even if competition were first, 
they wouldn't develop the market as fast as IBM. He 
feels that rental should vary as the square root of the 
capacity (as proposed). 

Mr •. Wesl~y feels that there is no need to go over 
100 million characters for commercial markets except 
in special industries such as insurance and military 
applications. He believes two units of 50 million characters 
would handle 90% of the business~ Since techniques in 
the large capacity region are more unlmown he would spend 
75% of the effort on the unknown concurrently with 
ZS% on the known. He stressed the need for flexibility 
and pointed out that the "furnace type" construction is the 
only practical method of achieving such modularity . 
outside of extreme miniat~rization. Perhaps his 
most important contributi<Dn was calling our attention 
to our lack of knowledge of the hows and whys of 
System Requirements - that we should know what other 
industries are thinking, that we should know the future 
growth and trends in banking, public utilities, insurance. 
because we can largely guide the future, not run along 
trying to catch up. 

3. Z. 2 Endicott 

Mr. Renner (Pr.oduct Planning) feels .. the most pre.ssing 
need is for Rando~ Access Memory capacity-fron;i ZO 
million to 100 million characters, and that not nearly as 
much business is in the 100 million to 400 million capacity 
area. He feels that customers can afford quite high prices, 
based on the 700 series sale.a and the relative inefficiency 
in scanning tape. Mr. Renner made several other very 
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valid points: (1) the need for a preliminary file 
processor unit to translate the address, access the 
file to the record, and deliver the record to the computer's 
working storage, thus making the file more self-
sufficient and inc~easing the processor's speed, ~ 

(Z) the need for modularity and flexibility to tailor 
make a system for each application, (3) the concept of 
removable cartridges of records that can combine the 
advantages of Random Access and sequential processing,. 
( 4) the limit to consolidation of records for processing 
with tape machines. 

The comments of Endicott Product Planning and 
Engineering Planning will be attached to Appendix 7. 5 
when available. 

Poughke ep.sie 

Engineering Planning at Poughkeepsie (Mr. Winger) 
had worked on the Ai~ Material Command requirement 
for 80 million characters of storage and had briefly 
considered requirements for insurance, Michigan Bell 
(1 billion at 1 second), and California Motor Vehicle 
(400 million at 0.1). Product Planning at Poughkeepsie 
(Mr. Pend~y and group) had not yet given too much 
consideration to Random Access Memories, being very 
involved in providing higher tape speeds. They were 
considering Random Access Memory Units more as memory 
extensions to work like several tape units. They considered 
tape units 'more practical for cyclic processing up to 
daily cycles .but not for cycles more frequent than daily. 
Actually the daily cyclic processing areas were felt to be 
most vulnerable. The new tape units for Stretch will 
be too fast for 700 main frames, so the 700 series has 
reached the limit of tape speeds with the 7Z9 Ill. At our 
request, both groups more carefully considered use of 
Random Access Memory units with the 700 series machines -
their comments will be attached as part of Appendix 7. 5. 

3. Z. 4 Corporate (Advanced) Planning 

Corporate Planning in their September 23, 1957 Priority 
List of Research and Development projects lists "Large 
Random Access Memories of 100 million to 10 billion characters 
in modular increments of capacity and access time" as 
being the .highest priority development needed in Long Range 
Systems Hardware in the next ten years. 



Mr. Crawford (Advanced Planning - Ossining) feels that 
our nwnber one long range need is to provide for the 
efficient mechanization of historical storage. He feels 
the future need will be more in management science 
(operation research et. al. ) than in "h.ot" data processing 
so that he thinks future systems would be centered on 
Historical Record Storage. Essentially, he feels historical 
record storage should be "open ended" the same way present 
card file cabinets are - perhaps fewer girls (access 
mechanisms) assigned to the older storage but nevertheless 
all storage should be quickly and easily accessible. 
It would be preferable to transport the reader to the 
storage media rather than transporting the media to the 
reader. 

Mr. Crawford gave us an excellent example with his study 
of Cincinnati Gas and Electric to illustrate that any 
rea.sonable approach to a random access solution must 
consider inherently cyclic transaction requirements 
separately from inherently random requirements. The 
point was (l) the reduction of apparent requirements 
by handling each type of transaction differently and 
(Z) the need for independence of access and capacity. 

He also stressed the importance of a fast access-lower 
capacity storage to bridge the gap between files and internal 
memories of processing units and thinks that fast access 
storage devices and the historical storage device-should 
form the basis of the rest of the system. He was im­
pressed by our proposed cost-capacity-acc~ss formulation 
and would consider application. requirements further 
in that light. His further comments will be attached in 
Appendix 7. 5 when available. 

3. Z. 5 Market Analysis 

Mr. McManus (Market Analysis) gave us som~ feeling for 
the market situation derived from a recent survey of 
regional representatives. There seemed to be an overall 
need for (1) combined batch and in-line processing and 
(Z) for low· cost large capacity Random Access Memory Units. 
He felt half of all 705 series installation would order large 
disk units of 50 million modules on·up. · 
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Over 15% of 705 installations are for life insurance 
applications. ·Each million policies requires 300-400 
million characters storage with 1. 5 to 3o/o daily total' 
policy reference. He felt 90% of the life insurance companies 
were potential Random Access Unit customers. Another 
15% of the 705 business is in the fire and casualty field 
where units of 100 million characters would be needed. 
The General and Manufacturing Area (01) has 450/o of 
the 705 busin~ss and again he felt 50% of that area 
have need for Random Access Memories of 100 million 
to 1 billion. 

Mr. McManus has abstracted some of the remarks from 
the survey (Appendix 7. 6). In addition he will make a 
market analysis for the p~oposed Random Access Memory 
Units. His informal estimates were for 1000 units of a 
50 million module and/or 300 units of ZOO million character 
module.. Preliminary RAMAC II market estimates were 
for ZSOO to 3500 systems with memory uni_ts in the 
ZO to 50 million character region. The formal market 
analysi~ requested will be attached as in Appendix 7. 6 also. 

Requirements Summary 

3. 3. 1 100 Million Character Region 

3.3.Z 

We can conclude from the various comments that there is 
no "average situation" which Random Access Memory 
capacity and access time requirements could be specified 
for, but rather that capacity and access time requirements 
are quite independent and are scattered widely over the 
requirements "spectrum". The consensus of opinion 
is that .the largest market is for Random Access Memory 
Units in the 100 million character--0.1 second access time 
region and that availability in 1960 is desirable. 

Large Capacity Region 

There: is a definite need for larger capacify' Random 
Access Memory systems than appears feasible With . 

·disks. These requirements are generally based on present 
need without regard to future· expansion (which, as Mr. Wesley. 
points ·out, may be enormous for insurance) or to the need 
for essentially "open ended" historical storage as ad-
vocated by Mr. Crawford. Proceeding on a normal 

.. development cycle would permit delivery in·l96Z which seems 
soon enough unless competition co1pes up.'With a f:!urprise 
development much earlier.· . 
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Quick calc:ulations in the large capacity region generally 
indicate a billion character file would have to access at 
O. 1 second or faster to handle the daily transactions. 
Present technology indicates no method of achieving such 
rapid access in economic ally fe·asible units. There 
are two practical system solutions to this problem, 
however, either or both may be applicable. 

The first solution would take advantage of the fact that 
many activities follow the "Pareto" curve l such 
that 80.o/o of the transactions occur on only 20% of the records. 
H the activity were of that nature,. the smallest bu most 
active percentage of records could be stored on a faster 
access unit as dictated by the economics of the situation. 

The second solution would arrange the file records to· 
speed processing of cyclic activity such as monthly 
billing. The -apparent gross requirements in the large 
ca:Pacity memory area are generally much larger than 
the actual requirements need to be if the files can 
be arranged to process cyclic work efficiently. Most 
large capacity Random Access proposals move a mechanism 
within range of a block (e.g. a bwidle· of 10 or zo tape strips) 
of records, and each reading pass makes avai~ble a group 
(e.g. one tape strip) of records. Additional access 
mechanisms may be added for areas of the file but interfere 
with each other in the same area. Thus, access time probably 
cannot be made as "modular" as in disk files. There~ ore, 
the inherently random processing requirements need to 
be stated separately from cyclic processing requirements 
and careful consideration·needs to be given to arranging 
the records so that processing the cyclic activity takes 
advantage of the Random Access Memory Unit's natural 
record group availability per access. Of course, the 
processing unit must .have a corresponding .ability to 
accept the group~ of records in its internal or fast 
access storage. 

:Further indhridual evaluation is needed to boil the gross 
requirements down to realistic requirements; until then 
it is felt that Random Access Memory Units having a 
capacity of one billion characters at a one second reference 
cycle time probably can satisfy most known requirements 
with some systems organization ingenuity. 

1. Joseph M. Juran The Management Review 11-54 



-3. ~. 4 Proposed RequireJ;nent Coverage 

In order to "pin down" these scattered (capacity and access 
time wise) requirements we are proposing the following 
family of units chosen together to systematically cover 
the requirement range. The delivery given is based on 
devices capable of early development. The "family" 
would be system engineered to be compatible with each 
other and common processing units. · 

1. 50 Million Character Disk File 

Reference Cycle 
Rental Target 
Delivery 

0. 2 to 0. 1 
$2000 

1960 

Multiple independent accesses for 
reliability ·and for separation of input, output, and 

("ti processing. Group access ability--perhaps 500 
records per setting. Modular system capac~ty 
by adding up to 10 uni ts. 

2. One Billion Character File 

Reference Cycle 
Re.ntal Target 
Delivery 

1 second 
$1500 
1962 

Second access available for reliability (mandatory). 
Dual access to any record (if possible). 
Modu~rity of access for file areas .(optional). 
FlexibilitY· by manuaily re·movable record cartriges. 
Modular system capacity by adding up to 5 units. 
Open ended (if possible or by adaptation). 

3.. One Million Character Fast Access Storage 

Reference Cycle 
Rental Targe~ 
Delivery 

O. 02 second 
$2000 

1961. 

Note: Reference cycle refers to time required 
to get a record,. read it, and ~estore the 
changed record to ihe file exclusive of 
process time. 

Figure 3 Illustrates. coverage of these devices on 
the capacity - access chart. 
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Engineering Considerations 

Based upon the engineering techniques known today, a Large Capacity 
Random Access Memory which can be developed at a reasonable · 
price requires utilization of a relatively small iuumber of read 
(record) elements, and a· mechanical motion of the recording surface 
·and/ or the read (-record) elements to allow these ele'ments to operate 
on any part of the stored information·. With this a·pproach t~e;re are 
two basic aspects to the development of a Large Capaci,ty Random 
Access Memory: The recording or storage technique. and the · 
mechanical selection and registration. Before considering devices 
which are appropriate for handling the ~ando;m access memory 
requirements outlined· above, it will be well to consider each of 
these aspects of the random access· memory. 

4.1· Recording Techniques 

Since we are interested in large capacity. the recording 
technique utilized should be such that high recording 
densities are possible. The two techniques that have been 
considered. for this application are magnetic and photographic 
storage. Practically all of the existing or proposed devices 
to date have 'utilized magnetic recording. While there has been 
considerable work in the photographic area. at the present time, 
indications are that magnetic recording provides the best 
technique for exploitation in the immediate future. 

Further work in the p~otographic area should ~e done 
toward overco:n;iing the disadvantages· of slow recording 
and/or the development process,· and th:e eXpense and· 
complications of both the recording a~d reading opel'."ations. 
lt would appear that photographic techniques could offer 
considerably greater recording densities than magne'tic; 
howeve.r, further research and component development is . 
required before one ·could plan a product development on this . 
bat;J.is. There are many who feel that photographic recording 
will never prove comi)etitive with magn~tic recording in the 
coded storage application. Even .if this were so, co~tinued 

. work should be carried out on photographic techniques because 
of the promising possibilities in the facsimile or document 
storage areas. 



·• 4.2 

•t' 

Disk RAMAC Memory 

During the past two years advanced development activities in 
Disk RAMAC memories have progressed to the point where 

. Product Development of a RAMAC fi~e having 10 tines the 
·capacity and about 1/5 the access time in a unit about the size 
of the 350 is possible. The developments which provide this 
possibility along with improved reliability are as follows: 

1. Shielded recording head.8 providing greater 
linear and track densities. 

2. Closer spacing, improved following and 
reduced cost in a gliding head. 

3. Reduced access time by utilizing a "comb" 

4. 

(One ·heC!:d per disk) type of access mechanism.~ 

Reduced access time and improved acc.ess 
mechanism reliability utilizing hydra~.lic dri~es. 

··:-·:5. Improved storage reliability with increased 
toughness of surfaces. 

These developments, along with the knowhow in the disk area 
represented in the 350 design, indicate that the fastest and 
most effective Pro.duct Development that could be .undertaken 
to further secure our position of leadership in the Large Capacity 
Mem~ry area is with disks. The requirement in the 50-100 million 
capacity ~egion to a large extent is derived: from th~ general 
expectations within IBM that this is the next logical deve ~opment. 

Aiong. with. the capacity and access tim.e characteristics, 
the magnetic disk configuration offe.rs other features far a 
memory ~t will undoubtedly prove vital in future data processing 
systems. Among. these are:. 

1. Data Flow rates of as high as 10 million 
characters per second. This feature is important 
for data rearrangement, associative addressing, 
and batch inquiry operations. · 

2. Independent muitiple access to the stored information. 
This feature provides a means for high system 
dependability and red':1ced access time. 



4.1 cont. 

Recent developments in._magnetic recording have indicated that 
quite high densities can be achieved. As we go to these greater 
densities we require that the dimensions of the recording head 
be reduced and we get less signal in the read-back process. 
With new fabrication techniques densities of several thousand 
bits per lineal inch are possible and track densities ~f 100 per 
inch and higher can be achieved. While the signal amplitude 
received in recording at these densities are quite small, the 
important parameter of signal to noise ratio· can be kept at 
an acceptable level. These achievements allow one. to 
consider the development of devices with densities in the 
region of 100, 000 bits per square inch and above. 

The limitations in magnetic recording appear to be more 
in the registration area than they are in the area of actual . 
resolution of the magnetic rec.Ording system itself. This is 

,another factor which makes one choose magnetic rather than 
photographic recording. Since we appear to be limited by 
mechanical registration not the resolution ol the recording 
system itself., the greater resolution of photographic 
recording could not be utilized without significant improvements 
in the accuracy of positioning and registration. Meanwhile, 
with the accuracies that can be achieved the resolution of 
magnetic recording is adequate and the simplification 9f 
the recording and reading process, plus the erasibility 
feature ma~_ .it: the choice for the development of Large 
Capacity Random Access Memory devices for capacities 
up to a billion or more characters per unit. 



4.3 

It is felt that the magnetic disk configuration will provide 
coverage of the Large Capacity Memory Area of from 10 to ZOO 
million character capacities and 1/2 to l/ZO second access 
time. The high performance end of this area will be covered 
by the 50 million character file and the remainder by the 
350 and 350 improvements. 

Design Considerations in the Billion Character Region 

Since we have assumed magnetic recording as the basic storage 
phenomena in the billion character region, the choice of a memory 
device becomes one of selecting a geometry that allows maximum 
surface area iD a volume. The arrangement of this surface area 
must of course be in a fashion that allows relatively rapid access 
to any portion of that surface with a precision sufficient to 
assure accurate reading at the densities used. 

Vir~lly all of the proposals that have been made for devices in 
this capacity region suggest an arrangement of thin(. 005 11 - • 020") 
surfaces packed together in a volume. Access to the information 
is accomplished by withdrawing the element from the volume where 
it is stored passing it by the read/write. element, and returning it 
to the storage location. 

Assuming that in the immediate future storage densities of 100, 000 
bits per.square inch are attainable (50-100 tracks/inch, 1000-ZOOO 
bits /inch). then one billion characters will require a surface 
area of approximately 100, 000 square inches. This is about 
700 square feet, or a square area Z6 feet on a side. The 
geometry problem then is to cut this area up and pack it into a 
volume in a fashion that will meet~~ acceJJa .. time and accuracy 
requirements. 

The accuracy or registration requirements appear to be the 
most difficult to meet, and the ref ore the most. reasonable approach 
would appear to ·be to cut this surface into thin strips and record 
the information with tracks running along the strips. In this 
fashion the accuracy in the along track dimension is handled by 
electronic timing circuits, and the cross track accuracy 
pro'f?lem is brought within practical limits by reducing the probl~m 
to strip selection and maintaining the required accuracies by· 
registering the strip during reading or writing accurately to the 
magnetic head or to· a point to which the head· is accurately 
registered. 



The above arguments bring one to a family of possible designs of 
which the SCRAM, the Telecomputing MAAS, Potter RAM, and 
the Electrodata Datafile are members. Before following this 
approach further it will be well to pause and consider devices that 
are not in this class with the view of understanding their design 
principles. 

4. 3. 1 Non Strip Systems 

CRAM 

The CRAM (Condensed Random Access Memory) is an 
approach to large cap~city random access. memory that has 
been proposed in the Endicott Product Development 
La~oratory. A plate model of this device has been built 
and the mechanical principles tested. The device consists 
of a matrix of wires that are selected by a dual hole 
masking technique and the wires are driven from the 
storage location into feed rolls by an air jet. The 
magnetic recording is single track along the wire. 

The wires can be arranged in the matrix at a density of 
about 1000 per square inch. For the same dimension tapes 
can be arranged at about 100 tapes per inch with say 
50 tracks per inch of .tape width. The re is another 
f~ctor of 2. increase for tape in recording on both sides. 
This gives a factor of 10 in density in favor of the tape 
strip. Magnetic recording principles would indicate that 
linear densities on wire and tape would differ by a 
factor of 5-10 in favor of the tape. These factors taken 
together give .an advantage in volumetri·c efficiency to 
the tape strip approach of 50 to 100. In the very large 
capacity region it is felt that this difference is quite 
significant and, therefore, the wire matrix approach is 
not considered further in the .very large capacity memory 
region. 

The greatest advantage of the wire matrix approach lies 
in the fact that the accuracy problem is re~uced to that of 
wire selection and this prlnciple has been demonstrated. 
This factor must be remembered, and in the 
event that accuracy requirements in the tape· strip area 
prove impossible to meet, the wire matrix may yet prove 
to be the best approach in spite of the relatively poor 
volumetric efficiency. 



Other 11 Plcite Like" Systems 

From time to time there have been large capacity random 
access memory proposals utilizing a series of sheet~ 
or plates. The basic problem with proposals of this 
type is that very difficult accuracy problems must be 
solved to effectively utilize the potential magnetic densities. 
Usually the result is that the densities are severely compromised 
to ease the accuracy problem. This approach is acceptable 
when moderate capacity objectives are set and other 
·characteristics ·of the design are important. (A familiar 
example in Uiis category is the disk array.) For the billion 
character region compromis·es in maximum effective 
storage density cannot be tolerated and, therefore, the 
choice must be one which will allow maximum storage 
density in an arrangement where the accuracy problems 
can be handled." This choice essentially rules out the 
"Plate Like" systems and again the choice is in the 
tape strip area. 

One further consideration in "Plate Like" structures ·is that 
the volumetric efficiency tends to be compromised in that 
the surfaces will be chosen to have a substantial 
thickness to simplify handling ·and to have some built in 
rigidity and hence accuracy reference to work from. In 
the tape strip area we can work with thicknesses in the 
O. 00511 region. In the plate like structures we would 
tend to work with thibknesses in the 0. 05" region, and 
hence we find a factor of 10 los_s in volumetric efficiency. 



4.3.Z 

At\ . 

Tape Strip Systems 

The tape strip type of configuration offers the maximum 
volumetric efficiency for Random Access Memories 
in the billion character region. Considerable work 
has been done in this area upon ·strip selection. 
techniques. Means for maintaining the required 
registration have not been extensively tested, . 
however, for reasonable tape widths (2 11 and below) 
this problem should be ·capable of solution in a 
reasonable time. 

The specification of the exact configuration of a 
tape s~rip system will not be made here, but some 
of the considerations re la ting to this choice will 
be discussed. 

The choice of tape width to a large extent is determined 
by the registration problem. Considering the accu.racy 
required, and the means that woµld be used for guiding 
the tape, a width in the 111 region would appear to b~ 
the most reasonable choice. It should be noted that 
much of the technique for tape guiding that has been 
developed for tape units can be C:'PPlied to the deslgn 
of a tape strip random access memory system. · 

Given the choice of tape width, the remaining design 
decision required to pretty well specify the tape 
strip configuration is the length of tape and 
number of tapes in the system. In making this . 
decision we are balancing access time against 
complexity of strip selection (assuming the capacity 
goal is specified). In general the access time re­
quirement would appear to be the most important, 
and a design which stresses minimum access time 
would tend to specify-relatively short lengths. A 
further advantage to a design with short tapes is 
that it would force the development program to face 
a more difficult strip selection problem and once this 
problem was sol,;ed, higher capacities could be 
achieved with relatively little ·development effort 
by lengthening the strips. The choice of short 
strips also leads one to a nice physical size where 



one could package the tapes in capsules that 
are changeable by the customer. This factor would. 
extend the utility of the memory device in that the 
capacity may be greatly extended by manual capsule 
interchange. 

Our review of the existing and proposed large 
capacity random access memory devices·bas shown 
many devices that fall into the tape strip cat~gory. 
While some excellent work has been done in this 
area, none of the devices are developed to the 
point where they could be immediately engineered 
into a product, nor do any of the devices appear to 
combine all of the features that might be chosen 
for a product in the billion character region. 
Comments on each of the ~evices proposed are 
given below. 

SCRAM (Strip Circular Random Access Memory) 

SCRAM is a tape strip _random access memory in 
an exploratory development stage in IBM ~esearch 
at Ossining. A detailed report on this device was 
included in Dr. E. R. Piore 's report on Large 
Capacity Random Access Memories to Mr~ L. H. 
La.Motte of September lZ, 1957. 

This program has been in existence about one year 
with two or three people assigned. Plans are to 
expand this program to about six people by the end . 

. of 1957 and to about ten by ~e end of 1958. The 
schedule for this program calls for completion of 
an experimental model by the end of 1958. 

It is felt that many of the tape selection and handling 
techniques. developed in this program would be 
applicable to the development of a ·Large Capacity 
Random Access Me~~ry in the billion character 
region. The aspects of the design which appear 
objectionable from a product viewpoint are the 
oversize configuration and the proposed means for 
attaching the recording surface to the strips. 



In the matter of configuration the circular array 
occupies approximately a ten foot diameter circle 
and is only about two feet in height. While there 
tna y be certain technical advantages to th~ proposed 
configuration, it is felt that they do not justify the 
unwieldy ·physical configuration. From a product 
viewpoint it is felt that a rectangular bin array would 
accomplish the same objectives in a physical 
configuration that is much more appropriate 
for office use. A further and very serious. problem 
with the large circular. configuration lies in the diffi­
cult accessability of the access mechanism. 
Maintenance problems with the configuration as 
proposed would be exceedingly difficult. 

A further drawback of the circular co.nfiguration 
as proposed lies in the need for fairly long 
unused portions at each end of the tape. This factor 
forces the design to longer tape lengths in order to 
write off this wasted tape length over a large amount 
of information on each tape. 

The present thinking on the SCRAM design is to 
attach standard magnetic ta?,? to a steel strip. 
This has been selected as an expedient to 
utilize tape techniques in order to demonstrate 
the other principles of the 4evice. It would seem 
that in a product design one would not use this tech­
nique, but would rather directly coat the steel or 
perhaps better yet, utilize the direct steel 
oxidation as developed in San Jose Research for 
the recording surface. Such an approach would 
simplify manufacture of the strips and provide 
the mor~ rugged surface required in a random access 
memory. 



Potter RAM 

This device has been proposed in many configurations 
by the Potter fustrument Company. The develop­
ment has only been carried to an early experimental 
stage and bas been offered for sale to computer 
manufacturers, including IBM. IBM evaluation 
has indicated' that there was not sufficient content 
to the development to warrent any purcha·se. It 
has been reporte.d that Sperry Rand has purchased 
a device but there has been no indication of intent 
to use it in a pr.oduct. 

Electrodata Data File 

This Wlit is announced and deliveries have been 
made. The present device is very slow (average 15 
seconds access) and has a capacity of ZO million 
characters. This device has very long tapes 
(ZSO feet) and is a direct adaptation of the tape 
unit approach. While the tape densities and 
speeds can be expected to increase, it does not 
seem that this general approach could be adapted 
to the billion character capacity, one second 
access time region. 

IBM Air File 

This was an exploratory development in Poughkeepsie 
that demonstrated a simple means for driving a 
tape loop at high speeds. The volumetric efficiency 
of such an approach would be very low and the 
device does not appear feasible for storage in the 
billion character region. 

A further disadvantage of this device lies in the 
continuous surface motion planned for very 
inactive data. It should be noted here that a 
billion characters split into say 500 character 
records would give Z million records. An 
access time of 1 second would give an ave.rage record 
activity of one per 100 days. An approach which 
keeps a surface moving continuously for average 
reference of once per 100 days does not appear 
particularly appropriate. 



Telecomputing - IBM MAAS System 

This device was developed by the Telecomputing 
Corporation of Burbank, California with the 
sponsorship of IBM. The total MAAS system was 
to contain 5000 cells, housing a total of 1, 000, 000 
tapes. Initial efforts were concentrated upon the 
developme~t of the one cell unit with 100 tapes, mea~s 
for selecting any tape in the cell, and means for 
recording (and reading out) information on the tape. 

A patent application has been taken out upon this 
device in the name of Ward W. Beman. IBM 
sponsorship of the development provides for 
j9int license of IBM and Telecomputing Corporation 
to the device. 

The tape selection system was carried to a point 
· beyond that where the SCRAM device is at the 
present time and some clever approaches were 
developed. · At the time of this development 
recording densities were.considerably below that 
currently achievable and hence the large number 
of tapes propo~ed to obtain a high total capacity. 
Actually, recording was done on the steel tape 
itself and very low resolutions achieved. 

While this device would probably not be directly 
chosen as the Large Cap~city Memory device, 
work was performed in this development that 
is applicable. 



4.4 Low Capacity High Speed Random Access Memory Unit 

Consideration of the full spectrum of Random Access Memory 
Unit• indicates a need for a device in the 1 million character 
region with access times in the order gf o. 01 seconds. rrhis 
device would be used for storage of very active records, 
indexes. alternate programs, and other infermation 
voluminous enough not to fit into the working memory of 
a data processing machine yet requiring access times faster 
than can be economically achieved with the larger memories. 

A survey of the techniques that show promise in this area of 
capacity and access time indicate that the most.appropriate .. 
approaches lie in extensions to drum technology or in small 
disk arrays. In order to meet the access time requirements it 
would be necessary to severely iimit the mechanical motion 
involved in the access time or not have any at all. 

Improvements in Drum Technology where the gliding head 
approach is used indicate the possibility of extending the 
capacity of relatively modest size drums up to the region of 
1 million characters capacity. The head following techniques 
allow very close spacings and it is possible to consider 
1 million characters stored on a drum approximately 12 inches 
in .diameter and 10 inches long. Such a unit would have about 
500 track&; however. the head count could be reduced by 
incorporating a small amowit·of mechanical positioning to keep the 
price within a reasonable range. 

An alternate approach to this·proi?lem has been proposed in San Jose 
Research where a drum and cylinder are given a superfinish 
and the drum supported on an ai~ b~aring within the cylinder. 
In this configuration the drum itself may be moved to substitute 
some mechanical positioning for a fuif c~mplement of heads. 
This approach bas some interesting poasibilitie s in 
positioning technique and could well pro"'(e to be an excellent 
engineering approacll for meeting this requirement. 

The technology is available today for development of the low . 
capacity-fast ac.cess time memory '1ll~~··~ The low capacity goal 
does not have the sales appeal of very·targe capacity.memories,' 
however, it is felt that a unit with the stated characteristics will 
be an important component of future data processing systems·. 



s. Recommended Development Programs 

Programs to develop Random Access Memory units in the three 
.selected requirement areas are summarized on the following page 
and each program is detailed in tJae succ~eding sec.tiona. Development 
and. New Product funds ace itemized separately.t but only that 
portion of New Product funds required to support Product Development 
personnel is considered. Production rele·aae and pilot producti~ 
ls based on ~ now established San Jose Manufacturing organization 
so that an entire plant learning curve need.not be superimposed on 
normal learning curves aa initial ·RAMAC file development~ 
Figure 4 summarizes program manpowe.r requirements graphically 
and presents the program coat estimates. 
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5.1 50 Million Character Disk File Program 

5.1.1 Target Dates 

5.1. 2 

5.1. 3 

June 1958 
January 1959 
July_ 1959 
October 1959 
March 1960 

Functional Specification Complete 
Experimental Model Complete 
Prototype Model Complete 
Product Test Starts 
Initial Production 

Key- Technical Problems 

1. Precision location of disks axially and radially,-. 
2. Precision location of heads to disk - radial, 

circumferential, gap spacing. 
3. Access mechanisms - high speed - simplicity for extreme 

reliability - design variations to provide different 
access times and data. flow rates. 

Manpower and Money 

The zna.npowe·r requirements are su.nimarized under 
the Professional, Technical, and Utilized requirements 
for each major development task. The detailed break­
down& from which the summary was derived are attached 
in Appendix 7. 5 (for engineering distributie>n only) . 

... 
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5. 2 One Billion Character Bin irne Program 

5. 2.1 Target Dates 

December 1958 
October 1959 
March 1960 
October 1960 
June 1961 

Func~ional Specific~tion Complete 
Experimental Model Complete 
Prototype Model Complete 
Product Te st Starts 
Initial Production 

S. 2. 2 Key Technical Problems 

1. 
2. 

3. 

4. 

5. 
6. 

St:rip Selection and Drive - simplicity. reliability. 
Storage Media - development of a durable. economical, 
magnetic coating on steel strips. 
Rapid, acc':lrate, ~chanical pos~tioning and 
registration and movement of strips. relative to 
read/write heads. 
Magnetics - achieving on the order of SO tracks/inch 
at 1000 bits /inch - skew-signal detection. 
Tape - Head wear. 
Configuration - access mechanism. length, width, 
cartridge removability. 

5. 2. 3 Manpow.Jr and Money 

As attaclled on following page. The billion file 
development effort ia predicated upon drawing from the 
technological foundations that experience in the disk 
development program will provide. 
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5. 3 · One Million Character Fast Access Storage Program 

5. 3.1 Target Dates 

October 1958 
March 1959 
October 1959 
January 1960 
July 1960. 

Functional Specifications Complete 
Experimental Model Complete 

· Prototype Model Complete 
Product ·Test Starts 
Initial Production 

5. 3. 2 Key Technical Problems 

1. Configuration with minimum·number of head.a. 
2. · Head awitchiiig. 
3. Very fast access time. 
4. Signal detection - of high. density information. 

5. 3. 3 Manpower and Money 

As attachecl ~1'.l following page. 
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6. Recommended Research 

The three Product Development programs recommended in this 
report will secure for IBM a commaiiding lead in the area of Large 
Capacity Low Cost memory units. The characteristics proposed for 
these devices are such as to utilize the latest technology in magnetic 
recording and mechanical positioning. We must recognize that• ile 
these developments are being pursued there needs to be a continued re­
search program to form Ute basis for the Product Developments which 
will follow those proposed in this report. 

Based on the study made for this report research is particularly 
recommended in the following areas to underwrite future developments 
in the Large Capacity memory area. 

1. 

z. 

Rapid, accurate, high resolution mechanical positioning. 
There appears to be no fundamental work in this area which 
will allow one to have an appreciation for the ultim·ate limits 
that can be achieved. It would appear that current and future 
work in Large Capacity Memory applications will depend heavily 
upon the ·state of the art in mechanical positioning. Observation 
of the devices and techniques known today would indicate that there 
are fundamental limitations to what can be achieved. In · 
particular it would appear that one can trade· speed for accuracy 
and resolution and vice ver.sa according to ~onie, as yet 

. unknown, relationship. A fundamental understanding of possible 
relationships in thi~ area would be invaluable in planning future. 
developments and ~ould undoubtedly eave much effort. that 
will probably be dissipated in pnrsuit of goals that are difficult 
or impos e.ible to achi~ve. 

Non ·magnetic ·recording phenomena. 
As was stated earlier in this section. recording techniques othe% 
than magnetic have)>een proposed from time to time; however. 
at this tii:ne nQDe appear to be developed to the point where they 
could be considered for utilization in a Product Dewlopment. 
Ol particular interest in the large capacity memory area are 
techniques that offer pr:o'lmise of densities well above those 
whi~ appear to be achievable with magnetic recording. The 
pbo~ographic area seems particularly appropriate here. The 
next frontier beyond large capacity coded data storage could 
well be that of image or facsimile storage. In this area the parallel 



3. 

4. 

transfer and reproducing techniques available in photogr•phic 
systems will probably be fundamental to the potential devices. 
Random Access Facility will be required for this type of 
storage as well as it ia for coded storage and hence i-esearch in 
this direction would be well directed. · 

Advanced Signal Detection Systems. . . 
. There is probably much that could be done in moving toward 
higher recording densities if systems were developed to take 
advantage of all..tle information content of a recovered signal frQm 
a memory system rather than to simply teat signal amplitude aa 
is done in most recording systems today. The slope senaing 
systems being used on the 650 drtim and the tractor tape 
developments are probably only the first steps in this direction. 
An exhaustive examination in this area.would appear to be a 
fruitful research that could in the future expand our 
performance posaibilitiea in large ca~city memories. 

Non Mechanical Memories. 
This area bas received considerable attention of late and 
a corporate technical committee baa been formed to improve 
communications upon th.is subject. Certainly research in thi• 
area is appropriate and offers the greatest possibility of a major 
breakthrough in access time capabilities. 
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July Z9, 1957 

Memorandum to: Dr. E. R. Piore 

Subject: Large Scale Data Processing 
File Maintenance - Random Acc.ess Memory 

The Data Procesang Division is facing a very critical competitive situation in 
large volume applications involving file maintenance. This is exemplified by the 
recent lose to competition of several orders in th~ life insurance industry. We 
are currenUy losing out to Bizmac and Datamatic. 

A still more menacing future threat to our entire business in this area is represented 
by the NCR 304. It appears that this machine will outperform our equipme_nt in 
practically all applications where file maintenance is an important factor. Not only 
will this equipment outperform ours, but it will do so at a price considerably below 
anything tha:t we how have to ffer. 

Our Division is taking eme_rgency steps to meet the present and anticipated future 
situations aa best we can. These steps consist of faster tape operation and a 
separate off-line special purpose file maintenance machine. These actions will 
hold the line only temporarily until competitors improve their tape operation also. 

We ~11 agree, and we are sure that our customers feel the same, that the ultimate 
solution to the problem is the use of large scale random access memory at a low 
per unit record cost. 

fl\ I am sure that Engineering Research has devoted considerable effort to the principles 
.of random access memory. The purp9se of this memor~dum is to tell you that we 
believe time is running out. 

We urgently request ·tJ?.at Engineering Research give this matter serious considera­
tion and advise this Division in the near future of any res.earch projects which you 
believe have progressed to the point where they can become a basis of a develop- · 
ment· program which will provide us the ultimate solution. 

LHL:WCG:lt 

cc: Messrs. R.H. Garretson 
G. E. Jones 

~ W. W. McDowell 
R.L. Palmer 
W. W. Simmons 
M .• B. Smith 
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L.A. La Motte 
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September 12, 1957 

MEMORANDUM FOR: Mr. L. H. LaMotte 

Subject: Large Scale Data Processing 
File Maintenance - Random Access Metnory 

Thia ia in reply to your memorandum of July 29 requesting information 
on random access memory. 

The fir1t enclosure contains a summary of work currently underway in 
Research that has a definite time scale .attached to it. The second en­
closure contains work on drums that may be applicable to random access 
memory but it is too early in the exploratory development stage ~o assign 
definite dates for evaluation. 

I have not covered any serial memory devices, such as tapes, that may be 
applicable to insurance problems, nor did we have time to give consideration 
to the systems problem to determine possible other logical ways of dealing 
with the insurance industry's problem other than with large random access 
memory devices. 

I am enclosing in addition three studies tha.t may be useful to Y!=>Ur ,staff:_ 

"Large Scale Data Processing and File Maintenance in the 
Life Insurance Industry" prepared ·by R ~ W. Porter, San 
Jose Rese~rch Laboratory. I would urge that you disregard 
San Jose Research's estimate of manufacturing costs ·and 
use these coats only aa Reaearch's feeling for the relative 
complexity of these devices, since Research has no adequate 
means of ea tima ting cos ts. 

A report on SCRAM prepared by Lewis Lipschutz.- This is 
the most complete report issued to date on this from the 
Research Center. 

"A Study of ~oasible Connection of SCRAM to 700 S~ries 
Equipment" by A. S. Goble of Product Planning • .. 

It may be appropriate that a person fr.om Product Development be appointed 
that would have the responsibility of deciding with Research which large 
scale storage (one billion) should be selected. After the selection is made, 
then a plan can be evolved for greater emphasis in Research and a more 
rapid transition to Product Development. 

COPY 
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We will keep you informed on this general area, and I would appreciate 
your letting me know if there is anything else we can do immeditely on 
this problem~ 

ERP:L 
A~tachments (5) 

.cc: Messrs. w. W. McDowell 
R.H. Garretson 
G. E. Jones 
R.L. :Wmer 
W. W. Simmons 
M.B. Smith 
R.B. Johnson 
J. M. Norton 

/s / E. R. Pi·ore 
E. R. Fiore 

9/17 Copies to Messrs. Schubert, Stevens, Troy, ~rc;y 
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RESEARCH CiOALS FOR FUTURE DRUMS 

Research·:·_ . .:_: Drum Long it. Track Storage Access 
Location PrumL Dia. Density Density Volume R.PM Time Application 

San Jose 3"- l" 2000 200 z x 106 60,000 1-ZO ms Low .cost buffer 
·bits/" tracks/" bits and logic 

Spring lZ II 5" 2000 zoo· 40-x 106 6000 10-100 Random Access 
Street bits/" tracks/'' bits ms storage 

COPY 
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Devices 

Advanced 
RAMAC 

DAP 

Increased 
Denaity 
DAP 

Photo 
document 
storage 

SCRAM 

RBSF 

. . '; ' 
RANDOM ACCESS MEMORY DEVICES IN RESEARCH 

·Storage Principle ·storage Volume Ayerage .A.ccess Time 

Magnetic disks Equal to or less Equal to or· le.:ss than 
than 100 million 76 ms 
characters 

Rectangular file Equal to or less 250 ms 
of non-erasable than one billion 

. photograp'hic characters 
strips 

Rectangular file More than o~e Less than 100 ms 
of non-erasable billion characters 
p~~to strips and 
document. storage 

Rectangular file Less than 10 Less than one secolt'd 
C?f non-erasable photo million pages 
strips 

Circular file of Less than ZO 125 ms 
short magnetic strips billfon characters 

Roe t.. file of Less than one 250 ms 
short magnetic strips billion characters 
(may be comptible 
to DAP) 

COPY 

Stage of Research 

Techniques turned 
over to Prod. Dev •. 
September 1:957 

Ready now for 
eval~tion by 
Research and 
Prod. Dev. 

Ready for evaluation 
early 1960's 

Project Walnut. 
Techniques available 
to· SEPD July 1959 

Technical feasibility 
of components early 
1959 

Technical feasibility 
before 1960 .• 
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Memorandum to Mr. R. L. Palmer 
Mr. M. B. Smith 

y 

Subject: Future Competitive Battles 

September 12, 1957 

Every indication that we get is that the next major competi-
tive battle in th~ Data Processing field wiJl be in the area of large 
scale Random Access Memory. We are continually beseiged with re­

. ports that NCR, Bizmac, General Electric, Sperry Rand, and so 
forth are engineering tremendous memories at low pr.ices. 

The manufacturer who can do this the quicke·st wiU b~ 
in a very advantageous position. Our answer to the problem, at the 
moment, seems to be in multiple units of disc memory. ~believe we 
should be pioneering other approa~lies which will allow less mainten­
ance and less cost, as I have serious doubts that discs in the billion 
area will be economical. 

EGJ:JG 

cc: Mr. R. T. Samuel 
Mr. W~ W. Simmons 

G. E. Jones 
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PRODUCT DEVELOPMENT LABORATORY 
SAN JOSE 
SEPTEMBER 27, 1957 

MEMORANDUM TO: Mr. R. L. Palmer 

SUBJECT: Large Capacity Low Cost Memory Study 

REFERENCES: Memoranda on reference subj~ct: 

1. L. H. La.Motte to E. R. Piore 7/29/57 
2. E. R. Piore to L. H. La.Motte 9/12/57 
3. G. E. Jones to R. L. Palmer, M. B. Smith 9/12/57 
4. R. L. Palmer to G. E. Jones 9/20/57 
5. M. B. Smith to W.W. Simmons 9/24/57 

As you know, it bas been proposed that Product Development activities upon 
a l/Z to 1 billion character capacity Random Access Memory be initiated 
in early 1959 with release pro~cted for late 1962. The above references 
would indicate that competitive pressure in this area requires a more 
immediate and accelerated program. Mr. Stevens has .asked that I forward, 
for your consideration, a procedure for establishing the required program. 

I propose that an Engineering team consisting of myself, Mr. Gibson,. and 
Mr. Noyes in conjunction with Mr. Wood (WHO Product Planning) review our 
situation and reco~end an bmnediate program in this area. In order to · 
arrive at the proper decision such a study should incorporate the following: 

1. A review and consolidation of our competitive position in this area·~ 

Z. A consolidation of ·the requirements picture for Large Capacity 
Low Cost Memory. 

3. A study of the devices existent and proposed that are applicable 
to this area. 

I would estimate that this study phase ca~ be completed in three weeks and 
a recommendation for a program in--this area could be made to Division 
Management at that time. 

The attached sheet lists the organizations that '\\Ould )>~ rntacted and the 
tyJ?e information to be obtained from each. p u,/ ;41~--

JWH:mf 
Attachment 

. IJ. W. Haanstra 

cc: Messrs: G. E. Jones, W. W. Simmons, M. B. Smith, ·L. D. Stevens 
L. C. Wood 
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Sources of Information for Consideration 
in a Recommended Program on Large 
Capacity Low Cost Memory Development 

WHO Data Processing Division 

.1.1 
1. 2 
1. 3 
1. 4 

8ales Department 
Product Planning 
Business Machines Analysis 
Market Analysis 

Determine competitive positio~, applications requirements 
(5Ji and sales potential. 

2. Poughkeepsie Product Development 

2. 1 Product Planning 
2.2 Engineering P~g 

Determine 700 series requirements and competitive position. 

2.3 Magnetic Recording Development Activities 

Determine present and projected magnetic densities. 

3. Endicott Product Development 

3.1 Product Planning 
3. 2 Engineering Planning 

Determine 600 series requirements and com~titive po~ition • 
. Review CRAM Status •. 

4. San Jose Product Development 

4.1 
4.2 

Product Planning 
Product Development 

Determine 300 series requirements and. competi_tive position. 
Determine area of application for disk memories and the 
present and projected magnetic densities. 



5. Corporate Research 

5. 1 Poughkeepsie - Ossining 
5. 2 San Jose 

-2-

t1/!li. Review Research activities and proposals for Random Access 
Memory Devices. 

~) 

Review Research present and projected magnetic densitiea. 
Review non-magnetic storage techniques. 

6. Military Products Di vision 

Review requirements and Engineering status of Large 
Capacity Low Cost Memories. 

7. Special Engineering Products Division 

JWH:mf 

Review SEPD information on competitive position and 
requirements for Large Capac:;ity Low Cost Me~ory. 
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MEMORANDUM TO: L. C. Wood October 15, 1957 

~ SUBJECT: Large Random Access Memory 

In. response to your request of October 11th. we are submitting some of the major 
comments and opinions of the Special Industry Department Managers and District 
Data Processing Representatives concerning the need for large random access 

f!!1' memory. 

The comments were gathered by our analysts in the EDPM field survey program 
we conducted in August, 1957. 

H. E. Schmit - Manager Manufacturing Control Department and ''unofficial" 
representative of Dept. 01 - General Industry. 

''Need r~dom accessaorate in the hundreds of millions for storage of bills of 
material, inventory records, labor specifications, etc. - Storage must be arranged 
for fast access. Input and output speeds will depend on speed of large storage. 
Large random memory eliminates the need for faster tape and processing. Fifty 
per cent of all the 705's in Dept. 01 - General Industry would order if price is 
right." Sixty-one of all 705's sold to date are in Dept. 01. This department 
normally represents 40% of IBM's business. 

I. S. Homans - Manager Life Insurance Department 
"Need random access storage in multiples of one hundred million characters up to 
at least one billion characters. The basic policy record re·quirea 300 million to 
400 million characters for every million policies outstanding •. There are approxi­
mately 20, 000 - 30, 000 references per day per million policies. Ninety per cent 
of all 70~ customers would order if price is not out of line. 11 Eighteen of the 
705's sold thus far are in the Life Insurance Industry. 

C.H. Mahan - Manager Fire 8t ·Casualty Insurance Department 
"The succe4s of our large scale EDPM ~ystems in the Fire le Casualty Insurance 
companies will be dependent upon our ability to develop mor~ economical large 
·capacity random access interrogation units - each unit to handle 100 million 
characters. Some of the larger companies will necessarily need more than one 
such unit as their requirements might run over 800 million characters. With all 
the effort and the increased cost of developing high speed magnetic tape units, the 
companies who have and will install this type equipment will not be able to inter .. 
rogate on a random access basis, source data stored in the master tape files. I 
believe we are spending too much time on developing high speed tape units for file 
maintenance and still we are not able to interrogate. the master file for source 
information which is necessary for reference purposes." Sixteen of the 705's 
sold thus far are in the Fire & Casualty Insurance Industry. 

R.M. James, Jr. - Former Manager State Government Department 
"Ten prospects for Motor Vehicle Registration with requirement for 100 million to 
500 million characters· of inexpensive random access storage. " · 
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W. J. Hollenkamp - Manager Communications Department 
''Need at least 60 million characters of random access storage for Cable Pair 
Assignment appli~ation. Possible sale of five (5) such systems: Two (Z) to 
New York relephone, one to General Telephone - California, one to Pacific 
·Telephone, and one to Illinois Bell. " 

C. C. Smith - Manager Banking and Brokerage Department 
"Need large disk storage for eight (8) Type 705 accounts - two Savings banks for 
posting and inquiry of savings accounts, four comme r·cial banks for central credit 
reference files, and two Commercial banks for installment loan posting and 
in~uiry. " 

Ci. F. Trexler - Manager Public Utility Department 
''Need very large random access storage for· Customer records, Material and 
Supplies Records, Personnel Records, and Stockholders Records. Seventy-five 
percent of 705 accounts would order." Eight of the 705"s sold to date are in the 
Public Utility industry. 

C. Q • Thompson - Manager Transportation Department 
"Need large random access memory on the 705 for Car Records and Freight Revenue, 
and Pas11enger Reservations applications. At this sta~ without knowing cost a·nd 
speed it is very.difficult to make any definite forecast. " 

~- . J. D. Shaver - Program Manager - Air Force 
''Need Random Access Memory of up to ZOO million digits for Weapon System 
Invento.ry application for up to 6 Air Material Command Accounts. Need 1 to 50 
l'Jlilliseconds access time. " 

J. Stinson - Program Manager - Army . 
"Need up to 75 million characters of random access memory for lZ Army supply 
depots.'' Federal Catalog application has 3 million 250-300 character items with 
a 190 activity ratio and is potential for large random access if priced favorably. 

R. Hinchcliffe - Program Manager - Navy 
~ "Five hundred million characters of random access storage in increments of 100 

million characters needed in Supply application for 6 locations. Twenty-five 
thouaaD.d ·i transactions per day handled with 6-50 inquiry stations will eliminate 
75cyo of the people in these accounts. " 

All seventeen District Data Processing representatives contacted indicated a 
real need for very large economical random access storage and generally speaking 
felt that its development had more potential and represented a better answer to 
today's data processing problems than higher p.erformance magnetic tapes. 
However, concern was expressed about the cost of inactive storage on random 
access as compared to magnetic tape. 

We ·feel that the next decade offers a market potential of Z00-400 random access 
files of ZOO million characters each and lOOQ - ZOOO files of 50 million characters 
each. Thia potential can only be captured if a range of access speeds are offered 

COPY 



COPY 

Page 3 

on these files that can be adapted to varying application requirements and if 
Ai\ total storage and processing c:;:osts can be kept in l~e with costs of present day 

techniques of data processing, storage, and inquiry handling. 

FLM/mml 
cc: J. Hanastra-SanJose 

C. Earley - San Jose 
B. L. Sarahan - WHQ 
H.T. Ware, Jr. - WHO 

/s/ F.L. McManus 
F. L. McManus 
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