










































































































































































































There is no keyboard technology in the sense that there is a memory 

or circuit technology.. Each keyboard is designed for some special 

application and the method of impleme~~ing the encoding or contact 

closure is usually left to the keyboard designer. The following 

example~ illustrate how the previously mentioned technologies could 

be applied to providing solid state implementation of typical keyboard 

configurations. 

A direct contact keyboard or Uncoded keyboard could be implemented 

thr.ough the use ofpiezo-electric crystals by coupling tbes.e crystals 

directly to the key so that pressure applied to the key would c~eate 

a pressu.re on the crystal resulting in a voltage output on a line. 

This pulse could be used directly or used to set a flip-flop. providing 

the equivalent of a contact closure. No mechanical key movement is 

. required .. 

A directly encoded keyboard could use piezo-electric crystals to 

generate a coded output for each key directly. This output could either 

be parallel or serial. Serial outputs would allow such techniqaes 

to be used on telephone or teletype lines. There are also·a number· of 

techniques that can be used for direct coding of output which eliminate 

contact closures but involve some minimal amount of mechanical 

motion.. The first and most obvious of these is to replace the con tact 

closure with a vein used to interrupt light beams directed. at photocells 

with the particular beams interrupted to correspond to the coding. 

Keyboards of this type are commerciaily available ·now. Others involve 

the movement of a. permeable material in a magnetic field to generate 

flux changes that can be sensed on one or more windings.. Each winding 

can be used to represent the separate bit of the output code .. 

Pneumatic keyboards have been built in which the fingers cover 

openings through which air under slight pressure is normally escaping .. 

The change in backpressure caused by placing a finger over one of the 

openings is sensed and can be used to actuate pneumatic logic devices .. 
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These pneumatic lugic devlces can encode the informativn with the 

encoded 'information then being converted to electrical sigllals by 

suitable transducers. This approach can provide a high reliability 

keyboard since the fingers have replaced mechanically moving keys. 

The absence of mechanical linkages can also permit greater flexibility 

in the human factors design of the shape and "key" placement • 
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SOLID-STATE REPLACEMENTS FOR MAGNETIC TAPE EQUIPMEN'T 

~'-

In the present NTDS£, magnetic tape is used primarily for the purpose 

of program storage. In this applications, appropriate program.tapes 

. are kept on line with the computer to allow re-entry of a program 

in case of computer failure and to allow fast changes in computer functions 

via program changes. 

Future applications of magnetic tape in NTDS type systems may also 

include: 

Temporary storage of intermediate results where it is not 

economically practical to fu..rnish sufficiently large main memory 

or auxiliary memory. 

A media. for transferring data from one system to another in 

the same or different physical locations. 

Off-line storage of data not required for the immediate problemo 

The wide'range of applications for magnetic tape storage is large the 

result of the characteristics of the·tape rather than the tape transport. 

These desirable tape characteristics include: 

Low cost per character of storage.o 

High density of storage • 

. '·Light weight of the tape in terms of characters per pound .. 

No power required while data is in stored condition U .. e. not 

being read or written) .. 
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Read/write speeds commensurate with the input/output 

rates of computing systems. 

Reusable over a prolonged period of time without wear or degradation .. , 

In extreme military envirODments~ present magnetic tapes require some 

environmental control both during shipment and while in operation. 

The typical operating environment required for magnetic tapes is 

65-8SoF. with 40-600/0 relative humidity.. Storage requirements are 

normally 40~90oF. with 20-800/0 relative humidity. Most tapes will 

melt or burn and stored data. will be lost completely if the tape is 

heated beyond the Curie point of the magnetic material. Shock or 

exposure to electrical" nuclear:l or magnetic environments can also 

cause loss of data. The tape itself can be damaged by many chemical 

atmospheres and solvents. However~ the Achilles heel of a militarized 

magnetic tape system is not the magnetic tape but the tape transport. 

Presently available militarized. magnetic tape units provide performance 

comparable to that of their commercial counterparts. Although some 

commercial equipment can provide much higher peak transfer rates" 

the overall performance of this equipment is still limited by the 

start stop times (on the order of 3 ms) that can be achieved v/ith 

electromechanical equipment .. 

All present tape transports involve the physical movement of a very 

thin (approximately 1 mn) piece of plastic at high speeds (100-200 

inches per second) across a. highly sensitive read/write head~ As 

the tape is usually coated with iron oxide, head wear and tape wear 

is inevitable. Head .wear produces a widening of the read/ write gap 

with a resultant decrease in frequency response of the head. Tape 

\\Tear produces dust partioles that can result in loss of data unless 

constant cleaning is provided to remove the dust. Good magnetic 



tape system performance is the result of fast start times;l high tape 

speed" and. small head gap sizes; however# these are the very items 

that produce wear and require frequent maintenance. . 

It is possible to completely eliminate the need for magnetic tape 

units througb the use of large amounts of, on-line mass storage and 

real time communication channels between all processors in a computing 

system. However. other present concepts allow a less costly system 

to achieve similar performance while increasing reliability. 

The removeable disc storage system offers an attractive alternative 

as a possible intermediate step between the all-solid-state tape 

replacement for magnetic tape units and the present magnetic tape 

systems. 

Prior to extensive development of magnetic tape replacements" the 

optimum data storage size for a tape system should be carefully 

determined. In many scientific applications~ th~'1lrst 400 feet of 

tape are used so much m.ore frequently than the balance of the reel 

that some users follow the practice of cutting off the worn tape and 

using the balance of the tape until it has worn outo Size should be 

based both on .present data requirements and anticipated future 

req uirements categorized by different types of application So It is only 

tbrough such an analysis that the optimum tape length or si~e of data 

storage block can be deteJ;'mined. Since this is of vital importance in 

the de.termination of specifications for 's. future magnetic disc or solid 

state magnet~c tape repl~cement it is recommended that such a study 

.·.-:ba unde:r-iaken. 

Specifications for the Sylvania MT451 transport currently under Navy 

evaluation call for MTBF of 400 hours with 900/0 confidenceo They 

iurthel"" ~equire 15 minutes per day of scheduled maintenance plu.s 

6 hours of scheduled maintenance every 30 days. The deficiencies 



of even this ruggedized magnetic tape unit are evident when i.t is 

realized that these units are intended to be used with an NTDS 

cvmptlter such as the CP642 that provides MTBF in excess of 1800 

hours with little or no scheduled maintenance required. The high 

maintenance requirements and low MTBF are a result of the electro

mechanical strains that must be placed on the system in order to achieve 

reasonable start-stop times and transfer rates. It is not possible to 

eliminate those strains in a conventional magnetic tape transport design 

without seriously degrading the performance of the system. Effective 

use of the transport required stopping and starting the tape in a few 

milliseconds. In the case of the Srlvania transport:!> tape is accelerated 

from a rest position to 100 inches per second in 3 milliseconds. This 

represents a total t ravel of the tape of O. 125 inches during its acceleration 

period •. 

Considering the large amounts of wear and stress that are placed on 

a magnetic tape" the reliability of current tape units is remarkableo 

However ~ when they must be depended upon in a real time combat 

situation" their performance# maintenance requirementss and MTBF 

are major problems. 

Both high maintena.nce requirements and low MTBF could be overcome 

by developing a solid state auxiliary storage unit as a magnetic ta.pe 

replacement. One approach is to provide a large on-line auxiliary 

mass storage system "partitioned" so that sections or "reels" are 

allocated to different computers or problems as required. However:; 

to effectively replace magnetic tape units in many applications 

(particularly from a eost standpoint) it will be necessary to develop 

removable storage modules that can be transported and plugged into 

a set of read-write and· control electronics much as a reel of tape 

is placed on a tape transport. 



On line solid-state auxiliary mass storage units capable of fulfilling 

many of the requirements of a magnetic tape replacement are available 

now" However. they are expensive and are not removable or trans ... 

portable" Ivlemory teclmologies suitable for the development of this 

type of memory must provide large caJ;8city storage at a low cost 

per bit including electronics~ must be non-volatile. and must 

require little or no power in the quiesc:ent stateo Compactness of 

storage is also important since large a.mounts of such storage may be 

necessary. 

Prior investigation of mass storage techniques reported in Volume V 

of the ANTACCS study covered the following technologies that may be 

available by 1970 for such applications ... 

Plated wire storage 

Planar thin film storage 

Permalloy .sheet toroid st.orage 

'~ontinuous sheet cryogenic storage (requires power for refrigerator 

in order to maintain storaget 

Ferroacoustic storage 

Th":~' are described and discussed in greatel~ detail in the memory 

sectio of this report and in an interim repo:rt being prepa.red on memory 

teehnc1lgy .. 

For inte.'r;'ediate applications and applications where rotating equipment 

can be tolt. , \ted, large fixed head disc or drum systems can be used., 

In applications 'V'hel'e the solid state replacement for ma.gnetic tape 

is to function only tt3 a program store .. read-only memori'es and slow 

write Inemories sh( uld also be considered. Read-only memories 

that can be considel:ed for this type of application are the piggyback. 

tWistors capacitive ;)ensing memories" photographic storage~ and 

non-destrictive read versions of plated wire and planar thin-film 

memorieso 



The portable and off-line storage concepts of solid ... state magnetic 

tape replacement require a storage media (in blocks of several 

million characters) that is compact, is easily and economically 

separable from its electronics.. has a very low cost per bit for the 

media without electronics and controls) and can be packaged in a 

portable form that is relatively insensitive to shipping and environmental 

damage. 

The €erroaeoustic delay line is the best Candidate of those listed 

above since it can be most easily separated from its drive and control 

electronics at low cost., but packing density may limit the practical 

size of such memories. 

rrhe functional replacement of magnetic tape transports with a "solid 

state" unit could offer manr desirable features for military applications. 

Among these are: 

Reduction in maintenance requirements. 

Substantial improvements in MTBF. 

Im.proved performance characteristics. 

T.he greatest difficulty in application of solid state techniques to a 

magnetic tape replacement is their relatively high cost per bit of 

storageiJ The cost per bit of some techniques such as the ferroacoustic 

delay line can be less when used for a solid state magnetic tape unit 

l"eplacement than they are when used as an· on ... line au~ilia:ry memory 

because of the ability to siorethe media off-line without tieing up 

. read-write electronics. 



3. 5. 3. 3 5;y:stem Organization to Mini.mize Input/0utput 

In large systems the greatest improvement in the performance of 

input/output equipment can be achieved by avoiding . input I output 

operations wherever possible. By keeping the data within the systenl 

and by capturing data at the source,J much of the need for conventional 

types of input/output equipment can be reduced. For example" the 

need for voluminous printed reports can be reduced sharply if the 

user is operating on line with the processor through.an efficient 

console. When any part of the data base within the system is rapidly 

available to the user upon request~ he will have little need for large 

reports that are used for occasionally looking up printed results -

particularly since these may be out of data by the time they are used. 

The present NTDS system provides a good example of this approach 

with input and output being handled directly on-line through the user 

consoles. The major use of conventional types of input/output equipment 

in N'rDS has been reduced to that of loading and changing or programs. 

Hardware developments such as the availability of low cost solid

state on-line a\L-,:iliary storage will be essential to this approach" 

but this solution is primarily a matter of systems design. Hence" 

this approach to solving the problem of imbalance between input I output 

equipment and central processor can only be recommended he re. The 

development of this approach is outside the soope of this study but 

should be considered mrelated systems design studies. To achieve 

the improvements possible in this area will require a combined effort 

of u.ser~~ pro:grammer:s, hardware engineers:t and systems planners 

and designers. 
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40 IMPACT OF NEVi HARDWARE TECHNOLOGIES 

ON FUTURE NAVAL TACTICAL SYSTEMS 

Any new tactica.l system developed in the future will undoubtedly 

represe~t increased scope and. increased performance requirementso 

However" improvements in maintainability and reliability and 

reductions in size" weight~ and power that can be achieved by the use 

of new technologies will be so gl eat that they will justify the develop ... 

ment of a new system.· ... even if there were no requirements for 

increased performance or broader seopeo .Although this study does 

not include a cost effeotiveness analysis" it is believed that increased 

system effectiveness resulting from increased availability coupled 

\vith reductions in the tl1)aining level and the number of maintenance 

personnel requi!"ed on shipboard will justify the cost of developing 

Q.new· system. Equipment costs (aside from developme1.t) will be 

less and logistics costs will be decreased also.. Significant savings 

in space and weight will be of particular importance on smaller 

shipso 

lVIaintenanee personnel savings V'lere disctlSSed in Section 20 3~ 4 .. 

To :illustr.ate the savings in size~ weight., and povler requirements 

that will be possible with technological advances anticipated by 1970rr 

each equipment ill the present NTDS system (excluding communications) 

has been compared with estimates for equipment capable of providing 

the same performance but utiU.zing new technologi~s~· .. Tlf.ese, . 

. compar1sons~ shown in Table .4-1> al~~ ,serve to illustrate the types 

of. equipment in which significant improvements are anticipated e..nd 

those in which only minor advances are expected. The estimates 

for equipmen't in 19.70 are believed to be conservative for the 

digital electrollie equipment but may be somewhat optimistic for 

some of the electromechanical peripheral equipment .. 
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1 I Total Reduction ~ 
Present NTDS Equivalent 1 .. 970 System (Noo X Difference) 

;j 

il 
~ 

J 

I 
Noo in Size Weight Powe'r Size Weight Power Size Weight Po\ver i 

Equipment System Cu. Fto Lbs. Watts Cu .. Fto Lbs. Watts CUo Ft;l Lbso Watts 
, 
w 
II 

I '''P''' .. 
" - - I 

ANlUSQ20BCornputer 3 51 24:00' 4500·* 2 100 250 ,147 6900 6900 
g 

I 
Magnetfc-'-Tape Unit 2 46 1400 2700 35 1100 2100 22 600 . 1200 y 

j 

Video Processor 2 46 1500 2100 " 2.00 
i 

400 84 2600 3400 ~ 

I 
Teletype & Adaptor '. 1 29 300 500 20 200 350 9 100 150 ~ 

l I 
. Paper Tape Unit 1 15 260 700 10 .170· 470 5 90 230 

~ 

~ 
! 
i 

System Monitor Panel 1. 14 400 240 7 200;, 150 7 200 90 

I Terminal Equipo LogiC ·1 32 1000 1400 3 lOO. 200· 29 900 1200 

Keyset Central· 1 32· '980 1400 S 100. 200 29 .860 1200 I 
Keyset Universal 8 .3 100 200 2 70·. 120 8 240 640 I 

I 
t 

MGSet 3 14 1000 1000** 5 ·800 150 27 2100 2550** I 

MG Control 3 11 320 ... --~** I ... _ ... ** 2 120 ---~* 27 600 
i 

. Interconnection Panel 8 14 250 -_.- 0.5 20 --- 108 1840 _ ..... CIt' if 
ij 

Central Pulse Amp 1 27 630 390 12 300. 200 15 330 190 
~ 

I 
Symbol Generator 32 680 

) 

1 700 4: 150 150 28 550 530 1 :, 
~ 

Displa.y Console 12 33 1200 1400 16 ·500 600 192 8400 9600 ~ 

I I 
~ 

Totals for Typical Systems 
1

111S 38410 49810 376 12100 16080 737 26310 33730 i 
I 

~. . -- .~.".....net:a'~"T~ 

~I;: Includes 2000 Viatts required to run the blowers 

*:io: Power input to MG Set and MG Controller in excess of that delivered to the computer 

COr~1PARISON OF EQUIPIVIENTS OF TYPICl-!iL NTDS SYSTEM 

11JITH EQUIV.r;,,\LENT PERFORIVL.~NCE EQUIPl\-lENTS FEASIBLE IN 1970 



Tllese comparisons indicate that significant advantages can accrue 

to the Navy in utilizing new technologies even witho1.tt considering 

increased performance requirements~ For a typical NTDS installation. 

the estimates for equipment feasible in 1970 represent reductions 

of approximately 670/0 in volume. weight, and power requirements. 

In addition to the advan·tages illustrated by these comparis:> ns~ 

improved main~inability and reliability improvements of greater 

than one order of magnitude for digital electronic equipments provide 

strong arguments for the utili$ation of these new technologies at 

the earliest possible time. The maintainability improvements will 

be renected in reduced training required for maintenance personnel" 

reduced numbe;."s of ma.intenance technicians required on shipboard. 

reduced supply and logistics requirements for spare parts" and 

reduced down-time and mcreased availability. 
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5. INFORMATION SOURCES 

5.1 ORGAl\!"1ZATIONS CONTACTED 

Hardware technologies and maintainability have been discussed vlith 

personnel of a number of differellt companies and governmental 

agencies in the course of this study. The folloWing list indicates 

the companies and gove:rnmental agencies and. the topics discussed 

with each: ' 

IBM Research Laboratories 

Yorktovm Heights. N. Y. 

NOTS 

China Lake" California 

Navy Special Projects Office 

Wa.shington~ D. Co 

MDe 
Rome s New York 

Advance technologies in lnemories~ 

circuitsD and input/ output equipment 

Modular exploratory compLlter (ARC) 

Displa.y technology 

Incremental magnetic tape technology 

Modular integrated circuit 

subassembly standardization 

SoU.d .... s·tate mass memory. 

and associative memoJ."Y tecl'Ll101ogy 

Display technology 

Naval Applied Science Laboratory Me.intamability 

Brooklyn" Ne\~ York 

. Naval Electroni<ls Laboratory 

La Jollaf} California 

General Dynamics Electronics 

San Diego,') California 
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Packaging Concepts 

Mainta.j.nability 

Integrated Combat System 

Display technology 



ONR 

V,/ashington" Do C. 

BuWeps 

Washington~ Do C. 

BuShips 

Washington~ D~ c. 

The RAND Corp. 

Santa Mo nica.. ca lifornia 

Teledyne Corpo 

Los AngelesI' California 

Litton Industries 

Canoga Park, California 

Lwrascope Group 

Glendaler; California 

Burroughs Corporation 

Pasadena, California 

Kennedy Corporation 

PasadenaJ California 

Univac 

Blue Bella Pennsylvania 
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Maintainability and Inventory 

problems 

Maintainability and Reliability 

aspects of IHAS 

Maintainability 

Reliability 

Integrated circuits 

Microelectronics 

NTDS 

Future computer technology 

Maintenance and packaging 

aspects of lHAS 

Displa.y technologies 

Memory technology 

Display technology 

Character recognition 

Print readers 

Incremental magnetic tape 

Memory technology 

Component and packaging technology 

Fluid logic technology 



Informaties.t Inc 

Van Nuys.t California 

Bethesda~ Maryland 

EMC
2 

Washington" D, Co 

Westinghouse Molecular 

Electronics Division 

Elkridge~ Maryland. 

GETEMPO 

Washington~ D. c. 

NAFI 

Indianapolis l Indiana 

WADe 
Da.yton) Ohio 

USS Kitty Hawk 

San Diego, C1.1ifornia 

ANTACCS Study 

MTACCS Study 

ANTACCS Study 

Integrated circuit research 

Packaging techniques 

Maintainability 

Thin-fUm circuits 

Automatic packaging techniques 

Reliability and mailltainab ility 

Integrated circuit and 

paekag~technology 

NTDS operation and m~intenance 

Discussions with personnel of these organizations provided a. ba.sis for 

much of the information presented in this :report. In addition to 

discussing techniques and approaches that have not been adequately 

described in published literature" the opinions of experts in specific 

areas in these organizations were solicitedconeerning the advantages" 

disadvantages" limitations and future prospects for different 

technologieso 
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A la.rge number of references have been used in the course of this 

study. Many of these \vere listed in the Bibliography.in the ANTACCS 

Final Report and are not repeated here. This Bibliography is not 

intended to reflect all of the pUblished material reviewed in this study 

but to list the more important new references that have contributed 

to information in this report. 

(Bibliography is presently being 

typed and lltrill be added to this 

report before it is distributed .. ) 
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