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AMALYSIS AND TRENDS

INTRODUCTION

The information for each of the 107 systems described in Chapter II has been subdivided into eighteen
toples, permittlng the data to be presented In an orgenized sanner and sloplifying the comparison of festures
of the different systems. The followlng parsgraphs, paralleling the aubdivisions of the systems descriptlons
of Chapter II, predent a gquantltative analysls of the data and show recent tremds in the fleld of computing
machinery. It ls emphasized sgein that the Informetion glvwen in Tebles II through XV in thia Chapter 1&g to be
used with caution. The teblesg have heesn constructed anly to show i.:;‘\vl'_-|'|.ni;'.|J permdt comparison of -:,rst.e:us and
show the present state of the art. Information pertaining to B specific system should be obteined from the
aysten deseriptlion in Chapter II.

DESIGHATION OF COMPUTING SYSTEMS

The pazmes of verlous types of computlng systesms exlsting In the Unlted States stem from dlfferent sources.
It would have been convenlent 1f some system of clessification and standard nomenclature had been esteblished
muay yenrs ngo. The nomenclature could have lncorporated the npame of the manufecturer and model number, the
nature orF application of the gyetem, and the name or location of the operating agency. However, a syetem of
nomencleture was not established, resulting in an odd mixture of names for computing systems. Many computing
systems bear the name of the meanufecturing crgmnlzation, for exmmple IBM 704, LITTON 20, NCR 304, and TLLIAC.
The nemes of some mechipes indicate the nature or purpose of the aystem, for example DATATRON, DATAMATIC 1000,
EDVAC, and LOP 30. Other machine titles indlente the nnoe of the operating agency, such ms DYBEAC, SEAC, NORC,
DARAC, ORACLE and DRDVAC. GSome titles are indicetive of the location of the eystem, such as FLAD and LARC.
The names of some mochines are trode pames like UNIVAC II and ELECOM 125. There are some machines named after
specific persons, as are AIWAC 500 and JOHNNIAC. Arbitrary names, like GEORGE, alao exiat. Perhaps the only
trend idn computing mmchine nomenclature has been to develop names which were contractions or prooouncable
abbreviations of significant titles. Examples of thias are EDVAC, for Electronic Digcrete Variable Automatic
Computer; MANTAC, for Mathematicel Analyger And Numerleal Integrator and Computer; mnd ORDVAC, for ORDnance
Variable Automatic Computer. In connection with this, the suffix AC usually means Automatic Computer.

MANUFACTURERS OF COMPUTING SYSTEMS

In the intereat of national defense, the development of electroniec computing systems could not wailt until
normal economlec lavs brought about the supply of eystens based solely upon commerclal demand. The Department
af Defense supparted research amd development in the field of electronic digltsal computers to be utllized for
rapld sclentific computatlon on defense projects.

The original electronic digiteal computer, the ENIAC, designed and developed by the Moore School of
Electricnl Engineering of the University of Penneylvenisa, fer the Ballistle Research Laboratories was placed
in operation at the Aberdesn Proving Ground in Jenuary 194T7. Many early clectronic machines were manufactwred
at educational institutions such as the Institute for Advanced Study, MIT, Harverd and the Universities of
Penneylvenia and Californie. Parallel research wvas performed by industry, and by 1950, large scale digital
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electronic computers were belng delivered commercially, At the present time mass productlon of large scale
aystems iz well underway. Several hundred large scale systems of various types have been mass produced, and
thousands are on order. Table I shows the menufasturers of all the oachines deseribed in Chapter IT mnd
Tuble IT shows the guantities of these systens which have been produced,

APFLICATTIONS OF COMEUTTING SYSTEMS

The installation of the ENIAC, at the Ballistic Research Laboratories of the U. 5. Army Ordnance Corps
marked the beglnning of the widespread use of electronlc computing mechlines. Gince the advent of the ENIAC,
o large expansion has taken place in the computer field. Investment rates in computing equipment in the
United States have risen from ten million dollsrs per year In 1957 to one hundred million dollsrs per year in
1956. It is anticipated that expenditures for computing equipment will pess the cne billion dollers per year
mark within the next fev yeurs.

Almost every commodity industry such as oil, steel and rubber is utilizing computing egquipment for both
scieotific mand commercinl npplications. Gervice Industrles, such as banking, transportatlion, and insurance
have spplied large seale systems tovard the solution of problems in the flelds of accounting, reservations
control, and bookkeeping, Menufacturers heve used computing systems for design englneering and sclentific
research. Many aystems are being utlilized for ilnventory end stock control. The determlinetion of manufectur-
ing plant location mnd stock parts storoge ore being mede by linear progremming methods. Electronlc computers
are being ubilized by the construction industry for desipgn and locetion of strueturss and rosd nets.

Many problems require the processing of large guantitles of date, such as ls obtained from miesile
tracking, telemetering, minersl deposit proapecting and record keeping. The use of electronle computing
equipment permlts the processing of large gquantities of such deta over relatively short pericds of time.

Many "on-line” spplicetions of both general and apecial purpose computers are being =ade. These control
applicaticos include such examples as control of wind tunnel testing and continuous=Tlovw zanufescturing.
Computers are belng used for aireraft fire and Tlight econtral.

A discussion of applicaticns of specific systems will be found under the sub-heading "APFLICATIONS" in
the wvarious eosputing systems deaecripticona given in Chapter II.

NUMERICAL SYSTEM

Internal Nusmber System

Many types of number systems have been utilized for the development of logleal designs of computing
systems. Among these number systems are the stralght bipary, octal, binary coded decimal, stralght decimal,
sexndecimal, biquinary, binary coded alphsnumerie, and binary coded decimal (excess three). Of 101 different
relevant systems, 54 utilize s straight binary system internally, whereas 42 utilize the decimal system
(primarily binary coded decimsl) and 5 systems utilize s binary coded mlphanumeric system of notmtion. OfF
course, in nearly every computing system, information is ultimately handled in binary form, porticularly in
storage and in arithmetlc units. The primary method of storage explolts the inherent properties of material
media, such as semlconductors, and ferrcelectric and ferromagnetic materials. The state of conduction or the
polarization of ferroelectric and ferrcmegnetic materiels determine the nature of the information which is
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stored or belng processed. Decimal diglts are hondled ss groups of four bite, or tetrads. Alphanuseric data
usually requirea the use of six bita, permitting 64 different symbols. BSome systems utilize seven bits for
expresging a single character, permltting 120 different characters, or may utilize & single bit as an “odd-
even’ check bit. FProgrammers and coders preparing problems for solution by numerical methods may work with
declmal ar alphanumerle notation and need not be concermed with the binary coding performed sutometicelly by

the machine.

Word Length
The selectlon of word length for computing systems L8 bescd uwpon many conglderationa. Por information

words, the precieion required for the sclution of problems mey be the major copnsideration, For instruction
worda, word space must be allocated to the address of the cperand (or opersnds for multi-sddreas codes), the
commend, and perhapa apares, tags, or check digita. For example, the CRDVAC utilizes 39 bilts plus sign for ao
information word, One hell of a word, or 20 bits, 15 subdivided intc a 12 bit eddress porticno {rm- h,ﬂﬂ& high
speed storage locations) a & bit command portion for 64 commands, and a 2 bit spare digit portlon for speclel
applications and versatility. The warlaticn of word length among existing eystems 1a rather wide. Teble IIT
shows the word lengths of the 103 syetems described in Chapter II, in descending order of magnitude. The
average or nominel word length for fixed word length machines 1s spproximately LO binary or 12 decimal digitas.

Number of Instructions Per Word

In many systens the machine word structure permits several instructions to be expreased by a single word.
Of &5 systems, 43 were reported es operating on a one inatruction per word basis and 22 were reported as

operating on a two instructions per wvord basis, Several systems required two words to express o complete
instruction and, in one system, 2, 3 or & instructions could be expressed by & single word, at the option of
the programmer.

Arithmetic Syates
Most of the earlier mechines operated on e fixed point arithmetic system. The binary or decimel point was
arbitrarily fixed at either the right or left end of the number, For some systems a centered decimal point
permltted the direct expresslon of vwhole and fracticnel parts of numbers. Gealing 1s required, for exasple,
when a decimal or binary point is located at the left end of & number, in which case all gquantitles oust be

soaled betwvesn the values of mlpus one and plus one.

Mony of the later machines wvers manufectured with built-in mutomatic floating podnt equipment,
permitting numbera to be expressed ag fractional parts and exponent parts. The expanent usually is o power of
two or ten. Floebting polnt circultry was sdded to many of the older systems. A review of thia sub-hesding in
the syoteme depcriptionas found in Chapter IT and an exemination of Teble IIT will show the distribution of
f{zed nnd floating point equipment.

Instructiocn Type
Internally programmed automatle compulers regquire that part of the lnstructlion word be devoted to the
nddress {or addresces) of the operand (or operanda). The queation of how many addressges are to be lncorpor-
ated into n s5ingle word has been angwersd in many wmys. In single address machines, the eddress of one
operend 18 given in the address portion of the lpnstruction word. In two address machines, the mddress of two

operands are glwven, for lnstance the addresses of the minwend and subtrahend sare given for a subtract
Instruetion. For three pddress sachines, the address for storing the respult, e. g., the sum, difference,
product, gquotient or sgueare-root, 1s glven. The three address machines weuslly refer automatically to the
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next storsge locatlon, in sequence, for the pext three-nddress instruction word. Mochines using the four-
address instruction will express the location of tve operands, the location for storing the results of the
operation, and the location of the next instruction, &ll in one four-address word. Coding for four-address
machines is somevwhat simplified, however, a complex moachine structure 1s necessary. The following teble shows
the gquantity of different systems utilizing the varlous instruction types:

ne-address ug
Two-address 15
Three-nddress 15
Four-sddreas T

Variable sddress g
Hot Applicable 15
Tatal 10%

ARTTHMETTC UNITS

Tperatlion Tige
Since the primary functlion of an arithmetic unit in any computer la to perform repetitive arithmetic

oparaticns rapidly, the time required to carry out an add instruction 15 extremely importent when selecting
a computing system for a specific mpplication. Tables IV and V were prepared to show at s glance the general
gtate of the art with respect to arlthmetfic speeds, It must be emphasized that the walues stated Iin the toble

Are an an "ss reported basis".

Teble IV shows the approximate relative order of add time when ineluding the storage access time., In many
ayeatema, it is not poasible to determdne the time reguired for one eddition without considerding storage access,
This may be dus to the fmet thet in many types of operatlon; sums may form in an eccumilntor ae the addend is
brought from storage, hence accegs time mey be inseparable from add time.

Construction of Arithmetlie Units
Most of the computing systems described in this report wtilize tubes ass the basle driving elesent (n the
arithsetie wnit. Exeeptions inoclude recent trensistorized models such as those shown in Table XIT. Approxi-
mately 23 of & total of BS systems utilize diode logle (gating) in some form in the arithmetic unit. Several
systems utilize mngnetic cores in the arlthmetic unit.

Basic Pulse Hepetition Bate
Ome may consider that there are three reglons of the frequency spectrim In whleh the symchronous computing
syste=zs gperate, Thesge mey be termed the low frequency band, lese than 100 kilecycles per egecond, the inter-
mediate freguency band from 100 kilocycles to less then one megscycle, and the high frequency band or the ane
megacycle and above band. OFf T% systems on which the informetion wee obtadned, spproximately 20 systema
operate st less than 100 kilocycles per second;, 55 systems operate in the 100 kilccycle mnd less than cne
magacycle range and 20 systems operate Lo the high fregquency band,
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Arithmetle Mode
The questlon of serinl versus parallel operation of arithmetic units is rapidly belng resclved ms bhe
number of faster parallel coperating unite Increases, Of & total af 101 systema In which this feature wvas

reported, 45 operated purely on o serinl besis and 35 performed arithmetic operations on & parallel basis.
However, the majority of the peraliel operating systems were of a later deslgn, Arithmetically; the parallel
syuten computes results such more rapidly thon the serind system. Eleven systems operate in a seric-parsliel
manner, usually parallel when consldering & single character made up of & binary configuration of pulses, but
serlial when consldering & vword as belng sade up of a serles of charncters. The speed of a computer, however,
is baped on 1ts abilty to resd, write, mnd trensfer informetion repidiy as well as its ability to da
arithmetie rapldly.

STUAGE

An extresely diverse and dymasie fleld of interest In the study of computing systems is the subject
concerning storage devices. Many lngenious devices, utillsing the ability of varicus materisl media to store
or record energy transformations, have been devised, Early forme of storage Involved mechanicel deformation
of materis] media. These are exemplified by cams, springs, gears, music box cylindera, perforated player
rlano rolls, cods wheels and perforated paper tape. ALl thege storage devices required the movement of large
zagses of material and conseguently long access time wes inherent. The cepacity, in terms of stored informa-
tiocn per unit volume of materiel, was very low.

DIuring World War IT, the search for more rapld access storage devices led to the use of the vacuum tube.
The twp states, that of copduction and that of cut-off, permit information etorage. This system, as vas used
on the ENIAC, proved effective from an nccess time conslderation, however, the systéem was extremely bulky
and required thousande of electronic wacuum tubes for a storage wnilt consisting of 20 words of 10 decimal
diglts ench.

Chronologieally, the next development was the use of acoustiec delay lines of mercury and gquartz. A
transducer at each end of a length of these materlals permits energy conversions and ellows the storage of
informetion in the form of high frequency (e. g. 8 megacyclea/sec) pulse packets, The informetion is contin-
wously mecirewisted. Information is inserted or resd cut through the use of standard gating techndques.
Among the computers utilizing acoustic mercury delay linee are the DYSEAD, EDVAC, ELECOM 125, FLAC, MIDAC,
RAYDAC, SEAC and UNIVAC. The TECENITROL-180 computer utilizes an scoustic quartz delsy line. Other types of
delny lines used For storege of information are the meagnetoetrictive, as used in the FERRANTI PEGASIE and the
elestromagrnetic or distributed I-C network. Sees Tables VI, VII and VIIT, wvhich ligt the computing systems
utilizing delay line storage units. Although in operating principle there is no difference, 1t {3 necessary
to meke & distinctlon between B delsy line used dn o storege loop Lo which Information 15 contloucusly
circulnted, and o delay line used only for purposes of timing the arrival of information at selected points
for performing various loglicel operations. In the latter, the funeticn s delay, or temporary storage,
roather Lhan percaoent storage. Since delay lines store ilzformation serially as & traio of elsctrical or
sonic pulses, average random access time 1s limited to helf of the time lengih of the delsy line plus the time
equivalent to one word length. Because of the serial natwre of the system, delsy line atorage unita are

limited in spesd.
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The search for shorter access time brought ebout the development of the electrostatic storage unit; also
called the cathode ray tube astorage device. The material mediumin motlion was now limited to electrons, L.e.,
in beams and on charged aréeas on the screen of o cethode ray tube. These charged areas behaved scaewhat like
an nrray of charged capacitors. Belection of storage locations and the transfer of informetion was
efficlently performed by an easily deflected pencll or beam of electrons which was used for both storage and
lonterrogetion. Parallel tranafer, 1l.e, all digits of & given word are tranaferred aslmultanecusly, becames
possible with this type of storage system.

The electrostetlic storage system, with the inherent problems sssccisted with bigh accelernting voltnges,
ecreen imperfecticons and other tube failures, I1s graduslly ¥lelding to the utilization of magnetlic cores for
the storege of informetion. A 32 x 32 array of ferrite corea, which mlight constitute a typlesal storeage plane,
mAY measure only & few Loches on each side, The cores are placed at the lntersectlon of the wires of & =mesh,
and a third wvinding may be threaded through all the cores for sensing stored dste. The storage takes plece in
the form of sagnetically orléented molecular or atomde dipoles which retaln thelr orientatlon upon resmoval af
the magnetizing force. Many manufacturers intend to prowvide computing ayatems with large capacity core
storage units. Advances have been made in the use of perforated ferrite plates and magnetic filma depoaited
on glass as o magnetic storage unit. The storege principle ie the seme as for magnetic cores. Teble YI shows
the agesgs time of high speed storage unlite in thelr approximete relstive order of magnitude far the atorage
units used in vardious computing systems. It must be emphasized thet the questlicn of precisely what constitutes
accesa time cannot easfily be resolved unless & comanan understanding as to the definition ie reeched. In the
usunl sense, one may conslder mccess time as the elapsed time between the inltietion of » command to transfer
an item of information, ususlly one word, Trom ope address In the storage to another dealgnated register, and
the compiete arrivel of the item at the designeted locetion. In meny systems, particularly serlal storage
units, access time depends upon the tlme loeation of the word In the serially clrculeting group of worda at
the instant the transfor command 1s initiated. For this and other reascns, much misunderstmnding can arise
in the consideration of aceesa time, The dats presented in Teble VI ahouwld therefore be considered to be
approxlmate.

The cepmclty of high speed stornge undts has risen during the past few yenrs as ropldly a5 Bocess time
has diminfished, Table VIT shows the capacity of high speed storsge unites In terns af pusher of vords end word
length, arranged in relative order of megnitude of equivalent bilnary capacity.

Hapld mccess storage of limited cepacity must be supported by & large cepacity for s well belanced
storage system, This permlts the transfer of large blocks of informaticon from the rapld access storage unlt
to the large capacity storage unit for use at ancther locstion or time in the computation process. The
storoage deviee must be far more rapid thon punched eards or paper tope. The most prevalent device for
auxiliary storage of this type 18 the magnetic drum, The aceess time for large blocks of information is of
the order of tens of milliseconds for most megnetic drum units. Many cocaputling systems utllize magnetlic drums
as the primary storage wnit., Several systems utilize lsrge capscity drus waits for commercial applications
such ms payroll, stock inventory, and personnel records where access times of the crder of microseconds are
not required, Table IN shows the capaclty of varlous drum storage systems currently in use,
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The chorecteristics of s storage device, namely, capacily and access time are two aspecta of a storage
eystes which gome wnder fonsldeératlion when designing or using o machine. The user of s system, at times, can
trade capacity for access in the sense that under certaln conditlona he ean accomplish an equivalent ampunt af
campiitatlon wilth n lerge cepeclity-long access tlse system ms with o small capaclity - short access tlme system.
There are limits to ihis however, for vhen access time approaches the oprder of milliseconds, computation is
seriously slowed down. Sinee large capacity and short access time are featuwres to be desired, let us examine
g gquantlty determined by the expression:

L':'E].D (Copacity in Eguivalent Binery Digita/Access Time in Seconds)

In early storage devices, such as music boxes and signal coding equipment, thic number iz of the order of two
ta three, Helay sterage unlts have & nusher of the order of four aor five, Tube reglsters of the ENLAC vacuuc
tube mocumulator stornge type, ensbled this figure to be as high a5 §.32. Magnetic Drum storage units are in
the reglon of & to 7. Acoustic delay line storage systems show that this figure 1z in the range 5,687 to 9.61.
The cothode ray tube stornge (electrostatic) reised the figure os high as 10.79. The magnetic core storage
unit permitted an incresse of this flgure to over 12. The following table shows the growth, or incresse of
this number; As development of computing system components progressed:

Approx. Medlan Apmr oximate Year
Storage Device L:ug_.ll:l Capacity/Access of Development
Early Mechanfeal 2 -3 Prior to 19%0
Electromechanical L -5 1935
Voaewun Tube 5= 8 194g
Hagnetlc Drum & -7 1955
Elestroatatiec [CHT) 9 - 10 1950
Static Mognetic (Mng. Core) 9 - 12 1355

Table VIII 15 a tebulation of the Iﬂglﬂ Capacity/Access figures for the high speed storage units of various

conputing aystema in epproximete relatiwve arder of magnitude.

INPUT-OUTPUT

Previous discussions on arlthmetlie wunlts and storsge devices have shown the great strides thot have been
made in these fielde during the peat several years. Arithmetlic cperntlon and storage access times have
deocreased and stornge copecity Llnereased, Yet, the communiecation link between the persopf and the mechine 2till
presenta a major problem, FPaper tape and cards, loherently bulky, nre prevelent and relatively slow, particu-
lurly for seleptific applicaticna. The mein convenience afforded by cards, particularly in commeroial systems,
g their capebility of storing o complete ltesm of Informatlon on one card, which may be handled separstely or
od part of a group, such a8 date on an insurance policy, & payroll line, a stock item, & set of corresponding
et deates, etc. There i3 no doubt that punching carde {3 & glow process. Paper tepe perforators are also
relotively alow in the sense that the data to be punched 15 ususlly nvellable st a rate faster than paper may
be mechanically perforated, although high apeed perforators are belng developed and are Tinding application,
Eeyboard input syatesa are useful primarily for the mmnual insertion of words for test or octher special
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In additicn to paper tape and card readers and punches; many systems wtilize high speed printers and
magnetic tape units a8 B medium of Input and output. Magnetic tape cutput etill requires a cooversioon from
magnetle tape bo carde or printed page in arder that the Information be avalleble to operating personnel.
However, since buman intervention is graduslly being reduced, the use of magmetic tape for input, ocutput and
storage is increasing rapidly. The prevalence of various input-cutput sedin for the 105 computing systems
described in this report may be determined by exsmining the dats under the subheading "INPUT" and "OUTPUT" in
the pystems descriptions glven in Chapter TT.

One method for decreasing machine time spent waltlng for reading and writing lnstructions to be carried
out 1s to provide for concurrent operation. The later machines bhave bullt-in circultry for permitting
reading and welting to take place durling cosmputationa. Appareatly the only stipwlstios 18 that & given
storage locntlion does oot become involved in rending, wrlting and computing ot the same time. Mooy machines
compute while punching and resding carde or while "looking-up" informetion on tape.

fnother method for reducing resding and writing time and to avold a large amount of lost time when s
large mmount of mechine reading and writing is necesanry 1s to provide for rending and writing on & high speed
device such ag & magnetic tape or wire unit and allow "conversion” to another medium to teke place off the
machine at "leisure". Magnetic tepe-to-card converters and inverters are becoming available as well as
magnetic tape-to-printed page converters. Paper tape and cards may sometimes be considered ss forma of
stornge, since information recorded on these nedis may be returned to the machine. Some progress has been
made in the fleld of printed page resders.

It 1= often nepessary to have computing systems capable of communicating with ome another direectly, For
this reason, Input-output medis conversion is Becoming quite prevalent and large converslon equipment 1a
rapldly becoming avallable, Input-output schemes are so many and varied, that a complete treatment of this
gubject 16 beyond the scope of this report.

CIRCUIT ELEMENTG ENTIRE SYSTEM

There are many impresslons which come to mind vhen one exnaines such things ss tube amd crystal dicde
counts In a large acale computing syatem, There la a tendepncy to visualize a large, spravling system when the
tube count ia high. There may be large tube-changing progrums based on experience in effect oo these large
systems, Fallure rates, preventive malntensnce techniques, tube 1ife problems, design lisitations and tube
ppecificatione must all be consldered on & regular systemntlc basis when the tube count is high. Tube count
and & knowledge of tube pperating characteriatics mey yield an epproximate estimation of some,of the problems
that may be encountered in the operatiom of the system. Tmble X shovws the approximate number of tubes
utilized in some af the computing syatems described in thia repart.

The servicing of a large electronlec computing system can be materially almplified by reducing the sumber
of tube types in the system. GBtandards for tube testing need apply to fowmr tube types and tube checking can
be further systematized due to & reduced number of test verlations, OF course, & teat apscification or test
criterion must e established for the most severe applicatico for which the particular tube type will be
applied, A severe or apeciml clreult reguiresent may be better served through the use of another tube type,
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This, then ineresaes the nusher of tube types. MNormally, 1t 18 posaible to aslect o tyoe of tube for a grodp
of duties. In o given system, for example, a certnln type 13 selected for driving, for voltage amplificatioa,
for flip-flop circults, normally "on” or "off" conditions, etc. This esteblishes & nusher of tube types for a
glven system and any modification of the system usually should Include this "tube type" complement,

The questlon af erystal dlads :|"|E:I..I.J.||'I:|!.]_'I.1'.:|l'J dipde Ltesting ':Eq‘_"l'm.{_m.:lesl, and dicde lagleal netwark d.E:.ig;n'
such o5 indivldunl clamps versus wired plug-in undts, become subjects of interest when dicdes are wtilized.
The quantity of diodes in & glven computing asystem may be ipdicative of the nature of the zervicing probles,
but only when the fallure retes, life mnd circult demmnds placed upon the dicde are known. To some extent,
ealfunctions due to diodes man be aggravated by elevated temperatures. The extent of erystal ddode uee in the
cocputing systems described In this report is shown in Teble XT.

Many recently developed systems utilize transistors for driving, swvitching (geting) and other logical
functions. HAeducsd power and reduced space requirements are sdvanteges of these aystess. The gquestion of
:I‘EZIJ.:EI.‘:!..T_'E.L_'_F I rapidly beling r&::hl'l.'eﬂ, as prinied eircuite and packoging techniques contlnue to be fmproved.
Table XII shows the guantity of transistore utilized in the various computing systems described in Chepter II.

CHECYTING FEATURES

The gquestion of what type of checking festures should be incorporated into & glvwen general purpoee
compubtlng system Ls atlll belng tossed about by varlous manufecturers. The type of bullt-in check varles from
manufacsturer to manufeacturer and from system to system.

It 15 ususlly possible to check all machine caloculeticns by programming technigques., A well designed
syetem can proceed for many hours without a melfunctien. “If thisz 1s the case, 1t i{s entirely possible that
the installestlon of o checking system can do more harm t!m.:; good since the checking festures can malfunction
end cause an alerm or sioppoge when a machine malfunction hes not occurred, For exemple, the second wnit of
twin arlthoetie unlts can melfunction, the comparer of & redundancy checker can malfunction; or a furhid&h.?
pulse combination decoder can malfuncticn, ell yielding false indications of & machine maifunctioo,
Approximately 25 of the 1035 computing systeéms deseribed in this report do not heve any kind of o bullt-in
checking system. The only types of checks possible for the cperators of these aystems 13 a visual ar test
check on print-out, o complete or partlal recaleulatian of the results, & programmed check or & marglinel
checking system to determine the reliobility of the equipment.

The remaining T4 computing systems of the 103 reported utilize some form of buflt-in cheeck. A redundescy
or duplicetion check on storage and magnetic recording is used in sbout 10 systems., Twin arithmetic units,
which perform caleuwlations sfmiltansously, are utilized in 6 computing systems. Some type of overflow or
exceed capacity ic used on 12 of the Th systens a.m:l an odd-even check ia uwged an 20 systems, Varlous kinds of
tronafer checks are used on & systems. Approximately 11 systems esteblished a checking system by detecting
pulee combinations whieh are not aupposed to coour in the process of computation., The varlous names that have
been npplied to this type of check are forbidden pulse combinstion, unused order (instruction), unallowable
ocrder diglit, lmproper operatlon ecode; lmproper comsend, false code; forbidden diglt, non-existent code, and
wnused code. Thers is s distinction to be made between the terms order, inatruction, and commend, The



preferred definitions are given in the glossary of computer terminology. The following teble shows the
approximate distribution of checking methods in the systems described in this report. Only the primary
checking systen was selected from each machine., Many systems utlllze more than one check technique,

Checking Method Humber of Syste=ma
Hedundancy 10
Twin Arithzetle Unit &
Cverflow or Exceed Capacity 12
Cdd-Even-Parity 20
Farbldden Pulse Comblostion 1l
Tranafar [
Miscel laneous 9
Ho bullt-in Check _29
Tatal 103

POWER, SPACE, AND WETGHT

Importent eapects of computing systems are the physicel factors of power, spece end welight.

Power requirements may very well dictate the physicel lecation of a large computlng eystem within a
bullding, particularly when the power required ia in exceas of 30 EW. PFor moat systems, however, the power ia
brought to the most favorable computer locetion from the point of view of persoonel accessablility for
operatlion and servilclong. Table XITI shows the pover requiresent of varlous dogestle digital compullng systems.

An ioteresting figure might be the relation between the nmumber of tubes wtilized 1n 8 computing system
and the power requirement. In order to determine whether or not & consfistent tube to power ratio could be
esteblished, the ratio was determined for the computing systems for which the dats was svallshble. Discounting
n few systems in which the tube to pover ratio exceeds 150 tubes/kilowatt and the few systems in which the
ratio 18 less than 50 tubes/kilowatt, it may be said that for the vast majority of computing systems the tube-
power ratio lies between 30 mnd 150 tubes per kilowatti. The aversge ratic of the systems reporting this data
is 110 tubes per kilowmtt.

The problem of space requiresents hes Been solved In 5o many ways 1t 15 lapossible to determine n consis-
tent relatlon between spoce requiresent and any other factor. LAarges cosputing complexes have been Installed
in mreas ranging from & cormer of a basement to an entire floor of & large building, The pictorial coverage
of computing systems mnd the space requirements discussed under the subhesding "FOWER, SPACE and WEIGHT" in
the systeme descriptions of Chapter IT glve a rough approximeticn of the space requirements of the computing
systems described in this report. The dimenslons of various components of unitized systems are Imporftant when
congidering eclearance in rooma, peasages, doorways and elevatorsa.

Ar conditioning requirements wvary conaiderably from system to aystem, MAMr conditicners for computing
equimment nay utilize water to sbeorb the hest from cirewlsted air, wee a secondary loop of air, force the
heated alr to the outslde, or utilize an outdoor evaporetor. The smaller systems clrculate room alr and
depend oo the ambient temperature to cool. Almost 100% of the power required by the system is dissipated in
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the form of heat and muat be removed. The large systems usually require separate hest removal facilities,
Far many systens, husidity and dust control within the machine are required In order to maintoin satisfactory

operation.

The factor of welght can be important when the floor losding Mimits for distributed-and concentrated
loada are within the welght range of the computing equipment, Meny syctems may requlre relnforced or
specindly constructed bulldings. Many items of peripheral equipment may couse concentrated loads in execess
of maximum perwigseble concentrated loadings on sosme structures. Vibration ond shoek caused by same egulpment
such &5 teabulators and onrd punches can ceuse troubles In other components. Ghock and vibretion sbsorbing
pads are required in suech casep. When unitized construction fs wsed, the welight of & single unit must alaq
be consldered when btransporting and installing.

PRODUCTION RECORD

In almost any new and rapldly changing field there wll be many instances in ﬂ'l.i.l:h' an experimental
prototype of & large plece of equipment willl be built. Thia L5 the result of the normel course of events,
nanely, &4 feasibllity study, & research effort, o development effort mnd & prototype constructlon. 55
production then ccours when the demand for systems ie pufficient to warrant production in gquantity.

A review of the subheading "FRODUCTION RECORD" will give an indicatfion of the production status of
varlous computing systems. The guantity produced; the quantity ln current producticn, in current operatlon,
nnd cn order are given. Delivery times quoted show thet impedinte delivery is now possible for many computing
gyatema. Table IT ahowa the quantities of the verious systems that have been prodused,

COST, PFHRICE AND RENTAL RATE

Perhaps the most elusive and intricate ftem considered in the systeme descriptione of this report 1s the
question of initisl coet, blandly described ms "spproxisate cost of basie eystem", Manufecturers are quite
naturally quoting current prlees for thelr respectlve systems. Research and development may be absorbed by
the first few models or spread out over many. The "one of & kind" aystem usually includes all research,
developoent, coastruction; overheed and sub-contracting costs. The gquestion of what is5 ineluded Lnd.ur
"basic system” 1s immedistely brought to mind. The "basie eystem” includes an input device, the controls,
the storsge system, the arithmetlc undt,; and the putput deviee. All converslon equipment such &s card-tao-
printed page (tabulators), coard-to-tepe, tape-to-card ete. are considered peripheral equipment, and both the
guantity and type ls dependent upon speclfic aystem applleatlon. These are not included In the cost or price
of the bealc system. In order to determine the cost of & glven system, refer to the system description,
Table XIV shows the approxissate relative cost of varlous ceaputing systems. For the systems reported, cost
figures range from 316,800 to 34,200,000,

The methods of computing system or ccaponent acquieitlon include direet purchsse at & Tixed priece, direct
purchase on & cost plus fixed fee basles, continuous rental; and rental with sll or part of the rentsl sapplice-
ble toward purchase. Moat forms of rentel include servicing. Direct purchase can [nelude & service contract,



Rental rates are of the crder of 3 per cent of the direct purchase price per moath. The sale and lease policy
of waricus manufacturers is given under the sub-heading '"ECET,, PRICE AMD HENTAL RATE" in Chapter II.

Table XIV shows the nominel price one may expect to pay for & basle system. For many systems, one might
add 20 pr 3 per cent for required peripheral equipment. Most prices include inetallation but not shipplog
costs. Some of the flgures reflect prices which are not current and have not teaken into sccount general price
rises durlng the past several years. OSome flgures Lnelude Initlal service or gome type of werrunty. The
figurea quoted in Table XIV are for general comsideration only, and are not for purpcses of acquisition,
Indeed, many systems are not evallsble, even at the priece guoted, sinee the price stated is sctuslly the
construction tost"” to the cwmer.

An attempt was made to discover vhether m "system cost per tube"™ figure could be estsblished. For the
larger systems, the flgure ls of the order of 200 dollars per tube Installed apd for the smaller systems
approximately 100 dollers per tube, EHowever, & glance at Tablea X and XTIV will show that such a figure
cannct be calculsted with resscnsble sccuracy. An attempt to determine a figure such as "cost per cubic foot”
of electronic computing equipment would be egually frultless.

Personnel problems have confronted computing system operators and sanufecturers from the very outset; 1n
all phases of computer research; development; manufacture, installation, operation; lmprovement and serviecirsg .
Varicua gredes of skills are required in the fields of engineering, phyelcs snd sathesatica. Each large
syatem has & erew of enginesrs and technicimns for improving and servicing and s group of mathematicians and
operators for problem anelysls, coding wnd programesing. In the very smell systems, all of these functlons
may be performed by one or two persons. The systess descriptlons in Chapter IT show varlous estimates made
by mapufacturers and operators of what the perspnnel requiremente are or should be for warlous aystems,
The estimates, in spme cases do not show the perscnnel required for cvertime, vacaticns, illness, and training
purpoees. Just as in any applicaticn of manpower to machines, it 1s necessary to provide sufficlient manpower
so o to maximize machine utilization vhenever posslble, Many lnstallations conelst of sultimillion dollar
computer complexes. Such large capital ifnvestments must be utlilized at meximum efficlency in order to avold
gevere losses. Twenty-four-hour operatlion lncresses the delly output and provides for more efflclent
utilization of capitenl equipment.

RELTABILITY AND OFERATTING EXPERTENCE

The most discussed and most controversisl fasues in the field of computing machinery occur on the subjecta
of relisbility, efficlency and system evalusticn. The determination of the relisbility of a system is
difficult, primarily because of a8 leck of s common understanding or interpretation of the definltions of
computer operating terms. What actually constitutes "good time™ on & computing system? What is "down time",
"scheduled engineering”, "useful productifon and code checking"? An attempt hae been made to provide working
definitions of these spnd other terms in the Glossary of Computer Engineering and Programming Terminology
glven in Chapter V of this report. The very crude "Opernting Ratio", as Is used in the systems deseriptions
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of Chapter II, is defined as the "Good Time" obtained on the machine divided by the time one actunlly
"Attempted to Run" the system, The question arises &3 to where to put the time loet 1in scheduled engineesing
(preventive maintenance }, gince technically, one is not ettempting to run the system during this pericd; yet
the system iz not mctunlly "down". Many systems, are opernted for 168 hours per week. The opernting rutic
for these systess would require that 168 be used ag the denominator and the npumber of useful cutput howurs es
the numerstor, ylelding a much smaller (but perhape truer) ratic than & syatem operated on an S-hour S-day
week shift mod using off-itlme for servicing. This letter type of operetion may yleld operating ratlos of ihe
order of .90 to 1.00 and glve a false indication of rellablllty.

The questlion of how one determines the average error-free running period 15 nlso o difficult one. It =ay
be estimated or calculated by actusl counts of the pericds of malfunctlon-Lree operation. It say be the
pericd used as a gulde by coders to prevent losses due to running for extended perlods between obtalning
cutput informetion, particularly where volatile storege medis are being used. Many questions regarding ine
subject of "RELIABILITY AND OPERATING EXFERIENCE" are mnswered under this subhesding in the computing systesms
desgriptions given In Chapter II.

Many computling systems are approaching the age of retirement snd replacement. Constant improvements have
already replaced many of the orlglnal components of a systém. The next few years wlll se¢ the retlresent of
many of the older sayatema. Buch retirement may take the fortn of sslvage of parta, use for educationsl end
troining purpoaess, or scrap. Teble XV shows how long some models of computing systems have been in existernze,

FUTURE FLARS

The electronle diglital computer fleld ld a4 dynasmle one. Plans for acquislitlon and loprovement of
gystema and components are contlpuslly bBelng sade and sedified, ‘The plana of various operators and mesufaciis-
ers nre given under the subheading "FUTURE FLAKS" in the systems descriptions of Chapter IT.

INSTALLATIONS

A primary source of loformatlon concerning electronle digltal computing systems 1s the operating
organizations, The acquisitional and operational problesms of cne organization =ay have already been solvel
in one way or another by other orgenizetiones. Benefiting from the experiences of others can be profitiable, 17
afly to avold mistakes. Under the subhending "INSTALLATIONS® in the systems descriptlons of Chapter II, o
list of the cwners and operntors of specific systems is given In order that contacts bebweesn owners mnd
prospective ownere may be esteblished. Many co-operative “plans™ have come into existence, under which owses
or operators of specific systems have engaged in sharing computer experience,

ADDITIONAL FEATURES AND REMARKS

Under this subheading hes been pleced general Iinformsaticn concernlng specific computing syste=a whizh Ll
not have o "place"” in the previous sixteen subheadings. Included under this subheading mre remarks concerning
the pletures, information which arrived too late to be added to the system degeriptlon under & proper hesding,
spacinl features of the system and other miscellanepus items of informeation.
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