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DATAMATION'S QUARTERLY INDEX OF COMPUTING 
With Cilmputc )1:K.'Cd incrc.lsing ,lnd rental costs 
n'lll;liuinJ,: ('OIl!>t.UI\, the l"Otnputer-per-buck r.l(io 
h.ls risen )h'lrply during the first quarter of 

]!)()3. Two (.Leloh ('Oulribut(' to this rising computing: 
Jlldc~: ~.:lc~ of small In medium r:mgc hardware nt a 
r.lstl'f f,lte than the rcp];H:cJncnt of vacuum tube dellic:cs, 
,wei the ;lddilion of ]MgC computers to thc constantly. 
rC\I\t'd l);1sl) of the statIstic:;. 

Tile umnhcr of opslloC<:: ro.sc 20.3 per cellt over the 
pr ... viom quarter, from 13.'5,0-162.5, ntuibutable to both 
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the rl'adjus!<:d stati~tic.1l h.I'o(! :lnd (-ont illuin!-\: imt.\l\,ati<lu\ 
of 7070) and 90s, ,\ l'Ombilwd 101,11 now c.'(.'ccding .'}OU. 

Concurrently. however. Ihe <:os\ index rose .1 IlcgJigihll' 
0.2 of ,\ point, remaining level ;\1 /:).1.2 meg,llmt.k, fur tin: 
second consecutive quarter-during which the specd indes 
increased hy 24.S per cent. 

The resultant ratio of compHtin~ power per dulbr. 
whieh represents the quotient of the speed and opcr,ltiolJ.\ 
per dollar indiccs, is est.lblishcd ;it 1.029. The 20 per t.'Cnt 
increase is the largest during the history of th is stud)'. 
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E. Double-prffWon arittuMlM: .. vail.bIr. Q. Chann.rl with dine! kCeII to) memorY. .. I/O 8/$1 C '·16KCCH 2Sb~!J. 12 l:XI lOO Ip 1!l(0 8:901( 
16-17211. drum I Re, we 12 110 

21 

E. Double-precision aritlunC'!ic avaihlblf. ~OI", l.;NICO~IP (Cni~ Compile.- (or Procell ConU'Ol) "'.-ailable .4,161. 
10 .. wk In ,'am and unda O!J[trcmc tCIllpen.turcs. 

S,'uem d~lCnc:d 

1.6, 17 • C·3ZKcore ISbl 83' 60 J»." JlO" Ip~ iorO 
16-26211. dlUm I RC. we 12 110 

.." 2 , '0 

L Doublo--ptttis>on anthm .. tio: in,UUClionJ ind",<1..d alon( with .. ari.a1.>lc-5dd ,.,Io:o:tion and pMuaJ opc'r.nd ;nstru(l,ont. :\' I ...... ·("f 
apo:cd p.~r_~pe: equipment nai!lIult. E1M.~ column lines. Input-output (Mnllel h. dinoc:t ~ to the OIr .. m""'"",' 

l:;\; ICO,,"I!" (L'ru"enal CompiJn' for J>roe.e. Contl'OJ1 avallabl .. 4./63. S)'ll .. m.desj~ IOopt'l"llIC In va", and;at UI",,,u, t .. mpn',otllrn. 

1 ID 5 .·65K COI'tu ..cJM1F: J50 &CO lip I & 0 I.6K ~'T 
6 r .. """c? 110 lJfl I & 0 t.K 

D. S)'Ilcm futura pI"Ofnl1lmN 1<IIi<: throush a KJMlfatc ......... mcd Iocit unit J~" ol512 10 1.02' W'OC'ds or OfIC-rnieraoccond ~c 
Inuo., ~!ruetjV'C. K. o.:n~ ol20 mUllan bill per diJc: and 12 ddes pn' unit. T, Prionty procctIlInli( . 

'" !.!I6K dlllmD '" .. 1&0 " I "' D. 6-40-",ord Casl Ir-elr. 

" HK COI't '" " 100 1&0 " I 100 

'lilt 11m 11tXlQ !.16K dru,"" 12b 50) :m bQ ZII 110 
2 60 Ip 0 2K 

D. Drum offen II! wordI in dual aQeftI InIdu of four. 10 sbI.mi<:rwoxOnd M:Cdt liln" ","d ~hl wordt wilh • lwo-m~d rna\imum 
JICI;CII !I,In<'. Q. In~tl}'Jl .. m f .. atura a 2O().lIIiu,*"CMtd analOl( 10 di,iUL1 con'~ pcldin.: lI.bil wcwdI.. Ccmtrol OUtpUll ; ... ~ 
10000t word&. ~o!c. Th., ill the industrial contrOl......-don ofthc: RPC-4000. 

"' '" " '.fK COI't: 186
1 

15 2 
!.2S6K drum RC, we '" "' t.:: Anyearl' loealion may be: ~ .. an indl'll f'rtistt!'. 

-------
'" ". 150 15 "" "'. " 2O-E:OK COti I' 

ItO 

I , , 
D, Add lim .. _Umet a fiYl'<haractt!' fidd. K. t.:p to 6\"1: 1)\1 diJc: drivt:1 with lnll'!'clla.'l!fNbI .. pIICb of Ih...:c: million .. 11"""'1"", ... "h, 
;\;01", ThiI itlh<" Indliltri.1 eoatrol. YCnfon of lbc: ID\I 1620 c:omputn". 

" " I 16--65K coreD 

• 3,63 , 2 • ·32K COI'tD '" 1 

15 16 
OW 

" I 
OW 

\
J"" 
•• '" 100 

.. 
IO 

D. Sur..mict'Ol<'COfld cornmandt ute mkro-Iofi<' ..-:I .. &fId '""I"1n: three ..... "'*Y C'Y'cleo. 

111> !.15K drum "" I.' I "' 2 "' E. T_ ...are. per iDluuclioll. 

"'" 1·IJ)K~rum '" I 
I I 

" I (·16K cor. 'l' 
, 

J.13JKdrum 

I 

'" '" I, 
I, 

Ih 

"" 
l02ip 

"" 

I&O t4K 25e, 
1&0 4.IK 
1'0 .6'.\ 
1&0 .6-\1 
l'p 10 mu .... n tJnum of 16.000 "0Jr'I1, .. :teh . 

1&0 ." , PO 
1&0 I 

I 2" 
0 .. 
I I .. ' 

, , 
0 1,"' 

I "" 0 

,"", ........ c~,., ... , ... OM' , '" ~I .. W.'-"-..... _'-, ... I .... 102 "'" 0. .... ~_ • ..., • ...t. -. •. 
Inr'ornl",uflt! .. 'I'I'lire! ......... 'dinnnt b\. m..n"fMIU""" but nut "",',""rod ," "",wi b .. · f'"h/i.:r..., 

. In(' ,.kl" in" ... lui"", <"0<"1,,1 ... 1 r ..... n ""'rWtn ouur ..... h"l ,,"I ",,,fin,,"II .... ",;>nI,! ... I, n .... 



CI[HUU • 
PRECISION 
LlBRASCOPE 
l·201, 

HONEYWEll • PIca 

IBM AN fSQ·l ... 
(SAG£) 

IBM ""I fSQ·l~ ... 

PHILCO 
AH TYK·4V 
(COM PAC) 

PHILCO 
8ASICP.l.C 

• 

• 

RAMO 0(; 

WOOLORIOGE 
TRW 130 

SECTIO~ III 
DOD & OTHER U. S. GOVERNMENT SYSTEMS 

t , ~ • a:.i hal 0:: ,~~ 

~]. 
, h , 

.! . --
§I 

• 
! rl~L • c: j . . l.!~ P .. "'0",, • • ') j i , . fl -. ;j~h .J "C!:;;: 11& " ii • I" :1. ,I ~i ~ • ! •• I . h ... ..; 'i:;:: liE t~! 1-' , 

11 ~ ,. • .!: ~':;t ~.jj:l · ,~ ,d~ " ! ! · ;; p • ::i:;: .tl ~. 't:.l- <. 
., 

• < 
~:t .:: ! •• t;.~.: .. x .- -• - . :.: :.. • 

18 11001 :Kdise 'Ob 
l' 

JOO 
100 

1, 1MO ? 

F In.tructinn c:.;m'OIins addrc. of not instruction to be OecUled. 
.lr<'.1 2: ~\I. ft. ..... right 60 JIJa., powc:r CONoumplion SOOw. 

1'\0\('. SYSlem &signed ror mobile ojXraticm. 

12 2 3-U core'-' 24b" 32'11 I 3:~, 

i 5 , 
i 

, , 
j I • • " • I I • 

! ! 
I/O 

.... i~'" CompUlet 

1 _ 0 n 
u. ),000 .... ord. uf !.H.-x mfmory permit non.dl!llruClj,'''' n:4dOUl for proJroam ilorq:c:. fh Thr« instruction. uorcd in eYlCty twO mrmon' 

- \\""d_. Xut ... li)'llrm d"'l~ncd {or OJ:N:I'IIt1on In mllllt~ and alrp[&nCll under ClIltCmc Il::mperatutct. Sa<'. Heilhl 5", ... ,dth 13", 
~J)~h 10.S", "'c:illhl 2(llbt., pcwer C(\ns"mption .(6 ... , 

II/51 12 6 69K cor. J2b!; 1&.6 8 150 500 /;I 4 
mK drum I MRWe 100 

I:. "ccum"];,!,,," .plit Into twO l5-bit plus s;tt:n rcgitten. Arilhmc:tic eommandl opcrau: on dther h .. lf or full (but nOI eoupledl aceumulOllm 
Q. AU mput.Qu,P'" I. buffeTed through 1m, drum l)'Iitem. Sileo Computrr floor arca 1,508 "\. (I" .... eigl\l III tolU, power c:oruumplion 
1300 kw. • 

10/60 2.5" 2.5 11·I6JK cole 4il.b" 1 
62.5 2. 

MRWC 
~.4M 

11 
11X1 
100 

£00 12t!,J r UK 
40s , 1.6K 
32sp I SOO 
2" 0 UK 
as 0 I.3K 

Hsp 0 500 

I' , 110 

1\ In,u'IKlion 10000.~hNd allows Incrt';u"d inu:ma.llpeed E. 0 .. 1 .. can b!' handkd In the .. ruhlU('lic ICClion ao 1 .... 0 Ll\t!rpendent h.dr 
... on!. nr 2~ mil e.ll:h, or.u "".bit "byIH". Q. Oulpul do",a muS\ be buffOTcd Ihr~h "dator" drum l)'Item, whICh II» 1)9,000 .. om.. 
Inpul,oulPIII da"" eh:.nnd h .. muimum rate or 1.5 million bill pel' 1CCOlld. !'>'le. Computet HOQr ~a 1,161 oq. ft., wciaht <)() IOns, 
po ... C"r eOIU.,unptliln 2031rw. 

2' 12 36b 45 I 
I Rt. WC 

1'\0tC'. M .. jqr componmt or the: U. S. Anny automatic <Ult .. proce..:ngl)·ltem. 
!,Ile. Compu\ff area 9 cu. (I., "'(illhl 200 Ibt.., powu con.umplion" k .. a, 

11/5'1 " 12 '" 1 
JI1 

" 

lsp 1&0 '" 11 1/0 

lspQ 0 '5·I.2K, • o 
6sp 15--1.21< 

• lsp 15--1.2K 
J. Onc I/O ('",w<,rta handlet live I/O ckviC(a. SystC'm can h;l"C up 10 i('Ven 1/0 con'·eTten. Q_ One eommuI'IlQtiQnl c:onvnU!r 
h~ndla up, to ... ,.<,1'1 '_"""y real·time c:h.Innc:u. :-':Otc. SytlCmdaiRflCCi to Gp('BIC In ~ and under extreme temperatura. S,R. 
IIth;hl ZI', ... id,h 24", depth 60", ... eight 900 11;. .• powd' tonaumpuun 1.5Irw. 

12 6 8-12K tofe 1St. ISo4l 16 2DO 300 ISO 2p 1010 1M, !;I, Y 110 
0-1' RWC r.o ip 1010 500K 

lp 10/0 25M 
r Two inllruclioru pcr word in n<>addrt:ll mode. V, \'. Ind"'cct addrep!ng, Indexing, and muhiplc-word-lcnl;lh operallolU 
I.lCUiI.lIC'd hy micr<>programrning technique. XOtc. Da:llIned to opel'ale in "aN, .hipi or airplano:l under cxtreme t('rnpel'atura. 
!::iize. Height 59", ... Idth 20", dcpth 16", ... ·eight 5lO Ib.., power tonlumptlon 600w. 

SYLVANIA 

'''' 
~ ID}60 8 16-32K (1)1' l6b 9) 252' 6300MIt 2DOIl IODD 900 4p 10/0 ?.&JK 1 0 

I MRWC SJ 2SO 10:1 Ip 1& 0 S~ 

SYLVAHIA ~ 
AN MYK·l(U) 
(MOBIOIC) 

SYLVANIA •. ~ • 

UNIVAC 12Ci ~ 

J. ~hJ{n<,tie \.I~ read In forwud :.nd reycnc dircctiOlU_ K. E.ach diJc Unll hal a capacity or 100 millioa chMactc:n. .~'U_ ComputC'r 
11_ arca 360 511. ft ..... elght 21,825 11lI., power coNumplion 20 kvo\. 

fS9 16 8 '·aK core 3&1 38 2S2 
I MRWC 

31~WI" m lOOD !IX! 4p 10rO 231K 1 1 
53 250 lOll Ip 1&0 UM 

K. E.1('h diac Ii!(' un;1 lIorcs up to ~OO million char;ac:to:tll. 
Height"". width 62", depth 25", wcij:ht l,lSO IbL 

Note. S)'Item dtslpcd 10 wwk in Yal'll and under extreme tCn\pcT .. tun:s. 

II) 28K COle 2~b 45 ( 2DO lOOD 30Q ' 
1 1,~ftWC 100 100 

1 
o '" '" 

2 o 
:0:0\ ... S)1II .. m dcligned far Opel':.tion in ...... or thipi and under extreme tcmpeT.uwu, 
2lO Iw..., pG""'Cl' COIUIumption 1,281 ..... 

Siz('. H~~ht 38", .... idth 7", depth 22" we";:oht 

I" Ujl 
It.2 

, IS-12K c:ote lOb 25 IW 
I URWC 

B. 9.(0 uucrClK'Condl iI add tim<: (or ~peal mode only. J. 
1I" .. o.! drum unu hal a c:.ap.oc:ity of l.?l2,160 BCD .:.hMaclcn. 

317M" 600 1500-'1 60D 12p 1010 .5:,\ 
11 ISO liD 100 2p 1010 .9ft! 

110 

~Ia.l:n('tic 1)1>('& .. <':tId in (or..Md :.nd r("Trx dircctiona. 
X 300 eh/ICC rader aVll.,I~bl('. ---

UHIVAC ... 
TARGET 
INTERCEPT 

10/60 l' 2". 5 , 15 110 

C. D. Stor~lC(' C<lIU;.U or 10,000 .... ords of ··pcrm"'n .. nl"llora,l{~ wilh ", eyd .. time or 2.1 mk:ro.cc:ondl; 2.000 ... 'Ol"d.t or"""riabl~ .1 ......... '· ""th 
•• qcle tim(' or 2.2 micl'OlCCOndi; 15 l4-bit words or "rclam«" IU('lTlQry .... ilh a cycle tim(' or 0.9 miCTOI('(:Ontif; ",nd .;~ "'-orm of ··".ad:""" . 
mrmory with ;I eyJe time: o( 2.8 microte(:Onm.. Also, an oYCl'"lappmll iNUUClion rejXrIO'~ and .,muh;o11<:OUS rxccution 0( arit!."',·hC ;ln,1 
non· .. rithmetle lequenca permit concurrcnt opaa\;ons. 

, _·Tnll\rm.llicm lupplicd m' conlirml.'d by manur;o(.lur .. r bUI not 1"("';'>""'.1 in drl .• il hy pub!>'l ....... 
*Inc:ompkle in(ormation compil\,d (rom vanous IOUrca bUI not eonlirmrd hy rn~nufaelur .. r. 

I 

JIm I'Jli] 39 
• 

~ 
I 



Engw.nd 

lEi· Iota • 

COMPUTER '" 
ENG1N£ER1NG 

'" 
Huon 503 

£lllon 103 

,., 
EillOEC noo 

,., 
EMIOEC '.~ 

ElCGUSH 
ELECTRIC 
KOrt 

EHGUSH 
ElECTRIC 
KOt! 2 

ElCGUSH 
ELECTRIC 
KOP 10 

fERAANTi 
ATUS 

HIIR.t.NTi 
DillON 

FERRANTI 
SIRIUS 

ICT nUl 

ICT 15.."0 

LEO III 

40 

• 

• 

• 

• 

• 

• 

• 

• 

• 

FOREIGN COMPUTERS 

J I i • 
I I ~ ! i f! ~I -11 dj • t • !U 

., 
I .. ~) ; 

, 
~i i I : ~: !} 1 11-"" I I ! I 

~! jj f!h"~:1 ~ u 

<; ~ - lloS .:1.$ ~! • il ,I , • i • 
J ~ i 

E 
2'i~ •• I i. tl 1:1£ IH U.cj ~! ii! j j • 

~:i ! ,Jf j,; ~~i!i:i . ' ;: ! ~ i ~.~ ~ !-.: ~,J .! ! ::0:; ~J! 13- .0:.- :.! 

"' -. o _ 

• '<: ~ .. 

liO S9.!D) ,t1iO 11 &.5 ~Kcort.ub" 10·120 31 5.1M~ &00 II!! 1!XrJ 
(S.MZ) I MII"Io'C 1000 100 '"'" :mI 
F. Two irutructions pn' WOf'd. L.. Carowrl file unit with 5.3 million char-ctcn. Addition&! nnde>m ~ 0( lOO,OOQ..charac:lC" drum 
.torll.!I'o:' with l()..miU~ accCII time:. Abo, 50,000 ciw'xlrn of additional ~ with ''''mi~d ,,'c('tJ lime. 

16' 10 20 corell 32b ~ It 
(·2IK drum 1 ~ 

E. T"'cnw-wClrC! ~ .... orkin!!: 'Iong~ Option.ai4,OOO .. ord, of COl'(' 't~ inucad or drum a ... dablC' ............ 
S&liJO' U3 15 IKt'Oft 3!b .(Oil: 16 1311<1. '00 1000 lOCO 

I I 

K. l.:p to ~n drums or 4,000 

, , 
(5..5-25) 1 R'Nt 15 JI» lOCI 
A. l'ri(t"f. indude 12.5<;;' imporl -dill),. This wmpulcr II commc-n:iall ... .,.II.bl .. in Itwo Unitt'll 5ulI"'. K .• T:a~.~ lB\i ~mp:u,bk 
1.. Sl ..... -.~ CCJr'f Jton~ CSO-micioloro:lnd evde time) in bloclu of 16,OOO .. 'O«b up 10 I. maximum of d-:hl blocu. T. Any II~e. 
IOCalion may be UJeC! as I.n indvl res"'n-. X. ALGOL '60. fORTRA." /63. 

S3,750~ lSI 576 2. '·8K COtt • U 4 ](0,_", 
(t'.l1) • I NomI _ -U;O 
A, ~ inc:l"de 12.5~ impon. duty. ThiI eomputff iI roonrnacil.llv I.vailabl., In the: 
T Any Ilorl.-:e loc.lion m.y be LdO:'d'u.n IndeJi rMluttt. X, ALGOL '60. 

F.. 

, 

,,, " "'" '" " "'" 
.., 

'" I I I 
!'iJiIy-fOl.lr-wor<i f .. 1 dlock nGrl./l:c'_ 1- four drurm nl16,OOO wards each .... ail.bk 

16' I 1&K corel" 

i61 

'" 
.1 1-26211 roe-'" 

2 16026211 core 
12\Xl!J 25-1001( dtul'\ 

lJ<: ,,, 

lib 
I 

'" I 

,. 
I 

... , 

I " tt:1M'C 

" " I 

~ " MIIWC 

, 

I 

"'j 

\ 

"I 

, 
I 

'~ 

J. SU1l:h-c:omputc: nnLy. 

.., I I 

"'" 
.., I 

mI .. I I I I 

o 

.. ! , I 

91 oJ oJ 

C. O".,..bt~ CCJr'f memory ~kI allow i.ncreucd lntc'l'"nal sp«<l E. FtTTitt' rod memory i- -...ckt:lnJCliv.- and ~;1;11<"<i fill" I"brout;n.-
nlll"~e. Q. 600 Ipm prilItl'l' alto .... II.blr, JOOO Ipm drn~ i- Xeronic: p.-intC1'. 

I to> 

I" " 

}·16KCOft 

I·IOK dell)' 

'11> ,., 

'" , 

'~ .,.. ' 
M!tWC 12 

S. Priority pro«Sin .. and 

ZK tofl lU PI I 9liK" 600,..... J. 60) 
1 RW 1 w r 

I I 

H. Ampu FR300 or -400 tape units avail.ble 1- On .. 10 eight dru"",~uh with. up.lIcit)' 

S5,2O) ; 61 In 7 IO-COK (:on 11 11-66 12 116"~ &a:r Ito) IXII) 
(13- ) z RC, we. RW 100 110 100 
1.. L'p 10 t_ disc file units. ncb with I. capl.o:ity 0122. "", 66. or U million al~um.-ric c:h.ne,,,", I.I't' • .,ailable. \,.'p '0 .;~ rt"CIOrtI 
iiI .... wllh • c:.pacity of .... 6 million alphallumeric: ehanw:ttn, I.l'c: alJo ..... il.b!e. y, COBOl.. Note, Thil .PfWlln hI be /I \·~ic ... 
nI~ RCA JOt. 

SlI.200 E2 3'0 11.5 4.32KCGI't 'O~ n·" 12 
('4.IU) 10 A''fflC 

, .. o 
C. Built_in mixed-r.diJi arithmetic .nd d.lI.. h.ndlinoc opc'utioru... r. Multi·pro~ .... mmin( of up to 1l ~nu, uth (u!! .. ,>n.'I--c1Ml b .. 
lac ~.Iion. G. I ... truc:tlonl "lII"ed tw(I ~ wont. X. \. CLEO. 

-trlnformation .upplkd or c:()OIfinn("(i b,.- manuf.w:turtr bul II<)t ~Ic:wed In d .. tail by publilhrr_ 
oIr lncvmpkte inform.tion eompil..cl from .. an.,.... tolltl:n b"l n'" c:()nfirmt"-d tw manu(N;:lul'rT. 

CRTFlMRT l CN 



LEO UI r 

STC 
STAkTEC 
lEBRA 

France 

BULL 
C~MMA 1~ 

lULL 
GAMMA 30 

lULL 
CAM"''' lOS 

lULL. 
GAMMA GO 

BULL 
GAMMA MOE 
(3JO) 

CIT 
clUe 210B 

SEREL 1001 

• 

• 

---

• .i 
j 

, x .. " $\4.tm is,: ~c 2'1 (·nll: cor. 49l!" Z2-90 12 600 1000 1!XXI oJ 12 , .' 0 
(lIl·US) 12 6 \,. ~:RWC 100 no 
c. 1I",11·in mi,,~cl-r;r,'li>c "rilhml"l1t and d.1ololohnndJillq: Dl~t;olionl. D. Two.-m.Cf"OKcond <:Ott rnc;mory .. ~I"bJ.. &I option. 
pr"o:r~m'ltin~ .>( up 10. Il pro,cramJ, uch (uilr ptOl<'ctrd by ~ fCKrviltion. C. Innru<:hons Jtort'd tWO per wurd. X, Y . 

F. !'.lulti· 
CLEO. 

$2,100 

" .. 
8Kd/urn 

lZ lUI 

l-'K COli j' 

" 

,., ,., 

.. 
iO 

,., .. 

r 

- - "...--,---=ccc------c=----c---=--:::-7.:::-:=-----,.,-;:---:;;;-
$1,COJ 2/62 217 IO-40Kcore II 10·66 \( 116.'II~ 600 1000 1000 " _ I/O /63'( 
((·IS) Re, we, RW 100 DI 100 
I~ L.('h iliK unil hM ;r. COIP~l)' of 4.6 million char3(:U:n. Up 10 "I( dllC UnllS, wilh an average KCCSf, lime of 4.25 lII:COnds, may be 
.1u~dlC'd. Additio.n;r,lIv, up to ''''0 Ilryant die lik unita, c.,Kh of fOUf modu.lca 0(22, 44, 66, Of' 88 million a1phanu~c chan,elen, arc 
,",v .. ,labk. Y. COUOl- :-<o~ (;cnlnl procnaor is • V"rNon of lhe RCA 301. 

no» ----I"---roo----c--~~~·~~'~~.--~I'--~Io~.uo--Cl<--~Ir=r.='-.. JOOO-~I .. ~~I .. =c-------c'-'--,~r~Jo~-J7."~,c-/~,,c.c, 
("'·I~ ""c 00 100 
L till Ie. .wo Ilryan. diJe file unita, uch or rOW' moduJ~ 0[22, 44. 66, Of' 86 millIOn a.1phanumrt'c d\an.c:kI1I, arc: available; Of' up '0 
llX r.'<:unl fila of .,6 million cnOU'a.c:kI1I ucn arc abo aVAilable. X. ALGOl... Y. COBOL. Note.. Ccntnl proc.caor II a vernon 
"r lhe RCA lOl ~Iudd 154, lSS. 

.OJ 200 10 a.32K c:ort 24b 
I·' 

I" R .. nu.,.n ac~ "f up to four drum unitt each wun 
y COUOL. 

I1J 

'I .. 
MRWC 'I!" 

,., ,., 
151,600 charac:tetl. 

'I • 
RWC 

196KL 300 

II "" 

VO 

Q. o."ublc·fccd, Iypc line printC>'. 

, 

I63X ,631' 

X. ALCOL. 

'51 

;1i1· 1501 " 
I .. Drum "Ol'""~'e::..' __ -:::::: ___ ;;;;;-_____ -,--: _______ .,-__ 

~·32Kcor. 21b' IUMI. s:r " 7 -.JC 

f.'. ""0 WOf<U pcr i .... lnlc"c,on. L. 0,'14: un'" .n irwn'mcn" 0( Inrcc milht.on IIlphllllUmcr.e Cb.MacIcn. 
.)·.'t"l1 ",· .. ,J .. bk. X CIT AC AUTOCOI)f.. 

p. Analog ,nput and OUlpul 

" 
, 4·32Kcotl , l< 

, 
L. R:lnuum ;:oa:ca Un"ru. w;lh cap~ny ch~n ~ing 10 'pn:irl(. rc:-quircmrntt. 
II:F, 

, , 
MRWC 

,. , " 1/0 , 
N, P, Q. Any manufOlCluted <'quiptMnt ad.lpt.w:" 

Germarty (West) 

TELEFUNKEN ... 
TO< 

II , 
"I, 700 ("pm ruder .. nd 100 cJ>m pun~h aui)ablc. 

'I' 31.S ~ I fIDI. IIJIX).~ 
MRWC 250 300 

r r 

N. !OO ell' rc:adc:r and ISO cpo punch aVllilable. 

r -,~ r TElEfU NKEN ... 64Kwr. jd 3S 8 100 1000 
HIS 1 250 JCX) 

zus~E--~.:-~II:: .. ~'".~')--~/~wc-~ .. ~--:I.:--~.'~ .• "'~~=.c-=~=,C_-'I'~-C'----~I";--JOO~-, .... -c--,7:,~~C-,---CI~!O:---------
In s.~: 5000 8K drum 2 Re, WC 120 150 

lUSE *---I':.".i----CI'::'--::lo--;r.-;-18"'~"'=':;,-,I!'-::--;I.,.S."100;--;;"c--I'7,--C .. =c-;,.,o--,; .. ;;----:,-,--,,---:-U::0:------
2lS 7.~6) Non. 10 100 150 

Po. f.·ixtd-col"c t\Qrilgc 0{ 1,000 to Z,OOO worda is included. K, Addhionli t.pe uniu a,·all.ble as option. 1.. Random KC1:M drum 

fil~avQ:I:'.:bCI.'",--,=_---,:c----~~:o~_CC__,=_--__;:;--_c~~o___;o;__;~,_--------~_,----.,.,,-______ _ 
lUSE 
Z3I 

Japan 

fllJI 
fACOM m 

., 

• 

11~~s.i) /62 420 420 1·IOKCOlI
R 

lid 18" None l2K J&''lIL
: ~ I!xx) 10 V - I/O 

t:. Fixed..:or.: .\OUJ;:C of 2,600 words tt includc,d. H. Tr.llu[cr rale il for four-bi. decimal cn~lcn. 
.. v~,I .. b!c» Dpl,on, 1.. Additional dru .... of 66,000 BCD chllr.actcn each arc ... a,lablc. 

r 10/60 160 2·IOKcon I' 15 10 7OOK'" 500 
r 200 

400 

". 
,., .. r 1 99 1-

L. Random aa:eM is drum. 

fUJ I ------.:--7C-CC~C'~~'Ic=C':~;CCO--~r----'I~~':"':.:--,r~'-,17,----'I.o---~,---; .. o---; .. ~--; .. ~----;?--~-4:-~--------~r,---;Cr 
f.l.CDM 241 I t 200 17D 5CO 

------~,--------------~--~--~=-~~------------

,I/U) 1')63 

'·"n('lI"m~tjQn '''ppli('<1 Of" confirmed by m.nuf.a(IUr(1' but nOI fC'o·icwcd in dct.lii II)" pub!..I,,"!" • 
... Incomplete inr.:wm~.ion compikd rrom ~·uiOUl 1oOI"·CCI bUi nol c;onfirmcd by m;r.n"f.u:lurc:r. 
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HITACHI .. 
HITAC 103 '"' .., 10 

HITACHI .. 6 &1 il()(X) 
MlTAt ~I 

L. Random.-ca. II drum. 

iKCCf! CSb 2 a 
SKcfrum I 1 

1 , 
1 
1 

"K' 1 

j 
,I 
if <. 

,., .. , 
,., '20 • 

HITACHI .. lKCOtt 12d 2 10 IOSKI. m m m 
HIT At l~l 211l!ru'll I f 1 100 I 

HITACHI .. 10 
Nme 3tll0 

'!III core 
4Kclisc 

1 , I., 

MATSUSHITA ~ 
MADre 111\ 

$l,0CI0 ;61 1000 II 'II drum 33b .' 2 
(1.2.1.7) 10 Non. 
G. Th .. IMI .dd~ ;ndlclltos I~ ad~ oilhi' ""It 1 iNtnlCtion. 
X. ALGOL. 

fIIATSUSHIU ~ S5,LV) i63 5t!I 1(1 
..... ore 1111 (201.5) 

K.. Tapa are 18\1 compatibl .. 

fIIlTSUllSHI ~ 
MELtON lllnF 

HIPPON ,..? 
HECTRIC 
HEAt mJ 

NIPPON '"' 
ElECTRIC 
HEAt m4 

NIPPON + 
ElECTI"!: 
HEACnc5 

HIPPO'"' ." 
ElECTRIC 
HOC mI 

OKI El£CTRIC~ 1 
~'1'l1I 

3 60 160 

1M! 1.500 '''"' 
Uii m , ... 
362 100 ., 

10 

.21( COIl lZd 
2Kdtv"ll 1 

lOOK dfUl!1 

.lit toft 12d 
JKdrum 3 

3~Kclf\I!I:l 1011 , 
'·lCKCOfI 12d 
120K clrv!ll I 

ell cort ltd , 
.,-_-=---,x. OKI PAL. OKI ART. 

TOSHI'A" 9!61 '20 10IXI SoIOKclnrm 1211 

, 10 , 

• 
, , 

.. " 
10 • 
• \0 ... 

1 
1 

, 
1 

?' 1000 100:1 
1 '00 

,.,.. 
10 

"" ..,. "" 100 100 

'"' 20 ,., ,., ,., 
100 50 350 

,., !OIl !OIl 
'00 ., 

20) ItXl 20) 
'00 ., .. '"' .. !SO ., 

"" !OIl "" ,., " 
«XI 
'00 

.., 
10 

!OIl 

o 

1 , 1 

I 
i 

'/0 

1 0 • 0 

, 
, 

1 1 

, , 

, " 
1 J 1-

- I - -.J I/O ,'" 

, , 
TOSU.C:7'~IO"-'_--'-___ ~_-"':-_---'-__ 7"O,.,.._-,1 
T05HlIA .. 2«1 1·5KclrtMI 6d 
TOSlle l2DO , 

TOSHltA .. 'I Id , , " , 
«XI 

,o:--~c-~--;-;-~--(!XI 'OIl 200 6 I/O 

, , 
JOSlle UOG 

Sweden. 

SM' 

'" " u 

'00 M 

65K tcl'1 2.b (5 256 -L 1200 1000' 1000 
I MRWC 120 150 

, , v 1;0 

• • 
! 
i -

L. Vario\u random ao:<:~ JIOf'CI "an be CO!Ifl<'C:l",. P An-'OII' con,~"" rquipQ"'nt .,·~iI.blr. X DAe 11/62. .\LGOJ. 9/"}. 
___ ~C~£..-':JOt:S 12/6}. Y. CAe 11/62, COBOL 9/6<1, Gt!'IOt:S 12/63. ~OR.T Gf.!\:ER.ATO-,--R_'~/_6J~:_· ____ _ 

The Netherlc.ru!s 

ELEtTROLOCltA 
1I 

/51 .. " " " /I'!!WC 
';*MI. 100 I!XXI 600 
I 120 XXI - . , , , 

L Up 10 citht dtvTftJ, raeb with " c:apacity of 524,20 words. X. ZEBRA, ALGOL '60. 
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A SUIlVEY AND STUDY OF THE COMPUTEIl FIELD 

lad"lItrlal SeeurUIP.tI C. .... lu_ 
laVMI_ea' H ... kerll "1IMef!lalloa .f A_erlea 

w ...... gte. " . D.C. 

The ed.,ors arc p/ctlJtd 10 bt the first to publish 
thu I1IlonndlllH! Ilnd '"ten'sting report on the tun­
n%D. economicr, Dod fJpplICQlion 0/ compultrs, 
Gnd Of tilt hulo,.,. I la/UI, lind lulure o/Ihe (","p.da 
indust,.,. 

.'AUT I 

TI", <omp" '" Ind"m, I. ",,,1.,1, yo"ng In 'g' 
whl'll compared to 1I10S1 olher industri l!S. Measurl!d 
from the dale nf thl! first compuler installation in 
1951, the indunry is a little more than a deadl! old. 
The more significant dale when diKuuing thl! in· 
dustry's deveiopmeOi wou ld be the 1955·1954 period , 
when mus production techniques were applied to 
computer manufacturl! . and commercial electronic 
computl!TS stanl!d to hi! produced on a large $Clle. 

~ 
lOM pnctia lly no inllalluions 01' J,illf!j; in 1951 , 

the industry has grown 10 a point where there are 
now 1().. 12,OOO computers in usc. with ~rly ship­
menu on the order of $1.5 billion. Within the 5horl 
period of ten yean. this induury now finds nnking 
among th l! bIllion dollar induJtries. There arl! no 
official industry lIalinia available, but il has ~n 
esumatrd that the computer market has been growing 
t"\ice :u (ut as the market for office businm rna· 
chinn, :lIId on the bui, of a 25 % annual growth nte 
since 19!:17, IS growing twice u fan as the eltctronic 
indunryas a whole. 

{S_uJ ..... 1t''''1 _/ 1., C_",''''' ., 1,1" Jill ,h .. ...J c .... · 
.... .. ,_, HMIywH4. Fl., NtI'IHI'IIb" }J'JI, " 61. } 

COMPUTERS .nJ AUTOMATION fO/ January. 1963 

A..N cMimaled cumulative tot.alol16,187 compu­
len have been installed 10 dale. Based on an avenge 
sclling price when new, the n1uc of ~ inswla­
tions is estimated 10 be in I!XCCU of .$4.5 billion. In­
dunry cxperu art predicting shipments or $5.5 billion 
in 1970, 10 thai Ihis cumulalivl! u.luc could apprMdI 
$15·20 billion by that date, 01'" an inaeate of "50~ 
from present levt:I •• 

ITu; nu: of techllological improvement hu been 
one of the indu51ry's o utStanding chancu:ristics. De­
spitt iu; short hiJlory. IWO genl!t'l iions of computl!l'S, 
vac ... um lube and solid Slatl! fylll!ms. -have al ready 
bel!n introducl!d. and a third generation should be 
introducl!d by latl! 1964 or early 1965. These rna· 
chines will incorporall! such advancl!d componl!nu 
lIS magnl!tic thin films, tunnel diodl!S. lind miao­
miniaturil/!d circu its, and will ~rale at speeds 
meuurl!d in billionths of a I«Ond. Thac operating 
sp«ds compue with thousandths of a J«Ond iD 
v~(uum lU be machints. lind millionths of a IKOnd in 
solid uale computers. Future computl!n will pl!rfonn 
up 10 2 million opera tio ns a JCC.'Ond. 

rrUE tcchnologic.al adva nces are leading 10 
lower com per ca lctl lating ~ralion. Third gc.nen· 
lio ll compulen will COlt 2.5·times more than currenl 
equipment , but will openll! IO·limes fa.uer. The 
greaten tc<:hnologic-.. I advancl!S will come in pl!riph. 
enl I!quipmenl. Thl! devl!lopml!nl of oplica l lOIn· 
nen. dala tnn5nliuion equipment and vidl!O display 
lystenu will optn up new multi·million dollar in· 
dustries. 

Ii 

I: 

" 
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[OOHOMIC justification for the utiliuLion of 
computen is balC(! on the savings effmed 1n such areu 
al c1tcrical pe.nonnel and in ven tory. Computer usage: hll 
ltd to savings of 1()"25,o in clerical COiu in many calel, 
and lavings of 10-20% in inventory costs. The grtatest 
payoff, however, will be in sophistica ted total management 
infonnation synenll, employing such advanced ffiJna~ent 
Kiencc techniques 21 ope.ntionl re~arch and linear pro­
gnmming. Costly decilion.s of the pnt, .such u Font's 
Ed~1 model, and Ceneral Dynamics' Convair 990, might Ix­
:I\'oK!ed with th~ techniques. There are ovet' 500 areu 
in wbich computen are finding an applica tion today, and 
th~ are growing every day. Future application1 will in­
dude income tax processing, weather forecasting. mtdical 
analys is and diagnosil, tnffic control and automatic das.s­
room instruction, amongst many olhen. 

Competitive Condition. 
Tbe computet' indwtry hal developed tOme very definite 

pallern1 and characterilliu during ill ten ynr life period. 
Of the nine major compa nics manufaCluring computers, 
only two ue ibowin,lt any profits. One of these companies 
il IBM , which accounUi for approximately 80C7o of the 
compuler market. Large capital invHtmenu :lnd research 
and denlopmelll exptndllures are rC<lulred to remain com­
petiu~e, and the breakcven point for mOil companiel 
It ill appear. to be 2 10 , ye:ah away. This profil picture 
becomes critical in \'ie", of the capital rCt{uiremenll neco­
IOtry for eff«tlye competition_ Another industry charK­
teri. tic il that 80'70 of the computet' inuallllliolls are leased. 
The huge investment required to arty rented Ct{uipment 
il stnining the budglLl of evcn thc largest companies in 
thc industry. Stiff competition, the abirnce 0( profitl, and 
hugc financial rCt{ulremenu (ould Icad to some attrition 
in this indwtry within the next decade_ The long-term 
reward for the su«ess£ul companics, howC\'er, will be 
cofUiduable. 

PubUe Acceptanoe 

As the communication, problnn bct .... «n man and ma­
chine improvcs with the utiliution of packaged language 
program. offered by compuu.·r manufacltJren, the com­
puter- oould one day become as easy to u~ as a desk calcula­
tOt. This will open vau, untapped markets. ComputCl'"S 
appear 10 be tOday where the automobile was when it 
generally gained pubHc acceptance. [lttlronic data proe­
cuing will Ind to a dnmallC increase in technological 
progreu at it extends mao's capabilities and intellect. 
Computen will help to channel man's efforts into areas 
and directions promising the greatest profits and rate or 
return on invCltmelll. These machines will not only aid 
in the restoration of formt'l'" profit levell for bw.incu as a 
whole, but will be an invaluable tool in mccting the serio 
ous challenge our country races in international tnde 
competition_ 

Teehnologieal Ad .. nCCII 

T remendow. ItridCl have been made in hardware and 
IOftware technology Ii nee the introduction of, the fint 
computer in 1944. The trnn ': 'hardware" indudes tbe 
oomputcr iuclf and iu tape transporUi, pri.n~ card 
punchCJ"1, automatic typcwri ten, and o~ accasories. 
"Software" includes all the programming s)'Items required 
for the effective utiliulion or the hardware of a computer. 
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-" brier look al th~ arcas will show the trNlendous 
progrns being made in the field, 

The fint general-purpOlC automatic digital computer 
was the Automatic Sequence-Controlled Calculator, a rna· 
chine in l10duced in 1914 under thc joint development of 
Harvard Univenity and IBM . This m:lchine h:mdhtd num· 
bers of ~ decimal digits, 510rcd theln in 72 1I0rage reg· 
iSters, and performed additions in approximately ~ of a 
5C(Ond and multiplication in about 6 seconds. This ma­
chine was followed by the Eniac (Elcctronic Numerial 
Integrator and Calculator) which wa} completed ill 1946 
lilt the Moore School of Engineering :n the Unl\'enity of 
Pennlylvania, Thc Eniac COlltallled 20 rcgiJlen, where 
numbers of 10 d«imal digiu could be lIorro. It could add 
numben at the roue of 5,000 additions pcr second , and 
could carry out from ,60-5-00 multiplicationl pcr t«Ond. 
The prodigious devclopment since these early mlichines 
is indicated in the opcnting characteriuia of today's ma­
chines. Addition ~peC(b hue gone to morc thall 100,000 
add,i tKUU per 1CC0nd and multiplication speeds have riten 
to more than 10,000 per second. The amount of Itorage 
capacity aCCCllible to the computing unit hal gOlle from 7! 
uorage: registers to Iitcrally millionl of regillers. Some of 
these regiuet's are acccuible to the alculating unit in less 
than a millionth of a 5C(Ond. Today the most powerful 
machine can uke in infonnation, rcmember it without 
forgctting it, at the rate or about 100.000 characters pet 
t«Ond. AI I common or convcnient Icngth of word is 
twelvc charaetcn, a spcul of 96,000 ch:mlctt'n per IeCOnd 
is the pmc as a speed of 8,000 words per second. Al­
though the ability of machine and man i.s different. it 
might be noted that human beings could IIOt take in even 
one twelv«ligit number in one t«Ond. In thil light, it 
might be fair to say that computers have :an input ad· 
vantage over the human being by a factor of 1,000:1. In 
terms of outpUt, a computer can record on magnetic tape 
at the fIIte of 100,000 characten a second. It can contrOl I 

paper tapc punch which punches tape at the rate of 100,-
000 characters pet" JCCOnd, or a card punch .... hich punches 
mndard punched cardJ at the n te of !O per ~nd. High 
speed printers print 17 lilleJ of BG-I20 charactCJ"s a second, 
or over 1,000 !inCi a minute_ A fairly representative ratio 
o( computer outpUt speed would Ix- about 8,000 words a 
.eoond, while the top output of human beings il approxi. 
mately four ",'ords a second. This gives the computer an 
advanUlige {actor over a man of 2,000:1. These $tatillia 
provide ample evidence why computers arc displacing hu­
min beings in handling repetitive types of data. 

RellabiUt,. 
Not only spcul and capacity, but reliability of autO­

matic computCl'"S haJ also been multiplied by a factor of 
tern of thousands. Reliability has increased to a point 
where a billion to ten billion operations take pt:.ce without 
Cl'Tors. It is DOt uncommon for computcn to be operating 
at uptimes in excess 01 95%. In addition, automatic 
ch«king has b«n built into computen. to that the re­
lealC of wrong resulu il virtually an Impossibility. 

Software 

The importance of tOhware development to computer 
uscn il illustrated by the faCt that invenmenu in progr.llll 
development amount to OH~r one-half of the total rental 
expenditu re, for machines, and :11 the current tate of pro­
gnm de\'elopment, these com could equal the total rna' 
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chin~ rent;tl con by 1965. CompUicr uscn, consultants, and 
manufaclUrcn have inYCSIW hundreds of man·yeiln of 
work and millions of dollars in packaged programs and 
systems in order 10 liml)!i!y the task of using electTonic 
computeTS. One of the facts contributing 10 this COlt is 
the lack of comp'llibility between different ty~ of digital 
computer!. Programming dollars arc spent on duplicalc 
dcvdopmcnt due to differences in equipment and methods 
?f documentation. A greal turmoil is currently going on 
In the sohwuc area in search (or siandudiuc;! computer 
progTams and languagtt Improvro sohwarc pacuges. or 
rC.lIdy.madc programs Ihat come with almost every com· 
puter now made, have reduced programming COSls, but it 
h:u been estimated that U. S. busincu and government 
computer U5e1'S have invCited over S2 billion in priva tely 
devdoptd programs since 1950. These progt"ams arc both 
general and ,~cialiled . The general programs are wri.ten 
to repreJtnt genera l management problems common to all 
industry, such as linear programming, ules forecasting, 
scheduling complex projecu and balancing production 
lines. More spcdaliled types of programs cover such areas 
as demand deposit accounting in banks, hospital account· 
ing, ;lind automobile rating for illJurance companies. Some 
of the more common general automatic prognmming sys­
tems include ALGOL, COBOL. FORTRAN, FACT, 
GECOM . and JOVIAL Each of thtIC programs is inade· 
quate as a Jlandard language, because it lacks a complete 
range of exprwion. More computu prognms arc written 
in FORTRAN. a scientific language, than in any other 
progt"amming language due to the faCt that IBM hu such 
a considerable investment in iu proc.euon and progranu. 
FORTRA.N processors have been implemented for 2fi 
machine types. fo'or business purposes, howevu, FOR­
TRAN ' involves great tcchnial detail, and is difficull lO 

lurn. For Kienlific purposes.. it lacu the powu and 
Aexibility of ALGOL or JOVIAL COBOL, COmmon 
Busineu Oriented Language, developtd by the Depart. 
ment of Defense. is being implemented for 55 machine 
types by 15 man ufacturers. ALGOL has ~n deSO'i~ 
;III a more powerful and general language than FORTRAN. 
since it allows the ustt to Wl"ite more comprehensive 
problems in JOurce language. However, ALGOL com· 
pilus arc in exinence for only three machines. The great· 
Clit :IIIV~ I H1I..': e of these programs will come with one lruly 
IlIgh Ic\cI progr;muning language . .l-3ving UlC':fI litany years 
of .)"stems and progl'll.mming efforts. This could con 
ceivably I>c a combin~ lion of ALGOL COBOL, and a . 
Ih"d language suitable for ~y$ tems programming. The 
dol) may come .... hen all we have to do is to presen t the 
dat:l and genenl problem to the computer, and it will 
figure OUI how 10 find ~ IOlution and Wl"ite a program. 

Software is available from bom computu manufactur· 
ers and computer uw:r groups. IBM has the largest tibrary 
of computer progTams in the industry, containing close 10 

6.SOO programs, lOme of them .... ith up to 120,000 instruc· 
tlons. It hu been ntin13ted that ovu 725 man·yean of 
programming dForu .... ould be required to duplicate the 
programs in this collection. No value has ~n placed on 
the collection in thil library, but original prognmming 
can tou from $2.00 to $20.00 per innruction. In addi tion 
to computer manuf3cturer programs. computu wer 
groups collect and distribute progranu developed .by iu 
memben. Any member gets acceu to a great deal o f pr0-

gramming done by other members, thus saving much duo 
plication. The largClt program collection of any computer 

COMPllTERS and .... UTOMA.TION for JanWlry, 196} 

user gToup is that of SHARE, for the IBM 7(M. 709, and 
7090 computers, with over 1,800 programs. Other com· 
putet user groups incl ude EXC HANGE (Bendix), CUBE 
(Burroughs), CO·OP (Conlrol Data), GET (General Elcc· 
tric), and USE (Univac). NOI only do users gTOups oorr«:t 
ddKts in specific programs, but they arc helpful in or· 
ganiling and stimu lating ideu for new programs. Com· 
puter U$C'rs have found ways of using the machines that 
Ihe manufacturer nevu imagi ned. 

Computer Economic. 
The computu, the industrial revolution and the automa· 

tion of factory proces.s.es have ~n described as the three 
IIIOst imporunt evenll in the development of \Vellcn 
ltusinc». Computer development has emerged from two 
main trends in the growth of our country. One is the ex' 
plosion of Kientific and engineering knowledge, and the 
realiulion thai long laborious calculations could not be 
handled in ordinary. symbolic malhematical ways. The 
other trend is from the business world. with enonnoul 
quantities of records and calcula tions required for bUJi· 
nelSes to function . Our civilization hu not only grown 
complex engin~ring.wisc and technologically, but abo 
business·wise and indwtrially, 10 thai it hu produud an 
enonnoUJ growth in the infonnation ·10 be handled. Thu 
has provided the impetus behind the great developmcnt of 
automatic handling of infoTlllation, expr«Joed in comput· 
ing and data procelling ,ystems. 

Eeonomlt: J ... tlIiUlioD 

Thr~ primary facton arc leading to strUctural changes 
in businesses today: (I) me availability of computers LO 

any litt of bUJinw: (2) the fantauic qumtities of intunal 
and external dat. generated by government and business 
repom; :lIId (5) a Slructural change in the economy ilSC\(. 

formerly, wrong decisiolU were not fatal to a comp.ny') 
existence, as illustrated by Chry5ler's square automobile 
design, Lever Srothen' deciJion to sta)" OUt of the detergent 
field, General Dynamics' decision to build the 990, and 
Ford's marketing or the Edsel. Today, businesses vitally 
need data to prevent making a wrong d«i.ion or being 
locked in a situation , The focal point of many or the$C 
decisions revolves around a computer. 

Computer utiliution is jUJtified in situations where 
greater speed in proccuing data is required, or whue the 
complexitie. of data proceuing OInnot be: simplified with· 
ou t electronic auiSlance, or when the invcstment in com· 
puter equipment is substantially offsct by both quantitative 
and qualitative benefiu. With the exception of scientific 
and military appliations. computen arc wually pur· 
cbased for the direct saYings which they effect. The urgent 
need to diJplace human beings performing derical and 
accounting laW is illUJtnted by the bct that during the 
last ten yean, the number of clerical personnel bas grown 
t9%, and utlaries have bc:-cn increasing at an average rolle 
of 5% a year. On an annual basis, wage. for clericaJ per. 
IOnnel alone are ill the areiil of .$592 billion. 

Clerieal Savings 
Company after company can cite huge clerical savings 

through the use of data processing machines. McDonnell 
Aircraft. in completely automating iu purdfasing cycle. 
estimates it will nve .$100·200,000 an nually, monly ac· 
counted {or by clerical uvings, with a machine rt:nting 
for .$6,400 a month, Sylvania Electric estimates that it will 
nye approximately .$4()()'500,OOO annually in such ams u 
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d n ical and inVl:ntory reductions through rh~ u~ of rna· 
chin~ r~nting for an ~limated $" 25,000 a y~ar. Nation. 
wid~ IllJuranc~ has produced avinp of about $200,000 a 
yur in the ar~a of R~n~1 Billinp. with a machin~ which 
rents fOl" an av~ng~ of $9,000 a month. Most of this is 
the result o f denal redlK:tionL Nationwid~ hu projected 
s.avi ng in excea of $1.0 million ovn th~ next sn~n yn.n. 
RedllC'lions in both th~ lev~1 and can"ying com or inv~n· 
lories hlV~ abo juuifim t h~ utilization of computen. Many 
OJa could be cilm for savings of 5-50% annu .. lly in this 
ar~a. Amnian Cyanamid ~pecu its computn-<ontroUed 
finishm 'goo(h inv~ntory s)'$tem to yi~ld uvings of at I~st 
10-15% of iu annual cost. Annual Silvin" ar~ estim .. ted 
in th~ .. rea of $2()().S10,OOO a yu... Martin·Mari~t1a a. 
p«u inventory I~ds to be sluhed by mor~ than 60% 
when iu IBM 7070 data p .. oceuing system goes into full 
opcrition. In addition to c1~riol and inventory savings., a 
r .. lln Row of vital infonnation and the ~limination of 
papt' .. wo .. k d~laYI and duplicat ion will SilVe companits li ke 
Lodhced $2.0 million annually, with the annual r~nlal 
con of the syitem involved about a third of th~1C annual 
uvings. 

In addition to con uvings. a number of other important 
cOlllributioltJ are belllg df«u:d by computeD. Som~ of 
theM! include: inCTeaiCd speed :lOd attuncy in prep:u-ing 
m:lIIagelllellt reporu, beller cuslmne .. iO'Vicc. lo",,·t:T cosu 
10 thc consumer, and improved conuol o\n th~ opcnliom 
of the busincu. Th~ full potential of the co,npule .. has 
nOI been .. ealiled yel. and the greatCSI polenti • .! payoff 
appe:an. to be in IOphlilioled areas which hav~ been out 
of man'l rc .. ch to datt; )uch as totally intcgrate-d manage­
mcllt infonnation l¥ltCtnJ. 
Ur.U I Bu. IDe.. Problen:u 

T",,'O very urgtllt problenu are facing bu,in~SI!' today: 
(I> the nced for inCTeucd profiUlbility; and (2) Lhe abi lity 

10 eOlnpcle in intunllionai mariteu. 
The COJt.p .. ie~ tquttu whieh haJ chanictnize:d OUl'" KQn. 

omy during lh~ p .. J1 decade has st~adily dttrtased after.WI 
profit margins Crom 9.1% in 1950 to 5.8'0 in 1961. One of 
th~ major COSt ittUis for busineu has been wages. Manu. 
facturing weekly ~aminga hav~ inCT~aKd (rom $6' . .51 in 
1951 to $95.75 ill 1962, or a 50'0 inCTu~ during thil pc. 
riod. In compuiJOIi 10 olhn (OuntTies. the United Slates 
hal lagged substantially behind many countries in tennJ 
of gTowth in Crou National Product, Industrial Produc. 
tion and Manufacturing Productivity pa pt'rJOn ovn the 
pan dcade (ICC: Tabl~ I). In addition, our arch rival. the 
Soviet Union, planJ to inacase industrial output by 150,"0 
within t~n years. thus excceding the level of U. S. indUJo 
trial output. It planl to inCTt'UC industrial output .500'70 
in twenty yean. and ,.iK the productivity of I .. bor .sao. 
'50% during this I.im~. This is to be acmmplilhed by a 
mau Jale of comprehensive automation, with primary em. 
phasis 011 fully automated shops and factories.. CybemCtia, 
comput~n. alld control systCtns will be widely w.e:d to meet 
thl!lC.' goa.lI. The Sovi~1 spe:nt $180 million fo .. d~e:loping 
computen in 1958. and plans 10 fpe:nd between $800-850 
million by 1965. 

Seleain •• Computer 

A reecnlly completed ind~pe:nd~nl surveyor computer 
u$enl indicated the following facton a. inHuencing the 
choice of a computer: I) th~ cpmpute:r which offen the 
gTeatt:tt lInticipalCd pay..off in c1nical savings. 2) rcpuu. 
tion of the man ufactu rn, .5) maint~nanc~ faetor, 4) com· 
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Table 1 

A. Ave .. age Annual R.tea or Ec<IDOmic Gr-owth 
in Eight COWltrle_, 1951-60 (1.11 P4 .. cent) 

Real GNP (Groll Jndu.~lal 

CoWltry NaUonai Product) ProducUon 

U.S. ,. , .. , 
Canada ' . 6 ••• 
France .. , ••• Germany (F. R. ) 7. ' ••• Great Britain ' . 7 .. , 
".ly 5.' '.5 
"- 6. 7 14.5 
SwedeD '.7 '.7 

B. Pe .. eent Inc .. eaM In Output lUX! Manufacturing 
Productivity In Eight COWltrle.. 1951-60 

Real GNP 
COWltry per Capita 

U. S. 12 
C ..... • 
F .. lDee " Germany (F. R. ) 70 
Great BrltaJn 22 
l<a1y " ""'" 92 

SW"'''' 31 

Source: Bure .... or L&bo .. StaUaUc8, 
MODthly Labor Review 

~Ug. Produetlvlty 
per Penon 

Employed In Mf,. 

22 
28 
62 
5. 
24 
65 

151 
33 

parison of COSta. 5) purehase prestige. 6) product tUpport. 
7) compatibility with existing systems, and 8) ertOf'-chcdt· 
ing characteriJtia. The same .. ~port sUted that 90% of the 
user ... eported they had r~alited the Iilving1 estima ted in 
Ihe o .. iginal computer nudy. It is not uncommon for com· 
puter f~Jibility Jludies to run up to 12 months. since luch 
:lI large invcstment is Involved. The ,",clor of prcstige hu 
IIOt alwa)'$ ?cell bclleficial to u~n. however. for when 
prcstige superseded cllK:ient )yt:tems rngineering. ineffec. 
tive compuler utiliutlon has bc-cn the reJuit ... Systems ap­
phcalioll 01" englnening has not only bcc:n th~ key to 11K:. 
ttftful compUI~r utiliut;on. bUI has abo been the rcaiOn 
for SUCCCSJi or mC'lhOCrity On the p:u-t of compute .. manu. 
facturerL 

Dctemlining the typt', Slle, caP;!clty and competency of 
a computer is not an easy Ulsk. Compromises must be 
made in t1'IOlt innanct:s. with t:yuelll! appliotion the 
domin;!nt factor. If a computer fiu the requi~menb of a 
particular application, then the lIforcmentioned ~nefiu 
UJu .. Uy follow automatically. Prospective computn u$en 
must anal)"le many computer chanclt:Tistics in rela lion to 

the job to be done lind the COJI involvm. 

Computer feasibility studies must also comider Ihe q ues­
lion of lealC versus purchase. The industry is currently 
favo ring the l~asc: method. with approximately 80,"0 01 
lIIachine iliitallations on :lI renta l baJis, wi th I n option to 
buy. Typical rental emu ar~ misleading if takell li t face 
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valu~. For ~xample, r~ntal costs usually account for ap-­
proximat~ly on~fourlh to one-Ihird of total annual op­
~radng COSIS, 50 thai a computer which r~nlS for $200,000 
a year could COSt $600-800,000 annually in dir«t operating 
costs. III addition, start·up C05U usually range betw~n one 
and two yean' operaling cons. Taking all of thete com 
imo accou nt, therefore, a lompuler which rentl for $200,-
000 a year could conceivably hav~ resulted in operating 
~xpenditures of $1.2-2.'1 million by Ihe end of the 6rst 
year. The governm~OI has approached Ihe problem of leuc: 
versus purchase by sclling up a con advaOlag~ poim. This 
is a poim in tim~ when onNime expenditures for pur­
chase and acerued maimenanu will equal cumulative 
rental payments for a particular machine. In situations 
where the COSt advaOla~ point is reached in six yean or 
leu, and lhe computer still fiu the rcquiremenu of the 
job without major modification. a set of conditions exut 
which warrant purchasing the equipmenl. Thete policy 
guidelines should lead to a substantial proportion of pur· 
chased compuu!r equipment by the governmen t in the 
future. This approach, phu the 'lowing down of t«h· 
nologinl ob50leKCnce and the ability of computers to 
vary in spuds and capabilities through Ihe buildinl'block 
modularity of untnl proccuing hardware. could lead 10 a 
highu ratio of sales than at presenL 

Un it Co.t Per C.leul.lln, Oper.tlon 
On~ of tb~ mosl important facton in the cost of a com­

putU is the unit con per calculating oper.lIion. AI the 
price of a computer gotl up. the C05t per caJcuJating op­
erallon gots down. For the most expensive computers, the 
COlt is lean. For eX:'Imple, :'III IBM STRETCH, which 
renu for $.500.000 a momh. and performs an eSl im:lled 
500,000 alcul:l.Iing opentions I~r s«ond. will during the 
period of a month perform C'Jlcul:llions at the rHe of 100,· 
000 operatio,u for 2~4'. It would COst $10,000 10 perfonl! 
a certain romput:llioll on a desk clcuJator, $10 !O per· 
form Ihe P ille com putalion 011 all IUM 650 and aboul 50f 
10 perform the compUtatioll on a STRETCH I)·stem. Using 
the Jame machines on II lime b,uis. it would take approxi. 
malely 1,000 hours 10 perform tht umple calcuhllion with 
a desk calculator, 6 minutes wilh the IBM 650 and only 
12 microsecond! with Ihe STRETCH machine. 

Tremendous inere.un HI the ratio of compuling power 
per dollar have been made in the Ian two years. The total 
rental of current machine instaJlatiolls is in the area of 
S7~.9 million a month; and the~ machines ill total can 
perform 108 million oper.llions peT second. When the 
operating ability of the inuaJled machin'es is divided by 
tOlal rental cosu. a measure of computer power is available 
which an be used as a,basis for comparing the advances 
made in computing power per dollar. On the basis of Sta· 
tiilia, loday', Iheoretica l comp uting power pt.r dollar 111 ' 
tia is 1.46, which is a 155% increase over the I7lltiO of .57 
in 1960. Expressed in another way, through.put speed.i 
tuve increased :n the rate of over 4010 a ytar. As COlllput· 
ing power per dollar continues to increase, more and more 
companies will find il tconomically feasible to invcst in 
million dollar computen. A typical example il Sylvania 
EI«lric. which has found that iu current machines opente 
at Ihree to four timel the speed of previous machines. while 
rental cosu have been reduced by approximately 25%. 

Area8 of Computer AI)pJicaliona 
The d~gTee !O which computu I«hnology has b«ome 
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more sp«ific and complex is illuurated in the fact that 
~oday thue are over 500 areas in which computers arc find ­
ing an Ilpplication. Computer manufacturus have hid to 

gear their markeling eHorls 10 sp«ific user problems, but 
in the pr!XCS5 have opened up even mor~ areas for !.he 
utilization of computr:rs. A long list of $Orne of t4c func· 
lio ns compulen are perfomling in diHer~TlI areat has been 
p ublish(:d. t A number of these areas wi ll be reponed in 
more delail. in order 10 detennine the significance of com· 
puter appliation to this arelll or induury, and 10 discuu 
Ihe importallCe of these markets in light of computer usage 
trends. 

Commenl.1 O •• kln, 

Data processing firms have I busineu potential of some 
5,400 commercia l banks out of Ihe 14 .000 in this country. 
The:st' are banks wilh over $75 billion in total deposits. 
The' banks which have insulled computers have found 
that they not only have benu reporu and tighter audit 
and control procl!dures. but :Ire now able to ofrer new 
Customer tervicb lind improve their compctitne position. 
The majOr bre~kthrough in Ihe b:lukiuG II1Juury wllh 
EDI' did not come umil 19)9, ""hell the final )pccific.lliolls 
for printing of checks coated with Magnelic Ink ell,mlcter 
R«oguitioll (AlICR) numerJIs were approved by the 
American .Hanking Auociatian. An Cjumall'<l 68.:1% of 
all chccks cleared through !'eder .. 1 Reserve U .. IIU nOw 
contain magnctic ink symbols, compared w 36.110 a year 
ago. The volume of checks proccuc:d HI 19;'1 wu 2.1 bil· 
lion, but is expected 10 reach 22 billion III 1970, .. lid 29 
billion ill 1975. By this lime. most or these: checkl will be 
coa ted with lIIagnellC ~ymbob, and WIll be proce»Cd by 
coruputtn. 

EDP will have iu greatest impact on the demand deposit 
t«tor of ballk employment. About 20% of all b:.wk work. 
ers doing work relat~ to delllalld depc»it bookkeeping 
Will be w:riously aff«ted by the advent of autOmaliOIl. One 
major batik indicted that computers have led to all 8010 
decline in tht' number of bookkeeper! in dem .. nd deposit 
activity over a four.year pertod. dHpite il 10% rue in de. 
mand deposit accounts. 

One of the newtst devdopmentl in the banking industry 
is the use of on·line compulen_ On·line, or real' lIme 1)'1-
tems proccu tranl<lClions indIVIdually :II they arrIve ilt 
proceuor InpulS, and usually return a relult to the point 
of origin immediately follow ing processing. In other words, 
Ihis will make every bank office a m:un office for evltty 
customer, regardless of ilS IGallon. Three banks in the 
East-Howard Savings. Union DIme. and Society for Sav. 
ing (Hanford)-have inltalled on·line Systt'ms. The bc:ne­
fits from these syueuu have been a .90"0 reduction in bad. 
offi~ teller work. and a ~O% reduction in transaction proc. 
e"ing time. The Howard Savlllgs Institution expeets to 
ilIve over $100,000 with ilS syllem ovu the next five yean. 

The wnaller banu which calloot afford computers are 
joining wgethu in a cooperative movement. For example, 
six upstale New York banks are coopuatillg in three new 
computer celUus equipped with $~.8 million worth of 
computing equipment. This movement could assume major 
proportions among smaller banks in the near future . 

The value of lotal computer installations in banltt 
through 1962 is tstimated lilt $176 million. It is Hlima ted 
that shipments to this indunry will total $8().90 million a 
year between 196.5·1965, so that a total cumul:uive market 
in the area of $450 million i, possible by 1965. Computu 
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companies which will share this fi~ld include IBM, GE, 
NCR and BUrTOughs. 
Commullle.tloDI 

As !.he applications for computers increase, and as the 
requirement for up-to-date information groWl, !.here will 
be a ,lffeater demand for data tnnwniuion equipmenL 
Data transmission syitems ~rform such functions as tying 
together a production lin~ and a data processing c~nttt, 

Knding the lateft marketing and production faeu from the 
fidd to a data processing center, and providing manage· 
ment with up-to-date inform:uion for more accurat~ fore· 
cauing. ;11\'entory control. and mone)' savingi Th~ most 
common medium u~ for dala uanlmiuion i. telephone 
ImeL Th~ method of tran,miUlng OVtt this medium is 
either punch card 10 punch cud. pa~r ta~ to pa~ tape. 
magnetie tape to magnellC tape. or computer to computer. 
IBM and RCA ar~ t\o\·o major computer compani~s who 
have made COncribUIlOll1 In the communications area. The 
importance of data transmiSSion is indicated by th~ fact 
that ATkT ~xperu that as much digital data will be 
carried by iu wires :u voice communiCliition by 1970. RCA 
haa citimated that th~ annual market for data transmiuion 
equipment will be ov~r $.500 million by I96S, and that Lbe 
growth nu~ for thu equipment will be roughly ~ a 
yeu. By the mid·6O· •• one· third of all electronk data ploc· 
t:Uing IoaIH Will include communications equipment. 
Within 20 or .50 yean, we could have an imernation.a1 in· 
formation network openting via Tclll.ar, with communica· 
lions KrViu on th~ ordeT and IOOpe of world·wide tele­
phone networu loday. IBM has operimenued with low· 
power microwave tramml"IOn, and this could extend the: 
capabilitiH of it. Tel~ProcesJlng system for long-dillanu 
eomputcr+to<omputtt communicationJ to areas whcr~ com· 
mon carrier facililiea are not availabl~, or whue cwtomcn 
wish their own facilities. Th~ linking of adnnced com· 
munication devica with adunced dau-proccuing .,..tCIW 
will provide th~ big breakthrough in real ·tim~ total man­
agement informallon tysteID'. 

Educadon 
New developments in computer technology arc leading 

to increa~ automation in our public Khoob and univtt­
lilies. More than 200 Khool districts and d~parunenu of 
education in 4S IUtH already UJC dcc;U'OnK: accounting ma­
chinery to pro«:ss bUlincu, pupil.pcnonn~l, and adminis­
tr1l1iv~ data. On th~ univenity level, bardw~ valued at 

more than SIIS miliion il currentiy in Ule in colleges and 
univ~nitift. UnivCTJiti~ are not only good cunomcn £or 
large.sca le oomputation facilitict. bUI aho are in a position 
10 apply and t~ach techniques developed in other ~u. 
Many colleges with oomputcrl bav~ introduced computa· 
lion counes, 10 that a large fraction of the Mudeou arc 
exposed to prognmming at lOme 1Ugt: of their under· 
gnduat~ career. One of th~ mosl rapidly dcvdoping ap­
plications of computer technology 10 education i. th~ use 
of computer.ba~ tuching machinet. A number of in­
"itutions are oploring th~ pot~ntial of the (J)IIlputtt for 
contrOlling instruction of individuaJ Iludenu on th~ basit 
of diffttenca in learning rat~, background and aptitude. 
The \Jniyer.ity of lUinait utes a computer to conuol a 
luching system conlilling 01 .Iides. TV dilplays and a 
student rcsponJC panel. Amwen to quetlioru are InInl­
mitcrd to th~ computeT through a r~spon..e pand, and the 
computer judges th~ answm, indicat~ whether the JlU· 

d('nt it right or wrong, and ..elecu simpler material if the 
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student commiu all ttror. I( this type of re..earch is ap­
plied to school systeml in gelleral. then education il in fM 
a major renovation. 

Go''ft'nmeat 
The Governmelll is !.he largest .ingl~ uscr of computen, 

with a total of 1.006 inltallations as of June 1962, oclud­
ing special military romputers. Operating costs in 1961 
(rent.l, amortiution. ~nonnd, ~tc.) wue approximately 
$597 million. and probably in exCCII of SI.5 billion with 
me inclUSion of military o~ational applicationL Today 
there are over 45,000 cmplo)'ffJ in positions related 10 

management or operation of computm in Lbe Fed~n.1 
Government. Tbe Bureau of the Budget has estimated mat 
by 1966, 1,500 compulttl will be inltalled by the savern­
ment. 

Computm arc being u~ for a number of n~w applica. 
tlOIIS by th~ gov(':rnm~n t in the non.milita.rr field. The 
Internal Revcnue SC':rvice has turned to computm to proc· 
ns iu 95 million taX r('tUrnL These tax returns hav~ grown 
from 21) million I101'O dc-ades ago. and could reac:h I'S mil· 
lion in 1980. The only logical means to handle aU this 
paper work il high-lpctd dectronic equipm~nt. Tb~ .ystem 
will be in full effect in 1965, and should prove a very ~ffec­
live means of catching up with tax evaders. The Social 
Security Administration is wing computers 10 .peed the 
proct'lling of claims (or social soecurity ben~61$. District 
OfficH transmit d.ta via AnT. Data·Phone systnn to I 
computer c~nler in Baltimore. lnfonnation is produced on 
magnetic tape, which an be fed din:'Ctiy to th~ computing 
c~nter for further prottJ.ling. Th,. government is aliO wing 
computers to CUI administntive COIU in the fedcr.al lann 
program. The utilization of computCJ'J will cut out 241 
jobs and PVC a lotal of $1.5 million a year when the pb.n 
is fully in effect by 1964. The government it kfeCnly aware 
of th~ COlt Ioavings apparent in compatcn. and il employing 
them in very iOphistiated application. to inaeuc iu 
effici~n<:y. 

The military has been the largen developer and user of 
computtt technology to date. The military vaJue of im· 
proved computtt characteristica has led to th~ support of 
govttnm~nl,spoluored research projecu which the com· 
puttt industry would not have und~rtaken on iu own. Due 
10 the requiremenu of tpace, speed, and reliability, military 
control and command systems Ir~ far more iOphilliCilled 
than oommercial ')'IlemL How('ver, many of Lbe tcchniqu~ 
devdoped by th~ mililliry ar~ adaptable to businm systctDJ.. 
This could prove particularly appliarble in on·line, or reaJ· 
time s)'ltemL Advanccs made in the ptripben.l equipment 
area, ~pecialJy advlncl!d display techniques.. could form 
the basis of I n~w multi·million dollar industry in iuelf. 
The space program has aho openl!d up a huge mark(':t for 
computers. Four Iargc digital computC'T1 (onn a n~t'Work 

during an orblllli mission, alld provid~ a running display 
of important launch, orbital and rMntty infonnation. 
Compulen, with th~ help of t2dar, will be uK<! in achiev· 
ing orbital rend~n'OUJ during the fint U.s. lunar Iandjng 
minion late in this dc-ad~. The import2nce of the milita.rr 
market to the computer illdustry is indiartrd by the faCI 
thai annual Ihipmenu to thi • .$Cpent of the ma ..... ~1 will 
reach an estimated $2.5 billion by 1970. 

I.D.uraae. 
The 6nt computtt was installed in this indwtry eight 

years ago, and since th~n it hal bcen on~ of the nation'. 
biggctt usen of electronic data procming equipment. No 
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la~ life insurance company could opera Ie compedlively 
locby Wilhoul an eleclronic dala processing inJlallalion. 
More thaw mr«:·fourlhs of Ihe nalion's l2().million. policy· 
holders are now on tape. It is estimaled Ihat more than 7S 
large.scale computers, approximalely 200 mtdium·size rna· 
chinet and many hundreds of unall units are now operadng 
in life company offices. These numbers are growing every 
day. In addilion to iu normal fUllClions. computen will be 
used inaeasingly as all analytical 1001 in providing life 
compllnies wilh markeling anal),sis and financi31 forC!Cam. 
Operations rne;uch techniques will be used to provide life 
companies Wilh scielllific reports. Nationwide Insurance is 
a good example of what insurance companies are doing 
with compulen. It inllalled an IBM 65(1 10 calculale Re· 
newal Billings. and in this olle application productd annual 
savings of $200,000 as a relult of clerical rtduction: An 
NCR 504 wu inJialied 10 aeate an illlcgr:lled proceuing 
'yllC'm, and to produce better and more accurate manage· 
ment reports at a mi nimum COlt. With the hHp of these 
machines, Nationwide has projected savings in excelS of $1 
million over a seven·year period. In addition to the large: 
compa nie. like Nalionwide, medium and small insurance 
companies will abo nett! computus in the future . The 
insurance induJlry has inslalled machines valued at $100 
million through 1962, and expects shipmenu of $100 mil· 
lion a year during Ihe period I96H965. This ""ould lead 
10 a cumulalive market of $700 million by I96S. 

h,,·c.tment O.nklDa 

In the financial community. computers are used in _uch 
applications as payroll, margin and cash accounting, CUI' 

lomer Jlal~nenu, tnde confinnations. commiuions, divi· 
dends, and a holt of allied mam.ge:melll reports. Computers 
:lire abo used 10 speed up IUch routine ""ork as figuring port· 
folio market valut'S and yields, and making records of com· 
f»ny earnings, dividends and profil margins. A number of 
firms are experimen ting with these machines for security 

,"alysil ""ork. At this point, colllputen are supplying the 
VIIrioul matlu:matical formulu 3ud ratios which analY5u 
U)C in judging the value of:i iCcurity, and arc providing the 
necelsary sta t istics which delermine the relalive attractive. 
neu of stocks. There is a limitation in the ability of a 
compute.r 10 recommend Ihe sate or purchase of a stock, 
but current applicaliollli should improve Ihe over·all quality 
of i",'estmc:nt d«isionJ. 

Computers arc .. bo widely used in the various stock ex. 
changel. The Midwest Stock Exchange is devdoping an 
dcctrollic centralized bookkeeping service which ""ill reduce 
back office expenses by more thall 70% per order, and will 
.ave member finns an euimaled $5 million a )ear in labor 
and machines. The NYSE's Stock Clearing Corporalion 
u~s compulet5 to verify and dear Ihousands of u-ans;aClions 
each dAY. A compuler l)'Stem ""hich will automate the Ex· 
ehange's ticker and quotalioll service is expt"Clt<!. to go into 
operalioll early in 1965. This syuel'll will rUIl the 5,800 
.toclt dckers in the U.s. and Canada, and will provide a 
,oice recording to announce prices over its u:lephone quo­
lalion service. A computer is used by one Wall Sireet firm 
to p!:rform calculations requirt<!. in bidding on serial bond 
iuues, and 10 handle the mass of infonnation involved in 
maintaining up-to-date files on all bonds. 

!'~~ .. Ccuurol 
The Uie of computers for procell control applica tions in 

factory autOllll"ioli appears to be 011 a level where general. 
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purpose compulers were in 1952, With increasing computer 
speeds and advanced programming method_, the conlrol 
computer i, laking over as a dynamic optimizer, readj uuing 
pl.1II operalionJ to achieve conlilluOUS oplimil:uion of 
performance, r:lther than serving merely ill a IUpcrvillOry 
capacilY. With inaeasing applicalions in the power and 
chemical industries, sales of digital computers for proccu 
control are inaeasing at the nle of aboul 50% a year. 
The power gener-Hing industry is fim in the number of 
digilal praceu control Iyuems on order, which is estimued 
at 200. The rest of the market is comprised of Ihe ch~mica l, 

petro-chemical. petroleum, paper, glau and cement indus.­
try. As automatic process control is JliII in iu infancy, Ihe 
potelllial size of Ihe markel for compulen is "ilia qUeltion. 
Some sources have indicaled a $500 million market in thil 
area by 1970. Computer compani~ which should share in 
this markel include CE, 18M, RCA and Thompson.Ramo. 

Produdlon Conlrol 
Manufacturing companies are using computen for off· 

l i n~ produclion control in such applications as shop sched· 
uling. assembly line b:.l.ncing, scheduling labor utilization, 
and numerically controlling machine tooh. AdVllnced man· 
a~ment sciences, such as operations research. will find in· 
creasing use wilh computers to opti mile decision·making on 
inventory policy, Iong.range market strategies, plant and 
warehouse locations, and capital inve.lment program •. 
Simulation tedllliqu~ ""ilI rC'veal unprofitable or inadc· 
qu:.te cour~ of action 111 advance. Ihus :oI\'oidll1g cMtly 
errors in judgUlelll Con,petilhe pressures are rorcing In· 
duul) to lake advalllage of th~ lechniqu~, which should 
provide a slzl:'.lIble markel for comput<,n. This arl:':.1 could 
account for 3 $2·5 billioll cumulJ.ti\·e IIlJ.rket Ihrough 1970. 

ReldUn. 

The polential for computing equipmelll in th<, relai ling 
industry is comldered very 13rge, but ""i11 not allalll frui . 
liou until Ihree elements are more fully developcd-optica l 
sanners; melho(b of inexpensive dau translllUlion: and 
larger, leu expensive random·acceu 1II<'lIIory devin'l, A 
numbt>r of. rtlailing firm~ h;u'l: innalled computers 10 hall' 
dll:' accounlS p3)able, payrOll , ules audit 3nd accounts reo 
ceivable. NOlllbl~ &avings arc bt-ing achieved in these areas 
alonc. "'or example. Sci)!., Baer and Fuller of SI. Louis is 
projecting :.I five ·y<':.Ir savings of $400,000 primarily in c1ui· 
cal tavingl, by elnploying t""O computers. The eXlcnsion or 
computers illiO merchandise comrol, invelllory conltol. and 
market analysis could prove 10 be even more signition! in 
I<,mll of iavings. In this respect, re lailing finus could very 
well rouow the pattern sel by such apparel companiel U 

Bobbie Broou, which is speeding up ill inventory turnover 
by ~().ofO%. and expects to save over $1 million in the proc. 
ess over the next five yearl. As eXlemive improvemenu are 
being made in optical iCannUI, communication equipmcIII 
and memory devicel. it is conceivable Ihat computer in. 
stallations in the retail industry could reach $I.S·2.0 billion 
by 1970. NCR and Burroughs appear to be in favorable 
positions in this industry. 
Th~ are jUJl a few areas in which computers are finding 

applictlions today. In addilion. there are a number of 
areas with large, but relatively untapped potential, which 
appear to be ready markets ror computers. These include: 
service organillllions (hospiuls, hotels). the transportation 
field (airlines, trUCking, trnffic comrol), local go"ernmenl, 
inform3tion retrieval, medicine, adverl ising. and law. The 
USCf, for compulen appear limited only by man'. imagina. 
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I lion. Ev~ntuall)', computers could b«omt: u common· 
place as th(' office 1I~lephonc. 

Hi.lory and Developmen t of tbe Induetry' 

" 1010.,. Since 1952 
The ycan between thc building of the fint computu in 

1944 and 1952 were yean of exptrimcnt by univtnities.. 
govunment departments and small businesses. AI thin 
lime, major businos machine, dKtric and electronic mollnU­
faclurtn became convinttd Ihal machines which could 
compulC~ and process dala IUlomalially werc impomnt. 
and Ih~ cnler~ thc field on II big Kale. Sperry Rand had 
a big jump on the field when lhey acquir~ Eckert-Mauchly 
Colnpulcr ('.orporation in 1950 :lnd Engineering Research 
.'\uocial~ In 1952. The founden of the former comp;my 
were the ric,igncn of the Eniae. ;wd thdr Univac I was 
the fint gcncr;al .purpo~ cl«nonic compuu~r designed for 
bUJin(lli d:lla proccuing Thl~ m!lchinc wu complemenu:d 
by a machine for Kienufic compulaliolU buill by th~ En· 
gineermg R~arch Anociat~ group. S~IT)' Rand ~m· 
barked Upon a Vigorous mUketing of both machinH. The 
fine commercial computcr lIU1albuon wal in 1951. when 
a UIIIV"C was msulled at the Bureau 01 CcnJus:-The fint 
l:uge·scale dKIrOIHC computu to procleiS businas data, th~ 
Unu'ac J. was dcli"crtd to General EIKtric in Januuy, 
1954. 18;\1 lurntd down the Ec;ken.Mauchly Corporallon 
builuJC II fclt that the greale51 market potemial for com· 
pUI~n wai in iCienufic rather than bUlinas applicallon •. 
IBM did have IWclv~ Installations of iu 701 in 195!, pri. 
muily for Ki~nllfic ",'ork. Th~ company's 702, il busineu 

( 

venion of Ih~ 701 meanl to compct~ With Univac, Will a 
failur~. A cralh program foUowtd al IBM to replxe the 
701 ;,md 702 wllh the 7IM and 705, respectively, by Januuy, 
1956. In the mcantime, IB;\1 was making the most of 
Sperry Rand· ... minak«. Sperry lUnd biltd to ~ Ihe 
imporunce of JCrvice. cUJlomer educ;uKm. and th~ dev~lop· 

ment of high 'l~ output tquipm~nl, IBM sa.les su,;utgJ 
WiU 1I0t 10 deliver a machine unul Ih~ customer had ~n 
complet~ly tducattd and could ulili~e th~ tquipment fully 
from Ihe date o f inllalla lion. ThiJ salCt strategy paid off 
speclacularly. and the five·yur Iud which Sperry Rand 
once had on the field was eu~ by th~ end of 1955, when 
I BM was ahead of SPClTy Rand in orden booked. By mid· 
1956 il had $100 million worth of iu 700 scriH machines 
inualled. apmsl $70 million for Univac. Burroughl Iooktd 
lilte a lIrong contender in the computer race wh~n it ac· 
quirlNi Ihe Elwro-Dala Corporation in 1956. The com· 
pany's DaUtron computer proved excellent competition for 
the IBM 650 al the time. RCA made a hu~ initial invest· 
ment of over 525 million to get into the computer field .md 
sold 11$ fint Bilmac III 1956 for $4 million. This was the 
induury's biggCtt s,"gl~ installation to that dille. There 
were four companies making brgc.sale computm in 19S1, 
and industry sales wer~ 5!5O million. By 1959. Dine 6mu 
had made h~avy commitmenu in th~ fiC!ld, and industry 
ules wer~ an e5umilled $500 million. Machin~ inuoduc· 
lionl w~r~ mad~ by Ikndix in 1955. ~neral Prcd.ion in 
1956, Minneapolis-HoneY""ell in 1957 , Philco and Monroe 
in 1958, ~neral Elttttic in 19S9 and Control Dau, Na· 
tJon~1 Cub and Packard Sell in 1960. 

hldu .. lrr Ch.ncterhtlu 
Tbe comput~r ind ustry. when compared to other indw­

tries. is relal ivtly young in ag~. M~alurtd (rom mC! date 
of the fint computer installation in 1951, the indwuy i. 
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a l i lll~ more than a decade old. In t~rms of dev~lopment, 

th~ vean 1952·5! would be more appropriill~ in de6ning 
age, ;u this was the period when m:w production lechniques 
we[e applied ID computu m;uwfacwring. From virtually 
no sales or inuallalions in 1950, the induslry has grown to 
an estimated sales of $1.5 billion in 1962. with an estima tcd 
10-12,000 computer innalbtiolu. Today there arc oyer 20 
comp~nit'J manufaClurUlg ~I«tronic digiuJ compul~n. with 
more thall 200 comp,lIlies making peripheral and acc~ry 
rquipment There arc rlOW over 150.000 penon) ~mployed 
in the manufacture. programming. opcr.nion ;lnd mainte­
nallCC of comput~rs. Ocspil~ a relativt.ly mcm hislOry, th~ 

industry has d~vcloped .tOme very definite pallerns and 
characleristia. One iJ Ihe noticC!able absenc~ of profitt. 

Wilh th~ exception of IBM and Control Data, no oth~r 
major factor in the induury is making money on comput~r 
opcrauolli. Thil may be attributed to the faCt that these 
tWO fin111 deriv~ a great majority of their revenuCt from 
colllpulCn. In almost e\'cry other company. computing it 
a side line or a divilion at most . Thil factor o f concentra· 
tion, tog~ther wilh the ~xc~lI~nt sales Itntcgy and sales 
force of 18M, which accounu for approximat~ly 80% of 
the computer mark~t. has led IIIdustry Jpoltcsm~n 10 believe 
that iI will be a minimum of IWO or thrte years before 
molt companies will begin to show profiu from computen. 
Large companies likC! GE, RCA and Minneapolis-Honey. 
wdl have ad«luue fillanct'S to sustain these: lou« until 
profiu ar~ Jhown. Small~r companies. however, will POt 
be able 10 absorb Ihese louci (rom y~ar to ynr, .to that Ihe 
Mid may nalTOW down through mergers or drop-ouu in the 
ncar futu~. The computer indunry has estimat~ that the 
100al cumulative lou in iu t~n ·year life history already .lip­
proachet thC! sum of the two biggest corporate IoueI in 
busincs.s history. i.e.. Ford Motor's Edtel model and General 
Dynamics' Convair 990. This profit picture becomes u· 
u-cmely critical in IIghl of the ,capital nccd~ 10 finallCC 
compuler optnotioru. 

II", • ..,. OUI"", 
Th~ production of computen involves vtty hnvy o ut· 

I;IIY5. For example, RCA ;lIId Minneapolis-Honeywell have 
invCltcd ovtt $100 million each in their compulef businas, 
and for both companies il might be a minimum of tWO 
y~an before they realiu any return Oil this investm~nt . A 

good melljure ror financial rtquircmenu il th~ apilal: sales 
ratio of the Iwo profitable companin in th~ industry. IBM 
had a grOM income of SI.69 billion in 1961. and toul in· 
vested capital of SI.61 billion. or a ratio of almost 1:1. 
Control Data had invest.ed apital of $25.4 million at the 
enet of iu 1962 fiJCllI y~ar, on a pl« volume of $41 million. 
RK~ntly, however, Ih~ company iuued SI5 million in coo· 
venible dcbenturtt., bringing invested apiClI up to $!8 
miUion, ror a ralio of almost I : I in terms of capiul to sales. 
These financial requiTftOenu ar~ slaggtting ev~n to the 
budgtu of the largett companies in the country. but ve 
occcuitued both by h~avy TCiCarch and dcvclopm~nt COllI 

and by the methods of financing computer purchaJCI. 
ThC! very nuure of lh~ computer industry makes heavy 

outlaY' on r~arch inevitable. Producers must keep up 
with competilion, and this r«luira heavy research ex· 
penditurel, which cutlharply into profits. As it is relativ~ly 
lIew, the computer field involvcs many very CO$tl y probl~ms 
in developing new producu. Th~ advantage5 of long Cl(' 

perience which is available in older industries arc not pres­
~nt in this field . As an indicatio n of the magnitude of Ihese 
research expenditure., Control Oau spent approximately 
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$2.6 million, or 6.!% of salet, on research and development 
lall year. The company.sponsored ponion of the research 
and developmeOl program was supplemented by $5.9 mil. 
lion, primari ly from &overnmem research and development 
COOtNlCU, so that total rc:srarch expenditum amounted to 
20.7% of revenues. IBM spent $100 million on resra rch in 
1961 , and will spend an estimated $115·120 million in 1962. 
Wirh the exception of Sperry Rand, IBM resrarro and de. 
velopment expenditurel alone exceed the revenues of any 
company in the indusrry. Th~ oudays have made possible 
a carefully.pla nned program of new product inLrOductions. 
The ~sull has been a forced obsolescence of p~vious IBM 
machinrs. This hu nO( alwa.y. been to the benefit of com. 
puter users, but haa shown amazing results for profit. 
oriented IBM. 

Time 1.. 
Another basic realOn for large capital requirements is 

the lime lag between the development of a computer and 
its sale or lease. In a typical case, it takes three years to 
develop a computer. The machine is usually an nounced 
before it is finished, and at that time, a customer may either 
decide to purchase or lease. After an order is pl:u:ed, the 
delivery ume befOTe installation il wually around 12 
months. It then takes about !·5 yean 10 get invested funru 
back from leasing, 10 that the total cycle time is around 8-
10 years. When a company leil~ a madline, it usually in· 
cun a nel lou for two yean subsequent to installation due 
to heavy research and development, selling, installation and 
accelerated depr«:iation charges. Gros.s profit Irom leasing 
a computer approximates gros.s profit from outright sale in 
about the fOUMh y~r. After that, leasing il far more profit· 
able than selling, al.5uming a machine Ilays leased long 
enough. The problt'm facing manufacturers is that, with 
the lC'chnical life of moll machines ina-euing to s-8 yean, 
technologica l obtOlCICence is b«oming leu a factor. The 
fonner favon manufacturers under le:uing condition .. but 
the lanO' encourages more outright purchases by users. 
The: le:uing method, howevu, should sull ~main the prin. 
cipal method of computer financing in the next deader 
This will not he:lp the: immediate profil picture of most 
companies, but will be: most re:munerative: in the long ruo, 

Conlfnu.1 Flux 

The rapid growth and the: e:lCtreme:ly competitive nature 
of the industry k~ps it in a state of continual Aux. The: 
magnitude of the indunry's pote:ntial continually attracts 
lIew firms, both large and small. into the fiC'ld. Small com. 
panies like Advanced Scientific InStruments and Scienufic 
Data S)'Stenu could survive: by cooce:ntNiting on a small 
area or special application. Ultima tely, many of these 
companies will become: good buy-out candidates. Larger 
finns, like Hughes and Sielma , which have rece:lIlly a ll ' 
nounced their C' ntrance: into thC' field , will find compelition 
very stiff. This proved to be the cue wth Ceneral Mills. 
Royal Mc8~ and Underwood, all of whom have dropped 
out of the: industry. It is inte:resting to note: that such finm 
:Ii Motorola and WestinghouJt: have not l>Kome: directly 
involved in computer manufaclUring, e:ven though they 
have: the: finances and electronic capabilities. One other 
are:iI of change in the: indunry hu b«n manageme:lIl. Wilh 
luch tremendous lukes involved, a wrong manage:me:1lt de:. 
cilion could easi ly obviate l1Iany yean of de:velopmelll, and 
postpone projc:cted profits further into the: ,future. Compa. 
nies have be:en shifting managements in an anempt to find 
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the: road to profits more quickly, and this has bec:n c:vi· 
de:nccd in such companies as Sperry Rand, RCA and Philco. 

au,.en' Marir.el 

Tbe growth of the indusrry has not been without i ts 
problems;, All manufacturers are aware that computers are 
offered today to a buye:rs' markeL This has led 'to a very 
dost: working relationship of user and manufacturer. Price 
has nO( bccn the only conside:ra lion in a computer pur· 
chasr. Potential users now demand more detailed pro. 
gramming, want technical as.siJltance after inJilallation, are: 
~eking guaNlntccd repayme:llts of any loms rt:JIulting from 
syue:m changcovcn, and are imerested in other services 
which are very costly to the manufacturer. A problem from 
the user's point or view is that the computer industry, much 
like the auto industry, has bee:n e:ngaged in a Nice lor hone· 
power. One 01 the resultS has been that some computers in .­
business are: not bei ng used to their fullest capaci ty. These'" 
problenu, howevO', ne considert:d minor in view of the 
over·all progreu being edlibited by Ihe industry, the lav­
in85 being effected by users and the huge n:arket potential 
facing manufactu~n in the next decade:. 

There are a number of facton which spell the difference 
betwttn succm and failure in the compuler industry, but 
tbe key ingrcdienlJ required to compe:te succrufully in this 
indultry .Kern to he: (I) a realisuc prodUCt pricing: (2) 
thorougbly proven equipment and tOhota~ prognms; (!) 
equipment des.lgned 10 meet spt:t1Ctc market requirt'me:nts; 
(f) marketing management experienced in the computer 
field, along with ,killed salesmen and sySlt'm1 enginuring 
bilckup; (5) farlighted and determined top·manilgeme:nt 
support, willing 10 forego present profits, and accepting 
risks for Iollg·u~rm pins; :and (6) adrqu:&1C financn. 

Present and POIe.nliul ComputeT Ma rke t 

There are a number of methods of cxprHllllg the Jize 
of the computer markeL Three of thesr ,,"'Quid IOdude: 
(I) factory SOlIr. or shipmenu per year, (2) ' :K:tory $lIes plus 
rental income, and (!) the Iota I cumul:ui\'e vltlue of ma. 
chine installations. Each of these method~ ha, iu own 
merit in prescnting a different perspective: of the induJlry. 
From an industry point of view, this study will concentNite 
on both factory shi pments and cumulative installation 
value. AJ annual shipmenu li nd particular machine in. 
slall:)(ion information is considered proprietaory informa· 
tion by lDally of the computer companit:JI. the computer 
marke:t will be the lotal cumullttive villue of machine in· 
stllluions when dncuuing individual computer comp:.., 
nirs. 

Preu.nt Market 

Computer and data processing equipment. have b«n 
c1auified under the industrial producu section of the elec· 
tronic industry by the: Electronic Industries Auociation . 
Computing, da la proccuing :lind indwtrial control and 
procHSing equipment account for approximately 50% of 
the industrial product group sales. Sales or thil equipment 
have: b«n growing at the average annual rate of 25'0 a 
year sinct 1957, compared with an average growth rale of 
17.5'0 annually for the: industrial produru group :ll It ,,, 

whole, and n .s,o a ye:Dr for electronic industry $lIes. 
Compulen and data procHSing equipment are one relion 
why induJlrial producl5 Ife the f:lStC$t growing ponion 01 

this marke:t. The Nlpid growth of indunri:11 produru could 
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~rve 10 achieve a M:uer balance in lhe dKtronia indw­
try. lina: 59% of toul indIHu"}' ules is culTently for military 
and space applicationl. In tenm of ahipmenl5, me market 
for busincu and scienlilic gcnenl.purpoK' digital compulen 
and ipttial mililary compuu'n hu been u folloWl: 

Year 

'960 

'96' 
1962£ 

Busine., iT Scientific 
, .5 bill ion 

1. 1 billion 
1.5 billion 

Special Military 
, .6 billion 

1.0 billion 
1.3 billion 

An anal)"i. of 1961 u lt'.l showl thai 59% of wes wu 
made 10 indu.wrial and commercial uSttJ. 22% ",'cnl (0 
agencies of (he Federal eovcrnmcnI, II % ~cb wcnl to 
ulililies and avialioll. 10'70 was sold for lCientific purposes, 
2'0 for roucalional purpoJt:J, and 5'70 ""cnl to mi.sallanc­
OUI uJt:n. The 10lal dome"ic markel. including compuleri 
peripheral gear. -W)ftw.uc and snviccs IS C1t:PCCI~ 10 ~ach 
n .8 billion in 1962. rcpr~nting a 20% increase over 1961 . 
Thc markcI for peripheral tquipmenl from indcpc:ndenl 
makers is expected 10 approach $500 million in 1952. wim 
magnctic ta~ tralllporu ($80 million) and cJCCU'ODlcdtani. 
cal prnucrt ($50 million) accounting for almost one-half 
of thc~ ~Io. \.to 11 IIlcaJourc of m.lgnitudc. ult$ of periph. 
er::tl Ct(UiI'IIICIlt will bt c1010C to four timet 1962 Ulb of 
1111;1 103 computCfs., whICh is eillma tro to M: an $80 million 
muktt \ 11 cX;lTnin"lIon of thc digitllli computer manufac. 
lurcn ""111 IIIdicatc ",-hich compllniC5 arc leaders in lcnm 

MATHEMATICIANS 
PROGRAMMERS 

We: arc eng.lgtd in the dcvelopmen t o( .In 

intcruling ",riClY of programi (or rc.5ftrch 
.lnd rul -time opcruionJ. 

EXPlnlton of our tec!,nic,,1 I[aff offen 
$ubsunti,,1 growth opportunities for profu­
lion.ll "d vanceme:nt in the Jl~J of muhe­
mniCJI analysil and prosrammins, Iyltcnu 
dnisn , and d.lu handlins. 

of inSlllllaliOIl5. lind what future relativc positions could be 
batW on preilCnt backlog figufU-

15ft " Illr FIn c-p.w v ...... F_eo-Fa.ce" b,. P.uidI J. )(0. 
a.:-r.. kI c..,...,~, w ... -..-.w., A ....... 1H2. ,. J.&. 

·"'OYtr SOO ArM. of Appliaoliooo 0' c-pat ..... ~ ~ IfdJ )f~ 
.. C~~. _ ..... --. 1_ IKl, Po 1441 ., 

(To be: continued in the Fdnvarr issue] 

The Key to Computer Economy 

I ""-"" " !!.-. . tlI -

"So ,!.it II , ,.~ comp" 'cr T Oil m.naaf!rl '0 
."e:" en ,,"lHlicNbl,. 10 .. prk,1" 

o 
o 
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Senior poIittonl currently J'tailable for 
mathematicians and phy.icisLi in prosnm 
development and mathematical Inllyl1l. 

Picue lend resume in completc con6dcncc to: 

... " W. L DI~. 

W •• r. louted jl,llt two hours from 5.n Frll'lClsco on ,he Monterey 
P~tNI.Il • •.. onIt of , .... most dftlr.b" IIvlnr and workl", Irnl In 
, .... Ww. Mortt"lIY cnjoyl , tempe,,'e , 5/nOI- fffl cllfNI~ ye.r 
rG\.It'Id II'Id offcrs In I,It'11'1\1tched profusloMl, el,lltu,.1 . nd recru­
'ional envll'Otlll'lCnt • 
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A SUIlVEY AND STUDY OF UIE COMPUTEIl FIELD 

PART 2 

lad ... t rl.' See.rllle_ Ce __ 'Ctee 
lavM'-ea' Danker. A __ I •• , ••• 1 A..e"'_ 

,,' . ..... gc.. ". D.t::. 

(Continued (rom the January issue) 

A. CDlnf!II11Y P!'JlftOrr by Jlalue of Ins/allalions-thc 
computer il1lhUlry. lU meliliolled prc\' ioll51y. is very close 
wnh its lO·calh.'(l propricl:lry information, )() Ihat installll­
lioll :lIld backlog figures are Ihe result of educated gUC'SKI 
by IIlthutfY Spol:~IIICII , consuhanl.l, trade and (tthllial 
publiouons, lUld computer tuers. A combination of these 
iOUrcc) h:u been usrd in the compilation of a computer 
(tUtus.' Thl} chan 1110"",, the 10lal number of computers 
irUlalltd to d:ut' by each manufacturer. including ,,",cuum 
tube and solid SlalC machines. the e5limated value of thesc 
IIulaJlallOIll, Lilt' num~r of computers on order and the 
C:i,imalW value of th~ ord~r .. As it would be impouibl~ 
to know th~ sa lts v;llu~ of tach installuion. an aVU3g~ 
'ylU'm price .... :u used. Since th~ introduction of lh~ fir$( 
Univa~ unlil Scp l~mber 1962. il has been deduced that 
Ih~re hav~ ~n 16,187 comput~n installed. with all in. 
'lallation value of S".5 billion wJlI~: n new. The ex hibit 
c!tarly i ndicat~s the dominance of IBM in th~ computer 
indumy T he company has ill5t;alled 78.!I% o f the total 
number o f mach ines with iu ]2,743 inst;a llationl, th~ cu· 
mul;ative estim:lIed value of which is $5.5 billion (tee 
Table 2). A trend is Ihe rapid decline in usc and produc­
tio n of vacuum tube computers. IBM and Spcrry Rand, 
the two major contenders in the industry initially, h2ve had 
Ihe gTe;lt"t number of vacuum tuDe computer illllallations. 
Although m;lny of th~ computcn arc JliII in ute, produc. 
tion of ncarly all has been phased out'. If thete machines 
wen: excluded from consideration wh~n diK:uJSillg market 
sh;ar~, Table' indicates that IBM 's position would be rela­
tively unch;lnged . Sperry Rand would only hne 5."" .. or 
th~ m;arkel und~r Ihis assumpl ion. but the n~wer compa· 
nics like RCA, Conlrol Data, Minneapolis-Honeywell and 
C~neral Electric would ben~fit significantly. As JOlid·Jllt~ 
computers ha v~ jun about compl~tely repbccd V2cuum 
tube machin~l, Table' india llCl which oomp2n ies ar~ im· 
proving their relative siand ings in t~rms of present market 
slim: and machines on ord~r. Viewed in this light. Sperry 
Rand. National Cash and Burroughs all appear to b~ in a 
pc»ition to improve th~ ir rebtiv~ lIandings. 

B. Compan., Position by Machine She-there arc many 
ways of clanifyi ng computers by size, but the two most 
collImon methods arc rental C05t per month. and average 
~lIing price per system. The latter method will be used 
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in thiJ 5tudy, and machine sit~. will be d2Mified as foliowl: 
~xtra large. $5 billion and up: large, $1 ·5 billio n; medium. 
$$00.000·$1.000,000; sma ll, $50,000-$500,000; and dClk-$i l~ • 
under $50,000. This il an arbitrary cJassifiotion, and could 
possibly place a computer or twO in a wrong cat~ry if the 
avenge price is nOt a repr~5Cnla tive figure . Using this 
cI:wifica lion, it is appar~nt from &hibit .of and T2ble 1 
that IBM is particularly strong in th~ large and medium 
Jile fields. IBM has 85.5% of the luge·.5Cale mark~t. with 
19' in5lailaiionJ of the 7090 teria a nd ' 10 installations of 
the 7070 tents, accounting lor inJlallatio n V2lues of $579 
mill ion and $360 million, respcc:tivcly. Min neapolis-Honey­
w~1l has 5.5% of the total value o f th~ large computer 

·markel. primarily due to iu 800 computer. ConuoJ Data 
bas 5.'% of this market, with 11 installations o f iu 1604. 

IBM has dominated the medium-scaJ~ field . due to the 
succcu of iu 1401. The company has installed 94 .'% of 
the com puters in this area. with an est imated value of $1.2 
billion. No other computer manufacturer hu as much u 
5% of this market. RCA has 1.5% of the market. bued on 
78 insuallations of iu 501. valued It $62.4 million. CE oc· 
cupie. third place with I market share of 2.9" ... on 50 in­
slal1alionl of iu 210 machine. valued at $40 million. Bur­
roughs' »hare of this market il 2.2" ... whieb il the mult 
of 55 installations of iu vacuum tube 8-220 oomputer. The 
ability 10 reta in this position will depend on the m ... k~ting 
auocess of th~ IOlid'1I2te 8-5000, which curn:nlly hu an 
exctllent badJog of orde1 
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Present Marke t Share • 

, 

Compu)' 

Percent of Market 
Bued OD NlUDber of 

Mach1De lnatalladOM 

Perce.n1 01 Market 
Bued on S Value 

of Mac.hiDfl InatallauOM 

Percent 01 S Value 
of MacbiM. 
on Order 

Percent of Number 
OD Order 

mM 
Sperry fWId 
RCA 
Control o.ta 
Ml.Meapolla-Hooeywell 
GeDfl rai Electric 
NaUonal Cub 
BurrQugM 
Philco .... .,. 
Genctral Precilioll, 
Monroe, Packard 
Bell, AulODetlcl, 
Cllry, Advanced 
Scientilic IUlnimeDII 

79. J .. , 
1.5 
1.. 

••• .. , 
2. ' 
1:6 
' .1 ,. , 

••• 
comblPOd 

77 .8 
5 • • 
3.3 
3.' 
2 •• 
1.6 
1 •• 
1.3 
1.2 
1.1 

I.. 
combilled 

77 . 9 , .. 
• . I 
1.5 
1.' 
1. 3 
' . 3 
2 •• 
1.1 
'.3 

Le.1 than 1. 0$ 
combined 

72.8 
13.0 
2 . • 
1 .• 

•• 
1.3 .. , 
3.' 

. 3 
• 1 

Baaed on the number of oomputer iutallatiODll (12, 928) and their market value (P, 990, 347,000). with the 
ucluaIoD.!!~ lUbe computera whicb are no lancer 111 proiluctiOD. 

Speny Rand nn~ aI the leadeT in the Imall·tale 
market, with 52 .. ins~lIl11ions valu~ at $1!!.7 million. 
Thi. accounts for !9.1%· of this market. IBM is i«Ond with 
16.7% of the market. based on 600 installations nlued at 
$~7 million. RCA ( 10.6"0)' Hf:ndix (7.!,,0). lInd Control 
O;oIIa (8.~"0). allO have ,ignifka'lI mliTei of this markH. 

The c1auifiolljon of IBM 's 6!2 computer 1II a desk ... ize 
machine. g.vcs this CGrnp<rny 81.8% of the dcsk·uu markcl. 
Among tbe non.major companies. Packard Bdl and Monroe 
luvc :II rcsp«table share or this market with a 7.2% and 
5."% participation. respectively. 

In the eXlnI.largc category. there are only two companies 
with installations today. namely J.BM and Sperry Rand. 
Long production time. and specialized engineering and 
programming rcquiremenu have kept many manufaauren 
out of this area. However, even the LOp two producu. an 
nOI going to nay in this field with their prescnl machines. 
IBM hu two inillllation. of its STRETCH, lInd SpttTy 
Rand has two inSllllalKtns of il5 LARC. Both companies 
have indicated thai these machines will no longer be pro­
duced. Thi. could leave Ihe whole extra.large field open 
10 Control Data, which will ddivft' iu fint 6600 super 
compuler in 1964. 
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C. Compu,er Bllc.U",-at pruent. the computer indwtry 
bat a bacltJog of 8,"96 comput.en with an estimated in. 
nalluion vaJue of .$!.O billion. As indicated in Exhibit <I 
and Table ... IBM hu 6,176 orden for machines valued al 
$2.!6 billion. IBM ', bacllog accounts for 72.8% of the 
toul backlog number and 77,9% of the backk>g dollar 
value. Sperry Rand (I!.O%). National Cash (".2%). ~Uld 
Burroughs (!.O"o) bave greater potential percenuge. of Ibe 
market in terms of the number of machines on backlog, 
rather (han the dollar valu(' of these machines, indicating a 
Irend (oward lower.priced computers. RCA. Conlrol Data, 
Minn('apoli.·Honeywell and Philco backlog figure. indio 
ate a trend to the higher. priced machint'S. As a measure 

of growth. the 10111 backlog of machines today is greater 
than the toul nUlDber of machines installed between 1951 
and 1960. 
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The previous section on computer applicaliom shed 
tOme lighl on the future prospecu of the indusuy. The 
problem of ror~uing in Ihe computer industry ;1 that 
nurlu~ t eslimata by tllperu ill the field have alwaY' been 
011 tht' low side. Looking ahead to 1966. il has been est;· 
nutw Ihal s:lles of busi ncU-Kiemific compulers could be 
75% :ahead of 1961, with induurial computers 200"'0 ahead, 
and proecu oolllrol equipment 400% ahead. In Icrnu of 
dollar value. shipmcnl.~ are f:X!leCted 10 reach .$2.2 billion 

. ,rOt busincu and scientific computers, and .$2.0 billion COt 
.. Jpcc:ial mililny computers. The usual method of projC'Cling 

the future market potential of the computer indwtry has 
bct'll to analyze Ihe government, busi nm, scieIHilic and' 
mi lilllry fields, or 10 estimate industry and afta applic21ions. 

One olher method which might rt'Cdv~ a littl~ mor~ at­
lenlion is th~ markel ror computers which r~ults from con 
Javings ill IUch areas as clencal penoliliel and invC:lltory. 
For example. the clerica l rorce in the U.S. could reach 
12.25 million by 1970. auuming a 25,"0 inaease ' ill len 
yean. With plaries incrt:asing at an averagt: nte of !% a 
year, Ihe avenge wage could reach $99.!5 a week. Under 
th~ al3umptions, the annual clerical bill could reach 
$6!2.8 billion. U it is u.sumed lhal compani~ cmploying 
penonncl equivalent 10 5% of th~ lotal clerical com 
could take advantage of con pvings through computers. 
thell clerical personnel earning $!1.5 billion would be ex­
posed 10 rcpJac~ment by comput~rs. As cited previously. 
it is not uncommon for compllten 10 pvc 10.25,"0 in cler· 
ical costs, 50 thu a potential computer mark~t in Ihis area 
alone is on the orda of $!.1 ·7.8 billion by 1970. 

The situation with inventory prescnu somewhat the 
Jame picture. During th~ past deade, manufacturen' in· 
ventories inaea5ed from $i1.1 billion to $55.2 billion, or 
25,"0' I( a similar inaease can be auumed by 1970, then 
the~ invelllorio could reach $69 billion. Assuming linus 
carrying one-telllh of this inventory are in a position to 
employ computers, and if savings under this auumption art: 

10-20'70 in each caloe, then pvings of $690 million 10 $1.1 
billion ue pol.\iblc, In olher words, savings from clerical 
:.1111.1 invclltory cous could channel u much as $5.8-9.2 bil­
lion in'to computeT! by 1970. 

A. Mlllla ry MarAt"-on~ ar~a which cannot be over· 
looked j, the mihtary market, which is gro""ing futer than 
th~ deenonic doHa proct'$..Sing market as a whole. Elcc· 
1foll ia illduJlry sourc~s indicate that as much as on~·sixth 
of all ddcnK' eleelroniu ~xpcndilurct go for som~ type 
of computu. All cstimated .$8.0 billion will be spcnt for 
militaryel«tronia.in 1962, with $1.5 billion spent on data 
proc~uing cquipm~n(. If expenditur~s for defense ~I«· 

tronies colltinu~ at th~ prc~nl rate, th~y could r~ach $15.0 
billion in 1970. crcating a $2.5 billion military computer 
market. 

B. Foreign Marke'-th~ rutur~ pol~ntial of the com­
PUII:t induury is furthu cnhanced bf ror~ign mark~1 pros­
pect... There ar~ approximately 2.800 computu syslems 
ilutalled and 011 order in Wotttn Europe. plus '89 in· 
.tallatiOIl) in Gr~at Britain . By 1970, there will probably 
~ mor~ than 14 ,000 installations in Wt$lcrn Europe, and 
700,insullations in Grcat Britain. W~Sl Germany leads in 
oveneas computing installations with .72 SY$101lS. Great 
8ritai n is K"COnd with 589, and France is Ihird with 512. 
Thc bigest market for computus in the futur~ will be in 
tlu:.c three countri~s follow~ by Italy, the Benelux coun· 
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tric$, Scandinavia, Austria. and Switzerla nd. Of th~ 14,000 
estimated installations by 1970. 10.000 or more ar~ C$l.i· 
nlaled to be smali systems. !.OQO.4,OOO medium·sil~ com­
put~rs. and 1~250 larg~·sca l~ computers. Th~ tOlal value 
of this market should be in lht' n~ighborhood of $5 billion. 
Domestic companio ar~ considered to have a dccid~ ad· 
vantage in Ihis market, since U.s. tKhnology. sal~ tKh· 
niquo, prognmming and computu applications for spe· 
cific jobl arc y~"'rs ahead of the West [uropealll. Accord· 
ing 10 a ree~ntly publilh~d ~stimate, th~ ror~ign computer 
market is ,harw as follows: IBM-70%; Sperry Rand-
8%; and two fordgn companio. 8ULL (8'70)' and Inter· 
national Computers &: Tabulato" (6%). sharing th~ rest 
of I .h~ mark~t along with oth~r local finns. In Franc~, 

III ~ re is II $lIlcs battle b~tween IBM and Compagni~ d~s 
M:lchines BULL, which share almost aJi of th~ mark~t in 
Fnnce. BULL i, an aggr~uiv~ firm with excellent govern· 
ment connKlions. The company has signed a marlt.~ting 

agrc~m~1H to sell RCA's !O l, and in return g~I' full acccu 
to all RCA pr~~nt and rUlur~ ,1Khnical devdopm~nts. In 
West Gcnnany, IBM is well in tht' lead with over 100 in· 
stalla.tions. Univac and 8ULL run a dillant .econd, while 
th~ major German firms (Siem~IIJ, T~I~runk~n, and Zu.te). 
ahhough Riling some Iy"~ms, !ack the sales organiution 
nctdcd for mark~t dominance. Th~ 8t:nelux counmo 
have mainly inscall~ IBM and BULL ~uipment, with 
)()m~ saln going 10 NCR (through iu Elliol Automat'on 
affiliate), and Univac. In ha.I),. most of the 2SO computer 
itulallatio lls belong to 18M. with BULL and Olivetti shar­
ing the rest of th~ mark~l. In Creat Briuin, International 
Computers 8: Tabulators (55 inslallations), and Fernnti 
(50 installations) a r~ proving ~xc~lIent competition for 
J liM (56 inStallations). A tight labor supply and npidly 
intt~asing wages will I~ad European industries 10 pwh 
toward more automation. Automation meanJ comput~1'$, 
and compu len arc what U.s. manl1faCluren hav~ and know 
how to sell. 

C. Digilal Com puler MarAt'1 I" 1910-indusu-y ex peru 
arc projecting shipm~nu of $5.0 billion in busillcu and 
teientific comput~Tf in 1970, and $2.5 bilI~n in special 
military computers. Th~ prOipccu for a $'1·7 billion market 
in 1970 d0e5 not appea r ovuly optimistic in vi~w of growth 
rates exhibited to dat~. On this basis, it is olima led Ihal 
lh~ lOul cumulative mark~t will grow by 550% in the nexl 
~ight years, or will inttt'a'C from $4.5 billion to approxi. 
Illalt'ly $20 billion. In vi~w o( curr~1It machine installa· 
lions, backlogs. ar~as of concentntion. marketing ability. 
fin ances, elc .. Table .5 is a prognoslication of compUttt 
company ,undingJ in 1970. IBM should 5lill be the 
a.ckllowltdged leader in th~ industry, bUI iu shar~ of tb~ 
marlt~t will be lcu thall the 78% which it now commands. 
This will be the rouh of a number of factors. As the r~lia· 
bility or machino increaxs, the offering of service, which 
has been 18M's strongeSt ~lIing point. becomc. 1m of an 
:U~L In addition, companies Jik~ GE, Philco and Minn~ 
apolis-Honeyw~lI. which ar~ large computer users. will 
start supplying their own company with their respective 
machines. For exampl~, nOli to th~ government, GE hU( 
b«:n lh~ largett customer ror IBM, ~mploying over 100 
computen. Future mark~ing nfatq:in will b«om~ lQ()I'e 
tophiHicatcd on the pan of manufacturers. and s.inc:e mao 
chines will have approximately .the same capabilities. tb~ 
company which can offer th~ best pacugt: and working 
relationship 10 a customer Jbould have an advantage over 
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competition. This is one realOn why National Cash and 
Burroughs should do well in their total systems approach. 
It is a IOUUp fOl" th t' numbtt two spot by 1970, but based 
on prt'$tnt progTHS and the potential of iu elt:etronia 
apabilities, RCA appears 10 have a slight edge over CEo 
RCA's bacUOS is npidly approaching that of Sperry Rand. 
50 that the number two position could bt: dt:dded in a ff!W 
)ean. CE faas a more difficult tuk, but lbould mat.t' iu 
big moye late in 1964 or I96S, when it introdum iu nt"W 
Ime of third generation computen, employing aciYanced 
ttthnologial concepts. . 

Table 5 

ProJecl.ed Market Share Through 1970 -

Est. CumulaUve $ Value 
Market of Machine InatallaUons 

Company ....§!!!!:! ($ mllJionJ 

IBM 60-70% • 9,000-14,000 
RC. 6-10 1,200- 2,000 
General Electric 7 -10 1,050- 2,000 
Sperry Rand 7-10 1,050- 2,000 
Control Data . - 6 600- 1,200 
NatJonal Caab .- 6 600- 1,200 
Burroughs 3- 5 450- 1,000 
MiM. - Honeywell ,- 5 450- 1,000 
Phlloo 2- , 300- 600 
Otheu 1- 2 150- .00 

$15,000-20,000 

- Bued on a potenUaJ cumulaUve dollar value of 
macblae lastallations approxlmaUng $15-20 billion. 

D. Pou,u ial Arndog ComputeT M.rA~t_lhe total va1ue 
of general·purpolC analos compulen. prOCt:U control com. 
puters and hybrid digital.ana1os computers is cstimated to 
reach, $180 million by 1966, representing a compound 
growth rate of 15"0 I year since 1962. This roue is likely 
to continue through 1970, to that the total value of analog 
computers couW bt: $'00 million by that date. Electronic 
A&lOCiales accounu for approximately two-thirds to thru. 
fourlhs or the t01a1 gellt'nl·purpolt' allalog computer mu. 
t.et, with the remaining sales divided among Seckman In. 
IlrumC'nu, Systron·Donner and Applied Dynamics. 

The Future 
As remarkable as the progTHS has bu:n in compu ter 

ttthnology over the past decade. industry experu regard 
computers at the ume stage of developm('nt that automo­
biles were when they bepn to bt: generally accepted by 
the public. Advances in the wte of the at( will bring Lhird 
~nt:r::nion computers employing thin films. cryogenics, 
miao-minill uriut ion and tunnd diodes. ThC1(' com. 
ponenu will not only lower COSU, but permit operating 
lpuda measurl'd in nanoseconds, or billionths of a JeCOnd. 
Looking funher 10 th(' future, Optnting speN.I tome day 
may bt: measured in terms of th(' spud of light. Today" 
compu ters perform 200,000 opera tions a second. MIT has 
developed a working model for a new genttuion of mao 
chines which will pd'fonn over 2.000,000 computations per 
t«Ond, Future computers will bt: reduCfl!: in liZ(' to extend 
their Uit: to $maller organwlions, and reduttd in priccs 
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and rental charges to illcruJC th('ir markC'tJ. Advances 
made in the peripheral equipment area. such :u optial 
JOnners, data commun ica tion equipment, and d:lta dilpby 
systems, will open up new multi·million dollar indu.urlC'S. 

Extension of computer applications will come with in. 
creased emphasis on relll· time systems.. In the next dccade, 
d ircct communiations with computers from :I point or ule 
will not on ly rctuh in order filling. datll recording, :Iud in. 
\ entory COntrol, but could abo cxtend further down th(' 
line into banI.. auliu a nd debiu. c;:ttdit ards could bC'­
come inputs to computO's through data communications 
equipment. Commercial banks will have imer-<onnecting 
syuemJ which will lead to up.to-the·minute information on 
bank and cuuom('r ba lances. eliminating a great deal of 
the float ill the banking syltem. TOll l management infor. 
mation systems will be pouible by communications links 
betw('('n indul tr ial control computers and data praceuing 
COlllputtn, tra nsforming the industrial complex into one 
conti Ol.lOui loop of synChronized data How. 

Electronic COIllPUt(,fS will be a great impetus to tech. 
nologica l developm(,llt. as it broadens min', C'oI p:lbililiel 
and int('lIect. The day of trial-by-crror will soon be history, 
as the analytical approach providt'd by simulation tech, 
nique'S will channel ellons to decisions providing the great. 
est payoff and return. Increased automation and produc. 
livit,. will not o nly le:ld to ina-cased profiu on the pari of 
o \·er·all industry, but will bt: II vi~1 (actor in muting the 
serious challenge facing our country in international trade 
competition. 

• Sec £.11.1"'1 4 (.~ h YUJ' .... ---., 110 !lot f\l1l rorporl of tJ.. --
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List of Computer Manufacturers 

- Advanced Scientific In8trumenta, 5249 Han80n Court. 
MlnneapoUa 22, Mlnn. 

Autonetlcs, North American Aviation Co., 3584 WUshlre 
Blvd., Los Angeles 5, Calif, 

-Bendix Co rporation, 5630 Arbor Vitae St., Lo. Angeles 
45, CaUr. 

-Burrough. Corporation, 6071 Second Ave. , Detroit 32, 
Mich. 

Clary Co rporatJoD, 408 Junipero SL, San Gabriel, Call!. 
- Computer Control Corporation, 2251 Barry Ave., Los 

Angeles 64, Calif. 
- Control Data Cor poration, 501 Park Ave . • MlnneapoUa, 

MInn. 

- DIgital Equipment CorporaUon, Main St., i\layna.rd, ...... 
E1-TronJc8, 13040 S. Cerise Ave., Hawthorne, Calif. 
- General Electric Corporation, 13430 N. Black Canyon 

1II,hway, Phoenix, Ariz. 
- Ocneral Preclalon, 1Dc . , 101 W. Alameda Ave., Bur­

bank, Calif, 
-mM Corporation, 590 Madison Ave., New York, N. Y. 
• Minneapolia-Honeywell Regulator Co .• 60 Walnut St., 

Wellesley Hilla 81, Masa. 
- Monroe Calculallng Alachlne Co. , 555 Mitchell St., 

Orange, N. J, 

°NatJonal Cuh Reglater Company, Dayton 9, Oblo 
Packard Bell Company, 1905 Armacost Ave. , Loa 

Angelea 25. Calif. 
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• Philco Corporation, 3900 Welsh Rd. t Willow Grove, Pat 
-nadio Corporation or Ame r ica, Camden, N. J . 
Ramo-Wooldridge Corporation, 8433 Fallbrook Ave .• 

Canoga Park, Calif. 
·ncmlngtotl Rand Co r por aUon, 315 Park Ave. So,. 

New York 10, N. Y. 
·ScICDllfic Data Systems, 1542 Fifteenlh S1. I Santa 

Monica, Calif. 

• 1be authors arc lndebled to these companies for their 
cooperation and uslsl.ance In the project, 
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COM PUfER SALES 
REPRESENTATIVES 

Fo, 

WA SIIINGTON, D. C. -1'IIILADELPlnA 
DOSTON AREAS 

NEW OPI>ORTU~1TIES WITII 
PACKARD UELL 

To srll 'he po-no G~Mral Pur~ Compu'~r and the 
ncw PD-440 Dual Memory Stor~ LoBic "Common lan­
Buagc" Computcr (or real time compu'er controlled systems 
and 5Ci~ntific applicalioru. 

Good expcr icnc~ in th~ .sal~ and application of general 
purpose computers is r~uir~. Salary plus commission 
plan. Exccllcnl growth pxt:ntial to suprrvisory and man· 
ag~mc", positioru in the marketing area. 

For information or personal int~rvit:Ws. COnfliCt 

George PCIt:rson, Eastcrn Regional Sal~ Man­
ager, at 17n " ' " St .• Suile 308. Washinglon, D.C. 
FE 8·5733 

Or 8NlII re8"nle 10 n. J. Garner 

I'ACKARD BELL COMPUTER 
1905 Armarosl Avenue, loti Angelet 25, Ca lif. 

An equal opponuni,y employer 

COM P .U T E R 
I!IISRSOrlNE L 

POSITIONS IN WASHINGTON , D_C.; NEW YORK; 
NEW ENGLAND AND CALIFORNIA ARE NOW 

BEING FILLED THROUGH OUR SPECIALIZED 
PLACEMENT SERVICE 

PROGRAMMING 
Applied 
Scientific 
Administrative 

COMPUTER DESIGN 

ADVANCED TECHNIQUES 
Compilers 
Languages 
Processors 

TOTAL SYSTEMS 

$7,000 - $20,000 
Ille .bove posiUons requill BlChelor's or advanced Mil" 

ALL EXPENSES AND fEES PAID BY EMPLOYER 
aU inquiries Irealed confidenliol1y 

write or forword ,uu"" to 

MR. J. M. BROWN, DIRECTOR 

SYSTEMAT 
division of National Personnel C.nt., 

" Serving the E.D.P. Industry" 
2446 R .. d ie Drlv., SII"., Spring, Met 

Ar.a Cod. 301 949-4231 
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Price/ Performance 
Patterns of U.S . 
Computer Systems 
E.G. Cale. L.L. Gremillion. and 
J.L. l cKenney 
Ha rvard University 

EconomClrk lI1odel .. of the U.S, compul"r mDrkel 
hal e be"n d"I"lopcd In <';Iud~ Ihe relalion .. hfp ..: ix'1"een 
<';) "'''111 price and hard"are performance. Sin~le 
rnea<,;ure .. of price/performance .. nch a .. "(;roo,ch' .. 
la"- are "ho"n 10 be .. o olcr<';illlplified a..: 10 be 
mea ningle ..... i\ lulliple·r"1!re .... ion model..: predicling 
,,) .. lell1 eo"l a .. a funelion (Ir "'eH'ra l hard"are 
('h:uaeteri"'ie" do, hO" (,H'r. rel eal II market dkholOlII). 
On one hand chere exi .. !~ a .. 'able. prke predklable 
market for larger. ~e"erll l purpu .. e ('Oll1pllI('r ") .. !em ... 
The olher IJlltrkel i", !he dc, (.' loping one for <;m:11I 
btl .. ine .... ('oll1puler ")"'lell1<';. a mllrkel "hkh i .. rel:uhel) 
un<,;tablc "ilh 10" price predktabililY. 

Ke~ \\ ord" and ')hra .. ~: priee/performallc('. 
Gro .. eh'" 1:11\ , l .S. ('ompul('r ma rl..el 

C R CalcJ!,orie .. : 1.0, 1.11, 6.21 

Introductiun 

The relationship bet~een computer pnce and h.l rd· 
ware performance ha .. long been an object of .. tud, 
Many attempt .. ha .. e N-en made In the pa\t t(l define 
such a relallon .. hlp. but none has occurred "'-lIhln the la~1 
the )ear\ GI\en the rapid e\·olutlon of the Indu~tr). 
particular!) In ternlS of Impro\ed hardware lechnolo&>. 
a new effort In thl~ area 'tCem~ well worthwhile 

Man)' oflhe pa .. t studle<i focu~d on a concept ~nown 
a~ ··Grosch's law," a rule of thumb In the IOdu~tr) 

which state~ thai the po\\er of computer ~ystem<; 1fI' 

creases 35 the ""Iuare or lherr co',,,. In ot her "ord,. It onc 
pals t" lce <I!' milch for com pUler B a .. ror c(lmputer A. 
one can t'llpect thai computer 11 w III Ix: four tnne .. a\ 

Pe'ml~tl'" II' eOf" ... lh"UI fcc illI 1"1' run {.r th., matef1~1 ,\ 
~nnl«l pr~"Ilkd .hil! the rorle'lle 1t<>I ~('" "'."""ule" (," Ih,(u 
n>mmenul ild\ilnt.'ll!C_ Ihe .\( \1 "'r' tI~hl 1l<lII~ In" Ih( tolk ,.r lhe 
ruN,,;:altlln Intl Ih dille arrtal. itnd n"lIce I' tlH'n Ih;!1 u'r\tnE " .. , 
pr,m,,,-'!,," "f Ihe ,\J>\("'lillI"n (, ... (.>mrutonE \I.ldllncn h· "1" 
othe ..... ,JoC'. 01 ." leruhI .. h. lequllf'\ .. rff and 1'1 '('CI'lfl< rtun""I"n 

A"lho~' ad"le~ 11.." .. ,<.1 L'nIH"'II •. ("ilduille !Kh ..... 1 or Ou ... • 
nC'\J ""m,nt;.l,alll'fl. 5l'ldler~ I ,eI" R,,,tC-n. M·\ fJ21t.~ 
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pow·errul a~ A. Dr. lI erbert Grosch rormulated Ihl:. 
pnnciple In the hue 1940'5. First ap~aring in prinl in 
1953 (6). ··GrQ;,ch·s L3w·· has become a generally ac­
cepted deSCription or the econom le .. of""'3 le of compu ter 
hardware' 

Thi~ economy of ",a le concepl ha .. been an Important 
facto r III the arguments or those who favor 111(;hly CCII 

Irali1ed dliia proc~sing operations. By cemrn li1ing. it I" 
argued. an organlla llon can perform 11<; work all mil: 

large machllle. rather Ihan on a numher oj dc,entrall1ed . 
~maller mach lne\ SlfIce larger machllle~ arc Ie, .. clI:pen­
<;I\e per unll wor~ performed,the re~ult 1\ an o .. crall C(l~t 
sa\ing~ (10 lerm\ of hardware)_ 

S(\eral "Iudl(,~ In th( nud-1960·" knt suppan 1\1 

GrQ'\Ch·~ l aw The mOSI ng(lrous and wldel.\' clled wt;" 
compleled b) Kenneth Kmghldunng And after hi' 
doctornl sludie~ Bt the Carneglc In Mllute ofTechnolog\ 
f91 · Knrghl de\eloped a complex algonthm for llIe:Nlnnf. 
com puler power .... llIch he applied to se\eral hundred 
computer \)'''tcm~, li e then ran fegr(,<;ion mooel ... u~ing 
Ihl~ power men~uremenl. along wllh )ear OfllltroouCllon 
(a<; a prOIl:) fllf tednol(lglc<I' adlancel ... " a predlClOr 0 1 

<;yslcm ,o .. t I '\col unll) "nr!lIH'~ model. like .llIl.iler one" 
used Ihe s)'tem pnu . .... hlch .... B~ an ohl.llnable figure. a' 
n surrogate for ~)\Iem ('IW • .... hlch wa~ u"u;llI) not dl 
\ ulged by the manufaclurer ) 1 he re"ult~ IOdlcated that 
Ihe co~ t of ('('ImpUle r '),<;Iem" did. In f;tel. 1!.f(lW a .. Ihe 
"quare fOOl (lr thc power Inerea .. ed K fIIghl .. 1<..(1 IdcnutieJ 
an effect ()f adHlnclng techno]og). mdlc:ued h) the 
generally Impro\lng power/co"l nllio o\er time 

Sharpt' compared Knrght"s work .... lIh a number, ... 
more ""Hted \tudl(". all (Ir which (;tme to thc .. am 

g(neral cClnt.lu,um I.'oncernlflg CClllU'mIC' "f"l,llc fll I t. 

J111_ I atcr "lc"lllire lUI the 'UhJCl·' ll· f (i,.luh ('iI.1II 
Stoneman 1111. refer to the~ slUd le ... the ""'1 I,f whll.' 
",-a" complcted In I(HI. a~ the ha,,~ f,'r Ihelf dl'CU .... ll' ( 
on relurn, ", <.calc 

Recent ad\ance .. IfI electronic<- techlwlng). mafll 
fc~ted h' the intrcltlucllon ofa large \a nCI) of\CI) In"­
<'ost nlllllComputCr\ and mlcrocomputcr~. h,l\e ral~ed 

some dllulm ;(OOul the conlinumg ,:tlrdll) of On,,,,,h' .. 
La\\ Booth (4J .. lIgge .. " that the law ~h('uld t'C re .. l:lIcd 
t(l "3~" thallhe eC('lnom) of ~a'e only eIl:I~t~ w Itilln ...1;1 .... (' .. 
of I«hnolog~ II d)(,~ IR) ,ifill Booth dl .... ~uggc,1 thaI 
dl~Olltlnult) h;t~ de\eloped In the relatlon,hlp. w Ilh leT) 
large and \er~ <;mall computer ~'~Iem .. oOeong a "upe­
rior power/CO't milo a~ compared to ··medlum" priced 
and siled \) .. tcm ... The .. , .. ugg(·~I.~ Ihc exact l'prKJ' ile. 
Citing Ihe ~uperj(lr price/performance flf a number of 
"midi'· (·\lInputc,"1121 Gro-.eh clJlm .. th:ll Ihe rcl;III(l1l 
~hlp de'o(;nhed IfI hl\ law I~ ~IIII valid. hUI ncuher hc nor 
th(t~ \UppNlmg Ihe "ppo,uc! \ic .... hale made .111~ rig, 
NOU< e'amlfl3tion of the ,,-amputer .. ) ,tems of thi' dc!l.'­
ade 171, 

tn II' .... lr1n .. 1 I.·,m --tiro ..... h·. L.... ",ne" Ihill Ihe '1"«" "I 
(''fllputel '\"c:m~ Inuea-.c:, .. ,!h Ihe '<.ju;,re ,,( thell U"I~ 'Ilh.clluen! 
Inh <In" rut>hUI"tn~ ,.1 .he -l ..... - h~,c: ",,,.11,1 Id;:a\etJ '''tem ll"'l~ 
1<1 "'lIle c"n,ep! ,.1 '''Iem f"''''C' 

( ,'mmllnt<:.J",\fl' .. , 
Ihe -\( \I 

'rltl IIJ~" 
\,.I"mc 22 

umhcr J 
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One purpose of this study is to explore the power/ 
cost rcl;lIlonship for the computer systems introduced in 
the 1970's. The following questi ons will be addres~ed : 
( I ) Docs Grosch's Law have any mean eng or va lidity? 
(2) h there any definite relntionship between computer 

power and cost. and if~. what is it? 
(3) Whal are the dilTerences in comput er po"er/co~t 

characteristics which are attributable to the vendor'! 
To technological ad vance? 

(4) If computer sy:>lems ure di vided lnlO dasse~. ~uch 

a~ mini ... micros. small business machines. etc., ("311 

po"er/cost relationshIps be ideruifted wllhlll 
classes? Across classes? 

A second, more genera l goal is to determine wh;! t. if 
any, significan t re lation~h lps e'(ISI bet"cen hardware 
charactenstics and com puter price. If a 'Imple pnce ,~. 
poYo'e r relal lonshlp ca nnot be estabh~hcd (which. \\e "'IJI 
see. is the case), then" hal paramete rs do relate mean· 
ingfully to computer pnle'! In thIS case the goal w;/1 be 
10 descnbe the presenl compu ter mnr~elp1ace in terms 
oflhesc relationshIps. and to Idenllf) :111) definite trends 
Specific quesllons 10 be ans"ercd Include' 
( I) Wh ,1I meof/lrohle com pUler l.'haractcri'li(" .. .tiC rc­

Inted to computer price In a St.III .. llcally sigmficant 
way? 

(2) Do these relationshIps change for d.fferent t)pcs of 
computers? r or different \endors'l 

(3) What changes mer time can be Identified for the!>.:: 
relationships? 

I. Data 

luch or Ihe dala ,""a~ coll,::cled frnm /)fIf(lPmYI, .. 
"comumer gUldc" to compuler s)S l cm~ f)(lIfl Pm. III 11\ 

ha rdware \olume. group' husine~s computer ~ystcm s 

Into two cla~se50. general purpo"e com pUler sy~tcill s and 
sma ll bU'lIlc's comruter~ The general purpo~ com· 
pUlers compri!>t' the large and mte rmedlate ~) .. tem~ man· 
ufacturcd hy Burrough,. Control D .I\.t , DI£, lwl I-.q ulp· 
menl. lI oney"e ll. IBM. N:lllonal Ca,1t Regl<;(cr. Sperry. 
Uni\ac. and (befNe II .. denll ~c ) Xem,. I he~e arc the 
"old qandard" com puter companies, n1("t (lfw hich have 
been manufacturing comruler~ for o\e r 20 )ear'i. 

ror the\{' ~yslem ~. Ihe (\h,erva tl (ln~ used were the 
"typica l" ~)\tem configur.lllon .. ~;t' .. en in nfl/(I/Jro . I he'e 
are exampl(~ of what :Irc felt 10 be reprc"Cnta ll\ e con fig. 
ur,lI lon<; of the \anou' 'iHtern'i. lIIc1udlllg all nece",IT) 
penpheral eqUIpment The memol) 'Me. DASD (,'pac. 
ily. and rurch .. ~e pnce u~ed III the anal)'~i' are the nnc~ 
given for Ihe Iyplca l configurations I ~l r each milt·hlne. 
The rationale for u~lIIg Ihl!> appro •• cit "a~ dl~u~ .. cd b) 
KIlIghl191 

"hh,\u,h unl. 3 fc .... l.~>nIi!'Hal1'm' t\c'·lIlu~I" ~re: p"otlU(toJ 
Ihe: ml~ltrn "'Ie:m' ptllrnll,llh CI'II'''I I" ~'e:r31 hundre:J IIIIe:rl1 .. . 
"'C' II ..... 'ulll I>c: ,mf"""hle: II) ~-akuIJle: f1'!' .... e:1 C.'I rH'n are .... 
~he:ln;al"r' ,.r uch ,."em \\. c mIN Ihe'e:r"'e -.cillo: "n m:c l,'n!!,· 
IIr .... on r,'f ULh mmpulCI 't hcre: dppUf'\ tt' he: d ,!;", ,,j mc:lh.-,J II.r 
'-Cln.lln,!; 'M It'nli!Ulal,,,n,, .and Ihal t, "' "on,lIlel thc m ... " I~ pt~;jl 
t"OfIli!ul~lI ... n, ... f Ihe t<lmPUltl 

n, 

E"<hibil I lisls the general purpose computer syqems 
incl uded in Ihe study. along with some of their charac­
t cri ~ li c.'i. 

The second c l;. ,~ of $) ~ I elll~ i~ \\ hat Dmu/'ro III refers 
to a ~ "'inlnl! bu~illcss compulen. ... It describes the !Oem· 
m'TS of this class as 

~ hu,tIle:'~ CC'fl1!"'ute:1 o.ca!c:d 110 .... n Th\.u!!h rurrent ~mall bU'tne:~ 
tIlDchlnc"II,ffe:f .... "IIe:tv In Ihe:II lIe:hIlCCll,l 't.llaLd r,lrma'''. perIpheral 
cllu ' pmrnl anu <",ft"lIfC. thc:y an:' ge:Ile:,~n) thatllClefl/W h.\ pur­
tha~ P'Ke:' In Ihe: S~ .{WlO , .. S1{Wf.OI'lO r .. nge. anll h.\· • ,u<'n£ 
"",tn, .. u"n. ,n hOl.h e:qulpmcm .. nd "." .... ;alc 1o".,.1 (l.ln\Cnllvnal 
hU(lnCM d;l.la pr'~'IIl! ;lppJIOI110n' 

There nle seve ral t )'pc~ of ... cndors III th is marketplace. 
ranging from "Forlune 500" Iype companies ~uch as 
lUM and NCR 10 sma ll llldependent sys tem~ Integral{lrs. 
"ho fil Ihelr Mlftware 10 anOl her vendor's computer and 
then markellhe enllre package In 'general. ho~\er. Ihl ~ 

is a ne" markel . and moq of Ihe firms III II are both new 
and lo rna!! 

To gel I) plcal c()nfigurat i ol1~ lor Ihe ~ma ll hU'lIIe,o; 
computer:. vendof' of Ihe<;e s)\tcm'i "ere directly con· 
tacted I f)tlllI Pm did 0(1' ha\( rc rre~!llal l ... e \'Onfigur .. • 
Ilon~ for Ihe,e). Euch vendor h"ledlll the ' 111 :111 hU\lIlc,'i 
computer section of /JatllPro Wll' u\ked to gl\C chllrac­
teriSl iC"!i and pricing (If" hal were con'iide red "1)plCal or 
balanced" con figur:1l10ns of their ~)'<;;(ems Ethlhll 2 
~ho,",,~ the result~ of thl" suney. (The re~ponsc rate ",tS 

appro1timately 50 percent) 
Dtlla compIled on each machine IIlcllldcd: maUl \ tor, 

age 'ille: direct acee .. ~ dC\lce (DASD) on·hn e "" trage 
capacity: 1II!.tructlon IlI1un~~; year of IIllroductlon. pur­
chase prtCC; pertpheral characleTl~tic~ (prtnter 'peed. 
ctc.) . 

Ide;III). \\C ,""ould like 10 ha\e \Ollle mea~urc. ~uch n" 
hnr<.cpo" cr for IOtema I cornhu,t t(1I1 engulc~. \~ hlch Cllu ld 
he u~ed .1' a ".anda rd of pcrf(lrnMl1u' UnfllrlUlt.lll'h. 
the cllnccpt of com pUler prooultl\ It) lIr pe rfllrmilnC( i~ 

confounded h) Ihe grc;iI f1e.~lbllll) . rolh 10 de"gn and 
111 U,>!! . of Ihe .. c m.u;hIIlC\ Compute:r dl.ITatteTl'tln or 
C;! pablllll c, \ ... hlch 3rc C"CIIII:II mca\ure, (lfrcrfnrm.lllce 
for one u~cr arc oftcn trrelc\an\ or ummpClrtanl to 
3nNhcr u<>er. AddltlOn.llly. recen t :trchltec.:tural ad\..,I("c, 
" hlch .. II","" sofl"arc to rcrfnrm pre\ IUU\ hard" itre 
functloll '. :!nd \ Il'e \cr.:t. further blur Ihc c.:unccpt uf 
"m ilch ille" perf(lrmance 

Benchll1arklllg ,e\er •• 1 ''jub,'' un ,I Il umhcr 1) 1 (;11I1l­

puter .. C:1Il prmlde" pnhpecll\e bu\cr "11h u~flll per· 
forll1anl.·c mf("lrmallUIi rhl~ ha .. been dltne III \er~ hm· 
lied ,tudle~ \uch a~ Solomon'~ 11 0. I' 1901. In "hKh onl) 
a handrul o f ~)qcm~ ""ere conwJered . Due 10 Ihc liIT~e 
effort and c~pen~ of pnlgrammlOg :tnd acqulrtng the 
~)'tem~ reqUIred f(lr henchma rklllg. Ihl~ approach i\ 
cle:lrl y Impractlc .. 1 "11h an) lar~e number of 'y .. tem .. 
Furlher. the lIl lllI) Clfsuch:an appro.H: h " limit ed hccau~c 

( IlmnlUII'lJ""n, 
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Ihe: \l \1 
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of the conSlrnln~d re le\lance of a general ~t of bench. 
mark Jobs 10 a p<1rliculaT user. Thus the cost is CXQ,hit,ulI 
and the henefit slight. 

Knight's algorithm for power \.\'as 3 surrogate for 
~nchmark measurements. First he determined. through 
a SCt of benchma rks. how a certain "typical"' jobslream 
engaged the basic operating components of Ihe com­
puter. From this. he developed a set of weigh Is for Ihe~ 
operating components so that thei r characterIStics could 
be: used 10 derive a measure of relatively how fasl a 
mach,"c could run the jobslream. This measure. ex­
pressed in instructions per second. became Kmghl's 
po\.\cr measurement In summary form. it is 

Power _ f[ Memory ] 
Compute lime + I/O time 

where Memory is basically the number of bils in main 
siorage. weighted by a ConSlan!. This weighting factor 
was derived from the opinions of a group of experts as 
to the effect of memory size on computing po .... er CQm. 
putt time is the time it tal:.es the processor to perform a 
certain mix of basic instructions. Five instructions arc 
used, namely fixed· point addition, floating-point addl' 
tlon, mulliply, divide. and logical compare. and the 
liming for each is mulliphed by a weighting factor. 
Input/ OIl/pur lime is the amount of time the prOttSSOr 
would spend waiting far I/ O during the execution of the 
instruction named abo\c. ifthCKC: Instructions .... ere being 
executed as part of a t)pical buslOes. .. program. It is 
calculated through the use of an extremely complicated 
algofllhm 

The advantage of KOIght's approach is that il pro. 
vides a single measure of computer po .... er Ihat can be 
statistically related to system COR Unfortunately. 1115 

formulation IS no longer usable. Computer design has 
changed so drastically since the early 1960's thai his 
model. formulated for the computers of that llmc. does 
nOI adequately measure the computers of tOO3) . The 
effeci of memory size on computer performance i .. qUlle 
different from .... hat it was in 1963. because mOSI huge 
systems today employ some form of virtual memol') . 
Likewise. Knight's inpu!/output time measure is nol 
really applicable 10 today'ssystems It isorientcd towards 
magnetic tape as the primary I/O medium (as It was 10 

1960) rather than direcl atttss siorage (as it is today). 
Also. KOIght's method of measuring I/O time would 
yield a uro value for mQ<;1 large modem computen-o 
which employ satellite subprocessor.i to control IOpUt/ 
output 

We attempled to build ~\eral simplified \'er.ilons of 
Knight's model. with slOgle measure surrogates for mem­
ory. compute time. and I/ O time measures. Unfortu. 
nately. we could not de\'elop a com'incing rationale for 
any particular method of combining the measures. Sta. 
tlStlcally. (he formulation 

provided a good corre lation with system Co."l for any 
given year of in troduction. 1I0\\c"er. o ther models wilh 
equall) good correl:lIlOn \alues could be ohlained with 
different combinations fomling the power measure: they 
showed markedl) different relationShips btl .... ct'n s),slem 
price nnd power. 

Rather than continue the allempt to qU3nllt3thely 
define the COnttpl of power. an ahermHl\e approach was 
laken U~lOg the free marl:.et price of"Y"lem!O a~ Ihe mOSI 
generally 3CCurate measure of system performance ... 
model was de\'eloped that directly related "yslem COSIS 
to measures of significant system component character­
istics. The model which provided the most consistent 
re.sults was 

Cost- (B., + B,·OI + , .. + B. O,,) 

.(M~mQrY" + DASD II ,) 

or. 10 a form ~ that II could be run through a least 
squares regre'iSion program. 

Ln Cost - ~l + B •• Ln Memory + 81 , Ln DASI) 

+ 8pO. + ... + IJ".O" 

the value of the variables for each splcm being dc\el­
oped 10 the follo .... lOg manner from the manufacturer's 
data 

COSl 

The 10lal sYlIlem COSt including all the peripheral 
equipment nece~ry for a balanced sy~tem. It i~ e~­
pressed in dolla~ 

1c mof') 

The amount nf main mem(lry in hlu$ .... hleh I~ 01'1-
tamed where appropriate by dividing the word len~lh b) 
8 and muhlpl)lOg b) memol')- sileo AdJustlOg to b)ccs 
provtdes a common basis for memory sizc among com. 
puters .... Ith different ..... ord lengthS. 

Dircc t Acre .. ~ S torage J)e \ ice~ (DASO) 

ThiS parameter is the number of megabytes of 011. 

Iinc dltt~cl aece .... scorage for the system The ~ame cnn­
\etSlon ..... [1'> made fn.lm words to h)tc ....... here nccc~.~:tr) 
for the m(l5t part this represents di'~ storage rJpacity; 
ho .... c\er. for "Orne 'i"),slem!O II lOeludes drum qoragc. and 
for some II I~ dlsl:.elle (flopp) disk) storage. 

' cIr of S)"tcm Introduc tion 

ThiS system of binal') variable.~ representing the )ear 
of introduction IS defined 3.s follows; 

D. i.s Ilf)'earoflntroductlon I.!i 1972 or 1973: otherw ise 
o. 

D~ is I If year oflnlroduction is 1974 or 1975; otherwise 
o. 

Dl is I If year of introduction is 1976 or 1977; otherwise 
o. 

Memory si7.t + DASD capacny 
Power - -'---'-A;;;;:;;;;:;---'~~ 

Add-time The dummle~ .... ere sel up for IwO-}ear Intervals because 
of the une\en diMribuclon of Ihe data over time. With 
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these groupings the d istribution of observations was 
reasonably balanced over the years. Sepnrate variables 
were used instead of one time variable so that the differ­
ing effects over different years could be noted. (Note: 
The base case. i.e. DI "'" Dt = DJ - 0, covcrs com puters 
int roduced in 1970 o r 197 1. ) 

Idellfification as SI1III I1 lJus iness Sy .. tcm'i ,·S. Gcncral 
I)urpose 

D. discrimina tes between smail bu~iness compu ters 
and general purpose computers. D4 - 1 for sma ll business 
computers: olherwise O. The base c:.se of the model then 
with all variables - 0 is fo r genern l purpose compu ter 
systems int roduced before 1972 . 

NolC~ that ne.ther add-time nor any other direct mea~­
ure o f processor speed is 10 the model The fact is that in 
all the various formulations which "'-ere .ried for the 
model. the coefficient derived for such a measure was 
not significantly differen t from zero (i.e. 1/(1. IJ "'" 0 could 
not be rejected at a 95 percen t significance level). Thus 
the final model was run ..... thout this vll riable. 

This is e:xplainable by the complex It) of modern 
prOttssors. Add-time . or multiply-time. or the like. is 
altogether too si mpli ~ tic a measure of processor power to 
be useful. Many other aspects of computer archi tccture 
(pa ralle l processing. for cxample) dominate the effect o f 
si mple instruction timing. Connol Data. for example. 
specifically points out that bec,lUSC of the concurrent 
operations of the 12-word instruct.on ~tack s in the C) ber 
76. 175. and 176. inSlruction timmgs are a poor indica tor 
of overall perfonnance Ill. Burroughs evcn refuses to 
d ivulge ins.tructlon timings for the BM07, main taining 
that because of its un cOin en lional architeeture, straight ­
forward instruction time comparisons wou ld be mean ­
Ingless (2). Also. memory size and DASO capacity are 
themse h es correlated "'- Jlh and remain a proxy for com­
puter power. thll ~ ma~kmg an~ mea~urement clTecl of 
Instruction timings 10 the model . 

Thus we are leO with two hardware chuructensllcs as 
ind ependent variables in our measure of computer per­
formance. This performance characterizat ion assumes 
that vendors offer and users acqu.re blJltm(ed compu ter 
systems The market dtems that the cmical aspects o f 
modern computer.; are memory and direct access capac­
ity which arc su pportcd by other components that allow 
them to do proportionatel) more work Ih:1O computers 
with smaller memorie~ and less DASD capacity. This i!i 
much the same: assumption as used hy Cho .... (31 in his 
formulation which makes use of only a few charactens­
tics as mdependent variables. In hiS ", ord~, 

At (ar il.\ Ille "mlllcll eharaC"lcn>llC'i "flhe h,ull"',1le .IC Il,ncernell. 
111\ a~~umed Ihallhe), IrC hlll"l)' cunelaled ... nh Ihc III('(uded one) 
W Iho! OUI e5hm~IC Yoould nOI be 100 Inal'CU1Ule 

The high correlation values obtained frolll thc model 
using only a few characteristics support this hypothe .. is. 

Table 1 sho .... s the results of a model run on all 
observallons. uSing dummy variables for IJme and system 
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type. This model suggests that there :.re m fael signiricanl 
differences In thc rclalion~ hlp bet .... een system pnce, 
memo') siz.e, and DASO capacity, bet"'-een d.fferent 
years and s)stern types. To e~plore Ih,s further , the data 
fil e "'- as broken Into two files, one o f ..... hlch contained 
the obo;trvatio ns on the general purpo...c= "'ySlem .. , and 
o ne of .... hich con tamed the ~mnll bU\ Hles$ computers. A 
st;llistical analysis ",-a" then run on each set o f computers 
Table 11 'iu mmame" the resu lt .. of these regre!i\ion 
models. ThiS analpis .denllfie.. .. a price ad, anlage III Ihe 
~maller sy~tems. To IlIu .. trate thi~ v.e c:.t n look al the 
pred.cted COSI of a ~)~tem "'- hich falls "'- Ithm Ihe rcle\an t 
range of ell her model. and compare how the dlffercnt 
models predict. 

Table III sho",- s the pred icted C~q ofa s)stem which 
(I) has 100.000 bytes of main memory: (2) has 100 
m.llion bytes o f o n-hne DASD capacity: and (3) .... as 
introduced in IQ74 or 1975. Such a s)'~tem is "'-ell wlthm 
the relevant rangc o f any of the models presented. The 
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difference between the prediclive models emphasi7e~ the 
difference in costs In the indi\'idual models the co~ts 
dh'erge by 520.000 grealer Ihan wilh Ihe global model. 
By way or comparison an Integraled sac system such as 
the IBM 5/3 model 15 used 10 the database cO'tts 
S253.000: v. hile a similarly configured nonintegralcd 
sas. Ihe Compuu:r Ilorizons Di"lribulion System. comes 
in at SIOO.OOO-some 5150.000 less and comiqenl wilh 
our model. The o\erall appraisal or both analpes indi­
cates Ihat. gl\en hardware characteri~tlCS and year or 
inlroduction. a system classified a" a ~mall bU"lObS 
computer is IIkel) 10 be less costly than Its gencral 
purpose syslems counterpart. The \'eT) .. ignificanl dllTer­
ences in predicted price which result rrom changlOg Its 
classification are really renecting "hat ~I or\·endo~ ..... e 
thmk that computer might be commg rrom Irv.e call it 
an intcrmedmte system. "e are 5a)"ing that it is comms 
rrom IBM. Honeyv.ell. Burroughs. eiC. Ir v.e call it a 
small business system. then v.e are grouping II with those' 
machines .... hlch probably do not come rrom those "old 
standard" computer companies but rrom soHware firms 
packagtng a system around OEM hardware 

The Impact o r time or Introduction on cost \'S . ca pac· 
ity was analyzed to beller understand the computer 
system market orthe 1970·s. Tables IV and V summarize 
the results or these model". The analy"i!i shows e\ idence 
or IWO qUite dlITerent markets. The large and tntemle­
dl3te computer systems are sold 10 a market which has 
been established ror some time Thi~ market has an 
acknowledged market leader (18M). and the number or 
firms competing in II is both small and stable. In fact. 
competition between \endors III this marlet is rather 
limited-customers are usua lly deterred by the massive 
con ... ersion costs or sv.itchtng large tnstalled computer 
systems rrom one vendor's equipmcnlto another's. ThiS 
market has grown because or the contmuous de\oelop­
ment or software unique to the \endor. In short. it i .. a 
mature. rallonalized market 

For the general purpoIiiC data In [IChlhit 2. this market 
Indicales that memory Sil..e alone IS a ralrly good prediC­
tor o r system cost ror all ~)'item ... mtroduced durmg the 
1970·s. and its coefficient is relative!) ~table over time. 
The consistently high correlation \'alues O\er all )eafl 
suggesl thai not only is memory a proxy ror all the other 
components or computer perrormance. but also Ihat 
there exists a stable price/perro rmance rclatlonsh lp In 
the industry as well. In this breakdown or observations. 

1.l1 

r.tt>le \ Rq!rt"-<..t t,n 1I1" .. I<'I~ lun t.n 'JIl.111 t>INn ..... ' ~~'n\rtl1(1 ~\,ltm' 
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DASD is slgmfitant only aHcr 1974. however. the small 
size or the samples may ha\c somcthing to do wilh thi". 
In general. II can be inrerred that the basic pricing 
policies In this sesment or the computcr Industf) tlrc ~ct 

The data on .. mall busineu compulero; tell qUite a 
dirrcrent story. For the period herqre 1974. no ~nllsraC­
tory model can be bUilt. In ract. ' this scgmenl or the 
mdusuy was In th earl) stnges or development m the 
years berore 1974 The dimibulion orob.scrvalion" across 
time points to thiS. Only 10 the 13'" rew )cars does a 
defintle price/ hardware po ..... er relationship begin 10 ap­
pear lrv.e look at the coeffiCients orthe. model rur small 
bUSiness sy!"otem~. 1976-77. and compare thcm with the 
oorrcspondlng coefficients ror the general purpoo;e sys­
temsorthe same time. v.e will again see the small ~ystem" 
model predicting lo ..... er pnces ror Ihe same hardware. 
For example. gOlOg back to our system v.lth lOOK mem­
ory and 100 megab)tcs DASD. we find Ihe small ~)qem ... 
model predicting :1 cost or $98.000. and the gencral 
purpose syste ms model predicting S220.000 v. 

Intuitl\ely. ~uch II price dlITerentlal IS underManda­
ble. General purpose computers are u!!ually prO\'ldcd to 
customen; wllh a wide variet) or soRware. documenta- ~ 
tlon. and olher services which are not renected hy hard-
..... are characteristiCS. Small busmcss computtrs art oRen 
or ~Ingle or limited purpose. and arc u"ually deh\crcd 
v.llh rt ..... er customer service ... AddItionally. the !es~r 
complexil) or the ~mall bU!ilnc"5 com pUlers reducts the 
lime or de.~lgn and development cycle. allowing certain 
technical and crost effective ImprovemenlS mort rapid 
market 3\·allablllt)". 

In all rormui:wons or the models. the eITe~t or ad­
vancing tcchnology is unmlqakable. /I. "yslem or gi\en 
hardware charaCltristl~ v. ould 00'11 1e.'iS Ir Introduccd 
later m lime. AgalO usi ng our lOOK memory· 100 mesa­
byte DASD system. we see that the general purpose 
sy~tem model predict .. thai II ..... ould have (.:0" o\"l~r 

$550.0110 10 1970. S)I(O.OOO III 1972. 5)10.000 10 1974. 
and S250.000 in 1976. The other r{)rmUI,IIIOII~ •• r the 
model v.ould demunstrate II similar decline III co,t 
Agaro. Intultl\ely. this is qUlle acceptable. One has on I) 
to look at the dramatic drop in prices or electronic 
calculatof"i (v. hich are made" Ith much the same tech­
nology) 10 ... eriry thaI such a strong Icchnological effect 
can exist. 

In probing ror dlfrereoce) 10 the prtce/ hnrdware 
characteristic relauon!ihips between \"anou~ vendors. we 
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can look al the nalura l residua l va lues (i.e. actua l COSI 
minus predicted cost) sorted by vendor. Table VI ~um. 
marizes these residua l values. II wil l be nOled thai only 
one vendor Digi lal Equipme nt Corporal ion (DEC)­
appears as an "outlicr," wi lh an average res idual value 
more than one slandard devia tion away from zero. In. 
lUilively. th is is qui te acceplable. The systems offered by 
DEC are in fac t somewha t different from the genera l 
purpose compu ler systems offered by other vendors. 
DEC's systems are time-sharing orienled machines. 
many being installed III universilies. Th<m: thai are used 
in business organ izalions Iypically complement sy~lems 
manufaclured by one of the olher large systems vendors, 
with the DEC system performing some specia l purpo..~ 
lask, such as driving II time,sh3ring network for program 
development It is quite understandable then that the 
model might not descnbe DEC systems as .... ell as other 
general purpose business s),slems. 

No s imilar analysis was performed for the small 
business systems because of the large number of vendors, 
and the small number of observations (usua lly 2-4) per 
vendor. The effeci of doing such an ana lysis would be 
liule different from looki ng al individua l systems' resid­
ua ls. 

3. COllclusion'\ 

A. C ro'ich', La", 

It is highly questionable whether a s ingle. simplistiC 
measure of com pUle r power has allY meaning. The 
"power" of a computer is really its abilit) 10 perform a 
given amount of work : therefore any power measuremen! 
must be work -speCific. There is no independen!. gener. 
ally accepled defillliion ofa unil of work in the computer 
sciences as Ihere is. ror imlance, Ihermod)namics. In 
other words. it is meaningful 10 ta lk ahoUl how well 
dirrerent computers e'l(C(:ute 0 certam johslfl'om: it is not 
meaningfu l to talk ahout the computer's power in It 

general sense. When we say that compu ter A is more 

lJ2 

r<'werfu l th an compu ter B ...... e are rea lly saying that we 
thin k. for any rclevant j obstream that we are in terested 
in, com pU ler A wou ld be II beller processor. 

Thus. 10 examine Grosch's l aw one .... ould have 10 

restate it slightl)': The po .... er ofa computer to procl'SJ tI 
gil en johstrl'um increa"ts as the square o f the computer's 
price increases. Knigh t was implicit I) addressing thiS 
reSlalemen t of the law. His po ..... er measurement al. 
tempted 10 est Imate how well various systems could 
perform tha i j obstream with which he developej hi~ 
algorilhm. To perform a study si milar 10 Knight's one 
wou ld have 10 de\e lop an algorilhm similar 10 his. (or 
actua lly benchmark all Ihe systems) tailored to modem 
systems. To do so one would ha .. e to develop a jobslream 
wh ich one considered " Iypica l" of business data process. 
ing. and then develop II method or measuring how well 
Ihe various systems executed the jobslream. T~ is meas. 
ureof " how .... e" .. the ~ystems perform could be used :, .. 
a power measure. And even thi ~ approach wou ld be 
open 10 question how exaclly does one measure "how 
well" a system performs a Jobstream'! Do you judge the 
system in term .. ofspced') User convenience? Ir not these. 
then what crileria do you apply? 

O. Price \5. Il lI rd"' :lfe Chll racleris lics 

The be~( single measure of computing po\\er is com­
pUler price. There no longer exists a s ingle relallon 
belween price and po .... er due to the de\elopmenl o r a 
new nonintegrated market in recent limes. The milrkel 
for large and intermed iale s),stems is se""ed by the "old 
standard" computer manufacturers, and it consists 
mostly of the established customers of these .. endor .. 

The new market for smalt businesscomputer'i. on Ih e 
other hand. is in a de .. elopment siage. Most of the 
vendors in thi~ mllrket are noollllegr:ued and re lali\cly 
small .... i,h lillie sonware dependence. Many of these 
compan ies eit her do not otTer support services to their 
customers, or at leuSI nre perceived by customers to not 
otTer such service. Many of these companies' machmes 
are sold for a speciul purpose, Ie lailored to a specific 
applicalJon. This facl. along 'o\"lth the rel:lIl\,e newness of 
the small busine~ computer market, hinders the forma. 
tion of a clear pricing polk) 

In bolh markets lechnolog ica l advance is clearly 
causing a decrease III the pnce o f any gh-en hard ..... are 
component In fact. II IS the lechnologica l advance lI \e lf 
which ha~ spawned Ihe developmenl or the small emil. 
puter market. Ten lears ago a syslem '1uch as the My lee 
3088 mighl ha\e COSI nearly one-half mtllion dollars' 
J USt as advanCing technology has made calcu lators avail­
able to anyone .... ho can afford one. so 100 is it o ffering 
computers 10 any business (and many individuals) Ihat 
can afford them. 

Reall'w February 1978. re~i~d Sepltmher t978 
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A nIacro mode l of a di liClribu l<'d infnrmalion "p'l ern 
in pre"enled, The model de .. eribec Ihe major CO"'" of 
u<;in~ an informalion <;y .. lem fromlhe per .. pct:lhc of Ihe 
end·u .. er. The model i .. irH endl'd In prO\idc guidance 10 

Ihe ") <; ICIll dc .. iJ!ncr b} rnakill~ t', idt'nl Ihe cffec i of 
'ariou" de·.ign and npcrltling para mei er" on o lcrall co .. 1 

pcr Iran .. ac lion. rhe Icchnique i'i iIIll~lralcd b~ 
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I . In troduelion 

Thr uillmale ohJecme of a compUlcr <;~~tem de<;lgner 
1<; 10 pro'idr a ~y .. tem configuration which metl' the 
uscr rcqulremenh lit the lea't ('I\c rall 1,:0"1 lIov.e\cr. ll~ 
<;)"Iem<; and US<1gc become mure eomple~. 11 hc(\lmc<; 
increa~tngl) difficult f{'lr the designer In relate the CffCI.'IS 

orhl$ eho lce~ and decisions 10 thiS uilllnale ObJCCli\c, 
In th l'i paper ",e de'iCtltx: a macro modrl of a com· 

puter sy~lem "11\ U'it." "hlct! is tntrnded to pro' idc Ihe 
deSigner "!th a broader ptT'ptcli,e in a con,truCII\'C 
"'3) By oonslruell\e, ",e meanlhat Ihe model pro,ides 
proelical guidancr 10 the deSigner in maklllg some of hi S 

I'Clm,,,,"" In O'r) ""h,",,,l rCt ",II ['r rail III Ih" m.ICI'31 I' 

~tanled rlO"dcd lhal Ihe cllp,e' alc nnl m • .Ie or JI\tllI'lUIW f", ,hrC\1 
c .. mmcluall.l'lnlalt, Ihe: 1\( \1 e:or,rl~hl nl1u.-,: Ind Ihe: !tIle: uf Ihc 
""l'IhQUllf[ Ind ,IS wuc "'pre .. r, Ind nou~c "!,,cn Ih~1 U1r"'"! I~ by 
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