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Ihe Comsubiong Susslellensnd..
Erocess

The comreating  industre  can e
chnarscterized: @auite
simelisticellyw 8 2 multi-stase
rirelined rrocessy shown i Figure
1 of sbout & stages, The Tirst
regsesrcn/technolosy  shbadge
besed G Fhenomerns {e,g,
materials and  Fformsl  dgremmard.
This reroceeds to ar advanced
develormernt sladey where 1irm bhe
case of semiconductorsy actusl
Frrototure  devices are develored.
fs Ter as bthe comrulbing induvfr'
is  comcermedr  there asre 3 stage
which siauld orerate i
auasi-ragrallel: arcecnitectures
machine hardware imrlementastions
s sua e sofltware
imelementation.  When these do not
orerste L rersllely develorment
times incresserys  angd we  run the
risk of haeving little fTeedbacks
arnd nence »oor desism.

1% &

It is these stedges of develorment
that meainrlw dqetermineg the
envirorment for comsuting. Thess
tihen Brea -fFed to landusdes
develorment arud on to
arelicatiorn’: sofltware
develorment. The finsl stedge is
the wser. It esch stadge recuires
abpout twe wearss  ther Lthe Lime
tiiroudgh Lthe whale rrocess is about
8 wearsy and the wser obtasins  Lthe
Fimal outrat in 8  mueh delaswed
fashion. I some SEMNSO Lhe
develorment time seresrs to btake
this Loarnss gt i other stasess
there can e a8 ¢grest deasl of
overlary  a2nd develorment lead
times can bhe reduced by better
Taedbaok . The whole Foedbhack
STOCRss S tie shades is

nebulousy gt i1 comerter
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ordganizastionsy the officiel
channel is dernoted 26
Sales/Marketing, For computings
sirnce Lthe develorers are sglso
users for the develorment rrocescsy
the feedback frocess is M6
closelw courled and direct thaern in
other industries.

Semiconducteor densilty arnd magnetic
storadfe demnsity increases are the
root of most imerovements i
comutingy glthoush imgroved
aldgorithms gleo substantially
contribute. For exsmeler the fast
fourier transform reduces the Lime
from n sausred Lo n logl time.
For 1000 roinmt transformss Lhis
reduces  the time bw a3 fadctor of
100, Assuming wesrly
increases of 40%Z for hardwsre
tecnnologwy it would take 14 wesrs
to make the saeme imrrovement in a
brute force fashion.

Characlterizing Meassurements..of ..
Iechnology

There are seversl WBYES to
characterize Ltechnological
imFrrovement. Imerrovement is based
orn  the notion of learoingy ard
nence efficienrncy. The efficierncwy
Eris af the ik it is
characterized a3

EN = Kn™d
where K and i HrE learming
constants.,

Generallws technologicasl
imerovement T nas theen
characterized a3 exronentisl
growthy with times of the form?

T(t) = Ke™ct

serformance |



Fusfeld (1973) SNOWS et Technologw of Ssecific.Comsuben.
technology  dis  hest characterized Comgopeats end. LConsuters
%3 The techrnolosicel ¢growth of &
comeuter must be broken dinto its
Ti o= @i’h constituent Ferls. Thereforer
various sired mzehines will evolve
where? Ti = technologws of differently derending o the
the dith wurit, constituent sarts, IF we look at
io= gt oumite various rartss we Find that some
\ avolve verw raridls and some verw
g = fFirelb wumity slowls. 1965 Armours (Turn 1974
o= technologw
learning constant. rrodected & decline of 80X wer
wear for CPU storasdge cost rer meds
In the case of comruatersy b o= word accesseds over & 13 wesr Lime
2431 for Ti = memorg-size sealed wheress his srodection for
memorg-access—rate. This the terewriter cost rer mesga
imerrovement is significantly character perinted Wi roughly
nigher tharn any other techrnologw constant.
(@ contrast witimh  «74  for
auvtomobile NOTSEFOWNET ) » For disksy the srice of & given
Therefores For siout 100,000 umits Frhesicel structures @.g, a8 dishk
(the case in 19745y the rack with 10 rlattersy sotuslly
rerformence incresse has been over ircresses slightly with times bt
13 orders of megnitude. the megnetic storage density
drasticslly incresses. This is to
Fusfeld (1973) slso shows Lhaebs 4T he exrectedr since & comelete dishk
the Fiiniae af  wnites dncresse mechaniom ia i lt BiF of
awronentiaslley Lhe last two TfTorms comronents WL o nave treer
e identical. Subseauent *lesrned®——1i.e. sheet metaly
techrmolosgy will e messured in motorsy Fower surelws @bo. IBM s
terms of the wesrlwe imsrovement. dishk Frecks with 10 rlatters
(heginming witth the 1311) have
Learpipg..and. ldenand. Cutves incressed in caraecitw at the rate
The rrevious meassures corresrond of 42% rer wesry and the Hrice rer
to  the notion thaelt cost declines it hes decressed bt 38B% rer wear.
as the number of wnits eroduced
increasse along traditional Im Table 1y different stules of
lesrning ocurves. Learminss ir disks are sresented (verw rougnly)
mearly all industriess (as in terms of 1975 erices. There
measured bw cost decline) has been are 4 stuwles of  disk racks
observed to varwy belween 104 - 204 beginming with the flexible disk
@ach time bLhe cummulastive numiber arnd  dgoling  to bthe 10 slallter dishk
of the units sroduced doubhles, rack, Here we car see 2M @COnomy
of scaley L.e.ry Lhe numper of bits
Fimallwr & second Teactors wser for larger wunits incresses  more
demandy affects Lthe wunits  and rasicdly tivarn cast i 3
rices rroduced slong  traditionsl decreased cost Fer it The
demand curves. For comsglerss the avernead of motors and ragckaging
demand arresrs comrletelw elastics incresses less reridle with size.
tLhe wearls rate of machines Alsory more effort 1is relaced to
gurelied doubles easch bime  the irncressing Lthe densities &t  the
Arice is reduced bhw sbhoul 29%. large sizes. This technologwy is
used onn the smaller disk wsach
after 2 two wesr delaw.




Cornservetivelws semiconductor
techrnology hes imeroved &t the
rate of 60 Lo 80X rFrer weasrs 35
measured Al cost srd/or
cost-rerformsnce. Im factly
semiconductor memory densities
heve doubled esch wesry beginning
in 1962 wilth a8 single it.

The various technolosy imerovement
rates ere dgiven in Tebhle 2. We
can look at these coharzcteristics
in terms of Lthe net effect on
minicomeruter swetems (Figure 2).
Minis have declined in srice at
agboult 3174 rer wear, RBedginning in
1972y the 8 bit micro-comruter was
introducedy and the name 1is  now
symonomouws  with an 8-bit comeuter
and & FTocessor-on-a-ohie (1
single silicon gsemiconductor
chir). These machines Erea
rarallel to the 12 bit amdg 16 bit
lines on Figure 2. Filgure 3 shows
minis ir g rrice rerformance
grace. O this charty lines of
constant cost-rerformance are
gilven in terms of 4 Hear
intervals,y where we zssume thslt in
4 wears Lthe mrice rerformance
shouwld incresse bw a8 factor of
d-—is@sy LA/ uear, 50 with the
minicomsubter, T B8 we have
Freviously rnoteds the
rrice-rerformance obJective is Lo
keer wrerformance constant (ar
increasing)  and to have decresses
1N Frice.

We can conlbrast the minicomsuter
with the large mschines (Turmy
1974 and observe Lhat tecohnolosty
imrrovement HOoes to incresse
serformance., Howevery in the casse
aof seversl recert large machines:s
the maechines are wal to be
orerational withim 5 wesrs of
their scheduled timer therefores
it is hard Lo characterize them as
actual FOLnts o technology
curves ., Indeedy Lhew mew never
exist s entities &g srecified.

The small mechimner @ PO By and
the lardge CLOC &600 can pe comrared
as of 1967y (Table 3. A rossitile
large machine camn e comerared with
@ amally board—-onlwy
PrOCEEEar-on-a-chile comeyter
costing $1000 for 19735 technoloss
(zlso Table 3.

Actusllwy it de FETIErs more
imrortent to sulb machine cost into
rerarective as to olher costs of
S, (Bee Tebhle 4.) Noter that
the dominste coshls zre the humanr

wser costs.

Small. lecentralized. Versus_ Large.,
Central. Suslens

Figure 4 shows what is likelw Lo
be the Futare structure of
comeuting., Recasuse of the decline
of machine rricesry we would exrect
substantiel lw meore standalone
comruters (e.d. Lthe DEC CLASSIC
swstem)» which. are carsble of
runming anw lenguedge’d  in gssence
g generslirstion over the HPF and
WANG BASIC—onlw lznguasge machines.
There dise i facty & stromg
affinity Lo have these machines
totalley standalone zrnd not recuire
2mternsl services For their
surEart, We wortl oy fowevers
exrect 211 of these machines to
require some suerort  Ffor sharing
certain common  facililties (e.dg,
archiveal astorsdes classroom
FrOgramsy Frintinsy wlotting)
through @ switohing structure
(imncluding closed circuit video)
to other swstems., At  the obther
gxlremes we  would  exrect large
ganeral LT ROSE sustems Lo
Freveily which asre srediceted an
an economw of scale. These would
he carsble off ewxrloring varied
arrlication BPECEeS where
generality i¢ needed. Thusy we
would see al the two ends of the
cost srectrum! & continued use of
largery deneral rurrose computers)
and totally dedicated low cocst
sustems would exist thet have been
tuned Lo srecific asrlicatiorns.



Table & contrasts the two desidgns?
small decentralized sustems versus

the larde gerneral centralized
sustem.
It can e condJdectured what

eventusl swstems like this would
sell for and how thew orerste.
The standslone suslemsy e.sg.  Lhe
NEC CLASSICy and the srecislired
BASIC~onlw landuasde termimalsy now
sell for about $8000 or $200 eer.
montt. This rrice is onlwy a
factor of 3 to 8 more exrensive
then 88 dumb termimal carable of
only asccessing a8 more comrlex
large central sustem,s The total
ecornomies are a function of the
exrected wse and the amount of
surrort recuired in the two
sustems. As  Selwuwrny at MITy has
observedy there is a8 verw lardge
ecomnomy oF scele sssocisted with
centralization., The tolal cost to
agrerate s comruter is erorortiornsl
to the monthly rental raised to
the .8 rower. But in the very
amall totalls decentralized caser
we would mot exrect this to hold.
Howevers there are clearley hidden
costs associsted with individusal
comruters, The exsct mix is not
cleary but both will exist.

The rnew gxciting areas of
arrlication for comruters is
clearly in the small swstems and
the courling with other machines.
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FIGURE 3  MINICOMPUTER PRICE VS PERFORMANCE FOR VARIOUS
: TECHNOLOGIES. LINES OF CONSTANT COST/PERFORMANCE
($/ACCESS/SEC) ARE PLOTTED FOR EACH FOUR YEAR'S

(FACTOR OF 4 = 1.41%) ASSUMING IMPROVEMENT OF L1%
PER YEAR :
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FIGURE 4

GENERAL STRUCTURE OF COMPUTATION FACILITIES
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TABLE 1 DISK TECHNOLOGY (1975)

PRICE CAPACITY COST/  ACCESS
DISK CONFIGURATION  (Roughly) (Bits) BIT TIME
Flexible (floppy) 3 2.5 1.2 1s
| Platter 6 30.0 .2 50 ms
3 - 5 Platters 12 160.0 .075 50 ms
10 Platters 24 800.0 .03 20 ms

GB
5/8/75



TABLE 2  YEARLY IMPROVEMENTS FOR VARIOQOUS COMPUTER ()248
TECHNOLOGY COMPONENTS '

Technology Indicator " % Improvement

Semiconductor density 60 - 80

Semiconductor memory density 100 (1962 - 1974)

(bits/chip--leading edge) 7

Magnetic recording density (disks) Ly (1962 - 1975)

Core (price) 30

Terminals . 25

Magnetic tape density) 23 (1952 - 1973)
(data-rate) 29

Power Supply (cost/watt) -3

Packaging (cost/in%3) -3

Minicomputers 31 (1960-1975)

GB
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"'TABLE 3 PARAMETERS OF LARGE AND SMALL COMPUTERS 1967 AND 1975

ACTUAL AND (RELATIVE)

. ‘ MIPS REAL PERF/COST
1967 COST (K$) WL Mp.Size $/bitx100 MIPs X WL (M1PS) (MIPS/MS)
8 10(1) 12 (1) .05Mb (1) 20 3 (1) (1) .ooé (1) 30
6600 3K(300) 60 (5) 8Mb (160) 38 3(fo) (50) 3 (1500) | ]
1975
LSi-11 1(1) 16 (1) LKw (1) 1.6 3 (1) (1) .04 (1) 300
Large 10K(10%) 64 (4) IMw (103) 16 100 (10K) - (40K) 100 (2500) 10




TABLE 4 OPERATING COSTS FOR COMPUTING

(1K) COST/Year COST/HR. @ 2400 HR.
Human 0, 5, 10, 20, 40 0, 2, 4, 8, 16
Computer 1.2 2.5 Sl
Terminal .25 &a».75 Jda b
Service .05 .02
Power .005 - .0l .002 ~ .004
Line 024 0 ~2.

Paper 0 &~ .1 1/3¢ o 3¢
Space .05 ~.1 .02 .04

GB
5/8/75



TABLE § CHARACTERISTIC DIFFERENCES OF SMALL (decentralized)

VERSUS LARGE (central) FOR COMPUTATION

Reliability

Distributed

Attribute- Small (Decentral) Large (Central)
Performance Greater average Greater peak .
Large memory (programs)

Cost Economies through production Economy of scale for disk
f{COMM line, terminal, Cheaper when user utilization
memory costs, and is low
utilization)

Production limited Design limited
Overhead of maintenarnce Explicit, central maintenance
on individual (hidden) costs

Use Small (or 0) data bases Large, shared data base;

and/or general (undefined)
large computational tasks

Fixed, (well-defined)

computation; or small

computational (e.g., text

publishing, program

preparation, CAl,

statistical)

‘Security Private Putlic (but easy to share

programs, data, etc.)

Central + Comm. System



