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The evolving comesuting envirornment
ig furndamentel ly a8 network
structure rsermitting shared and
standalone swslems Lo communicate
with one another, The
introduction of both stesndalone
and smally shared-comeuters will
caeuse continued network evolutiorn.
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THEIR INTERACTION WITH NETWORKS
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General
Comruters—-—these
tecomins relativelw more
tbuat must “ist to
tasks bewond the carsbilitu
other comrorentss when
thewy are needed less
removing work from themy their
Lnereasses ., For the very
sustems (e.d, ILLIAC IV,
thoush uneconomicel b
stendardsy will exist for

highly sreciglized Lasks.

Althousih
systems
costluy
exists
intercommected Tashion

0.

all Tforms of current

will clearly be less
thew will continue to
bt in & nighly
hecause !

Human costes relative to
comruter cosbtsy is increassing
at sbout 40%/vesry making it
uneconomicael to not transmit
machine readable information
b rersons.



1. The smaslly slandalone (and
shared) swetoms will
successtully aoff~load the
lardge shared (Limesharing and
batch) swustems. This will
require more terminal
interactiony also these small
swstems require eccasional
assistance from their lardersy
more deneral counterrarts.

2, Datebsses (lower cost disks)
associasted with small shared
ard standalone swstems will be
more distributed and  some
interaction will e required
to toth larger and other
databases.

3. A #lethora of highly
srecializeds cost-effective
swstems e @ud e i ng terminal
switohins,

In the next sectiony the cost for
reorley  bterminalse andgd the smount
~vailable for comeulbling are given.

@ cost  and rerformance for Lhe
very lardgey shared comruters and
the verw small comruter are then
comrared historicellw. While
looking at the Ve Py small
comruters is MeCessEryy the
Furrose here  ds  bto  examine the
more idesly standalone comruter as
it evolves Trom: terminalsy
harnd-teld and desk caelculatorsy
arnd  the smsll comeruters, This
section sresents an idesl together
with some of the uses. It also
argues thet wse must bhe high in
order to dHet the necessary low

costs.
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While the ecornomic comsarison is a
factory it is  dmrortant to look
aualitativelw at the functionss
and the sro‘s and con’s of the
largery highlw shared swstem and
comerare it with the standaslone.
(Generallyy this shows that while
onff  loading occurs bhw bthe latters

ere is & rieed Tor Lhe
Fformer.s...and tetter networks . )

Fimallwy & table of currently
available swstems 1is dgiven Lo
illustrate the tradeoffs amorg
rricey  rerformancer stovadge sizes
and srogrem generality (use)d.

Eeplative and._ dvailatle. Costis. for.
Comubios

Table C shows the cost of & rerson
(Humar)) in an envirvornment together
with SOme of the relevent
comet L costss esrecially
terminals. It is dimrortant to
krow the value of a8 comruter to a
user in order to know when various
arrlications are feasible. Here
we make the asssumsrtion that a
comruter must imerrove rroductivite
by at least 1045 arnd  thet the
gdditionel 1074 is aveilable for
comeuting. For = rrofessional
(e, s, lawwers endgineery educatory
businessman)yy we assume that the
cost/wesr for these reorle would
e aboul $40:000F hencer $4K is
available for comrutingy and & 5
wesr amortizationy this would
eaual a rurchese cost of asbout
$16¢000, This is clearlwy & roush
guideline and  derends  both  on
utilizetion and the value of the
information rrocessing (.. very
hisgh cost of errors in structursl
engineering tasks).,

Table C  OFERATING COSTS FOR
COMPUTING

LEIRD .
CosbklYewarn
CosiiHr.@2400H1...

Humarn QOrSy 102040 092r498v16
Comeputer 1.2 to 2.3 «3 to 1.
Terminal 259 Lo 7% el Lo +4

Service 03 02
Fower 005 to 01 002 to
+ Q04
Line 0 Lo 2.4 0O to 2.
Farer O to .1 173 cents
to 3 cents
Sraee 0% to o1 02 to 04
Amt Avail.r . Srlev2va Or 2949 .8y
I.o()()
at 1074 human



LCost.. aod.. Eeprformpance..
aracterisbtics.. asod. Ireods. of.
rardge.and..Suall. Comsuters

It is useful to look at how the
relative cost of larde and smasll
computers have changed over the
last few wezrs. Table LS comrares
the FIOF-8y and CROC 464600 (for 1967)
with & hurothetical large comruter
and the LSI-11 (for 1975).

Firsaety note 8 larde incresse in

Frice differential over timeys
reflecting rroduction learning for
amall comruterss aried more
exrensive desidn costs for lardge
comFaters., While there maw be
economies of scale for lardger
machinesy there is a8 fundementsl
eCONOmY of seale for small
comruters throusih rroductions

this reflects an elastic demand.
I the case oFf the srimsrwy memorwus
Me  rricey  there was bharelw @
factor of 22 difference in 1967y
Chereasy in 197%y the erice  for

©  lardge machine had come down &
fector of 2y and the rrice of tLhe
small machine nad come down about
g factor of 12.

For rerformencer two tLhings should
be noted asboul swmall machines!?
the basic sreed is aboul the same

for simele orerationss byt the
rerformance for comelex {(real)
orerations is drastically imrroved
reflecting hetter use of
microrrograsmnminsg to give lardge
machirne Frogrammi rng
characteristics. In +the casse of
the large machinesy its
rerformance/cost has gone wus by 2
factor of 30. The wserformance
differential betweerr small and

large is  asbout 1000 in 19673
whereas Lhis wears the serformance
differential is only  about S000,

S8 GUmLrist @ reasonatle mix of
floating roint asrithmebtic, The

haltter srerformance for this wear’s
all machine scts  to  taske work
from the lavdge machine. The large

i
machine must find newy verw lardge
rroblems inm order to be effectiver
since the best match for comruters
ig to run on the smellesty lesst
general thet will do the .ob.
(Running smaell eroblems on lardge
machines dgenerallwy imrlies i1dle

I‘ESQUY‘(’_‘&.‘S! hence 0o0onr
cost/rerformance.) Under thece

assumrtionsy  the rerformance/cost
characteristics are imeroving more
for small mechinesy althoush the
rerformence der 1is wider. In
neither gvear would we suddest that
Grosch’s law holds.

Ao, ldezls. Standalowe. Fersooal.
Comsuter

There are seversl attributes s
rFersonal comrFuter  swstem  would
(might) have in order to achieve 2
high degree of use. Unless it’s
usedr &8 shared swustem where a
large fraction of the terminsls

care dormant will be more cost

effective. Some of the asttributes
and their value randges are dgiven
below?
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Use Text (with Figs) Qualitative. Charcacieristics. of.

rrerarations Small (decentralizedizersonalizedl..
rlug in to LComzulers. aod. Larsies. Shared.
send/receive mails Comeuters
access Lo larde
databases’ Table Q gives this comerarison. A
B ra-grodranmed lardge swstem is asttractive becasuse
Furetions (@.d. of the reak carability to handle
shetohrads anw  rFroblemy whereas the small
statistical sustem is a rerivater boundedy,
analusis simrle swstem with indererndence of
’ ard data-rlots) comruting buresucrascy,. A study by
Frogrammable Seldwun (1970 indicated @
o osidgnificent economs of scale with
The dedree of wuse derends on comrFuter size according to the
rortabilitwy sizer» convenience and following relationshis?
our abilite to commurmicaste with
it The hand-held casloulstors Total Cost = 8 X remtal
have achieved high wuse bw being XK, 8
rortable (50 thew’ re alwaus
available)y bt have traded off Advocaetes of rersonal computers
human rerformance bw having smally rredict an overhead cost of 0s but
relatively hard to use keuboards. this is somewhat misleadings since
A turewriter kewbosrd is much more the management. maintenancer
of the scale of the current finger Frogramming,y  swstem srodrammingy
sizess althoush with genetic consultingy etc. of & comruter
ospgineeringys  findger size cold center is now distributed with the
obsbly be decreased, user., For users of hand-held and
rrogrammable desk calculastorsy it
The rervsomnal comeruter in mary should e clear that the
resrects is an active notebook and Programmins cost 1% auite
rrovides 8 convenient way of highseodn fact many of these asre
commuriicatinsg with it through rrogrammed in octal and the wuser
various chamnels (and uwltimastelw (erodgrammer) has no bhecking store
voicely & substantial file memory to retain a rrodgramy and it  must
that carn be activated to search e writtern down and themn kewed-in
out irnformatiorns and 3 eact time uwsed.
srogrammable device to  carrwe  out
algorithms. Assuming SLCH 3 Againy we krnow that the bheat
device existed for a8 srogrammers cost/rerformance characteristics
1t would comtain his design notess are obtaimed when ran on the
Farers relevant to the designy ang smallest swstem that will do the
Frogramse he was working omn and the task (sssuming there 1is no idle
ability to check whether the caracitul).

erosgram had valid swentaex (sssuming
a larde wrogram which could not bhe
run at the standalone sitel).



Table 8 dives the charscteristicssy’
and rrice/user for various
comeuter
rrogrammable
standalone

throush

suslems
calculatorsy

comFuterss
small shared comruters to
cometers.,
COMmESTLs80M

rersonal

timeshared
generals

editing (as
environment)ys
running 8
Frosram

rreraration
Frogramming
accessing
rre-defined
writing.
highlw variable

databaser
Frogramy

rredicated on
very lardgde rrovides a8

machine

Frodgrams
virtuasl
envirorments’
Frovide
trading off
generalituy
HECswstem
A lardge
envirvorment
sustemsy
@HFeNsSe
Frodgram

carability,
of this
smaller 10 (versus
rrovides a
similar
generalityy maximum
virtual

attached to

are doing
defined
Lransaction

accessing) .

relativelw

rrocessingys database
to the very
standalone

H100 andg

sustemsy

relstively
comrarable
Sustems .
FrOsram
associated
carabilitu.,..althoush

Limeshared
trades off
storade database
200 rages of
text can
calculator

comaratble
terminel

s

This indicetes the verw low cost
of converting any mechanism (i.e-
& hewvbosrd and disrlaw) to b
comeuter bw  the addition of a8
small amount of memorw. This
general trend will force dumb
terminals Lo become rrogrammed in
SOME WS

A kew asrect of the cost rer
terminal is the asctusl number of
terminals in use (or dormant) at a
givern time. In some envirormentss
if the utilizstion is quite low on
& Fer terminagl besisy 1t is
clearly better to have & shared
sustem becesuse the cost for 3
dormant terminsl is only about

$15000> whereas the dormant
standalone sustem 1is much more
exrFensive . Most - timeshared

suwstems are rredicated on onlwy 5%
to 10%Z of the rorulation avasilable

actually being connected, This
Fhenomenon cleasrly asrdues for
shared sustems for some time.

Howevery tw rroviding standalone
carability for editing texty
utilization as & turewriterr and a
data base inmcreasses the terminal
utilizaetion and forces usade away
from a8 shared sestem.

Copclusions
We have tried to arsue on
historical grounds that smell

machines will continue to increasse
raridly  as srices decline., This
creates more wse  and requires
petter intercommunicaltion with all
other comruters. Bettery rersonsl
comruterss althousgh thew off load

lardgey shared facilities still
require interconnection for a

varietw of tasks., Thusy & rarid
decline of lardge machines won’t
existy bult rather 8 relative
decline comsaredc to amall
machines.

Seldwwnrs  hee her ECONOMIES QF
SCALE IN COMFUTER USE! INITIAL
TESTS AND IMPLICATIONS FOR THE
COMFUTER UTILITYs MIT FrodJdect MAC
TR-&8y June 1970,



FIGURE GS GENERAL NETWORK STRUCTURE OF EVOLVING COMPUTATION ENVIRONMENT
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TABLE S CHARACTERISTICS JF VARIOUS SCALE SYSTEMS

User Prog. Size # Purch. Yrly Cost Cost
(K bytes) Mass Storage Use 1/0 Users K$ Cost  Yr(K$) User/yr($K)
Small Desk Cassette Algebraic Kybd 1 5 1 1.3 1.3
Calculator Problems (Special)
Printer
IBM 5100 16 Cassette APL Kybd. 1 17 3.4 L. 4 .4
(Standalone) (65 max) BASIC 5YCRT
Printer
DEC 11v03 16 Floppy BASIC, Typewriter { 1 10 2 3 3
(Standalone) (65 max) Fortran, or
Text Prep. (CRT)
Data Base
Small, Shared 16 — 65+ On-Line Disk |#BAsic, Typewriter | 8 50 10 22 2.8
System Virtual Arrays (Floppy _o*] Text Prep., | or
. backug{hk‘ Data Base (CRT)
Mid-Mini 16 — 65Kk On-Line Disk | BASIC, Typewriter | 32 100 20 44 1.4
(e.q., 11/45) Text Prep., | or
(+ ij) Data Bases (CRT)
Large-Mini GSW On-Line Disk | BASIC, Typewriter | 20 250 50 110 5.5
(e.q., 11/70) Fortran or )
+ toke sy Cobol (CRT 50 50 2.2
( ) Data Base
”*
Mid - G. P. 1000 (4{AM On-Line Disk | Lots Typewriter | 50+ | 750 150 | 300 6
(DECsystem 10) or (CRT)
+ . .
Large, G. P. afse 16,0000 On-Line Disk | Lots Typewriter | 50+ 3,000 600 1,000 20
(System 370/158) | qmse or (CRT)

¥ Virtuod Me Mowl Wr}m?J



TABLE LS PARAMETERS OF LARGE AND SMALL COMPUTERS 1967 AND 1975

ACTUAL AND (RELATIVE)

1967 COST (K$) WL _Mp.Size $/bitle00 MIPs QI\SE (ﬁ?é) fﬁ?ié?ﬁg
8 o) 12 (1) .05Mb(1) 20 3 (1) (1) .002 (1) 30

6600 3K(300) 60 (5) 8Mb (160) 38 3(1'0) (50) 3 (1500) 1

1975

Ls1-11 1(1) 16 (1) Lkw(1) 1.6 3 (1) ‘(1) .04 (1) 300

Large  10K(10%) 64 (4) 1Mw(103) 16 100 (10K)  (40K) 100(2500) 10




TABLE Q CHARACTERISTIC DIFFERENCES OF SMALL (decentralized)

VERSUS LARGE (central) FOR COMPUTATION

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

Cost Economies througn 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 maintenance Explicit, central maintenance
on individual (hidden) costs

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

and/or general (undefingd)
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

Reliability

Distributed

progians, data, etc.)

Central + Comm. System



