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What will happen in the future? The modern media are
— overflowing—with—thecrystal=gazing of "think=tanks" and
oracles of varying credibility. With inspiration coming

from these sources, as well as from conversations with

likelihood of various predictions.

Many science fiction writers have predicted passenger

ships to the moon. This will not come true. The moon
. will be explcited—for its—mineral—wealthy;—but—the—work—
' will be done, not by people, but by robots. The resulting
—minerats witlIikely be propelled into moon orbit by a
‘magnetic acceleration track, and brought to earth cheaply —

! under development—by-NASA—Earth-to-orbit—transportation—

by space tugs using electric engines, such as those now

will continue to be energy intensive, since environmental
—considerattons— Wil —pre-empt the development of atomic
propulsion. Sight-seeing tours of the moon would thus be

too expensive to be practical, at least within the next

_twentyefive years.—However—painters—and—poets—wili—be—
encouraged to venture wherever manned ships go, and we

earthbound Wil travel vicariously through their art.

§ lic transport—will—net—be—developed;—whereas—sub=somic—

High fuel costs will also mean that sub-orbital pub-

transport will prosper because of ever increasing fuel
—sffictency. (Super-sonic travel will remain an expensive
alternative for the impatient.) The major advance—in-—pub-——0

lic air transport will be in safety. The falling cost of
—electronic—ecomponents—will—mean—that—even—small,private
. aircraft will be able to be outfitted with sophisticated
guidance and control systems which keep aircraft on course
and constantly inform computerized _air-traffic-—control—
stations of velocity and bearing. This will dramatically
—reduce—mid-gir—eoliistons—and—pilot=error"types  of ac-
cidents. These devices will not only be able to control
aKke-oit, rlight and landing, but even runway taxying -- a
surprisi ure.—Also,—computer—advances—
will mean better computer weather models, which will 1lead
- to—safer—fIying—becauseof anm improved undérstanding of
freak weather changes and wind-shear.

Another popular aerospace—predietion—wili-not—come—!
- true. There will not be giant solar power stations in
—synehronous—orbit—above the—earth, because the prospect of
fusion power makes them unnecessary, and because the__sug=___
ge€sted method of transferring the energy to earth -- mi-

ggo:evss & ?;11'35 geg?ndgd—;s—af—public—zhea%tgi—hazard.
i . wi be factories in space ro i

? orglt?,’empfoylng we1ghnlessness——in—Bthe—~£anu?acguﬁg‘lgg'”'
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AEROSPACE (continued)

everything from ball bearings to baubles (perfect crys-
—tals).

The raw materials used by these orbiting industries,
—as—well—as—the-structural—components—from—which—the—Ffac—
tories themselves are made, will come primarily from the
moon. Lt will simply be more cost-effective to transport
__matter from the surface of the moon than from the surface |
of the earth. Once this lunar material has been processed
—into—FEinished—produets;—it—wilt—bedropped'—to—earth—in—]
one-way re-entry vehicles, which themselves are made in
space. With space industry will come space garbage, but
_most of this will just be dumped out of orbit to burn in
the upper atmosphere.

Possibly the most spectacular aerospace development
will be in space exploration. Certainly all the planets
_of our solar system will be visited, although_primarily by |
robot ships. But even more exciting is the fact that
—interstellar—explorationr—will—become—=aTeality-—Starships—]
will be built which employ matter/antimatter propulsion,
antimatter fuel for these ships being produced wusing a
—process —similar to current techniques. This method-—re-—
quires a tremendous input of energy (at least 100 times
—more—energy tham the resultingantimatter s itselfcapa=—|
ble of producing), and therefore seems to be an appropri-
ate application for space-borne solar power collection
__stations.— These-could-be-positioned—in—a-hot—inner—orbit—
around the sun. Although the production of antimatter is
f—expensTVET—ItS"prcputstvn-enérgy—per—ktrcgram*ts“su*‘high—“-

that it is the most efficient and affordable fuel for
starships. (Danger of explosion will make antimatter un-
—suitable—for-earth-to-orbit-—vehicles.)

———llere Wil thesestarships go? Within—twenty-five |
years robot ships will commence travel to nearby stars.
By then many of these stars will have been studied through

—space—telessopes—which—employ—ocelusion—to—make-the-direct—
observation of planets possible. 1In the distant future, "

—ships Wwill —take people, not just computers, out of our
solar system. Perhaps they will wish to start colonies on_ |
alien planets, or perhaps they will regard their ship as

—theip—permanent—heme;—wandering—from—star—to—star—over—
multiple generations just for the sake of wanderlust.
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COMPUTERS Booklet Number

In twenty-five years time there will be more compu-
| ters.in-the-Western-World—-than-there—are—people+—Virtual-—
ly every middle-class home will have a general-purpose
—system; "in"Taddition"to having perhaps séverdl processors
 built into household appliances. And_although_there__will
not yet be an affordable domestic mechanical anthropoid,
L-industry—will-have-become-dependent—upon—all—manner—of—
robotic devices. As these machines become more and more
[ sophisticated, they will take on such jobs as bus driver,
telephone receptionist, and manual lahorer. Spurring this
growth will be advances in artificial intelligence (AI),
as—well—as-—the—ever—inereasing—speed—and—decreasing——cost—
~of computer hardware.

| Sophisticated AI computers will be developed ~-_the
so-called fifth generation. They will serve as robot
Hibrainsll,—and—as—preofesstonat—assistants—intaw;medteine;—
etc. The tremendous amounts of computation required by AI
will  Dbe provided through exploitation of the parallelism
that is_i erent _in logic programming—(programming—in—
first-order predicate 1logic), which will become the dom-

: t—AI—technique=

The development of non-silicon logic gate technolo-

: h _as gallium  arsenide) will—make—for—faster——
machines, but the most significant influence in the
up—of—AI=type—computation will be much 1oWer prices

for silicon-based random-access memory (RAM). For various_
reasons, applications written in logic programming 1langu-

end_to_be_meny—addpess—ﬂvagvantTﬂ—and—thus-unsuita=——'

ble for paged virtual memory computers. This means that

e amounts of "réal™ memory will be required to

efficiently execute the huge AI applications of the fu
ture.

In fact, paged virtual memory systems will dissappear

i nty-five years. They will be unneces-
sary because the low price of RAM will enable all programs—

to be completely resident in main memory. . Magnetic media,
such_as—disks—and—tapes—will—become—obsoleteArchival
storage needs will be met by optical media (such as "laser
[disks™)andthe Kind of intermediate storage now provided
by magnetic disks will be redundant in large-RAM_systems-
Instead, RAM will lose its reputation as being a dynami-
ly shared—resource;—and—sizable—chunksof it will be

JJdedicated to individual applications within a  system --

ST far~ oo immense to be transferred in and out of
juemory except for back-up purposes. It _is. also—Llikely—

Q?t aggocigtive caches will become orders of magnitude

ger en they are now,

andqguch__faster——tooT——probably‘"*
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COMPUTERS (continued)
being implemented in non-silicon technologies.

- Paralleling the evolution of AI computers, will be

startling advances in scientific computation. Unlike AIL,
_scientifiec caleulations do not wusually require colossal
amounts of memory, and so engineers will concentrate on
—providing—very—fast—components——and—rcircuits—Tfor——the—
arithmetiec-logic wunits (ALUs) of scientific computers.
KIso, these engines will not use associative caches. They
—will have only extraodinarily fast RAM For a few years. |
speed enhancements will be achieved primarily by wusing

—faster—logic—packed—inmever—smatler—boxes{imefforts—to—
minimize speed-of-light 1limitations). In twenty-five

year's time the raw speed of a general purpose scientific
—computer will be directly proportional —to——its physical—
size, with logic-gate delays being near their theoretical
—ight=transit=time timitsT—Im—fact—Iit—Is  Itkely that—]
future scientific computers will not even be electronic,

but will employ light waves as the logic medium.

There will arise an intefesting connection between
—setentifieand AT computing . It isalready a fact that Al |
is being applied to the design of computer circuits. It

.

V - typically—be—able—to—deseribe—a—eltass—of—problems—to—a—]

is also true that some scientists, being presented with
— problems—well-beyond—the—capabilities—ofcurreat—general—y
purpose computers, are finding that special-purpose compu-
—ters, custom=designed—for their application, can provide
great computational speed-ups. However, designing these
machines 1is very time-consuming, and would seem to be a
| task—that—AI-eould—eventually-handle—Sueh—a—-system—would—
need a "starter-kit" of pre-designed circuits to use as
—yuilding blocks, and would Have to incorporate some of che |
design principles that are used currently, but have not
yet been codified. In twenty-five years, a scientist may

computer, and have it produce machine-readable plans for a
caléulating engine which can solve such problems very

efficiently. These plans would then be transmitted to a 4
 custom-computer factory where robots would fabricate and |,
—assemble—the—new-devices ]

AT wil also change the nature of computer program-
__ming, but will not eliminate it. Humansg will still have |
to formulate specifications for computer tasks, and (as
—software—engineers—know)—this—is—atTeast—as—demanding =
! task as actual programming. Nor will computer engineering
be eliminated by automated design systems. Such systems
——ean——only—meehanica&&y—maaipu%a%e—e*isting—ideas;_:hey_ga
never mimic the knack humans have for creating something

new which is greateér than tnqgsum—vf“Tts—parﬁa.
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SOCIETAL IMPACT Booklet Number Juodl

In what kind of world will our children 1live?
r_P_f_r:ha1:1s___i.n.__xnﬁ.w.n.y____ma},m it will not be much different—than—
our own. People will travel for pleasure as often as they
—do—nowT—since—the—prfce—and—speeﬁ—vf—air*transport—wfrr-be——

about the same. Most personal letters will still be hand-

written, even 1if there is a "personal" computer in every
ectronically to every one-elsels.—Com-—oI

puters are just not personal enough for some applications. |
i 3 y i mmunication—will—be

used in lieu of travel to such an extent that there will

Be an overall decrease in air miles logged.

d education promotes. Of «course, there is a place for

i The widespread purchase of personal computers by

f eration of middle~class children. = It° will also mean a

—structure—is—more—amethod—to—betearnmed;—thanm it~ s a

The maturing of space industry will contribute to
onomy, and will~ nelp 1mprove
the quality of .life on earth with such advances as:
Ionger-lasting automobiles (super alloys and more spheri-
11 bearings)—better—health ecare—{medicines—made—in—
space), and perhaps even safer streets, owing to improved
i =Hghting—provided by giant parabolic solar reflec-
tors in space. But in the next twenty-five years, the
instrument of greatest social change will be the computer.

parents (as 1llustrated by the 1983 Christmas
season) will guaran computer literacy for the next gen=_ |

in—education—The—computer—encourages—a —mucir—
freer way of thinking about the world than does tradi-
ional education. A computer user can write a program
fragment i ify it accordingly. Entire sys-— |
tems can be built-up this way, without going through the
dieal—pre-planming—process—whichcurrent—structured |

structure, and not all students are adapted to the exper-
r_]'__ru_e_nﬁ_a].__a.p_p_r_o_ach. But_the educators of tomorrow,—who—will—
have grown-up with computers, will better realize that

learning method.

Although schools are now beginning-to—acquire—ecompu—|

ters, few schools currently have the funds (or even the
i i i sTt6  provide chil-
dren with daily, personal access. But such substantial

L Richer children —will receive—their—computer—education—at—

—their—ownm —computers, will not. Te  lessen this very

exposure is required for an enduring educational benefit.

home, but poorer children, whose families cannot afford

serious educational disadvantage, charitable organizations |

;_campa;gns,__As—a—consequenee¢ﬁynban—ﬂcomputeﬁ——day——eampsm——

will mount '"give a child the gift of computer literacy”
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SOCIETAL IMPACT (continued)
Wwill be established during the summer, and permanent
—neighbourhood—computer—activity—centers wili—be-set=up—in—]
poorer districts. ,

-l Widespread computer literacy will —not-—lead—to—an
entire generation of professional computer programmers, no
—more—than—widespread—iinguistic—Iiteracy —has— led— to  am |
entire generation of professional writers. However, the
children of today will become a generation of computer
~lmanagers As_—robots—become—cheaper—an
most unskilled, and many semi-skilled, jobs will be elim-
—imated;—both—im—factoriesand—In offices. As a result,
there w1ll be a great shift in the demography ¢ empqu
ment, from labor to management. In twenty-flve year's
__Lime_zhe_least_skilled—dob—a—young—pensonéeould-expeet~—to——
obtain would be analogous to that of a junior-level
—manager; arthough te7she would be managing computers, nof
people. Labor unions will eventually disappear,_or will .
at least lose the right to strike. It would be too
_dangerous—in—a—time-—of—enormous—-worker—productivity;—a—
strike by a small group could. paralize the nation.

As automation is introduced, there will be some addi=__|
tional unemployment. In a few years, however, there will
—develop—a——shortage—ofworkers-—By—then—all—the—baby=boom—]
children will have entered the workforce, and they them-
—selves are hnaving fewer offspring. Unemployment will
therefore not be a long-term problem, and can be minimized —
| in the short term by intelligent and humane contracts
—between—management—and—labor—For—instance;—layoffs—Tamr |
be avoided if a policy of attrition is agreed to. 1In the
gnd, automation will give workers greater Jjob satisfac-
_tion, more leisure time,  and greater employment—flexibili-——/1
ty. In many cases there will be no need for employees to
—be—physicaltlypresent—at—a plrant;giving them the freedom™
to work at home terminals if they wish. This may solve
child-care problems for a large number of families. But

._lgglalahlan_ulll_he_nequxred_to_guarantee——the——employmenb——
rights of home workers.

Computers will never replace all workers. The public |
will not permit positions of enhanced responsibility to be
_filled by machines.—Even—if-a-computer—is—developed—whieh—
is demonstrably more proficient at medical diagnosis than
—any—human—doctor;tirat—computer— 18 neverthéless not a
responsible being, answerable for its actions. A doctor |
may use a computer to diagnose a patient, but the doctor's
) —s—rgna%ure—wrl—l—be—on—the—f‘ml—dfagncsfs*r’eport—and"xt“rs—‘
ne/she who will be sued if the report is wrong. Such is.
the justice that people will demand.




