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In this Apple Computer concept, a design could be proved out without building a prototype.

Wilson says. sufficiently powerful super-
computers should theoretically be able to
“predict everything about a material with
no experimental information whatsoever”
by calculating those interactions. He adds,
“The potential importance for both basic
research and industry applications is be-
yond anything one can imagine today, if re-
liability could be achieved.”

The discovery capabilities of computers
of all sizes will be enhanced by the great
leap in computing power by the year 2000.
The reason: the advent of what scientists
have begun to call “visual computing,”
which in effect reproduces reality mathe-
matically within a computer so that objects
can be both seen and manipulated in all
sorts of ways. The nature and behaviot of
an object or phenomenon can be described
in equations and presented visually; the ob-
jects simulated can include anything from
the steering mechanism of a car ta the.inte-
rior of a star. This kind of comiputing will

open up new areas to scientifi¢ inquiry and

bring products to market .at unheard-of
speeds by allowing the rap testing of al-
most mﬁmte product varia

new wmdow into complex: reahties As
Donald P. Greenberg, director of the com-

puter graphies program at Cornell, explains.

it: “I don’t €are wheéther we're traveling
down the bloodstréamand inside the heart.
or looking at a building shaking in a simu-
lated earthquake,or at an interior design of
a house, or at a demographic projection
with six variables. I just want to see what's
happening so that if my model does not
yield the‘results 1 anticipated, or if the in-
terrclaﬁonsliips between the variables are
incorrect, I can go back and change the
simulation.”
Another great benefit of soaring comput-
mg power will be the arrival of the truly
“user friendly” computer. A great gap still
separates man and machine. Despite their
compulational brilliance, which dwarfs
man’s, machines have horrendous difficulty
with speech recognition because people
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- COMPUTERS
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speak in unstrdelired and inconsistent
ways. Computérs hdve comparable prob-
lems identifying visual patterns and recog-
nizing objects from varying angles.

To the rescue, by the year 2000, may
come neural circuits, simplified analogs of
much meére complex human auditory and
visual nerves and related structures. One of
thos€ ¥fipredictable twists in the high-tech
road to the future may be a $2.000 board
for PCs that will allow them to understand
several hundred words of continuous
speech. The board, which Digitech Inc.. a
small Missouri company, says it will deliver
by the end of this year. uses chips that try to
imitate some of the ear’s sound-processing
functions. Similar work is in progress in vi-
sion. Caltech’s noted microchip designer
Carver Mead, for instance, has already built
a chip that imitates some of the eye’s infor-
mation processing.

By putting some of these ideas into prac-
tice, says Jean-Louis Gassée. Apple Com-
puter’s senior vice president for research
and development, “by the year 2000 com-
puters will seem magic to my wife, who
really doesn’t like computers.” The day
may well have come when machines re-
spond readily to spoken commands—and
even answer back, just as the strong-willed
HAL-9000 computer did in the 20-year-old
film 2001: A Space Odyssey.

Y THE YEAR 2000 most comput-
ers will have lost their familiar
boxy shapes. The idea is to make
them more compatible with peo-
ple by making them look less like machines.
Says Gomory: “One way to make comput-
ers easy to use is to pretend there is no
computer. Instead, you reproduce on the
screen whatever you're used to. If you want
to write a letter, you reproduce a piece of
paper on the screen and you write on it.
The computer translates your handwriting
into type. If you want to file the letter, a
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LOOKING AHEAD

- :-_pietarenhﬂﬂn;cahmet appears and you

stick the letter in.”

Handwriting as a means of entering data
into computers, in fact, tops the list of
many experts’ predictions. They feel it is a
more natural way to interact with comput-
ers than using keyboards, even though
some people can type faster than they write
and others have messy handwriting. The
writing would be done on thin flat screens
placed on desks, much like blotters.

Companies are hard at work on putting
these concepts into practice. IBM, for one,
is developing components of an electronic
book that would contain the text and illus-
trations from hundreds of volumes on a
small diskette, with an easy-to-read liquid-
crystal screen instead of pages. “We could
evaq give it to you in a leather binding, if
y. prefer,” says Gomory In addition, it

“PRINT OUT THAT REPORT OF BILL'S,
WILL YOU, AND FAH A COPY TO JOHN
IN TOKYD, AND TELL HIM TO GET
BACK TO ME ABOUT IT TONIGHT.
SHOW ME WHAT HIS SALES ARE
COMPARED TO THE REST OF THE GUYS.®

could be used as a computerized workbook, %

a small machine for word processing and
other applications that a traveler could car-
ry along and communicate with in long-
hand instead of using a keyboard or a
mouse. Texas Instruments is also exploring
the idea.

ITCHELL KAPOR designed
the Lotus [-2-3 spreadsheet
programs and is now chairman
of On Technology Inc., a Cam-
bridge, Massachusetts, software company.
He sees almost all PCs assuming the shape
of hard-cover books in the year 2000. He
predicts the appearance of a computer-
based reference book, a cross between a
dictionary and an encyclopedia, that an-
swers questions about people, places, and

events. Gassée of Apple envisions comput+

"0K. HERE @RE_ THE STATS
FOR SEVERAL MARKETS.”

ers of many sizes—from a 3-by-3-inch card.
'to a blackboard tapped‘ﬂnlo a database.
Noyce of Intel expects tq%a personalized
electronic file by thelyear 2000. He de-
scribes this device as “a filing system that
will read and recall‘@very piece of informa-
tion that comes aeress my desk, or that [
deal with in my, daily activity.” The device,
furthermore, would have “instant commu-
nication with every other computer.” The
function of computers will also change dra-
matically. They will, in essence, become in-
struments, of access to a network over
which/desired information flows rapidly on
demand.

Telecommunications are converging
with computers at an opportune time. Just

.as computational capabilities are beginning

to soar, the telecommunications industry is
rapidly switching from analog to digital

"0K, THEN MAKE R RESERURTION AT
'2’.
TABLE. OH, AND REMIND ME IN AN

HOUR TO SEND FLOWERS TO MY WIFE.
WHAT'S AUAILABLE THAT SHE LIKES?"

FOR DINNER AT 8. THE USUAL

“BIRDS OF PARADISE, MRA. JONES.

e

WHAT ELSE CAN 1 DO FOR YoU?" | =

1
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An executive uses Apple's projected Knowledge Navigator, combining an interactive talking computer with advanced telecommunications.
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Combined telephone/computer/TV ...... 9 |

Picture phones E ; .
Instantaneous-translation telephones ...
transmission of signals—the “bit” language
of computers. Furthermore, the industry is
greatly enhancing the transmission capaci-
ty of existing telephone lines to allow si-
multaneous transmission of voice, data, and
video. A few years further in the future is
wide use of capacious fiber-optic cables in
iness and at home. Gassée calls such a
e “a data hydrant.”

The telephone of the year 2000 will
evolve into what Bell Labs’ vice president
for research, Arno A. Penzias, refers to as
“an integrated information appliance.”
This would be a sleek device with a large
flat screen that would allow picture-phone
conferences in full color as well as offer all

the other accouterments of the information

age: the ability to send and receive docu-
ments and messages, act as a full-size
computer, and provide access to many in-
formation sources.

OLAND C. MORENO, president

of Paris-based Innovatron and in-

ventor of a “smart” credit-and-

charge card equipped with a chip,
sees counterparts of the French Minitel sys-
tem in wide use in other countries by the
¥ of the century. (West Germany’s Bun-
awspost, the federal postal service. is now
expanding its version of the system.) Mini-
tel replaces telephone books with a small
computer terminal. Besides finding ad-
dresses. it can buy theater, plane, and train
tickets, send bouquets of flowers with notes
translated if need be—albeit clumsily—and
find girlfriends or boyfriends, the ma-
chine’s most popular service. Minitel s
now in use in nearly four million Frepch
households and offices as a governnient-
subsidized experiment.

Japan’s entry in the future-telephone
derby is likely to be an instantanegdus trans-
lation telephone that will work ‘at’least in
English and Japanese, for opéners. NEC,
the Japanese electronics gigntybegan re-
search on the project in 1983, Akihiro Kita-
mura, a NEC vice president, says it will
take at minimum another five to ten years
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to complete the device—assuming the

problem of recognizing continuous speech
will have been mastered by then.

The Age of Insight is also revolutionizing
both medical diagnosis and treatment by
making them far quicker and more specific.
An imposing array of new tests and instru-
mentation—from antibodies that seek out
harmful viruses and bacteria to vastly im=

proved body-scanning technologies—are

opening the interior of the body to a new
view. All this should allow doctors to diag-
nose infections in minutes instead of days
and heart attacks in ‘seconds instead of
hours. They should also be able to detect
tumors before symptoms appear, permit-
ting treatment to/begin earlier and drasti-
cally improving the chance of success.
New insights into human diseases would
spur the creation of elegant new treat-
ments. For, instance, deroy Hood, a bril-
liant Caltech immunologist, says that by
the year 2000 it should be essentially possi-
ble to prevent such autoimmune diseases as
rheumatoid arthritis, multiple sclerosis, and
insulin-dependent «diabetes, in which the
body mistakenly attacks its own tissue.
Clones of immiune system cells gone hay-
wire do the damage. Hood and his asso-
ciates age already designing ways to remove
such undesirable cell families in mice.
Onewfthe experts’ most startling predic-
tions, is that by the year 2000 it should be
possible to regrow whole organs, or parts of
them, in the body instead of replacing them
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Defeat of heart disease ..

Defeat of AIDS virus ...

Defeat of rheumatoid arthﬂtis
and multiple sclerosis ..

_ Defeat of Ioukemla and Iung cancer ...

with transplants. This could come about in
at least two ways: First; seientists could de-
cipher the remarkable biological program
that leads to the growthiof a new heart in
an embryo, for example. Second, they
could repair sections of a heart that had
been damaged by a heart attack, say, by ad-
ministering Such tissue-restoring sub-
stances as the-fibroblast growth factor that
the body makes to regenerate blood vessels.
CaliforniaBietechnology Inc., of Mountain
View, the first company to clone the factor,
has shown;that it significantly accelerates
the healing of wounds in animals; tests on
people start next year. The growth factor
also appears to repair nerve cells such as
those destroyed in the brains of Alz-
heimer’s victims.

Y EXTRACTING such healing
substances from the human body
and duplicating them through ge-
netic engineering, scientists are
cashing in on—and enhancing—the body’s
remarkable ability to heal itself. Genetic en-
gineers have hit a potential bonanza: The
body makes about 100,000 proteins. Says
David Botstein, vice president for science at
Genentech, the biggest U.S. biotech compa-
ny: “Suppose 1% of them have the potential
of being turned into pharmaceuticals. That’s
1,000 new drugs.” Other drugs of the year
2000 should include inexpensive and highly
specific molecules tailored to fit receptors
for hormones, peptides, and other sub-
stances that regulate physiological events in
the body from hunger to the sex drive.
These precisely targeted drugs will replace
chemicals discovered by the historical trial-
and-error method. Genetically engineered
vaccines, such as the recently introduced
hepatitis killer, could eradicate many infec-
tious diseases, including malaria.
This century’s crowning achievement in
biology could well turn out to be the deci-
phering of the human genome—the deter-

BIOTECHNOLOGY & MEDICINE

The medical experts give an AIDS vaccine by the year 2000 less than an even chance,

but qu:ck« diagnonl; and bettor treatment should limit damage from.
; TEN EXPERTS

attacks.
CONSENSUS




"LOOK AT THOSE MULTIPLE SCLEROSIS
PLAQUES | WE
SEEN-=MEM SO FAST AND SO CLERALY
BA. IN THE 1980s. NOW ROTATE
THE SCAN 90° SO WE CAN SEE IT FROM
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mination of the order. content, and
location of the genes on the human chro-
mosomes that control the body's growth
and well-being. Broken down to the most
basic chemical level, says Hood of Caltech.
those instructions would fill 500 volumes.
each 1.000 pages long. each page contain-

ing 1.000 words, each word consisting of

six letters of the DNA language. The map-
ping of the genome would open broad new
avenues of medical diagnosis and treat-
ment. In basic biology, comparative analy-
sis of the genomes of mice, fruit flies. and
people would allow scientists to break the
other two still undeciphered DNA codes—
one that dictates steps in cell differentiation
ang development, another that governs the
cture of chromosomes.

RACKING the remaining codes,
Hood suggests. would raise the
spectacular possibility of creating
entirely new types of biostructures
for medical and industrial uses. A molecule
might be designed, for instance, that would
connect with cancerous cells and make
them revert to normal. Deciphering the ge-
nome would also allow doctors to prepare a
genetic printout of a baby at birth to spot

M TIPLE

NEUER COULD HRUE

THE SIDE."

A FORTUNE PROBABILITY PANEL

SUPERCONDUCTIVITY

These experts think the technology is likely to improve magnets and motors, but doubt

that such things as magnetically levitating trains will soon be a commercial reality.

PIBERRES &5 it i e
Motors and generators ...
Energy storage .........coeeciniceccincecien

Power transmission ..o

Levitating transportation

susceptibility to various diseases and to
start early treatment.

Surprisingly, FORTUNE's Probability
Panel doubts 1e most talked-about re-
scientific brea akthrough—supercon-
ductivity—will con HihUIL much by the
year 2000. The phenomenon greatly speeds
the flow of electrons by cooling the con-
ductors they pass through—to the point
where they lose resistance. But lanfRoss,
president of Bell Labs, says that while su-
perconductivity is of gréat interest-in in-
strumentation, workifigeat extremely low
temperatures in gomputings and  signal
switching is “too irkseme.” Chairman Gor-
don Moore of Intel adds‘that he is always
suspicious of new technologies “where ev-
erybody seemsito be excited about it for

cent

SCIFENSIS VFIHE

Vastly improved body-scanning techniques will aid both diagnostic and surgical accuracy.

TEN EXPERTS CONSENSUS
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somebody, else’s application. You know,
‘Mysview is that it doesn’t impact the kinds
ofithings we do much but the power gener-
dtien people will find it great.” ”

T IBM. Gomory draws a sharp
distinction between new super-
conducting materials as scientific
discoveries and their possible
technological applications. He says, “A
door has been opened into the unknown
and we don’t know what's on the other
side. We're in a whole new world of materi-
als. History has shown us that over time
that tends to amount to something.” But he
guesses that most of those breathless fore-
casts about superconductivity powering
300-mile-per-hour trains and carrying elec-
tricity cheaply over long distances probably
won’t come true.

The impact of new technology on every-
day work and life in the year 2000 will be
more subtle than the dramatic transforma-
tions wrought in the lifetime of Gomory’s

father by automobiles, airplanes, movies,

antibiotics, television, spaceflight, and oth-
er marvels. Some of the changes computers
will bring about will be more intellectual in
content, while in biotechnology the great
advances in diagnostics and treatment will
be readily apparent. Says George H. Heil-
meier, chief technical officer at Texas In-
struments: “In the medical field alone, the
ability to bring the best medical care in the
world to any local hospital will represent as
big a jump as going from the horse-drawn
cart to the automobile.™

There are limits, of course. None of the
technological possibilities that scientists
and engineers are pursuing today suggest
that man will soon decipher such funda-
mental mysteries as the workings of the hu-
man mind or the fate of the universe.
Ecclesiastes also declared, “No man can

find out the work that God maketh from
" the beginning to the end.” The Preacher

may not have been right about new things
under the sun, but on this one he hasn’t
been proved wrong—yet.
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lorteile, sondern ge-
und Yangfristig Haut
Tieren komme es zu

degenerativen und
dinderungen der Haut.
; an den Augen die
digt und der graue

Zu Gen Mitteln, die auf Licht reagieren,
gehéren unter anderem blutdrucksen-
kende und harntreibende Priparate,
Antibiotika, Sulfonamide, . Herzmittel
und Psychopharmaka. AuBerdem sind
Patienten bedroht, die zu Krankheiten
neigen, die durch Sonnenlicht ausgelost
oder verstarkt werden. CFAZ

. akularer Wasserstoff im Weltraum

- aiaterie anders verteilt / Analyse der Gammastrahlung

tenn Maum der Mileh-
‘it afornaren als mole-
stoif. Darauf deuten
i, 1 einer Gruppe
o Universitdat von Dur-
e bisncrigen Analysen
aomen mit mehr mole-
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zhalb von Inter-
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bi.lon, in denen mole-

it Of

off Jduminiert. Wie sich
lidea, bingt vom Zu-
~atoffs i1 interstellaren

Wascei-ioff der Milch-
rachi lzicht anhand der
1iung messen, die un-
TImstdnden wven den
ndet wird. Der moleku-
gibt dagegen bei den
.errschenden niedrigen
- um zehn Grad iiber
(zmperaturnulipunkt in
- keine nswerte
lerdings 148t er sich in-
en. In ,dichten” Wolken
usammenstoBen andere
2nen bislang etwa fiinf-
2 gefunden wurden, zur
sislang wurde der Was-
ichlich anhand der An-
shlenmonoxyd nachge-
{a Starke der Strahlung
oxyd hingt stiarker von
der Gaswolke als von
Wasserstoffinolekiile ab.
sind deshalb nicht sehr
“, Bd. 314, S, 495).

nenn

Tinen Ausweg bietet die Beobachiung
der /Gammastrahlung, die aus der
MilchstraBe zur Erde kommt. Die ener-
giereichen Gammastrahlen (mit Ener-
gien von mehr als fiinfzig Megaelektro-
nenvolt) entstehen vor allem, wenn die
sogenannte kosmische Strahlung auf
interstellares Gas trifft. Das  haben
Untersuchungen in den siebziger Jah-
ren gezeigt. Da die Astronomen den
Anteil an atomarem Wasserstoff in in-
terstellarern Gas kennen, 148t sich mit
den Messungen der Gammastrahlung
auch der Anteil an molekularem Was-
serstoff bestimmen, wenn man iiber die
Verteilung der kosmischen Strahlung
hinreichend genau Bescheid weiB.

Anfangs bereitete dieses Verfahren
Schwierigkeiten, weil die MeBergebnis-
se der Cammastrahlen-Satelliten, vor
allem des. amerikanischen SAS-2 und
des europdischen COS-B, nicht mitein-
ander iibereinstimmten. Das lag zum
Teil an systematischen Fehlern bei der
Analyse der Daten. Auch wenn-noch
nicht alle Probleme geldst sein diirften,
sind die neuen Untersuchungen doch si-
cher weit zuverlidssiger als die friiheren
Analysen. Wenn sich das von den For-
schern in Durham gefundene Ergebnis
bestitigt, gibt es im inneren, etwa 20 000
Lichtjahre vom Zentrum fortrei-
chenden Bereich der MilchstraBe mole-
kularen Wasserstoff mit einer Masse
von etwa 600 Millionen Sonnen, wéh-
rend die Masse der neutralen Wasser-
stoffatome 800 Millionen Sonnen ent-
spricht. e

streck interstitivin kénnen vielfal-

tige Vesdnderungen aufireten, von Eni-

also im Lungenrmar
waor-es nur konseg

lckalisiery sing,

t, Veriahren zu

Fortsetzung néichste Seite

Ahnenreihe des Menschen weiter unklar

Australi:_pilhecua africanus Vorfahr des Homo oder Nebenlinie? / Kind von Taung war nur drei Jahre alt

Die immer noch unbeantwortete Fra-
ge, welche der einige Millionen Jahre
alten hominiden Fossilien direkte Vor-
fahren des Menschen reprisentieren,
hat auf einem internationalen Sympo-
sium der Universitit vom Witwaters-
rand wieder zu heftigen Diskussionen
gefithrt. Dabei stand vor allem das
.Kind von Taung“ im Vordergrund, ein
gut erhaltener Schédel, den Raymond
Dart vor 60 Jahren in einer Kalkstein-
schicht in Bophuthatswana/Stidafrika
entdeckt hatte. Dieser Schédel galt bis-
lang als Uberrest eines etwa sechsjihri-
gen minnlichen Australopithecus afri-
canus, der vor rund zwei Millionen Jah-
ren gelebt haben soll.

Nach den neuesten Untersuchungen
scheint das Kind von Taung aber.nur
ungefihr drei Jahre alt geworden zu
sein. Tim Bromage vom University Col-
lege in London hat zusammen mit Chri-
stopher Dean die Wachstumslinien in
den Zihnen eines anderen australo-
pithecinen Fossils analysiert, das auf
derselben Wachstumsstufe steht, und ist
dabei fiir dieses Exemplar auf gin Alter
von 2,7 bis 3,7 Jahren gekommen. Lin-
ger diirfie auch das Kind von Taung
nicht gelebt haben.

Das Alter des Kindes von Taung ist
wichtig, wenn man aus der Entwick-
lung gewisser Merkmale beim Heran-
wachsen Riickschliisse anf die zugehori-
ge Gattung ziehen will."So unterschei-
den sich Menschen und Affen unter an-
derem dadurch, daB sich beim Affen
der Kiefer nach der Geburt nach vorne
schiebt, wihrend er beim Menschen
hinten bleibt. Fiir Affen sind auBer-
dem die stark hervortretenden Brauen-
bégen charakteristisch, die beim Men-
schen und beim grazilen Australopithe-
cus fehlen. Dagegen haben die robusten

% Australopithecinen, der  Australopithe-

cus robustus und der Australopithecus
boisei, schon eher Ahnlichkeit mit
Schimpansen. Sié ‘haben sich von der
zum Menschen fiithrenden Linie fortent-
wickelt. UngeKkldrt ist bislang, ob der
Australopithegéus  africanus schon zu
diesem Nebenzweig gehérte oder noch
gemeinsamer Vorfahr des Homo und
des robusten Australopithecus war —
oder ob der #ltere Australopithecus afa-
rensis, der vor rund drei Millionen Jah-
ren gelebt hat, den letzten gemeinsamen
Stammvater darstellt.

Nach den Untersuchungen von T.
Bromage entwickeln sich beim Austra-
lopithecus africanus nach dessen Ge-
burt viele Schidel- und Gesichtsmerk-
male #Zhnlich wie beim Schimpansen,
allerdings sehr viel langsamer. Das
fiihrt dazu, daB der Kiefer in fortge-
schrittenem Alter nicht ganz so weit
hervortritt. Es gibt aber auch wesentli-
che Unterschiede, die die zur Erkldrung
der flachen menschlichen Gesichtsform
oft angefilhrte These, eine langsamere
Entwickilung deute auf einen Fort-
schritt in der Evolution hin, fragwiirdig
erscheinen lassen.

DaB der robuste Australopithecus
sich von der Linie zum Homo fortent-
wickelt hat, scheint unter anderem mit
seiner Erndhrung zusammenzuhingen.
Als Vegetarier bildeten sich Dbei ihm
starke, als Mahlmaschinen dienende
Backenzihne aus, die in einem krifti-
gen Kiefer saBen. Damit ging nach Yoel
Rak von der Universitit in Tel Aviv ein
Umbau der gesamten Gesichtsfront ein-
her, die eine Umverteilung der Krifte
beim Kauen bewirkte (,Science“, Bd.
228, S. 42). Beispielsweise bildeten sich
neben der Nasendffnung Stiitzen aus,
fiir die es beim Homo keinerlei Anzei-

chen gibt. Ein gemeinsamer Vorfahr
miiBite so beschaffen sein, daB er fiir die
Evolution in beiden Richtungen noch
offen ist. Nach Y. Rak trifft das fiir den
Australopithecus afarensis zu, aber
nicht mehr fiir den Australopithecus
africanus, der sich schon zur robusten
Linie hinentwickelt habe.

' o {iberzeugend die Argumente auch
sind, so wenig reichen sie aus, die Ge-
schichte unserer Vorfahren durch-
schaubarer zu machen; denn bei allen
Unterschieden weist der robuste Au-
stralopithecus auch bislang unverstan-
dene Ahnlichkeiten mit dem Homo auf,
Einige Paldanthropologen halten zudem
weder den Australopithecus africanus
noch den Australopithecus afarensis
fiir einen geeigneten Stammvater des
Homo. Sie meinen, man miisse nach ei-
nem anderen Kandidaten Ausschau hal-
ten, zumal der Australopithecus africa-
nus zwar einige Merkmale zur robusten
Linie hin entwickelt habe, insgesamt
aber eher als gemeinsamer Vorfahr in
Frage komme als der #ltere Australo-
pithecus afarensis.

Zu den Schwierigkeiten der Paldan-
thropologie gehort, daB es nur recht
wenig Funde gibt. Auflerdem lassen
sich die Merkmale an den Fossilien un-
terschiedlich interpretieren. So ist
selbst beim Kind von Taung Keineswegs
unumstritten, da es in die Reihe der
grazilen Australopithecinen einzuord-
nen sei. Von einigen Wissenschaftlern
wird der Schidel vielmehr als relativ
robust angesehen. Ahnlich schwanken
auch die Schitzungen seines fossilen
Alters. Wihrend die Mehrheit der For-
scher rund zwel Millionen Jahre dafir
annimmt, halten andere ein Alter von
einer oder drei Millionen Jahren fir
richtiger. GUNTER PAUL
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