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The Space Doctor’s Big Idea
Randall Munroe, The New Yorker November 18, 2015 Issue

There once was a doctor with cool white hair. He was well known because he came
up with some important ideas. He didn’t grow the cool hair until after he was done
figuring that stuff out, but by the time everyone realized how good his ideas were,
he had grown the hair, so that’s how everyone pictures him. He was so good at com-
ing up with ideas that we use his name to mean “someone who’s good at thinking.”

Two of his biggest ideas were about how space and time work. This thing you're
reading right now explains those ideas using only the ten hundred words people
use the most often. The doctor figured out the first idea while he was working in an
office, and he figured out the second one ten years later, while he was working at a
school. That second idea was a hundred years ago this year. (He also had a few other
ideas that were just as important. People have spent a lot of time trying to figure out
how he was so good at thinking,)

The first idea is called the special idea, because it covers only a few special parts of
space and time. The other one—the big idea—covers all the stuff that is left out by
the special idea. The big idea is a lot harder to understand than the special one. Peo-
ple who are good at numbers can use the special idea to answer questions pretty
easily, but you have to know a lot about numbers to do anything with the big idea.
To understand the big idea—the hard one—it helps to understand the special idea
first.

People have known for a long time that you can’t say how fast something is moving
until you've said what it’s moving past. Right now, you might not be moving over
the ground at all, but you (and the ground) are moving very fast around the sun. If
you say that the ground is the thing sitting still, you're not moving, but if you say
that the sun is, you are. Both of these are right: it’s just a question of what you say is
sitting still.

Some people think that this idea about moving was the space doctor’s big idea, but it
wasn'’t. This idea had been around for hundreds of years before him. The space doc-
tor’s idea came up because there was a problem with the old idea of moving.

The problem was light. A few dozen years before the space doctor’s time, someone
explained with numbers how waves of light and radio move through space. Every-
one checked those numbers every way they could, and they seemed to be right. But
there was trouble. The numbers said that the wave moved through space a certain
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distance every second. (The distance is about seven times around Earth.) They didn’t
say what was sitting still. They just said a certain distance every second.

It took people a while to realize what a huge problem this was. The numbers said
that everyone will see light going that same distance every second, but what hap-
pens if you go really fast in the same direction as the light? If someone drove next
to a light wave in a really fast car, wouldn'’t they see the light going past them slow-
ly? The numbers said no—they would see the light going past them just as fast as if
they were standing still.

WHEEE !

e

The more people thought about that, the more it seemed like something must be
wrong with their numbers. But every time they looked at light waves in the real
world, the waves followed what the numbers said. And the numbers said that no
matter how fast you move, light moves past you at a certain distance every second.

It was the space doctor who figured out the answer. He said that if our ideas about
light were right, then our ideas about distance and seconds must be wrong. He said
that time doesn’t pass the same for everyone. When you go fast, he said, the world
around you changes shape, and time outside starts moving slower.

The doctor came up with some numbers for how time and space must change to
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make the numbers for light work. With his idea, everyone would see light moving
the right distance every second. This idea is what we call his special idea.

The special idea is really, really strange, and understanding it can take a lot of work.
Lots of people thought it must be wrong because it’s so strange, but it turned out to
be right. We know because we've tried it out. If you go really fast, time goes slow-
er. If you're in a car, you see watches outside the car go slower. They only go a little
slower, so you wouldn’t notice it in your normal life; it takes the best watches in the
world to even tell that it’s happening. But it really does happen.

After the doctor figured out the special idea, he started thinking about weight.
Things with weight pull on each other. Earth pulls things down toward it, which is
why you can’t jump to space. Earth also pulls on the moon, keeping it near us, and
the sun pulls on Earth in the same way. It turns out that light gets pulled by weight,
too. (People weren't sure about this for a while, because it moves so fast that it only
gets pulled a little.)

Someone very careful might notice that this gives us a new problem: How can light
turn? The numbers that explain how light moves also say that it can only go for-
ward. It can’t change direction in empty space. That’s just what the numbers for
light say—the same numbers that say it always moves a certain distance every sec-
ond.

If a light wave is pulled down, it has to turn to point down, since it can'’t travel to the
side. To turn, the bottom part of the wave has to go slower than the top part, since
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it's going a shorter distance in the same time. But that can’t be right, because the
numbers say that light can’t go faster or slower. We're in trouble again. And, once
again, the space doctor has an answer.

lWE. NEED TD CHANGE. SFACE
AND TME TO MAKE THINGS LJORK!

THATS YOUR SOLUTION
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The space doctor figured out that to explain how weight pulls things like light, we
have to play around with time again. He showed that if time itself goes slower near
heavy things, then the side of the light near the heavy thing won't go as far every
second. This lets the light turn toward the heavy thing.

The doctor’s idea was that weight slows down time, and it explained how light could
bend. But to figure out how much light bends, we need to look at the other part of
the doctor’s big idea. To talk about that part, let’s forget about light and instead visit
another world.

There’s a small world very near the sun. Nobody has visited it. We've sent some
space boats to look at it, but none of them have landed there. The world goes around
the sun in a stretched circle, like this:
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(In this picture, I drew it sticking out more than it really does, to make it easier to
see.)

When things fall around the sun, they should come back to where they started, like
this:

START—0—-END

(They get pulled on a little by other worlds, but we're going to ignore that here to
make things simpler.)

The problem is that the world closest to our sun doesn’t do that. When it goes
around the sun, it comes back to a spot a little ahead of where it started, like this:



The space doctor was the one who figured out why: Weight changes distance, just
like it changes time.

The distance around the edge of a circle is a little more than three times the distance
across it. That number—a little more than three—is the same for all circles.

CHECK [T OUT—I. MEMOR)IZED
THE FIRST jIIIZE,C'DC) DIGITS:

THREE POINT ONE FOUR ONE
FVE NINE TWO SIX FIVE THREE
FIVE EIGHT NINE SEVEN—

T™M LEAVING.

WAIT? T JUST GETTING
TOTHE GOOD PART!
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At least, it’s usually the same. But the space doctor figured out that heavy things
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change the shape of space as well as time. This changes how circles work. If you
draw a circle around something heavy, he said, the distance around the edge will be
a little shorter than the usual three times the distance across it. Since the distance
around the sun is shorter than it should be, the world goes around a little farther
than we expect.

When people checked the space doctor’'s numbers about how weight changes the
shape of space, they found that they explained the small world’s strange path in a
way that no other idea did. The numbers also explained how much the sun’s weight
bends the light going past it, showing that the bending was twice as much as other
people thought it would be. When everyone learned how good the space doctor’s big
idea was at explaining things like this, they got very excited. They started putting
his face on the cover of the papers, and everyone learned his name.

Over the past hundred years, people have checked the doctor’s ideas in lots of ways,
and they’'ve always come out right. In fact, our phones use the doctor’s ideas every
day—both the special idea and the big idea—to figure out where we are.

When your phone needs to know where in the world it is, it talks to a group of space

boats flying around Earth. It checks how long it takes for radio waves to get here
from each space boat and uses that to figure out how far away from each one it is.

X

For this to work, the space boats need very good watches. Since the boats are going
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fast, the space doctor’s special idea says that their watches will run a little slower
than the ones on Earth. And since the boats are far away from Earth’s weight, the big
idea says that their watches will run a little faster than the ones on Earth. To know
exactly what time it is on a space boat, they have to change the watches a little to
make up for both of these problems. If the space doctor’s ideas were wrong, your
phone wouldn’t be able to tell where it was.

Even if you're very good at numbers, the big idea is hard to work with. It talks about
time and space changing in ways that we can’t see in our normal lives, so our brains
never learned to think about them. The space doctor himself couldn’t finish all the
work. He got help from some friends who were even better at numbers than he was,
like a man who asked a lot of questions and a woman who walked while she talked.

-
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To make the ideas easier to explain, people will often tell you to imagine something
more familiar, like a big flat sheet with weights on it. These pictures are good, but
sometimes they make you think of new questions, and when you try to use the pic-
ture to answer the new questions, you get answers that don't fit with each other.

When you get answers that don't fit together, it can make you feel like you're not
very good at thinking. Or, if you're the kind of person who feels like you're good at
thinking, it can make you think that the space doctor’s numbers must be wrong. But
a lot of the time it’s not you or the numbers—instead, it’s the picture that’s wrong in
some small way.



We need people to keep asking questions, because there are problems with the
space doctor’s big idea. The numbers in the idea give us the right answers for al-
most every problem we use them on, but when we use it to talk about things that
are very small and very heavy, like the middles of dying stars that fall in on them-
selves, it gives answers that don't fit together with other things that we know. We're
still looking for a better idea that can fit everything together, and someday, the right
question might help us find it.
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The Syrian Kurds Are Winning!

Jonathan Steele, The New York Review of Books Decemeber 3,
2015 Issue

Anyone searching for a sliver of light in the darkness of the Syrian catastrophe has
no better place to go than the country’s northeast. There some 2.2 million Kurds
have created a quasi state that is astonishingly safe—and strangely unknown
abroad. No barrel bombs are dropped by Bashar al-Assad’s warplanes. No ISIS execu-
tioners enforce the wearing of the nigab. No Turkish air strikes send civilians run-
ning, as Turkish attacks on Kurdish militia bases do across the border in Iraq.

Safety is of course a relative concept. Car bombs and suicide attacks by ISIS assas-
sins regularly take lives in this predominantly Kurdish 250-mile-wide stretch of
Syria between the Tigris and Euphrates rivers, but by the standards of the rest of the
country it is quiet.

The 2.2 million Kurds make up a tenth of the Syrian population. During the protests
of 2011—the Arab Spring—they, like their Arab counterparts in other Syrian cities,
publicly demonstrated for reform in Qamishli, the region’s largest city. But Assad

11



was milder toward them than he was to other protesters elsewhere. He gave citizen-
ship to 300,000 stateless Kurds and in July 2012 even withdrew most of his combat
troops from the area on the grounds that they were needed more urgently in the
Syrian heartland of Aleppo, Damascus, and the cities in between.

Kurdish militias known as the People’s Protection Units (YPG) quickly organized
the support of much of the Kurdish adult population under thirty and took control
of the region, which they divide into three “cantons” and which they call Rojava (i.e.,
West, meaning western Kurdistan, from roj, the Kurdish word for sun). The other
Kurdish regions are in Turkey, Iran, and Iraq.

Over the next three years the YPG trained and built a well-disciplined, though light-
ly armed, military force and set up an efficient system of local government. It is a
measure of the Assads’ repression that, whereas in Turkey bans on the Kurdish lan-
guage were lifted in 1991, they were kept in place for another two decades in Syria.
As a result most adults in Rojava speak better Arabic than Kurdish. Now in charge of
their own statelet, Kurdish leaders are reviving the use of the Kurdish language in
schools and on TV and radio stations.

The language, Kurmanji, belongs to the Indo-European family and is akin to Farsi
but distinct from Arabic or Turkish. Unlike Arabs and Turks but like Iranians, Kurds
celebrate the New Year, Newroz, on the first day of spring.

The Kurds are originally a mountain people, who emerged near Lake Van in eastern
Turkey. Their most famous warrior, Saladin, who captured Jerusalem from the Cru-

saders, was active with his regiments along the Mediterranean in the twelfth centu-
ry. Many settled in Damascus and Aleppo.

Under the Ottoman Empire Kurdish identity was not threatened, and it was natural
that when the empire collapsed at the end of World War I Kurds hoped to create an
independent state. In the Treaty of Sevres in 1920 they were promised a state by the
British and other Western powers but Kemal Atatiirk, the Turkish leader, refused to
implement the treaty and the Western powers changed their line. Kurds were mar-
ginalized in Turkey. After several failed rebellions in the 1920s thousands fled to Syr-
ia. There, under the French mandate, Kurds were privileged over the Arab majority,
particularly in getting jobs in the army and police.

After Syria won its independence in 1946 the public projection of a separate Kurdish
culture was repressed by the new Arab rulers, even though other minorities—Arme-
nian, Assyrian, and Druze—were recognized. Syrian Kurds were Arabized and in-

fluenced by the modernizing ideology of urban Syria. Today they show few signs of
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their mountain origins or tribal affiliations. Whereas older men in Iraqi Kurdistan
often wear sirwal —baggy trousers held up by a cummerbund —the costume is rarely
seen in Rojava.

But the dream of having a state of their own has never faded. With around 32 mil-
lion people worldwide, they are the largest ethnic group without one. Retaining
this aspiration is the key factor that has kept Kurds tough and self-reliant through
decades of repression in the four countries where they are numerous. After Iraq,
where Kurds have enjoyed autonomy in the north since 1991, and Turkey, where

the militant PKK has been fighting for Kurdish autonomy since 1984, the Kurds of
Syria saw their first real opportunity for change as late as 2011. At all levels of Syr-
ian Kurdish society there is now a strong desire to reverse the last half-century of
assimilationist pressures and revive their cultural heritage, particularly the Kurd-
ish language and literature and the celebration of Newroz with Kurdish music and
dancing. Syrian Kurds put greater store on national identity than organized religion.
Most Kurdish clerics are Sufis of the Sunni branch of Islam and, in contrast to the
Syrian Arab opposition to Assad, none of the dozen Kurdish political parties in Syria
is Islamist.

In spite of the huge attention given to Syria’s war by international media, no for-
eign diplomats or businesspeople and only a handful of reporters have made the
trip to Rojava. The first, albeit brief, coverage came in September of last year, from
across the Turkish border. That was after ISIS fighters swept north from Raqqa, the
headquarters of their newly declared caliphate, and launched a surprise attack on
the Kurdish canton of Kobani. They captured dozens of Kurdish villages, executed
scores of people who didn’t have time to escape, and moved toward the large town
of Kobani, which sits on Syria’s border with Turkey.

The Kurdish YPG forces resisted as best they could with the help of seasoned guer-
rillas from the PKK. After desperate pleas for help from the YPG as well as from
Washington’s allies in the Kurdish Regional Government in northern Iraq, the US
started bombing ISIS positions on the approaches to Kobani. Several dozen Kurdish
fighters from Iraq—called peshmerga—also joined the fighting. In spite of the US
air strikes the ISIS advance continued and by October its militants were inside the
town of Kobani as they poured reinforcements from Raqqa into the battle.

This was the first sustained engagement between US airpower and ISIS, and report-
ers from across the world who were camped just inside Turkey filmed ISIS artillery
strikes and the much larger plumes of smoke caused by US bombs and missiles.
With most of Kobani’s civilian population fleeing into Turkey, cameras also broad-
cast the first pictures of vast streams of Kurdish Syrian refugees escaping north-
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ward, a harbinger of the broader flight of refugees was to come a year later. Mean-
while, Turkish tanks and armored personnel carriers patrolled the Kobani border
within a few hundred yards of the battle and did nothing to help.

Gradually, the Kurdish fighters prevailed and in January of this year ISIS withdrew,
though it took another three months to drive them out of the villages south of Ko-
bani. As many as a thousand ISIS fighters were thought to have died. The YPG had
shown it was the most successful group of fighters with whom the US could ally
in Syria and open cooperation now exists. There was a second crucial lesson: using
airpower makes little sense without an infantry force, preferably of local people, to
follow up on the bombing.

In July of this year the YPG, again with the aid of US airpower, drove ISIS out of Tal
Abyad, another town on the border with Turkey. This meant ISIS had lost two of the
three crossing points from Turkey through which it could bring foreign volunteers,
finance, and weaponry to strengthen the jihad.

Idriss Nassan, the Kurdish spokesperson of the Kobani canton, told me that the YPG
now plans to liberate the last ISIS border-crossing point into Turkey at the town of
Jarabulus. The YPG are dug in on the east bank of the Euphrates and it will be dif-
ficult to move forward. But success would be a strategic blow to ISIS, severely lim-
iting its power. It would also upset Turkey, which fears a further strengthening of
the statelet that the Kurds have set up along more than half of the Syrian-Turkish
border. If the Kurds were to take control of the area from Jarabulus to Azaz, they
could link the cantons of Jazira and Kobani with Rojava’s third canton, the enclave
of Afrin, which is largely populated by Kurds, creating a Kurdish zone along almost
the entire length of Syria’s northern border. Since the Turks are now taking a hard
line toward the Kurdish PKK within their own borders, they are anxious to prevent
a strong new Kurdish entity emerging in Syria.

The Turks have said they want a no-fly zone, policed by Turkish and US warplanes,

to be established in the very area from Jarabulus to Azaz that the Kurds want to take
from ISIS and other jihadis. Turkish officials in Ankara claim that the no-fly scheme
would block the Syrian air force and create a haven for Syrian civilians escaping As-
sad’s attacks. The Kurds see the scheme as a device to permit the Turks to bomb any
YPG fighters who enter the area.

The US seems to have seen through Turkey’s ruse and refuses to support the no-fly
zone idea. Much now depends on whether the US will back a YPG advance to Jarab-
ulus with air strikes. Asked if the US has given the YPG a green light, Nassan, speak-
ing for the Kobani canton, was upbeat. “Sipan Hamo, the YPG commander, has said
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we're going to liberate Jarabulus and, when he says this, he’s coordinated with the
US because we're part of its international coalition,” he said.

In mid-October, US aircraft dropped ammunition and weapons for the Kurds and
their allies from local Arab and Turkmen tribes. It was a significant escalation of US
military aid, and a few days later Turkey’s Prime Minister Ahmet Davutoglu an-
nounced that Turkey had struck the YPG twice. He was not specific but the attacks
appeared to be from machine guns firing across the border. There were no reports
of casualties, and the attacks seemed designed as a political message. Davutoglu
said Turkey had told Russia and the US that YPG forces would not be permitted to
proceed beyond the Euphrates. In an apparent rebuke to the Turkish prime minis-
ter, John Kerry told a Washington audience on October 28: “We’re...enhancing our
air campaign in order to help drive Daesh [ISIS], which once dominated the Syria-
Turkey border, out of the last seventy-mile stretch that it controls.” Two days later,
Obama announced he was ordering up to fifty US special forces into Rojava to help
the YPG and allied local militias to fight ISIS.

Nassan’s office is in the western sector of Kobani, in one of the few public buildings
that remain intact. Elsewhere the streets are lined with ruins, looking like pancakes
of concrete, crushed by US bombs and missiles. Civilian casualties were minimal
since most people had fled as soon as ISIS appeared.
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Kobani and the surrounding canton with its 380 villages had a pre-war population
of 300,000, but by the time of the ISIS attack it had swollen to 500,000 thanks to an
influx of Arabs, Armenians, Turkmen, and Kurds fleeing from other Syrian cities.
Some 150,000 have already returned, according to Nassan, though it was impossible
to verify his figure. The town’s bazaar is busy and the streets are full of women and
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children. Families are back.

The Kobani refugees escaping ISIS included Alan Kurdi, the three-year-old toddler
whose lifeless body, face-down on a Turkish beach, provoked a worldwide wave of
sympathy for Syria’s refugees this summer. Few news reports mentioned that he
was a Kurd and some Syrian opposition sources used his plight to claim, falsely, that
his parents were taking him and his older brother to escape Assad’s barrel bombs,
not ISIS.

The child’s remains, along with those of his brother and mother, are buried under
gray marble slabs in Kobani’s cemetery beside small evergreen trees planted in old
tins that used to contain cooking oil. His father, Abdullah, got special permission
from the Turkish authorities to bring his family’s bodies across the border, but no
such allowance was given to the dozens of foreign journalists who accompanied
him from Bodrum. Nor does Turkey allow international aid workers to cross into
Kobani for reconstruction and the clearing of unexploded bombs and shells. In or-
der to circumvent this harsh embargo, they have to use the only route available for
visiting the region, which goes via a flat-bottom boat or a ride on a narrow pontoon

bridge across the Tigris from Iraqi Kurdistan, followed by a long day’s drive on pot-
holed roads.

Since its withdrawal from Kobani, ISIS has changed tactics. It uses suicide bomb-
ings and hit-and-run attacks, which are less liable to be targeted by US air strikes
than large groups of fighters and armored vehicles. Shortly before dawn one night
in June a group of ISIS fighters slipped into Kobani, wearing YPG uniforms to avoid
detection. They shot and killed nearly two hundred civilians before taking refuge in
a city-center school. It took several days to push them out.

Syrian Kurdish militia leaders pride themselves on being not only a secular guerrilla
force with no religious ideology but an army with gender equality, with women in
combat on the front line. Fidan Zinar, who took command of the YPJ (Women’s Pro-
tection Units) in Kobani a week before the ISIS raid in June, told me that she used to
be a housewife in a small Syrian town. She joined the YPJ three years ago, “first of
all to defend myself, then my culture, my language, my people, and our homeland.”
A veteran of several clashes with ISIS, she said:

In some operations we work as a separate women’s unit, sometimes we are with
male units. We can’t say we're confident that ISIS won’t come back again. They
still have agents and sleeper cells here, and there are gaps in our defenses. But
they can’'t make an all-out attack; [they can] only penetrate in small groups or use
car bombs.
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In Kobani'’s military hospital I met a young woman with her left arm in a bandage.
Asmin Siterk had been wounded in a battle at the end of July to drive ISIS fighters
out of Sarrin, a town on the Euphrates some fifty miles south of Kobani. “We were
in a mixed group of soldiers,” she told me. “Several men were wounded as well as
me. There were six martyrs in our group, two women and four men.”

On the drive back east there was further evidence of women’s military contribu-
tions. Women in combat fatigues shared the job of examining drivers’ credentials at
the numerous checkpoints. Photographs of “martyrs”—troops killed in battle—were
displayed at every military post, and a good number were women. In Qamishli, Am-
ina Ossi, the deputy minister for foreign relations in the YPG canton of Jazira, esti-
mated the number of YPG and YP] fighters as 50,000 and the number of martyrs in
the last three years as three thousand. Half of each category were women, she said.

It was on the way to Amina’s office that I came across an initially baffling sight. A
statue of Hafez al-Assad, the former Syrian president and founder of the Assad dy-
nasty, stood unmolested at a city-center roundabout. Nearby two photographs of
his son, Bashar, were on display in the front windows of Syrianair. While Kurds fly
their own red, green, and yellow flag throughout the region, the Syrian national flag
was hoisted above a lane of concrete blocks leading to the entrance of a small garri-
SOn.

Here is one of the complexities of the Syrian war. The regime retains control of
roughly one tenth of Qamishli, plus the local airport and the connecting road as well
as the Arab part of the town of Hasakah, some fifty miles to the south. This symbol-
ic toehold allows it to claim that it still controls the capitals of all Syrian provinces
except Raqqa, which is held by ISIS, and Idlib, which is held by other extreme Isla-
mists, including Jabhat al-Nusra and Ahrar al-Sham. In return the Kurds benefit by
having Damascus continuing to pay the salaries of the Kurdish region’s teachers,
hospital doctors, and other public-sector workers. Civil aircraft under control of

the Assad regime still fly regularly from Qamishli to Damascus and Lattakia. For
students enrolled there and for businessmen this provides a useful link, since over-
ground travel has become too dangerous.

Rojava contains some of the most fertile land in Syria, planted with wheat, cotton,
and vegetables. It also has oil, although the “nodding donkeys”—the pumps that
pull it out of the ground —stand idle now for lack of investment and maintenance.
But most basic goods, as well as medicines in the Kurdish region’s pharmacies, are
brought from Damascus on trucks that pass through ISIS territory. This is another
of Syria’s complexities. ISIS leaders prefer to tax the drivers rather than block them
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and put the Kurdish region under siege, which could provoke more armed conflict
with the Kurds.

Some activists in anti-Assad opposition groups claim that the Assad regime’s pres-
ence in Qamishli shows that the Kurds are collaborators. The point is vigorously
rejected by Kurdish officials, who say they have two enemies, ISIS and Turkey, that
pose a more immediate threat than Assad. ISIS fighters continue to attack them
wherever they can. Turkey is a looming presence that might send its troops or air-
craft across the border at any time. “War is a matter of strategy and tactics. You can’t
fight on too many fronts,” Lawand Rojava, a YPG commander in Hasakah, told me.

The [Assad] regime has aircraft and uses barrel bombs. Why should we risk our
people’s lives by attacking the regime’s base here, just to prove to the world that
we are not allies of the regime? We have to think about the interests of the people.
The regime also thinks strategically. We have had many clashes with the regime
but they're not attacking us now.

Hasakah came under assault from ISIS as recently as June. The ISIS fighters infil-
trated the Arab part of town and attacked the regime’s forces. Syrian government
aircraft responded, but the YPG held back. Only when ISIS moved into the Kurd-
ish districts did the YPG call in US air strikes. Under the combined weight of YPG
ground troops and US airpower ISIS was eventually pushed back but the YPG and
YP]J lost fifty people, according to Lawand Rojava. He was not complimentary about
the Syrian army’s performance. “There are,” he said, “various militias fighting with
the [Syrian] regime. Some are Baathist. Others are from local Arab tribes. There are
also the National Defense Forces”—a volunteer militia that Assad created two years
ago to supplement the dwindling supply of conscripts. Using the Arabic acronym
Da’esh for ISIS, he went on: “When Da’esh came into Hasakah, many regime units
switched to Da'esh’s side. There are also many Da'esh spies within the regime.”

As with the ISIS counterattack after retreating from Kobani, ISIS showed that it still
has the mobility to cause casualties and terror in Hasakah. A week before my visit
to the town an ISIS team in a car full of explosives blew themselves up at a check-
point outside the front of Lawand Rojava’s headquarters, killing three soldiers. Two
days earlier a suicide bomber killed twenty civilians at another checkpoint, and in a
separate incident a bomber killed forty-three civilians in a crowded shopping street.
Kurdish journalists in Qamishli were unaware of the atrocities, an apparent sign
that the Kurdish authorities try to restrict bad news.

In Remelan, a small Syrian town close to the border of Iraq and Turkey, I went to
see Saleh Muslim, the copresident of the Democratic Union Party (PYD), the largest
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Syrian Kurdish party, who is in effect the region’s political leader. The YPG militias
are the PYD’s armed wing. As Michael Gunter describes in Out of Nowhere: The
Kurds of Syria in Peace and War, the PYD began in 2003 as the Syrian branch of the
PKK, the Kurdistan Workers’ Party. (Though completed before ISIS’s emergence
and the start of US bombing, the book is an admirably lucid survey of the Syrian
Kurds’ history and prospects.) Hafez al-Assad had given the PKK leader Abdullah
Ocalan sanctuary in Syria in 1979. The move was partly to have a bargaining chip in
dealings with Turkey but also, in Gunter’s words, “in return for...keeping the lid on
Syria’s Kurds.... Assad allowed Syrian Kurds to join the PKK in lieu of serving in the
Syrian army.’

This modus vivendi lasted until 1998 when Turkey threatened to go to war unless
Syria expelled the PKK. Assad gave way and sent Ocalan and his fighters out of the
country. Most of Ocalan’s guerrillas moved to northern Iraq. Ocalan himself sought
refuge in various countries, eventually flying to Kenya, where he was captured in
1999 in a joint US-Turkish operation. He has been in a Turkish prison ever since.

Saleh Muslim, a native of Kobani, was in a Syrian prison for a time as an activist
after the PYD took part in anti-regime demonstrations in Qamishli in 2004. On re-
lease he made his way to a PKK camp in the Qandil mountains of Iraqi Kurdistan,
and returned to Syria in April 2011 just as the new wave of anti-regime protests got
underway.

The United States and the European Union designate the PKK as a terrorist group
but they have been careful not to do the same with the PYD. Saleh Muslim meets
regularly with US diplomats and was invited to meet Turkish officials in Istanbul in
July 2013, when he assured them that the PYD was not seeking independence from
Syria for Rojava.

Saleh Muslim’s soft-spoken manner and modest demeanor belie the steel and de-
termination that have helped him turn the PYD into an unexpectedly powerful po-
litical and military force. While supporting Assad’s replacement by a national unity
government, he has no doubt that the immediate threat comes from ISIS, and that
foreign governments need to give priority to ISIS in defining their objectives in
Syria. Asked if the Assad regime was close to being toppled by ISIS, he told me: “If
it collapses because of the Salafis [i.e., ISIS], it would be a disaster for everyone. If it
collapses by agreement with other forces, it would be all right.”

He argued that there should be talks between the regime and the non-Islamist forc-
es such as the Kurds with the aim of reaching a political deal, since neither side
could eliminate the other, but there was no prospect of negotiating with ISIS, since
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they did not believe in compromise. “For Da’esh and people with their mentality you
cannot think of any way of ending them except via military force.... We wouldn’t
feel safe in our homes as long as there is one Daesh person left alive. They are an
enemy of humanity.”

Muslim was speaking to me when the Russian military build-up in Lattakia was
underway but before the Russian air strikes started and Assad met with Vladimir
Putin in Moscow. Saleh Muslim has regular contacts with Russian diplomats, as he
has with Americans, and said he had been assured by senior Russian officials on a
visit to Moscow in September that Russia would not bring ground troops to fight
in Syria. “We and our allies among the Arabs have said many times we don’t agree
to have foreign armies in Syria, or any invasion by any side. If the Russians break
through on this, it means a kind of invasion and our people won't agree to it.”

He favored coordination between the US and Russian air forces. As long as it was
not designed exclusively to support the Assad regime, he saw no reason why the
US should not coordinate with the Syrian army and provide air cover if it launched
ground offensives against ISIS since defeating ISIS, in his view, took priority over
replacing Assad’s regime.

He foresaw the day when the Syrian Kurdish militias could close the last ISIS cross-
ing point from Turkey at Jarabulus. The YPG could then even move on ISIS’s capital
in Raqqa “with the help of others.”

The PYD’s relationship with the other main Kurdish parties in the region is com-
plicated. It denies having organic links to the PKK in Turkey, though it reveres the
PKK's imprisoned leader, Abdullah Ocalan. His picture is prominently displayed in
public offices and at military checkpoints, even sometimes on badges on soldiers’
shoulders, and he is referred to as “Apo” (Uncle).

The PYD’s links to the ruling parties in Iraqi Kurdistan are polite but cool, partly for
ideological reasons since the PYD is left-wing and the Iraqi parties are center-right
but mainly because the PYD insists on monopolizing decision-making in their own
region. A recent meeting between Saleh Muslim and the Iraqi Kurdish president,
Masoud Barzani, which was organized and attended by Brett McGurk, the US spe-
cial envoy to the anti-ISIS coalition, was aimed at getting Muslim to agree that a
few thousand US-trained peshmerga in Iraq who owe loyalty to smaller Syrian
Kurdish parties would be allowed to cross from Iraq and join the struggle. Muslim
insisted that they come under YPG command and the meeting failed.

The PYD is facing criticism from some supporters. There is war weariness and anx-
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iety over the long periods of military service for young men and women. I found
people grumbling over a new decree that puts under government control properties
left empty by those who have fled abroad. Officials insist that this is not expropria-
tion but a measure designed to assess the scale of vacant buildings and rehouse peo-
ple who have abandoned vulnerable villages for the safety of the main towns. If the
owners return, they will get their houses back.

In his book, Gunter points out that the Assads maintained an artificial Arab Belt
(al-Hizam al-Arabi) along the Turkish border by settling Arabs in new villages there
with the aim of separating Syria’s Kurds from the Kurds of southern Turkey. Arab
and Turkmen refugees, now in Turkey, have recently claimed that the Pyd is en-
gaging in ethnic cleansing, forced deportation, and demolition of houses. Some of
these charges have been taken up by Amnesty International. PYD officials deny that
they are destroying the Arab Belt. They say that some villages had to be abandoned
for security reasons because their inhabitants sympathized with ISIS fighters when
they infiltrated it; when ISIS left, the Arabs and Turkmen voluntarily fled for fear of
being suspected by the Kurds of having helped ISIS and harboring “sleeper cells.”

What is Rojava’s future? Militarily, it seems relatively secure. ISIS has suffered
much at the YPG’s hands over the last year and is unlikely to want to repeat the ex-
perience of confronting them, although ISIS will fight to retain Jarabulus, its last
crossing point to Turkey. Besides, ISIS’s long-term ambition is not focused on the
Kurds but on Arab regions, whether in Syria, Iraq, or beyond those two countries, in
Jordan and Saudi Arabia.

Turkey is the joker in the deck. The peace talks between Turkey and the PKK broke
down this summer and Turkey resumed its air strikes on PKK bases. I asked Saleh
Muslim if he was afraid of a Turkish military intervention at some point. After all,
Rojava is a long and thin slice of land on Turkey’s borders that is only lightly de-
fended by 50,000 Kurdish militia troops. “Two years ago I was most afraid of a Turk-
ish intervention, but Turkey is not so free to do that now,” he replied, apparently
confident that Washington’s alliance with the YPG in the struggle against ISIS has
limited Turkey’s options.

Like most Kurds in Rojava—and I heard the same from Iraqi Kurdish officials in
Erbil—Saleh Muslim believes that Turkey’s president Recep Tayyip Erdogan’s recent
attacks on the PKK were designed to win Turkish nationalist support for his par-

ty in the parliamentary elections on November 1. If that was Erdogan’s strategy, it
worked handsomely. The opposition Nationalist Action Party (MHP) lost forty of its
eighty seats and Erdogan’s Justice and Development Party (AKP) surged to an out-
right majority in parliament after a campaign in which it insisted that it alone could
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give Turkey stability and security. The question now is whether Erdogan continues
his attacks on the PKK and, by extension, the Syrian Kurds, or resumes the peace
process with the PKK.

Whatever Erdogan decides, there appears to be no chance that Rojava will ever go
back under Arab control as fully as it was before 2011. Before the Geneva talks in
2014, the last occasion when the UN brokered negotiations between the Syrian gov-
ernment and its opponents, the Syrian Kurds insisted on coming as a separate dele-
gation and refused to join the opposition coalition when they were told they had to
join with others. After almost five years of war Syria is fragmented, and it is unclear
whether Damascus will ever be restored as a powerful seat of central government.
The best that can be expected is a devolved federal system, either by a formal consti-
tutional change or merely de facto.

Rule from Damascus may be replaced by competing rulers or warlords in different
cities. Whoever they are, whether Islamist or secular, no set of Arab rulers will easily
be accepted again by Syria’s Kurds. Their language is being revived. They run their
own education system and have an authentic local media. They have tasted the ben-
efits of autonomy and will resist any attempt to have all this extinguished.
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Gene Amdahl Oral History

William Aspray, Computer History Museum September 24,
2000

WILLIAM (BILL) ASPRAY

Would you prefer to be called Gene, or Dr. Amdahl, or--?
GENE AMDAHL

Gene.

ASPRAY

Gene. Okay. Bill.

ASPRAY

Gene, I understand that you were born in South Dakota in 1922. Would you tell me a
bit about growing up in South Dakota?

AMDAHL

Well, we lived on a farm, and we were fairly close to school, a quarter of a mile
across a field, or a half a mile if we followed the driveway and then the road. In the
summertime, we often crossed the field on the way to school, but on the way home
we'd generally go on the road because then we'd mingle with the other kids. In the
wintertime, you took the road because it was too hard to go through the snow.

ASPRAY

And did you work on the farm yourself? Did you take apart equipment and rebuild
equipment?

AMDAHL

I didn't do much of that, but I observed a lot of it done. I worked on the farm, of
course. I don’t think I was entrusted with taking any machinery apart. But my fa-
ther would repair most of the machinery, and he would build buildings. He was real-
ly very inventive. I remember in the Depression years, we had to paint the barn, and
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he couldn’t afford the paint. So what he did was he got Portland Cement and ochre
for color, and skim milk mixed up as paint, and it worked very well. So he was able
to provide that kind of preservative to the wood.

ASPRAY
And what level of education did your parents have?

AMDAHL

My father-- of course, his father was a homesteader, and he ended up getting ap-
proximately-- buying up about five or six homesteads. So he owned a lot of land,
and my father was farming 120 acres of that land. My father had only been able to
finally complete about three years of school because he had to work on the farm un-
til the harvest was done in the fall. Actually, until the corn picking was done in Jan-
uary. And then he had to go back to work as soon as the fields had thawed enough
to do the spring plowing, which would be in early March. So he would have only--
probably six to eight weeks of school that he could attend each year, and he always
regretted that. He felt that an education was the most important thing. My moth-
er, of course, was a school teacher. She had been very well educated, and he really
admired that. As a matter of fact, when I went to college, I wanted to go to South
Dakota State instead of Augustana. South Dakota State had engineering. Augusta-
na was really a liberal arts school. My father didn’'t want me to go to South Dakota
State. He told me that he didn’t really think I ought to go to school to learn how to
make a living; I ought to go to school to learn how to get the most out of life.

And I thought about that many times since, and I think still the school I went to al-
lowed me to get the most out of life.

ASPRAY
And so did you believe you got a good education at South Dakota State?

AMDAHL

Yes, I did. Probably not as good as I might have gotten at some other school, but
probably I did better than if I had gone to a school that was more competitive, be-
cause at first I wasn't really much of a student. My mind would jump too quickly to
some other thing, and I'd think about it. So I'd kind of lose the train of thought if the
lecture didn’t keep me totally involved. It wasn’t until I got to South Dakota State
and got into physics that all of the sudden my mind was just fully consumed.

24



ASPRAY
So how was it you chose physics as your study?
AMDAHL

I had to take it one summer after my first year at school, first year at South Dako-
ta State. It was a required subject. I took it during the summer. This was just after
World War 1II started. It started my freshman year, in the fall. That summer, I went
to summer school for half the summer, and I took my first course in physics. And it
was just like the whole new world had been opened up to me.

ASPRAY

Were you generally a good student?

AMDAHL

No, not until that time. After that I was a good student.
ASPRAY

Were you able to finish up your undergraduate education before going off to the
war?

AMDAHL

No. At the next-- I was able to go the next year, and then I ended up--  wanted to get
into the service as a Seabee. Actually, I'd tried to get into the service first, but they
already had drafted so many of the young people from the area that there wasn’t
anyone to harvest the crops. So they weren’t inducting us anymore. But I felt very
guilty at not being in, and so I tried to get them to let me in to join the Seabees, since
I could run fairly heavy equipment. They didn’t think that was worth it. So I end-

ed up-- went back to school during the fall, after harvest, and then I was involved

in teaching. They had the Army specialized training program, and there weren'’t
enough teachers. So they engaged me to be a teacher. I taught physics laboratory.

ASPRAY

This was on the campus on South Dakota State?
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AMDAHL

Yeah. Mm-hmm. It was a very good experience, and I think from the student reac-
tion, probably I was one of the better teachers they had. <laughs> Anyway, it was
really fun. But then I saw something-- I saw an ad about the Eddy program in the
Navy, where you could go to school to learn electronics and radar and radio op-
eration, and sonar. And so I decided, “Well, I've got my electronics-- just ought to
equip me to pass the test.” I took the test, passed it, and then I again went back to
the draft board. This time they decided, “Well, that’s a worthwhile thing.” So they
did allow me to go in. And I would normally have-- with my eyesight at that time, I
would have been in limited service. But they allowed me to go in as a regular sailor
at that time. And so I ended up going first through basic training, then to a school
where we learned how to use the slide rule effectively, and ordinary electrical math-
ematics, which I already knew. It was still a good refresher course. Then we went

to school at 190 North State Street, right in the heart of Chicago. We had our school
on the third floor of the Balaban and Katz Theater. And just below us on the second
floor was a television studio for the new thing they were experimenting with, tele-
vision. That was an interesting experience in itself. But we went to school there for
about I think close to three months, and then I went out to Treasure Island here

in the Bay Area for training on the radar and sonar. And we had some very good
teachers. It was quite remarkable, the capabilities of those teachers that they had
managed to assemble. Anyway, at the end of that time, I had my-- we were asked to
recommend what places we would like, and I knew that I was subject to getting sea-
sick. So I decided I would first take a land job, second an aircraft carrier, third a bat-
tleship, in that they would be the least affected by stormy weather. And they decided
to put me in as a teacher. So I went back to Chicago, took a teacher’s training course,
and taught at Herzl Junior College in Chicago, and then down to Gulfport, Missis-
sippi, where I taught essentially radio theory.

ASPRAY
And you did ship overseas though at one point, right?

AMDAHL

Not while I was in the Navy. As a matter of fact, my three brothers were in the Army.
They all went overseas on a ship. I never went to sea on a ship. I had gone into a bat-
tleship in dry dock...

ASPRAY
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So when the war was over, did you go immediately back to college to finish up?
AMDAHL

I tried to get into the University of Minnesota. But there were so many returning
veterans that were Minnesotans they wouldn't take a South Dakotan even though I
was only three miles from the border. So for the fall quarter, I was living in Minne-
sota at Lake Minnetonka in a small cabin, and I had gotten married when I got out.
So we lived there for something like four months. At the end of that time, I decid-
ed-- well, after I couldn’t get in to the University of Minnesota, I decided that what

I would do is go back to South Dakota, and I could get in there for the winter quar-
ter. So what I did was I went back to my wife’s farm, and there I built sections of a
house.  was going to assemble it on a lot in Brooking, South Dakota, but there were
no fittings available to connect to city water, and they wouldn’t allow me to hook up
to any water without that. I went to cities four hundred miles away. There were no
fittings. They were in absolutely zero supply, all the building that was happening at
that time. So, bright idea came along. I decided to go to a trailer court and find out
if they would allow me to rent a space to assemble my house, and connect to their
water and power. And they very kindly agreed to do it, at a very modest price. So I
assembled our house there around the first of January. Everything was frozen. We
had to, of course, use a pickax to put down this temporary foundation, which was
wood, dig down and connect to his water and to his electricity. And then we got that
done in time for the start of the winter quarter. We had the basic house assembled,
but in between classes and in evening and that, my brother would help me, and we
would put in the finishing touches on the interesting, including-- I'm having a little
trouble thinking of the word-- insulation-- because it was very cold. And we got the
house done very nicely. It was a huge place-- 22 feet wide, 14 feet 6 inches deep-- and
a little entryway that was 4 by 6 feet, which helped a lot to keep it warmer in the
wintertime.

ASPRAY

And you could commute to school from there?
AMDAHL

Yeah. So it was about a mile and a half to school.

ASPRAY
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So as you-- your undergraduate degree was in engineering physics, is that right?
AMDAHL

Yes.

ASPRAY

And what is that?

AMDAHL

It's physics, but held in the school of engineering. And I had my choice really of four
different majors. I could have had mathematics, could have had chemistry, could
have had electrical engineering- - I guess I could have had mechanical engineering
as well-- or engineering physics. I decided I wanted to take physics, because that
was what had really turned me on.

ASPRAY

And were there particular teachers or fellow students that you remember that were
important to you?

AMDAHL

The first physics course I had the summer of my freshman year, just after the fresh-
man year, that physics teacher was the one that had got me so excited about physics.
He was probably the turning point in my career. And he ended up dying from re-

nal problems. And as soon as I had a little bit of money that I could spare, I set up a
scholarship in his name. It’s still there today. Reinhardt [ph?].

ASPRAY

Reinhardt. When you were getting finished in your senior year of college, did
you think about going to work, or were you sure you wanted to go off to graduate
school? What were your plans?

AMDAHL

I was so consumed with physics, I was being taught a special course by the dean
of engineering, Dean Crothers [ph?], on relativity. And I was just so excited-- the
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only student. I don’t think he ever taught the class before. You couldn’t really call

it a class; it was really done at my request. And he interceded with the University

of Wisconsin. And so I ended up at Wisconsin [Madison] with a fellowship, which
made a lot of difference in being able to afford going to school. So I went to school
with what I considered an adequate amount to live on. My wife worked all the time,
of course.

ASPRAY

And in hindsight, was Wisconsin a good place for you to have gone for your train-
ing?

AMDAHL

Oh yes. My major professor was Professor Robert Sacks [ph?], who was an excel-
lent teacher. Handsome fellow with a marvelous voice. I think he should have been
in the movies. But he was very helpful. And I wasn’t prepared as well as a lot of the
students because I didn't really have the background that many of them had had. So
I was kind of struggling a bit, but I was making out well enough, and it was at that
time that I was assigned a task, along with two other graduate students, to deter-
mine whether or not the proposed force between nuclear particles could describe
the simplest three-body nucleus, tritium-- hydrogen-3. And we worked for 30 days
using a desk calculator with eight significant digits, and a slide rule to hold two
more significant digits. So we mapped the energy of that system for that 30-day pe-
riod for all values of the parameters and found out there was no bound state. Close,
but not quite. And I decided there had to be a better way. So I began to invent com-
puters of my own. And I had no way of learning what was going on. At least I didn’t
know I had any way. So I was just doing it on my own. First thing I did was I invent-
ed a digital differential analyzer, because I thought solving differential equations
was probably the thing we wanted to do. But then I began to think also the stored
program computer which I had heard about through this book called Giant Brains,
which had no information in it other than that such a thing existed--

ASPRAY
Edmund Berkeley’s book.
AMDAHL

Yeah. But I was working also on my thesis, and the subject that I was assigned
was the contributions to the magnetic moments of heavy nuclei due to spin anti-
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symmetry and velocity-dependent forces. And I was making reasonable progress
when a man by the name of Charlie Davidson-- he was also in physics-- would keep
talking to me about this computer I was thinking of. So I described to him pretty
much what the whole computer was, and he went over to the electrical engineer-
ing department and told them that they really ought to have me give a seminar on
it over there. So I did, and the next thing I know my major professor told me he'd
been approached by the head of the electrical engineering department and had re-
quested that my thesis subject be changed to recording the plan for the computer,
because they'd like to use it to train their electrical engineering graduate students in
this new field. So my thesis subject was changed. I was actually given-- I'm trying
to think of the actual title. It isn’t quite the level of-- it was not a research-- yeah, I
guess it was research associate. Big change in amount of support. And go over there
and write my thesis on that subject and start the project, which I did for basically a
year and a half.

ASPRAY

Let me interrupt the thrust of this narrative to ask you a couple of questions about
your background though. So had you-- you knew about desk calculators-- had you
seen any differential analyzers before, or used them before?

AMDAHL

No.

ASPRAY

Had you known about numerical analysis techniques?
AMDAHL

I knew of numerical analysis techniques, yes. But I hadn’t yet heard-- I knew there
were such things as analog differential analyzers, mechanical ones, and after I had
started with the digital one. I actually ended up taking a course in electronic differ-
ential analyzers, which were continuous. We used to have debates; they accused me
of being in discontinuous world, and I explained to them in response that-- can’t
quite think of the response I had. But anyway, I had a response.

ASPRAY

So let’s go back to your narrative then. So you started to work on this machine and
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its design. What did you know? I mean, was it all done from your own first princi-
ples, and what were the challenges in building it?

AMDAHL

Was it done from my own first principles? I studied binary arithmetic on my own
by just trying to do it. I thought I had made a new invention in being able to do di-
vision as fast as multiply serially. I found out that von Neumann had patented it
some-- I think it was three or four years earlier. So I missed out on that one. But I
had the first-- so far as I know, I had the first overlap computer. We were doing four
different things concurrently. While the machine was picking up instruction, n, it
was looking up the operands for instruction, n minus 1, or performing the arithme-
tic for instruction, n minus 2, and while storing away the result for instruction, n
minus 3. And that allowed the serial machine to go reasonably fast. And it was all in
floating point.

ASPRAY

All in floating point? That was something-- it's unusual.

AMDAHL

Didn’t have any fixed point. Didn’t have any fixed point arithmetic. But we had a
way of

accomplishing fixed point arithmetic.

ASPRAY

Was it harder to design with floating point?

AMDAHL

No. I had ten instructions; I only needed nine. I was in redundancy. I had a branch. I
didn’t need that. The conditional branch was easy to generate to make an uncondi-
tional branch whenever you wanted it.

ASPRAY

Was the electrical engineering side of the project hard?

AMDAHL
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No, that was really something that I had learned enough about in the Navy to deal
with that. We had flip-flops, stuff like that, false generators, in the Navy. And then
in the case of reading signals from the drum, that was something you could analyze
mathematically. You'd either integrate the signal coming out, or you'd differentiate
it, and you can get your pulse from that signal.

ASPRAY
What about the availability of the components, the vacuum tubes and so on?

AMDAHL

Well at the time I was in charge of this project at the university, I was looking
around for dual triodes and the 6]J6 was my favorite. And I found out that there was
war surplus at the army at the airbase near Madison, Wisconsin, so I arranged to
buy a whole mess of 6]6s.

ASPRAY
And they were reliable for the job?

AMDAHL

Yeah, their lifetime was not too long. That is they would fail probably a little earlier
than you would like in terms of some others that might have been available at the
time. At least IBM had some that were would have a longer life. But they were reli-
able. They were very well suited for using for flip-flops, things like that.

ASPRAY
What about the memory device?

AMDAHL

I thought long and hard of what to use. I was thinking magnetostriction things like
that for the delay line, but then I finally concluded that the only reasonable thing
that we could do at the university would be if we could get a magnetic drum, and
put recirculating registers on it for the arithmetic section and for holding instruc-
tion information.
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ASPRAY
Did you think about building it yourself at the university?

AMDAHL

I thought about it a bit and decided that that was probably not a feasible thing to do.
So I learned about Engineering Research Associates in St. Paul and so I contacted
them and they were willing to talk about it so I went up and described what I want-
ed which was some 32 tracks all around the drum and something like four or five
recirculating registers. And they decided that was a reasonable thing to do and so I
contracted for that.

ASPRAY

And the university could afford this?

AMDAHL

Yes.

ASPRAY

What were the other major technical challenges in building this computer?
AMDAHL

Getting the circuits to be reliable. I was not an accomplished logic designer yet, but
I did know a little bit about it. So that was a bit of a hurdle. I had to spend some time
thinking about things before I could really structure it mathematically.

ASPRAY

Were you working on this more or less on your own or were there other people
helping with this?

AMDAHL

Up until the time I went to the electrical engineering department it was all my own.
And then at the electrical engineering department, two people: Charlie Davidson
was one and the other one was Jacob Johnson.

33



ASPRAY

Yes.

AMDAHL

Jacob and I both went to IBM.

ASPRAY

Right, you worked together later on I understand.

AMDAHL

Yeah.

ASPRAY

And how long did it take you to build this machine?

AMDAHL

We didn’t finish it by the time-- as a matter of fact we got by the time-- the first six
months was spent me writing my thesis on the design of the machine which is
what they wanted, and doing some of the circuit development. The next year was
spent we were doing more, we got the drum, we were doing more of the circuit de-
velopment and much of the design of the machine but not all of it.

ASPRAY

Yes, but the machine was eventually finished?

AMDAHL

Oh yes, it was finished and it was actually used in the electrical engineering depart-
ment, but mostly the purpose was to teach graduate students in electrical engineer-
ing about digital computers. Eventually the last man who knew how to maintain it
reached retirement age and he negotiated with the university to get the machine be-

cause hed like to use it in consulting. And the university decided that its usefulness
was really largely over and there would be no way that they could keep it running
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so they might as well let him have it. So he knocked a wider opening to his base-
ment, installed the machine there and consulted with it for probably about three
years and then he began to get a little too senile to be consulting.

ASPRAY

I've heard the story that this was not only good for computing but in those cold
northern winters that it was awfully good for heating the house as well.

AMDAHL

That’s right, great space heater. Almost all vacuum tube machines were considered
as space heaters. Anyway when he died in his will he wanted it to be given to me,
but before the will was probated and all of that while his father was not using the
machine anymore, his son wanted to make use of that basement as a target range
so he was setting up targets on the top of the console for pistol shooting. And I don’t
know if you're familiar with pistols but if you were right-handed you would use
your pistol this way and you pull the trigger you tend to pull down and to the right.
And you can if you looked where you put those targets you can see the pattern goes
down and to the right so he must have been a right-handed pistol shooter. But going
down it got to the console. Of course when people would ask me I'd explain that it
was really irrational that people feared these intelligent machines.

ASPRAY
And then eventually the machine ended up where?
AMDAHL

Well at Ontar Corporation. For some reason it got to Ontar Corporation without
getting to me first. They held it as a secret from me until they got somebody- they
knocked out that basement wall again <laughs> got the machine out, rebuilt the
wall, sent the computer back here and that’s the first I knew of it and then they told
me the story.

ASPRAY
I see. Now it’s a little surprising to me that a physics department would be satisfied

with a dissertation on the design of a computer. Was there any concern on the part
of the physics department to accept that topic?
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AMDAHL

Well my professor decided he couldn’t evaluate it and there was nobody at the uni-
versity who felt that could, so he sent it to people that he knew that were in the field
of computing and asked them to determine whether or not it was of adequate qual-
ity to be a doctoral thesis and apparently got back very positive responses. As a mat-
ter of fact when I got hired into IBM in part because of that thesis, Nat Rochester
who is the one I went to work for wanted to hire me because he wanted somebody
who could write like that, and my major professor complimented me on the writ-
ing. I didn’t write it the way people normally write technical material. I wrote it I
suppose it was more along the lines of a missionary preacher or something like that
trying to engage the listener in what I was talking about.

ASPRAY

Do you happen to know who those external reviewers were?
AMDAHL

Yeah I knew one of them. That’s the only one I knew.
ASPRAY

Okay. So you're getting finished with a doctoral degree in physics from the universi-
ty and you're starting to think about what you're going to do with your career. What
did you consider doing?

AMDAHL

I kind of wanted to start a computer company but I couldn’t figure out how I was
ever going to get it financed. And then all of a sudden I was faced with an invita-
tion from IBM to come and interview. It turned out that in Milwaukee that was
the branch manager that I guess he'd be the regional manager, the branch manager
from Madison had contacted him about this computer and my thesis had gotten
them to at Rochester and they wanted to interview me and I got hired into IBM as
the most highly paid man directly out of school in their company’s history.

ASPRAY

And were you happy to go work for IBM?
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AMDAHL

Yeah, at that time it was a big name. I still had entrepreneurial genes in my body but
that was an exciting place. I got there in the most exciting period because this was
all new, and as a matter of fact the most exciting thing about the computer field at
that time was almost anything you thought of was new.

ASPRAY

How did you feel about moving to the east coast?

AMDAHL

I didn’t really want to go to the east coast. [ wanted to go to California. Back where

I came from they thought being in California was having one foot in heaven. That
haunted me all of my life basically until I got here. Haunting me.

ASPRAY

They knew they were right.

AMDAHL

Yes.

ASPRAY

So what were your initial duties at IBM?

AMDAHL

Well the first thing they wanted me to do because of my mathematical and physical
background- physics background, they wanted me to work on this subject that they
were just beginning to study that was Nat Rochester was beginning to study it. It
was to determine whether or not we could make a computer behave like the brain.
And he was using a monograph by Professor Hebb from the University in Quebec.
And we modeled this computer or computer programs as close as we could to the

Hebb’s concept. In fact Nat Rochester had the name put out was the Conceptor.

ASPRAY
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So did you know about some of the other work that was done on massive systems at
the time like Von Neumann or Rosenblatt’s or did you know about McCullough and
Pitt’s work?

AMDAHL

Knew a little bit about MicCullough and Pitt’s work but only after we had gotten to
the point where I had kind of decided the avenue we were following was a dead end.

ASPRAY
This was more or less a personal research project of Rochester’s?

AMDAHL

Yeah but it was funded very inexpensively. It was myself and another man, a very
good mathematician, and Nat Rochester spending most of our time on it, but we
also did other things at the same time. And we used machine time on the engineer-
ing model when nobody else was using it, so we'd be up there in the middle of the
night running these models.

ASPRAY

What other kinds of projects did you work on in your first few years?

AMDAHL

I worked on character reading.

ASPRAY

Character recognition?

AMDAHL

Recognition, yes. And we got a pretty good result. We were able to read a wide vari-
ety of fonts even wire printing we were able to get about an 85 percent correct read-
ing on pretty tacky wire printing. And we burned out of solenoid on the typewriter,

the electric typewriter, and while we were waiting for the replacement solenoid,
IBM decided they were going to move the project to Endicott.
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ASPRAY
Because that had related kinds of projects?
AMDAHL

Well in a way I suppose they did have some related kind of projects but it was
pitched to us on the basis that they had to have some interesting projects at Endi-
cott. It wasn’t fair that all of the things be done in Poughkeepsie.

ASPRAY
So did you consider moving from the Poughkeepsie labs to the Endicott labs?
AMDAHL

Not really. I really would not- did not want to get- I thought I was already far
enough away from New York City. To get that far away which was really more than
a day’s drive.

ASPRAY

It's out in the middle of the state someplace right?
AMDAHL

Yeah, actually pretty close to the western part of the state.
ASPRAY

So the things that you seem to be best known for during these early years at IBM
are your work on the 700 series, the 701 and the 701A and the 704. Can you tell me
about that?

AMDAHL

Yeah, the 701 was really done before I got there and I ended up using the 701. I was
asked to run a computing service there and so I had brought three or four program-
mers that would take problems that needed to be solved by some part of the engi-
neering group or manufacturing. One of the problems was they wanted to do a table
on springs for the manufacturing where they use springs in a lot of the mechanical
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designs. And I assigned a guy to do it. He worked, didn’t get anywhere. I finally got
him cornered and asked him to tell me what was the problem. And it turned out he
couldn’t- it was really a third degree polynomial that he had to solve. And he couldn’t
get the root. And I said “Would you show me the polynomial?” I looked at it and I
said “This looks like it’s got a double root.” Two roots that-

ASPRAY
Yes, right.
AMDAHL

And so I just spent about three minutes and I found what that was, found out how
to get the other root.

ASPRAY

And then the problem was reduced to a simple problem.

AMDAHL

The problem was reduced to really just writing down the numbers.

ASPRAY

So how did the 701A project come about? What was the purpose of it?

AMDAHL

Well the 701A was a design was a plan put forth by Palmer.

ASPRAY

Ralph Palmer.

AMDAHL

Ralph Palmer to provide greater function in the 701 and I'd looked at it a bit and sug-
gested we could put a floating point quite easily. So he apparently he thought that

was a reasonable idea and so he decided he'd give me the project to do that and I
went through and tried to make as minimal a change as I could but put in floating
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point and indexing which was a new concept at that time derived or based on the B
tube in England.

ASPRAY
At Manchester.
AMDAHL

Yep. The 701A tried to keep as much as possible of the 701 so there would be minimal
programming change and the management looking at it finally decided that it real-
ly would be better if they- if it made a cleaner design that didn’t try to retain the 701
as much as they planned, so we changed it to being a 704 and cleaned up the ma-
chine and was able to add instructions that gave it more capability.

ASPRAY
But at a sacrifice of compatibility?
AMDAHL

At a sacrifice of compatibility almost entirely. The databases couldn’t even be used
anymore because they- we got rid of the half-word which was in the 701. The 701A
retained the half-word so you could use the databases. On the 704 we got that de-
sign pretty well completed when we were asked by the pricing people I was asked,
would I be satisfied with a market potential of six machines? They said “We got
requests for more 701s now that we can’'t build.” I think there are going to be more
machines than we sold of 701s when they get the 704 out there. Well they thought
about that a while. They came back at 12. Again I told them it was going to be more
than the 701. Then he came back with 18. I said “It’s still going to be more than the
701.” So they came back with 32 and I bought off on it. They sold 140. It was the most
profitable machine program because it was priced on 32 and they sold 140.

ASPRAY

Yes. What were the technical challenges if there were any other ones on these ma-
chines?

AMDAHL

There weren't any real technical challenges for me there because technology was

41



in place. We did add magnetic core memory but we didn’t really have the respon-
sibility of designing the memory. The memory was designed by a group that was
under one of the men that ended up going to the National Academy of Engineering.
Actually another group above or alongside of the National Academy of Sciences or
National Academy of Engineering that was responsible for providing information to
the government.

ASPRAY

I understand that it was at this point in time that you first had experience with John
Backus at IBM?

AMDAHL

Yes he was doing FORTRAN and we had some discussions back and forth about how
to do indexing and fit that into his FORTRAN property and one of my concepts on
indexing he never did use because it would have required that he count down in his
FORTRAN program instead of counting up. He didn’t really cotton to that. Actually I
don’t think it would have made any difference except that in hardware you can have
one instruction, you could determine when you hit zero which is a lot easier than
determining when you hit N.

ASPRAY

You talked about the influence of the Manchester machines in the technological de-
velopment. Were there some others? For example was there anything learned from
the SAGE computer?

AMDAHL

Yeah, actually I never learned anything from Manchester. I learned it via SAGE. A
friend of mine Mark Asterham [ph?] worked with me in the early days when I was
doing things on the Conceptor, programming that, and he was moved into SAGE
project and he talked to me a little bit about their indexing and I think we talked on
that subject for probably 15 or 20 minutes and I thought about it afterwards and I
thought I didn’t really want to do it quite that way. I wanted to do it in a some what
more generalized way and that’s what we put into the 704.

ASPRAY

And how similar were your designs on the 701A and 704 for floating point from your
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Wisconsin experience?
AMDAHL

Well my floating point from the Wisconsin experience was a bigger word length.
There we had- I had 50 bits. Here I had 36 so it was a question in my mind as to
whether or not 36 was really an adequate word size for computational purposes, but
I thought well it’s at least marginally close and I'll put in some capabilities to do dou-
ble word length if you really needed that so I put those things in and the of course

I used all the thinking I had done on WISC in putting it into the 704 and I also did
things in the way for instance indexing didn’t cost any time on the machine. The
reason it didn’t cost any time was that the way it was organized for the 701 there
was enough time in the time you brought in the address you were going to modify
you could get the index value to be added to the address in the instruction in the
instruction cycle. I carefully analyzed that and found out you should be able to do it
and it did work. So it was the only zero time indexing that I know of.

ASPRAY

Stepping back from the details of the project what did the 704 project, 7014, 704
project mean to you, your knowledge of computing, your career?

AMDAHL

It made my name. I don’'t know how much new knowledge it gave me except I did
some interesting things there that I wanted to put into the 709 that got in to the 709
but not into the 704. One of them was the channel. The other one was table lookup
capabilities which allowed you to do decimal arithmetic in a binary machine by do-
ing binary arithmetic.

ASPRAY

So I understand that the development of the IBM 709 mainly occurred after you'd
left IBM for the first time but that you were responsible for the early design on this
project. Can you speak to that?

AMDAHL

Yes it was a plan to do an improved 704 to provide some new facilities in terms of
the functions that could be performed by the machine and also to improve the I/O
capability which involved the addition of channels, so the channel was probably the
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biggest improvement. With that channel we were able to read a series of records
and from tapes, do sorting on the addresses used by the channel instead of on the
data. We'd only look at the one part of the data and then instead of moving the data
to do the sort we just moved the address to be used by the channel that was writing
out. And so we were able to do sorting in the 709 less expensively, remember it’s a
more expensive machine, but we could do it less expensively than the model 703
which was designed to do sorting and collating for the U.S.

ASPRAY

Census Bureau?

AMDAHL

No, handling the monetary part for the government.

ASPRAY

I see. So that probably meant more sales of this machine over time?
AMDAHL

Yes, I don’'t know how many 709s were sold but it was- it was very effective product
and was followed by the 7090 and the 7094 which were the essentially that machine
probably expanded a little in functions but principally using technology that was
developed for Stretch.

ASPRAY

That’s a good transition. I wanted to ask you about the Stretch project. It’s a project
that started just before you left the company for the first time and was still going at
least in terms of product development when you returned later. Can you talk about
this?

AMDAHL

Yeah it was going for a year before I left. And it started with myself and John Backus
how to get a machine that would go even faster and so we were investigating look-
ahead capabilities, and John was a strong contributor in that and between the two
of us we were able to get that going in such a way that we could keep the instruc-
tion- the execution mill pretty nearly running full time. And we made a proposal to
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Livermore for the procurement they were making for what they called the LARC,
Livermore Automatic Research Computer. Sperry Rand was competing with us and
Sperry Rand my understanding was that the proposal or the procurement was real-
ly based on the Sperry Rand proposition to them in the first place, and although we
had a good response I think it was really-

ASPRAY
A foregone conclusion.
AMDAHL

Yes, but Livermore, I mean Los Alamos became interested. We went out and pre-
sented to them and they got very excited about it.

ASPRAY
Were they an active partner in the design? Did the set specifications for you?
AMDAHL

Not for me. They may have done something after I left but not before I left. But af-
ter we presented to Los Alamos, maybe two months later Red Dunwell came into the
scene and he was interested in that, and he wanted to make the machine structure

a little different where you would have an instruction initiating unit that was real-
ly a commercial processor followed by a mill that did the scientific computing. And
that way you get two machines out of one project and I thought about that for quite
a while and I told them that I can’t see any way to do it and get the performance

that we need and we just sort of had a kind of a running battle. And then one day

I was invited to come and listen to a proposed reorganization of the Poughkeepsie
engineering labs and what they were going to do was put the machine projects in
what they called a matrix organization where you had managers of the programs
for the different machines and people with responsibilities for different functions
in the machine and Dunwell was to be the manager of the program. I was to be on
the head of the design team to do it, and I knew right away that I couldn’t do what
he wanted to do and come out with a machine that I would like so I didn’t respond
to, I didn’t give them any kind of response to what they told me. I was there alone so
they were really curious I'm sure as to what my response would be. I just went back
to my office and I called Ramo Wooldridge and asked if they could use another man.
They gave me an offer over the phone on the spot and I took it and left a note for the
Nat Rochester, my boss. I told him that I was resigning from IBM.
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ASPRAY
What was the response from IBM?
AMDAHL

They wanted to keep me but they were they wanted still to put in that matrix or-
ganization. As far as I was concerned they could have the matrix organization that
was their call, but me was not their call.

ASPRAY

And why did you choose Ramo Wooldridge of all places?
AMDAHL

My brother was there.

ASPRAY

I see. They'd been doing any work on a lot of military contracting, right? And aero-
space work?

AMDAHL

Yes.

ASPRAY

And how active had they been in the computing field?

AMDAHL

They were doing little computers. Matter of fact I ended up designing or doing the
plans for quite a number of their proposals on computers. They were even consid-
ering maybe going into competition with IBM and I told them seeing the state of
what they had that they shouldn't bother doing that. But I did the initial planning
for their one computer they did make. I did planning for some airborne computers
that would be built and put into fighter planes for being able to control, maximize
their capabilities in a dogfight. And this required getting some very new concepts in

46



for how to generate signs, cosines and all of that for maneuvering to make sure that
you didn’'t have a radius and curvature more than the wings could withstand or the
pilot and yet project where the enemy plane was going to be and where you should
be in relationship to it in order that you maintain the upper hand.

ASPRAY

But I take it you weren't very satisfied at Ramo Wooldridge either.

AMDAHL

No, I'd wanted a project and I was there for about four months and they had a raise.
My raise was like one percent because I hadn’t been there for as long as the others,
but I couldn’t have a project. What they called me was their Utility Outfielder and I
just felt out. So I decided that I wasn't going to feed that proposal mill anymore.
ASPRAY

So what did you decide to do?

AMDAHL

I went to a company called Aeronutronic where I had a good friend from college
days. He'd been working on me for some time to come there.

ASPRAY

Who was that?

AMDAHL

Harold Hall he was Vice President Xerox PARC as a matter of fact.
ASPRAY

And Aeronutronic was a newcomer.

AMDAHL

Yes, it was a company that was founded with money from the Ford Motor Company
and then acquired by the Ford Motor Company.
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ASPRAY
What was their mission?
AMDAHL

Their mission was aeronautics, nuclear physics, electronics, and missiles or space
vehicles. And I worked in the computer part and also did quite a bit of work in the
space part for tracking instrumentation for the White Sands Missile testing set up. I
was able to make a linear tracking problem out of what was a very nonlinear other-
wise.

ASPRAY

So tell me about the most important projects that happened while you were at Aero-
nutronic.

AMDAHL

Well we did an awful lot of things at Aeronutronic. As a matter of fact life was quite
grueling. We used to go very frequently to Washington D.C. to talk with potential
customers. I'd catch the redeye at midnight, arrive in Washington and shave and
wash and change shirts in the lavatory in the airport there and then we’'d go and see
the various military customers. We'd do that until their close of the day, rush back
to the airport, catch the plane home and get home about midnight. Next morning
at eight o'clock be there writing a new proposal. And that kind of got on my nerves.
I decided that life was really not the sort of thing I wanted to be in very long and
that's when IBM began to get to me.

ASPRAY

Before we go on and talk about the IBM story, could you tell me about the project
for the FAA?

AMDAHL

Well for the FAA what we did was make the data entry system for all the flight plans
so you could sit down at this console and present it on the screen, a form to be filled
out and you could set your position that you were going to type into a cursor, and
you could just type in your flight plan. And send it at the end. Your entry not only

48



showed as displayed letters on the screen but it also had the code to send over the
wire so you could it would wire this the things that you entered directly to the FAA.

ASPRAY

Was this put into operation?
AMDAHL

Yes.

ASPRAY

And used for how long?
AMDAHL

I don’'t know how long it was used but I know it was used for quite some time in
their test facilities which were in New Jersey.

ASPRAY

So you're one of those small number of people who worked at IBM more than one
time. How is it that you went back to IBM in 19607

AMDAHL

Well all during the time that I was away, IBM would or people from IBM, Bob Evans
mostly would contact me and encourage me to come back and even went so far one
time offering to provide support for a startup company. And we were sort of think-
ing of taking it except that between the three of us that were working on that com-
pany <coughs>, we ended up having a slight falling out and so we decided it wasn’t
going to be a wise thing. We could work together nicely but we couldn’t decide who
was going to be boss.

ASPRAY

So then Manny Piore was appointed to be Vice President for Research and Engi-
neering I believe.

AMDAHL
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He was Chief Scientist.

ASPRAY

Chief Scientist. Okay and he played a role in your return.
AMDAHL

Yes. He decided the one to work on was my wife. He was married to a woman who
was part of the Romanov family. And the Romanov family had a leading restaurant
in Los Angeles and so he invited my wife and I to come there for dinner and he and
his wife were there and we were treated like royalty. My wife decided we got to go
back to IBM <laughs> which she had wanted to do all of the time. She also didn’t
like the schedule I was on. She liked the security of IBM. And I decided the proposal
he made sounded pretty good, that I would go back to the east coast for a minimum
of five months and a maximum of seven. Then I come back to California.

ASPRAY

As an IBM employee.

AMDAHL

As an IBM employee, uh-hum. Well it ended up I was there for four years and then
I got back by negotiating with Stanford to be a visiting professor for a quarter and
then informed IBM I was going to go back as an individual or as an employee of

IBM, it was their choice.

ASPRAY

So they chose to keep you on as an employee and you got to relocate here to Califor-
nia.

AMDAHL
That’s right.
ASPRAY

Was there any sense of your having been disloyal to have left IBM in the first place?
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And therefore there were some concerns about hiring you back?
AMDAHL

I don’t think so because they worked all of the time I was gone to try to hire me back
so and they understood why, and in retrospect they may not have ever made that
organizational change.

ASPRAY

So it had been four or five years that you had been gone. Had the conditions within

IBM changed sufficiently that it was a new different and more satisfactory place to
be?

AMDAHL

It was a new and different place, probably less satisfactory because it became some-
what more bureaucratic. Before when I first went there IBM was a company of en-
trepreneurists, almost free agents in many respects and it was much more difficult
to be a free agent the second time.

ASPRAY
What were your assignments when you went back?

AMDAHL

The first thing I was assigned to do was to be in research which was run really by
Dr. Piore, and in research I was to be responsible for developing a new scientific
computer, what’s it called, Project X and I began that project working with John
Cocke and Elaine Boehm and we ended up with the three of us doing quite a bit of
work on how we would organize it. Actually showed quite a bit of promise. It was

a stack machine and in the meantime they decided to make me head of one of the
six departments of research in which they had essentially three projects going: a
software project which was kind of amorphous, sort of a thinking group with about
three or four people in it; another machine project which was really to be a com-
mercial machine which it had a very complex instruction set so that you really al-
most stated things like you would state them as a human telling a clerk what to do,
and but the clerk understood what he was supposed to do as long as you used the
right word. And I concluded they really didn’t have any way of measuring how well
it could work. The other thing that they were doing which was quite a large proj-
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ect was supercomputers, super conductors to make a computer, and one thing was
quite clear, there was no way to produce any power gain anywhere in the system.
And it took quite a bit of power and you had to remove all of the heat from it and it
was it would have been a very costly sort of thing. It would go fast, but you couldn’t
make it very complex before it would have to expand significantly in complexity

in order to compensate for not having the power gain. And I decided that was not a
reasonable approach for a computer and so I really insisted that it be discontinued.

ASPRAY

My understanding was that that was quite a disappointment for the company that
there had been a great deal of hope and significant investment in this area. Is that
right?

AMDAHL

That's right. And I didn’t realize this myself. I had a very close friend that was also a
theoretical physicist from the University of Wisconsin at the time I was there and I
talked to him about it and he and [ were in complete agreement that it couldn’t be a
practical solution.

ASPRAY

So when you'd first gone back and you were working in research, you were located
in Yorktown or Yorktown Heights, is that right?

AMDAHL
Yes.
ASPRAY

But when you took on this new responsibility for running the division was that the
time that you moved out of research?

AMDAHL
No I was in research.

ASPRAY

52



You were still in research at this point.

AMDAHL

Uh-huh.

ASPRAY

But at some point within a year or two you moved to Poughkeepsie again.
AMADHL

That’s right. That's when System 360 started.

ASPRAY

I see.

AMDAHL

But while I was there at research the company also decided they were going to move
out of the New York headquarters sent them in Armonk so we had the president of
the company move his offices to Armonk I mean to their research center. One nice
little story from that, one of the researchers was sitting on a bench along a walkway
where you'd come from the parking area to go to Mr. Watson’s offices. And this re-
searcher was wearing a shirt that was short sleeved, I'd call it a Hawaiian shirt, san-
dals, had a beard, shorts and a bank president was being ushered in by his regional
manager. And the bank president saw the guy and said “Does Mr. Watson really
allow his employees to dress like that?” And I just admire what that regional manag-
er had to say. He said “Oh Mr. Watson likes his wild ducks provided they fly in for-
mation.” <laughs>

ASPRAY

Another thing that was happening at this time was the SPREAD committee was
formed and they prepared a report which I guess was completed in 1961. What af-
fect did it have in the company and what affect did it have on you?

AMDAHL

Well at the time it was being done I was in research. I was called up to give one
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short talk. I guess I spoke for maybe 20 minutes to the SPREAD committee. I would
hear a few leaks now and then about what was being presented and I didn'’t really
think too much about it at the time. There was another project on a computer that
was being proposed in Poughkeepsie that was being worked on for some time, and
they were wondering whether or not they should really put it out. You may know
the name of that machine project.

ASPRAY
This was the 8000 series?

AMDAHL

Yes, the 8000 series. And they sent some people down to present it to me at research.
I listened to their presentation and I decided that it shouldn’t be anything they do
because it couldn’t be significantly anymore than just the rate at which technology
could improve. It couldn’t be made any cheaper unless technology got less costly be-
cause it was too complex, most of it using a lot of memory cells to hold what infor-
mation youd like to have in registers. And so you couldn’t really ever afford to put

it in registers and you couldn’t really get any performance if you put the last of the
registers back in memory so I said it really shouldn’t be a machine. So they canceled
1t.

ASPRAY
The machine had had some quite strong proponents, however.
AMDAHL

Oh yes, one was my boss later. The other one worked alongside of me and then just
under me.

ASPRAY

So you're referring in the first case to-

AMDAHL

Fred Brooks and there was Gerrit Blaauw. Both very capable bright people.

ASPRAY
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The 360 system of computers at IBM: We've talked about one challenge to that be-
ing the 8000 series. Another challenge seemed to come from John Haanstra, who
was very proprietary about continuing self-determination for his small computer
division at Endicott. It seems on the face of it to be a surprising choice for him to be
the chair of the SPREAD committee, given that that’s what eventually led to the 360
system. Do you want to talk about that?

AMDAHL

I can only shed light on it from the little bits and pieces that I learned afterwards.
John Haanstra, I understand, was made chairman of that committee in order that
he would feel locked into executing the decision of the committee. So it was really a
political maneuver with the basis for it being essentially technology considerations
as well as market considerations. And he didn’t like the outcome, but he signed off
on it, and he tried to make an end-run later, where he wanted to do an accelerator
on the 1401 successor; I think it was the 1410 or something like that. It might have
not been there yet, but it was-- anyway, he was going to do an accelerator. And that
turned out to be the basis for putting in emulation features in the 360. Actually the
suggestion came from the people at Endicott that were in charge of defining the
model 30. And they felt if they could only make it run the 1401 programs reasonably
easily, they might be able to fight that accelerator. And by putting it in there, they
were able to show that they could out-perform that accelerator version that John
Haanstra was trying to push, and that killed John Haanstra’s run-around plan.

ASPRAY

I see. Historians today think of the SPREAD report as extremely influential, as
though it was what changed the course of the IBM company. But I've heard recently
that maybe the report was just a window dressing after decisions had been made.
Can you speak to that?

AMDAHL

I never actually saw the report. I didn’t care what was in it, really. There was one
thing that was binding from that report, and that is that we use an 8-bit byte, and
that we address to the byte with the address capabilities of the machine. That <in-
audible> a consequence fitting were lengths, things like that, that would make-- you
almost had to make the words binary quantities of-- powers of two, that is-- of the
byte. And so it gave you a 16-bit-- it gave you an 8-bit, 16-bit, 32-bit, 64-bit, and some-
times 128 as a later addition.
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ASPRAY

Now, had you wanted to look at the SPREAD report? Would it have been available to
you?

AMDAHL

I don't know. I never asked to see it. The SPREAD report called for machines being
upward- compatible-- a family of machines being upward-compatible-- and I was
asked by Bob Evans to come, and he wanted to recruit me to work on it. I was in
research at the time, responsible for Project X. He asked me to come to Jug End,
where he was having his annual budget meeting, and he would find time to talk to
me in between some of the budget requests. Well, I sat there and listened from the
beginning as each member of the generations of each of several different machine
families-- the people responsible for them requesting funds for adding, for example,
a new tape drive. Each of the generations members required an engineering budget
to modify those machines to attach the tape.

ASPRAY

So let me see if I understand what you're saying. So there’s a 700-series of machines.
There are three generations of them. Each of them needs its own peripherals, and
therefore each needs its own engineering budget, because they're all incompatible.

AMDAHL

That’s right.

ASPRAY

And then there’s another family, and then yet a third family, and so on.
AMDAHL

And then also with them is software to support it. It had to be done for each mem-
ber. So you had two different projects, software and hardware, for each generation
of each family. And it was a nightmare. It was quite clear that that couldn’t go on
probably for one more generation without running out of people or money. And I
listened to this all morning, and after lunch, Bob had a short break of about-- less
than half an hour-- to talk to me. And I decided he had really done this to set me up.
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But he wanted me to head up the design of these machines. Not the 360 program,
but the design of the members of the families, architecturally, and the initial data
flow so we could have the right cost and performance for each member of the fam-
ily, and also to do the initial work on the software. The latter one we never got go-
ing. But I told Bob that I would take this job only if it was downward-compatible as
well as upward-compatible, because otherwise we'd be in that same boat but for one
much larger family.

ASPRAY

That is to say it would be just identical situation to what it was with the different
700 machines and the different--

AMDAHL

That’s right. Not complicated by different families, but you would, in effect, have
five different families for five products within-- since they would have been up-
ward-compatible, the bottom one was not compatible with the top one. The top one
was compatible at the bottom, but not the bottom one, though they would have
been different families all the way along.

ASPRAY
And did Evans agree to this?

AMDAHL

He did. He agreed to it. He only thought about it probably three or four minutes,
and agreed to that.

ASPRAY

And how much of a concession was this? How much of a problem did this cause in
the design for the family?

AMDAHL
I don’t think it caused any problem. It allowed you to make one set of functions that

you wanted to build in, and along with that, only the different data flows-- actually
for six machines.
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ASPRAY

So why don’t you go ahead and tell me about the actual process of doing this work
on the 360.

AMDAHL

Well, I went in there. I reported to Fred Brooks, who had responsibility for the proj-
ect. Under him there were four functions. I had three of them, and a person from
marketing had the other, which was market requirements. And under me was Ger-
rit Blaauw, who was really Fred Brooks’ choice to be in charge of the design. And

so that caused a bit of friction. And I didn’t really like the Gerrit Blaauw designs
because they were too complex. I wanted something simple that you could put into
registers at the high end, and into memory at the low end, and so be able to keep the
costs in line all the wall along. And the performances should match with the cost.

ASPRAY

You were telling me earlier a story about that, a little anecdote. Will you tell it on
tape to us?

AMDAHL

Okay. One of the guys I had on my staff at that point was one who had worked
earlier on the 8000 series. When I was laying out how we wanted to set it up so it
could be in registers at the high end and in memory at the low end, he said, “Well,
normally in a serial machine, 40 percent of the cost is in the data flow and 60 per-
cent in controls. When you put it in as a parallel machine at the high end, you have
about 60 percent in data flow and about 40 percent in controls.” But he said, “If it’s a
Blaauw machine, you have 60 percent in data flow and 60 percent in controls.” And
that was really the problem in the 8000 series.

ASPRAY

Now it seems very strange to have Fred Brooks in such a high level of responsibili-
ty on the 360 project, given that he was such a strong proponent for the competing
8000 series.

AMDAHL

Well, he was a good manager. He just didn’t have his prized designer in charge of
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the design. And Gerrit Blaauw was an excellent designer; he just wanted things
more complicated than I thought we could afford if we were going to try and make
a family of machines that were compatible.

ASPRAY

So tell me about how well IBM succeeded with its design intentions for the 360 se-
ries.

AMDAHL

Actually, I believe that the family we had met, so far as I know, all of the expecta-
tions that the management had for it, possibly better than they expected. The proj-
ect was a struggle in terms of I didn’'t want to continue with the 8-bit byte. I wanted
to make it 24 and 48 instead of 32 and 64, on the basis that this would have given
me a more rational floating point system, because in floating point, with the 32-bit
word, you had to keep the exponent to just 8 bits for exponent sign, and to make
that reasonable in terms of numeric range it could span, you had to adjust by 4 bits
instead of by a single bit. And so it caused you to lose some of the information more
rapidly than you would with binary shifting.

ASPRAY

Would you like to speak about some of the issues relating to the operating system
in the 3607

AMDAHL

Well, yeah. We had the three software people that had been in the operating system
area, and they were to provide input on how we should structure the machine to
have the best relationship to the operating system for adequate control and as sim-
ple as possible. We didn’t get any input. We tried just-- they couldn’t seem to tell us
what they needed. Later, before 360 was announced publicly, I was sent around to
several places that were considered as bellwether accounts, to see-- or really to get
them prepared to accept this machine, get them to essentially bless it. Well, I think
the first one was the Rand Corporation. And there I spoke to the three top people in
the software-- well, both hardware and software. And I started describing how we'd
set this thing up so that we'd design it from the standpoint of the technology avail-
able, the functions we wanted to put in to serve across the board, from commercial
through scientific and so forth, and we also had included the software people to
provide input on the structure for operating system control. And I noticed a strange
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look appear around the eyes of the top men in the group listening, and I thought I'd
stepped on a rotten plank. So I just smoothly went though discussing what we did
without mentioning anything more about software. And I saw him edge forward
on his chair. He could hardly contain himself. Finally, after about five minutes, he
couldn’t-- he broke in and asked me, “What experience did you have with those soft-
ware people?” And I said, “We couldn’t get any input from them.” He got a big smile
on his face and he said, “That’s what I thought.” <laughs> He said, “We made a study
at the Rand Corporation, and we found out that engineers and physicists by and
large like to modify the environment to simplify the problem, whereas mathema-
ticians and programmers like to have a fixed environment in which to set up their
structures.” And he said, “I would expect they couldn’t tell you anything till you had
it all done.” <laughs>

ASPRAY

I'd also like to talk a little bit about the machines at the high end of the system, in
the particular the models 91 and 95.

AMDAHL

Yeah. Originally-- there are two machines that we really need to talk about there:
The model 75-- it was really at-- it was slated to be at a performance level, where

the technology being used for the lower part of the line had really run out of gas.

So it couldn’t quite meet the performance goals. I had to work with them in trying
to restructure what they did. It helped, but it didn’t help enough. They had a very
complex structure to try to make the best decisions in terms of when the channels
should be allowed to make and interrupt, and how that would-- when the comput-
er should have a chance to get in. And I asked-- I sat them down and I asked them

if the I/O word is there, do you ever let the computer get in? “No.” And I asked this
about the other channels as well. Well, they had their own pecking order and chan-
nels. But between the computer, the computer always lost. I said, “That’s what I
thought you'd do. Why don'’t you get rid of the logic you have to tell you that, just
only allow the computer to come in when there’s no I/O.” That took out a lot of hard-
ware. It sped it up considerably. It still wasn’t going to be enough. The costs were
too high to try to make-- I told them they almost have to reduce the speed of mul-
tiply, because it took too much hardware. They did that, and the machine was still
faster than it was before, but it couldn’t get up there. The costs were in line now, but
not in line with the performance-- in line with what it should be for that member of
the family. So it turned out to be a fairly unsuccessful member of the line.

Now, the model 92 is a different one. That was our continuation of Project X in the
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360 mold. We had a structure which allowed us to look ahead until it almost came
out your ears. But one of the designers made some real inventions in how to control
it so that you didn’t go from registers to an arithmetic unit and back to the regis-
ters, back to the arithmetic unit, and so forth. Each arithmetic unit-- each functional
unit in the arithmetic section-- had its own latch at the end of the operation. So it
could function as a register, in effect. The way it ended up working, you never sent
anything back to the registers till the sequence of operations was over, and in effect
it made the register set appear to be much larger than the four floating point regis-
ters in the machine. It could function as-- it turned out to be equivalent to having
more than 16 individually addressed ones. But this was-- we did a very successful
job designing this to match to one-quarter microsecond access time core memory
with backup storage of three-quarter microsecond. And this was our model 92. Well,
I moved out to the West Coast to do my stint with Stanford, and while I was there,
Haanstra was made president of the division that was doing 360. He went up and he
listened to the technology that was being done for memories, and there was some
flat film memory that could be one-eighth of a microsecond, but very expensive.
But he thought in this machine, if we put in a one-eighth microsecond memory, it
won't need to be so large. The three-quarter microsecond memory will supply the
additional capacity. And he went back. He gave orders to kill the quarter-mic mem-
ory, put in the flat film. He went back and proclaimed that he’d doubled the speed of
the machine. I got a call from Bob Evans about a couple of days later where I learned
about it then. Bob asked me how much that would really speed it up, and I did some
quick figuring and I said, “Somewhere between 15 and 20 percent. And the cost will
make it impossible to really get your market.” It turned out that was true. He only
got a few machines out. Two model 95s which had the flat film memory; the rest
were model 91s with only three-quarter microsecond memory, and very small mar-
ketplace. But Haanstra’s experience had all been with small computers, where you
essentially had no look-ahead, and the speed of the machine was related just directly
to the speed of the memory.

ASPRAY

Was it about this time that you decided to leave IBM for the second time, or was
this a little later?

AMDAHL

No, that was later. I came out here to teach at Stanford for that quarter. I did some
work on the time sharing, and the work was very successful, but it didn't go any-
where because there was nobody to execute it. Then, at this time, IBM decided they
were going to set up the Advanced Computer Systems Laboratory here in Califor-
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nia. And he sent out Jack Bertram and John Cocke, who were from research. John
Cocke had been involved in the Project X before we went up and tried to redo it in
360. And John was an aficionado of 48 bits, which I was also. But I decided after
working there for about-- they brought me into it, since I was out here anyway, and
I was a fellow, so I could work in anything I wanted to. So I decided I'd go along with
them. And after about three months I decided it wasn'’t really going to be any better
than the 360, and it was going to cost a lot to get the software, because they'd need
an entirely new operating system, an entirely new programming for any of the ap-
plications. But the word size would have been nicer; I agreed with that. They also
wanted to use a lot of registers. They wanted 32 registers, which they felt would
give a big improvement over the 16. However, <inaudible> work on the model 92,
this got the effective multiplication of the number of registers in the ma-
chine by having latches at the end of the arithmetic operations. It was quite clear to
me that they would gain very little with their additional registers, and it would take
longer to make an access to them because you had to go-- you had to select between
twice as many registers. Well, it turned out that I ended up being put in Coventry,
because they didn't want me talking to anyone, because I was, from their stand-
point-- I don’t know what you call somebody who is undercutting,

ASPRAY

So why don’t you explain what you mean by being in Coventry:.
AMDAHL

No one could talk to me.

ASPRAY

So how did they do this?

AMDAHL

Whenever anyone would come into my office, within just minutes, they'd be called
to a meeting. If I went to somebody else’s office, within minutes they were called to
a meeting. So I could never talk more than about two or three minutes to anybody.
But one thing happened. Their top project designer, a really gifted designer, was not
very manageable, and he'd gotten into some kind of trouble in Philadelphia and had
been badly beaten up. He got out of the hospital, came back, and was recovering
from it. But he was still unmanageable, and so they decided the best way to get rid
of him was to move him over to me. Well, I figured at least I got somebody to talk
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to. So I began telling him what I had in mind doing, and it took probably more than
a month to get him to understand what it was that I had in mind to do. And he did.
He decided, “Looks like pretty fertile territory.” So he began to do the logic and test-
ing the number levels to do the controls, and we were able to show that we could do
it, go faster than the 48-bit machine, and be cheaper. And that was sort of the death
knell for the other computer, because we clearly had an advantage in not having to
do our own operating system or application programming. So with the logic design-
er [ inherited, he was the one who had done the timing for the 48-bit machine and
designed the critical paths for it. So here he designed the critical paths for our alter-
ative version and did the timing on that to show the improved performance and the
lower cost as well. So this was really the basis for a shoot out, which we held. Man-
agement from the East coast came out; some six people I believe and we worked for
about three days. The 48-bit people had two days and we had one and they had no
way of really challenging our work since the work that they were using to evaluate
it was done by the same person. So my inheriting that designer turned out to be a
very valuable thing. Any way, we won the shoot out. Then we decided we would go
and find out from pricing what would happen if we put that machine out in the
field. Well they found it'd be a loser, like the Stretch had been and in the Stretch case
they had gone back in history and looked at the technology that Stretch had gen-
erated and been billed for and how it'd been used in other machines and they were
able to go back and show that the Stretch finally made a minute but positive earn-
ings, which was important from the standpoint of anti- trust position. So here we
were with a loss. So we decided, well we’ll put in one more machine, see how that
goes. We did that, the next machine down on the line, and that came out with break
even. So we put in a third machine, and that came out with normal profit. If we'd
had a whole family we'd have really been in clover. But with those three machines
we went to management, proposed it, and we got turned down on it and this sort

of just proved to me at least that the rumors that we'd heard initially, that we were
really set up to design a machine, get the technology developed and all of that, and
find out that we couldn’t bring it out as a product because it'd be a loss leader, which
would be a risk for anti-trust, so they could cancel project, take that as a write off,
and then use the technology without having the next machine project to have to
pay for. So they could more easily be profitable. Anyway, they didn’'t want to make
that a company project, so I told them the only reasonable thing they can do at this
point is to close the laboratory down. They thought about that for a while and decid-
ed that they really had to <laughs>. So they did close it down. They had a lot of their
technology developed so they got most of the benefit I suppose anyway. But I decid-
ed I didn't like to be used in that way by the company. And so that was the basis for
me deciding I was going to leave.

ASPRAY
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So when you thought about leaving, what options did you consider?
AMDAHL

I decided I was going to try to do my own thing. And I had a young man that was in
the financial part of the project talk to me and he said he thought he knew how to
get us in contact with the venture capital world. Well, he did, but it turned out that
period was one of the lowest points in venture capital ever. This was 1969 - 1970.
One of a group of our people left the company, went into a startup. There were two
other startups going, one in Berkeley, and one down in the Los Angeles area and
they had initial funding but they couldn’t get any more. We came out and at that
low point when they couldn’t get any more, and we managed to get 2 million, we
were looking for 5, but we got 2 million, which was enough for us to get a good start
and we talked to the other groups that had started their company and they were
having great troubles, and they didn't want us to recruit their people from them, so
we agreed we wouldn't recruit any of their people until they told us they'd given up
hope and that if they give up hope, to let us know, and then we would make offers.

ASPRAY

So were these other two companies in business to do more or less what you were
trying to do?

AMDAHL

No. One was. Company down in the LA area was doing something called Gemini,
which was to do a model 165 dual processor MP. They had only enough money to
get started and they couldn’t get any more. The other one was from Berkeley, they
had a time sharing system and the groups that left IBM had started a time sharing
company, both in non-compatible; but we knew the quality of some of the people, so
we hired them when they became available.

ASPRAY
What was your business plan?
AMDAHL

Business plan was to make a compatible machine. Just one year earlier, well in July
of 1969, IBM announced internally that it was putting its old software in the public
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domain and was going to price the new software separately and that immediately
told me that if we made a compatible machine, IBM would, if they were not going to
violate anti-trust, would have to provide the software to us, because they were not
allowed, under anti-trust law to have tie in sales on separately priced products.

ASPRAY

Of course there was a whole series of litigations against IBM for anti-trust in this
period of time.

AMDAHL

They stemmed from earlier things. IBM had a very unfortunate fire that destroyed
some of their records on the model; I think it was on the model 9195.

ASPRAY

What made you think you could make a business of this; you didn’'t have most of
the organizational capabilities of a company like IBM. What kinds of organizational
capabilities did a plug compatible manufacturer need?

AMDAHL

Well, I had some ideas. I had seen what we'd done on trying to get higher levels of
integration and I concluded that the whole world was doing it wrong, that when
they were trying to make their circuit-- chips, they were packing the things in as
tightly as they could, which meant they really had a very demanding task of trying
to interconnect the circuits on the chip. And just thinking about that problem, al-
most all of the failures had to be taking place in the active semiconductor area, not
in the interconnect area. So if you spread it out just enough, then you could make
your interconnections much easier, you could design a chip quickly, and so you
could make a much bigger chip as well. And I planned to do that; I presented this to
those 22 people we ended up hiring from the group that had left the IBM before us,
and they improved on it.

One of the people there came up with the idea of making 25 on a 5x5 array of com-
ponent parts, resistors and transistors, and leaving space in between paths; four
paths by four paths, several wires wide so they could interconnect quite easily that
way and make whatever collection of gates they wanted in each of these 25 areas.
So we could make a whole variety with one basic chip up to the point of putting the
personality on it, which was a great idea, and I noted right away that gee, if they do
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that, then we can use our printed circuit board routing to route this thing. And that
worked just fine. We ended up using IBM 1103s, they’re a little industrial machine.
We became the world’s second largest user of those machines; we used it for rout-
ing those chips. But we went to the various semiconductor companies trying to get
them to do it for us and we went to Motorola. Motorola agreed to do it because they
thought we'd made some breakthrough in routing. They wanted the router first, and
then they'd do the chips and we knew we'd never get the chips if they got the router
first, and found out what we were really doing. We went to National Semiconduc-
tor; they got about 60 people to come and listen to our presentation, as soon as we
got done, they said their plate is full. All they had done was get everybody there to
hear what we were doing. Then we went to Texas Instruments. There the head of
that division called me out; he told me, “Don’t do this,” he said, “In the first place, it
won't work. In the second place, it’s the wrong level of integration, it will have no
advantage to you, so it was pointless, and the third thing is, you will spend all of
your money trying to make it work; it won’t work, and you'll go belly up.” There was
one other company we went to which had been started by a guy that had been part
of our group, called Advanced Memory Systems who was doing the first successful
CMOS chips for memory. And he ended up doing a lot of replacement memories on
IBM equipment and he was doing both the CMOS memory and ECL fast memory
and he'd completed the designs for them and he had this design group and no way
to employ them. So he agreed to do the chip for us and he made that agreement and
some five months later, he delivered the first chips to us. We had analyzed their
performance with the 1103 and they turned out the performance was within 2% of a
projected performance, which I was informed was totally accidental <laughs>, but
it was heartening nonetheless <laughs> and they worked like a charm. And it was
that and a simplified structure for handling the instruction types in 360 that made
it possible to make a machine with better technology than IBM had and cheaper to
make. And that was the IBM, or most of the world actually thought we were foolish
in trying to compete head on with IBM. So it was almost impossible to get money,
not just because it was the venture capital but this foolish thing of going
head to head with IBM, and they were pointing out that RCA did it but they couldn’t
match the architecture and that GE had spent 5 billion dollars and were not profit-
able and Xerox had acquired a computer company and they'd finally disposed of it
at a big loss.

ASPRAY
Scientific Data Systems.

AMDAHL
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Yep. And here this upstarts, but there was one thing we knew and had put together
exactly what we were up against, and what was in our favor, and fortunately one
venture capitalist got us two million dollars, they added a half million as soon as
they learned that Fujitsu had an interest. Fujitsu who I'd had relationships with for
probably three years before- two or three, they stopped by and check every once in
a while, how we were doing and they finally informed us they were interested in
pursuing what we had. And so they set up a week of presentations of what we were
going to do. We got them to sign non- disclosure and non-competitive agreements.
So we felt reasonably safe and we presented for three days and then all of a sudden
Doctor Okada [ph?] who was in charge of the groups said, “That’s enough. We're
convinced.” They put in 5 million, and we put in an escalation clause; we'd had an
escalation clause with the venture capitalists, so that set the price we had to ask Fu-
jitsu. We sent them another escalation clause, and we had a totally unexpected call
from Nixdorf.

ASPRAY
From Heinz Nixdorf himself.
AMDAHL

One of his people first, and then he came. He decided right when he came that he
wanted to do it too. So he put in 5 million, and that made Fujitsu concerned that
they were going to lose their prime position so they put in another 5 million with
the escalation clause that was in place <laughs> for Nixdorf and so we ended up
with 15 million there, and we got some more venture capital money at that point.

ASPRAY

I have a whole series of questions for you at this point. Let’s go back and talk about
organizational capabilities of your startup firm for a moment. So even if you have
an excellent design as some startup companies have, there are all kinds of other or-
ganizational capabilities you need. You talked about capital now, that it was a prob-
lem. You don’t have a customer base established, which means you have a harder
marketing job than you might otherwise have, and you had no marketing organiza-
tion set up. You had no manufacturing capability, though you could license this out
to be done by others, and there’s also a question of leadership. You had been a tech-
nical leader all of these years, but now you were starting to run into all of the busi-
ness side of operations. How did you handle all of these various things?

AMDAHL
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[t was new to me. I handled it reasonably well but I didn'’t really like it. I wanted the
design part, that is the part that always gave me the most satisfaction so I consid-
ered myself not a manager, I was more of a thing-a-ger, I could visualize what was
happening, and design something. I would visualize what was happening in our or-
ganization and work on that basis, but I didn’t like to manage people. People are not
always manageable, they have their own mind and they also don’t have the same
meaning for words. You learn that very quickly; that you tell them something and
they hear something somewhat differently. We found that out in spades when we
talked to England. But the thing is,  wasn’t really a guy that liked to manage at all,
but I was the man that understood all of the aspects of what was going on, which
was the only one in that situation.

ASPRAY
So how do you reconcile that problem?

AMDAHL

I tried to get people who were managers in place, and I wasn't always selecting the
right person, but I did most of the time. The number two man got us involved in
doing too many things, and we got stretched a little too thin and we began to slip

a bit on schedule. Number four man in the company who had most of the engi-
neering stuff under him, had a man under him that was not really able to do his

job adequately but he was kind of the man that this manager liked very well and
we had trouble. That caused us probably six or seven months in our schedule, we
had to re-do the memories. That caused a real problem with Fujitsu and of course,

I was the one responsible for having those people there, and getting that situation
so they decided they had to bring in a new Chief Executive Officer, Gene White. We
got along reasonably well, except that he was-- kind of shot from the hip. He always
thought he could negotiate something to get out of any problem he'd get into. And
he was good at it, but he didn’'t have any long range plans, unfortunately and that
was a problem for the company:.

ASPRAY
And how did you handle manufacturing?
AMDAHL

Fujitsu became our manufacturer. We had a manufacturing organization. We made
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all of the first things, but what we found we couldn’t seem to do was wire up the
big back panel. We used little coaxial and somehow or other even though we made
tools to help, the people that actually did the work made too many human errors. It
turned out that it worked well to do it in Fujitsu because people there were trained
never to make an error. They had this zero defect thing that was really working. So
we ended up basically relying on them for that part of it, which served us well in
the beginning, but later it trapped us. When we wanted to do the next round of ma-
chines for the 580 series, I had worked on a new way of doing a design that was go-
ing to cut down the number of boards projected for it by a factor of 7 and it didn’t do
that. But Fujitsu was the one that was going to provide the technology and they de-
manded if we took the technology, we'd have to take 75 percent of our requirements
from them, which meant that we didn’t have a chance of getting a second source.
And I knew at that point, if we took that, we would lose our control over costs. And
that happened, and I left the company at that point, because I viewed it as, it's now
part of Fujitsu; it isn’t going to be an independent company any more. And that’s
turned out Fujitsu decided to charge the same amount per circuit, per gate for this
new technology that had four times as much in a chip, so there was no cost saving
as far as the transfer price.

ASPRAY
Right. Would there have been any way to avoid that over time?
AMDAHL

Yeah. Not over time. If you took it, you were hooked. We took it. That is what I left
over. And I didn’t blame Fujitsu over it; I blamed our engineering managers for it.
They were much more concerned with being a less risky company and they didn’t
have any particular qualms about not being an independent company.

ASPRAY

What about marketing issues, customer support issues, how were those things han-

dled?
AMDAHL

Well the first thing we ran into was, I decided we should make a test, and make sure
that IBM understands it has to give us the operating system. We were about a year
and a half old; we ordered the operating system to go on the machine of one of our
model numbers. It took IBM three months to make up its mind that it really had to
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<laughs> but it worked and we got it, we tested our machine on it.
ASPRAY

I remember, I think correctly, that there was a lot of concern about your company
letting the Japanese and the Germans into the domestic marketplace by the relation-
ships you had with them.

ASPRAY

I'll start with a question. And gentlemen, I am ready when you are. So in 1974, 1975,
there was a lot of concern expressed about whether your new company was really
opening the door for the Japanese and for the Europeans, especially the Germans, to
enter the home market of the United States. Will you comment on that, please?

AMDAHL

Yes, there was that concern and I was called to Washington. I pointed out to them
that they made it possible for this technology to come into being. Without them, we
had been totally unable to get the funding to do it. And as far as allowing them into
this country, they had ownership in our company, but they did not have the rights
themselves to come in. Fujitsu was limited, they could not make a machine more
than a certain performance level, which in the very first generation we came up
with a performance level that they could’ve had was below the level that where IBM
was continuing it’s 360 architecture, so it was not a meaningful opportunity for
them at all. As far as Germany was concerned, they never had anything more than
rights to market our product in Germany. So basically, this big jump in computer ca-
pability would’'ve been lost to the world if we would not have had the support of the
Japanese and the Germans, because there was no other source of financing avail-

able.

ASPRAY

And did this argument fly in Washington?

AMDAHL

It did. I spent probably three or four hours talking to the group that were trying to

establish what the situation really was, and they ended up deciding that, in fact,
what I had to say was right.
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ASPRAY

Was the concern widespread, or do you think it was something that was coming pri-
marily from IBM?

AMDAHL

Well, we think it’s from IBM because there was a mysterious paper distributed to
all of the relevant organizations in Washington, D.C. mentioning this. And it's my
belief that it was probably done by the IBM legal team or one of their law firms that
they employed.

ASPRAY

So let’s take this opportunity to talk about what IBM’s reaction had been all along.
When you got ready to leave IBM and form your own company, what was the reac-
tion you received from various people?

AMDAHL

Well, I'd sent a letter to resignation, explained what I was going to do, because I
didn’t want any misunderstanding on IBM’s part. I wanted them to know this is
what I was going to do. They couldn’t later on make any claims I'd left under false
pretenses. But when I ended up with my last interview with the President and CEO,
Vincent Learson, then at that point, when I came out of the office, the President of
my division, Bansco [ph?], put his arm around me, walked down the hall and told me
as a friend, I shouldn’t go into large computers because there was no money to be
made there. And from experience, he knew this was true, that there was no money
to be made there. But it was all a function of how IBM had priced its bottom line, it
had nothing to do with reality.

ASPRAY
So would you elaborate on that point?

AMDAHL

Yes. Each machine in the family was about a factor of three apart in performance
and a factor of two apart in price. And so when you did a higher end machine such
as we would've done in our ACS project, the price I had to go at was related to its
performance, and therefore priced out of the market. There weren't enough cus-
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tomers that could put together that amount of money to get it. And so basically, the
approach we had with the improved technology and simplified design, we were able
to make a machine that was faster and cheaper. We could price it below the top suc-
cessful machine in the IBM product line, but had a performance competitive with
the next member up the line, if they had it there. And therefore, IBM could not re-
sponsibly respond to us because if they reduced the price of that machine they had,
they'd have to do it all the way down the line, it'd be the domino effect.

ASPRAY

What would you surmise was how worried IBM was about your company as a com-
petitor?

AMDAHL

At first, they didn’t have any worries. They believed what they said. But as time went
on, it became clear to them that maybe there was something to watch. I've been told
that people went into the office of Bob Evans, and around the wall were charts that
showed every aspect of what we were doing. I don’t know how they got all the infor-
mation, but they did. They also had two different detail books by their legal organi-
zation, seeing if there was anything that we had taken from IBM that we shouldn’t
have. And both studies came up with we were as clean as a hounds tooth. That’s the
information I got from one of the legal people. So I know that was correct, it wasn’t
a rumor.

ASPRAY
And point in fact, how much did you cut into IBM’s sales?

AMDAHL

At the peak, we got 22 percent of the large systems market. When we first went out,
we shipped our first machine in June. Starting the next January, that full year, we
managed to make 30 percent pretax profit, same as IBM was making. IBM heard
about this in early January, I suppose somebody in our company leaked it, and by
March, they had announced a new machine that was a little faster than what we
had and cut the price by 30 percent. I figured they were mowing the grass at ground
level. We went to Fujitsu, we talked to them that we could expand our sales if they
could give us better pricing. We were able to get our and IBM had put some archi-
tectural changes, and we couldn’t put the architectural changes in, but we could em-
ulate them. And we also introduced a lower price version. We ended up being able to
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match the 30 percent reduction and we again made 30 percent profit pretax.
ASPRAY

How much of your sales effort was embodied in a feeling of confidence of you per-
sonally?

AMDAHL

I think that was probably a large part of it. But people still wanted some kind of
proof. For instance, in Germany the Max Planck Institute in Munich, I knew one

of the people there quite well. He came up with a group and they tested the perfor-
mance of the machine. This was some six months before we had shipped our first
one. They tested the engineering model to see if the performances they'd been hear-
ing were correct. Well, they tested it for about two days and they told me that every
number we'd given them was right.

ASPRAY

And did your tactics as a company involve your taking perhaps a larger role in meet-
ing clients or making public announcements?

AMDAHL

Quite a bit, yes, both in the US and in Europe. I think there was one other thing. IBM
was trying to discourage customers from using our machines. And so they would
not run our machine to test whether or not one of their I/O devices was functioning
properly. If we discovered that their tape guide had a failure, they would not run our
machine. We had to get one of our people to run it and demonstrate to their main-
tenance people that was their problem, then they would fix it. We however took a
different view. We decided if there’s any problem at all, it’s going to be our problems,
being the new kid on the block. So anybody’s equipment, if there was a failure in

it, we would do everything we could to help. And IBM’s posture backfired on them
very seriously. That lasted about six months, after that, they adopted the same ap-
proach we did.

ASPRAY

Did the emergence of other plug compatible manufacturers help you in terms of
credibility?
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AMDAHL

No, I don't think it had any effect. The only other one initially was one that made

a copy of an IBM machine from the maintenance records. They just did circuit by
circuit identical, but they couldn’t get the performance that IBM achieved, because
the circuits in packaging that they used was not up to the level of IBM. But it was
cheaper than what IBM was charging, so they could be profitable. I can’t think of
the name right now of the company that was doing this.

ASPRAY

So if you look back over the years that you were with the company, how would you
evaluate it over all? Did you think it was a success?

AMDAHL

Oh, I thought it was very much of a success, but I got quite disappointed in how the
engineers didn’'t want to rely on their own abilities. They wanted a less risky situa-
tion than being an independent company would put them in.

ASPRAY
So when you became disappointed, what did you decide to do?
AMDAHL

At that point, I had no control over what would be signed or wouldn’t be signed. I
just was very vociferous and I was being shouted at by our management and by Fu-
jitsu management so much so that I can still see their faces, just absolutely red with
anger that I should be fighting this. And they decide to go ahead and do it anyway,
so I resigned.

ASPRAY

And you went on to do more.

AMDAHL

Yes. Not immediately, but about a year later.

ASPRAY
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And what did you do?
AMDAHL

Well, we started a company called Trilogy [Systems] which we had a new technique
in which we could get voting logic that we could fix if some of the circuits were
failing, we could correct it so they'd work. And we made one mistake, well, first of
all, it meant we really had to change a whole lot of things because we could make

a chip that was about two and a half inches on the side. It would hold many more
gates than any other ECL chip could hold. But to do something that big meant that
you had a lot of heat to dissipate, so you had mount each chip in a liquid cooled en-
vironment. The metal that you used had to be something that had the characteristic
temperature expansion contraction as the chip did. We had to be able to bond that
chip to that metal without having a lot of bubbles underneath, because you had to
have the good heat conduction. We solved all of those problems. We tried to make
faster gates than anyone had made before. That was our downfall because in do-
ing that, we had longer time to get the Arison [ph?] design to say that leakage pass
around where from level to level of the wiring, because we had more layers of wir-
ing. And we had one problem for power distribution on the top. We had to have very
heavy wire deposited, heavy metal deposited on it to make it very good conducting.
That meant that we had to keep the metal deposition on it longer, it would heat it
up more, and so the metal didn’t contract at the same rate that the chip did. And so,
it pulled the wiring loose, and so we finally solved that problem. We found that if
we put a little layer of nickel on before we put the metal on, the nickel bonded bet-
ter and that held it. So we solved that problem, but we were still getting more errors
due to leakage of chemicals in the various process steps. So we had to adjust the
masks a little bit. But each turnaround took eight months. We figured we had three
turnarounds before we'd have the yield down to the point where we would be satis-
fied with it. And that was two years, would've used up almost exactly all of the mon-
ey we had. We decided the better part of valor was not to do that because to get this
technology, you have nothing. We couldn’t talk to some of the investors. They said,
“Don’t refund your money. Put it into another company.” So we did an acquisition
and took the name of the company we acquired [Elxsi]. And they had a pretty good
product, but they didn't have very good management. And it didn’t succeed. It didn't
go bankrupt either, it just used their losses to go into a different business.

ASPRAY

And you've talked only about the technical side; what about the business side of
this?
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AMDAHL

Well, the business side, we learned about business there. And I'd got the top finan-
cial man from Amdahl Corporation and my son [Carl] who had been the designer of
the products for Magnuson [Computer Systems]. And we made the financial man
the President, which I think was the best role for him. I just took Chairman of the
Board. Anyway, he wanted to make it a bigger deal than either my son or I thought
should be. So we over expanded, we should not have done it on semiconductors.
We should have gone with another company. If we would've done that, the money
would've been adequate. We would’ve had a product which would’ve been, I believe,
the product leader in that field. But it wouldn’t have lasted long, because CMOS
came along. Before that, it was NMOS. When I mentioned CMOS memories way
back in the early days, it wasn't CMOS, it was NMOS. CMOS is a different story
because of very low power. No DC current flows, current only flows when they have
losses, when they switch from one state to another. And that’s just current up flows
to charge or discharge capacitors.

ASPRAY

So what was the outcome of the company? You said it didn’'t go under, but it didn’t
really do very well.

AMDAHL

It changed to a company that would exploit the losses and it went into the restau-
rant business. And they’re still going. It’s a reasonably successful company.

ASPRAY

And what happened to your relationship with them?
AMDAHL

I didn’t have any with them.

ASPRAY

And what did you do then after that?

AMDAHL
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I started a company called Andor [Systems]. And we found after going through Tril-
ogy that I couldn’t raise money any more. And that was a real problem. So I think we
had excellent ideas there.

ASPRAY
What was your business to be?
AMDAHL

Again, an IBM compatible, but this time using CMOS and this would’ve been in the
lower part of the market. We had a design that we built and it worked very well. But
we couldn’t enough money to do the second turn of the chips to get an even fast-

er version. So we never really quite got a product that was sufficiently better than
IBM'’s to crack the market.

ASPRAY
So what happened to the company?
AMDAHL

It did go bankrupt. But we had signed a contract with another group in Bangkok.
And they were to take over the management of the company. They took it over and
then their group fell apart. The money didn’t come in. I was glad that I wasn't in
management anymore, so I just left.

ASPRAY

I have a series of small questions that are going to go all over the place, but before I
ask those questions, did you want to say more things about the various companies
you've been involved with?

AMDAHL

I don’t really have much more to say about them, unless you have thought of some-
thing that doesn’t come to my mind at this time.

ASPRAY
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Okay. Well, let’s go back to your IBM days. And there are several people I'd like to
know about. <inaudible> that question <inaudible>. So let’s go back and talk about
the IBM days again. I'd like to ask about a couple of people. I understand that you
had various contacts with John Von Neumann in your early IBM days. Could you
tell us about those and about your impressions of him?

AMDAHL

He would come there and sometimes we'd have maybe 20 of us in the meeting with
him. Sometimes we'd have four or five. But I was in the meetings with him. One
time, I had a chance to tell him he’d made an error. It wasn't very significant, but I
and one other man had been having a running debate. He wanted to do controls of
a computer just linking wires through cores, and I agreed that you could do most
of the things, but there were some things you couldn’'t do with it. And he never
accepted that. So in this meeting with Von Neumann, he took the opportunity to
bring that up to Von Neumann and he presented it very beautiful. Von Neumann
agreed with him and I raised my hand and said, “No, it can’t do this.” Von Neumann
thought for, it must’'ve been a total length of time of about a half a second, and he
said, “You're right,” and that ended the debate on that. The other things in the meet-
ings, he talked about things like using log rhythms and exponentials, instead of
floating point. And I spent quite a bit of time analyzing that afterwards on my own
and decided you couldn’t match the performance of a floating point. But it was an
intriguing way of looking at it. He also was trying to market to IBM in his consult-
ing meetings. His subharmonic logic and the only outfit I know that used that was
Fujitsu. They made a machine, and the man that I worked with most of the time, Dr.
Okada, actually was in charge of that project. They made it work, but it went slowly
and it cost a lot and it took an awful lot of power.

ASPRAY

Do you have any sense that Von Neumann made any difference in product develop-
ment or research at IBM?

AMDAHL
Not much. But everybody was happy to see him, including me.
ASPRAY

I'd heard that one of the functions that he played at IBM was that Watson Junior
was more confident because he had him there as a consultant.
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AMDAHL

I'm sure that was part of it. And most of the time, he dispensed pretty wise things.
But they weren't necessarily directly relevant to anyone’s project. And what got proj-
ects going in IBM were people having an idea and pushing it. And what Von Neu-
mann could do was decide that some approach was not a good approach, and that
could kill a project. But giving something that was a good approach wouldn’t nec-
essarily have any buyer. So he could get rid of some of the less desirable project, but
they couldn’t really get any instigated.

ASPRAY

Are you thinking of any projects in particular, or is this comment more general.
We're at tape changing, sorry.

AMDAHL

More general.

ASPRAY

Actually, why don’t we just stop at that point?

AMDAHL

Good enough.

ASPRAY

One of the people that you worked with for a number of years at IBM was one of
the earliest women in the field, Elaine Boehm. Could you talk about her background
and about what she did in her career?

AMDAHL

Yes, she graduated from the women'’s university that'’s associated with Harvard.

ASPRAY

Radcliffe.
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AMDAHL

Radcliffe. And she was extremely bright. She hated mathematics. She was scared

of it as a matter of fact, but she had the finest logical mind. She could have been a
great mathematician if she just had overcome the fear. After talking to her in an
interview, I was probably the second or third person to interview her, I decided we'd
found a real gem there, and I insisted on hiring her, even though there wasn't any
support from anyone else for it. But I did more than that, I insisted that we hire her
at the same rate that we paid a man at that same position. And every year, when we
went through reviewing salaries, I had that same fight. But I managed to keep her
salary up to the same level that men had. She was contributing more than most of
the men, but it was hard to get that message across. I thought she was just a marvel-
ous person.

ASPRAY
Can you say a few words about the various tasks she had, things she worked on?
AMDAHL

She became-- she was principally in programming, but kind of experimental pro-
gramming. She didn’t really do application programs, except to test whether or not
what we were doing was suitable for that application. She was the one that was the
interface between our development project on the 704, 709, 90 and so forth, and the
user group that used those machines, so she was IBM’s representative there. I nev-
er went to a single one of their meetings, because I felt she would do better than I
could. She was really good.

ASPRAY
Did she stay with IBM her entire career?
AMDAHL

No, she ended up leaving IBM sometime during the period when we had the ad-
vanced computer systems project. She went to Raytheon, which was going to do

a computer product, and she had been recruited for that. But she ended up being
killed in an automobile accident where they were on a divided highway and some-
body coming in the opposite direction lost control, came across the divider and hit
their car head on. Really tragic.
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ASPRAY

[ understand that the Amdahl Company donated the WISC computer to the Com-
puter Museum History Center. Can you tell us, or did you do this personally?

AMDAHL

I did it personally. We acquired it from Amdahl Corporation, after we started Tril-
ogy. And we had to twist their arm to get it. We didn’t pay any money for it, but

we managed to make a trade of something that seemed valuable to them. I can’t
remember what it was at this time, and they realized that it didn’t really belong to
them, even though they’d paid to bring it off, because it was really willed to me, and
they intervened themselves, not-- I hadn’t asked them to intervene, because I didn'’t
even know it was in the will until they completed their intervention.

ASPRAY
But it-- at some point later, then you donated this to the Computer Museum.
AMDAHL

Yes. It was in-- it was in Boston at the time. I donated there, because I felt at least it
would be seen there. I had a request from Stanford, and I didn’t think it would be
seen there. But the Computer Museum seemed the place where it would probably
be on display. And then they moved it out here, and the State of Massachusetts be-
came concerned that valuable property of Massachusetts was being given to Cali-
fornia, and so I had to write a letter explaining that it was my property, it had been
put there for display, not for any other purpose, and it was being brought out here,
because this was where it would remain on display, whereas it would not be on dis-
play in Boston.

ASPRAY

I wondered if you wanted to make a few general remarks about the state of the field,
about the importance of computers in our lives, those kinds of--

AMDAHL

Let’s start out way back in the beginning. People were using desk calculators, or
sometimes plug board computers. IBM had a multiplier. This could be used in do-

81



ing some of the scientific work, where it was just excruciating to do it manually,
and you had trouble with human error, so you'd have cross footing and things like
that, to determine whether you had an error, conservation of energy and momen-
tum, and physics problems and so forth that you keep running along with it. And
having a computer do it, reduced those errors a lot, except when there were failures
in the computer components, or noise or sometimes change a value. But you used
the same checks that you would use manually for the early computers. And what
this really did was it took out all the tedious, very demanding human clerical activi-
ties that were involved in doing those things, both in the scientific and commercial
worlds. One of the big problems was doing payrolls, and this improved the accura-
cy of doing payrolls and the time it consumed and the cost of doing payrolls that
turned out to be one of the big things initially, and that caused kind of a furor in the
populace, because they felt they were losing jobs. Actually, it increased the number
of jobs, because more could be done by the companies and they also had to hire a
lot of programmers. So you had a whole new kind of workforce, and replaced a lot
of others that were much lower pay category. So I think it improved the economic
times for the people involved in most of the corporate work, so I think it increased
their incomes.

The next thing it did was allowed you to get solutions to scientific problems that
you couldn’t really consider doing before, and allowed you to understand what was
going on, let’s say, in star systems, things of that nature, in the spread of pollution
through the atmosphere, or water. All of these things, you could analyze, for in-
stance, what you could expect from erosion along a river flow, because the thing
that happens, if you have a steep slope, the river winds a lot. That’s so it can lose
energy. It has to lose the energy if it goes down. It will also make the base of the
stream have humps in it, just as a mechanism for slowing it down. And this can be
analyzed, and you can get the statistics that will tell you what you should expect for
any given slope. But it takes a computer to do this sort of thing. It also allows you to
determine what happens in flood plains. Now we may be able to do enough to tell
something about earthquakes. We've done quite a bit on the atmospheric effects,
we can understand a little bit more about tornadoes, but we don’t know how to
control them yet. Nor do we know how to control the hurricanes. But maybe some-
day we will, if we can compute enough and find out what small events can change
the course of history. These are kind of chaotic things. A little thing can cause a big
change.

ASPRAY

When the first numerical weather forecasting was being done out of the Institute
for Advanced Study’s project, Von Neumann was working on, Edward Teller was a
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close friend of Von Neumann’s, and he had suggested seeding clouds to dissipate
certain amounts of energy, to keep storms from hitting the coasts of the United
States, the most severe storms.

AMDAHL

Yes, this would do that, except the amount that you would have to put there to seed
it would have been far greater than what you would-- could afford to spend on most
storms. But the-- it'’s absorbing the energy, actually from the heat of the water in the
ocean, and that’s what you have to counteract. It would take an awful lot of ice to do
that.

ASPRAY
Are there other things you'd like to say?
AMDAHL

Well, the other thing I'd like to say is that we went from ECL, vacuum tubes, to tran-
sistor circuits that were strictly amplifier-- equivalent to a vacuum tube, but done
in semiconductors. Then ECL, for high speed, and then finally to CMOS. CMOS

has been the king for this-- the whole decade of the ‘90s, and is now up to the per-
formance levels. They're very close to what you could have gotten from ECL, if you
could find a way to dissipate all of the heat from ECL, and the cost of putting all
that hardware in place. But CMOS will run out of gas in about eight to ten years,
and I don’t see anything yet, that’s going to replace it. I've heard proposals on using
the states of molecules in a liquid, things like they do when you go to the hospital
and they take a scan, using-- put you in a magnetic field and apply radio waves, and
they're doing what you call spin echo. That spin echo can do computing, they've
demonstrated that. I don’t think it can do it in a way that’s competitive or-- with
high end computers today. I hear people talk about doing it with light, so same sort
of things we use for transmitting over glass fibers, but I don’t see anything you

can put on a chip that’s going to be small enough to work at the densities you will
even achieve with CMOS. Although you might be able to carry information faster
through the glass fibers than you can through metal, you will be able to do that, be-
cause you can go at about three quarters of the speed of light in a vacuum. But you
don’t get anywhere nearly that speed in metal on the chip. But I don’t think you can
get the densities, and if you can’t get the densities, then I don’t think you can get
the cost. I don’t think it’s going to really be a replacement. Another one that they are
working on quantum devices. If you get down to it, the quantum devices are not
really stable. They have a lifetime in a state, an expectation that it will be there for a
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certain length of time, but it might be there less than that, or it might be there lon-
ger than that, so you put in voting or something like that, and you find out, to get
something that really is stable enough to do good computing, you're probably going
to have a collection of these which are taking as much area as the CMOS takes at
that limit. So I don't think you're going to get the density. It’s also virtually impossi-
ble to find a process that will allow you to manufacturer them without doing it one
atom at a time. So, so far as I'm concerned, the future, past that point, is, as yet un-
known.

ASPRAY

Thank you. That’s it. Super. Good job.
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