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News
University of Florida: 26-Oct-2006, Newswise.

First space supercomputer

HAL, the famous computer in the film 2001: A Space Odyssey may soon get some real company. The first space-based supercomputer is set to fly in just a few years.

The University of Florida and Honeywell Aerospace are designing and building the computer. It is expected to work 100 times as fast as any computer in space today. 

The computer does not yet have a snappy name like HAL. But it is expected to launch aboard a NASA rocket in 2009. It is needed to process the rapidly growing amounts of data from scientific satellites. It will also allow space probes to make decisions on their own, without having to wait for signals from their minders here on Earth. 

More computer power in space is badly needed to support Earth and space science, said Alan George. He is a professor of electrical and computer engineering and UF's principal investigator on the project. 

Satellites and space probes have become better at gathering information. Computers have become far more powerful and faster - but those sent into space are lagging way behind. This is because computers in space must be "hardened". That means protected against the radiation that assaults anything outside the Earth's atmosphere.

This hardening reduces their performance and increases their size and cost. So most of the data obtained by satellites and space probes still has to be sent to ground stations on Earth to be processed.

"Usually the downlinks have very limited bandwidth," said John Samson, the principal investigator for the project at Honeywell's Clearwater facility. "There are only so many bits per second you can send down from a satellite. That means scientists are very limited in how much science they can do."

Today's unmanned space probes also have a restricted ability to act independently. Instead commands and information are sent back and forth from Earth. Because of the huge distances in space, mission controllers on Earth can't respond in real time to short-lived or unexpected events. 

If probes had more sophisticated computers on board, they could make more of their own decisions. They could quickly select the best sensor or camera, for instance, to record a sudden event of interest. But to be as autonomous as that takes a lot of computing power, George said. "Until now, conventional space processing technologies have been incapable of high-performance computing."

The UF-Honeywell computer aims to improve both satellites and probes. It will use a novel design called the Dependable Multiprocessor. The project is funded by NASA's New Millennium Program and the Florida High Technology Corridor Council.

The main goal is to cope with radiation from solar flares or other space events. But not through the physical hardening of components. Rather the new designs will use software that lets the computer survive errors caused by radiation.

When you know components are going to fail you can design the system to adapt, George said - "and thereby mitigate the effects of that failure."

It is all happening in a box-full of circuit-boards in a University of Florida electrical and computer engineering laboratory. There, George and his team of graduate students are developing concepts for the system. They are then evaluating them. 

The team is using off-the-shelf components with no deliberate radiation hardening. Instead they are developing software strategies, such as enabling the computer to quickly switch from a failing board to one that works. 

These and other software techniques will detect and correct errors that arise. "If one board is failing because of radiation, we can automatically go to another," George said.

Honeywell is applying this basic research to actually build a high-performance computer that can fly in space. Even with the radiation problem solved, that is a huge challenge, Samson said. 

The system must be small and lightweight. It must be able to survive the vibration of launch and the shock of the delivery vehicle separating from the booster rocket. It must operate on relatively little precious electricity. "Space is a pretty tough environment," Samson said.

If things work out as intended, the completed computer will fly aboard the unmanned ST8 rocket mission in February 2009.

650 words

Flesch reading ease: 50.9

Flesch-Kincaid Grade level: 9.7
Word bank
Pupils will not know some of the words used in the text. Meanings are given below, followed by a table mixed randomly – to provide an exercise in matching words and meanings. 

By tackling this and the exercises that follow – which are known as directed activities related to texts (DARTs) – pupils can engage with a piece of writing, and learn a great deal from it, even when many of its ideas and words are unfamiliar to them.


Word
Meaning

1
supercomputers
the fastest, most powerful computers around

2
design
think up and create plans for

3
data
pieces of information; measurements

4
satellite
spacecraft put into orbit around a planet, usually Earth

5
space probe
spacecraft that gathers data and sends it back to Earth

6
principal
main; leading

7
investigator
someone who finds out as much as possible, usually by following a plan

8
radiation
particles or waves that carry energy and are given out by something

9
assault
attack violently

10
atmosphere
the mixture of gases that surround the Earth

11
performance
how well something does its job

12
processed
put through a computer

13
limited
kept within (usually narrow) limits

14
bandwidth
how fast information can be sent

15
restricted
kept within (usually narrow) limits

16
independently
on their own

17
mission controller
the person on Earth in charge of a spacecraft when it is doing its job 

18
real-time
fast enough to respond to things as they happen

19
sophisticated
complicated and subtle

20
sensor
instrument that detects something, such as heat, light or sound

21
autonomous
acting independently

22
conventional
in the accepted way

23
processing
computing

24
technologies
equipment used for the job; often refers to some kind of computer

25
novel
new and unusual

26
solar flare
brilliant eruption on the Sun which sends out radiation

27
software
computer programs that are not part of the machine

28
component
one of the parts that something is made of

29
concept
a general idea

30
adapt
change to suit a new state of things

31
mitigate
make less serious

32
evaluating
assessing; estimating the value of

33
deliberate
done on purpose; intentional

34
strategy
plan to achieve something

35
automatically
without human action

36
vibration
shaking rapidly to and fro

37
relatively
compared to the average

38
orbit
the path followed by one body around another

39
subtle
cleverly made; ingenious but not obvious

Activity 1

Mixed-up meanings

Pupils should try to fill the blanks in the final column with the word that matches the meaning. The words needed are listed, randomly mixed, in the first column.

This exercise should not be tackled in isolation, but by a reader with access to the story itself: The contexts in which words are used provide powerful clues to their meanings. 


Word
Meaning
Word should be

1
novel
the fastest, most powerful computers around


2
automatically
think up and create plans for


3
processing
pieces of information; measurements


4
vibration
spacecraft put into orbit around a planet, usually Earth


5
design
spacecraft that gathers data and sends it back to Earth


6
satellite
main; leading


7
relatively
someone who finds out as much as possible, usually by following a plan


8
subtle
particles or waves that carry energy and are given out by something


9
independently
attack violently


10
concept
the mixture of gases that surround the Earth


11
orbit
how well something does its job


12
supercomputers
put through a computer


13
real-time
kept within (usually narrow) limits


14
strategy
how fast information can be sent


15
radiation
kept within (usually narrow) limits


16
investigator
on their own


17
processed
the person on Earth in charge of a spacecraft when it is doing its job 


18
adapt
fast enough to respond to things as they happen


19
assault
complicated and subtle


20
bandwidth
instrument that detects something, such as heat, light or sound


21
solar flare
acting independently


22
evaluating
in the accepted way


23
sensor
computing


24
data
equipment used for the job; often refers to some kind of computer


25
principal
new and unusual


26
atmosphere
brilliant eruption on the Sun which sends out radiation


27
performance
computer programs that are not part of the machine


28
restricted
one of the parts that something is made of


29
limited
a general idea


30
component
change to suit a new state of things


31
deliberate
make less serious


32
software
assessing; estimating the value of


33
mitigate
done on purpose; intentional


34
space probe
plan to achieve something


35
sophisticated
without human action


36
conventional
shaking rapidly to and fro


37
mission controller
compared to the average


38
autonomous
the path followed by one body around another


39
technologies
cleverly made; ingenious but not obvious


Activity 2

Comprehension 

1) When is this new supercomputer expected to go into space?

2) How much faster is it than existing space computers?

3) State one use this new computer will be put to.

4) What does “hardening” mean?

5) What effects does hardening have on the computers used in space now?

6) The article does not explain why hardening has this effect. Can you suggest the reason? (Hint: Think about how radiation can be stopped from reaching something.)

7) Because of this effect the computers on spacecraft are usually not powerful enough to process all the data they get. So where are the computers located that the scientists use to process the data from satellites?

8) Sending data to these computers creates delays in two different ways. The first is that “limited bandwidth” means it takes a while to send all the information – even for satellites that are quite close. What is the second cause of delay? (Hint: signals travel at the speed of light, which is fast but not infinite.)

9) In your own words what does “autonomous” mean?

10) The new computer takes a novel approach to radiation hardening. What is this?

11) Can you explain why this means the new computer will not need to be as big and heavy as the space computers used now?

12) So this means more computing power can be obtained for the same size and weight. Why are size and weight important on a spacecraft?

13) Where does the radiation that damages the computers come from?

14) Explain in one sentence the different roles of the University of Florida and Honeywell in this project.

15) Why does the writer say electricity is precious?
16) Give as many reasons as you can think of for saying: “Space is a pretty tough environment.”
Activity 3

Find the missing word

Pupils should try to fill in the blanks using clues from the rest of the sentence. When in doubt, the length of each blank indicates the length of the missing word. A complete list of words that belong in the blanks is provided at the end of the passage.

First Space Supercomputer

HAL, the famous computer in the film _____ A Space Odyssey may soon get some real company. ___ first space-based supercomputer is set to fly in just _ few years.

The University of Florida and Honeywell Aerospace are _________ and building the computer. It is expected to work ___ times as fast as any computer in space today. 

The ________ does not yet have a snappy name like HAL. ___ it is expected to launch aboard a NASA rocket __ 2009. It is needed to process the rapidly growing _______ of data from scientific satellites. It will also allow _____ probes to make decisions on their own, without having __ wait for signals from their minders here on Earth. 

More computer power in space is badly needed to _______ Earth and space science, said Alan George. He is _ professor of electrical and computer engineering and UF's principal ____________ on the project. 

Satellites and space probes have become ______ at gathering information. Computers have become far more powerful ___ faster - but those sent into space are lagging ___ behind. This is because computers in space must be __________. That means protected against the radiation that assaults ________ outside the Earth's atmosphere.

This hardening reduces their performance and _________ their size and cost. So most of the data ________ by satellites and space probes still has to be ____ to ground stations on Earth to be processed.

"Usually the _________ have very limited bandwidth," said John Samson, the principal ____________ for the project at Honeywell's Clearwater facility. "There are ____ so many bits per second you can send down ____ a satellite. That means scientists are very limited in ___ much science they can do."

Today's unmanned space probes also ____ a restricted ability to act independently. Instead commands and ___________ are sent back and forth from Earth. Because of ___ huge distances in space, mission controllers on Earth can't _______ in real time to short-lived or unexpected events. 

If ______ had more sophisticated computers on board, they could make ____ of their own decisions. They could quickly select the ____ sensor or camera, for instance, to record a sudden _____ of interest. But to be as autonomous as that _____ a lot of computing power, George said. "Until now, ____________ space processing technologies have been incapable of high-performance computing."

The ____________ computer aims to improve both satellites and probes. It ____ use a novel design called the Dependable Multiprocessor. The _______ is funded by NASA's New Millennium Program and the _______ High Technology Corridor Council.

The main goal is to cope ____ radiation from solar flares or other space events. But ___ through the physical hardening of components. Rather the new _______ will use software that lets the computer survive errors ______ by radiation.

When you know components are going to fail ___ can design the system to adapt, George said - ____ thereby mitigate the effects of that failure."

It is all _________ in a box-full of circuit-boards in a University of _______ electrical and computer engineering laboratory. There, George and his ____ of graduate students are developing concepts for the system. ____ are then evaluating them. 

The team is using off-the-shelf __________ with no deliberate radiation hardening. Instead they are developing ________ strategies, such as enabling the computer to quickly switch ____ a failing board to one that works. 

These and _____ software techniques will detect and correct errors that arise. ___ one board is failing because of radiation, we can _____________ go to another," George said.

Honeywell is applying this basic ________ to actually build a high-performance computer that can fly __ space. Even with the radiation problem solved, that is _ huge challenge, Samson said. 

The system must be small ___ lightweight. It must be able to survive the vibration __ launch and the shock of the delivery vehicle separating ____ the booster rocket. It must operate on relatively little ________ electricity. "Space is a pretty tough environment," Samson said.

If ______ work out as intended, the completed computer will fly ______ the unmanned ST8 rocket mission in February 2009
These are all the words that belong in the blanks:
100, 2001, “and, “hardened”, a, a, a, aboard, amounts, and, and, anything, automatically, best, better, But, caused, components, computer, conventional, designing, designs, downlinks, event, Florida, Florida, from, from, from, happening, have, how, If, in, in, increases, information, investigator, investigator, more, not, obtained, of, only, other, precious, probes, project, research, respond, sent, software, space, support, takes, team, The, the, They, things, to, UF-Honeywell, way, will, with, you.

Answer Key:
First Space Supercomputer

HAL, the famous computer in the film 2001: A Space Odyssey may soon get some real company. The first space-based supercomputer is set to fly in just a few years.

The University of Florida and Honeywell Aerospace are designing and building the computer. It is expected to work 100 times as fast as any computer in space today. 

The computer does not yet have a snappy name like HAL. But it is expected to launch aboard a NASA rocket in 2009. It is needed to process the rapidly growing amounts of data from scientific satellites. It will also allow space probes to make decisions on their own, without having to wait for signals from their minders here on Earth. 

More computer power in space is badly needed to support Earth and space science, said Alan George. He is a professor of electrical and computer engineering and UF's principal investigator on the project. 

Satellites and space probes have become better at gathering information. Computers have become far more powerful and faster - but those sent into space are lagging way behind. This is because computers in space must be "hardened". That means protected against the radiation that assaults anything outside the Earth's atmosphere.

This hardening reduces their performance and increases their size and cost. So most of the data obtained by satellites and space probes still has to be sent to ground stations on Earth to be processed.

"Usually the downlinks have very limited bandwidth," said John Samson, the principal investigator for the project at Honeywell's Clearwater facility. "There are only so many bits per second you can send down from a satellite. That means scientists are very limited in how much science they can do."

Today's unmanned space probes also have a restricted ability to act independently. Instead commands and information are sent back and forth from Earth. Because of the huge distances in space, mission controllers on Earth can't respond in real time to short-lived or unexpected events. 

If probes had more sophisticated computers on board, they could make more of their own decisions. They could quickly select the best sensor or camera, for instance, to record a sudden event of interest. But to be as autonomous as that takes a lot of computing power, George said. "Until now, conventional space processing technologies have been incapable of high-performance computing."

The UF-Honeywell computer aims to improve both satellites and probes. It will use a novel design called the Dependable Multiprocessor. The project is funded by NASA's New Millennium Program and the Florida High Technology Corridor Council.

The main goal is to cope with radiation from solar flares or other space events. But not through the physical hardening of components. Rather the new designs will use software that lets the computer survive errors caused by radiation.

When you know components are going to fail you can design the system to adapt, George said - "and thereby mitigate the effects of that failure."

It is all happening in a box-full of circuit-boards in a University of Florida electrical and computer engineering laboratory. There, George and his team of graduate students are developing concepts for the system. They are then evaluating them. 

The team is using off-the-shelf components with no deliberate radiation hardening. Instead they are developing software strategies, such as enabling the computer to quickly switch from a failing board to one that works. 

These and other software techniques will detect and correct errors that arise. "If one board is failing because of radiation, we can automatically go to another," George said.

Honeywell is applying this basic research to actually build a high-performance computer that can fly in space. Even with the radiation problem solved, that is a huge challenge, Samson said. 

The system must be small and lightweight. It must be able to survive the vibration of launch and the shock of the delivery vehicle separating from the booster rocket. It must operate on relatively little precious electricity. "Space is a pretty tough environment," Samson said.

If things work out as intended, the completed computer will fly aboard the unmanned ST8 rocket mission in February 2009.

Activity 4

What kind of statement?

Students should read the news story on page 1 about the latest scientific research, and highlight phrases or sentences according to the following key:

Existing knowledge

Aims of the research

Technology and methods

New findings 

Hypothesis

Prediction

Evidence
Issues and applications

Normally no more than one phrase or sentence should be highlighted in each paragraph, unless the reader decides that a particular paragraph contains several really important ideas. 

Usually the decision will not be too difficult. But choosing between, say, hypotheses, new findings and predictions can sometimes be tricky. There isn’t always an obviously right or wrong answer, even to the scientists themselves. 

Pupils should be encouraged not to agonise too long over their choice of statement type, but to be prepared to give reasons for their decisions. 

Note: A hypothesis is a “tentative explanation that leads to predictions which can be tested by experiment or observation”.

Answer Key: (This is an illustrative set of choices. There are many others.)
First Space Supercomputer

HAL, the famous computer in the film 2001: A Space Odyssey may soon get some real company. The first space-based supercomputer is set to fly in just a few years.

The University of Florida and Honeywell Aerospace are designing and building the computer. It is expected to work 100 times as fast as any computer in space today. 

The computer does not yet have a snappy name like HAL. But it is expected to launch aboard a NASA rocket in 2009. It is needed to process the rapidly growing amounts of data from scientific satellites. It will also allow space probes to make decisions on their own, without having to wait for signals from their minders here on Earth. 

More computer power in space is badly needed to support Earth and space science, said Alan George. He is a professor of electrical and computer engineering and UF's principal investigator on the project. 

Satellites and space probes have become better at gathering information. Computers have become far more powerful and faster - but those sent into space are lagging way behind. This is because computers in space must be "hardened". That means protected against the radiation that assaults anything outside the Earth's atmosphere.

This hardening reduces their performance and increases their size and cost. So most of the data obtained by satellites and space probes still has to be sent to ground stations on Earth to be processed.

"Usually the downlinks have very limited bandwidth," said John Samson, the principal investigator for the project at Honeywell's Clearwater facility. "There are only so many bits per second you can send down from a satellite. That means scientists are very limited in how much science they can do."
Today's unmanned space probes also have a restricted ability to act independently. Instead commands and information are sent back and forth from Earth. Because of the huge distances in space, mission controllers on Earth can't respond in real time to short-lived or unexpected events. 

If probes had more sophisticated computers on board, they could make more of their own decisions. They could quickly select the best sensor or camera, for instance, to record a sudden event of interest. But to be as autonomous as that takes a lot of computing power, George said. "Until now, conventional space processing technologies have been incapable of high-performance computing."

The UF-Honeywell computer aims to improve both satellites and probes. It will use a novel design called the Dependable Multiprocessor. The project is funded by NASA's New Millennium Program and the Florida High Technology Corridor Council.

The main goal is to cope with radiation from solar flares or other space events. But not through the physical hardening of components. Rather the new designs will use software that lets the computer survive errors caused by radiation.
When you know components are going to fail you can design the system to adapt, George said - "and thereby mitigate the effects of that failure."

It is all happening in a box-full of circuit-boards in a University of Florida electrical and computer engineering laboratory. There, George and his team of graduate students are developing concepts for the system. They are then evaluating them. 

The team is using off-the-shelf components with no deliberate radiation hardening. Instead they are developing software strategies, such as enabling the computer to quickly switch from a failing board to one that works. 

These and other software techniques will detect and correct errors that arise. "If one board is failing because of radiation, we can automatically go to another," George said.

Honeywell is applying this basic research to actually build a high-performance computer that can fly in space. Even with the radiation problem solved, that is a huge challenge, Samson said. 

The system must be small and lightweight. It must be able to survive the vibration of launch and the shock of the delivery vehicle separating from the booster rocket. It must operate on relatively little precious electricity. "Space is a pretty tough environment," Samson said.

If things work out as intended, the completed computer will fly aboard the unmanned ST8 rocket mission in February 2009.
Activity 5
Topics for group discussions, research and pupil presentations

The radiation that computers in space have to handle does not reach Earth. (Why not?) So autonomous vehicles with a fair bit of on-board computing power – autonomous underwater vehicles (AUVs), remotely piloted planes, “pigs” that explore and repair gas pipes – are already used on Earth in a variety of environments and applications.

(There is however one application of autonomous vehicles here on Earth in which the on-board computer does have to cope with radiation. What is that?)

Students should research the variety of applications in groups, chose one that interests them, and give a short PowerPoint presentation to the class – covering what the device does and how smart its computer actually is. They could start by Googling “autonomous vehicles” or “smart pigs”

2.
The scale of the Solar System is hard to grasp, and its effect on the control of space probes not often appreciated. Signal times get longer and harder to cope with, as distances from Earth increase.

For each of the following spacecraft, pupils should find out how far it is from Earth by exploring the mission homepage. (Teachers should set a time-limit, as these are fascinating sites with plenty of child-friendly images and activities. Web research skills can be honed by working to fairly tight time-limits.)

Pupils should then calculate, using the speed of light, how long it takes for a signal to be sent from each spacecraft to Earth. The same time is needed for mission control to send a command back.

They should draw up a table of total delay times for each spacecraft. The scenario is that the craft sends a signal to Earth suggesting an interesting event nearby. Then mission control responds immediately, with a command that says “turn your camera through 180( because something is happening behind you.” 

This is the shortest possible response time without a great deal of on-board computer power. Ask pupils to comment on the numbers they obtain, and the effect on spacecraft control.

Spacecraft:

a. Geostationary satellites: http://noaasis.noaa.gov/NOAASIS/ml/genlsatl.html
b. Lunar Prospector: http://lunar.arc.nasa.gov/
c. Mars Reconnaissance Orbiter: www.nasa.gov/mission_pages/MRO/main/index.html
d. Cassini: www.nasa.gov/mission_pages/cassini/main/index.html
e. Voyager 1: http://voyager.jpl.nasa.gov/ 

Links to free activities, lesson plans, background information

1. http://science.nasa.gov/headlines/y2006/26oct_sensorweb.htm NASA news story about intelligent satellites.

2. http://son.nasa.gov/tass/index.htm How to predict solar storms to protect satellites, power grids, and astronauts. Live data-links and images of the Sun, interviews with scientists, illustrations and visualisations.

3. http://son.nasa.gov/tass/sunspotters/from_stu.htm Predict your sunspot suspect – the sunspot you think most likely to produce an energetic flare that might affect Earth. Make a sunspot viewer in class.

4. http://www.spaceweather.com/java/sunspot.html Solar activity changes on an 11-year cycle and isn’t just for physicists – it affects everyday life on Earth. Northern lights have inspired art and poetry. Even mini-skirts and the stock market might be affected by radiation from solar flares. 

Pupils can insert any date they like – their birthday, the day the new teacher came to school – and see a graph of solar activity around that time: “If you find any interesting correlations let us know by emailing webmaster@sunspotcycle.com.”

5. http://son.nasa.gov/tass/content/index.htm Wide-ranging background on the changing sun.

6. http://www.nasa.gov/centers/ames/research/technology-onepagers/radiation-effects-materials.html Radiation hardening background. From NASA.

7. http://www.aero.org/publications/crosslink/summer2003/06.html Radiation hardening background. From Aerospace Corporation.

Link to more links

1. http://nmp.jpl.nasa.gov/EDUCATION/education-index.html Education page of NASA’s New Millennium Program, which is funding the work reported in this news story. Links to missions and The Space Place, with “unique educational products that demonstrate the principles behind technology and science in space exploration.”

2. http://hesperia.gsfc.nasa.gov/sftheory/ More about solar flares than you can possibly imagine.

Daily tips for running science class discussions and groupwork

· Make sure the task is clear and has a definite product that has to be communicated back.

· Make sure pupils have enough knowledge and resources to complete the task.

· Don’t let it run for too long. Some groups will stray off task.

· Drop in on groups for short periods with support or challenge as appropriate.

· Make sure seating lets everyone in a group see each other – round a table is better than side by side.

· Don’t let one group get too noisy. It will attract interest from other groups, who will lose their identity.

· Normally groups work best with friends, but be prepared to break up groups that are not working. Some members will be pleased.

· Allow time for feedback at the end, and value the contributions of all groups.

Adapted from the excellent Nuffield Science for Public Understanding website: http://www.scpub.org/
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