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Everything My Computer Science Teacher
Taught Me Was Wrong

Radical changes in hardware and software are transforming what you'll be doing with technology

Microsoft's Andrew Herbert explains how.

In the 20th century, computer software was designed to overcome
the many limitations of computer hardware of the time. As we enter
the 21st century, computer resources have become so abundant
that the new challenge for software designers and engineers is how
to fully exploit them,

Scientists at Cambridge University in the UK did much of the early
computing research, heiping to define many of the concepts that
underpin the ways we went abcut programming computers. My
colleagues and [ at the Microsoft Research Cambridge Lab continue
bullding on the ideas from thase computer pioneers. But while
many of the foundations they laid underpin our research, we've had
to question a number of their assumptions.

> The legacy of Moore’s Law

In 1965, when Gordon Moore was director of research at Fairchild
Semiconductor Corp,, he defined what is now known as Moore's
Law. it's the empirical observation that the number of transistors in
a given area on an integrated circuit doubles approximately avery
24 months.

Moore’s Law has defined the way in which the personal computer
industry has grown; indeed, companies |ike Microsoft have grown
on the back of the increase in computing power, In founding
Microsoft, Bill Gates and Paul Allen had the vision to see how the
microprocessor would take on the responsihilities that previously
had been given to midi- and mainframe computers, to see that
computing would become much cheaper as computers gat smaller.
They realized that smaller and more powerful computers would
become part of everyday iife.

One of the most dramatic impacts of Moore's Law has been an the
cost of computing. When | was an undergraduate, the university
mainframe computer cost several millions of pounds to purchase and
filled a whole room. As a research student, a UNIX computer cost
several tens of thousands of pounds and the operating system costing
thousands of pounds more, Compare that to the few hundred pounds
for a modern PC that comes with software preinstalled.

We've now reached a stage with Moore's Law that we have, on an
individual chip, more transistors than we know what to do with,
making the challenge of the 21t century too many transistors and
not enough ideas. One prablem is that while we can still pack ever
more transistors in a given arza, we cannot “clock them® or run
them much faster. S0 we are now using these transistors to build
independent processors that can run in paralle! in a single package
called a multi-core processor,

» The single threaded program

That brings us tc the first 20th century idea that's become obsalete:
the idea of a computer program as a single sequential series of
instructions called a “thread”, Going back to 1952, on an early computer
such as the Cambridge University EDSAC 2, programs were read in
on paper tape — a sequential flaw of instructions daing one single
thing after another. It was easy to understand what the computer
was doing, because at any point, only one thing was going on.

To fully exploit a new generation of multi-core processors, we need
to feed parailel sets of instructions to the machine. This makes
software programs much more complex, As one result, we've had to
invent new programming languages that make it easier for us to
express parallel computations. But we also need more programming
toals to help us design parallel software. And we need better
debugging tocls that make it easier for us to diagnase problems.
This is a big challenge and it's going tc change the way we teach
programming as well as change the things a programmer is gaing
to need to know.

» Low-level programming languages

Going the way of the now-absolete idea of sequential programming,
are programming languages that allowed the programmer to issue
detailed low level hardware instructions in a quest to make things
efficient. The cost of “efficiency” was often reliability. For example,
many of those fanguages allowed you to use memory that could
not be guaranteed to belong to the program as the programmer
could directly issue memory access instructions. t was easy to loose
track of what was going on and make all kinds of low-level, simpla
errors. And that was the cause of many of the failures that we saw in
the past

There are now new languages that make it impossible for programmers
to make those kinds of mistakes. They better capture the ideas within
the applications programmers are trying to build rather than the
details of the computer instructions. Programmers rely on compiler
saftware to translate those high-levet programiming ideas into the basic
language the machine understands. Once considered an extravagant
use of memory, compliers are now essential tools. We are moving
towards designing yet higher level languages with greater levels of
automation and self-checking that eliminate programming mistakes.

» Screens on desks

Today’s screens make it uncomfortable to read anything of any real
length, so users prefer to print things out on paper. What happens if
you can have an electronic screen that mimics a piece of paper; that
you can take to the beach, for example, and read in bright sunlight?
The technolagies for those types of products with enough memory
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The top-five absolete
software ideas

1 The single threaded program
2 Low-level programming languages
3 Screens on desks
4 Virtual memory

5§ Hierarchical file systems

to hold volumes of books are now being realized at rezsonable costs.
One example is the appearance of displays based on thin plastic
films. They are very cheap and easy to manufacture, and they get us
away from the ida that a display has to be a screen in a box that we
sit in front of,

Researchers are exploring methods for tuming just about any surface
into a screen, If we couple the developments in display technologies
with seme of the developments in image processing to help us with
image recognition, the technology could be extendad to recognize
gestures or things that are standing in front of or on top of a display.
This opens a whole new way of interacting with computers. By putting
sensors behind a display, for instance, you ¢an interact directly with
the screen, manipulating images with your fingers, spinning things
around and stretching thern with simple gestures. With technologies
such as multi-touch interaction, we are just beginning to explore the
possibilities. You can see how the idea of sitting in front of a screen and
using a keyboard to interact with a computer will become obsolete.

» Virtual memory

Since 1970, we've seen the size of memories grow about a million
fold. indeed,  can remember the University of Cambridge buying a
megabyte of memory far izs IBM mainframe at about £2 million
(U354 million), whereas now you can buy a gigabyte of memory on
a small flash mermory stick for £50-100 (US$100-$200).

The Cambridge Cap Computer, dating from 1975, was built to explore
the idea of virtual memory. The concept was to run more programs
for more users by swapping them between the main memory of the
machine and a computer disk. That was called dynamic virtual memnory.
it became a very important idea, but with the advent of larger and
cheaper main memaories it's become absolete.

Within a few vears we will probably be able to carry a terabyte of
personal storage, enough to hold all of the audio and video you'd
want to use in a lifetime, This presents new challenges: how do we
organize all of this infarmatian and how do we search through it?

» Hierarchical File Systems

The next absalete software idea is that of finding files by putting
them into some kind of hierarchical system of named folders. We

now have too much stuff for this to wark, Modern database technology
will be used to store and search through the terabytes of data that
we will need to store. Image recognition technigues will be used to
process and auto-collate the thousands of pictures and videos that
we will generate.

Computer hardware resources have grown exponentially in the
20th century and this pace is expected to continue into the 21st
century. There are now numerous new opportunities and challenges
in developing the software that runs on that hardware. We have to
learn how to manage and exploit cancurrency, we have to adapt to
handling large amounts of data, and we have to think about new
forms of interaction with a computer. If we can change the way we
think about software in the light of these developments, we have
the opportunity to realize the true potential of software in the 21st
century.

Watch the video

Andrew Herbert demanstrates how software
is changing in the 21st Century on TechNat
Spotlight, part of the British Airways in-flight
entertainment system on selected routes.
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