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workstation, a high-performance computer system that is basically designed for a

powerful central processing unit. A workstation is more capable than a personal

computer (PC) but is less advanced than a server (which can manage a large network of

peripheral PCs or workstations and handle immense data-processing and reporting

tasks). The term workstation was also sometimes ascribed to dumb terminals (i.e.,

those without any processing capacity) that were connected to mainframe computers.

Their raw processing power allows high-end workstations to accommodate high-
resolution or three-dimensional graphic interfaces, sophisticated multitask software,
and advanced abilities to communicate with other computers. Workstations are used
primarily to perform computationally intensive scientific and engineering tasks. They
have also found favour in some complex financial and business applications. In
addition, high-end workstations often serve a network of attached “client” PCs, which
workstation.
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The chief delineation between PCs and workstations has traditionally been the latter’s
advanced graphics and data-processing capabilities. But the advanced graphic

interfaces and powerful microprocessors of high-end PCs can make them barely
distinguishable from low-end workstations.
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DNA computing, the performing of computations using biological molecules, rather

than traditional silicon chips. The idea that individual molecules (or even atoms) could

be used for computation dates to 1959, when American physicist Richard Feynman
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presented his ideas on nanotechnology. However, DNA computing was not physically

realized until 1994, when American computer scientist Leonard Adleman showed how
molecules could be used to solve a computational problem.

Solving problems with DNA molecules

A computation may be thought of as the execution of an algorithm, which itself may be
defined as a step-by-step list of well-defined instructions that takes some input,
processes it, and produces a result. In DNA computing, information is represented
using the four-character genetic alphabet (A [adenine], G [guanine], C [cytosine], and T
[thymine]), rather than the binary alphabet (1 and 0) used by traditional computers.

synthesized to order. An algorithm’s input is therefore represented (in the simplest
case) by DNA molecules with specific sequences, the instructions are carried out by
laboratory operations on the molecules (such as sorting them according to length or
chopping strands containing a certain subsequence), and the result is defined as some

property of the final set of molecules (such as the presence or absence of a specific
sequence).
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Adleman’s experiment involved finding a route through a network of “towns” (labeled

“1” to “7”) connected by one-way “roads.” The problem specifies that the route must
start and end at specific towns and visit each town only once. (This is known to

mathematicians as the Hamiltonian path problem, a cousin of the better-known
traveling salesman problem.) Adleman took advantage of the Watson-Crick
complementarity property of DNA—A and T stick together in pairwise fashion, as do G

and C (so the sequence AGCT would stick perfectly to TCGA). He designed short strands
of DNA to represent towns and roads such that the road strands stuck the town strands

together, forming sequences of towns that represented routes (such as the actual

solution, which happened to be “1234567”). Most such sequences represented incorrect

answers to the problem (“12324” visits a town more than once, and “1234” fails to visit
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every town), but Adleman used enough DNA to be reasonably sure that the correct

answer would be represented in his initial pot of strands. The problem was then to

method known as polymerase chain reaction [PCR]) only those sequences that started

and ended at the right towns. He then sorted the set of strands by length (using a
technique called gel electrophoresis) to ensure that he retained only strands of the
correct length. Finally, he repeatedly used a molecular “fishing rod” (affinity
purification) to ensure that each town in turn was represented in the candidate
sequences. The strands Adleman was left with were then sequenced to reveal the

solution to the problem.

Although Adleman sought only to establish the feasibility of computing with molecules,
soon after its publication his experiment was presented by some as the start of a
competition between DNA-based computers and their silicon counterparts. Some
people believed that molecular computers could one day solve problems that would
Because a small drop of water can contain trillions of DNA strands and because
biological operations act on all of them—effectively—in parallel (as opposed to one at a
time), it was argued that one day DNA computers could represent (and solve) difficult

problems that were beyond the scope of “normal” computers.

However, in most difficult problems the number of possible solutions grows
exponentially with the size of the problem (for example, the number of solutions might
double for every town added). This means that even relatively small problems would

require unmanageable volumes of DNA (on the order of large bathtubs) in order to
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represent all possible answers. Adleman’s experiment was significant because it
performed small-scale computations with biological molecules. More importantly,

however, it opened up the possibility of directly programmed biochemical reactions.

Biochemistry-based information technology

Programmable information chemistry will allow the building of new types of

biochemical systems that can sense their own surroundings, act on decisions, and

perhaps even communicate with other similar forms. Although chemical reactions occur

at the nanoscale, so-called biochemistry-based information technology (bio/chem IT) is
distinct from nanotechnology, due to the reliance of the former on relatively large-scale

molecular systems.

Are you a student? Get Britannica Premium for only $24.95
- a 67% discount!
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Although contemporary bio/chem IT uses many different types of (bio) chemical
systems, early work on programmable molecular systems was largely based on DNA.
American biochemist Nadrian Seeman was an early pioneer of DNA-based
nanotechnology, which originally used this particular molecule purely as a nanoscale
“scaffold” for the manipulation and control of other molecules. American computer
scientist Erik Winfree worked with Seeman to show how two-dimensional “sheets” of
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DNA-based “tiles” (effectively rectangles made up of interwoven DNA strands) could
self-assemble into larger structures. Winfree, together with his student Paul
Rothemund, then showed how these tiles could be designed such that the process of

work with his study of “DNA origami,” in which a single strand of DNA is folded
multiple times into a two-dimensional shape, aided by shorter strands that act as

“staples.”

Other experiments have shown that basic computations may be executed using a
number of different building blocks (for example, simple molecular “machines” that use
a combination of DNA and protein-based enzymes). By harnessing the power of
molecules, new forms of information-processing technology are possible that are
evolvable, self-replicating, self-repairing, and responsive. The possible applications of

this emerging technology will have an impact on many areas, including intelligent

Martyn Amos
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