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What is cellular computing?

e Reigning computing technology:
von Neumann architecture.
Single, sequential, complex processor.

e Emergence of a new paradigm based on dif-
ferent principles:

— Simplicity: Simple processors—referred
to as cells—comprise the basic units of
computation.

— Vast Parallelism: There are a vast num-
ber of cells operating in parallel.

— Locality: The connections between cells
are local.

e Cellular computing is thus a vastly parallel,
highly local computational paradigm, with
simple cells as the basic units of computa-
tion.



What is cellular computing? (cont’d)

e Simplicity. While a current-day, general-
purpose processor is capable of performing
quite complicated tasks, the cell can do very
little in itself.

e Vast Parallelism. As opposed to “mere”
massive parallelism.

“More is Different.” (Anderson, 1972)

e Locality. Interactions are local: A cell can
only communicate with a small number of
other cells, most of which (if not all) are
physically close by.

Connection lines usually carry only a small
amount of information.
No central controller.

e Cellular computing =
Simplicity + Vast Parallelism + Locality:.
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Simple + Vastly Parallel 4+ Local =
Cellular Computing.

Changing any single one of these terms in the
equation results in a different computational
paradigm.



What is cellular computing? (cont’d)

e Cellular computing is at heart a paradigm
that aims at providing new means for do-
ing computation in a more efficient manner
than other approaches (in terms of speed,
cost, power dissipation, information storage,
quality of solutions), while potentially ad-
dressing much larger problem instances than
was possible before—at least for some appli-
cation domains.



Examples of cellular computing (1)

Generating pseudo-random numbers with
cellular automata (RNG).



Examples of cellular computing (2)

Nunber B (3): 0 0 1 1

Nunmber A (15): 1 1 1 1

Time step O |(0{0]1{0|1|0(1|1|1|1

Time step 10 |0/1{0(0|0(1|0(0|0]|O0

Qut put (18): 1/0/0/1|0

A cellular adder (ADD): The adding
cellular automaton.



Examples of cellular computing (3)

Input Output

mage processing with cellular neural
networ s: Sol ing the contour extrac-

tion problem (CNN).



Examples of cellular computing ( )

A directed graph DNA encodi ng of vertices and edges
/4 \ 0, TATCGGATCGGTATATCCGA
1
3 Oy GCTATTCGAGCTTAAAGCTA
/, O, GGCTAGGTACCAGCATGCTT
- 6
/ \ / O, .3 GTATATCCGAGCTATTCGAG
2 5 Oj.., CTTAAAGCTAGGCTAGGTAC

Sol ing the directed amiltonian path
problem by DNA computing (DNA).
The vertices and edges of the graph (left) are
encoded by oligonucleotides (right) that are then
sub ect to molecular-level operations.



Examples of cellular computing ( )

Start configuration End configuration
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Sol ing the satis ability problem with
self-replicating loops (SAT).
Shown above for a three-variable problem:
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[nitial con guration (left) contains a single loop
with three embedded binary bits ( )
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