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Redefining Algorithm R&D

Algorithm Development: From Euclid’s “"Elements” to the latest
breakthroughs in jointly designed algorithms / machine-architectures

Algorithms & Machines milestones through history

Machine

.
Algorithm
Early algorithm and machine developments:
Machine and Algorithm were ind dent

350 B.C.
“Elements”; Greatest Common Divisor Algorithm

Euclid

780 - 850
Works on arithmetic and algebra

Al-Khwarizmi

1669
Newton’s method (gradient methods)

Isaac Newton

1642 - 1645
Pascalene
Blaise Pascal

1797
Lagrange multipliers (constrained optimization)

Joseph-Louis Lagrange
1945

1947
Simplex algorithm (linear programming)

G. B. Dantzig

1971
Sequential branch and bound algorithms

(global optimization)
Piyavskii-Shubert

1984

Interior point methods (large-scale
linear programming)

Karmakar

Inc) d ication in led to
specialized algorithms designed for the machine

1950

First parallel computer

Svoboda
1965
Cooley-Tukey parallel FFT algorithm
John W. Tukey

1977
ARCnet - First
Datapoint

1987 - today
Parallel branch and bound algorithms

von Neumann Architecture
John von Neumann

clustering product

Sequential Algorithms & von Neumann Architecture
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Potential Issues Speed-up Factor
von Neumann bottleneck Extremely serious
Scalability Very limited 1
Capacity Low
Cost Very inexpensive
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Potential Issues Speed-up Factor

Extremely serious

von Neumann bottleneck

Problem dependent
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1990 - today
Parallel interior point methods
1997 .
1994 - today ) I "
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the joint design of algorithm and machine architecture

Custom computing opens a new dimension in algorithm R&D

Custom Computing
Trend
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Von Neumann [~
Architecture —

Scalability
Capacity Problem dependent
Cost Very expensive

Jointly Designed Algorithm / Architecture

Since the architecture is
developed jointly with the

end i
end process;

Algorithm
and algorithm, the design
architecture process is smooth and
am].gf:ag;ed natural. Speed-up factors
of up to 100,000 are
achievable (when
compared against von
VHDL Code Neumann algorithms).
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Development tool is a
commercially available
FPGA board. Cost is
comparable to that

of a personal computer.

Single Multiprocessor Distributed
Computer Supercomputer Computing

celogic exploits a new dimension in scientific computing by jointly exploiting custom non-

systems. Ac
AND the traditional trend towards higher levels of parallelization and distributed computing.

Traditional algorithm research focuses on how to use the Von Neumann architecture through (mostly sequential) software
u n- von Neus

rond

mann architectures.

Potential Issues Speed-up Factor
Not present
Almost linear

von Neumann bottleneck

Up to 100,000

Scalability
Capacity Very large
Cost Problem dependent




