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Abstract

Abstract

Though the demand of high-performance scientific computing is increasing,
traditional craft for computer components production has almost closed to the
limitation. The scientific community now is looking for a new computing model, to
break through the limitations of the existing computing system. The biological
computing draws prevalent attention with its advanced characteristics like high
parallelism, low energy consumption and the large amount storage of information.
The double helix structure of the DNA molecule, as well as Watson-Crick base
pairing principle, provides effective operation in circuit designs. The calculation
model of DNA-based molecules is in the ascendant. Winfree and his research team
gained great achievement in researching how to build large-scale circuit by
displacement reaction of DNA molecular strand. However, due to the incompleteness
and dynamic characteristics in chemical reaction, the DNA molecule material circuit
is still facing a lot of problems.

This thesis is on the basis of the work of Winfree. Firstly, we introduced
Winfree’s circuit design infrastructure in detail and analysis the seesaw gate module.
We found that as the increase of the seesaw gate output, the concentration of the
output molecules changed. Molecule in the high concentration decreased, while
molecule in low concentration increased. At the same time, based on the DNA strand
displacement reaction and self-assembly techniques, we designed and demonstrated
an "OR" logic function module by experiments. Subsequently, we designed some
common logic circuits such as adders, comparators, multipliers, based on the seesaw
gate module architecture design principles and methods, and then place the different
sizes of molecular circuits on the Mathematica platform-level for chemical reaction
simulation, then read out and verify the simulation results; While analyzing the results
of simulations, we found that with the expansion of the scale of molecular circuit, the
output is so deviated that they cannot be read properly. It is because when the circuit
reaches a certain size, with the input-fan increased, resulting in a low concentration of

molecular concentration exceeding a preset threshold; During analyzing and
i



Abstract

debugging process, a circuit debugging and monitoring methods is putting forward in
this thesis, which can monitor the results of molecular circuit atany place in a circuit,
and play a key role in the debugging of the circuit. The research work of this thesis,

has a certain significance for constructing molecular circuit by DNA.

Key words: DNA Molecule Computing; Combinational Logic Circuit; Seesaw

Modules; Strand Displacement Reaction; Adder
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