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Summary Hybrid Design Methodology ESIGNET

In every living organism, cellular functions emerge from the complex but As an alternative design/programming ~method of
orchestrated biochemical reactions. The aim of our prOjeCt IS to take that chemical reaction System’ evolution has been Suggested_
biochemical reactions as a metaphor of biological information processing The project, ESIGNET, has investigated how to evolve
and to harness the chemical reaction systems for COmpUtatiOn. Bio- chemical reaction network for desired tasks. We,
chemical reaction networks (Or mathematical models of thOse) ale together’ obtained a chemical reaction System functining
designed to perform specific computational tasks. One of the challenges as RS flip-flop [1]. On the other hand, we built manually a
IS to establish the programming methods of chemical computing chemical reaction network for the same function based on
systems, that is, how to fill the gap between the micro level (reaction the structure of the |Ogic circuit [3,9]. Comparing these
rules) and the macro level (system behaviors). In chemical computing, reaction networks, we expect further to develop a hybrid
we have employed chemical organization theory for this bridge [3], and design method such that evolutionary designs and
organization-oriented programming principles are outlined [4]. On the manual constructions are merged.
other hand, an evolutionary design, as an alternative methodology, has 3 D@ . Q SRQ.Q
been investigated [1]. 2 C 00T T T —
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In order to program chemical reaction network, 7 T Le
following four aspects are considered: 1) List of| awe-be (7 @ SO L
reaction rules, 2) graph representation of thel ' : = ?32 55\\ 1“1'” :':\0"
network, 3) structural analysis, and 4) dynamicsy — : : 04 | ’ A
analysis. Dynamically and interactively changing the e T o
views among these, chemical computing systems are 5&; oo Tifjf[s] .
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_ between tools. A chemical service for OCI.I
= In order to achieve self-configure, self-optimize, and self-
healing system across a network of nodes, the OCu
framework offers a Java middleware to implement organic
: | services. In the OCpu system, "Services" are the most fine-
e grained software component. We have developed an OCu
I - service providing (artificial) chemical computing. Our

. . . . chemical service "ACService" Is derived from the OCu
Organlzatlon-orlented Programmlng [4] Service class. It also offers diffusion of molecules across

Towargi quantitative _evaluatlon, a scenario of seIf—orga_nlzmg and self- nodes. Another service class "ACControllerService"
repairing phenomena is sckethced. Nodes are connected linearly, and each p N implements Salf-X
node differentiates the color (white or gray) from the neighbors through

- . . r . . services. It translates
_ Ftifici Dictr Art1f1c1a1Chem1§try .
self-organizing processes. Against perturbation of node removal, the whole | artis cialChenistry l/) L ~ode oroperties  and

network still sustains the alternating color property. This process can be service dependencies
realized with implementing the maximal independent set problem. Based \ “ into a chemical system
on two predicates, a chemical reaction network is designed for this problem y ) _ y simulated by
with the help of chemical organzation theory [6,7]. Then, the program is e chemical

adjusted specially for distributed computing environments such as wireless = = . .
. . . . Application Basic . services. The
sensor networks [2]. Simulation environment EmStar is employed to test Services Services socvig " oni
the program, and we decided to use BThode as the test-bed Infornation gctual .
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A set of "BTNode" wireless sensor nodes
consisting of an 8 bit ATmega System-on-
an= T e AT s AT s AT e Chip, 238 KiB RAM, a Bluetooth unit for 1 %
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