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Abstract - For several decades, nanotechnology has been developed with help from researchers in some fields of studies 

including physics, chemistry, biology, material science, engineering, and computer science. In this research paper, we 

survey the nanotechnology progress community and categorize the requirements and opportunity of computer science 

research in nanotechnology. In particular we look at methods for programming future nanotechnology, examining the 

capabilities offered by simulations and intelligent systems. This paper is intended to help computer scientists who are 

keen to give their works to the field of nanotechnology and also nanotechnologists from other fields by making them 

conscious of the opportunities from computer science. It is hoped that this may lead to the realization of our visions. 
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I. INTRODUCTION 

In 1959, Richard Feynman, a future Nobel Laureate, gave a 

visionary talk entitled ―There’s Plenty of Room at the 

Bottom‖on miniaturization to nanometer-scales. Later, the 

work of Drexleralso gave futuristic visions of 

nanotechnology[1]. Feynman and Drexler’s visions inspired 

many researchers in physics, material science, chemistry, 

biology and engineering to become nanotechnologists[2]. 

Their visions were original: since our associates made flint 

axes, we have been civilizing our knowledge to bring 

expediency into our each day life. Nowadays a computer 

can be carried with one hand—40 years ago a computer 

(hundreds of times slower) was the size of a room. 

Efficiency of microprocessors is currently in process at 

nanometer-scales. Yet, the style of our modern technology 

is still the same as ancient technology that constructed a 

refined product from bulk materials. This style is referred to 

as bulk or top–down technology. As conventional methods 

to miniaturize the size of transistors in silicon 

microprocessor chips will soon reach its limitand the 

modification of today’s top–down technology to produce 

Nano scale structures is difficult and expensive, a new 

generation of computer components will be required. 

Feynman and Drexler proposed a new style of technology, 

which assembles individual atoms or molecules into a 

refined product. This Drexler terms molecular technology 

or bottom–up technology[8]. This bottom–up technology 

could be the answer for the computer industry. Though top–

down technology currently remains the choice for 

constructing mass-produced devices, nanotechnologists are 

having increasing success in developing bottom–up 

technology. 

Computer science offers further opportunities for 

nanotechnology. Soft Computing techniques such as swarm 

intelligence, genetic algorithms and cellular automata can 

allow systems with desirable emergent properties, for 

example growth, self-repair, and complex networks[4]. 

Many researchers have successfully applied such 

techniques 

To real-world troubles including complex control systems 

in manufacturing plants and air traffic control.With some 

modifications towards nanotechnology characteristics, these 

techniques can be applied to control a swarm of a trillion 

Nano assemblers or Nano robots (once realized). It is 

anticipated that soft computing methods such as these will 

overcome concerns about implications of nanotechnology, 

and prevent the notorious scenario of self-replicating Nano 

robots multiplying uncontrollably[3]. 

This paper reviews nanotechnology from different points of 

view in different research areas. We discuss the 

development of the field at the present time, and examine 

some concerns regarding the field. We then focus on the 

needs and benefits of computer science for nanotechnology, 

as well as existing and future computer scienceresearch for 

nanotechnology. The second half of this paper introduces 

the area of swarm intelligence and then summary’s 

investigations into how nanotechnology and self-

assembling devices may be controlled by such techniques. 

II. DEVELOPMENT IN NANOTECHNOLOGY 

In order to prevent any threat to society, it is crucial that 

nanotechnology is developed under acceptable standards 

with regard to ethical and social considerations. Recently, 

the Foresight Institute, which is a non-profit organisation 

for nanotechnology, gave version 4.0 of its guidelines as a 

self-assessment list for research and development in the 

Field of nanotechnology.The Science Media Centre has 

also produced a document describing nanotechnology for 

use by the media.Today nanotechnology is gaining public 

attention. Many companies have been doing research and 

development in nanotechnology for commercial purposes. 
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The governments of several countries have begun funding 

for research in this area. This recent development of 

nanotechnology is described further in the following 

sections. 

Another new material, quantum dots, is made by bottom–up 

methods. Quantum dots are crystals that emit only one 

wavelength of light when their electrons are excited. 

Because the electrical, magnetic and optical properties of 

the dot are regulated by the size of the dot, the production 

of quantum dots must maintain their size and composition. 

The size of the dots can be selected by varying the amount 

of time for the chemical reaction[[7]. The emission of light 

by quantum dots could be used in medicine as a biological 

marker. Alternatively, quantum dots could be used as 

Quantum bits and to form the basis of computers. 

2.1Nano computers 

In 1965, G. Moore, the co-founder of Intel, predicted a 

trend that the number of transistors contained in a 

microprocessor chip would double approximately every 18 

months. This is known as Moore’s law. As exemplified in 

Intel’s chips, the prediction appears surprisingly correct. 

However, without the development of Nanotechnology 

researchers will struggle to meet the prediction of Moore’s 

law.  

One of the first achievements in Nano computer research 

was perhaps the development of single-electron tunneling 

(SET) transistors by D. Averin and K. Likharev in 1985.17 

Later in 1987, T.A. Fulton and G.J. Dolan at Bell 

Laboratories fabricated single-electron transistors and made 

an observation on the quantum properties and Effects of 

electrons when transistors are in operation. As techniques in 

nanofabrication advances, researchers have successfully 

created electronic components including transistors, diodes, 

relays and logic gates from carbon nanotubes. The next step 

is providing the interconnection between components. 

Researchers have been working on a different type of Nano 

scale wire called a semiconductor nanowire and studied 

how to interconnect and integrate the components. The final 

step to build a computer processor is to fabricate the 

designed circuit. Recently, The semiconductor industry has 

successfully built 70-megabit memory chips containing 

over half billion transistors.As the advancement in 

nanofabrication progresses, the silicon-based Nano 

computer becomes closer to reality.  

Another approach to Nano computers is DNA computing. 

Deoxyribonucleic acid (DNA) is a nucleic acid that carries 

genetic information for the biological development of 

life[5]. In 1994, L. Adleman introduced the idea of solving 

a well-known complex mathematical problem, called the 

travelling salesman problem, by usingDNA. Apart from 

silicon-based Nano computers and DNA computers, 

researchers believethat quantum computers may be another 

promising approach that overcomesthe limits of 

conventional computers. Feynman began one of the first 

researchgroups to explore computational devices based on 

quantum mechanics. In 1982,hedemonstrated how 

computations could be done by quantum systems according 

to theprinciples of quantum physics[9].In quantum 

computers, the binary data in conventionalcomputers are 

represented by quantum bits, or qubits, which can be in 

aState of 0 or 1 and in superposition (simultaneously both 0 

and 1).  

III. BENEFITS OF COMPUTER SCIENCE FOR 

NANOTECHNOLOGY 

Recently, M.C. Roco of the National Nanotechnology 

Initiative (NNI), an organization officially founded in 2001 

to initiate the coordination among agencies of nanometer-

scale science and technology in the USA, gave a timeline 

for nanotechnology to reach commercialization.For the next 

twenty years, the NNI has divided the development of 

nanotechnology into four generations. The first generation, 

which just ended in 2004, involved the development of 

passive nanostructures such as coatings, nanoparticles, 

nanostructured metals, polymers and ceramics. Atthe time 

of writing, we begin the second generation, during which 

we should manufacture active nanostructures including 

transistors, amplifiers, targeted drugs, actuators and 

adaptive structures. Later, from the year 2010, 

nanotechnology should enter the third generation. 

 It is estimated that system of Nano systems, for example: 

guided molecular assembling systems, 3D networking and 

new system architectures for Nano systems, robotics and 

supramolecular devices, would be developed. Finally, from 

the year 2020, the fourth generation of nanotechnology 

should be the generation of molecular Nano systems, which 

would integrate evolutionary systems to design molecules 

as devices or components at atomic levels. To date, 

nanotechnology has been developed mostly from the basis 

in physics, chemistry, material science and biology. 

However, according to M.C. Roco, the third and fourth 

generation of nanotechnology would rely heavily on 

research in computer science. Perhaps reflecting the 

extensive use of computers in the modern world, computer 

science is today a broad field, with many aspects that may 

affect nanotechnology. 

 A research group at NASA has been developing a software 

system, called Nano Design, for investigating fullerene 

nanotechnology and designing molecular machines.The 

software architecture of Nano Design is designed to support 

and enable their group to develop complex simulated 

molecular machines[6]. 

Different techniques are suitable for different 

problems.Although still a young field of computer science, 

swarm intelligence is becoming established as a significant 

method for parallel processing and simultaneous control  of 

many simple agents or particles, in order to produce a 
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desired emergent outcome. For example, researchers at the 

Santa Fe Institute developed a multi-agent software 

platform, called Swarm31 inspired by collaborative 

intelligence in social insects, for simulating complex 

adaptive systems. Likewise, BT’s Future Technologies 

Group developed a software platform known as EOS, for 

Evolutionary Algorithms (EAs) and ecosystem 

simulations[11].  

The group uses EOS for research into novel EAs and 

ecosystem models and for rapid development of 

telecommunication-related applications. Systems such as 

these will become increasingly important for modeling 

molecular machine systems.Recently, B. 

Kaewkamnerdpong and P.J. Bentley proposed a new swarm 

algorithm, called the Perceptive Particle Swarm 

Optimization(PPSO) algorithm. The PPSO algorithm is an 

extension of the conventional PSO algorithm for 

applications in the physical world.  

By taking into account both the social interaction among 

particles, and environmental interaction, the PPSO 

algorithm simulates the emerging collective intelligence of 

social insects more closely than the conventional PSO 

algorithm; hence, the PPSO algorithm would be more 

appropriate for real-world physical control problems[12]. 

This is the first particle swarm algorithm to be explicitly 

designed with nanotechnology in mind. Because each 

particle in the PPSO algorithm is highly simplified (each 

able to detect, influence or impact local neighbors in 

limited ways) and the algorithm is designed for working 

with a large number of particles, this algorithm would be 

truly suitable for programming or controlling the agents of 

nanotechnology (whether Nano robots, Nano computers or 

DNA computers), whose abilities are limited, to perform 

effectively their tasks as envisioned. Further details of this 

method are provided in the second part of this article. This 

is seen as a crucial ―missing link‖ in bottom–up 

nanotechnology: the controlmolecules or miniature 

machines must all cooperate and collaborate in order to 

produce the desired end result. Like the growth of crystals, 

the development of Embryos or the intelligent behavior of 

ants, bottom–up nanotechnology must be achieved through 

collective, emergent behaviors, arising through simple 

interactions amongst itself and its environment. Computer 

science, and especially fields of research such as swarm 

intelligence, will be critical for the future of bottom–up 

Nanotech[10]. We now examine swarm intelligence more 

closely and provide some examples of how it may be used 

for nanotechnology. 

IV. SWARM INTELLIGENCE 

The term ―swarm intelligence‖ was first used to describe 

self-organized cellular robotic systems using nearest-

neighbor interactions in. Bonabeau et al.later extended the 

definition to include: ―any attempt to design algorithms or 

distributed problem-solving devices inspired by the 

collective behavior of social insect. Colonies and other 

animal societies.As the intelligence in social animals 

emphasizes decentralization, self-organization, 

direct/indirect interactions among simple agents, flexibility, 

and robustness, swarm intelligence techniques are 

simulated model of such intelligence and typically used to 

solve optimization problems. In swarm intelligence, there 

are two main types of techniques: ant colony 

optimization(ACO) algorithm and the particle swarm 

optimization(PSO) algorithm.  

4.1. Swarm Intelligence techniques 

Swarm intelligence is inspired by collaborative behaviors in 

social animals such as birds, ants, fish and termites. 

Collaborative behavior among social animals exhibits a 

remarkable degree of intelligence. These social animals 

require no leader. Their collaborative behaviors emerge 

from interactions among individuals. Often the behavior of 

flocks, swarms and insect colonies, arises through 

interactions among the individuals in the group and through 

interactions with their environment. For example, ant 

foraging behavior in many ant species arises by means of 

attractive pheromone trail. Forager ants lay pheromone trail 

as they move from a food source to their nest. 

With such simple activities, termites construct their mound 

to fill with chambers, passages, and ventilation system even 

though they have no construction plan beforehand. 

Termites are considered to be some of the greatest 

architects in the insect (and animal) world. Although each 

individual in insect colonies may not be intelligent, together 

they perform complex collaborative behaviors. Swarm 

intelligence techniques model collective behaviors in social 

insects. 

Bonabeau et al.describes that self-organization relies on 

four fundamental components: 

1. Positive feedback: In foraging, when the individual 

comes back from the food source, it can recruit the others to 

this food source (either by dancing in bees or pheromone 

trail in some ant species). The recruitment of the 

individuals and reinforcement are forms of positive 

feedback. 

2. Negative feedback: To stabilise the collective pattern 

(i.e., suppress the positive feedback), negative feedback 

may be in the form of saturation, exhaustion, or 

competition. 

3. Amplification of fluctuations: These fluctuations are, for 

instance, errors, random task-switching, and so forth. 

Randomness can promote the exploration and discovery of 

new solutions. 

4. Multiple interactions: Self-organisation relies on multiple 

interactions including both direct and indirect interactions 

among individuals. For example, the action of pheromone-

following can interact with pheromone-laying action if the 
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density of the pheromone is sufficient. The pheromone 

substance can, however, evaporate over time; multiple 

interactions are required to maintain the pheromone density 

level and, hence, self-organisation. 

4.2.1 Ant Colony Optimization 

Inspired by foraging behavior of ants, ant colony 

optimization (ACO) algorithmsare probabilistic-based 

computational methods modeling such collective behavior 

in ants. When foraging, individual ants randomly travel to 

find food sourceand lay a certain amount of pheromone on 

the way back from food source. Ants that Sense attractive 

pheromone follows the trail left by other ants to the food 

source. Whenmore than one trail is found, the one with 

stronger pheromone is more preferable andforagers are 

recruited to that more attractive trail; entomologists have 

shown thatants probabilistically prefer the path holding 

high pheromone concentration. 

With this simple behavior, ants can find the shortest path 

from their nest to a foodsource. Apart from foraging, some 

ant species cluster their dead to clean the nest insimilar 

way.The pheromone substance laid by individual ants plays 

an important role in locallyindirect communication among 

individual ants in the neighborhood—within the 

Proximity of pheromone trail to detect pheromone 

concentration.ACO uses this positive feedback mechanism 

to reinforce the system to good solutionsas the increasing 

amount of pheromone reflects recruitment and 

reinforcement on thesolution. 

The ACO framework, are called ACO Meta-Heuristic, 

apply this collective behavior to solve combinatorial 

optimization problems. The examples of 

combinatorialoptimization problems—optimizing with 

qualitative variables—include travellingsalesman problem 

(TSP), quadratic assignment problem, 

andtelecommunicationnetwork routing. In 1997, Dorigo 

and Gambardella demonstrated the use of ACOin travelling 

salesman problem where the shortest path length to visit all 

cities is required.  

Even though ACO algorithms are powerful optimization 

methods and can be appliedto both discrete and continuous 

optimization problems, they have a limitation to be 

employed in physical applications. For the task of three-

dimensional Nano robot coordination control, ACO is only 

likelyto be suitable for very specialized types of application 

(e.g., lying down of conductive Paths between electronic 

components). 

4.2.2 Particle Swarm Optimization 

Self-organisation in bird flocking is one of intriguing 

phenomena in nature. A largenumber of birds can flock 

synchronously, often change direction spontaneously, 

sometimes scatter and, then, regroup. Bird flocking 

behavior has been studied forthe underlying mechanisms in 

their social behaviors. Scientists have developedcomputer 

simulations of the movement of social animals like bird 

flocks andfish schools. One motive in developing such 

simulations was to model humansocial behavior. In 1987, 

Craig Reynolds developed a model of motion in 

socialanimals such as birds and fish. His flocking model 

applies three simple behaviors to control the movement of 

simulated creature, called a boid. Each boidobserves its 

neighbors, which are boids locating within the defined 

distance from itself, and acts according to three behaviors: 

avoiding collisions with its neighbours, matching velocity 

with its neighbors, and staying close to its neighbors. Using 

thecombination of simple behaviors, the model shows that 

group behaviors can arisefrom interactions among boids 

within the neighborhood. Rather than relying on 

manipulations for optimum distances amongst individualsas 

in, Kennedy and Eberhart simulate human social behaviors 

according to sociobiology’sE.O. Wilson that social sharing 

of information among individuals 

Offers an evolutionary advantage. Through simulation, they 

discovered and developedan optimization method for 

continuous non-linear functions called particleswarm 

optimization(PSO). The original PSO algorithm resembles 

swarm intelligencethrough a very simple concept whose 

implementation requires inexpensivecomputation speed and 

memory requirement as the algorithm uses only 

primitivemathematic operators.  

Social interaction among individuals iscrucial to the success 

of the PSO algorithm. In the conventional PSO algorithm, 

theexchange of information seems to arise from direct 

communication among particlesand no stigmergy is 

regarded[14]. The particleswarm optimization algorithm 

has been successfully employed to solve a rangeof 

optimization problems including electric power systems, 

music, imageclassification, logic circuit design, 

recommender systemsand enhancementof other learning 

algorithms.Using similar representations to physical agents, 

the PSO algorithm seems aplausible method for application 

in physical applications including Nano robot 

coordinationcontrol. The inexpensive requirement in 

memory and computation suits wellwith Nano sized 

autonomous agents whose capabilities may be limited by 

their size.Nevertheless, the conventional PSO algorithm 

requires complex, direct communicationamong particles in 

the neighborhood which might not be possible in Nano 

robot[13].To apply in Nano robot control, a modification of 

PSO algorithm is required. 

V. CONCLUSIONS 

As the development of nanotechnology progresses in 

several disciplines including physics, chemistry, biology 

and material science, computer scientists must be aware of 

their roles and brace themselves for the greater 

advancement of nanotechnology in the future. This paper 

has outlined the development of nanotechnology. It is 
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hoped that this gentle review will benefit computer 

scientists who are keen to contribute their works to the field 

of nanotechnology. We also suggested the possible methods 

that computer science can offer in the task of programming 

future nanotech, whichcan benefit other nanotechnologists 

from other fields by helping them be aware ofthe 

opportunities from computer science.As computer scientists 

who are interested in the field of nanotechnology, 

ourcurrent work involves building systems that consist of a 

large number of particles Automatically forming into a 

designed structure. By using the PPSO algorithm to control 

the swarm of particles, each particle performs lightweight 

computations andholds only a few values. It is anticipated 

that models such as these will lead to successful bottom–up 

nanotechnology systems in the future.In addition, the 

principles of self-assembly in nature should be considered 

whencreating self-assembling devices. The general 

framework presented here (consisting of a set of 

components, an environment, an assembly protocol, and 

energy), providesa method for understanding the 

requirements of a specific self-assembling system. 
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