I1. Key Program

1. Key Program

NSFC's Key Program projects mainly support in-depth, systematic and innovative
researchesthat areintegrated with the national demand and the frontier areas of international
research, in key areas which have good research basis and accumulations or there are new
growth points of research disciplines. As a principle, Key Program projects should have
limited objectives, limited research scope and clear goals, pay attention to the intercrossing
of disciplines and make full use of the existing major scientific research bases. In general,
one project can only be undertaken by one institution. Collaborators are allowed only if
absolutely necessary, with the limitation of no more than two. Research length is usually 4
years (unless specified otherwise). In the Guide to Program, Key Program projects are
introduced by each department, including research areas, application requirements and
special notifications. Applicants are also asked to read the foreword and the beginning
section of General Program description in each department for the overall introduction and
funding policies.

Department of Mathematical
and Physical Sciences

Key Program projects are introduced in sections of each scientific division, including
notification and requirements. When applying for Key Program projects listed as key
reviewed projects at the panel review meetings, applicants should give oral presentation at
panel review meetings.

In the Eleventh Five-Year Plan period, in order to encourage competition, promote the
generation of projects with innovative ideas, the Department will announce more project
areas than projects and research directions to be funded, and let the research directions
guide applicants to choose research topics. Key Program projects are determined mainly
based on the funding priority areas proposed in the study report of disciplinary strategic
development in the Eleventh Five-Year Plan period, so asto plan the overall development
of disciplines.

In 2006, the divisions of mathematics and physics |1 will announce topics and research
contents, and the divisions of mechanics, astronomy and physics | will specify research
areas and let applicants to choose their own research topics and contents.

In 2006, the Department plans to fund about 38 Key Program projects with atotal funding
of 68 million. Details are given in sections of each division. Please note that according to
the management regulations of Key Program projects, the number of research units applying
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for the same Key Program project cannot exceed 3.

Division of Mathematics

In 2006, 8 Key Program projects are to be funded with an average funding of 1.3 million
yuan per project.

1. Representation theory of group and algebra

Research contents:

1) Representation theory of finite modules, algebraic group representation theory and
associative algebra representation theory, and modern derivative domain theory;

2) Using Hall algebraasabridgeto investigate the deep rel ationship of Quiver representation
and trigonometry category with quantum group and L ee theory, to develop effective
models of geometric representation, to investigate the representation of agebraic group,
quantum group and relevant finite dimensional agebra, and to further enrich the Kazhdan-
Luszig theory.

2. Manifold topology

Research contents:

1) Effective algorithm of computing homological ring and Chow ring related to Lee group
and homogeneous space;

2) Computation of stable homotopy groups, cobordant theory and K-theory;

3) Hyperbolic structure of 3-manifold, knot invariant theory and incompressible surfaces
and related problems.

3. Studieson several problemsin therenormalization theory of homomor phic mapping

Research contents:

1) Characteristics description and parametric expression of renormalization transformation
of homomaorphic mapping;

2) Dynamics of transformation of integer function and agebraic renormalization;

3) Ergodic theory of homomorphic mapping;

4) Methods and relevant problemsin dynamical systems of integer function theory.

4. Nonlinear éliptic and nonlinear parabolic equations

Research contents:

1) Qualitative theory of nonlinear elliptic and nonlinear parabolic equation(s);

2) Analysis of “blow up” phenomenon and singular sets;

3) Nonlinear elliptic and nonlinear parabolic equation and relevant couple equations in
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natural sciences, engineering and socia sciences.
5. Geometricinvariantsin string theory

Research contents:

1) Mirror image symmetry hypothesis;

2) Homological relation of quantum on K-equivalent algebraic manifold;
3) String Orbifold theory;

4) Relative Gromov-Witten invariant;

5) Localization techniques;

6) Open string and gauge field theory.

6. Bioinformatics and optimal methods

Research contents:

1) Problemsin genetic engineering;

2) Prediction of protein structure and molecular connection;
3) Biological objects at system level;

4) Relevant problems of bio-information processing.

7. Several frontier problemsin fractal geometry

Research contents:

1) Basic structures of fractals;

2) Analysis of repeated fractals;

3) Partial differential equations of fractals;
4) Some problems related to the application.

8. Mathematical theory, algorithm and application of self-adaptive processing of non-
equilibrium signals

Research contents:

1) Convergence and complexity of self adaptive empirical module decomposition of signals,
and two dimensional generalization and related theory, algorithm and application;

2) Nature of inner module function and its relation with Hilbert transformation;

3) Time frequency distribution: mathematical foundation of Hilbert spectrum and its
application;

4) Intrinsic relation between empirical module decomposition and multi-scale analysis.

9. Linear and nonlinear numerical algebraic problemsin scientific computation

Research contents:
1) Efficient algorithm and solutions for linear and nonlinear equations;
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2) Numerical solution of inverse algebraic eigen values,

3) High precision agorithm of higher order algebraic equations;
4) Numerical methods of nonlinear least square problems;

5) Numerical methods for eigen values of structural matrices.

Division of M echanics

Applicants can propose freely project titles, research contents, plans and funding in the
following research areas. In 2006, 8 to 11 projectsin the Key Program will be supported
with an average funding of 2 million yuan per project.

. Dynamical, vibration and control problemsin major equipment;

. Experimental studies on nonlinear dynamic properties of mechanical systems;

. Multi-scale mechanical behavior and across scale relation of materias;

. Mechanical problems of intelligent materials and structure and multi-field coupling
effects;

. Mechanical behavior of material and structure under abnormal environment;

. Dynamical mechanical behavior and penetration resistant mechanism of materials;

. New concept and new methods of turbulent structures;

. Flow properties and mechanism of hypersonic cavity objects;

. Ultra high temperature gas flows;

10. Dynamic models of abnormal particle multiphase flows;

11. Biomechanical studies related to the cause and cures of human diseases;

12. New theory and new methods of computational mechanics;

13. New methods and new techniques of experimental mechanics.
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Division of Astronomy

Key Program projectsin the Division of Astronomy are based on the priority areas proposed
for the Eleventh Five-Year Plan period. Applicants may choose freely the project titles,
research contents, plans and funding according to key scientific problems to be funded.
Priority areas might change each year mainly depending on the distribution of Key Program
project areas that have been funded. In 2006, the Division defines the following 3 areas,
and plansto fund 3 to 5 projects with an average funding of 2 million yuan per project.

1. Galactic cosmology

Key scientific problemsinclude:

1) Measurement of cosmological parameters, in particular, physical properties of dark
matters, equation of state of dark energy and content, distribution, composition and
properties of dark mater and dark energy, and observable phenomenon of residuals
from early cosmic evolution;

2) Formation of various celestial bodies and structuresin the universe, key physical process
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of formation of structures;

3) Formation and evolution of galaxies, relation between the growth of super large mass
black holes and the formation of starsin the host galaxy, especially the feedback process
and its effects;

4) Radiation, structure and evolution of active nucleus of galaxy.

2. Formation, evolution and eruption of stars

Key scientific problems include:

1) Formation and early evolution of stars, especially the observation and theoretical studies
on the formation of large mass stars and large scale formation of starsin galaxy;

2) Star structure and evolution and star atmosphere, late evolution of stars and compact
celestial bodies and relevant high energy phenomenon;

3) Structure and evolution of the Galaxy and the observation and theory of formation,
evolution of outer planetsin solar system.

3. Astrometry and celestial mechanics

Key scientific problemsinclude:

1) Theory and methods of astrometry and celestial mechanical development and the study
of multi-band astronomical reference frame;

2) Planet and star system dynamics, including the structure and dynamic process in planet;

3) Natural and artificial celestial dynamics of the solar system;

4) Application of astronomy and astrometry in the study of the Galaxy;

5) Astrogeodynamics.

Division | of Physics

Key Program projectsin the Division | of Physics are based on the priority areas proposed
for the Eleventh Five-Year Plan period. Each year only part of them will be announced
depending on the disciplinary development, distribution of Key Program project areas that
have been funded before and budget available. In 2006, the Division plansto fund 8 to 11
projects, with an average funding of 2 million yuan per project. Applicants may propose
directly project titles and specific research contents according to the areas to be funded.

1. Quantum transport phenomenon, self spin quantum phenomenon, super fine
spectrum and interference optical properties of confined quantum systems

2. Physics of new functional materials

1) Physical properties of new artificial microstructure materials doped with Mott insul ator
and wide gap semiconductor materials;
2) Physics of efficient luminescent and photoel ectric conversion materials,
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3) Physical properties of new magnetic functional materials and their heterogeneous
structures;
4) Physical properties of organic solid and organic/inorganic hybrid materials.

3. Novel phenomena in relevant electronic systems

1) Superconductivity mechanism of non-conventional superconductors and physical
abnormality at normal state;

2) Special physical properties of strong relevant electronic systems, metal/insulator
conversion and quantum phase change;

3) New physical problemsin 2-D interactive electronic systems.

4. Physical properties of soft matter systems

1) Physical properties and laws of micro fluid flow;
2) Physical properties of particulate matter;
3) Nonlinear physical phenomenain complex system and exploration on physical laws.

5. Computation and simulation of matter structuresand properties

1) Computational design and prediction of physical properties of new functional materials;

2) Computer simulation of properties of matter structuresin complex systemsand at extreme
conditions;

3) New methods of material design and prediction of physical properties.

6. Cold atomic and molecular physics and applications

1) Physical properties of cold atomic and molecular systems;

2) Interaction of light and cold atoms and molecules and its applications;
3) Atomic optics and atomic interference;

4) Micro cavity quantum electrodynamics.

7. Complex interactionsin atomic and molecular systems

1) Atomic and molecular properties under specia environments (high temperature, dense
and strong fields, etc.) and collision dynamics;

2) Relevance effect, super excitation state and quantum multi-body procedure control in
molecules;

3) Physical properties and dynamics of size related clusters.

8. Generation, propagation and control of noise

1) Noise and vibration control theory in fluid-solid coupled systems;
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2) Theory and methods of active control of structure sound;

3) Intelligent acoustic materials, low frequency sound wave absorption and isolation;
4) Theoretical models and computational methods of fluid dynamic noise;

5) Prediction models of environmental noisefield.

9. Principle of high precision physical measurement technology and key equipment

1) Principle of high spatial and temporal resolution, high sensitivity characterization
technology and development of key equipment;
2) Measurement and control of single atom and molecule.

Division |l of Physics

In 2006, the Division plansto fund 8 to 10 projects, with an average funding of 1.9 million
yuan per project. The following are titles and research contents of Key Program projects
proposed.

1. Complex system dynamics based on complex network and studies on statistic
behaviors

Research contents:

1) Micro description of transport dynamics on technical network such as the Internet;
quantitative description and increase strategy for network information transmission
capability; optimal design of network structure and efficient management, strategy for
disaster resistance and attack resistance of network systems;

2) Network cascade dynamic model, study network overall topological structure and effect
of grid local dynamical cascade behavior, various synchronization behavior of network
and control strategy of network synchronization performance;

3) Taking reproducing statistical characteristics of real complex system as an object, it is
to propose complex system model with network structure, including biological network
model, earthquake model, economic statistic model, self-organization evolution model
of complex adaptive system, and dynamics and statistical physics of synergic, gaming
and coexistent behavior of these complex network models.

2. TeV energy zone physics

Research contents:

1) In-depth exploration on ways of discovering Higgs particle, super symmetry and super
symmetrical particles on high energy collider, and their properties;

2) Other new physics models beyond the standard models;

3) Exploration and validation of new physical models by using the experiments to measure
accurately the properties of top quark;
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