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	课程性质：
    请根据教学培养方案上的课程性质在以下4个栏目中选择。
           通识教育课程     □         大类基础课程     □
           专业必修课程     □         专业选修课程     □

	修读对象：

	课程简介：（introduction to the course）
Material science and condensed matter theorists extensively employ in their research ab initio atomistic simulations as implemented in a number of widely available software codes. Most often these tools are used as 'black boxes' with little or only partial knowledge of the practical implementation of the general theoretical ideas they are based on. This is a particularly severe drawback when new theoretical developments, analysis tools or computational experiments can not be pursued due to the lack of insight on the internal structure of the employed research software. 

	教学目标：(aim of the course)
The aim of this course it to address the above mentioned issue providing the students with a detailed knowledge of the internal design of state of the art electronic structure codes, filling the gap that exists between the knowledge of the general principles underlying modern atomistic simulations and their practical implementation in actual codes. Tools and codes available in the Open Source Quantum ESPRESSO software distribution will be used as working examples.

	教学方式：(the way of teaching)
3 weeks intensive course  with 5 classes and 1 assignment  per  week.

	教材和教学参考资料：(reference of the textbook)
Theoretical background material: Richard M. Martin 'Electronic Structure. Basic Theory and Practical methods', Cambridge University Press. 2004. 

Code background material: information about the Quantum ESPRESSO software distribution can be obtained visiting the project website www.quantum-espresso.org where the source code can be downloaded and its documentation accessed.

Slides of the lectures will be made available to students prior (or immediately after) lecture delivery. 

	教学内容安排：(syllabus)
-Introduction to DFT: Hohenberg-Kohn theorem and Kohn-Sham equations; variational principle and Hellmann-Feynman theorem. 

-General description of a plane-wave pseudo-potential code.

-Building up the system: pseudo-potentials (norm-conserving, ultra-soft, Projector Augmented Waves method).

-Parallelization tools and strategies: data and workload distribution; MPI and OpenMP; different parallelization levels.

-Solving the KS equations: iterative diagonalization, efficient evaluation of the KS Hamiltonian by dual space formalism and Kleinman-Bylander pseudo-potential decomposition.

-How to use  crystal symmetry to reduce the computational workload. Gamma point vs generic k-point sampling.

-Building the new charge density: Brillouin zone sampling, US/PAW augmentation charges, charge density mixing.

-Building the new potential: Hartree potential and corrections for isolated systems, xc  functionals (no hybrids).

-advanced xc functionals: hybrids. Implementation and challenges. 

-Density functional perturbation theory and lattice dynamics calculations.

-Further optional topics: spin orbit and relativistic extensions; electron-phonon interactions; modern theory of macroscopic polarization, Car-Parrinello molecular dynamics.

	作业和考试方式：(how to make the examination)
evaluation of the weekly assignments


（可复印）
E-Mail地址：zkzx@fudan.edu.cn
表格也可在教务处网页【资料下载】处下载。
