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Course comments
1. The material in this course will be taken from the textbook, J. Fish, Practical Multiscaling, Wiley 2013.  

2. Introductory courses in Finite Element method or equivalent are required.

3. Grading: 20% for class assignments and 80% for the project.

4. The project topic should be relevant to the course material and should include at least some portion of programming. A progress reports and a final report are required. The progress report is due at the midterm. The final report should be submitted by last day of classes. 
5. All homeworks and the project have to be submitted through the CourseWorks.

Course outline
1. Introduction

2. Up/down-scaling of Continua
2.1. Homogenization of linear heterogeneous media

2.1.1. Two-scale formulation – strong and weak forms
2.1.2. Hill-Mandel macrohomogeneity condition and Bounds
2.1.3. Random microstructure
2.1.4. Consideration of Imperfect Interfaces

2.1.5. Boundary layers

2.1.6. Material design

2.1.7. Homogenization enhancements

2.1.7.1. Upscaling based on enhanced kinematics
2.1.7.2. Heterogeneous Multiscale Method

2.1.7.3. Multiscale Finite Element Method
2.1.7.4. Variational Multiscale Method

2.1.7.5. Multiscale enrichment based on partition of unity

2.2. Homogenization of nonlinear heterogeneous media

2.3. Higher order homogenization

2.4. Multiple scale homogenization

2.5. Going Beyond Upscaling-Homogenization Based Multigrid

3. Homogenization of Discrete Media
3.1. Molecular dynamics equation of motion 

3.2. Multiple spatial and temporal scales and rescaling of the MD equations
3.3. Generalized Mathematical Homogenization of atomistic media

3.4. Relation to statistical mechanics

3.5. Going beyond upscaling 

4. Reduced Order Homogenization
4.1. Reduced order homogenization for two-scale problems 
4.2. Extension to Nonlocal Heterogeneous Media

4.3. Extension to Dispersive Heterogeneous Media

4.4. Extension to Multiple Spatial Scales

4.5. Extension to Large Deformations

4.6. Extension to multiple temporal scales with application to fatigue

4.7. Multiscale characterization
5. Scale Separation Free Up/down -scaling of Continua
5.1. Computational Continua 

5.2. Reduced Order Computational Continua

6. Multiscale Design System Software
6.1. Overview of Multiscale Design System

6.2. Getting started 
6.3. Tutorial of Multiscale Design System
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