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Brief Introduction on This Course

Fast Solvers for 
Large Algebraic Systems

Chensong Zhang, AMSS
http://lsec.cc.ac.cn/~zhangcs 大规模代数系统解法器



Agenda
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⚫ Lecture 1: Large-scale numerical simulation

⚫ Lecture 2: Fast solvers for sparse linear systems

⚫ Lecture 3: Methods for non-symmetric problems

⚫ Lecture 4: Methods for nonlinear problems

⚫ Lecture 5: Mixed-precision methods

⚫ Lecture 6: Communication hiding and avoiding

⚫ Lecture 7: Fault resilience and reliability

⚫ Lecture 8: Robustness and adaptivity
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✓ Arnoldi

✓ LU

✓ CG

✓ GMRES

✓ PGMRES

✓ FGMRES

✓ GMRES-DR

✓ GMRES-IR

✓ MP-GMRES

✓ CA-GMRES

✓ FT-GMRES

✓ TG

✓ MG

✓ AMG 

✓ DDM

✓ MSC

✓ SSC

✓ PSC

✓ RSC

✓ FAS

✓ ASPIN

✓ MSPIN

✓ SD

✓ Newton

✓ Broyden

✓ TR

✓ Dogleg

✓ FP/MP

✓ MatMul

✓ ECC

✓ CP/R



Topics
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Algebraic Solvers

Linear Solvers

Nonlinear Solvers

Solver-Friendly 
Methods

Performance 
Models

Reliability

Scalability

Accuracy

Robustness

Direct Methods

Iterative Methods

Method Implementation



Goals
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Complexity is important, 

but it is only part of the 

picture on modern 

computers 

What are the blind spots for 

mathematicians (or software 

engineers) when they design 

solvers

Discuss some old and new methods, 

available tools, things to watch out, etc



Styles
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Left-outs
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⚫ Convergence analysis

⚫ Specific hardware architectures

⚫ Writing a solver code

⚫ Practical usages of numerical packages

Method Algorithm Implementation

⚫ Numerical Analysis, Numerical Linear Algebra, …

⚫ Computer Architectures, Parallel Computing, …

⚫ Data Structures, Software Engineering, MPI, …

⚫ User Manuals, Technical Descriptions, …



Final Project
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⚫ At the end of each lecture, you will be given some papers to read.

⚫ There will be some questions related to the papers. 

⚫ All the questions are simple but open-ended (do not expect uniform answers).

⚫ You can read at least three papers (you are welcome to extend your reading).

⚫ You can answer some of the questions or you can raise more questions to yourselves.

⚫ You will need to attend all lectures and hand in a final report (in the format of article/essay).

⚫ Write your own understandings, not what papers told you.

⚫ For extra credit, answer questions online and catch bugs/typos offline.



Schedule
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Lecture 1

会议时间：2022/06/18 13:30-17:30 (GMT+08:00) 北京时间

https://meeting.tencent.com/dw/yJOTfCfgHeaO

腾讯会议：580-936-725, 会议密码：1234

Lecture 2

会议时间：2022/06/19 13:30-17:30 (GMT+08:00)北京时间

https://meeting.tencent.com/dw/QlpW4J4H0npS

腾讯会议：169-573-566, 会议密码：1234

06/18 (Sat), 06/19 (Sun), 06/25 (Sat), 06/26 (Sun), 

07/02 (Sat), and 07/03 (Sun)

13:30—17:00, 20 hours in total

腾讯网络研讨会



Contact Me
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⚫ Office hours: Mon 14:00—15:00

⚫ Walk-in or online with appointment

⚫ zhangcs@lsec.cc.ac.cn

⚫ http://lsec.cc.ac.cn/~zhangcs
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