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Announcement

• Starting from today, you can earn your participation points!
• How?
• If you answered questions (either correct/incorrect!), showed your

solutions to in-class exercise problems,
• You can come to me to register your name.
• 1 point per lecture

• HW 1 due today

• HW 2 will be released soon
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Agenda

• Recap of Lecture 2

• Floating point system
• Truncation and rounding

• Linear system
• Definitions and applications
• Solvers:

• Gaussian Elimination
• Gauss-Jordan Elimination
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Recap: Asymptotic notations

• 𝑓(𝑥)  =  𝑂(𝑔(𝑥)) as 𝑥 → 𝑥0 if there is some positive constant 𝐶 
such that 𝑓(𝑥)

𝑔(𝑥)
⩽ 𝐶.

• Growth rates in increasing order:
• log 𝑛 , 𝑛 , 𝑛 , 𝑛 log 𝑛 , 𝑛3 , 2𝑛 , 𝑛!
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Recap: Decimal expansion

• Take 316.1415 for example:

• Any real number x can be written as
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Recap: Scientific notation

• In-class exercise: scientific notations of 4125, 40.125, 4.125
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How data are stored? Floating point system

• Discussion: what’s the number in [0|0100000…|…0000011]?
• Solution: -(1+0.25)*8=-10.
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Example of storing x=3.125 in computers
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Truncation and rounding
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Recap: Types of errors
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Linear systems (linear equations)

• An example of linear systems
• Any linear system can always be rewritten in matrix form

• More generally, 𝐴𝑥 = 𝑏
• 𝐴 is an 𝑚 × 𝑛 matrix
• 𝑥 is an 𝑛-dimensional vector
• 𝑏 is an 𝑚-dimensional vector

• Problem: given 𝐴 and 𝑏, how can you solve 𝑥?
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So many applications of linear systems
• Computer graphics & vision:

• Linear transforms (rotation/scale/shear), camera models, color space conversion
• Machine learning & data science:

• Linear regression, least squares
• Optimization & operations research:

• Network flow, scheduling, logistics
• Economics & finance:

• Supply–demand equilibrium
• Chemistry & biology:

• metabolic flux analysis solving steady-state linear constraints
• Robotics:

• Jacobian-based small-motion models
• Computer networks:

• Traffic routing and capacity planning via linear flow conservation constraints
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How Do Supply and Demand Interact to Create Equilibrium?

https://www.google.com/url?sa=i&url=https%3A%2F%2Fnerd.wwnorton.com%2Febooks%2Fepub%2Fprineco4%2FEPUB%2Fcontent%2F3.4.0-chapter03.xhtml&psig=AOvVaw0-gGTlBrxI-PM6YXM7HG6B&ust=1757988611049000&source=images&cd=vfe&opi=89978449&ved=0CBYQjRxqFwoTCLiQ65DY2Y8DFQAAAAAdAAAAABAE


Recap: In-class exercise: map each pixel to a
new location
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Discussion

• Which of two systems is easier to be solved?
• How can you solve the easier one?

• Actually, these two are equivalent to each other! How??
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Gaussian elimination

• Rewrite the problem in augmented matrix form
• Original augmented matrix and manipulated augmented matrix

• Elementary row operations:
• 2nd line = 2nd line – 3 * 1st line [0 -1 -2 -10], done!
• 3rd line = 3rd line – 4 * 1st line [0 -6 -2 -20]
• Discussion: how to proceed?
• 3rd line = 3rd line – 6 * 2nd line [0 0 10 40], done!
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Gaussian elimination

• Rewrite the problem in augmented matrix form
• Original augmented matrix and manipulated augmented matrix

• Three elementary row operations:
• Multiply a row by a non-zero constant [Notation: 3𝑅1]
• Exchange two rows [Notation: 𝑅2,3]
• Add one row with a multiplied row [Notation: 𝑅1 + (– 8)𝑅3]
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Gaussian elimination

• Repeat this process in equation form

• Elementary row operations:
• 2nd line = 2nd line – 3 * 1st line [-y-2z=-10], done!
• 3rd line = 3rd line – 4 * 1st line [-6y-2z=-20]
• 3rd line = 3rd line – 6 * 2nd line [10z=40], done!
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Gaussian elimination

• Key idea:
• Use elementary row operations to make A become a right-triangular

matrix
• So that you can sequentially solve the linear systems bottom-up!
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In-class exercise: Gaussian Elimination

• Solve this linear system:

• Solution:
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Beyond Gaussian Elimination …

• Consider this linear system:

• In-class exercise: Write in in Gaussian elimination style.

• Discussion: is it possible to further simplify A as an identity matrix?
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Gauss-Jordan Elimination: Beyond Gaussian
Elimination
• Consider this linear system:

• Yes! It’s Gauss-Jordan Elimination.
• Key idea:

• Use elementary row operations to make A become an identity matrix
• So that you can directly read the results!
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In-class exercise: Gauss-Jordan Elimination

• Solve this linear system:
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