


01

3𝑥 + 2 = 8



01

3𝑥 + 2 = 8
𝑥 + 1 = 3



01

3𝑥 + 2 = 8
𝑥 + 2 = 3



01

3𝑥 + 2𝑦 = 8



01

𝑎𝑥 + 𝑏𝑦 = 𝑐



01

𝑎1𝑥1 + 𝑎2𝑥2 +⋯+ 𝑎𝑛𝑥𝑛 = 𝑏



01

𝑎11𝑥1 + 𝑎12𝑥2 +⋯+ 𝑎1𝑛𝑥𝑛 = 𝑏1
𝑎21𝑥1 + 𝑎22𝑥2 +⋯+ 𝑎2𝑛𝑥𝑛 = 𝑏2

⋮
𝑎𝑚1𝑥1 + 𝑎𝑚2𝑥2 +⋯+ 𝑎𝑚𝑛𝑥𝑛 = 𝑏𝑚



01
𝑎11𝑥1 + 𝑎12𝑥2 +⋯+ 𝑎1𝑛𝑥𝑛 = 𝑏1
𝑎21𝑥1 + 𝑎22𝑥2 +⋯+ 𝑎2𝑛𝑥𝑛 = 𝑏2

⋮
𝑎𝑚1𝑥1 + 𝑎𝑚2𝑥2 +⋯+ 𝑎𝑚𝑛𝑥𝑛 = 𝑏𝑚



02
𝑎11𝑥1 + 𝑎12𝑥2 +⋯+ 𝑎1𝑛𝑥𝑛 = 𝑏1
𝑎21𝑥1 + 𝑎22𝑥2 +⋯+ 𝑎2𝑛𝑥𝑛 = 𝑏2

⋮
𝑎𝑚1𝑥1 + 𝑎𝑚2𝑥2 +⋯+ 𝑎𝑚𝑛𝑥𝑛 = 𝑏𝑚

𝐴𝑋 = 𝑏

𝑤ℎ𝑒𝑟𝑒 𝐴 =

𝑎11 𝑎12 … 𝑎1𝑛
𝑎21
⋮

𝑎𝑚1

𝑎22 … 𝑎2𝑛
⋮ ⋱ ⋮

𝑎𝑚2 … 𝑎𝑚𝑛

, 𝑋 =

𝑥1
𝑥2
⋮
𝑥𝑛

, 𝑏 =

𝑏1
𝑏2
⋮
𝑏𝑚



02



02

𝐴, 𝐵

𝐴, 𝐵 𝐴 + 𝐵 𝐴 𝐵

𝐴 = 𝑎𝑖𝑗 . 𝐵 = 𝑏𝑖𝑗 (𝐴 + 𝐵)𝑖𝑗= 𝑎𝑖𝑗 + 𝑏𝑖𝑗

𝐴, 𝐵 𝐴 − 𝐵 𝐴 𝐵

𝐴 = 𝑎𝑖𝑗 . 𝐵 = 𝑏𝑖𝑗 (𝐴 − 𝐵)𝑖𝑗= 𝑎𝑖𝑗 − 𝑏𝑖𝑗

𝐴 𝑐 𝑐𝐴 𝐴
𝑐

𝐴 = 𝑎𝑖𝑗 (𝑐𝐴)𝑖𝑗= 𝑐𝑎𝑖𝑗



02



02



02

𝑎𝑥 = 𝑏
a−1a𝑥 = 𝑎−1𝑏
𝑎−1𝑎 𝑥 = 𝑎−1𝑏
1𝑥 = 𝑎−1𝑏
𝑥 = 𝑎−1𝑏

𝐴𝑋 = 𝑏
A−1A𝑋 = 𝐴−1𝑏
𝐴−1𝐴 𝑋 = 𝐴−1𝑏
𝐼𝑋 = 𝐴−1𝑏
𝑋 = 𝐴−1𝑏



02

𝑛 𝒏

𝑛 𝑰𝒏

𝑚 × 𝑛 𝐴 𝐴𝐼𝑛 = 𝐴, 𝐼𝑚𝐴 = 𝐴

𝑛 𝐴 𝐴𝐵 = 𝐵𝐴 = 𝐼𝑛 𝑛 𝐵

𝐴

𝐵 𝐴 𝐴−1

𝑛 𝐴 𝐴



02

𝐴𝑋 = 𝑏
A−1A𝑋 = 𝐴−1𝑏
𝐴−1𝐴 𝑋 = 𝐴−1𝑏
𝐼𝑋 = 𝐴−1𝑏
𝑋 = 𝐴−1𝑏



03

𝐴 =
𝑎 𝑏
𝑐 𝑑

𝐴 det 𝐴

det 𝐴 = 𝑎𝑑 − 𝑏𝑐

𝑛 × 𝑛 𝐴

𝐴 det 𝐴

det 𝐴 = 𝑎1𝑗𝐶1𝑗 + 𝑎2𝑗𝐶2𝑗 +⋯+ 𝑎𝑛𝑗𝐶𝑛𝑗 𝑗

det 𝐴 = 𝑎𝑖1𝐶𝑖1 + 𝑎𝑖2𝐶𝑖2 +⋯+ 𝑎𝑖𝑛𝐶𝑖𝑛 𝑖



03

𝐴 det(𝐴) ≠ 0 𝐴

𝐴 𝐴−1 det 𝐴−1 =
1

det(𝐴)



04

𝐴𝑋 = 𝑏 𝐿 𝑋 = 𝑏

𝑋՜
𝐿
𝑏



04

𝑆, 𝑆′

𝑆 𝑆′ 𝑆 𝑆′

𝐹: 𝑆 ՜ 𝑆′

𝑥 ∈ 𝑆՜
𝐹
𝐹 𝑥 ∈ 𝑆′



04

𝐴𝑋 = 𝑏 𝐿 𝑋 = 𝑏

𝑋 ∈ ℝ𝑛՜
𝐿
𝑏 ∈ ℝ𝑚



04

𝑉 +,⋅



04

𝑉, 𝑉′ 𝐹: 𝑉 ՜ 𝑉′

𝑉 𝑢, 𝑣 𝐹 𝑢 + 𝑣 = 𝐹 𝑢 + 𝐹 𝑣

𝐾 𝑐 𝑉 𝑣 𝐹 𝑐𝑣 = 𝑐𝐹(𝑣)

𝐴𝑋 = 𝑏 𝐿 𝑋 = 𝑏



04

𝐴𝑋 = 𝑏 𝐿 𝑋 = 𝑏



04

𝐴𝑋 = 𝑏 𝐿 𝑋 = 𝑏



05

𝑉 +,⋅



05

𝑉 𝑆 = 𝑣1, 𝑣2, … , 𝑣𝑛 𝑉 𝑉 𝑣

𝑣 = 𝑐1𝑣1 + 𝑐2𝑣2 +⋯+ 𝑐𝑛𝑣𝑛 𝑐1, 𝑐2, … , 𝑐𝑛

𝑉 𝑆 = 𝑣1, 𝑣2, … , 𝑣𝑛 𝑉 𝑉 𝑣

𝑣 = 𝑐1𝑣1 + 𝑐2𝑣2 +⋯+ 𝑐𝑛𝑣𝑛 𝑐1, 𝑐2, … , 𝑐𝑛

𝑆 𝑣 𝑣 𝑆 = 𝑐1, 𝑐2, … , 𝑐𝑛



05

𝑉 𝑆 = 𝑣1, 𝑣2, … , 𝑣𝑛 𝑉 𝑉 𝑣

𝑣 = 𝑐1𝑣1 + 𝑐2𝑣2 +⋯+ 𝑐𝑛𝑣𝑛 𝑐1, 𝑐2, … , 𝑐𝑛

𝑉 𝑉 𝑉

dim 𝑉



06

𝑉,𝑊 𝐹: 𝑉 ՜ 𝑊

ker𝐹 = 𝑣 ∈ 𝑉 𝐹 𝑣 = 𝑂

𝐹

𝐹: 𝑉 ՜ 𝑊 𝐹

𝐼𝑚 𝐹 = 𝑤 ∈ 𝑊 𝐹 𝑣 = 𝑤 𝑓𝑜𝑟 𝑠𝑜𝑚𝑒 𝑣 ∈ 𝑉



06

𝑉,𝑊

𝐿: 𝑉 ՜ 𝑊 𝑛 𝑉 𝑞 𝐿 𝑠 𝐿

𝑛 = 𝑞 + 𝑠

dim𝑉 = dimker 𝐿 + dim 𝐼𝑚 𝐿



07

𝑛 × 𝑛 𝐴 x ∈ ℝn 𝜆

𝐴x = 𝜆x

𝜆 𝐴 x 𝜆

𝐴x = 𝜆x



07

𝑛 × 𝑛 𝐴 𝑃−1𝐴𝑃 𝑃
𝐴 𝑃 𝐴

P−1AP = 𝐷 A = 𝑃𝐷𝑃−1

A𝑛 = 𝑃𝐷𝑛𝑃−1



08
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