
CSCE 633 Math Symbols

Linear Algebra

• Vector: x ∈ RD×1 (most of the times we will write x ∈ RD and mean the same thing)
x = [x1, . . . , xD]T

• lp norm:

‖x‖p =
(∑D

i=1 |xi|p
)1/p

, p ≥ 1

‖x‖0 =
∑D

i=1 I{xi 6= 0} (total number of non-zero elements in vector)

• Euclidean distance between two vectors x1 = [x11, . . . , x1D] and x2 = [x21, . . . , x2D]:

‖x1 − x2‖2 =
√
|x11 − x21|2 + . . . |x1D − x2D|2 =

√(∑D
i=1 |x1i − x2i|2

)
• Inner product between vectors x1 = [x11, . . . , x1D] and x2 = [x21, . . . , x2D]:
< x1,x2 >= (x1,x2) = x11 · x21 + . . . x1D · x2D = ‖x1‖2 · ‖x2‖2 · cos(θ) ∈ R
where θ is the angle between the vectors

• Cosine similarity (or angle θ) between vectors x1 = [x11, . . . , x1D]T and x2 = [x21, . . . , x2D]T :
cos(θ) = <x1,x2>

‖x1‖2‖x2‖2 ∈ [−1, 1]

• Matrix: X ∈ RD×N , e.g., X = [x1, . . . ,xN] =

x11 x21 . . . xN1
...

x1D x2D . . . xND

,

where xi = [xi1, . . . , xiD]T ∈ RD

• Vector-matrix multiplication (X ∈ RD×N , w ∈ RD×1):

wTX =
[
w1 . . . wD

]︸ ︷︷ ︸
1×D

×

x11 x21 . . . xN1
...

x1D x2D . . . xND


︸ ︷︷ ︸

D×N

=
[
wTx1 . . . wTxN

]︸ ︷︷ ︸
1×N

∈ R1×N

• Gradient (or differential operator):

f : RD → R, ∇f(x) =
[
θf(x)
θx1

, . . . , θf(x)θxD

]
∈ RD

e.g., f(x) = f(x1, x2) = x21 + x22, ∇f(x) = [2x1, 2x2] ∈ RD



• Hessian matrix:

f : RD → R, H = ∇
(

(∇f(x))T
)

=


θ2f(x)
θx21

. . . θ2f(x)
θx1θxD

...
θ2f(x)
θxDθx1

. . . θ2f(x)
θx2D

 ∈ RD×D

e.g., f(x) = f(x1, x2) = x21+x22 ∈ R, H = ∇
(

[2x1, 2x2]
T
)

= ∇
([

2x1
2x2

])
=

[
2 0
0 2

]
∈ R2×2

• Basic matrix/vector derivatives:
α,x ∈ RD, A ∈ RD×D
θ(αTx)
θx = θ(xTα)

θx = α
θ2(xTAx)

θx2 = A

Sets

• Indicator function: I{A} = 1, if A true; I{A} = 0, if A false

• Set difference: A \B = {x : x ∈ A and x /∈ B}


