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𝒇 𝒙 = 𝒙𝟐

𝒇′ 𝒙 = 𝟐𝒙𝟏

-1

𝒇 𝒙 = 𝒙𝟑

𝒇′ 𝒙 = 𝟑𝒙𝟐

-1

𝒇 𝒙 = 𝒙
_𝟏

𝒇′ 𝒙 = (−𝟏)𝒙
_𝟐

-1

𝒇 𝒙 = 𝒙𝒏 𝒇′(𝒙) =
𝒅

𝒅𝒙
𝒇 𝒙 = 𝒏𝒙𝒏−𝟏

General derivative of power function:
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Exercises

𝒇 𝒙 = 𝟐𝒙𝟐 

What are the derivatives of the following functions?

𝒇′ 𝒙 =  … …

𝒇 𝒙 = −𝒙𝟑 𝒇′ 𝒙 =  … …

𝒇 𝒙 = 𝟏𝟎𝒙𝟐 𝒇′ 𝒙 =  … …

𝒇 𝒙 = −𝒙
_𝟐 𝒇′ 𝒙 =  … …
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DerivativesFunction

𝒇′ 𝒙 = 𝒄𝒐𝒔(𝒙)𝒇 𝒙 = 𝒔𝒊𝒏(𝒙)

𝒇′ 𝒙 = −𝒔𝒊𝒏(𝒙)𝒇 𝒙 = 𝒄𝒐𝒔(𝒙)
𝒅

𝒅𝒙
𝒇

_𝟏(𝒙)=
𝟏

𝒇′(𝒙)
𝒇

_𝟏 𝒙

𝒇′ 𝒙 = 𝒆𝒙𝒇 𝒙 = 𝒆𝒙

𝒅

𝒅𝒙
log 𝒙 =

𝟏

𝒙
𝒇 𝒙 = 𝐥𝐨𝐠(𝒙)

𝒇′(𝒙) = 𝒄𝒈′(𝒙)𝒇(𝒙) = 𝒄𝒈(𝒙)

𝒇′ 𝒙 = 𝒉′ 𝒙 + 𝒈′(𝒙)𝒇 𝒙 = 𝒉 𝒙 + 𝒈(𝒙)

𝒇′ 𝒙 = 𝒈 𝒙 𝒉′ 𝒙 + 𝒉(𝒙)𝒈′(𝒙)𝒇 𝒙 = 𝒉 𝒙 × 𝒈(𝒙)

𝒅

𝒅𝒙
𝒇(𝒈 𝒉 𝒙 ) =

𝒅𝒇

𝒅𝒈
×

𝒅𝒈

𝒅𝒉
×

𝒅𝒉

𝒅𝒙
𝒇(𝒈 𝒉 𝒙 )
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How to Find the Inverse of a Function?

1. The 𝒙 and y values will switch in an inverse 

function, so replace the 𝒇(𝒙) notation with 𝒚.

2. Next, replace every 𝒙 in the equation with a 

𝒚, and every 𝑦 with an 𝒙.

3. Solve the new equation for y.

4. Replace the y with the 𝒇
_𝟏 (𝒙) notation.

𝒚 = 𝟐𝒙 − 𝟑 𝒙 = 𝟐𝒚 − 𝟑

𝒇 𝒙 = 𝟐𝒙 − 𝟑 𝒚 = 𝟐𝒙 − 𝟑

𝑥2 = 2𝑦 − 3 2 → 𝑥2 = 2𝑦 − 3 → 2𝑦 = 𝑥2 + 3

∴ 𝑦 =
𝑥2 + 3

2

𝒇
_𝟏(𝒙) =

𝒙𝟐 + 𝟑

𝟐
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Examples

Find𝒇
_𝟏 𝒙  for the following functions: 

𝒇 𝒙 = −𝟑𝒙 − 𝟕

𝒚 = −𝟑𝒙 − 𝟕

𝒙 = −𝟑𝒚 − 𝟕

−𝟑𝒚 = 𝒙 + 𝟕

𝒚 =
𝒙 + 𝟕

−𝟑

∴ 𝒇
_𝟏(𝒙) =

𝒙 + 𝟕

−𝟑

𝒇 𝒙 =
𝟏

𝟓
𝒙 + 𝟖

𝒚 =
𝟏

𝟓
𝒙 + 𝟖

𝒙 =
𝟏

𝟓
𝒚 + 𝟖

𝒚 = 𝟓(𝒙 − 𝟖)

∴ 𝒇
_𝟏(𝒙) = 𝟓(𝒙 − 𝟖)
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Inverse Function

Exercises

Find𝒇
_𝟏 𝒙  for the following functions: 

𝒇 𝒙 = 𝟐𝒙 + 𝟏 𝒇 𝒙 = −
𝟐

𝟑
𝒙 − 𝟓 𝒇 𝒙 = −

𝟏

𝟐
(𝒙 + 𝟑)
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The following table lists the values of functions 𝒈 and 𝒉, and of their 

derivatives, 𝒈′ and 𝒉′, for 𝒙 = −𝟐 𝒉′(𝒙)𝒈′(𝒙)𝒉(𝒙)𝒈(𝒙)𝒙

𝟒𝟑−𝟏𝟐−𝟐Let function 𝒇(𝒙) defined as 𝒈(𝒙) × 𝒉(𝒙) 

What is the value of 𝒇′ −𝟐 ?
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The following table lists the values of functions  𝒇 and 𝒉 and of their 

derivatives, 𝒇’and  ℎ’, for  𝒙 = −𝟏 𝒉′(𝒙)𝒇′(𝒙)𝒉(𝒙)𝒇(𝒙)𝒙

𝟑𝟏−𝟒−𝟑−𝟏
Evalute 𝒇 𝒙 × 𝒉 𝒙  𝒂𝒕 𝒙 = −𝟏 
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Let 𝒇 be a function such 𝒇(−𝟏)  =  𝟑, and 𝒇’(−𝟏) =  𝟓

 Let 𝒈 be function 𝒈 𝒙 =
𝟏

𝒙
.

Let 𝒉 be a function defined as 𝒉 𝒙 = 𝒇 𝒙 × 𝒈 𝒙 , What is the value of 𝒉′ −𝟏 ?
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Let 𝒇 𝟑 = −𝟏, and 𝒇’ 𝟑 = 𝟎

Let 𝒈 𝒙 = 𝒙𝟑.

Evalute
𝑑

𝑑𝑥
𝒇 𝒙 × 𝒈 𝒙  𝒂𝒕 𝒙 = 3
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𝒇𝒚 =
𝝏𝒇

𝝏𝒚

𝒇 𝒙, 𝒚

𝒇𝒙 =
𝝏𝒇

𝝏𝒙
Partial derivative of 𝒇 

with respect to 𝒙
Partial derivative of 𝒇 

with respect to 𝒚

Partial derivative notationPartial derivative notation

Partial Derivatives
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Summary

Solving function of two variables:

Find partial derivative of 𝒇 with respect to 𝒙

▪ Treat all other variables as constants. In this case y.

▪ Differentiate the function using the normal rules of differentiation.

Find partial derivative of 𝒇 with respect to 𝒚

▪ Treat all other variables as constants. In this case 𝒙.

▪ Differentiate the function using the normal rules of differentiation.

𝒇𝒙 =
𝝏𝒇

𝝏𝒙
= 𝟐𝒙

𝒇𝒚 =
𝝏𝒇

𝝏𝒚
= 𝟐𝒚

Partial Derivatives
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Example

𝒇𝒙 =
𝝏𝒇

𝝏𝒙
= 𝟑 𝟐𝒙  𝒚𝟑

𝒇𝒙 =
𝝏𝒇

𝝏𝒙
= 𝟔𝒙𝒚𝟑

𝒇 𝒙, 𝒚 = 𝟑𝒙𝟐𝒚𝟑

𝒇 𝒙, 𝒚 = 𝟑𝒙𝟐 
𝒚𝟑 𝒇 𝒙, 𝒚 = 𝟑𝒙𝟐 

𝒚𝟑

𝒇𝒙 =
𝝏𝒇

𝝏𝒙

= 𝟑 𝒙𝟐 (
 
𝟑𝒚𝟐)

𝒇𝒙 =
𝝏𝒇

𝝏𝒙
= 𝟗𝒙𝟐𝒚𝟐

Partial Derivatives
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If we want a new point that is closer to the 

minimum, then that should be the old point 

minus the slope.

𝑵𝒆𝒘 𝑷𝒐𝒊𝒏𝒕 = 𝑶𝒍𝒅 𝑷𝒐𝒊𝒏𝒕 − 𝑺𝒍𝒐𝒑𝒆

𝒙𝒏𝒆𝒘 = 𝒙𝒐𝒍𝒅 − 𝒇′(𝒙𝒐𝒍𝒅)

To take small steps so that we do not miss the 

minimum point, simply multiply the slope by a 

small number called the “Learning Rate”.

𝒙𝒏𝒆𝒘 = 𝒙𝒐𝒍𝒅 − 𝜶𝒇′(𝒙𝒐𝒍𝒅)
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Gradient Descent:

Target: Finding the minimum of 𝒇(𝒙)

𝒙1

𝒙2

𝒙3

𝒙4𝒙5

𝒙6

𝒙7

𝒙𝟕 = 𝒙𝟔 − 𝜶𝒇′(𝒙𝟔)

Step (1): Define the learning rate (𝜶 ) and 

choose a starting point (𝑥0)

Step (2): Update 𝒙𝒏 = 𝒙𝒏−𝟏 − 𝜶𝒇′(𝒙𝒏−𝟏)

Step (3): Repeat (Step 2) until the minimum 

point is reached



www.midocean.ae

Gradient Descent
Lecture

11

www.midocean.ae

Gradient Descent:

Target: Finding the minimum of 𝒇(𝒙)

Step (1): Define the learning rate (𝜶 ) and 

choose a starting point (𝑥0, 𝑦0)

Step (2): Update 

Step (3): Repeat (Step 2) until the minimum point 

(𝒙, 𝒚) is reached

𝒙𝒏𝒆𝒘

𝒚𝒏𝒆𝒘
=

𝒙𝒐𝒍𝒅

𝒚𝒐𝒍𝒅
−𝜶𝜵𝒇(𝒙𝒐𝒍𝒅, 𝒚𝒐𝒍𝒅)
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RuleMethod

𝒙 =
𝒂𝟏 + 𝒂𝟐 + 𝒂𝟑 + ⋯ + 𝒂𝒏

𝒏
𝐒𝐪𝐮𝐚𝐫𝐞 𝐋𝐨𝐬𝐬 𝐟𝐮𝐧𝐜𝐭𝐢𝐨𝐧

𝜵𝒇 =

𝝏𝒇

𝝏𝒙
𝝏𝒇

𝝏𝒚

=
𝟐𝒙
𝟐𝒚

The Gradient of 𝒇 𝒙, 𝒚

𝒙𝒏𝒆𝒘 = 𝒙𝒐𝒍𝒅 − 𝜶𝒇′(𝒙𝒐𝒍𝒅)𝐆𝐫𝐚𝐝𝐢𝐞𝐧𝐭 𝐃𝐞𝐬𝐜𝐞𝐧𝐭
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Equal toLogarithmRule

𝐥𝐨𝐠 𝒙 + 𝐥𝐨𝐠 𝒚𝐥𝐨𝐠 𝒙𝒚Product Rule

𝐥𝐨𝐠 𝒙 − 𝐥𝐨𝐠 𝒚𝐥𝐨𝐠
𝒙

𝒚
Division Rule

𝒄 𝐥𝐨𝐠 𝒙𝐥𝐨𝐠 𝒙𝒄Exponential Rule

RuleMethod

𝜵𝒇 =

𝝏𝒇

𝝏𝒙
𝝏𝒇

𝝏𝒚

=
𝟐𝒙
𝟐𝒚

The Gradient of 𝒇 𝒙, 𝒚

𝒙𝒏𝒆𝒘 = 𝒙𝒐𝒍𝒅 − 𝜶𝒇′(𝒙𝒐𝒍𝒅)𝐆𝐫𝐚𝐝𝐢𝐞𝐧𝐭 𝐃𝐞𝐬𝐜𝐞𝐧𝐭
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𝒙𝒌+𝟏 = 𝒙𝒌 −
𝒇(𝒙𝒌)

𝒇′ 𝒙𝒌
𝑓(𝑥𝑘)

𝑥𝑘 − 𝑥𝑘+1
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𝒇 𝒙, 𝒚 = 𝟐𝒙𝟐 + 𝟑𝒚𝟐 − 𝒙𝒚

𝒙

𝒚

𝟒𝒙 − 𝒚

𝟔𝒚 − 𝒙

𝒙

𝒚

𝟒

−𝟏

−𝟏

𝟔

𝒇𝒙𝒙 𝒙, 𝒚

𝒇𝒙𝒚 𝒙, 𝒚

𝒙

𝒚

𝒇𝒚𝒙 𝒙, 𝒚

𝒇𝒚𝒚 𝒙, 𝒚

𝒇𝒙 𝒙, 𝒚

𝒇𝒚 𝒙, 𝒚

Lagrange’s 

notation

Leibniz's 

notation

𝒇𝒙𝒙 𝒙, 𝒚
𝝏𝟐𝒇

𝝏𝒙𝟐

Rate of change 
of 𝒇′𝒙(𝒙, 𝒚) with 
respect to 𝒙

𝒇𝒚𝒚 𝒙, 𝒚
𝝏𝟐𝒇

𝝏𝒚𝟐

Rate of change 
of 𝒇′𝒚(𝒙, 𝒚) with 

respect to 𝒚

𝒇𝒙𝒚 𝒙, 𝒚
𝝏𝟐𝒇

𝝏𝒙𝝏𝒚

Rate of change 
of 𝒇′𝒙(𝒙, 𝒚) with 
respect to 𝒚

𝒇𝒚𝒙 𝒙, 𝒚
𝝏𝟐𝒇

𝝏𝒚𝝏𝒙

Rate of change 
of 𝒇′𝒚(𝒙, 𝒚) with 

respect to 𝒙



www.midocean.ae

The Hessian
Lecture

11

www.midocean.ae

𝒇 𝒙, 𝒚

𝒙

𝒚

𝒙

𝒚

𝒇𝒙𝒙 𝒙, 𝒚

𝒇𝒙𝒚 𝒙, 𝒚

𝒙

𝒚

𝒇𝒚𝒙 𝒙, 𝒚

𝒇𝒚𝒚 𝒙, 𝒚

𝒇𝒙 𝒙, 𝒚

𝒇𝒚 𝒙, 𝒚

𝜵𝒇𝒙 =
𝒇𝒙𝒙 𝒙, 𝒚

𝒇𝒙𝒚 𝒙, 𝒚 𝜵𝒇𝒚 =
𝒇𝒚𝒙 𝒙, 𝒚

𝒇𝒚𝒚 𝒙, 𝒚

𝑯 =
𝒇𝒙𝒙 𝒙, 𝒚 𝒇𝒙𝒚 𝒙, 𝒚

𝒇𝒚𝒙 𝒙, 𝒚 𝒇𝒚𝒚 𝒙, 𝒚

Hessian Matrix
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𝒇 𝒙, 𝒚 = 𝟐𝒙𝟐 + 𝟑𝒚𝟐 − 𝒙𝒚

𝒙

𝒚

𝟒𝒙 − 𝒚

𝟔𝒚 − 𝒙

𝒙

𝒚

𝟒

−𝟏

−𝟏

𝟔

𝒇𝒙𝒙 𝒙, 𝒚

𝒇𝒙𝒚 𝒙, 𝒚

𝒙

𝒚

𝒇𝒚𝒙 𝒙, 𝒚

𝒇𝒚𝒚 𝒙, 𝒚

𝒇𝒙 𝒙, 𝒚

𝒇𝒚 𝒙, 𝒚

𝑯 =
𝟒 −𝟏

−𝟏 𝟔
Hessian Matrix
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Two VariableOne Variable

𝒇(𝒙, 𝒚)𝒇(𝒙)Function

𝒇𝒙 𝒙, 𝒚 Rate of change w.r.t. 𝒙
𝒇𝒚 𝒙, 𝒚 Rate of change w.r.t. 𝒚

𝛁𝒇 =
𝒇𝒙 𝒙, 𝒚

𝒇𝒚 𝒙, 𝒚

𝒇′(𝒙) Rate of change of 𝒇(𝒙)First Derivative

𝑯(𝒙, 𝒚) =
𝒇𝒙𝒙 𝒙, 𝒚 𝒇𝒙𝒚 𝒙, 𝒚

𝒇𝒚𝒙 𝒙, 𝒚 𝒇𝒚𝒚 𝒙, 𝒚
𝒇′′(𝒙) Rate of change of the rate 

of change 𝒇(𝒙)
Second Derivative
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The Matrix is a collection of numbers ordered in rows and columns. We would normally 

denote a matrix with a capital letter, for instance, A

𝑨𝟑×𝟑 =

𝒂𝟏𝟏 𝒂𝟏𝟐 𝒂𝟏𝟑

𝒂𝟐𝟏 𝒂𝟐𝟐 𝒂𝟐𝟑

𝒂𝟑𝟏 𝒂𝟑𝟐 𝒂𝟑𝟑

3 Rows

3 Columns
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𝟐 × 𝟑 = 𝟔

𝟒 × 𝟓 = 𝟐𝟎

𝟏 × 𝟐 = 𝟐

𝟐𝟖

𝟐 𝟒 𝟏 ×
𝟑
𝟓
𝟐

= 𝟐𝟖

×



www.midocean.ae

Addition and Subtraction

of Matrices

Lecture

11

www.midocean.ae

The two matrices must have the same dimensions.

𝑨𝟐×𝟑 =
𝟓 𝟏𝟐 𝟔

−𝟑 𝟎 𝟏𝟒
𝑩𝟐×𝟑 =

𝟗 𝟖 𝟕
𝟏 𝟑 −𝟓

𝑨𝟐×𝟑 + 𝑩𝟐×𝟑 =
𝟓 𝟏𝟐 𝟔

−𝟑 𝟎 𝟏𝟒
+

𝟗 𝟖 𝟕
𝟏 𝟑 −𝟓

=
𝟓 + 𝟗 𝟏𝟐 + 𝟖 𝟔 + 𝟕

−𝟑 + 𝟏 𝟎 + 𝟑 𝟏𝟒 + (−𝟓)

=
𝟏𝟒 𝟐𝟎 𝟏𝟑
−𝟐 𝟑 𝟗
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𝑨𝟐×𝟑 =
𝟓 𝟏𝟐 𝟔

−𝟑 𝟎 𝟏𝟒
𝑩𝟐×𝟑 =

𝟗 𝟖 𝟕
𝟏 𝟑 −𝟓

𝑨𝟐×𝟑 − 𝑩𝟐×𝟑 =
𝟓 𝟏𝟐 𝟔

−𝟑 𝟎 𝟏𝟒
−

𝟗 𝟖 𝟕
𝟏 𝟑 −𝟓

=
𝟓 − 𝟗 𝟏𝟐 − 𝟖 𝟔 − 𝟕

−𝟑 − 𝟏 𝟎 − 𝟑 𝟏𝟒 − (−𝟓)

=
−𝟒 𝟒 −𝟏
−𝟒 −𝟑 𝟏𝟗

The two matrices must have the same dimensions.
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Using the same concept, the dot product, we can multiply two matrices. We can only 

multiply a matrix of dimensions 𝒎 ×  𝒏 with a matrix of dimensions 𝒎 × 𝒌 .

The second dimension of the first matrix must match the first dimension of the 

second matrix.

1. Matrices are nothing more than a 

collection of vectors.

2. When we have a dot product, multiply a 

row vector times a column vector.

𝟓 𝟏𝟐 𝟔
−𝟑 𝟎 𝟏𝟒

×
𝟐 −𝟏
𝟖 𝟎
𝟑 𝟎

=
𝟏𝟐𝟒 −𝟓
𝟑𝟔 𝟑
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The transpose of a matrix is found by interchanging its rows into columns or columns 

into rows. The transpose of the matrix is denoted by using the letter “T” in the superscript 

of the given matrix.

A =
𝟑
𝟒
𝟓

𝑨𝑻 = 𝟑 𝟒 𝟓 𝑻

𝑨𝟐×𝟑 =
𝟓 𝟏𝟐 𝟔

−𝟑 𝟏 𝟏𝟒
𝑨𝟑×𝟐

𝑻 =
𝟓 −𝟑

𝟏𝟐 𝟏
𝟔 𝟏𝟒

𝑻
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The identity matrix is the matrix that when multiplied by any other matrix it gives the 

same matrix.

I =

1
0
0

0
1
0

0
0
1

0
0
0

0
0
0

0 0 0 1 0
0 0 0 0 1
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The determinant is a special number that can be calculated from a matrix. The matrix has 

to be square (same number of rows and columns).

𝑨 =
𝒂 𝒃
𝒄 𝒅

𝑨 = 𝒂𝒅 − 𝒃𝒄𝒂 𝒃
𝒄 𝒅

𝑨 =
𝒂 𝒃 𝒄
𝒅 𝒆 𝒇
𝒈 𝒉 𝒊

𝒂
𝒆 𝒇

𝒉 𝒊

×
𝒃

𝒅 𝒇

𝒈 𝒊

×
𝒄

𝒅 𝒆
𝒈 𝒉

×

𝑨 = 𝒂(𝒆𝒊 −  𝒇𝒉)  −  𝒃(𝒅𝒊 −  𝒇𝒈)  +  𝒄(𝒅𝒉 −  𝒆𝒈)
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Inverse of a Matrix is a matrix that on multiplying with the original matrix result in the 

identity matrix.

𝒂 𝒃 
𝒄 𝒅

−𝟏

=
𝟏

𝒂𝒅 − 𝒃𝒄
𝒅 −𝒃 

−𝒄 𝒂

In other words: swap the positions of 𝒂 and 𝒅, put negatives in front of 𝒃 and 𝒄, and divide 

everything by 𝒂𝒅 − 𝒃𝒄 (the determinant of the matrix)

𝑨 =
𝒂 𝒃
𝒄 𝒅

𝑨−𝟏 =
𝒂 𝒃
𝒄 𝒅

−𝟏

𝒂 𝒃
𝒄 𝒅

−𝒗𝒆

−𝒗𝒆
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𝟒 𝟕 
𝟐 𝟔

−𝟏

=
𝟏

𝟒 × 𝟔 − 𝟕 × 𝟐
𝟔 −𝟕 

−𝟐 𝟒

 =
𝟏

𝟏𝟎

𝟔 −𝟕 
−𝟐 𝟒

=
𝟎. 𝟔 −𝟎. 𝟕 

−𝟎. 𝟐 𝟎. 𝟒

How do we know this is the right answer?

𝟒 𝟕
𝟐 𝟔

×
𝟎. 𝟔 −𝟎. 𝟕 

−𝟎. 𝟐 𝟎. 𝟒

=
𝟒 × 𝟎. 𝟔 + 𝟕 × −𝟎. 𝟐 𝟒 × −𝟎. 𝟕 + 𝟕 × 𝟎. 𝟒
𝟐 × 𝟎. 𝟔 + 𝟔 × −𝟎. 𝟐 𝟐 × −𝟎. 𝟕 + 𝟔 × 𝟎. 𝟒

=
𝟐. 𝟒 − 𝟏. 𝟒 −𝟐. 𝟖 + 𝟐. 𝟖
𝟏. 𝟐 − 𝟏. 𝟐 −𝟏. 𝟒 + 𝟐. 𝟒

=
𝟏 𝟎
𝟎 𝟏

Non-zero determinants mean that the matrix has an inverse and a zero determinant, that the 

matrix does not have an inverse.
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DescriptionSubject

𝑷 𝑨′ = 𝟏 − 𝑷(𝑨)The complement rule

The sum of all probabilitiesThe Sum of probability (Disjoint-Events) 

The sum of  probabilities subtracted from Joint eventsSum of Probabilities (Joint-Events)

𝑷 𝑨 ∩ 𝑩 = 𝑷(𝑨) × 𝑷(𝑩|𝑨)Conditional Probability

𝑷 𝑨 𝑩 =
𝑷(𝑨) × 𝑷(𝑩|𝑨)

𝑷 𝑨 × 𝑷 𝑩 𝑨 + 𝑷(𝑨′) × 𝑷(𝑩|𝑨′)
Bayes Theorem

𝑿~𝑩𝒆𝒓𝒏𝒐𝒖𝒍𝒍𝒊 "𝑩𝒆𝒓𝒏" (𝒑)Bernoulli Distribution

𝑿~𝑩𝒊𝒐𝒏𝒐𝒎𝒊𝒂𝒍 "𝑩" (𝒏, 𝒑)Binomial Distribution

𝑷 𝒚 =
𝝀𝒚𝒆−𝝀

𝒚!
Poisson Distribution
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DescriptionSubject

ൗ𝟏
𝒏 ෍

𝒊=𝟏

𝒏

𝑿𝒊The Mean 

The average of the squared differences from the MeanVariance 𝝈𝟐

𝝈𝟐The Standard Deviation 𝝈

𝑿~𝑵𝒐𝒓𝒎𝒂𝒍 "𝑵" (𝝁, 𝝈𝟐)Normal distribution 

𝑿 − 𝝁

𝝈
Standardization

𝒁 =
ഥ𝑿 − 𝝁𝟎

ൗ
𝝈

𝒏
Z-Score
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DescriptionSubject

𝑻 =
ഥ𝑿 − 𝝁𝟎

ൗ𝑺
𝒏

T-distribution

𝑺 =
𝟏

𝒏 − 𝟏
෍

𝒊=𝟏

𝒏

(𝑿𝒊 − ഥ𝑿)𝟐Estimate of SD
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