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Matrix Multiplication
1.  The order makes a difference…AB is different from BA.
2.  Rule : The number of columns in first matrix must

equal number of rows in second matrix. 
In other words, the inner dimensions must be equal.

3. Dimension of product : The answer will be number of 
rows in first matrix by number of columns in second 
matrix. 
In other words, the outer dimensions.
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Matrix Multiplication
Multiplication of two matrices, A and B, produces the 
matrix C whose elements, 𝑐௜,௝ (0 ൏= 𝑖 ൏ 𝑛, 0 ൏= 𝑗 ൏ 𝑚), 
are computed as follows:𝑐௜,௝ = ෍ 𝑎௜,௞𝑏௞,௝௟ିଵ௞ୀ଴
where A is an 𝑛 ൈ 𝑝 matrix and B is an 𝑝 ൈ 𝑚 matrix.



Are the following matrix multiplications possible?
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What is the dimension of the following products, if possible?
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The product of two matrices is found by multiplying the corresponding 
elements in each row by each column and then adding them together.



Matrix Notation and Matrix Multiplication
Nine co-efficients
Three unknowns
Three right-hand sides

Co-efficient matrix Solution vector constant vector



Multiplication of a matrix and a vector

Matrix form 

Row times column

Inner product

Outer product ??



There are two ways to multiply a matrix and a vector .
• One way is a row at a time, each row of combines 

with to give a component of . There are three inner 
products when has three rows:

• Second way, multiplication a column at a time. The 
product is found all at once, as a combination of the 
three columns of : 



Properties of matrix multiplication
• Every product can be found using whole columns. 

Therefore is a combination of the columns of . 
The coefficients are the components of .

• The identity matrix , with s on the diagonal and s 
everywhere else, leaves every vector unchanged.

Identity matrix and .



Properties of matrix multiplication

• The entry of AB is the inner product of the -th
row of and the -th column of ଷଶ ଷଵ ଵଶ ଷଶ ଶଶ ଷଷ ଷଶ ଷସ ସଶ



Properties of matrix multiplication
• Each entry of AB is the product of a row and a 

column:௜௝
• Each column of AB is the product of a matrix and a 

column:

• Each row of AB is the product of a row and a 
matrix:



Properties of matrix multiplication

• For matrices and 
• Matrix multiplication is associative: 

• Matrix operations are distributive: 
and 

• Matrix multiplication is not commutative: Usually

Exception :  



𝑅ଵ  =  cos (𝜃ଵ) sin (𝜃ଵ)−sin (𝜃ଵ) cos (𝜃ଵ) ;

𝑅ଶ  =  cos (𝜃ଶ) −sin (𝜃ଶ)sin (𝜃ଶ) cos (𝜃ଶ) ;

𝟏 𝟐
𝟐 𝟏

ଵ ଵ ଶ ;

ଶ ??

Commutative property of Matrix Multiplication



Things to ponder:

Is the computational time for matrix-sequence multiplication
Invariant to the pairings chosen to perform operations:

((𝑨  𝑩 𝑪 𝑫) (𝑬 𝑭 𝑮 𝑯) … … . .((𝑨 𝑩 𝑪 𝑫)( 𝑬 𝑭)( 𝑮 𝑯…………..

(𝑨( 𝑩( 𝑪( 𝑫 (𝑬 (𝑭 (𝑮 (𝑯…….

Is there any optimal pairing of the sequence ??




