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Chapter 1: Introduction

NOTE: these slides are terse. I only use them for material that I do not

want to write on the board (mainly code, figures, and long equations).

Most of the discussion, derivations, main points, basic equations, etc, will

be on the chalk board. Thus, these slides are not meant as a stand-alone

outline of the topic.



Block matrix

• rows of an m-by-n matrix A partitioned into r subsets

• columns are partitioned into c subsets

• A can be written as a block r -by-c matrix

A =

 A11 · · · A1c
...

...
Ar1 · · · Arc


• where Aij is mi -by-nj , if mi is the size of the ith row subset,

and nj is the size of the jth column subset.



Block matrix

• C = AB

• columns of A are partitioned identically to the rows of B.

Cij =
c∑

k=1

AikBkj



Chapter 2: Basic algorithms



CSparse matrix

A =


4.5 0 3.2 0
3.1 2.9 0 0.9
0 1.7 3.0 0

3.5 0.4 0 1.0


Triplet form:

compressed column form:



CSparse data structure



Matrix-vector multiplication

z = Ax + y , where y and x are dense vectors and A is sparse.

z =
[
A∗1 . . . A∗n

]  x1
...
xn

+ y

for j = 0 to n − 1 do
for each i for which aij 6= 0 do

yi = yi + aijxj



gaxpy



malloc wrappers



allocate/free a sparse matrix



re-allocate a sparse matrix



triplet form

Create:

Add one entry:



convert triplet to compressed-column



wrap-up



cumulative sum



transpose





dropping entries from a matrix



dropping entries

Dropping zeros:

Dropping small entries:



Matrix multiplication

• C = AB should access A and B by column.

• let C∗j and B∗j denote column j of C and B

• then C∗j = AB∗j

• splitting A into its k columns and B∗j into its k individual
entries:

C∗j =
[
A∗1 · · · A∗k

]  b1j
...
bkj

 =
k∑

i=1

A∗ibij .



Nonzero pattern of C = AB

The nonzero pattern of C is given by the following theorem.

Theorem (2.1)

The nonzero pattern of C∗j is the set union of the nonzero pattern
of A∗i for all i for which bij is nonzero. If Cj , Ai , and Bj denote
the set of row indices of nonzero entries in C∗j , A∗i , and B∗j , then

Cj =
⋃
i∈Bj

Ai







Matrix addition

C =
[
A B

] [ αI
βI

]



Matrix addition



Vector permutation



Invert a permutation vector

• permutation vector, p[k]=i if “old” row i is the kth “new”
row.

• inverse permutation vector, pinv[i]=k



Matrix permutation

C = PAQ, or C=A(p,q) in MATLAB.



Symmetric matrix permutation

...



...



matrix 1-norm



reading matrix from a file




