: y »y o
UNIVERSITY OF WATERI'.QO‘] )f’{ — AR o S T . -
. 2 CULTYOF‘EEIGTEEFINQG‘ : . >
Fnagtgrt‘g?rgn%meicru:ga - S‘i ;)\R AP . o :
3;» r'\u;,ln»Lmear algebra for..nanotechnology engmeem&
. ) "d F o™ " L - .

& o 4
AL, “ 4 '.h"__"
w, lt‘"“\ - &' ) > ', ;':.;i
@ TP : . - - o~ \ ¥ Y
.-? T‘; - ﬁr - : &J:.‘ |
Fefiaes AN A
¥ \;‘:@:\ = Y g , . s ? ' )
w044 Zero rows, leadmg zei'os and ¥

4 ,bleadmg non zerdentry- Nae :
e e F R

. Y
I ( - ,‘, :‘.‘ L] N ' "‘ ; 1 of
W N y s b '1 . ...‘ ﬂ
. - B .'l "“. J 4 -~
@l\“ Wi - ' F L) h - - ’ t
= . . ; - 4 _\ % . _ o " i ,‘
¢ B - - he 4

. Douglas Wilhelm Harder, LEL, M. Math

- dwharder@uwaterlgo.ca -
= \\ 'dy\_(harder@gn!hll com ' -.!'.’

- ” 2N 'p l ’ .'“

o iy LS g

o




g, A e S w-‘!"‘ e is e ; W Y

N 4¢ X :?!,, ’ Tk Zero?oWs 1ead1rrg zerosAanéi\ea‘dm

Introduction

* In this topic, we will define
— Zero rows and non-zero rows
— Leading zeros of a row

— Leading non-zero entry of a row
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Augmented matrices

* Like augmented matrices, the concepts discussed here focus almost
entirely on developing an algorithm to solve a system of linear
equations

— They are tools that will be used to find a solution

(0 34 29 0 51:9.6)
0 0 0 0 0 1.1
170 0 0 0 0
0 0 0 0 0 0

0 0 55 0 5 83
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Augmented matrices

* Given an augmented matrix,
every row that is all zeros 1s said to be a zero row

every row that has at least one non-zero entry 1s said to be
a non-zero row

(0 34 29 0 51:9.6)
0 0 0 0 0 1.1
170 0 0 0 0
0O 0 0 0 0 0

0 0 55 0 5 83,
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Augmented matrices

* Most matrices that engineers work with do not have zero rows
by default

— A zero row simply says Ox; + Ox, + ... +0x, =0

(0 34 29 0 51:9.6)
0 0 0 0 0 1.1
170 0 0 0 0
0 0 0 0 0 0
0 0 55 0 5 :83)
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Leading zeros

e (1ven a non-zero row,

the number of leading zeros 1s the number zeros to the left of
first non-zero entry in that given row
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0 1.1
0 0
0 0
5 83,

1 leading zero
5 leading zeros

No or 0 leading zeros

2 leading zeros

.
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Leading non-zero entry

e (1ven a non-zero row,

the first non-zero entry is called the leading non-zero entry

(0 3.4/ 29 0 5.1:9.6)
0 0 0 0 0 11
170 0 0 0 0
0 0 0 0 0 0
0 0 55 0 5 83,
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* Note that every row is a zero row or has a leading non-zero entry

— A column 1s said to have a leading non-zero entry if any entry in
that column is a leading non-zero entry of the corresponding row
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0 0
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Example

Looking at another example:
— Rows 1, 2, 3 and 5 have no leading zeros
— Row 4 has one leading zero

— Only Columns 1 and 2 contain leading non-zero entries

(53 34 29 0 5.1:9.6)
27 —62 45 27 9.1 1.1
1.7 84 0 7.1 85 9.
0 -19 23 7.6 49 0

(84 29 55 0 59 83
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Summary

* Following this topic, you now
— Understand the definition of a zero row and a non-zero row
— Know how to calculate the number of leading zeros in a row
— Know how to identify the leading non-zero entry in a non-zero row
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Colophon

These slides were prepared using the Cambria typeface. Mathematical equations
use Times New Roman, and source code is presented using Consolas.
Mathematical equations are prepared in MathType by Design Science, Inc.

Examples may be formulated and checked using Maple by Maplesoft, Inc.

The photographs of flowers and a monarch butter appearing on the title slide and
accenting the top of each other slide were taken at the Royal Botanical Gardens in
October of 2017 by Douglas Wilhelm Harder. Please see

https://www.rbg.ca/

for more 1nformat10n
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Disclaimer

These slides are provided for the NE 112 Linear algebra for
nanotechnology engineering course taught at the University of
Waterloo. The material in it reflects the authors’ best judgment in
light of the information available to them at the time of preparation.
Any reliance on these course slides by any party for any other
purpose are the responsibility of such parties. The authors accept
no responsibility for damages, if any, suffered by any party as a
result of decisions made or actions based on these course slides for
any other purpose than that for which it was intended.

~
A
294>



