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Solving Linear Systems on a computer

(plus a tiny bit of linear algebra)



Linear Systems of theform Ax = b
arise in many engineering systems

bl Ari1z1 + Arx2 + Arzzz = by

b2 Ag11 + Aoz + Agzzz = by

b3 As121 + Asaxo + Azzzs = b3

b4 Ag1x1 + Agozo + Aszxs = by

b As171 + AsaTo + Aszzs = bs
5}

A, - it" row, jt" column
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Motivating Example (1 of 2) from ENGR 6

Find the reaction forces H2, V2, and
V3 and the internal forces
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Motivating Example (1 of 2) from ENGR 6

Find the reaction forces H2, V2, and

V3 and the internal forces
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Motivating Example (2 of 2) from ENGR 11

Find the currents in this circuit
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l

A)Q:b‘ : X, = A:‘ b( ..
Solving systems of the kind Ax = bﬁAx2= b2 7, - fl b -
LAX :b > x=A b /

e Equivalent to “inverting the matrix”

e A:the “system matrix” A is often too Iarge

e Onceyou have found A%, you can apply it to many to invert. e g N = 1076
different right-hand-side vectors b. S

- . ideki o
What if the number of equations is not equal to A-A- ?AZOMO 0x
the number of unknowns? O\ 0oV
. L |20l oo

e #Unknowns > # Equations — :need addifieaal mckwnh" 900 \

e #Equations > # Unknowns — : problem 1S ‘ovesdeferninel '
e If # Equations =# Unknowns: 92 -9 = 1)
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ENGR 21 Fall 2025 8



+

Gaussian Elimination followed by substitution

KB
e Systematic way of solving si aneous equations -L2 )X >
21171 n

_ Re place (2) with om ec,qo,{—ia/.
or2 =4 " thot 81y hao %, o0s unkaemn.
—x1+ 220 =5 (2)
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2%\ £+ ?%2 - L1

dinewﬁ/ alopua/e/u(-./ (Bad)
Ox, +TxXa =14 (2-.') . Solve ¢4+(2) for x,
— - subshhde %, info ()
Svlve eq-(1) for %,
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Teaching a computer to perform elimination & substitution

1.

Start with Ax=b

Build an ‘augmented matrix’ using A
and b

Perform ‘row operations’ until you are
left with an augmented matrix of the
form shown here, called ‘row echelon
form.

Solve equations starting from the
bottom, working your way up

ENGR 21

Augmented matrix

'row echelon form'
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What are ‘row operations’ ?

There are three types of possible row operations. Typically, we do these

operations on the augmented matrix.

1. Row switching.
2. Multiply a row by a non-zero constant
3. Addonerow toanother
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The Gaussian (forward) Elimination Algorithm
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The Gaussian (forward) Elimination Algorithm

L) Lek upo‘auk‘ﬂ o 3 = low3 —@x(‘owl
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The backward substitution algorithm

We start from the last row ... ©
X3 = bg/Aag O o
XQ > bg_ = A?.? ) x3
A,,
()61 - b( ~A|2'x:\. "A'3X3
— 1 n
A = g (bk - 2 Awe;
j=k+1
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Practicing Gaussian Elimination + Backward
Substitution by hand

1 + 3 +(624=4
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