Nk W) Mattices com oy Fird
e T \ob mfm%m.

r_\xk- NS M J((A:\S V‘m“ﬁ oL
e zd D'C'JND&JMI\AQ- Meoriess

r e o\uwtd § on °r<l’\40957”-°&

:\J(Y?lx ) waup-. t‘\)(\h()mvl/h&
t&){b —— Yy o

C\Mci‘;;\d‘n AN w:wkw‘\m
Crnssipn himtinahan  osseth F“"’\'ﬁ& Q\c%)’_‘w; =
R Ts 4l dies .

up & dadt, decumunhadiar.
: Documentation: https://docs.julialang.org Néﬂ M .D\'QS)'OM%’
_ | Type "?" for help, "]?" for Pkg help. M m mwk’(‘ 5“'\’3'\“-6
I Version 1.6.1 (2021-04-23) Catain bb}b\:dh. Wivumakion
} et Gl 18 o, daliopd,
o oemdnka.

Q\ms i ku} bo s Wohwl-in AT 4o wh\?\z)«, P \pu’ﬂa 'l'\,f.m%,.



A Vinean daghris gudhans indudsy A% Feclohgabion

julia> A=rand(3,3)

3x3 Matrix{Float64}: ,\ Ulm O TWAAML. %"5 W\P«HK

0.27815 0.468196 0.408535
0.372304 0.145557 0.356158
0.877041 0.777591 0.812321

JLtﬁflﬂa.:)a::‘(ll,\)Matrix{Float64}} I(_‘ Wi ’JK *b M "RUV W“’a m

L factor:

3x3 Matrix{Float64}:

0317146 1.0 Né@ "“\L\N‘l“’:ln Ma‘\)ﬁﬂw MN UWR4 vlflh&

0.4245 -0.832771

gx;a;;::ix{ﬂoatm}: 'ﬂ‘n*wwb (:r\, $‘l74?6 mm\) kb mdm Mm‘lﬁ-
0.877041 0.777591 0.812321
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julia> z=1u(A)

LU{Float64, Matrix{Float64}}
L factor:

3x3 Matrix{Float64}:

1.0 0.0

0.317146 1.0

0.4245  -0.832771 1.
U factor: \
3x3 Matrix{Float64}: | | 9 Qo B

0.877041 0.777591 0.812321

0.0 0.221586 0.150911

0.0 0.0 0.137002 | M‘,H)M’QAI ‘IJV\ % ? ||
B o

julia> typeof(z) m-\nqt é\s -% ‘m [\ > \’\5 Wsﬂ)ﬁm_,

LU{Float64, Matrix{Float64}}
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julia> z.p
3-element Vector{Int64}:
3

: Show twe Hield u;w\u e some wlpwadion
julia> z.P TMI ‘h’-’m di,'a'ww\*' m,,n

3x3 Matrix{Float64}:
0. .

.0
.0
.0

1. .
0. . .
julia> z.U Nﬁ W’L‘MW ’]Y\ﬁﬂ-lw MJ Uu-b"Pe
3x3 Matrix{Float64}: o
0.877041 0.777591 0.812321
0.0 0.221586 0.150911 Q’ W m¥ LT MWS
0.0 0.0 0.137002
Poo tlumony e oransomal o,

julia> z.L

: . -\
SI?OMatrlx{F;?gtM} . [ | “ ) ? :PT .

0.317146 1.0
0.4245 -0.832771
julia> z.P'*z.P
3x3 Matrix{Float64}: (')AML Weo
1. . . (rL
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julia> z.L*z.U L\\) %"’Q\’ ‘\'le/ K‘-ﬁ%ﬂ\d W’fﬁ)() Q.Y\CL?*

3x3 Matrix{Float64}:
0.877041 0.777591 ©.812321 "PV\L \
0.27815 0.468196 0.408535 WIS o 5% V\)UJW»\

0.372304 0.145557 0.356158

0.
0.

julia> A

x3 Matrix{Float64}:

0.27815 0.468196 0.408535
0.372304 0.145557 0.356158
0.877041 0.777591 0.812321

julia> z.P*A
x3 Matrix{Float64}:

! 0.877041 0.777591 0.812321 P A m %
0.27815 0.468196 0.408535 \s Youos W< Wi

0.372304 0.145557 0.356158
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julia> rows,cols=size(A) .

(3, 3)

julia> for j=l:cols-1
for i=j+l:row
println("r$i <- r$i - ?
end
end
UndefVarError: row not defined
Stacktrace:
[1] top-level scope

WeS MiASGpOkak Yo
Pross up oo amd e bade asms b edit e blade o todt

julia> for j=l:cols-1
for i=j+1:rowsf]

println("r$i <- r$i - ? r$j")

end




Press ol 4o Ao R Méfim...

Julde> for Jetlicolst Thd'e Pl e Adeid WO

println("r$i <- r$i - ? r$j")

ong Yo M8 th Wl in ‘\’\L ™

r2 <-r2 -7rl

r3<-r3-72n11 mmﬂﬂumlwumwm

Ir3 <- r3 - ? r2

julia> pwd()
"/x/libb/ejolson/teach/466/2021/sepl4"

student has a question, | can go back to the same day by date to

see what code we wrote that day...

If Julia is in the wrong directory...you can change to the correct

one within Julia by using

cd("newdirectory")

, using and then start the editor... In the lab that would be

$ cd sepld u\W\a‘W\LMMn\

$ nano gas.jl - M %L!Ahsﬁ)‘(

W4 call L mebm (bm":%t'




On my personal computer I'll use vi instead. You are free to use
whatever program editor is convenient on your computer as well...

Some people prefer an integrated development environment such
as Atom or similar. Since the REPL (read evaluate print loop) in
Julia has such a good Al, I prefer to use an editor in one windows
and a copy of Julia in another window... do what you like best...

= vi gauss.jl J‘J

rows,cols=size(A) o “S]Q H\Q ‘mume

for j=l:cols-1 b

for i=j+l:rows ¢o %M 19V
println("r$i <- r$i - ? r$j") -
end
Bnd dane 6o S—N\/ \'315
SN, it

julia> A=rand(4,4) Q’um oC b S

4x4 Matrix{Float64}: "‘bﬁﬁf MN\X o
0.459076 0.201025 0.192312 0.464086

0.783558 0.544086 0.450489 0.0602417

0.127198 0.916158 0.272742 0.535181

0.432221 0.220349 0.315929 0.373361

¢ [] -«

julia> readdir() (:iﬂnh -WL &_"‘\ oW Q s -W-Q
2-element Vector{String}: A 6’[‘ n 1
".gauss.jl.swp" ¢

"gauss.jl" d’m\v“s QM-A +b ruMu)
julia> include("gauss.jl") \’

r2<-r2-7rl 3 ’ L
r3<-r3-72ril run b‘sw“%ﬂmw\m&bwm.
ri <-r4 - ?2rl

r3s<-r3-7r2
r4i <-r4 - ?2r2
rd <-r4 - ?2r3

N
v L0 \‘AX‘M
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Since we are making an LU factorization, we need to create a matrix L
and a matrix in the program...

- - mxdawp\bg}mmﬂn&mmw
rows,cols=size(A) N .. ’ !
U=copy (A) VK&VM’ Y ~g owmdionn L)-NM\\IA‘\M_ IV | (}\Alﬁq,

L=Jatrix{Float16} (I, rows,cols) Wk 'U‘H‘k

e e WA copy Ymkion, 1o topy the volusy

g println("r$i <- r$i - ? r$j") %,‘A ‘“\. Nmn‘a ~W .“\Q‘ sh\ ‘M&%
end oA s, o Ve sams w0l Vo Cakints...

Lo bil-rn ok d Y Visan obggbvms pukage oyt
using LinearAlgebra % W5 sk Afind From Yufonen




julia> include("gauss.jl")
r2 <-r2 -17rl
r3<-r3-7rl1
r4 <-r4 - ?rl
r3 <-r3 ?7 r2
r4 <-rd4 - ?r2

r4 <473 wo 1w, naadh Jo Nl i
gti}ll;:ttix{ﬂoatm}: "R‘\L M‘\'VVA % L- omd
.0 0.0 0.0 0.0
.0 1.0 o0. Q,cl'\m.lﬂ% ?ZTM%
oo e 00t fo c(u/u)omg Jee
julia> U

4x4 Matrix{Float64}:

| 0.459076 0.201025 0.192312 0.464086
; 0.783558 0.544086 0.450489 0.0602417
f 0.127198 0.916158 0.272742 0.535181
? 0.432221 0.220349 0.373361

rows,cols=size(A)

U=copy (A)
L=Matrix{Float16}(I, rows,cols)

for j=l:cols-1
for i=j+1:rows
alpha:U[i,j]/U[j Ij]

println("r$i <- r$i - $alpha * r$j")
U[i,:]=U[i,:]-alpha*U[]j, :]]

Yo ¢ wow Yo do P sm-]hub\'b
w&.thl"\lfﬂ‘s .\’\'ﬂ\" oW s .le N b“mkmb.
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julia> include("gauss.jl")

r2 r2 - 1.7068163853030605 * rl
r3 r3 - 0.27707479211268643 * rl
r4 r4 - 0.9415032749173596 * rl
r3 r3 - 4.281471147132609 * r2
rd r4 - 0.15466435038201543 * r2
rd r4 - -0.3815208380290779 * r3

julia> U
| 4x4 Matrix{Float64}:
0.459076 0.201025 0.192312 0.464086
] 0.200973 0.122247 -0.731868
0.0 -0.30394 3.54007
3.46945e-18 0.0 1.40023

va\’cviowplm/w a\wort excepy rsww\i"é YT (1

rows, cols=size(A)

U=copy (A)
e AL L L AR Sl L, Let's fix the rounding error by setting

ror i the things that are supposed to be
or i=j+1:rows > |
e e . zero explicitly to zero...
println("r$i <- r$i - $alpha * r$j")
U[i,:]1=U[i,:]-alpha*U[j,:]
uli,jl1=e.§

julia> include("gauss.jl")

r2 <- r2 - 1.7068163853030605 * rl
r3 r3 0.27707479211268643 * rl
r4 r4 0.9415032749173596 * rl
r3 r3 4.281471147132609 * r2
r4 r4 0.15466435038201543 * r2
rd rd -0.3815208380290779 * r3

julia> U
4x4 Matrix{Float64}:
0.459076 0.201025 0.192312 0.464086
0.200973 0.122247 -0.731868
-0.30394 3.54007
1.40023

Thtr (ln htrer §

rows, cols=size(A)
U=copy(A)
L=Matrix{Float16}(I, rows,cols)

_ Finally, we store the multipliers alpha
O dor i3 sirows from the elimination steps in L...

alpha=U[i,j]/U[j,]l]

println("r$i <- r$i - $alpha * r$j")
U[i,:]=U[1i,:]-alpha*U[j,:]
U[i,j1=6.0

L[i,jl=alphf




julia> include("gauss.jl") The computeris giving an-answer...

r2 <- r2 - 1.7068163853030605 * rl

r3 <- r3 - 0.27707479211268643 * rl

4 <- r4 - 0.9415032749173596 * rl 1 H
B e s The.thmg that separates science and
rd <- r4 - 0.15466435038201543 * r2 eng|neer|ng from JUSt mak|ng up
rd <- r4 - -0.3815208380290779 * r3 . .
e answers is having bounds on the error
uLlia> .
ax4 Matrix{Float6a}: in the answers...

0.459076 0.201025 0.192312 0.464086

. 0.200973 0.122247 -0.731868

oe T0.30394  3.aa00T It's not science unless you know to

what degree the answer is correct...

julia> L

4x4 Matrix{Floatl6}:
1.0 0.0 0.
1.707 1.0 0.
0.277 4.28 1.
0.9414 0.1547 -0.

That's the analysis of errors that we
talked about in the previous chapter...

Okay... so there are a bunch of numbers... how do we know they
are correct... or at least mostly correct?

Backwards error analysis... thatis plug itin and check... in this
case multiply LU to see if we get A back...

julia> L*U
4x4 Matrix{Float64}:
0.459076 0.201025 0.192312 0.464086
0.783656 0.544129 0.45053 .0603414 LOOkS good...sort Of
0.12721 0.916119 0.27272 .535
0.432177 0.22033  0.315932 3-» . . e ..
wait! to only 3 significant digits???

julia> A
4x4 Matrix{Float64}:

.459076 0.201025 0.192312 0.464086 v\A 0

.783558 0.544086 0.450489 0.0602417 |IRAM ‘“3 ovor '

127198 0.916158 0.272742 0.535181

.432221 0.220349 0.315929 .37

Remember, this factorization was done without partial pivoting... and
partial pivoting is important to reduce rounding error...

ote there are some matrices where even partial pivoting is not enough
[0 get a good answer... in that case one has to resort to full pivoting...

ortunately, the matrices which require full pivoting "never" appear in
practical applications... so partial pivoting is almost always good enough...
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rows, cols=size(A)

U=copy (A) ragerd Y we‘\w'%
L=Matrix{Float16} (I, rows,cols) 5‘)‘4 M b‘)l,“.

for j=1:r.:olls-1 dblu% HQ Q}\NMU‘O&'I

for i=j+1l:rows
alpha=U[i,j]/u[j,jl] Y PP
println("r$i <- r$i - $alpha * r$j") “'(? "
U[i,:]=U[i,:]-alpha*U[j,:]
U[i,j]=6.0
L[i,j]l=alph®

end

end
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julia> v=rand(10) U.M W &E?L 05’ w\h\:

10-element Vector{Float64}:

1§ 0.2009007929864166

M ©0.4530657041980637 E1 fest o ‘M‘J Iy
0.1038271307702534

% 0.8018961964018594

b 0.840398773653612
0.46924384852071954

0.6926470634806525

i 0.3677322230182025 julia> findmax(v)
m ggig;gg;g?;gggggg (0.8987343985955654, 9)
v 0. :

Mad Vil ok 6 ok wang:




%‘mw g”mdw NZr‘(LYlS o \L‘)S‘l-- Yoo Can, $%\€£:\’ ﬂGWL oW
g WhsineY woteAon

julia> findmax(v)[1]
0.8987343985955654

julia> findmax(v)[2]
9

N e s ke R s

But wait... what if there were positive and negative values...then
selecting the one with largest magnitude is more complicated...

julia> v=rand(10)-0.5 ’Y

MethodError: no method matching -(::Vec *0 -h
For element-wise subtraction, use broadcasting el 0\ “\Q(a % YK.Y\I)»UW\
Closest candidates are:

::::Array' , ::Number) at twicep Wwaxs \:)Q/\WW" VO.t: G.MA 0% %

r/share/julia/stdlib/v1.6/SparseArrays/src/spa .
( , ::Number) at /builddir/j %“bm('hn'b 05 .-

vl.6/LinearAlgebra/src/uniformscaling.jl:147

Stacktrace:
[1] top-level scope

ARt work DeComt ROV — 5ol datamy
phale uné 118 A5 &

We don't want a difference of vectors but a vector of differences...
for this we use the Julia dot notation...

This is a generalization of the same idea from Matlab...but Julia
tries to do it better and make it more general...

julia> v=rand(10).-0.5

10-element Vector{Float64}:

.17089836552187032 ’nud, M
.28713581278423694 \TMLN ’VWO
.33308490617535846

.06330287144113256 '}0 ‘\'o.,\ﬂ. Q.k)‘.;',o\m'\—e, Yo 53(

.1263381199662299

.3060430415668278 eath {,\,UMJM;\' o %N}\ Ha

.3921440437428063
15066928029944138

-8773553708451491 WIWM’\ WIJM'I' U.A:(. el

.17685041185825212

0
0
-0
-0
-0
0
0
-0
-0
-0

julia> abs(v)
MethodError: no method mat
Closest candidates are:

. \L abs ( ) at bool.jl:79
d)'&v‘ abs ( ) at int.j1:169
E Y ) at int.jl:170

dotrk ko R

[1] top-level scope




That's the same problem as before... we didn't want the absolute
value of a vector, but instead a vector of absolute values...

B / md

- | 1
Use the Julia dot notation... | (T4 LS oble Jo o Ve dot

\\Y PR 10 OB v
/
é?* C ¢ ¢ o
~——

julia> abs.(v) C -
10-element Vector{Float64}:
.17089836552187032

o

.28713581278423694 d% ‘nt | :r 7 15! 1F]‘ﬁ I A M R,:,l eh

.33308490617535846 l
.06330287144113256
.1263381199662299

)

\o'—3

.3060430415668278
.3921440437428063

.15066928029944138

.0773553708451491 \
.17685041185825212 ,,hs m«_

[N NN NN NNl
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julia> findmax(abs.(v))[2]
Y

\ (| [ WY '}
"\N‘ﬁﬂﬁwﬁ' avsVude, Vit un,..

using the findmax and abs functions it should be possible to

Aerernmine - \W MO\ M A emlViaValalia Valia¥e BN o N\ O a¥a

Gaussian elimination with partial pivoting...

a bit just from trying...




