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from sympy import *

from time import time

# This is the 10x10 matrix with 2's on the diagonal and 1's elsewhere
# eye(n) = nxn identity matrix; ones(n) = nxn matrix of 1's

# (multiply by 1.0 to force it to use floating point arithmetic)

A = (eye(10) + ones(10)) * 1.0

# This is the vector [1,1,1,1,1,1,1,1,1,1]

b = ones(10, 1) * 1.0

start = time()

# Compute LU decomposition

L, U, = A.LUdecomposition()

# Solve using forward- and reverse-substitution 1000 times

for in range(1000): U.upper_ triangular solve(L.lower triangular solve(b))
end = time()

print(end - start)

# "7.144780397415161" (seconds)

start = time()

# Solve using elimination 1000 times
for _ in range(1000): A.solve(b)

end = time()

print(end - start)

# "48.048372983932495" (seconds)

# Roughly 10x slower!
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from sympy import *

# le-17 is 10™(-17)

A = Matrix([[le-17, 1.0, 1.0], [1.0, 1.0,
# This does R2 -= 10"(17) R1

# (force sympy to use the smaller pivot)
A.row op(1, lambda v, j: v - 1el7*A[0,j])
pprint(A)

# [le-17 1 1]

# [0 -1lel7 -1lel7]

# Now do Jordan substitution
pprint(A.rref(pivots=False))

# [10 0]

# [0 11]

# This answer is numerically very wrong!

2.011)



S‘\O”\ \L']K--Mt [,9; ‘ )\]

lo~ .7-7“1“" Yo = l

xs = |

—~ =l 7(0d=0
E wojf W\umcr)cao“j Sf{uh\(,

L)\‘W\' WQI\‘( wreng
Dy LS (O ? produced o nomber (&7
~ al ecss Jest expladad !

On = CO'“PMQO )¢ want o
I?B vawLQf}.'

Seluton: (he the lquf ()\m{’ (m absalu M\MCB
X\O’W | \»j - L ¥ \‘ i]

_IO‘;K‘ l \ ] ‘_lo-li?:‘.
—> ¢ \-> 67|



Gasssce Elmincton vorg Mo Tortnd P

L shep (.m\) fow? SLap  Go Tt e
number n the catumq (,h'\ odosolw\‘(. w\wc,) )
The Pe\m’v,

Ths 8 much o
—ovords ona(bﬁ by g wamhers,

PA’ =L Decow\g)oﬁ \”}OVL S
Re—cdk“ L(A Gnkj boof\\‘ﬁ b-"/*er\ gou oQonk‘)' r\e@Q 51:

Bw\' e\mM’\W‘ov\ we"t-; mvu)n Ld\ef “‘d \" rew SQQPS\
Need o hweale LW

Thden' Do ol Yhe oo swaps tow need Then
Lo limination  without raw()ss\éxps. C

(ch &93"“ korow »m m&Wﬂcﬁ Dhith  w Sdeqx«}u
do ! Uouw don't = reed fo Bo puere booklecparg )

Del= A Permwjrah\w\ Mol & o @erwF & 6‘€men4q/3

melisces Yor (oW S s



D=Lk Decompesition” Any mafcix A s

@f\?ﬂfl' YN

PA=
PNLE

P ’ FWWHJIM\ oA

|ower—- unfjﬁiw\%“‘a" walnR

REF W+AK
Eq’ oo 50| =TT T b
- ~\o - -39 -
A s s (o S & 1o '

K};(:Lb@( ):"\‘° -20 ~3v
NN o =1\ —2
(2¢ l,ﬁ& 6 § -8

o

~\e =20 o
\/\% ¢ °© S - J P?.

20 -3
\ -8
O -3

-\
D;-‘:vg—
D

— )
1
000



s 1]
Por=aR ld o\ :"
Pz S’/‘ g

R;wzg 172 | O
R&"Rl \ o o :
e S X“//" v @
Then !
3 b.c.cne A
= PA:=

Ge P=RP L=(ERE.ER

,?‘;& s anr e@-b\@vﬂ' ety cx de
bookkeeping. .



A\&Oﬁjﬂl‘"‘ [PA'?'LV\ DQ(«ON\POQ\'WH} B‘lewnr\ ma‘\'laoalx'-
A'\ wm‘hiﬁ A
MO‘\\MB‘OV\ P A < w\,\&se:

P ’ ?Ww%‘wjﬂ‘% waTA X
lwer-unf+{iaﬁg“\ar waltn K

REF m“/ix

PC!‘:WW\ G'awsshm d wmac\j\o,\ S Nﬁ
oA shv}rfﬂj (e momimed PQA-)@\
P‘\‘f’“‘\"ﬁ)- Kfe}ep fvnee b oo @fel\aws s
Qa\\ws’ Stk itk o Blenk  wedax ek
an c\d‘ef\*ﬁn W%’\'Yix P

o Lor ecadn row reﬁwam& Qi*"c. \QJ/ ?W\‘c
m e (1)) eay ok (as belore)
v Suc eodn row Sap RIC"’PJ) Suao the
bom>pmo%rg reus oY ord\ P
AL 1 & 05 b ihe remaig blanle entres
0&2 C\? on J\MA?%OM\, @; ClSQLJLQlﬁ)

Ther A -

<
)



\ \

) \
Eg" A'; ~\o -20 -30
s o

K

P
I\ 90 ©
2 | ©
o o \
~ |
Rf?421 - o
\— )
o 9
-
' —
K)*:EK( o ! OAX
o y © O
@3*”1& o 9 |
™ " o
R R O X
‘ ~ Z 6 & \
| o ©°
-
Pzl [0+ ©
V\-A 6 o \
| ¢ ©°
L —

U G

9
-20 -s0
\
1 (o)
-22 - 33
-\ -2
S -5
20 =—3o
S -s
—\ -2
22 -3o
\ -
o -3



Cw\ we s\'\u ~SC hrvB fo Ss\ve Ax‘;io?

Algorithm [<d Vg Ax=b s PA=LWL)

Solirg,  Ax=h & the sane as PAx=PL, so>
(0) CM@.AQ Pk (m'anicr e enties o b)
(O Shve Ly=Pb ysing Seomirel - substiudion
(D Solwe Mx;j Using bodewsard =5 woshifudpn

T(\cx\ PAx= LWAx = L&‘-‘—PL
= Ax=b (mabbply btk sides by P™)

'E& S\% Ax‘/\) xar
Pl )k
S\ IR



