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Min forskning

o Gruppledare for forskningsgruppen Automated and
Distributed Computing

e Automatiserad berakning

e Distribuerad berakning

Problem




Tillampningar

Simulations by Kent-Andre Mardal, Kristian Valen-Sendstad and Aron Wahlberg



Berakning

# Tentative velocity step
ad = dot(v, ul¥dx ¢ kénukdot(gradi{v). grad(u))wdx
L0 = dotCv. udwdx + kndot(v. Findx - kxdot(v. mult(grad(u0). ut))wd

s50n problem for the pressure
Oe-Bupwgudx + dot(grad(q). grad(p))udx
~(1.0/k*qrdiv (us) *dx

# Velocity update
a2 = dotlv. u)#dx
L2 = dotlv, usdsdx - kxdot(v, grad(pl))xdx

# fissemble matrices

A0 = assemble(al. wesh)
A1l = assemble(al. mesh)
A2 = assemble(a?. mesh)

Simulation by Kristian Valen-Sendstad
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Matematik handlar om att rakna ut saker. ..
...och om att studera de verktyg vi anvander oss av for att rakna.

Matematiken ar ett sprak for att beskriva ekvationer (modeller). . .
...och ett verktyg for att losa ekvationerna.



Arrhenius equation, Bernoulli’s equation, Black—Scholes equation,
Boltzmann equation, Cauchy—Riemann equations, Dirac equation,
Doppler equations, Einstein’s field equation, Euler’s equation, Relativistic
Euler equations, Euler—Lagrange equation, Fisher equation,
Fokker—Planck equation, Fredholm integral equation, Fresnel equations,
Friedmann equations, Gibbs—Helmholtz equation,
Hamilton—-Jacobi—-Bellman equation, Helmholtz Equation, Ishimori
equation, Karplus equation, Kepler's equation, Klein—Gordon equation,
Korteweg—de Vries equation, Landau—Lifshitz equation, Lane—Emden
equation, Langevin equation, Laplace’s equation, Levy—Mises equations,
Lotka—Volterra equation, Lindblad equation, Lorentz equation,
Maurer—Cartan equation, Maxwell’s equations, Michaelis—Menten
equation, Navier—-Stokes equations, Nernst equation, Pell’s equation,
Poisson’s equation, Prandti-Reuss equations, Prony equation,
Rankine—Hugoniot equation, Riccati equation, Roothaan equations,
Sackur—Tetrode equation, Schrédinger equation, Screened Poisson
equation, Schwinger—Dyson equation, Sellmeier equation, Sine—Gordon
equation, Stokes—Einstein relation, Van der Waals equation, Verhulst
equation, Vlasov equation, Wiener equation. . .



Olika typer av ekvationer

e Losningen x ar ett tal

20 +5 =15
22 —4rx+2=0

Ir = COST

e Losningen u ar en funktion

—Au=f
tw+u-Vu—vAu+Vp=f

G = 8nTy,



Differentialekvationer

e De flesta modeller ar differentialekvationer

e Ldsningen ar en funktion u = u(z,t)




Hur loser man differentialekvationer?

e Dela in rum och tid i sma delar (element)

e Skriv om differentialekvationen som en enkel ekvation

litet element. ..

o

pa varje
e Los ekvationerna. ..
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Ekvationslosning pa hogstadiet

20+ 5=15
20 +5—-5=15-5
2¢ = 10

22/2 = 10/2

8
I
3




Ekvationslosning pa hogstadiet (algoritm)

20+ 5=15

2¢ =10




Ekvationslosning pa gymnasiet

22 -4z +2=0
2 —dx4+242=2
2 —dx4+4=2
(x—2)*=2
r—2=+V2

=242



Ekvationslosning pa gymnasiet (algoritm)

22 —4r+2=0

x=4/2+/(4/2)2 =2

r=2+2



Ekvationslosning pa hogskolan

Ir = COST

x =7 (Finns ingen enkel formel)

—Au=f
u =7 (Vad ar formeln for ett hus?))

u=-10




Ekvationslosning pd mellanstadiet?

Kan man l6sa x = cos x pa mellanstadiet?
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Ekvationslosning pd mellanstadiet?

Kan man l6sa x = cos x pa mellanstadiet?

Ja!

Kan man lésa —Au = f pa mellanstadiet?

Jal!



Hur?

Enkla algoritmer
Snabba datorer

+, =/

Enkelt men kraftfullt




Tillbaka till andragradaren

e Losningen ar z = 2 +£+/2
e Men vad ir /27

e Har vi verkligen Iost ekvationen?
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Losningen dr o = 2 £ /2
Men vad 3r v/2?

Har vi verkligen l6st ekvationen?

Startgissning x = 3
Om x = 3 ar for stor, sd ar y = 2/x for liten (z -y

x+2/x
2



Roten ur tva
xn—l + 2/‘,1;71,—1

n _
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a1l 2/3:"_1
2

" =

2! = 3.00000000000



Roten ur tva
a1l 2/x”_1
2

" =

2! = 3.00000000000

% = 1.83333333333



Roten ur tva
f w
2

2! = 3.00000000000
% = 1.83333333333

2% = 1.46212121212



Roten ur tva
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a4 2/:1:”_1
2

" =

2! = 3.00000000000

% = 1.83333333333

2% = 1.46212121212

2% = 1.41499842989

2° = 1.41421378005

2% = 1.41421356237

2’ = 1.41421356237




Att losa © = cosx
2" =cosa™”
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n 1

" = cosx"”

2! = 3.00000000000

22 = —0.9899924966

22 = 0.548696133603

270 = 0.739085133216

2™ = 0.739085133215

x™ = 0.739085133215




Generell ekvation:
F(z)=0

Exempel:
F(z) =2z —-10
F(x) = 2% —4x +2

F(z)=x —cosx
Generell [6sningsmetod: Skriv om F(z) = 0 pa formen
x=T(x)

Upprepa:
" =T (z" )



Nar konvergerar x,, mot x?

Banachs fixpunktssats. Lit (X, d) vara ett fullstindigt metriskt
rum. L3t T': X — X vara en kontraktion pa X, dvs

dM < 1:d(T(x),T(y)) < Md(xz,y) Vz,ye X.

Da har avbildningen T" en entydig fixpunkt, dvs

dze X :z="T(z).




Att losa Poissons ekvation

I

Uy o<t o 5ol
4 le Q2 2

Us

u = temperatur, () = varmeflode



Att losa Poissons ekvation

Energibalans:

Q1+ Q2+Q3+Q4=0

Varme flodar fran varmt till kallt:
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Att losa Poissons ekvation

Energibalans:

Q1+ Q2+Q3+Q4=0

Varme flodar fran varmt till kallt:

Q1 =up—ur Q2 =1ug—u

Q3 =ug—uz Q4 =1ug— uy
(uO—ul)+(UO—UQ)+(Uo—U3)+(uO—U4):0

4U0—U1—U2—U3—U4:O



Energibalans:

Q1+ Q2+Q3+Qs=0

Varme flodar fran varmt till kallt:

Q1 =up—ur Q2 =1ug—u

Q3 =ug—uz Q4 =1ug— uy
(UO—U1)+(uO—ug)+(uO—U3)+(uO—U4):0
dug—up —uo —uz —ug =0

Poisson’s ekvation

Uy + U2 + u3 + ug
4

ug =



Att losa Poissons ekvation

oK o< oo

oo

o<~ oK o> oo

Lot

o<~ oK oK< oo

bl

o<~ oK o<« oo

b

oK oK oo




Att losa Poissons ekvation




Hur bemota begavade elever?

e Lararen maste ha n3got
extra i bakfickan

Vaga utmana eleverna

Vdga |ata eleverna ga fore

Maste finnas en morot




Sammanfattning

Nya verktyg ger nya mojligheter

Enkla men kraftfulla algoritmer

Berakning ar matematikens karna

Véaga anvanda datorn / minirdknaren!




