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Topics

Numerics AT ODEs PDEs Integration
Systems

Interpolation

Precision Linear IVP Parabolic
Roundoff -Direct BVP Elliptic
Convergence -Iterative 1st order Hyperbolic

C Fitti
Stability -Special nth order Finite Diff Hrve Fitting

Nonlinear Boundaries Finite Vol
-Single Implicit Spectral
-Systems Explicit Special
Discretize




Applications

* With a partner: * Adiabatic flame temperature
* List engineering problems * Given an enthalpy, find
requiring numerical methods temperature
for solution : e
* Chemical equilibrium
* What type of methods? * Steady distillation column
* Names of methods? * Unsteady?

* PSR: steady, unsteady
* PFR: steady, unsteady
e Conductive HT (1D, 2D, SS, US)



Research Example

One-Dimensional Turbulence
Parabolic PDEs

* u,V, W, energy,yi

Complex chemistry

Multicomponent mass transfer

Radiative heat transfer

Stochastic
Methods:

* Finite volume discretization
* Method of lines
* Operator splitting
* Stiff ODE integration
* Nonlinear = linear algebraic systems
* Interpolation
* Mesh adaption
* Others...




Software

@ @ basic_ode.ipynb - JupyterLz X + v
* Languages :
Cc @® localhost:8888/lab/tree/basic_ode.ipynb b ¢ ) 0
°
Python (numpy) : File Edit View Run Kernel Tabs Settings Help
b JUlla ) basic_ode.ipynb e  + a¢
* (Matlab) BT DO ®E N O 0 M & Python 3 (ipykemel) O
(n Run the solver and plot the result 3
* Development environment _
== t = np.linspace(0,2,10) # define the times to solve at
° Prefer JUpyter OI"JUpyterLab yo = 1 # initial condition
. . . * y = ode( frhs, yo, t) # solve the problem (find y(t))
L4 Comblne documentatlon/eq uatlons' ysp = odeint(frhs, ye, t) # compare to the built-in Scipy solver
COde, plOtS P plot the results
plt.rc('font', size=14)
1t.plot(t,y, 'rx-',label='Euler’
¢ Anaconda gl:.ztoi(i,za*np.exp(?t),'Eo},lal))d:'Exact')
plt.plot(t,ysp, 'b:',label="'Scipy')
* Google Colab Pt izbel ity e
plt.ylabel('y');
* Conventions 10
* HW as single html file 08
* No spaces in file names .06
* Prettify your code (alighment, 04
whitespace, variable names) 02
0.0 0.5 10 15 2.0
time

Simple 0 E 1 {8 Python 3 (ipykernel) | I... Mode: Comma... @ Ln1, Co... basic_ode.ipy... m



Languages

PYPL PopularitY of Programming Language

— C/C++

— Julia
Matlab
10% —— Python

Python
—
1%
Julia
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<« C @ juliadocs.github.io/Julia-Cheat-Sheet/

Julia

s
e

& engiisn The Fast Track to §

@
[ )
Aquick and dirty uverviewofj u Ia 1 -0

This page's source is

Julia is an open-source, multi-platform, high-level, high-performance
programming language for technical computing.

Julia has an LLVM-based JIT compiler that allows it to match the
performance of languages such as C and FORTRAN without the hassle of
low-level code. Because the code is compiled on the fly you can run (bits
of) code in a shell or REPL, which is part of the recommended workflow .
Julia is dynamically tlv)ped, provides multiple dispatch , and is designed for
parallelism and distributed computation.

Julia has a built-in package manager.

Julia has many built-in mathematical Functions, including special Functions
(e.g. Gamma), and supports complex numbers right out of the box.

Julia allows you to generate code automagically thanks to Lisp-inspired
macros.

Julia was born in 2012.

answer = 42
Assignment x, y, z =1, [1:18; ], "A string"
X, ¥y =y, x# swap x and y
const DATE_OF_BIRTH = 2012
i1 =1# This is a comment
#= This is another comment =#
x=y=2z=1 #right-to-left
Chaining B<x<3 # true
S<x!=y<5# false
function add_one(i)
Function definition return 1 + 1

Constant declaration

Delimited comment

en
Insert LaTeX symbols \delta + [Tab]

Basic arithmetic
Exponentiation

Division

Inverse division

Remainder X % yorrem(x,y)
Negation Itrue == false
Equality a ==

Inequality al!=bora=b
Less and larger than <and>

Less than or equal to <=0ors

Greater than or equal to >=0rz

Element-wise operation [R5 Al 1R300 [ 250006 )

[1. 2, 3] .*[1, 2, 3] [1, 4, 9]
Not a number isnan(NaN) not(!) NaN == NaN
Ternary operator a == b ? "Equal” : "Not equal”
Short-circuited AND and OR a8 banda || b
Object equivalence 8 ===

2. Pull requests are welcome!

Collection functions

map(f, coll)or
map(coll) do elem
# do stuff with elen
# must contain return
end
filter(f, coll)
arr = [f(elem) for elem in
coll]

Julia has no classes and thus no class-specific methods.
Types are like classes without methods.

Abstract types can be subtyped but not instantiated.
Concrete types cannot be subtyped.

By default, struct s are immutable.

Apl||)ly f to all elements of collection
col

Filter coll for true values of F

List comprehension

Immutable types enhance performance and are thread safe, as they can be
shared among threads without the need For synchronization.

Objects that may be one of a set of types are called Union types.

Type annotation var: :TypeNane

struct Programmer
name: :String
birth_year: :UInt16
fave_language: :AbstractString

Type declaration

en:
Mutable type declaration  replace struct with mutable struct
Type alias const Nerd = Programmer
Type constructors methods (TypeName)
ne = Programmer("Ian", 1984, "Julia")

ne = Nerd("Ian", 1984, "Julia")
abstract type Bird end
struct Duck <: Bird

pond: :String
end
struct Point{T <: Real}

x::T

yi:T
end

Type instantiation

Subtype declaration

Parametric type

p =Point{Float64}(1,2)
Union types Unien{Int, String}
Traverse type hierarchy supertype(TypeName) and subtypes(TypeName)
Default supertype y
All fields fieldnames(TypeName)
All Field types TypeName. types
When a type is defined with an inner constructor, the default outer
constructors are not available and have to be defined manually if need be.
An inner constructor is best used to check whether the parameters
conform ko certain (invariance) conditions. Obviously, these invariants can
be violated by accessing and modifying the Fields directly, unless the type
is defined as immutable. The new keyword may be used to create an object
of the same type.

Type parameters are invariant, which means that

’ o

<

® ' Learn Juliain ¥ Minutes +

C 88 @ learnxinyminutes.com/d

Learn X in Y minutes

Where X=Julia

Get the code: learnjulia jl

3

Share this page

Select theme:

light dark

Julia is a new homoiconic functional language focused on technical computing. While having the full power of

homoiconic macros, first-class functions, and low-level control, Julia is as easy to learn and use as Python.

This is based on Julia 1.0.0

typeof(3)
typeof(3.2)
typeof(2 + 1lim)
typeof (2 // 3)

1+ 1
8 -1

10 * 2
35 / 5
10 / 2
div(5, 2)
5\ 35
22

EE SN




Compare Languages: 2D Unsteady Heat Egn

# 2-D unsteady heat equation
# df/dt = alphaxd2f/dx2 + d2f/dy2 + S
# Forward Euler, central difference. Forward Euler, central difference. 1
# F“.u“ dif tarence - N N s Finite difference 0.5
# Points on boundaries, solve interior points. b . . . . 2
#BC=0; IC=0 Points on boundaries, solve interior points.

C=0; IC=0 =
from numpy import * 0.5
from matplotlib.pyplot import
from mpl_toolkits.mplot3d import &
from math import *

2-D unsteady heat equation using Plots

df/dt = alphaxd2f/dx2 + d2f/dy2 + S

% domain length
% # of diffusion timescales to run Ld~2/alpha
% # of uniform grid points in x, y nTauRunxtau
Somain lenath : % thermal diffusivity Ld/ (nxy-1)
2007 Miffucion tinescsles to run i % time step factor dxy~2/alpha/dscfl
# of uniform grid points in x, y o ceil(Int, tend/dt)
thermal diffusivity % domain diffusion timescale tend/nt
time step factor nTauRun+tau; % run time ceil(Int,1/cf1)*18
Ld/ (nxy-1); % grid spacing
domain diffusion timescale = dxy~2/alpha/4*cfl; % time step size
run time 1(tend/dt); % number of time steps
grid spacing % clean it up
time step size % how often to plot?
number of time steps
clean it up i i :
how often to plot? zeros(nt, nxy,nxy); % initialize the solutien
nes(nt,nxy,nxy) ; % set the source term

= zeros(Float64, nt,nxy,nxy)
ones (Float64, nt,nxy,nxy)

tend/nt;
ceil(1/cfl)*10;

range(@,stop=Ld, length=nxy)
range(@,stop=Ld, length=nxy)
2:nxy-1
zeros( (nt,nxy,nxy)) initialize the solution
ones ((nt,nxy, nxy) ) set the source term Animation()
= meshgrid(linspace(8,Ld,nxy), linspace(8,Ld,nxy)) # for plotting
arange(1,nxy-1) it in 2:nt
i 431 = Flit-1,i,j] +
. (alphadt/dxy~2)*(F[it-1,1i-1,j]-2%F[it-1,1, j]+F[it-1,1+1,j]1)+
it in arange(1,nt) : ity 1,]) = F(it-1,1,1) (alphatdt/dxy~2)+(F[it-1,1,]-11-2¢F [1t-1,1,]]+F [it-1,1,j+1] )+
= Flit-11Lix_(4,§)] \ (alphardt/dxy~2)+(f(it-1,i-1,j)-2«F(it-1,1,j)+f(it-1,i+1,3)) . Slit-1,1,j]
+ (alphaxdt/dxyse2)w( f [1t-1] [1x_(i-1,]) i i (1,30 #F [1t-1] [ix_(1+1,§)1) \ (alphasdt/dxy~2)*(f(it-1,1,j-1)-26F(it-1,1,])+F(it-1,1,§+1)) . it%snp==0
+ (alphaxdt/dxysx2)x(f[it-1][ 1 i ix_ i (4,3+4201) \ S(it-1,i,3); contour(x,y,F[it,: , fill=true
+

Shit=1lix (4, e=:viridis, aspect_ratio=1.8, xlimits=(®,1))
ithnp==0) : i =0) % plot frame(a,p)
““ET;‘?TM : # plot ape(f(it,:,:), nxy,nxy);
contourf(X,Y, flit,:,:1, contourf(X,Y,Z,20); end
don(); show() pause(@.1);
aa = input()

flit) [ix_(1,j)]

p = contour!(x,y,Flend,:,:], fillstrue, c=:viridis, aspect_ratis .0, xlimits=(0,1))
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