10.34, Numerical Methods Applied to Chemical Engineering
Professor William H. Green
Lecture #26: TA led Review

Singular Value Decomposition
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Ordinary Differential Equations
diom/dt = Fo(x)  x = x(t) + [ F(x(0))de

Trapezoidal Rule:

totob Error = O(At)xN 9 O(At?)

Figure 1. Integration by the
Trapezoidal Rule.

Simpson’s Error
Error = O(At>)xN =& O(At?)
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Romberg Method (Richardson Extrapolation)
Fue = [ f(0)dt ~ F(N)+C(A1) +...

f(t)

Etrue

j:” f(t)dt ~ FQ2N)+ C(%) ..

to t,

Etrue

%F(zN) - %F(N) + O((At)3)

Figure 2. Integration by the
Romberg Method.

N > At
2N > %/,

ODE Solvers

Explicit Euler
Xn+1 = Xn + E(Xn)h + O(h?)

Runge Kutta

Xn Xn+1

H_J

Figure 3. Runge Kutta Integration of differential equations.
Runge-Kutta-order 5 - 6 function evaluations per time steps

use intermediate value to calculate

0Ode45 uses R-K 6 function evaluation

Stiff differential equation
X = a-et + b-e1000000tr rate of time change are 1,000,000 times different
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Figure 4. Example solution to differential equation.

must use many time steps; if big steps are used, you will oscillate around the solution.

dx

—_ = _C.z
dt =
At < 2/Amax

Must use Implicit Method

Predictor-Corrector Method

polynomial

tn-k tn»k+1 tn tn+1

Figure 5. Predictor-
corrector method.
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Optimization
miny f(x)
gx)=0 i=1...n.
h(x) 20 i=1...n CONSTRAINTS
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If no constraints:

Vo

Gradient Method: Vf = a%c If no gradient given: fiinsearch
2

Ve,

Figure 6. Gradient method contours.
Conjugate gradient method

As you get closer to the minimum, Newton’s Method gives good convergence:
VX, = 'Hn-l'zfn

R S
ox; Ox,0x, 0Ox,0x,
H = :
o' f o’ f
| Ox,0x, Ox’

No Constraints: Broyden-Fletcher-Goldfarb-Shanno Method (BFGS)
With Constraints

Vf > Vagi(x) Lagrangian

V= Y AVe () Lx) = £ AV, (x)
i=1 i=l

VL =0 VoL =0

L(x,2) = f—Zhgi(x) + 2(1/2w)[gi(x)]?

KKT
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LAk = ) - S g (0) = ki (x)
i=1 i=l

VL=0 gi(x) =0

h|(l) > 0 k|2 O hjkj = O

Sequential Quadratic Programming (SQP)

miny f(x)
Cm(ﬁ) -Sm=0
for equality constraints: s, =0

for nonequality constraints: s, >0

Boundary Value Problems
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