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1 Programmieriibung 1 zu Grundlagen der Optimierung
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1.1 Einfiihrung
1.1.1 Verantwortlich

e Prof. Dr. Roland Herzog
e Dr. Georg Miiller
e M.Sc. Masoumeh Hashemi

Die Webseite dieser Veranstaltung finden Sie unter https://tinyurl.com/scoop-gdo.

1.1.2 Zielsetzung

Das Ziel dieses Jupyter Notebooks ist es, Ihnen das Verhalten der im Kapitel 1 des Skripts vorgestell-
ten Algorithmen zur Losung allgemeiner, unrestringierter Optimierungsprobleme nahezubringen.
Wir werden 1. den Einfluss der Vorkonditionierer im Gradientenverfahren untersuchen und 1. die
Vorteile des Newton- Verfahrens gegeniiber dem Gradientenverfahren herausarbeiten.

1.1.3 Zur Nutzung des Notebooks

Die numerische Umsetzung der Verfahren und die graphische Visualisierung typischer Ergebnisse
ist ein essentieller Baustein auf dem Weg zu einem ausgereiften Verstdndnis der Algorithmen. Um
programmiertechnische Schwierigkeiten weitestgehend auszuschlielen, haben wir einiges an Code
fiir Sie vorbereitet. An den Schliisselstellen der jeweiligen Implementierungen wurde der lauffahige
Code durch auskommentierte Blocke der Art

### TODO BEGIN ###

# Compute the preconditioned gradient and the square of its (preconditioner—induced) norm
# gradient = ...

# morm2_gradient = ...

### TODO END ###

ersetzt, in denen Sie zwischen ### TODO BEGIN ### und ### TODO END ### die entsprechenden
Anweisungen Variablen (in diesem Beispiel die Berechnung von gradient und norm2_gradient)
entsprechend des Kommentars ausfiilhren, um Lauffdhigkeit wieder herzustellen. Welche Berech-
nungen und Auswertungen an den jeweiligen Stellen bendtigt werden, konnen Sie im Skript nach-
lesen. Sie kénnen natiirlich, bevor Sie genau diese vorbenannten Variablen schreiben, auch eigene
Variablen beschreiben.


https://tinyurl.com/scoop-gdo
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Wenn sie den Code vervollstandigt haben, werden Sie an geeigneter Stelle um die Interpretation
der Ergebnisse gebeten. In den entsprechenden Zellen ersetzen Sie “TODO Ihre Antwort hier”
mit ihrer Antwort.

1.2 Das Gradientenverfahren fiir quadratische Zielfunktionen

In diesem Abschnitt wollen wir das Verhalten des Gradientenverfahrens bei quadratischen Ziel-
funktionen mit symmetrischem, positiv definitem quadratischen Teil bei Verwendung der ezakten
Schrittweitenbestimmung untersuchen. Wir wollen hier insbesondere den Einfluss des Vorkondition-
ierers auf die Konvergenzgeschwindigkeit untersuchen, denn wie wir wissen kann man in diesem
Fall die g-lineare Konvergenz des Gradientenverfahrens gegen den eindeutigen Minimierer des Prob-
lems beweisen und kann sogar den Vorfaktor explizit in Abhéngigkeit von der verallgemeinerten
Konditionszahl angeben.

1.2.1 Implementierung des Gradientenverfahrens

In der nachfolgenden Zelle finden Sie die Funktion zum Gradientenverfahren mit den fehlenden
Berechnungen.

Aufgabe: Vervollstdndigen Sie den Code und fiithren Sie die Zelle aus.

Beachten Sie, dass sowohl die verwendete Schrittweitenberechnung als auch die Wahl des Vorkon-
ditionierers - mit gutem Grund - durch den/die AnwenderIn explizit vorgegeben werden muss.

# This module implements the preconditioned gradient scheme.
import numpy as np

def gradient_descent(f, x0, step_length_rule, preconditioner, parameters = {}):
nnn
Solve an unconstrained minimization problem using the preconditioned
gradient descent method.

Accepts:
f: the objective function to be minimized
z0: the initial guess (list or numpy array with ndim == 1)
step_length_rule: a step length computation function
preconditioner: a symmetric positive definite matriz (numpy array withy
sndim == 2)
parameters: optional parameters (dictionary);
the following key/value pairs are evaluated:
["atol_z"]: absolute stopping tolerance for the,
wnorm of updates in T
["rtol_z"]: relative stopping tolerance for the,
wnorm of updates in T
["atol_f"]: absolute stopping tolerance for the,
wprogress in the wvalues of f
["rtol_f"]: relative stopping tolerance for the,
wprogress in the wvalues of f



["atol_gradf"]: absolute stopping tolerance for they
wnorm of the gradient of f
["rtol_gradf"]: relative stopping tolerance for they
wnorm of the gradient of f
["maz_iterations"]: maximum number of iterations
["verbosity"]: "verbose" or "quiet"
["keep_history"]: whether or not to store they
wtiteration history (True or False)
Here 'norm' refers to the preconditioner-induced norm.

Returns:
result: a dictionary containing
solution: final iterate
function: the final iterate's objective wvalue
gradient: the final iterate's objective gradient wvalue
norm_gradient: preconditioner—induced norm of final,
~objective gradient
tter: number of iterations performed
exitflag: flag encoding why the algorithm terminated
0: stopping tolerance described by atol_z,
wrtol_xz, atol_f, rtol_f reached
1: stopping tolerance described by,
watol_gradf and rtol_gradf reached
2: mazimum number of tterations reached

history: a dictionary for the history of the runy
~containing
tterates: the iterates z
objective_values: the wvalues of the objective,
< function
gradient_norms: the mnorms of the objective,
< function gradient
steps_lengths: the step lengths chosen by,
~the step length rule
# Define computation of the squared preconditioner morm
def norm2(d): return d.dot(preconditioner.dot(d))

# Define an output function that will be used to print information on the,
~state of the iteration
def print_header():

]
oprint (' ———--—m ")
print (' ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG U
-")



]}
Sprint (' ——mm s ")

# Define exitflags messages that will be printed when the algorithm terminates
exitflag messages = [

'Relative and absolute tolerances on the norm of the update and thej
~descent of the objective are satisfied.',

'Relative and absolute tolerances on the norm of the gradient are
wsatisfied.',

'Maximum number of optimization steps is reached.',

]

# Get the algorithmic parameters, using defaults if missing
atol_x = parameters.get("atol_x", le-6)
rtol_x = parameters.get("rtol_x", le-6)
atol_f = parameters.get("atol f", le-6)

rtol_f = parameters.get("rtol_f", rtol_x**2)
atol_gradf = parameters.get("atol_gradf", le-6)
rtol_gradf = parameters.get('"rtol_gradf", le-6)

max_iterations = parameters.get("max_iterations", 1e3)
verbosity = parameters.get("verbosity", "quiet")
keep_history = parameters.get("keep_history", False)

# Initialize the t1terates, counters etc.
x = x0

iter = 0

exitflag = None

# Initialize dummy values pertaining to the previous iterate
x_old = np.full(x0.shape, np.inf)
function_value_old = np.inf

# Prepare a dictionary to store the history
if keep_history:

history = {
"iterates" : [],
"objective_values" : [],
"gradient_norms" : [],
"step_lengths" : []
}

# Perform gradient descent steps until one of the termination criteria s met
while exitflag is None:

# Record the current iterate

if keep_history: history["iterates"].append(x)

# Dump some output



if verbosity == 'verbose':
if (iter’10 == 0): print_header()
print(' %4d ' % (iter), end = '')

# Stop when the mazimum number of iterations has been Teached
if iter >= max_iterations:

exitflag = 2

break

# Compute the function value and derivative at current iterate
values = f(x, derivatives = [True, True, False])
function_value = values["function"]

derivative = values["derivative"]

# Record the current wvalue of the objective
if keep_history: history["objective_values"].append(function_value)

# Dump some output
if verbosity == 'verbose': print('%11.4e ' Y (function_value), end = '')

# Compute the preconditioned gradient and the square of %ts,
o (preconditioner-induced) norm

gradient = np.linalg.solve(preconditioner, derivative)

norm2_gradient = derivative.dot(gradient)

# Check the computed morm square for positivity
if norm2_gradient < O:
raise ValueError('Your preconditioner appears not to be positive definite.
<")
else:
norm_gradient = np.sqrt(norm2_gradient)

# Record the current morm of the gradient
if keep_history: history["gradient_norms"].append(norm_gradient)

# Remember the mnorm of the initial gradient
if (iter == 0): initial_norm_gradient = norm_gradient

# Dump some output
if verbosity == 'verbose': print('%11.4e ' Y (norm_gradient), end = '')

# Stop when the stopping tolerance on the morm of the gradient has been,
—reached
if norm_gradient <= atol_gradf + rtol_gradf * initial_norm_gradient:
exitflag = 1
break



# Evaluate the norm of the update step
norm_delta_x = np.sqrt(norm2(x - x_old))

# Evaluate the change in the objective function wvalues
delta_f = function_value_old - function_value

# Evaluate the reference wvalues for relative tolerances
abs_function_value_old = np.abs(function_value_old)
norm_x_old = np.sqrt(norm2(x_old))

# Dump some output
if verbosity == 'verbose': print('/ill.4e %l11.4e' 7 (norm_delta_x,

w—-delta_f))

# Stop when the stopping tolerance on the change in the objective and the
# norm of the update step have been reached
if (delta_f < atol_f + rtol_f * abs_function_value_old) and\
(norm_delta_x < atol_x + rtol_x * norm_x_old):
exitflag = O
break

# Set the update direction
d = -gradient

# Prepare the line search function, using the function values of the
# objective and its derivatives and the chain rule
def phi(t, derivatives):
values = f(x + t * d, derivatives)
if derivatives[1]:
values["derivative"] = values["derivative"].dot(d)
if derivatives[2]:
values["Hessian"] = d.dot(values["Hessian"].dot(d))
return values

# Prepare some data to pass down to the step length computation rule
reusables = {

"phi0" : function_value,

"dphiO" : -norm2_gradient

b

# Evaluate the step length t using the step length rule
t, t_exitflag = step_length_rule(phi, reusables)

# Check whether of not the step length was computed succesfully
if t_exitflag: raise AssertionError('Step length was not computed,
-succesfully.')
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# Record the chosen step length
if keep_history: history["step_lengths"].append(t)

# Save the current iterate and associated function wvalue for the next
~iteration

x_old = x

function_value_old = function_value

# Update the iterate and increase the counter
x=x+1tx*d
iter = iter + 1

# Dump some output
if verbosity == 'verbose':
print ('\n\nThe gradient descent method exiting with flag %d.\n' %(exitflag)

o+ str(exitflag_messages[exitflag])+'\n' )

# Create and populate the result to be returned
result = {

"solution" : x,

"function" : function_value,
"gradient" : gradient,
"norm_gradient" : norm_gradient,
"iter" : iter,

"exitflag" : exitflag

3

# Assign the history to the result if required
if keep_history:
result["history"] = history

return result

1.2.2 Implementierung der exakten quadratischen Schrittweite

Um das oben implementierte Gradientenverfahren im Rahmen dieses Abschnitts untersuchen zu
koénnen, benotigen wir lediglich noch die Schrittweitensteuerung.

Aufgabe: Vervollstindigen Sie den Code in der néchsten Zelle und fithren Sie die Zelle aus.

Beachten Sie, dass das Interface der Schrittweitenbestimmung lediglich den Schnitt ¢ der Funktion
f iibergeben bekommt. Sie miissen also den Ausdruck in Abhéngigkeit von dem quadratischen Teil
Q@ der Zielfunktion und dem Vorkonditionierer M aus dem Skript durch durch p-Terme ausdriicken.

# This module implements the exact step length computation for quadratic,
—objective functionals in the gradient scheme

import numpy as np



def exact_step_length_quadratic(phi, reusables = {}):

nnn

Compute the exact minimizer of a one-dimensional function assumed
to be a quadratic polynomial.

Accepts:

phi: evaluates the function the line search is performed on
reusables: additional information that may be provided to the method,
< (dictionary);
the following key/value pairs are evaluated:
["phi0"]: the value of phi at t = 0 (scalar)

["dphi0"]: the value of the derivative of phi at t = 0,
< (scalar)

Returns:

t: the step length minimizing phi (provided it is quadratic)
exitflag: O

nmnn

# The exzact minimizer of pht is ewvaluated using the following data:
# phi(0), pht'(0), phi(1). Evaluate this data if it is mot provided.
phiO = reusables.get("phiO", phi(0O, derivatives = [True, False,
~False]) ["function"]) or\

phi(0, derivatives = [True,False,False]) ["function"]
dphiO = reusables.get("dphiO", phi(0, derivatives=[False, True,,
~False]) ["derivative"]) or\

phi(0, derivatives = [False,True,False]) ["derivative"]
if dphi0 >= 0:

raise(InputError('The function phi is expected to be decreasing at zero..'))
phil = phi(l,derivatives = [True, False, False]) ["function"]

# Evaluate the exact step length
t = - dphi0 / ( 2 * (phil - phiO - dphiO))

# Check if the step length is in fact positive, i.e., whether pht has,
wpositive curvature.

if £ < 0.0:

raise ValueError('The step length computation yields a negative step length.
')
else:

return t, O

1.2.3 Untersuchung des Verhaltens der Iterierten

An dieser Stelle kénnen wir bereits mit unserer Untersuchung beginnen. Das Skript in der néch-
sten Zelle soll das implementierte Gradientenverfahren mit verschiedenen Vorkonditionierern auf



ein quadratisches Problem anwenden und die verallgemeinerten Konditionszahlen berechnen. Der
Output entspricht dem Status des Gradientenverfahren in den jeweiligen Iterationen. Das Skript
ist lauffahig und verwendet die euklidische Vorkonditionierung.

Aufgabe: Implementieren Sie zu dem euklidischen Vorkonditionierer mindestens drei weitere
Vorkonditionierer. Achten Sie darauf, auch einen zu implementieren, der zu langsamerer Kon-
vergenz als der euklidische, fiihrt.

[3]: | import sys
sys.path.append('src/')

import numpy as np

from objective_functions import *
from scipy.linalg import eigh
from visualization_functions import =*

# Create data

Q = np.array([[10.0, -2.0], [-2.0, 1.0]1)

c = np.array([2.0, 0.0])

gamma = 0.0

f = lambda u, derivatives: quadratic_function(u, derivatives, Q, c, gamma)
x0 = np.array([1.0, 5.0])

# Construct step length rule
exact_step_length_rule_quadratic = lambda phi, reusables:|

~exact_step_length_quadratic(phi, reusables)

# Construct a "random" spd matrixz with small entries

rand_spd = np.random.rand(Q.shape[0], Q.shapel[1])
rand_spd = 0.5 * (rand_spd.T + rand_spd) + Q.shape[0] * np.identity(Q.shapel[0])
rand_spd = le-2 * rand_spd

# Construct the preconditioners
preconditioners = [(Q[::-1,::-1]1.T, "Q_T"), # Transposed @ along,
<antidiagonal
(np.identity(len(x0)), "Identity"), # Identity L

(np.diag(np.diag(Q)), "Diagonal"), # Diagonal of @
(Q + rand_spd, "Q + eps * R"), # Mildly perturbed @
@, "aM] #0Q

# Set gradient scheme parameters
optimization_parameters = {
"atol x" : 1le-7,

"rtol_x" : le-7,

"atol f" : 1le-7,

"rtol_f" : le-14,



"max_iterations" : 1le4,

g® 3 1@,

"verbosity" : "verbose",
"keep_history" : True

b

outputs = []
labels = []
generalized_condition_numbers = []

# Solve problem for all choices of the preconditioner

for preconditioner, label in preconditioners:
outputs.append(gradient_descent(f, x0, exact_step_length_rule_quadratic,

preconditioner, optimization_parameters))

labels.append(label)
generalized_eigenvalues = eigh(Q, preconditioner, eigvals_only = True)
generalized_condition_numbers.append(generalized_eigenvalues[-1] /
wgeneralized_eigenvalues[0])

ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
0 9.5000e+00 3.4881e+00 nan -inf
1 9.0618e+00 1.1634e+00 2.5124e-01 -4.3817e-01
2 8.6432e+00 3.3326e+00 7.1971e-01 -4.1864e-01
3 8.2432e+00 1.1115e+00 2.4004e-01 -3.9999e-01
4 7.8610e+00 3.1841e+00 6.8764e-01 -3.8217e-01
5 7.4959e+00 1.0620e+00 2.2935e-01 -3.6514e-01
6 7.1470e+00 3.0423e+00 6.5700e-01 -3.4887e-01
7 6.8137e+00 1.0147e+00 2.1913e-01 -3.3332e-01
8 6.4952e+00 2.9067e+00 6.2772e-01 -3.1847e-01
9 6.1910e+00 9.6946e-01 2.0936e-01 -3.0428e-01
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
10 5.9002e+00 2.7772e+00 5.9975e-01 -2.9072e-01
11 5.6225e+00 9.2626e-01 2.0003e-01 -2.7776e-01
12 5.3571e+00 2.6534e+00 5.7303e-01 -2.6539e-01
13 5.1035e+00 8.8499e-01 1.9112e-01 -2.5356e-01
14  4.8613e+00 2.5352e+00 5.4749e-01 -2.4226e-01
15  4.6298e+00 8.4556e-01 1.8260e-01 -2.3147e-01
16  4.4086e+00 2.4222e+00 5.2310e-01 -2.2115e-01
17  4.1973e+00 8.0788e-01 1.7447e-01 -2.1130e-01
18 3.9955e+00 2.3143e+00 4.9979e-01 -2.0188e-01
19 3.8026e+00 7.7188e-01 1.6669e-01 -1.9289e-01
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
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20 3.6183e+00 2.2112e+00 4.7752e-01 -1.8429e-01
21 3.4422e+00  7.3749e-01 1.5927e-01 -1.7608e-01
22 3.2740e+00 2.1126e+00 4.5624e-01 -1.6824e-01
23  3.1132e+00  7.0462e-01 1.5217e-01 -1.6074e-01
24  2.9596e+00 2.0185e+00 4.3591e-01 -1.5358e-01
256 2.8129e+00  6.7323e-01 1.4539e-01 -1.4673e-01
26 2.6727e+00 1.9286e+00 4.1649e-01 -1.4019e-01
27  2.5388e+00 6.4323e-01 1.3891e-01 -1.3395e-01
28  2.4108e+00 1.8426e+00 3.9793e-01 -1.2798e-01
29  2.2885e+00 6.1457e-01 1.3272e-01 -1.2228e-01
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
30 2.1717e+00 1.7605e+00  3.8020e-01 -1.1683e-01
31 2.0601e+00 5.8718e-01 1.2681e-01 -1.1162e-01
32 1.9534e+00 1.6821e+00 3.6326e-01 -1.0665e-01
33 1.8515e+00 5.6102e-01 1.2116e-01 -1.0190e-01
34 1.7542e+00 1.6071e+00  3.4707e-01 -9.7356e-02
35 1.6611e+00 5.3602e-01 1.1576e-01 -9.3018e-02
36 1.5723e+00 1.5355e+00 3.3160e-01 -8.8873e-02
37 1.4874e+00 5.1213e-01 1.1060e-01 -8.4913e-02
38 1.4062e+00 1.4671e+00 3.1683e-01 -8.1129e-02
39 1.3287e+00 4.8931e-01 1.0667e-01 -7.7514e-02
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
40 1.2547e+00 1.4017e+00 3.0271e-01 -7.4060e-02
41 1.1839e+00 4.6751e-01 1.0096e-01 -7.0760e-02
42 1.1163e+00 1.3393e+00 2.8922e-01 -6.7607e-02
43 1.0517e+00 4.4668e-01 9.6463e-02 -6.4594e-02
44  9.8998e-01 1.2796e+00 2.7633e-01 -6.1716e-02
45 9.3101e-01 4.2677e-01 9.2165e-02 -5.8966e-02
46  8.7467e-01 1.2226e+00 2.6402e-01 -5.6339e-02
47  8.2084e-01 4.0776e-01  8.8058e-02 -5.3828e-02
48 7.6942e-01 1.1681e+00  2.5226e-01 -5.1430e-02
49  7.2028e-01  3.8959e-01  8.4134e-02 -4.9138e-02
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
50 6.7333e-01 1.1160e+00 2.4102e-01 -4.6948e-02
51 6.2847e-01  3.7223e-01 8.0385e-02 -4.4856e-02
52  5.8562e-01 1.0663e+00 2.3028e-01 -4.2858e-02
53 5.4467e-01  3.5564e-01  7.6803e-02 -4.0948e-02
54  5.0554e-01 1.0188e+00 2.2002e-01 -3.9123e-02
55 4.6816e-01  3.3979e-01  7.3381e-02 -3.7380e-02
56  4.3245e-01 9.7339e-01 2.1021e-01 -3.5714e-02
57 3.9833e-01  3.2465e-01 7.0111e-02 -3.4123e-02
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58 3.6572e-01 9.3002e-01 2.0084e-01 -3.2602e-02
59  3.3458e-01  3.1019e-01 6.6987e-02 -3.1150e-02
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
60 3.0481e-01  8.8858e-01 1.9190e-01 -2.9762e-02
61 2.7638e-01  2.9636e-01 6.4002e-02 -2.8435e-02
62 2.4921e-01  8.4898e-01 1.8334e-01 -2.7168e-02
63 2.2325e-01 2.8316e-01 6.1150e-02 -2.5958e-02
64 1.9845e-01 8.1115e-01 1.7517e-01 -2.4801e-02
65 1.7475e-01  2.7054e-01 5.8425e-02 -2.3696e-02
66 1.5211e-01  7.7501e-01 1.6737e-01 -2.2640e-02
67 1.3048e-01 2.5849e-01 5.5822e-02 -2.1631e-02
68 1.0982e-01  7.4047e-01 1.5991e-01 -2.0667e-02
69 9.0069e-02  2.4697e-01 5.3335e-02 -1.9746e-02
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
70  7.1203e-02  7.0748e-01 1.5279e-01 -1.8867e-02
71 5.3177e-02  2.3596e-01 5.0958e-02 -1.8026e-02
72  3.5954e-02 6.7595e-01 1.4598e-01 -1.7223e-02
73 1.9499e-02  2.2545e-01 4.8687e-02 -1.6455e-02
74 3.7768e-03  6.4583e-01 1.3947e-01 -1.5722e-02
75 -1.1245e-02 2.1540e-01 4.6518e-02 -1.5021e-02
76 -2.5597e-02 6.1706e-01 1.3326e-01 -1.4352e-02
77 -3.9309e-02  2.0581e-01  4.4445e-02 -1.3713e-02
78 -5.2411e-02 5.8956e-01 1.2732e-01 -1.3102e-02
79 -6.4929e-02 1.9663e-01  4.2465e-02 -1.2518e-02
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
80 -7.6889e-02 5.6329e-01 1.2165e-01 -1.1960e-02
81 -8.8316e-02 1.8787e-01 4.0572e-02 -1.1427e-02
82 -9.9233e-02 5.3819e-01 1.1623e-01 -1.0918e-02
83 -1.0966e-01 1.7950e-01  3.8765e-02 -1.0431e-02
84 -1.1963e-01 5.1421e-01 1.1105e-01 -9.9665e-03
85 -1.2915e-01 1.7150e-01  3.7037e-02 -9.5224e-03
86 -1.3825e-01 4.9130e-01 1.0610e-01 -9.0981e-03
87 -1.4694e-01 1.6386e-01  3.5387e-02 -8.6927e-03
88 -1.5525e-01  4.6940e-01 1.0137e-01 -8.3054e-03
89 -1.6319e-01 1.5656e-01  3.3810e-02 -7.9353e-03
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
90 -1.7077e-01  4.4849e-01 9.6854e-02 -7.5817e-03
91 -1.7801e-01 1.4958e-01  3.2304e-02 -7.2439e-03
92 -1.8493e-01  4.2850e-01 9.2538e-02 -6.9211e-03
93 -1.9154e-01 1.4292e-01  3.0864e-02 -6.6127e-03
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94 -1.9786e-01 4.0941e-01 8.8415e-02 -6.3180e-03
95 -2.0390e-01 1.3655e-01 2.9489e-02 -6.0365e-03
96 -2.0967e-01 3.9117e-01  8.4475e-02 -5.7675e-03
97 -2.1518e-01 1.3046e-01 2.8175e-02 -5.5105e-03
98 -2.2044e-01  3.7374e-01 8.0711e-02 -5.2650e-03
99 -2.2547e-01 1.2465e-01 2.6919e-02 -5.0304e-03

100 -2.3028e-01 3.5708e-01 7.7115e-02 -4.8062e-03
101 -2.3487e-01 1.1910e-01 2.5720e-02 -4.5921e-03
102 -2.3926e-01 3.4117e-01 7.3678e-02 -4.3874e-03
103 -2.4345e-01 1.1379e-01 2.4574e-02 -4.1919e-03
104 -2.4746e-01 3.2597e-01 7.0395e-02 -4.0051e-03
1056 -2.5128e-01 1.0872e-01 2.3479e-02 -3.8267e-03
106 -2.5494e-01 3.1144e-01 6.7259e-02 -3.6562e-03
107 -2.5843e-01 1.0387e-01 2.2433e-02 -3.4932e-03
108 -2.6177e-01 2.9757e-01 6.4262e-02 -3.3376e-03
109 -2.6496e-01 9.9246e-02 2.1433e-02 -3.1889e-03

110 -2.6800e-01  2.8431e-01 6.1398e-02 -3.0468e-03
111 -2.7092e-01  9.4824e-02 2.0478e-02 -2.9110e-03
112 -2.7370e-01  2.7164e-01 5.8662e-02 -2.7813e-03
113 -2.7635e-01 9.0599e-02 1.9565e-02 -2.6574e-03
114 -2.7889e-01  2.5953e-01 5.6048e-02 -2.5390e-03
1156 -2.8132e-01  8.6562e-02 1.8694e-02 -2.4258e-03
116 -2.8364e-01  2.4797e-01 5.3561e-02 -2.3177e-03
117 -2.8585e-01  8.2705e-02 1.7861e-02 -2.2144e-03
118 -2.8797e-01  2.3692e-01 5.1165e-02 -2.1158e-03
119 -2.8999e-01  7.9019e-02 1.7065e-02 -2.0215e-03

120 -2.9192e-01  2.2636e-01  4.8885e-02 -1.9314e-03
121 -2.9377e-01  7.5498e-02 1.6304e-02 -1.8454e-03
122 -2.9553e-01 2.1628e-01 4.6707e-02 -1.7631e-03
123 -2.9721e-01  7.2134e-02 1.5578e-02 -1.6846e-03
124 -2.9882e-01  2.0664e-01  4.4625e-02 -1.6095e-03
125 -3.0036e-01  6.8920e-02 1.4884e-02 -1.5378e-03
126 -3.0183e-01 1.9743e-01 4.2637e-02 -1.4693e-03
127 -3.0323e-01  6.5849e-02 1.4221e-02 -1.4038e-03
128 -3.0457e-01 1.8863e-01 4.0737e-02 -1.3412e-03
129 -3.0586e-01  6.2915e-02 1.35687e-02 -1.2815e-03



130 -3.0708e-01 1.8023e-01  3.8922e-02 -1.2244e-03
131 -3.0825e-01 6.0111e-02 1.2981e-02 -1.1698e-03
132 -3.0937e-01 1.7220e-01  3.7187e-02 -1.1177e-03
133 -3.1044e-01  5.7433e-02 1.2403e-02 -1.0679e-03
134 -3.1146e-01 1.6452e-01  3.5530e-02 -1.0203e-03
135 -3.1243e-01  5.4873e-02 1.1850e-02 -9.7484e-04
136 -3.1336e-01 1.5719e-01  3.3947e-02 -9.3140e-04
137 -3.1425e-01  5.2428e-02 1.1322e-02 -8.8990e-04
138 -3.1510e-01 1.5019e-01  3.2434e-02 -8.5024e-04
139 -3.1591e-01  5.0092e-02 1.0818e-02 -8.1236e-04
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
140 -3.1669e-01 1.4350e-01  3.0989e-02 -7.7616e-04
141 -3.1743e-01  4.7860e-02 1.0336e-02 -7.4157e-04
142 -3.1814e-01 1.3710e-01 2.9608e-02 -7.0853e-04
143 -3.1882e-01 4.5727e-02  9.8752e-03 -6.7696e-04
144 -3.1946e-01 1.3099e-01 2.8289e-02 -6.4679e-04
145 -3.2008e-01 4.3690e-02  9.4351e-03 -6.1797e-04
146 -3.2067e-01 1.2516e-01 2.7028e-02 -5.9043e-04
147 -3.2124e-01 4.1743e-02 9.0147e-03 -5.6413e-04
148 -3.2178e-01 1.19568e-01 2.5824e-02 -5.3899e-04
149 -3.2229e-01  3.9883e-02 8.6130e-03 -5.1497e-04
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
150 -3.2278e-01 1.1425e-01 2.4673e-02 -4.9202e-04
151 -3.2325e-01 3.8106e-02  8.2292e-03 -4.7010e-04
152 -3.2370e-01 1.0916e-01 2.3574e-02 -4.4915e-04
153 -3.2413e-01  3.6408e-02 7.8625e-03 -4.2914e-04
154 -3.2454e-01 1.0430e-01 2.2524e-02 -4.1002e-04
155 -3.2493e-01  3.4786e-02 7.5122e-03 -3.9175e-04
156 -3.2531e-01  9.9649e-02  2.1520e-02 -3.7429e-04
157 -3.2567e-01  3.3236e-02 7.1775e-03 -3.5761e-04
1568 -3.2601e-01  9.5208e-02 2.0561e-02 -3.4168e-04
159 -3.2633e-01 3.1755e-02 6.8576e-03 -3.2645e-04
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
160 -3.2665e-01  9.0966e-02 1.9645e-02 -3.1191e-04
161 -3.2694e-01  3.0340e-02 6.5521e-03 -2.9801e-04
162 -3.2723e-01  8.6913e-02 1.8769e-02 -2.8473e-04
163 -3.2750e-01 2.8988e-02 6.2601e-03 -2.7204e-04
164 -3.2776e-01  8.3040e-02 1.7933e-02 -2.5992e-04
165 -3.2801e-01 2.7696e-02 5.9812e-03 -2.4834e-04
166 -3.2825e-01  7.9340e-02 1.7134e-02 -2.3727e-04
167 -3.2847e-01  2.6462e-02 5.7146e-03 -2.2670e-04
168 -3.2869e-01  7.5804e-02 1.6370e-02 -2.1660e-04
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169 -3.2890e-01  2.5283e-02 5.4600e-03 -2.0695e-04
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
170 -3.2909e-01  7.2426e-02 1.5641e-02 -1.9772e-04
171 -3.2928e-01  2.4156e-02 5.2167e-03 -1.8891e-04
172 -3.2946e-01  6.9199e-02  1.4944e-02 -1.8050e-04
173 -3.2964e-01 2.3080e-02 4.9843e-03 -1.7245e-04
174 -3.2980e-01 6.6116e-02  1.4278e-02 -1.6477e-04
175 -3.2996e-01 2.2051e-02 4.7622e-03 -1.5743e-04
176 -3.3011e-01  6.3170e-02  1.3642¢-02 -1.5041e-04
177 -3.3025e-01  2.1069e-02  4.5500e-03 -1.4371e-04
178 -3.3039e-01  6.0355e-02  1.3034e-02 -1.3731e-04
179 -3.3052e-01  2.0130e-02 4.3472e-03 -1.3119e-04
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
180 -3.3065e-01 5.7665e-02 1.2453e-02 -1.2534e-04
181 -3.3077e-01 1.9233e-02 4.1535e-03 -1.1976e-04
182 -3.3088e-01 5.5096e-02 1.1898e-02 -1.1442e¢-04
183 -3.3099e-01 1.8376e-02 3.9684e-03 -1.0932e-04
184 -3.3109e-01 5.2641e-02 1.1368e-02 -1.0445e-04
185 -3.3119e-01  1.7557e¢-02 3.7916e-03 -9.9796e-05
186 -3.3129e-01 5.0295e-02 1.0862e-02 -9.5349e-05
187 -3.3138e-01 1.6775e-02  3.6226e-03 -9.1101e-05
188 -3.3147e-01  4.8054e-02 1.0378e-02 -8.7041e-05
189 -3.3155e-01  1.6027e¢-02  3.4612¢-03 -8.3163e-05
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
190 -3.3163e-01  4.5913e-02  9.9152e-03 -7.9457e-05
191 -3.3171e-01 1.5313e-02  3.3070e-03 -7.5917e-05
192 -3.3178e-01  4.3867e-02 9.4734e-03 -7.2534e-05
193 -3.3185e-01  1.4631e-02 3.1596e-03 -6.9302e-05
194 -3.3191e-01 4.1912e-02 9.0513e-03 -6.6214e-05
195 -3.3198e-01  1.3979e-02 3.0188e-03 -6.3263e-05
196 -3.3204e-01  4.0045e-02 8.6479e-03 -6.0444e-05
197 -3.3210e-01  1.3356e-02 2.8843e-03 -5.7751e-05
198 -3.3215e-01  3.8260e-02 8.2626e-03 -5.5178e-05
199 -3.3220e-01 1.2761e-02 2.7558e-03 -5.2719e-05
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
200 -3.3225e-01 3.6555e-02 7.8944e-03 -5.0370e-05
201 -3.3230e-01 1.2192e-02 2.6330e-03 -4.8125e-05
202 -3.3235e-01  3.4927e-02 7.5426e-03 -4.5981e-05
203 -3.3239e-01 1.1649e-02 2.5157e-03 -4.3932e-05
204 -3.3243e-01 3.3370e-02 7.2066e-03 -4.1974e-05

15



205 -3.3247e-01 1.1130e-02  2.4036e-03 -4.0104e-05
206 -3.3251e-01 3.1883e-02 6.8854e-03 -3.8317e-05
207 -3.3255e-01 1.0634e-02 2.2965e-03 -3.6610e-05
208 -3.3258e-01 3.0463e-02 6.5786e-03 -3.4978e-05
209 -3.3262e-01 1.0160e-02 2.1941e-03 -3.3420e-05
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
210 -3.3265e-01 2.9105e-02 6.2855e-03 -3.1931e-05
211 -3.3268e-01 9.7074e-03  2.0964e-03 -3.0508e-05
212 -3.3271e-01 2.7808e-02 6.0054e-03 -2.9148e-05
213 -3.3274e-01  9.2748e-03  2.0030e-03 -2.7849e-05
214 -3.3276e-01 2.6569e-02 5.7378e-03 -2.6609e-05
215 -3.3279¢-01 8.8615e-03  1.9137e-03 -2.5423e-05
216 -3.3281e-01 2.5385e-02 5.4821e-03 -2.4290e-05
217 -3.3284e-01 8.4667e-03  1.8284e-03 -2.3208e-05
218 -3.3286e-01 2.4254e-02 5.2379e-03 -2.2174e-05
219 -3.3288e-01 8.0894e-03 1.7470e-03 -2.1186e-05
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
220 -3.3290e-01 2.3173e-02 5.0045e-03 -2.0242e-05
221 -3.3292e-01 7.7289e-03 1.6691e-03 -1.9340e-05
222 -3.3294e-01 2.2141e-02 4.7815e-03 -1.8478e-05
223 -3.3295e-01 7.3845e-03 1.5947e¢-03 -1.7654e-05
224 -3.3297e-01 2.1154e-02 4.5684e-03 -1.6868e-05
225 -3.3299e-01  7.0555e-03  1.5237e¢-03 -1.6116e-05
226 -3.3300e-01 2.0212e-02 4.3648e-03 -1.5398e-05
227 -3.3302e-01 6.7411e-03  1.4558e-03 -1.4712e-05
228 -3.3303e-01 1.9311e-02 4.1703e-03 -1.4056e-05
229 -3.3305e-01 6.4407e-03 1.3909e-03 -1.3430e-05
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
230 -3.3306e-01 1.8450e-02 3.9845e-03 -1.2832e-05
231 -3.3307e-01 6.1537e-03  1.3289e-03 -1.2260e-05
232 -3.3308e-01 1.7628e-02 3.8070e-03 -1.1714e-05
233 -3.3309e-01 5.8795e-03  1.2697e¢-03 -1.1192e-05
234 -3.3310e-01  1.6843e-02 3.6373e-03 -1.0693e-05
235 -3.3311e-01 5.6175e-03 1.2131e-03 -1.0216e-05
236 -3.3312e-01  1.6092e-02 3.4753e-03 -9.7612e-06
237 -3.3313e-01 5.3672e-03 1.1591e-03 -9.3262e-06
238 -3.3314e-01  1.5375e-02  3.3204e-03 -8.9106e-06
239 -3.3315e-01 5.1281e-03 1.1074e-03 -8.5136e-06
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
240 -3.3316e-01  1.4690e-02 3.1724e-03 -8.1342e-06
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241 -3.3317e-01  4.8996e-03 1.05681e-03 -7.7718e-06
242 -3.3317e-01 1.4036e-02 3.0311e-03 -7.4255e-06
243 -3.3318e-01 4.6812e-03 1.0109e-03 -7.0946e-06
244 -3.3319e-01 1.3410e-02 2.8960e-03 -6.7785e-06
245 -3.3319e-01 4.4726e-03 9.6590e-04 -6.4764e-06
246 -3.3320e-01 1.2813e-02 2.7670e-03 -6.1878e-06
247 -3.3321e-01  4.2733e-03  9.2286e-04 -5.9121e-06
248 -3.3321e-01 1.2242e-02 2.6437e-03 -5.6487e-06
249 -3.3322e-01  4.0829e-03 8.8174e-04 -5.3970e-06
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
250 -3.3322e-01 1.1696e-02  2.5259e-03 -5.1565e-06
2561 -3.3323e-01 3.9010e-03  8.4245e-04 -4.9267e-06
252 -3.3323e-01 1.1175e-02  2.4133e-03 -4.7072e-06
263 -3.3324e-01 3.7272e-03 8.0491e-04 -4.4974e-06
254 -3.3324e-01 1.0677e-02 2.3058e-03 -4.2970e-06
265 -3.3325e-01 3.5611e-03 7.6904e-04 -4.1055e-06
2566 -3.3325e-01 1.0201e-02 2.2030e-03 -3.9226e-06
257 -3.3325e-01  3.4024e-03 7.3477e-04 -3.7478e-06
268 -3.3326e-01 9.7467e-03  2.1049e-03 -3.5808e-06
269 -3.3326e-01  3.2508e-03 7.0203e-04 -3.4213e-06
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
260 -3.3326e-01 9.3124e-03 2.0111e-03 -3.2688e-06
261 -3.3327e-01  3.1059e-03 6.7075e-04 -3.1232e-06
262 -3.3327e-01  8.8975e-03 1.9215e-03 -2.9840e-06
263 -3.3327e-01 2.9675e-03 6.4086e-04 -2.8510e-06
264 -3.3327e-01  8.5010e-03 1.8359e-03 -2.7240e-06
265 -3.3328e-01  2.8353e-03 6.1231e-04 -2.6026e-06
266 -3.3328e-01  8.1222e-03 1.7540e-03 -2.4866e-06
267 -3.3328e-01  2.7090e-03 5.8502e-04 -2.3758e-06
268 -3.3328e-01 7.7603e-03 1.6759e-03 -2.2700e-06
269 -3.3329e-01  2.5883e-03 5.5895e-04 -2.1688e-06
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
270 -3.3329e-01  7.4145e-03 1.6012e-03 -2.0722e-06
271 -3.3329e-01  2.4729e-03  5.3405e-04 -1.9798e-06
272 -3.3329e-01  7.0841e-03 1.5299e-03 -1.8916e-06
273 -3.3329e-01  2.3627e-03 5.1025e-04 -1.8073e-06
274 -3.3330e-01 6.7684e-03 1.4617e-03 -1.7268e-06
275 -3.3330e-01  2.2575e-03 4.8751e-04 -1.6498e-06
276 -3.3330e-01 6.4668e-03 1.3966e-03 -1.5763e-06
277 -3.3330e-01  2.1569e-03 4.6579e-04 -1.5061e-06
278 -3.3330e-01 6.1787e-03 1.3343e-03 -1.4390e-06
279 -3.3330e-01  2.0608e-03  4.4503e-04 -1.3749e-06
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280 -3.3331e-01  5.9034e-03 1.2749e-03 -1.3136e-06
281 -3.3331e-01 1.9689e-03  4.2520e-04 -1.2551e-06
282 -3.3331e-01  5.6403e-03 1.2181e-03 -1.1991e-06
283 -3.3331e-01 1.8812e-03 4.0626e-04 -1.1457e-06
284 -3.3331e-01  5.3890e-03 1.1638e-03 -1.0947e-06
285 -3.3331e-01 1.7974e-03  3.8815e-04 -1.0459e-06
286 -3.3331e-01  5.1488e-03 1.1119e-03 -9.9927e-07

1 3.7086e-04 -9.5475e-07
288 -3.3331e-01  4.9194e-03 1.0624e-03 -9.1220e-07
289 -3.3331e-01 1.6408e-03  3.5433e-04 -8.7156e-07

287 -3.3331e-01 .7173e-03

290 -3.3332e-01  4.7002e-03 1.0150e-03 -8.3272e-07
291 -3.3332e-01 1.5676e-03  3.3854e-04 -7.9561e-07
292 -3.3332e-01  4.4908e-03 9.6981e-04 -7.6016e-07
293 -3.3332e-01 1.4978e-03  3.2346e-04 -7.2629e-07
294 -3.3332e-01 4.2907e-03  9.2660e-04 -6.9393e-07
295 -3.3332e-01 1.4311e-03  3.0905e-04 -6.6301e-07
296 -3.3332e-01  4.0995e-03 8.8531e-04 -6.3346e-07
297 -3.3332e-01 1.3673e-03  2.9528e-04 -6.0524e-07
298 -3.3332e-01 3.9168e-03  8.4586e-04 -5.7827e-07
299 -3.3332e-01 1.3064e-03  2.8212e-04 -5.5250e-07

300 -3.3332e-01  3.7423e-03 8.0817e-04 -5.2788e-07
301 -3.3332e-01 1.2481e-03  2.6955e-04 -5.0436e-07
302 -3.3332e-01  3.5755e-03 7.7216e-04 -4.8188e-07
303 -3.3332e-01 1.1925e-03  2.5754e-04 -4.6041e-07
304 -3.3332e-01 3.4162e-03 7.3775e-04 -4.3990e-07
305 -3.3332e-01 1.1394e-03  2.4606e-04 -4.2030e-07
306 -3.3332e-01  3.2640e-03  7.0488e-04 -4.0157e-07
307 -3.3333e-01 1.0886e-03 2.3510e-04 -3.8367e-07
308 -3.3333e-01 3.1185e-03 6.7347e-04 -3.6658e-07
309 -3.3333e-01 1.0401e-03  2.2462e-04 -3.5024e-07

310 -3.3333e-01 2.9796e-03  6.4346e-04 -3.3464e-07
311 -3.3333e-01 9.9377e-04 2.1461e-04 -3.1972e-07
312 -3.3333e-01  2.8468e-03 6.1479e-04 -3.0548e-07
313 -3.3333e-01  9.4949e-04  2.0505e-04 -2.9187e-07
314 -3.3333e-01 2.7199e-03 5.8739e-04 -2.7886e-07
315 -3.3333e-01 9.0718e-04 1.9591e-04 -2.6643e-07
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316 -3.3333e-01  2.5988e-03 5.6122e-04 -2.5456e-07
317 -3.3333e-01 8.6675e-04 1.8718e-04 -2.4322e-07
318 -3.3333e-01  2.4830e-03 5.3621e-04 -2.3238e-07
319 -3.3333e-01  8.2813e-04 1.7884e-04 -2.2203e-07
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
320 -3.3333e-01 2.3723e-03 5.1232e-04 -2.1213e-07
321 -3.3333e-01 7.9123e-04 1.7087e-04 -2.0268e-07
322 -3.3333e-01  2.2666e-03 4.8949e-04 -1.9365e-07
323 -3.3333e-01  7.5597e-04 1.6326e-04 -1.8502e-07
324 -3.3333e-01 2.1656e-03 4.6768e-04 -1.7678e-07
3256 -3.3333e-01  7.2229e-04 1.5598e-04 -1.6890e-07
326 -3.3333e-01 2.0691e-03 4.4684e-04 -1.6137e-07
327 -3.3333e-01 6.9010e-04 1.4903e-04 -1.5418e-07
328 -3.3333e-01 1.9769e-03  4.2693e-04 -1.4731e-07
329 -3.3333e-01 6.5935e-04 1.4239e-04 -1.4075e-07
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
330 -3.3333e-01 1.8888e-03 4.0790e-04 -1.3448e-07
331 -3.3333e-01 6.2997e-04 1.3605e-04 -1.2848e-07
332 -3.3333e-01 1.8047e-03 3.8973e-04 -1.2276e-07
333 -3.3333e-01 6.0190e-04 1.2998e-04 -1.1729e-07
334 -3.3333e-01 1.7242e-03  3.7236e-04 -1.1206e-07
335 -3.3333e-01  5.7508e-04 1.2419e-04 -1.0707e-07
336 -3.3333e-01 1.6474e-03  3.5577e-04 -1.0230e-07
337 -3.3333e-01  5.4945e-04 1.1866e-04 -9.7740e-08
338 -3.3333e-01 1.5740e-03  3.3992e-04 -9.3385e-08
339 -3.3333e-01  5.2497e-04 1.1337e-04 -8.9223e-08
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
340 -3.3333e-01 1.5039e-03  3.2477e-04 -8.5248e-08
341 -3.3333e-01 5.0158e-04 1.0832e-04 -8.1449e-08
342 -3.3333e-01 1.4369e-03 3.1030e-04 -7.7820e-08
343 -3.3333e-01  4.7923e-04 1.0349e-04 -7.4352e-08
344 -3.3333e-01 1.3728e-03  2.9647e-04 -7.1039e-08
345 -3.3333e-01 4.5787e-04 9.8881e-05 -6.7874e-08
346 -3.3333e-01 1.3117e-03  2.8326e-04 -6.4849e-08
347 -3.3333e-01  4.3747e-04  9.4475e-05 -6.1960e-08
348 -3.3333e-01 1.2632e-03 2.7064e-04 -5.9199e-08
349 -3.3333e-01 4.1798e-04 9.0266e-05 -5.6561e-08
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
350 -3.3333e-01 1.1974e-03  2.5858e-04 -5.4040e-08
351 -3.3333e-01  3.9935e-04  8.6243e-05 -5.1632e-08
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352 -3.3333e-01 1.1440e-03 2.4706e-04 -4.9332e-08
353 -3.3333e-01  3.8156e-04  8.2400e-05 -4.7134e-08
354 -3.3333e-01 1.0930e-03 2.3605e-04 -4.5033e-08
3556 -3.3333e-01  3.6456e-04  7.8729e-05 -4.3027e-08
356 -3.3333e-01 1.0443e-03  2.2553e-04 -4.1109e-08
357 -3.3333e-01  3.4831e-04 7.5221e-05 -3.9278e-08
358 -3.3333e-01 9.9780e-04  2.1548e-04 -3.7527e-08
359 -3.3333e-01 3.3279e-04 7.1869e-05 -3.5855e-08
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG

360 -3.3333e-01 9.5333e-04 2.0588e-04 -3.4258e-08
361 -3.3333e-01 3.1796e-04 6.8666e-05 -3.2731e-08
362 -3.3333e-01 9.1085e-04 1.9671e-04 -3.1273e-08
363 -3.3333e-01 3.0379e-04 6.5607e-05 -2.9879e-08
364 -3.3333e-01 8.7027e-04 1.8794e-04 -2.8548e-08
365 -3.3333e-01 2.9026e-04 6.2683e-05 -2.7276e-08
366 -3.3333e-01  8.3149e-04 1.7957e-04 -2.6060e-08
367 -3.3333e-01 2.7732e-04 5.9890e-05 -2.4899e-08
368 -3.3333e-01  7.9444e-04 1.7156e-04 -2.3789e-08
369 -3.3333e-01 2.6497e-04 5.7221e-05 -2.2729e-08

370 -3.3333e-01  7.5904e-04 1.6392e-04 -2.1717e-08
371 -3.3333e-01  2.5316e-04 5.4672e-05 -2.0749e-08
372 -3.3333e-01  7.2522e-04 1.5662e-04 -1.9824e-08
373 -3.3333e-01 2.4188e-04 5.2236e-05 -1.8941e-08
374 -3.3333e-01  6.9290e-04 1.4964e-04 -1.8097e-08
375 -3.3333e-01 2.3110e-04 4.9908e-05 -1.7291e-08
376 -3.3333e-01 6.6203e-04 1.4297e-04 -1.6520e-08
377 -3.3333e-01  2.2080e-04 4.7684e-05 -1.5784e-08
378 -3.3333e-01 6.3253e-04 1.3660e-04 -1.5081e-08
379 -3.3333e-01 2.1096e-04  4.5559e-05 -1.4409e-08

380 -3.3333e-01 6.0434e-04 1.3051e-04 -1.3767e-08
381 -3.3333e-01 2.0156e-04  4.3529e-05 -1.3153e-08
382 -3.3333e-01 5.7741e-04 1.2470e-04 -1.2567e-08
383 -3.3333e-01 1.9258e-04  4.1590e-05 -1.2007e-08
384 -3.3333e-01 5.5168e-04 1.1914e-04 -1.1472e-08
385 -3.3333e-01 1.8400e-04 3.9736e-05 -1.0961e-08
386 -3.3333e-01 5.2710e-04 1.1383e-04 -1.0473e-08
387 -3.3333e-01 1.7580e-04 3.7966e-05 -1.0006e-08
388 -3.3333e-01 5.0361e-04 1.0876e-04 -9.5600e-09
389 -3.3333e-01 1.6797e-04  3.6274e-05 -9.1340e-09



ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
390 -3.3333e-01 4.8117e-04 1.0391e-04 -8.7270e-09
391 -3.3333e-01 1.6048e-04  3.4658e-05 -8.3381e-09
392 -3.3333e-01 4.5973e-04  9.9282e-05 -7.9666e-09
393 -3.3333e-01 1.5333e-04 3.3113e-05 -7.6116e-09
394 -3.3333e-01 4.3925e-04  9.4858e-05 -7.2724e-09
395 -3.3333e-01 1.4650e-04  3.1638e-05 -6.9484e-09
396 -3.3333e-01 4.1967e-04  9.0632e-05 -6.6388e-09
397 -3.3333e-01 1.3997e-04  3.0228e-05 -6.3429e-09
398 -3.3333e-01 4.0097e-04 8.6593e-05 -6.0603e-09
399 -3.3333e-01 1.3374e-04 2.8881e-05 -5.7903e-09

400 -3.3333e-01 3.8311e-04 8.2734e-05 -5.5323e-09
401 -3.3333e-01 1.2778e-04  2.7594e-05 -5.2857e-09
402 -3.3333e-01 3.6603e-04 7.9048e-05 -5.0502e-09
403 -3.3333e-01 1.2208e-04 2.6365e-05 -4.8252e-09
404 -3.3333e-01  3.4972e-04  7.5526e-05 -4.6102e-09
405 -3.3333e-01 1.1664e-04 2.5190e-05 -4.4047e-09
406 -3.3333e-01 3.3414e-04 7.2160e-05 -4.2085e-09
407 -3.3333e-01 1.1144e-04 2.4067e-05 -4.0209e-09
408 -3.3333e-01 3.1925e-04 6.8945e-05 -3.8418e-09
409 -3.3333e-01 1.0648e-04  2.2995e-05 -3.6706e-09

410 -3.3333e-01 3.0503e-04 6.5873e-05 -3.5070e-09
411 -3.3333e-01 1.0173e-04 2.1970e-05 -3.3508e-09
412 -3.3333e-01  2.9143e-04 6.2937e-05 -3.2014e-09
413 -3.3333e-01 9.7201e-05 2.0991e-05 -3.0588e-09
414 -3.3333e-01  2.7845e-04 6.0133e-05 -2.9225e-09
415 -3.3333e-01  9.2870e-05 2.0056e-05 -2.7923e-09
416 -3.3333e-01  2.6604e-04 5.7453e-05 -2.6678e-09
417 -3.3333e-01  8.8732e-05 1.9162e-05 -2.5490e-09
418 -3.3333e-01  2.5419e-04 5.4893e-05 -2.4354e-09
419 -3.3333e-01  8.4778e-05 1.8308e-05 -2.3269e-09

420 -3.3333e-01  2.4286e-04 5.2447e-05 -2.2232e-09
421 -3.3333e-01  8.1000e-05 1.7493e-05 -2.1241e-09
422 -3.3333e-01  2.3204e-04 5.0110e-05 -2.0295e-09
423 -3.3333e-01 7.7391e-05 1.6713e-05 -1.9390e-09
424 -3.3333e-01 2.2170e-04 4.7877e-05 -1.8526e-09
425 -3.3333e-01  7.3942e-05 1.5968e-05 -1.7701e-09
426 -3.3333e-01 2.1182e-04 4.5744e-05 -1.6912e-09
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427 -3.3333e-01  7.0648e-05 1.5257e-05 -1.6159e¢-09
428 -3.3333e-01 2.0238e-04 4.3706e-05 -1.5438e-09
429 -3.3333e-01  6.7500e-05 1.4577e-05 -1.4751e-09
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
430 -3.3333e-01 1.9336e-04 4.1758e-05 -1.4093e-09
431 -3.3333e-01  6.4492e-05 1.3927e-05 -1.3465e-09
432 -3.3333e-01 1.8475e-04  3.9897e¢-05 -1.2865e-09
433 -3.3333e-01 6.1618e-05 1.3307e-05 -1.2292e-09
434 -3.3333e-01 1.7651e-04  3.8120e-05 -1.1744e-09
435 -3.3333e-01 5.8872e-05 1.2714e-05 -1.1221e-09
436 -3.3333e-01 1.6865e-04  3.6421e-05 -1.0721e-09
437 -3.3333e-01  5.6249e-05 1.2147e¢-05 -1.0243e-09
438 -3.3333e-01 1.6113e-04  3.4798e-05 -9.7868e-10
439 -3.3333e-01 5.3743e-05 1.1606e-05 -9.3507e-10
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
440 -3.3333e-01 1.5395e-04  3.3248e-05 -8.9341e-10
441 -3.3333e-01 5.1348e-05 1.1089e-05 -8.5360e-10
442 -3.3333e-01 1.4709e-04 3.1766e-05 -8.1556e-10
443 -3.3333e-01  4.9060e-05 1.0595e-05 ~-7.7922e-10
444 -3.3333e-01  1.4054e-04 3.0351e-05 -7.4450e-10
445 -3.3333e-01  4.6874e-05 1.0123e-05 -7.1132e-10
446 -3.3333e-01 1.3428e-04 2.8998e-05 -6.7963e-10
447 -3.3333e-01  4.4785e-05 9.6717e-06 -6.4934e-10
448 -3.3333e-01  1.2829e-04 2.7706e-05 -6.2041e-10
449 -3.3333e-01 4.2790e-05 9.2407e¢-06 -5.9276e-10
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
450 -3.3333e-01 1.2258e-04 2.6471e-05 -5.6635e-10
451 -3.3333e-01  4.0883e-05 8.8290e-06 -5.4111e-10
452 -3.3333e-01  1.1712e-04  2.5292e-05 -5.1700e-10
453 -3.3333e-01  3.9061e-05 8.4355e-06 -4.9397e-10
454 -3.3333e-01  1.1190e-04  2.4165e-05 -4.7195e-10
455 -3.3333e-01  3.7321e-05 8.0597e¢-06 -4.5092e-10
456 -3.3333e-01  1.0691e-04 2.3088e-05 -4.3083e-10
457 -3.3333e-01 3.5658e-05 7.7005e-06 -4.1163e-10
458 -3.3333e-01  1.0215e-04  2.2059e-05 -3.9329e-10
459 -3.3333e-01  3.4069e-05 7.3574e-06 =-3.7577e-10
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
460 -3.3333e-01 9.7595e-05 2.1076e-05 -3.5902e-10
461 -3.3333e-01  3.2551e-05  7.0295e-06 ~-3.4302e-10
462 -3.3333e-01  9.3246e-05 2.0137e-05 -3.2774e-10
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463 -3.3333e-01 3.1100e-05 6.7163e-06 -3.1314e-10
464 -3.3333e-01 8.9091e-05 1.9240e-05 -2.9918e-10
465 -3.3333e-01 2.9714e-05 6.4170e-06 -2.8585e-10
466 -3.3333e-01  8.5122e-05 1.8383e-05 -2.7311e-10
467 -3.3333e-01  2.8390e-05 6.1311e-06 -2.6094e-10
468 -3.3333e-01  8.1329e-05 1.7564e-05 -2.4932e-10
2 5

469 -3.3333e-01 .7125e-05 .8579e-06 -2.3821e-10

470 -3.3333e-01 7.7705e-05 1.6781e-05 -2.2759e-10
471 -3.3333e-01 2.5917e-05 5.5969e-06 -2.1745e-10
472 -3.3333e-01  7.4242e-05 1.6033e-05 -2.0776e-10
473 -3.3333e-01  2.4762e-05 5.3475e-06 -1.9850e-10
474 -3.3333e-01  7.0934e-05 1.5319e-05 -1.8966e-10
475 -3.3333e-01  2.3658e-05 5.1092e-06 -1.8121e-10
476 -3.3333e-01 6.7773e-05 1.4636e-05 -1.7313e-10
477 -3.3333e-01  2.2604e-05 4.8815e-06 -1.6542e-10
478 -3.3333e-01  6.4753e-05 1.3984e-05 -1.5805e-10
479 -3.3333e-01  2.1597e-05 4.6640e-06 -1.5101e-10

480 -3.3333e-01 6.1868e-05 1.3361e-05 -1.4428e-10
481 -3.3333e-01 2.0635e-05 4.4562e-06 -1.3785e-10
482 -3.3333e-01 5.9111e-05 1.2765e-05 -1.3171e-10
483 -3.3333e-01 1.9715e-05 4.2576e-06 -1.2584e-10
484 -3.3333e-01 5.6477e-05 1.2197e-05 -1.2023e-10
485 -3.3333e-01 1.8837e-05 4.0679e-06 -1.1487e-10
486 -3.3333e-01 5.3961e-05 1.1653e-05 -1.0975e-10

1 3.8866e-06 -1.0486e-10
488 -3.3333e-01 5.1556e-05 1.1134e-05 -1.0019e-10
489 -3.3333e-01 1.7195e-05 3.7135e-06 -9.5726e-11

487 -3.3333e-01 .7997e-05

490 -3.3333e-01  4.9259e-05 1.0638e-05 -9.1460e-11
491 -3.3333e-01 1.6429e-05  3.5480e-06 -8.7385e-11
492 -3.3333e-01  4.7064e-05 1.0164e-05 -8.3491e-11
493 -3.3333e-01 1.5697e-05 3.3899e-06 -7.9771le-11
494 -3.3333e-01 4.4967e-05 9.7109e-06 -7.6216e-11
495 -3.3333e-01 1.4998e-05  3.2388e-06 -7.2820e-11
496 -3.3333e-01 4.2963e-05 9.2782e-06 -6.9575e-11
497 -3.3333e-01 1.4329e-05  3.0945e-06 -6.6475e-11
498 -3.3333e-01 4.1049e-05 8.8647e-06 -6.3513e-11
499 -3.3333e-01 1.3691e-05 2.9566e-06 -6.0683e-11

ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
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500 -3.3333e-01  3.9219e-05 8.4697e-06 -5.7979%e-11
501 -3.3333e-01 1.3081e-05 2.8249e-06 -5.5395e-11
502 -3.3333e-01  3.7472e-05 8.0923e-06 -5.2927e-11
503 -3.3333e-01 1.2498e-05 2.6990e-06 -5.0568e-11
504 -3.3333e-01 3.5802e-05 7.7317e-06 -4.8315e-11
505 -3.3333e-01 1.1941e-05 2.5787e-06 -4.6162e-11
506 -3.3333e-01  3.4207e-05 7.3872e-06 -4.4105e-11
507 -3.3333e-01 1.1409e-05 2.4638e-06 -4.2140e-11
508 -3.3333e-01 3.2683e-05 7.0580e-06 -4.0262e-11
509 -3.3333e-01 1.0901e-05 2.3540e-06 -3.8468e-11

510 -3.3333e-01  3.1226e-05 6.7435e-06 -3.6754e-11
511 -3.3333e-01 1.0415e-05 2.2492e-06 -3.5116e-11
512 -3.3333e-01  2.9835e-05 6.4430e-06 -3.355le-11
513 -3.3333e-01 9.9507e-06  2.1489e-06 -3.2056e-11
514 -3.3333e-01 2.8505e-05 6.1559e-06 -3.0628e-11
515 -3.3333e-01 9.5073e-06  2.0532e-06 -2.9263e-11
516 -3.3333e-01 2.7235e-05 5.8816e-06 -2.7959e-11
517 -3.3333e-01  9.0837e-06 1

518 -3.3333e-01 2.6022e-05 5.6196e-06 -2.5523e-11
519 -3.3333e-01 8.6789e-06 1.8743e-06 -2.4386e-11

.9617e-06 -2.6713e-11

520 -3.3333e-01 2.4862e-05 5.3692e-06 -2.3299e-11
521 -3.3333e-01 8.2922e-06 1.7908e-06 -2.2261e-11
522 -3.3333e-01 2.3754e-05 5.1299e-06 -2.1269e-11
523 -3.3333e-01 7.9227e-06 1.7110e-06 -2.0321e-11
524 -3.3333e-01 2.2696e-05 4.9013e-06 -1.9416e-11
5256 -3.3333e-01 7.5697e-06 1.6347e-06 -1.8551e-11

2 4

7 1

2 4

6 1

526 -3.3333e-01 .1684e-05 .6829e-06 -1.7724e-11
527 -3.3333e-01 .2324e-06 .5619e-06 -1.6934e-11
528 -3.3333e-01 .0718e-05 .4742e-06 -1.6180e-11
529 -3.3333e-01 .9101e-06 .4923e-06 -1.5459e-11
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
530 -3.3333e-01 1.9795e-05  4.2749e-06 -1.4770e-11
531 -3.3333e-01 6.6022e-06 1.4258e-06 -1.4112e-11
532 -3.3333e-01 1.8913e-05 4.0844e-06 -1.3483e-11
533 -3.3333e-01 6.3080e-06 1.3623e-06 -1.2882e-11
534 -3.3333e-01 1.8070e-05  3.9024e-06 -1.2308e-11
535 -3.3333e-01 6.0269e-06 1.3016e-06 -1.1760e-11
536 -3.3333e-01 1.7265e-05  3.7285e-06 -1.1236e-11
537 -3.3333e-01  5.7584e-06 1.2436e-06 -1.0735e-11
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538 -3.3333e-01 1.6496e-05  3.5624e-06 -1.0257e-11
539 -3.3333e-01 5.5018e-06 1.1881e-06 -9.7996e-12

ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
540 -3.3333e-01 1.5761e-05 3.4036e-06 -9.3631e-12
541 -3.3333e-01 5.2566e-06 1.1352e-06 -8.9458e-12
542 -3.3333e-01 1.5058e-05  3.2520e-06 -8.5471e-12
543 -3.3333e-01  5.0224e-06 1.0846e-06 -8.1663e-12
544 -3.3333e-01 1.4387e-05 3.1070e-06 -7.8024e-12
545 -3.3333e-01 4.7986e-06 1.0363e-06 -7.4548e-12
546 -3.3333e-01 1.3746e-05 2.9686e-06 -7.1225e-12
547 -3.3333e-01  4.5848e-06 9.9011e-07 -6.8052e-12
548 -3.3333e-01 1.3134e-05 2.8363e-06 -6.5019e-12
549 -3.3333e-01 4.3805e-06

The gradient descent method exiting with flag 1.
Relative and absolute tolerances on the norm of the gradient are satisfied.

ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
0 9.5000e+00 3.6056e+00 nan -inf
1 6.1200e+00 6.3458e+00 1.8749e+00 -3.3800e+00
2 3.9018e+00 2.3662e+00 6.9911e-01 -2.2182e+00
3 2.4461e+00  4.1645e+00 1.2304e+00 -1.4557e+00
4 1.4907e+00 1.5529e+00 4.5881e-01 -9.5536e-01
5 8.6373e-01 2.7331e+00 8.0750e-01 -6.2697e-01
6 4.5227e-01 1.0191e+00 3.0110e-01 -4.1147e-01
7 1.8223e-01 1.7936e+00 5.2994e-01 -2.7003e-01
8 5.0177e-03 6.6881e-01 1.9760e-01 -1.7721e-01
9 -1.1128e-01 1.1771e+00 3.4778e-01 -1.1630e-01

10 -1.8761e-01  4.3892e-01 1.2968e-01 -7.6325e-02
11 -2.3770e-01  7.7250e-01 2.2824e-01 -5.0090e-02
12 -2.7057e-01  2.8805e-01 8.5106e-02 -3.2873e-02
13 -2.9214e-01 5.0697e-01 1.4979e-01 -2.1573e-02
14 -3.0630e-01 1.8904e-01 5.5853e-02 -1.4158e-02
15 -3.1559e-01  3.3271e-01 9.8301e-02 -9.2914e-03
16 -3.2169e-01 1.2406e-01  3.6655e-02 -6.0977e-03
17 -3.2569e-01 2.1835e-01 6.4512e-02 -4.0018e-03
18 -3.2832e-01 8.1418e-02  2.4055e-02 -2.6262e-03
19 -3.3004e-01 1.4330e-01  4.2337e-02 -1.7235e-03



20 -3.3117e-01 5.3432e-02 1.5787e-02 -1.1311e-03
21 -3.3192e-01 9.4041e-02 2.7785e-02 -7.4231e-04
22 -3.3240e-01 3.5066e-02 1.0360e-02 -4.8715e-04
23 -3.3272e-01 6.1716e-02 1.8234e-02 -3.1971e-04
24 -3.3293e-01 2.3013e-02 6.7993e-03 -2.0981e-04
256 -3.3307e-01  4.0503e-02 1.1967e-02 -1.3769e-04
26 -3.3316e-01 1.5103e-02  4.4622e-03 -9.0365e-05
27 -3.3322e-01 2.6581e-02  7.8534e-03 -5.9304e-05
28 -3.3326e-01 9.9115e-03  2.9284e-03 -3.8919e-05
29 -3.3328e-01 1.7444e-02 5.1540e-03 -2.5542e-05
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG

30 -3.3330e-01 6.5046e-03 1.9218e-03 -1.6762e-05
31 -3.3331e-01 1.1448e-02  3.3824e-03 -1.1001e-05
32 -3.3332e-01  4.2688e-03 1.2612e-03 -7.2194e-06
33 -3.3332e-01 7.5131e-03 2.2198e-03 -4.7379e-06
34 -3.3333e-01 2.8015e-03 8.2771e-04 -3.1093e-06
35 -3.3333e-01  4.9306e-03 1.4568e-03 -2.0406e-06

1 5

3 9

1 3

2 6

36 -3.3333e-01 .8385e-03 .4320e-04 -1.3392e-06
37 -3.3333e-01 .2358e-03 .5604e-04 -8.7885e-07
38 -3.3333e-01 .2066e-03 .5649e-04 -5.7677e-07
39 -3.3333e-01 .1236e-03 .2742e-04 -3.7852e-07
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
40 -3.3333e-01 7.9184e-04  2.3395e-04 -2.4841e-07
41 -3.3333e-01 1.3936e-03 4.1176e-04 -1.6302e-07
42 -3.3333e-01 5.1966e-04 1.5354e-04 -1.0699e-07
43 -3.3333e-01 9.1461e-04 2.7022e-04 -7.0213e-08
44 -3.3333e-01  3.4104e-04 1.0076e-04 -4.6079e-08
45 -3.3333e-01 6.0023e-04 1.7734e-04 -3.0240e-08
46 -3.3333e-01  2.2381e-04 6.6127e-05 -1.9846e-08
47 -3.3333e-01  3.9391e-04 1.1638e-04 -1.3024e-08
48 -3.3333e-01 1.4688e-04 4.3397e-05 -8.5474e-09
49 -3.3333e-01 2.5851e-04 7.6379e-05 -5.6094e-09
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
50 -3.3333e-01 9.6395e-05  2.8480e-05 -3.6813e-09
51 -3.3333e-01 1.6966e-04 5.0125e-05 -2.4159e-09
52 -3.3333e-01 6.3261e-05 1.8691e-05 -1.5855e-09
53 -3.3333e-01 1.1134e-04  3.2896e-05 -1.0405e-09
54 -3.3333e-01 4.1517e-05 1.2266e-05 -6.8286e-10
556 -3.3333e-01 7.3069e-05  2.1589e-05 -4.4814e-10
56 -3.3333e-01  2.7246e-05 8.0500e-06 -2.9410e-10
57 -3.3333e-01  4.7953e-05 1.4168e-05 -1.9301e-10
58 -3.3333e-01 1.7881e-05 5.2830e-06 -1.2667e-10
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59 -3.3333e-01  3.1470e-05 9.2981e-06 -8.3129e-11

ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
60 -3.3333e-01 1.1735e-05  3.4671e-06 -5.4555e-11
61 -3.3333e-01 2.0653e-05 6.1020e-06 -3.5803e-11
62 -3.3333e-01 7.7011e-06  2.2753e-06 -2.3496e-11
63 -3.3333e-01 1.3554e-05 4.0046e-06 -1.5420e-11
64 -3.3333e-01  5.0540e-06 1.4932e-06 -1.0120e-11
65 -3.3333e-01 8.8951e-06 2.6281e-06 -6.6412e-12
66 -3.3333e-01 3.3168e-06

The gradient descent method exiting
Relative and absolute tolerances on

with flag 1.
the norm of the gradient are satisfied.

ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
0 9.5000e+00  3.0659e+00 nan -inf

1 3.1886e+00  2.3823e+00 4.1171e+00 -6.3114e+00

2  9.2807e-01 1.0981e+00 1.8978e+00 -2.2605e+00

3 1.1845e-01  8.5324e-01 1.4746e+00 -8.0962e-01

4 -1.7152e-01  3.9329e-01 6.7970e-01 -2.8997e-01

5 -2.7538e-01  3.0560e-01 5.2814e-01 -1.0386e-01

6 -3.1258e-01 1.4086e-01 2.4344e-01 -3.7197e-02

7 -3.2590e-01 1.0945e-01 1.8916e-01 -1.3323e-02

8 -3.3067e-01 5.0451e-02 8.7191e-02 -4.7716e-03

9 -3.3238e-01 3.9201e-02 6.7749e-02 -1.7090e-03
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
10 -3.3299e-01 1.8070e-02 3.1228e-02 -6.1210e-04
11 -3.3321e-01 1.4040e-02  2.4265e-02 -2.1923e-04
12 -3.3329e-01 6.4718e-03 1.1185e-02 -7.8519e-05
13 -3.3332e-01 5.0287e-03 8.6907e-03 -2.8122e-05
14 -3.3333e-01 2.3179e-03  4.0059e-03 -1.0072e-05
15 -3.3333e-01 1.8011e-03  3.1127e-03 -3.6075e-06
16 -3.3333e-01  8.3019e-04 1.4348e-03 -1.2921e-06
17 -3.3333e-01 6.4507e-04 1.1148e-03 -4.6276e-07
18 -3.3333e-01 2.9734e-04 5.1387e-04 -1.6574e-07
19 -3.3333e-01 2.3104e-04  3.9929e-04 -5.9362e-08
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
20 -3.3333e-01 1.0650e-04 1.8405e-04 -2.1261e-08
21 -3.3333e-01  8.2749e-05 1.4301e-04 -7.6149e-09
22 -3.3333e-01 3.8143e-05 6.5919e-05 -2.7274e-09
23 -3.3333e-01 2.9637e-05 5.1220e-05 -9.7683e-10
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24 -3.3333e-01 1.3661e-05 2.3609e-05 -3.4986e-10
25 -3.3333e-01 1.0615e-05 1.8345e-05 -1.2531e-10
26 -3.3333e-01 4.8929e-06  8.4560e-06 -4.4880e-11
27 -3.3333e-01  3.8018e-06

The gradient descent method exiting with flag 1.

Relative and absolute tolerances on the norm of the gradient are satisfied.

ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
0 9.5000e+00 4 .3342e+00 nan -inf
1 -3.3320e-01 1.6115e-02 4.5375e+00 -9.8332e+00
2 -3.3333e-01 5.7375e-05 1.6155e-02 -1.3017e-04
3 -3.3333e-01 2.1332e-07

The gradient descent method exiting with flag 1.
Relative and absolute tolerances on the norm of the gradient are satisfied.

ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
0 9.5000e+00 4.4347e+00 nan -inf
1 -3.3333e-01 3.6260e-16

The gradient descent method exiting with flag 1.
Relative and absolute tolerances on the norm of the gradient are satisfied.

Falls der Code in der vorherigen Zelle durchgelaufen ist, konnen wir nun die Hoéhenlinien der
Zielfunktion und die von den verschiedenen Durchldufen besuchten Iterierten plotten. Fiihren Sie
dazu die folgende Zelle aus, Sie miissen nichts ergénzen.

[4]:|# Plot history in iterate space
plot_2d_iterates_contours(f, list(out["history"] for out in outputs), labels)
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Iterates and iso-lines of function
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Aufgabe: Beschreiben Sie den Einfluss der von Thnen gewéhlten Vorkonditionierer auf den Verlauf
der Iterationen.

TODO Ihre Antwort hier

Aufgelistet von der besten zur schlechtesten Performance: 1. Die Wahl des Vorkonditionierers
M = @ 16st das Problem natiirlich in einem Schritt, denn die Berechnung des Gradienten und
das Ausfithren des Updates entspricht dem direkten Losen der Optimalitdtsbedingungen erster
Ordnung, die fiir dieses Problem hinreichend sind. Das sieht man auch daran, dass die relative
Konditionszahl 1 ist - damit ist der Vorfaktor in der linearen Konvergenz 0 und z*) muss die Lo-
sung sein. Die Iterationen gehen also in einem Schritt in direkter Verbindung zum Minimierer. 1.
Addiert man eine leichte, zuféllige (symmetrisch, positiv definite) Stérung auf Q, so erhilt man
Losungsschritte, die die Aufgabe fast 16sen und sehr schnell zu guten Ergebnissen fithren. Hier
sind geringfiigig mehr Iterationen notwendig. 1. Wa&hlt man die Diagonale von @ als M, so hat
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[5]:

man je nach Lage der Eigenwertachsen eine gute Approximation von (), die giinstig zu invertieren
ist. In unserem Beispiel liegen die Eingenvektoren verhéltnisméfig giinstig, man sieht zum er-
sten mal das Zick-Zack-Verhalten des Verfahrens, die Schritte sind aber groff. 1. Wahlt man die
Identitét als Vorkonditionierer (euklidisches Skalarprodukt), dann verliert die Qualitit der Rich-
tungen merklich, denn es sind garkeine Informationen von @ mehr eingeflossen. Das Verfahren zeigt
starkes Zick-Zack-Verhalten. 1. Dass Informationen aus @ auch zu Verschlechterung der Konver-
genzgeschwindigkeit fiihren kdnnen, wenn man sie falsch verwendet, zeigt das letzte Beispiel, wo der
Vorkonditionierer als die Anti-Transponierte (Transponierte entlang der Anti-Diagonalen) gewéhlt
wurde. Hier wurden (informell gesprochen) die Eigenwertachsen der Matrix in etwa vertauscht,
die Kriimmungsinformationen der Parabel, die von dem Vorkonditionierer geschitzt wird, ist also
fast genau entgegengesetzt zu der tatsdchlichen Kriimmung. Das Verfahren tut sich unter diesen
Voraussetzungen sehr schwer.

1.2.4 Untersuchung des Konvergenzverhaltens

Nun wollen wir uns noch das Konvergenzverhalten im Sinne der Energienorm des Fehlers ansehen.
Fiir unser obiges Problem koénnen wir ndmlich den exakten Minimierer direkt bestimmen. Mit den
Aussagen im Konvergenzbeweis konnen wir nun die (quadrierte) Energienorm des Fehlers in jeder
Tteration gegen eine in dem Vorfaktor =% exponentiell fallende Folge abschiitzen und als obere

E+1
Schranke plotten.
Aufgabe: Berechnen Sie den exakten Minimierer.

# Compute the actual solution of the problem and its function value for,
—verification

X_opt = np.linalg.solve(Q,-c)

f_opt = f(x_opt, derivatives = [True, False, False]) ["function"]

# Plot functional value differences (approzimation of error energy norm)
plot_f_val_diffs(list(out["history"] for out in outputs),

[f_opt] * len(outputs),

labels,

generalized_condition_numbers)
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Difference of functional values
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Aufgabe: Beschreiben Sie kurz das beobachtete Verhalten in diesem Plot und ob er mit den
Ergebnissen aus der Vorlesung konsistent ist.

TODO: Thre Antwort hier

Wie auf Grund der Vorlesungsergebnisse erwartet, zeigt der obige Plot, dass aus der linearen
Konvergenzaussage eine obere Schranke fiir den Abfall des Fehlers in der Energienorm abgeleitet
werden kann.

1.2.5 Untersuchung der Schrittweiten und der Gradientennormen

Als Referenz fiir Sie, plotten wir mit der néichsten Zelle noch einmal die gewéhlten Schrittweiten
und die Vorkonditionierernorm der Gradienten. Fihren Sie dafiir die Zelle einfach aus. Beachten
Sie das stark zappelige Verhalten.
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[6]: plot_step_sizes(list(out["history"] for out in outputs), labels)
plot_grad_norms(list(out["history"] for out in outputs), labels)
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Preconditioner norm of gradients
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1.3 Das Gradientenverfahren fiir nichtquadratische Funktionen

Quadratische Funktionen sind in der unbeschrankten Optimierung die einfachsten, sinnvoll zu un-
tersuchenden Funktionen. Fiir Optimierungsaufgaben mit allgemeineren Funktionen ist das Verhal-
ten des Gradientenverfahrens nicht mehr so leicht zu analysieren und vorherzusagen. Auflerdem ist
die Wahl eines “niitzlichen” Vorkonditionierers entsprechend schwieriger. Wir werden jetzt das Ver-
halten des Gradientenverfahrens mit verschiedenen Vorkonditionierern und Armijo-Backtracking
anhand der Funktion von Himmelblau - insbesondere hinsichtlich des Verhaltens bzgl. lokaler Min-
imierer untersuchen.

1.3.1 Armijo Backtracking Strategie

Das Gradientenverfahren von oben kénnen wir natiirlich weiterverwenden. Lediglich die Schrit-
tweitensteuerung miissen wir austauschen, denn fiir allgemeine Funktionen finden wir keinen ana-
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lytischen Ausdruck fiir eine exakte Schrittweite. Wir werden stattdessen die im Skript beschriebene
Backtracking Strategie mit der Armijo Regel implementieren.

Aufgaben: Vervollstindigen Sie den Code zur Armijo Schrittweitensteuerung in der néchsten
Zelle.

[7]: def armijo_backtracking(phi, reusables = {}, parameters = {}):

Compute a step length t via backiracking satisfying the Armijo condition
for the function phi, <.e.,

phi(t) <= phi(0) + sigma * t * dphi(0)
where dphi(0) 4s the derivative of pht at t = 0.

Accepts:
phi: evaluates the function the line search is performed on

reusables: additional information that may be provided to the method,
< (dictionary);
the following key/value pairs are evaluated:
["phi0"]: the walue of phi at t = 0 (scalar)
["dphi0"]: the value of the derivative of phi at t = 0,

< (scalar)

Returns:
t: the step length minimizing phi (provided it is quadratic)

exitflag: flag encoding why the line search terminated
0: success
1: mazimum number of iterations reached
2: trial step length became too small

mnmnn

def print_header():

(]

D T (i R ")
print (' ARMIJO: ITER STEP OBJCHNG )
[}

Sprint (- ")

# Get the line search parameters, using defaults 1f missing
sigma = parameters.get("sigma", 0.01)

beta = parameters.get("beta", 0.5)

initial_t = parameters.get("initial_step_length", 1.0)
verbosity = parameters.get("verbosity", "quiet")
max_iterations = parameters.get("max_iterations", le4)

# Extract or compute required data for checking armijo condition
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phiO = reusables.get("phiO", phi(0, derivatives = [True, False,
~False]) ["function"]) or\

phi(0, derivatives[True,False,False]) ["function"]
dphi0 = reusables.get("dphiO", phi(0, derivatives = [False, True,
~False]) ["derivative"]) or\

phi(0, derivatives[False,True,False]) ["derivative"]

if dphiO >= O:
raise(InputError('The function phi is expected to be decreasing at zero..'))

# Initialize the step length and counter
t = initial_t

iter = 0

exitflag = None

# Perform the backtracking search until one of the termination criteria is met
while exitflag is None:

# Evaluate the value of phi at the current trial step length and the amount
»of descent

phi_trial
delta_phi

phi(t, derivatives = [True, False, False]) ["function"]
phi_trial - phiO

# Dump some output

if verbosity == 'verbose':
if (iter’10 == 0): print_header()
print (" #d  Yll.4e Y1l.4e \n' % (iter, t, delta_phi))

# Vertfy the Armijo condition
if delta_phi <= sigma * t * dphiO:
exitflag = O
break
# Stop when the mazimum number of iterations has been Teached
elif iter >= max_iterations:
exitflag = 1
print('Warning: Armijo is stopping because the maximum number of
witerations is reached.\n')
break
# Stop when the function appears locally constant and the initial step,
~length has decreased significantly
elif (delta_phi == 0) and (t / initial_t < le-12):
exitflag = 2
if verbosity == 'verbose':
print('Warning: Armijo is stopping because the function appears locally,
wconstant.\n')
break
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[8]1:

# Reduce the trial step size and increase the counter
t = beta * t
iter = iter + 1

# Check whether the step length ts in fact positive
if t < 0.0:

raise ValueError('Armijio is returning a negative step length.')
else:

return t, exitflag

1.3.2 Lokale Minimierer

Das Gradientenverfahren arbeitet mit lokalen Informationen. Fir nichtquadratische Funktionen,
z.B. welche die mehrere stationére Punkte haben, kénnen wir nicht vorhersagen ob bzw. zu welchem
Punkt das Verfahren konvergieren wird. Im folgenden Skript soll das Gradientenverfahren fiir
verschiedene Vorkonditionierer auf die Minimierung der Himmelblaufunktion angewendet und die
Ergebnisse geplottet werden.

Aufgabe: Implementieren Sie zwei weitere Vorkonditionierer, ndmlich: 1. Den Vorkonditionierer,
der sich durch die Wahl der Hessematrix an der Startiterierten ergibt. (Der erste Schritt ist also
ein Newton-Schritt) 1. Den Vorkonditionierer, der sich durch die Wahl der Hessematrix an einem
Minimierer (3,2) ergibt.

import sys
sys.path.append('src/")

import numpy as np

from objective_functions import *
from visualization_functions import *

# Create problem data
f = himmelblau
x0 = np.array([8.0, 0.0])

# Set parameters for armijo linesearch
armijo_parameters = {
"sigma" : 0.01,

"beta" : 0.5,
"initial_step_length" : 2,
#"verbosity" : "verbose”
b

# Construct step length rule
armijo_step_length_rule = lambda phi, reusables: armijo_backtracking(phi,,
~reusables, armijo_parameters);
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# Construct the preconditioners
preconditioners = [(up.identity(len(x0)), "Identity"),
(f (np.array([3.0, 2.0]), derivatives =
oTrue]) ['Hessian'], "Minimizer Hessian"),

[False, False,

(f (x0, derivatives = [False, False, True])['Hessian'],

~"Initial Hessian")]

# Set gradient scheme parameters
optimization_parameters = {

"atol_x" le-7,
"rtol_x" le-7,

"atol f" le-7,

"rtol f" le-14,
"max_iterations" led,
"c" : 10,

"verbosity" "verbose",
"keep_history" : True

+

outputs = []
labels = []

# Solve problem for all preconditioners

for preconditioner, label in preconditioners:
outputs.append(gradient_descent(f, x0, armijo_step_length_rule,
~preconditioner, optimization_parameters))
labels.append(label)

# Plot history in iterate space
plot_2d_iterates_contours(f, list(out["history"] for out in outputs), labels)

# Plot functional value differences (approzimation of error energy mnorm)
plot_f_val_diffs(list(out["history"] for out in outputs),
list(out["history"] ["objective_values"][-1] for out in outputs),
labels)

plot_step_sizes(list(out["history"] for out in outputs), labels)

plot_grad_norms(list(out["history"] for out in outputs), labels)

ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
0 2.8100e+03 1.7013e+03 nan -inf
1 3.8686e+02 3.6483e+02 1.3291e+01 -2.4231e+03
2 1.7307e+02 2.2949e+01 5.7005e+00 -2.1379e+02
3 7.9932e+00 3.4484e+01 2.8686e+00 -1.6508e+02
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4 1.7152e+00 1.7042e+01 5.3882e-01 -6.2780e+00
5 8.1393e-01 1.1332e+01 2.6628e-01 -9.0125e-01
6 2.8223e-01 6.9327e+00 1.7706e-01 -5.3171e-01
7 1.1946e-01  4.5178e+00 1.0832e-01 -1.6276e-01
8 4.4606e-02  2.8479e+00 7.0591e-02 -7.4856e-02
9 1.8339e-02 1.8426e+00  4.4499e-02 -2.6266e-02

ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
10 7.1802e-03 1.1768e+00 2.8790e-02 -1.1159e-02
11 2.9532e-03  7.6046e-01 1.8387e-02 -4.2271e-03
12 1.1924e-03  4.8896e-01 1.1882e-02 -1.7608e-03
13 4.9323e-04  3.1605e-01 7.6400e-03 -6.9919e-04
14  2.0267e-04  2.0389e-01 4.9383e-03 -2.9056e-04
15 8.4241e-05 1.3184e-01 3.1858e-03 -1.1843e-04
16  3.4938e-05 8.5193e-02 2.0601e-03 -4.9302e-05
17 1.4568e-05 5.5106e-02 1.3311e-03 -2.0370e-05
18 6.0711e-06  3.5636e-02 8.6104e-04 -8.4973e-06
19  2.5364e-06 2.3056e-02 5.5681e-04 -3.5347e-06

ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
20 1.0596e-06 1.4915e-02 3.6024e-04 -1.4768e-06
21 4.4317e-07 9.6510e-03  2.3305e-04 -6.1642e-07
22 1.85637e-07 6.2446e-03 1.5080e-04 -2.5781e-07
23 7.7579e-08  4.0409e-03 9.7572e-05 -1.0779e-07
24 3.2470e-08 2.6149e-03 6.3140e-05 -4.5109e-08
25 1.3594e-08 1.6922e-03

The gradient descent method exiting with flag 1.
Relative and absolute tolerances on the norm of the gradient are satisfied.

0 2.8100e+03 2.0813e+02 inf -inf
1 1.1395e+03 1.5453e+02 1.0406e+02 -1.6705e+03
2 1.3368e+02 5.2720e+00 3.8634e+01 -1.0058e+03
3 1.0084e+02  3.6937e+00 1.0544e+01 -3.2843e+01
4  7.0645e+01 6.9422e+00  7.3875e+00 -3.0192e+01
5 4.1624e+00 5.6852e+00 1.3884e+01 -6.6482e+01
6 4.6361e-01 1.0572e+00 1.4213e+00 -3.6988e+00
7 4 1 1.0572e+00 -4.5614e-02
8 8.6189e-03 2.6866e-01 4.8863e-01 -4.0938e-01
9 5.0785e-04 4.2262e-02 6.7166e-02 -8.1110e-03

.1800e-01 .9545e+00



10 2.7245e-04 4.1753e-02 2.1131e-02 -2.3540e-04
11 5.9279e-05 1.1653e-02 1.0438e-02 -2.1317e-04
12 3.1183e-05 1.6737e-02 1.1653e-02 -2.8096e-05
13 4.7289e-07  2.0598e-03 4.1842e-03 -3.0710e-05
14 7.6766e-09  2.5572e-04 5.1495e-04 -4.6521e-07
15 3.9807e-10  3.9403e-05

The gradient descent method exiting with flag 1.
Relative and absolute tolerances on the norm of the gradient are satisfied.

ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
0 2.8100e+03 6.4675e+01 inf -inf
1 2.3439e+03  5.6531e+02 6.4675e+01 -4.6615e+02
2 4.6418e+02  2.1558e+01 1.7666e+01 -1.8797e+03
3 3.7389e+02 1.1668e+02 2.1558e+01 -9.0283e+01
4  2.4014e+02  3.2193e+01 1.4585e+01 -1.3375e+02
5 1.4049e+02 1.1991e+01 8.0482e+00 -9.9648e+01
6 1.2313e+02  3.0498e+01 5.9956e+00 -1.7360e+01
7 1.15687e+02  7.9828e+00  7.6246e+00 -7.2640e+00
8  5.2583e+01 3.2673e+01 1.5966e+01 -6.3286e+01
9 4.1411e+01 3.4179e+00  8.1683e+00 -1.1172e+01

ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG

10 2.3289e+01 2.0931e+00 6.8359e+00 -1.8122e+01
11 1.3848e+01 2.6512e+00 4.1862e+00 -9.4408e+00
12 1.1537e+01 1.9889e+00 1.3256e+00 -2.3116e+00
13 1.1151e+01 3.2935e+00  3.9778e+00 -3.8577e-01
14  6.1215e+00 1.7428e+00 1.6468e+00 -5.0292e+00
15 5.6297e+00 2.3901e+00 8.7141e-01 -4.9186e-01
16  5.0496e+00 1.35685e+00 5.9752e-01 -5.8005e-01
17 4.6067e+00 1.7750e+00 6.7925e-01 -4.4291e-01
18  4.5112e+00  2.3371e+00  8.8748e-01 -9.5502e-02
19  3.7460e+00 9.5296e-01 5.8429e-01 -7.6522e-01
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
20 2.9771e+00  2.5577e+00 1.9059e+00 -7.6895e-01
21 2.1940e+00 8.8611e-01 6.3943e-01 -7.8305e-01
22 2.0498e+00 1.2354e+00 4.4305e-01 -1.4426e-01
23 1.8613e+00  7.6291e-01 3.0884e-01 -1.8847e-01
24 1.7232e+00 1.0324e+00  3.8145e-01 -1.3812e-01
25 1.5861e+00 6.9103e-01 2.5810e-01 -1.3710e-01
26 1.5711e+00 1.8480e+00 6.9103e-01 -1.4941e-02
27 1.2477e+00 9.0183e-01 4.6199e-01 -3.2337e-01
28 1.1596e+00 6.4696e-01 2.2546e-01 -8.8118e-02
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29  1.0991e+00 1.0551e+00 3.2348e-01 -6.0555e-02
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
30 1.0070e+00 7.1828e-01  2.6377e-01 -9.2066e-02
31 1.0029e+00  1.3442e+00 3.5914e-01 -4.0961e-03
32 8.9322e-01 8.8439e-01  3.3605e-01 -1.0969e-01
33 8.1416e-01 5.8551e-01 2.2110e-01 ~-7.9065e-02
34 7.9051e-01 9.7268e-01 2.9276e-01 -2.3648e-02
35 7.0628e-01 6.1933e-01  2.4317e-01 -8.4228e-02
36 6.6165e-01 4.7242e-01 1.5483e-01 -4.4627e-02
37  6.2775e-01 7.7992e-01  2.3621e-01 -3.3905e-02
38 5.7866e-01 5.5475e-01  1.9498e-01 -4.9088e-02
39 5.4105e-01 4.1917e-01  1.3869e-01 -3.7614e-02
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
40 5.1205e-01 6.5915e-01  2.0958e-01 -2.8996e-02
41  4.7077e-01  4.6276e-01 1.6479e-01 -4.1280e-02
42  4.6617e-01 8.2275e-01 2.3138e-01 -4.6044e-03
43  4.1413e-01  5.4453e-01 2.0569e-01 -5.2033e-02
44  3.8628e-01 4.0877e-01  1.3613e-01 -2.7848e-02
45 3.8126e-01 7.6879e-01  2.0438e-01 -5.0201e-03
46  3.4553e-01  5.4524e-01 1.9220e-01 -3.5737e-02
47  3.1865e-01  3.9304e-01 1.3631e-01 -2.6877e-02
48 3.0010e-01  3.1403e-01  9.8259e-02 -1.8548e-02
49 2.8627e-01 5.3474e-01 1.5702e-01 -1.3828e-02
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
50 2.6478e-01  3.9506e-01 1.3368e-01 -2.1490e-02
51 2.4788e-01 3.0421e-01  9.8765e-02 -1.6906e-02
52 2.405le-01 5.3241e-01  1.5211e-01 -7.3732e-03
53 2.1902e-01 3.7967e-01  1.3310e-01 -2.1482e-02
54 2.0522e-01 2.9462e-01  9.4919e-02 -1.3807e-02
55 2.0323e-01 5.6336e-01  1.4731e-01 -1.9846e-03
56  1.8482e-01 4.1140e-01  1.4084e-01 -1.8413e-02
57 1.7079e-01  3.0487e-01  1.0285e-01 -1.4024e-02
58 1.6078e-01 2.4362e-01  7.6218e-02 -1.0019e-02
59 1.5643e-01 4.4703e-01 1.2181e-01 -4.3429e-03
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
60 1.4374e-01 3.3275e-01 1.1176e-01 -1.2692e-02
61 1.3387e-01 2.5369e-01  8.3189e-02 -9.8690e-03
62 1.2636e-01 2.0710e-01  6.3422e-02 -7.5099e-03
63 1.2178e-01  3.6925e-01  1.0355e-01 -4.5830e-03
64 1.1257e-01 2.7910e-01  9.2313e-02 -9.2048e-03
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65 1.0529e-01 2.1702e-01  6.9776e-02 -7.2824e-03
66 9.9541e-02 1.7966e-01 5.4256e-02 -5.7512e-03
67 9.5503e-02 3.1548e-01  8.9830e-02 -4.0373e-03
68 8.8571e-02 2.4110e-01 7.8870e-02 -6.9322e-03
69 8.3024e-02 1.8982e-01  6.0276e-02 -5.5468e-03
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
70  7.8553e-02 1.5835e-01 4.7455e-02 -4.4715e-03
71  7.5304e-02 2.7745e-01  7.9174e-02 -3.2487e-03
72 6.9927e-02 2.1351e-01  6.9362e-02 -5.3770e-03
73  6.5603e-02 1.6917e-01  5.3378e-02 -4.3242¢-03
74  6.2085e-02 1.4146e-01  4.2293e-02 -3.5181e-03
75  5.9648e-02 2.5029e-01  7.0732e-02 -2.4367e-03
76  5.5372e-02 1.9326e-01 6.2573e-02 -4.2764e-03
77  5.1935e-02  1.5336e-01  4.8315e-02 -3.4364e-03
78  4.9138e-02  1.2799e-01  3.8341e-02 -2.7974e-03
79  4.7454e-02 2.3106e-01 6.3995e-02 -1.6835e-03
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
80 4.3973e-02 1.7851e-01 5.7765e-02 -3.4814e-03
81 4.1192e-02 1.4134e-01  4.4627e-02 -2.7804e-03
82 3.8944e-02 1.1730e-01  3.5335e-02 -2.2481e-03
83 3.7933e-02 2.1792e-01  5.8649e-02 -1.0111e-03
84 3.5031e-02 1.6811e-01  5.4479e-02 -2.9022e-03
85 3.2739e-02 1.3245e-01  4.2027e-02 -2.2922e¢-03
86 3.0911e-02  1.0900e-01  3.3113e-02 -1.8280e-03
87 3.0495e-02 2.0970e-01 5.4499e-02 -4.1588e-04
88 2.8013e-02 1.6134e-01 5.2425e-02 -2.4818e-03
89 2.6083e-02 1.2628e-01 4.0336e-02 -1.9298e-03
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
90 2.4576e-02 1.0283e-01 3.1570e-02 -1.5075e-03
91 2.3277e-02 8.6800e-02 2.5709e-02 -1.2992e-03
92  2.2439e-02 1.5466e-01  4.3400e-02 -8.3823e-04
93 2.0807e-02 1.2043e-01  3.8666e-02 -1.6317e¢-03
94  1.9558e-02 9.7196e-02 3.0107e-02 -1.2487e-03
95 1.8496e-02 8.1079e-02  2.4299e-02 -1.0617e-03
96 1.8064e-02 1.5080e-01  4.0540e-02 -4.3279e-04
97 1.6651e-02 1.1674e-01 3.7699e-02 -1.4129e-03
98 1.5598e-02 9.3306e-02 2.9184e-02 -1.0525e-03
99 1.4719e-02 7.6804e-02 2.3327e-02 -8.7909e-04
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
100  1.4637e-02  1.4939e-01  3.8402e-02 -8.1666e-05
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101 1.3380e-02 1.1499e-01  3.7349e-02 -1.2570e-03
102 1.2474e-02 9.1022e-02  2.8748e-02 -9.0603e-04
103 1.1734e-02 7.3883e-02  2.2755e-02 -7.4006e-04
104 1.1112e-02  6.2249e-02 1.8471e-02 -6.2238e-04
105 1.0838e-02 1.1659e-01  3.1125e-02 -2.7391e-04
106 1.0027e-02 9.1357e-02 2.9147e-02 -8.1057e-04
107  9.3848e-03  7.3025e-02  2.2839e-02 -6.4273e-04
108 8.8611e-03  6.0378e-02 1.8256e-02 -5.2365e-04
109 8.4041e-03 5.1609e-02 1.5095e-02 -4.5704e-04
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
110 8.0962e-03  9.2276e-02  2.5805e-02 -3.0788e-04
111 7.5270e-03  7.2836e-02 2.3069e-02 -5.6922e-04
112 7.0795e-03  5.9226e-02 1.8209e-02 -4.4747e-04
113 6.6979e-03  4.9633e-02 1.4806e-02 -3.8158e-04
114 6.5862e-03  9.4606e-02  2.4817e-02 -1.1171e-04
115 6.0658e-03  7.3872e-02 2.3651e-02 -5.2039e-04
116 5.6737e-03 5.9161e-02 1.8468e-02 -3.9217e-04
117  5.3487e-03 4.8618e-02 1.4790e-02 -3.2491e-04
118 5.0704e-03 4.1351e-02 1.2154e-02 -2.7836e-04
119  4.9285e-03 7.6749e-02  2.0675e-02 -1.4187e-04
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
120 4.5711e-03 6.0627e-02 1.9187e-02 -3.5746e-04
121  4.2855e-03 4.8877e-02 1.5157e-02 -2.8560e-04
122 4.0492e-03  4.0647e-02 1.2219e-02 -2.3628e-04
123  3.8421e-03  3.4894e-02 1.0162e-02 -2.0709e-04
124  3.7050e-03  6.2793e-02 1.7447e-02 -1.3713e-04
125  3.4467e-03  4.9838e-02 1.5698e-02 -2.5830e-04
126  3.2416e-03  4.0626e-02 1.2460e-02 -2.0505e-04
127  3.0669e-03  3.4078e-02 1.0156e-02 -1.7475e-04
128 3.0317e-03 6.6005e-02 1.7039e-02 -3.5168e-05
129  2.7889e-03  5.1729e-02 1.6501e-02 -2.4280e-04
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
130 2.6052e-03  4.1442e-02 1.2932e-02 -1.8367e-04
131 2.4541e-03  3.4004e-02 1.0360e-02 -1.5116e-04
132  2.3250e-03 2.8798e-02 8.5010e-03 -1.2910e-04
133  2.2793e-03  5.4870e-02 1.4399e-02 -4.5640e-05
134 2.1073e-03  4.3325e-02 1.3718e-02 -1.7199e-04
135 1.9717e-03  3.4843e-02 1.0831e-02 -1.3567e-04
136 1.8603e-03 2.8808e-02 8.7108e-03 -1.1133e-04
137 1.7637e-03  2.4540e-02 7.2021e-03 -9.6678e-05
138 1.7187e-03  4.5848e-02 1.2270e-02 -4.4909e-05
139 1.5924e-03  3.6292e-02 1.1462e-02 -1.2632e-04
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140 1.4936e-03  2.9393e-02 9.0730e-03 -9.8873e-05
141 1.4106e-03  2.4430e-02 7.3482e-03 -8.2980e-05
142 1.3384e-03 2.0955e-02 6.1074e-03 -7.2205e-05
143 1.2976e-03  3.8627e-02 1.0478e-02 -4.0731e-05
144 1.2060e-03  3.0747e-02 9.6567e-03 -9.1686e-05
145 1.1322e-03  2.4983e-02 7.6868e-03 -7.3732e-05
146 1.0704e-03 2.0882e-02 6.2458e-03 -6.1817e-05
147 1.0160e-03 1.7990e-02  5.2205e-03 -5.4357e-05
148 9.8141e-04  3.2667e-02  8.9951e-03 -3.4633e-05
149 9.1332e-04 2.6061e-02 8.1667e-03 -6.8090e-05
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
150 8.5879e-04 2.1287e-02 6.5152e-03 -5.4533e-05
151 8.1240e-04 1.7864e-02 5.3217e-03 -4.6392e-05
152  8.0843e-04 3.5231e-02 8.9318e-03 -3.9732e-06
163  7.4250e-04 2.7713e-02 8.8079e-03 -6.5923e-05
154  6.9245e-04 2.2207e-02 6.9281e-03 -5.0057e-05
155 6.5160e-04 1.8192e-02 5.5516e-03 -4.0849e-05
156 6.1684e-04 1.5336e-02 4.5479e-03 -3.4759e-05
157 6.1117e-04  3.0034e-02 7.6678e-03 -5.6686e-06
158 5.6283e-04 2.3709e-02  7.5085e-03 -4.8342e-05
159  5.2528e-04 1.9027e-02  5.9272e-03 -3.7550e-05
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
160  4.9473e-04 1.5643e-02 4.7569e-03 -3.0547e-05
161  4.6850e-04 1.3221e-02 3.9106e-03 -2.6232e-05
162 4.6271e-04 2.5662e-02 6.6103e-03 -5.7874e-06
163  4.2655e-04  2.0275e-02 6.4156e-03 -3.6164e-05
164  3.9864e-04 1.6325e-02 5.0688e-03 -2.7907e-05
165  3.7565e-04 1.3451e-02 4.0813e-03 -2.2995e-05
166  3.5590e-04 1.1405e-02 3.3626e-03 -1.9750e-05
167  3.5049e-04  2.2022e-02 5.7026e-03 -5.4001e-06
168  3.2367e-04 1.7445e-02 5.5055e-03 -2.6821e-05
169  3.0265e-04 1.4063e-02 4.3612e-03 -2.1027e-05
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
170  2.8536e-04 1.1616e-02 3.5157e-03 -1.7289e-05
171 2.7041e-04  9.8680e-03  2.9041e-03 -1.4943e-05
172  2.6575e-04 1.8931e-02 4.9340e-03 -4.6648e-06
173  2.4558e-04 1.5006e-02 4.7327e-03 -2.0172e-05
174  2.2984e-04 1.2126e-02 3.7515e-03 -1.5741e-05
175  2.1678e-04 1.0032e-02  3.0314e-03 -1.3059e-05
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176  2.0549e-04  8.5423e-03 2.5081e-03 -1.1287e-05
177  2.0156e-04 1.6326e-02 4.2711e-03 -3.9260e-06
178 1.8649e-04 1.2966e-02 4.0815e-03 -1.5078e-05
179 1.7459e-04 1.0486e-02  3.2415e-03 -1.1898e-05
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
180 1.6473e-04 8.6916e-03 2.6215e-03 -9.8548e-06
181 1.5618e-04  7.4102e-03 2.1729e-03 -8.5546e-06
182 1.5298e-04 1.4098e-02 3.7051e-03 -3.1946e-06
183 1.4160e-04 1.1202e-02  3.5245e-03 -1.1384e-05
184 1.3265e-04 9.0750e-03 2.8005e-03 -8.9522e-06
185 1.2519e-04  7.5302e-03  2.2687e-03 -7.4609e-06
186 1.1871e-04 6.4304e-03 1.8826e-03 -6.4761e-06
187 1.1614e-04 1.2203e-02  3.2152e-03 -2.5707e-06
188 1.0758e-04 9.7098e-03 3.0508e-03 -8.5568e-06
189 1.0080e-04  7.8706e-03 2.4275e-03 -6.7823e-06
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
190 9.5155e-05 6.5391e-03 1.9676e-03 -5.6449e-06
191  9.0241e-05 5.5888e-03 1.6348e-03 -4.9144e-06
192  8.8210e-05 1.0673e-02 2.7944e-03 -2.0305e-06
193 8.1732e-05 8.4157e-03  2.6434e-03 -6.4785e-06
194 7.6611e-05 6.8298e-03 2.1039e-03 -5.1210e-06
195  7.2330e-05 5.6786e-03 1.7075e-03 -4.2809e-06
196 6.8604e-05 4.8585e-03 1.4196e-03 -3.7261e-06
197 6.7009e-05 9.1780e-03  2.4293e-03 -1.5945e-06
198 6.2120e-05 7.3121e-03  2.2945e-03 -4.8890e-06
199 5.8234e-05 5.9362e-03 1.8280e-03 -3.8863e-06
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
200 5.4989e-05 4.9397e-03 1.4840e-03 -3.2449e-06
201  5.2159e-05  4.2285e-03 1.2349e-03 -2.8301e-06
202 5.0921e-05 7.9726e-03  2.1142e-03 -1.2377e-06
203 4.7212e-05 6.3528e-03 1.9931e-03 -3.7093e-06
204 4.4270e-05 5.1616e-03 1.56882e-03 -2.9419e-06
205 4.1806e-05 4.2970e-03 1.2904e-03 -2.4638e-06
206  3.9658e-05  3.6809e-03 1.0743e-03 -2.1482e-06
207 3.8701e-05 6.9349e-03 1.8404e-03 -9.5736e-07
208 3.5893e-05 5.5296e-03 1.7337e-03 -2.8074e-06
209 3.3658e-05  4.4935e-03 1.3824e-03 -2.2354e-06
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
210 3.1788e-05  3.7427e-03 1.1234e-03 -1.8701e-06
211 3.0155e-05 3.2068e-03 9.3568e-04 -1.6328e-06
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212 2.9420e-05 6.0357e-03 1.6034e-03 -7.3470e-07
213 2.7287e-05 4.8129e-03 1.5089e-03 -2.1333e-06
214  2.5592e-05 3.9131e-03 1.2032e-03 -1.6953e-06
215 2.4171e-05 3.2600e-03  9.7828e-04 -1.4212e-06
216  2.2930e-05 2.7943e-03  8.1499e-04 -1.2404e-06
217  2.2368e-05 5.2586e-03 1.3971e-03 -5.6256e-07
218  2.0749e-05 4.1950e-03 1.3146e-03 -1.6181e-06
219 1.9460e-05 3.4108e-03 1.0487e-03 -1.2894e-06
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
220 1.8380e-05 2.8422e-03 8.5269e-04 -1.0798e-06
221 1.7437e-05  2.4363e-03  7.1056e-04 -9.4322e-07
222 1.7009e-05  4.5834e-03 1.2182e-03 -4.2829e-07
223 1.5778e-05  3.6563e-03 1.1459e-03 -1.2311e-06
224 1.4798e-05 2.9736e-03  9.1406e-04 -9.7927e-07
225 1.3977e-05 2.4780e-03  7.4340e-04 -8.2120e-07
226 1.3260e-05 2.1245e-03 6.1951e-04 -7.1699e-07
227 1.2935e-05 3.9981e-03 1.0622e-03 -3.2554e-07
228 1.1999e-05 3.1901e-03  9.9952e-04 -9.3527e-07
229 1.1254e-05 2.5943e-03 7.9753e-04 -7.4533e-07
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
230 1.0630e-05 2.1621e-03 6.4857e-04 -6.2439e-07
231 1.0084e-05 1.8534e-03  5.4052e-04 -5.4543e-07
232 9.8379e-06  3.4886e-03 9.2672e-04 -2.4637e-07
233 9.1257e-06  2.7833e-03 8.7215e-04 -7.1219e-07
234 8.5590e-06  2.2637e-03 6.9583e-04 -5.6666e-07
235  8.0839e-06 1.8864e-03 5.6594e-04 -4.7510e-07
236  7.6691e-06 1.6171e-03 4.7161e-04 -4.1480e-07
237  7.4829e-06  3.0459e-03 8.0856e-04 -1.8622e-07
238 6.9412e-06  2.4304e-03 7.6147e-04 -5.4173e-07
239 6.5096e-06 1.9764e-03 6.0759e-04 -4.3152e-07
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
240 .1482e-06 .6468e-03 .9409e-04 -3.6144e-07
241 .8326e-06 .4114e-03 .1171e-04 -3.1564e-07
242 .6923e-06 .6600e-03 .0572e-04 -1.4027e-07
243 .2795e-06 .1221e-03 .6500e-04 -4.1280e-07

.4359e-06 .2320e-03 .5942e-04 -2.4013e-07
.1600e-04 -1.0554e-07
.0160e-06 .8542e-03 .8101e-04 -3.1430e-07
.7659e-06 .5074e-03 .6354e-04 -2.5014e-07

.3303e-06

1
1
2
2
.9511e-06 1.7257e-03 .3064e-04 -3.2834e-07
1
1
2.3241e-03
1
1

6 4
5 4
5 7
5 6
4 5
245 4.6760e-06 .4377e-03  4.3142e-04 -2.7513e-07
4 3
4 6
4 5
3 4



ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG

250 3.5565e-06 1.2556e-03  3.7686e-04 -2.0941e-07
251 3.3737e-06 1.0757e-03 3.1391e-04 -1.8276e-07
252  3.2945e-06 2.0309e-03 5.3784e-04 -7.9189e-08
253  3.0549e-06 1.6200e-03 5.0773e-04 -2.3962e-07
254  2.8645e-06 1.3169e-03 4.0500e-04 -1.9045e-07
255 2.7050e-06 1.0966e-03  3.2923e-04 -1.5945e-07
256  2.5659e-06  9.3924e-04 2.7416e-04 -1.3908e-07
257 2.5066e-06 1.7754e-03  4.6962e-04 -5.9356e-08
258  2.3240e-06 1.4161e-03 4.4384e-04 -1.8258e-07
259 2.1789¢-06 1.1508e-03  3.5401e-04 -1.4514e-07
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
260 2.0575e-06 9.5810e-04 2.8771e-04 -1.2140e-07
261 1.9516e-06 8.2029e-04  2.3952e-04 -1.0587e-07
262 1.9072e-06 1.5522e-03 4.1014e-04 -4.4383e-08
263 1.7679e-06 1.2378e-03  3.8805e-04 -1.3926e-07
264 1.6574e-06 1.0058e-03  3.0945e-04 -1.1056e-07
265 1.5649e-06 8.3706e-04 2.5144e-04 -9.2461e-08
266  1.4843e-06 7.1643e-04 2.0926e-04 -8.0585e-08
267 1.4512e-06 1.3575e-03  3.5821e-04 -3.3154e-08
268 1.3450e-06 1.0824e-03 3.3936e-04 -1.0616e-07
269 1.2608e-06 8.7920e-04 2.7059e-04 -8.4278e-08
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
270  1.1903e-06  7.3150e-04 2.1980e-04 -7.0415e-08
271  1.1290e-06  6.2583e-04 1.8287e-04 -6.1353e-08
272  1.1043e-06 1.1873e-03  3.1291e-04 -2.4713e-08
273  1.0233e-06 9.4643e-04 2.9682e-04 -8.0999e-08
274  9.5905e-07 7.6861le-04 2.3661e-04 -6.4221e-08
275  9.0541e-07 6.3925e-04 1.9215e-04 -5.3640e-08
276  8.5870e-07 5.4670e-04 1.5981e-04 -4.6707e-08
277  8.4030e-07 1.0386e-03  2.7335e-04 -1.8402e-08
278  7.7852e-07 8.278le-04 2.5966e-04 -6.1778e-08
279  7.2956e-07 6.7206e-04 2.0695e-04 -4.8965e-08
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
280 6.8870e-07 5.5875e-04 1.6801e-04 -4.0859e-08
281 6.5313e-07 4.7764e-04 1.3969e-04 -3.5564e-08
282  6.3946e-07 9.0868e-04 2.3882e-04 -1.3675e-08
283 5.9231e-07 7.2405e-04 2.2717e-04 -4.7147e-08
284 5.5499e-07 5.8766e-04 1.8101e-04 -3.7323e-08
285 5.2386e-07 4.8839e-04 1.4692e-04 -3.1130e-08
286 4.9678e-07 4.1732e-04  1.2210e-04 -2.7078e-08
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287 4.8663e-07 7.9511e-04 2.0866e-04 -1.0151e-08
288 4.5066e-07 6.3343e-04 1.9878e-04 -3.5971e-08
289  4.2220e-07 5.1394e-04 1.5836e-04 -2.8462e-08
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
290 3.9848e-07 4.2695e-04 1.2848e-04 -2.3717e-08
291 3.7786e-07 3.6465e-04 1.0674e-04 -2.0620e-08
292  3.7034e-07 6.9578e-04 1.8233e-04 -7.5211e-09
203  3.4288¢-07 5.5416e-04 1.7395e-04 -2.7458e-08
204  3.2118e-07 4.4948e-04 1.3854e-04 -2.1700e-08
205 3.0311e-07 3.7325e-04 1.1237e-04 -1.8072e-08
206 2.8741e-07 3.1864e-04 9.3312e-05 -1.5701e-08
297 2.8184e-07 6.0893e-04 1.5932e-04 -5.5655e-09
208  2.6089e-07 4.8488e-04 1.5223e-04 -2.0955e-08
209  2.4434e-07 3.9315e-04 1.2122e-04 -1.6550e-08
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
300 2.3057e-07 3.2634e-04 9.8288e-05 -1.3770e-08
301 2.1861e-07 2.7845e-04 8.1584e-05 -1.1957e-08
302 2.1450e-07 5.3295e-04  1.3923e-04 -4.1105e-09
303 1.9850e-07 4.2427e-04  1.3324e-04 -1.5998e-08
304 1.8588e-07  3.4389e-04 1.0607e-04 -1.2621e-08
305 1.7539e-07 2.8532e-04 8.5973e-05 -1.0494e-08
306 1.6628e-07  2.4334e-04 7.1331e-05 -9.1060e-09
307 1.6325e-07 4.6650e-04 1.2167e-04 -3.0317e-09
308 1.5104e-07 3.7128e-04 1.1662e-04 -1.2212e-08
309 1.4141e-07 3.0083e-04 9.2819e-05 -9.6267e-09
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
310 1.3341e-07  2.4949e-04  7.5208e-05 -7.9968e-09
311  1.2648e-07 2.1267e-04  6.2372e-05 -6.9352e-09
312 1.2425e-07 4.0835e-04 1.0634e-04 -2.2315e-09
313 1.1492e-07  3.2490e-04  1.0209e-04 -9.3247e-09
314 1.0758e-07 2.6317e-04  8.1226e-05 -7.3421e-09
315 1.0149e-07 2.1816e-04  6.5792e-05 -6.0946e-09
316 9.6204e-08 1.8587e-04 5.4539e-05 -5.2818e-09
317  9.4564e-08 3.5747e-04  9.2936e-05 -1.6399e-09
318 8.7445e-08 2.8435e-04 8.9367e-05 -7.1192e-09
319 8.1844e-08 2.3024e-04 7.1088e-05 -5.6009e-09
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
320 7.7199e-08 1.9077e-04 5.7560e-05 -4.6448e-09
321 7.3176e-08 1.6246e-04 4.7693e-05 -4.0229e-09
322 7.1974e-08 3.1294e-04  8.1229e-05 -1.2025e-09
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323 6.6537e-08 2.4886e-04 7.8234e-05 -5.4366e-09
324 6.2265e-08 2.0143e-04 6.2216e-05 -4.2723e-09
3256 5.8725e-08 1.6683e-04 5.0358e-05 -3.5402e-09
326 5.5661e-08 1.4199e-04 4.1707e-05 -3.0640e-09
327 5.4781e-08 2.7397e-04 7.0997e-05 -8.8011le-10
328 5.0630e-08 2.1782e-04 6.8493e-05 -4.1513e-09
329 4.7370e-08 1.7624e-04  5.4455e-05 -3.2594e-09
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
330 4.4672e-08 1.4590e-04  4.4060e-05 -2.6983e-09
331  4.2338e-08 1.2411e-04  3.6474e-05 -2.3338e-09
332 4.1696e-08 2.3986e-04 6.2057e-05 -6.4259e-10
333  3.8525e-08 1.9065e-04  5.9966e-05 -3.1705e-09
334  3.6039e-08 1.5420e-04 4.7662e-05 -2.4864e-09
335  3.3982e-08 1.2759e-04  3.8550e-05 -2.0567e-09
336  3.2204e-08 1.0849e-04  3.1899e-05 -1.7776e-09
337 3.1736e-08 2.1001e-04  5.4244e-05 -4.6811e-10
338 2.9315e-08 1.6688e-04  5.2502e-05 -2.4213e-09
339 2.7418e-08 1.3492e-04 4.1720e-05 -1.8971e-09
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
340  2.5850e-08 1.1159e-04  3.3731e-05 -1.5677e-09
341  2.4496e-08  9.4832e-05 2.7898e-05 -1.3540e-09
342  2.4156e-08 1.8388e-04 4.7416e-05 -3.4005e-10
343  2.2307e-08 1.4607e-04  4.5969e-05 -1.8493e-09
344  2.0859e-08 1.1806e-04  3.6518e-05 -1.4473e-09
345 1.9664e-08 9.7598e-05  2.9515e-05 -1.1950e-09
346 1.8633e-08 8.2896e-05  2.4400e-05 -1.0314e-09
347 1.8387e-08 1.6100e-04  4.1448e-05 -2.4633e-10
348 1.6974e-08 1.2787e-04  4.0250e-05 -1.4125e-09
349 1.5870e-08 1.0331e-04  3.1966e-05 -1.1044e-09
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
350 .4959e-08 .5362e-05 .5826e-05 -9.1097e-10

1 8 2

1.4173e-08  7.2465e-05 2.1341e-05 -7.8565e-10

1.3995e-08 1.4097e-04  3.6232e-05 -1.7785e-10
353 1.2916e-08 1.1193e-04  3.5243e-05 -1.0789e-09

1.2074e-08 9.0398e-05 2.7982e-05 -8.4262e-10

1.1379e-08  7.4661e-05  2.2599e-05 -6.9445e-10

1.0781e-08 6.3347e-05

The gradient descent method exiting with flag 1.
Relative and absolute tolerances on the norm of the gradient are satisfied.

No condition numbers plotable.
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Preconditioner norm of gradients
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Aufgabe: Beschreiben Sie IThre Beobachtungen zum Verhalten des obigen Beispiels. Variieren
Sie auch den Startpunkt z, (Zeile 12) und erkliren Sie, warum die Wahl der Hessematrix an der
Startiterierten keine sonderlich gute Idee ist.

TODO: Thre Antwort hier.

Wir beobachten unter anderem: 1. Jeder Durchlauf konvergiert zu einem anderen Minimierer der
Funktion. Die Wahl des Vorkonditionierers kann also dazu fiihren, dass das Resultat der Opti-
mierung ein vollig anderes ist. 1. Die Wahl der Hessematrix der ersten Iterierten konvergiert hier
am langsamsten, obwohl teilweise grofie Schrittweiten gewahlt werden. (Plots 2 bis 4) Informatio-
nen aus der Funktion helfen also nur bedingt. 1. Auflerdem kann man bsplw. den Punkt z, = (0,0)
als Startpunkt wéhlen und kriegt eine Fehlermeldung zuriick, denn die Funktion ist dort nicht lokal
Konvex - die erste Hessematrix ist dort also nicht positiv definit. Das ist genau ein Grund, warum
man das Newton-Verfahren globalisiert.
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[9]:

1.4 Das globalisierte

Newton-Verfahren

Die Effekte, die sie in dem Beispiel der Himmelblaufunktion beobachtet haben zeigen, dass die unre-
flektierte Verwendung der Hessematrix als “adaptiver Vorkonditionierer” nicht funktionieren kann
- daher verwendet man beim Newton-Verfahren die im Skript beschriebene globalisierte Variante.
Dass dieses Verfahren gegeniiber dem Gradientenverfahren eine massive Verbesserung der Konver-
genzgeschwindigkeit liefern kann, mochten wir anhand der Rosenbrock Funktion verifizieren.

1.4.1 Implementierung des globalisierten Newton-Verfahrens

Aufgabe: Vervollstindigen Sie den Code in der néchsten Zelle und fithren Sie die Zelle aus.

import numpy as np

def globalized_newton(f, x0, step_length_rule, preconditioner, parameters = {}):

mninn

Solve an unconstrained minimization problem using the line search globalized,

<wnewton method.

Accepts:
i
z0:
step_length_rule:
preconditioner:
sndim == 2)

parameters:

~the norm of updates

~the norm of updates

~the progress in the

~the progress in the

the objective function to be minimized

the initial guess (list or numpy array with
a step length computation function
a symmetric positive definite matriz (numpy

optional parameters (dictionary);

the following key/value pairs are evaluated:

["atol_z"]:
in T

["rtol_z"]:
in T

["atol_f"]:
values of f

["rtol_f"]:

values of f

["atol_gradf"]:

~the norm of the gradient of f

["rtol_gradf"]:

~the norm of the gradient of f

["maz_iterations"]:
["rho1"]:

["rho2"] :

["p"]:
["verbosity"] :
["keep_history"]:

wtiteration history (True or False)

Here
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absolute

relative

absolute

relative

absolute

relative

stopping
stopping
stopping
stopping
stopping

stopping

ndim == 1)

array withy

tolerance for,
tolerance for,
tolerance for,
tolerance for,
tolerance for,

tolerance for,

mazimum number of iterations
globalization parameter
globalization parameter
globalization parameter
"verbose" or '"quiet"
whether or not to store the,

'norm' refers to the preconditioner—induced norm.


https://en.wikipedia.org/wiki/Rosenbrock_function

Returns:
result: a dictionary containing
solution: final tterate
function: the final iterate's objective wvalue
gradtent: the final iterate's objective gradient wvalue
norm_gradient: preconditioner—induced norm of final,
~objective gradient
tter: number of iterations performed
exttflag: flag encoding why the algorithm terminated
0: stopping tolerance described by atol_z,
wrtol_xz, atol_f, rtol_f reached
1: stopping tolerance described by atol_gradfi,
~and rtol_gradf reached
2: mazimum number of iterations reached

history: a dictionary for the history of the runy
~containing
i1terates: the iterates
objective_wvalues: the wvalues of they
wobjective function
gradient_norms: the morms of the,
~objective function gradient
steps_lengths: the step lengths choseny
by the step length rule
used_newton_direction: the information whether,
<or not the newton direction was used
# Define computation of the squared preconditioner morm
def norm2(d): return d.dot(preconditioner.dot(d))

# Define an output function that will be used to print information on the,
wstate of the iteration
def print_header():

U
sprint (' —————mmm ")
print(' ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG U
<")
(]
D T (R ")

# Define exitflags that will be printed when the algorithm terminates
exitflag messages = [

'Relative and absolute tolerances on the norm of the update and the
~descent of the objective are satisfied.',

'Relative and absolute tolerances on the norm of the gradient are,
~satisfied.',
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'Maximum number of optimization steps is reached.',

]

# Get the algorithmic parameters, using defaults i1f missing
atol_x = parameters.get("atol_x", 1le-6)

rtol_x = parameters.get("rtol_x", le-6)
atol_f = parameters.get("atol_f", le-6)
rtol_f = parameters.get("rtol_f", rtol_x*x2)

atol_gradf = parameters.get("atol_gradf", le-6)
rtol_gradf = parameters.get('"rtol_gradf", le-6)
max_iterations = parameters.get("max_iterations", 1e3)
rhol = parameters.get('"rhol", 1le-6)

rho2 = parameters.get("rho2", le-6)

p = parameters.get("p", 0.1)

verbosity = parameters.get("verbosity", "quiet")
keep_history = parameters.get("keep_history", False)

# Initialize the t1terates, counters etc.
x = x0

iter = 0

exitflag = None

used_newton_direction = None

# Inittalize dummy values pertaining to the previous iterate
x_old = np.full(x0.shape, np.inf)
function_value_old = np.inf

# Prepare a dictionary to store the history
if keep_history:

history = {
"iterates" : [],
"objective_values" : [],
"gradient_norms" : [],
"step_lengths" : [I,
"used_newton direction" : []
+

# Perform gradient descent steps until one of the termination criteria is met
while exitflag is None:

# Record the current iterate

if keep_history: history["iterates"].append(x)

# Dump some output

if verbosity == 'verbose':
if (iter’10 == 0): print_header()
print(' %4d ' % (iter), end = '')
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# Stop when the maximum number of iterations has been reached
if iter >= max_iterations:

exitflag = 2

break

# Compute the function value and derivative at current iterate
values = f(x, derivatives = [True, True, True])

function_value = values["function"]

derivative = values["derivative"]

hessian = values["Hessian"]

# Record the current value of the objective
if keep_history: history["objective_values"] .append(function_value)

# Dump some output
if verbosity == 'verbose': print('/ll.4e ' 7 (function_value), end = '')

# Compute the preconditioned gradient and the square of its,
o (preconditioner-induced) norm

gradient = np.linalg.solve(preconditioner, derivative)

norm2_gradient = derivative.dot(gradient)

# Check the computed morm square for positivity
if norm2_gradient < O:
raise ValueError('Your preconditioner appears not to be positive definite.
<)
else:
norm_gradient = np.sqrt(norm2_gradient)

# Record the current nmorm of the gradient
if keep_history: history["gradient_norms"].append(norm_gradient)

# Remember the norm of the initial gradient
if (iter == 0): initial_norm_gradient = norm_gradient

# Dump some output
if verbosity == 'verbose': print('/ll.4e ' 7, (norm_gradient), end = '')

# Stop when the stopping tolerance on the norm of the gradient has been
<reached
if norm_gradient <= atol_gradf + rtol_gradf * initial_norm_gradient:
exitflag = 1
break

# Evaluate the norm of the update step
norm_delta_x = np.sqrt(norm2(x - x_old))
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# Evaluate the change in the objective function values
delta_f = function_value_old - function_value

# Evaluate the reference wvalues for relative tolerances
abs_function_value_old = np.abs(function_value_old)
norm_x_old = np.sqrt(norm2(x_old))

# Dump some output
if verbosity == 'verbose': print('%11l.4e Y%l11l.4e' J, (norm_delta_x,
~-delta_£f))

# Stop when the stopping tolerance on the change in the objective and the
# morm of the update step have been reached
if (delta_f < atol_f + rtol f * abs_function_value_old) and\
(norm_delta_x < atol_x + rtol_x * norm_x_old):
exitflag = 0
break

# Set the update direction

try:
# Compute Newton direction and its (preconditioner induced) norm
d = np.linalg.solve(hessian, -derivative)
norm2_d = norm2(d)

# Check Newton direction for quality
if -derivative.dot(d) <= min(rhol, rho2 * norm2_d ** (p/2)) * norm2_d:
raise ValueError("Newton direction is of poor quality")
used_newton_direction = True
except:
# Fall back to gradient direction if Newton direction could mot bej
~computed or is of poor quality
used_newton_direction = False
d = -gradient

# Prepare the line search function, using the function values of the
# objective and its derivatives and the chain rule
def phi(t, derivatives):
values = f(x + t * d, derivatives)
if derivatives[1]:
values["derivative"] = values["derivative"].dot(d)
if derivatives[2]:
values["Hessian"] = d.dot(values["Hessian"].dot(d))
return values

# Prepare some data to pass down to the step length computation rule

reusables = {
"phi0" : function_value,
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}

if not used_newton_direction: reusables["dphiO"] = -norm2_gradient

# Evaluate the step length t using the step length rule
t, t_exitflag = step_length_rule(phi, reusables)

# Check whether of not the step length was computed succesfully
if t_exitflag: raise AssertionError('Step length was not computed,
-succesfully.')

# Record the chosen step length
if keep_history: history["step_lengths"].append(t)

# Save the current iterate and assoctated function wvalue for the next,
~iteration

x_old = x

function_value_old = function_value

# Update the iterate and increase the counter
x=x+1tx*xd
iter = iter + 1

# Remember whether or not the newton direction was used as update direction
if keep_history: history["used_newton_direction"].
~append (used_newton_direction)

# Dump some output
if verbosity == 'verbose':

print ('\n\nThe globalized newton is exiting with flag %d.\n' %(exitflag) +,
ostr(exitflag_messages[exitflag])+'\n' )

# Create and populate the result to be returned
result = {

"solution" : x,

"function" : function_value,
"gradient" : gradient,
"norm_gradient" : norm_gradient,
"iter" : iter,

"exitflag" : exitflag

by

# Assign the history to the result if required
if keep_history:
result["history"] = history

return result
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[10]:

Im folgenden Skript wird das globalisierte Newton-Verfahren im Vergleich zum euklidisch vorkon-
ditionierten Gradientenverfahren fiir die Minimierung der Rosenbrock Funktion verwendet.

Aufgabe: Vervollstindigen Sie das Skript und fiihren Sie es aus. Beachten Sie die Bedingungen,
die im Skript an die Parameter gestellt werden.

import sys
sys.path.append('src/")

import numpy as np

from objective_functions import *
from visualization_functions import *

# Create problem data
rosenbrock_parameters = {
llall : 1,
"b" : 10,
}
f = lambda x, derivatives: rosenbrock(x, derivatives, rosenbrock_parameters)
x0 = np.array([-1.75, 1.5])

# Set parameters for armijo linesearch
armijo_parameters = {
"sigma" : 0.01,

"beta" : 0.5,
"initial_step_length" : 1,
#"verbosity" : "werbose
3

if not armijo_parameters["sigma"] < 0.5:

raise ValueError('Chosen armijo sigma is not smaller than 0.5')
if not armijo_parameters["initial_step_length"] == 1:

raise ValueError('Initial step length is not 1.')

# Construct step length rule
armijo_step_length_rule = lambda phi, reusables: armijo_backtracking(phi,
wreusables, armijo_parameters);

# Set optimization parameters
optimization_parameters = {
"atol_x" : le-7,

"rtol_x" : le-7,

"atol_f" : le-7,

"rtol_£f" : le-14,

"max_iterations" : 1elO,
IICII . 10

. b
"verbosity" : "verbose",
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"keep_history" : True

}

# Solve problem using preconditioned gradient scheme

gradient_output = gradient_descent(f, x0, armijo_step_length_rule,
~preconditioner = np.identity(len(x0)), parameters = optimization_parameters)

gradient_label = "Gradient"

# Solve problem using globalized Newton scheme

newton_output = globalized_newton(f, x0, armijo_step_length_rule,
opreconditioner = np.identity(len(x0)), parameters = optimization_parameters)

newton_label = "Newton"

# Prepare data for plotting
histories = [gradient_output["history"], newton_output["history"]]
labels = [gradient_label, newton_label]

# Plot history in iterate space
plot_2d_iterates_contours(f, histories, labels)

# Plot functional value differences (approzimation of error energy norm)
plot_f_val_diffs(histories,
list(hist["objective_values"] [-1] for hist in histories),
labels)

plot_step_sizes([newton_output["history"]], [newton_label])
plot_grad_norms(histories, labels)

plot_used_newton_direction([newton_output["history"]], [newton_label])

0 3.1977e+01 1.1905e+02 nan -inf
1 8.9584e+00  7.0904e+01  3.7203e+00 -2.3018e+01
2 8.5025e+00 5.0675e+01 5.5394e-01 -4.5589e-01
3 1.5113e+00 2.4015e+01  3.9590e-01 -6.9912e+00
4 1.1276e+00 1.7799e+01 1.8762e-01 -3.8373e-01
5 6.3737e-01 1.1904e+01 1.3905e-01 -4.9022e-01
6 5.1138e-01 8.6934e+00 9.2999e-02 -1.2599e-01
7 4.1049e-01 6.0252e+00 6.7917e-02 -1.0089e-01
8 3.7307e-01  4.3437e+00 4.7072e-02 -3.7419e-02
9 3.4898e-01  3.0487e+00 3.3935e-02 -2.4096e-02
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10  3.3812e-01 2.1845e+00 2.3818e-02 -1.0856e-02
11 3.3161e-01 1.5509e+00 1.7067e-02 -6.5122e-03
12 3.2810e-01 1.1224e+00 1.2116e-02 -3.5048e-03
13 3.2582e-01  8.2318e-01  8.7684e-03 -2.2846e-03
14 3.2425e-01 6.2761e-01 6.4311e-03 -1.5735e-03
15 3.2299e-01  5.0244e-01  4.9032e-03 -1.2537e-03
16  3.2260e-01 9.3801e-01  7.8507e-03 -3.9469e-04
17 3.2075e-01 6.9492e-01  7.3282e-03 -1.8465e-03
18  3.1940e-01  5.4151e-01 5.4291e-03 -1.3535e-03
19  3.1827e-01  4.4829e-01  4.2306e-03 -1.1316e-03
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
20 3.1733e-01  7.6600e-01  7.0046e-03 -9.3346e-04
21  3.1584e-01  5.8047e-01 5.9844e-03 -1.4956e-03
22  3.1466e-01  4.6898e-01  4.5349e-03 -1.1800e-03
23  3.1394e-01  8.3480e-01  7.3278e-03 -7.1312e-04
24 3.1232e-01 6.2086e-01 6.5219e-03 -1.6222e-03
256 3.1108e-01 4.8907e-01  4.8505e-03 -1.2456e-03
26 3.1058e-01  8.9143e-01 7.6417e-03 -4.9947e-04
27  3.0880e-01 6.4926e-01 6.9643e-03 -1.7773e-03
28 3.0751e-01 5.0357e-01 5.0723e-03 -1.2857e-03
29 3.0718e-01 9.3711e-01  7.8683e-03 -3.3378e-04
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
30 3.0531e-01 6.7532e-01  7.3212e-03 -1.8692e-03
31 3.0397e-01  5.1454e-01 5.2760e-03 -1.3405e-03
32 3.0376e-01 9.6195e-01  8.0397e-03 -2.1198e-04
33 3.0178e-01 6.8249e-01  7.5152e-03 -1.9756e-03
34 3.0044e-01  5.1658e-01 5.3319e-03 -1.3468e-03
35 3.0026e-01 9.7034e-01 8.0715e-03 -1.7760e-04
36 2.9828e-01 6.8555e-01  7.5808e-03 -1.9778e-03
37 2.9692e-01  5.1382e-01 5.3568e-03 -1.3646e-03
38 2.9671e-01 9.5496e-01  8.0284e-03 -2.0202e-04
39 2.9473e-01 6.6781e-01  7.4606e-03 -1.9847e-03
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
40  2.9340e-01 5.0177e-01 5.2172e-03 -1.3252e-03
41  2.9309e-01 9.2308e-01  7.8402e-03 -3.1292e-04
42  2.9121e-01 6.4686e-01 7.2116e-03 -1.8836e-03
43 2.8991e-01  4.8599e-01 5.0536e-03 -1.2970e-03
44  2.8945e-01 8.7150e-01  7.5935e-03 -4.6201e-04
45 2.8766e-01 6.0917e-01 6.8086e-03 -1.7908e-03
46  2.8643e-01 4.6378e-01 4.7591e-03 -1.2242e-03
47  2.8578e-01 8.0889e-01  7.2465e-03 -6.5675e-04
48  2.8415e-01  5.7145e-01 6.3195e-03 -1.6273e-03
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49 2.8298e-01 4.4068e-01 4.4644e-03 -1.1656e-03
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
50 2.8213e-01 7.3594e-01 6.8857¢-03 -8.5048e-04
51 2.8065e-01 5.2518e-01  5.7495e-03 -1.4850e-03
52 2.8060e-01 9.7370e-01 8.2059e-03 -4.8174e-05
53 2.7850e-01 6.5391e-01  7.6070e-03 -2.1036e-03
54 2.7719e-01 4.7946e-01 5.1087e-03 -1.3088e-03
55 2.7671e-01  8.4992e-01  7.4915e-03 -4.8001e-04
56  2.7496e-01 5.8282e-01  6.6400e-03 -1.7478e-03
57 2.7378e-01  4.3939e-01  4.5533e-03 -1.1844e-03
58 2.7295e-01 7.3002e-01 6.8655e-03 -8.2190e-04
59 2.7147e-01 5.1209e-01  5.7033e-03 -1.4844e-03
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
60 2.7131e-01 9.3127e-01  8.0014e-03 -1.5825e-04
61 2.6930e-01 6.1642e-01  7.2755e-03 -2.0150e-03
62 2.6806e-01 4.5225e-01 4.8158e-03 -1.2409e-03
63 2.6737e-01 7.6839e-01 7.0664e-03 -6.8827e-04
64 2.6580e-01 5.2760e-01 6.0030e-03 -1.5678e-03
65 2.6471e-01 4.0647e-01  4.1219e-03 -1.0865e-03
66 2.6367e-01 6.3031e-01 6.3511e-03 -1.0414e-03
67 2.6239e-01  4.5299e-01  4.9243e-03 -1.2773e-03
68 2.6173e-01 7.6532e-01 7.0780e-03 -6.6192e-04
69 2.6015e-01 5.1731e-01  5.9791e-03 -1.5865e-03
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
70  2.6006e-01 9.3561e-01 8.0830e-03 -8.3541e-05
71 2.5799e-01  6.0159e-01  7.3094e-03 -2.0714e-03
72  2.5678e-01 4.3547e-01 4.6999e-03 -1.2148e-03
73  2.5600e-01 7.1687e-01  6.8042e-03 -7.7952e-04
74  2.5453e-01 4.8875e-01 5.6005e-03 -1.4632e-03
75 2.5421e-01 8.6128e-01  7.6368e-03 -3.2743e-04
76  2.5236e-01 5.5844e-01 6.7287e-03 -1.8407e-03
77  2.5123e-01  4.1045e-01  4.3628e-03 -1.1375e-03
78 2.5028e-01 6.4186e-01  6.4132e-03 -9.4545e-04
79  2.4897e-01 4.4596e-01 5.0146e-03 -1.3085e-03
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
80 2.4831e-01 7.4064e-01 6.9681e-03 -6.6649e-04
81 2.4676e-01 4.8956e-01 5.7862e-03 -1.5464e-03
82 2.4646e-01 8.5378e-01  7.6493e-03 -3.0109e-04
83 2.4459e-01 5.4088e-01 6.6701e-03 -1.8665e-03
84 2.4349e-01 3.9768e-01  4.2256e-03 -1.0983e-03
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85 2.4250e-01 6.0616e-01 6.2138e-03 -9.9652e-04
86 2.4127e-01  4.2403e-01  4.7357e-03 -1.2273e-03
87 2.4047e-01 6.8071e-01  6.6254e-03 -7.9898e-04
88 2.3908e-01 4.5514e-01 5.3180e-03 -1.3952e-03
89 2.3852e-01 7.6348e-01 7.1116e-03 -5.5578e-04
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
90 2.3691e-01 4.9064e-01 5.9647e-03 -1.6075e-03
91 2.3665e-01 8.5306e-01 7.6662e-03 -2.6376e-04
92  2.3478e-01 5.2983e-01 6.6645e-03 -1.8681e-03
93  2.3370e-01 3.8502e-01  4.1393e-03 -1.0784e-03
94 2.3267e-01 5.6831e-01 6.0159e-03 -1.0310e-03
95 2.3152e-01  3.9860e-01  4.4400e-03 -1.1554e-03
96 2.3059e-01 6.0682e-01  6.2282e-03 -9.3089e-04
97  2.2935e-01  4.1229e-01  4.7408e-03 -1.2393e-03
98 2.2852e-01 6.4387e-01  6.4420e-03 -8.2865e-04
99 2.2719e-01  4.2540e-01 5.0302e-03 -1.3270e-03
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
100  2.2646e-01  6.7797e-01  6.6469¢-03 -7.2886e-04
101  2.2505e-01  4.3727e¢-01 5.2966e-03 -1.4138e-03
102  2.2441e-01 7.0771e-01  6.8323e-03 -6.3663e-04
103 2.2292e-01  4.4725e-01 5.5290e-03 -1.4948e-03
104 2.2236e-01 7.3183e-01  6.9883e-03 -5.5714e-04
105  2.2080e-01  4.5479e-01 5.7175e-03 -1.5647e¢-03
106  2.2030e-01  7.4931e-01 7.1062e-03 -4.9505e-04
107 2.1868e-01  4.5945e-01 5.8540e-03 -1.6186e-03
108  2.1823e-01  7.5938e-01 7.1790e-03 -4.5403e-04
109 2.1658e-01  4.6095e-01  5.9326e-03 -1.6523e-03
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
110  2.1614e-01 7.6160e-01  7.2023e-03 -4.3628e-04
111  2.1448e-01  4.5916e-01 5.9500e-03 -1.6632e-03
112 2.1403e-01  7.5589e-01 7.1743e-03 -4.4229e-04
113 2.1238e-01  4.5414e-01 5.9054e-03 -1.6502e-03
114  2.1191e-01  7.4248e-01 7.0959e-03 -4.7082e-04
115 2.1030e-01  4.4612e-01  5.8007e-03 -1.6139e-03
116  2.0978e-01  7.2194e-01 6.9706e-03 -5.1905e-04
117  2.0822e-01  4.3546e-01  5.6402e-03 -1.5568e-03
118  2.0764e-01 6.9511e-01 6.8041e-03 -5.8293e-04
119 2.0616e-01  4.2267e-01  5.4306e-03 -1.4825e-03
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
120 2.0550e-01  6.6307e-01  6.6043e-03 -6.5764e-04
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121 2.0410e-01  4.0833e-01 5.1803e-03 -1.3958e-03
122 2.0337e-01 6.2707e-01 6.3801e-03 -7.3810e-04
123  2.0206e-01  3.9306e-01  4.8990e-03 -1.3018e-03
124  2.0124e-01  5.8846e-01 6.1416e-03 -8.1950e-04
125  2.0004e-01 3.7751e-01  4.5973e-03 -1.2053e-03
126 1.9914e-01  5.4863e-01 5.8986e-03 -8.9764e-04
127 1.9803e-01  3.6227e-01  4.2862e-03 -1.1109e-03
128 1.9706e-01  5.0895e-01 5.6605e-03 -9.6924e-04
129 1.9604e-01  3.4787e-01  3.9762e-03 -1.0222e-03
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
130 1.9568e-01  9.7604e-01 1.0871e-02 -3.6031e-04
131 1.9317e-01 5.1176e-01  7.6253e-03 -2.5108e-03
132 1.9214e-01  3.4624e-01  3.9981e-03 -1.0228e-03
133 1.9183e-01 9.7881e-01 1.0820e-02 -3.1868e-04
134 1.8933e-01 5.1125e-01  7.6469e-03 -2.4975e-03
135 1.8830e-01  3.4208e-01  3.9941e-03 -1.0245e-03
136 1.8789e-01  9.4470e-01 1.0690e-02 -4.1370e-04
137 1.8547e-01 4.8603e-01  7.3805e-03 -2.4173e-03
138 1.8530e-01  7.9254e-01  7.5943e-03 -1.7684e-04
139 1.8346e-01  4.2819e-01 6.1917e-03 -1.8370e-03
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
140 1.8293e-01  6.6428e-01 6.6905e-03 -5.3288e-04
141 1.8150e-01  3.8266e-01 5.1897e-03 -1.4238e-03
142 1.8073e-01 5.5881e-01 5.9790e-03 -7.7497e-04
143 1.7959e-01  3.4813e-01 4.3657e-03 -1.1359e-03
144 1.7866e-01  4.7467e-01 5.4396e-03 -9.3449e-04
145 1.7842e-01  7.6483e-01 7.4167e-03 -2.3547e-04
146 1.7669e-01  4.1202e-01 5.9753e-03 -1.7365e-03
147 1.7609e-01  6.2633e-01 6.4379e-03 -5.9683e-04
148 1.7478e-01  3.6469e-01  4.8932e-03 -1.3096e-03
149 1.7395e-01  5.1633e-01 5.6983e-03 -8.2920e-04
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
150 1.7292e-01  3.3076e-01  4.0338e-03 -1.0272e-03
151 1.7245e-01  8.9449e-01 1.0336e-02 -4.6909e-04
152 1.7021e-01  4.4627e-01 6.9882e-03 -2.2405e-03
153 1.6983e-01 6.9664e-01 6.9729e-03 -3.8272e-04
154 1.6830e-01  3.7851e-01 5.4425e-03 -1.5280e-03
155 1.6757e-01  5.4728e-01 5.9142e-03 -7.2979e-04
156 1.6647e-01  3.3301e-01 4.2756e-03 -1.1018e-03
157 1.6624e-01  9.2641e-01 1.0406e-02 -2.2743e-04
158 1.6384e-01  4.4583e-01  7.2376e-03 -2.4022e-03
159 1.6348e-01  6.9029e-01 6.9662e-03 -3.6559e-04
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160 1.6196e-01  3.6829e-01 5.3929e-03 -1.5176e-03
161 1.6121e-01  5.2257e-01 5.7545e-03 -7.4521e-04
162 1.6017e-01  3.2036e-01  4.0826e-03 -1.0397e-03
163 1.5964e-01  8.4224e-01 1.0011e-02 -5.3526e-04
164 1.5756e-01 4.0778e-01 6.5800e-03 -2.0786e-03
165 1.5702e-01 6.0619e-01 6.3715e-03 -5.4012e-04
166 1.5575e-01  3.3714e-01 4.7359e-03 -1.2659e-03
167 1.5491e-01 4.5115e-01 5.2678e-03 -8.4316e-04
168 1.5460e-01 6.9022e-01  7.0492e-03 -3.1029e-04
169 1.5305e-01  3.5400e-01 5.3923e-03 -1.5469e-03
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
170 1.5229e-01 4.8797e-01 5.5312e-03 -7.5979e-04
171 1.5219e-01  7.6252e-01  7.6246e-03 -1.0505e-04
172 1.5040e-01  3.7275e-01 5.9572e-03 -1.7925e-03
173 1.4973e-01  5.2881e-01 5.8242e-03 -6.6755e-04
174 1.4867e-01  3.1030e-01 4.1313e-03 -1.0547e-03
175 1.4808e-01  7.9322e-01 9.6970e-03 -5.9215e-04
176 1.4616e-01  3.7472e-01 6.1970e-03 -1.9218e-03
177 1.4552e-01  5.3125e-01 5.85560e-03 -6.3868e-04
178 1.4446e-01  3.0644e-01  4.1504e-03 -1.0612e-03
179 1.4385e-01  7.7478e-01 9.5762e-03 -6.1212e-04
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
180 1.4199e-01  3.6303e-01 6.0529e-03 -1.8619e-03
181 1.4132e-01  5.0542e-01 5.6723e-03 -6.6545e-04
182 1.4033e-01 2.9660e-01  3.9486e-03 -9.9341e-04
183 1.3951e-01  7.0969e-01 9.2689e-03 -8.1920e-04
184 1.3788e-01  3.4009e-01 5.5445e-03 -1.6273e-03
185 1.3715e-01  4.5665e-01 5.3139e-03 -7.2986e-04
186 1.3691e-01 6.8194e-01  7.1352e-03 -2.3757e-04
187 1.3536e-01  3.2734e-01 5.3277e-03 -1.5485e-03
188 1.3460e-01  4.2885e-01 5.1146e-03 -7.5996e-04
189 1.3424e-01 6.2971e-01 6.7008e-03 -3.6026e-04
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
190 1.3288e-01  3.1447e-01  4.9196e-03 -1.3593e-03
191 1.3283e-01 8.6065e-01 9.8272e-03 -5.8418e-05
192 1.3056e-01  3.6570e-01 6.7239e-03 -2.2622e-03
193 1.2997e-01  5.0600e-01 5.7141e-03 -5.9874e-04
194 1.2897e-01  2.8472e-01  3.9531e-03 -9.9331e-04
195 1.2810e-01 6.5334e-01  8.8974e-03 -8.7479e-04
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196 1.2665e-01  3.1108e-01 5.1042e-03 -1.4471e-03
197 1.2589e-01  3.9551e-01  4.8606e-03 -7.5983e-04
198 1.2542e-01 5.5812e-01 6.1799e-03 -4.6560e-04
199 1.2428e-01  2.8764e-01  4.3603e-03 -1.1495e-03
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
200 1.2360e-01 6.8728e-01  8.9889e-03 -6.7129e-04
201 1.2201e-01  3.0885e-01 5.3694e-03 -1.5935e-03
202 1.2127e-01  3.9058e-01  4.8258e-03 -7.3779e-04
203 1.2081e-01  5.4692e-01 6.1028e-03 -4.6679e-04
204 1.1970e-01 2.8138e-01 4.2728e-03 -1.1101e-03
205 1.1898e-01 6.5984e-01  8.7930e-03 -7.1944e-04
206 1.1749e-01  2.9922e-01 5.1550e-03 -1.4845e-03
207 1.1734e-01  7.9090e-01 9.3507e-03 -1.4752e-04
208 1.15633e-01  3.2204e-01 6.1789e-03 -2.0124e-03
209 1.1467e-01 4.1636e-01 5.0318e-03 -6.6000e-04
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
210 1.1432e-01  5.8490e-01 6.5057e-03 -3.4729e-04
211 1.1308e-01 2.7786e-01  4.5695e-03 -1.2422e-03
212 1.1244e-01 6.5188e-01  8.6830e-03 -6.4455e-04
213 1.1096e-01  2.8580e-01 5.0928e-03 -1.4809e-03
214 1.1068e-01  7.1256e-01 8.9312e-03 -3.7204e-04
215 1.0886e-01  2.9271e-01 5.5669e-03 -1.7232e-03
216 1.0874e-01 7.6214e-01 9.1473e-03 -1.2617e-04
217 1.0679e-01  2.9763e-01 5.9542e-03 -1.9411e-03
218 1.0612e-01  3.6854e-01  4.6505e-03 -6.7334e-04
219 1.0564e-01  4.9585e-01 5.7585e-03 -4.7650e-04
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
220 1.0468e-01  2.5523e-01  3.8738e-03 -9.6377e-04
221 1.0370e-01 5.1754e-01  7.9760e-03 -9.8421e-04
222 1.0267e-01  2.5565e-01  4.0432e-03 -1.0273e-03
223 1.0175e-01 5.3015e-01  7.9891e-03 -9.1666e-04
224 1.0069e-01  2.5478e-01 4.1418e-03 -1.0662e-03
225  9.9805e-02 5.3232e-01 7.9619e-03 -8.8097e-04
226 9.8732e-02  2.5249e-01  4.1588e-03 -1.0737e-03
227 9.7852e-02  5.2354e-01  7.8902e-03 -8.7945e-04
228 9.6805e-02  2.4881e-01 4.0902e-03 -1.0472e-03
229 9.5896e-02  5.0424e-01 7.7754e-03 -9.0946e-04
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
230 9.4907e-02  2.4399e-01  3.9394e-03 -9.8896e-04
231  9.4772e-02  9.7858e-01 1.5249e-02 -1.3440e-04
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232 9.1681e-02 3.0847e-01  7.6451e-03 -3.0915e-03
233  9.1123e-02  3.8497e-01 4.8198e-03 -5.5765e-04
234 9.0755e-02 5.0759e-01 6.0151e-03 -3.6832e-04
235 8.9748e-02  2.3648e-01  3.9656e-03 -1.0067e-03
236 8.9307e-02  8.9298e-01 1.4780e-02 -4.4066e-04
237 8.6619e-02  2.7710e-01 6.9764e-03 -2.6880e-03
238 8.6031e-02  3.3043e-01 4.3297e-03 -5.8887e-04
239 8.5551e-02 4.1777e-01 5.1630e-03 -4.7966e-04
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
240 8.5288e-02 5.5084e-01 6.5277e-03 -2.6307e-04
241  8.4136e-02  2.3276e-01  4.3035e-03 -1.1517e-03
242 8.3939e-02  9.0350e-01 1.4548e-02 -1.9747e-04
243 8.1156e-02  2.6591e-01  7.0586e-03 -2.7822e-03
244 8.1069e-02 6.6594e-01 8.3096e-03 -8.7733e-05
245  7.9467e-02  2.3632e-01 5.2026e-03 -1.6019e-03
246  7.8785e-02 4.9109e-01  7.3851e-03 -6.8170e-04
247  7.8726e-02 6.4792e-01 7.6732e-03 -5.9463e-05
248 7.7210e-02  2.3288e-01 5.0619e-03 -1.5153e-03
249  7.6529e-02  4.8034e-01 7.2776e-03 -6.8175e-04
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
250 7.6445e-02 6.2591e-01  7.5053e-03 -8.3341e-05
251  7.4999e-02  2.2486e-01  4.8899e-03 -1.4458e-03
252  7.4224e-02  4.3350e-01 7.0268e-03 -7.7577e-04
263 7.4016e-02 5.5702e-01 6.7735e-03 -2.0773e-04
254  7.2841e-02  2.1723e-01  4.3517e-03 -1.1748e-03
265  7.2387e-02  7.9492e-01 1.3577e-02 -4.5377e-04
266  7.0172e-02  2.3400e-01 6.2103e-03 -2.2151e-03
2567 6.9717e-02 5.1721e-01  7.3125e-03 -4.5518e-04
268 6.8677e-02 2.0763e-01  4.0407e-03 -1.0404e-03
269  6.7798e-02 6.7915e-01 1.2977e-02 -8.7893e-04
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
260 6.6121e-02  2.1519e-01 5.3058e-03 -1.6769e-03
261 6.5437e-02  4.1553e-01 6.7247e-03 -6.8393e-04
262 6.5208e-02 5.1519e-01 6.4926e-03 -2.2902e-04
263 6.4163e-02 1.9923e-01  4.0249e-03 -1.0446e-03
264 6.3061e-02  5.8989e-01 1.2452e-02 -1.1018e-03
265 6.1735e-02 1.9906e-01 4.6085e-03 -1.3262e-03
266 6.0920e-02  6.3929e-01 1.2441e-02 -8.1527e-04
267  5.9382e-02 1.9729e-01  4.9945e-03 -1.5383e-03
268 5.8704e-02 6.5263e-01 1.2331e-02 -6.7732e-04
269 5.7101e-02 1.9350e-01 5.0987e-03 -1.6038e-03



ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG

270 5.6385e-02 6.2661e-01  1.2094e-02 -7.1516e-04
271 5.4891e-02 1.8800e-01  4.8954e-03 -1.4946e-03
272  5.4000e-02 5.6625e-01 1.1750e-02 -8.9072e-04
273 5.2752e-02 1.8162e-01  4.4238e-03 -1.2480e-03
274  5.2338e-02 9.6637e-01  2.2703e-02 -4.1365e-04
275  4.8896e-02 1.8806e-01  7.5498e-03 -3.4421e-03
276  4.8761e-02 6.8992e-01 1.1753e-02 -1.3495e-04
277  4.6946e-02 1.7384e-01  5.3900e-03 -1.8155e-03
278  4.6831e-02 9.5027e-01 2.1730e-02 -1.1473e-04
279  4.3445e-02  1.7239e-01  7.4240e-03 -3.3864e-03
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
280 4.2827e-02 5.3510e-01 1.0775e-02 -6.1738e-04
281 4.2733e-02 6.0632e-01  8.3610e-03 -9.4205e-05
282  4.1306e-02 1.6130e-01 4.7369e-03 -1.4270e-03
283 4.0191e-02 7.2698e-01  2.0163e-02 -1.1152e-03
284 3.8170e-02 1.5684e-01 5.6795e-03 -2.0209e-03
285 3.7378e-02 7.4593e-01  1.9605e-02 -7.9235e-04
286  3.5238e-02 1.5006e-01 5.8276e-03 -2.1396e-03
287  3.4075e-02 6.3226e-01  1.8758e-02 -1.1629e-03
288  3.4004e-02 6.7591e-01  9.8791e-03 -7.1091e-05
289  3.3921e-02 7.2222e-01  1.0561e-02 -8.2794e-05
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
290 3.1891e-02 1.4158e-01 5.6423e-03 -2.0304e-03
291 3.0394e-02 9.1851e-01  3.5395e-02 -1.4964e-03
202 2.7111e-02 1.3063e-01 7.1759e-03 -3.2837e-03
293  2.5488e-02 1.2526e+00 6.5316e-02 -1.6230e-03
204  2.4902e-02 1.1965e+00 1.9571e-02 -5.8565e-04
205  2.4036e-02 1.1386e+00 1.8696e-02 -8.6644e-04
206 2.3471e-02  1.0832e+00 1.7790e-02 -5.6496e-04
297  2.2706e-02 1.0267e+00 1.6926e-02 -7.6488e-04
208 2.2174e-02 9.7292e-01  1.6042e-02 -5.3202e-04
209 2.1505e-02 9.1855e-01  1.5202e-02 -6.6845e-04
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
300 2.1014e-02  8.6704e-01  1.4352e-02 -4.9130e-04
301 2.0434e-02 8.1549e-01  1.3548e-02 -5.7975e-04
302 1.9988e-02 7.6683e-01 1.2742e-02 -4.4676e-04
303 1.9487e-02 7.1861e-01  1.1982e-02 -5.0039e-04
304 1.9085e-02 6.7325e-01  1.1228e-02 -4.0165e-04
305 1.8654e-02 6.2871e-01  1.0520e-02 -4.3112e-04
306 1.8296e-02 5.8696e-01  9.8237e-03 -3.5846e-04

68



307 1.7924e-02 5.4634e-01 9.1713e-03 -3.7196e-04
308 1.7605e-02 5.0840e-01 8.5366e-03 -3.1885e-04
309 1.7283e-02 4.7181e-01  7.9437e-03 -3.2244e-04
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
310 1.6999e-02 4.3776e-01 7.3721e-03 -2.8380e-04
311  1.6717e-02  4.0522e-01  6.8401e-03 -2.8172e-04
312 1.6463e-02 3.7507e-01 6.3316e-03 -2.5367e-04
313  1.6215e-02 3.4650e-01 5.8604e-03 -2.4877e-04
314 1.5986e-02 3.2015e-01 5.4140e-03 -2.2841e-04
315 1.5764e-02 2.9542e-01 5.0024e-03 -2.2247e-04
316 1.5556e-02 2.7275e-01 4.6160e-03 -2.0767e-04
317 1.5354e-02 2.5167e-01 4.2617e-03 -2.0171e-04
318 1.5164e-02 2.3248e-01  3.9323e-03 -1.9090e-04
319  1.4978e-02 2.1482e-01  3.6324e-03 -1.8544e-04
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
320 1.4801e-02 1.9887e-01 3.3565e-03 -1.7749e-04
321 1.4628e-02 1.8437e-01  3.1074e-03 -1.7275e-04
322 1.4461e-02 1.7141e-01  2.8808e-03 -1.6682e-04
323  1.4298e-02 1.5978e-01 2.6784e-03 -1.6282e-04
324 1.4140e-02 1.4951e-01  2.4966e-03 -1.5834e-04
325 1.3985e-02 1.4041e-01  2.3360e-03 -1.5501e-04
326  1.3833e-02  1.3249e-01  2.1940e-03 -1.5155e-04
327 1.3787e-02 2.7352e-01  4.1402e-03 -4.6418e-05
328 1.3593e-02 2.4734e-01  4.2737e-03 -1.9374e-04
329 1.3409e-02 2.2383e-01 3.8647e-03 -1.8413e-04
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
330 1.3237e-02 2.0314e-01  3.4973e-03 -1.7202e-04
331 1.3072e-02 1.8480e-01  3.1740e-03 -1.6473e-04
332 1.2916e-02 1.6884e-01 2.8875e-03 -1.5663e-04
333  1.2764e-02 1.5492e-01  2.6382e-03 -1.5118e-04
334 1.2619e-02 1.4297e-01  2.4206e-03 -1.4565e-04
335 1.2477e-02  1.3273e-01  2.2340e-03 -1.4160e-04
336 1.2340e-02 1.2408e-01  2.0739e-03 -1.3771e-04
337 1.2282e-02 2.5044e-01 3.8776e-03 -5.7350e-05
338  1.2104e-02 2.2291e-01  3.9132e-03 -1.7826e-04
339 1.1937e-02 1.9887e-01  3.4830e-03 -1.6667e-04
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
340 1.1783e-02 1.7830e-01  3.1073e-03 -1.5448e-04
341 1.1636e-02 1.6064e-01 2.7860e-03 -1.4663e-04
342  1.1497e-02 1.4577e-01 2.5101e-03 -1.3906e-04
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343 1.1363e-02 1.3325e-01 2.2776e-03 -1.3375e-04
344 1.1234e-02 1.2290e-01 2.0820e-03 -1.2891e-04
345 1.1205e-02  2.5265e-01  3.8405e-03 -2.8912e-05
346 1.1030e-02  2.2144e-01  3.9477e-03 -1.7562e-04
347 1.0869e-02 1.9469e-01  3.4600e-03 -1.6084e-04
348 1.0723e-02 1.7225e-01  3.0420e-03 -1.4652e-04
349 1.0585e-02 1.5337e-01 2.6914e-03 -1.3732e-04
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
350 1.0456e-02 1.3781e-01 2.3964e-03 -1.2904e-04
351 1.0333e-02 1.2503e-01 2.1534e-03 -1.2330e-04
352 1.0214e-02 1.1473e-01 1.95636e-03 -1.1834e-04
353 1.0167e-02  2.2925e-01  3.5854e-03 -4.7187e-05
354 1.0008e-02 1.9877e-01  3.5821e-03 -1.5930e-04
3556  9.8635e-03 1.7323e-01  3.1059e-03 -1.4450e-04
356 9.7321e-03 1.5231e-01 2.7068e-03 -1.3140e-04
357  9.6093e-03 1.3518e-01 2.3798e-03 -1.2284e-04
358  9.4936e-03 1.2146e-01 2.1121e-03 -1.1565e-04
359  9.3830e-03 1.10563e-01 1.8977e-03 -1.1061e-04
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
360 9.3383e-03 2.1897e-01  3.4542e-03 -4.4718e-05
361  9.1865e-03 1.8763e-01  3.4215e-03 -1.5179e-04
362  9.0530e-03 1.6217e-01 2.9317e-03 -1.3350e-04
363 8.9310e-03 1.4147e-01 2.5339e-03 -1.2199e-04
364 8.8184e-03 1.2503e-01 2.2104e-03 -1.1261e-04
365 8.7121e-03 1.1206e-01 1.95636e-03 -1.0630e-04
366 8.6987e-03 2.2872e-01  3.5020e-03 -1.3380e-05
367  8.5437e-03 1.9334e-01 3.5738e-03 -1.5503e-04
368 8.4110e-03 1.6491e-01  3.0209e-03 -1.3265e-04
369  8.2922e-03 1.4204e-01 2.5767e-03 -1.1889e-04
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
370  8.1841e-03 1.2409e-01 2.2193e-03 -1.0804e-04
371 8.0832e-03 1.1010e-01 1.9389e-03 -1.0093e-04
372 7.9877e-03  9.9481e-02 1.7204e-03 -9.5465e-05
373  7.9305e-03 1.9000e-01  3.1088e-03 -5.7265e-05
374  7.8029e-03 1.6045e-01 2.9687e-03 -1.2754e-04
375  7.6901e-03 1.3700e-01 2.5070e-03 -1.1281e-04
376  7.5885e-03 1.1886e-01 2.1406e-03 -1.0160e-04
377  7.4941e-03 1.0497e-01 1.8572e-03 -9.4364e-05
378  7.4820e-03 2.1236e-01  3.2802e-03 -1.2139e-05
379  7.3423e-03 1.7623e-01  3.3181e-03 -1.3976e-04
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
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380  7.2253e-03 1.4799e-01 2.7536e-03 -1.1696e-04
381 7.1221e-03 1.2597e-01 2.3124e-03 -1.0316e-04
382 7.0291e-03 1.0927e-01 1.9683e-03 -9.3048e-05
383 6.9425e-03 9.6753e-02 1.7073e-03 -8.6552e-05
384 6.9073e-03 1.8830e-01  3.0235e-03 -3.5243e-05
385 6.7851e-03 1.5572e-01 2.9422e-03 -1.2215e-04
386 6.6819e-03 1.3072e-01 2.4331e-03 -1.0324e-04
387 6.5901e-03 1.1166e-01 2.0424e-03 -9.1772e-05
388 6.5065e-03 9.7560e-02 1.7447e-03 -8.3643e-05
389  6.4903e-03 1.9490e-01  3.0487e-03 -1.6164e-05
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
390 6.3674e-03 1.5952e-01  3.0453e-03 -1.2291e-04
391 6.2644e-03 1.3223e-01 2.4926e-03 -1.0297e-04
392 6.1754e-03 1.1177e-01 2.0661e-03 -8.8991e-05
393 6.0950e-03 9.6630e-02 1.7464e-03 -8.0449e-05
394 6.0881e-03 1.9431e-01 3.0197e-03 -6.8870e-06
395 5.9662e-03 1.5741e-01  3.0362e-03 -1.2186e-04
396 5.8675e-03 1.2955e-01 2.4596e-03 -9.8718e-05
397 5.7824e-03 1.0866e-01 2.0241e-03 -8.5165e-05
398 5.7064e-03  9.3499e-02 1.6978e-03 -7.5996e-05
399 5.6983e-03 1.8741e-01 2.9218e-03 -8.0445e-06
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
400 5.5839e-03 1.5101e-01 2.9283e-03 -1.1439e-04
401 5.4905e-03 1.2349e-01 2.3595e-03 -9.3461e-05
402 5.4110e-03 1.0331e-01 1.9295e-03 -7.9470e-05
403 5.3398e-03 8.8767e-02 1.6142e-03 -7.1150e-05
404  5.3231e-03 1.7432e-01 2.7740e-03 -1.6699e-05
405 5.2179e-03 1.3972e-01 2.7237e-03 -1.0524e-04
406 5.1331e-03 1.1421e-01 2.1831e-03 -8.4831e-05
407 5.0600e-03  9.5655e-02 1.7846e-03 -7.3079e-05
408 4.9945e-03  8.2622e-02 1.4946e-03 -6.5472e-05
409  4.9645e-03 1.5725e-01 2.5819e-03 -3.0028e-05
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
410 4.8722e-03 1.2610e-01 2.4570e-03 -9.2341e-05
411 4.7959e-03 1.0329e-01 1.9703e-03 -7.6238e-05
412  4.7299e-03  8.7147e-02 1.6138e-03 -6.5978e-05
413 4.6700e-03 7.6003e-02 1.3617e-03 -5.9937e-05
414  4.6261e-03 1.3756e-01 2.3751e-03 -4.3924e-05
415  4.5460e-03 1.1063e-01 2.1494e-03 -8.0063e-05
416  4.4792e-03  9.1506e-02 1.7287e-03 -6.6827e-05
417  4.4200e-03  7.8225e-02 1.4298e-03 -5.9236e-05
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418  4.3930e-03 1.4785e-01 2.4445e-03 -2.6912e-05
419  4.3090e-03 1.1714e-01 2.3101e-03 -8.4073e-05
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
420  4.2412e-03  9.5294e-02 1.8303e-03 -6.7739e-05
421  4.1827e-03  8.0077e-02 1.4890e-03 -5.8575e-05
422  4.1710e-03 1.5619e-01 2.5024e-03 -1.1650e-05
423  4.0834e-03 1.2224e-01 2.4405e-03 -8.7623e-05
424  4.0150e-03 9.8101e-02 1.9100e-03 -6.8360e-05
425  3.9573e-03  8.1275e-02 1.5328e-03 -5.7755e-05
426  3.9059e-03  7.0024e-02 1.2699e-03 -5.1353e-05
427  3.8686e-03 1.2603e-01 2.1882e-03 -3.7276e-05
428 3.8000e-03  9.9992e-02 1.9692e-03 -6.8619e-05
429  3.7433e-03 8.1861e-02 1.5624e-03 -5.6742e-05
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
430 3.6936e-03  6.9758e-02 1.2791e-03 -4.9685e-05
431 3.6630e-03 1.2773e-01 2.1799e-03 -3.0553e-05
432  3.5950e-03 1.0042e-01 1.9957e-03 -6.8010e-05
433 3.5398e-03  8.1468e-02 1.5691e-03 -5.5264e-05
434  3.4920e-03 6.8867e-02 1.2729e-03 -4.7801e-05
435  3.4657e-03 1.2717e-01 2.1521e-03 -2.6219e-05
436  3.3994e-03  9.9290e-02 1.9870e-03 -6.6352e-05
437  3.3462e-03  8.0043e-02 1.5514e-03 -5.3237e-05
438 3.3005e-03 6.7325e-02 1.2507e-03 -4.5667e-05
439  3.2763e-03 1.2438e-01 2.1039e-03 -2.4228e-05
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
440 3.2127e-03  9.6637e-02 1.9434e-03 -6.3605e-05
441  3.1620e-03  7.7624e-02 1.5100e-03 -5.0662e-05
442  3.1187e-03  6.5170e-02 1.2129e-03 -4.3294e-05
443  3.0944e-03 1.1954e-01 2.0365e-03 -2.4275e-05
444  3.0345e-03  9.2613e-02 1.8677e-03 -5.9879e-05
445  2.9869e-03  7.4337e-02 1.4471e-03 -4.7621e-05
446  2.9462e-03  6.2497e-02 1.1615e-03 -4.0732e-05
447  2.9203e-03 1.1295e-01 1.9530e-03 -2.5864e-05
448  2.8649e-03  8.7465e-02 1.7648e-03 -5.5407e-05
449  2.8207e-03  7.0369e-02 1.3666e-03 -4.4253e-05
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
450 2.7826e-03  5.9445e-02 1.0995e-03 -3.8061e-05
451  2.7542e-03 1.0503e-01 1.8577e-03 -2.8408e-05
452  2.7037e-03  8.1505e-02 1.6411e-03 -5.0490e-05
453 2.6630e-03  6.5950e-02 1.2735e-03 -4.0732e-05
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454  2.6573e-03 1.2728e-01 2.0609e-03 -5.7170e-06
455  2.5960e-03  9.5907e-02 1.9888e-03 -6.1310e-05
456  2.5506e-03  7.4856e-02 1.4985e-03 -4.5304e-05
457  2.5135e-03  6.1185e-02 1.1696e-03 -3.7154e-05
458  2.4995e-03 1.1428e-01 1.9120e-03 -1.3994e-05
459  2.4462e-03  8.6502e-02 1.7857e-03 -5.3272e-05
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
460  2.4059e-03 6.8162e-02 1.3516e-03 -4.0342e-05
461 2.3721e-03  5.6502e-02 1.0650e-03 -3.3776e-05
462  2.3509e-03 1.0125e-01 1.7657e-03 -2.1217e-05
463  2.3050e-03  7.7255e-02 1.5820e-03 -4.5881e-05
464  2.2692e-03 6.1726e-02 1.2071e-03 -3.5805e-05
465  2.2655e-03 1.1920e-01 1.9289e-03 -3.6849e-06
466 2.2116e-03  8.8806e-02 1.8625e-03 -5.3945e-05
467 2.1721e-03  6.8604e-02 1.3876e-03 -3.9435e-05
468  2.1403e-03  5.5832e-02 1.0719e-03 -3.1828e-05
469  2.1259e-03 1.0267e-01 1.7447e-03 -1.4431e-05
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
470 2.0812e-03  7.7255e-02 1.6043e-03 -4.4672e-05
471  2.0472e-03 6.0742e-02 1.2071e-03 -3.3972e-05
472  2.0188e-03 5.0587e-02 9.4910e-04 -2.8414e-05
473 1.9965e-03  8.7608e-02 1.5808e-03 -2.2333e-05
474 1.9594e-03  6.6934e-02 1.3689e-03 -3.7117e-05
475 1.9299e-03  5.3872e-02 1.0458e-03 -2.9487e-05
476 1.9183e-03  9.9503e-02 1.6835e-03 -1.1562e-05
477 1.8765e-03  7.4144e-02 1.5647e-03 -4.1821e-05
478 1.8454e-03  5.7927e-02 1.15685e-03 -3.1092e-05
479 1.8196e-03 4.8019e-02 9.0511e-04 -2.5854e-05
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
480 1.7990e-03  8.2600e-02 1.5006e-03 -2.0587e-05
481 1.7653e-03  6.2796e-02 1.2906e-03 -3.3629e-05
482 1.7388e-03 5.0522e-02 9.8119e-04 -2.6498e-05
483 1.7266e-03  9.2165e-02 1.5788e-03 -1.2215e-05
484 1.6897e-03  6.8562e-02 1.4401e-03 -3.6903e-05
485 1.6621e-03  5.3600e-02 1.0713e-03 -2.7669e-05
486 1.6596e-03 1.0254e-01 1.6750e-03 -2.4828e-06
487 1.6182e-03  7.4806e-02 1.6023e-03 -4.1399e-05
488 1.5890e-03  5.7103e-02 1.1688e-03 -2.9147e-05
489 1.5657e-03  4.6303e-02  8.9224e-04 -2.3334e-05
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG



490 1.5509e-03  8.1755e-02 1.4470e-03 -1.4749e-05
491 1.5197e-03  6.1041e-02 1.2774e-03 -3.1292e-05
492 1.4958e-03  4.8275e-02 9.5377e-04 -2.3816e-05
493 1.4877e-03  8.9225e-02 1.5086e-03 -8.1354e-06
494 1.4539e-03  6.5468e-02 1.3941e-03 -3.3789e-05
495 1.4293e-03  5.0550e-02 1.0229e-03 -2.4637e-05
496 1.4284e-03  9.6920e-02 1.5797e-03 -8.9877e-07
497 1.3914e-03  6.9963e-02 1.5144e-03 -3.6999e-05
498 1.3658e-03  5.2969e-02 1.0932e-03 -2.5546e-05
499 1.3456e-03  4.2758e-02 8.2763e-04 -2.0225e-05
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
500 1.3322e-03  7.4738e-02 1.3362e-03 -1.3406e-05
501 1.3054e-03  5.5536e-02 1.1678e-03 -2.6817e-05
502 1.2850e-03 4.3915e-02 8.6775e-04 -2.0353e-05
503 1.2760e-03  7.9618e-02 1.3723e-03 -9.0087e-06
504 1.2479e-03  5.8288e-02 1.2440e-03 -2.8154e-05
505 1.2272e-03 4.5177e-02 9.1075e-04 -2.0645e-05
506 1.2227e-03  8.4369e-02 1.4118e-03 -4.5063e-06
507 1.1929e-03  6.0891e-02 1.3183e-03 -2.9783e-05
508 1.1720e-03  4.6421e-02 9.5142e-04 -2.0911e-05
509 1.15562e-03  3.7979e-02  7.2532e-04 -1.6849e-05
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
510 1.1406e-03 6.3519e-02 1.1868e-03 -1.4535e-05
511 1.1193e-03 4.7656e-02  9.9248e-04 -2.1319e-05
512 1.1027e-03  3.8355e-02  7.4462e-04 -1.6651e-05
513 1.0907e-03 6.6037e-02 1.1986e-03 -1.1959e-05
514 1.0690e-03  4.8902e-02 1.0318e-03 -2.1678e-05
515 1.0525e-03  3.8732e-02 7.6409e-04 -1.6513e-05
516 1.0430e-03  6.8298e-02 1.2104e-03 -9.4906e-06
517 1.0209e-03  4.9947e-02 1.0672e-03 -2.2103e-05
518 1.0046e-03  3.9034e-02 7.8042e-04 -1.6329e-05
519 9.9739e-04  7.0329e-02 1.2198e-03 -7.2029e-06
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
520 9.7500e-04  5.0938e-02 1.0989e-03 -2.2391e-05
521 9.5881e-04  3.9292e-02 7.9591e-04 -1.6191e-05
522 9.5371e-04  7.1986e-02 1.2279e-03 -5.0947e-06
523 9.3101e-04 5.1634e-02 1.1248e-03 -2.2709e-05
524  9.1504e-04  3.9422e-02 8.0678e-04 -1.5964e-05
5256 9.1179e-04  7.3326e-02 1.2319e-03 -3.2478e-06
526  8.8899e-04  5.2230e-02 1.1457e-03 -2.2808e-05
527 8.7321e-04  3.9470e-02 8.1609e-04 -1.5772e-05
528 8.7158e-04  7.4215e-02 1.2335e-03 -1.6341e-06
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529 8.4867e-04 5.2465e-02 1.1596e-03 -2.2905e-05
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
530 8.3322e-04 3.9355e-02 8.1976e-04 -1.5459e¢-05
531 8.2103e-04 3.1921e-02 6.1492e-04 -1.2185e-05
532 8.1014e-04 5.2538e-02 9.9753e-04 -1.0893e-05
533  7.9498¢-04 3.9115e-02  8.2091e-04 -1.5162e-05
534  7.8320e-04 3.1520e-02 6.1117e-04 -1.1777e-05
535 7.7321e-04 5.2377e-02  9.8499e-04 -9.9911e-06
536 7.5844e-04  3.8785e-02 8.1839e-04 -1.4770e-05
537 7.4706e-04 3.1062e-02 6.0601e-04 -1.1378e-05
538  7.3783e-04 5.1933e-02 9.7069e-04 -9.2291e-06
539  7.2347e-04 3.8257e-02 8.1145e-04 -1.4360e-05
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
540 7.1253e-04  3.0519e-02 5.9777e-04 -1.0942e-05
541 7.0392e-04 5.1259e-02 9.5373e-04 -8.6130e-06
542  6.9006e-04  3.7642e-02 8.0092e-04 -1.3855e-05
543  6.7954e-04  2.9922e-02 5.8815e-04 -1.0515e-05
544  6.7143e-04 5.0321e-02 9.3505e-04 -8.1195e-06
545 6.5809e-04 3.6841e-02 7.8626e-04 -1.3336e-05
546  6.4803e-04  2.9245e-02 5.7564e-04 -1.0055e-05
547  6.4029e-04  4.9179e-02  9.1391e-04 -7.7487e-06
548  6.2755e-04 3.5967e-02 7.6842e-04 -1.2737e-05
549  6.1794e-04 2.8523e-02 5.6199e-04 -9.6074e-06
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
550 6.1047e-04  4.7814e-02 8.9135e-04 -7.4726e-06
551 5.9833e-04  3.4936e-02 7.4709e-04 -1.2136e-05
552  5.8920e-04  2.7737e-02 5.4587e-04 -9.1349e-06
553 5.8191e-04 4.6288e-02 8.6679e-04 -7.2866e-06
554 5.7043e-04  3.3855e-02 7.2325e-04 -1.1477e-05
555 5.6175e-04 2.6921e-02 5.2899e-04 -8.6791e-06
556  5.5450e-04  4.4593e-02 8.4129e-04 -7.1627e-06
557 5.4376e-04 3.2656e-02 6.9677e-04 -1.0830e-05
558 5.3555e-04 2.6062e-02 5.1024e-04 -8.2102e-06
559 5.2846e-04  4.2791e-02 8.1444e-04 -7.0939e-06
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
560 5.1830e-04 3.1435e-02 6.6861e-04 -1.0153e-05
561 5.1054e-04 2.5191e-02 4.9117e-04 -7.7627e-06
562 5.0349e-04  4.0880e-02 7.8720e-04 -7.0561e-06
563 4.9398¢-04 3.0138e-02 6.3876e-04 -9.5020e-06
564 4.9310e-04 5.6155e-02 9.4181e-04 -8.8392e-07
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565 4.7960e-04  3.8853e-02 8.7742e-04 -1.3500e-05
566 4.7077e-04 2.8812e-02 6.0707e-04 -8.8317e-06
567 4.6918e-04 5.3076e-02 9.0039e-04 -1.5900e-06
568 4.5684e-04 3.6867e-02 8.2931e-04 -1.2340e-05
569  4.4862e-04 2.7503e-02 5.7604e-04 -8.2173e-06
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
570 4.4637e-04  4.9935e-02 8.5946e-04 -2.2515e-06
571 4.3510e-04 3.4811e-02 7.8024e-04 -1.1274e-05
572  4.2749e-04  2.6188e-02 5.4392e-04 -7.6035e-06
573  4.2462e-04 4.6816e-02 8.1838e-04 -2.8743e-06
574  4.1439e-04  3.2831e-02 7.3149e-04 -1.0227e-05
575 4.0734e-04 2.4915e-02 5.1298e-04 -7.0459e¢-06
576  4.0392e-04 4.3717e-02 7.7859e-04 -3.4254e-06
577  3.9464e-04  3.0846e-02 6.8307e-04 -9.2797e¢-06
578 3.8813e-04 2.3668e-02 4.8196e-04 -6.5062e-06
579  3.8422e-04  4.0703e-02 7.3963e-04 -3.9113e-06
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
580 3.7584e-04  2.8964e-02 6.3599e-04 -8.3803e-06
581 3.6982e-04 2.2482e-02 4.5256e-04 -6.0195e¢-06
582  3.655le-04 3.7777e-02 7.0255e-04 -4.3159e-06
583 3.5793e-04 2.7126e-02 5.9027e-04 -7.5782e-06
584 3.5237e-04 2.1345e-02 4.2385e-04 -5.5602e-06
585 3.4772e-04 3.4986e-02 6.6703e-04 -4.6468e-06
586  3.4088e-04 2.5411e-02 5.4665e-04 -6.8375e-06
587  3.4047e-04  4.7317e-02  7.9409e-04 -4.1304e-07
588  3.3084e-04  3.2345e-02 7.3932e-04 -9.6315e-06
589  3.2465e-04  2.3784e-02 5.0539e-04 -6.1870e-06
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
590 3.2325e-04  4.3265e-02 7.4324e-04 -1.4001e-06
591 3.1479e-04 2.9814e-02 6.7602e-04 -8.4615e¢-06
592  3.0920e-04  2.2256e-02 4.6585e-04 -5.5892e-06
593  3.0699e-04 3.9476e-02 6.9550e-04 -2.2133e-06
594 2.9957e-04 2.7501e-02 6.1682e-04 -7.4151e-06
595  2.9450e-04  2.0856e-02 4.2970e-04 -5.0744e-06
596 2.9164e-04 3.5938e-02 6.5176e-04 -2.8562e-06
597 2.8511e-04 2.5333e-02 5.6153e-04 -6.5278e-06
598 2.8050e-04 1.9567e-02 3.9583e-04 -4.6108e-06
599  2.7715e-04 3.2679e-02 6.1146e-04 -3.3565e-06
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
600 2.7140e-04 2.3377e-02 5.1061e-04 -5.7512e-06
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601 2.6719e-04 1.8400e-02 3.6526e-04 -4.2113e-06
602  2.6346e-04 2.9687e-02 5.7501e-04 -3.7266e-06
603 2.5836e-04 2.1582e-02 4.6385e-04 -5.0966e-06
604  2.5749e-04  3.9443e-02 6.7442e-04 -8.7359e-07
605 2.5051e-04 2.6941e-02 6.1629e-04 -6.9811e-06
606  2.4598e-04 1.9964e-02 4.2095e-04 -4.5271e-06
607  2.4425e-04  3.5379e-02 6.2389e-04 -1.7297e-06
608 2.3827e-04  2.4502e-02 5.5279e-04 -5.9792e-06
609  2.3422e-04 1.85630e-02  3.8284e-04 -4.0544e-06
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
610 2.3184e-04 3.1702e-02 5.7906e-04 -2.3726e-06
611 2.2668e-04  2.2297e-02 4.9534e-04 -5.1630e-06
612  2.2303e-04 1.7253e-02  3.4839e-04 -3.6464e-06
613 2.2019e-04  2.8414e-02 5.3914e-04 -2.8451e-06
614 2.1571e-04 2.0363e-02 4.4397e-04 -4.4806e-06
615  2.1545e-04 3.7717e-02 6.3635e-04 -2.6233e-07
616  2.0923e-04  2.5495e-02 5.8934e-04 -6.2159e-06
617  2.0530e-04 1.8653e-02 3.9837e-04 -3.9266e-06
618 2.0412e-04  3.3380e-02 5.8291e-04 -1.1799e-06
619 1.9890e-04  2.2891e-02 5.2156e-04 -5.2289e-06
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
620 1.9543e-04 1.7154e-02 3.5767e-04 -3.4622e-06
621 1.9368e-04 2.9550e-02 5.3607e-04 -1.8559e-06
622 1.8915e-04 2.0637e-02 4.6172e-04 -4.4267e-06
623 1.8606e-04 1.56862e-02  3.2245e-04 -3.0863e-06
624 1.8373e-04 2.6180e-02 4.9568e-04 -2.3349e-06
625 1.7994e-04 1.8663e-02 4.0907e-04 -3.7927e-06
626 1.7973e-04  3.4507e-02 5.8323e-04 -2.0666e-07
627 1.7450e-04  2.3222e-02 5.3916e-04 -5.2342e-06
628 1.7122e-04 1.6964e-02 3.6284e-04 -3.2776e-06
629 1.7016e-04  3.0210e-02 5.3013e-04 -1.0577e-06
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
630 1.6583e-04 2.0690e-02 4.7202e-04 -4.3282e-06
631 1.6296e-04 1.55620e-02  3.2329e-04 -2.8725e-06
632 1.6130e-04 2.6472e-02 4.8500e-04 -1.6593e-06
633 1.5767e-04 1.8501e-02 4.1362e-04 -3.6304e-06
634 1.5513e-04 1.4291e-02 2.8908e-04 -2.5428e-06
635 1.5305e-04  2.3253e-02 4.4658e-04 -2.0736e-06
636 1.4997e-04 1.6652e-02 3.6332e-04 -3.0813e-06
637 1.4952e-04  3.0376e-02 5.2039e-04 -4.5119e-07
638 1.4535e-04 2.0501e-02 4.7463e-04 -4.1710e-06
639 1.4269e-04 1.5086e-02  3.2033e-04 -2.6565e-06
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640 1.4155e-04 2.6357e-02 4.7145e-04 -1.1416e-06
641 1.3812e-04 1.8147e-02 4.1182e-04 -3.4308e-06
642 1.3580e-04 1.3771e-02  2.8355e-04 -2.3191e-06
643 1.3419e-04  2.2930e-02 4.3034e-04 -1.6153e-06
644 1.3133e-04 1.6181e-02 3.5828e-04 -2.8614e-06
645 1.2927e-04 1.2679e-02  2.5282e-04 -2.0558e-06
646 1.2734e-04 2.0024e-02 3.9623e-04 -1.9256e-06
647 1.2491e-04 1.4531e-02  3.1287e-04 -2.4298e-06
648 1.2413e-04 2.5792e-02  4.5409e-04 -7.8030e-07
649 1.2095e-04 1.7570e-02 4.0301e-04 -3.1837e-06
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
650 1.1886e-04 1.3165e-02 2.7453e-04 -2.0952e-06
651 1.1757e-04  2.2250e-02 4.1140e-04 -1.2811e-06
652 1.1496e-04 1.5641e-02 3.4766e-04 -2.6157e-06
653 1.1312e-04 1.2045e-02  2.4283e-04 -1.8395e-06
654 1.1151e-04 1.9276e-02 3.7642e-04 -1.6076e-06
655 1.0932e-04 1.3857e-02 3.0118e-04 -2.1935e-06
656 1.0876e-04  2.4822e-02 4.3302e-04 -5.5333e-07
657 1.05687e-04 1.6789e-02 3.8785e-04 -2.8966e-06
658 1.0400e-04 1.2478e-02 2.6233e-04 -1.8724e-06
659 1.0294e-04  2.1257e-02  3.8993e-04 -1.0509e-06
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
660 1.0059e-04 1.4752e-02  3.3214e-04 -2.3509e-06
661 9.8962e-05 1.1361e-02  2.3050e-04 -1.6312e-06
662 9.7591e-05 1.8290e-02  3.5502e-04 -1.3720e-06
663  9.5639e-05 1.3079e-02 2.8579e-04 -1.9519e-06
664  9.5205e-05 2.3507e-02 4.0871e-04 -4.3354e-07
665  9.2623e-05 1.5835e-02  3.6730e-04 -2.5820e-06
666  9.0969e-05 1.1724e-02 2.4742e-04 -1.6537e-06
667 9.0067e-05 2.0005e-02  3.6636e-04 -9.0211e-07
668 8.7991e-05 1.3842e-02  3.1258e-04 -2.0764e-06
669  8.6558e-05 1.0637e-02 2.1627e-04 -1.4329e-06
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
670 8.5357e-05 1.7118e-02  3.3242e-04 -1.2005e-06
671  8.3645e-05 1.2221e-02 2.6746e-04 -1.7120e-06
672 8.3254e-05 2.1924e-02 3.8192e-04 -3.9112e-07
673  8.0998e-05 1.4751e-02  3.4256e-04 -2.2560e-06
674  7.9555e-05 1.0923e-02 2.3048e-04 -1.4437e-06
675  7.8743e-05 1.8561e-02  3.4133e-04 -8.1187e-07
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676  7.6939e-05 1.2846e-02 2.9002e-04 -1.8034e-06
677 7.5692e-05 9.8921e-03 2.0072e-04 -1.2474e-06
678 7.4616e-05 1.5814e-02 3.0913e-04 -1.0755e-06
679  7.3135e-05 1.1314e-02  2.4709e-04 -1.4812e-06
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
680 7.2738e-05 2.0158e-02 3.5357e-04 -3.9766e-07
681 7.0803e-05 1.3682e-02  3.1497e-04 -1.9348e-06
682 6.9556e-05 1.0098e-02 2.1223e-04 -1.2469e-06
683 6.8797e-05 1.6997e-02  3.1557e-04 -7.5927e-07
684 6.7254e-05 1.1803e-02 2.6558e-04 -1.5425e-06
685 6.6177e-05 9.1431e-03 1.8443e-04 -1.0770e-06
686 6.5195e-05 1.4437e-02 2.8572e-04 -9.8153e-07
687  6.3929e-05 1.0387e-02  2.2557e-04 -1.2661e-06
688  6.3500e-05 1.8292e-02  3.2460e-04 -4.2907e-07
689 6.1868e-05 1.2378e-02 2.8582e-04 -1.6319e-06
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
690 6.0801e-05 9.2745e-03 1.9340e-04 -1.0671e-06
691 6.0074e-05 1.5379e-02  2.8983e-04 -7.2729e-07
692 5.8772e-05 1.0751e-02 2.4030e-04 -1.3019e-06
693  5.8689e-05 1.9693e-02  3.3597e-04 -8.3082e-08
694  5.6942e-05 1.3043e-02 3.0771e-04 -1.7469e-06
695 5.5871e-05 9.4709e-03 2.0380e-04 -1.0716e-06
696  5.5404e-05 1.6407e-02 2.9596e-04 -4.6665e-07
697  5.4046e-05 1.1181e-02 2.5635e-04 -1.3576e-06
698 5.3140e-05 8.4736e-03 1.7470e-04 -9.0679e-07
699  5.2436e-05 1.3771e-02  2.6480e-04 -7.0313e-07
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
700 5.1349e-05 9.7229e-03 2.1517e-04 -1.0875e-06
701  5.1149e-05 1.7505e-02  3.0384e-04 -1.9968e-07
702  4.9719e-05 1.1677e-02 2.7352e-04 -1.4299e-06
703 4.8819e-05 8.5875e-03 1.8246e-04 -8.9996e-07
704  4.8320e-05 1.4560e-02 2.6836e-04 -4.9912e-07
705  4.7204e-05 1.0025e-02 2.2750e-04 -1.1168e-06
706 4.6437e-05 7.7115e-03 1.5663e-04 -7.6657e-07
707  4.5758e-05 1.2219e-02 2.4098e-04 -6.7928e-07
708  4.4856e-05  8.7435e-03 1.9091e-04 -9.0119e-07
709  4.4562e-05 1.5398e-02 2.7323e-04 -2.9432e-07
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
710  4.3405e-05 1.0376e-02  2.4059e-04 -1.1572e-06
711 4.2653e-05 7.7560e-03 1.6212e-04 -7.5201e-07
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712  4.2133e-05 1.2804e-02 2.4238e-04 -5.1976e-07
713  4.1222e-05 8.9370e-03  2.0006e-04 -9.1159e-07
714  4.1133e-05 1.6262e-02 2.7928e-04 -8.8989e-08
715  3.9923e-05 1.0755e-02  2.5409e-04 -1.2092e-06
716  3.9181e-05  7.8298e-03 1.6804e-04 -7.4286e-07
717  3.8817e-05 1.3415e-02 2.4468e-04 -3.6342e-07
718 3.7888e-05 9.1633e-03 2.0961e-04 -9.2865e-07
719  3.7262e-05 6.9877e-03 1.4318e-04 -6.2661e-07
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
720  3.6735e-05 1.1170e-02 2.1837e-04 -5.2662e-07
721  3.5995e-05  7.9344e-03 1.7453e-04 -7.4035e-07
722  3.5786e-05 1.4050e-02 2.4795e-04 -2.0899e-07
723  3.4832e-05 9.4138e-03  2.1953e-04 -9.5376e-07
724  3.4221e-05 6.9985e-03 1.4709e-04 -6.1132e-07
725  3.3815e-05 1.1603e-02 2.1870e-04 -4.0587e-07
726  3.3073e-05 8.0638e-03 1.8129e-04 -7.4241e-07
727  3.3016e-05 1.4704e-02 2.5199e-04 -5.6671e-08
728 3.2031e-05 9.6924e-03  2.2975e-04 -9.8473e-07
729  3.1430e-05 7.0336e-03 1.5144e-04 -6.0083e-07
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
730  3.1142e-05 1.2054e-02 2.1980e-04 -2.8854e-07
731  3.0392e-05  8.2127e-03 1.8834e-04 -7.4994e-07
732 2.9888e-05 6.2560e-03 1.2832e-04 -5.0369e-07
733  2.9463e-05  9.9825e-03 1.9550e-04 -4.2483e-07
734 2.8870e-05 7.0869e-03 1.5698e-04 -5.9357e-07
735  2.8695e-05 1.2514e-02 2.2147e-04 -1.7508e-07
736  2.7934e-05  8.3814e-03 1.9554e-04 -7.6112e-07
737  2.7445e-05 6.2371e-03 1.3096e-04 -4.8866e-07
738  2.7110e-05 1.0285e-02 1.9491e-04 -3.3461e-07
739  2.6520e-05  7.1555e-03 1.6070e-04 -5.9003e-07
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
740  2.6454e-05 1.2971e-02 2.2361e-04 -6.5748e-08
741  2.5678e-05  8.5555e-03 2.0267e-04 -7.7612e-07
742  2.5202e-05 6.2309e-03 1.3368e-04 -4.7592e-07
743  2.4953e-05 1.0588e-02 1.9472e-04 -2.4910e-07
744  2.4365e-05  7.2365e-03 1.6544e-04 -5.8873e-07
745  2.3965e-05 5.5419e-03 1.1307e-04 -3.9919e-07
746  2.3611e-05 8.7418e-03 1.7318e-04 -3.5472e-07
747  2.3145e-05 6.2385e-03 1.3659e-04 -4.6606e-07
748  2.2977e-05 1.0893e-02 1.9495e-04 -1.6761e-07
749  2.2387e-05 7.3251e-03 1.7020e-04 -5.9027e-07



ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG

750 2.2003e-05 5.4940e-03  1.1445e-04 -3.8402e-07
751 2.1714e-05 8.9293e-03 1.7169e-04 -2.8853e-07
752  2.1256e-05 6.2562e-03  1.3952e-04 -4.5795e-07
753 2.1166e-05 1.1197e-02 1.9551e-04 -9.0231e-08
754  2.0573e-05 7.4238e-03 1.7495e-04 -5.9349e-07
755  2.0202e-05 5.4575e-03  1.1600e-04 -3.7105e-07
756  1.9975e-05 9.1185e-03 1.7055e-04 -2.2621e-07
757  1.9523e-05 6.2813e-03  1.4248e-04 -4.5194e-07
758 1.9506e-05 1.1488e-02 1.9629e-04 -1.7240e-08
759  1.8908e-05 7.5207e-03  1.7949e-04 -5.9843e-07
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
760 1.8548e-05 5.4278e-03 1.1751e-04 -3.5942e-07
761 1.8380e-05 9.3018e-03  1.6962e-04 -1.6815e-07
762  1.7933e-05 6.3118e-03  1.4534e-04 -4.4696e-07
763  1.7635e-05 4.7983e-03  9.8622e-05 -2.9835e-07
764 1.7381e-05  7.6219e-03  1.4995e-04 -2.5423e-07
765 1.7031e-05 5.4059e-03  1.1909e-04 -3.4951e-07
766  1.6917e-05 9.4795e-03 1.6893e-04 -1.1380e-07
767  1.6474e-05 6.3445e-03  1.4812e-04 -4.4346e-07
768 1.6188e-05 4.7369e-03 9.9132e-05 -2.8548e-07
769  1.5979e-05 7.7195e-03  1.4803e-04 -2.0906e-07
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
770  1.5639e-05 5.3893e-03  1.2062e-04 -3.4059e-07
771  1.5576e-05 9.6512e-03  1.6842e-04 -6.3156e-08
772  1.5135e-05 6.3816e-03 1.5080e-04 -4.4067e-07
773  1.4861e-05 4.6827e-03  9.9713e-05 -2.7404e-07
774  1.4694e-05 7.8145e-03  1.4634e-04 -1.6715e-07
775  1.4361e-05 5.3761e-03  1.2210e-04 -3.3288e-07
776  1.4344e-05 9.8088e-03 1.6800e-04 -1.6322e-08
777  1.3906e-05 6.4148e-03  1.5326e-04 -4.3863e-07
778  1.3642e-05 4.6323e-03  1.0023e-04 -2.6344e-07
779  1.3514e-05 7.9017e-03  1.4476e-04 -1.2866e-07
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
780 1.3188e-05 5.3652e-03 1.2346e-04 -3.2572e-07
781 1.2970e-05  4.0894e-03  8.3831e-05 -2.1815e-07
782  1.2778e-05  6.4487e-03 1.2779e-04 -1.9172e-07
783  1.2524e-05 4.5866e-03 1.0076e-04 -2.5395e-07
784 1.2431e-05 7.9821e-03 1.4333e-04 -9.3185e-08
785 1.2112e-05 5.3544e-03  1.2472e-04 -3.1939e-07
786  1.1904e-05 4.0176e-03 8.3662e-05 -2.0734e-07
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787  1.1743e-05 6.4782e-03  1.2555e-04 -1.6122e-07
788  1.1498e-05 4.5439e-03  1.0122e-04 -2.4511e-07
789  1.1437e-05 8.0557e-03  1.4200e-04 -6.0659¢-08
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
790 1.1124e-05 5.3456e-03 1.2587e-04 -3.1344e-07
791  1.0926e-05 3.9507e-03  8.3525e-05 -1.9751e-07
792  1.0793e-05 6.5043e-03  1.2346e-04 -1.3324e-07
793  1.0556e-05 4.5031e-03 1.0163e-04 -2.3704e-07
794 1.0525e-05 8.1172e-03  1.4072e-04 -3.1061e-08
795 1.0217e-05 5.3331e-03  1.2683e-04 -3.0790e-07
796  1.0029e-05  3.8864e-03  8.3330e-05 -1.8829e-07
797  9.9210e-06  6.5236e-03  1.2145e-04 -1.0781e-07
798  9.6916e-06  4.4635e-03 1.0193e-04 -2.2937e-07
799  9.5349¢-06  3.4408e-03  6.9742e-05 -1.5669e-07
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
800 9.3850e-06 5.3206e-03 1.0753e-04 ~-1.4997e-07
801 9.2051e-06 3.8254e-03 8.3134e-05 -1.7985e-07
802 9.1205e-06 6.5372e-03 1.1954e-04 -8.4645e-08
803 8.8982e-06  4.4238e-03  1.0214e-04 -2.2227e-07
804 8.7503e-06 3.3640e-03 6.9121e-05 -1.4788e-07
805 8.6211e-06 5.3045e-03 1.0513e-04 -1.2926e-07
806 8.4492e-06 3.7666e-03 8.2882e-05 -1.7190e-07
807 8.3855e-06 6.5452e-03 1.1771e-04 -6.3639e¢-08
808 8.1701e-06  4.3853e-03  1.0227e-04 -2.1547e-07
809 8.0303e-06 3.2908e-03  6.8520e-05 ~-1.3977e-07
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
810 7.9199e-06 5.2856e-03 1.0284e-04 -1.1039e-07
811 7.7554e-06 3.7093e-03  8.2588e-05 -1.6452e-07
812 7.7106e-06 6.5445e-03 1.1591e-04 -4.4725e-08
813 7.5016e-06 4.3445e-03  1.0226e-04 -2.0900e-07
814 7.3695e-06 3.2199e-03 6.7883e-05 -1.3217e-07
815 7.2761e-06 5.2622e-03  1.0062e-04 -9.3333e-08
816 7.1186e-06 3.6531e-03  8.2222e-05 -1.5750e-07
817 7.0909e-06 6.5375e-03 1.1416e-04 -2.7725e-08
818 6.8882e-06 4.3041e-03  1.0215e-04 -2.0271e-07
819 6.7631e-06 3.1518e-03 6.7251e-05 -1.2514e-07
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
820 6.6852e-06 5.2353e-03 9.8495e-05 -7.7876e-08
821 6.5343e-06 3.5976e-03  8.1802e-05 -1.5094e-07
822 6.5217e-06 6.5214e-03  1.1242e-04 -1.2573e-08
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823 6.3250e-06  4.2604e-03 1.0190e-04 -1.9664e-07
824 6.2065e-06  3.0852e-03 6.6569e-05 -1.1850e-07
8256  6.1425e-06 5.2032e-03 9.6414e-05 -6.4004e-08
826 5.9979e-06  3.5424e-03  8.1299e-05 -1.4462e-07
827 5.9001e-06  2.7188e-03 5.5350e-05 -9.7813e-08
828 5.8082e-06 4.2162e-03  8.4962e-05 -9.1940e-08
829 5.6958e-06 3.0207e-03 6.5878e-05 -1.1233e-07
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
830 5.6443e-06 5.1668e-03  9.4396e-05 -5.1523e-08
831 5.5057e-06  3.4870e-03 8.0731e-05 -1.3865e-07
832 5.4139e-06  2.6472e-03  5.4485e-05 -9.1808e-08
833 5.3337e-06 4.1694e-03 8.2725e-05 -8.0197e-08
834  5.2272e-06  2.9576e-03 6.5148e-05 -1.0649e-07
835 5.1868e-06  5.1265e-03  9.2424e-05 -4.0350e-08
836 5.0539e-06  3.4324e-03 8.0102e-05 -1.3291e-07
837 4.9677e-06  2.5782e-03 5.3631e-05 -8.6240e-08
838 4.8981e-06 4.1209e-03 8.0569e-05 -6.9578e-08
839 4.7971e-06  2.8956e-03 6.4389e-05 -1.0102e-07
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
840 4.7667e-06  5.0808e-03 9.0486e-05 -3.0414e-08
841 4.6392e-06  3.3764e-03  7.9388e-05 -1.2742e-07
842  4.5582e-06  2.5109e-03 5.2756e-05 -8.1013e-08
843  4.4982e-06 4.0696e-03  7.8466e-05 -6.0038e-08
844  4.4024e-06  2.8345e-03 6.3588e-05 -9.5815e-08
845 4.3808e-06 5.0313e-03 8.8579e-05 -2.1595e-08
846  4.2587e-06  3.3208e-03 7.8614e-05 -1.2210e-07
847  4.1825e-06  2.4458e-03 5.1888e-05 -7.6156e-08
848 4.1311e-06 4.0164e-03  7.6432e-05 -5.1447e-08
849 4.0401e-06  2.7743e-03 6.2756e-05 -9.0921e-08
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
850 4.0263e-06 4.9765e-03 8.6696e-05 -1.3828e-08
851 3.9093e-06  3.2637e-03 7.7757e-05 -1.1699e-07
852 3.8378e-06 2.3821e-03 5.0995e-05 -7.1578e-08
853  3.7940e-06  3.9604e-03  7.4440e-05 -4.3773e-08
854 3.7077e-06 2.7147e-03 6.1882e-05 -8.6244e-08
855  3.7007e-06 4.9181e-03  8.4834e-05 -7.0051e-09
856 3.5887e-06  3.2068e-03 7.6846e-05 -1.1202e-07
857  3.5214e-06  2.3202e-03 5.0107e-05 -6.7315e-08
858  3.4845e-06  3.9026e-03  7.2506e-05 -3.6896e-08
859  3.4027e-06  2.6556e-03 6.0978e-05 -8.1831e-08
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
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860 3.3473e-06  2.0406e-03 4.1494e-05 -5.5362e-08
861  3.2944e-06  3.1488e-03 6.3769e-05 -5.2904e-08
862 3.2311e-06  2.2596e-03 4.9201e-05 -6.3294e-08
863 3.2003e-06  3.8428e-03 7.0613e-05 -3.0772e-08
864  3.1227e-06  2.5974e-03  6.0044e-05 -7.7614e-08
865 3.0710e-06 1.9789e-03 4.0585e-05 -5.1680e-08
866  3.0243e-06  3.0904e-03 6.1841e-05 -4.6773e-08
867 2.9647e-06  2.2003e-03 4.8287e-05 -5.9530e-08
868 2.9394e-06  3.7805e-03 6.8761e-05 -2.5339e-08
869  2.8658e-06 2.5391e-03 5.9071e-05 -7.3605e-08
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
870 2.8176e-06 1.9189e-03  3.9673e-05 -4.8238e-08
871 2.7763e-06  3.0310e-03 5.9966e-05 -4.1263e-08
872 2.7203e-06  2.1423e-03  4.7359e-05 -5.5975e-08
873 2.6998e-06 3.7167e-03 6.6946e-05 -2.0527e-08
874 2.6300e-06 2.4816e-03 5.8073e-05 -6.9771e-08
875  2.5850e-06 1.8608e-03 3.8776e-05 -4.5040e-08
876  2.5487e-06 2.9712e-03 5.8150e-05 -3.6302e-08
877 2.4960e-06  2.0853e-03 4.6424e-05 -5.2640e-08
878 2.4798e-06  3.6506e-03 6.5166e-05 -1.6289e-08
879  2.4136e-06  2.4240e-03 5.7041e-05 -6.6120e-08
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
880 2.3716e-06 1.8042e-03 3.7876e-05 -4.2044e-08
881 2.3397e-06  2.9105e-03 5.6380e-05 -3.1859e-08
882  2.2902e-06  2.0295e-03  4.5477e-05 -4.9485e-08
883 2.2777e-06  3.5833e-03 6.3420e-05 -1.2564e-08
884 2.2151e-06  2.3672e-03 5.5990e-05 -6.2624e-08
885  2.1758e-06 1.7492e-03  3.6988e-05 -3.9258e-08
886  2.1479e-06  2.8496e-03 5.4664e-05 -2.7872e-08
887  2.1014e-06 1.9746e-03  4.4525e-05 -4.6523e-08
888 2.0921e-06  3.5142e-03 6.1705e-05 -9.3105e-09
889  2.0328e-06  2.3103e-03 5.4909e-05 -5.9291e-08
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
890 1.9962e-06 1.6956e-03  3.6099e-05 -3.6646e-08
891 1.9718e-06  2.7880e-03 5.2989e-05 -2.4314e-08
892 1.9281e-06 1.9207e-03  4.3562e-05 -4.3716e-08
893 1.9217e-06  3.4441e-03 6.0021e-05 -6.4760e-09
894 1.8656e-06  2.2542e-03 5.3814e-05 -5.6098e-08
895 1.8313e-06 1.6436e-03  3.5222e-05 -3.4214e-08
896 1.8102e-06 2.7263e-03 5.1363e-05 -2.1131e-08
897 1.7691e-06 1.8677e-03  4.2598e-05 -4.1079e-08
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898 1.7651e-06  3.3726e-03 5.8367e-05 -4.0260e-09
899 1.7121e-06  2.1980e-03  5.2696e-05 -5.3055e-08
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
900 1.6801e-06 1.5928e-03  3.4344e-05 -3.1931e-08
901 1.6618e-06 2.6641e-03 4.9775e-05 -1.8303e-08
902 1.6232e-06 1.8157e-03 4.1626e-05 -3.8579e-08
903 1.6213e-06  3.3005e-03 5.6741e-05 -1.9149e-09
904 1.5712e-06  2.1427e-03 5.1570e-05 -5.0140e-08
905 1.5414e-06 1.5435e-03  3.3480e-05 -2.9806e-08
906 1.5256e-06  2.6020e-03  4.8233e-05 -1.5781e-08
907 1.4894e-06 1.7646e-03  4.0656e-05 -3.6228e-08
908 1.4650e-06 1.35625e-03 2.7572e-05 -2.4354e-08
909 1.4419e-06  2.0876e-03  4.2265e-05 -2.3117e-08
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
910 1.4141e-06 1.4953e-03  3.2619e-05 -2.7812e-08
911 1.4005e-06  2.5399e-03 4.6729e-05 -1.3545e-08
912 1.3665e-06 1.7145e-03  3.9686e-05 -3.4005e-08
913 1.3439e-06 1.3064e-03 2.6789e-05 -2.2609e-08
914 1.3232e-06 2.0331e-03  4.0825e-05 -2.0679e-08
915 1.2973e-06 1.4484e-03 3.1767e-05 -2.5951e-08
916 1.2857e-06 2.4776e-03 4.5263e-05 -1.1566e-08
917 1.2538e-06 1.6651e-03  3.8713e-05 -3.1908e-08
918 1.2328e-06 1.2617e-03 2.6018e-05 -2.0985e-08
919 1.2144e-06 1.9790e-03  3.9428e-05 -1.8485e-08
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
920 1.1901e-06 1.4027e-03  3.0922e-05 -2.4206e-08
921 1.1803e-06  2.4157e-03 4.3835e-05 -9.8166e-09
922 1.1504e-06 1.6169e-03  3.7745e-05 -2.9926e-08
923 1.1309e-06 1.2185e-03  2.5263e-05 -1.9478e-08
924 1.1144e-06 1.9256e-03 3.8077e-05 -1.6509e-08
925 1.0918e-06 1.35682e-03  3.0087e-05 -2.2577e-08
926 1.0836e-06  2.3538e-03 4.2443e-05 -8.2762e-09
927 1.0555e-06 1.5693e-03 3.6779e-05 -2.8058e-08
928 1.0374e-06 1.1765e-03  2.4520e-05 -1.8075e-08
929 1.0227e-06 1.8727e-03  3.6766e-05 -1.4734e-08
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
930 1.0016e-06 1.3148e-03  2.9260e-05 -2.1049e-08
931  9.9473e-07  2.2925e-03 4.1086e-05 -6.9209e-09
932  9.6844e-07 1.5227e-03  3.5820e-05 -2.6293e-08
933 9.5166e-07 1.1359e-03  2.3793e-05 -1.6773e-08
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934  9.3853e-07 1.8205e-03  3.5497e-05 -1.3137e-08
935  9.1890e-07 1.2724e-03  2.8445e-05 -1.9623e-08
936 9.1317e-07  2.2313e-03  3.9764e-05 -5.7337e-09
937  8.8854e-07 1.4769e-03  3.4864e-05 -2.4630e-08
938  8.7298e-07 1.0965e-03 2.3077e-05 -1.5561e-08
939 8.6127e-07 1.7689e-03  3.4266e-05 -1.1705e-08
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
940  8.4299e-07 1.2312e-03 2.7639e-05 -1.8286e-08
941  8.3829e-07 2.1708e-03 3.8476e-05 -4.6949e-09
942  8.1523e-07 1.4322e-03  3.3920e-05 -2.3061e-08
943  8.0080e-07 1.0684e-03  2.2378e-05 -1.4436e-08
944  7.9038e-07 1.7181e-03  3.3075e-05 -1.0419e-08
945  7.7334e-07 1.1911e-03  2.6846e-05 -1.7038e-08
946  7.6955e-07 2.1108e-03 3.7221e-05 -3.7904e-09
947  T7.4797e-07 1.3882e-03  3.2981e-05 -2.1583e-08
948  7.3458e-07 1.0214e-03 2.1691e-05 -1.3389e-08
949  7.2531e-07 1.6680e-03 3.1919e-05 -9.2677e-09
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
950  7.0944e-07 1.1520e-03 2.6063e-05 -1.5868e-08
951  7.0644e-07  2.0515e-03  3.5999e-05 -3.0040e-09
952  6.8625e-07 1.3453e-03  3.2055e-05 -2.0189e-08
953 6.7383e-07 9.8563e-04 2.1021e-05 -1.2417e-08
954  6.6560e-07 1.6188e-03 3.0801e-05 -8.2350e-09
955  6.5082e-07 1.1139e-03  2.5294e-05 -1.4777e-08
956  6.4849e-07 1.9929e-03  3.4809e-05 -2.3241e-09
957  6.2962e-07 1.3032e-03 3.1139e-05 -1.8878e-08
958 6.1810e-07 9.5092e-04  2.0362e-05 -1.1513e-08
959  6.1079e-07 1.5703e-03 2.9716e-05 -7.3122e-09
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
960 .9704e-07 .0768e-03 .4536e-05 -1.3754e-08

5 1 2

5.9530e-07 1.9351e-03  3.3651e-05 -1.7374e-09
5.7766e-07 1.2621e-03  3.0236e-05 -1.7643e-08
5.6698e-07 9.1733e-04 1.9720e-05 -1.0674e-08
5.6050e-07 1.5228e-03 2.8667e-05 -6.4856e-09

965 5.4770e-07 1.0408e-03 2.3794e-05 -1.2801e-08
5.4646e-07 1.8781e-03  3.2524e-05 -1.2345e-09
5.2998e-07 1.2218e-03 2
5.2009e-07 8.8476e-04 1.9090e-05 -9.8924e-09
5 1 2

.1434e-07 .4761e-03 .7649e-05 -5.7481e-09

.9345e-05 -1.6482e-08



970  5.0243e-07 1.0057e-03 2.3063e-05 -1.1908e-08
971  5.0163e-07 1.8220e-03  3.1428e-05 -8.0463e-10
972  4.8624e-07 1.1825e-03 2.8469e-05 -1.5390e-08
973 4.7707e-07  8.5325e-04 1.8477e-05 -9.1682e-09
974  4.7198e-07 1.4303e-03 2.6664e-05 -5.0884e-09
975 4.6091e-07 9.7158e-04  2.2348e-05 -1.1076e-08
976  4.6047e-07 1.7668e-03  3.0362e-05 -4.4009e-10
977  4.4610e-07 1.1441e-03 2.7607e-05 -1.4365e-08
978 4.3761e-07  8.2271e-04 1.7877e-05 -8.4940e-09
979  4.3311e-07 1.3854e-03 2.5710e-05 -4.5009e-09
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
980 4.2281e-07 9.3842e-04 2.1647e-05 -1.0297e-08
981  4.1590e-07  7.1930e-04 1.4663e-05 -6.9130e-09
982  4.0928e-07 1.1067e-03  2.2478e-05 -6.6203e-09
983 4.0141e-07 7.9317e-04 1.7292e-05 -7.8691e-09
984  3.9743e-07 1.3415e-03 2.4786e-05 -3.9764e-09
985 3.8786e-07 9.0618e-04 2.0961e-05 -9.5712e-09
986  3.8147e-07 6.9223e-04 1.4159e-05 -6.3841e-09
987  3.7549e-07 1.0702e-03 2.1632e-05 -5.9875e-09
988  3.6820e-07 7.6457e-04 1.6721e-05 -7.2881e-09
989  3.6469e-07 1.2986e-03 2.3893e-05 -3.5090e-09
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
990 3.5580e-07 8.7492e-04  2.0290e-05 -8.8937e-09
991  3.4990e-07 6.6614e-04 1.3671e-05 -5.8954e-09
992  3.4449e-07 1.0346e-03 2.0817e-05 -5.4144e-09
993 3.3774e-07  7.3690e-04 1.6165e-05 -6.7493e-09
994  3.3464e-07 1.2665e-03  2.3028e-05 -3.0931e-09
995  3.2638e-07  8.4450e-04 1.9634e-05 -8.2620e-09
996  3.2094e-07 6.4095e-04 1.3195e-05 -5.4430e-09
997  3.1604e-07 9.9989e-04 2.0030e-05 -4.8962e-09
998  3.0979e-07 7.1013e-04 1.5623e-05 -6.2487e-09
999  3.0707e-07 1.2156e-03 2.2191e-05 -2.7230e-09
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
1000  2.9940e-07 8.1503e-04 1.8993e-05 -7.6726e-09
1001  2.9437e-07 6.1667e-04 1.2735e-05 -5.0252e-09
1002  2.8995e-07 9.6614e-04 1.9271e-05 -4.4270e-09
1003  2.8416e-07 6.8423e-04 1.5096e-05 -5.7845e-09
1004  2.8177e-07 1.1755e-03  2.1382e-05 -2.3943e-09
1005  2.7464e-07 7.8638e-04 1.8367e-05 -7.1235e-09
1006  2.7001e-07  5.9325e-04 1.2287e-05 -4.6385e-09
1007  2.6600e-07  9.3326e-04 1.8539e-05 -4.0029e-09
1008 2.6065e-07 6.5918e-04 1.4582e-05 -5.3534e-09
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1009  2.5855e-07 1.1365e-03  2.0599e-05 -2.1023e-09
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
1010  2.5194e-07 7.5863e-04 1.7758e-05 -6.6116e-09
1011  2.4765e-07 5.7067e-04 1.1854e-05 -4.2814e-09
1012  2.4404e-07 9.0131e-04 1.7833e-05 -3.6190e-09
1013 2.3908e-07  6.3496e-04  1.4083e-05 -4.9538e-09
1014  2.3724e-07 1.0984e-03  1.9842e-05 -1.8433e-09
1015 2.3110e-07 7.3168e-04 1.7162e-05 -6.1349e-09
1016  2.2715e-07 5.4888e-04 1.1433e-05 -3.9510e-09
1017  2.2388e-07 8.7022e-04 1.7153e-05 -3.2720e-09
1018  2.1930e-07 6.1154e-04 1.3597e-05 -4.5829e-09
1019  2.1768e-07 1.0613e-03 1.9111e-05 -1.6137e-09
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
1020 2.1199e-07 7.0560e-04 1.6583e-05 -5.6908e-09
1021  2.0835e-07 5.2790e-04 1.1025e-05 -3.6460e-09
1022 2.0539e-07  8.4003e-04  1.6497e-05 -2.9580e-09
1023  2.0115e-07 5.8891e-04 1.3125e-05 -4.2393e-09
1024  1.9974e-07 1.0252e-03  1.8403e-05 -1.4104e-09
1025  1.9446e-07 6.8028e-04 1.6019e-05 -5.2777e-09
1026 1.9110e-07 5.0765e-04 1.0629e-05 -3.3639e¢-09
1027 1.8842e-07 8.1068e-04 1.5864e-05 -2.6743e-09
1028  1.8450e-07 5.6704e-04 1.2667e-05 -3.9204e-09
1029  1.8327e-07 9.9010e-04 1.7720e-05 -1.2305e-09
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
1030  1.7838e-07 6.5580e-04 1.5470e-05 -4.8930e-09
1031  1.7528e-07 4.8816e-04 1.0247e-05 -3.1035e-09
1032 1.7286e-07 7.8221e-04 1.5255e-05 -2.4175e-09
1033 1.6923e-07  5.4592e-04  1.2222e-05 -3.6252e-09
1034 1.6816e-07 9.5593e-04 1.7060e-05 -1.0715e-09
1035 1.6363e-07 6.3205e-04  1.4936e-05 -4.5354e-09
1036 1.6076e-07 4.6935e-04 9.8758e-06 -2.8627e-09
1037  1.5858e-07 7.5457e-04 1.4667e-05 -2.1855e-09
1038  1.5523e-07 5.2551e-04 1.1790e-05 -3.3513e-09
1039  1.5430e-07 9.2274e-04  1.6422e-05 -9.3109e-10
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
1040  1.5009e-07  6.0909e-04  1.4418e-05 -4.2027e-09
1041  1.4745e-07 4.5125e-04 9.5171e-06 -2.6405e-09
1042  1.4548e-07 7.2777e-04 1.4101e-05 -1.9757e-09
1043  1.4238e-07 5.0580e-04 1.1371e-05 -3.0979e-09
1044  1.4157e-07 8.9047e-04 1.5806e-05 -8.0727e-10
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1045 1.3768e-07 5.8684e-04 1.3914e-05 -3.8936e-09
1046  1.3524e-07 4.3379e-04  9.1694e-06 -2.4351e-09
1047  1.3346e-07 7.0177e-04 1.3556e-05 -1.7860e-09
1048 1.3059e-07 4.8678e-04 1.0965e-05 -2.8629e-09
1049  1.2990e-07 8.5917¢-04 1.5212e-05 -6.9811e-10
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
1050  1.2629e-07 5.6535e-04  1.3425e-05 -3.6062e-09
1051  1.2404e-07 4.1699e-04  8.8336e-06 -2.2455e-09
1052  1.2243e-07 6.7659e-04 1.3031e-05 -1.6145e-09
1053  1.1978e-07 4.6842e-04 1.0572e-05 -2.6454e-09
1054 1.1918e-07 8.2877e-04  1.4638e-05 -6.0209e-10
1055 1.1584e-07  5.4453e-04 1.2950e-05 -3.3394e-09
1056  1.1377e-07 4.0079e-04 8.5083e-06 -2.0704e-09
1057 1.1231e-07 6.5217e-04  1.2525e-05 -1.4595e-09
1058  1.0987e-07 4.5069e-04 1.0190e-05 -2.4440e-09
1059  1.0935e-07  7.9930e-04  1.4084e-05 -5.1764e-10
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
1060 1.0626e-07 5.2443e-04  1.2489e-05 -3.0915e-09
1061  1.0435e-07 3.8521e-04 8.1942¢-06 -1.9089e-09
1062  1.0303e-07 6.2854e-04 1.2038e-05 -1.3193e-09
1063  1.0077e-07 4.3359¢-04 9.8210e-06 -2.2576e-09
1064 1.0033e-07 7.7071e-04 1.3550e-05 -4.4354e-10
1065 9.7468e-08  5.0497e¢-04 1.2042e-05 -2.8615e-09
1066  9.5709e-08 3.7019e-04  7.8902e-06 -1.7596e-09
1067 9.4516e-08 6.0566e-04 1.1568e-05 -1.1926e-09
1068  9.2431e-08 4.1710e-04  9.4634e-06 -2.0851e-09
1069  9.2052e-08  7.4302e-04  1.3034e-05 -3.7854e-10
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
1070  8.9404e-08 4.8619e-04 1.1610e-05 -2.6479e-09
1071  8.7782e-08  3.5574e-04 7.5967e-06 -1.6220e-09
1072 8.6704e-08 5.8352e-04 1.1117e-05 -1.0780e-09
1073  8.4779e-08 4.0119e-04 9.1175e-06 -1.9255e-09
1074  8.4457e-08 7.1617e-04 1.2537e-05 -3.2167e-10
1075 8.2007e-08 4.6803e-04 1.1190e-05 -2.4499e-09
1076  8.0513e-08  3.4182e-04  7.3129e-06 -1.4949e-09
1077  7.9538e-08 5.6209e-04  1.0682e-05 -9.7454e-10
1078  7.7760e-08 3.8585e-04 8.7827e-06 -1.7778e-09
1079  7.7488e-08 6.9019e-04  1.2058e-05 -2.7193e-10
ITER 0BJ  NORM_GRAD  NORM_CORR 0BJ_CHNG
1080 7.5222e-08 4.5050e-04  1.0784e-05 -2.2661e-09
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1081  7.3845e-08  3.2843e-04 7.0391e-06 -1.3777e-09
1082  7.2964e-08 5.4138e-04 1.0263e-05 -8.8092e-10
1083 7.1322e-08 3.7106e-04  8.4590e-06 -1.6413e-09
1084 7.1094e-08 6.6503e-04 1.1596e-05 -2.2856e-10
1085 6.8998e-08 4.3357e-04 1.0391e-05 -2.0957e-09
1086 6.7729e-08  3.1553e-04 6.7745e-06 -1.2695e-09
1087 6.6932e-08 5.2134e-04 9.8604e-06 -7.9634e-10
1088 6.5417e-08  3.5680e-04 8.1460e-06 -1.5149e-09
1089  6.5227e-08 6.4069e-04 1.1150e-05 -1.9076e-10
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
1090 6.3289e-08 4.1723e-04 1.0011e-05 -1.9378e-09
1091 6.2119e-08 3.0313e-04 6.5192e-06 -1.1697e-09
1092 6.1399e-08 5.0198e-04  9.4728e-06 -7.1983e-10
1093 6.0001e-08  3.4306e-04 7.8435e-06 -1.3982e-09
1094 5.9843e-08 6.1714e-04 1.0721e-05 -1.5793e-10
1095 5.8052e-08 4.0145e-04 9.6428e-06 -1.7915e-09
1096  5.6974e-08 2.9119e-04 6.2726e-06 -1.0777e-09
1097 5.6323e-08 4.8327e-04 9.0997e-06 -6.5072e-10
1098 5.5033e-08  3.2982e-04 7.5512e-06 -1.2902e-09
1099  5.4904e-08 5.9438e-04 1.0307e-05 -1.2943e-10
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
1100  5.3248e-08 3.8623e-04 9.2871e-06 -1.6558e-09
1101 5.2255e-08 2.7971e-04 6.0349e-06 -9.9281e-10
1102 5.1667e-08 4.6521e-04 8.7408e-06 -5.8820e-10
1103  5.0476e-08 3.1706e-04 7.2689e-06 -1.1905e-09
1104 5.0371e-08 5.7236e-04 9.9081e-06 -1.0478e-10
1105 4.8841e-08 3.7154e-04 8.9431e-06 -1.5303e-09
1106  4.7927e-08 2.6866e-04 5.8054e-06 -9.1451e-10
1107  4.7395e-08 4.4775e-04  8.3955e-06 -5.3171e-10
1108 4.6297e-08 3.0477e-04 6.9962e-06 -1.0983e-09
1109 4.6213e-08 5.5109e-04  9.5240e-06 -8.3503e-11
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
1110  4.4799e-08 3.5739e-04 8.6108e-06 -1.4139e-09
1111 4.3957e-08  2.5803e-04 5.5842e-06 -8.4236e-10
1112 4.3476e-08 4.3091e-04 8.0635e-06 -4.8062e-10
1113 4.2463e-08 2.9293e-04 6.7330e-06 -1.0132e-09
1114  4.2398e-08 5.3053e-04 9.1541e-06 -6.5204e-11
1115  4.1092e-08  3.4373e-04 8.2896e-06 -1.3063e-09
1116  4.0316e-08 2.4781e-04 5.3707e-06 -7.7580e-10
1117  3.9881e-08  4.1465e-04  7.7440e-06 -4.3446e-10
1118  3.8947e-08 2.8153e-04 6.4788e-06 -9.3449e-10
1119 3.8897e-08 5.1069e-04 8.7979e-06 -4.9497e-11
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1120 3.7691e-08 3.3057e-04 7.9795e-06 -1.2066e-09
1121 3.6976e-08 2.3798e-04 5.1651e-06 -7.1449e-10
1122  3.6584e-08  3.9896e-04 7.4369e-06 -3.9271e-10
1123  3.5722e-08 2.7056e-04 6.2337e-06 -8.6185e-10
1124  3.5686e-08 4.9151e-04 8.4549e-06 -3.6086e-11
1125  3.4571e-08 3.1787e-04 7.6799e-06 -1.1144e-09
1126  3.3913e-08  2.2853e-04 4.9667e-06 -6.5793e-10
1127  3.3558e-08 3.8381e-04 7.1415e-06 -3.5499e-10
1128  3.2764e-08  2.5999e-04 5.9971e-06 -7.9475e-10
1129  3.2739e-08 4.7301e-04 8.1248e-06 -2.4664e-11
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
1130 3.1710e-08  3.0564e-04 7.3908e-06 -1.0291e-09
1131 3.1104e-08 2.1944e-04 4.7757e-06 -6.0584e-10
1132  3.0783e-08 3.6921e-04 6.8575e-06 -3.2086e-10
1133 3.0050e-08  2.4982e-04 5.7690e-06 -7.3282e-10
1134  2.9559e-08 1.9149e-04  3.9035e-06 -4.9133e-10
1135  2.9085e-08  2.9386e-04 5.9841e-06 -4.7379e-10
1136  2.8527e-08 2.1070e-04 4.5915e-06 -5.5782e-10
1137  2.8237e-08  3.5514e-04 6.5845e-06 -2.9001e-10
1138  2.7562e-08  2.4004e-04 5.5490e-06 -6.7564e-10
1139  2.7110e-08 1.8374e-04  3.7506e-06 -4.5184e-10
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
1140 2.6678e-08  2.8250e-04 5.7418e-06 -4.3215e-10
1141 2.6164e-08 2.0231e-04 4.4141e-06 -5.1358e-10
1142  2.5902e-08  3.4156e-04 6.3221e-06 -2.6213e-10
1143  2.5279e-08  2.3062e-04 5.3368e-06 -6.2286e-10
1144  2.4864e-08 1.7629e-04  3.6034e-06 -4.1550e-10
1145  2.4469e-08 2.7157e-04  5.5092e-06 -3.9419e-10
1146  2.3997e-08 1.9423e-04  4.2432e-06 -4.7280e-10
1147  2.3760e-08  3.2847e-04 6.0698e-06 -2.3691e-10
1148 2.3186e-08  2.2155e-04 5.1324e-06 -5.7415e-10
1149  2.2804e-08 1.6915e-04  3.4618e-06 -3.8207e-10
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
1150  2.2444e-08 2.6103e-04 5.2858e-06 -3.5958e-10
11561  2.2009e-08 1.8647e-04 4.0787e-06 -4.3525e-10
1152 2.1795e-08  3.1586e-04 5.8273e-06 -2.1412e-10
1153  2.1265e-08  2.1283e-04 4.9353e-06 -5.2920e-10
1154  2.0914e-08 1.6228e-04  3.3255e-06 -3.5131e-10
11556  2.0586e-08  2.5089e-04 5.0713e-06 -3.2802e-10
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11566  2.0185e-08 1.7902e-04  3.9202e-06 -4.0064e-10
1157 1.9992e-08 3.0371e-04  5.5943e-06 -1.9351e-10
1158 1.9504e-08  2.0445e-04  4.7454e-06 -4.8773e-10
1159 1.9181e-08 1.5669e-04  3.1945e-06 -3.2302e-10
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
1160 1.8882e-08 2.4113e-04  4.8654e-06 -2.9924e-10
1161 1.8513e-08 1.7185e-04 3.7676e-06 -3.6877e-10
1162 1.8338e-08 2.9199e-04 5.3704e-06 -1.7488e-10
1163 1.7889e-08 1.9638e-04  4.5624e-06 -4.4947e-10
1164 1.7592e-08 1.4937e-04  3.0684e-06 -2.9699e-10
1165 1.7319e-08 2.3172e-04 4.6677e-06 -2.7299e-10
1166 1.6979e-08 1.6497e-04 3.6207e-06 -3.3942e-10
1167 1.6821e-08 2.8072e-04 5.1552e-06 -1.5804e-10
1168 1.6407e-08 1.8862e-04 4.3862e-06 -4.1418e-10
1169 1.6134e-08 1.4329e-04 2.9471e-06 -2.7305e-10
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
1170 1.5885e-08 2.2268e-04 4.4779e-06 -2.4905e-10
1171 1.5573e-08 1.5835e-04  3.4793e-06 -3.1238e-10
1172 1.5430e-08 2.6985e-04  4.9485e-06 -1.4281e-10
1173 1.5048e-08 1.8115e-04 4.2164e-06 -3.8163e-10
1174 1.4797e-08 1.3746e-04 2.8305e-06 -2.5103e-10
1175 1.4570e-08 2.1397e-04  4.2957e-06 -2.2723e-10
1176 1.4283e-08 1.5199e-04  3.3432e-06 -2.8748e-10
1177 1.4153e-08 2.5939e-04  4.7498e-06 -1.2904e-10
1178 1.3802e-08 1.7398e-04  4.0529e-06 -3.5161e-10
1179 1.3571e-08 1.3187e-04 2.7184e-06 -2.3078e-10
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
1180 1.3364e-08 2.0559e-04 4.1209e-06 -2.0731e-10
1181 1.3099e-08 1.4589e-04  3.2123e-06 -2.6456e-10
1182 1.2983e-08 2.4931e-04  4.5590e-06 -1.1660e-10
1183 1.2659e-08 1.6708e-04  3.8955e-06 -3.2393e-10
1184 1.2447e-08 1.2650e-04 2.6106e-06 -2.1216e-10
1185 1.2257e-08 1.9752e-04  3.9530e-06 -1.8915e-10
1186 1.2014e-08 1.4002e-04  3.0863e-06 -2.4344e-10
1187 1.1909e-08 2.3962e-04 4.3757e-06 -1.0534e-10
1188 1.1610e-08 1.6044e-04  3.7440e-06 -2.9840e-10
1189 1.1415e-08 1.2134e-04 2.5069e-06 -1.9503e-10
ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
1190 1.1243e-08 1.8976e-04 3.7919e-06 -1.7259e-10
1191 1.1019e-08 1.3439e-04  2.9651e-06 -2.2401e-10
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1192 1.0923e-08 2.3028e-04 4.1996e-06 -9.5171e-11
1193 1.0649e-08 1.5407e-04  3.5981e-06 -2.7487e-10
1194  1.0469e-08 1.1639e-04

The gradient descent method exiting with flag 1.
Relative and absolute tolerances on the norm of the gradient are satisfied.

ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
0 3.1977e+01 1.1905e+02 nan -inf
1 7.1013e+00 5.8155e+00 1.2669e+00 -2.4875e+01
2 5.5208e+00 2.0260e+01 2.0201e+00 -1.5805e+00
3 3.3562e+00 6.0917e+00  3.5013e-01 -2.1646e+00
4 2.3915e+00 6.9995e+00 6.9729e-01 -9.6471e-01
5 1.3634e+00 3.3861e+00  3.2993e-01 -1.0281e+00
6 7.6110e-01  2.8429e+00 3.7701e-01 -6.0229e-01
7 3.2031e-01  8.7069e-01  3.0922e-01 -4.4079e-01
8 1.5496e-01  3.2218e+00 4.4824e-01 -1.6535e-01
9  2.5512e-02 1.6334e-01 2.3490e-01 -1.2945e-01

ITER 0BJ NORM_GRAD NORM_CORR 0BJ_CHNG
10 4.2162e-03  8.3789e-01 2.8053e-01 -2.1295e-02
11 2.6127e-05 4.8698e-03 4.6843e-02 -4.1901e-03
12 6.8781e-09 1.1185e-03 1.1434e-02 -2.6120e-05
13 7.5395e-17  8.2183e-09

The globalized newton is exiting with flag 1.
Relative and absolute tolerances on the norm of the gradient are satisfied.

No condition numbers plotable.
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Iterates and iso-lines of function
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Norm value
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Used Newton direction in iteration?

* Mewton
10 r r # # r # # # r # # r #
05
06
=
A
3
=
=]
=
u
=
0.4
02
0.0
0 2 4 & ] 10 12

Iteration

Aufgabe: Beschreiben Sie ihre Beobachtungen zum Konvergenzverhalten der beiden Verfahren.
Warum eignet sich die Rosenbrock Funktion gut fiir diesen Vergleich? Bringt dem Gradientenver-
fahren die Wahl anderer Vorkonditionerer einen Vorteil?

TODO: Thre Antwort hier

Wir beobachten: Beide Verfahren liefern ziigig Iterierte, die in dem gekriimmten Tal liegen. Das
Gradientenverfahren beginnt nun sehr langsam und im Zick-Zack das gekriimmte Tal entlang zu
laufen. Die Schrittweiten sind verhaltnisméflig klein. Das Newton-Verfahren hingegen nutzt die
Newton Richtung tatséchlich auch in jedem Schritt und kann gegen Ende immer die volle Schrit-
tweite gehen (hier wird also die lokal quadratische Konvergenz erreicht). Da das Tal seine Richtung
dndert sind auch fest gewahlte Vorkonditionierer dem Gradientenverfahren nur eine kleine Hilfe.
Das Newton-Verfahren profitiert hier von seinen aufdatierten Informationen zur Kriimmung.
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2 Bonus

Wenn sie alle Funktionalitdten bis hier entwickeln konnten steht es Ihnen natiirlich frei, ihre Lo-
sung zu kopieren und in der Kopie beliebige Anderungen an den Parametern vorzunehmen. Eine
genauerer Vergleich des Einflusses der Schrittweitenbestimmungen auf das Gradientenverfahren
ist bspl. eine weitere interessante Untersuchung, die dem Verstdndnis der Parameter im Armijo
hilfreich ist.
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