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MATLAB: [RE5SNIEEREED

1 | function [M, K] = shear_frame_KM(theta, k_nom, mass)
> | % k_s = k_nom(s)*theta(s)

n = numel(theta);
4 | k_story = k_nom .* (1 + theta);
s | K = zeros(n);
6 |for s = 1:n
7 if s ==
8 K(1,1) = K(1,1) + k_story(1);
9 else
10 K(s-1,s-1) = K(s-1,s-1) + k_story(s);
1 K(s, s ) =K(s, s ) + k_story(s);
12 K(s-1,s ) = K(s-1,s ) - k_story(s);
13 K(s, s-1) = K(s, s-1) - k_story(s);
14 end
15 | end
16 |M = diag(mass(:));
17 | end
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MATLAB: 1ESKESKE

function [omega, Phi] = modal_solve(K, M, nmode)
[V, D] = eig(K, M);
[lam, idx] = sort(real(diag(D)), 'ascend');
V = real(V(:, idx));
omega = sqrt(lam(1:nmode)); Phi = V(:, 1:nmode);
for i = 1:nmode
[~, p] = max(abs(Phi(:,1)));
Phi(:,i) = Phi(:,i) / Phi(p,i); % max/comp| = 1
end
end

function r = resid_vec(theta, data) % f = 0.5%[[r[["2
[M,K] = shear_frame_KM(theta, data.k_nom, data.mass);
[omega,Phi] = modal_solve(K, M, data.nmode);
Phi = Phi(data.meas,:); r_omega = zeros(data.nmode,1);
for i = 1:data.nmode

s = data.ref(i);

phi_num = Phi(:,1)/Phi(s,1);

phi_exp = data.Phi_exp(:,1i)/data.Phi_exp(s,i);

r_omega(i) = (data.omega_exp(i)-omega(i))/data.omega_

r_shape = [r_shape; (phi_exp-phi_num)];
end
r = [r_omega; r_shapel];
end

r_shape = [];

exp(i);
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MATLAB: #hE TRESOlHfLeiRE

for

end

it = 1:maxit
[r, 3] = fun(theta);

f = 0.5*%(r"*r); g = J'*r; % grad = J3' r
if norm(g) < tol, break; end
d = -g; t =1; % steepest-descent dir

while true % backtracking line search
r_t = fun(theta + t*d);
if 0.5%(r_t'*r_t) <= f + alpha*t*(g'*d) || t < le-12
break;
end
t = beta*t;
end
theta = theta + t*d;
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MATLAB: PHFEHIWE (#%ily)

[r,3] = fun(theta); f = 0.5%(r'*r); g = J"*r;
H = zeros(nparam); % Hessian via FD of grad
for k = 1:nparam
tp=theta; tp(k)=tp(k)+hstep; tm=theta; tm(k)=tm(k)-hstep;
H(:,k) = ( gradient_of(fun,tp) - gradient_of(fun,tm) )/(2*hstep);

end

H = 0.5%(H + H'); % symmetrize

mu = max(@, 1le-8 - min(eig(H))); % shift to keep PD

d = -(H + mu*eye(nparam)) \ g; % solve Hd = -g

% --- backtracking line search on t, then theta = theta + t*d ---
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MATLAB: SHF-4iE (i)

for

end

it = 1:maxit

[r, 3] = fun(theta);

f = 0.5%(r"*r); g = J'*r;
if norm(g) < tol, break; end

d=-(3J\r); % Linear LSQ step (QR), robust
% equivalently: d = -(3'*J) \ (3'*r);
t=1; % backtracking line search

while 0.5*(fun(theta+t*d) ' *fun(theta+t*d)) ...
> f + alpha*t*(g'*d) && t > le-12
t = beta*t;

end
theta = theta + t*d;
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MATLAB: LM% (1)

[r,3] = fun(theta); f = 0.5%(r'*r);
for it = 1:maxit
g = J1"*r; if norm(g) < tol, break; end
A= ]'%]; accepted = false;
for inner = 1:30
d = -(A + lambda*eye(nparam)) \ g;

% damped normal eq.

r_try = fun(theta + d); f_try = 0.5*(r_try'*r_try);

if f_try < f % accept, less damping
theta = theta + d; [r,J] = fun(theta);
f = 0.5%(r'*r); lambda = max(lambda/gamma,le-12);
accepted = true; break;
else % reject, more damping
lambda = lambda*gamma;
end
end
if ~accepted, break; end

end
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MATLAB: Isqgnonlin B9{&F8

function [theta, resnorm, output] = solve_with_lsqnonlin(theta®@, data)
% data: measured modes etc.; theta@: initial guess

opts = optimoptions('lsgnonlin’,

'Algorithm', 'levenberg-marquardt', ... % choose LM
'SpecifyObjectiveGradient',true, % objfun returns J too
'FunctionTolerance',le-12, ... % stop: [[r]]|*2 change
'StepTolerance',le-12, % stop: step size

'MaxIterations',100, 'Display’','off');

% [],[] = no Lower/upper bounds (LM does not accept bounds)
[theta,resnorm,~,~,output] = ...
1sgnonlin(@objfun, thetae(:), []1, [], opts);

% nested function: sees “data’ from the parent workspace
function [r, J] = objfun(th)
[r, 3] = residual_jacobian(th, data); % r and Jacobian
end
end
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Isqnonlin: BRERESEBERE
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1. 1sgnonlin Z8EXRI 0, Y@M [r,J]=objfun(th);
2. objfun #3Z residual_jacobian, FAFIERIAEHEE r 5T
ALLJ;
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WiE WML, B e, EEE 1L,
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IBEIE (i)

ndof=4; mass=5*ones(ndof,1); k_nom=2000*ones(ndof,1);
theta_true=[-0.20;0.05;-0.35;0.10]; thetad=zeros(ndof,1);
nmode=3; meas=(1:ndof)";
[M_true,K_true]=shear_frame_KM(theta_true,k_nom,mass);
[omega_true,Phi_true]=modal_solve(K_true,M_true,ndof);
omega_exp = omega_true(l:nmode).*(1+0.002*randn(nmode,1));
Phi_exp = Phi_true(meas,l:nmode)+0.01*randn(ndof,nmode);
% ... normalize, build data struct ...

fun=@(th) residual_jacobian(th,data);
[theta_gn,hist_gn]=gauss_newton(fun,thetad,opt);
[theta_lm,hist_lm]=levenberg_marquardt(fun,thetad,optLM);
[theta_ls,resnorm]=solve_with_lsgnonlin(thetao,data);
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1= "X ya GN LM Isgnonlin [y SO EIERT  BIEES

1 —0.200 0.000 —0.199 —0.199 —0.199 1 1.013 1.106 1.016
2 0.050 0.000 0.049 0.049 0.049 2 2.845 3.183 2.842
3] —0.350 0.000 —0.345 —0.345 —0.345 3 4.908 4.877 4.902
4 0.100 0.000 0.089 0.089 0.089
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