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wj=linspace (0,2%pi,rate);
zj=linspace (0,2%pi,rate);
vO0=linspace (0.5,0.5 ,rate);
wO=linspace (1,1 ,rate);
z0=linspace (1,1, ,rate);

w=1;

parfor a =1
pause (rand) ;
parfor_progress;
v=v0(a)*exp(lixvj(a));
for b =1 : rate

w=w0(b)*exp (1lixwj(b));

z=7z0(b)*exp(lixzj(b));

Hk = [0 vtwxexp(—1lixk)4zxexp(—2ixk); conj(v)+conj(w)*exp(lixk)+conj(z)sx
exp(2ixk) 0];

[winding_number, d, d_.0] = calculateWindingNumber (H_k) ;

wn(a,b) = abs(winding_number) ;
if abs(wn(a,b)) <= 1le—3 || (abs(wn(a,b))—1) <= 1le—3 || (abs(wn(a,b))—2)
<= le—3
else
wn(a,b) = NaNj;
end
end
end
parfor_progress (0);
toc

color0=[1,1,1];

color2 = [207, 108, 82] / 255;
colorl = [241,141,0]/255;
colord3 = [109, 152, 165] / 255;

Map = [linspace(colorl (1), color0(1), 128)’, linspace(colorl(2), color0(2), 128)

’, linspace (colorl (3), color0(3), 128)’;

linspace (color0 (1), color2(1), 128)’, linspace(color0(2), color2(2), 128)’,
linspace (color0(3), color2(3), 128) 7;

linspace (color2 (1), color0(1), 128)’, linspace(color2(2), color0(2), 128)’,
linspace (color2(3), color0(3), 128) ’;

linspace (color0 (1), color3 (1), 128)’, linspace(color0(2), color3(2), 128)’,
linspace (color0(3), color3(3), 128) ’];

pcolor (wj/(pi),zj/(pi),abs(wn)’)
xlabel (’$\phi_{w}/\pi$’, interpreter’, ’latex’,’FontSize’ ,22)
ylabel (’$\phi_{z}/\pi$’, interpreter’,’latex’,’FontSize’ ,22)

¢ = colorbar (’Ticks’,[1 2], TickLabels’,{’17,72"});;

.Label . FontSize=16;
.Label.Interpreter="Latex’;

.Label.String = ’$\mathrm{Winding\ -Number}$’;
.Label . HorizontalAlignment = ”center”;
colormap (Map) ;
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delete (gep);

function [winding_number, d, d_0] = calculateWindingNumber (H_k)

syms k real;

sigma_0 = [1 0; 0 1];

sigma_x = [0 1; 1 0];

sigma_y = [0 —1i; 1i 0];

sigma_z = [1 0; 0 —1];

A = [reshape(sigma_-0.’, [], 1), reshape(sigma_x.’, [],
1), reshape(sigma_z.’, [], 1)];

b = reshape(HXk.’, [], 1);

coefficients = A \ b;

k)

d_0 = coefficients (
d_x = coefficients (
d-y (
d_z (

1)
2);
3);
4)

coefficients
= coefficients

)

= [dx; dy; dz];
= simplify (d);

joFal

d_dk = diff(d, k);

cross_product = simplify (cross(d, d.dk));
norm_d_squared = simplify (norm(d) "2);

integrand = cross_product (3) / norm._d_squared;

func = matlabFunction (integrand , 'Vars’, {k});
winding_number = integral (func, —pi, pi) / (2 * pi);

end

function percent = parfor_progress(N)

1), reshape(sigma_.y.’,

[




164

165

167

168

169

error (nargchk (0, 1, nargin,

if nargin < 1

"struct 7)) ;

N= —1,
end
percent = 0;
w = 50;
it N> 0
f = fopen(’parfor_progress.txt’, ’w’);
if £<0
error ( 'Do-you-have-write-permissions-for-%s?’, pwd);
end
fprintf (f, %d\n’, N);
fclose (f);

if nargout

— 0

disp ([7--0%[>", repmat(’-", 1, w), "]’]);

end

elseif N=0
delete (’parfor_progress.txt’);
percent = 100;

else

if nargout

disp ([repmat (char (8), 1, (w+9)), char(10),

= 0

1)

end

if “exist(’parfor_progress.txt’, ’'file’)
error ("parfor_progress.txt-not-found. - -Run-PARFORPROGRESS(N) - before -
PARFORPROGRESS-to-initialize -parfor_progress.txt.’);

end

f = fopen(’parfor_progress.txt’, ’a’);

fprintf(f,
fclose (f);

"I\n’);

"100%[’, repmat(’=’, 1, w+1),

10




170

171

172

173

f = fopen(’parfor_progress.txt’, ’r’);

progress = fscanf(f, '%d’);

fclose (f);

percent = (length (progress)—1)/progress(1)*100;

11

175 if nargout = 0

176 perc = sprintf(’%3.0f%%’ , percent);

177 disp ([repmat (char (8), 1, (w+9)), char(10), perc, ’'[’, repmat(’'=", 1,
round (percent*w/100)), ’>’, repmat(’-’, 1, w — round(percent*w/100)),
1)

178 end

179 end
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1 tic

2 cle

3 clear all

4

5 syms k;

6

7 rate=20;

8

9

10 HZO;

1 va = linspace (0,2,rate+1);

12 va(l) = [],

13 wb = linspace (0,2, rate+1);

W wh(1) = [];

15 wn = NaN(rate, rate);

16

17 parpool;

18 parfor a =1 : rate

19

20

21 v=va(a);

22 for b =1 : rate

23 w=wb(b) ;

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

Hk = [0 v + wxexp(—1ixk); v + wxexp(lixk) 0];
[winding_number, d, d_.0] = calculateWindingNumber (H_k) ;

if v—=w

wn(a,b) = NaN;
else

wn(a,b) = winding_number;
end

end
end
delete (gep);

toc

colorl = [207, 108, 82] / 255;
color2 = [1, 1, 1];
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12

color3 = [109, 152, 165] / 255;

Map = [linspace(colorl (1), color2(1), 128)’, linspace(colorl(2), color2(2), 128)
’, linspace (colorl (3), color2(3), 128)7;
linspace (color2 (1), color3 (1), 128)’, linspace(color2(2), color3(2), 128)°’,
linspace (color2(3), color3(3), 128) ’];

pcolor (va,wbh,wn’)

shading interp

set (gca, XTick’ ,[0,1,2], FontSize’ ,16)

set (gea, "YTick’,[0,1,2], FontSize’ ,16)

xlabel (’$v$’, interpreter ', ’latex ', FontSize’ ,22)
ylabel ("$w$’,’interpreter ', ’latex’, ’FontSize’ ,22)
axis ([0 2 0 2])

¢ = colorbar (’Ticks’ ,[0 1]);;
c.Label.FontSize=16;

c.Label.Interpreter="Latex’;

c.Label.String = ’$\mathrm{Winding\ - Number}$’;
c¢.Label.HorizontalAlignment = ”center”;

colormap (Map) ;

function [winding number, d, d_0] = calculateWindingNumber (H._k)
syms k real;

sigma_0 = [1

sigma_x = [0 1; 0];
[0
[1

sigma_y
sigma_z =

A = [reshape(sigma_0.’, [], 1), reshape(sigma_x.’, [], 1), reshape(sigma.y.’, [],

1), reshape(sigma-z.’, [], 1)];
b = reshape(Hk.’, [], 1);

coefficients = A \ b;
= coefficients (1);
coefficients (2)
coefficients (3);
= coefficients (4)

|
N < x O
I

= [dx; d.y; d_z];
= simplify (d);

[eFal

d.dk = diff(d, k);

cross_product = simplify (cross(d, d-dk));
norm_d_squared = simplify (norm(d) "2);
integrand = cross_product (3) / norm_d_squared;

func = matlabFunction (integrand , ’Vars’, {k});

winding_number = integral (func, —pi, pi) / (2 * pi);
end
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tic
cle
clear all

syms k;

rate=20;
parfor_progress(rate);

n=0;

va = linspace (0.0001,1,rate);
wb = linspace (0.0001,4,rate);
wn = NaN(rate, rate);

parfor a = 1 : rate

parfor_progress;

v=va(a);

for b =1 : rate
w=wb(b) ;
Hk = [0 v+1()xexp(—1ixk) 4+ 0.5xwkexp(1i*2xk); v+lxexp(lixk) + 0.5xwkexp

(—1i*2xk) 0];

[winding_number, d, d_0] = calculateWindingNumber (H.k) ;

wn(a,b) = abs(winding_number) ;
if abs(wn(a,b)) <= le—3 || (abs(wn(a,b))—1) <= le—3 || (abs(wn(a,b))—2)
<= le—3
else
wn(a,b) = NaN;
end
end
end
parfor_progress (0);
toc

color0=[1,1,1];

color2 = [207, 108, 82] / 255;
colorl = [241,141,0]/255;
colord3 = [109, 152, 165] / 255;

Map = [linspace(colorl (1), color0(1), 128)’, linspace(colorl(2), color0(2), 128)

’, linspace (colorl (3), color0(3), 128);

linspace (color0 (1), color2(1), 128)’, linspace(color0(2), color2(2), 128)°’,
linspace (color0(3), color2(3), 128) 7’;

linspace (color2 (1), color0(1), 128)’, linspace(color2(2), color0(2), 128)’,
linspace (color2(3), color0(3), 128) ’;

linspace (color0 (1), color3 (1), 128)’, linspace(color0(2), color3(2), 128)’,
linspace(color0(3), color3(3), 128) ’];

pcolor (va,wb, abs(wn) )
shading interp

xlabel (’$v$’, interpreter ', ’latex’, FontSize’ ,22)
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ylabel (’$w$’, "interpreter

= colorbar;
.Label.FontSize=16;
.Label.Interpreter="Latex’;
.Label.String
.Label . HorizontalAlignment
colormap (Map) ;

o 0O o0 o6 0

delete (gep);

function
syms k real;

sigma_0 = [1 0; 0 1];

sigma_.x = [0 1; 1 0];

sigma_y = [0 —1i; 1i 0];
sigma_.z = [1 0; 0 —1J;

A = [reshape(sigma-0.’, [], 1),

1), reshape(sigma.z.’, [],
reshape (Hk.’, [], 1);

coefficients = A \ b;

b

coefficients ;

coefficients
coefficients
coefficients

(1)
(2);
(3);
(4)

)

[dx; doy; doz];
simplify (d);

[eF el

d.dk = diff(d, k);

cross_product

[winding_number, d, d_0]

14

’,’latex ', ’FontSize’,22)

"$\mathrm{Winding\ -Number}$ ’;

?center”;

calculateWindingNumber (H_k)

reshape (sigma_x.’, [], 1), reshape(sigma.y.’, [],

IDNE

simplify (cross(d, d-dk));

norm_d_squared = simplify (norm(d) "2);

integrand

func = matlabFunction (integrand ,

winding_number
end

integral (func,

function percent =

cross_product (3) / norm_d_squared;

"Vars’, {k});

—pi, pi) / (2 % pi);

parfor_progress (N)
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%  PARFORPROGRESS updates the progress inside your parfor loop and
% displays an updated progress bar.

%  PARFORPROGRESS(0) deletes parfor_progress.txt and finalizes progress
%  bar.

% To suppress output from any of these functions, just ask for a return

% variable from the function calls, like PERCENT = PARFORPROGRESS which

% returns the percentage of completion.
%

%  Example:

%

% N = 100;

% parfor_progress (N);

% parfor i=1:N

% pause (rand); % Replace with real code
% parfor_progress;

% end

% parfor_progress (0);

%

%  See also PARFOR.
% By Jeremy Scheff jdscheff@gmail . com http://www. jeremyscheff.com/
error (nargchk (0, 1, nargin, ’struct’));
if nargin < 1
N = —1;

end

percent = 0;
w = 50; % Width of progress bar

it N> 0
f = fopen(’parfor_progress.txt’, 'w’);
if £<0
error (’Do-you-have-write-permissions-for-%s?’, pwd);
end
fprintf(f, %d\n’, N); % Save N at the top of progress.txt
fclose (f);
if nargout = 0
disp ([7--0%[>", repmat(’-7, 1, w), ’]’]);
end

elseif N=0
delete (’parfor_progress.txt’);
percent = 100;

if nargout = 0

disp ([repmat (char (8), 1, (w+9)), char(10), ’100%[’, repmat(’'=", 1, w+l),

1715
end
else

if “exist(’parfor_progress.txt’, ’'file’)

15




157

16

error ("parfor_progress.txt-not-found. -Run-PARFORPROGRESS(N) - before -
PARFOR.PROGRESS-to-initialize -parfor_progress.txt.’);

end
f = fopen(’parfor_progress.txt’, ’a’);
fprintf(f, ’1\n’);
fclose (f);
f = fopen(’parfor_progress.txt’, 'r’);
progress = fscanf(f, "%d’);
fclose (f);
percent = (length (progress)—1)/progress(1)=100;
if nargout = 0
perc = sprintf(’%3.0f%%’, percent);
disp ([repmat(char (8), 1, (w+9)), char(10), perc, ’[’, repmat(’'=", 1,
round (percent*w/100)), ’>’, repmat(’-’, 1, w — round(percent*w/100)),
R
end

end

LS N
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clear all

cle

fl=figure (1);

position0=get (fl, ’position’);

set (f1, position’,position0+[—0.8«position0(3) ,0,1.6% position0 (3),—0.3*xposition0
(1))

t=tiledlayout (” horizontal” ,” TileSpacing”,” tight”);

titlej={"%$(a)\-\omega=0%"; '$(b)\-\omega\textless\nu$’; '$(c)\-\omega=\nu$’; $(d)\-
\omega\textgreater\nu$’; $(e)\ - \nu=0$"};

rate_k=1000;

vji=[0,0.3,0.
wj=[4,2.3,1
ki=linspace(—pi,pi,rate_k);

for j =

rate_k

0 v+lxexp(—1lixk) 4+ 0.5xwkexp(li*2xk); v+lxexp(lixk) + 0.5xwxexp(—1
i*x2xk) 0];

= WindingNumberFigure (H.k) ;
1);

2

end

nexttile

plot (linspace (—3.6,3.6,100) ,linspace (0,0,100) , LineWidth’,1,’linestyle’, '—
"Color’, k")

hold on

plot (linspace (0,0,100) ,linspace(—4,4,100), LineWidth’,1,’ linestyle’,’—" "’
Color’, k")

hold on
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plot (d_x,d_y, 'LineWidth’ ,1.5,’ Color’,[207,108,82]/255) ;
hold on

set (geca, 'LineWidth’ 1) ;

axis ([—3.6,3.6,—4,4])

set (gca, ytick’,[—4 —2 0 2 4], FontSize’ ,12);

set (gea, "xtick ’,[—3 0 3], ’FontSize’ ,12);

end

xlabel (t,’8d_{y}$’, interpreter’,’latex’,’FontSize’ ,18);
yvlabel (t,’8d_{x}$’, interpreter’, ’latex’,’FontSize’ ,18);

function [d, d-0] = WindingNumberFigure (H_k)
syms k v w

sigma_0 = [1 0; 0 1];

sigma_.x = [0 1; 1 0];

sigma_y = [0 —1i; 1i 0];

sigma_.z = [1 0; 0 —1J;

A = [reshape(sigma_0.’, [], 1), reshape(sigma_x.’, [], 1), reshape(sigma.y.’, [],

1), reshape(sigma-z.’, [], 1)];
b = reshape(Hk.’, [], 1);

coefficients = A \ b;

= coefficients ;

(1)
coefficients (2);
coefficients (3);
= coefficients (4)

|
N < x O
Il

)

d = [dx; dy; d-z];

10

11

12

13

14

15

16

17

18

clear all
cle

f2=figure (1);

position0=get (f2, ’position’);

set (f2, position’,position0+[—0.85%xposition0(3),—0.3*xposition0 (4) ,1.7+xposition0
(3) ,0xposition0(4)]) ;

t=tiledlayout (3,3,” TileSpacing”,” tight”);

f2=figure (1);

position0=get ({2, ' position’);

set (f2, "position’,position0+[—0xposition0 (3),—0xposition0 (4),—0.2«position0(3)
,0.34x position0(4)]) ;

n=100;

rate_v=>500;

v=0.5;
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wj=linspace (0,4, rate_v);
for j =1 rate_v
w=wj(]);
vl=[v,1] "*xones(1,n);
vi=vl () 7;
vl(2x*n) =[];
w0=]0. 5*W,0] "xones (1,n);
wi=w0 (:) ’
w0(2#%n) = []
W0(24n—1) = [];
w0 (2+n-2) =[];
w0(2xn—3)=[];
w0(2xn—4)=[];
H=diag(vl,1)+diag(vl,—1)+diag(w0,5)+diag(w0,—5);
[V’D]:eig (H) )
E(j,:)=diag(D);

end

,” Color” , "black ’);

end

plot (linspace (1,1,100)
,[241,141,0]/255)

hold on;

plot (linspace (2.6,2.6,100)
Color’ ,[241,141,0]/255)

hold on;

set (gea, 'LineWidth’ 1) ;

xlabel ("$w$’, ’interpreter ’,’latex

ylabel (’$E$’ ,’interpreter ', ’latex

title (sprintf (7 (d) N=

,linspace(—4,4,100),

,linspace (—4,4,100) ,

>, ’FontSize’
’,’FontSize’

,16) ;
,16) ;

wO(

(2*n 2

w0 (2%n— 3
w0(2*n 4
H=diag (v 1
[V,D]=eig
psi=V;

ool

x=linspace (0.75,10.25,20) ;
nexttile (1);
,[2,n]) ",0.9,

bl=bar (reshape (psi(:,n) ’GroupWidth’

"LineWidth’

"LineWidth’

1,’linestyle’ )’

1,’linestyle

8):

) )

18
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100

101

set (gea, 'ytick’,[—0.8,0,0.8])
axis ([0.5,n40.5,—1,1])

title ({’(a)-edge-states’},’ VerticalAlignment ’, bottom’

FontSize’ ,12);
set (b1(1), FaceColor’,[207,108,82]/255);
set (b1(2), FaceColor’,[109,152,165]/255);
set (geca, 'LineWidth’ 1) ;

nexttile (4);
b2=bar (reshape (psi(:,n+1),[2,n]) ’,0.9, GroupWidth’ ,0.

set (gea, 'ytick’,[—0.8,0,0.8])
axis ([0.5,n40.5,—1,1])

title ({’(b)-edge-states’},’ VerticalAlignment ’, ’bottom’

FontSize’ ,12);
set (b2(1), FaceColor’,[207,108,82]/255);
set (b2(2), FaceColor’,[109,152,165]/255);
set (geca, 'LineWidth’ 1) ;
ylabel (’$\psi$’, ’interpreter

)

,latex’,’FontSize’ ,16,’

nexttile (7);

b3=bar (reshape (psi(:,n—2),[2,n]) ’,0.9,  GroupWidth’ ,0
if n>= 100
set (gca, 'ytick’,[—0.1,0,0.1])
axis ([0.5,0+0.5, 0.15,0.15])
else
set (geca, "ytick’,[—0.4,0,0.4])
axis ([0.5,n+0.5,—0.5,0.5])

,0.
1

end

title ({’(c)-bulk-states’},’ VerticalAlignment’, ’bottom’

FontSize’ ,12);
set (b3 (1), FaceColor’,[207,108,82]/255);
set (b3(2), FaceColor’,[109,152,165]/255);
set (gca, 'LineWidth’,1);

9

xlabel (’Cell-Index-N’’interpreter ’,’latex ’,’FontSize

v=0.5
w= 4

[ 1]’ *ones(l n)
v1 vl( )’

0(
w (2*n 2
0(2%n-3
w0(2xn—4
H=diag(vl,1)+diag(vl,—1)+diag(w0,5)+diag (w0,—5);
[V.D)=cig (H)
psi=V;

— — — —

H
= [} )
[
[

19

,interpreter ’,’latex’,’
8) ;

,interpreter ’,’latex’,’
VerticalAlignment ’, *middle ”)

8)

)

interpreter

',16) ;

, 'latex

) )
)
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x=linspace (0.75,10.25,20) ;
nexttile (3);

bl=bar (reshape(psi(:,n),[2,n]) ’,0.9, GroupWidth’ ,0.8) ;
set (gea, ytick’,[—0.8,0,0.8])
axis ([0.5,n40.5,—1,1])

title ({’(e)-edge-states’},’ VerticalAlignment’, bottom’, interpreter’,’latex
FontSize’ ,12);

set (b1(1), FaceColor’,[207,108,82]/255);

set (b1(2), FaceColor’,[109,152,165]/255);

set (geca, 'LineWidth’ 1) ;

nexttile (6) ;

b2=bar (reshape (psi (:,n+1),[2,n]) ’,0.9, 'GroupWidth’ ,0.8) ;

set (gea, 'ytick’,[—0.8,0,0.8])

axis ([0.5,n+0.5,—1,1])

title ({7 (f)-edge-states’},’ VerticalAlignment’, ’bottom’, interpreter’,’latex

FontSize’ ,12);
set (b2(1), FaceColor’,[207,108,82]/255);
set (b2(2), FaceColor’,[109,152,165]/255) ;
set (geca, 'LineWidth’ 1) ;

9y )
9

) )
9

20

ylabel ("$\psi$’, ’interpreter’,’latex’,’FontSize’ 16,  VerticalAlignment ’, middle )

k)

nexttile (9);

b3=bar (reshape (psi(:,n—2),[2,n]) ’,0.9, GroupWidth’ ,0.8) ;
if n>= 100
set (gca, ytick’,[—0.1,0,0.1])
axis ([0.5,n+0.5, 0.15,0.15])
else
set (geca, "ytick’,[—0.4,0,0.4])
axis ([0.5,n4+0.5,—0.5,0.5])
end
title ({’(g)-bulk-states’},’ VerticalAlignment’, ’bottom’, interpreter’,’latex
FontSize’ ,12);
set (b3 (1), FaceColor’,[207,108,82]/255);
set (b3(2), FaceColor’,[109,152,165]/255);
set (gea, 'LineWidth’ ;1) ;

xlabel (’Cell-Index-N’,’interpreter’,’latex’, FontSize’ ,16);

) )
)

CODE1

[ N

clear all

cle

fl=figure (1);

position0=get (fl, ’position’);

set (f1, ’position’,position0+[—0.75%position0(3) ,0,1.5%x position0(3),—0.27x
position0(4)]) ;

t=tiledlayout (” horizontal” ,” TileSpacing”,” tight”);
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titlej={"%(a)\-\omega=0%"; '$(b)\-\omega\textless\nu$’; '$(c)\-\omega=\nu$’; $(d)\-
\omega\textgreater\nu$’; '$(e)\ - \nu=0$"};

rate_k=1000;
vj=[1,1,1,0.6,0]
1

wj=[0,0.6,1,1,1];
ki=linspace(—pi,pi,rate_k);

for j =1 :5
v=vj(J);
w=wj(]);
for i =1 : rate_k
k=ki(i);
E_1(1i)=sqrt (v+w+2svswxcos (k));
E_2(i)=-sqrt (v+wt+2svswkcos (k));
end
nexttile
plot (ki/pi,linspace (0,0, rate_k), ’LineWidth’,1, linestyle’,’— > Color’
,[241,141,0]/255)
hold on
plot (ki/pi,E_1, ’LineWidth’ 1.5, Color’,[207,108,82]/255);
hold on
plot (ki/pi,E_2, ’LineWidth’,1.5,’Color’,[109,152,165]/255) ;
hold on

set (gca, 'LineWidth’ 1) ;

axis ([—1,1,—2,2])

title (titlej{j}, interpreter’,’latex’,’FontSize’ ,12);
end
title (t, Energy-Band-of -SSH-Model’, FontSize’ ,16);
xlabel (t,’8k/\pi$’, interpreter’,’latex’,’FontSize’ ,16);
ylabel (t, ’$E(k)$’, interpreter ’,’latex’,’FontSize’ ,16);

oA W N e

10

11

12

13

14

15

16
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18

19

20

clear all

cle

fl=figure (1);

position0=get (fl, ’position’);

set (f1, ’position’,position0+[—0.75%position0(3) ,0,1.5xposition0(3),—0.27x
position0(4)]) ;

t=tiledlayout (” horizontal” ,” TileSpacing”,” tight”);

titlej={"%$(a)\-\omega=0%"; '$(b)\-\omega\textless\nu$’; '$(c)\-\omega=\nu$’; $(d)\-
\omega\textgreater\nu$’; '$(e)\-\nu=0%"};

rate_k=1000;
vj=[1,1,1,0.6,0];
wj=[0,0.6,1,1,1];
ki=linspace(—pi,pi,rate_k);
for j =1 :5
v=vj(j);
w=wj(j);
for i =1 : rate_k
k=ki(i);
d_x(i)=vtwskcos (k) ;
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d_y(i)=wxsin (k);
end
nexttile
plot (linspace (—2,2,100) ,linspace (0,0,100),’LineWidth’,1,’ linestyle’,’—" "’
Color’,’k")
hold on
plot (linspace (0,0,100) ,linspace (—2,2,100) , LineWidth’,1, ’linestyle’,'—7 ’
Color’,’k’)
hold on
it =1
plot(d-x,d.y, ’ro’, MarkerFaceColor’ ,[207,108,82]/255,  MarkerSize’ ,9);
else
plot (d-x,d.y, 'LineWidth’ ,1.5, Color’,[207,108,82]/255) ;
end
hold on
set (gca, 'LineWidth’ ,1) ;
axis ([—2,2,—2,2])
title(titlej{j}, interpreter

", ’latex ’, ’FontSize’ ,12);
end

title (t, Winding -Number- of -SSH-Model’ ,’FontSize’ ,16) ;
xlabel (t,’8d_{y}$’, interpreter’,’latex’,’FontSize’ ,16);
ylabel (t,’8d_{x}$’, interpreter’ ,’latex’,’FontSize’ ,16);
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clear all
cle

rate_v=30000;
n=100;

w=1;
vj=linspace (0,3, rate_v);
for j =1 rate_v
V—VJ(
=[v,

VW—VW(
vw (2%n)
H= dlag( w71)—|—d1ag( —1);

]’*ones(l,n);

)

);

S~—
\ \

end

for j =1 : size(E,2)
plot (vj,E(:,j),” Color”, black’);
hold on;

end

plot (linspace (1,1,100),linspace(—4,4,100), LineWidth’,1,’ ’linestyle’,’—,’Color’

,[241,141,0]/255)
set (gea, 'LineWidth’ 1) ;
xlabel (’$\nu/\omega$’, interpreter’,’latex’,’FontSize’ ,16);
ylabel ("$E$’, "interpreter’, ’latex’, FontSize’ ,16);
title (sprintf (?N=

f2=figure (2);
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position0=get ({2, 'position ’);

set (f2, ’position’,position0+[—0.4xposition0(3),—0.3xposition0(4) ,0.2xposition0 (3)
,0.3% position0 (4)]);

t=tiledlayout (” vertical” ,” TileSpacing”,” tight”);

v=0.4;
w=1;
vw=[v,w] "*xones (1,n);
vw=vw (:) ’;

vw(2xn) =|];

H=diag (vw,1)+diag (vw,—1);
[V.D]=eig (H);

psi=V;

x=linspace (0.75,10.25,20) ;
nexttile

bl=bar (reshape(psi(:,n),[2,n]) ’,0.9, GroupWidth’ ,0.8) ;

set (gea, 'ytick’,[—0.8,0,0.8])

axis ([0.5,n40.5,—1,1])

title ({*(a)-edge-states’},  VerticalAlignment’, bottom’, ’interpreter
FontSize’ ,12);

set (b1(1), FaceColor’ ,[207,108,82]/255);

set (b1(2), FaceColor’,[109,152,165]/255);

7 ) 7

, ' latex 7,

nexttile

b2=bar (reshape (psi(:,n+1),[2,n]) ’,0.9, ’GroupWidth’ ,0.8) ;

set (gea, 'ytick’,[—0.8,0,0.8])

axis ([0.5,n+0.5,—1,1])

title ({"(b)-edge-states’},  VerticalAlignment ', bottom’, ’interpreter
FontSize’ ,12);

set (b2(1), FaceColor’,[207,108,82]/255);

set (b2(2), FaceColor’,[109,152,165]/255);

9 ) 9

, ' latex 7,

nexttile

b3=bar (reshape (psi(:,n—2),[2,n]) ’,0.9, GroupWidth’ ,0.8) ;

if n>= 100
set (geca, "ytick’,[—0.1,0,0.1])
axis ([0.5,n+0.5,-0.12,0.12])

else
set (geca, "ytick’,[—0.4,0,0.4])

axis ([0.5,n4+0.5,—0.5,0.5])

end

title ({’(c)-bulk-states’},’VerticalAlignment’, ’bottom’, interpreter’,’latex’,’
FontSize’ ,12);

set (b3 (1), FaceColor’,[207,108,82]/255);

set (b3(2), FaceColor’,[109,152,165]/255);

i

0
,0

ylabel (t,’$\psi$’, interpreter’,’latex’,’FontSize’ ,16);
xlabel (t,’Cell-Index-N’,’interpreter’,’latex’,’FontSize’ ,16);
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