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Inverted Pendulum System
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Free Body Diagram : Rod & Cart

About bar having mass 'm’

ZFX:RX:mX'm .................. )
(a) 3 o

ZFy = Ry —Mg =My e (2)

L L . .
DM =R JC0SO+R, Zsin@ =10 - (3)
R, R
®
& M About cart having mass 'M '
7 ZFX:F_RX:MX ......... (4)

Fig 2.
(a) free-body diagram of rod
(b) free-body diagram of cart



Variable Relation

X, = x—ksiné?
2

L
=—C0S @
Y 5

X o
X, =X——6cos6
2
y = —Lésin 0
% X L
X
e v 20 - .
Fig 3. Relation between two center of gravities Xm = X+E‘9 sin Q_EQCOSH

V. =—£6’2 cos¢9—£[9'sin¢9
2 2



Equations & Desired State

From above relations, equations (1) ~ (4) can be rewritten as follow

1) szm(X+%925in9—%écos«9j

L ., L .. Initial condition
2 R, =mg+m| ——@°cosfd——a0sind
@ R=mg ( 2 2 j 6(0)=6,
X(0)=0
a ., L L) .. L ( )
(3) IH:mecose—m ) 9+ngsm6’ ------ (5)

4  (M+m)x +m%(«9'zsin6’—67c056?):|: ------ (6)



Equations & Desired State

From equation (5)

2
X'_LI{I +m(£j }é—mgLsinH}
mzcose 2 2

put this into (6) and arrange

b 1

2 ?sin(0)cos(6)6% + (M +m)m Lsin +m cos
_(M+m)(|+m(L/2)2)—m2(L/2)Zcosz(e){_m (L/2) sin(6)cos(6)6" + (M )92 (0)+m(L/2) (H)F}

and from this, X also can be

. 1
Y +m)(1+m(L/2)")—m? (L/2) cos’ (0)

[mz (L/2)"sin(6)cos(0)g —m(1+m(L/2)*)(L/2)sin(0)d" +(1 + m(L/2)2)F]



1. Nonlinear System Control

Nonlinear System + Angle(¢) and Angle Rate(¢) Controller

x:[e 0 x XT

10
ydes_ 0
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II.
IIL.

\ 4

\ 4

2nd Oscillation Controller

P Controller
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Nonlinear
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u System | X

o) (9 Not Fullstate Feedback

Fig 4. Block diagram for nonlinear system control



O Control : by Force control

Desired state is that € goes to zero at t - lim Q(t) ~0
(We do not care about x(t)) t>o0

. 1
g =
(M +m)(1+m(L/2)")-m*(L/2)" cos® (6)

{—mz (L/2)"sin(6)cos(0)6* + (M +m)mg %sin (6)+m(L/2)cos(8) F}

From above equation, we want to make 8 — 0 by controlling appropriate F(t)

F is a control input u(t), F(t)=u(t)

Three ways of control using force are introduced
[  Make above equation about flike 8 = 2w 0 — »’6
I  u(t)=F=-Ko(t)

Il u(t)=F=-Kg(t)-Co



O Control : by Force control

) 1
0=
(M +m)(1+m(L/2)*)-m* (L/2)* cos* (6)

{—mz (L/2)2 sin (0)cos(¢9)é2 +(M +m)mg %sin (6)+m(L/2)cos(6) F}

M 2 (M+m) L
Let A= (M +m) {I +m(£j }—mkcose and B =- Esme
m < coso 2 2 mEcose
2

Then above equation can be expressed as follows
6”'=—£m£923in6’+5-mg+1 F
A 2 A A
If & satisfies the following equation,
0=-2lw0-w'6
: , L . -
L u(t)=F =-2A-lw,-0-A-0}-0-B-mg +m§sm9-9

With appropriate values of £ and ., € can be zero at t — oo



O Control : by Force control

Fromthe equation @ :—imké2 sin9+E-mg+£ F
A 2 A A

We want to control by

II u(t)=F=-K4(t) (K>0)
éz—imkézsinHJrE-mg—E@
A 2 A A

In this case, & goes to zero when t — o ?

11l u(t)=F=-K@(t)-C6 (K>0,C>0)
é=—lmkézsin0+E-mg—£(K9+C6’)
A2 A A

In this case, & goes to zero when t — o0?



Simulation : Force Control

Simulation ‘9(0):0'1rad X(O):O m ¢ =0.5 K =30
Condition | g(0)=0rad/s  x(0)=0m/s* = @,=07rad/s C=15

I Simulation Results Plots — : {,o,control ---:P control === : PD control
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Fig 5. Simulation results of nonlinear system for three kinds of control



Simulation : Animation

Simulation 9(0):0'1rad X(O):O m ¢ =05 K =30
Condition | g(0)=0rad/s  X(0)=0m/s* | @,=0.7rad/s C=15

II || Force Plot and Simulation Results Animation
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Fig 6. Simulation results Animation



After run simulation model

Open 'RUN _ filem"' and execute
— Four graphs (@ vst, 8 vst, X vst, X vs t)
&
Animation
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Fig 7. Screenshot after run simulation




Nonlinear System

A Equation of motions

Ié—mxkcose—m(hjzé +mg£sin9
C 2 2 2

L/2

(M +m)x +m%(ézsin0—écose): =

Lcos@
2

Control input : u(t)=F

@) Q

=

72" Initial Condition : 6(0)=6,, 6(0)=0, x(0)=0, x(0)=0

From combining above two equations

X2 0

ézEmg—lmkézsinéuiF X B 1 L, . 1
x=|2|= A ME@)

1 L B 1 5 & °

X:C{—Zmasin092+xmg +ZF}—gtan0 L% _C[—%m%sin@éz+%mg}—gtan9_ _%_

2 M+m) L . | +m(L/2)
Where A= (Ni+m) {I +m(£j }—mkcosa , B= ( L+ )Lsme C=—+m( )
m-cos0 2 2 m ~cos 2 m(L/2)cos®



Angle and Angle Rate Controller

Control Strategy

—How to control u(t) = F(t)?
—Desired state whent > o is @ >0

1) Applying a assumption that @ satisfies 2nd oscillation, bellow equation comes

é:Emg Ll esing+ e = 20w 60— a0
A A 2 A

In this case, control input becomes

u(t)=F(t)= A(-2{w,0 - }0)-Bmg + m%sin&-éz

i) P control
u(t)=F(t)=-K®é

i) PD control

u(t)=F(t)=-Ko-Co



2. Linear System Control

Full State Feedback Controller

Linear System +
I. 0 Reference Tracking Controller
ydes = |:O:|
[ X I. Full State Feedback Controller
u = -Kx .
. R Linear
II. Reference Tracking Controller u System X
u = -Kx+r

x=[€ 0 X X]T

Fig 8. Block diagram for linear system control



Linear Model

By small angle assumption, sin(8)=~ 6, cos(8)~1 6* ~0

. X2 _OT
:.((1 %mg—%m%ézsine 1
then, x= ).(2 = X, + Q F(t) becomes as follows
X, _C{—%m%sin@éz+%mg}—gtan«9_ _%J
- 0 10 0] T 0 "
eh mg (L/2) 00 o m(L/2)/(M +m)
. | +m(L/2)" —m?(L/2)" /(M +m) L+m(L/2) —m(L/2) /(M +m)
x=| = 0 0 0 1|x+ 0
.3 2 2
[ %, ('2+m(L/2) )2 g 00 0 (1+m(L/2)°)/(M +m)
l+m(L/2)" —m*(L/2)" /(M +m) | 1+m(L/2)" = m?(L/2)° /(M +m) |
here x = T=[odxx]
where X=[X X, X; X,] =|8 6 X x]
? M +m 2
Where A:M | +m Lj _mL | B:( )Lé’ o | +m(L/2)
L 2 2 L2 m(L/2)
mE m2



Linear Model : Feedback Control

When a system is defined as x = Ax+ Bu, we want to control x to make x(«) =0

Let u=-KXx

(x ‘nx1 matrix, A:nxn matrix, B:nx1matrix, K:1xn matrix)

Appropriate gain K makes the system stable
where X =[x X, X, X,]' = [9 0 X X]T, K=[k k, ky k,]
If eigenvalues(poles) of matrix A—BK have negative —real part,

then x goes to zero at t —>

The control methods, which were introduced at the '‘Nonlinear system' part,
I were failed to control state x' to be zero at t — o
On the otherhand, linear feedback control make the system to be stable about all state

Command 'acker' can be used to get desired gain K



Simulation :

Linear Feedback Control

Simulation 6(0)=0.1rad x(0)=0m
Condition 9(0)=Orad /s X(O):Om/52
Simulation Results Plots
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Fig 9. Simulation results of linear system for tracking control



Simulation : Linear Feedback Control - Animation

Simulation ‘9(0) =0.1rad X(O) —om

. K =]70.5, 22.7, —0.3, —0.6483
Condition Q(O)ZOrad /S X(O):Om/SZ [ ]

Force Plot and Simulation Results Animation
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Fig 10. Feedback Control Input and Simulation results Animation



Linear Model : Tracking Problem

We discussed linear feedback control.
This make it possible that all the states go to zero at t — .
But what if we want to make the states converge to specific values?

Q) How to make the states converge to nonzero values

Reference Input Tracking

Introduce reference input U=—-KX+r
Let x, and ug as state x and input u repectively at steady state

Then, u=u, — K(X—Xx,)

X= AX+Bu : T
i i [ where x=[x, x, x, X,]' =0 8 x x| ,
if the systemis like  _ oo\ by, [% % % %]" =] ]

At the steady state, this system b 0= X +BU (*) (.~ At steady state, x=0)
e steady state, this system becomes = " e - , X =
y y ySS = CXSS + DUSS



Linear Model : Tracking Problem

We want to make y_ =r, for any value of r,

- XSS = NXrS
To do this, asssume that

S

and put these equations to (*)

ss ~ "Yu'ss

Then 0=AN,r,+BN,r,

r, =CN,r +DN,r,

u-ss

. _ _ A BN [0
It can be also written as a matrix form like c D[N, =7

A B
Assume that the inverse of {C D} IS exists, then thisequation can be solved for N, and N,
N, ] [A B]'[O
N,| |[C D] |1
From above relation

U= N, =K (X=N,r) == KX+ (N, + K N, )r

= — KX+ Nr

where N =N, +KN,



Simulation : Reference Tracking Control

Simulation
Condition

Simulation Results Plots

6(0)=0.1rad

6(0)=0rad /s

x(0)=0m
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x(0)=0m/s® = X

Fig 11. Simulation results of linear system for tracking control
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Simulation : Reference Tracking Control - Animation

Simulation 6(0)=0.1rad x(0)=0m K =[70.5, 22.7, 0.3, —0.6483]
Condition 9(0)=0rad /s )'((o)zom/s2 X, =l =9

Force Plot and Simulation Results Animation

15
— 1
Q 05}
o
o
I e . 0
'0-5" L I 0.0 1 1
-10 4 05 0 05 1
0 20 40 60 80 100
time [sec]

Fig 12. Reference Tracking Input and Simulation results Animation



3. Nonlinear System with Linear Controller

Full State Feedback Controller

Nonlinear System +
I. 0 Reference Tracking Controller
ydes = |:O:|
IIy { 0 }
" X I. Full State Feedback Controller
u = -Kx .
R J  Nonlinear
II. Reference Tracking Controller u System X
u = -Kx+r

x=[9 0 X X]T

Fig 8. Block diagram for nonlinear system with linear controller



Nonlinear System

A Equation of motions

Ié—mxkcose—m(hjzé +mg£sin9
C 2 2 2

L/2

(M +m)x +m%(ézsin0—écose): =

Lcos@
2

Control input : u(t)=F

@) Q

=

72" Initial Condition : 6(0)=6,, 6(0)=0, x(0)=0, x(0)=0

From combining above two equations

X2 0

ézEmg—lmkézsinéuiF X B 1 L, . 1
x=|2|= A ME@)

1 L B 1 5 & °

X:C{—Zmasin092+xmg +ZF}—gtan0 L% _C[—%m%sin@éz+%mg}—gtan9_ _%_

2 M+m) L . | +m(L/2)
Where A= (Ni+m) {I +m(£j }—mkcosa , B= ( L+ )Lsme C=—+m( )
m-cos0 2 2 m ~cos 2 m(L/2)cos®



Linear Feedback Control

When a system is defined as x = Ax+ Bu, we want to control x to make x(«) =0

Let u=-KXx

(x ‘nx1 matrix, A:nxn matrix, B:nx1matrix, K:1xn matrix)

Appropriate gain K makes the system stable
where X =[x X, X, X,]' = [9 0 X X]T, K=[k k, ky k,]
If eigenvalues(poles) of matrix A—BK have negative —real part,

then x goes to zero at t —>

The control methods, which were introduced at the '‘Nonlinear system' part,
I were failed to control state x' to be zero at t — o
On the otherhand, linear feedback control make the system to be stable about all state

Command 'acker' can be used to get desired gain K



Nonlinear System vs Linear System with Linear Feedback Control

Simulation ‘9(0) =0.1rad X(O) —om

. K =]70.5, 22.7, —0.3, —0.6483
Condition e(o)zorad /S X(O):Om/52 [ ]

Simulation Results Plots
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Fig 9. Simulation results for linear Feedback control



Nonlinear System vs Linear System with Linear Feedback Control

Simulation
Condition

6(0)=0.1rad x(0)=0m

0(0)=0rad/s x(0)=0m/s*®

Force Plot and Simulation Results Animation
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Feedback Control Input (Nonlinear system)
and Simulation results Animation



Nonlinear System vs Linear System with Linear Feedback Control

Simulation
Condition

0(0)=1.57 rad
6(0)=0rad /s

Simulation Results Plots

0 [rad]

x [m]

x(0)=0m
x(0)=0m/s*®
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Linear System
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de/dt [rad/s]

dx/dt [m/s]

K = [70.5, 22.7,-0.3, —0.6483]

Fig 11. Simulation results for linear feedback control
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Nonlinear System vs Linear System with Linear Feedback Control

Simulation 0(0)=1.57 rad x(0)=0m

. K =]70.5, 22.7, —0.3, —0.6483
Condition Q(O)ZOrad /S X(O):Om/SZ [ ]

Force Plot and Simulation Results Animation
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Nonlinear System with Linear Feedback Control

Simulation 9(0) =2.44rad x(0)=0m

. K =]70.5, 22.7, —0.3, —0.6483
Condition g(o)zorad /S X(O):Om/52 [ ]

Simulation Results Plots

15 \ ) 40 II I|I|I|l lll‘llll P ; Y
4,
10 }:Hh 20 Wi aI!::I it il |H||! I
) TH T i I 1l JJ
5 5 T -~ TN 111, iddd 08 bt e T 1L
T T , b
£ il S MRG0 o B A fhat it sor g
o 0 i R AT L TR (e
5 N =) !|||1| HI o A ,|'"
-5 fHgdgd- i : Linear System T 40 Bl i '
10 = = == Nonlinear System 50
o 20 40 60 80 100 0 20 40 60 80 100
time [sec] time [sec]
2000 300
KR Y -
1500 i N _
Y] ~ v ]
— 1000 ) c f y
é ’l :. sl ~
X 500 J kS %
Ob 'r'\;‘,r\-or'\-' *\‘ 2 : ;
N/ -
-500
0 20 40 60 80 100 100
time [sec] time [sec]

Fig 13. Simulation results for linear feedback control



Nonlinear System with Linear Feedback Control - Animation

Simulation 9(0) =2.44rad x(0)=0m

. K =]70.5, 22.7, —0.3, —0.6483
Condition Q(O)ZOI’ad /S X(O):Om/52 [ ]

Force Plot and Simulation Results Animation
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Fig 14. Feedback Control Input (Nonlinear system) and Simulation results Animation



Tracking Problem

We discussed linear feedback control.
This make it possible that all the states go to zero at t — .
But what if we want to make the states converge to specific values?

Q) How to make the states converge to nonzero values

Reference Input Tracking

Introduce reference input U=—-KX+r
Let x, and ug as state x and input u repectively at steady state

Then, u=u, — K(X—Xx,)

X= AX+Bu : T
i i [ where x=[x, x, x, X,]' =0 8 x x| ,
if the systemis like  _ oo\ by, [% % % %]" =] ]

At the steady state, this system b 0= X +BU (*) (.~ At steady state, x=0)
e steady state, this system becomes = " e - , X =
y y ySS = CXSS + DUSS



Tracking Problem

We want to make y_ =r, for any value of r,

- XSS = NXrS
To do this, asssume that

S

and put these equations to (*)

ss ~ "Yu'ss

Then 0=AN,r,+BN,r,

r, =CN,r +DN,r,

u-ss

. _ _ A BN [0
It can be also written as a matrix form like c D[N, =7

A B
Assume that the inverse of {C D} IS exists, then thisequation can be solved for N, and N,
N, ] [A B]'[O
N,| |[C D] |1
From above relation

U= N, =K (X=N,r) == KX+ (N, + K N, )r

= — KX+ Nr

where N =N, +KN,



Nonlinear System vs Linear System with Reference Tracking Control

Simulation

Condition 0(0) =0rad/s X(O) =0m/s? Xss =l = S

Simulation Results Plots

0(0)=0.1rad  x(0)=0m K =[70.5, 22.7, —0.3, —0.6483]
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Fig 15. Simulation results for tracking control



Nonlinear System vs Linear System with Reference Tracking Control

cimulation | €(0)=0.1rad x(0)=0m
Condition 9(0)=0rad /s )'((O):Om/S2

Force Plot and Simulation Results Animation
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and Simulation results Animation



Nonlinear System vs Linear System with Reference Tracking Control

Simulation

Condition 0(0) =0rad/s X(O) = Om/52 Xs = Is = 5

Simulation Results Plots
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Fig 17. Simulation results for tracking control



Nonlinear System vs Linear System with Reference Tracking Control

Force [N]

Simulation
Condition

0(0)=1.57 rad
6(0)=0rad /s
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Nonlinear System vs Linear System with Reference Tracking Control

Simulation 6’(0) =3.05rad X(O) =0m K= [70.5, 22.7, —0.3, —0.6483]
Condition 9(0) =0rad/s X(O) =0m/ 52 X =l = 5
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Fig 19. Simulation results for tracking control



Nonlinear System vs Linear System with Reference Tracking Control

Simulation 6’(0) =3.05rad X(O) =0m K= [70.5, 22.7, —0.3, —0.6483]
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Force Plot and Simulation Results Animation
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Fig 20. Reference Tracking Input (Nonlinear system)
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How to use

Open ‘RUN_file.m’

1. Simulation(A|ZF X7|=H £) &4 MAH
2. Parameter(Z 2, 20| 5) Zt

3. Gain Z} AH

4l

5. ‘Simulaton file.m’'0| AlSH =IC},

P

‘Simulation_file.m’

5. Nonlinear Equation=2 & A|7tO & A|4H(By function ‘ODE4)
6. State2| AA| 7t ZHE0| HO{ Al (x theta...)
7. Stateo| A|ZH0j| Clst Oz &



How to use — RUN file.m

g Open ‘RUN._file.m’ ‘ Simulation Setting

RUN file
—

| alobal m W L | g Kp Kd zeta wn mode Kf & B u_ss x-ss; [ _ .
XX Simulation Configuration - it L Global ET ﬂ?_'i
£0=0; % Initial Tine [sec] t.lEEIOI%WL‘;ER?F;#EZID?EE.‘;?'L&% d& dY.
tf=100; % Final Time that simulation ends [sec] 5 5B0il odea50f| CHHA BN FRACE
del_t = 0,05; % Sanpling time [sec] Simulation time A%
#X Initial Condition t0 : x7| A|ZH=0)
tf : simulation S & A| 7t
x0 = 0; % Initial Position of Cart [m] del_t : sampling time 4%
d_=0 = 0; ¥ Initial velocity of Cart [m/s]
theta 0 = 0.1; % initial Condition of Angle 1 [rad] Initial Condition 7%
d_theta_0 = 0; ¥ initial Condition of Angular Yelocity [radfs]
x0 : Carto] X7| 9|%|
¥¥ Tracing Control dx0 :Carte| X7| &
res = 0 % Desried "w theta 0 : Rod9| %£7| Zt
d_theta 0 : RodQ| x7| Zt=
XX Swstem Twpe Selection Desired X }—l'H'- AE-Ixc;I
node = 3: % < Choose the mode = rss :SH EE X ZE
% mode 1 : MNonlinear Swstem +
4 dnale and Anale rate Controller Dynamlc Parameter J.L_.:Ic-,I
4 mode 2 © Linear System
. o| xIak
% mode 3 © MNonlinear System + : Rod2| A3
b Linear Feedback Controller

: RodQ| Z 0|
: Rod2| moment of inertia (X} 22 AH4hH

YIS E (18D

m
M : Carto| H&F
L
I
XX Dvynamic Parameters g

n=0.1; % Mass of rod [kal Control Gain A H
H=2; % Mass of cart [ka]
L=1; % Length of rod [m] K:Pgain gt 2% (&)
| = n+(L/2)"2; ¥ Moment of inertia of rod [kgsn"2] C:D gain 2t 4% (¥, 0Y Al0f|= P Control)
a =9.81; ¥ Gravity [m/fs"2] Zeta: YT U 4%
wn : ST Foke 27



How to use — Simulation file.m

» ‘RUN file'g 2HA|7|H XIS &2 ‘Simulation_file.m'0| &34 EIC}.

FX Simulation File

=¥ 3 O

FX Bun Simulation

Run ode function to calculate

"theta’ in real time

[f mode selection is invalid, display the messege
Display result plot
Display animation

[t,

fiau

K]jndedE(@USE_cnntrnl,[D, tf], [theta_0, d_theta_0, =0, d_x0]);

=

set(fiaure(1),'Pnsitinn':TﬁﬁﬁfﬂUDTﬁﬂE;EUDllg

plot(t, 0,10, k', " linewidth ,2.3);

arid an:

slabel (" time [sec]’, 'Fontsize',12);
ylabel( #theta [rad]’, Fantsize ' ,12);
figure(2);

set(figure(2), Position’, [620,400,400,2001); |
plat(t, 80,20, k', " linewidth',2.3);

arid on:

wlabel{ time [sec]l’, 'Fontsize' . 12);:
ylabel (" ditheta/dt [rad]’, "Fontsize ,12);
figure(3)
gat(figure(3), Position’, [200,700, 400, 200] ) ;

,
——---——_____
iy

ode45

Oded52t= et4& S5l nonlinear equation2 A A|
o2 E0{E = QUCL.(EEBY oded450] CHoH 44 H)

Statel] & A|7ZF 2F=0|

orM X3t simulation timeSQto| Off &7t
UEIE fIX|, Hi2| ZtE §)E0| oded5 & 4=2| Zu}
2 Yo{ZICt
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ode45

[ = .
_I_E
p ODE45 ?

A2 otEC].

L*
F= st

A
Al
I
Sl= numerical solver
s ==

At

Tl 20
2
o
O]y Al

=2

=
=2
=

[ .
e

}

.
(o]

Inky!

MATALBO| LHZHEQE B4 & O
=

0| I exact solution
Runge-Kutta method

LH 7}

Ct.)

k

e

-
o

S 2 XFdHoF

0]

M 2 ot 2t H|/M
» How to use?

» Why ode45?



HE :ode45

Example

mX+Cx+kx=0, x(0)=x,,X(0)=X,

1. &0 0|82 Woln M- X2 HOE

function dx=funcﬁinn_nameit,Hj

St

Fres=er=s 2 0|2 term2 LIEIL = H, stateE SHH O] 29t 31'

C}.(O|Ii= A|Zt1} state x

[ [

ShA 0| 2(XEH A| EQUSH 0|20 2 X X8| OFSELE.)

2. 0|2dr- A0 A 0|= global H:(state H|2)S MOistL}.
0] 401 A 0] HZE0| 20[7| Wj2of 0] &7} E0}7}7| M
global m ¢ ko] i4E0| workspace At0f| MoiE|0] Q o10r Bt}

Z=1 codelf AL 2 $£7{ M=C}.

dw = zeros(2,1); [€===== x| Mois| o}
duil) = =(2);
dui2) = —(c/ml+ui2)=Ck/mi+=(1];

dx7} 2x1)HEUS

| |
stk



HE : ode4b

> X2 D|2LHA S F£= oded55 MATLABO|| ZH/d5HH ChZap ZCt.

function de=function_nameit,w)

Example

global m ¢ k
mX+CX+kX:O’ X(O):XO’X(O):XO dx = zeros(2,1);
duf1) = »(2);
du(2) = —(e/mlex(2)-(k/misxi1);

> % o mjj ctZat Z0|, QoM 2UE oded5E 0|8t m-fileS E/d5t0| ZW¥stH Ch3at 2L}

global m c k

10 T T T T
simtime = 10; \[jzzlélfement
samtime = 0.1; 5t y ]
m = 10;
X 0
= 20;
= 100;
_5- i
=0 = 2;
d_x0 = &;:
-10 1 1 1 1
0 2 4 6 8 10
[t.%] = Dded5(|lﬂfunct ion_name ) [0, sintime]), [=0,d_x0] ]Ié t
A A N
/’ : AN
/, 1 \\
p2 1 N
Atgg g Ol & to] X7|, U7| State®| x=7| ZH(x1, x2 X} =)
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