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[3, 4]
1 Hamilton
1.1
2 e 2 0
»= f(t,x, u,v),
{x(to) = Xo (1)
Ji J2e , u €EUv (1) €
Vv, u€UvEV ]1(u*, v ) ]1(uv)]2(u, ) ]2(u,)
(u v Ble 9 Ji==Ja=J,  J(wyv' ) <J(u" v ) <J(u",
v), (u ,v") . , . &
« » 6= ({Gﬁ},{cs ), §= (To- t0)/ n, V= lmV Vs
Lim V5 : W
Bellman_Isaacs Hamilton Jacobi
w= f(t,x,uv), x(T)= & (Tt STy, (2a)
J(u,v)= g(x(To))+ J:Oh(% x(t),u(t),v(t))de, (2b)
. VTY: VT E) Isaacs
a—@—Eh max mi Z <fi(t,Emv)+ h(TE u, v)}: 0 (3)
s Hamilton_Jacobi
5+ waﬂ, Su'(TE V) W(TE )+
h(TEW(TE T2V, (4a)
VITE . ev)=0, VT &= g(§r (4b)
, = Ax(t)+ Biu(t)+ B2v(i),
J(u, v) = —x "Pix + —J. (x"Ox+ u'Riu+ v'Ryv)dt
, Hamilton_Jacob1i Riccati s Rice-
cati .
1.2 Hamilton (4
Hamilton

¢= OH/Op, p>= - OH/0¢> (5)
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,H= H(p,q) Hamilton ,q€ER" p ER" * Hamilton
: (5) g (gn) o= &
(gh)" i , @ R 2
In+ 1 In P q P(tn+1) (I(ln+1) P(tn) q(t”).
Hamilton , (O(pn+1, gue1)/0(pn, qn) ) .
Jacobi , ( ) , Hamil-
ton °
Hamilton , >
Runge Kutta s [ 6] .
2
J= _L (x'Qx+ u'Riu+ v'Ryv)de, (6a)
s.t XXt)= Ax(t)+ Biu(t)+ Bav(t), x(0) = xo, (6b)
0 , R1 , R> ,u v
J . Hamilton_Jacobi
u= Kix(t)=- Ri'BiPx(1),
} (7)
y= Kox(t)=- R> BiPx(t),
P Riccati
PA+ A'P- P(B/RI'Bi+ B,R:'B) )P+ Q= (8)
Hamilton H'J+ JH= 0( J ),
A - (B\R'Bi+ B:R>'B))
H = T (9)
-0 - A
Hamilton .
Q= W', R= BRi\'Bl+ B:R:'Bl, R= WRT, A= TWAW',
[4] ,
" [ A - R}
L1 - A"
° H H ? [4] 2’
3

Riccati (8) ( infinite time horizon) P
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limP(1,T)= P, P(1,T)

Riccati

- P= PA+ A'P- P(B\R\'Bi+ B2R,'B))P+ Q,
(10) Hamilton

{ﬂ_ { A - (BiRi'Bl+ BzRE‘B"é)} {X} {X(T)}_ ﬂ
¥ -0 — A vy (g

[ 20 (30
%Z= HZ, Z- . Z(T) = :
Y Y(T)

(1) (to, T) X(t) , P(t,T)= Y(t)X (1)
P(t,T) P , Te
X '(to)x (1), x(T)
Hamilion (11),
7 gTZk,
, gt Hamilton b, , HZ(0)= Z(t)* Riccati
, _ _ ( Symplectic_Runge Kutta, SRK) *
Hamilton . tk= kT
) x'
‘- M
tev1= (k+ 1T S Runge Kutta

S
W, = Zk+ TZdyHVVI? i = 1:2= s S,
f=y

S
ke 1 k
7= 7y TEO(;,-Hw,
4

aj b . W . (13)
=k t=k+ 1 ,  Jacobi . Butcher
cl|ain e QalS
cl a cs |asy .- ass < .
16~ T by o bs T ,Zo:“’ = b2 s
Runge Kutta ( Symplectic) " M= ba+ a'b- bb = 0,
biaij+ biaj - bibj = 0, Vij= 12 -85,
Gauss_Legendre Butcher
(3-J3)/6 1/4 (3= 2J3)/12
(3+.[3)/61(3+ 2/3)/12 ... /4
1/2 1/2 ’

28 [2],

(10)

(11)

x(T) =
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(13a)

( 13b)

(14)
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(2]
(3]

(5]
[6]

, (6), Riccati

B\Ri'B} = diag{0.0 0.0 0.0 1.51973},
BR:'BY = dia 0.0 0.0 0.0 - 016885,

~ 0.45780 0.527 - 0.31575 0.24511
Lo |- 1se4s —o03ms 0.0  0.66000
~ 0.21861 - 0.3554 - 0.005 12 0.10394]’
L 004300 00000  0.000 000 0.5926
0.0 0
12.0
Q= 6.0 |’
0 0

Riccati (8) _ (SRK)
34.3185 - 11.2710 24.201 2 0.175 1
- 11.2710 12.9323 - 20.0030 1. 698 9
24.2012 - 20.0030 69.8199 - 0.0364|’
0.1751 1.6989 - 0.036 4 1. 8209

_ (SRK) RK ) [ 4]
, R K , Hamilton
(TPBV), .
Hamilton s Hamilton ,
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Numerical Method Based on Hamilton System and
Symplectic Algorithm to Differential Games

XU Zi xiang', ZHOU De yun', DENG Zi_chen’
(1.School of Electron and Information , North_western Politechnical University,
Xi’ an 710072,P.R.China;
(2. Department of Engineering Michanics, North western Politechnical University,

Xi’ an 710072,P.R . China)

Abstract: Theresolution of differential games often concerns the difficult problem of Two Point Bor-
der Value (TPBV), then ascribe linear quadratic differential game to Hamilton system. To Hamilton
system, the algorithm of symplectic geometry has the merits of being able to copy the dynamic struc-
ture of Hamilton system and to keep the measure of phase plane. From the point of view of Hamilton
system, the symplectic characters of linear quadratic differentia game were probed, And as a try,
Symplectic Runge Kutta algorithm was inducted to the resolution of infinite horizon linear quadratic
differential game. An example of numerical cal culation was presented, and the result can illuminate the
feasiblity of this method. At the same time, it embodies the fine conservation characteristics of sym-
plectic algorithm to system energy.
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