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information for multiple players, where the system equations are described by stochastic differen-
tial equations driven by Brownian motion. The players experience delayed and asymmetric information
acquisition. By employing convex variation, we derive sufficient and necessary maximum principles
to provide optimal conditions for the Nash equilibrium. The theoretical results are further applied to
asymmetric stochastic differential games for algorithm traders, general traders, and market traders
in high-frequency financial markets.
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H+ (71“1 (t) + 7,4, (t) +ou, (t))

b(t, X (1)u(t)) = “ ((’t ; (44)
—(u, (t) +u, (t)) + ku, (t)
Al
o(t,X(t)u(r))= g : (45)
0

ARz R P R RN AR

S0 (0 0(0)) == ()X (1) (0)+ 2 o (1) 410 (1)) -2 (1) o2, (46)
L0 ).t (1)) == ()X (1) s (0)+ 2 (1) s (1) =22 X7 @7)
FH
S0 0).a0(0)) === (1) e, 0)) s (6)) (X (0) 0, (0)+ 20 (1) 0, (1)) (48)
LU N5 A
& (X(1)= X, (1), (1)~ S, (T 49)
& (X (1) = (X (1), (7)- X (0) X, (0)) 3 X (7 (50)
FH
g (X(7))=X,(T) X, (T)—%QX3 (1. (51)
B P =(ProsPiys Pins Piz )i = 1,2,3,4 . W IRUTR H(4) BAER RN
H, (X1, pogq,) ==t (Xo +uy + A(u, +uy ) )+ (2 + (y0, + 750, +5u3)) pyg o)

n 2
tup X p, (”l T, ) Pyt kusp s _EI(X] ) O-fz
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H
ofF

H, (t9X>MSPZSQQ)=_ztu2(XO +uy +/1(“1 +u2))+(ﬂ+(7lul +7,U, +5u3))p2,0

tup,, Huyp,, —(u] +L¢2)pl3 +kuyp, 5 —%(X,2 )2 o’ &)
QL
H,(t,X,u,py,q;)= (—(ul +u2)+ku3)(X0 +uy + A (u, +uz))+(,u+(7/lul + Yo,y +5u3))p3,0 54
tupy, iy py, — (”1 +u, )p3,3 + ks ps 5.
FEBETTRE(S)Fom A T B8] m AL 77 R4
dR,(t)=—u,(t)dt+q,,(t)dW,, PB,(T)=X,(T);
dB, (1)=-nX/cdt+q, (1)dW,, B, (T)=X,(T)-cX,(T);
dR, (1) =a,, (1)dW,, R, (T)=0;
R () =q,5(1)dW,, R4(T)=0;
Py (t) =1, (1)dt +q,, (1) dW,, Py (T)=X,(T);
P, (t)=aq,,(t)dw,, P, (T)=0;
dP, (1) =-m,X}o}dt+q,,(t)dW,, P, (T)=X,(T)-c,X,(T); ©9)
dP, (1) =q,,(¢t)dw,, P(T)=0;
P, (1) = —(—(ul (£)+u, (1)) +kuy (t))dt +¢,()dW,, By (T)=X,(T)
dP;,l(t) :‘131(t)de P31(T):0,
dp, (’):%.2 (t)de B, (T):O,
dP,(1)=q55(1)dW,, P;(T)=X,(T)-c;X,(T).
DAY m] FEAL S T RS, T A SRR L
P2 (T)=pis(T)= 0.0y, (T) = o3 (T) =0, p3, (T) = s, (T) =0, (56)
DUIRT i -
02 (1) =15 (t)=0.0,, (1) = 0,5 (t) = 0.5, (t) = 45, () = 0. (57
M AEBE 7 A2(54) AT LRI AL -
dR (1) == (1)dt +q,, (1)aW,,  R,(T)=X,(T);
dR, (1) =-mX,o7dt+q,, ()dW,, R, (T)=X,(T)-cX,(T);
dR,(1)=0, B,(T)=0;
dR;(t)=0, R,(T)=0;
dP,(t)=—u, (t)dt+q,,(¢)dW,, P,(T)=X,(T);
dp, (1)=0. P,(T)=0
4P, (1) = - X20%di+ o, (1) AW, B, (T)= X, (T) -, X, (T): (58)
ar,(1)=0. P (T)=0
AP, (¢) ==(=(a, () +1, (£)) + hus (1)) dt + g5 (1) AW, B (T) =X, (T);
dz, (t) =0, B, (T) =0
dp, (t) =0, B, (T) =0;
dP,(1)=q;5(1)dW,, P5(T)=X,(T)-c;X,(T)
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E[- 24, = Adi, —ity = X, + 7By + B | 7 | =0, (59)
E[—Zﬂ,@—/wl—ﬁ3—X0+;/2P2’0+P2|.7-7 52]: (60)

A
E| 2kt + (1= kA) (i + ity )~ kX, + 5P, + kP, | F s =0, (61)

Gl BT RE, WS4 e T:
SEHE 4.1 TEIETIEE % A (Q,f,{ﬂ}
i A2 TR A2 ) BE AL e O R 2L

‘ﬂ¢,ﬁﬁ%M@ﬁ%%ﬂ%m’ﬂu%ﬁ%%ﬁﬁ%ﬁﬁ
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dX() b X (1), ())dtm(fX )-ii(1))dw (1)
dp, (1)=-V H,(, X (t).i( .q;(1))dt +q,(£)dw (1), (62)
X(0)=xer’ P,(T) Vg,< (7).

el (a, (1), uz( )iy (1)) 5 AT F R T

iy =1/2AE[ =i, =ity — X, +y,B + P,

(s )
= 1/22E|:—ﬂu1 —iy =Xy +7,P, 'HD2,2|~7:H52 :|a (63)
ﬁ3:V@ak)E[u—kﬂxar+@)—kXb+5gﬁ+kan;&]

5. &t

ARSCHET T AKEIRAE BT AR R0 B AL 53 T 25 0 76 43 R b B2 g DK R 0 o 221 i 48 - 35 188 A, L
?mﬁéﬂm%¢ﬁ&x%ﬁ — AL G AR T R I BE LA A TR . EBRR b, BRATAN AR RE T 3L
BR[14]F BB EE R, 31 T 2 NAEZF BN 2R R B R B . ERDH b, BT SCHR[3 AR, it
— AR =R F RIS BAFTE IR BG5S K SR A 0 A 359 167 %) ) 2 A 1R A
FBSDE 15, I F FBSDE iR %1 40 1 515 il o B2 5 2248 122 . I T FBSDE Hf77E Sf 4k
S, S EA R — AN FBSDE, MM ASGEFH & MR Mok BBk g, BRULASCE A 4 H gl
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