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Abstract: The mixed cooperative-competitive multi-agent system consists of controlled target agents and uncontrolled external agents. The

target agents cooperate with each other and compete with external agents, so as to deal with the dynamic changes in the environment and
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the external agents and complete tasks. In order to train the target agents and make them learn the optimal policy for completing the tasks,
the existing work proposes two kinds of solutions: (1) focusing on the cooperation between target agents, viewing the external agents as a
part of the environment, and leveraging the multi-agent-reinforcement learning to train the target agents; but these approaches cannot
handle the uncertainty of or dynamic changes in the external agents’ policy; (2) focusing on the competition between target agents and
external agents, modeling the competition as two-player games, and using a self-play approach to train the target agents; these approaches
are only suitable for cases where there is one target agent and external agent, and they are difficult to be extended to a system consisting
of multiple target agents and external agents. This study combines the two kinds of solutions and proposes a counterfactual regret
advantage-based self-play approach. Specifically, first, based on the counterfactual regret minimization and counterfactual multi-agent
policy gradient, the study designs a counterfactual regret advantage-based policy gradient approach for making the target agent update the
policy more accurately. Second, in order to deal with the dynamic changes in the external agents’ policy during the self-play process, the
study leverages imitation learning, which takes the external agents’ historical decision-making trajectories as training data and imitates the
external agents’ policy, so as to explicitly model the external agents’ behaviors. Third, based on the counterfactual regret advantage-based
policy gradient and the modeling of external agents’ behaviors, this study designs a self-play training approach. This approach can obtain
the optimal joint policy for training multiple target agents when the external agents’ policy is uncertain or dynamically changing. The
study also conducts a set of experiments on the cooperative electromagnetic countermeasure, including three typical mixed cooperative-
competitive tasks. The experimental results demonstrate that compared with other approaches, the proposed approach has an improvement
of at least 78% in the self-game effect.

Key words: multi-agent reinforcement learning; counterfactual regret minimization; self-play; dynamic decision-making
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SEAF R E TR RIS RV HARE RERI SN BT REAR I SE S, K —F HOSE IR XN SR, ] & AT
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S IPEMSE ST QAR T A G, PRI T MR TR SRR A B AR TR e, BRI R ML
(counterfactual regret minimization, CFR)® VNI iz 48l £ % i AR SIS B & (counterfactual multi-agent policy gradient,
COMA) g HEhith, B3 T RELE IR A% (counterfactual regret advantage, CRA); CRA HR4f5 4= i 25 B A4 BB & SF s Al
H AR ReAR IS B 50, oF ST AR B AR R RRAR 1) e S IR, TP AR H PR R B AR ST SR 055, B AR R ek
(S SRR UL ST HER 48 215 5. IR, TR MR BRI Z5 B R 10540, K FL R T 52 Shmg
P ARAEIIER AN . s B Fs S i A4; Jh BEBCXRE I AR BE A, A LTI T Bl 2% 2] (imitation
learning), JFL A, A SCR R 22 > AT A se BEROR, DAAMRR R 7R 57 0 B IR MLIERN B 46 7 21U A 7 s, 2% 2]
—ANPIER I 28 SR A SR BE A [0 SR, AT ST AR AR R REARAT A PN B #5)5, 454 CRA RIS R4
AT AR v T — PR R Pl R AL $A57 (imitation counterfactual regret advantage, ICRA), 3177 L ICRA b3
fill, Wit T Fh B AT AR B AR GRR B, A SR Bk T ARSI I R Ak, HLRE RS L8 B I ZE I FR
BEAHR, H AR e AR A B AR R ICRA SR EAT 22 2, R A8 #h EAT S S0, MU 5 g AN PR I
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QMIX™, COMAPI& XS BT VL IV EE S A A MRS UL, W 4356 3R 45 P 10 2 e AR SR 13 5 K 1 B 22 .
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BN, BACA R SR, 25 REPR TR 1 I 2 1 225 1R) B A A RE AR K A0 S FR 08 I, 1IX S 805G Q W&
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R R AUl 5 AT 3 (imitation counterfactual regret advantage, ICRA) 52092, 275 COMAP LRt 32 i, it
LR R BR AL AR BE AR A SRR R R, B COMA FRAR s B w5707 5K, (240 % bh B R B VA o i
SR F R BB TR NS . A5 T ICRA B0k, ARt T —Fh B SR NZiorik, Horh, BFRZ e AN ST R he 14
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S, AR SR REAA SR I ZE TR I 2 B bR RAA R R SRS, 55 49 21 AR 3 Re A4 T e D0 A s

1 45 T ICRA B FEAMELE, & A — M E R X TFN 88 (critic), Z M #% (imitator) Fl 2 AT 548
(actor). VR AHARYE BT 248 27 B H R BEAR B/ SIS BT 25 2% 2 BB SMT BRI A S g . LA R
B S 2 A RO AL, A EEANT Sh 2 VST Y R RE RS AL 3 (counterfactual regret advantage, CRA); [F] i 17
WSS IE T/ L 5 P 254324 2] (temporal difference learning, TD) Kl 25k H AR5 REAR LS Q W44, HH R %in -
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Hr, r=Ry(@.@), 0 J& Q MEEINZHL, & /2 Hir Q MESIISAL, Hix Q ML Q W% ) s ZIml A&, LA Q M
£ 1 B 45 (1) 2 A 45 5% B0 KL, AT LA DRAIE 2% )k AR o g v 17,
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o' -

5 y : f@ﬁ;a{k W
k — Polic
o — (e )=
SRR RER 1 d, l oos o CRA

K1 ICRA HREIAHEL

RN A0S N — A NIRRT Re A, B0 3 1 LLAMRT A ¢ (R0 A N, it e A4 n] LUK - M vl g
ENAERIREZE. A g ST AR B S0 A R (R RS, A SR IS 2 20 , o SN REAA 11 17 S ke S AR Sy 7s BOoEHls
I AR B AT S E A REAR 1) M.

AT B A0 R AN AR ek, 173028 AR USRI 34, 42 R SR B 3 7k U™k 5T L0 197 1) 4 il A
(R HEMEINE L 7(allo’; 60) , Forh, @0 JRATBNAS i IMSREMEANZ L 1S40 SIS BR IR v 5y N R

g=E ZH: ¥, V,logm(a'lo’; 67) %)

L, H AORZAEIN AL, W, 2os PP e £ PP el 0T LU 2 MBS, B0 Q BREL O, (s', a) s B3 B A1 bR 4K

=

r BB TR BRI A, )= On(s', a)vi(s"). LA Q(s', @) B A(s', o) 1E A PFO BR B0 2L 10y 22 ZEW] AR LA

M= DM

P RV R 7 22 UL BRIR, AT B AR A 2 (4) VST RBRIE g, SR BEAILBE L B3 SE 7 SR A2 199 25

& °

4.2 EFEBUBBMHERIRIEHE SR
AT RALB RIS T VAN s 8 W, LUIR FAT AR A X (4) AT SRS ST, 25k, 25 A () Mk
P, BT R RLBIR A A R AR5 H ORISR, HAREREAR i AR LSRR 3
Az (5: ﬁ) = Val|gisa; (5) — Vol (5)
=Ea ot Q310,81 ~ Ea, -ty 4, [ Q8. [, ., )]
= > Al Or(O06 [ayd., d )~ ), 7O (0@ [4.,,dn ) ®)
oy, 2" FORH H IR IS 500 Ch T TR, AT DR BRI EIL R, I ERT S 7wl LA R, B
T'=1t, Apian = Aip ), 718 > a; FIERATRM 3 TR GeAk i IRAPATINE a,, M0 HCABEY B A AG S5 SR 0 SR EUAT
dy; @, Fon HARE BRI G A, @, FoRIMB R R IR IR A B0, o, BRI AR 1 LAAMILAL BT R B A e
BRMG; my RORBRRREAR § LAAN Al H bR GEAR AIBES SN, d,, - RORBRE REAR @ SM AR H AR BE A K 3)
Y. AR, R ORI ARIE T A 407 (KIS SEms 7 SR HARE R ¢ ARSI 8 B ASRINGN K a;, B4
CEZ i v
BT LA SR B S 5 AP PR VA BR 5, 2 3K (5) X0 T SRS (R DPA B D vt At P S DA R KT
DARLA A3 (5) 72— B 2T R RORFG). 1 TR K2 Fh st D O 3 5 s o e 2R F 0 95 R
(1) SRR Reth. TR BRI T, 520, F voiesa(s) = R(S,a) + Yrsna(s) = R(s5,a) +yva(s’) . IA nls > a A4
ARES s FIRIBIE, Bl vaena(s) = va(s') , FTLMRIE A (5) A
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Ax(s,a) = R(5,a) +yv(s") = va(s) (6)
XTI EL A, 75 SCHR [19] "PEFRAE GAE(y, 0) LR L. AERIRA R voypmu(s) = Qus,a), W:
ﬂn(s’a) = Q,,(s,a) - Vfr(s) (7)

XA BREL A, w2 SCHR [18] 4 i R SEAR 34 R 0L
(2) ZRRARALZH AR R, s =0, WREGEAEIRAS s T, B 0 UM BEAA RIS B0 a, IRIFAE,
Bla=ns—a., WAHE:
Air(8,0) = Vajssa (8) = Va(8) = Vg (8) = Vajga (8) = Q(s5, @) — Z(ﬂi(aflof)Q(s,aiﬁ-f)) ®)

A3 (8) Hiik COMA HvL Py i s Sk 3. (AR, COMA ) Jsg 5 L 5 P 342 A SR R POt A 4
1 7 =nls o d_ ZAF T IR RSO
LR BeA T D, m=nls— d, RATEEEWESE I 2 SIS IN A7 /] BERAL, LI, BR T @ Z A Ah A g fk
76 s RS THE RN @, 3h1E; SR, S2br b, fE5 Il Be b, n#als o a,, d BEF LB, 25K (5)
AT COMA [ R FSIEL AN AAE 7 R— BT nls > @, MALEFY . Kk, T COMA [ ek
BAF, 250 (5) Pt S0 e SRR A RE S SEHERGHL VT4 S0 & (B 1.
R A2 (5) BT AR R e A i T SR E0E K. U R UBIECR I, BRI A (5) tHEE
BRI AR AT, B, ARSCEE T — RIS 7k, 2% A2 (5) TP IIRREAIR LB T 5 &, 5B F.
T K SUBYAL. 45 € B ReAE i, IRE s=[oy,..., 0,), BEEBIME d=[ ay,..., a,], IR 7, T REAA § 7RI o, F,
M M 7(alo)) HEXHT K BIEARIMEES K (a1, aia,..., a; i} IXEEENVERIE REAR BT HAT IZNAE a; R8T
ANPEZEIA A ={a; ), @,y apich U {a}. BRI BEAA § IR JRUSRNE o, #2 JE20 3 (9) V5t BY A 5 (¥ BT v e 1t 2 1
(RHRAT
mi(alo;), aé€ A}‘“’K
7™ (dlo;) = { ©)

a¢ A;"pK
B B (0 SCA YA, AR, AEAE T 283 (S) THSTRERUE ORI, 45 7, B 7 VERE, Bkb 2™
AT TR E, AR AR50, 4 7™ (alo) < 1.

_Fﬁﬁﬂﬂ*’l‘i‘ﬁﬁt’l‘]%d‘ﬂ%@ﬂﬁﬂ@lﬂﬂ%%} BRI A3 (5) ME B A WIS Re AR 1 R 2, HE)
YEZR TN AL vy g}, ARTRPIRES N s=[01, 0], TR BV INER G BNEN @ = [1,g] . TANX PSR BEAR BN A S A
71({]01)=0.7, m,(r|01)=0.2, m(g|o;)=0.1, m,(I|03)=0.1, m,(r|0,)=0.8, m,(glo,)=0.1. fHWH K=1, WFH A‘lOpK ={l},
A;‘”’K ={r,g}, WA, 7r‘1°pK(l|0,) =0.7, 7r'1°pK(r|0,) =0, 7rt1°PK(g|ol) =0, 7r‘2°pK(l|02) =0, ﬂ';pK(rIoz) =0.8, ﬂ;°PK(g|02) =0.1.
A B4 1 I PR AR A -

A1 (5,11, 81) %A won (5,1, 8])
=(m5"" (r102) Q(s, [ 7]) + 157 (8l02) O(s, [1, 1) = (7™ (U )y ™ (rl02) Q(s, [1,7])
+7 " (llo)m;™ (l02) Q(s, 1, g1)) = 0.24Q (s, [1,r]) +0.03Q (s, [L.g]) -

W RAREAT IR, A3l (5) TEIE 2x|4 | x... x4, |5 MM R K T 5, A (5) 2 AH A
2X(K+1Y" T (T 2x)14,]%.. . x|4,]). BIMHE, K K (KAL), R 2 | AL, @) — Ay (5, 3)| LD, B R
K. TE SR ), i SR B B AN 5 AN, Bk K B N4l I, 8 KW — AN IE A3
(TEASCISER, K WE N 2).

BNk, AR AL ST Q Mg kAl v IR R IR # CRA (1951,

TEEE H RIS, B Refk i B4R F3Y CRA 2 A (10) 1HE:

1< 1
ﬂzfi,n” = H Z(Vﬂ‘lsHa,(s) —Vu(s)) = E((H_ 1)3‘217.,,-,,,”4 +Apiqn (5,d)) (10)

=1



RIADL 5 M- FRAET S A7 HAK 2 409 R DR IRAR 3 1 5 ok 747

IR fEr, o5tk 2% ST B0 v(s) oAl v ZE L B AG 1 SE D R, DRI R TE WSk I 2245 7 371 CRA
SRR, T, ASCWTE T R CRA:
A
Ho, y. €10, 11 IR T, y, BH BUETEECY 1x107-1x107", ZEARZS-ZE 23 8B IN, RELE R — AN R K AT
T ) A (s, d) EANTLSZ . AR T AR /M (advantage-based regret minimization, ARM) P mf, %
T T FREIRA Q FISORAL T A, SEMIR R, ASCRE H AR Q ISR AN T ST iT CRA:

A (5,8) 2Y(Q(5,E0) = ) (a0 Qs,0,836))) + Ay (5,

acA;

=y.(Q(s,d:60') - Z (7i(al0) Q(s,a,@_i36))) + Vg, (5) = v (5)

acA;

= Ym—ﬂ + ﬂH,i,ﬂH (11

Y
H—1,ixt=!

a€cA;

=%(Q<sﬁ;e‘>—Z(m(mo»Q(s,a,ﬁ,-;éf)))+{ D A OTE OO, [a ey, 156°)

dry—idr,

= > A OO, [a,.,ﬁn];e")]

a€A; a

zn(Q(s,a;er’)—Z(n,-(aw,-)Q(s,a,d,-;ér'>)>+{ D R ORT OO [, o, 1)
ey iy

- Z ﬂ;‘:pK(')ﬂlrsz(’)Q(si [ﬁr| 5 ﬁrz]; 66)] (12)
dr Jdr,
b, 0P F e Gy AR G T K YRS 2T H AR AR AN GE AT SEE . O 6) FoR HT I Q M4,

O 6 LR H s Q W&, H AR W48 11 vk i) LARE— 252 2 SR [17]. (AR =02, 23X (12) 55 i h 5 g s
IYELRE, JT 5 (R (s, d: 60) — Z (a0 OCs, a, @ 6°))) 92b5 L COMA i) e i3 (3% A K (8)),

5SS 22 B K TRBIHE G 1 CRA. % S CRA 2B 24 3 S0 (S (LTS, DR, 85K (12) SR T 2430
Q P RHEAT AV, AT B IR L5 1) A Q 1145,
LG, SRS £ LT CRA (W H BRI A R (13) 1140

H
8eri = Ey’~D.ﬁ’~n Z Vg;l log(ﬂi(aHU;; 9?)):7{}/.171-7”(5[7 ﬁr) (13)
=0

Hh, D RAS B HOBEEE, WA TS R R e AR RS BE. AL AT Eh R AR (14) YIgRI
Xof I8 PR B AT AN AR SR PR R 4% (-5 60)
0 =0+ ag., (14)

Hrh, a€(0, 1] FR¥ &,

SET R LB 34 (1 SR A E 7 vk ) A R R AT SRR G IR 1 Se AR R LSRR T R RIS R A A ) s
3, BIASK (5); FFRI AT K TEIEE, fjh a3 (5) M-S, 25 A Hbx Q M4, 3 A N (12) Sk fl il e Alst id ph
o IR AR (13), A3 (14) K F H AR GEAR AN A .
43 ETIRAFEINEERER

AT A8 T AT A0 0 R BB A SR I FRIRR 7 25 (B8 7 s A R A AR i T A TR Y, S B i v
(R AR AT g B JREGZAT A g S R 210,

A3 (12) EASTE BB AT, SR T 43080 e AR I A SmE o, H bR Re 4 mT DL B MAT B 3 3k x4
A SR 7y TN AT BRI T 5, JLICA SR 7y JOVE E AT B, A SCEE TS 2% ) W vl S e A4 IR 1A ST s
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RO
ASCRFIAT h el (behavior cloning) 77 PRI SR B VA 1 ke, HC 7 vk R T 2% >0 N R IR 2
B 2 AT D S AEATSCHR, R T AR R AR 4, AR 3, EVIZRIT Be, W LABRAS BT IO AT 5)
%ﬁﬁ SRR REN § (KR SATENEARTE AN (0, @), JEHF o A1 M 2% S0 R IR IR MR ARFALE, @, AR D0 A 2 20 v B A
2, XECHR ALK T REAR ¢ B D0 AT N B4R D, TS AN AR BEAR ¢ SO AU KA L (00, D
%szm*a@m. Ty (1600 (IR B BN KL HUE:

N-1 K-1

1
LKL(ﬂ'i,TZ,(Srz) = N Z Zaj,klnn[,rz (a;klo;;69) (15)

Horp, o, R B D; Lo, Ml a; INELSEIMA, a;y FosAEBEREE D, PG j MEARRIICSEANE AN & SEN1E, o
FEAREE D; FIEE j AR P LS, K=|4,], N B4 D, IR ShVE 23 0 o 1K T S Ve g i ok Jl 4
fih (one-hot) r)iE 3.

ST ERES P R REAN AR B AR, YR b ik kA A T T RS LSRN 13 BB A B4k
(IR SR e, AR 7, (@,,18,,) = nnm(ajlo,) TS H AR AR TR R S0 .

JET2

4.4 ICRA BEAMBEFINGTTX

AAES 4.2 M1 4.3 W FERE B, $2 AL R IUL Y (ICRA) [ R 48 220 LL M ICRA S0k, JF 33t T
ICRA ¥ AT ZRIIZR 775, B 2 JE7R ICAR [AHEE W 45 4R 1 s i P, S TRt I, i M 4 SURE R T AN B AR g
A (k R ) FOBTASIME AT REAR ORI j) IS L.

Ty (45 09) T (45 05) 7 (3 09) T, (3 09) Ayt (s, @)
. A a,
I
Softmax Softmax
MLP MLP
3
- T - r_' - ﬁ
! LSTM | | LSTM |
| t ]
o mep i e ]|
!__ b —_r
o, o
. )
© FIHiE e SRl CAR iFHHESR
- (o) KAl T wasmsmremps (D womiye (OO oomu {00 wimp

K2 ICRA S 4 4k n iz

HEMNZ ML AT 4 JpEHe
o PRAFFIEFLINES: e RTS8 0 R 4 00 o 32 I AR AiE, A1 J5 R AR R AR B0 A SR I B 6 199 28 S Ak
FRAEAN R REAR R FOUIN. PRk AT bR B A/ A0 B A TR D AT AL PR K, AR SO B3 BB A RN A1
REAR PR SR AE SR I S BT S HOL .
o 15 B BRI AT R T B SR AT A1 R i A I s, oA 2 Softmax J2, BEMEAE ST B A0 R e A £ R
FERE T RIS P o] Bl VE IR
 ATENEE: I AR 2 S EAS AR BB A AR, 2% 2] J71E 2 35T CRA (RIS B 3 VK.
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« VP S B I H RS IS Q KB 03,d56) , FEATEAMT R AR UM B AR CRA H, T 18 $473)
AR HEAT S 5T

LTI T ICAR HIE M AR, FEBVE— NG e h, BEWTT 4 ASPER. (1) BOREE: B35 2-4
17, HFRE BEAR TSN e 4 [F) B E SR 8% TR R INAT 3, BRBE45 R B — SRS -3 E- b e 0k @,a',
rlL 8t a@t ety OSSO ¢ B ZIREE OB B AR e A BB 22 5. (2) IIZRVEM o 5558 5-9 17
SR T ISR 2 432 ST VTR 2 H AR BEAAR IR Q W%, SRR s (1 7 AERS € A0 [FI20 H bk Q IMZR AN Q M4
25, 2 C BN 150. (3) YIZRBA 88 FE5S 10-12 4T LA 2% D Mg, x5 T AN A8 i1k,
NG5 FH TR LSS 1R R SRS X 285, 4R 1, 6 T-AM e A4 i, N D T IRAN T o = (3,3, 7,37, d", )
HHE AN BB § BB 1, = (o), al, ..., o alty , IR TR o, YRFEIL (0, @) MBS, LA (15) AR
BB WL 7, (67 . (4) WEAT B EEIESE 13-20 1T, 5T CRA SRBEBALE, B4 H AR BRI LA 5
WS A2 (-5 09) . AEWNZR O(56°), mi(-300) Rl o, (00 I, 35 BERREIL B I B TRPIRAS S AL P HOBLBR (K M 25 S 4L, IF
LA BE AR [R50 R 0 45 1) S 400 (Bl 2 vty 803 st 1 LR ).

BOR 1 ICRA Sk Zrid .

BN BENLITIAPC e A Q W4 O(56°) RN H ARG Q W4 O 6 ); A REA HARET BEPRBERLAIAR (AN 1A SR 199 2%
(5 6 ); FIREN SR BEVRBEHLIT LG I PR SR I 268 702 (1 09) 5
B RIS IR H PR ARSI M 25 S K o .

1. for FENZEES e do

2 T TR EAT D;

3 AN B bR feAk i R R A malog; 00 ) FIRASEACHL, £35) n ZORAS-BIE-22 b3, IR e 28] D H;
4 M D IR m ARG ER

5. for =1 to H do /*INZ PPN SR B A Q PI45+/

6 RAK 3) KT & KB EAL,

7

8

9

O — 6 +arS;
fhG C LR & — 6
. end for
10. for i € 7, do /*RHHIE T 21 (TR RGBT 2 ASTH 1) A SRS 0 25 %/
11. %A D b, A (15) R A M4 S5 6 ;
12. end for

13. fori € 7; do /*KHET CRA HelgBh L1 IRV ZRREANT Sh A ATH IR A SR WS 19X 45/
14. for =H down to 1 do

15. W20 (12) WH R CRAAY, 5
16. Ag «— Vg log(mi(ailof; 6)A,, w(s',d@)

17. 8er,i < &or,i T AL

18. end for

19. 0! — 0! tog. i

20. end for

21. end for

FE TCRA JEfl b, ASCBEE T A RZRINRTT . A T 75 (ERGE, K AEL AT I BOA S I /27005 70 3 B b 21
D7 R 7. AE BRI R B oh, 20850007 IR T ICRA SEAT I 25, 320071005, 2005 I Reda o H AR
REAS, 57 (R RE AR AR RE A, T35 55, S0 R BE A H AR REAR, 2L M BE AR AR REAA. 4L
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WX ) ICRA Sk e HoA & M 2% 3 5A0 4 ICRAT #1 ICRA2. 532 2 45 1 72T ICRA ¥ [ g I 253 F2 1ty
A0,

Bk 2 LT ICRA I AZRIIL.

BN 2l NP2 ICRA 24, SRS BRI 1 I A
Btk INZR)a i REAS HARBIRENR (L007) MASKIS I M 2% 24 o7 .

1. ¥J4H1k ICRA1 F1 ICRA2 T T H S5

2. WAL 21 J7 SRmg J2E K1 S 7 SRNG J2E K2;

3. for e=1 to H do

4. ICRA1 FI1 ICRA2 [ ZEIREE A IBAT, [ 5 ICRA2 i M4 25, HIZk ICRAL, Y45 ¢ #8;
5. 1 ICRAL YNZRIF (1 H AR REAR WIS SR 7, DN B2 HEns P,

6. ICRA1 I ICRA2 [F]INEFREL iy, [E5E ICRAL TG M 2450, Rll% ICRA2, II1%5: c &;
7. 14 ICRA2 VNZRA (1 H AR REAR WA SR 7, DN 206 7 HEns e o,

8. end for

9. flag«—TRUE;

10. while flag do

11. flag—FALSE;

12. for £1J5 HMEJE K1 P RN ERA SR 7, do

13. if vz, € K2, runl(z,;, m,n)<max, ek runl(z, x,,) then
14. MK BRI SRS 713

15. flag—TRUE;

16. end if

17. end for

18. for Hi 75 SRNE JE K2 P BN TS 7, do

19. if vz, € K1, run2(zn,,, 7,)<max,e,run2(z,;, =) then
20. MK2 BRI S 7,05

21. flag—TRUE;

22. end if

23. end for

24. end while
25. for e=1 to H' do
26. K2 I BEALE B AN TN 7, V6N W NS, W1 7, SR AEIAEE I AT, Y4k ICRAL, Y%k ¢ %2,
27. end for

L 2 AT LA 3 ANDER. (1) AR RORIE R 7038 3 ATRIEE 747, ALEXU7 P ICRA A8 8 Hh AR USRI, K 5K
W 53 009 0 20 SR PR KL A K2 v (2) B G Bk 5 Sl 7E55 10-24 47, 40 A K1 Fl K2 Hradk H P A sk agf
AT T, T 5 AT A b Pk 5 SR IR ¥, F KL AT K2 Bl At SR F 7K ST B ARG 1) SR mes S B 4wt 56 13 477, 1947
(K run(my, my)/run2(my, ) BQEUEAR, L7 RV A S0 7y, W7 RAIES S 7y J, 20058507 3RAF 100 B 22 il )
WIERAE. (3) AERE AL M SEmss e v I Gt g Siemss (V5 2 (W3 25-27 4T).

5 SCILSMR
ASSCUA ] LR LA AR SES0, Bevt 1 3 B RAT S - SE IR G M IR S 2 5, R0 PG T 26 ICRA
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1 B R TVE R PERE. T BSEWE 3 ANIFST i L

« WFFT IR 1 (24 I PERE). [RIAD i AH B, ICRA S e SHTURE T 0000 (1) A0 4 B A4 I e L AT 2

o BT 2 (FEZRACR). RIS v EAE L, ARSCHTER H M B GR VA A 55 TN A etk it 51 5
R ?

o BFFSC I R 3 (T RSB ). AR 3L R R AN 3 P12 5 2 IR 43 A A RE R R i 2
51 EWRE

R RS E e aes R AR 27 7 e = S 1 B R eI R R 9 e RN = S I N T S SR /R (S s e R R o X X VALE
FHBCE RIS T RS I, SRERTH O3, W 5gx 7 it FIRS, A . 278, A, LA 7
23 RN S e, 256 A PR I S TR A R W [ 1 il 4% 2/ SR AT AT Mt DUIRAS SR AR K 28U DAL, R A5
B B A AT e R, MR BN B (0 3 1 R, R S, Bha B 3 AT g e B2,

ARSI R RN USRI T, A SRR A, S ) BE S R A T AR A SR TR, Ay
FIt I 1) A A Ik ey 2 AR REAR oy, W55 T 19 A VR AR S 7 L RO M BE K .

ANFIZRBL B BEAR (1 FAAT) ELA AN R P00 2 [ 48] 4, b T St R 46 i o T (R 1 A2 4 400 A LB L
REBS I E 24 HARIATN A B i AR5 B, TR BehHL T USRS 50 2 BLLA I H AR, e 2> HARH)
FAOE S R . M5, RS E R RENMRE L BN E N 2 ERNE R R E— TR
HIFFE i R, AH AR SCER AR TR 58 1), % 3R A e A I D5 AT T 4. AN BE AR LA 3 AR 1Y 0,
SRR RS N B W i ARG R, 0E op B RRRIEIT B B AR A 52 3 1) A B
AL E =S B AT R, 104E o, B BEMRIE LA M 45 3R 19 1A 15 8., E0HE O AN B 37 R 5%
TR E B ) AR EEEE U, 10E og. X 3 PR UIIIAE BT R A B S AN R A
I B 0=[oy, 0., 0g]. R ML, B BEAAREEIEZ TS, o 2K, 2B REAICH BN HIEJG, o, 2 BI> B
&, BRI, T8 o; R I AL A .

ARSI BEAR (PR BAAT) BAT AR B/ 25 0], A SOH A e AR ) Sh AR A an 1 ik, AR e A B AT Wb
FBIBAE, — P OB REAR BT« LT LA R = BEIPLBN BN, X R BE S BICAE A, o5 — Rl P2 il re i i
QTR TAERESR, BAS R4, XN VEILAE A, B BERASKREUTATIAE, 10 4E null, X2 —FERk s k.
BReAR i BIER R 4=4,,U 4, U {null}.

ARSCIA B IR BT by 5T B A VR B AR TT BT & B, %1 & RS AL 5 Pl e 4%, R4 AL 1 100 v 5 f 2 )
(N R g A 1. e TR B RE OB 25 0]« BhyEZS ). BERUVE SRR BT S AL T A A N A W S5 BT R4
WFF R & FaTE.

A SCAE SRR 6 REE g T AR 3 MR IR DA E.

HUE 1. HUES SL B (W7 7B AR AR I AR AT 45). 2007 (R A A PR a8 i L, — 2R s s s
ML, — 2SR HL, DAK — ST L. W6 7 0 1 bl B o R 42 et - 4 TR TR B =S SR 4, PR s i L, —
ANEE. Horh, SRS A P AT 10 BOR R S8, BT DA b B b BEAE S BOH LS T 10 Mo S s -5
L, IXRp R R] LAF] o 0 T S A AL T I HLARES AR M B A7, 45717 4 MO YR B, W] LA b T PR A7 Bt
L SCEE AL AT LUK GR AP BRSOt 4P, PRI Tk R I DA R Sl P M 2R, TR ML R e 42 (i F%
18 RN T IA R S SRR LS, WA 10 BOFIAHI B 25 S0, 2SI RN T AL T TAERR, v Lie =
o E BRI o, IR OGN, TRVEAT A H AR

A ik A7 DA R ZE FH it R A (B 23 0 A s — B8 8 i SR B 10 43 — 28 S B SGh WL 20 435 — 4T 5048
HUNME 20 53; — VNN 50 75 — SR 1A 2 TR ZEME 10 435 SMEME 50 43

HUE 2. 5T U5 7 BRI B R AR AR A 45 ). 20 05 X0 S2 AR A, 20 I : 3 Jas 2 sk ML, 3 2 1
ML, LAJ 1 BEPIUENL. A1 ik A e 0 RN B 5 A8E 1 I e AR ).

MUE 3. S H R FEE S (T hl s, B9 2 S B B AE i s, 2088 X0 S AR, 4 S P A28 2R i
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SERL, — BT L, — SR T SRR AL, — RTVE L, DU AR A A, N SRR AL R T S5 A (LA
RUE 1 HBE .

3 AMREUE RIG Sy A B 3 B, T e O B R 1 €0 B T 3R s Al S A (IS BRIV ], 3t
BRI SR ALK, 20 0 5 Pl s i i b F A PR B v

o .

L

TEN B2
I
AL PR
(a) HAEHRAL EIR (b) R 1. s L 5wy

(c) REE 2. A%l (d) 85 3. 2= M Bl R I
B3 ASCszgh b it 3 AN R R HUAR E
AT LA LR ST FE : IDONPY, MADDPG™, COMA™#1 QMIX™.
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