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Abstract: With the development of intelligent warfare, the fragmentation and uncertainty of real-time information in highly competitive
scenarios such as military operations and anti-terrorism assault put forward higher requirements for making flexible policy with game
advantages. The research of intelligent policy learning method with self-learning ability has become the core issue of formation-level
tasks. Faced with difficulties in state representation and low data utilization efficiency, a sample adaptive policy learning method is
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proposed based on predictive coding. The auto-encoder model is applied to compress the original task state space, and the predictive
coding of the dynamic environment is obtained through the state transition samples of the environment combined with the autoregressive
model using the mixed density distribution network, which improves the capacity of the task state representation. Temporal difference
error is utilized by the predictive-coding-based sample adaptive method to predict the value function, which improves the data efficiency
and accelerates the convergence of the algorithm. To verify its effectiveness, a typical air combat scenario is constructed based on the
previous national wargame competition platforms, where five specially designed rule-based agents are included by the contestants. The
ablation experiments are implemented to verify the influence of different factors with regard to coding strategies and sampling policies
while the Elo scoring mechanism is adopted to rank the agents. Experimental results confirm that MDN-AF, the sample adaptive algorithm
based on predictive coding,reaches the highest score with an average winning rate of 71%, 67.6% of which are easy wins. Moreover, it has
learned four kinds of interpretable long-term strategies including autonomous wave division, supplementary reconnaissance, “snake”
strike and bomber-in-the-rear formation. In addition, the agent applying this algorithm framework has won the national first prize of 2020
National Wargame Competition.

Key words: action planning; reinforcement learning; wargame; predictive coding; sample adaptive
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32 HERNHA

T S G RO B R, AR B O T R AT R R A ) SR B AR B R SRR
B AR B — L 2 A8 RO BT 22 P 2 ) SVR R e A

(1) F—BVEX T LS agent

HOEER 6 Bl A P2 PRI RE R P B, WP 8 o, B R gt oA P P EL 0.95
XT 20 BEEAR AT PN RO,

rerz:
§83%%

Average score
i
Average score
| '
Average score
|

w:ao lv:l‘;ﬂ .‘\E‘W ]"::I;n 1] sa-'m IDE‘QO. I"ITnn !o;u: 10000 15000 20000
Total episodies Total episodies Tatal episodies

(a) FC-nAF (b) FC-AF (c) VAE-nAF

Average score
'
Average score

Mverage score
i i

0 %000 10000 15000 20000 o 4000 10000 15000 10000 o 000 000 15000 20000
Total episodies Total episodies Total episedies
(d) VAE-AF (e) MDN-nAF (f) MDN-AF

8 6 FHETVEXS L 5 Fh L L RE A 19159 70 R DL

8(a)/B7~ T FC-nAF VLN 6 AR 2 B e R i) 45 K. TRl & Mg Kb, Xt Agent_1 IR |2, H
ZAWCSIAE-T00 73 A, X0 Agent_4 IR b, #{H T LAIA $]-150 73 Bi; %4t Agent_3, Agent_5 14k
AT, ZAHAE-500 43 MiE; XFHT Agent_2 IR AL T--600 ZiAy. SR SHT A

Agent_4>Agent_3=Agent_5>Agent_2>Agent_1.

8(b)JE R T FC-AF SN 1 5 FhIL LR B e AR RO 45 3R . (e B XRS5 b, 43t Agent_1 ISR B s, H&
{EWCSIAE-600 43 /e Aa; XTHT Agent_4 IR R Iclir, Z{Ev] LAk F] 100 47 Mi; %I4T Agent_2, Agent_3, Agent_5
&5 AT, AAEAE-300 43 BT, (HXTHT Agent_5 FIMCSIH FE LT Agent_2, Agent_3. XLk GiHE T A

Agent_4>Agent_3=Agent_5=Agent_2>Agent_1.

8(C) /R T VAE-nAF BI04 5 P R4 B BB AR I 45 . A &4 R rh, X0 Agent_1 MR & 22, 1
LAAWSIAE-500 73 e 47, X 4T Agent_4 IR B, ZHEATIAF] 300 43 B, %F 4T Agent_2, Agent_3, Agent_5
M5 AT, AAEA-100 43 B, {EXTPT Agent_3 ISR FE LT Agent_2, Agent_5. Xtk i T4

Agent_4>Agent_3=Agent_5=Agent_2>Agent_1.

8(d)JE7~ T VAE-AF HEX Bt 5 P2 B REIRIN 5 L. 7Rl &g b, X0 Agent_1 IR 72, 3L
LAHWEAE-300 43 /247, KT Agent_4 F1 Agent5 [ B dscdf, &AETTLUAF 150 43 Ftir; %5t Agent_2,
Agent_3 145 AR, #AE7E-100 73 FiHiT. X0 ST 4 Agent_4=Agent_5>Agent_3=Agent_2>Agent_1.

8(e)/E/~ T MDN-nAF SVEXIPL 5 FhEek B eI 4 . &g B, XHt Agent_1 IR i 72,
WS 0 2247 X9t Agent_4 FIRUR e lif, 248 ] LLIE 3] 400 4 B I; %F 9T Agent_2, Agent_3, Agent_5
F &5 AT, AAEAE 100 43 BUE. XA S HEF 4 Agent_4>Agent_3=Agent_5=Agent_2>Agent_1.
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8(f) /7R T MDN-AF H: %5 fi b P AL L 8 e R I 45 . TEm & Mg b, Xt Agent_1 i 2,
LAHWEAE 0 0 22 A Xt Agent_4 IR i, &4 7] LLIAF 600 4> FffiT; X9t Agent_2, Agent_3, Agent_5
&5 AL T 857K, AKEAIE, ZETE 200 47 B, Uik Sy A

Agent_4>Agent_5>Agent_3>Agent_2>Agent_1.

(2) LB ReAMXT L 2 T2 2] SR e dd

AR IR T2 S B 2 P 2 R AR W PR R, AR S ) SRR RN B LR RE AN B 2 B g S Sk
BREARI LI, Wik 9 Pros.

MAwerage score
AwBrage score
Average score
' 3

o »000 10000 15000 20000 o S000 10000 15000 20000 e S\?-:Iill lI.‘;.‘W' I‘|I.IIII| .'O'E‘Dﬂ
Total episodies Total episodies Total episodies

(a) &4k Agent_1 (b) FEZk Agent_2 (c) %2k Agent_3

1000 {

Average score
Average score
'

o 000 10000 15000 20000 0 000 10000 15000 20000
Total episodies Total episodies

(d) 24k Agent_4 (e) 4k Agent 5
9 5 ML X B 6 M VA1 4 K IR

9(a) R T HZk Agent_1 7EXHi 6 FhEVEP IR RIL. HiL MDN_AF ZAE 100 4, RILB L
595 MDN_NAF [f) {8 8 £E-100 4); .95 VAE_AF F3E £E-300 43; 9% VAE_nAF £ & 4E-500 4); 59 FC_
AF FasEFE-600 %) 54k FC_nAF FIE 7=, K-700 7. SEMPERERTL ) MDN_AF>MDN_nAF>VAE_
AF>VAE_nAF>FC_AF>FC_nAF. 7E MDN_AF, VAE_AF 1 FC_AF Ll &» MDN_nAF, VAE_nAF 11 FC_nAF ]
16 LA, MDN ZRELIEPEREAR T VAE R FC 285075, H FC 2R R 2, £ MDN_AF 1 MDN_nAF.VAE_AF
I VAE_nAF. FC_AF HiI FC_nAF ZHJ&H 3 Axftbrr, AF 28503910 T nAF 285032,

o(b) 7~ T 54k Agent_2 7EXIPL 6 FhEE T 045 7 R, 55 MDN_AF (M4 200 4, RIBU;
55 MDN_NAF [ E AR ¢ 46 100 435 Sk VAE_AF R ££-100 4y; 5% VAE_nAF Fa e ££-200 43; HikL FC_
AF F2EFE—400 43; Bk FC_nAF RIL&EZE, N-500 7. HIEHIPERERIN Y MDN_AF>MDN_nAF>VAE_AF>
VAE_nAF>FC_AF>FC_nAF. 7& MDN_AF, VAE_AF I FC_AF L) }2 MDN_nAF, VAE_nAF F1 FC_nAF (1] % £ %}
Ebrf, MDN KR53k REAE T VAE M1 FC 28509, H FC K54 72, 7F MDN_AF Fil MDN_nAF. VAE_AF Al
VAE_nAF. FC_AF fll FC_nAF Z1i ) 3 4%f turb, AF REEITE T nAF 285532

Bl 9(c)iern T4k Agent_3 fEXTHL 6 FhEVE T A3 4RI, BIL MDN_AF [Z{H 300 47, RILELF
Sk MDN_NAF [ Z{f 58 58 7E 100 435 51 VAE_AF F5E 76-200 43; 9% VAE_nAF R85 7E-200 4); Hik FC_
AF F258 ££-400 4¥; 513k FC_nAF F2E £ -400 43, 577% FC_AF M FC_nAF MRk I 22, STVLMIvERE R0
2 MDN_AF>MDN_nAF>VAE_AF=VAE_nAF>FC_AF=FC_nAF. 7i: MDN_AF, VAE_AF 1 FC_AF L\ % MDN_
nAF, VAE_nAF Fl1 FC_nAF W20 %t L+, MDN A VEMEREME T VAE T FC 2857k, H FC B8 kE %, #
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MDN_AF 1l MDN_nAF. VAE_AF 1 VAE_nAF. FC_AF fl FC_nAF #1513 41%f tb i, MDN_AF 83k 3%
i F MDN_nAF, VAE_AF fll VAE_nAF. FC_AF Al FC_nAF Sk & #%1E, (B VAE_AF SLikAE L3I 2
LT VAE_NAF, FC_AF M SGHE FE LT FC_nAF %,

Kl 9(d)/B7R T 22k Agent_4 7EX4T 6 FPELVL T AR5 R I, 5% MDN_AF [#AE4 700 45, R IL&ELT;
95 MDN_NAF [f) Z{f £ 8 £ 400 43; 59k VAE_nAF £ 8 £ 200 4); 59 VAE_AF R £E 100 73 515 FC_AF
FOEAE 100 435 Bk FC_nAF R ZE, AN-150 7r. HiEm RN MDN_AF>MDN_nAF=VAE_nAF>
VAE_AF=FC_AF>FC_nAF, MDN_nAF FI VAE_nAF k35 #lit, VAE_AF Fl FC_AF Sk tlir. 4
MDN_AF, VAE_AF il FC_AF L\ J2 MDN_nAF, VAE_nAF fil FC_nAF [ 415ttt , MDN 2R3 ML REAL T VAE
M FC 2854%:, H FC VL& 7, 7 MDN_AF F1 MDN_nAF. VAE_AF 1 VAE_nAF. FC_AF 1 FC_nAF 41
F 3 4N EE R, VAE_NAF 76 LA SIGH BE AR T VAE_AF 509, AF RT3k AT nAF 285735

Kl 9(e) @ R T 2:4: Agent_5 7EXTHL 6 FhAEET T HIAE 7RI, B MDN_AF [WZ4E Y 400 4y, RINE LT,
5175 MDN_nAF [ 2 T80 45 100 43; 599 VAE_AF F2 58 7F 100 4); 541k VAE_nAF F2 € ££-100 43; 59k FC_
AF FasE 75400 73 509k FC_nAF £ 2, h—450 7. FEMTEae XI5 MDN_AF>MDN_nAF=VAE_AF>
VAE_nAF>FC_AF=FC_nAF. 7 MDN_AF, VAE_AF 1 FC_AF L & MDN_nAF, VAE_nAF 1 FC_nAF % 41 %}
Ebrh, MDN REVEMREIE T VAE 1 FC 28435, H FC 2889k, 7F MDN_AF 1 MDN_nAF. VAE_AF Ml
VAE_nAF. FC_AF #1 FC_nAF 21kl 3 4ixf Lt rh, B4R FC_AF Fl FC_nAF Hik A EARLL, 1H FC_AF W8
BEMRT FC_nAF, [H1j, AF 53001 nAF 285034

N T HE— 00 S A BT VEAS, (T Elo VEA R, LASR 1R EERIAY, ¥5 6 FhAIVAE 5 AR R AR A
AT BUIFREAT 73 9, SRR A1 L5 7 PR 3.

®3 6 FHILIN Elo 55y HEIF 5

Agent 4 F5 5% Rl Y
MDN_AF 1301.36 1 1
Agent_1 1292.49 2 1
VAE_AF 1280.55 3 2
MDN_nAF 1277.80 4 2
VAE_nAF 1254.46 5 3
FC_AF 1246.65 6 3
Agent_2 1213.21 7 4
Agent_3 1189.13 8 4
FC_nAF 1161.60 9 4
Agent_5 1126.10 10 5
Agent_4 1114.77 11 5

MW 3 AT HN, 6 FhELEHIL L K FE N MDN-AF>VAE-AF>MDN-nAF>VAE-nAF>FC-AF>FC-nAF. MDN-
AF Jb T8GR Ar E, R LA 5 PR 2R fe Ak, /KSF[A) Agent_1 AHIT, AbT-58 1 4%; VAE-AF 1 MDN-nAF 4t
T8 2 9, VAE-nAF Fil FC-AF &b T35 3 2%, X4 Re ] DL 2k Agent_2, Agent_3, Agent_4, Agent_5;
FC_nAF X&b-T28 4 20 A feoh M2k Agent_4 Fi1 Agent_5.

g barHr, arLAE N 4.

o AREGIMAEIF, FT MDN-RNN [ 70 g i PE R T35 T VAE Migifidthge, LF3F FC M4

gk fg;
o TEREARBGNEAT, 4G TGN ETIEEE R T IEREA 7 & N R T 1 H;
o FEA LGN F T R R SR E 2, LR g TRk T sk

4 KREHMTENREE SR

H T BT BEAR AT B MG, A SCAEFH MDN-AF 5E [ 5 FiEE 48 8 Ge AR gt A7 b,  BA- e (i 8 2 30
i, FMAEREER
{time:{r_state:{state,action},b_state:{state}}}.
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FERI BB R, BAT KHLBI AR 36 8 T A T7 WAL e O 2 mp DO, AR RETT IR S, 2 0L AT B i 8Ly
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(b)

(SN VN SIE v 878 iy € S S RO 7/hU 2 Y

Bl 10 ioR T — R bh g, LLS AN YIS K (75s) A H] B AT 40a2e B, v 4] fr 9 48 KL S ME L, 3L
BEHRRE A S KT AL REREAT +1 <, B AEAHXT 2 A VG, BB R0 3 I 28 — ik X o B IMEE R MRS 4
BRHA AL, R EEIRRE AT 2 A 2, SRR S AL

AP BRI LA R AR RE AR RIAAE, X8 R R R EAT T o0 #r: e E T, B2 AL 2
Moz 255, 6 MOmfE s a8, W CHUREA R T8 T3h, MR =X S PO Re b8 1 5o 46Xt F
By, BRI i 2e; 70 5 MR Aetdrh, "HLLAZw BRI T 2R TR T, T 2% 53 5500 b I 3 e 44k LA
FRLE I 20 AR RHLEAT R 36, a3t s A LW S FRE R AT vh s, B KRS RIE T R & 1PERE, 3k
PR TR A AR, HEMER AR, Ik Ah, MR Agent_2 AT XIPUM IS R ORI, HELk Agent 2
K G sk, DA T R 3R, RO BT AR S B 800 s W R i) 41 7 SR ML SLHEAT AT o, B =0
WX I e A B B ARG L S s e 7 TCHLER AR (W vy, 2 oo 7 S5 W7 30 1 e S L 2B A7 %6

(2) Fh 78T 52 S s

TEXTPUE FR T, 4007 M S8 IR ML I 7 ik DL B KL B 5 Tk 0 Sk 28 H AR AT BRI 23 AT AR, B — AR
s SFAUAE B 5 KA, BET A RO X T R A PRI, A B = AL ER A A e R 2R S S IR B 3R
Fatt, IERNRPIH M. B 1) 7R T 4007 YHLEAT AN AT S Rk #2, AL 7 %l B AT S Jb s Sl ik AT
figg. FEL 7 B LA J7 13 B A CHLEEAT 2380 5%, 1B O g MU E AT 25 Sl R

K 11)EoR T — R, L5 ANYRSFER (TS )b ARG I AT P B ik S HLAF/A-18E #17Flik <} AL
“FIA-18E #3"(F 58 HxBLE, FAT &I SR ML I A AT 2 b 70 15, i HHL“F/A-18E #47 I/ 5K &
AR, AR EE O RAT IE RN, FEX IE R ISR 2E RALBEAT DTS S X BT, SRAENLC T #1270
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(b)

11 b FE 5 SR S0CR AL P

FEXRS FD FE 05 e 1K) 7 7B S D BEAT 70 M I A B AE TR 2R Agent 1 XS PN, BET5 CAL IS AR F ML 4 BA AT
SEAENLGR AP 3R, S HLG BAAE 4 TR ALK A, 242005 (1 KWL 1 S SR LI, 75 PR A S L 2 A
) VU LB EAT B A, AN, T (S KEALGE BN G P 5 TR Ik, A i IR B I 8 1R 2175 1) 52 AL
ArAT e, 2005 R AN BEAT O BLIZ S NL, BB SR SR I8 A 5C 28 b AT PRI 3 — X T S mes
fEAFE )R REAR 2 o T Ab FEMTRESRNE, MKEE KHLOT S A S KB MU AL, RBLERINAHER ©HL, R 2
TrWEML, KA )R

(3) “HE BT il s

H T B2 LA Y B 2 i, AN IR ML HEAT AT i i, FEUT KR AL A S e T il B 12(a) R T
177 ZNERL R i) BT 5328 AR A 3 2 O 1) R s M S T, T K R S A 9 s A S ARt
ITEAE, TR R ZR LTy CHLBEAT T o

T UMY T i PR, HL R, B s e A AL 7R ROWL LIS S PR IR TR0 506 i R, BRI A P A e 5
AR T B 1) RO, DA ] R e BEAT IERE. W 12(b) Re7 T Z0 05 & MERL TN . #2750 i 5 9K 08 AR BEA T
T, 2077 WHLE I I 4T i 2k, SR FEL i)y KB ML A S e s, RS I s i b s, T
REIZE 1 W 77 A 7 22 DI W A B T RS IR, IR RIE A o, SRS RIS . XA IMEZ IRGE
B 58 OB I 485 Al 3 55 10 A

Bl 12 g7 o LA R BRI B
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Gi G SHFIE, XS I ST T L 0 HEE T IR D AT B, AEF B WEEUE T, SEIENLT
s S R 80 2 0 WL, i B2 AL KT By 2 K 2 Ak R 2 O 60 22 v L. AR A i A A R RE A Y 7590 2
&, Bl alas A FAT R R R, TSRO AT AN AR A i 2 R A AR KR AL L 40 km B4
IR RRE NN SR WK AL AL 60 km A HAT B (K 47 T ey 3, SR — o B 45 S K AL I e 462
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WL JE FETT 5 SRS N AE T B 0 A S 2 Ml 30 5 AN 8 R IR I eSS e, O O 0 o 0 KRG 25 L DDA, A A
B REMAE S S R R BT W T L (0 S, A R TSN LR K.

(4) SESFHLEE Ja S22

RUE A TN AL R WL, L USRI, BICPNHL, RIS A BRI, 1T 4 55 G2 A AT LA
RATBO 0 8 voe X PURTEI. P 13(a) s T 3& MEHLEE 5 S8 28 s, e 23 o T e 4, 2005 R A
R it S HLAE 90X AL R G AR e AT %, N RS HE LA v Dl i T O L AT, TR AT O LT

N T S JE A SR AENL AT B S, AT LA S AR SRD K A 1] B 1 sl A P2 £k P AT i, Al 13(b)
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Bl 13 RAEHLEE 5 58 2 RCR A B [

FE 53 HT MG T RS DRI R B, SR LA R T 2 RO ST D i v, kT TG vk 5 )AL 1 dwe e A1 55 H
PR——th DU 7 KB ML, BEAh, TSRS A e T 3, P A T AU R R, B T
XL, A EAENLMFE SR I, o PR AL BT, SRAENLN S AT RED S 53R, AR RAE S PR S i 1
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EW M FAT) BRI TFRRT GUIg 5h, TR R R A ANHIDE I Se 5 B R Z o0, Thfie s
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YH -, HAER] 4 MoK AT SIS AR 2020 4F 4 [F S HUfESOCE T, BE T RE VO IR RE AR Tl
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SRR RS, B DR T AR A e, BARAR ST IR U7 VAR M ar AR e P IS T RIS B, (HAE ARk
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