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An Interpretable Wargame Situation Prediction Method Based on

Heterogeneous Graph Neural Networks

CHEN Lu“? SHANG Jia-Xing"? LIU Da-Jiang"? ZHANG Yu-Fang“? NI Wan-Cheng**

Abstract In complex and changeable modern wargame simulations, accurate battlefield situation prediction and in-
terpretation are crucial for high-quality decision-making. To address the challenges of difficult expression of com-
plex situations and insufficient model interpretability in wargame deduction, this paper proposes an interpretable
wargame prediction model WarGraph based on heterogeneous graph neural networks. The model consists of three
modules: Multi-relational graph modeling, temporal analysis, and interpretable prediction. We first combine replay
data with prior knowledge to construct a multi-relational heterogeneous graph, effectively modeling the intricate re-
lationships between the environment and the operators. This enables capturing the complex interactions between
combat units and the environment, realizing the representation of complex deduction situations. Then by lever-
aging Transformer-based temporal analysis, we dynamically track the overall situation evolution and use attention
mechanisms to identify key decision-making moments. This model can not only accurately predict the outcome of
battles in wargame replays, but also the introduction of the attention mechanism enables a better explanation of the
key factors in decision-making. Using replay data of 108 matches from the “MiaoSuan-ZhiSheng” wargame platform
in 2021, the results show that the proposed model achieves a prediction accuracy of up to 90.91%, about 9.09%
higher than the baseline models. Visualization of the attention coefficients demonstrates that the model captures
critical moments in the decision-making process, which further validates its interpretability.
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Encoder/decoder module of attack graph representation
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Fig.8 Dynamic evolution pattern learning framework

XAT R LLFRAE A, @ I B 22 ) ©L 48 3R 15 il
BHAL [ Output sym, Output syma, -+, Output sumi),
Horp k Fonmiig. /58 Transformer BT 5140
AN, BIXT T REAN L FEFE AT 5, i A 2] 5
A2 )AL SR A [R] I 20 S 335 B I P AR AE 5 41
{w1, x9, -+, xx}, RWEAS[E S ZI (1) 25 (8] F1 22 B 4HF
PE. W H 546 B b AN 5 15 2 BN ) &, (5457
I A LR RIS TR B TE R,

T XN T B EAT B AR 4, g FLBILS 21
R NS 6], ansX (18) B, Hdr, B RIRmG R

ﬁEv El] [OUtp/LLtsumla OUtPUtsum27 Tty OUtp’Utsuka



6 3 Wi 5. 2T S A P 2 DO 4 1) T A S ML S 34 N0 T vk 1255

Wembed) bembed 7‘7%‘@@%@#5‘]1&@%@%@{@%W%
X = E/Wembed + bembed (18)

B, MARICHEIA TSI IR P S,
MU 25 PR A BEE S, SIAAE
G AR ST PP A5 B, R AL B & P B
A X . A B AR 52 R R R B AR, HE
AT PR,

. 08
Plpos, 2 = sin (p ) (19)
10 000 Fmode
08
Plpos, 2i41) = €08 <pz) (20)
10 000 Fmode
X'=X+P (21)

For ) Ppos, 2015 Ppos, 2i41) 73 A N EECS B 86 B
Hifidh, pos RRALE RN, dmoder NIRN A EHILEE,
i NAEFE RG], X R A AT SN ) &
X Ah gAY 7 AL AR GE % 7 ) BAS[R] I [] 25 2 [6]
FRVAE A IR LA B 4 Je B TR AR 45 7

FEEERNE, tHEE DN o s HAb e R R
W) A B, TSRS B S R e,
(22) i, b @, K, V RHIA X7 25 ARl 2k
A 045 380 PR JREL RO . 350 AN [ B ) 22 2 T )
PCE AT BN A% 2], AL Re s SRR i R 45 R 3
RNEBEMR ). /£ (22) H, softmax H TXEE
JIRCE AT VA — A AL B AR 2 B o ) —
A JE BIAUE 23 A, Wl DR I )20 AR S A 1,
CEEY RICTIRYNS PRl s RCEE 2 iR R po Pl It S
FE. Vdp ZARTER T, 1S softmax bR KRR E B
InasE.
QK"
o > Vo(22)

ERNERMEIRE {21, 20, -, 2} B IE
BER)ZIH—1k LayerNorm J515 3] Z, AL, Fi@
Tk i B ) 23 2 I 45 X 2 e iy ) 1) B A R AR
W BB Zy RAE, AT BT 38 S AE TR 2 WX 2% 1
PN R, sk (23)s X (24) FioR.

Zy = LayerNorm (X' + Attention(Q, K, V)) (23)

Attention(Q, K, V) = softmax <

Zy = LayerNorm(Z; + FFN(Z;)) (24)

Heh ) Attention(-), FFN(-) 73 a3 BiFE B A4
BRI Dy 115 B[ E KNP AR, R
R — 20 SR A A 0 i [) 4 B2 3R AT T+ 35, g
AN FEHIAE B R 40 B — Mg 4E L 1) & 18]
B REPE—WET 5B AR H A
RHAIE DL 4 R S AT A SR AL, Tk 5 i 1)

PR T2 ok N, T Ja SR I TN AR 55 . [R] IR A
RUIE L 3T AR R Z2 450 % R ORI [ A 3 DAL R AL

4 B9

4.1 SLENRE

ASCHET R E BB B s FURT T 2021
B IR LR R 108 17 b 3R 4 B AT
SR, R R e A S AT TN, IR T AL R
I FH A 75 AL 47 B 5 ) e O A v 1) R S
Z, HE— ¥4 R A R B ) OB R &R

£ 108 L BRI R B, 4537 L FE4m L 1800
ML PR S A B, FEALFE 108 x 1800 MRS R
HE, B RAE B AEFE 2480 2 S AR s,
TR, TR 5755 MR E X RE
Mgt ERTH5HETRAEY, BT 8
BRI, A 14 DTS, RIS AR AR
PEANR 1 Fiow. FIR, X570 8 JERUR IR RHE
#1053 %1, i F One-Hot Jaht 8% X 5270 B H k%
TS BB AR RE — D g, X i 4 R AE 1
RN — b, W ERRHIERS 72 51, K2 B
N T R H 7 et Ko ARsZigkEsl
R 80% HIBHEEFEARIENIZREE, 20% HIFEARVEN
RE. HTFHEMCRETE 0 ~ 1800 I ZIN 2303
ALY, FTRETESE — I ZI i TR TR K, &%

R N AR

Table 1  Features of hexagonal lattice node
S preiE St ]
pos Licoit] 4 BB bR
elev ELgit) [
node_id Eogit) ID
cond B %
can_hide 3t JE 5 T HE
has_road Eogit) AT
has_ river Egit) RN
x2 HTNAREMT
Table 2  Features of operator node
op_id Ecgi) HTID
color Eicgic) HTWE
type B HFEM
sub_type R Hyansym
basic_ speed B FERH
armor i) e HRAY
speed et L HTHLAE
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Table 3  Comparative experimental results under
different LR and epoch settings (%)

IR B O e k) (oo = 80
WarGraph 81.82 86.36 90.91
Trans-CNN 54.55 77.27 72.73
Trans-MLP 45.45 81.82 81.82
LSA-Trans 72.73 68.18 .27

0.01 LSA-CNN 81.82 77.27 63.64
LSA-MLP 36.36 81.82 81.82
ESA-Trans 68.18 54.55 50.00
ESA-CNN 50.00 63.64 63.64
ESA-MLP 50.00 50.50 55.00
WarGraph 81.82 90.91 86.36
Trans-CNN 77.28 81.82 72.73
Trans-MLP 68.18 81.82 81.82
LSA-Trans 68.18 .27 81.82

0.005 LSA-CNN 63.64 81.82 77.27
LSA-MLP 54.54 81.82 81.82
ESA-Trans 54.54 40.90 45.45
ESA-CNN 63.64 54.55 63.64
ESA-MLP 36.36 50.00 54.55
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Table 4  Selection of hyperparameters
Pl A R AR L 16, 32, 64, 128, 256
W R ReLU, sigmoid, tanh
HERA 8, 16, 32
)R 0.001, 0.005, 0.01, 0.05
IEARIREL 10, 20, 30, 40, 50, 60
100 100
90 90
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Fig.12  Graph embedding dimensionality and
epoch sensitivity
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