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Evaluation of Military Software Capability Satisfaction in Dynamic
Multi—Task Scenarios Based on TOPSIS Model
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(Command and Control Engineering College ,Army Engineering University of PLA, Nanjing 210007, China)

Abstract: As a pivotal component within the equipment testing and evaluation system, military software capability requirement compliance
assessment directly influences the effectiveness of combat efficacy generation and verification. Addressing current challenges in evaluation
methodologies, including ambiguous expert—experience—based indicators, insufficient adaptability between static weighting models and dy-
namic multi—task coupling effects, as well as inflated weights of cross—dependent indicators, this study draws inspiration from software scenar-
io testing. We propose a dynamic scenario flow graph modeling approach to deconstruct typical operational task sequences, coupled with Mon-
te Carlo simulation to establish a dynamic quantification model for scenario criticality weighting. Building upon this foundation, to resolve the
persistent issue of cumulative deviation caused by redundant accumulation of shared indicator weights in traditional hierarchical evaluation,
we design a mutual-feedback optimization mechanism based on Contribution Ratio Coefficient (CRC). This leads to the development of a hier-
archical TOPSIS evaluation framework with mutual feedback optimization, enabling multi—granularity satisfaction measurement from underly-
ing performance metrics to top—level operational capabilities. Experimental case studies demonstrate that the proposed model effectively identi-
fies weight inflation in cross—dependent indicators, achieves significant improvement in assessment objectivity, and reveals software capability
deficiencies and operational constraints. This approach facilitates the evolution of software evaluation from "quality assurance" to "capability
assurance'.
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Fig.1 Typical dynamic task scenarios of military software applica-

tions

Bl ZERRGNANARNEESESHR

BEXE B R, AR SCHE Y — Rl sh A S A S
H 546 #) 53 2 B AL TOPSIS (Technique for Order Prefer-
ence by Similarity to Ideal Solution) PEAEHEZRN0), 2 HE SR 5
BT BT 3 S 2L 55 55 0 BB T 55 5 91 (0 i 2
Btk HRERT I PR I A ) R A B RE D SRIE . Al
XF G R by o 2 A R 4 TR &R G, e i oK
o6 R Ab B A5 Bl S ST B o R AR A L AR
JIYERE o VTAS I R BRGE T 3R e e AL E AT 55 rh g
PERE R L5 5 R VT WC A BE 1 I 7 i 4 o0 4= S AR i ]
Yk o X — 5 B TR0 R VP AL RRL ) B X v 5 AT 44
P [F O J5 S g8 bRk R BT b R 2y HEZR I
PAE T 2k 5 07 585 AR g Kt AR A ) DU T T BB
i W WA A X RAES B R T WL G R, & T
Z w2 Bhr i 28 R R, Of HAHE T2 o B i
(AHP) , TOPSIS Jo i #4 £ 52 2% 14 1 W AL, i 1 32 LR
KT RESI A 22, B i& & sh &5 TR EB IR, &
SCHE 34 35 3 8] (Scene Flow Graph) 8 78 1 % 35 14 5 fig
6 b 6] 1) S AR S HLH 455 50 RIs iy H b 5t
BERE R U T A% G R S AU AL X Z2AT: 55 sl A5 HE A R0
Ry 30 W P AN R ) R, I LRI RE I b S A TR b 1] 3R R
(Contribution Ratio Coefficient, CRC) , 328 T I 2 #5 bR AL
YA YR Sy I T G o R AR B 2 Sk
J5 BB AE 3 A4 TEACE 23 BC R ALE 5 TOP-
SISAMZR G MG M E R G R, SR JEVERE
F b 2 TUZ 1 SR RE 1 B SR R PP A L B9 T IEAG 2
A ERRIE ST R . Gl R AT IR, 25 R R



7

SR R TR 28 , 45 56T TOPSIS B I S A 2 AT 55 % 5t T ZE AR PFRE T R R PP A © 49 -

AR T A 5 % AT 53 B 0% AR S AR 3 e A 3 5
AU S RL , 5835 H2 T T IPAR 5 50 1Y % UAE I RS Ml
SO il 3 R 5 0 0 M 5 R i AR A 4 11
AR .

1 ETFHESESHRERNAEGENESFIEM
(aEilE

FEZE AR T PPAL i AR S5 S s i sh S e 2 4k
B R P 1 7547 0 e 2 TRy 12 X DA A ol 1 A2 B 5 oK
I ARRFAE o PR , AR SCHE Y — Rl T 3h 28 24T 55 5 i
MY AR T )R DA HESE o PEARHE SR iy 3 A% O R Ay
B : B A S A B OL A 4TS | 43 )2 TOPSIS 3
G o B R A GE A 7 SO R S SR R H Al
AT 55 F A 1 S A HE 5 RO, A2 i SRR 5 BRI AR A R
53 ECAIL I 3 F BTk LA 3R 8 (CRC) P o HL =48 AR B, i
Tt e AR v AR R i 1) ) A5 32 TOPSIS 2R & U ok
O B W B SR U i IR 2 PR RE AR A (AR A R
B )3 JA WS 0 T2 4R S RE 7 Can 3 A 1 e o 4% i B ol
RET) , B2t 4 i SR Wl R PEVPA 45 R . IR B
BB AE T4 37 5 gh A8 S8R SR 5 73 2 T2 5]
RS IS P AL B PPAL A2
11 ZHEBEREZESXBSEEN

BRI AT 38 5 DL A SIS IR A 2R 25 O AR R AR RE L AR
AR A1) F AT AR 55, G AR AL I 8
1z I A A R OGS PR 2R 1 AT BRAR S  TE AN T) 1 42 T 3K
PSS NS R R S i T B k3R
TEAS ={S,, S, -+, S, ), Hetp B3 55 S, % 7 R A 2k
B B A RIS R LA L R IR SRR
B AR LR A I

(D FARRIERZE . B e B Ar SRS B
LIPT335 A 1 SR 55 355

(2) CHE 3R IR i Ao PR R 0 X AR SR B R
A BEH WA ORI SR N &R

wE 2 R, MR B 38 2T 55 3 5 U 1R He BRI
(Main Flow, MF) 5 %53% 7% ( Alternative Flow, AF)H4 %, —
BT W S S N AR R . B E O BT IR
AR TF U 2 2RSS o0 e 2R PAT RS AR, ) 4 15
MR BT AR R SE - PAT T R RRE AL
T RAE T TR0 B i A A FE BAS A DU 2 ik 2 45 B
TR SR ARSI 5 QSRAE S I AR E S BT A I B
VRS, D)2 ik 45 3 it #E SR AR AT 3 5 R BT TR g
WA RGN, JEUE TR TC I I 2T 2 fioh % % ik
TR SRR SO 2 5 R PTG . R R
HIRCARAE A M E 6=(E,L) , i S EE=1e,, e,, -,
et FORAERRERAF R LA IR R ) i e A R 5 ik

HAE

| Bt | BiTHY |

HERIBRATED
HREVFAE

Fig. 2 Basic flow and alternative flow in scene flow diagram
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F2 KEIEREE

75 Colkm  Cyul%  CulMbps — CoiW/s  Co(IEAIESY)
NS 80 0.12 100 120 0.6(5:2%)
GERTAYE 150 0.02 200 180 0.9(fE5)
FRL W) 50 0.25 60 80 0.4(He2%)

oy J= TOPSIS HEZR B 5 b8 R 48 5 i L A2 4n 3k 3
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Table 3 Index system and quantization path table
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Table 4 Standardization results

R4 RELER

RS SFIEBE N ISR

Wkt Culkm — Cpl%  Cu/Mbps  Co/W/s  Cpo HEETSY)
VA8 sers 0.30 0.57 0.29 0.40 0.40
ERGAYE 1.00 1.00 1.00 1.00 1.00
RS W) 0.00 0.00 0.00 0.00 0.00
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4 1-045
i) e H,~045,0,,= 5_721_11

(2) % kA e (=, =0.5) o
C, MRS FALE R
') = 0.5%0.55=0.275

~0.55,

B B o] RS
JAE 0.30 m
B 0.28 e
W TE ( 0.30 + 0.28 + 0.25 )—(0.36,0.34,0.30)
il 0.25
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Table 6 Control and coordination ability indicators
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Table 7 Weighted scenarios of analysis and judgment ability
R SITHIETRE N INAUE =
%% Cll CIZ Cl}

VAR e 0.30%0.36=0.108  0.57x0.34=0.194  0.29x0.30=0.087
CERvAYIEA 1.00x0.36=0.360  1.00x0.34=0.340  1.00x0.30=0.300
PRI W 0.00x0.36=0.000  0.00x0.34=0.000  0.00x0.30=0.000

B PMAGE S C, B St IR 8 firs

Table 8 Weighted scenarios of control coordination ability
®8 EHIMERE MG R

Gkt C, Cy c,

IE=EE 0.40%0.32=0.128  0.40x0.42=0.168  0.57x0.26=0.148
EERGAE 1.00x0.32=0.320  1.00x0.42=0.420  1.00x0.26=0.260
FRET W 0.00x0.32=0.000  0.00x0.42=0.000  0.00x0.26=0.000
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Table 9 Closeness of analytical judgment ability
&9 STFIETRE INGIL E

Yy d; d; Z;”
o 0.231 0.198 0.46
CERv AV 0.000 0.520 1.00
R W) 0.520 0.000 0.00
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Table 10 Close degree of control coordination ability

R10  E=HIPERE S ML B

Y d; d; 7%
V=P e 0.215 0.185 0.46
Gk 0.000 0.620 1.00
s W ) 0.620 0.000 0.00
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Table 11 Scenario comprehensive demand satisfaction
R BEREEFERBREME

%E": VA 1“”",

i 2 KR 0.571x0.46+0.429%0.46=0.46
R 0.571x1.00+0.429x1.00=1.00
FRgE s ) 0.571x0.10+0.429%0.00=0.00
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SR 0)=0.56.C, : 0\)=0.56.

(2) IR S R P T . RS AL Oy 0.56, 1T 15
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Table 12 Weighted results of analysis and judgment ability C,
F12 HWFIEEES C, LR

Yist Cy Ch Cu

N 2 KR 0.30%0.27=0.08 0.57%0.50=0.29 0.29%0.23=0.07
FLREB P 1.00x0.27=0.27 1.00x0.50=0.50 1.00x0.23=0.23
RIS W) 0.00x0.27=0.00 0.00%0.50=0.00 0.00%0.23=0.00

Table 13 Weighted results of control coordination ability C,
F13 EFIHAR S C, MIER
%i C41 C42 CIZ
IVE=8¢4 0.40%0.26=0.10 0.40x0.33=0.13 0.57%0.41=0.23

HLURERTT 3 1.00x0.26=0.26  1.00x0.33=0.33  1.00x0.41=0.41
IS 0.00x0.26=0.00  0.00x0.33=0.00  0.00x0.41=0.00

(3) T B (75K 5 Bk ) 30 . RIEE S T iE
AT W BE 1 ¢, s il R EE 1 €, W 3T BE 43 a0 2R
14 .15 Fm .

Table 14 Closeness of analytical judgment ability C,
F14 SWHMEES C, WEE

ikt & d; 7"
ISP e 0.241 0.208 0.46
LB 0.000 0.562 1.00
FREE W) 0.562 0.000 0.00

Table 15 Closeness of control coordination ability C,

®15 MRS C, WIEE

Wit df d; z
Ivas=S e 0.225 0.195 0.46
B RERA 0.000 0.680 1.00
R4 ) 0.680 0.000 0.00

() 254 T Kl X L. TIUZRE ) R A 1A
#:0,=0.48,02,=0.36, 71— AL AL 35 O - 027"=0.571 ,0;""=

0.429. TERHMEG LRI T , N2 B 5 2i 5
UL REE A Z0=0.72, ZM=0.76, LiG TR EE R 2l =
0.571 x0.72+0.429 x0.76 = 0.74,
B TT B G AR GETT R R A5 R ANER 16 i .
Table 16 Comparison results of two methods
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LB 1.00 1.00(0%) M7 FE B AL 53— F
PRI W) 0.00 0.00(N/A) i e A R o s 2

33 SmE5E&%ie

T X DAL BT A o R RN B4 3 AT, T AR B R G B
b7 e gE A R B (£ =1.00) , H Ay W (20=
1.00) 54 Hl HriE (Z2'4=1.00) & 1 4330 BRAR K-, R WX
Y s T iR %(0.02%) 5 R G M A (0.9) e b R AL
5o PREEMEIN 7 e LR A 7 SR R AR (Z'=0.00) ,
R A% (0.25% ) 5 RGEAMA M (0.4) A6 G , 75
R SR RE R

WU TR RN LS BRI A8 58 05 1k DR R 5 TR B
b, R RS RAE E T BT BE ) €, s I EMEBE T €, b
P RN CEALE 1.12), S BN 2% 3 50 45 5 75 R
SRR 5 74% (Z17 =0.74) o Sy i ek 5Tk Eb ) R A
P o3 BUCE (AU 0.55) , 5 2R 2 M w8 1E R 0.42( ]
43.2%) , BSC R T i 5 T iR HR(0.12%) 5 R4
P£(0.6) [ AL EE B

WAL, EEARNAE SR PG B8 7 1340 J2 el itk Oy i, WL B
P17 R LR A R R R O 1.00 (B N AR B R AT AE D
FEEF CRHMLG T RS R N R B S8R
H M CEARLEE 1.12) B T35 F A PhRE 48 4 (a0
PRAL 2 0.02% , REEEAPE0.9) A B U8 , AL E 4 %
SESLICRE R M S T A A VEAL O 22 5 et E i e
R e R B (o) B BT 3 L2 FE AR AR (AL 0.55) , L
KRR i A B (0 A Rk T RS b L A 5 B0 A
BICAEL. X — e T B e Sk RE 7 = T B
ATH BB 14 S5 I s [ 1) L SIEARORS 6 3R, 3 T PPN 45 SR 1Y
BRSO R . IREE W TE PR O T A T R
SEPERA 0.00, AL PEAG AL AR B 7 S0 Ty 2k i 7 A
188 7 1 RIS % (0.25% ) 5 R G PE (0.4) 1 B o 5
W B3 S 2O A RE 11T FE N 0.00 , {HL K B A X /3 A
S P 2 A B4 M 5 T R T 5 | B 3 Tk L A
FH (o) 5 M55 PR AL (CDVID) |, BRI 5 H H 45
A 38 A3 B 4 ey AR R Im) AL, TG LR T H R G i 5
(W1 CDVI=0.55%0.28=0.15) . JS 45 45 FAR A (H etk )y ik
A SE RIS AL T TV A . BN T CDVIR
SR S SR 55 0, T RSB

A SCIE A RSB B UE T 43 )2 AL TOPSIS P-4 AE 22
(A B (EL S 56 25 A T e A2 B RS P R .



7

AR, R TR, 25 PH , 45 - 56 T TOPSIS BB 8 25 AT 55 5 T 22 AR RE 0 7 >R S VA - 55 -

WML KB T BN, BB % T LIRMES =S5,
AR T A ity G837 25 F R I S8 O, 0T B s A AR (1) 72
FERE T s MATAL AL CRC W) IR (E 3B K & K2 00, R
I A S N R BLE AT T O A AE 3 XU 5
SRRSO BT 2 B, A SR B R B s A
%37 5% AT RETH IR RICR PR AR A o 78 AR 5 R LAY 2
AL RE T, I B S M O 45 6 80T 28 R BOR B T 5L B P Al
it ).

34 HEMESTESEHEMERIE

Ry B RS A N S R0 A i B R 1R DL T s
Sk
(1) BTk Lo ) R B U 5250 . 72 3RS T iR
HE(C ) B TTHR LB oy, DA 0.30 32 25 155 > 0.70 (i 11 43
MrAIWTRE J1) , AR LR A T Rl AL 1 Z ! i AR Akt 35 (DL ]
5)o ZERER, Ma,, > 0.500F, 70 g N [, 2 IR
DUHR H A o BE BSR4 A 2 DR BUR B IR S 800 6 L
TR W () Z ! U 24230 0, J W AR i B 7 7 R BT
BE & WLIETTPEA .

Q) ENER LR . ¥ = AE A, HLIL )
+10%, R IR 100K, G812 bR e 25, 45 - 3k 17
PR o S5 NN R T 3 S S bR ofE 25408 0.02, B3 IE
TR SN A R T AR E Tk
35 BHEMNESRE=EN
3.5.1  EBIR AR ST

Sy 2™ AR SO R AR R 3 S B A )
FHY SR BTN, S5 R 18 R . Hop AR
TR 55 R RVRI 2 2% i, LA O B U AE 2 AN 3 B
2& AR R AN 22 Ge M 55 4 U3 D T A A
352 BAb A ROMEIAE

Ryt — ™ AR SO R YA R L 51 3 R HE AR
R L 45 TOPSIS AL AHP DL K SCHik [ 8 11 sl A WA AR 7Y
HERAPE 552 2 BE AT AR 3 A R E AT LA, 45
W19 R,

1.2

1.0 4
09 3
0.8 3 ®e

V¥
0.7 3 Yvy ]
V"'v

3 Vv ®
0.6 v
0.5 3 b |

0.4 4 |

Wi R Zittotal

0.3 5 L
0.2 3 N
i |

013 -

AA‘
A4 bt |
0.0 e S --

-0l T T T T T T T T T T
025 030 035 040 045 050 055 060 065 070 075

e
kiR MEZ_ittotalZE b 3 E
Fig. 5 Variation trend of demand satisfaction degree 7' in different
scenarios
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Table 17 Robustness test results of scenario weights
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Table 18 Comparative analysis of typical military scenario cases
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Table 19 Comparative of evaluation models
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