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Target Threat Level Assessment Based on
Random Forest Empowerment and TOPSIS-RSR

HUO Runze, CAO Zeyang, LI Wei

(Air and Missile Defense School, Air Force Engineering University, Xi’an 710051, China)
Abstract To address the shortcomings that the existing assignment methods in the target threat assess-
ment process can hardly reflect the contribution of indicators and the threat level classification is too sub-
jective, a target threat level assessment method based on random forest assignment and TOPSIS-RSR is
proposed. The method first establishes a random forest model and determines the indicator weights by cal-
culating the correlation between the indicators and the threat values in the model. Then a threat rank as-
sessment model based on TOPSIS-RSR was constructed to obtain the threat ranking and threat level of the
target by ranking the relative superiority and inferiority distances, and the reasonableness of the threat
ranking results was tested by ANOVA analysis. Finally, the effectiveness of the proposed method is
proved by simulation experiments and comparative analysis.

Key words air defense operations; random forest; threat level; TOPSIS; RSR

BEE SRR MR AR s R ERERE
E2Y S| S g D B U S (B = W TR
2% FAR U PP Al R S 23 2R A R B0 E A L AR B
Xt 7 25 VR R 7 2 A T RO 8 1 2 A e L X
73 2% F b B0 J 2 2 AT V0 A 280 B A 1 P 0 45

KB 2022-10-10

PN, X T )i 22 By 23 A B 45 DR SR AP 1 S
1l 7€ ALK A o3 e B AT EEEAE .

AP VA 4SS 8D H A ER ) 5 6 A R B Y
SR BAEEEW AT WA T ik A T
WAL A 20 LA 3% e, J2 WA 3 2 e AR

TEZER A BIEEE 997 —) B gk U A A+ A= WF 58 7 1) R B 2SI SR %38 ¥ . E-mail: danielhuo077@163. com

S| : EHE.EFEW.FRK. KT Y HRME AN F TOPSISRSR 85 B B E R F#[]]. T FEILEAFFH/, 2023, 24(1): 82-88.
HUO Runze, CAO Zeyang, LI Wei. Target Threat Level Assessment Based on Random Forest Empowerment and TOPSIS-RSR[J]. Journal of

Air Force Engineering University, 2023, 24(1) . 82-88.



51

TRV, 5 I FREMLLEARALF TOPSIS-RSR 9 B 47 8 i 2 92 1745 83

8 22 55 0 00 AR G- ) 8 B B AT VT A 4 I R A
(77 ¥ LG 2 R BT CAHP) (BR HE PR3 36
L R PR A TR R R 3R 15 45 5 % 00 TR AR ik 2 B 4l )
P& WBCE AT AL B AGE (] T
2 CRITIC 365 M8 5 R 0L 45, 3 LR AR 32
FEFEZ PR B L R E R B MR, BA %
KB 3 B S IR B A 25 5 32 B B RN R G = 1Y
SR, LA A7 7E 56 42 52 % LA 1 52 ), 7
P2 PSR 1 L, B 5 A2 80508 U 3 i
o, BENLARARAE Sy — A W B A HIL g o S Bk
FE A% 3 o) P SRS 3 SR AR A A5 A v (7 i R
TTVEAN , S T8 b A B ff 2 AL 1 3 1 e ok SEL B

H W E A A5 B 0 VA 25 SR S AR DL
He e I 2 0 3L T e = 6 B HE R B 29 B 1 R
SRR 5y . M A5 G R0 43 BB A 7 HE T I SE A
HE— 20X HAREAT 55 90 FI W BB A R T S 22
K T3 43 BE AR B HEXT TR 55 9 ) 43 R R B
OG0 R (E B RE S G R AR 3 e 4
7720 B BRI W

BEXT LA AN A SO T — Bl L T B AL AR AR
AL F1 TOPSIS-RSR (technique for order prefer-

ence by similarity to an ideal solution-rank sum ra-

tio) 1 FIBR B 45 S0P £ 7 %
1 B ERIEERUR E4 42

S H b E P B R AR 2, — Rk HORE
R ) R ) R 2R A S UM A R bR . AR SCRE R
HAR S A 0B BE AR L CAT o B /AT HEE R HC
V] 10 A I TP i 1 B Sk 4 T it S 55 2% H
b B B AR B L X T e b 0 A Ak B — A i 1A
K46 b 1 SR BE ok BUAS B gk W SR B )

1.1 H#RER

HAE 25 282 B AR RCS A1 H A AL A 35 b Bl 25
YES  — ok 2 28 HAR 2024 5 28 TBM L KRB H Fr
ANESE AR iR R E T PLRNE ., AR e R CSE PR R S
s 78 H b 1 b s J 0 43 0 SO 0. 92,
0.85.0.55,0.43.0. 04,

1.2 TRATERE
AT HR B S R R RUE O R BEECRAT
JiE S T R eR AN
u(v)=1—e”,v>0 @D)
K ia=—0.005,v N KITHE,
1.3 TkRHUETE
H bR RG] AT 43 4 i 3 AT AR AT I

T AT IS RGN ] HCIE L B AT B AR
HICH 5] S5 Ja 8 pR A

Je S0 <1 800 s,k, >0

u (L) =< 1 (2)
57600 C<Z<O ’/”» >O
N o ’

Kk, =2X10 "5k, =107 ;¢ N KHEHFH],
1.4 MRBRER

AL I B A T B i T 7S 28 H bR AR KR RL L A
HEBEAR /N ) o P R R R R K
e BCATL e 7 A 5P O B pR B O

p(pr=e M, —30<p<30 (3)

Xk =5X10"";p WHIHEHER,
.5 XTEE

KA AT DA AR 2 28 H AR R Bk

G T B, 2 3R 7 & I B AR AL %, v B I U
T R I L A, e SR S R B
1, 0<<h<l1
p ()= D

v ECh—1>7 ’1<h<30 k=0
R k=10 h G,

2 BN ERRRNE

i 2o Bt BIL AR AR A2 i o A T A R 2
AN T7 1 B FEAS O PR < 1 S o A A B L AR AR
[ YA TR 5 %R AT A RO A R B R AT I 2L A
FE AR 55 B (EL A AR S L 38 2o B e X T
TR ) BT IR JEE A4 s 72 A o A5 R 2 ) R L 23 i) 3t AR
FE PR AL L AR 5 8 2 A 2R 5 A B AR AR AU
2.1 BEHLARHRE

BEHLARAR I8 FHL 2% 2 2 i —Fh oA B Y
R T B R () AR O IR R R A
Blah A N ADUIZAEARM A, 5 BRI
Boostrap RHE A MBE 7R B dis b A7 1l M 56 HIL 4k
—MEEALVEE N KBRS N AR
Bt . RIFELEMITE T AR T AR, 5
TR RAE A B — MR 5/ A I I B 2 AT I 5
FErp B BB A5 2 200 3 B2 i N M A $8 45 TP B AL 28
BOm A 4808 On <MD AE N 73 A5 hr 5 i & 45 3] —
AHUBE N T BP9 Bl B AR AR
2.2 FEHLIRPRIR AL

i AL AR AR TR A ) 56 A JELARUI 38 3o 37 A4 48 A 1) 2
T R HE T A A5 AR ACE L R EE TR AROA AR R UL
WAL 3% L REEAE A H AR W E B9 B A5 B0 B 48



84 EETR

2023 4E

V2 R TR A2 B i b 5 U =2 [ B G 2R A9 2
A B R AR A A5 b B R AR AT LA O T
HEATITAL

— 5 T FERE R B HE S R L R — AR AR TR
BE AL AR r 1] ISR 9 A o A BT Al Y T kR
i I 3 A4 e A 2, T B R AR L SE A
ao HATRITEAN

Step 1 T4 43 BRAW b 45— 4 A0 B0 B 07 12 2%
Hp Ay sl s B TTREN

N
| M 7
MSE, = >, (c, — y,)° (5
=1

1

EEES

KN, B EFEADN B o, By, A
HEA T M ESHAE,

Step 2 THRLRF—HE AR 19SS DT HRR K FE 4
FET 5 s Ab B SR 43 35 AT SR 8 22 ]
7 IR 2 1 2R R

VS = MSE, —MSE, —MSE, 6)
K MSE, M1 MSE, 53l k535 2 A~F 1 AW
B iR,

Step 3 IFEEAE—FRAR M Rt oT kL K8 bR

(ES T NE S IR
VISE = S v (7

U MR TR ¢ IR B S

Step 4 1R FEAR AL N
iv.VSE
@ = (8)
> Svae
jE€Em t=1 !

T bk b A% B B s N BREAREE G
75— 7 1] WIS (R 25 20 R o 2 B HIL AR AR
I Zkoe 5 - R B AL A0 v R —
PRAYAEL SR o WL AL R 1 BB 1) A2 A N SRR SOR T
W 22, UG8 b s b 8 64 5 i £ 11T B S, 007 K 5>
HRHRCE CRE N B HATEITEN

Step 1 X F I 255 B& 1) Fifi L AR OB Y BE £ R*
1 R i TP e 0 i i 48 A L TR AU
D=y
Ri—g o 9
Z (y;: — )"

A BRI EE sy, BAEA T S Ey H
FEAR IR Y- 5L

Step 2 XtH845 j AYRE(EDEAT REPLE B HES
WA EEFN R AFZEME ;) RIS A .

R,=R,’—R, (10)
KPR HEEFAMERRMS R, WS G TR
(C
Step 3 i JJj It A 46 b5 . 45 B B — 45 A5 19 B 2
PRSI WFEHR j AIALE R -

B, =—* an

K om NN EGR, MIEWEZEES 5.
5B o BB HEAT AL LR G A5 B AR PR AL R
e, =aa, +(1—a), 12)
Kb o N a R R EGHUEy 0~1,

3 EHTF TOPSIS-RSR # BiRE &5
e kil

TOPSIS 7 & — Fh 38 i 3718 8 A6 B AR 5 1E .
A FRARL e 17 R 2 BE 3 ok 5 AR A 1) R G B S
FTHEFF 09 773 A U PP AS T A3 80 T 2 A s RSR
R — B R AR IR AT G B DL B A Ry B AR
AL — B 2R A P 7 k. SR, TOPSIS B 4K fig
A 0% B H bR G 22 5 (O DUXT B AR R AT R0 S
GHIWT . RSR 1 AE Al 0K g Bk 11025 IR 50 2
V] (8 R 6 R /0N & TG 125 R BB 22 T 1) 2 S 1 25 5
RIFHEAERE B . B X PR 5 I A e R 2 R
FH TOPSIS 8977 AR g Bk o A8 5 A0 XL 95 1B 25
YE A RSR {8 HE1T J5 2 8 55 S 77l

HARFRE R .

Step 1 i 5o S Jm Ji oR 500 Gl ol SR I B 4
Z=C(2;) %,

Step 2 B E BB = = (=) .2, s
2 DOMBAR LM = = (2, sz, o0ez,)

Step 3 4 Sl THAE 4 H Ar 55 PR AR S A ik 0 2 AR
mL MR E D M D, .

D] :JZsj(zj‘ —=z;)? (13)
j=1

Di:=\/§jsj(zjzﬁ>2 (14)
j=1

e, WEE 7 ANIRARBYRCE . b T 42 2 T BEHL AR MK
AT 515 2.

Step 4 HEMAXLLIEE R .
S __Db as)
" DI +D;

Step 5 CK§ 2. 2 15 H R A XA 4 BE B AR A
RSR 18, g ] RSR 4347 3%, 51 th &% RSR AIS%L £,
2 D f.



%11 BT A BT REAL AR AR AL A TOPSIS-RSR 4 H b B %5 90T 85
Step 6 4 RSR 04 B 155 4 B0k R A1 0.92 1.00 0.94 0.73 0.96
B} 0.43 0.95 0.78 0.20 1.00
FIBHER /7 0.04 0.78 0.29 0.32 0.67
Step 7 Ff RIHBUAR M A AL Probit 2= 1055 0.97 0.38 0.55 0.97
Probit Jy BB A0 b5 A B2 5. o oe 088 001 040 052
Step 8 UL Probit Jy H 78 &, RSR {H iy K 28 0.85 0.78 0.26 0.32 0.68

bt THe Ay R HRAE 2.1 9 0007 M LB 50 KR I U A )

RSR =a +0b X Probit (16)
Step 9 ¥ Probit fCAIIEA #2315 RSR £
WEAE I UEATHERE | e B8 A B A0 R4 J5 0 X B B gk 1 45
AT RISy, IR i ANOVA Jr 2250 Br k47, Bl K
W& EHRZ B R 2 H R AW 225,
5 31 3L F B AL AR AR AR TOPSIS-RSR 19 H
b B0 A5 G PP AL TR AR AN 1 TR .

/i)ﬁﬁ@?& /—> SR
Y
FRAFACE T 2 4% BEHLARAA Y /
1
HAXFIE
A
1

bR
SRR

4# RSR /
'

L EAR B 25 9P A AR

f TOPSIS /—>

4 fAEXLH

4.1 FEXW
B 7 — R 25 22 A B, FR 7 K 3 1% I8 AR AR
18T 6 #ta 22 HARn (s B, Bk B Ax iy 23 18 B0 A
SCHRLL6 ]y £l . WL 1,
1 =HEHE

B ML AR MR, e 45 SCR L 17 ] b i 80 1 O H A
B8l 26 v B I R AR B Fh 3 (5) ~ (8) 45 811 3
TR STHEZ AALE « 8
a=(0.112 2,0. 349 2,0. 316 6,0. 141 7,0. 080 3)
3 T3 AT 5 R kA 5 R (AL AT B P B L
A (9O~ Q0B BN R E B 5 fehn EE MR W 2,
R2 EREEEEURS

H AR XF %S fi ¢ BXF
eyt R IF i) FEfR )3

1 0.0539 0.1917 0.1718 0.047 4 0.014 3

2 0.107 4 0.3918 0.3956 0.0552 0.0324

3 0.0758 0.2116 0.1068 0.0388 0.0186

4 0.0758 0.3420 0.1754 0.0383 0.016 3

5 0.076 1 0.2723 0.2441 0.0461 0.0124

B 0.0778 0.2819 0.2187 0.0452 0.0188

Htx Hirs AT ®HE fin AT
Y W OEEE/(m/s) WHEl/s  HER/km ERE/m
1 TBM 1600 180 8 3000
2 j}ﬁﬂ 620 350 18 270
3 B 300 784 15 7 300
4 /NEIHL 700 —252 11 2 800
5 /NEIHL 420 1500 12 8 500
6 KA 300 820 15 7 200

Ve RIS M)A 67, KRR % s R AR R s R
T 20 (L~ ) 75 21 S Jag 2 AR A

A (1) 75 B T e A (5 AL B R

B=1(0.121 1,0. 438 8,0. 340 5,0. 070 3,0. 029 2)

B R o 0.5, B (12) 15 3 48 Fr AL
g :e=1(0.116 6,0. 394 0,0. 328 6,0.106 0,0.054 8),

38 3o SR i R R R A ) B AR AR o N B AR i 4 R
G390 H -

27 =1(0.92,1.00,0.94,0.73,1.00)

= =1(0.04,0.78,0.01,0.20,0. 32)

A 20 (13) T34 H bn 5 BAR Fe A0 i R BE 2 O

D" = (0.009 4,0.259 2,0.521 5,0.350 5,
0.567 5,0.441 6)

A2 (1O A& Hin 5 #AR e 4 i B FE 2 O

D = (0.657 0,0.483 8,0.166 8,0.333 6,
0.207 8,0.315 0)

1 20 (15) T+ 15 24 B A5 B A X 25 BE 2 Oy

S = (0.985 9, 0.651 2,0.242 4, 0.487 6,
0.268 0,0.416 3)

W5 MR 4 %/ 9 RSR {H, 15 5] RSR 434 WL
3,



86 2T R R 2023 4F
x3 RSRHTE
TS RSR f > F R/n BRI IE 25 B 24 Probit
3 0.242 4 1 1 1 0.166 7 —0.967 4 4.032 6
5 0.268 0 1 2 2 0.333 3 —0.430 7 4.569 3
6 0.416 3 1 3 3 0.500 0 0. 000 0 5.000 0
4 0.487 6 1 4 4 0.666 7 0.430 7 5.430 7
2 0.651 2 1 5 5 0.833 3 0.967 4 5.967 4
1 0.985 9 1 6 6 0.958 3 * 1.731 7 6.7317

Y * BT R B 1—%;;%1%0
XN ACVE VN CEY v s SN N

[ E LT FEN: y = 0.27767216769889713 Probit - ©.9599333395941974
OLS Regression Results

Dep. Variable: Probit R-squared: 0.947
Model: OLS Adj. R-squared: 0.93
Method: Least Squares  F-statistic: 72.17
Date: Wed, 15 Sep 2021 Prob (F-statistic): 0.00105
Time: 17421325 Log-Likelihood: 1.0323
No. Observations: 6 AIC: 1.935
Df Residuals: 4  BIC: 1.519
Df Model: 1
Covariance Type: nonrobust
coef std err t P>|t| [0.025 0.975]

const 1.4467 0.228 6.338 0.003 2.081 0.813
RSR 3.4122 0.402 8.495 0.001 2.297 4.527
Omnibus: nan  Durbin-Watson: 1.550
Prob(Omnibus): nan  Jarque-Bera (JB): 0.680
Skew: 0.603  Prob(JB): 0.712
Kurtosis: 1.875 Cond. No. 5.02

% > A A

2 HER AR A A AR

AILAA L AHCREC R R 0. 947, F K36 4e it
R 72,17, F KB 45 R 0,001 05, ¢ K 50 1Y 45
RN 0,003, BIHTFEAEA GIHHE L.

¥ Probic [ 813 J7 #8215 3 £ 1E 9 RSR A,
B H A B E A -

(0. 909 3,0. 697 1,0. 159 8,0. 548 0,0. 308 8,0. 428 4)

R AAG B2 2 AAR i B BEHE Y 9 T, >T,>
T,>T,>T,>T,,

i AL G 2 0, — WORe B b 0 B B8 43 A 4
AR IR 4 AL TR DR R
R A F 43 D O A 0 o S R A e IR 4

4 BEBERUSF

B (5 HEZ

- . B A
Hg % P ALY
ik [0,6.681) [0,3.5) [0,0.011 9)
&5 [6.681,50) [3.5,5) [0.011 9,0.428 4)
=1 [50,93.319) [5,6.5) [0.428 4,0.844 9)
W= [93.319,100] [6.5,10] [0.844 9,1]

RARFENH AR 1AM AF PO s B AR 2.0 B

bR o4 HAR 6 BRIV AFE R . HAR 5 RTH B 3 (9
il 262 5 Ry 4
I SPSS #4654 43 45
Jr 2R HE R LR 5 MK 6.
RS HEFHRRE

#fT ANOVA

X AME 1 ARE 2 BEME

BT HE 0.098 1 3 0.774
T 5 0.053 1 3 0. 833
EFHREEOFEA
: 0.053 1 2 0. 839
WG A
RETIERFFHME 0.095 1 3 0.778
<6 ANOVA #I&

M OAmE B F B
2 ] 0.320 2 0.160  10.041 0. 047
HN 0.048 3 0.016
B3t 0.368 5

W 5 A LLAE U7 25 SR g Y 1 M
0.774, KT 0. 05, Ui W] £ S5 g Z [0l B A J5 22 55 1%
Wit 6 FTLLEH, WEMER 0,047, /N 0. 05,
WIRT LI & SF R 2 AR AE W) 25 5. AU, 6 4t
H A 00 1 25 2 R 4 B et ik 3 S S R B AR
SRR HME
4.2 XfLbordR
4.2.1  WRALITIEX Lo By

R T E B AL AR AR A T vk 0 A 80P L R SC
FR 16 b f A AV 0 AR SC 58 ) kAT B A Jg i 3T A
CEILE LI

e=1(0.303 9,0.008 4,0.508 0,0. 140 1,0. 039 7)

JE I HE T 25 R R

T,>T,>T,>T,>T,>T,,

55 AR SO 145 30 04 48 A B R HE I B X L
S350 UL 3 FIE 4,



%1 B4 T REML AR MR AR TOPSIS-RSR A4 H A5 W 25 2% 3F Ak 87
06 — BUBME B 2288, BT A bR, BRIEEIA N T
0.5¢ — Tk BRI S AR T Ty A1 T, T, B35,

R LR R WA A B, WA S 45 200 5
2 o3t FREER S H bR BUME 1 53 A B A — B, GE 98 7R
= ) S WA [) LB B 22 390 EL J 32 B 7 5
ol ) E A B0 A5 9 25 BT I A 63 52 bR .
0

O RS BT AT CITE T
B3 FEARALE N

0.9 —e— AR 1
0.8} TeC 3k [16 ] k| A

AR5
P4 R A 4 S X L

AL AN T 7 0 R HE e 45 SR AR — B
WERH T % 5 ¥ 094 s vk (B AE B Ak 2 F1 B Ak 4 Lig
A, s EAr 2 M E 4 WS B8R T A
L PR Y TRAT R R B B AR A 25 N K H H AR 4
Y RARE ] R 7, BRI B bR 4 A B aE AT 0 H AR 2
R CAT o — O, Hbs 2 B9 RAT R EE N 270
m,IEIEfL T HAr 4 19 € AT B 2 800 m, P 38 &F
XA BT OR A . AR 2 0k o AR R BE A b H AR 4 1Y
PR BE TR . PR A BT SCRER[ 16 ], AR S i Rl
HLAR MRS Y GE A 50 40 32 9 14 45 br 5 J8UM 12 B2 1 A ¢
K F L T I WG A [B] 114 25 5 L A5 B Y 48 BR A 5N
TS bR, 38 & T U Ak &5 R Rk 2=k T
FNE 3 7] LLFE A SC 7 3 09 HE P 25 3 5 Sk
(16 A0 He EL A B B @ 9 X 45 B8, B R F ) 2k
() H A 0 45 2K 4
4.2.2  FEHRN Gy TTEXT I

R T B E AR SO AR H AR U A 9 53 A R
P, S FH 25 B 80 20 TS R R 430 X 9 AR T Y
P 45 30 43 5 6 H b 2F AT B0 A5 0, AE G )

A RXT IR 7 R,
x7 ERXNHFEILE
SRS e e = &
EUENS T,.T, T,.T; T,,T,
L BIAS T, T,.T, T,.T:,T,
AT T, T, T, T T,,T.

AT LLE YL 3 B 7 245 20 A A s R A —
BN, FEARBAE T, M1 T, b, SFEEPH T, M
T, B UM 55 2E W ABWLEE T, A1 T, 4 8
EATLAAEB,. T, WEMEZ/NT T, 5 T, M T,
BRI IR R SR EE RGN T T, M T,

5 4Z5iE

Sk WA VEAR B 25 1 K ok 28 B bR 9 b 5 9%
ARSCHE T — 3 T B AL AR AR AT TOPSIS-
RSR 11 B 5 @0 45 PPl k.

1) Jir ¥4 32 1) B AL AR MR AL BE 45 72 0 12 0 3 T &%
FIT o W EE 46 v 38 br 5 B0 0 4 26 & L BT A5 AL
T RE A% 70 43 S A8 A 7E 0 DA v i R AR
] BsF 4 T AR A {5 2, 55 R 2 1) JR ol 5 T A B2
LR AH 25 G BB % A R B3 L AT o b A UM B [R] s
SRR T & AT 43 P 3 2000 P T Ay 45 R T2 UL A i
B E .

2) Tk E 19 5 T TOPSIS-RSR 114 8 W 45 4% 11
AR 780 B 4% 72 IR TOPSIS X DL X 4% B i 25 9 A
RSR ¥ 8 Uk G Bk 4 BRI R L o S8 324 10
S3 BT BUUMEL B 3 A X B AR AT A B0 S k) 4y 15
BT EAGITE LN ERX LR,

3) 1 LS % B, BT 42 0y ¥k R AN BE % A5 2 5 m
BloF 4 B0 0 HE 7 285 5 L 38 58k — 25 75 HE P (1 3%
Bttt B H AR IR T A 00 S5 R 4, 16 B A% U g
A8 FE DL 0 B 23 AR P SR RN I 22 B bR 4y B B AR n
(IR E/ T .

4) JIF 1 35 1 WL AR 1) 0 1 A4 48 B A 1%
FEILT B br s 18 5O AL KI5 ke 1 i I 2Rk
ABAE & R o as R A — i F 0k,
PR 7 S B 9 S A s FR L, AT DR 2 B R
LR AT o3 (0 B e SR =X B AN (] B ] SR 23R
543 A1 55 7 S FBE J1 4 50 RN 45 72 ) B A AL
PEATPEA T 3 L AN E 5 & AT 5 AL E
BOMA B FT /45 5 6 B bR B0 R 4T 2 45 R
AT B s g BCHE e b, AR Sy Bl AL AR PRRE B 4 31
SRAE AR L E T R FE B I ASORD W F A B B A
P RS

I B AL AR AR A ) 2 72 v ] B B0 2580 M 7
B e 5 B A A B 1 O L 7E T — 25 I 5K 1
T H I P KR A AL B, BE— A 5E e BIR TR .

%k

[1] PEKO I, GJELDUM N, BILIC B. Application of
AHP, Fuzzy AHP and PROMETHEE Method in

Solving Additive Manufacturing Process Selection



88

2023 4F

(2]

(3]

(4]

(5]

L6]

L7]

(8]

(9]

[10]

SR SIS SIS SIS SIS ST S S S SIS

Problem [ J ]. Tehnicki Vjesnik-Technical Gazette,
2018,25(2) :453-461.

5 S8 58 . 20 BRIE R 55 A 32 20 LA R AR 322
2 B b g B 37 4G L. i iR R, 2019, 59 (8)
956-961.

TRIRZR , ¥ G 3. — bk T PR 3E 1 FOBEHI 25 5 1T 0
BB s I RCRE T AL O [T, R B8 15, 2020
(11):161-163.

B XA L kv L L BT 4R AL TOPSIS 4 #Y
AR AE 2 BN 25 b B AR BUPR T A SRS T ). Hi 0 5
2019,26(8) :6-11.

WANG S Q, WEI G W, LUJ P, et al. GRP and
CRITIC Method for Probabilistic Uncertain Linguis-
tic MAGDM and Its Application to Site Selection of
Hospital Constructions[J]. Soft Computing, 2021,
26(1):237-251.

JELRIHE » A FL . BT A8 5 R B TOPSIS JCALZ
R A T 35 LT AR B HIF 5L, 2016, 42 (6)
16-19.

Wi XIEME. {5 B A S8 24 F T 2 T ik TOPSIS
LR B AR PR AG O 2k (1] T B SRR,
2019,34(6):65-69.

BV NS 1 TE . — b et i s 28 B bR R 5F 2
WG KAL), 484 0 5 5 K0, 2011,33(4) : 25-28.
BAFE. Wz IR TR R AL LM, Je st [/
B Tl i A L 2009,

BRHR, FRT. B2, F B AR s E

(E#EE£E 31 ])

[12]

(13]

[14]

[16]

[17]

(18]

[19]

ZHAO G H,SHEN F F, LIN J, et al. Fast ISAR
Imaging Based on Enhanced Sparse Representation
Model [ ] 1.
Propagation, 2017, 65(10): 5453-5461.

ZHANG S H,LIU Y X, LI X. Fast Sparse Aperture
ISAR Autofocusing and Imaging via ADMM Based

IEEE Transactions on Antennas and

Sparse Bayesian Learning[ J]. IEEE Transactions on
Image Processing, 2020, 29. 3213-3226.

GUO C,LIU Y, XIONG M, et al. General-Purpose
Quantum Circuit Simulator with Projected Entangled-
Pair States and the Quantum Supremacy Frontier[J].
Physical Review Letters, 2019, 123(19): 190501.
MONTANARO A. Quantum Algorithms: An Over-
view[ J]. Npj Quantum Information, 2016, 2: 15023.
FARHI E, GOLDSTONE J, GUTMANN S. A
Quantum Approximate Optimization Algorithm[Z].
ArXiv:1411. 4028vl1.

JORDAN S. Quantum Algorithm Zoo EB/OL]. ht-
tps://quantumalgorithmzoo. org/.

BIAMONTE J, WITTEK P, PANCOTTI N, et al.
Quantum Machine Learning [J]. Nature, 2017, 549
195-202.

SHAO C P. Quantum Algorithms to Matrix Multi-
plication[ Z]. ArXiv:1803.01601v2.

[11]

(12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[20]

[21]

[22]

(23]

[24]

[ML bt i il 45 R . 2013,
IR E A RTI . — Rl T X E B = B B bR
BB A AR LT, R TR 5l T8 R, 2006, 28
(8):1201-1203.
BONPE B, AR IR EFEEE M dLa: 1
B Toll H At . 2014,
MISHINA Y, MURATA R, YAMAUCHI Y, et al.
Boosted Random Forest[ J]. Ieice Transactions on Infor-
mation and Systems,2015,E98D(9) :1630-1636.
R Goit 2 ik LML db 5T W AR K 2 R
#t,2019.
=2 P I | W A i = N A 3 I B Ll = I i
2002,4(2):115-119.
FABLE ok 4 . B T A AU 1Y R 0 B b5 0 A
[T K1 SRR TEH] . 2014.36(4) :697-701.
XSS XA . i TR i 22 0 25 119 25 28 B b5 BB
AL SR F A, 2005(3) :09-12.
FHRUIE. RSR ¥ A7 (9 43 4% 1a] i [T ] o [ T4 42 it
1993,10(2) :26-28.
SERIE X 45 R B AR T TOPSIS 1 %6 45 U g b
SEGCHE P U7 1k LT, 0 L T 6 BT, 2020, 43 (6)
87-91.
IR, 25 I e AR A A BRI AR SR AR it T
AR AR R FR A A S BT SF R 43 [T, 2 A8
R ,2022,38(2):71-79.

(%h3%.%) )

T SIS ST SO UL SIS ST S S-S ST ST S S S S S SI-SS S-SS SATST S SICRS SS

REBENTROST P, STEFFENS A, LLOYD S, Quan-
tum Singular Value Decomposition of Non-Sparse Low-
Rank Matrices [ J ].  Physical Review A, 2018,
97. 012327.

LIU E, TEMLYAKOV V N. Orthogonal Super Greedy
Algorithm and Applications in Compressed Sensing[ J ].
IEEE Transactions on Information Theory, 2012, 58
(4): 2040-2047.

DE PAIVA N M, MARQUES E C, DE BARROS
NAVINER L A. Sparsity Analysis Using a Mixed
Approach with Greedy and LS Algorithms on Chan-
nel Estimation [ C ]//International Conference on
Frontiers of Signal Processing. Paris, France: IEEE,
2017 91-95.

SUN L, FAN Z,FU X,et al. A Deep Information
Sharing Network for Multi-Contrast Compressed
Sensing MRI Reconstruction[ J]. IEEE Transactions
on Image Processing, 2019, 28(12): 6141-6153.
KANG L, LUO Y, ZHANG Q, et al. 3-D Scatter-
ing Image Sparse Reconstruction via Radar Network
[J]. IEEE Transactions on Geoscience and Remote

Sensing, 2022: 60: 5100414.
(% AR50



