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DLEL I 9 5 KB S AR BB 45 B R S R R & L 51 T —5e A8 5 I8 i 1 8 iy A 7
T3 T 2 R AR R 28 55 1 4 R o e o 2R o T 3 o A e e LA T 2 AR | S b 0 4 Ak I [ R A 7
T AT SR ] R G EAE URR AL R TR B AR 4 e i A T 38 AT 55 R SR A R G AR 550
A B IRTC LA R S UG TR Ok TR BBk, 2 3 o s it 22 oe Ak P SR AN AL BIFRIAE 55 R 48 1k R
BUE RGALSF V2 RRIE o e i A S IO AZ O AR A B 50T . B SRR B B TAE D E TR
A2 TO% R TER T B , XF 4= 77 i Bl FH AN T O 52 000 57 35 85% ([E i REAE T AR 2%, 2015) o AU, SR A Ry i
e i3 BT IR B B, O 3Bk 0 -5 RS A BRI T e i 2R 5 1 3 BT F 1 A 55 B A BT, 2 v ik
il TR B BIE 5 J7 VR TS B T A AR O o i e o T i BRI W A A 95 4R AR BEUR DU BB O B
T HEA , DA o 3 266 45 JH P T SR AR AR F AR 2, TR AR | 2l T L8 B AR UG, S5 2 R, B 1 BB 90 5 R A
AR AT R s B AT B DXl g i 2R A BB T A 55 O TSR 20 L SR B AR S5 A BRI B SR
AR RN 30 IE DA S5 AIF ) o B2 RS Bl Rl FRR 5 0 i

[ fr 2 48 T. #2132 (International Council on Systems Engineering,lNCOSE)ﬁTﬂ? 1998 4F- 5 B FR e T TR 1Y
F 4t T.#% (Model-Based Systems Engineering, MBSE) J& — 281 1 R 48 TR 50 B L R (R & T 72
2020 4 JE ) NG AR S8 TR 2025 4F B 5 ) pm ] Toll 5t 2R B MBSE (B3, F-K g SCH RLIE AR TR A5
BRM R G TRITEE, T 338 RGN BB BOT U 1522 515 B R G Kk b FU R 22 75 i J8l 1 B By
oK BT AT IR BN SIS B (E PR RS TR H2:,2015) . MBSE WOIME ST 8l R LR MGG AT
SCRY [o) o TR A e AR SR L T A L X T — e Rl i R b i 2R o i 2R i B R A 4 5 i
SO B T2 O T Ve RE & 3 20 (ZE AR A, 2021) . MBSE S5 it fr) 7 2 J5L DU — S0 SO0, BV it ] — 5
IREAEAEAS R L BT 52 2k L) — B0k o IR R HE SR (Architecture Framework ) B4 T — BB 1L 114
FE XS A6 IR, AT BN TR G 2 IR R 2 R G AR R SRR I LA AR K 5 AR 0 R G ) AR
I3 R T AR A5 R £ R OG5 X AT 2 WA AR Y (R, AT L OGTE THRR R D T, AR R A (O

FARIGURI AT B 1 R 11 SR ik < T I IR - R A PR 5T s i 6 o i B W R A 5 4R U B (B4 5 71690233)
BT G S Tk A5 AR L A Al R AU AR R AR I B L Al D A TR AR B4Rt i S 5 L o IR Dy
ARSI IRES
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85,2013) . MeAHh, RGETRRCVIBIRUR T2 LR 2 R G A v AW R IT UG (AR AL S WA AR T L2
18 Ak S5 S R B B py R G0 TR AR a A IIRE RS, sl ) 108 P o SRR AR E LAt SR T e vh 4 Rk
TR B 6 B LR 4 0 AR AL 2 A 1) B 200 3 T 4 2 v ke o (A2 2% ) i P IRl s T 5 il i, A
L p i 5 22 A Aolb B R A T H (LR 1545, 2017) o

P, A 302 IR 2 S5 P HE 2B R AR S8 TR VR SR A8 oo i 45 B F o 9 BEAY D P 75 5K 230 AT
5553 k-5 T PR IC B AT 55 45 53 BT R 2R G 4R UG TE S 4 D FRAY, TR kTR 114 1 ik 5 BT BIF AT 55 SR
BRI, NP TR o B AT 55 2 I T iy ke i QB AT 55w SR o A S B P R SR BT 55
SR 2R R A BT A A8 3R AL A 55 W DR S A O A T A B A 55 W 288 23 M S AT 95 2 115 0 25 5 T )
5T, # 57 H I 9 5 RBOHE PR BT T 1 it 25 45 ) 3 G A T AT 45 42 AU B0 B0 I IR R, Ol LI I 5 R i
PRIE T e i e 46 ] 3 A 55 A A B B (BT 1A B BEE D7 R RIR R S X B v v 2 i o 3 A 95 B AU B
AR A K, 52 B B e BA 2 B B R SR A L

—EinkEHEHMEESFE RIS EE

iR 2R i BT A A 7 SR 3T 5 A 3 S R P O AR ) 45 % 5 SR 7 T AR K
i GRS EETT (3l 5L, 2001 5 2245 R4, 2011) , T8 1 200 207 45 1 R T B 9 15 0 5 QBT 6 19 75 R L R A
{8 T N ANHLAR B AT SCHEA TRR SR B, R A7 15 B B B i G B0 SRR 55 60935 0% I Al R IR A7
it TR AAZ R | SR I A 5 ML LA B4
(=) & & B T R BUR RIS #7574
Wil LI P AR e o BT ORI R R SRR A I SRR i L ke A R AR IR R
7 JEE VRS R AL 2 AN TR T, AR 0 B 6 A 2N IR, 12 8 A 5 >R AR Oy ik 2 280 A FHE o DRl A2 5 0
A RGINBAE TR ZIREAE A SRR TR S 08 B RE UM AEE A Sl A7 il SRR 5 2 FE A R Y S B
HOAR BB R A TAR SR SR S 25 4 19 70 A SOTCHREE A, Ay i e B R 42 kR Tl 7 3 25 1k
AR A 2 A7 2 M€ HUR AR 19 77 5, Sh AR I3 B, OF il i A RS | S AR SR 2 , S B E
R LR L APLEE 2000 T A2 TP 3 A Sl VI8 6 1P B BIAE D AR, S BB R SR e e KA.
PP TR
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i UERAEME B I URL K 5 1F ) 380k 3 A0 3 T3 SR TR 3 7 DUAS I 46 A SRR, b A B o , 1
Bert+CRF 1% 4 2 X 45 45 14 - 45 G — BB (8 7 5K SR Fr v SRm , XoF TR HRCSCH b 1%y 5 A0 B 1] A 3 45 DG i
BHE BT A SR S, A e e B s i 4 BT 5 AL TR R AU R 5 S R IE B AR . R R
Sl P S AU O S AE A, SR 3 TR 0 5+ v b B ) SRR e ket S BEEARE A R A TR A ik A B
FHF B 78, [ A 45 G TE G R vh AR U B B, EATFE 4R ), A B 8 3 R ial 4 o LAk, S X 40 77
fitt AR, SEBRIE SO A0RE 2O T Ve R R | 785 75 TR SR BE A = TP A4 1) 48 2k In] R (8 45, 2015)
BA AT TR GEI Y R Al T SRR A7 T 0 8 R ARE IO, e 2N B AR A 31 O R AR+ DG R A R A5 AU
EHH

(D EREFUFMFNERSLMS 5

P T 75 i A 28 G0 MRS D 30 30 K, R T SRR e T A SRR R ) R B Lk o PR AR SRR Ok
RSk B S DU K A o R, A B R W S A e 5 O B R A0 1, L B B AT DA DB 19 52 i g T, 19000 2 5
FREALARSCTT R o TR MRS M 2% 45 s T 2 i F 22 g M (i3 AR b 42 %, 2012) , B IR 500 S v o 4
2 il 3 QN B AT ) ) 7 2R A AR AL T AR B S . P T SRS, AT R BN G S SR AN
VAL BEAY , 78 LRl b 1 FH 26 2 07 2 TR BE 2 2] J5 ik ale A 7 SR s e 7 F , DAAS 3175 5K & i ith Ze p 0 152
TERUR 75 ok & R AL I 2h Ty 24 J5 o A, X sk R B0 B 46, Se B m SO HER W SR (5 B R . B
Xof A AR G B I, R ST AR AR SR R I T B S T AILAR 2 2T O HE T A A A AR R AR A
TE T R A3 AT F AR T T 5 6T 45 AR S U A L 2 T 1) b T R AR (B 22 [, AR 5 36 1 S UL 1) e A
B A B 2 2] ik I SRR IS, B TH G R A 3 RN TN A5 AR W 2 o BSERL (M R IO BB AR
MO, 2018) RFAE BT (R LIRSS 2019) DL Rl 26 N 4% (8 DE 555, 2019) , BT 5T 45 & R fiE ) & AL AL 22
PO 265 3E 47 b 25 M 1 LU0 T AN 1 Sl B R IR A8 L 1% R R T A B R R K Bl B A A A SR
AT

(D) EiREFUFHAFTROFEM U EE

P RO 1 (88 AR, DAV St 5000 42 40 1) 2 0T SR S s URI T o SRy i, R T R B H G R A
PRI BEA T AR, T s oK PRI, S SC) e U 3

AR 43 S BRI R A 1 it A R G T R R R PR B A A DA SR 4 B 114 22 Y A A T 0SS T
LA 38 P T PR v i B4 AF O PN 2%, LA B AT R Bl T ol v o 26 4 R 0 T R R IR 3% o R BT
5 F B R MEAT IR R L2 0] 6 R AL, BUA T R 28 R IR A — A~ BRI R, RIS R AT S A TR P
HEAT R RGP . XTI I7 RAFTE R DR AL 16 R R AR A B | SR OG22 430 2 > SR AR DG 1 2D R B T 458
— R AT TP AT 55 B A 2 O RICR o 30 FH AU 3 174 e 3 e 35 = Sl i o 1 R R R A 7 1
A ST R 2R B P 2R v A A DG R TR USSR TR — A T PR E Y EE R R, B Y 5 4 A R
oK o T L 422 4 S R WA FF 0 TR ) B L 25 ) A R R AR AR K S 15 8L, 2 MR 4008 R U R A 2R . e, 4
AR R B AR | — ELR RS A LA 2% T BER A HE AT, 5 S BORE R A U iz Ak e I AN . BT LA, DA
FHATR S 1 45 B S SR B ok — N T %) [, R il 2 R TR Pl ke 8 K 4 ] A, 3k R R T 1Y)
Frly ECAE R 3 T AR A SCARHEA T Y, A0 SN SE 4 S8 T R R ST T 2 I — R AR, X
T ST N R ) 22 S0 U AR I B0 T R 1) S A R 4R R Bl ok T IRIME o A, il R ST R O A
%, H 2B 7 AR AT T R 58 3% RS — S8 ), 1 Bt R FH A 10 47 2t R B 14 60 AR AR B R LA S A et
FRIEATPPAL L IE R 58 B AR AT W2

7 SR R I 2k B2 AT 40 3o 3 4N JE R —— SR Rl 500 T SR o R e Tk T R 1
Fa, ISR OC RN JE M AR DTG B rb b BB ok 5 SR Al G 2R R 18 AN () B8 B 7 SR R EEAT B O i it
T, T AT B S A FIABE A& 17 S, SR T A VRS IR M2, B R 5 SR BRI 0 5 7 ROIn T2 % B0 T SR iR
HNEFNFHE R L RE o AT 55 2 0] A B R AL G, BT X SN 56 2R AR5 F B, TR5E (2019) #2 H T—Fh 2 2
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ARG FAL] , 1T SCA B ) il A SRR SR — S R 7% o FERE SR ElE J5 TH , 1 45 (2018)
IR T SR A B AR — Bk 8 S S AR DL 4 A R AT R 4 B, PN SEAR RSO BEATHR A 3R
AR AR TEF RO 5 RO o

PEATHFEE 49 R A T SRS B 0 DR 25 T I Bl A 8k A o R, 5 SRS B — N R s AU 7R
i Bk (2006 )R 75 R A B S 0 A 3 40 - T SR AR, 81 HE 75 SR 1 55 5 SR 0, — Rl 5 /5 oR 0 26 AR e gk
F B DV 5 5 SRR BT, B SCEAAR T it U o

= EinrEFENHMIESIMENS ZREEEE

15 i 2 A5 BB A B T R — T R L AT B X 2 BRI G  E AR R TR QB R O T AT S5
AT B PR A RGBT IR 55 2R . — TR B IE 5530 Bk R T RS DI E
eig 9043 itk 31 S5 302 A WS AR BA, O L i 6 A BB A 5 55 1 (8] 58 A 55 8 S AL 2 B
B e R RRMERE R, PRI, AT P 5 SR BIAT: 55 43 00 56 Ak, LA S B8 3K 3 1) v i 4 4 BIGI F 4T 55 B 3 28400
AR THC B 8y B DO 55 DRl B T v i 26 5 T A A 95 77 B8 R 7 gk R 114 [ A

(m)EumREFUNFHMAHFHES S BRERNEETS E

155 5 R S5 K 2 H0 R G0 (AT 55 ) e L AT S5 48 RO 43, FH SR 428 il AR R MR 1140 F B A 55901
SRR — DI H | 37— B LR 53 AT 55, AT 55 10 ik J— T 1A, A4 — I T AR 43 B 3 5> 1Y
HHE ST, BRI EAT L1k X e i 26 25 QB i AT 55 o3 i 45 A0 i#E 4T A SR gl 2 oAy e i 26 45 O 1)
BAE AL AT 55 AR AY 1  FE R X T M RGN R . AR5 o R S5 R DR S A I SR RG4S )2
WY Y OC 2, R GUAE BN LRI B axX Bl o7 v gl RGBT il B A7 55 4% O B i TS gk B2 1 I 45 [T
PUE AT, S B 32 A5 8, DA il s A F bRl Rl i B . SRR ER e RIS FLAE (2007 ) R FH B S AL pif
25 W 25 KT 553 it S5 R A T R, A A AT 55 0 i 245 0 ) T 22 T P D I O 3R 4 QB I il T A o i ol —
ROV FAT 55, 2 — B W AT 55 0 i Sy e/ NS o0 3, k4G i BB ) AR AR &4l o AT Rt
SERE R 77 b W R I B A 55 22 A0 R AT SRS A3 A K A L T §8 F A A 55 DC TG 31 45 345 A 0 AT A (A5 7 5%
2018),

5 it 5 2 BT I AT 55 2 4 W 2 F P 75 RO R AT 7 S AUE R SE IR AR i AR L TAE TR SRS Bk
TN AR & i B v T S A A A A R 2, 38 BB E KT AL FE B ) 7 SR DD REFR oK (PR RE T R
S, TESCI AR T SO X AT 55 HLAA TR XoF e i A 09 QB A A AT BT, IR R 43 S B AR TR G
BRI T REME TR 155 o 2E—25 b, o] LTI BB 25 44 1 P 58 S B M X 3k 26 14T 55 47 40 At
(TR%55,2021) o B 55, AT 55 53 M 25006 e — € B T REAS 2K o HOWR AT 55 40 ik b UDRAIEAT: 55 F A0, 55 1% 3l v HL A
AR OCHRAE O R AT 55 2 6] A 15 B A8 B /D o T vy i ke A5 I oy, 2% SR B F AT 55 1 3B 1k AT 55 (R
() 32 BP0, X AT 55 20 Mk 1) ] g s S0 {36 07 R R AT 25 1, 45 (R 07 B 100 S BRAvs B EA T4 55 20 e, B v
Vit e A [ AT 7 b FF A (5K A5, 2020) o

— T 5 Ui 2 s BRI A A 55, 308 3 2ok R I Y ) RE R T R R P B R OR Ik SR AE TR 2 A DG R 1 D) RE R B A
FSORE L B4 7 AT 55 48548 o TR iR T T A0 30, 38 2 D R 43 BT BE 8% 5 Ry A b A AT AT 55 A5 R h B D) RE R R
KFZ, NTTARHE D e Z [ YOG R o BT 55 HEAT )20 09 43 M o 8 3k T S RE 43T, K e i 4 4 BRI F 1 4 55 B T
] N BEATHI AL 53 e, T A B 22 6] D AR DG AR B A S o SRR s 1 N AN AT 55 o e X e i 266 25 1 BB 4t o
155 HEAT T RE 0 BT (0 205 — 20 43 i, T LAAS 3] 15 i 25 i BB BT 55 A 00 20 o A 55 4 o (H R Z UG LR A
FE L2 LA 19 4 55 4 43 BC 25 B8 1 BARIE & 1, TR R G S5 R Z I i s B B e K. A Tk F4E 5%
S, T X FAE S0, R IS Z R B A B A AR S Z A I OC R
WAL 55 I B PE AT AL, DA 5540 B8 FIT 55 AT AT 1k S5 v R 0T o2 i 26 28 ) 20 00 AT 55 SR SHEA TR 9 031 o

3 2 %o 1 i 20 B BT B RIAT: 55 AT 40 A S o il A5 AT 55 00 A 7 SR A AT A T P R R o PR T R BRI AT
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AT#HAGSH LS4 hAHELSERE L
L2 f$H 14
PR 5 UE W RE A% 1 2 2 A 55 IO BN BT AR R 22, O R PAT B B AT SRR A X R L SR, B IR 55 A
A7 B P A AT R TR 3R 2l ofe AU 55 R 28 ) S ), 5 B ST L GG AT: 55 0 il O 8 W R e XU 2R 47 3T
i Z KBS E AT o DR A, e ik 2 PO IR S50 M AR A AR 24 46, 7 AR TR 55 43 i O R TI
F P AN i RS EA T PEA , 3 00 B AORH B Ml A 78 ] R i ke bR ) (JR1 46, 2018) o A1, 25 FERI4E 55
56 UJE AR AR, B — IR AR 2 — UGE R, TAE S B RO R 2% B 2 el ZE i ARk ostibl 2, Horp
TETARMNY , ALFEEF ] L) A S5 45 Fh G IR S ORI 2 o DRI, 7 06) i i 2B 25 1) 0 i SR A T e B, B %
JEAT 55 4 WSR2 B, o i 20 A WA 55 4R 02 2% 8 R IGRR & o 2% 18 13 3 b 4 il O 8 9 Jd M L XA 55 1 40 i
RIATREME . 3X 3 F & X T o0 7 0 B B R PR R — | T B T BRI AT R E KU AT 55 4R
E N EERE T ZEMIOR . BRILZ A, TR AT AR SRR 22, LR AT R T AR
iff i AU, 3 6 S 1 1) 15 B VT BB R AN R ALY . PRI, X2 — MR AR B T 1Y 2 I8 1 = i 5 28 AT 55 o0 il 7 58
PR )

(D) EmE RS A PR KIS 2 BEHFELHE

15 Ui 26 £ B BB AT AN [R] T A e i 7 2B 7= ok 72 BUA B PE CR Rk e AR R R SRR A, LA SR
WA 4 FARZ ol A5 Bk IR Z il iz B IR sh AL DR BRI Ak AT 55 R M2 AL BRI R Z2 AL
8, HAG T R S5 FHIAT 55 Z A AE 20 Z IRIOC R . BN REE PR EE T, 3T /3 ity 5% A BB F o) 1
FUT SR AT B 45 R 7 B P SR BNV RIAT 55 A AR DL, 4 TP 5 SR ST 38 12 i 6 4 BB A AT 55
WE R LER b, SCIBTH I 5 SR B 6T 55 5G4k . 22 9055 (2001) 38 15 U000 7= & ) D B 22K, I
A oy 5 BT R IR AR JE AR OC 1 W) BB R W 5 9 A B S A5 R RO AR I T R L AR 1 T
R O s P I T SR AL B0 7 S D B THTE 55 o A 5 07 76 B (2000) $& 11 T —Fh A& Pl sk
T S ARDL]  E R RE TR R B IR S S Ak B P R OR B AL R i R 55 o W (2007) BIFSE T E L
4 5 2R B Ty B WS DB, I35 5 7 O TR LR X P A I RE A M AT TRy o SRS (2015) A ik
25 il 15 R 551 65 v i e AT 55 40 it 5 0 MR R 1 R, i R — R SR R R AT S5 A A A Ok Ll i
L5 75 TEAT 55 [ A A S AT 45— 0% DS e 2 DA R B 5 Pk L 028 )
fit S5 A8 BN A AR5 AT B 4L, SCBE AT S5 o fi s A HLAR AR A o

JoT ko A B P SR I 2 A BRI v o5 o (1988) B 1, I S B v o 2k 4 B
W P 5 K B0 55 40 i 45 40 7 Ak %) S BB R T B, B2 P 5 SR B 55
SR v v R 25 D BB R I — AN LR T A7 03k, oA B 2 o

o £ P R AR e R B0 R W A M R P T SR R
HEATHET , JFH HAE Sy A B 5 e 1 P SRR e (2% S Ok A
2009) , AT FH P 7 3R B 155 i 256 £ T BB 45 KA e S 5 Ak B B SR 2 Bt B2 R¥E
5L T R HE T 1 i ke A )
FE 4 i) Ah) A, LA U G [T 3
Fis

MIEL 3 AT, e R
B P 55 SR 3 i o 4 45 D) e
PRI AL T3, 2 R P
KIFURIY . B, X PR it
RO A | PR RS AL A
J& W P SR AT IR AR
I TR Z R IROE R
RIS A BRI BT i e &1 B3 A% EHARA
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R I B, PR A R HE I 00 P SR AR A SO SR R A P R M R R i e R Ak
T S e i 20 8 IO 12 4 WIS T RE , IR LIEC A JSRE 2 5997 ity DI BE A R R G b 5 i I X v i 38 451> T B =2 1]
(9 5C RIEAT AT R SR D RE R OC ZR R I v o 3K PR IS 00 v i 20 4 2% A S RE AR P 2 11 14 5C R A 7 9
RETNYG UL, T 2 HAT A BT AR DG 2R s LUk, i e i 7 R 5 e i 4 D RE AR 1R O 28 R LA i J28 119
FH PR SR 77 i D RSP A 5 R [ v, AR [) AR ) 9 B R UE 5 0% , 0 P 5 5R 577 i D RE R IR 195G R
FEBEAT 0 A WA, B R AT 5 BT A9 AR SC 2R, 00 1 i 5 A I A [ 3 7= i 5 5 175 B0 20 A, S il A7 P PP A
M, BOABCRE R o e, 308 0o oo 8 9 R s B AL U 38 v i 5 2% Zh R4 1 =22 18] ) = 21k HE PP 4%
LI oA S5 B o 28 45 BB WE A P P 7 oR AT 55 0 R 45 A i e A

(DEmEk&FUHAFESRREEESE

GEURTE BP0 A 2 w55 ke 25 WF A A 55 D0 AL 9 T2 BN 2 22—, TR 8 v i 266 8 F o 4 55 € 0 8 D0 A ) A, 7
ZoEH TR TIRARISE . BT R (2016) 70 M7 1 B2 U 52 R AR AF T 22 35T H 98] E v 25 b 40 S 2 R0 ) 3 31
PERE , A BLALE I H BT I 5 HTOE SE R0 5 10 265 % 2 3k Ao 2 AR B s o R R R S i DR 30 O o K I 5%
(2016) Bt X il it T —HE LR " 2 AR R, 73 BIA 1 SR A e D0 8 IR 5 SRS S B AN MR e {18 B U4
B RS AL, I 55K PR T R R A e P BT IR AR o WM& BE Mg (2014 ) DL /Ny BE 28 3 A1
I AT 55 S8 AR O FAR , X B 0 e ) AU A M s, SR T e AL Sk AT DA oK i . B4 (2016)
I8 Bl T 32 2 22 R SN EE PR S, SR 22 F ARk i R BEAL B DR B A R T H IR (A1 5K P AR
A (2019) 75 5 T B2 b J 9 g a2 i 20 46 AT A AT 55 017 EUASE 2R F) Bty I, %5 1 9 90 e 5 i X AT ) T3 L
ASFEZ R, 3T 2 AR T RS AT AT AT 55 95 DR B A AL , DR AR LRl , 25 e A 55 TR AR 5 ¢
TR 5 0 AR RO AL S P I B i, AT i e AT 55 B URUNC B T R I DI, DA AT S A S AT A T
LU R o NN (R ) g

FERE— 2 W FE T ZEAI TS U ar SN RO AR AT 55 PR T 2o A mp ™= A 1) S e 3l 25 88k , AT Al AT 55
GEURC B 7 SR AT S AR RE o 8 A O AT 55 9 Dy L Bk A0 S I s A R 47 i A B AR LA PG
IBATROR , AL AR 1 51 1A S P 78] 5 SR s A BB

Y\ 5 i e % 51 & B T i I (E S5 & 2 SN

1 i 2R 1) AT ATF ) T A AR IO P 7 SRR SE B P SR BT 55 o0 i 9 Sk 2 L SERT AT 55 20 ik -
7 S B AT A BAL AN AT A, # B—1 eh IF A A 55 AN S BIEAUAG A 45 5 TR HY 22 J2 AL 55 P 46 o 0F Al 4 55 I 4%
PR s 8 2 7 BT I AR b AR 55 L AR 55 LA K 2 5 AR 55 A8 BURIBIE A6 4 2L 20U oo i e 25 1387 1
AR AL 5 T AR 55 S AL S DU AR LI 28 R EL AR P R T WA 55 I 268 A3 o ) el 2 J22 S5 A 55 0 4 ik
fili s ARG TR R 2 4% 0 BRIE 5 VR R e AT 8 i S50 .

(=) Ein% & QHAFESMEERTT A

I A AU RTE 55 2 S A LR E AT 5 B E, BT S5 & B R Z R0 RIS 2%, 48 HE T 2 Lt
R AT S i 1 2% TR 5 R 0 SRS BIF A 55 IO 46 R AT A A o M RS AR J vs  26  E136 F of 01
ERESENUPS 2 3 SRUPRIENi Iieoe> 3 IBeR A LRLNTPO R ¥ S U7/} IS BN S €1 RS E S K N DRV S U -4 s
IR, AT LA B R ) B30 126 v e B B 4 0 1) SR A 45 U A , B2 e 00 I S P A0 BSOS o il s v & 4
WY AZ 1 WF 5T Hh O AR 05T SRR % T 2 S AR I H 1% 2 S RO T R R A BT e O A (VR A
2016) , H& T UK ) B BE IR 240 0 A 7 A8 B R T LR i 2 R AR 7 R0 o

1 S 2P A AT A S PR R AR SR UL A A A 5 AR SR T o A o i 2 A R A A 0 1 4 B A e, 300 R
TSGR, AT 55 1 Sl R G 28 2 RIS, A2 G SCHE R AL L Petri I H1JZ UAT: 55 I 45 55 07 i L il G A T o1
AN RE I 1 B RO B TSR T  TE i R F 2 5 RS L AR RO T OG &R (UL 2248 45, 2013) o B AR 2%
Vg%t 52 2 R GEAS R A FIAL ] B9 — i &2, ol DU T4 38 R 50 b MR Z 1819 5C 2R LA K R GERYBEARAT
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AT BUGSHE L4 A4 E 5 ENE R
tuEMEhH i
e i 2R A AE ) TR A PR L T LS A A ik o SR, IR 5 ROBOHE PR T e i e A B B AT 55 T AR IR
K. ZHANZ  WHIATE S £ B R Z MR LR IR, S 25 QU T 45 Z R SR 2B 2R PE 2R
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Model-based Task Integration Management on the Innovative

Development of High—end Equipment Manufacturing
Tan Yuejin, Lu Xin, Ge Bingfeng, Zhao Xiang, Dou Yajie and Yang Zhiwei
(College of Systems Engineering, National University of Defense Technology)

Abstract: Focusing on the four aspects of user needs analysis, task decomposition and resource allocation, task network analysis, and
systems integration and verification, this paper utilizes the Architecture Framework and Systems Engineering V—Model to carry out the fol-
lowing studies on the innovative development process of high—end equipment manufacturing: task requirement analysis and management,
task decomposition and resource allocation, task network analysis and evaluation, and task integration and verification. It strives to address
several key scientific questions and to make breakthrough in related key technologies, including the data—driven user needs acquisition
and continuous management, transformation mechanism and descriptive modeling from user needs to task decomposition structure, dynamic
optimization in task resource allocation, network modeling and evaluation, data—driven and model—driven task integration, validation and as-
sessment, and thus to establish the theory and methodology for task integration management on the innovative development of high—end
equipment manufacturing in the Internet and big data era.

Keywords: task requirement analysis and management; task decomposition and resource allocation; task network analysis and evalua-

tion; task integration and verification
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Model-based Task Integration Management on the Innovative
Development of High—end Equipment Manufacturing

Tan Yuejin, Lu Xin, Ge Bingfeng, Zhao Xiang, Dou Yajie and Yang Zhiwei
(College of Systems Engineering, National University of Defense Technology)

Summary: Equipment design and development is the core part of high—end equipment manufacturing, which
determines 70% of the resource allocation of the whole equipment, and its impact on the life-cycle cost and sched-
ule is up to 85%. Focusing on the innovative development process of high—end equipment manufacturing, this pa-
per conducts research on the integrated management of high—end equipment manufacturing innovation and develop-
ment tasks in the Internet and big data environment, providing theoretical and methodological support for the high—
end equipment development process and activities such as task requirement analysis, overall design, task decompo-
sition, resource allocation, comprehensive integration, verification and evaluation.

This paper utilizes the Architecture Framework and Systems Engineering V-Model to carry out the following
studies on the innovative development process of high—end equipment manufacturing: task requirement analysis,
task decomposition and resource allocation, task network analysis, and task integration and verification. Firstly,
based on the Internet big data, natural language processing methods are used to mine the requirement points for
the innovative development of high—end equipment, after which a structured requirement knowledge graph is
formed. Secondly, the task decomposition structure of high—end equipment innovation development is modeled
based on the feasibility of task decomposition scheme, the uncertain risk of task development, and the complexity
of task integration. The personalized user requirements are transformed into system design and development task re-
quirements, and the high—end equipment innovation and development task resources are dynamically optimized
based on the data—driven intelligent optimization algorithms. This realizes the integrated management design of
high— end equipment from development requirements to development tasks and to resource allocation schemes.
Thirdly, this paper builds the task network of high—end equipment innovation and development, the key tasks are
identified by the complex network theory and methods, and the robustness of the task network is evaluated and op-
timized. Finally, based on the consistent and traceable formal models, the Model-based Systems Engineering (MB-
SE) method is used to analyze the criteria, time, scope and effective integration methods of high—end equipment in-
novation and development task integration, then the consistency verification and demand satisfaction evaluation of
high—end equipment innovation and development task integration are carried out. Results show that the Internet
big data—driven user requirement analysis methods can help enterprises extract valuable information from the low—
value Internet big data, which has good feasibility and can better serve the project practice activities of high—end
equipment requirements in production and development. Using the real transaction data and logistics management
data, the development task supply chain network distribution channel selection model based on risk correction has
effectively improved the efficiency of resource allocation.

This paper establishes the theory and methodology for task integration management on the innovative develop-
ment of high—end equipment manufacturing in the Internet and big data era, which can provide scientific theoreti-
cal basis and effective method support for the innovative development of high—end equipment from functional mod-
ules, subsystems to system integration, verification and evaluation.

Keywords: task requirement analysis and management; task decomposition and resource allocation; task net-
work analysis and evaluation; task integration and verification
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