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SCHR (1] SRR RBETIVRAE IR R AR BN “IRERI B CHEARINT, A “fi AT B RELATT, A
CRE B CSERET TG

FATSE T B AR R AE PP B TR, Toil 2 5 T F S RE 2 SR =, 1k AR e 7
A7 AR SR 122 B [4~6 T 1] R R B ) 20 A7 (67 ELER I AR SR OC 2R, [l 52 A AR 0 PR R K AR u
PR AR, A2 A TR EE T, RN TR R BE TR BLENLER | 4R SR 1A 2 BE 70 (1 S H A 3R
feflt VT AE. ASE T I, 181 b S O XHA R BE T iR L AR A B LB B R A
DR S A 28 BE 73R B AR R AL R S OB, R, AR S8 KB 7o i T B i s W T Gt it e
BT A28 2 1, SRR AT LA E B A AR A A B A LI B R 2RI OC &R, (B AIHE DO O s8R
HiSR; T T B AR 2% (IR 2R BE 0 73 W 07 125 TR R ABIE B 2 Al ok 1k 22 RUORE PRAG A 28T B, A3 AT HITIY]
FE M ZR LSRR IR RIRIETT THEAT 1A 2 R R B 8~12 ) R IR T S B2 98 07 15 T00E X S 2% R T4k
TR R BAT AR 1R PR, DRI EAS B8 SIS A% 28 TR B4 e DAL Ve B R R o8 iy A 55 14 D ik P
S5 EE 1) AL AT

AlphaGo~ EMN4NTE AT A9 RLT 1524 AT GEORGE N TR B ER 27 3] 18 R A% R Gr TP Al
LA LR T g B8] S ELAE T DR 1 52 2% Ak R A QR A 39000 2 A 7 ThT HB A 3
Ji& 110~241 - B A G R KB AL BT A B, SRR L 22 I TTE D T B R iR R B A I R LS. —
LT 25 A R R A i A 55 D9 2 S EAT HOAT B 2 30, W ASEERAN R 4L SR G RE 00 A R i IE SR AR &
TR A, —RIEIZ R B ERIUR R EE RS, MTARKEE L KX I0kr, nTUAZ AL, 41, iRk
Mot FE bR Z A AR ENE - AFEVER ZAGRBLOCR; = RFE RS2 R B MA R 4R B8 1R T,
BT 1) 70 R GERE T (R b b Fa b, A S ss R 2 SR PP A ROR . SR, IR 2% 5T (1 AR AR A L AT
RMEAS 2 TE] BS540 i, BIASZR BT B0 L A 2R BE 0 F b B0 25 38 IR, S ROR B o7 ST B T Bl 3 AR
il 1 2R TR B PEATLEE [0 397 A 01 5 K PR K

R, VRIE 2 2] H B0 R & IETT IR B 5 A 5 R AR R0 71, SINTE I s 2oL 290, e fz il
i) 261, g BEpL 03270 SRR T A R R, AR B K NN 2 ik R I 2 504 Sa 56 S 1A
TUREEA ST AR DUBR i H SR AR DU 2 RGO AN RE 77, (RIS B S A A fy mT R 1. 2
]38 T R S 60 VR SO TR A 8 X 2% Y SR AR RS A28, BV 2 B 2R il 22 6 T B [ o3 A ) T 47
wiz.

FT UL, S BLR 25 A i R 8 R LU KR BE 2 A, AR SR Y — MR T e i
AL M4 (force-sparsed stacked-encoding neural networks, FS-SAE) FI{A R e 1 BI /A J5i%. 1%
DT B HeRE 22 T R A RIBSC R 0 M« R 2R AR I D BE 45 44 3 A AN TR P 2 S AR IZ R
TRIFRANLS &, M2 T IR R RARSBE I “Tabe, AR TR RBETI00 “TRELAT, 15
FUASTRI S A T 1 S A AR 55 AR R BE ) <G5 R, SEBL T R 28 AR AR 2R 2% Th RE R ERG {3 i (55 5€
LRI M AL B AN A 2R STk EE M, A B HE SR AN R 2R AR A SR BE TR L 3R At 1 BRI AL
[GEIE NSRS

2 =R AREENEM S ITR B S
15 25 4K 22 e 3 4 b P B 2 A AR A S8 AR A 55 2o A v o B SIS 9 SRR BT R 4% 1y P B
T BOBORE T, 2725 i R AE RS I PPAG O FERT. 57204 2R 58 70 [0l 7 M ) H KR RN 3 B 2

TR 2% RE T AR5 8 A A 55 58 BRUBE 2 18] O TR SZ AL, D dia+% 03 R BE DAL Bl 22 3 2B i R SRS,
AR JFURER I S B AR R A BE T TR bR AR5 M i A 55 52 IR HR bR 2 1A (1) R B i 0 2% BRI, B 1A
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1 (MEEFE) ET FS-SAE HIRTZAREE RS /RS
Figure 1 (Color online) The idea of backtracking analysis approach based on FS-SAE

RE AT [0 0 i L EA AP BR, — D RHE R 2R R fabrth R, R RRTEIRE R 2181
TRILKA.

TREERP 22 [ 25 8 22 il GURFAE SEBUN R 2% R SR TR s s AR, IR RERATTRE % R e
W25 (15 R AR TR R, FL L8 LR A 2519 RO A T SR 2 AR 8 4% 7 THIRE T RR IR ) — BB R IR A R,
RN

Y = f(H(z)), (1)

Hrh Yy N HIEAREE, o NEANIBIRE, f AME M ERRETE R, H(x) NMBLTRIR ARG
PHER X 25 (1) SR FA Y 32 BUATIAE H (), BRI BRS 7 SR SO IR, DR EE “Pa ik HEFEREdY ) S5 EfE 4
PR i ERIhI. X L, SR ORE R AV - 28 53t IR 7 3%, we i R R IR By S AR i Ak R e 1 IR Fa s
W2 A MESE, DAICAE A Je B0 A0, SR HERR B gmfidph 22 28 254 (stacked encoding neural networks),
FIEEIE T FS-SAE BT 4R R B 4 s Y. H 3R BRI 1 frs: (1) XB Sk KRS =R R
M AR AT AR B, ARIE A A A2 25108 E WIUR TR AR 4R, T dndE S5 Tabn e /E i i, A R -1
A (2) AREHE T A L8 Al S5 6 (715, M EZ R A MM 20 RE J14ahn A REEIHESE; (3) 14
ELAMIIRIEAREE A N S DS AR S5 48 i th 59 s DA AL AR JTHR bR ik 22 45 M HE S 0 I 2%
SR FS-SAE [R1 3 A B 28 e Job eh A i A 5% ) T 20 W B e A A PR s (4) Se)im, 1K FS-SAE
T BRI OC RIE AR IR, B2 M 4 Z e 0 T IR AL B A 2R DTk 2.
B7 AR R AC R ABAR IC SR A T, BE I IRARER R TE &, TRARAC H R R MR N, X B Tk R e

1) 1B 390 3 A g A A
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3 HET FS-SAE HWIBFZ AR EE N ELH 3 FriREl
3.1 FS-SAE BRI\ 56 H 4R

PR VRIS TR 5 5 B MR A et B S 7

BNRTS. WS SRR B, A R A, A B, W R
VP (KA MR A T (L N 15K, 45 S RE AR . %11 25, B IR AZ ] b i) 5
HERAR A LB [T, 9 7 T I DR R (R AR 92 PR b, 7 R RE A R, B 4
BRI 2 PR R A B, UM B2 ] . AR 1A 5 TSR BT TR, R, (e
U FUERIT, 72 1 2R 4007 76 BR800, WM SRR OB S 4, FEX AT 5
T, T EUET G K R T B B 23 8 e MR S S 0% FR 2 28 o 3
Geit SRR S B M Ve URIE LRI (AR B2 SN . R T IR SR DUsE T b
e BRZGALAE) . LR GRS T (A2 A2 R RO IV RO . STAI RO . FTIA )
SRR (V2 bR RS RIAHLECR « BEBRT I, B2 R ROHHR AL AT, R ] s g
FHBTH . 5 L o R 4 KO AT, 400 T R 2 A OPY 55— SRty 4 ) B
X = X(X1, Xa, .., Xe), 3000 e NWIRHERRECR, JXt AT 19— LA,

S0 SRR, PRI S BT R B BRI 402K, 972 1 BRI 55 TR .55 R 734 P
5K, 0 F R TS, BRARHAT 1R 1 4 P, A0 X FS-SAE BUMAH I 4
B9 A (S5 HE BRI LR Y = Y (V3. Ya, ), SEob 1 i 4 SR RA

R N5 25 VAT H S5 b, L 5 P 2 R, MU REAE T = (X1, X, X),
(Y2, Yo .- Yi) b 3o n MR MOLEC, B KB ARG SO 1 AR

3.2 FS-SAE #REMELEMANIZIT

TR PE S SRR 2 BT DARRON PRAT AR, AL RO M 8 S5 R R 2, BRI S B R BB RS R
TR, MECAERTE T, HHRERK, SBR RS RN AEELT HERIRE, TERTHY
B, XA R E R AN IRV, AT S A SRAE 55 B ARG BB, EXS T75 ERA A
PR KR UL B DA PR 1) SR 2% ARG [ A S5 AR AR TERE N ). IXRME LT, B ai &
s IR S RIR AR R T JT 0%, M B B 4 S U B AR AR R RAE LR, 1R S8 AN
TRV AR P 2 AB R DT TR 3 el 2 0 2% B 251 )R B B OB 35 SC, ST 22 I 28 BRI ) < 4.

ASCRUCR A FEARRIR IR R T« DI REAE 238 St BIRF IE 0 B 53, WHIaGFEFRSE X = X (X,
Xo, ..., Xy) WARFRISRIRIABLOR RBEATIRA T, JEE S WA 2 SR BE 71 IR BIRFAE TR R SR AT 1
RIRETRITSE, 19 2 SWAR R FEAR M 28 A0 52 TR BURS RO 2 JRAR AR AR RASMIHEZE, LULAE Ry IR S5
S PRI SR A ACHR . TR S A 2 O 28 28 B V21 e ) AT AR R [ 5 03 422 5C R ANARDXT B (104
BE S wrHmiE i 2 fs.

3.2.1 ETRAEEXEHEZNXHKXRZD, BEIIAIERMLE

P 28 AL AR B R E T & AR BR8] IR Z8 AL 1) SRR R B, T AP SCIROC RAAE B ARG AN
SEVE. N, A SCR B KA B A8 HLAR: 5281 IR HE A (8] IR SGHR G RIEAT 40 4T, AHXS T Pearson,
Spearman ¢ AHPERVE, e N G B AR LAV S, RA@EAME (generality, BIXTE R RFM
A B miE V) A5 (equitability, X e R B SR PE) ORIV, LA SRR 2 a2 R 48R0
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Initial index sets Initial index networks Function indexes for SoS

co C )
vee e, ° 1.MINE A\/g/z 2.GN T
(a) (b) () —

Indexes for

Outputs mission
4 Ful&on . ’ .
Hidden

indexes for SoS

layer 2 * 4.FS-SAE Eigen indexes
' Eigen indexes of community
Hidden of community
layer 1 f
Initial
Inputs index sets

(d)

2 (MERFE) FS-SAE #EAIMEEIEITHRIE
Figure 2 (Color online) The design route for the structure of FS-SAE model. (a) Initial index sets; (b) initial index
networks; (c¢) function indexes for SOS; (d) eigen indexes of community; (e) multilayered structure

(X, X;) ZIAMEAERARNE, (A5 B A BBl s o A AR A% (K B Te A% o, Sl AN i > # %, LeAhs
Foft SR 53 1 i RS B LA S AE, P ELAS S ELREAT b AL, b K 0 FL A5 B AR HE AL B B o de K
{5 B H A% (maximal information coefficient, MIC). FLE VAR 73N 3 2.

(1) BRI IR Z AR SRR R, IS AAE AR AR I HUS B EAFAE— A <l A& % &)
0, FEASFRBRRT KK 2 B R PP AR RS B LA B Ie R R DRSS TR FaAR% (X5, X)) At
T —Ff 2 4T > y IR g, 5 SCHRITTRE IR p(a, y) A APREA m80E L SRR A AR B AL
BREBI. O T BT RIS EA ISR AR, 2 M g RSCEAS A I

= o)

Horr 1(X3, X;) BIRRG g 73 2 A TR Fiahaoxeh Z 1A (R SR IG5 L
(2) BT MR A LGRS, X TR « AAHE y BESA 2R 775 Glgr, ga, ..}, BILSE
X G A HAF BREE

max(Ig)

Mo Toglmin(e. 1)) ¥

Horb max(Ig) NPy “REiE” 8 o 7 x y ZIRI 77 i, @P A T BER & AT
x y SRR RXN> n HEHE T = {(X, X;), (0 # 5)} BIRCEL, o PR 7 1 B oK 20 P30l 2
3 < wy < n®C, W LMGEIRFRRS (X, X;) BRHAEAERFE M (X, X;) = (Ma,y).
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Calculate Remove the N
Begin betweenness for edges with max Is there any
all edges betweenness edge?
1 v

3 GN HZXRiEE
Figure 3 The flowchart of GN algorithm

Y

(3) R KE B RE MIC, faaxt (X, X;) KA B R BN 9 RRAE A A (0 fe K AE,
MIC = max(M,,y), (4)

Horp MIC € [0, 1], BUEMEIT T 1, R BIFEARIA] K SRR A8,

Hiut, AT AT RAEXTHRAR S B A SRR AR 9, (R LA B T IR TR Ar M 2% P =
(V,E), R RN V = (X1, Xa,..., X)), EUREN E = (MICij)pxr, RIAEGA R DHIIRTEIR
Z I A BRI 2% 2%, AL 2(b).

3.2.2 ETERAMEIEANTGE, BIMSEIERINGEIERE

S PR AEAE AL A Tk AL, A P AT )1 S TRDEE S AR B 11 5% Ak [ ) i 4%
FERI R L. WIUG TR BRI 2% /2 FEBEAR R A8 0 A BEA, WTAGR b5 I 28 FO AR T TT DL R AR i & B Seks
A ARSI D RE SRk, FRATRAAL PR B DI REJ& 158 SONTR RO TIRESR R, DR LATAR 16 b5 k4 25
AU ThReAt BT DUR G B LA s 2 IR R DI RETR AR, W1 2(c). X HELIhREALII R 72 759K A
GN Sk 29 HBEA SR B T AR 1 2 8] R34 B A B BOR. T84, B ANWHs A [ 2 1] O e 72
B (B2 A R K IIEID), 2% b e 2806 R N ITOE AL, Bk pin e sl 3 pos.
EEAR R D RIARE (dendrogram), B EE B AOH745 5, B K 2ETIHE, H T
1T, BB B KD AWRE BR, 28 K08 8T 70 B MR, SERRit S AR AR TR 2 B IR
PRI, fEIE A b, 3 AR R KR4 R 7 e BT R TR AR M K iR AL ] C = €1, Co,
LAIAG TR R 48 R A S5 R D9 iR RAE bR ThRE ST iR 7), SRAG IR RIhRETEAR C1, Co, ...

3.2.3 ETERD DL, FEIGMIEIRHIERE

AR AL R 23 5%, AL BT AL & I Aa FR bR T H AT SR OCIRNE, Dy S G I iR 4 1 845 5 HLm
DLHIR R DIREFEIR Z ARG R R, PRACHIGRTE bR 2 7] RS & 1V, RATEAL B DI RE4R PR S ¥ 66 R 2
()AL AL IR AE R AR, B R BULRI R E ARG R R, W 2(d). #RIREREARE Oy REA L
FRJAEAE ) i, 3B I 3 4> 20 HTi2: (principal component analysis, PCA) 5 B0 H 3= 2 AR 2l i 2k
PEAR S, FHASCER AR R/ I B M TE DG 1) [ B R 7 SR IR 8 th R 2 1 1m) &, 9 HLASI D SR b s A
THEEGEE, M MR R AT PCA Tk RE 0844 i 4k 7 [ 1) i @ 46 g (IR 48 7% B) 1) 1) R, B
IR T TR0 RELERE, 17 HLAS B HRAE SR bR (B Ze R TE 5%, SCRE SR AL AR B 46 KAR 705 8., &t 1 1WA
Wr. $Z R LT B IRHEAT S
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|

(1) WA B ERER R MR R BOE R

T11 T12 " Tin
21 T22 *** T2n

R= . (5)
"nl Tn2 " Tnn

(2) KA R EOE P AT 7 RS B A AR I B SREFE T AL [N — R| HURFEAR, B RREAR
MK E) NS
A > g > > A, (6)

Ny R B E
Cj = (C1,Caj, ..., Crj)". (7)
(3) TRy, FRRAE ) B 2 i) RO
Bj:Cle1+CQjX2+"'+anXn, 7=12...,n, (8)
n AR>S ENETC KRR, HIT 2258 Wi N .

(4) EHERSy. AT p (1 < p < n) DERD VIZAEBIFRALIRIR, p EREER 20 A
LB, AR p 1K, Bn e LEARAR, AR p 1, RS B B AT R E, R
o B R TETTRREE (AT p D BRI X N TT Z 2 M n D T7ZMBGELE) SRHE, B

?:1 Aj
22:1 >‘j7
—MREK By, Ba, ..., B, W7 ZZ AN 27 2 Bk F] 85% P b, IXFEIRE 1 n MEIRE N
p MER.

9)

(.L)p:

3.2.4 GAEERET, BHSERNELETHEREN
PRI DL DB, 7 PR B 5 S50 31 T, SRR 50T . R S A 2

SURBLI I R ey, 1515 R M (LA b R AR, TR AL 2R
H=(V.B) (10)

HA¥5 84 V= (X,B,C,Y), il E=(Ex,Exs, Ezc, Ecy), X FRVIIRIEWE, B FRFHEEREZ,
C BRERIGIaARZ, Y RREMIESH80RZ, Ex AVIMGIENZEY, Exp, Epc, Ecy A%
JZ IR FEAR Z B R R AR RIBFRN B SE RS B ROGERIL TR RAVIUGHR bR 2 AR 2 KB R,
I S B T W0 A6 TR bR 2L HIRHEFE bR, FE 200K RIDREFER, S5 B8 A (E S5 Fabn ML R R, ik
FRUBE VTS AR R IM I HL B ST AR A T AT LA,

3.2.5 FS-SAE 1RBIFIMLRLEH

LAZE JZ M 28 A FaAn i R A R A TSR, AT U 2(e) Pras AOHERR B G o 22 X 2 A 2R
(SAE): BINJZH mONWIIRTEARSE X, St B RO a5 e hn e v, 28 1 1 2 RS R R0 A
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FEHIFFETR PR EE B AR RIJREFabrEE ©, DL g tH HLA B 1Y ACEIOR I 28028 432 06 R () A 48 I 4% 245
K. SAL G A I 2R ) REAR AR AE AN [F], 3X A ) B dmAd e 2 M 2%, SN BRI S 2 PIRE R
B D 08 2 A S B O R 0o, R+ I AT AR 4a bR 5 6 B 14 URREFE AR« #1 BIARHIE
fabr 5 4L BT Re4Ebs 2 RAEE R R, -5 HoAt AL A R AE SR AR A4 A D REda bR < 1A 8, 1Kl
EWRE WS Z MR &5 s BB S B e 4L B Dh REAHOC, sl i@ b o0 A ol LAZE TAEXT B 2 & L. 5
— M BRSBTS 2 N4 (sparsed SAE) BY AN, AT X — 1R N 5 F b 5
Yh 2 W 25158 (force sparsed SAE, FS-SAE).

3.3 REFIMUEZXRIT

FS-SAE BN E SRS ZZ MR B g4 M 458 (auto-encoder neural network,
AENN), M 2(e) ATLAE Y, sl Mg o B MS BRI ST N A SAE BIHIFER (v Nl AfE
PR 28 AL AL, SR G R EARR (softmax) 4328, % AME AT 5548 bR, BRI, B TH AR
A BT Ll AENN N,

(1) AENN EHEB B BATRA Sigmoid REEN AENN FIBUE RECR FH, B TR AL
{at, 22, o™y PHIREAR of, Hi%Ja KR SR IERIR of = f(a") ZRHN

fa') = 1/(1 + exp(~(Wa' +1))), (11)
SR JE A FH A RS A8 X B & R AT A, T EMES 2 = (v, WP
f'(y") =1/ + exp(=(W'y' + 1)), (12)

Hod, w R W ARl N E NS 2 IR AR R, IR W= W b MY SN Z
B E R 0w E R, W, W, b ATy N AENN IS4 idh 0 = {W, W/, b, '}

K S EUSR BB 2L (negative log-likelihood, NLL) & X EMIRZE €, ef = L(a2, 2%,0), HitEA
XA

d

el = — Z(gg}C log(zL) + (1 — z%) log(1 — 21)), (13)
k=1

Hor, d RoFEARYERL. o NRMERRIRE, KA EIRZRBEFEALRERRN (cost) T, WT
Bz

1
= 3 2 (14)

Hrp, M O A FEAREFFEAR SR,

(2) 7PRASHIE. AICEFE Softmax 70 RAENFEE R S5 R 2R KA, Softmax PREL
HAWSCERER . THEASERMNE S5 AENN W JUREI A, Softmax BREURA B 415 (15)
FoR.

ply' = 1)l 0 ef =
o |pt =2t 1 ez o)
holw ()] = . =5k e | .| (15)
: 21 €7 :
ply' = k)la*; 6 el =(®
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FS-SAE BRI SEAN IR R SAE R IBEHUBEE T FE 5%, e ISR 5> AENN 74
REHUHEH S

(3) FS-SAE MILALTE. FS-SAE AR FIBEHLER N % (stochastic gradient descent, SGD) %
2 59 SUR 0 BB A R R AL — MR THE B = (o), a2, ..., aMo ), B
T B Mp DREARRIEREE, flh 2sRe A B R U BE, a0 R s

1 Uz
- Lz, vy, 0). 1
g MB;W (z*,9",0) (16)

A, HTREAR T B 2 MFEAZ E R EENUCRAER R0, RERERA T B B REF R0
Rrtk, ALRERTR g Bl QR A 22 IR BR E RS B T A7 AE M << M, DRI RO BRAIR 1 5
R ER R

i A BRI RE T AT Y, FS-SAE PP AR DR 4 A1 2% 73 A R B RS S 6 S iR D R At AT
e, I el I AR TR S AR TR SR, A5 AR AR E IO UBIRBL R &, IR SBT3 Bl R A
AR, Bk — B VR ik R REmR DLV EN LB SR AL 1 AT RE.

3.4 ET FS-SAE BB A ZREE 17 iR EY

FS-SAE BERLKE 5 2 A ik 2R AT AR -5 45 i 1 55 R v 2 1] ) bR O o6 SR T L e 28 R 2% R R
AR, YEEHAHTIEAR IR BLNLEE | PR R TTIREE, IRt — 2D BRI A B S VR vk R P TAREE. i
BT FS-SAE BAE AL RAR RIGPR AL R, DL RE 23 1 AR BE 77 813 73 A A 2 A 1k 2 T B
PERLEE, JExh & 2 STk EE AT 70

3.4.1 HATIREIEFME RSB S

K4 FS-SAE M5 X, #4LH AENN JZ NI mx a2 m s Bt 5 A U g ek
A

hj = faj(2") = 1/(1 + exp(=(Wnjz" + bnj))), (17)

Hofn=1,2, 0 MRKE 1 BE AL BIRESRFR RIS 2 B 20k RN BESR AR, B AL R by 2 1]
WL 5% 2R, AT AT AR G 4 450 3 TR TR Aot A R AE R b, A R AE S8 AR T 4 2R T B AR R BA
. f BRI, KRS A h BERES RA WA, 295005 0 f1 1, AR EE R NE S E
TILPERRRRIR 1 ROESE, DR PR SR, 3545 B0 2 TR B MRS R AR O 2R A, B

B(hy;) = 1/(1 + exp(—(Wa;a' + baj))). (18)

SRR DU R T R T S AP R AL R MR B A, ELA A7 A b i (e
RUMATHSHE P(E(M)) B4 T 777,

3.4.2 FFINEEIEARAVIR RTTRERE DA
WKHE FS-SAE Bl AR R BE 1 0 A AL 7k R DY Ee4EAs S A L5 Fabr L A R R AT LARIE N
T ha (i)

k N
Yo [h2(i)] = Wa

(19)
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Horp yblho(i)] RAEFEAR of S60F R, A RS TEAR vy BOMIEEME. fELEEAt b, BATE L& R mBl
FRBR X8 i A 55 FR Bn AT X DTk Dy

Ayz 6y1/8h2]
i - h =
p(y ]) ylAhQJ Ui

(20)

T PAIEBH
p(yi + hy) = 0](1 — E(y:)), (21)

Horhr 0 JimBLEEIR AR B G AT 55 FRAR I ERAUAE. RI0L, FS-SAE PRAMKIAL b, Jif I E SR AR () 1A R AT
X TTERAR 5 4R b 18] FRE FRBUE AN E (2 5548 br B B (A 5%, (I M B4R R T Refabn 5 A8 dr L 55 4R bn
FRIMET LG 2R, T BASI BT Bl 23 1A 38 08 i A 55 1) 5 B RE 0 RO ML F2, 338 1 4l B 4% 03 A BRI A 917 22 A
il PR 2R S A M B9 5 )R

4 HETEHEAERFESCIGIGIE
4.1 BIEREBEMNEEES
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MUEE SN, Bl 9., . S0 SRR AOCEAT SR IEAT 2 P 3T, AT IR G A R Ak
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ity B 8 S R AR 2R IR R VA
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PLBEAE R ML IR A B L HEa i) 22 SR St S AR B BE B . SRV = T . RATT
IF]  FEFEIEAS T [F] X 26 LA TN LAR 45« H - SN PR TP 55 DR 3 R 58 2177 7 2 4R 2 ) H 3 BL
FRILPERE /7, HEAT 6000 {7 FLSE5.

(3) FRPREEAPEARER M. 7 7L, B2 Bas 5 &K R 4R i E40E L&A RS TR IR
SR AL R, 1R S BRI ER TS R E AR (B A RERMR SOV & BE B
[B55) . THIRAC B SRR (W7 SR RIS IR R BE . 43 I IAISE) K A8 SRR (n B 44
ZULTH g b IR A SR EEEIEESE) . B PUREAE (B AR R TR R
S HE LR EE) FNEEREER (WP SR RIEE MR BEES) 5, R E -
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Figure 4 (Color online) Scenario setting and the construction of the networked index system of ADSOS. (a) Illustration
of scenario setting; (b) initial index networks; (c) index network communities; (d) multilayer networked index system
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Table 1 MICs between the initial indexes

Index X1 X2 X3 X4 X5 X6
X2 0.22279
X3 0.24872 0.87671
X4 0.23126 0.51958 0.71057
X5 0.24557 0.51958 0.55146 0.43817
X6 0.95095 0.40619 0.24412 0.50126 0.99107
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Figure 5 (Color online) Convergence comparison of different algorithms
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Table 2 The accuracy of FS-SAE models for the mission

Model Training set accuracy (%) Testing set accuracy (%)
FS-SAE 95 82
Sparsed-SAE 84 73
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Figure 6 (Color online) The distribution of function index expectation of ADSOS. (a) The probability of function index
expectation; (b) the range and the average value of function index expectation
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Backtracking analysis approach for effectiveness of air defense
operation system of systems based on force-sparsed
stacked-autoencoding neural networks

Shengming GUO", Xiaoyuan HE, Lin WU & Xiaofeng HU

Joint War College, National Defense University of PLA, Beijing 100091, China
* Corresponding author. E-mail: guosm04@mails.thu.edu.cn

Abstract To reduce the difficulty of traditional data-mining methods in deep analysis of emerging capacity
index mechanisms for a complex air defense system of systems (ADSOS), a novel backtracking analysis approach
based on force-sparsed stacked-autoencoding (FS-SAE) neural networks is proposed. Using the method of big-data
correlation analysis, community structure analysis in complex networks, and principle component analysis based
on the mission task, the networked structure of an index system for ADSOS, which was a relatively complete
architecture with a well-defined meaning, was obtained. An FS-SAE backtracking analysis model was build based
on heuristic knowledge from the obtained networked index system structure. The emerging relations between the
capacity indices of an ADSOS were formalized. Then, the formation mechanism and contribution rate of capacity
indices were studied, and the validity of this approach was validated by the simulation data. The experimental
results show that formalized presentation for the emergence process of capacity indices of ADSOS based on the
proposed model not only reflects the complexity characteristics of nonlinearity and uncertainty in the emergence
process, but also give a general defined meaning for the index structure of the ADSOS. It provides a feasible
method for commanders to deeply understand, manage, and control the complex operation system of systems.

Keywords operational system of systems, effectiveness assessment, deep learning, emergence, indices, contri-
bution rate
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