RAE2EHR ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn

2025,36(12):5537—-5553 [doi: 10.13328/j.cnki.jos.007397] [CSTR: 32375.14.jos.007397] http://www jos.org.cn
O EBLEABE PAFRT T RRBUITA . Tel: +86-10-62562563

HSDiag: 2= fiili &£ 5 A K12 I (=] Rk [m]
Wiga't # £

"FEMKE THENLRLE SRR, TR K2 130012)
YEE S SRR TR M S S s (MR, Hhk K3F 130012)
JEE1E#: B A%, E-mail: hs_huangs@163.com

B B AATEBALBAURTY, Bt AR IATRD, AR R SAT R BRFHA R+ RE, REit
FMO o REQNIRE, BPAFS B & 09128507, R F X AP R A S K Z 490t 1A, 48 & T3t B A~ NP-hard )
R, PPt AR R E A AR AT K R G iR E A, 3R —F B AR & Bk HSDiag, i% Sk T VA B kst
SR HAT I FRIRAF LW, £ S B AT R AR A RAF T R EF KRB 695 w7 FikAark, F R HIF 5-100 42, [
F A3 S AT 6] BRI e, ST E BASHBIE m. B A R KA 8 5% (ISCAS-85) 49 PTA R4
) 5 FR, ATVAEIR B AR R 698 B 18] 1, 328 49 HSDiag Fik 52 T R EM S kA 2 Ry 1 4504 L6 g
B RILZIL, -l —FF £ B KRS W e SN RARAL T, SR 4 A RERT o269 LT, ARFRE 69 &
B Z AN AL 43T A R E B —F 5%, 4749 Polybox A= Fulladder 3% %, 4% A S £ 4840 /5 49 HSDiag Bk,
ME B —F IR 2450 L.

KBIAL A TAERNS WY, R Gk, MU ok REE; AU R SR

hEE7S S TP181

thc s F R =G BRBH4RZLE, 207k, HSDiag: SRR AR VAR A2 . SR 254, 2025, 36(12): 5537-5553. http://www.jos.org.cn/1000-
9825/7397.htm

H 5| %3 Ouyang JH, Huang S. HSDiag: Variant Hitting Set Algorithm for Solving Diagnosis. Ruan Jian Xue Bao/Journal of
Software, 2025, 36(12): 5537-5553 (in Chinese). http://www.jos.org.cn/1000-9825/7397 .htm

HSDiag: Variant Hitting Set Algorithm for Solving Diagnosis
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*(Key Laboratory of Symbolic Computation and Knowledge Engineering of Ministry of Education (Jilin University), Changchun 130012,
China)

Abstract: In the field of model-based diagnosis, the system description is first encoded, and all minimal conflict sets are obtained using a
mature SAT solver. Finally, the minimal hitting set of the minimal conflict sets is computed as the candidate diagnosis for the equipment
to be diagnosed. However, this strategy consumes a significant amount of time, as it is equivalent to solving two NP-hard problems:
computing the minimal conflict set and the minimal hitting set. This study re-encodes the description of the circuit system and proposes a
novel variant hitting set algorithm, HSDiag, which can directly compute the diagnosis from the encoding. Compared to state-of-the-art
diagnosis algorithms that first solve conflict sets and then hitting sets, the efficiency improves by a factor of 5 to 100. As the number of
circuit components increases, the encoding clauses increase linearly, while the number of diagnoses increases exponentially. Since solving
all conflict sets of large-scale circuits (ISCAS-85) is impractical, the proposed HSDiag algorithm, within the same cutoff time, yields more
than twice the number of solutions compared to conflict-set-based diagnosis algorithms. In addition, this study proposes an equivalence

class optimization strategy, which further decomposes the conflict set by using the newly proposed set splitting rule, even if the initial
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conflict set is inseparable. The efficiency of the HSDiag algorithm optimized by equivalence class is improved by more than 2 times in
standard Polybox and Fulladder circuits.
Key words: model-based diagnosis (MBD); system description; minimal conflict set (MCS); minimal hitting set (MHS); equivalence class

FEF A2 W (model-based diagnosis, MBD) & A 1. % G 1) — A~ 2 2408, MBD £ %X Reiter $2 H 114 1.
e AR 2R G R ) 56 Tk B0 1) D7 YR AR R G WL 7 A A — B0 JR IR . MBD )2 B 50 A A
] 5K L ) s o Ve A AR T, B 1 RS T HESE, 1 S S A BA B R G AT A D, SR
JE T F G0 %o S B AT B B AT — B A I, AN — SUU = AR SR, R SAT/ATMS SRARZS R B ATA 1K
NI O B S SRR N i S A B R /IR R A S B R G R MO O X BT B R, RO RN P e A
FIRRINAS T 35 2 T HEAE RIS I b M R AR, T DA SO — B /s s g 1,

Real system System model System encoding
pwenf61725 |
0-7891011 1415
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1129 [Vf
11210
2-13-8-12 @
2138 f
21312
5-16-7-9
5167
5169
6-17-12-11 — —
61712 A
2-1121-1116-1 3 E Candidate
31416 | diagnosis
31413 g
Predicting //’ E‘%
------------------------------- > 5O &
Inconsistent SAT/ATMS
& Mcs

System observation Consistency checking

1 MBD #HEZ

THE N 8 32 BT MO ARG i P U2 2009 4B RTAE S L TP T CSISE Sik, % HIEE ki
W7 28 Gefitadk U P A B G i 20t 55 R FH R SAT SRR 48 I W 4107 4 2 75 R g 42 1Y, BRI % 51k
5 LI [ M S P K o R, SRARAE PR AT AR 4. 2013 4E Liffiton 2 A "I45 &0 W7 AR H T MARCO Hi%, %
SRR T SRR AR A AR B O AR/ P R R R M B, (B B A — D XA i 23 R AT 5Y A% 2016 4F
Liffiton 25\ "%5 & eMUS XHZFIEHAT T 104k, 780 17 B A SR At 102 18] bR A s S i PR S B R 19 ok, 33
T PR B — AR/ PSR 2019 FERRBHST 225 N UIZE R KA MARCO HVESERE 38 n 7 v fm) g 284, i) v
) 25X U AR HEAT B, 4/ 1 SRR FEL 2024 EH B 525 N U I T MARCO-ABC S35, 4 20 R F A/ e
RAEFIR/IMAEEE — IR 2R, KIE LR/ T SR ARET IR, 52 B AT SR ARAR /N SRR S R i B,

TR A 5 10 B S T, 2003 R 7 K& N Boolean S92, IR BE A S MEIU, vk g8 4R 5% 1A F)
G R AT 5y 3, IR BT #A T o fh e b R, JE 8 R 2 2T Boolean HIL MR AL S 4 52 H 'Y, 2015 4F
Zhao %5 N R T SR R, T 00 RIS S A TSN 2K, AR T I R ) R R R T RS
JfINE). [FJ4E Jannach 25 A PO A 0 A 2R ARIEREAE S0 IR AT AL, B T SRARRCK. 2018 EX R AN PR T
i IR 5 4 48 B ST 78 75 SR (Boolean with increment independent coverage checking, BWIICC) #.y%, | F fh a7 78 55
SR SR A AR 1 1 2 MR /I £, KRk A S /N BRI RE T, 2022 48 XA A S5 N P2 5 0k N7 78 2 S 1 o S s 42
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TR BWIICC S5, R 2270 SR A 70 U TR R, TR 7r SORf R )5, Jl e 8 B0 04 ot 0 52,
A& H AT SR AR /N B R B O BV BRIEZ b, A — S AL VR AR Y, (ER X e R KSR AN SE A 1,
TESRAGH I AR A BB, 23R A TR, FEIT A AR ),

Bt 2R G R 1 2 2 P AN TR 0, o2 T 50725 ) 2 SR A SR A . 29 R 0 A B L U 27, 7 B 7 05 T Y 4k
SRA PR IS T LA 14, (5 R — OO, AR ESRAS BAR e B 345 2 O K 12 7 5 HLRR A 1,
VPR T 2 NS5, B R AT 22 OO0, 3145 2 X S A\ i 2, @ o SR S Wk g M2
T 2ELA P Y T 7. 2 2 LI 2R 5 B S LI 2R el SRAFAT /N2 W 1 B 50 2 SR A /I e R B O A /il B 2
BESRAFAR /N SRAEAE X FIIL T CANIE A B 2Rk AT .

UEAESR, R GRS R A BGE R, FIH SAT/MaxSAT KA K13/ N rh JEEE B N2 W, A (1 /2, B
PR RUE (R K, g B 1A RV, PSR AR PIT AT o 9R 4R A/ 12 B g O 2 156 L AR IR ™ 2R B A AN B S
(9 B0 T e ETE AT R AL [ FR (S I8, AN 50 # IO SR . 2007 4F Siddiqi 55 A PRI T —FHIIZ 2 Wi,

GEIR T U A G T s SRS SR BT /N2 . 2015 4E Mencia 25 A PSR H ik a2 AN e SRR, BRIAILJE
T a5 B R, 30— D /NS AR T B, B S PR AR — NS . 2019 4F Tgnatiev S5 A PYHHL L W2
Wi, F A MARCO BTG/ R &R, F F AR /N AR RS B P 1012 W, 1H2 BT SR AR AR /DN e 5 B FE I 72
#H, EALBE £ # RGN, SR A i — 4R . 2022 4E Zhou 25 A PR I T 45 SN, RIS 1 OWINAS 3] (k38
BT BEH L L A AR B, (ER S ARSI 5 58 1 R 3t A B D L R AN B, 3 HL 45
TRULE BRI 2 Wr - ASEAE .

T T /N S SERIAR /N REEE & NP-hard [ 85, S 7 46 it FE 2 SR ARIH R, AR SO T-RIEAE JBAR, s S
A B FIE R &, B RAHRID, $&tH— P& 2 ZL 0 J A8l 48 55032 B e T s . e m) il i, 18 R A dmig
MR IRAE, R E WIS AR T, RIREEE A T B R A AR R, MO R B S TR A, S T 5
PR, ASCHER: TN B B AR P SR, i RAE G AN AT 43 I, 385 18 4R & 43 24N, 3o 4% 16 3
BT, DS R MFER R R, WA T EIATRE R, FRIGFI2S Wi X &8 AT &, SOk
AR EY Rt AR,

ARSCH 1 WA BB TS AR N & DU EE T b R T SES . 5 2 W e N A BRI, R E S
HREREIR T HSDiag Hi%, B a8 T 4RGeS, 32 7 — M B i Bis Wit S R b Seus. 25 3 478
Frig h LS B AT i b i3 T i R RS Wit Bk HEAT 6 BL, S38 %04 R Al ISCAS-85, Fulladder, Polybox iX
3 PbmAE RS, JAIE T FTIR L IR S BE R A

1 EARER

1.1 ETEENSERIME LB

FR2W R400] & N — N =J04<SD, Comps, Obs>. o1, SD NRGHEIR, N—MiE1E A RHIES; Comps N
RGN RIES, R— N EREESE; Obs HMNE, £ —FriBia A NG RE. BUE A ARS R IERE R
THEIOLT, 24 R GO IR RIS A — B, FATIRAAAE— A2 W iR &, BI SD A Obs A {—A(c)|c € Comps} F& A —
;). H, A(e) REAERAM ¢ MR, E R ERAREEM c IEF.

W &R e i BB AR A [, FATRON R A —3, Rz = —5um.

FE X 1. LW (diagnosis)?™. 25 5E — NS W 8 B D=<SD, Comps, Obs>.—MNEWik & XoN—HA LA S, H
A C Comps, 24 D A Obs A {A(c)|c € A} A {—A(c)|c € Comps—A}—FH, FeifA B —MR/NFEEH, 24 HCSE
PHEE R THEMBA LWL

T AT — AR AR R TS I R A B A 8 i 2B A A v TR 4B B TE AT IR S A 26 B R G R SO
BRI E

TE X 2. e/l 74 (minimal conflict set, MCS)!. A4 £ /& RGAEHE Comps M IEE, M ALY fc
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Comps, {SD A Obs A {=A(c)|c e f} —A—BL # f LR HFEIA L IPRE, WK AR REE.

TE X 3. W/IMili4E (minimal hitting set, MHS)'. W REE G5 F={f,, for.... o}, B E S F HI—AHESE, 24 HAY
Snfi+ @, Vfie F. R S WEB R TEMARL F RS, B4 S £ FR— MR/,

T HGE ) 1%L 3 AN E 2P U,

Bl 1: B 2 {58 T — AN TeiE i sel, My—M; Rl A,-A, 47 IARRIFIEZRFNINESS. i1—igs 0 Fl 0, AR R
ENETPN I

o, 10

0, 12

w N w N w N

B2 Sfeidonigeds ik el

TRVCE WL, FNE i /242, 3,2, 3,2, 3}, HtiH o)+ 0y {10, 12}, B IVEFIIRIEM S, 45 M—Ms.
Ay R Ay #RIEH TAE, W o R oy M AR BIHR N 12, SRT o) M AR 10, i — Bk e Y, B R 20—
AN H B B R 4 Rl ORI AR TR FE ) U MCS SRARSVE N, IRATREE A B (M, My, A} 1 {M,, M3, 4,
A VIR AN AR, RIS R A R BT A0 R AR R A T REIN. X T8 —4> MCS B4, 20>
A A IR, TS D ph R AR T B NEER, SRR ORI I 0. MR TE X 3, FATTREM R BT 1
WNREAR A (M}, (AL}, (Mo, M3}, (Mo, Ay} B1A0: (M} iR — Mg s W, R M, IR Gt B2 4), FARA M
HRIEHS, W o fR4ar L AT LA 10, W] RTHSERTA MR B I AR /Nl B8 2 SR AT 502 T 1) BRSSP 3R, Wi sl o R
B IR /N R 1) SR AR 2803 e 8 PR T2 (12 T
1.2 BT HRETHEISH

TEX 4. 307 (literal)" . 45 58 Ai IRAE AR A X={x1, Xaye s X}, SCT 1 AR x; BRAS R x; FO 5 32—, 8% ELONAME.

EX 5. T4 (clause)' ). F4) C R TACFMNIMAM, C=1,VLV... VL,

EX 6. & HTE (conjunctive normal form, CNF)!'!. 1 Z M FH) & BT H A RFRAEITER, F = ¢,
ACLA ... AC,,.

TEX 7. i REAT I Rk i SAT! . 45 i — UL A AR AR B, 75 REAR B — 46 AR i (4 ELAE R IR, 1345 8 dr i A 5
R A AT AR B, PR ] R TR A )5 R, A AR IR R ) FUELFRIR, DU FR 2% i AL AN R A2 .

Bl 2: 5 — N SAEN, BLEB NN x), xp, — D o, —HE N H N Obs ;={x|, —x,, 0,}, | CNF &
REBATHIRZHM R R, WA F={{—xVoxV-o}A{x; Vo } A{xVo}A{x}A{=x} A {o}}, RIFTLA
B —HMKAE {x1, —x,, 01} EFF CNF g — T HIHONE, HZ SAT 7] B8 Al 2 1. 45 45 € — 40
Obsy={~x, =x, =0y}, MILIS K] F={{-x; v —x, vV =01} A {x; Voi} A {3V o} A {=x1} A {00} A {0y} }, ITETEIRE]—
IR E RS T T A8 L, W0 il R A AT A2 1.

SIS AR EIE — MERHCSF IR, @ T Obs ={x1, —x,, 0.}, FIAN R m . ARHSE, fr o2 s
3, FFA B ERAE, 72 A CNF il il 2 1. MixtF Obsy={—x|, —xa, —o}, FNSEPIAMIK B, i i A2 H T,
TR ERAHAE VR, XN CNF 9fithA2 AT R . W52 1, 25 CNF 2 A AN AT A2, TI6T W AN 2 1 5] i ZE A ek
AW RN, SAT T2 Hifi RAZ BEAG ) A /R AR & v & A7 K2 S0, AR S T AR SO Ui R AR

SAT KA AL LA CNF AU, DI ZH & F Bk I AH R IR 75 22 DL P A) TR AR iR 3 c17 /B
PEIEATHE— 2D PRI T SR SRS W, B 3(a) AN 3(b) 58 T 17 HEK AR AL TR ME R OB R R, B 3(c) 2
c17 LRI CNF gt B sRi2 W ik B0 76 [ PR JE vk B % ISCAS-85 425290 17 e K (1) BT A 4L AR 4T A2 5 T
(N\=Ng), RGN (i—iyy) AT (014~ 015) R FTIM, HARH A FTHI 1. FERAG I H IE SRR m HF, 4
MR X T4, FIE SRR s, SO F 2R A IR (EA 1-17 203387 Fi g vhoas B2 R R
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AR i), W AR 9 RN iy NIRRT, -9 Ron ip NIRHT, A8 1 RoRALM: Ny s, S INE REEEIN i, B
Hor {7, 8,9, 10, 11}, REMHH 0,4 M o5 [HR {14, 15}, DR, WRALEAIE R T/, BRI0WERER N
{—14, —15}, 1% QS IR FE R 1. 2T b R RS I £ 50 N AN B B, 3 SRR A S AR /Ml 4.

1-12-9-10 1-12 136 123
1129 e 2-13-1p === 5, =mmp |5, MCS K
11210 LERAES SRS RPN S L e +
2-13-8-12 wiEkX A eagen i BOT g %}% o
2138 61712 ”JT’??; =R
21312 T 3-13 i i
5-16-7-9 - 4-13-17 >
5167 > 2-13-12 2 N
: -7 21312 34 "
2169 8 i 6-17-12 2
6-17-12-11 omg - O717-
61712 1o & 1712 o 1 "
(a) c17e0 i 61711 TR 2-13-12 === 2 =
4 . 3-14-16-13 14 A8 b3y w34 =
N (1S =(iri0) 31416 5 6-17-12 #ik: ,
—N,—(i;;—(isri),)) 31413 Obs \ 61712 ‘ §§ th
= N (i1, —(i137i)6)) 4-15-13-17 TR 3-13 - P
— Ny (iys&—(i,3011) 41513 B A 2 4-13-17 1 *
— N5—(i;s—(isniy)) 41517 - §4 23
—Ng—(i;;9—(i17i1,)) CNF %ifih i
(b) ARGk (c) L%k

K3 PIRERTHE c17 HUEBR IR 2 W

551 BB THE R Z I B ORI T R T, S g i T ) 2R AR AN R A, AR AR e S T R
NP Y S AT S At s 4 DT 2L P FR) 0 B A 785 T A, 5 AT AL IO A Pl — AN SR B, S B BN 3 D T A5 P4 4
Ja, BLRE A7 2T A /D R A,

XTI 3(c), BRI MMIE Obs AT HITILHE, FAL T 5o RS S A BGE S, A 6P AR R
Zhtrh AN S B, E X RN R TR AR B AT SAT SR as, RAFPI /N R AL, 3, 63, {1,3,7}, E
ATRE R AALE 32 {1, 2, 33, {1, 2, 4}

55 2 BB vH S A RTRE SR SIERT A 1 B BRSO i R AT SR — 3RS 3 MRS (1), {2,
{3, 4}.

AL, A5 B H A NRESR AR A2 BT A AR AL AERE TS I, B R AR T RE T RS — P
WA 0, T B A T e e e o L Y, R T A B T A AR I RIE B 7 S ST AR N A, 7 SR A
R P REANSE R BB A RIS WTE. anlEl 3, AT SAT R4 RAG 2| — M/ REE(L, 2, 3}, MM/ (33 A
e MNEWR, RO AIE Ny iR AS REMRRE R ST

2 ETTMRISREEKIOH

BT P RETTE W, R A TR LR, S2hR ERURTEX T AT REAE R AR, 2 T b R HS Wi TE
A 7 T, B AN e SmAS . 7R 3(c) H, B 26X TR TR T — A7, tHE AT 2 TR {1, 3,
6}, {1,3, 7} )5, Fa BN AAFREAT — AW, X R AR A R RS W T RN R A (1, 2, 3}, {1, 2, 4}.
A AR AR S TS b, T B B ) S P AR Y, T — AT AR (L, 2, 3, 4, 6}

2.1 RIEREIERMESER

N T FRAIE BT SRS ) I A, BRATI SR R AR FE AT E X

EX 8. HAHAFFEH (H) f£#E45 & (component variable and (single) propagation variable). £ A%, 12 Wi i@
AR A AR, AR NI &, B iSRRG ERNE, M AL A

7E1 3(c) 1 CNF dmhthrf, A fE 7-17 e AR R, 1-6 RA AR, R (AELE 9 AL, W 9
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BT, 9 T IR, F eon e, e M MMRGRAMAR R . AR R S AL R A B M RS S0 B H SRS Ik
i 5 BEIR Bl R 2 W i 4L, B AR 2R A AR B TN S .

TE X 9. B3 74 (maximal satisfiable subset, MSS)!''. 45 & T-HJ4E U, # F C U, F WAE U IR AT 2
FEE, MHM Y FERE R, F HIn—ANF a2 A A0 2 1.

TE X 10. H/MEIEZE (minimal correction set, MCS)!''L. 435 TH)4E U, #5 FC U, F AF U IM/IMBIESE, 4 H.
Y UWF AT 2 B, UF B In—ANFA) 2 AN al i 2 1.

HH P 4 AT 50, 7RSS TR RS IR, AR/NAS AT 2 FHE AR N SR 0 1, T TE SABATT R A /INRESE, BIAR /2N
15 TE SRR /INIEE th 2 A (¥ 1. MISS R /N2 I EL A HEE, )R RIEB B072, 5 AS SO il 4 RV PR R T, 18 2 ik
BUE IR AR &, S HUATA AT LA AL BT 5] (R 24 T SRR AR K AT A2 748, R T2 T A2 10 7 ) ok B AL AR A% 1 AT Al
SRR (PG T SRIEAME), I MRS Ml A 75 R B AL &

AN G M
HOFME &

]
Ay

s (B
. AME
st
b B/ 8

Kl 4 RGHk Bk Wroc R IE

R 1. REE SRR A 2 AR 1Y) CNF 4t n] LIRS BT Al NS .

RT3 3 AN TE A P T 56 2% P SRR i R 1 3R AT IR B

IEPE: 2 WE X1 TRl R ER B — MRS EIA i 2 RS2 B Pl 0. R RS SR ek )
AN LA (1 B K RT9 A2 I T4 MISS, IR AN w] i R I T-5) (MSS 4R R4 R &R, B/ INM2 .

FE& I MCSTIAME & MSS (A —— X RICR), Hl4E A HIE R A1 MCS 2 58 & 1t 1), 384 7] DAHE th MSS
58 %Pk, W MSS I HME AR 5E 4 1.

HEEE.

5 3: FIFREEE T EE 3(c) H F={{1,-12}, {2, -13,-12}, {2, 13, 12}, {6, —17,—12}, {6, 17, 12}, {3, —13}, {4,
—13, 17} } /N2 .

BRI R AL S ik, EAN IR B AR A RTIE T, b4 HS={12, —13, —17} M B fI— > MSS(F)={{2, -13,-12},
{2, 13,12}, {6, —17, -12}, {6, 17, 12}, {3, 13}, {4, 13, —17}}, WP T —MEL{1, —12}, FELEAHAE 1 Gk
AR 12 TR RANTAT ), BEIREER h R R B R B 4L AL, WehligE HS R 75 SR 12 Wik (1}

B REAE FAS R R S KB AR AR R, T e AR 2 TR AR, TEAR EIR IR %, Lok
BB &, JEMIBR & A BRI T 0. AR — MG 0 RS, RIS 45 G SR Bk, R B b /e
F oy TUAR TA).

22 EEHH

TER ML U, RISRAS AR RN, 0T DU BR &0 SAL R AT & e, 10 T-0). JRATHIGIHE 1 451, JF A &0
IRHEATUE W],

5|3 1. F # FFE MR N W, Hod F={F—{S}|Se F A e, € S}.

A ESRAE AR FRIR /NSt F NS W, R e, AT DL R FRI4E S, AN e, BEATAEHERT, e, O
5 SHRE, ASUEANE, AR FRIR/NMEET. THHEHAR F RN W RS PRk N2 BT

SOIEE: AR F /NI, B FR F INE T4, WAE R FIS . BB I NME, ARYENME R, 25A
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A PRI NS, WIAETEA R L FAEA S PR/ W, B BTIE B T A 2 F IR/ NS I, X 5 1{REA 2
F W NSWT &, AR F NS, 2 FRIRRN2S I

EEE.

L b, B e MTFHINILAR T AT LUE SRR,

AR B — P RCR LS IR AR 508, BAEX TH)4E F IR BUE & (e) I, <4 JR 3 T T 43 2 B A 43 32
F, R F,, Horlr, MHS(Fy=e A MHS(F))v MHS(F,), F={S)S;€ F A e ¢ 8;}, F.={S—{e}|S; € F}!"S. JATTHE %3000 7 FH T3k
fRAEIE IS, R T 513 1 3 —5 L.

R 2. A R RIS S AR 12 W M B e, B, AT R4 F 2 B84 30 Fy RV F,, B, Fy
MRS e, KT 1) J—e,, F={S{ve,}|S;e FAe,¢ S}, fin SRMERE H—e, ITFI [ e, F,={S—{e,}|Sie FA
fepiS,-}.

TIE BA AR AN S AR BRI, 2R e, I, BESRMT F={S|S; € FAe, ¢S}, F,={S{e,}|S;€ F}. Xf
T e, ANF,, TSI 1, B fi—e, FIBEARARA AT L 1, BT LA TR ZMER 2250 3 h—e,, F={S—{-¢,}|Sie FA e, ¢ S}}.

A T3 3, B —e, A4 T AL FEAS &, MR 51 2E 1, W LAMER & f—e, HIEEA, F={S{e,}|S;e F A—e, ¢ S}}.

TEEE,

N 4 3o 2 gE— UL

B 4: ke S 3(c) AERIRE SRR RS F={{1, —12}, {2, 13, -12}, {2, 13, 12}, {-17,—12}, {17, 12}, {3,
-13}, {4,-13,-17}}.

P S e SR L RIS AR 28R 5 P Al 8 SR A it U722 L e A AR B 2 U 22 8 0 T 44 o B SR 1E
l 5(a) 1, MGG — AN EET, 765 SCHBR &G SR SIS, 4o SOMBRIEEUZR &, AR Wb e, B2
N EEE R —NMES. T T B 5(b), BARMA RPN 73 (FRE RS ERNE R — 53, AR, &Ik
BB R G, Ji 5 3CHAT — AW, RN AR 8 R AL R &, 7R ZEAS M BR FAME (oo fE %), X2 FA—
AR B AT — X BN B R AN AT WX TG 43 3, M BR e  SOR B AR &8 5, 77 BN R 5 S AL A = 1)
$E. AT ILAS IR AE R AT 5 S0 T 2 R B9 1 RO QRS A T8 40 24 S S5 O AR R £ 7% HSDiag.

{1,712}, {2,-13,-12}, {2,13,12}, (12120, 2,-13 -121, 213,121,

{—=17,-12},{17,12},{3,-13},{4,-13,-17} F (-17,-12},{17,12},{3,~13},{4,-13,-17}

.
)
N

42/\ \ -12 12 .

{2,13,12}, 17,12}, {11,{2,-13},12,13,12}, N £ :

{3,-13},{4,-13,-17} {=17},{17,12},{3,-13},{4,-13,-17} ‘\ {2,33,{17},{3,713},{4,713,717} {1},{2,-13},{~17},{3,713},{4,-13,-17}
12 1,—17i \\ l 17 1,-17
(3,7133,{4,-13,-17}  {2,131.{17}1,(3,-13}.{4-13.-17}  (2.-13},(2,13,12},{17,12},{3,-13} \\F.J {2,13},{3,-13},{4,-13} {2,*13)j,{3*13} Fy
—1y\| 17l %\ 13 13 -13
o (L4170 (213371344 -13-17) (17120,(3-13) (-13},{13,12},{17,12,, 3,13} 2} 3L Fs 9 Fu
3 -13 3 -13 om 3
'l BN N | . ;21(} Fin
4,17} (2,13} 17,12} N t
(a) REBE SRS W N (b) RS SRR 0 o S SRS Wi

K5 REAR SIS N 73 R SR 2 I

&% 1. HSDiag(F, D).

Hi\: CNF 4Rl F={S,, S,,..., S,}, & D;
i iz W D.

1. IF (F== Q) return;

2.0IF (F=={S){ /IR F—MES

3. IF (e, (e,€9)) return; /FFAEALIEA &

4. return {{e;}le;e S}; /iRl NHMAE
5.}
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6. ELSE IF (e ({e} e F){ IFAE B BES
7. IF (e 4% e ){ /e &

8. HSDiag({S—{e.}|S;e FAe.¢S;}, D);

9.  De{duf{elldeD};

10. }
11. ELSE HSDiag({S—{-e}|S;c F ne ¢S}, D); /MR & AR e MESTFMGEE—.
12.}

13. ELSE {

14. e« Selectielement( U Si); NN TF A TR B A
SieF
15, IF (e /& e,){ /M6 1% &
16. IF (AeV S;(S;e F - ecS)) return; /[T HE G EHLIFELE .
17. IF (e A& e.) /AR IR &

18. HSDiag({S—{e}|S;€ F A—e ¢S}, RightD); /& H 2 E—e MESIHMREE o
19. HSDiag({S—{-e}|S;e F Ae¢S;}, LefiD); /MG & A& e LS MR E—e
20. )

21. ELSE { ///EHMA

22. HSDiag({S|S;€ F Ae¢S;}, LeftD); IHE& A5 e AR
23, HSDiag({S—{e}|S; € F}, RightD); //TEA & e MR

24, D {ldu {e}|ld € LeftD} U RightD;

25. )

26.}

LefiD RightD S AFAE 25032 A5 S P IR R AR B IR SE, WAL 22, Id & LefiD HIT-4E.

TER LW, il T 087, M E R R GF 117); E8E M08 1 (GB 2 17), A 76 o AL AL
e, HAFAE e, Ut 1% )2 W13 I U B R (], 75 MR [l -7 A h AN AR B e, (B 3, 4 4T); & TRIANECR T
| AR RES (5B 6 17), HiZA TR BB T R o, WE&HE ZA T B IS N, %2 W e
Ry IRAL R e (B8 7-9 17), WIMIBR & e, MG I HMBRIZAZ R IAME B 1147); & TRANEORT 1| KR 3%
BEES, NTAEPIEE - NRBAKER (5 14 17), #H1ZEEZ e, (5B 1517), A TAHEH 1Z e, WHIHT
HIFAGR LN, W EEHRE (58 16 17), #FIZERA R AR R, RS 1, WEFAFIE L E—.
(7 A0 BRI M BR AR e e, 4RS00 (B8 17, 18 1T), ZJEEMRA o FHRIEEEBIA (58 19 17). HIEMM AR e
& e, WAL TEA G SCHATIEIE, Kb e X RMBR & HAE e MES, B X RAMBREE e, )50 X fE
EY AR e A I SRS (BF 22-241T).

S 1 AR B B (1 A G 40 4R, BRI & AR (04 & FEMIR 2R B I AME. 3T 5(b)
FRE, RIS FRoR, EADAMA T 1. 28R, RE—"N9H 1 RR, i FIELAD SN F Fo, F
B AEAT 53 3R Fry, Frg, UGB, X TR ZE R IR, A T ERIVE ST R, FATHEE I 1R = E i 4% b
(Fi k), A BH b B S A A BPE T b

FARR—NESAANFERTRERES G5 1-1217), N FHIERERE-12 37T G 14 17), ARG IR &
BRI/ (BB 171T), ERA 3L Fy FUAE 5330 F) (5 18, 19 47), /i 4y 3 F) SRR B0EIE A, F AATEHE &
LA HARAMTR (55 114T), £ Fyy SREEEES A, F B E-13 AR 55 Fiy, Fiop GB 17-19 17),
WERE Fyy RE—ANES R AR, R EIA4R S R LIRS, R AR KSR B B EEENE.
23 FEMAML

I IRAD AR CNF A3, AR B 2 5, gl +5) sz 3K, SRR IS Wi B R B8 . e 4k
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PRI, SRR AT IR R P i k. TR G o SR AR LR B8 2 B AN ELANAEZE () 4, PS54 25 0 mg R 5 2R R
AT HERSW, BOF RSO0 T R SRR I SRR 2 T 0. AR, R BB — AR E AR, §
BB B (0 H AR E I AR R AR B RE — T, WOGVEIEAT 43 8. DU I SN 2 SR E JEI250T FLBR (1) CNF R idhAT 45
2, (HE R RS Wb R AR &, WAT DAk — D o . 3T SR RS SRR, T —Fh & Ji SRR 2
AR AL AN S M.

TEN 11, PPN (equivalence class, EC)!'”. 1R i 9 F BENS 7> B k N S M T A4, WIRREEAS T
BN RIS, FRil L F = U EC, MHS(F) = & MHS(EC).

) 52 R SRR IR F=111, 2}, (2.3}, {4 5. 6, {6, T}, {8, 9}1}.

SN MG VT AT F 20 ORHIRS 1) 3 NSNS, EC={{1, 2}, {2, 3}}, EC,={{4, 5, 6}, {6, 7}}, EC;={{8, 9} }.
I3 BRSNS ISR MHS(EC)={{2}, {1, 3}}, MHS(EC,)={{6}, {4, 7}, {5, 7}}, MHS(EC;)={{8}, {9}}.
MHS(FY={{2, 6, 8}, {2, 6,9}, {2,4,7,8}, {2,4,7,9}, {2, 5,7, 8}, {2,5,7,9}, {1,3, 6,8}, {1,3,6,9}, {1,3,4,7, 8,
{1,3,4,7,9}, {1,3,5,7, 8}, {1,3,5,7,9}}. AT e R Bx - — KR MHAS(F)=MHS(EC,) & MHS(EC,) &
MHS(EC).

HARF5 & R RRFA. $ i) LA 5 5 LSS AN 2 0] LLYg D AR 4R 00 A B, S 175 0 1 T AR i) R 42 24 i
M 28 BEA R 29 WKTT, n AR RN

TETH B — AN S AR & 510 T A/ INREAR IR, 25— AN IRER & AR T LA Bt AN S5 2, T L F TS 40
I FTE W NRESE. 4R FER ] 53 BN ST, it F U SERE AR I 5 A Tk 4k S S5 40 2R s 1, st Tl 5812
WA R BARY. X el TS T A BB I AR R i e, HEAT IR (BCER), B BATN e, V22BN 5, AR 19
5 F A NI A AT AT SR, AR IS TR T TR & e, AT LARTHIAAAN 5355 2K (¥ G - ) 1) 3 U FH 25 A4 2K S

IS 1 SN2, A Wi F OB e, 5 AR m AN, AT RCH & (1< j <m) AN EATRA 384
MFHE EC; (1 <i<k)), WG TRENZHEN I, AL HSDiag(F) = ]U & HSDiag(EC).

) 6 35 A8 25 B RS WIS I 28 PR S0 e 0 2 ) P 25418 s

] 6: FEAH I Polybox 5 12 Widmhid 7] 45 1 FH &4 S TR RE.

I 6 /& Polybox_5 FHLEG /R, i%HLER 5 4L A CNF gmi FA)i), T F R0 s T2, BT LUE
I EBR RN FAE F T3 R B PR EZ M PEE R R, GAAE R AR R (fF B R
MGLR) ERE, I HARR AL B HOE IS WA, 1X B Sk UL AR i

{1,-11,-12,-6},{1,11,6},{1,12,6},{2,-13,-14,-7},{2,13,7},{2,14,7},{3,-15,-16,-8},
{3,-15.8).3,-16,8},14.6.7.9},{4,-6,-9},{4,-7,-9}.{5,7.8,10}.{5,-7.-10}.{5.-8,-10y  ©'

N
F, F

{1,-11,-12,76},{1,11,6},{1,12,6},{2,-13,-14},{3,-15,-16,-8}, {1,-11,-12,-6},{1,11,6},{1,12,6},{2,13},{2,14},{3,-15,-16,78},
{3,715,8},{3,716,8},{4,76,-9},{4,79},{5,710},{5,-8,~10} {3,715.8},{3,716,8},{4,6,9},{4,76,79},{5,8,10},{5,-8,-10}

. I SR
EC, {1,-11,-12,-6},{1,11,6},{1,12,6},{4,—6,~9},{4,~9} {1,-11,-12,-6},{1,11,6},{1,12,6},{4,6,9},{4,—6,~9} EC,
H#% Polybox 5 EC, {2,-13,-14} {2,13},{2,14}  EC

EC, {3,-15,-16,-8},{3,-15,8},{3,-16,8},{5,-10},{5,-8,-10}  {3,-15,-16,-8},{3,-15,8},{3,-16,8},{5,8,10},{5,-8,-10} EC,

K 6 Polybox 5 Hi 741 &

YN SR, P ER AR AR, MBD S )3 R K T 48 i - F) S5 B B T LB 23R
R T 5, BARIEEL i S T U)W i; AR T4 £ — GBI 2. ARYE - 28N, LB AL & 7 #1-7 )5,
KN F, = \J EC,, H/ X F,= | EC;, B4~ EC, 4y 3| H] HSDiag 5%, 7I LARI4EK 15 BT A 2, IR AEHED 1 13

1<i<3 4<i<6

HSDiag(F)= |J & HSDiag(EC;), R HSDiag(F) = & HSDiag(EC;)U & HSDiag(EC;). TIRL5E 5% 2 5 I Fr
4<i<6

1< j<m 1<i<k; 1<i<3 NN

A, JF H AR E Rk M BME, B MHS(f) = min{7U & MHS(EC)}U(=T U & MHSEC)}.
A LA 02 ol Rl S SRR AE IR ) BT RO R AN T R O DL R, W AR R AR B AT 20 DR AT DUAE S50 S5
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WS T A% 8 (R RIE SR VR AL 6 AN T 23 (0 RO SR A P S5 SRR I, 2 A ot 4 B A 2 RO AW /N A i)

3% 2 f& HSDiag 5k45 & N R ARG KIS Wr, WIGG I FI 52 W 4L 450 45 3 20 31 T A0 P A A B Ak
T E. MR Z LR WM AT S Ie AL, A TR R DN BARAEN CluseF ™, BRI K/ 1 (36 14T).
CluseF XA EIATIRG 0, (L TRI5 F), F, AN AR Temp F 1, R85 705 (55 2-10 1T). CluseF
T [T R BT AN 0 RAE N EC_Arr vh (BB 12, 13 4T), Horp & 40 2853 iR B SCHR [15] v Distribution
SE. AN AR I ] HSDiag 50i%, JEXT SR SR K AR TR /ZRSRAR (58 14, 15 17), Sa &R —1
THRIEPHIEE (55 16 17).

&% 2. HSDiag with equivalence class.

HIN: RGfIL SD, RGN Obs, 2H1F Comps, TEESR E={e|, es,..., €,,};
HiH: 2 D.

1. CluseF « SD. ¥ 04645 (Obs);
2. FOR (i=1; i < m; ++i){
3. FOR (=1;/ < CluseF .size; ++j){

4 IF (3¢, € F}, Fj € CluseF){ //An R T R4 5 A 23 5, TR & 70 20N
5 Fre={S—{-e}lSieF;ne ¢ S}

6. Fo—{S{e}lSie F; A —e; ¢ S}

7 Temp F « Temp FUF,UF,; //Temp F & I5A &

8 H

9. }

10.  CluseF.clear; CluseF « Temp F; Temp F.clear,

11.}

12. FOR (3 F}, F; € CluseF){

13. EC Arr « Distribution(F)); // S

14.  FOR (FEC;, EC;€ EC_Arr) /3 ZEMN 25 HEAT 15 R IR AR
15. D Arr — D Arr & HSDiag(EC));

16. D« DUD_Arr,

17.}

TE5Y AR IR, S FRAO 50 I BE 5 DRI SR T AR, T S0 s BN, 35 B R P i AR B e 22, T
LA TR MRS, BOTIATAE 1 RIESR AR D (0 5 e AU 3t R (O SRAL. A2 WAL T 2 I i 2
CURNALPE P RRESH, oG LI BB BISE O SR AT 1. S04 2 (038 14, 15 AT R STAREEHT I T

B n ARRGHRD T A AR A IO HL, B S SRR I R S WA O(2"). S0 2803 MR I 75 ZEE I m A2
B BOAE UL R AR 27 AT A, AT RSNk ANSE R MBI S S5 5 2R B S R 0™ ™).
BORTOLT 22" <L A (n-m)(17k=1)2 0, 24 k=1 B, JEHUm MR 70 TINS5 %
T=0(2"); BAF BT m=0, ke=n, T AP FA F A0 T LIRSS, T=0(n). — 2 - A0

m=2, k=2, T=0(2x2"%);

m=4, k=4, T=0(2°x2"%);

m=6, k=6, T=0(2°x2"");

YIS (B B2 2% BE 0T, SRR 2" > 2" I, SR B/, 7p IR S A0 2K 2, AR A J2 s e 2, 0BG il
%, Gy BRI S, TS5 S R A 2 A
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3 SIsrAh

TEARTT R ERATTH B2 1) HSDiag SV A0 F S 0 280040 J5 19 HSD-EC S8 4T 5256 43, o P B B H
ISR AR /N ph 985 S 3E 19 MARCO-ABC 532 DL KSR gl /NS ) LBX BV, fir 46 MCS-MHS Sk, sLi-F &
#1°F: Ubuntu 16.04 Linux Intel Xeon ES-1607@3.00 GHz 16 GB RAM C++, 52463k FH ¥R #E [ Polybox, Fulladder
FHL IR (] o 35 14 L% TSCAS-851
3.1 HSDiag H£5 MCS-MHS &AL 3TLE

K7 2 n AR Polybox_n TR n 7 20N 4% Fulladder n %Y B B 7R 5 1, 3 5 P 26 700 el e B ke B 13
Hik [1,8,9], XF T Polybox_n HLl, B 12— FIEA A 5IETT, KRB R L], 20048 Fulladder_n MU H n
A Fulladder_1 HLUEEZH AR, FoAP a7 — DA NS B 2 G — AN p0f. B 7 38R R S5 1w hnic 7 20 &1
(LR &) B, BAERIEE 3.2 75,

Li+10n

T115, i
j j 2450
Zwsiya-1 E—
Drion i
+5n

- fen e "
Li2n Vs, 2o
L
2 i19n
n

I

I

. ]
D2)n-1)2-1 1
I

I

I

I

I
ot
I

I

I

I

I

I

I

D(n+2)(n-1)2

7] Z\mzuu—u:
Lon l:\h\ll(n 2

Dn-14242)-1)2
Lans2(mi2)(n-1)2

SRR

A DIEIZ |

(a) Polybox_(n+2)(n—1)/2 circuit (b) Fulladder_n circuit

B 7 Polybox n il Fulladder n Hii#%

10T T IR EE B SRS B, [Comps|s  |Obs|« |SD|. VAR5 BIASR A S MIAE. T4
AN AR EAEL. A Polybox 1 Fulladder FLERBEAE n (4L TR 1L, XFF ISCAS-85 LI, BATHNLEE T
2040 AN B, FHALE ] SCRR [28] H A0 3 AR A s RS 21O RN, FRATTBEHLAE B 100 4LAS [ WL
MASE, 1 104 3 FIGTE T AR R BVETE 1000 s P RE A2 A7 1) S50 45 & B (38 3 47, HSDiag S p s 451
[ 5 L2 1, MCS-MHS S se ] (19 o5 Lt 2 1, (EURAEB AT 1] ok Ui, HSDiag HVEAE REWE R v sL Bl (Y A 42
T, bt MCS-MHS S AR Y S48 FH I #RA ). o T — e HUBLAR S B0/ HLEE (499, ¢1355, ¢880, ¢1908), HSDiag H.i%
A MCS-MHS HE#RREAR U7 HUAR PR30 43 S, Horp RAT 1355 ML, MCS-MHS ik /b 44l 17 T HSDiag &
2, AR HSDiag BEEEA L.

F 1 EBRERAE B ] L

47 R EA(E S PRSI o EE M AL
|Comps| |Obs| |SD| |VAR| HSDiag MCS-MHS HSDiag-WIN
c499 202 73 714 445 1 1 1
c880 383 86 1112 826 1 0.7 1
c1355 546 73 1610 1133 1 1 0.8
c1908 880 58 2378 1793 1 1 1
c3540 1669 72 4608 3388 0.8 0.2 0.8
c6288 2416 64 7216 4864 0.5 0 0.5
Polybox_n n V8n+9+1 3n 2n—1/2+ \2n+9/4 0.9 0.7 0.9
Fulladder_n Sn 3n+3 17n 12n+1 1 0.8 1

K] 8 /& Polybox_n Al Fulladder_n HUE7= ] &, MO ERFULEEE n (IR, 2 n BYRIN, BEAC B BTG HilG
ISR MRS ) R B m. Fi B LA D, AL AR B AT A AN $2b, HSDiag A MCS-MHS SEJE A E#SRELE 1s iR [l
BT 1 ##. %F T Fulladder 6, Fulladder 10, Fulladder 14 B, MEALZIRLE 1-3 MR 0], MR 240
Polybox Hill, SFIMALARMAE 5 5L E.

AMFUFEEHT  httpy/ www. jos. org. cn
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0.1

0.01

i1 (s)

817

0.001

—A— MCS-MHS

—&— HSDiag

0.000 1

0.01

I 1] (s)

1817

0.001

0.000 1

10

0.1

A (s)

0.01

1817

0.001

0.0001 -

4400054444444

1234567 89101112131415
HATH n
(a) Fulladder 6 Hii%

—A— MCS-MHS
—&— HSDiag

"wvywvwvwvvvykk@

1234567 89101112131415
A4 n
(c) Fulladder_14 Hii%

—a— MCS-MHS
—4— HSDiag

12345678 9101112131415
A n
() Polybox_8 Hi [t

KM 2025 45 36 K5
10
—A— MCS-MHS
1 —4&— HSDiag
Z o1
=
=
& 001 -
Ih)
0.001
1234567 89101112131415
I n
(b) Fulladder 10 Hi%
0.100 —&— MCS-MHS
—4&— HSDiag
iy
% 0.010 - oA X
15
9 >
667
v*”kk
0.001 khl"r -
1234567 89101112131415
HA L n
(d) Polybox_6 Hi#
100 +MCS MHS
10
- 1
m
= ol
&
) 0.01
0.001
00001 b

12 #4

123456789101112131415
B n
(f) Polybox_10 Hi#

8 HSDiag 5 MCS-MHS H%7E Polybox, Fulladder Ff %5256 Eb 4

5] 9 S 1E E BRI ISCAS-85 HL P4 AT SR AL, XoFFAZ K HASE Fi 8, DR 707 R 10 Bk i) PRy AR M SRt T A 1
HEE AL [R) BETE R 1000 s, 18 AS AR 227 HLE SEI A, AR AR SR (M2 W . 72 BT (1 Bt b, HSDiag 3%
RARZ W B 2 T MCS-MHS 5%, St 5 KT H % ¢880, ¢3540, ¢6288, Ft Ty RS AT A 2 K 1) MCS-
MHS SRS LG B0 T SR R 520, 8 28 SRS HA SRAT AT A 3 2 SRR DK TASE Pl 5 1) P A /) o SR B 2 R IS
S, T 0 2 i SRR AR/ INRE AR TS — 8RBT 2 2 Wi RN, R T c6288 HLER Ab, HEA b BT 1Y L K B

K 2x10° /£

HAME. 6288 HLHEHT 88.1% HIZHAFAL &

BT, TEX RGEHEAT LI, FEAS LB T TR 4 DT

A, I H A% BB A N e St I AT BT AR SR, BRI T, R TR %, SRR SR figE IR s, 1Y
SR 29 3.5%10* M.
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26 —4— MCS-MHS 2 —&— MCS-MHS
—&— HSDiag 20 - —#— HSDiag
g 2 | H{J“ 2 o
X WOWWS S 240 X 18 3
fj% 16 /- *i 16 «kk(
& & b-ip-&-47
= A/A/k% z 1 {A//
R A
12
6 10
1234567 89101112131415 1234567 89101112131415
H B S8 HL R S5 4
(a) c499 (b) c1355
20 —A— MCS-MHS » MCS-MHS b
- > . .
— —— HSDiagb’ *’ b" k b- l"b" b" k 20 . HSDiag ) - KV k r
g 15 re o g ’,rk;.yb—b*b-i—’
z yi"‘/ 27 15 k/r
< £
£ 0 <
R & 10
N5 D
5
0 0
123456728 9101112131415 1234567 89101112131415
HL B S B H R S 4
(c) c1908 (d) c880
—&— MCS-MHS b —A— MCS-MHS
—&— HSDiag —4— HSDiag (‘
g 15 _ <03 :
= > 2 2 S
x ri‘k x
= ,k.rykb- =
-3 h & {
%{ 5 2% 0.1 r(r
3
0 A—A/‘\A—A/“A/A/\—kl——ﬁr—f—l 0 -yb—yb-kkhLA—A—A—A—A—A—A—A
12345678 9101112131415 12345678 9101112131415
H B S B H B S 4
(e) 3540 (f) c6288

5549

K9 HSDiag 5 MCS-MHS $Li:7E ISCAS-85 Hi i sz L

B 10 LA [ 48 1h BF J] P 3k 7 b B0 SR LR (R8I A B, R AR Al AR SR s B BT I) (s), PAAR AR 12 T
AE. B SR AR ]34, HSDiag $LLA MCS-MHS SSRGS I A BCE7E 3G 0, SR 10 =38 SR H R R 3 K
THFE SR MRS, IR AE AR H— MRS, T B AT AR NGR CRAE AR SR AR /N, B AR AR IR K, A% /N B )
N, FERF AR A2 . c499. c1908. c1355. 880 iX 4 /NMHLEG, 7ERARMT[H] 100-300 s B, — 5K H MR GEAH %
K, HSDiag b MCS-MHS ik Z 3K 30% /245 fR4E, 1B 5 SR ARES (M 384, —#H R #2182 £
MCS-MHS BETE R 2 Wil 75 ZL4R B DGR IR /i 94, 703 [ 4 37 IR BT, BRIAR s 49 s AN B 22, SR i o
ERAEAEA R/ BEE THE A TR A B 0, o1 5 ) R 2, MR/MIESR T R TT AR R AL 2, WK HH AR AR 3G K
HRLE 8. HSDiag S5 AT U I K T B 148 B3R — A2, RITE 3RAR — A2 B 0 a1 432 (9 U7 i) A2 B
fif, WORT CLPUEIRIF BE 21207, ¢3540. c6288 LI, AR RN TR 2, SRR FRAEAN R AR K T i 2 T SEFERT #4
i, 3 SR H AR AE B k>, (B2 HSDiag BAIEENS 45 H 312 .

© PEBEEG T

http:// Www. jos. org. cn



5550

BRAFEAR 2025 5 36 A% 12 4

20 Mes-mus , S S VISR VITTS
—4— HSDiag " b —&— HSDiag il >
215 ¥ 15 V-
Z o F o - ¥ -
b S 'S
£ £
R NS
0 0
100 200 300 400 500 600 700 800 900 100 200 300 400 500 600 700 800 900
B AR LRI ] (s) PR AR L A) (s)
(a) c499 (b) c1355
20 25
—a— MCS-MHS —a— MCS-MHS
| —» HSDiag > __ 20| —% HSDiag N> 3
Z s r”’/ o "
=2 & e o
L 10 ¥ & !/ A
¥ v & 10 o
= // =
25 5 ii// P\ 5 ?A/A/‘/A/‘/‘
0l a—= 0
100 200 300 400 500 600 700 800 900 100 200 300 400 500 600 700 800 900
AR LR T] (s) P AL ] (s)
(c) ¢1908 (d) c880
S o Mes-MES 0 Mes-MHS
_ —&— HSDiag 40 —* HSDiag &
2 ,;,/~> 2 b
10 = d
# " = /
< < 5
¥ 05 4 %20 /

/ S0
{
a " " " 2 ) e {

A 0l —a—A—A A A A A A
100 200 300 400 500 600 700 800 900
P % A LI (s)

(f) 6288

Olp—G—a—a—a—a—a—2—4A
100 200 300 400 500 600 700 800 900
AR R (5)
(e) c3540

K10 HSDiag 5 MCS-MHS 5L 7E ISCAS-85 HiL 45286 thAs

3.2 FNhEbik

TEE 7 o, RS T SN RINIEIAL R, 35T Polybox_(n+2)(n—1)/2 HLE%, MAEEA S i FIHAEANECA nt1i,
i GE i+ FIZ AR (FL) MAEON n+ 1. MR, RN i IR i+1 ST g, B4 T Bk
n+1—i AN & Fulladder n BLH AT A 2 H n A Fulladder 1 415k, WA S i S EEK % 255 i+1 N T
F)—AN N, BT 43 %) Fulladder n HLM H R ZLGe BO [H) B2 48

[ 11 /& HSDiag HVETE Fulladder_n HUES#HTEEAN 4028, P |ECI=1 AAREAH SN 3R, |ECI=8 AR
FHL B D38 20 il 8 ANZEAN 2. Fulladder FLBSES M5, BEE 2R 20 MR 3 SN2, TR IR BN, 70 B RSN G
A, M T FR A&, BIIECI=2" i, R AR BLR L &k MEIEA & (N 7 o] LG ). 752 RS 80, 75 0t i L
(1738 B AT AR, SRR I FE R At C A 2 T 3R MR TRATIE 2 R 55 1 FE B S BRI B 28, RISRE 53 ] s R 7E
X 2 GRS SR, LESETITAA I B, B M E S B E A . AE n=1000 I, Zw A28 & K32 Wi AN Sk b, B
PUEE PR SRR RCR B, T35 0.2 s LRSS IR 91 BT (W1, |ECI=8 I, LA i S5 S5k & 1Y) HSDiag Hik, %
PETFL 5 fi5. 10 n=16000 B, Zit A% B AR FUBLEL R, SRARET [AIFELE 100 s LA b, {3 FH 200 S8R0 F5, XM FBE 406 0k 2 6% 10

© P EBEEG T

http:// Www. jos. org. cn



Bk FEgk 4T %: HSDiag: %A Ak & 5 ik R AR50 5551

B, 2R B Tt 40 i

B 12 BoRTER LR Polybox HAE A NSNS, k ARFIE BR8N, 5T 0 RN A SN 0K
W E 4 /NS ) F BB, AR P S5 2 SRt PR AT 0L, (R BN IR T 28 NME SR, TR EFERR
F ISy (AR ALY, 455 I R RAF U AR /N, BB 2 S A IR AR S 3 > L B TO R, e BRI T SR A8 FADRF ] A8 — 5 /).
7£ Polybox_54 1, k=6 I BAR KRR BIF T k=5, 7, Lt k=0 I FI4R T —DEE K. 7F Polybox_90 HLEKH, i FH
LM HENE ¥ HSDiag SF R AT 7] 4B SR 48 ek, B & I3 S50 2800 M A AL AN BB 38 487, R A B
)L B 25 PRI 4 ) S 5 T 715 SS9, k=8 Lt k=0 “FIHR T — AN B F UL L. [FIRER, 7E55 1-4 A2 3E R
R k=8 M Uf, — L RGUILME R /i &2 7 BB E, R AR R AR RUb, BB K E TR MR TUR I,

B SR AR TA) RS 1
1000

0.20
. 4 — |[ECI=1 —a— |EC|=4
|ECI=8 —— |EC]=2
0.15 ——

2 — |ECI=1 —— |ECI=4 - 100

= |EC|=8 —— |EC|=2 = 4000000400604
= 0.10 =

& - oo A0, i W
b B s o e = 2 4 > ‘\\ﬂ_) .

0.05 /"’*‘"‘W‘\A—A—.—H_‘,*——A

1

0
12345678 9101112131415 12345678 9101112131415
AR AT AN A
(a) Fulladder 1000 (b) Fulladder 16000
B 11 1 Fulladder HELIES 1 IZEAN FELLER
10 1 000
. 800
Z Z 600
= =
.l =
s & 400
] R
0.01 200
0.001 0
12345678 9101112131415 12345678 9101112131415
EAETES EAETES
(a) Polybox_54 J&HX k ANAF &4y RS 2 (b) Polybox_90 &L k AN 5 4 LS5 1 2%
Kl 12 7E Polybox HLEEH AN IS ELES
4 B %

BT RS WORARYE R 2 W RS0 R4 2 5 B CNF -4, i — SOtk a0 ki e WO 4L i A . #
FY SAT SR8 oK B/ b SR B 1R AN SR X R SR B2 O W] ASRAS 2T, (ELR FEIN ™ 2, JF HLIRR BT
/N R SRR AN ISR 9, HHRAT 2 W E AR . A SO RIRR K Rl A2 T 4R 5 AR AME IE AR ) ELAMEE, 32 Y —Fh AR

TR £ 5510 HSDiag. 2 HVARE W B HRAG% L2 W, A1 H BT A8 & IR 1) 32 SRS W7 IO SRR B, FESRARRCRE S 2

7

(oo BT R AUk, ISAT I A 5-100 f5AOEETY, ISWHECRREZ 3R/1T 1 15 DL L. D9 7 /8 SEOORURE ) L it LA
R, A SCOUHR b SRR 12 W (K055 SRS, & RENS R P 4 ki 11 0 AR B3, 2 AR ST R SR ) il

oW X 1B e 727 X (S

© hRBIEB IR

http:// Www. jos. org. cn



5552 HAEFIR 2025 5% 36 A5 12 49

W& R I AN Wit 2D, 4 Rl i (0 5 2% P AN T T, S5 00 PR B BSOS AN I i v, 22l L B A U R R PRl
A2 5 TUYIAS R A A S22 TR RS T TR REAT A0 BT, AT A5 38 S 1 R R WA B, AT RAK
i P2 bl /D DK Y AR R b2 b, T PR D e 2 Wt e D B, T R R T AR LR SR R, T RE AR AL
AR AR ER, B R A A B, RS A I ) P R B e, B LR TR A LA G, R KR 4
e

References:

[1] Reiter R. A theory of diagnosis from first principles. Artificial Intelligence, 1987, 32(1): 57-95. [doi: 10.1016/0004-3702(87)90062-2]

[2] Mordoch A, Juba B, Stern R. Learning safe numeric action models. In: Proc. of the 37th AAAI Conf. on Artificial Intelligence.
Washington: AAAI, 2023. 12079-12086. [doi: 10.1609/aaai.v37i10.26424]

[3] Wang QJ, Jin T, Wang MQ. A hierarchical minimum hitting set calculation method for multiple multiphase faults in power distribution
networks. IEEE Trans. on Industrial Electronics, 2021, 68(1): 4-14. [doi: 10.1109/tie.2020.2967691]

[4] Torlak E, Chang FSH, Jackson D. Finding minimal unsatisfiable cores of declarative specifications. In: Proc. of the 15th Int’l Symp. on
Formal Methods. Turku: Springer, 2008. 326-341. [doi: 10.1007/978-3-540-68237-0_23]

[5] Wang QJ, Jin T, Mohamed MA. A fast and robust fault section location method for power distribution systems considering multisource
information. IEEE Systems Journal, 2022, 16(2): 1954-1964. [doi: 10.1109/JSYST.2021.3057663]

[6] Jose M, Majumdar R. Cause clue clauses: Error localization using maximum satisfiability. In: Proc. of the 32nd ACM SIGPLAN Conf. on
Programming Language Design and Implementation. San Jose: ACM, 2011. 437-446. [doi: 10.1145/1993498.1993550]

[7] Jannach D, Schmitz T. Model-based diagnosis of spreadsheet programs: A constraint-based debugging approach. Automated Software
Engineering, 2016, 23(1): 105-144. [doi: 10.1007/s10515-014-0141-7]

[8] Luo C, Xing WQ, Cai SW, Hu CM. NuSC: An effective local search algorithm for solving the set covering problem. IEEE Trans. on
Cybernetics, 2024, 54(3): 1403—1416. [doi: 10.1109/TCYB.2022.3199147]

[9] Cai SW, Li BH, Zhang XD. Local search for satisfiability modulo integer arithmetic theories. ACM Trans. on Computational Logic,
2023, 24(4): 32. [doi: 10.1145/3597495]

[10] Jiang LY, Ouyang DT, Dong BW, Zhang LM. Enhanced pruning scheme for enumerating MUS. Ruan Jian Xue Bao/Journal of Software,
2024, 35(4): 1964-1979 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/6845.htm [doi: 10.13328/j.cnki.jos.006845]

[11] Jiang LY, Ouyang DT, Zhang Q, Zhang LM. DeciLS-PBO: An effective local search method for pseudo-boolean optimization. Frontiers
of Computer Science, 2024, 18(2): 182326. [doi: 10.1007/311704-023-3018-8]

[12] Ouyang DT, Gao H, Tian NY, Liu M, Zhang LM. MUS enumeration based on double-model. Journal of Computer Research and
Development, 2019, 56(12): 2623-2631 (in Chinese with English abstract). [doi: 10.7544/issn1000-1239.2019.20180852]

[13] Zhao XF, Ouyang DT. Deriving all minimal conflict sets using satisfiability algorithms. Acta Electronica Sinica, 2009, 37(4): 804-810 (in
Chinese with English abstract). [doi: 10.3321/j.issn:0372-2112.2009.04.024]

[14] Ignatiev A, Morgado A, Marques-Silva J. RC2: An efficient MaxSAT solver. Journal on Satisfiability, Boolean Modeling and
Computation, 2019, 11(1): 53—64. [doi: 10.3233/SAT190116]

[15] Liffiton MH, Malik A. Enumerating infeasibility: Finding multiple MUSes quickly. In: Proc. of the 10th Int’l Conf. on Integration of Al
and OR Techniques in Constraint Programming for Combinatorial Optimization Problems. Yorktown Heights: Springer, 2013. 160-175.
[doi: 10.1007/978-3-642-38171-3_11]

[16] Liffiton MH, Previti A, Malik A, Marques-Silva J. Fast, flexible MUS enumeration. Constraints, 2016, 21(2): 223-250. [doi: 10.1007/
$10601-015-9183-0]

[17] Jiang YF, Lin L. The computation of hitting sets with Boolean formulas. Chinese Journal of Computers, 2003, 26(8): 919-924 (in
Chinese with English abstract). [doi: 10.3321/j.issn:0254-4164.2003.08.004]

[18] Pill I, Quaritsch T. Optimizations for the boolean approach to computing minimal hitting sets. In: Proc. of the 20th European Conf. on
Artificial Intelligence. Montpellier: I0S, 2012. 648-653. [doi: 10.3233/978-1-61499-098-7-648]

[19] Zhao XF, Ouyang DT. Deriving all minimal hitting sets based on join relation. IEEE Trans. on Systems, Man, and Cybernetics: Systems,
2015, 45(7): 1063-1076. [doi: 10.1109/TSMC.2015.2400423]

[20] Jannach D, Schmitz T, Shchekotykhin K. Parallelized hitting set computation for model-based diagnosis. In: Proc. of the 29th AAAI
Conf. on Artificial Intelligence. Austin: AAAIL 2015. 1503—1510. [doi: 10.1609/aaai.v29i1.9389]

[21] Liu SG, Ouyang DT, Zhang LM. Method of minimality-checking of candidate solution for minimal hitting set algorithm. Ruan Jian Xue
Bao/Journal of Software, 2018, 29(12): 3733-3746 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/5311.htm [doi:
10.13328/j.cnki.jos.005311]

[22] Zhao XF, Huang S, Tong XR, Ouyang DT, Zhang LM, Zhang XL. IBWIICC: Incrementally computing minimal hitting-sets combing

© TEBREEEEIEDT  htp/ www. jos. org. cn


https://doi.org/10.1016/0004-3702(87)90062-2
https://doi.org/10.1016/0004-3702(87)90062-2
https://doi.org/10.1016/0004-3702(87)90062-2
https://doi.org/10.1016/0004-3702(87)90062-2
https://doi.org/10.1016/0004-3702(87)90062-2
https://doi.org/10.1609/aaai.v37i10.26424
https://doi.org/10.1109/tie.2020.2967691
https://doi.org/10.1007/978-3-540-68237-0_23
https://doi.org/10.1007/978-3-540-68237-0_23
https://doi.org/10.1007/978-3-540-68237-0_23
https://doi.org/10.1007/978-3-540-68237-0_23
https://doi.org/10.1007/978-3-540-68237-0_23
https://doi.org/10.1007/978-3-540-68237-0_23
https://doi.org/10.1007/978-3-540-68237-0_23
https://doi.org/10.1007/978-3-540-68237-0_23
https://doi.org/10.1007/978-3-540-68237-0_23
https://doi.org/10.1109/JSYST.2021.3057663
https://doi.org/10.1145/1993498.1993550
https://doi.org/10.1007/s10515-014-0141-7
https://doi.org/10.1007/s10515-014-0141-7
https://doi.org/10.1007/s10515-014-0141-7
https://doi.org/10.1007/s10515-014-0141-7
https://doi.org/10.1007/s10515-014-0141-7
https://doi.org/10.1007/s10515-014-0141-7
https://doi.org/10.1007/s10515-014-0141-7
https://doi.org/10.1109/TCYB.2022.3199147
https://doi.org/10.1145/3597495
http://www.jos.org.cn/1000-9825/6845.htm
http://www.jos.org.cn/1000-9825/6845.htm
http://www.jos.org.cn/1000-9825/6845.htm
https://doi.org/10.13328/j.cnki.jos.006845
https://doi.org/10.1007/s11704-023-3018-8
https://doi.org/10.1007/s11704-023-3018-8
https://doi.org/10.1007/s11704-023-3018-8
https://doi.org/10.1007/s11704-023-3018-8
https://doi.org/10.1007/s11704-023-3018-8
https://doi.org/10.1007/s11704-023-3018-8
https://doi.org/10.1007/s11704-023-3018-8
https://doi.org/10.7544/issn1000-1239.2019.20180852
https://doi.org/10.7544/issn1000-1239.2019.20180852
https://doi.org/10.7544/issn1000-1239.2019.20180852
https://doi.org/10.3321/j.issn:0372-2112.2009.04.024
https://doi.org/10.3321/j.issn:0372-2112.2009.04.024
https://doi.org/10.3321/j.issn:0372-2112.2009.04.024
https://doi.org/10.3233/SAT190116
https://doi.org/10.1007/978-3-642-38171-3_11
https://doi.org/10.1007/978-3-642-38171-3_11
https://doi.org/10.1007/978-3-642-38171-3_11
https://doi.org/10.1007/978-3-642-38171-3_11
https://doi.org/10.1007/978-3-642-38171-3_11
https://doi.org/10.1007/978-3-642-38171-3_11
https://doi.org/10.1007/978-3-642-38171-3_11
https://doi.org/10.1007/978-3-642-38171-3_11
https://doi.org/10.1007/978-3-642-38171-3_11
https://doi.org/10.1007/s10601-015-9183-0
https://doi.org/10.1007/s10601-015-9183-0
https://doi.org/10.1007/s10601-015-9183-0
https://doi.org/10.1007/s10601-015-9183-0
https://doi.org/10.1007/s10601-015-9183-0
https://doi.org/10.1007/s10601-015-9183-0
https://doi.org/10.1007/s10601-015-9183-0
https://doi.org/10.1007/s10601-015-9183-0
https://doi.org/10.3321/j.issn:0254-4164.2003.08.004
https://doi.org/10.3321/j.issn:0254-4164.2003.08.004
https://doi.org/10.3321/j.issn:0254-4164.2003.08.004
https://doi.org/10.3233/978-1-61499-098-7-648
https://doi.org/10.3233/978-1-61499-098-7-648
https://doi.org/10.3233/978-1-61499-098-7-648
https://doi.org/10.3233/978-1-61499-098-7-648
https://doi.org/10.3233/978-1-61499-098-7-648
https://doi.org/10.3233/978-1-61499-098-7-648
https://doi.org/10.3233/978-1-61499-098-7-648
https://doi.org/10.3233/978-1-61499-098-7-648
https://doi.org/10.3233/978-1-61499-098-7-648
https://doi.org/10.3233/978-1-61499-098-7-648
https://doi.org/10.3233/978-1-61499-098-7-648
https://doi.org/10.1109/TSMC.2015.2400423
https://doi.org/10.1609/aaai.v29i1.9389
http://www.jos.org.cn/1000-9825/5311.htm
http://www.jos.org.cn/1000-9825/5311.htm
http://www.jos.org.cn/1000-9825/5311.htm
https://doi.org/10.13328/j.cnki.jos.005311

Bk FEgk 4T %: HSDiag: %A Ak & 5 ik R AR50 5553

local independence cover checking. Acta Electronica Sinica, 2022, 50(11): 27222729 (in Chinese with English abstract). [doi: 10.12263/
DZXB.20211356]

[23] Huang J, Chen L, Zou P. A compounded genetic and simulated annealing algorithm for computing minimal diagnosis. Ruan Jian Xue
Bao/Journal of Software, 2004, 15(9): 1345-1350 (in Chinese with English abstract). http://www jos.org.cn/1000-9825/15/1345.htm

[24] Gainer-Dewar A, Vera-Licona P. The minimal hitting set generation problem: Algorithms and computation. SIAM Journal on Discrete
Mathematics, 2017, 31(1): 63—100. [doi: 10.1137/15M1055024]

[25] Abreu R, van Gemund AJC. A low-cost approximate minimal hitting set algorithm and its application to model-based diagnosis. In: Proc.
of the 8th Symp. on Abstraction, Reformulation, and Approximation. Lake Arrowhead: AAAI, 2009. 2-9.

[26] Marques-Silva J, Janota M, Ignatiev A, Morgado A. Efficient model based diagnosis with maximum satisfiability. In: Proc. of the 24th Int’l
Joint Conf. on Artificial Intelligence. Buenos Aires: AAAI 2015. 1966-1972.

[27] Lamraoui SM, Nakajima S. A formula-based approach for automatic fault localization of multi-fault programs. Journal of Information
Processing, 2016, 24(1): 88-98. [doi: 10.2197/ipsjjip.24.88]

[28] Ignatiev A, Morgado A, Weissenbacher G, Marques-Silva J. Model-based diagnosis with multiple observations. In: Proc. of the 28th Int’l
Joint Conf. on Artificial Intelligence. Macao: AAAI 2019. 1108—1115. [doi: 10.24963/ijcai.2019/155]

[29] Rodler P. Sequential model-based diagnosis by systematic search. Artificial Intelligence, 2023, 323: 103988. [doi: 10.1016/j.artint.2023.
103988]

[30] Kohl MA, Hermanns H. Model-based diagnosis of real-time systems: Robustness against varying latency, clock drift, and out-of-order
observations. ACM Trans. on Embedded Computing Systems, 2023, 22(4): 68. [doi: 10.1145/3597209]

[31] Stern R, Kalech M, Rogov S, Feldman A. How many diagnoses do we need? Artificial Intelligence, 2017, 248: 26-45. [doi: 10.1016/j.
artint.2017.03.002]

[32] Siddiqi S, Huang JB. Hierarchical diagnosis of multiple faults. In: Proc. of the 20th Int’l Joint Conf. on Artificial Intelligence. Hyderabad:
ACM, 2007. 581-586.

[33] Mencia, C, Previti A, Marques-Silva J. Literal-based MCS extraction. In: Proc. of the 24th Int’l Joint Conf. on Artificial Intelligence.
Buenos Aires: ACM, 2015. 1973-1979.

[34] Zhou HS, Ouyang DT, Zhao XF, Zhang LM. Two compacted models for efficient model-based diagnosis. In: Proc. of the 36th AAAI
Conf. on Artificial Intelligence. AAAIL, 2022. 3885-3893. [doi: 10.1609/aaai.v36i4.20304]

[35] Ouyang JH, Huang S, Zhang LM, Zhao XF. Model-based diagnosis with low-cost fault identification. Frontiers of Computer Science,
2025, 19(5): 195333. [doi: 10.1007/s11704-024-40393-y]

[36] Kurtoglu T, Narasimhan S, Poll S, Garcia D, Kuhn L, de Kleer J, van Gemund A, Feldman A. First international diagnosis
competition—DXC’09. In: Proc. of the 20th Int’l Workshop on Principles of Diagnosis. Stockholm: NASA, 2009. 383-396.

Mt 3252 3k

[10] EBEF, BRFHPHY, B, Skam 8. %t MUS SR 7 880550 BT A SIS . #4441, 2024, 35(4): 1964-1979. http://www.jos.org.cn/
1000-9825/6845.htm [doi: 10.13328/j.cnki.jos.006845]

[12] BRBHFHE, Bk, 5T, X%, 55788, FEFXURERLY MUS SRfF 5. THEFUET 7T 5 K 2, 2019, 56(12): 2623-263 1. [doi: 10.7544/
issn1000-1239.2019.20180852]

[13] AHAR, BRPEFHE. 16 SAT SR 8% 77 £ B A A/ ph 98 504 4. a7 2241, 2009, 37(4): 804-810. [doi: 10.3321/j.issn:0372-2112.
2009.04.024]

[17] |z, A A RAREO i S/ NRESE. THEEHL 43K, 2003, 26(8): 919-924. [doi: 10.3321/j.issn:0254-4164.2003.08.004]

[21] XS, BREASHY, KAz B, AR NS SR A v (B ade e /N 4 s k. 3R A 24, 2018, 29(12): 3733-3746. http://www.jos.org.cn/1000-
9825/5311.htm [doi: 10.13328/j.cnki.jos.005311]

[22] RXAAAE, AR, FEIUE, RRBHFHE, dkr W, 3 R AK. IBWIICC: 45 & J7 s Ji 7 78 o5 4G ) 5 i 398 B2 K A A /Nl 8 1 B0 92 #2431,
2022, 50(11): 2722-2729. [doi: 10.12263/DZXB.20211356]

[23] BEAS, BRI, ABMG. — PR AR AR /NS I (0038 A& BEADLIR K BV, B 254, 2004, 15(9): 1345-1350. hitp:/www.jos.org.cn/1000-9825/15/
1345.htm

BREALELI(1964—), L, 1, #d%, l 14 T,
CCF i sx i, £ 7t A0 0 36 T B A 1k
REEIZ I, AL AR .

BR1995—), B, W, EERTFGUSONET
BT B2 T, SAT.

© PEBEERKCEIFR  htps/www. jos. org. cn


https://doi.org/10.12263/DZXB.20211356
https://doi.org/10.12263/DZXB.20211356
http://www.jos.org.cn/1000-9825/15/1345.htm
http://www.jos.org.cn/1000-9825/15/1345.htm
http://www.jos.org.cn/1000-9825/15/1345.htm
https://doi.org/10.1137/15M1055024
https://doi.org/10.2197/ipsjjip.24.88
https://doi.org/10.24963/ijcai.2019/155
https://doi.org/10.1016/j.artint.2023.103988
https://doi.org/10.1016/j.artint.2023.103988
https://doi.org/10.1145/3597209
https://doi.org/10.1016/j.artint.2017.03.002
https://doi.org/10.1016/j.artint.2017.03.002
https://doi.org/10.1609/aaai.v36i4.20304
https://doi.org/10.1007/s11704-024-40393-y
https://doi.org/10.1007/s11704-024-40393-y
https://doi.org/10.1007/s11704-024-40393-y
https://doi.org/10.1007/s11704-024-40393-y
https://doi.org/10.1007/s11704-024-40393-y
https://doi.org/10.1007/s11704-024-40393-y
https://doi.org/10.1007/s11704-024-40393-y
http://www.jos.org.cn/1000-9825/6845.htm
http://www.jos.org.cn/1000-9825/6845.htm
http://www.jos.org.cn/1000-9825/6845.htm
http://www.jos.org.cn/1000-9825/6845.htm
https://doi.org/10.13328/j.cnki.jos.006845
https://doi.org/10.13328/j.cnki.jos.006845
https://doi.org/10.13328/j.cnki.jos.006845
https://doi.org/10.7544/issn1000-1239.2019.20180852
https://doi.org/10.7544/issn1000-1239.2019.20180852
https://doi.org/10.7544/issn1000-1239.2019.20180852
https://doi.org/10.7544/issn1000-1239.2019.20180852
https://doi.org/10.3321/j.issn:0372-2112.2009.04.024
https://doi.org/10.3321/j.issn:0372-2112.2009.04.024
https://doi.org/10.3321/j.issn:0372-2112.2009.04.024
https://doi.org/10.3321/j.issn:0372-2112.2009.04.024
https://doi.org/10.3321/j.issn:0254-4164.2003.08.004
https://doi.org/10.3321/j.issn:0254-4164.2003.08.004
https://doi.org/10.3321/j.issn:0254-4164.2003.08.004
http://www.jos.org.cn/1000-9825/5311.htm
http://www.jos.org.cn/1000-9825/5311.htm
http://www.jos.org.cn/1000-9825/5311.htm
https://doi.org/10.13328/j.cnki.jos.005311
https://doi.org/10.13328/j.cnki.jos.005311
https://doi.org/10.13328/j.cnki.jos.005311
https://doi.org/10.12263/DZXB.20211356
http://www.jos.org.cn/1000-9825/15/1345.htm
http://www.jos.org.cn/1000-9825/15/1345.htm
http://www.jos.org.cn/1000-9825/15/1345.htm
http://www.jos.org.cn/1000-9825/15/1345.htm

	1 基础知识
	1.1 基于模型诊断的相关概念
	1.2 基于冲突集计算诊断

	2 基于变种碰集直接求诊断
	2.1 碰集算法求解诊断
	2.2 集合分裂
	2.3 等价类优化

	3 实验分析
	3.1 HSDiag算法与MCS-MHS算法实验对比
	3.2 等价类优化

	4 总　结
	参考文献

