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HSDiag: Variant Hitting Set Algorithm for Solving Diagnosis
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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; system description; minimal conflict set; minimal hitting set; equivalence class
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T PR B — AR/ PSR 2019 FERRBHST 225 N UIZE R KA MARCO HVESERE 38 n 7 v fm) g 284, i) v
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BB RS, A0 ST — AP, F ORI AR R AR R, R A R S ANME (TR ), KRR —
AR B A — 0 EANE R AN AT B WX T4 53, MR A o ORI AR R S, 77 S M R & A IR = 1
$E& . AT LA R AR R A a5 B T R MR B9 1 RO A RRE 2 TR 40 2 S S5 AR R £ 7% HSDiag.

(1,-12}, {2,-13,-12}, {2,13,12},

\ {1-12},{2,-13 —12},{2,13,12},
{(—17,-12},{17,12},{3,~13},14,-13,~17} N, F 72121 (17120, 3 13 (41317}
y\ N m
12,13,12}, 17,12}, {1},{2,-13},{2,13,12}, \\ £ £
{3,-13},{4,-13,-17} {=17},{17,12},{3,-13},{4,-13,-17} N A2 3L T3 13044 13,517) {13,{2,-130,{7173,{3,-13},{4,-13,-17)
12 1,—17i \\ i 17 1-17
{3,-13},{4,-13,-17}  {2131,{17},{3,-13},{4,-13,-17}  (2.-13},{2,13,12},{17,12},{3,~13} \\F., (2,13},/,(3\‘513},{4:13) %2,-131¥3-13> Fy
—1'3/\ 17l 2 13 13 -13
o {3},14-17} {2,13},{3,-13},{4 -13-17} {17,12},{3,~13} {—13),{13,12;,{17,12),{3,—13;\\ {2} Bh4y Foe 9 By
3 —13 3 -13 N 3
. ~L /\ /\ J' \ {\Zl(} Fia
4,-17} (2,13} (17,12} N
(a) WEEE BRI N (b) BEAESIRIR NG LSRN SRS T

K5 REEESEE RN IN oy SRS K12 W

# 3% 1. HSDiag(F, D).

Hit: CNF %Y F={(S}, S,,..., S,}, £ D;
Hit: L D.

1. IF (F==2) return;
2.0F (F={SH{ /IR fi— "4
3. IF (Je, (e,€9)) return; /AF{EML AR S
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4. return {{e;}|e;€S}; //IR [ FF—HMAF H
5.1

6. ELSEIF (e ({e} € F){ IFE B BES
7. 1IF (e /& e ){ /RO &

8. HSDiag({S—{e}|S;€ F A e, ¢ S;}, D);

9. D {dU {e}|deD};

10. }

11.  ELSE HSDiag({S—{-e}|S;c FAne¢ S}, D); /NG EEZE e MESITFMGEE—.
12.}

13. ELSE {

14. e« Select_element( U S,-); JIN T A R B A
SieF
15, 1IF (e 2 e,){ /AR it
16. IF (AeV S;(S;e F - ecS)) return; //[FTEEGH S HEHELTE e
17. IF (e A& e.) /INRHEALIFZ &

18. HSDiag({Si—{e}|S;€ F A—e & S;}, RightD); /M k& % F-e LA IEMBRALE e
19. HSDiag({S—{-e}|S;e F Ae¢S;}, LefiD); /MG & AT e LS F MR E-e
20. }

21. ELSE { ///HMA

22. HSDiag({S|S;€ F Ae¢S;}, LeftD); IHE &5 e AR
23, HSDiag({S—{e}|S; € F}, RightD); /{235 & e MR

24. D« {ld U {e}|ld € LeftD} U RightD;

25. )

26.}

LeftD RightD 5y BIAEREE 0 3 A5 2R A IS FRA BB AE, WIUGONZS, Id 2 LeftD HIT4E.

TER LW, gt 1A 2, WEEGRE GB 117); HEEMEOY 1 GB 2 17), A0 2 B EARHRE
e, AAFAE e, Yt BIZ T2 W] 0 U B IR [, 75 MR [l -7 ) eh A AN LR AR B e, (B 3, 4 47); A THR)ANECR T
| HEFERARES (5 6 1T), H 2B TR BB T R o, WE&H ZA TS IS N, %2 W a4
iy IRAL R e (58 7-917), WIMIER & A e, MRS IF HMBRIZAZRERAME B 1147 & TAANEORT 1 KA H
BEES, NTAEPGEE-NRBAKENR (5 14 17), 171282 e, 5B 1517), A THHEH 1Z e, WHIFHT
BIFAR AN, W EBGRE (55 16 17), FIZ B RBA R RARFTE, RIE51H 1, WHEFAHIE ST E—.
(7 A R M BR AR = e, 4RS00 (B8 17, 18 1T), ZJREMRA 4 FHRIESEEBIA (5F 19 17). HIEHME R e
& eo WA BTN SOHAT IR E, e A X RMBR S BT e WES, L X RMBRAR e, TG 775 L
BV AR o R AL SRS (BF 22-241T).

S 1 AR IO B ) (8 S G o 4RI, B BRI & R B 4 A IR 12 2R B AME. 5T 5(b)
FA, MR F£ow, EASZAMA TR 1. 2858, AE—N0XH 1 BR, WM FHIEGSTNF. B, F
WA AT 53 SR Fry, Frp, UGB, X TR ZER IR, AT AEEVE SRS B, FATHEE B L S e 4% b
(Fi k), A BH B HE A A BPE T b

FARBE—ANES HARTFAERTRES (5 1-1247), N F iR E-12 #7300 (55 14 17), B RE R =
HAR AR B (55 17 47), LERA 252 F, A4y Fy (55 18, 19 17), 240 S Fy SR 0VE8 A, F) fE(E T &
EHHARAMAE GB 1147, Bk Fy SRS LB, F B E-13 ARG 5 Fiyy, Fiip GB 17-19 17),
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BRI Py R —ANES B AR R, IR B AR R R AE AR R, AR AR Vs A B B HR L.
2.3 FMEGL

R AR AL R CNF 230, M AT 22 16, gl 1) e PRI K, SRAR S Wik P il 4 20 K. 25 e 4 ) 1
AR, SR AR IR [0 4 IR P 408 0. S5 0 S 4R B BE 5 7 A T FLASAH A ) - AU 4, R FH S A 2 sfemss I 7 R A
TN TEEIS I, S5l (0 e A3 R AR I 1) AR B T . AN 2 (02, TN P B 1) B — AN LR R B N R, 5
FORA B (1 L8 I A 4R AR BB AE — R, BTGV AT o0 8. B I S5 28 SR JE vt H 6 1) CNF g itk 4T 43
K, B R RS W p RAFAE AR &, W AT DAt — b o . 332 1 SR A AR S5 S0, R HH —Fh & 8 SR RS Ik
AL S A 2 S s

E N 11. HRELEHFE (equivalence class, EC)!. I b5 F BEWS 70 1% k NI SR TR, MFREEAT-
BN IIRSE N, HRil L F = U EC, MHS(F) = & MHS(EC).

5 RS SRR T - 11,21, (2,3, (4, 5, 6}, {6, 7}, 18,91 ).

SR ENE T AR F A ROANHIAE B 3 AN K, EC={{1, 2}, {2, 3}}, EC={{4, 5, 6}, {6, 7}}, EC;={{8, 9}}.
2 P AN BN NEE MHS(EC)={{2}, {1, 3}}, MHS(EC)={{6}, {4, 7}, {5, 7}}, MHS(EC;)={{8}, {9}}.
MHS(F)={{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}}. T BERE 1T BIX B — K R MHS(F)=MHS(EC,) & MHS(EC,) &
MHS(EC).

HAP RS & R RRICRL. 0 1] A G 7500 S A ST LAY A B 1 A2, S5 B 1 100 T LA AGf ) R 1) A 4
M 28 BEAR R 29 YT, n SR RIS

TETH S — AN SR & 510 T M IR AR IR, 25— AN ISR A R T LA Bt AN S5 2, U R F5 TS A 40
KT M/ MR, 24 AR AT 43 RSN R, o i SR T 75 e i Ak A A S5 4 SR 11, T it 512
WA T LY. X B T g i T A S R E AL R B e, BEAT ISR (SEHE), A IRAT e, VA 43 2R I, 78042 () 9
7 A WA AR TSR, AR IS Wi S TE TR & e, AT LARTHIAA AN BE 5355/ 2 0 G B - ) AL 5 1 FH 5 441 28 5%

IS 1. SN2, AL Wi F OB IR e, 5 AR m AN R, AT RCH & (1< j <m) AN EATRA 384
TR EC; (1 <i<k)), WG TRENSEEN I, KoL HSDiag(F) = IQ & HSDiag(EC).

T PR 1 6 34— 35 8 A 5T SRS % I 43 0 K 045 2 T 5600 s

1] 6: FEAHLER Polybox 5 2 Wi 4t i) 122 1 FH 247y 28 5.

P 6 /& Polybox_5 FLEG /NI, i% AL B 5540 Bl CNF Zmil T-AJI, T F R TI50 s T2 2K, (B2 AT LU
TR B )R F T 2 FEREAT 20 B A SR IR G RN, AR AR R AR B (E R T A
ML) ER, JE HALR L EA S HOE IS WA, X AR ek UL FR AR

{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.:-15,81,03,-16.8},44.6,7.9},14.-6,-9}.{4,-7.-9},{5.7.8,10}.{5,-7,-10}.{5.-8.-10} T

N
F, £

{1,-11,-12,-6},{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,-8},

L]
i
L3
i

{3,-15,8},{3,-16,8},{4,76,-9},{4,79},{5,-10},{5,-8,-10} {3,-15,8},{3,-16,8},14,6,9},{4,-6,-9},{5.,8,10},{5,-8,-10}
hs EXNE~T ‘ MK R
Lie
ECy {1,-11,-12,-6},{1,11,6},{1,12,6},{4,76,~9},{4,-9} {1L-11,-12,-64,{1,11,6},{1,12,6},{4,6,9},{4,-6,-9}  EC,
HL#% Polybox_S 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,

Kl 6 Polybox 5 FH =15l &l

B AN RIS, A EBSE R LRI, MBD %A (3 e K% G0 e 4 25 0 55 £ B 23 U Wl DA B 2R3
. 0T 5, BARER iy (R TUIWT &7 IXAR B 2k) 2 — D EBLAGIEFE. ARIE D RN, LR R 7 F1-7 )5,
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KOS F = | EC, AR X F,= | EC;, B4 EC; 437 Fil HSDiag 53, T LAIRIEIRAG FT AT i, ARARHER 1 15

1<i<3 4<i<6

HSDiag(F)= |J & HSDiag(EC,), Ml HSDiag(F) = & HSDiag(EC;)U & HSDiag(EC). T4 5% 7 E VA I
1<i<3 4<i<6

1< j<m 1<i<k;

(A8 R, IEHLA I MR T B AL 2% R/ ME, B MAS(f) = min{7 U & MHS(EC)}V{=TU & MHS(EC)}}.

<i<3 <i<6

A AR A F 7 ol il B SV AE SR A6 1) R R SR AN AT 43 IO D0 T, A% R A B AT 43 AT SR T DA S50 R 5
W& . AL 48 R ER FIEAE XS AS AT 73 1T~ AR AT S50 SR MG IS, S A 168 o 4= B At 42 (Y AR /NI ).

5% 2 /& HSDiag BikGE & S M JRNE RIS W, WIAG TR F A2 W 411 2540 43 B 0y ) PRy M BT AR =4k
B E. MR R G0 % I BEAT BT AR R, AR U T A SR — AN B ARAE N CluseF v, JEI K/ANA T (B8 147).
CluseF XFEHU AR BTG R, M TR F, FAZ NG AL 8 Temp F b, 2455902 (3 2-10 47). CluseF
TR T AT SN R AEN EC_Arr W (55 12, 13 4T), FrP S0 2890 i@ % SClk [15] W Distribution
B BN N 2R A HSDiag 8%, IR SN B4R UK ARETH R/RTRI (BB 14, 1517), R & —1
FRIE AR (B8 16 17).

&% 2. HSDiag with equivalence class.

i—fHAIJ.)\: %éﬁ#ﬁﬁi SD, %?}E}(}_‘h‘})ﬂﬂ ObS, éﬂ'ﬁ: COWIPS, &%%/ﬁ\ E:{el’ €250 em}a
it 2Wr D.

1. CluseF « SD. ¥.7ufE 4% (Obs);

2. FOR (i=1; i < m; ++i){

3. FOR (j=1;j < CluseF size; ++j){

4 IF (3¢, € F}, F; € CluseF){ /AR 7 AP A %A, &S 72 20N
5 Fr—{S—{-e}lSieFine S35

6 Fo—{S{e}lS;e F; A -e; ¢ S}

7. Temp F« Temp FUF,UF,;//Temp F j&— 725 &

8 H

9.}

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

11.}

12. FOR (3 F}, F; € CluseF){

13.  EC Arr < Distribution(F}); 115N 57 i

14, FOR (AEC, EC;c EC_Arr) /I35 24T 1 /R e
15. D Arr — D Arr & HSDiag(EC));

16. D« DUD Arr;

17.}

FEIr AN R FE T, A B0 70 97 i RE 05 DB TH AL 2. T E 23 B BRI, 5 B I AL 3 AL A 2, TR
DA TSR A R, ST 7 SR SV A B 1 R SR Aty SR AL X RS W AL AT 12 Wi 1 2
CUANZLAE A TGS, Se & BRI B B AR SR WAT K. 505 2 IS 14, 15 AT TR R FE At

B n AT IR 7 ) 84 A, B 8 0 NG I A S TR O(2"). S50 2590 ik i 5 BRI m AR
B, BORE SR AR 2" AT, B TR L AN B A 0 R T R AW R 02" .
BORAE BT 202" <1 AR (n-m) (1/k=1)2 0, 24 k=1 B, I m AR5 3 81 25, 1) 18] 5 4% 3
T=0Q2"); fUFIEOL T m=0, k=n, TF)E PG T F#E AT USSR S, T=0(n). —LEHABKEIL:

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

m=4, k=4, T=0(2’x2"");
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m=6, k=6, T=0(2°x2"°);

I () 52 2% FE 20 BT, 2R 2">>2" I, AR Bl /b, 7y AN R 2, AR A J; [, 1 AR
2, 71 B S D, US54 SR R AR A AL

3 SLIorAR

FEATT R FRATT0 H7 42 H 1) HSDiag HZ A F S5 40 2884k 5 1) HSD-EC B dEAT S04 BT, o He SR IR HL H
ISR AR A /N 9885 S 38 ) MARCO-ABC 3% TR KGR g Al /INREZE (¥ LBX 3%, iy 4 MCS-MHS 5k, SEi6-F &
1T : Ubuntu 16.04 Linux Intel Xeon E5-1607@3.00 GHz 16 GB RAM C-++, S2I 1358 F #7 #E 9 Polybox, Fulladder
FEL % A FEL e i 74 P 2 TSCAS-850%°1,
3.1 HSDiag B35 MCS-MHS & A28 %ttt

Kl 7 72 n A1 Polybox n ZUAN n A4 N48 Fulladder n Y AL ES /-1 B, SX P FR S 2B AL BE 200 R B T XX
ik [1,8,9], XF T Polybox_n HLK, B 158 —FIA M A SR, HRAMAFZEAET]. 24 Fulladder_n U H n
A~ Fulladder_1 A 8% 2H i, JL AT — AN 4088 00%0 H 2 5 — NN, B/ 7 38 AR S50 R R AR 18 T 43 %1
(ERCRE) B, B EREH 3.2 7.

l:uzw:»(u— 2 Ll (ni2)(n-1)2

Doy {4100

fisn i
2+5n
Ziayory21 E—'
Dovion
2n

fipes ;
) 1iom o
i1, Ny j
y/
n i

bams2yn-1y2-1

212

bsrs2)-1)72 P
22 1 Zonayn-1y2

iy ‘sz)m—v )2
SN AEOIEIL
(a) Polybox_(n+2)(n—1)/2 circuit (b) Fulladder_n circuit

B 7 Polybox n il Fulladder n Hii#%

e 7 IR T B SRS B, |Comps|s  |Obs| |SD|. VAR5 AR AMAA K. MIAE. T4
N A EAHL K Polybox Al Fulladder HLFEBEAE n 1A 4L T AE 4k, %t T ISCAS-85 Hil%, FATBEH K E T
20-40 B, FFA8FH SCHR [28] H 3 R A BB S 21O IIE, FRATTBERLA AR 100 AR
AR, 214 3 FIgE T A AR BIETE 1000 s P RESE MR 1 SE 49050 & b (038 3 4T, HSDiag B2 iR v Sl
[ 15 bl 1, MCS-MHS SEAR UL S (1 (5 P2 1, (R TEIZ AT [A] 1R, HSDiag 52 7E A& fF U S R AT 42
N, bt MCS-MHS Sy e 245 F BF R ). o T~ — Se RS AR XL /N (R B (499, ¢1355, ¢880, ¢1908), HSDiag & ik
I MCS-MHS 748 BEAR 4T Hufift the 58 3 sl ok A ¢1355 HLE, MCS-MHS B35 /b & 4045 47 T HSDiag 5
1, HAHE HSDiag BEEEA L

R HEEREEAEE I ]

Dn-112012)0-1)2
bLnsam)-n2| N,

S RINIL

e HLESIEA(E B fR RSB o5 E S B
|Comps| |Obs| |SD| |VAR| HSDiag MCS-MHS HSDiag-WIN
499 202 73 714 445 1 1 1
880 383 86 1112 826 1 0.7 1
c1355 546 73 1610 1133 1 1 0.8
1908 880 58 2378 1793 1 1 1
3540 1669 72 4608 3388 0.8 0.2 0.8
6288 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 3nt+3 17n 12n+1 1 0.8 1
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K 8 J& Polybox_n 1 Fulladder_n HLE& /191 &, MBS RIS n (193 I IG K. 24 n YOI, JEAC b BTy f %
1SR e ) [0 38 . F B LA D, A R A A7 A AN $/D, HSDiag 1 MCS-MHS SVEFEA E#GELE 1s iR [
BT I f. %5 T Fulladder 6, Fulladder 10, Fulladder 14 L%, fALZCRLE 1-3 M= L2 0], WM R 240

Polybox L, P3R4 R WAL 5 5L L.

0.1
—A— MCS-MHS

—4&— HSDiag

" /Wﬁ—\(/‘/\

0.001

A (s)

817

O e e
1234567 8 9101112131415
(a) Fulladder 6 HLi#%

0.01

0.000 1

IFIA] (s)

—A— MCS-MHS
—&— HSDiag

1817

0.001

6606600000088
0.000 1
1234567 8 9101112131415

(c) Fulladder 14 Hij%

—A— MCS-MHS
—4&— HSDiag

0.1

FFIA] (s)

0.01 ykykki

817

w4
0.001 r.kk‘r
3
0.000 1
123456789101112131415

(e) Polybox_8 Fi [t

10

0.1

S [a] (s)

0.01

817

0.001

0.000 1

0.100

0.010

IBATIN A (s)

0.001

100

10

0.001

0.000 1

—A— MCS-MHS
~&— HSDiag

i e e e i
12345678 9101112131415
(b) Fulladder 10 H1%

—A— MCS-MHS
—4— HSDiag

| asaret

= 4

,kh—jr')/

1234567 89101112131415
(d) Polybox_6 Hi#

—&— MCS-MHS
—&— HSDiag

b__kyb'b*i"r

12345678 9101112131415
(f) Polybox_10 Hi#

8 HSDiag 5 MCS-MHS $¥:7E Polybox, Fulladder H #5256 L5

P 9 2 7E [F PRIt ISCAS-85 HLIEG PY2 2 IEAT SRR, T+ KB L %, DR 70 A B A BsF 1) P9 AR M SR HE BT B A,
VR AR B [R] BT 1000 s, 15 AL BRI HEL G S B, AL FR RN SR BT 12 Wi 8. 76 TR I s %, HSDiag Hi%
SRIAEZ A0 5.2 F MCS-MHS Sk, 5T 56 K H L c880, ¢3540, c6288, & T M RETHH AT 2B 1) MCS-
MHS SVETE R LA SR SR H (AR AR 58 /0, B 28 SRS H SRAT AT 302 SR AR A RUASE B R X1 BT A0 /N ih AR SR B R ™
F, T B 20 i SR AR /ML SR AN — 8 BB T 2 22 TR RGN, BR T c6288 HLEEAb, FEA b AT 1) FEL G T
SRF 2x10° 7L AT AME. 6288 HLEE T 88.1% HIZLAFH#R 2 T BRI, 7E0F RETHHAT i i, R4S o i 1 Tl 2 A2k 4 A1
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A, I A% BB B N H e St I AT BT AR SRS, IR B TR0, A TR 22, SRR AR SR A PR e, AN
SR 29 3.5%10* M.

26 MCSMHS 22 L NCSMHS
—&— HSDiag b 20 - -—#— HSDiag .
£ 2 }_y(’”k 2 yr*”
z WO Al T 8 ”
i 16 : Jff 16 r.kk)/
3 D >
£ K‘/‘—H\/‘\‘\/\/ﬁ\/‘ g 14 1 <{/
QN 11 N
12
6 10
12345678 9101112131415 1234567 89101112131415
(2) c499 Hi % S %L (b) c1355 HiFSL %L
20 —4— MCS-MHS 2 —A— MCS-MHS b
B > _
4 HSDisg M- 00b 20 | —#—HSDiag ,Krkr
z s v z yr,,yyrw
x yb'( X 15 }’r
< 10 <
g B 10
<\,§ 5 W ,<‘§ 5
0 0
1234567 89101112131415 12345678 9101112131415
(c) 1908 Hi i 5451 4% (d) c880 HiL I M5 %
—a— MCS-MHS > —A— MCS-MHS
—&— HSDiag —4— HSDiag ' <
15 Z 03 fr
E v S ;
c p—b—kl"kk X
i 10 =2 :ﬁo.z l
= = K
D 5 D 0.1 ;i
AN 4 bb
0 0 js)s}sfkji.LA—A—A—A—A—A—H
1234567 89101112131415 1 23456789101112131415
(e) c3540 H i S 5L () c6288 HLiK S %L

9 HSDiag 5 MCS-MHS 57 7E ISCAS-85 H #5568 Lk

B 10 LB A (R 48 1h BF IR P 5k 7 b B9 3R HE (2 I A B, L AR A A AR SR s A L B BT I) (s), AR AR R 7R 12 T
ANBY. B SR AR R] (344, HSDiag S5 A1 MCS-MHS S35 R ARS W1 10N S0 7 38 0, 4810 — 2 3R H i g
TH T R MR ONG, IX R AR AR R — MRS, T B AT AR MR AR IR AR SR AN, BB AR SR (I3 K, A% /N )
BN, FERT SRR Z . c499. 1908, c1355. c880 iX 4 ANHLEL, 7E R MRS ] 100-300 s B, — 23R H AR SEAH 2
K, HSDiag th MCS-MHS H32: % 3K 30% 76 45 R4, 1 82 SRR R 384, 8 s RINMREEZ B2 18 2 3.
MCS-MHS SLIETE R RS Wil 75 B4R B SCHE AR /N 94, 7638 [ e 17 BT, R A= 45 s AN B 22, SR gk 28
SEAEAEA RN /N . B TSR TR BR300, TR b R AR 2, AR /INIEAE R U AR AR R AR 2, R H AR AE I K
#9718 . HSDiag 5032 mJ LU A K RT3 2 T4 BLHEIRAT — AN s W, BRIFE SRAT — AN 12 W B 4 1422 (¥ U7 i) A 12 B
fif, WOAT LLPUHSRAS BE 22 W ¢3540. c6288 FLER, R BRI TR 2, SR A SR AR R SR AR AR K T i B T HERERS 3
I, =3 SR H AR I 2D, B2 HSDiag BLVEIRENS L5 H 342 .



5550 HAEFIR 2025 5% 36 A5 12 49

20 MesMEs 20 vics-MEs
—&— HSDiag & > —4— HSDiag & >
o 15 r - 2 15 .
X X
> 10 > 10
Y Y
sa s
Q5 NS
0 0
100 200 300 400 500 600 700 800 900 100 200 300 400 500 600 700 800 900
(a) c499 HLEE L 1L ] (b) c1355 HLEE#Y I ]
20 25
—4— MCS-MHS —A— MCS-MHS
. —4— HSDiag > 20 | —%— HSDiag v 3
215 = " 3 — g
X X -
<~ ~ 15 }/
¥ 10 bl "
& & -
s #= 10
= = b/
AN 5 N
- - 5
0 0
100 200 300 400 500 600 700 800 900 100 200 300 400 500 600 700 800 900
(c) 1908 FHL B 1k 7] (d) c880 HHL A (-] 7]
15 —A&— MCS-MHS 50 —A— MCS-MHS
—4— HSDi ) .
P 1ag > 40 »— HSDiag o4&
s s »
10 g 4 3 :
é;: / S 20
=
= 0.5 / =
«a A
N / =10 f
0 )——%A—A—A—A—A—A—A 0 Lo
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