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Abstract

Abstract

Causal reasoning is an important ability for understanding how the world oper-
ates, explaining the generative mechanisms behind observed phenomena, and support-
ing rational decision-making. It focuses on the mechanisms underlying phenomena,
the relations among events, and the evolution of outcomes under changing conditions,
thereby providing mechanistic support for complex system understanding and decision
support. From the perspective of the ladder of causation, causal reasoning usually in-
volves different levels of capability, including observational association, intervention,

and counterfactual reasoning.

In recent years, large language models (LL.Ms) have made remarkable progress in
natural language understanding, content generation, and complex task processing, and
have gradually entered high-value application scenarios such as healthcare, finance, in-
formation governance, and industrial manufacturing. How to construct more stable and
interpretable causal reasoning methods with LLMs as the technical carrier has become
an important research issue. However, the capability foundation of existing LLMs is
still mainly built upon statistical correlations and language pattern matching, making
it difficult for them to fully understand the formation mechanisms of causal relations
and accurately infer the influence of cause changes on outcomes. Existing methods still
suffer from insufficient causal mechanism modeling and unstable counterfactual causal

reasoning processes in complex causal reasoning tasks.

To address the above issues, this thesis conducts research and application studies
on causal reasoning based on graph completion and process verification. Causal rea-
soning involves different levels of tasks, including causal judgment and counterfactual
causal reasoning. Among them, causal judgment mainly focuses on the identification
and explanation of causal pairs, while counterfactual causal reasoning further identifies
latent factors that may affect causal judgment based on existing causal pairs, and ana-
lyzes how changes in causes influence outcomes while keeping these factors unchanged.
Based on this understanding, this thesis designs methods for causal judgment tasks and
counterfactual causal reasoning tasks, respectively, and further validates them in in-
dustrial anomaly diagnosis scenarios. The main research contents of this thesis are as

follows:

(1) A causal reasoning method based on eventic graph completion. To address
the problem that LLLMs tend to rely on statistical correlations and are easily disturbed
by superficial cues in causal judgment, this thesis proposes a causal reasoning method
based on eventic graph completion. The method first extracts and verifies eventic graphs

from long texts, and then completes potential causal relations among events based on

I



BT A AL RE R IR A PR R A FRR 525

non-causal relations such as temporal order, conditions, and state changes. By strength-
ening key causal paths and comparing the causal contributions of different candidate
causes to the outcome, the method generates causal summaries, thereby transforming
original correlation-based judgments into structured causal comparisons. Experimental
results show that the proposed method can effectively improve the accuracy and stabil-
ity of causal attribution in long-text scenarios. On models of three parameter scales,
the proposed method improves the causal judgment accuracy by 13.5, 11.9, and 8.9

percentage points, respectively, compared with the best-performing baseline methods.

(2) A counterfactual causal reasoning method based on process verification.
To address the problems of missing key reasoning steps and omitted conditional con-
straint information in counterfactual causal reasoning with LLMs, this thesis proposes a
counterfactual causal reasoning method based on process verification. The method fo-
cuses on key intermediate processes in counterfactual reasoning and constrains model
reasoning behavior through a designed reasoning verification module, guiding the model
to complete the analysis along a complete reasoning chain. Experimental results show
that the proposed method can effectively improve the result accuracy and stability of
models on counterfactual causal reasoning tasks. On code counterfactual tasks and
mathematical counterfactual tasks, the proposed method improves performance by 3.83

and 6.56 percentage points, respectively, compared with the baseline methods.

(3) An industrial anomaly diagnosis system framework based on causal rea-
soning. To verify the application value of the above methods in practical scenarios, this
thesis constructs an industrial anomaly diagnosis system framework based on causal
reasoning for industrial production anomaly diagnosis scenarios. The causal reason-
ing method based on eventic graph completion is mainly used for anomaly cause iden-
tification, anomaly propagation chain analysis, and root cause localization, providing
structured causal evidence for the diagnosis process. The counterfactual causal reason-
ing method based on process verification is mainly used for condition change analysis
after root cause identification, assisting in inferring possible outcome changes after ad-
justments to key process parameters, equipment states, or control conditions, thereby
supporting treatment plan analysis and improvement suggestion generation. Empirical
results show that the proposed methods can respectively support cause identification,
chain interpretation, condition inference, and suggestion generation in the industrial
anomaly diagnosis pipeline, and provide methodological references for the design of
intelligent diagnosis frameworks in complex industrial scenarios.

In summary, this thesis focuses on mechanism modeling in causal reasoning with
LLMs, and proposes a causal reasoning method based on eventic graph completion and a
counterfactual causal reasoning method based on process verification. The results show

that the proposed methods achieve good effectiveness on complex text-based causal

v



Abstract

judgment and counterfactual causal reasoning tasks, and demonstrate practical applica-
tion value in industrial anomaly diagnosis scenarios. This study can provide a reference

for subsequent research on causal reasoning methods for LLMs and related application
practices.

Key Words: Large Language Models, Causal Reasoning, Eventic Graph Completion,
Process Verification, Industrial Anomaly Diagnosis
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Figure 3-2 Causal induction edge completion model
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Figure 4-1 Counterfactual causal reasoning method based on process verification
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Figure 4-2 Architecture of the abduction verifier
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OGP S =5 SRR 4R T Bl s o

452 HiENE

il 5 PR AR S ST 45 SR IF AT S, A SCHET SOk O 4R 4 e
SR SREAS, E— R USRS 20 5l =B BefE B . s Ak~ I 4k
ol H A RE g N ZREC AT B e g I ZRgicd . TR AR [m] 6 25578 H
NS SEREORMRSCA, Hot 3 PR B T A S 00 3] 235 2R 100 00 1) e A A
TESUEERS b, ASCH S B R . stk ) DA SGd R i =S SE R BRI
Al NI T R AL ARSEAN SRS NS U e
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452.1 Zk BHEBEEE SR U F I GBIEEE

= Bt B 5 50 A2 2] YN RS e R Bt S AR AR B i ok . i
FHTREROR, JEEMNT EETRIESFE S . Boex—H
B, ARSI REA AT AN R AL P

() PRE IS AR B FRRE SCA . SR . Fh it AR
SAR SR M PRFF IR, AGRIEAS R I R 0 2 [ — AT 55 A

(2) MK SR AT AR Y 0 RYETE INRE, R IR AG R AP o 5 G
AGESHEWTRT ML A EE By “UHNY K55 PR DL 2B By 37
KRG R I B S5 45 S I N A HE B T

(3) XY G N AT AW S R4 MR E MG SCAR R B R A, [
I B MEFRIAVA RS KRR T B R AR TR, PR SHEIANA L 3
AT B A6 85 (A% 022 3K

@) XEF—Hr B iR, AR BORE AR 2484, (HEA )5
W EAREDS, BTERE S BT, WET SRR SRS
Hre

M B RE, AT RS B b IR E AR AT 2 =B BB R . kA
-5 A FE A ORAF— 2, B WIS o “IHE” T “wm” =Pk
R RE A, B il N ed-2.

2 42 B A i PR S = By Bt LA - Bl

Table 4-2 Example of original free-form reasoning and three-stage reasoning sample

FEATEA EIN]]

JEIG EH I HERREEAS  “First, I think I need to figure out what value of  was used when x was 5. ...
Wait, but the problem says ‘keeping everything else unchanged,” so I think that
means r remains the same as when x was 5. ... Wait, but we don’t know r’s exact
value, only that » > 5. So we need to consider two cases: » > 15 and r < 15. ...
Wait, but let me double-check. ... So yes, ycanbe 1,2,3,4,5,6,8,9,11,12.”

=R B HERE A “J4[A : For the factual call x = 5, ... Therefore the hidden state must satisfy
r € {5,6,...,600}. T-7i: Now intervene by changing only the input from
x = 5to x = 15, while keeping the same hidden state r. Fjijll]: For x = 15, the
branch taken depends on whether 15 < r. ... Therefore
y =\ 1,2,3,4,5,6,8,9,11,12 \

H AT A = B Bt PR  v] B T B ORI 2k . dE—203t, s fker o)
Bt e Al — R AR A A5 2]

B =B Bedte B A a A 22 T WGBSR o, A IR 75 i W 28 i R
FIEE, oA ISR RS IEAs-5 T PR ks
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4522 AELIERS T EIERRJISREREE

PN I U R A0 25 ol R B AR AR IR A A 2, s T 2 S —
RO E TR T Rl G K B R SCAS S A AR AS . BRI, AR SCE Yl ] —
TE A H A SCAS S RS, AR5 73 3R] 8 U1 PR SCAS R T B SCAS ) 1 22 2% Jo
AR BSOS, H IR T B SR ARAE, M BGE &7 K -5
NS L T YU ZRREAS

URIESE vl ialllEssy 4 €Tt aee v WU L IS

(1) IO - o SCAS BB (6 1188 H i s A st AR 1
B IFREH 0.

(2) FasdtR & Te b - 25 SRR Kot H Hh (R R ei e L ORI 1 R L
A, WAREA 15 BIARIEH 0.

(3) BaudetR A HEWT - 5 SCASARIE F LI FUBCIR S HEA T3 it . HERR
TS, WARCH 1; A ERIEH 0.

(4) BEABRZE 5 SOAS [R] I 2 2 S L BRSO HE I =
ANGEAE, WHEO SR IEREAS s 25 SO & IROBCIR S (EANI R 3 I REAR R R, e h
SIIEREAS; A SORARSE R IERAS, WTE N TkEAR

U PR AR U SR i) ML BRI AN 2 4-3 Ffroi o

A% 4-3 PSS UL b FEp

Table 4-3 Annotation examples for the abduction verifier

FEAA AR Bon Bl %S

MR IEREAR “Given x = 5 and y = 4, substituting x = 5 into the I =15 Bk
program shows that r < 5 cannot yield y = 4, so Lo =1; RS HERT =1
5 <r<600.”

IEREAR “For x = 5 and y = 4, I should check how r affects the TSI =1; FRmRRAHE
branch.” Fo=1; BRpRAHERT =0

fFAREA “when x = 5, y = 4. so maybe ...” FEM =1 FRRURESHE

Fo=0; ERBRRESHERT =0

TR UE AR U R R s AL A T

() RPN 27 SO IER B EAH ZOR P S F A, WARE s 1; 2
SRS AN SRR BB A B2, AR O,

(2) FsdR&PRR - 5 SOAS IR PR 5 F IR BE B BRUBOIR S A, IARIC N
15 BRRECZE RBCIRES, AR 0.

(3) MR - 25 SCA [ INH A2 S o S AN ERGRCIR S PR RS2, e
HSRIEREA; SO IR E S A, (EOR BB U BRRCIR S AR, e
SIIEREAS A SCARRIEFABCE A, B DA FRUBCIRES, e ik
Z
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* 44 T HSEUEZS bRTEREB

Table 4-4 Annotation examples for the intervention verifier

FEARR A Bon il e
R IEFEAR “Change x from 5 to 15, using the same r = 20 as SRS =15 REBURTS
before.” R =1
SRR “Change x from 5 to 15.” RESEA =1; BREeRS
fREF =0
TkEAR “Change x from 5 to 15, using r = 9 instead.” JREFELA =1 BEIRES
PR4F =0

IR I ZRASC ) SRR ] 2 4-3

i EAARIE AL S ARG , VP SR kAR AT s ks 3 RE S A G —
HESE MR R E - BEAARZE T2 ST Tl RE SO BB IRA : , RO RRAE
FF27 2] KRR A AL, R H TR 1 2 Bk SCAR I HE— 2 S Rp Al
P EEa T o RS ) R R IR IR I R0 w] B T A I IR eSS T
e IGE, I e gtk TR BUHRE ST HES

453 SLISGE NGBS

ST Qwen2.5-1.5B-Instruct 8 JE47, FEAEILELRE M 0 Y2k

(1) Base: REIATALSS L T TR BRI .
(2) Orig-SFT: (EM G B i R SR SCAN I T B R
(3) Abd-SFT: AU IE A B B SCA A T B R

(4) Stage-SFT: SRR . TSR F00 = B B PR P S AS AT B

(5) Origin-RL: A5 45 28 TE A 2 i HEA TSR AL 2 ST A A

(6) Abd-only-RL:  7EZ 5 E Al b A VA B I IE 245 2 A T 5 Ak 2%
oAk

(7) Abd+Int-RL:  7EEZE KA PR IS #8155 5 BL b bt — 2 m ATt
RERS A ST AL 22 ST (AL .

R B S5 T B AR B 5, 5 TR A Hid)II 2% BERT AL,

JEUA B RS — i B B B AR R P M R A L RS, 23T R0 5 x
1075, P22 8, i AKERE 16384, BT I iE 285 B iy A2 5] 22 5
RN 1x 1070, Y%k 148, mARUIGEEEN 1500, A% H K 53k
prompt 512 HI completion 2000, 4V RFEMEEEBE N 24, KL RGN A 1x 1073,
R ERE N E%0.55, K 020, TH 0.15, KX 0.10, #KrET 0.05.

A BAERS 5 T IURIERS R G — AR, 580 5x 107, {142
i
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454 FKWHEREH

AR AR S B U B AR A RS S AT 55 RS S R ST 55 R SE R 45
] S i B SRR A A 27 >0 2 ST X LU SR B85 7 R SR 3 7«

%45 RRASAESs Ly a R

Table 4-5 Experimental results on counterfactual tasks

” AR Ji 5 SAT 55 HESTE RS
el
if_else if_else_long multi_r while GSM-CF
F1 EM F1 EM F1 EM Fl1 EM Acc

Base 16.3 50 27.0 1432 9.57 696 3.51 1.67 7.00
Orig-SFT 61.35 44.11 51.73 33.85 21.5 203 543 4.17 2.57
Stage-SFT (ours) 589 41.6 546 369 238 226 59 46 2.34
Origin-RL 347 202 503 39.6 255 252 50 42 6.38
Abd+Int-RL (ours) 369 214 547 428 316 310 8.1 6.7 12.94

VR 2R BT, TR R A2 ST X B . GSM-CF 7R 2T GSM XU A5 B #4915 1Y
RS, bR TE GSMBK R AN 4E

4541 XFELSELS AT

FTASIRIR T ASCH 5 R0 35 O AEACRD R ST 45 A I ST 45
SRR AR . XTSRS, TR R 2GRS, A
SCR A F1U S RSHEDLECFEFR EM (Exact Match) #EATHEAL; X T4 S SR 55
DUR M A HERR . Ace HEATIEAL.

M 4-5 W PAFR Y, IE A5 sk AR N SR NS AT 55 . DIZRAMEADAT:
5B R IAT S R A FE BRI Z0d B, Orig-SFT fEil
i if_else {155 4TI, EM H Base [ 5.0 4271 % 44.11, HiM]ET
e Sz g5 SEAEAR Y B i R =X AR A A4S otk U k7010 N SRR BE ) . 55 1K [A]
i}, Stage-SFT 7£ if_else_long. multi_r ] while | #{&f);F Orig-SFT, 43 5| Hf5
36.9. 22.6 #1 4.6 ) EM, VEHIYUAT 554540 AR . RCIR S AT 5 m alids
il A A AEERI , B I e R 2 207 S RB A AR AR L T RS IR SR S . 45
AINGNSGIEIMEIR T PAF L, =B B A R n 035 = LR B e B
FEd AR EXAL, X—HL )06 BT i85 I ih B H I A HERE
i FRHR AL R s R B T

RS S S E BT 55 |, S5 AR IE S Tk S5 b2z > 7
VR TR S B P BE A #5 . Abd+Int-RL 7£ if_else_long., multi_r, while ] GSM-
CF 3T Base # Origin-RL, 43 53i5% 42.8., 31.0. 6.7 i1 12.94, 5 Origin-RL
HIEL, Abd+Int-RL 7E multi_r 5 GSM-CF [ 4Tt HH R, 13X B AR 4L 51
J2 R B AR BB AE TR W GRAMT 55 iR Bt ohode, (HHHE i o0 245 B e i s
JE 2R E S 20 7 o RO ASHE BT 5 2% e 4 A S S [R] I R, A

55



BT A AL RE R IR A PR R A FRR 525

B RGP E RS Y S S SORMT N . i 2, Al i R R I A A
TEMSRNAL S BRI E,  T A BIAE S 2R A AT 55 TS UAT 55 H AR E 2 4k

M TR SR S TR 2 N S g SRR 45 3R B, TS > SRS T
USSR Z AL RE T o HE— 2 UM AR e BT VA AT LA ), Stage-SFT
TEMZRNAUSAE S BRI T Abd+Int-RL, 1] Abd+Int-RL FEYIZRIMUILAT 55
T SRR S5 ERIRIE L. X —22 53380, SFT Ml RL /E T S K i
BE IR J2 T8 - =B Bt B A 2o B e M B THRSE G WE AT U 5 701 A it R
W TReR, RUESHE S 9 A ) 3R TR FRURCIR S HEWT 5 2% PR £
HUER BB AR P S5 R S 55 h . Il AR, Al S Il g N sk
FRBESI3EaR, Jo ER  GE INZ AL RE T

] 4-5 Stk BRI A i Al ~T (RO AE = 2R AT 55 g ADR e  Af AT 1
BTN . B 45 FEERILE NN ZRNAEAL 55 . UIRIMURSAT 55 Rl S F 54T
55 =2, FFor RN MBIt 5 i A 2 > o A 2R Y s = 52 PR R AR P B T S L
Forp, INZRNACRBAT 55 1 if_else i) EM 4%, YIZRIMURLAL 55 (4 1] if_else_long.
multi_r 71 while ) EM ~F-I9{H, %o S8 94T 55 81 GSM-CF IR, [l
PAE ], Stage-SFT {EYIGRAMURATE 55 EARFFIE= I, 1 Abd+Int-RL 1E I ZRA1
AL ST AR AT LS BRI - X8R E3R 4-5 PRI LR
PREF—2L, PE—UH] SFT Ml RL 76 S S5 SCHE R ey GE M _EAP e B 22 5

SFT Path RL Path
50

= B
=== Orig-SFT Origin-RL
s Stage-SFT (ours) = Abd+Int-RL (ours)

®
20
10 I I
, B | H 0

ID code OOD code Math CF ID code OOD code Math CF

Pel 4-5 W BB oAb 2 AE = BT S5 LRk
Figure 4-5 Overall performance of the SFT and RL across three task groups

4542 HRASCISAT

P 4-6 B TAFIE S R E S HE T HTH R SE I a5 5 . B R v i il
ghE UL S T S R P B 1 . Orig-SFT 5 Stage-SFT i)l 25 SCANHL
B FRHCIRASHERT . AR 25 SR T =R, R e e B S AT 55
RIS BET Abd-SFT. 52, Abd-SFT HARREIHE BB, Y%k A
RO T T T R A HE A, BT R AR B ) SRS 5 IR IR S
[ERRT I K 7, B A5 4 i 45 SR T s D BRI M5 TR, 240004 T
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< 4-6 RIS EL R
Table 4-6 Ablation results

” A AT 45 Bt RE AT S
AL
if_else if_else_long multi_r while GSM-CF

F1 EM F1 EM F1I EM FlI EM Acc
Orig-SFT 61.35 44.11 51.73 33.85 21.5 203 543 4.17 2.57
Abd-SFT (ours) 237 172 335 19.1 11.6 89 29 20 1.8
Stage-SFT (ours) 589 41.6 546 369 238 226 59 46 2.34
Origin-RL 347 202 503 39.6 255 252 50 42 6.38
Abd-only-RL (ours) 302 168 456 342 230 22.1 42 33 9.51
Abd+Int-RL (ours) 369 214 547 428 316 31.0 81 6.7 12.94
b 2PERA X N B RS R, R AR MR A 2E S WA . GSM-CF /R ET GSM RXUAS A H #4111

SHSHEEATSS

55 BER i 1 S BE R R SR I, Abd-SFT F5%8 HATAMNE JFSEHERIAP TR, ik i A
YIZRNFINZRIMURS 55 L2 2B R BRI . R PTOAE H, FEME i, 58
PR EE I PR B R SCHE BT S8 U SR S R ) LR A

TESE PRS2 PR - O AT HE T, Orig-SFT 5 Stage-SFT {922 5 1E—25 s
THRRHAL T ABIEH . Orig-SFT Frfli Il gk Ak B if_else A5 [ 3555 4T:
%, GSCARE T B BRI, RS AR ZR P if_else f£45 b
v, X5 U ZRE R IRAT 45 e e X 5 HERE B An 0y R R 55 2 — 30
Stage-SFT 7E I EL Al b — 2005 52 B S S AR G0N AR A =ABr
B, B ECHR DTN M. X RIS R E, AR NGRS B 2EIERU)N,
I Stage-SFT #F if_else_long. multi_r 1 while F#&{ATHEa, JiH] = B ZH
1) FEZAE R BAE N AMURSAE S . X T if_else_long 33X 2843 32 YR FEHE IR AT:
%5, TR AP B A B TR Y 2y T RS ) A CHERE s X0 T multi_r F1 while X
53 ST IR A8 R A A KA E AL KR S5, 588 Ha ms )
AR R A AT B R SR g Ae e Tk

S AL ] BT RS SR R TN [F AR T 4% E R R R E . AR
ZIEHTER R Origin-RL 7E if_else_long., multi_r A1 GSM-CF | & &7k — &
PETE, VEBHZESRE R AT DUABIAR SR IL (5 S, e — e B R _EHESh
SRR EE R VR . SR, ZBIAHE while 26455 ERYFE FHIT A BR
X RUMUA A R R, BAOH FREIR SR 6 785 . S —3
PASCZE RPN @ S A g s/ D AR . LRI DAE H, FEmfb2s I, B K
REASPEHEILRIIRS) , (H A 2 DARR e 728 35 50 B S e St AR v i R P (B4 TR

MG 5 T2 eEE 0 2 BRI SHEWT A, X — Rdbad B r Ptk R b 57
R R e 8 S SR AR AR R 2D 3R T RS R B Ak I A R B E A3
*ZJ5, Abd-only-RL 7£ GSM-CF | i Bldt—20 427, MAEASES Egi AR
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MEZ BTt X —IE UL, H RAE 55 S5 BRAE 3G SR B 0) B iR A4 Wi 72
e, (HERJE H AR I AR 2R JEA AL i, SRR 20 [ ) R 7
A Sy FEATIREE 10X — AR AR A ST B A R U e F AT 55 BRI fl . X
GSM-CF T & , #28 RCEF AT 45 1 E BRI 2 —FE TR S S a5 AR i H ok
BN AR, FHIEHRGE SR A S B I db—22 R A F 5k
- 5T ukEaE = 5, Abd+Int-RL 7£ if_else_long., multi_r. while 1 GSM-CF
FIRUSRAES R, WITEIHBEIES 28, THiE S X e R F sl AR R R A
KEAEH . XIT multi_r XSGR RSB RIS, HHES THES KA
A B TR AL SRS e MO AL PRV R IR AR 18 5 45 4 s X T while iX ZRAS
BEESRERK I SS, o B e BRI S ) T 4R U 8 b ) 22 20 4 B
—EhE. R AE W, SRAEE ) g AR R UE T R A . H RS S AT A
S M, Hh T IS | A 58 8 I SR R BE T UG BLHAE
M

4.6 KEING

AT G SR SRR E AT 55, PR TR T AR g Uk i) S S D R A
o BIR AR S 556 PR AR R v S SEE R AP BRI AR AR fR B Bt T iy )
RO, ASSCM M B AOR AT i A2 T WA TREEA T O YA BT o e el el e A 7 7
S S sE S B AR A NSRBI, BRI ) M= SR ] 4 5 S o SE 45 R
SERCHEIRGE ; SRALF ) AT BT I P B R R T FG R, 3 X e g S R ok
R P BRUBCUS T T AT S 5 S22 F B e P A i REEA T B0, FHFRFR USSR AR o i
REGR IG5 PR E (A B 2 B S A [ IR G O B o ) B A

SR AERLN], TR A BRI S A 5 R R BT 55 P A R M S AR
SETE. MU WORSCH 2R, SE P EERY DR B R A2 8 S SR SR O Ll 5
ez ] SRR, B SRR RES S ILA R Z M BRI LA (F S, (BRI R A&
ERRINMEATE o R e R A s SIA AR BAES 5 TR IEd e, AR
TEINGRIMUI AT 55 Ay e R AT 55 AR BIE— 252 T, UM AR AE S
TR AR A S i SEARE I R v S B P BRI 2 A0 S5 2 R A L s D ) ) A
BRI, AT TARRAE AR S XA R B AR A T, T DAL
R TR AR ) s 25 PR R AE PR BE
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51 MRAER

TP RSB R A TR . XS . TESHORE. T
PR S G A AR . TSN SRR Ak
SHRHE, SRR REE RIS T A SRR, A BTAIESR L5
WOF SIS ITREE. WAEWRS. MRFIRL. T 2D b R SR
IR . O TSR B RN SRR R BT . SRR
AR ERRRERUL BEORR S AT 55 . B, T Tl 7= A T S
S IF R AR S L PRSI, FATDIR B K

WIS, TALS DM TR S R TH R & 520 6
BEALI 2T W DA T8 BRI RUR AR 57 KR, AL
S A B S WA A DT A5 50D 5 5 e R
B E 0. TR LRSI . BB, TSR ISR,
LTS8 I R GE B B TR L

A SIS0 1288 T DAy Tl 56 V0 o AR A7 2
BT . BT H TR, A TIEAMITRIS, T L5
HE IR T AT L4 7% S0 6 R B PR I S
PG MU T . SRR AR IR SR Rt T R, R I
ST 0 LB B B 2, LA S A T IR M
SR . HETBITEIORICHIIE, A CH T UGB, T T
B RS BT 58 B RIR AL B AL LN . RS
HAIREUM S 0 A0 ST SO S SHERIE O, RS S P s A —
T HCBR R RS R B SR P e B, 9L
A E AR O

ST, ABFIH I TP ST, B T 3T DS Tl 5
HOWARGNER. 25O, SRR . KRR S BA RO i
ATAS TR T $AR K. WAHEALREASE 588 R I 1 LM R,
ST SRR IR, R AL A EAT REAR MR, T T
R 1 B LIS S AL B L

52 M HEFIER

RN R SRR S 25 N N 2 2 Y 3 N 78 1 82 N S o Vg 87 QNS
A A . B S BTN . SEEIN R T DAL RS W AR R T, DA
LA RAETB AT o 1 T 45587 A B A TR
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Figure 5-1 Overall workflow

RV S5 AR AN R 5-1 Fro . M4 g B R n 22 . g md . L2
RN, BE TREREER B2 A L, FFRP REKRSRS, T2
4 ERIEER . T AR RIS EE . ARG REN L. &
PR IR BT R SRR A PR IO SRt , R I i AT AR 8 . i M
XS VNI = 21 F S i | V51 Yo Sl RS RS e 6 55l ol N O U B 5 ol A
R, MRT 0. WS g, B s . HOEC AR R B 2 9t —
AALEE, TR IR e s R A S I . BlS , ARGUHESLE S8 i 45 R =
TP, Rekm . TR BERES. LIS FaE R AN
SRR AR [F]— L5 b, S5 G RITR B3 ¢ Z 0 DA 2R 20 B 2R b 4 i 0 i [
HRFEERZ M REAAER RIS, B2k felimis . SCIET A £ 2R
I FEARDRASE S, REMESRMRIE RN . R 2R,
XL ESHEREE . RAIRAIKIT . 3R S A0 R R 45 b ¥y SR A 7 4
Ho AT, A E AU LB BCRIT I . &, DIEhe. i feiet.
R BE W AT R [0 A AL BT, F (R AP 1] 5 %2 g s S 081 P R R R el
T IS EEAA S T2 WA AR A

522 REZEW

TR RGO ANIAL 5-2 PR, ZHESR O AR . DR R BER
FLFEEE TR W R AT AR | A A ISR A SRR, A
HRMERER Y B 02U TRARSS . W JE FEASTRS . &%

60



55w BT PURMER R Tl

SFH LW RGHER

T HREE P TR S RGHER

S0

g

EFRBE

G~ )| | some I

Pel 5-2 A%
Figure 5-2 Overall Architecture

o, TRV B BRI S5 55 DI RE
RS AR

W A AR 1) b S50 W P A 2 AR SR A, RS SR AT
A LR A ] AERAGL BRI R B P [ g HEDT XSS B LR AR
Br. ReRm TRV UEEESURSERME S A, Hlid AgentScope HEZLSE AL
fERCE . A TR TS HEEE, REMk
Bl Ariide, iR SRR 4R LIRS I B TS, BRI sk .
IR B R AR U AZ T RE R ] Se ] — S AT 55 Ph ) S8 i BT 2R

TEEAPATERE S, SRR REAE Sl LR PR Mg . kS
T W& . AR LR, BEARIZHHESHXRLA. T
J YU TR RIS TB) 77 10 e B 81 P RN ARG 2 R RE AR R A R A, B S e 0
G RECLF . RS EREDTRIEGRR, il BM25 KEWRR. [
e Ay Al e S C e GRS EI RS Eo i 7 PN U IS YRR £ 16/ N e N C/ T NS
R . TR S = GIE

FEA 015 7 H S Wl B S Bl B R (A 3% BR B X0 Wi 5 SR
PR 22 PG BEATRE R, R R R UE S HEA T T B 55« I TR) X 55 R R JAR

AREE A OB IEAT N 4
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o XTI R, BRE AR T S HOCE . KT E, KT
RIS KR XT3RS Eds , AR RS BERECk  IRES R 2k
ARCSRANAEF TSR s X A A, B E SR BN G A 2 |
SSESERAFHE AT TS ROV, SR SR Z 20,
A ERER RAAMUZS] . SIS AZE GE I — PR I @ 5 A 5 R R 42
R TR KBS R R, IR 5 TP, s
R )25

TER e HHERAR T, AR RER (ST 4E I RdE A AT 55 IR S W2 1
T LA TR R B TR BRI 1 5T A AR s Rt A o R e e B
HBN . G BN RS AR R B AR ST S LM Dy = AN
KRG K A GUSE R BRI (DT Wb sE B L it Jt A & BRI 5
—EEEATR A MR SRR BRI, iR R IR RPN ST AR B
ERLPLIR M SR R B A

A TR, AEBEA M R A Z BT 2RI — NSRS . %A
WATERFALSS BT 30 ZUUEIH 2 WIn e IR e A IR FEA5 S .
Fr, ARG B SON T MBS WA S, 2 I 20 THe R ke Kok
U, AR I R A & 45 S 26 DR FUACROMRIE RS G2, e (i B B T4
USUIA R R AR 6T SN AT U NS

5222 HIESHTEELR

I PR AL B i) Tk 2 AR AR 55, 2 S ieie Js P 22
UEPEHEAN SE RN T 4 O AR ME AN 0 28 B i A Ab B S, 35
Wit 55 2B H RS 30, ZURIESR R SRR i et I A A o 3 R 20 Ar
RREBAE LR Al]_E E— 20 M TR 1) S5 B 45 SR A DR AT 48 A, Ox i e Jd PR A %
R AR 4 . DTBREE FUB IR PR o b 38 oy TV B i i . PROR G
FAM AR AR = AN 4R, Gk 5-1 i

% 5-1 WIS B ALk
Table 5-1 Components of the Abductive Analysis Module

AR ERHA E R

Tl ity SRR R RO SRR ) RS T SR | e N T R
It . R K R HART R IR A

PR KA il Tl S Bl A . Rt A A4 2R e fe RR AR | itk
SR G 5 PR DR 5 3

MRS TRt ffifas. PERSREE. KB Wl PR . e RPIT HfL
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