RAE2EHR ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn
[doi: 10.13328/j.cnki.jos.007612] [CSTR: 32375.14.jos.007612] http://www.jos.org.cn
O [E L= B 1AW S AT AT A . Tel: +86-10-62562563

ETERTFINELRSZIREESEREKR
oA"Y KBH" RRE, ¥ &Y AR 2 A %MS, R, BER #R4

"E B S GO EE, L 200438)
(LT BUER A E A SR (R HKSE), LI 200438)
(2R R TR S ER 2 B, BRI 762 710126)
(X el 5 8080 22 4 4 [ E A5 SE 6 (VT K2E), WL B 310027)
3BT 5L B B A5 ISR AL, WL B 310023)

JBE1E#: 5K/RIE, E-mail: zhangchenxi@xidian.edu.cn

i OB AEARRAELRS ALY, i FTAAK MG I LNRMAR, WBHA A TR AREHMASE Bt
HERAR. S RBETAIE m T LI AT 69 TAF R 42, AT 5 W AAR B AT T 45 E e B3, A T MR X — 19
A, BT Alert-CM, — A FTHAFTF JHLELERET &, Fh B —HE5| K95 EH 200 RE L&, Nk
I TAE e AL S Y — LR AAGRIEL AN SR EAGHBLRILEFE, wiF
MERA . AR BE. FENF R L5 F. Alert-CM A & Bl — /AN & 69 % &S0 % LR B & sk
BEBALEFBRIK, FHEFREE S RAKBER EURE LTS LA L2 AR TRE. RBX -G
A8, Alert-CM A T4 LA X B B HBEME L b F 00 2 BB RV E, S5 L 58 F &5 S 0RH K R AT
R A, =Y R L LR TN AT AGHIBRBE, Alert-CM B2 T BAZ N BEA#THRRTET,
FARA S R B 8B T4 20 T aka% 35, Amdin B R e94 L& F AT, R4, Alert-CM 1% F] DBSCAN A%
FRELERE EAF T LHIEE Ead Alert-CM #AT AL, E5F RR LA o fe 0d 2 E . R R AN,
Alert-CM 4 LR EAL 5 F ) RN FR THE G095 L R0 7 k. T T, Alert-CM #) NMI F= ART 4734 3|
T 0.901 #= 0.645, AR T IA 7 ik 69T 3989 AR A 31.7% F= 153.9%, B8 Alert-CM LR T REL S L
FIL RAFaY AL

KRR RE BATE ), AWEMNEL

hEES S TP311

C] FAE E: BRAR, SkImE, TKIRME, 248, ME AR, R, BREAR, RETIN, BREEE, fh R, BT EIROR ST IR RS R G
RRITE. B4R, http://www.jos.org.cn/1000-9825/7612.htm

H 5| F k% 3: Chen M, Zhang BC, Zhang CX, Peng X, Yang DY, Li W, Qian ZL, Wu ZS, Ou JY, Zhong JR. Alert Clustering Method
Based on Graph Representation Learning for Online Service Systems. Ruan Jian Xue Bao/Journal of Software (in Chinese). http://www.
jos.org.cn/1000-9825/7612.htm

Alert Clustering Method Based on Graph Representation Learning for Online Service Systems

CHEN Miao'?, ZHANG Bi-Cheng'?, ZHANG Chen-Xi’, PENG Xin'?, YANG Ding-Yu’, LI Wei’, QIAN Ze-Lin’,
WU Zhe-Shun’, OU Jia-Yu®, ZHONG Jian-Rui’

'(College of Computer Science and Artificial Intelligence, Fudan University, Shanghai 200438, China)

*(Shanghai Key Laboratory of Data Science (Fudan University), Shanghai 200438, China)

*(School of Computer Science and Technology, Xidian University, Xi’an 710126, China)

*(National Key Laboratory of Blockchain and Data Security (Zhejiang University), Hangzhou 310027, China)

WA A]: 2024-12-10; A& BN H]: 2025-06-05; SR I [H]: 2025-12-09; jos 7£4% i iR [A]: 2026-04-01


mailto:zhangchenxi@xidian.edu.cn
http://www.jos.org.cn/1000-9825/7612.htm
http://www.jos.org.cn/1000-9825/7612.htm
http://www.jos.org.cn/1000-9825/7612.htm
http://www.jos.org.cn/1000-9825/7612.htm
http://www.jos.org.cn/1000-9825/7612.htm
http://www.jos.org.cn/1000-9825/7612.htm
http://www.jos.org.cn/1000-9825/7612.htm
http://www.jos.org.cn/1000-9825/7612.htm
http://www.jos.org.cn/1000-9825/7612.htm
http://www.jos.org.cn/1000-9825/7612.htm
http://www.jos.org.cn/1000-9825/7612.htm
mailto:jos@iscas.ac.cn
https://doi.org/10.13328/j.cnki.jos.007612
https://cstr.cn/32375.14.jos.007612
http://www.jos.org.cn

2 HAR AR wrrnd oo e

*(Alibaba Group, Hangzhou 310023, China)

Abstract: In large-scale online service systems, intricate dependencies among components often cause a single fault to trigger a massive
number of correlated alerts, resulting in alert storms. Alert storms not only increase the workload of on-call engineers but also make fault
diagnosis and root cause analysis more challenging. To address this issue, this study proposes Alert-CM, a graph representation learning-
based alert clustering method that effectively groups alerts caused by the same fault, thereby alleviating engineers’ workloads. In alert
management, an alert is typically generated by aggregating various types of underlying system data at the time of a fault, including related
applications, metrics, logs, alert rules, and emergency scenarios. Alert-CM assumes that multiple alerts triggered by the same fault usually
exhibit tight correlations at the underlying system data level, and that the core underlying system data better represents the abnormal
system state associated with the alerts. Based on this assumption, Alert-CM constructs a fine-grained system data dependency graph using
alert-related configuration data, abstracting and mapping the dependency relationships between alerts and graph nodes to further expand the
alert feature space. On top of the system data dependency graph, a graph neural network model is built to perform graph representation
learning, in which the contributions of core underlying system data to alerts are automatically learned, producing accurate alert vector
representations. Finally, the DBSCAN algorithm is applied to cluster alerts based on the learned representations. Alert-CM is evaluated on
a real-world industrial dataset, with a focus on clustering effectiveness and real-time efficiency. The experimental results demonstrate that
Alert-CM significantly outperforms traditional alert aggregation methods in alert clustering tasks. Specifically, Alert-CM achieves an NMI
of 0.901 and an ARI of 0.645, corresponding to average improvements of 31.7% and 153.9% over existing methods, respectively. In
addition, Alert-CM exhibits strong performance in online real-time clustering tasks.

Key words: alert; clustering; graph representation learning; graph neural network (GNN)
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A e MERFIL R BKT3.75%>50% SATHN 79; Mha 201 minfEgh T 95 41 K1

[12-12 10:07 K ZEZESAF TR A& K] B E 50E 3 minsk S L
B 2023/12/12 KEZESCAL 3 minzRFNFIIRLL T Bk Ok |
10:07 R 55.10%>50% S AT{E A 273; MIhE T 3 min A

SWER A ELES: T B 69.04%>30% 2Bl Jy74; M : P2
20031212 KA [12-12 10:08 ‘K= H SR Th 2 HEKI)&E 3 min. HK] K& HIT 3 min
C T SRR RER LR B 36.94%>0% AT N 367; B E il 3 minsR RIS E B 1

10:08 il Fel IR B R Bk 31.27%>20% “4RT{E H9367; Sif: P2
b 2023/12/12 gg%ﬁ?; [12-12 10:10 QUEEITHA LS ) FEK 2 min] MDA SO 2 minfPek e |
10:10 R NF 85 47l {1 492.08; 2 P3 i
£ BT HAR g e e
E 2023/12/12 g{;gig (1212 10:15 22 BURSET PHSYHNHT R IR T2k 3 min] RIVEE BOE3 - ey
10:15 ”ﬁ‘i‘%: min3RAGVER[FI LT Bk 25.74%>15% AHT{EA 167; KiH: P1 s

BUA 5 B I AR R RIS S SO . M ORI 41 5% 8 S B R 22001 25 R O 2k 1 AT 3R 2R AR, X 2815
AN BUAT RO X 73 358 Tolk 37 55 v 20 A 75 2 75 RIS T ) — s, o 2 3 i M st . 3 R R B A DA
ANJT .

o EESCR R AR BRYE: B T35 R GRS A MEA i Bt R B = G —hr i, JB T R — SRR 5 A SO
BRTEFFA LML G, & 4 hiEE AL By C BARSE KERN SR, EHICHRI RS Th e ik I A
7, AT IR 2 (K B AR, AT S 3R A-SOAT- 32 AE. BhAh, 5% D 5% AL B. CAECAEHI
FRABLEE AR, ELAR AR 23 25 Bk B 5 AR rh R P S0 (<l Zh 3[R B e PR LR 45). R, 5 8 SOA 2 T
FRABLISE X 5 S AH O M 9 D k2 ANAR O ELATBR Y. 75 B JRESRAE 55 AN BE L SUHRASCA AR, 1T 75 B3t — 2D 424
EESCAAE TE IR 7 AT SOMLURE, ) B3R 308 P 58 P8 S o AABLEE B840, 5 v i Ut 5 2 X 2 iR 55 D RE kS 5%
SR I ARl

o NS AN R B R 2 M AR R R ML 55 R GEh, o B NN B #h A S A AR A T R A%, AR 55 1A P LA AR
AR BT, AEA SO A 5 R AE 2l 35 R GE 20 80% H N FIS (] A ERES 72 5 Bk Py, BRIk, BLA T
AAF F A P 7 2 X 27 P TR ) 5 A A B B 5 M A AR SR IO PR RRAIE R b B K, AR 5 R AR AT A A
FERIAMARZ. BhAh, FER ARG b, — DR RUEH R 2 MUK S5 DhRE ., Bk, BRI o5 2 A T ) —
AR, FLZ R IEA—EAEERIR. B, % 4 PSS A S E BB E TN P HA ST AR, HMH
FEANE TR — NI, TR, o TR SR 55 75 20 5 A 58 AR S8 2 AT SE AR ) 3 #r, AT SE IR SR Ot F2 4
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TR — SRS 5 et L [ DGR AL SRR AIE

BT ER O CUE t, AU S SO AR B ME B AT & R IS TE = B, 25 5 8t 5 A O 1) G e
G DR 4 40, BIERASIRERGORE KM, 5% AL By C. D Frst M 5503 5 7 — B 23540 2%,
REE T EAENL % DI Re JE T R SBRE. ML R, 5% A N E Bk A F— R A PL, (HEX R4 8 A F H
&, RUIPTE DAL IAL, S AR,

L FoR 5 5 B I 2 e B 2 vk I FE RO B — B 2 Y, R AR 4 R G AR 45 A B I i R S R A DR I
FEIRZERGEE. Nk, AR SOl KRG T B BRRE, K A 5% 5 GO AR A R 2 A AT B I < B 4R R
(AR R ISP, PR, fabr. HERPSIAHE), I8 LI 4 B ) fR s R B, 8 e g 3%
158 BERR AL, X PR R 2 BOHE (R RS AR A 5 FL IR OGS R B2 T 5 R 25 0], A B T9298 SRS
135 R ER R, A, A T IRBEE RGEEE P OGS B, ARSI Alert-CM, @i A7 M5B sl 6 5 77 20l &
P o1 22 I 5 A T SRAZ 408 AN ()R 2 508 4T s 0] 45 SRR PR PR DU RR R E, AT S FHRF AR A B I MR 1, HE T AL 25 B R
422 5 Alert-CM TG M BN ZRIUR J7 iR AE & 8 5288 2t Dy T % b

1E Alert-CM unsupervised F1, B FHEZE W 4518 1L 48 & R G 06 B b 5 245 AR S0 7 AUE B, HE IR 5
BN, B G, DBSCAN J7 i TiX 88 ) SRR HET RIS, FR0 1% T8 845 AR N HUR BN i N EAT L.
WRAE B 3C, B T40 80 REHUR s OG22 115 5] — R 28 v 5 0 p 0 BE B B 00, R ) SR 2 v 4 S A BE S B
SEIS R W, Alert-CM unsupervised 7E NMI F1 ARI F8 A5 b 1) 25CRAR F 2 1 G I B 7575 UHAS A1 GRLIA, 43514
0.769 F1 0.244, For T HACFEBUERG & SR I AT RS 5510 20hE. SR, MEEAR R, Alert-CM unsupervised
TEAR S AT F 52 20 TV B 42 B 0 R BTSSR A7 AE SR BR 1.

HIE: T Alert-CM unsupervised, Alert-CM 7£ NMI Al AR #545 E23 B 5 T 17.2% 1 164.3%. 1% — 535 55
FAILT 5INE WBHME B T B RIS EE M, AR R T ARG, 5B M ARG E P Mz
IR RARLEEL 2%, 19 s DR AE X 425 S ) S et B AT 2 AR MR AN 2 . 9 4, JRE 81T 50T BT 45 AR AE 1) BT RR R
5, T HARCT AT IR RS, IR RAEA RIS R PSR A AR, X ERE I & &5 B2 F s Wb
TR B AL, BRI SRR T F — R HRA AT W ENE R RS SRR,
DBSCAN fi H 1 3R 28 45 T mT R 07 A B R X B 53 8 (A 0 R 1X 4 5 B0 28 X 4 70 I 0 2 o REAS
ZE 5 55 5 ) B SRR OC R, BN S EOR RS RS s B R R K m 2 . Rk, JE s B I g
G G R T8 T A — SR 00 45 A TR 4R SO SRR R 2 T AR B B e A AL 3 352

EF X IR [ R, Alert-CM I 51 NG W B S35, TIP3 50 45 2 (1 SR 28 45 BRAE a2, WG58 T R #h &
IR £ 1E BB RS 2 R G B0 5 5 e ol o R OTTHIRE ), I8 A AR bR 215 B 5 5 TR B Akt 72, xRy
R FRF T RA M, R REE RENIT LK, #F—PRIET Alert-CM 7E 8 78 T ERE 5 Rk
423  HIUH FE VAR S A R T bR

TEHADINAT F BTV, B S SRR A B H DBSCAN RS2 B I sSL il r &, sLi 45 R EoR,
T NMI R ART 435124 0.525 F10.149, 76 5T 5t b5k i b T8 %/KF. A, BT DBSCAN H# 4%
SRRV A B, FH EL3E T BB () UHAS J7i2, H NMI A ART $8AR08 5 17T

FESEHEXT LE 7 i, UHAS F1 GRLIA J& T M 2 S ik, XA iR 45 & 7 75 8 S0 AR 15 Hx W w7 2 18]
(1 B SE R 25 VA FA R4 E. GRLIA JE 5T T 25 A S (M DG S 1 R AR AR LLE, 1R N3 5B SR 8 R 1) 5 — A B 4w
55 UHAS R FH T B (10 1) 48 200 %o 4t 8 SO AR IR AT 00 ] 9 22k 1) 8 R BEPAS SCAR AR BUBE AN ], GRLIA (£ 3545 F
13 F Word2Vec ¥4 5 % S0 A [ 3] V0 e 5 3] s 4 1) 2 2 1), W SE AT R0 A 3R bR S5 B, 298 SCARE SUZ i 19 AH
BUTE. PH i, GRLIA ff NMI F1 ARI $8 4535 5T UHAS. 81, JoM B 7 ETERHIE SR I A R G 1 _E A7 SR PR, X DAAR
PEAT 25 AN [R) AN AR AL 3R 47 A 2R %2, S5 GRLIA Al UHAS 76 AL FEARME & T A8 [F) T 28 10 25 S i R A, 2%
0 B 25 AR ARG A F SR 2RI 2 28 T IR — TR 2K, T I B R 09 ART AL

£ GRLIA 1 UHAS # Lk, Alert-CM 1 LiDAR A W 52 5] 7732 AN IHI F #2825 5 7R ) 45 48 SR 2R AT 45 B
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RIAT 55 HEAT GASE, FREE T 17 50 45 B IR O BAE B AT ISR, DUE— 20 9840 A SRR 3R L. IR Gk, Alert-
CM FI LiDAR [ 36 HURME T E B 7 vk, 15868 10 W 5 )0 R AR 22 5 0SB AT i 42, IX W RP 7 VR 7E ART Fa4s b
SRR AR T, BAATT S, LiDAR HH (7 B 1 20 X 4 32 B 08 A T SR H A 20 S A (038 SUHRRAE, 110 % 7 25 et b o
F T £ 7 k2 ST A 5 1 4 0 5% 2R MU AE G 17 B3R AT SR FE, IFR A node2vec HEAT 4, fe2&, &5 & HIRHE M E XA
RSCAS KA 5 $0 AR ACLEE FTINASURD, A EE i S 8 ). M LEZ T, Alert-CM AP 7 X5 M HEE, IR
SR TREHN . FEFRAH BEHE, @IS k-GNN BTG H0E 5 & IR R IO 2, LA S i B 525
B X 15 S ARE TR, AL, Alert-CM 8 Ik 51 N TR 2 SR G B L6, T $RTHZ AL RE 7, DRtk
Alert-CM 7£ NMI FI ART #5845 _E R I LR,

Ak, £ Alert-CM S5 X HLJ7 4k, UHAS SR A AR UL 2 56 P 2 i 75 % 2 [R] A AHALLOG &, T Alert-CM. GRLIA
FI LiDAR T 5] NAFAE A B R 7R 75 2. GRLIA 1 LiDAR 38 5 15 2 (8] i A 5% AR UL 9 15 1% 8 W B R 38, DA
W 5 4 2 T A S, AT 64T SR 364 3F; T UHAS A1 Alert-CM JUJ{# il DBSCAN 5035 H 51 R B BB K $ B JF B %
T RRGE R, M T 5T A A EL 35 %, DBSCAN F 38 S 1 f HL 77 Ab B 4% R 1) B T i B8 AR A 1 A,
TE AR F R 2K ) U SR B .
43 SUEFFEEERIEYEFEHIME RQ2)

RS ERT Alert-CM 5B HEX b7 VETE YINZR AN B (1P 35 i 8], L&A 7 vk il Zrad #2540 100 4
VR, MR 6] 0 R A BT S 1 45 5. T UHAS BRI TS T B 2 51053, B BRI 25,
IR LN e i) B2 AT Y PR S

%5 EIEN S ERIHCELL ()

Jiik YIGRFERT KBRS
Alert-CM 2127.19 0.024
Alert-CM unsupervised 3170.71 0.027
LiDAR 1475.69 0.064
UHAS — 0.323
GRLIA 425.32 0.031

M5 FEEETT LB, Alert-CM YIZEIAIA 2127.19 s, =T LIDAR [ 1475.69 s A1 GRLIA [] 425.32 s.
T EH T Alert-CM unsupervised 7 275 I 25 72 B 41 15 8 5t (1 45 2 ) f 3R 7 {4 ] DBSCAN HHAT SRS, Ak H:
FHELT Alert-CM 182 BE K ISR 8], 1% — 25 RAF- AT, JEFTET Alert-CM {EFH 7 B8 2 4 B 1 5 A0 DGR,
FEEE T S ST IR 0 28 X 4 B ) St 4 S AR A 0 AT B A THT (10 2 = IR P2 S, AT S350 T S I BT ). R
T, %5 FE B Alert-CM SR FH R B R N 2577 28, eI A0 I S B 1) 78 iz o 82 Y P T LA B2 00, 4R ) 7 75 2 s v
AN AR ARSI 37 5.

TEA 7] 77 T, Alert-CM [1J4ENI 18] B 1 FE3~F- 303 45 SR 4 HE B TRD 4 0.024 s, %8 LiDAR [ 0.064 s 1 GRLIA
f10.031 s A EA. RE Alert-CM [FIIZRIT (B K, (LI () 78 R 277 v R OUR 5, BB 2 (E PE T2
Xof S 3 2 A HE R T SR, AT 35S RER 2 T 5 S 7R 28R AR 35 45 Alert-CM 15 52 B B FH A BE % ~F- 1l v
BT S SR, SR S A TSR A R R R
44 RGHIRKBEFAERET S ESEREFTREMFM (RQ3)

T B IRIE R G A B B N S IR T AU T R IS5 G AR AN B, AR SIS
RGBS B P 7T s 2R A HE AT T i, 15 RN R S5 R I R GEARE O I 1 Alert-CM AR B 7E 5 B TRBAT 55
I R 4

WIRTSCHTR, A SCHEH I R SR K E B R AT R M s s, WIS, FUZmu S, 18
FRALFT i HEZFT sUR H & L BAARSRUL, TEEFRT RGUEE A0 = A S B Al S8, AR B IRk
(VAR SRIE . T8 B RN 2, BT ST S E VA R GBI BRI RN 1, BN 5 A7 % R M 4%
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T, W A7 TP s BAH I AE R BRI T DL B, A2 5l Rl JERlsIs W B T

+ Alert-CM_only_app: 1% fr B S5 A, AR 32 00 F 25 B SO N Y TR P 4h R R, S 40 & B SRR T VEAE
R H4 2810 — .

- Alert-CM_no_log: Bk HEFIT Al BHET SURM W, VL% R AR Z B S50 52 R LM Tk

+ Alert-CM_no_metric: FERIBFRAT M. HEZIF A HEF S &M, AT S REM. BT
HAT ST HESESTHE A W, SRR R RRIRE H A A

+ Alert-CM_no_rule: FEBRTIE RN T 5. FaFRLET A0, HEFIT . HET RUAAEIRE, VFl R S s
W P BT A A DGR 2 R A o) 45 SRS I S I R TR0 U T e A A A, R B RS B K B PR AR AL e

FUHT S (1 S8 — 55, V8 Rl S0 o FR AR 58 B T VERAR. BT A WAL S 7 R YR A Alert-CM HIA I
BANGRAE R, IIGREEEUN 100 $8, 22 S FEN 0.003. 25 2 520 Rt WS Fe 45K H NMI Fll ARIL

K 6 IR T 1E R G A B i A R 2R BT S Alert-CM 5 ¥ETE 15 2 A Rt 5 TH VAR 45 5.
Fen] I, Wl FR G0 RO ] P s BR L (R AR 0GR KR D, NMI AT ARI Fa 4535 2 IUEA B 00 T B s, Alert-
CM _only_app A8 PIX A5 84 7 FH 15 A5 110 R0 S N ANEE, NMI AUA 0.640, ART YR 0.352. 3% — 45 JL B i 26 B A AR
S SURE B CH IME B IRE TR 2 B HLAHERA 1 55 EORHE R RO s B IR RAT 55, XM MR RE ) 23 T 1%
R T E BRI RN 2 4R B K. Alert-CM_no_scenario AR Z2 5 1 B 237 5040 A, HACR T BRIE
FER /N, NMI ZEARFE T HIFBS ART FFET 0.062, UiHA N S37 517 SR 22 WS B Bh T 358 i g s R 2k
TR AL ELEE D, Jl DR A SR BEAh, A Alert-CM_no_log. Alert-CM_no_metric A1 Alert-CM_no_rule ffJ45 5
AT, B A 2R GBI R AR T ) T S A T R 2 R, R AR RILE D T RS, o, Alert-
CM_no_rule BT E£FR 7 MAZDUY fm TG IRZE REEIE SMAE 3 oy R IR 2, NMI 1 ARI 4>

BIBEZ 0.693 A 0.421, it — 25 R 5 B M QR Z AL 28 G EUE 19 5 B89 75 8 SRR S54SR A 1) 75 B Rp
=p

[=IPTUN

K6 RAEHRE MR RN RIS B fUS H B R IR A
WARES VARl R NMI ARI
Alert-CM TREAFTE BT 0.901 0.645
Alert-CM_only_app AR B R A 0.640 0.352
Alert-CM_no_scenario TR R A 0.889 0.583
Alert-CM_no_log ERRHET A HEZT A 0.838 0.58
Alert-CM_no_metric EBRFEARA T S HAET AL HEFA A 0.749 0.474
Alert-CM_no_rule FBRTIUERIAT i FrbRH T R, HEN AL HEFA R 0.693 0.421

45 BEETLIRMRAEN (RQ4)

1E TR B, Alert-CM Xl 7 DBSCAN 572, DBSCAN i B 44N B H AN S EC AR ¢ MB/NRE
$ MinPts, 1X P2 00t 28808 HAT BRI, ARIEA% & oo T RIS, 1M B/ A0 JE £ MinPts T 4% il £
AN TR T T I B R AR, R U 2> B R R 2R A RN R

B 7 R T AR ¢ 5F NMI R ART FeAR AR, SEI0ER A, 2 o BV, RBITEE 24670, FERAEH
B, AR PPREARSOR D>, AR, NMI AT AR #6845 535 T B, KA HA = BEA U 5 % Re s 4k 1
ANFA—RE MR, 24 e KRN, BRI TEE Y K, DBSCAN 7] 44 5 2 REA S4B, HEW RS
A REA A A — A TR KR L R RE 2 S 80 NMI A ARI $8FR (05835 F . S2I0 25 R0, 2 ¢ HL 0.4 I,
NMI Hl ART &3 1 B KAE, W UL 4RI 12 e 51T F0T 4 TS EU R AR A A 28I HERA 1, I s B A Ak 1 3R
R

K 8 JE/R T B/ MEAHT MinPts X NMI T ARI (520, MinPts 1% 5 W& T DBSCAN fE R

S FE R A b
PRI FE Y 5L 24 MinPts A4 1 B, DBSCAN 224448 J& TR SRR -1 s M e 75 45 15, Alert-CM X B

LI T A
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VRN SR SEAEBE. BB MinPts {8 93K, B0/ NI 1 SR 2K RT BE 2 i RN, B8 2 (1715 5K i DBSCAN LM 7=
TR, FECARL 2SN BREE. B b, BOCHUBE IR T T AT RE DR 4 e (K A5 S, TR NMIT R B 3
VG, AESEER BT TR, B B AN JE AT BRSO 15 ] BE B R — SR A 2 B, R MinPts B4 1
READFE DR TS5 B0 B R B FE At b, SE A AT 5 S Bm B HT 75 3K

1.0 ¢
ool ~— NMI e
: ARI osl
0.8} - NMI
0.7} 0.7} ARI
0.6} 0.6
iﬁé st & 05}
0.4} R4l
03} 03 L
02} 02+
0.1} 0.1F
" 1 1 1 1 1 1 1 ) O " " " " " )
0.1 02 03 04 05 06 07 0.8 09 1 2 3 4 5 6
ARIRNA% € e/ INEAREL MinPts
7 ARIEAR e 0T R AR s e K8 e/ MEAZL MinPts X152 G M R2

4.6 FHERRM

R Alert-CM 1E 15 B B RAT55 T R I 3B R 35, (BT SRAFAE — 28 = PR 14 55 23— B4k, &5, Alert-CM
SR B 2B I SR 3, 1 R R A B L VI 25 58 B JE TG YR AR I 97 R 5 (1 R 2 R G0 K L ORI R AT Bl R BRI
k. SR1M, 48 SEPRAE =R o, S S R GIEC B S B M558 & RS RN AT AL 2 Bl 5 I T R B AR, S sl
SRIFE T T B J0 1 S B 3 R I 674k, T T 5060 45 480 SR S IR T 1k A e k. DR, AR SR I 007 ) 2 — 2 5 NTE
L5 N, A Alert-CM REBSRFEE MBI AR %2 3], HENES LS4, DUBRBIAN R GBI IE RiReE /), 12
o B TR TR SN AR HE P

HIR, BT Alert-CM R8T 5 2% (1 1 285 1) 22 7~ FHR BE 45 28 R 28 R AT R E SR B SR S A, LU o FE A R #6
B, JCIHAE AR B KA R G HAR BT, IR0 v RE A A B S PR s B IS0, BAR N T BRI 4RI &, BRI gr
B[R] 7E — 52 FERE T2 T DARE 2 19, ABLLE M 5 75 SRR AR AL 1 Tl R85 o, e B2 DI 8 AT AR — AN A5 R Ak
{1 i 7.

5 B %

ASCHEH IR T Alert-CM, —Fhst T B2 S5 BRI A, th T il A — s 51 K i i AR AR 2
HHe J= 1475 5% OCHK, Alert-CM 3 1R AL R G s MO, 00K 75 0 5 AR 40 h 4871 sl IO RG24 T 4
FAMRES, A& T35 B RREZ ). Alert-CM AL FE 730 A T 95 B 5 i 2 $ods 2 A O HOIG &, i il i 76 i
B2 O A B 2 51 5] 5 TR 4 I 5 A TR A i O B )RS 2 R SRR R AL, DX 70 AN [R] AR G B o o R S R
MTIFETH T 75 R RO HERA MR 5 AT S, A SO R A A FOSE T B4 EVFA T Allert-CM HIA RLPEMZR. 5L
ZiRRY], 5EGHEERGBRMEL, Alert-CM fEHER I - BA B Z T, I HAL AL S 3R BENS i 20m
IS, LA U (R S B L P P

B 7 EIRR, Alert-CM & B AT 4 Ji B HEAR X 70 M USR8 0. JRATIt Rl it — B IR R M 583 Allert-CM, A)
Y 22 G 0 M 1] w6 5 0 135 JE DR T o s AR AR SR AT, AT DAy TR T B {3 SRS HE PR A PR 2 W S I — 7
AMUA BT 32 i O R 2 R, IR RENE AE R ST 4R i R 3R Aok SRS, $RTH AR R G T SRR E . )
I, BATDERE B A WA B 2 AR 2 0L Tk RS h PP Alert-CM IACR.



Ak R THEATEINAELRS AAELRET 19
References
[1] Lewis J, Fowler M. Microservices: A definition of this new architectural term. 2014. https://www.martinfowler.com/articles/micro

(2]

(31

(4]

(5]
(6]
(7]
(8]

(9]

[10]

[11]

[12]

[13]

[14]
[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

services.html

Chen JJ, He XT, Lin QW, Xu Y, Zhang HY, Hao D, Gao F, Xu ZW, Dang YN, Zhang DM. An empirical investigation of incident triage
for online service systems. In: Proc. of the 41st IEEE/ACM Int’l Conf. on Software Engineering: Software Engineering in Practice (ICSE-
SEIP). Montreal: IEEE, 2019. 111-120. [doi: 10.1109/ICSE-SEIP.2019.00020]

Chen ZB, Kang Y, Li LQ, Zhang X, Zhang HY, Xu H, Zhou YF, Yang L, Sun J, Xu ZW, Dang YN, Gao F, Zhao P, Qiao B, Lin QW,
Zhang DM, Lyu MR. Towards intelligent incident management: Why we need it and how we make it. In: Proc. of the 28th ACM Joint
Meeting on European Software Engineering Conf. and Symp. on the Foundations of Software Engineering. ACM, 2020. 1487-1497. [doi:
10.1145/3368089.3417055]

Lou JG, Lin QW, Ding R, Fu Q, Zhang DM, Xie T. Software analytics for incident management of online services: An experience report.
In: Proc. of the 28th IEEE/ACM Int’l Conf. on Automated Software Engineering. Silicon Valley: IEEE, 2013. 475-485. [doi: 10.1109/
ASE.2013.6693105]

Loki: Like Prometheus, but for logs. 2025. https://github.com/grafana/loki/

Grafana Labs. Grafana Tempo. 2025. https://grafana.com/oss/tempo/

Prometheus. 10. Prometheus. 2025. https://prometheus.io/

Chen ZB, Liu JY, Su YX, Zhang HY, Wen XM, Ling X, Yang YQ, Lyu MR. Graph-based incident aggregation for large-scale online
service systems. In: Proc. of the 36th IEEE/ACM Int’l Conf. on Automated Software Engineering. Melbourne: IEEE, 2021. 430-442.
[doi: 10.1109/ASE51524.2021.9678746]

Chen YJ, Yang X, Dong H, He XT, Zhang HY, Lin QW, Chen JJ, Zhao P, Kang Y, Gao F, Xu ZW, Zhang DM. Identifying linked
incidents in large-scale online service systems. In: Proc. of the 28th ACM Joint Meeting on European Software Engineering Conf. and
Symp. on the Foundations of Software Engineering. ACM, 2020. 304-314. [doi: 10.1145/3368089.3409768]

Chen J, Wang P, Wang W. Online summarizing alerts through semantic and behavior information. In: Proc. of the 44th Int’l Conf. on
Software Engineering. Pittsburgh: ACM, 2022. 1646-1657. [doi: 10.1145/3510003.3510055]

Zhao NW, Chen JJ, Peng X, Wang HL, Wu XY, Zhang YZ, Chen ZK, Zheng XZ, Nie XH, Wang G, Wu Y, Zhou F, Zhang WC, Sui K,
Pei D. Understanding and handling alert storm for online service systems. In: Proc. of the 42nd ACM/IEEE Int’l Conf. on Software
Engineering: Software Engineering in Practice. Seoul: ACM, 2020. 162—171. [doi: 10.1145/3377813.3381363]

Lin D, Raghu R, Ramamurthy V, Yu J, Radhakrishnan R, Fernandez J. Unveiling clusters of events for alert and incident management in
large-scale enterprise it. In: Proc. of the 20th ACM SIGKDD Int’l Conf. on Knowledge Discovery and Data Mining. New York: ACM,
2014. 1630-1639. [doi: 10.1145/2623330.2623360]

Ester M, Kriegel HP, Sander J, Xu XW. A density-based algorithm for discovering clusters in large spatial databases with noise. In: Proc.
of the 2nd Int’l Conf. on Knowledge Discovery and Data Mining. Portland: AAAI Press, 1996. 226-231.

Mikolov T, Chen K, Corrado G, Dean J. Efficient estimation of word representations in vector space. arXiv:1301.3781, 2013.

Mikolov T, Grave E, Bojanowski P, Puhrsch C, Joulin A. Advances in pre-training distributed word representations. arXiv:1712.09405,
2017.

Mikolov T, Sutskever I, Chen K, Corrado G, Dean J. Distributed representations of words and phrases and their compositionality. In:
Proc. of the 27th Int’l Conf. on Neural Information Processing Systems. Lake Tahoe: Curran Associates Inc., 2013. 3111-3119.

Cui YM, Che WX, Liu T, Qin B, Wang SJ, Hu GP. Revisiting pre-trained models for chinese natural language processing. In: Findings of
the Association for Computational Linguistics: EMNLP 2020. ACL, 2020. 657-668. [doi: 10.18653/v1/2020.findings-emnlp.58]

Yin ZS, Chen J, Wang P, Wang W. Alert stream compression method based on representation learning. Computer Applications and
Software, 2024, 41(7): 34-41 (in Chinese with English abstract). [doi: 10.3969/j.issn.1000-386x.2024.07.006]

Aggarwal CC, Han JW, Wang JY, Yu PS. A framework for clustering evolving data streams. In: Proc. of the 29th Int’l Conf. on Very
Large Data Bases. Berlin: VLDB Endowment, 2003. 81-92.

Wang WJ, Chen JJ, Yang L, Hou DJ, Wang XK, Wu FD, Zhang RZ, Wang Z. Network-side alert prioritization method based on
multivariate data fusion. Ruan Jian Xue Bao/Journal of Software, 2024, 35(8): 3610-3625 (in Chinese with English abstract). http://www.
jos.org.cn/1000-9825/7118.htm [doi: 10.13328/j.cnki.jos.007118]

Sun ZJ, Li XY, Sun XF, Meng YX, Ao X, He Q, Wu F, Li JW. ChineseBERT: Chinese pretraining enhanced by glyph and pinyin
information. In: Proc. of the 59th Annual Meeting of the Association for Computational Linguistics and the 11th Int’l Joint Conf. on
Natural Language Processing (Vol. 1: Long Papers). ACL, 2021. 2065-2075. [doi: 10.18653/v1/2021.acl-long.161]

Siffer A, Fouque PA, Termier A, Largouet C. Anomaly detection in streams with extreme value theory. In: Proc. of the 23rd ACM


https://www.martinfowler.com/articles/microservices.html
https://www.martinfowler.com/articles/microservices.html
https://doi.org/10.1109/ICSE-SEIP.2019.00020
https://doi.org/10.1109/ICSE-SEIP.2019.00020
https://doi.org/10.1109/ICSE-SEIP.2019.00020
https://doi.org/10.1145/3368089.3417055
https://doi.org/10.1109/ASE.2013.6693105
https://doi.org/10.1109/ASE.2013.6693105
https://github.com/grafana/loki/
https://grafana.com/oss/tempo/
https://prometheus.io/
https://doi.org/10.1109/ASE51524.2021.9678746
https://doi.org/10.1145/3368089.3409768
https://doi.org/10.1145/3510003.3510055
https://doi.org/10.1145/3377813.3381363
https://doi.org/10.1145/2623330.2623360
https://doi.org/10.18653/v1/2020.findings-emnlp.58
https://doi.org/10.18653/v1/2020.findings-emnlp.58
https://doi.org/10.18653/v1/2020.findings-emnlp.58
https://doi.org/10.3969/j.issn.1000-386x.2024.07.006
https://doi.org/10.3969/j.issn.1000-386x.2024.07.006
https://doi.org/10.3969/j.issn.1000-386x.2024.07.006
http://www.jos.org.cn/1000-9825/7118.htm
http://www.jos.org.cn/1000-9825/7118.htm
http://www.jos.org.cn/1000-9825/7118.htm
http://www.jos.org.cn/1000-9825/7118.htm
https://doi.org/10.13328/j.cnki.jos.007118
https://doi.org/10.18653/v1/2021.acl-long.161
https://doi.org/10.18653/v1/2021.acl-long.161
https://doi.org/10.18653/v1/2021.acl-long.161

20

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]
[41]

[42]
[43]

[44]

R R Sy

SIGKDD Int’l Conf. on Knowledge Discovery and Data Mining. Halifax: ACM, 2017. 1067-1075. [doi: 10.1145/3097983.3098144]
Keogh E, Ratanamahatana CA. Exact indexing of dynamic time warping. Knowledge and Information Systems, 2005, 7(3): 358-386.
[doi: 10.1007/510115-004-0154-9]

Zhao NW, Jin PS, Wang LX, Yang XQ, Liu R, Zhang WC, Sui KX, Pei D. Automatically and adaptively identifying severe alerts for
online service systems. In: Proc. of the 2020 IEEE Int’l Conf. on Computer Communications. Toronto: IEEE, 2020. 2420-2429. [doi: 10.
1109/INFOCOM41043.2020.9155219]

Sutskever I, Vinyals O, Le QV. Sequence to sequence learning with neural networks. In: Proc. of the 28th Int’l Conf. on Neural
Information Processing Systems (Vol. 2). Montreal: MIT Press, 2014. 3104-3112.

Chen YR, Zhang CX, Dong Z, Yang DY, Peng X, OulJY, Yang H, Wu ZS, Qu XJ, Li W. Dynamic graph neural networks-based alert link
prediction for online service systems. In: Proc. of the 38th IEEE/ACM Int’l Conf. on Automated Software Engineering (ASE).
Luxembourg: IEEE, 2023. 79-90. [doi: 10.1109/ASE56229.2023.00177]

Blondel VD, Guillaume JL, Lambiotte R, Lefebvre E. Fast unfolding of communities in large networks. Journal of Statistical Mechanics:
Theory and Experiment, 2008, 2008(10): P10008. [doi: 10.1088/1742-5468/2008/10/P10008]

Wang YH, Li GZ, Wang ZJ, Kang Y, Zhou YF, Zhang HY, Gao F, Sun J, Yang L, Lee P, Xu ZW, Zhao P, Qiao B, Li LQ, Zhang X, Lin
QW. Fast outage analysis of large-scale production clouds with service correlation mining. In: Proc. of the 43rd IEEE/ACM Int’l Conf. on
Software Engineering (ICSE). Madrid: IEEE, 2021. 885-896. [doi: 10.1109/ICSE43902.2021.00085]

Scarselli F, Gori M, Tsoi AC, Hagenbuchner M, Monfardini G. The graph neural network model. IEEE Trans. on Neural Networks, 2009,
20(1): 61-80. [doi: 10.1109/TNN.2008.2005605]

Hamilton WL, Ying R, Leskovec J. Inductive representation learning on large graphs. In: Proc. of the 31st Int’l Conf. on Neural
Information Processing Systems. Long Beach: Curran Associates Inc., 2017. 1025-1035.

Zhang ZW, Cui P, Zhu WW. Deep learning on graphs: A survey. arXiv:1812.04202, 2020.

Morris C, Ritzert M, Fey M, Hamilton WL, Lenssen JE, Rattan G, Grohe M. Weisfeiler and leman go neural: Higher-order graph neural
networks. In: Proc. of the 33rd AAAI Conf. on Artificial Intelligence. Honolulu: AAAI, 2019. 4602-4609. [doi: 10.1609/aaai.v33i01.
33014602]

Hassani K, Khasahmadi AH. Contrastive multi-view representation learning on graphs. In: Proc. of the 37th Int’l Conf. on Machine
Learning. PMLR, 2020. 4116-4126.

Park J, Lee M, Chang HJ, Lee K, Choi JY. Symmetric graph convolutional autoencoder for unsupervised graph representation learning.
In: Proc. of the 2019 IEEE/CVF Int’l Conf. on Computer Vision. Seoul: IEEE, 2019. 6518-6527. [doi: 10.1109/ICCV.2019.00662]

Shiao W, Saini US, Liu YZ, Zhao T, Shah N, Papalexakis EE. CARL-G: Clustering-accelerated representation learning on graphs. In:
Proc. of the 29th ACM SIGKDD Conf. on Knowledge Discovery and Data Mining. Long Beach: ACM, 2023. 2036-2048. [doi: 10.1145/
3580305.3599268]

Rousseeuw PJ. Silhouettes: A graphical aid to the interpretation and validation of cluster analysis. Journal of Computational and Applied
Mathematics, 1987, 20: 53-65. [doi: 10.1016/0377-0427(87)90125-7]

Lenssen L, Schubert E. Clustering by direct optimization of the medoid silhouette. In: Proc. of the 15th Int’l Conf. on Similarity Search
and Applications. Bologna: Springer, 2022. 190-204. [doi: 10.1007/978-3-031-17849-8 15]

Hruschka ER, de Castro LN, Campello RIGB. Evolutionary algorithms for clustering gene-expression data. In: Proc. of the 4th IEEE Int’l
Conf. on Data Mining (ICDM 2004). Brighton: IEEE, 2004. 403—406. [doi: 10.1109/ICDM.2004.10073]

Paszke A, Gross S, Massa F, Lerer A, Bradbury J, Chanan G, Killeen T, Lin ZM, Gimelshein N, Antiga L, Desmaison A, Kopf A, Yang
E, DeVito Z, Raison M, Tejani A, Chilamkurthy S, Steiner B, Fang L, Bai JJ, Chintala S. PyTorch: An imperative style, high-
performance deep learning library. In: Proc. of the 33rd Int’l Conf. on Neural Information Processing Systems. Vancouver: Curran
Associates Inc., 2019. 8026-8037.

Fey M, Lenssen JE. Fast graph representation learning with PyTorch Geometric. arXiv:1903.02428, 2019.

Vinh NX, Epps J, Bailey J. Information theoretic measures for clusterings comparison: Is a correction for chance necessary? In: Proc. of
the 26th Annual Int’l Conf. on Machine Learning. Montreal: ACM, 2009. 1073-1080. [doi: 10.1145/1553374.1553511]

Hubert L, Arabie P. Comparing partitions. Journal of Classification, 1985, 2(1): 193-218. [doi: 10.1007/BF01908075]

Grover A, Leskovec J. node2vec: Scalable feature learning for networks. In: Proc. of the 22nd ACM SIGKDD Int’l Conf. on Knowledge
Discovery and Data Mining. San Francisco: ACM, 2016. 855-864. [doi: 10.1145/2939672.2939754]

Perozzi B, Al-Rfou R, Skiena S. DeepWalk: Online learning of social representations. In: Proc. of the 20th ACM SIGKDD Int’l Conf. on
Knowledge Discovery and Data Mining. New York: ACM, 2014. 701-710. [doi: 10.1145/2623330.2623732]


https://doi.org/10.1145/3097983.3098144
https://doi.org/10.1007/s10115-004-0154-9
https://doi.org/10.1007/s10115-004-0154-9
https://doi.org/10.1007/s10115-004-0154-9
https://doi.org/10.1007/s10115-004-0154-9
https://doi.org/10.1007/s10115-004-0154-9
https://doi.org/10.1007/s10115-004-0154-9
https://doi.org/10.1007/s10115-004-0154-9
https://doi.org/10.1109/INFOCOM41043.2020.9155219
https://doi.org/10.1109/INFOCOM41043.2020.9155219
https://doi.org/10.1109/ASE56229.2023.00177
https://doi.org/10.1088/1742-5468/2008/10/P10008
https://doi.org/10.1088/1742-5468/2008/10/P10008
https://doi.org/10.1088/1742-5468/2008/10/P10008
https://doi.org/10.1109/ICSE43902.2021.00085
https://doi.org/10.1109/TNN.2008.2005605
https://doi.org/10.1609/aaai.v33i01.33014602
https://doi.org/10.1609/aaai.v33i01.33014602
https://doi.org/10.1109/ICCV.2019.00662
https://doi.org/10.1145/3580305.3599268
https://doi.org/10.1145/3580305.3599268
https://doi.org/10.1016/0377-0427(87)90125-7
https://doi.org/10.1016/0377-0427(87)90125-7
https://doi.org/10.1016/0377-0427(87)90125-7
https://doi.org/10.1016/0377-0427(87)90125-7
https://doi.org/10.1016/0377-0427(87)90125-7
https://doi.org/10.1007/978-3-031-17849-8_15
https://doi.org/10.1007/978-3-031-17849-8_15
https://doi.org/10.1007/978-3-031-17849-8_15
https://doi.org/10.1007/978-3-031-17849-8_15
https://doi.org/10.1007/978-3-031-17849-8_15
https://doi.org/10.1007/978-3-031-17849-8_15
https://doi.org/10.1007/978-3-031-17849-8_15
https://doi.org/10.1007/978-3-031-17849-8_15
https://doi.org/10.1007/978-3-031-17849-8_15
https://doi.org/10.1109/ICDM.2004.10073
https://doi.org/10.1145/1553374.1553511
https://doi.org/10.1007/BF01908075
https://doi.org/10.1145/2939672.2939754
https://doi.org/10.1145/2623330.2623732

Ak R THEATEINAELRS AAELRET 21

Mt 325 30k
[18] MI4RA:, Bk, M5, VE T, BT 3R 50 1 o B 0l o e 4 55032 v SR 5 4, 2024, 41(7): 34-41. [doi: 10.3969/j.issn.1000-
386x.2024.07.006]

[20] E4kvl, BRfRyh, Bk, GepEfR, £, R, FKIEWE, £ LT 2 o Rl & 1 M 4500 & B HE R TV, AT AR, 2024, 35(8):
3610-3625. http://www.jos.org.cn/1000-9825/7118.htm [doi: 10.13328/j.cnki.jos.007118]

EEEN

FfRax, il -b/E, RO OUOR 2 U, R ez gt

STE, Al b, 3 SR AU & SRR, R IE 4.

SRR, ML, BIHER, CCF Tlkex i, REWFGHON R iz, z A, AR

B3, ML, B, WL/ BT, CCF AN 2 i, BTSSR R IT &, IR A S8 Rl 4, 2 fE vH S R 4t
M, W1, B, CCF £k ), EEBH AU RS AL PAEIHEREILIL, 2 AR i gk
T, AR, LEBIFGUONE GEEE, AR,

SRIFERR, W2, BT U B R AL 2, PDRII B AR

K, W, RSO B e IS 4, AT EOAR

BREESE, Wl b/, BRSO B RIS 4, WA,

PRURER, AR, F: R TGO B S BOR 5 B


https://doi.org/10.3969/j.issn.1000-386x.2024.07.006
https://doi.org/10.3969/j.issn.1000-386x.2024.07.006
https://doi.org/10.3969/j.issn.1000-386x.2024.07.006
http://www.jos.org.cn/1000-9825/7118.htm
http://www.jos.org.cn/1000-9825/7118.htm
http://www.jos.org.cn/1000-9825/7118.htm
https://doi.org/10.13328/j.cnki.jos.007118

	1 相关工作
	2 基础知识
	2.1 告警管理过程
	2.1.1 监控指标配置
	2.1.2 预警规则设置与汇总
	2.1.3 应急场景分配
	2.1.4 异常告警上报
	2.1.5 告警处理


	3 基于图表示学习的告警聚类方法
	3.1 系统数据依赖图构建和与告警间的依赖关系提取
	3.1.1 系统数据依赖图构建
	3.1.2 告警与系统数据依赖图中节点间的关联关系提取

	3.2 基于轮廓系数的图表示学习模型训练
	3.3 告警聚类

	4 实验分析
	4.1 实验设置
	4.1.1 实验数据集
	4.1.2 评估指标
	4.1.3 对比方法

	4.2 与现有方法在告警聚类有效性方面的对比(RQ1)
	4.2.1 案例分析
	4.2.2 与 Alert-CM 的无监督训练版本方法在告警聚类有效性方面的对比
	4.2.3 与现有基准方法在告警聚类有效性方面的比较

	4.3 与现有方法在告警聚类效率方面的对比(RQ2)
	4.4 系统数据依赖图中不同类型节点对告警聚类有效性的影响(RQ3)
	4.5 超参数对于实验效果的影响(RQ4)
	4.6 方法局限性

	5 总　结
	参考文献

