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Multi-step prediction and online anomaly monitoring system for
application performance based on an improved Informer
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Abstract: For volatile multi-metric application performance time series in cloud-native environments, we propose an
integrated forecasting and monitoring method and system based on an enhanced Informer. At the encoder side, context-
aware reversible normalization (CA-RevIN) is introduced to mitigate distribution shifts. while multi-frequency band
convolutional enhancement ( MFBCEM) and long-term dependency aggregation (LTA) are used for multi-scale
modeling. A generative decoder produces multi-step forecasts. On the system side, a closed-loop architecture is built
for data acquisition, feature governance, inference and alerting. Peaks-over-threshold (POT) and adaptive residual
thresholds enable hierarchical anomaly detection and early warning. Experiments on public datasetsand real production
data show that the proposed approach outperforms LSTM, GRU and the vanilla Informer in multi-step prediction
accuracy and stability, while reducing false positives and missed detections.
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PEI : Rnd 5 FastStorage, Rnd A% s S I 8 i L 2 4204,
{HJE FastStorage W BT RLHE . T A0 QB0 24/48/96. 3
UEER W] MAF/MSF/RMSED X 2L B ARIMA
LSTM,GRU,Informer™ | Crossformer™ ,FEDformer"" )
K CL-Informer™ , A 3¢ )7 1% A Informer-RevMF, E. &5z
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Table 1 Comparison of prediction results on the Rnd dataset

B o b i‘ﬁ‘f)ﬂﬂ K ﬁ‘l‘f}ﬂﬂ DN i‘ﬁ‘fﬂﬂﬂi‘ K
A 24 A 48 H 96
MAE 0. 890 0.962 1.103
ARIMA MSE 1. 288 1. 415 1. 632
RMSE  1.135 1. 189 1. 278
MAE 0.743 0. 801 0. 905
LSTM MSE 1. 021 1.132 1. 282
RMSE  1.010 1. 064 1.133
MAE 0.718 0. 779 0.872
GRU MSE 0.986 1.098 1. 256
RMSE  0.993 1. 048 1. 121
MAE 0. 682 0. 747 0. 843
Informer MSE 0.902 1. 012 1. 189
RMSE  0.949 1. 006 1. 091
MAE 0. 564 0. 667 0. 811
Crossformer MSE 0. 589 0.742 1. 048
RMSE  0.768 0. 861 1. 024
MAE 0.528 0. 604 0.751
FEDformer MSE 0. 545 0.695 0.992
RMSE  0.738 0. 834 0.996
MAE 0.512 0. 634 0. 825
CL-Informer MSE 0.520 0.769 1. 181
RMSE  0.721 0. 877 1. 087
MAE 0. 489 0. 601 0.725
Informer-RevMF  MSE 0.511 0.671 0.911
RMSE  0.715 0. 819 0.953

JL F BitbrainsGWA-T #4454 ) Rnd 55 FastStorage
G 4% TR A5, AR SCAE 24,48 FI 96 2B 3 RPN B KT,
ARIMA . LSTM, GRU, Informer, Crossformer, FEDformer.

Table 2 Comparison of prediction results on the

FastStorage dataset

SRR S TRIIE 2 SIS VTR EI S N

PR ER 7 % 24 5 18 W 96
MAE 0. 801 0. 866 0.993

ARIMA MSE 1. 159 1. 274 1. 469
RMSE 1. 077 1.129 1.212

MAE 0. 654 0. 705 0.796

LSTM MSE 0. 898 0. 996 1.128
RMSE 0. 948 0. 998 1. 062

MAE 0.632 0. 686 0.767

GRU MSE 0. 868 0. 996 1. 105
RMSE 0.932 0.983 1. 051

MAE 0. 587 0. 642 0.725

Informer MSE 0.776 0. 870 1.023
RMSE 0. 881 0.933 1.011

MAE 0.479 0. 567 0. 689

Crossformer MSE 0.501 0. 631 0. 891
RMSE 0.708 0.794 0. 944

MAE 0. 449 0.513 0.638

FEDformer MSE 0.463 0.591 0. 843
RMSE 0. 680 0. 769 0.918

MAE 0.412 0.783 0.632

CL-Informer MSE 0. 389 1. 452 0.769
RMSE 0.624 1. 205 0.877

MAE 0. 401 0.493 0. 594
Informer-RevMF  MSE 0.419 0. 550 0.747
RMSE 0. 647 0.742 0. 864

CL-Informer 54 st #E# H Informer-RevMF # 47 T &
GEVEIN L PR R A ROH — 4R )R ) MAE . MSE 5 RMSE, 4}
SR B TR 25 R 10, 45 4 T 54 2 B B B A, HL 3
HEbR 2 0] (9 56 R AF A B i — B0k A I A R 8 T B R
BEHERF R 558 2, KR N Informer-RevMF , CL-Informer.
FEDformer. Crossformer, Informer. GRU 5 LSTM (K F
M 5 A ARIMA, #H% F JE G Informer, Informer-
RevMF 7£ Rod #3126 MAE 43 5 FE A 13.3%.9. 9% Al
10. 6% » MSE 43 HIFEAE 13. 2%6.9. 6 %0 F1 13. 1% ; =273
MAE 1 0. 681 &= 0. 605, =4 # MSE H 0.793 [ &
0. 698, 7 FastStorage #1i# [, Informer-RevMF ) MAE
W 73 51 16. 306,13, 126 F1 13. 826 - MSE [ i 73 51l 2
16.4% .12. 86l 16. 204 ; = F 1 MAE 1 0.578 [ =
0.496, = F-¥) MSE H 0. 674 [ % 0. 572,
5 3 F R E MM KT Transformer 3£k Crossformer,
FEDformer #ll CL-Informer # tt , Informer-RevMF 7£ Rnd
5 FastStorage W & L il | 34K 4 37 &% . Crossformer
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55 FEDformer 4343 T 15 4k 5 AR 1 2 A5 R 551 4 44 5 7
S N AR AR T A BOE B MSE 38 B R TR
1f Informer, (HAE K 25 T (A 96 26 B R 25 15 A 4 P 2R
5 CL-Informer 3 i3 /N 2 R 95 i 7 FastStorage 24
AR T Y AR A9 25 MSE (0. 389) , 1 BH A 451 14 58 %f
L B ) S B T LA — s P B BTE R B Y Rnd #
WA N AT AR e MR I . 48/96 25 MSE B i & T
FEDformer fil Informer-RevMF, iRUFIERI, 3T CA-
RevIN (434 % ¢ \MFBCEM 1) £ 05 BEd a8 5 LTA K
BRI R A REAE P IR 42 T 7 51 22 245 B0 i) A e 1k 5 1
i, LA R A TR R R A
3.2 HBLIIS

TE TR X L SE 3G H 40 Informer-RevMF 7E 4525 K R
WS T P AR AR T U AR P O op 3R 0 AR Y
RaEdSE s, T — 50 IR b & BRI
ST BT 5 P R AR A AR AH ) 52 56 2% 4 R T R T3 Al
Sehy . i it B 4 5] A CA-RevIN, MFBCEM 5 LTA X
3 AN U BB, o S A6 B AT R A TR F0IORY B A0 4 g
JIH M 4878 Informer-RevMF PERE$2 T} 4 N 7E AL FE , 52
WREE Rk 3.4 FiR,

®3 Rnd HEEHHEBLG R
Table 3 Ablation study results on the Rnd dataset

B SR B AR

o i
- T mee mas Wos
MAE 0. 564 0. 667 0.811
Informer MSE 0.589 0.742 1. 048
RMSE 0.767 0. 861 1. 024
MAE 0.538 0. 641 0.783
+CA-RevIN MSE 0.565 0.711 1.012
RMSE 0.752 0. 843 1. 006
MAE 0.516 0.620 0.761
+CA-RevIN—+
MSE 0. 545 0. 690 0. 980
MFBCEM
RMSE 0.738 0. 831 0.990
MAE 0. 489 0.601 0.725
+CA-RevIN—+
MSE 0.511 0.671 0.911
MFBCEM-+LTA
RMSE 0.715 0. 819 0. 954

HETFWAWEMERTUMRHE - Rad 5
FastStorage P4 HLil L . M FE 2k Informer H & KRB A
CA-RevIN.MFBCEM 5 LTA 1% 22 % & . 50 18 Mo K& A1
HiX—fasaE 3 MK L Msr. 56, CA-RevIN 3%
G T s B A S5 REERRS , X R S K R H A D
Rnd A #, 24 # MAE W 0.564 &£ 0.538, RMSE
0.767 (&% 0.752;1F FastStorage I,24 £ MAE i 0. 479
MZ 0.452, RMSE (1 0.708 & & 0.688, H . fm A
MFBCEM J& %} 15 5 3t 3h 5 )7 38 28 & 14 %) 1 i — 25 38 0

o« D7 .

% 4 TFastStorage HIFERH L RTLL
Table 4 Ablation study results on the FastStorage dataset

B WK B K

fEL Al =

T o mas ke
MAE 0.479 0.567 0. 689
Informer MSE 0.501 0.631 0. 891
RMSE 0.708 0.794 0.944
MAE 0.452 0.536 0. 650
+CA-RevIN MSE 0.473 0.596 0.842
RMSE 0. 688 0.772 0.918
MAE 0.435 0.514 0.620

+CA-RevIN—+
MSE 0. 458 0.575 0. 806

MFBCEM

RMSE 0.677 0. 758 0. 898
MAE 0.401 0.493 0.594

+CA-RevIN+
MSE 0.419 0. 550 0.747

MFBCEM+LTA

RMSE 0. 647 0.742 0. 864

BRZEYELL T B . Rnd 1 48 2 MAE h 0. 641 F£ % 0. 620,
FastStorage [ 96 22 RMSE 1 0. 918 f&Z 0. 898, /5 »
BIA LTA 58 B i, %K 2 A0 9 0 B f 1 ok 3 i
S :Rnd 19 96 2 RMSE H 0. 990 #— L& & 0. 954,
FastStorage fJ 96 £ RMSE f 0. 898 [% % 0. 864, R LN
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Fig. 9 Prediction results
WAmZE . XF Rod 19 3 4~ H 40 9Ca) ~ (o) s, fE A fig fﬁﬁggggggg
p i N . . 150
A A T b A B 3 4 0 1 B0 B RD A S TRTYE TR A L (E Y 1251 ‘
A7 VAR IR BEARAN 5 L TR B2 S0 J5 MR AT A B4, TR E%;{ 100 , ‘ ' HM l il |
2 g = vy Po o ! | ‘ il 1 | !
T R T AR B W By T LR B AL '
I e 1 1A |
PUA BN FERE W 7 A 33 . FastStorage (19 1 4~ H 0 2 s u Wi AR b |l
F 9Cd) U 36 U Oy % v T 15 92 W0 7 0 (8 2 4 JL T [ ¥ o}
A9 U (G A R 82 AR %4 Rnd 8 980 2% 04 0 4 oF 0 By 0 os o 0
s PR R B T LA SR . SRS, FK/d

J5 ikt R A5 TR A B A 0 20 A E IR EE P ER K
23 U 14 WL T I B 3 45 2228 [l U3 7 A 35 U8 30 1Y) i A
i 2= FRAE

3.4 SEHLIEE

TEBT O AL ST AP A 7 S R I i) 25 01 55 i 26 R
VIR P R4 (e S R R U 2 %0 i BE 7 . B % AE JE
HR I Y RPN A B AR PR B 3 Ak 0 T R R AR 5 58 R i
HEUEFE BitbrainsGWA-T A58 AU I 7 L L F b 1Y
Al F % Informer-RevMF #%5 & A WF s KA M E L&
T HE R 55, 3 0o B 45 R 4B 1Y S BROE AT B0 AR AT S I
AR SOR W A FR 55 v SR AR AR B CPU i F 26 4 B 34
P AT T IO 43 AT o 30 2o K I 25 R A S o O 0 {7 4
) 5 B - R AT X b, T LA 4 T b VA S AR S I B f 2
T B4 Ry IE NP 2k A B LA B X AR i U L B IR B
H1. MREERWME 10 FiR,

W RREIRAS I ] CPU i F R 25 45 b5, &8 5 B 46
YR — B0 8 Yk 5 4 o0 30 2 A B 432 98 2 e A5 2 AR
48.96 25 25 T 5 PF i i B A~ 2 o5 9 U 5 H A ) 1)
BTS2 W % 5%, 344 MAE, MSE, RMSE 45 5% 2% 45 4% .
T 2 G0 IR s R AR X R, P AR 45 5 5 A

10 Scbr CPU fdf 3 5 B 245 58 42 i 380t L
Fig. 10 Actual CPU utilizationvs predictions—fulltime-

domain comparison

W AR SCHE B T AR R 1] Hp 45 95 0 X [ A4 8 3 0k AR R
BESE . i 11 fioR,

i 11 Ca) PR FE R s BT AN T, T X {8 5 5200 h
LEARES, FIIERR SR/ NER R MERE N, BF
DX R 45 o W S5 L7 35 B8 L AR A B K 296 A X TR AN A il
QU TR HH FAM M, IR BLIAE 48 253X — b 55 8 Y
VRO N, B I R i P 2 S R R R
FTAERR v 5aEE ., miE 11 AT, Y
AN KPR BB R L I 96 25, IX (A S 8 B 2 A S
1 S, TN AT e GE Bl 5L 2k 5 2 B0k 3 (A X # A R R
B R A A RS AICA DA R T A B R SR R 25 . R
R RN F T2 K, 5 K S B 3R 22 R E ORI
T T, X RWIERDIMEG T AR R R 3
AT BRAE D R ST 0 R L3S A S B 0 B vk Bk
FH S TE 53 9 TV 5 $2 1 T 70

BB SRR S B 2 M 1 e — B AL RS
JEH B 43 B e 20 8 7, % e D Bl 5 TR R O 0 R R I

. 23 .



5549 % L L I S
— Actual(FastStorage) 45
307 Predicted mean 10 - }ércetgiz::lt(ginl(rjl)ean
SOt
i 28 95% interval - 05% interval
S 26 Eﬁ 35
H 2 E 30
e 8
"\g 53 > 2
o O 20
“ o8 s
16
0 50 100 150 200 250 300 0 50 100 150 200 250 300
$KMh $Km
(a) TR 45 R i =48 (b) TS5 R4 i H=96
(a) The prediction result output horizon is set to /=48 (b) The prediction result output horizon is set to /=96
Bl 11 % H el
Fig. 11 Windowing example
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