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TSifter: Dimention Reduction of Time Series Data
for Quick Diagnosis of Performance Issues in Microservices
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Abstract: The scale of Web services is growing day by day due to the development of functions over the
years, making it difficult for software developers to change the software. Therefore, microservices architec-
ture that decomposes and distributes monolithic applications has become widespread to facilitate software
changes. However, as the number of system components increases due to the adoption of the microservices
architecture, the number of metrics, which are indicators of system performance in time-series format, in-
creases. This makes it difficult for system administrators to diagnose the cause of the anomalies because
of the lack of comprehensive visibility of metrics when the system performance issues occur. In the prior
methods, the propagation path of anomalies in the system is inferred by discovering causal structure between
metrics across multiple components. However, since the number of metrics used for diagnosis is limited,
metrics closer to the cause may be excluded from the inference results. In this paper, we propose TSifter,
a method to reduce the dimensionality of all observed metrics to extract useful metrics for the diagnosis of
performance issues comprehensively. TSifter extracts only metrics that strongly represent the characteristics
of anomalies by clustering metrics based on their shape similarity after excluding stationary metrics. With
this method, even if the number of metrics is large, useful metrics suitable for diagnosing anomalies can be
extracted each time. Experiments injecting failures into a microservices testbed environment confirmed that
TSifter performed more than 270 times faster than the baseline method while having comparable performance
in terms of accuracy and dimension reduction rate.
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kubernetes-engine

Sock Shop: https://microservices-demo.github.io/
Prometheus: https://prometheus.io/

*4 Locust: https://locust.io/

*5  stress-ng: https://kernel.ubuntu.com/~cking/stress-ng/
*6 tc: https://linux.die.net/man/8/tc

*2
*3
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BUEDNEWEDZRELI-DOBIZ, KRITFTAZY v
J'Fik k-Shape [21] & VT, REERERE I LI12F ORELE
%@%@é?%&<%?ﬁ%Xvaﬁ%mﬁbfw
Sieve DEH 5 1%, FFEDOMHRREFEIINT S /XTL\(D%
ﬂ%%&?éibi,%mkﬁ%zzTALﬁbf%%%
EBEMTANEEMET S22 LY, EEMICRHET
BBV AT LORHEHIBT I L2 HIWE LTWA., K
MEDOHW L IXRL 2, RO BIZH LA AT
ETHH DR 2 i 5.

TSifter ENX—R 54 Y FEDERE WFiEL 12 Python
BRWTHEE L~ TSifter IZEWT, ADFREIZEITS

FKHENY 0.05, BEFREEEICEBIY B2 T A X B DR
DORFIMEIX 0.01 ZFH Wz, CPU D~ ILF I 72 & % &AL
D=z, WFELHIZ, 2EROFEFRHANDOFLENE
mﬁz&%,Eb_mﬁ®&wméﬁﬁxﬁtﬁ%b,7
NFTav ATUEET S K 5 IFEEL /-,

FEfIEHE TSifter DEMEIZ, A NV Y IDIFTARY v
THBIZFERA MYy ZDEEFEI NN 223D B, Dk
T, YORERTHIHRTE TCWE 22 RTIRTHIER
1 M D B A S IR ST I ALEE D FE £ 7 REFE] D FAifl S 6 B &
B5. FTDEOILET, SWMEEEARDOA N v 7 %K
B U 78553, Efgemb A MY v (AR, IEfEA MY v
729 5) DRICHIBEIZIRE LT\ 5 D9 % TSifter & X—
174/$&@ﬁ%fm%%%nﬁé Wz, WICHIRE

LT 572012, BRET —Z2IZBIF5 XA MY vy 7O
ﬁmﬁ%%N—X74/$&k%fTé.mﬁu,ﬁﬁ%
IS 572012, FREDBES —Aiz8\W\WT, CPU T

BOMEME, A MY ZEOBERIZ LT, oI
DEITRHDOEAb 2 MR T 5. FEATREDOEHHIEE LU T,
TSifter Ti& 5 BT U7 dE RO EHEEZ A L7z, X—
A4 VFETIE, FETRMOAEGICED, 1EEITLE
FEROMEZ AL 2.

EHSHPEHT S GitHub YU RY UL, TARRY
NERBEDMFE L FERIZFIH U FERET7 7 ANV E Y —
JI—FK, BLXU'5F—&2ty b2AELTNS

4.2 EROHER

R2WZRTEWEr —2IZFUT, 1A NI Y IHD
360 fHDF — X ST/ LT, TSifter ¥ R— A5 A VT
EHHATAZ 2L, 470y - AT LIZEBOR
KAN) Y T EEL Uz, WEEZTEALZY—EADNRE
ANV I, R2TRTEBREET — 21253 BAFA b
Dy ZEHOWTNITHEYLTEHI L 2o T, MRERE
DRIBERTA NI v I72ELSHHETEZZ 22T 5.

*7 https://github.com/yuuki/microservices-demo
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R 20 BHET — 2N T HRERX MY v 7 DIEK

EfEA MY Y 7 DlFEfl user shipping
N—2A  TSifter | X—A  TSifter
74 74
CPU cpu_usage_seconds_total X X X X
HWEAT | cpu_user_seconds_total X X X v
cpu-cfs_periods_total v X X X
cpu_cfs_throttled_periods_total X v X X
cpu_cfs_throttled_seconds_total X X X X
2w N | network_transmit_packets_total X X X X
7 —2 | network_transmit_bytes_total X X v X
TR network_receive_packets_total X X X X
network_receive_bytes_total v v X v

R 3: WROBHEIL DA MY v 7 OWTHIEE

user shipping
I S i TSifter S N TSifter
CPU &£ faf 1545/324/79 1545/201/122 1541/328/98 1541/156/89
94.8% 92.1% 93.6% 94.2%
E AN AE 1596/344/110  1596,/248/128 1543/335/63 1543/262/128
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% 03 Total —=—
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(@) R—=AF 1~ (b) TSifter
2: CPU 2 7HUTXS 5 F47R I D 24k

#2 &Y, TSifter FETDT — 2 LU TIEL R A
MUY 2 ZMHEUZ—HT, R—=AF A1 »FIX shipping
Y—UEAD CPUMAMD T — ADAIEMTHRNA MY v
7 ERFEELUTHHEL .
#* 312, user & shipping ¥ — Y AND &I EF AT —
T B A NY w7 OWGTHIEER & HlEE 2 RT. /T
XY SN BAEIZELSTDA MY v I8, HiiREZD
ANV OB, VIAR) VITHEDREA N v I LR
5. WENOFE, WITNOT— 228\ T HIRTHIKER
X 90%EHATE D, HIEEDOA MY v 78I 1/10 AT
ot F7z, TSifter ERX—A T4 U FiEz RT3
&, shipping ¥ —E 2D CPU BEAMD 7 — A% FR\NT,
R=A 74 VFHEDIE D PEIRTTHIEE 2R U 7-.
N—=RTzT7OVY—AREHMI T L ZIT, FETH
iz X ORERMETE 202 MRT 572012, TSifter &
R=AF A VFEDZENZTNIZDOWT, CPU I 7HITHT
ZFATIEMOZ 2R Lz, K1 &0, EBREEOIT
BTGl a7 8 THED, YMHaTHII4THB7-D
CPU a7 M a 2T HEMTIEImAKATHE 4 L L7z,
ANV 7 OfE%E 1545, A MYy IHlhDT—X
MR 360 ETEE L LT, FIHTA CPUaTHE 1
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20000 | Clustering 19633.16] Clustering 63,09
Filtering =<1 Filtering ===<1 8.68|
Total —=— 19590.83 60 |- Total —=— 4
1569372
15000 T8 §4.4
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3 3
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Mo 4 EFTHINES G- EOEBEREZX 2 I1TRT. 2
&0, TSifter L R—=ZA T A VFREFZTNET NI THIZKE
Bl U CETEEDAELL TW. F7z, TSifter O FEITH;
X, WFNoa7HIZBVWTER—25 1 VFED 270
LA E o7z,

ANYw ZEEEMNZE- L &D TSifter ER—AF 1
VEEROFEFREOZAEK 3 IZRT. CPU I T7H*% 8,
T — R EBE 360 IZHEE L BT, Bifiliox vy 28R
1,000 %25 100,000 £ THEMI 7z, A MY v 7 EZEEN
XRET—REERTE72012, BFEDOT7TH—EADA K
Vw7 &2EEL, Y—UCABERUNIZEME -, R
OFER, WFIEIZTT, A MYy ZEITH U TEITREM AR
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MiX, WINOF—ZERIIBVWTER—A5 1 VFHED
35U Lo,

4.3 EROEZE
AEBROBFNIZENT, R—AF 1 U FHEIFE- - A
M) w2 aRFEELUTERL~Z—F5T, TSifter T2£TOD
7—1’Bwab<ﬁ%Xva7%%Hﬁ%t:a#
5, TSifter DIZ S BHERERE ORBEZRLEZA MY v 2
%M@éﬁawagié.b#b,$%ﬁfi,&%%&
ALY = 2ADHEEPHEr — A RENTH > 77~
b, FOMMOEET — A% Y — ¥ AIZH LT TSifter 234
FThdLiEEAT, BHFNTRRASREEOLMEETH S
LEMEiS B, & D IRHPHOWE T — AR Y AT LIIKT B
TSifter O EMEMEDFAMIXSHBOPE L T 5. RIT, KL
HINRIZB 4 2 HZERDFER, N—A T 1 VFHEDIED IR
THIBRENE VR E o720, WIhE X M)y 7 8%E
1/10 BARIZHIR T & 72728, TSifter & DK E4R#EIT 4L,
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EHIZ, ANV IOT—XERHEML THREEESGDFHE
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VY —2%BMTBIeizky, EFEMEMETE 5.
FD—HT, R—=AT7A VFHELIEL, TSifter iZH1%
TH 270 5 DA B @Iz BfE L 72728, TSifter DIE 5 D3 &
HEOEMZTE-TEEX 5. LirL, R—=ZAF1 VFik
1%, TSifter & FER L, (K BUGTHIFREEH W & % B
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B2 2 AZ) VI T, 79 AKX VI REIFHEICHRE
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TRTIEIZBEFRW. £7/2, Y=L RDOFHEA~T A
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