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ABSTRACT

With the continuous expansion of data volume, the performance of traditional
data processing technology is gradually unable to meet the demand. In order to solve
the challenges brought by data growth, various data processing technologies have
been gradually developed, which has improved the data processing ability to a certain
extent, but it has brought the problems of technical silos, scattered data, complex
architecture and difficult maintenance, resulting in increasingly high data cost. With
the vigorous development of cloud computing technology, "everything goes to the
cloud" has become the normal state of the era. Not only ordinary systems could take
advantage of the cloud to improve their overall capabilities, but data processing
technology can moreover rely on the cloud to improve the performance to reduce the
costs. Although some new data processing technologies, take cloud native as
cornerstone, combine various technical means, integrate the transaction processing
and analytical calculation, and provide a unified access interface, but as they are still
in the early stage of development, and limited by many factors such as infrastructure
and technological development, they can't completely replace the traditional data
processing technologies in a short term.

Combining traditional data processing technology with cloud, in this way, the
performance can be improved, the cost can be reduced. This is one of the main
methods to reduce data inflation challenge, lower system complexity and obtain data
cost savings. But there is not much related work on this research. The integration of
data processing technology and cloud usually needs special transformation, which
cannot be generalized. The facts that the cloud storage performance is not high, the
traditional storage is inflexible, and the overall complexity is high, make it difficult

to make good use of the advantages of cloud technology. In order to solve these
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problems, this paper proposes a general primary cloud big data architecture based on
Kubernetes.

1. Based on mature cloud container orchestration technology, the modular and
low-coupling primary cloud operating environment is designed, which improves the
efficiency of data processing technology on the cloud.

2. Based on cloud storage, data acceleration middleware, container storage
interface and other technologies, the cloud storage acceleration strategy is designed,
which realizes the structure of separation of storage and calculation. This makes the
data system on the cloud have strong scalability and flexibility, improves the data
storage scale and reduces the data cost.

3. By introducing the new parallel computing strategy, the defects of traditional
large-scale parallel computing are avoided, the overall query performance is
improved, and TPS response is more stable.

4. By introducing the mature technologies of logging, monitoring, tracking etc.
the standard observability strategy of large-scale cloud resources is designed, which
improves the system robustness and reduces the maintenance complexity.

Finally, on ClickHouse, the analytical data processing technology, the
architecture proposed in this paper is verified. Through a large number of
experiments come from aspects of query performance, TPS response, etc. compare
with the original architecture, the result shows that the query performance is
improved by 18%~60%, and the data cost is reduced by 50%~90%. It is superior to
the original architecture in data scale, consistency, reliability and system scalability,

and is easier to operate and maintain.

Keywords: Big Data;, Cloud Computing; Integration of Big Data and
Cloud; Separation of Storage and Calculation; Massively Parallel Computing;

Observability
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RAID(Redundant Array of Independent Disks) A, SZH Eb BB 45 B HR 352 'S
e, TRIERHHG & — 5 MBI 25 9 & BE 7T o A7l R A B 408 B AE 2 ML
Py, DO MR, DRI TR &R . 58 RN
RolE, FEHTRARZAMEAIC, W B Mg IERE i, LUk
W PO, k. TS . B EANER A RIFER . SHE SR
i, HATEHESE PR, MBS E R R N TR AW
. MR RAEAE R ITIFATIRI, SIF T /EiRE. ENENEERSE, '
Pl P2 g inl 4 1, 2 P im e fid . SRECEE .
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e AT A2 B Ml 2 7

EPHL EFL EPA EFPH
! :I { I : i
ARSS 3 ARZ5 23
FC-SAN FC-SAN FC-SAN
TSR FhifEseE TEiEIERE

Bl 4-3: mFHEEEIALAY

MBAEEREAR IR AT DL, R AP KRG, FrLlee
AN EIR AR ). SEMEIIA R TUR&0, LA AL 22 42 vy
SRR KAL) ZAEMIREE T S— Vi3, BT AR AL 7 s (B 4 1) U
AE . Bl BERIAEGE RV I A T 2 M, SRS
MRES), SICTFAAEGRE . BOVEGRE SRS, RAZEAE Vo &
2, Bl AL B BRI .

BRULZ A, ZAEIE AN B = BAE s REm. AEFEE, XRIA
Rl sEbrs s, AR KRS AMAS . i, AT RS HI
FRsT), Bk ERMEBILLAE B @ Sk, (HRMRMSHT, AH %8
EEA ML, TR GEENEL S, FURZEEA—EmTRAE . W
Kl 4-4, M Google Trends FJLAE !, E—5K, AFH ZMAE = HAEZEHA
K, WmTRE . ACREIEHZEN, 7GRS AT A KBk, R4k
PR 2L, SIS RS FAEEN AT, P DA AR AN SE AR I 2= A7 i ) 22 5t 1) AL
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ARG KT 4 L i X

BR8] LA LE Google Trends

2H. 3E 12100, AR

[ 4-4: T RI=FHLBAREIEEDY
4.3 FFHELILIEIRE S 4R

AT, R R ET, ATLCE AR A B EOR, %
SR T REAL WU T, ARMER AN 2 8, 2R T KRG it 1R
MEACH R R . FEL BAESELCEERE TR, BERGAEME TR
A%, (A SYERINAE. M 4277, SIS MEIE T, WTLUE =7
AEBRFERAEE . @SR et Al T2t a s,
BRI E RE T2 BR -

BT XL, iz )E, FTRLESNPA R 1A iRty T
JEMR B EATAE? 2. T 82 A7 (A B 2 B PERE ?

EEXFIRIRL, 2% T RAIMER, MBRKREREEERE, RAEEHF A7
filio MBI, SRR TYEIEFUCIAMBACT 8. 5 T B #E N
SLhfischts, BARALBESARA B b, X5 T BRIRET). W sIlff
T BEOR, IKBMEREREI AT, £ T /N,

BEXFIRI A2, pRoE Bl AL R tERE A SUR R, EARA AN 5T, BREATR
/o LG R AR AR B, AT AR i e A R N . N B e
RN, W LS R AL S R L . A7 R R, e R BOE R AR 2 A R
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JC, VAR LT BRI R . FTLL, AP AR B BT o5 S (¥ A i AR
[E4i. T HE, SAEMEE R TR, RN SRR
BEATEE) . SCHRIOMRE H —Fh 4% Amazon S3 =AFAEILAL L5 4 BE 1Y S mg

(S3FS), Wik 4-5 Firn. fE itz LHIMA—EHA, BidRSZFLH],
FEATEAS B AT AE AT, BE SRR, T BRSO (R P s . JRAT AL
PR R, AR, M o AT RN AEIR, Rt RESR 2K .

Rz (g Rz RZFd
L5 EF 15 " 25
e \\ _______________________ l ______________________________ / _________________
FUSE(RPE RS
i i ¢ Multithreads
Lib Fuse

+ Read/Write Requests

Cache Cache FS LibAsync Queue Queue

Threed Pool Lib 53 Threed Pool

‘ * *Mulrithreads

Amazon S3

[El 4-5: S3FS HARML=FEAIRIE
EHEX AR, RTINS R, AR E BT
6, S3FS HEFXT Amazon S3 ik, AREY I &k, FRHI T @A A
1. FUR, S3FS WAIH T IHATALFRANGELE, FH A > B AL 5 ok,
T REIE BRI A KR . &5, S3FS T Python i 5 528,
Python MTEREEU. FaE tER M, SECEMMAMERZIR.

4.4 =EHEULAL NI SRR

%2 S3FS [k, [FIBT R T $038E S3FS X b i) /i, 5k 5 m it M RE SR T
TV A HUER A JuiceFSH81, 3T POSIX B Wi, it EHfEn) Go Hk
BE, BIANTCEEEMS, MRS, TR, BdEo A IEESERR, L8l
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RIS K2 % D2 1 3

TSR G, XFZR A, BN TEgE R RS RN, RIBER S T =
FEMIES A7), BRR SRR SEE. CEAREMATSH 23
ZNED,

N 4-6 Fror, RERSINE A7l BORZ O R BIAE T, 2% 7 i [0 s AFAE SN
Hgaiy, Eeaid JuiceFS PEALANE 1] 1o % rh a2 B AR 55 4 1 T B g
71, s, SRR BRI SCIHE S, BSOS BAF e s A7 i R
mRAEAAE T, W RESCAFEAT T B RTINS ARE T EAR R B4
filfo X LHIET R N EE, A7 2R 55 A I N AF AL A

iR
38 BAMB B4MB BAMB GAMB B4MB Chunk
48
b - | ]
:E Slice
s 1
}E Block
‘¥
;. ORI RIRUUNRINOY. ... o R St
_________________________________________________ w.Compres/Encrypt ...
Faycaicd

B 4-6: BIRMEZHKIETFH. E4

Wk 4-7 fros, S NS AR AR, iz S vs R TR
B, SR SCHRREE, RE RS IHT FEEE. Joids@ s R
(100GB HSE##, 742 20MB A yc#d) , 1 HIRERE I sk, &—
WEBAEAFALE GTALE B3 o4, BERASIE |, a7 F R If
ATHOR, DA o L E T 0] AR R TS B E £ BRIt A, XS
ALy W B, AFTSCE 24 H PR 25 38 10 A7 DA SR, ond s ek
FEH A R
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LN FpNE2 i A= VAToD'E

Redis 0ss
/ : : /chunks/0/0/120_4_6756343
1 — . " Jchunks/0/0/120_4_6756343
' " /chunks/0/0/120_4_6756343
foldert filal folder? )
filel
/\ _»/chunks/0/0/120_4_6756343
file1 filel filel-* :
filel
folderd
file . SR
filel file1 -
RSB ETEfE

B 4-7: BWMRZRETTHIE. HEUARIHRS
JuiceFS MIMRALINESENE, 3% T S3FS KBk, #iok T H Pk asIR Tt
AN, W 15 R, RS NEEE R LLUAF)] 627 MB/s, i SR
FERTLIE S 752 MB/s o 38 (LIRS 4% P RE
I AL, 525 AE /AT LLIEH] 500~1000MB. F4 25t JuiceFS fRif ¥ 2 77
fitr, BEAAVERE CE I gy, EHOE T P AR .

$ ./juicefs bench -p 4 /mnt/jfs/
NriteBig 4096 / 4096 [-
RecdBig 4896 / 4896 [=
WriteSmall 42@ / 400 [
ReadSmall 480 / 400 [
Stat 400 / 400 [=—
Benchmark finished!
BlockSize: 1 MiB, BigFileSize: 1824 MiB, SmallFileSize:
Time used: 17.3 s, CPU: 203.3%, Memory: 796.8 MiB

,» BEEREJITE 100~300 MB/s,

128 KiB, SmollFileCount: 18@, NumThreads: 4

Write big file

Read big file 5.44 s/file

| Write small file
Read small file
Stat file

FUSE operation
Update meta

Put object

Get object

Delete object

| Write into cache
Read from cache

+
|
+
|
I
98.9 files/s |
§22.7 files/s |
25602 .8 files/s
71252 operations |
1677 operations |
1424 operations |
1181 operations |
14 operations |
1859 operations |
323 operations |
+

4-8:

40 .44 ms/file
4,86 ms/file
@.16 ms/file

0.43 ms/op
1.69 ms/op
99.67 ms/op
62.85 ms/op
18.2@ ms/op
5.15 ms/op
0.05

_______________ +

JuiceFS

EOEMNA RN
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WK 4-9 PR, FERARIEES BHEZEE B, AT S3FS I E [FZEAH
AR, H 10 UL ERIRTT . i 4-10 Bos, fEJCeR B0 B, AXET S3FS AN
HEFRBEAR, A 15 ELAARRTE. Hikrl B, {EH JuiceFS 1E v = A7 # N
AR, BN E B SRR .

SAFE IR AP EMR RS B AE
W S3FS B EFS = JuiceFS

3000
2500
2000
1500

1000

) I
0 .- — [ | .

Read(1 job) Write(1 job) Read(16 job) Write(16 job)

5] 4-9: RIFHEINE P EHIFILS 2N

ZAFRE NN AR (8] {47 6 A B M
W S3FS MEFS = JuiceFsS

6000
5000
4000

3000

IOPS

2000
1000

0, — mmm . . ] — . | . .
Dir Creation Dir Stat Dir Removal File Creation File Stat File Removal Tree Creation Tree Removal

TOREAEE

& 4-10: =7 0iE A (84 7T iR 2B R
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4.5 FiHTE S ERE

T 43 SRR 1L TR S T R R EAAE? 2. W AT
ik B RS IERE? W 4.4 K SAAE A IR SEng, &Mk 7 —&870. I
JE W A DAL SR N S etk ae /), Bl TE e R A 1 S A
BEJ1o [T T, BAEMEA S IA LT LRI 5, B R 8 v
), FTRAH R 5 T R R o

FR R B E R b FR R AR, SREEZ AN JuiceFS A, #F:5L
RSB AT A e B AR BT e . SRR, JuiceFS IEH BT, HfEMRS
aE R I IR ERE, TR RS, 70 SR RE . X TR RS 2R,
W A2 B e IR SR, AR JuiceFS HIBLSEH,  Hd b 3 AR 25 4B
REreHs, AT R M A A IR 55 P S 1k

FEASCHE B o AR KB 280 b, BEF OB B R R, 1ok
AR T BRI AR, EHERENS TIRS R, IR 7850 R H = 1
TEEES . SRS, HH JuiceFS X = AFAEREAT LA IR, A3 0 A2 1 3 1 4
PEE AR, T i e R S s Itk i B A e )

N TAERSRRAR . B HEER . BRI IR, XY
IS, TELIAAM SR, SRR AERNE M. @5
g HE R G AR HEAEERE T CSTAEUERE BB R PV/PVC(Persistent Volume
Claim), FJPASEIAZE 0B, AT <3 PY 25 2 J8) F) v 8

&l 4-11 fizs,  Node Xtz G AR5 43 B8, DaemonSet Pod X i
= EREHE AL B R S5, StatefulSet Pod X BB AFf# I 55 o JuiceFS 2 A7 Inid
HoR, ARl s CSI ML, PLTh BRI IE SO B A IR %, R 4%
it StatefulSet Pod M4 TE iz AT . 18IS Bk JuiceFS DIRE R A 48w HF R4t
H1, JuiceFS RS54k B B i B AT EAE— MRS A8 1 s, 0T IRSS b
SHEIR, HHRMARS S ANBHERE, RIEMSFFSIERIZ1T. JuiceFS

MRS AL MRCE S, AT = 8 R 5
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IERR DERTR
Kubelst - DeamonSet Pod . StatafulSet/Deployment Pod Kube
(B o (TRTHES) | (ARESES) 11 Controller

: 3 i1 Manager
_ CSl Driver :  Csl Driver external o
: | node-driver—  Container : i Container attacher T g
? Fagee Identity + identity + external L
Node ::  Container provisioner 1. ap
f . \/ 117 senver
Drivgf =
: He%ﬁsvalion Profagation EmptyDir Volume %t
;i etcd

Hostpath volumns Host /var/lib/kubelet

& 4-11: RIMETHRFFHZEOITERIE
ARG CSLAE ST, N JuiceFS MRS i l FEL AL 1 (R, @it
CSI. JuiceFSMI A7l = &EH%, ABNMEM ARG, CAFE T ma . &
Pefe. WP RIEIGRAM. HE, WK 4-12 s, Eld S8R
PV HR, BEEBIRG T CEAENIG R, REHT PVC HAERS
PV. a8 AL IR EOR K IR S5EHEE] PVC,

DaemonSet Pods(FiR7EMRSS)
Pod Pod Pod Pod Pod
R { '''''''''''''''''''''''''''' J ''''''''''''''''''''''''''''' [ ''''''''''''''''''''''''''' l ''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
Vol Vol Vol Vol e Vol

B 4-12: HRLERAKRIRS S = FHEMNERARSSRIERRE
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TERANERE P, RSB — PVC R PV, BTA HIE LB R 5 345
FAFEE PVC, WMsSEIH R S0 0 &, SCOUESMEEEOR . BB
ARy BAFEAE IR B BB IE

BAR L, WA R SIABIEIER . EEE SRR, £
fiti 5 1F 5708 A 7 ZAE Kubernetes "1 Bl — Mg AMAHEE, GG RTIRH
MFEE e ViR AR A, REBIEN A as gt — iz e, e
AR BN 2 I AR AL B P A B AR ST

ARG, Kubernetes HENMER 2 H &4, GIEFrad:, RIalfk
EARSS AT . HBLE RS THERE /I A2, W Kubernetes & B8 22 22 4%, Bl
PRI SS T SLRE T HIUA IRSS THE BEIR T AR, I Kubernetes H 3I#% Br &5 7>
Faw, BIATBEARSA B 3h 40 2 B RAR .

T RIS — = A7, T H = Ak N B2 R s 2 B A ORA7 B
Wi m R, SE T RAE 0 M T S YR, P DO R SRR e R
B RBIRBAR I R it SCREMEE = ] FAZ il R Gt R R 2k, il
LS50 R GE I HANERAERE ST FE 0 RIFE R AR BRAREE Al AR o

4.6 KRG

G KRB B SZ IR T AT RS, ARMESEIUACTI R, 1Mo B S5
I BEA WL AR B R BRSO, 8 1 SEBE T S =, VRS
WK TRk, LT, BT JuiceFS 5 ARG, 1S oA
RIS RE I AL G, L Ttk s, AT R 1 tkRe . TS,
G KRG EATAERE )] . B Kubernetes. JuiceFS Mz FfiRlA, NERA1H
KT T E AT B BT, e ERBIREORTORE ZIRAE. FiE5
TR MSE 8, HIEE R EORAAT RIS, I REE A R 52 o P8
RIFAAERE S THRRES), X EHMEE RGNS g, A%
AR

I

bl
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FRE ETERUDRNAIMES EHTHHE R

5.1 FEGE AMIEHITHEAYIE)RE

FH MPP(Massively Parallel Processor) 40 45 A & Greenplum, ‘& #4
T PostgreSQLIN $ R b I FEL 5 Ik 55 a5 PostgreSQL SEH, %1
Segment X7 H, Mp— 32 WMEERE. THEAT % 31 505 R B £
AT E T RR EE R, B SRR It AR S IR B AT R SR R %
J7o RPN, T840 RN MPP ALK MBI AT TR SRR A, AR5 40 KB
P s, MAPTA T AR IR SO 5, Bl 3 R Bk B3 A
BEA TTAE55 0 K I, NSRS TR, BrbA S5 A 5 BN PE BB s
ANV AT T BRI T S SL AR, PR AR S, BTDR
YEE IR, M H, Greenplum 2%} PostgreSQL [)f1%%, PostgreSQL A< &
OLTP B e, Hda AL BRAHXS OLAP 455

B MPP (AR MRS ClickHouse, &L T A% OLAP BAMIML
o FIAEAEAAAE . ARSI RSB IESE, [FI3ET i C+ 2%
IR REM, BATERARFE IR SRR 2 T4, Ak
AT LME N ET S, ] DT . TR AT LR R AT 5 0, IR BT
S M VB AT B T 8, FHEES R BB AL HAR AT s R
AR, YT R SRR M S IE R TT . it 2 E 7 TE R TR AR
VERERIIR RE, [ B VF 2 AR SR, O T AR AL TR, 8 MPP
PRSP R bR R

Zi L PR, MPP THRREAA FORAE R ERIE, B A Y AR e RO
B, S R RETA IR, FTUASCRHME S IR R BRI s KIS 1HE
(RIETIE], PR T AR T R AR T i, RN B s PR AR AR i
THHEER, TN L, SRR SR BB SRR
WA, R R sl e, SRR T R E S SR TR
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5.2 BT mRARMBRFHITIHE R

A SCHEH ) CMPP(Cloud based Massively Parallel Processing) 115 5%0%, J&
T M EAZEN B8, T DA SR B g . R ELE R
s MEEFKEIFRITEARSE, SWASIEIFTE TR A, BA SIS
PR B HAESS, e RO BATSS G BRI 45 R . ML X AlE T, 24
TEAT AL B A ATRURIR B IR HATS, A Z IR T LA
PRESAIRERLMEREA . A MPP B X AIAE T, BT RE O ET AL HBE%h
SETE BT HAT S AN TR B H AR SUPME, MRS SR T RN, BT
AL

CMPP (IILHAET, BTN RS20 5, SR atb bl A&
FAR, AT AR TR T A7 R 0 R A A
ReJ), BEaE. S, thRet AR TR R, BT ERSS A BRI
PERE AR B S5 A0 F G, B EA R IR F B 2T R EEE— 1 A7
ol o RN AT DT S AT RAT 5

MHE KBTS, Wi G s 5 5 AT % BB W A, AN
MRS, R IRATS . xRS, HERT KR
R EARIEAS R M AR L T RR TR AR BA B Y R R R IR
It H 3288 T IR LA R AR IS 1, = AR I R e S R AR TR G A
R R (1) 18 5

e
5.3 PR ABURFHT I H KM HY 53 HT ST EE

RS MPP Al CMPP (R iHSLAL B R, SIATHR AL, PPN 2 1)
RIS

BB N GRS A I 9T 2T e S KIEIENE. BEAT- i
FENES BRETEENE, AFETIE Nl i N CR(Z IR N 7
%8), CPUTFEHEENS. HEMTHELEEIIMI, a4 R s8N
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m(M*0.2). HE 45 R BEIEE Nrm*0.1). MIFREECEHE KIS, P2
T HEADHE SRR

4 ¢ H100MB/s, E Jy1000MB/s, fy150MB/s, F H150MB/s, cf Jy
80MB/s, CF “Amax(E, 2000MB/s) 1%25GBps/sit 5, s 7 —fEHPikE, S
JN100MB/s(8c16gbflR 55 %%), M A100MB, m A20MB, r N2MB. Z% W 4% 4E
By EFSCU#e. PERERIBNAE R, LME TR EEAR [E IR R MPPALR FICMPP
BRI RER T, (RIRIRFREUIE RAEE = i SCRI A S 30 TA)

fE MPP Z8HF, AP R — R EIER, SRIEHA 1 AN SR
NA), RIE AR, FREWIFRIE N-1 T . N A R R
M/N KN &, ARG N-1 AT 8 B A m K/ 5 AR BIA T 2, AT
ROUHE m K/ANE RIS, B 2R BI 252 P vt

PrE—2aA:

T1(EWAER) = METHREIEE) / NORSS S E0E)

/ min (fORER-F SR E) , F(REA ik )

J COREHED)) + MOM 5 50 1) D
/ NOIRZS 28 505) / S(CPUH R i)

B AR

T2(EWFER) = m(F RIS REEE) | NORESHSREE)
/ min(e(MZ5-F 353 ), E (X 45 5 i 1 5 (5.2)
| COFREE))

MrE=AR:

T3(AUAEN) = m(in] &5 R A &)
/ min (FCREASE T Y503 38, F (T A B 7 ) 5

| COFREE))
m (1 E] 45 R E s &) [ S(CPUTHELHE )
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A2 WL L2 B X

BARK:
T(ERFER) = TI(EWAEN) + T2(EIHFER)
+ T3(EHFER])
= (M/N/min(fF/C) + M/N/S) (5.4)
+ (m /N /min(e,E/C) + (m/min(f,F/C)
+ m/S)
fE CMPP 220 F, F P RE—IREWIER, SREHP— MRS, %
TR R EB I AT S, JRIR R4 R i
BrEg—as:
T1(ERFERT) = MOETHEEHE )
/ min (cf(=AE#- V3558 BE), CF (25471t it e i JiF)
/ max(1, COF A% H) (5.5)
/ NOIRF 4 40E))) + MU THR IR &)
/ S(CPUTHH I )
BAK:
T (A HIFERT)

T1(EHFER)
(5.6)

M / min(cf,CF / max(1,C/N)) + M/S

Wl 5-1 fos, &8 ERAXTHE T MPP fl CMPP 76 5 654, B
A IERBCE I, AR SN R AR A A . WD IR R, MPP
B PRT CMPP, 43E RO R K, CMPP i) 24T T MPP, fi
H. CMPP & ifif [l X F2 €, MPP AW A 7E 2RI BTt
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3007 & F, ARASAREE-5 0 LA (8] Y K 7
—— MPP —— CMPP

120

109.2
100
81.6
80
8 60.9
E
o 60
=
= 44.34
42.27 40.89 40,614 40.407 40.2207
40
20
& 4
25 225 225 2.25 2.25 2.25 2.25
0
3 5 10 50 100 300 500 1000 10000
— MPP 109.2 81.6 60.9 44.34 42.27 40.89 40614 40.407 40.2207
CMPP 6 4 25 2.25 2.25 2.25 2.25 2.25 2.25
i 95 3 0t

B 5-1: 58RFHET, ALXHESHNRERXR

WK 5-2 fos, %8 ERARIHE T MPP 1 CMPP 7 300 JE R K, BEE
R 55 2 B 30, A NN TR) R AR AL s . LR A SRR R, ElE AR
S5 2B AT N, MPP [ N IS AR B AR S BE AR, 1 HLA 8 5 CMPP [

M o2 B ]
SGIRAHT, ItRHR TMBR R XA

—MPP CMPP

300

267.4
250
200
8
=
& 150
2
-],;:
100
50
13.9
D28 2% pribid 2.666 4.333 6
0
1 5 10 50 100 200 300 500 1000
— |\IPP 0.7 137 Bl 13.9 27.4 54.5 81.6 135.7 267.4
CMPP 225 2.25 2.25 225 2.666 4.333 6 9.333 17.666
R

& 5-2: 300 % T, RF[HESNATEIRIX R
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A4 KENG

g

R MPP BRI AL PRARE, e HAFAE B fr) e, $2 ) CMPP 4%

AR, BT ZAAETHRE BRI, RAFATIALHE, HER 7 K& R A

EAE AR IIIEIR . Y BR T AR RION AR E 47 sl SRR R I AEIR . i,

% MPP Al CMPP (i SLAL B RS, SIATHR A, PP RZESR. 7]

PUR DL I SOkl s i), CMPP & )3 2 IZ TR+ MPP,  1fil H. CMPP & i If

MRS E, MPP B wIES AI7E 2R BT, ERIEA T, B AR SS S AN T 1Y
AN, MPP i B2 (R TE i SR, i EL 185 CMPP (4 2 I 1]
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EARFEMAEHE. BB, BESARIREN TR

6.1 AT LM 4 B9 E X

Google ¥ 2 4 10 fi RGN SLE, $-H T 3 4 1) SRE(Site
Reliability Engineering)l®? & &, EERES. 8. HEMERRGAE T H &
GRS 2 . IRAR IR ) AR S, IR R mHa i, 7]
FEA BRI BN, BE R E DRSS, WZRGR TR X T Xk
MRS, REMFTET ARG, AT LURYE RS AT PG AR, 3
i AL AR AL O BAR BUE B, IR R REAT AN ARG, Kbk
AT o XLEHARTR R, Y rT B E | RS i B e Al

7E 2017 4 11504 B ERI6 4>, Peter Bourgon [HIHF 5T 3Rk (Metrics, Tracing,
and Logging) ) RGHEIA T, HE. BEMHERX =FHIE L. FHE, LR
EANZIEMRREZE S, W 6-1 Fur. MEMMREAR . ZHHEHARKK
fE, FAHE BRIBENREGEE, BB 1T AT R =4 FEZA T

Request Scoped Metrics

Metrics
Aggregatable

Tracing Aggregatable Events

Request Scoped /

Logging
Events

Request Scoped Events Request Scoped,
Aggregatable Events

[ 6-1: AIVLMMERE X
EAE. HEEEA TRk m st SR eHIHls, o
CAFH R BT AE P BIAT N o
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AR A B Al 2 R

WHBER. PRGN, HHEENEHE, RJRRTHMGER.
n: FEREPIS, AR AR LR AR, A B AT AL L Al
rEEER. EWIRSIAS, BEAA R RRT MM, TR, W%
PR TR 55 IR RS L, AR 58 BE IR R P AR 5 2 MR ST, RN AL 3
SR 2 (S, 5S8RSR T RS 2

REEERE. BeNEREN RGP -RERENGIHRE. X TRAERS
M5, HnmE R RAGE . WAFRBEITSE O PSR B, fhih = W)
CPU A ZZE, #ATLAEME—FZ R EE . RN EEH A2 M
%, iR BRI B R R, A i EF A, DUE A Sh A B el
REEFEFFEHE NN

6.2 ATRMMR ER Y

iE ZUFHBOR . DA ABORI YU A g, nDWIMVEZHT A, Ee] AR
GEATTERA R . WA 6-2 B, M4 Google Trends IS 04, AL H
PEBEIX 2 TR B, AR 8 R BEAE AN T BT

FAE BT B TR Google Trends

® SitE @ T

E 6-2: BEERITENE L. AIIUNMRER a0
R ARG, rIIITERER B R e gy, BRARRAT K
ARG H, IR FE AR E. Al WIMVERE R G5, fehs
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TIRRAT A FEARZBI NS, R A FEGHURN, DU EM A 2k
BEo A 1 RDUITEMR RS, RGeS ] IR 0 il UK B, JRAE R
SN P Y 22 T Bl A R A ]

BT IR ARSI, I HAEMBE V7 i AmAetl, Bk ke
BB NFR, AR . ATV 1R R0 B AR REC X —H L ]
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