.

Hadoop s #iz& 1L F & Fl &5
Kudu

ik e

Cloudera
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R<TK...
G

Cloudera &/ AREIE, FRF RN
http://biacbean.pro

[RIntel Hadoop & 1ThR#zx /L& AR, BIISEEHIZ%E %

N EBET SEHadoop KEIEE RS

— SBEIntelémiFFI BRI IMNERSZHZ P EFREGF %, EKRSZIZHHEE
K5, SEN—EFAX DR EHEMSCHIXSLT E5 4 Eas
— 2010 FEfFH5Hadoop A A KA RO, Ftl/fiTHadoop =

1k« HBase $8eVEAM, LARATIHRER TS E|o]

-
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Kudu: SR ITIREIENFR RS

DATA ENGINEERING  DATA DISCOVERY & ANALYTICs  DATAAPPs  CEENI S PETololoJolc A= E T c )
BATCH  STREAM sQL  SEARC ~ MODEL  ONLIN ?Eﬂﬁ KR FE RS

SPARK, SPARK IMPALA shlr SPARK HBRSE

HIVE, PIG IEIT}'I%TE%'&*EJ:*IJ@/%'E}_‘_FH HY
UNIFIED DATA SERVICES _ :T*E%'I%Eﬁjﬁﬁl‘]'l‘iﬁg

RESOURCE MANAGEMENT — YARN %Hadoop}?iﬁﬁﬁ
- - BE <

SECURITY — SENTRY

DATA INTEGRATION & STORAGE o Apache]' g&:[ﬁ E , 1 OO%

FILESYSTEM RELATIONAL _3:': }_
I

« 20165F9H 4% 1.01EX\hR

INGEST — SQOOP, FLUME, KAFKA l

Postgres Conference China 2016 FEIH P K& cloUdera®



APALHE

fiit
i,

\

& KuduBJ ¥ R AN TT B AR

Why build Kudu?

cloudera



Ht+2.ClouderaZEH % Kudu ?

« B%BHFHadoopER
RN EFA

o INTBIREIE
A NS ?

7

TRz H

1 [F

SERG RO RIS
]%/ﬁﬁ*&'&%ﬂ

mBY Ml 55 o) 5 ?

] T it E10FERE &

...
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- VWELE > BESEE

— NANDRTE: 1+’£5ITEHTIOPSL_§|J45H A, BHIERIOPSIAZ|
2573’1\1 IR S EA RN EI2GB, SHIENELZRILE
F#01.5GB, HHERAKT ECB3ETH B RS &

- %P) XPoint memory (EENAND/£10001Z, EERAME & B A4k

- RNEREER, BYAFEEEX:
— FEJL4F64->128->256GB

« /Hr1: CPUBRR AMRERS, MBFHAZIRITHARE
FEEERCPU
o Ea2: HIXEFMEWR R UL FREHL A ]

Ny

-
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How would we build the Real-time
System Today?

« Cars are constantly producing 12:01:05 AM: Where
data, being ingested in real-time o is my car? How fast? /ﬁ\
or micro-batches il L R
(TS ®
« A consumer wants to know what (RN P vamivie > )_—‘
is the location and speed of their 12:01:05 AM: Your car
. " P Ml is located at.... Consume1
car in real-time.
« Requires: ?
. : Sl § 12:01:05 AM:
potentially millions of low latency | Here | am!

writes / second
— low latency, random access
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How would we build the Real-time
System Today?

Hbase Provides:

— Fast, Random Read & Write Access
— “Mini-scans”
— Scale-out architecture capable of serving Big Data to many users

HBas
Connected E"e”ts Kafka /
Cars ij saub ‘ _ ) _“
Consumer

cloudera
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How would we build the Analytics
System Today?

For the last 3

) days, give me
 Cars are constantly producmg engine temp vs.

data, being ingested in real-time radiator data. P
or micro-batches )_-A
. IH-I] ( ------
« GM just made a software update @ | e eee-- >
to temp control module. How’s it Here you go....
working? Analyst

« Requires fast, efficient scan

performance ¢ 12:01:05 PM:
¢ Herelam!
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How would we build the Analytics
System Today?

« HDFS Excels at:

— Full table scans
— Ad-hoc analytics

Historic Data

Yesterday’s Partition

Connected afka Hbase/Fl —
Cars ub-su Today'’s Partition
a

a

Analyst

cloudera
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Hybrid big data analytics pipeline
Before Kudu HBas /ﬁ\

Random Reads

=122

/ Consumer
l Snapshot

E Events

Connected

& Conver t to

Parquet ) .
A

Analytics
HDFS (Storage) _ @

U Analyst

Compact late
arriving data

Kafka /
Pub-sub

Cars

cloudera
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HBase+HDFS;E & 220 & 2414

. R
s

6

RIS R EI’JJIIDU"%_?FEHE;j DBJJI‘[L@lﬁ 5% 52,

: -IBase+HDFS/us & 22%
- H%: mEEZNREREIEMINRE 2B/

BIE A4 -

1

(&6 & )26

— 5% WIMEIBEZ R GE Ry — 2 \
@%%u’ B ARG 4

FhE IR ML_@JHBaseilJHDFsm%ﬁq‘ﬁ_, NI

eyt

-ERETS, REENS SRR
1 -
N AR BRI P, el

} 13 HTLEU
o m%ﬁ,$ME
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Hybrid big data analytics pipeline

Kudu supports simultaneous combination of /ﬁ\

sequential and random reads and writes

) 2A

Random Reads CO nsume

IS — |

Kudu

Connected Events Kafka / .
Pub-sub Analytics

Cars

O

Analyst

cloudera
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What is Kudu?

cloudera



5 LR FiER?

» HDFSHJsRI:
- ERBIRF IR
- XFFEEMREHEED

« HBaseRi5aIn:
L EMMEBRTHEN TR

IR

.

-

; - XEEURMER
Pl ‘&’ M ORRET FES
HERSE n%?
— ﬁﬂiﬂ%ﬂﬂ?@ﬁa@ﬁﬂ@%ﬂ%
T —— SIS A E R 22 FTHE (Fast
Analysis on Fast Data) 7
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KuduByiZit B ¥x

Analytics (Fast Scans)

HHHHHH

Slow Online (Fast Random Access)

Postgres Conference China 2016 HE P A&

AR AMNBEEN RS (5 FMHE
M2 Bl A AL )
— EE\ FAxtParquetdy F3 4 4 58 = B £ 2%

1[0 /> EXEN IR (' R s
ZE S IE FIHH)

— B#r: SSDLIEBERABIT1ER
RN EIREIE X (PIHIXFRITIC
SEHIACID)

RABIERE
- ‘saLai

—  “NoSQL’RAgHIFI/1E N/ B (JavaZs Fis)

cloudera




Kudu: A R SIR &G F 04

BIE/N 3k
R 2755 BrSsas s (SR AR E 293PB)
RITRESFY BE LT ABIiRS a8/ 1+PBAY

WIEE
=R
RHBURAIGH L5 H3/5
G BRI A R ST 1 GB
%

- WNEE S &R — 1 RS L R R IR RN
BRERIDRITHBY — 112755
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Kuduzk FRYTIC R0

o« EISQLIER IR
— BIREVFZ (A [EFHBase/Cassandra)
— AR BOOL, INTS8, INT16, INT32, INT64,
FLOAT, DOUBLE, STRING, BINARY, TIMESTAMP

— — BB HRI R EX & T 5
— RRALTER TABLE
« “NoSQL"X#&HY Java, PythonFiC++iE S API
— Insert(), Update(), Delete(), Scan()
« 5MapReduce, SparkFlImpalaJc4Ex}1%
— IEEXT R E Z AL IB 5[ 22, anDrill, Hive

cloudera
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KUduxzz“'

T~ E—1SQL5| %,

— KuduZ#EfigE, SQLABEFEZEImpaladiSparkd

c NE—IXHRE

- HuRwodRRA G FE

« NaE—T1zfTEHDFS R,

—  Kudu@Z B9h—1EERIHadoop FfiE 5 |25

- BEEEMNHDFSHEREZE

© PE—TINFEEE

——

%

—  BERIRAVALIEHIR R 2 MBNAEFNES, HEEFIFREANSEE!

o N2 HRXERHDFSEKHBase

- %ﬁlﬁ‘_—ﬁﬁ’]f‘ﬁﬁiﬁ IR AR

- HERZNAZR THDREHBose DAL EES

— Cloudero= M Etn i BiX Leza {4
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“Bring Your Own SQL” (“BYO SQL”)
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Kudu+Impala5MPP DWHHAYEL %2

Fi
VOIBENSQUATTIRESTEE, HERAZHE ARSI
v BRI EHTAMIEREHE
ZNE!
v BRARICEIEREA
v B iFHHadoopEERL
« EE—EERREFHTHDFSFKuduzk Z EAYJOIN
» 5Spark, FlumeZHIE K
X HLEBALIE
X REETEFHEENE . BITEFUREKS]
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Kuduf Nz 7=

Kuduixid & F Z B 2350 F FFE 4115 A 5 /Y
)SSZ} iﬁ.’ﬁ

. A {E 5
— L RRTT IR HOER RO R

— NMFZEAE!: Insert, updates, scans, lookups

* Mz R T

—  2%f5: Network threat detection
— NFZA: Inserts, scans, lookups

* Online Reporting
—  Z5f5]: ODS
— N F2E3Y: Inserts, updates, scans, lookups

cloudera
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b 57 Fr

Public Sector

.....
AUERBELANY
A . = L

oy

e Streaming market * Real-time offers * Geospatial
data * Location-based monitoring

* Real-time fraud targeting * Risk and threat
detection & detection (real time)

prevention
* Risk monitoring
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HTHIEILIR

LSRN CiEE SN EE 2 S AP N =R

1 AilHadoop S i £ 4 47

Pl

Impala on HDFS ERSASY = sz T s 1]
2
o BT AU Hod B
FRT % G
Pang?
o0\ e I U HBas e S
R FRParquetks 3R 12
SFHbase s o MECHEHEN SRR AL A
i () E i 2 AR ISE S ] Ak, 2

¥ﬁéﬂé§\g§t

P N N

Brqetis= o (EMRAEE A RREA B H A
- B AT

o SEAFHCE ST I A

o {EImpala # #5714 X - S N0
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fif FHHKuduFJHadoop SE )
AR AT

Storage in Kudu BieiI=F
o HE—FEXRHG

J g%?ﬁﬁﬁﬁ%%%ﬁﬁ

. %M&ﬁﬁﬁﬁﬂﬁﬁﬁ%

o FEIESLENA FES Rk
%izE
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Design & Internals
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KuduBy#z10i& it

- FEARTFEME
o Efint: F2&(Tablet)
— BIRFTHWKERN D AFIR, R T 57X (Partition)
. gﬁ%‘éM“PaxosE’Jhmﬁl W (Raft) kR ETE—
o IEZRZFIIE PRI HERE, ZF%E
(Active/Active) & %t
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Tables(3R)#1Tablets(F3)
. FHKTUSHTE

— X FFIESERIE IR 7 T X
— PRIMARY KEY

(host, metric, timestamp)

DISTRIBUTE BY HASH (timestamp) INTO 100
BUCKETS

5% EIAR BN E5), K Raft—HU 4 1YL

+ BT IR

— FIREAILUNE—RIZAIEEY, F B #dEdLeaderEHIRIE, BN

cEH
&= 18

— {EMTTR: ~5 seconds

o FRERFZBFIARFTR
— BIEEREAM, MA~EHDFS

-

 Master 5

= — 46
ﬁﬁm?ﬁﬂ:

!

BIERS

— B /MR RFI TR (Tablet)
— E{LF3R(Tablet)
"
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TUE

- FRlAAImaster*
- R1EFREXR (‘META” &)
— F{Ecatalog (table schemas, etc)
- AT AEMEEETRRSREEL, BNETE
K B A BF = H0 8 A ) B
- I ETHBEHEFEANTF, MEELHF
— 80 SR E i, GetTableLocations RPC 4 &E:
« 99t percentile: 68us, 99.99" percentile: 657us
« <2% peak CPU usage

« EZE Fim i & masteritit

— ERiFElRt Emasteriflial Fitil, BEEEFER
= i

cloudera
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Master tablet Tablet 1 Tablet 2 ce- Tablet n

i
l 1 f
| : 1
I
Master Master tablet ' Tablet 1 ' | Tablet 3 Tablet
Server A LEADER : LEADER ' ! FOLLOWER Server W
: | |
T — !
I
]
i | :
1
Master ! Tablet 1 : Tablet 2 ' Tablet
Server B : LLOWER h : Server X
1
: - l
e — 1
1
1
1
: : :
Master ! 1
Server C ! Tablet 1 ! Tablet 2 - Tablet 3 ookt
! FOLLOWER | LLOWER ' LEADER erver
. ’ ! 1
" : : :
I
|
1
| : :
! 1
| ! Tablet 2 . Tablet 3 ;ab'e‘ 2
: i LEADER ' orver
1
l ~ :
I
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LSM vs Kudu
 LSM - Log Structured Merge (Cassandra,

HBase,

etc)

Inserts%ﬂupdatesﬁﬁﬁﬁ 5 AN (MemStore)

=]

B Rl 2 4 22

— IR
—Kudu

A& H i ZHFile B 3| 458

X {F(HFile/SSTable)

— AL [F g1 (Memstore, Compaction)

—_—

— LI EFFI

- ATE

Lk
AE

= ST

Tl ) e DT B AN
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MEREFFIE
- e FIFACPU

— [ FRH&FFEAIC++3ETY,
LLVMBGJITEZ R A

» WATHURTFHEREHHRYTE RE

— fESSDE E#IE AR _ LRI N ZE AT — AR AN B 1=
b

- HANEFGC, FRAANEFEHEASEEIS
« {EHBloom Filterjg b 7 1R Z 415 0] B9k

Bl FEFETRCPUIE S,

4\

cloudera
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KuduBy#r R 4L 3

- BB EHFIEEFHIE
— HBasefy SEH R B T (AT £2 17 [0) B BE 5T A BB AN
2R AT
— KUAUEEFRNZE—XFTRER, EEANEE
Bloom&i§—X, BRIgEEER/#E L F iUt
. BT T AT
- FHEEERFTHEHFE(Scan)ins=
—- EIENHEIEEFIERZXITRILEE (512nYCSB
By “zipfian”;lix)
— 73k BJEES|IAFIZE (Column Group) SR AR E T E BT
IR I =

cloudera
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c4cH

= 1=

» FOLLOWERII&GRT#IPE:
— Leader{}IBE] LIk 1§ % DI 2
— ST HHNER FRIRSSR, FRIRSES
£+, %TFH PiERA
« LEADERIl&RT#IpE:
— Leader&1.5% N iZ[alFollowers R £ 1L BHE B
— IR FELEI N FWE|Leaderfy LK E BISfR A Fi—%2
HLeaderikz£3!
- ¥TLEADERZEJLF# P AL H

Alr

NS

liml1
[T

— I)EI\LeaderSﬁa\’fFFWﬁEEIZLFOLLOWERE:@TEET%WJI]
o NPEIARTLUBEZ(N-12MNT5 S50

cloudera
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=1a(2)

« {CHRLIN:
— LeaderBLENZI A followers B 54 4
— HEFR1Zfollower
— MasteriZF—~#al K
— Leaderi¥ ##E#E D1 2|1z #h Bl 2

cloudera
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TR
» FeifInsertsE NATF (- THBaseh
Memstore)
o« SRIE B HEE
— 5 7F%E, 5Apache Parquettg& = 24
» UpdatesXXKFIMVCC (E##EH RIS, F12&
A Y E )
— #£1F“SELECT AS OF <timestamp>” &ifjfliEF3&
e irz=r
o FFEHEIMIE, HEFIERMN
- EBBTHTH L, RIENH KR ARDAIET
« NRITRABIBRI TSR EF, E8ETF

cloudera
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APIs
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JRE S FFRE

;'

ANEE)

dn

[

* First class clients implemented in Java and

C++

—Experimental Cython client that wraps the C++

« Supported operations
—DDL (create, alter, delete tables)

—DML (insert, update, delete)
—Scan (with predicate pushdown, column projection)
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Impala + Kudu

CREATE TABLE my_first_table (

id BIGINT,

name STRING

)

DISTRIBUTE BY HASH (id) INTO 16 BUCKETS

TBLPROPERTIES(
'storage_handler' = 'com.cloudera.kudu.hive.KuduStorageHandler',
'kudu.table_name' = 'my first_table’,
'kudu.master_addresses' = 'kudu-master.example.com:7051",
'kudu.key columns' ="id’

);
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Impala + Kudu — Pre Splitting

CREATE TABLE cust_behavior (
_id BIGINT,
salary STRING,
edu_level INT,
usergender STRING,
rating INT)
DISTRIBUTE BY RANGE(_id)

SPLIT ROWS((1439560049342), (1439566253755), (1439572458168), (1439578662581), (1439584866994),
(1439591071407))

TBLPROPERTIES(
'storage _handler' = 'com.cloudera.kudu.hive.KuduStorageHandler',
'kudu.table_name' ='my first_table’,
'kudu.master_addresses' = 'kudu-master.example.com:7051’,
'kudu.key columns' ="'id'

);
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Impala + Kudu — Update & Delete

UPDATE my first_table SET name="bob" where id = 3;

DELETE FROM my _first_table WHERE id < 3;
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Impala integration

« CREATE TABLE .. DISTRIBUTE BY HASH(coll) INTO 16 BUCKETS
AS SELECT .. FROM ..

« INSERT / UPDATE / DELETE

- Optimizations: predicate pushdown, scan locality, scan parallelism
- More optimizations on the way

- Not an Impala user? Community working on other integrations (Hive, Drill, Presto, etc)
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Spark DataSource integration
Available as of Kudu 0.9

// Import kudu datasource
import org.kududb.spark.kudu.
val kuduDataFrame = sqglContext.read.options (
Map ("kudu.master" -> "master.address.example.com", "kudu.table" -> "my table name")) .kudu

// Then query using spark api or register a temporary table and use spark sgl
kuduDataFrame.select ("id") .filter ("id" >= 5) .show()
// (prints the selection to the console)

// Register kuduDataFrame as a temporary table for spark-sql
kuduDataFrame.registerTempTable ("kudu table")

// Select from the dataframe

sqlContext.sql ("select id from kudu table where id >= 5") .show()
// (prints the sqgl results to the console)
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TPC-H (Analytics benchmark)

- EEMR751TS F1—masterfg ik
- BT R12 BREER, 128GRAM
— Kudu 0.5.0+Impala 2.2+CDH 5.4
— TPC-H Scale Factor 100 (100GB)

« FHR
— MHEHIE Kudutt etk Parqueti=31% (JLIAT 1Y)
X HE 2 48, Parquet!t BE N 1% EE KuduE #F(larger 10 requests

TPC-H SF 100 @75 nodes

60000
45000

30000

Lateny in ms

15000

0
Q1 Q3 Q5 Q7 Q8 Q11 Q13 Q15 Q17 Q19 Q21

I Q2 Q4 Q6 Q8 Q10 Q12 Q14 Q16 Q18 Q20 22

Po: I Parquet [ Kudu
b \ YA AVYAVAVAVC IR/
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3

KBS IR
{FEARKuduZ g8

EFEAKudugr, NREIKEHE S #rPipeplineF=EHJLH:
1. BHEIR-> Scribedd BEHH EIHDFS -> MR/Hive/Spark -> HDFS Parquet -> Impala -> 1§45 R 3F5MNRSS, XNEIE
R—RAToHEMERE
2. HRRE-> LETEFTHBase/MySQL -> § X #tE FHParquet-> Impala ->1$ &R 5MNR S, XNEIRR—ARARD
RSHE, BRI —REERME MR A PProfilez 289,
XAEZFHIBEBREES/LA O :
1. BIEBNEREPEHRERSHEIANTINFME, BNEREERK, —R2DHEAE—X
2. REBEHEHEEZZLARBIFIZERMEA—H, —REFEE—LHEYLER
EtanfR 2 mobile appZeit KA, X Ltracing eventk & 5 1R AI G813 —EL B [8) 4 # /5 B tracing serverlil &£ 2]
SHF—LESLRI K, B—Lr LUBEIRACIERRR, NHZRASQLAE, FIMNANIER EMEENEBES T, XT
ad-hocE i TLRE A 17
KuduBy4% = IE 47 7] LASKED & Impalais & S2tad-hoc /4 K2 B

Scribe to Interactive/realtime Analysis
Sedfile -
HDFS

Hive Impala |—»
Data MR Result
Source Spark Serving

- p >

Offline Analysis
HBase
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KRS

£ FAKudufg{t

¢ Eiﬁ}:E,JFQTEUILj(*E%IEL*i
1. @R -> Kafka -> ETL(Storm) -> Kudu -> Impala

2. IR -> Kudu -> Impala
- HIERITERAZTEH—D
LL{E H9Buffer,

. m%r%
2, #E

%1%% PSI:J:E/JIL

B SERTREK,

MAE

METLRYN FERAY, %5’I\Kafka_f

Back-pressure handling / ETL

Data
Source

Scribe to Storm
Kafka

Impala
Kudu

é?%ﬂiﬁ%ﬂ*ﬂﬁ‘f Kafkaa] LA — N,
MEREZRIRRE AL MEEBE

Result
Serving

Direct data ingestion
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R B /R ESHE N m

« MIEFIRERDHTN A HE6 N ESSM BT =
— Q1: SELECT COUNT(*)
— Q2: SELECT hour, COUNT(*) WHERE module = foo’ GROUP BY HOUR

— Q3: SELECT hour, COUNT(DISTINCT uid) WHERE module = ‘foo’ AND app=‘bar’
GROUP BY HOUR

— Q4: analytics on RPC success rate over all data for one app
— Q5: same as Q4, but filter by time range
— Q6: SELECT * WHERE app = ... AND uid = ... ORDER BY ts LIMIT 30 OFFSET 30

- MRERE: T18RESH
— T : CPU: E5-2620 2.1GHz * 24 core Memory: 64GB Network: 1Gb Disk: 12 HDD
— 4. Hadoop2.6/Impala 2.1/Kudu

- BIEE: —RAVRS SR IRIRER HEHIE
— 2617 FBR
- BERBIRH270FTS
- RN FR, BRI AEEFER
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MINZE SR
* Bulk load using impala (INSERT INTO):

TotaITime(s) Throughput(Total) | Throughput(per node)

Kudu 961.1 2.8M record/s 39.5k record/s
Parquet 114.6 23.5M record/s 331k records/s

« Query latency (seconds):

mkudu 16.7
mparquet * HDFS parquet file replication = 3
* Kudu table replication = 3
* Each query run 5 times then averaged
7.5
5.7
4.0 |
50 28 >3 3:1
e m m s
_n || | -
Q1 Q2 Q3 Q4 Q5 Q6
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R R ZEH5) =D&

Jd.com FEE_KRELZHBED

Browser tracing Web logs

- {5 FKafkaSCRY W SR 23R

/mﬁ;JIL EI 10N
- Y /X 28 TraceH &
FFRIDRATIOFE

*6/18 sale day
. 1501 Z%ﬁ_& web
-Eiﬁizoo a%

°7£1']1§'§JﬂJDBC -> Impala -> Kudu

cloudera =~
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Apache Kudutt

cloudera m (intel)

%OMDATA ZAGILDATA

A
JexsonaQ @ ENERNOC @ dremio
</ :LOTAME’

d= StreamSets

cloudera
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ERHR

* http://getkudu.io
» kudu-user@googlegroups.com

* Quickstart VM
— B2 EF!
— Impala and Kudu in an easy-to-install VM

« CSD and Parcels

— For installation on a Cloudera Manager-managed
cluster

« HEZP: getkudu.io/kudu.pdf

Postgres Conference China 2016 HE P A&
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EAFEANG

* http://github.com/cloudera/kudu
- A B E RESIRZEXE
* Public gerrit: http://gerrit.cloudera.org
- TAENREFEEREREIXE
* Public JIRA: http://issues.cloudera.org

— B2013LLRAIERBE{IEE . Come see our dirty
laundry!

» kudu-dev@googlegroups.com

 Apache 2.0 BRI FA]
o XXUDKZKTTAAIKASFITNEE !
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