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» 1 Overview

Private

Period:

¥ 2 Applications
bittorrent
blackberry message
facebook
google
indowebster
instagram
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line
linkedin
path
rapidshare
skype
twitter
viber
vivanews.com
wechat
whatsapp
xl.co.id
yahoo.com
youtube
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Time Period | 2012-06-03 00:00 ] to
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Signal Record User Flow Record
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 Data Size
. Single Table >10 B BRI

« Fast growing

il

* Multi-dimensional S
« Every record > 100 dimension e
 Add new dimension occasionally

* Rich of Detail L T

 Billion level high cardinality
« 1B terminal * 200K cell * 1440 minutes = 28800 (512 )
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3 B M ARYHEGR

Enterprise Integration ek B FEERY

e SQL 2003 Standard Syntax Multi-dimensional OLAP Query
« Bl integration, JDBC/ODBC

RiG=ig
Flexible Query ZEER
« Any combination of dimensions
 OLAP Vs Detail Record
e Full scan Vs Small scan Full Scan Query Small Scan Query

* Precise search & Fuzzy search

A
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17%45FE1: NoSQL Database

Key-Value store: low latency, <6ms HEeEEKeyinld , —E—E
&S ERINAXTE | AES P BN

1 IMestaing
Customer Name City Product Amount
Id
101 Suresh Hyderabad 300

101 Suresh Reddy

Key-Value

StOI’e 102 Lavya Indore

Gavshinde
102 Lavya

102 Bhopal

Wide Column

Sto re 103 Anurag Raipur Laptop

Cassandra

104 Deepesh Delhi Bike

A
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1%33%2 : Parallel database

High Speed Interconnect

node 1 node 2 node N |

D00 D06 OO

Parallel scan + Fast compute

MpEEHRFTITE | ESHRIUR

iR (£

Questionable scalability and fault-tolerance
i Eae DB LR

EiAEaEE/I55

* Cluster size < 100 data node
« Not suitable for big batch job

4
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175453 Search engine

‘All column indexed  ESBEMTE , XASH

*Fast searching aoache (/2  Elasticsearch
-Simple aggregation Solr —
N — Fu?
*Designed for search but not OLAP KiE=MERITE
*Not for TopN, join, multi-level aggregation
*3~4X data expansion in size A
*No SQL support

SRIEE , HLAIFD

1)
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17%$E4: SQL on Hadoop

VE

SRILL spaikisaL

N/ | ASTER ; Pe-""f: R PHUENIX

IBMBlgSQL ‘ @ hadapt \\

HAWQ

*‘Modern distributed architecture, scale well in computation.

Pipeline based: Impala, Drill, Flink, ... ?;ﬁ?ﬂé HHTITE
*BSP based: Hive, SparkSQL EEBENETH
*BUT, still using file format designed for batch job 3786 Aot AL 18

*Focus on scan only
*No index support, not suitable for point or small scan queries

11

ita=hE | IR=EIR
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Choice 1: Compromising Choice 2: Replicating of data
it . [inEsks M StlSpaiE | wEFrBNE

App1 App2 App1 App2 App3

n'v

e
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CarbonDataB#r :

Multi-dimensional OLAP Query CarbonData: Unified Storage

0'0 - ‘

Full Scan Query Small Scan Query IR R IR
HETE , SR , BIRET, .

13 2 Huawel



CarbonData/E 142
F I EAREIREARZ B 5|22



CarbonData X#HiIEES

> +FSpark, Hive, Presto. Flink

R EHadoopFISpark;REHLIL
Hadoop:> 2.2

Query
Spark 1.5, 1.6, 2.1 Management Optimization
. 2.—‘_2. £ arbonData
SQL .&. Read/Write/Update
DataFrame API
b oy o :
2 _ _ .
Carbon File Carbon File Carbon File

&if) : SZ¥ESparkSQLL{L 8

HIEEHE  HENE. BFih. k. &7
( Compaction ) . 5l

|
15 % Huawel



ERBI : AE

- SQL

CREATE TABLE tablename (name String, PhoneNumber String)
STORED BY “carbondata”
TBLPROPERTIES (...)

LOAD DATA [LOCAL] INPATH 'folder path' [OVERWRITE] INTO TABLE tablename
OPTIONS (...)

INSERT INTO TABLE tablennme select statementl FROM tablel;

 Dataframe

df .write
.format (“carbondata')

.options ("tableName", “tl1'"))
.mode (SaveMode.Overwrite)
.save ()

|
16 % Huawel



(EAA : EiF

« SQL

SELECT project list FROM tl
WHERE cond 1ist

GROUP BY columns
ORDER BY columns

 Dataframe

sparkSession.read
.format (“carbondata?”)
.option (“tableName”, “t17”)

.load ("path to carbon file”)

df.select(..).show

A
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(BRI . BFRFIRER

Modify one columnin table1

UPDATE tablel A
SET A.REVENUE = A.REVENUE - 10

18

WHERE A.PRODUCT = ‘phone’

Modify two columns in table1 with values from table2

UPDATE tablel A

SET (A.PRODUCT, A.REVENUE) =

(

SELECT PRODUCT,

FROM table’? B
WHERE B.CITY =

)
WHERE A.DATE BETWEEN

REVENUE

A.CITY AND B.BROKER = A.BROKER

‘2017-01-01"

Delete records in table1

DELETE FROM tablel A
WHERE A.CUSTOMERID =

‘1237

AND

‘2017-01-31"7

phone, Z0 60
car,100
phone, 30 20

table1 table2

456, jkd

A
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CarbonData3{4f2x\,

FHERE
*Block : —"HDFS3Z{4 , 256MB
‘Blocklet : 3{FARRVFIFEGRELR , 2&/\HIIOIEEETT
«Column chunk: Blocklet N5 Z44E
Page : Column chunkIRIEGETR , 2/ NaYAES
EH7T

TCEURER
Header : Version , Schema
Footer : Blocklet Offset, Index & X{&RKFITH=E

"WEZS [FFIHER

BlockletZz5| : B Tree startkey, endkey
‘BlockletZifIPageZRFIHER @ min , maxZ

Carbon Data File
File Header

Version

Schema

Blocklet 1
Column 1 Chunk

Column 2 Chunk

Column n Chunk

Blocklet N

File Footer

Blocklet Offset, Index & Stats

W,

HUAWEI



FIFARZESIZo IR Spark TaskEFAEEIO

Spark Driver

Catalyst &

o B WHRFRE|
FidiEszi4 ( HDFS Block ) |

J’i‘?‘ HEAERSUSE | R |\57
1£95%H9Spark Task

e E 7% : BlockletZ=5|
TS ES M ERERRYBlocklet |

BT ERYBlocklet , I
DHLERIO

21

Block Index

Executor Executor

A LAl

Blocklet Index Blocklet Index

'hadaap

Carbon File Carbon File Carbon File
Data Data Data

Footer Footer Footer

A
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— M =ENTREERIE

SELECT c3, c4 FROM tl WHERE c2=’"beijing’

Spark Driver 1. File pruning 3. Read and decompress filter column
4. Binary search using inverted index, skip to
next blocklet if no matching

Spark Executor

2. Blocklet
pruning

HDFS

File

Blocklet Blocklet Blocklet

Blocklet Blocklet Blocklet Blocklet

Blocklet Blocklet Blocklet Blocklet 5. Decompress projection column
Footer Footer Footer Footer 6. Return decoded data to Spark

A
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XHREERA | SSpark@E(CERTE

Spark[alZ/ b + Whole Stage CodeGen

ColumnBatch

#51a l
[ &4t CarbonReader
_ eader II-

Blocklet 1
PageHeader

PageHeader = ...

PageData

C2
PageData

Blocklet 2

I:OOterBIockIetHeader BLEE

23

KERIIOBTT ( Carbon V3§ )
*BlockletJEZF— 1 Column Chunk 22— NOEJT ,

BlockletiZ A/ \J]% , BRIAG64AMB , KiEE 10051710
R, KERRFERA RS,
BkIXHZES ( Carbon V3153t )

HENEIETPagell: , PagelHTIT BRI , i
DA ERIREIDRREYE | 1RFTCPURIR=R

[DE(CHFS + SparkRIELIE
RIS ETE KR EMALTE | S5Spark2. 1RIE,
Codegenfh s , fEAfE+REH= MEFTERE4X

HIMNATF
-?L*ﬂk%%ﬁ%ﬂﬂ“ , FRIBRE A= IS N 5Tk |, iR
2GC

A
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FIAZR[HFHEEGERD , IRAGroupByl*aE

SELECT c¢3, sum(cZ) FROM tl GROUP BY c3

Before applying Lazy Decode After applying Lazy Decode

Stage 2 Stage 2 0
Dictionary Decode 1%—7—@@%’4’:{_13
Y N EFEARAE
Final Aggregation Final Aggregation .
{ S

. {EFAFEE (Int)
7 BGEER. shuffle

Stage 1 Stage 1

Partial Aggregation Partial Aggregation |

Scan Scan
(decode c2,c3) (decode c2 only)

A
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SparkSQLREX I

SparkSQL Catalyst Framework Spark Core
Parser/Analyzer Optimizer Physical Planning Execution
Parser |:> Rule-based E> Strategy
Resolve Relation Cost-based
& )
Carbon Data/So%e /
SQLIEE Carbonf/L{tZHE: CarbonfEXHIRDDFICommand:
. BIENEE. T iR ¢ ([FREEFHMIDRMES - =8 . FJFCarbonTableInputFormat
» Compaction «  FICBOEXSUL (Rixl) PHIZRS|, W TE _
- NF. B, fBR. Compaction,
nXF

| /) /
o5 HUAWEI




R%Z - CarbonDataf{ifit5 5DNA
=Hif) :

- WMRERS|, BP0 : iEHad-hocEif , FRHEEHSEITTER
- FERRED |, RENAE | BEeERAmE. ICEnthss

T

%”ﬂ_m%:'fi :

- EENE , SHRHFETE | HEPEUEN\EREFNEaeE

. EEE HEBASH S EEET e
AT -

, AT Compaction&Ff

. FESERESE | TSN GBEIPBANIESIE | HIZEER BRI

Hhs
- Hadoop Nativet&=, : SXREURESTEESR , Fl

26

HEBHadooptERiErs

A
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MAB=1 : ﬁ%ﬁ*ﬁ

. JFEASHT ( BRZRZEREad-hocEifl ) , A0 :
Lﬂﬁi

NE=
. El’]

=

FERIGR , BIRENE , > 105 ICRENETR
. TPhE  BERMIEEA , IENERIE , EARHEET  SHERAESA

SHHEE

FHREBDIE , —IRIRHSELLAEPIEESMG
: *EE% PTEC , TRAAPLEL

_E*%Jomfﬁf“ %= , HanEeAFID

- R - BBESIERIERERILR

EHH | BT

DIRRNE

ST,

TKEREIE
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- ERIIEESIERZESS , BEFIRAF |, Blocklet X/

RS HrRIENFER

o« WIREIFER :

/\&? : ‘ ‘/I\IO

)\F‘ =0

1763ELOCAL_SORT , A\

- MEERFFE | BR

© EEES

— {EHE

&M Encoding ,

ERF

EHTLTL,’%% [{BEz g shuffle

AR

=ElVineS )k EY S ER

Hir2R

FPruning

Ty
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CREATE TABLE t1(...)

H=oliEn

TBLPROPERTIES (‘'SORT_COLUMNS'="...", ‘SORT_SCOPE’="...")

« SORT_COLUMNS:

—- PFEIERTRE RIS

— BBNILAERSERIRFERASORT COLUMNSH ( #SERIT EEREF ) . i,
$Z AR EFNEF IDHIEE , SORT _COLUMNS=TIME, USER_ID, CITY’

. SORT SCOPE:

— RIBAWSIINEEZRIEK |, 1 EERALOCAL_SORTEKGLOBAL_SORT,
— MRWSHENMEERIREF KIEREEKE S , #HFEAGLOBAL_SORT, HBIIEIY

{&FLOCAL SORT,

31

( ZFAERAHLOCAL SORT , 3

N RERNEITERE )

Ty
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s Ese izt

SEEE , c1Bc10BEEMTIE,
CarbonBYSORT_COLUMNS=Mc1Zlc10, Partitionf95 X% Ec1

N Rz A [E) (sec) Task&
c10 Parquet CarbonData Parquet CarbonData

6.4 1.3 95
65 1.3
71 5.2
64 4.7
67 2.7
62 3.7
21.85
11.2

CarbonBIIFIAZRS| , F/P>Task{EE M , BT Task QiR IO

Ty
HUAWEI
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TERIERG
carbon.propertiesfVIZ £ :

» carbon.blockletgroup.size.in.mb ( —"“blockletgyx/J\ )
— ERTECarbonEIAAIS/INOKIEE , R T CarbonfEX A REEHNT HURHERA /N
— EN) , ERSEEIE RO, EER,
_ EMA , IOWERME , BERITLRMER,

 carbon.custom.block.distribution ( blockletiFE )

— 2 BtruelT , carbonS¥gblockletix[Elsplitz5Spark , Bl<igblockleti#fTtask A&, 17l
0as=R 7 5 blockletll] &5 task,

— ZPFEIERON , CPUBRIR | FTHIGEER LIRTHEATE

Ty
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Encodingifd{ft
{FE2ZLString5 !

_ SRAERUTFSS ST
- FEFEEAIERERS BTG  BREER, (KNENENEEESKE )
TBLPROPERTIES('DICTIONARY _INCLUDE’ = ‘city, country’)

EE7% ( byte, short, int, long, double, decimal )
—  BIAfEEFHAdaptiveEncoding

a—

- REXTNPagetRIEFITE R BaNEFRITIIEESSE., WonghIziERIsE=Hbyte

=i,

Date/TimeStamp
—  BRA{EERAdaptiveEncoding
- RHESXT I PagetRiEFITHE R BEoltiFE s tAvFiERE,

Ty
HUAWEI



K1

C1: long

0x00000002
0x00000007
0x00000009

0x00000003
0x00000005
0x00000007

Min: 2
Max: 9

Schema : long (475 )

SLRR(EF : byte (15779)
AdaptivelntegralEncoding

SPEJVETT

C2: long

12892712
12892727
12892713
12892743
12892725
12892742

Min: 12892712
Max: 12892743

Schema : long ( 475 )

SCRR(EFE : byte (15775)
AdaptiveDeltaEncoding
(FfiE{E Amax-value)

(0 3¢ [010] o] [}

Min: 12.32
Max: 54.32
Scale: 2

Schema : double ( 8=F15 )
SCRREH : short (2575 )
AdaptiveFloatingEncoding
(fZfi%{E9value*Math.pow(10, scale)

A
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FE4a=ZEXILL

TPC-H LINEITEMESSE% , 1GBUE , MtUEME

N Ja s K3 B

| Data Type | Carbon | ORC | Parquet
bigint

double

decimal

date

55 33
0.064

short string

long string

decimal date short string

Carbon ORC Parquet

36

long string

1)
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(S, SRNFRDT | IRAERIEEEHT R

78 L AT 78 A=
Impala : HBase : L \
1 ESJoin/Orderbyfly 1. MeNXipmEsn, B8 ﬁgﬁiﬁﬁgﬁ%ﬁ*ﬁ*ﬂ%@ﬁ
WS SELEGETE BB WEEEK 00 , T
ot Thi gt e ) SESTLMERST B0
N, =R

SUEEH

=)

BISIFH. XHIFH BISFER. ZHFH
37 P2 vuawel



AEEEEScale out;lllizl

éﬁE : 20001221 51{Z2&80RE (FEFRE S HE Response Time (% of 200B)
ZU7E) 500.00%
400.00%
g8+ 70 nodes, 1120 cores
300.00%
1) 200.00%
Q1: filter (c1~c4), select”* 100.00%
Q2: filter (c10), select* 0.00%
Q3: full scan aggregate 200B 400B 600B 800B 1000B

 TIEEIN : SIEEURE , FIEEIN< 1S,

;LD . BIFIATERIR %I &

38 %2 Huawel
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- HHT1%

- MERHTFR., XAFE

ST

FEDMT (¥ Ria=

SERTIFER DT
RURIEE |, SERTRENZIA)RR (TN )

3

- RERENEHTRE | Wt

IENEZ b

IR

&

ZIERNERN : &
R

SR E [ E4E

X AN FEREJSONSREIZT, ( SchemaifEl )

KREIPREI ( Partition ) |

RERER (1A, MAEKS] )

;L ER&E18 ( Cube)

Ty
HUAWEI
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RiFEIAE=2 : #1EBIStH

———
=

s : E5EeBIZRWS |, fit0 - ERmEIRE , fE9HSE

WSEFEK

- NE  BBNE—Ht , NEEEERAS

. gﬁ/ﬁ TN Z |, REKREDR ; NEEEMEZEGINEIE | RS

. ENf
- SZHEERIEITIER , —RAIBLHBESES TS

- EBSCERJoINEERR |, AIReFESELRJoINFEILFRGS ( K KZFKJoin )

- ERIAEVEELRST , SEFEN

- B&REH : Dashboardf@Il , —XWERERINFE/ |+ EEXFHAES

1)
HUAWEI



| BEHIRORKLER

- MIUFERDTgS | IREESEX , (ERERENE R,

o HiEHCERFEITER

- TF -
- IEEEIEAISORT_COLUMNS|IRE , IRAES R , mMEEEHEER
- FASX{tgPartition Pruning , N5 XIRIKHzRZ=RI AR EIranges X
«  XJGroupbylEREBFHIRED , ERERStringfitE , FiE/ShuffleZiE=
 JB1iICompactiont®{E , §F/N\E , I—BAEIER

i o =
- {FERCarbon[AZ{tReader , 5SparkmEMEHEES

- HRTFIEEEEE X , HHAUnsafeB 9 NATE |, IR GCRYIE
 JEEspark.sql.shuffle.partitions , ZI{E T L2

«  JoinfiLit
— NWEEJoinlIF/NFEFE , 1£Join key_EBliEbucket , BliEEAJoinAFAshuffle

41
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IR
CREATE TABLE t1(...)

TBLPROPERTIES ('DICTIONARY_INCLUDE'='...’)

DICTIONARY _INCLUDE:

—  XIGroupByFlfE G5 EYRE , B ERStringffit&

— R AEXJEcardinality 7RSS , [NATgESMAFERAK , ANESO0OM
BEMR

— 1 Ecarbon.enable.vector.readerAtrue

{FRUnsafetfEYMATF

— g Eenable.unsafe.in.query.processing Atrue
Compaction
- TERAFINfR A Compactionap< , §FHETBHYSegment,
— igE&carbon.major.compaction.size £ ALTER TABLE t1 COMPACT ‘MAJOR’

\D,
HUAWEI



(S : $ienthin=s | iiSybasel Qf iz E 455!

SybaselQ

CarbonDatal

HANVSSIHROMIIEE (TTEFIERERIEL ) -

---------------------------------------

----------------------------

IR43SE (I mTT (T

CITLL e

ys3 SQLYHIE R AT ikl | 1=H
ZidiE (108Y) 10~20S

sesein, P

SHEITETopN (£ 15S
iR+ FPEGT )
E%% | ZidiE (108L) 20S-30S

BURS (FA% B
BRE%E PSR SCER+ 235194 )

o BEAT | EEEPEIEITHA. o i Carbon&i : N\ =REIEa A
HEES — HDFSTERE , KRR, Carbon{TARTEEEXTIEL ( RATFHA15 , tCATFHAS50 )

Arss 3L tCRd

o TiETtt : LUEFEERIEL . B« EEEEFH : CarbonZ=E IBRFHOKR
TiE R es. VMERE D HINITENE | IBHE 4R
3~8f=

- EFEEE | EiCRIEIAMEE
ToERmEEK , EEY SHifE o A& : IFRB15MSS |, 1000+3K3K ;
F150%. LB, 1RINEF—REEE "

£ HUAWEI




QeDth (¥ RBia=

SRS
~ KPIESE , SHrERegms.
= (5 ‘é%j?m , SEIIRD f&ﬂl’]u, =XEE

— ERIGKPIZUESS | /B _Foth , BY Fh. 6. hEKEEF
MER ,ilﬂﬁ'*" Xiig7i=8

X :

— N CubeZAERAIRLTNLRER
- S5ER5|E5s , sLHBmK

>IHTF

Ty
HUAWEI



¥

=% . =5l AERS1% , RallnfF , BFhdiEtse SORT_COLUMNS, SORT _SCOPE

= JEAE EimdEttse carbon.blockletgroup.size.in.mb
TABLE BLOCKSIZE

=7hE - X DXIDEEE , nHAMEEjoinEBE  PARTITION, BUCKET

FhE : 4wt BRLEF e B8 |, $&Ftgroupby4EE DICTIONARY_INCLUDE

=Hif BT EERS|. FHFIReaderAfFIEIN , 2 carbon.enable.vector.reader
FHERE |, HAPGC enable.unsafe.in.query.processing
spark.sql.shuffle.partitions

HREE  NE  IRENEERIIZEL, "o FIHACPU carbon.number.of.cores.while.loading
REZIGITER | RAHASHE carbon.use.multiple.temp.dir
enable.unsafe.sort

$IRETE igE compactiondIZRRE , FMS4A/\FIZ carbon.enable.auto.load.merge
Compaction 5|89E%E | EmiRTEIEE carbon.compaction.level.threshold
carbon.major.compaction.size

).
HUAWEI




What’s Next
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CarbonDataB#r
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Fhi&Carbon Streamingf&T!,
Fh1&Streaming Segment
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¥RilE&5Apache CarbonDatattX

. website: http://carbondata.apache.org

. Code: https://github.com/apache/carbondata
- JIRA: https://issues.apache.org/jira/browse/CARBONDATA
. Mail list: dev@carbondata.apache.orqg,

. YRiBEMaillist £32i8) , EEFRITFOF & CarbonData 2.034F 4
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user@carbondata.apache.org
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http://www.hwclouds.com/product/uquery.html

P2 Huawer RiTEN @ BRAR oy SR SESES  F5RS (), En 2Hle & ER A

HIEEIEARSS UQuery

UQuery2—ME S ENBIEENMRS, LT R, RMBmESQLRD, RASFEFEE
71, AILERINN T E R TRRED T

mmEAUEESS RERIXAE | 2588 T

IRIENI]

1)

HUAWEI



UQuery : PACarbonData+Spark# 9tz U5 | 2a9E0EEERSS

ki
RzFe

ARSS

&0

il
518

STE
itE

2
Wiz

e
IENEEE

BRLHE RS

SQL

Y/

= =rny

1

4

4

RESTAPI

—<S3
BERTHIT

Console

CQrbonData == Spor‘ll(Y

S N

0101 0101 0101
0101 0101 0101

TSEIRMEYE(OBS)

y /' & & 4
" 4

74 ! "

=MD TEHEDWS)

—==

IS5 EHE(RDS)

BN BERIHIETN , TEINEGER , EREEAERE , Rif
£33 , MR AINFUKELT , [oTIREEHHERR | SRS,

LA, BEEFRES , BRI
SRS RATE B BN , MeiBls , EH 2RI

&=
=Jo

FHtE |, MO, WNAEERRRS T, EENRINALR
gt |, LFEEE , REEGEE , REHITTE,

UQueryR—M=2tENEUETIARS |, BEMFESQLEO. BIEFHFEE] , R B |, 1L

N EZHUE R

56

ey

1718)

BERERRERDT

\D,
HUAWEI



UQueryisma: SRR, SR, Ri=4EAIEiaRSS
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