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* ZZFHEK : PALO <->OLAP
® A MPP-based Interactive Data Analysis SQL DB
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* RiEZiR®TRISS
* HIMUEKIZEEREDNT , MO , SROTESHOWIRS
* 300+% , BURBYEMUEETE , BAME1TE
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* FIbSHIRES
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LI '
RImagEaNr+ 2010-06-29 00:00:00 2010-06-30 Q0000  2010-06-29 000000  2010-09-30 23.5%59 1 ih .
aran
" (
FMnac

B, BERXREEFHTIEESTES

REe®(gdw deal)

deal_id ( {EMID

!




Ins=

* REXZHDTES
° 100+3 , BAKS0+HEF). 10+i8H5) , (EEAS , DEHH
* 10-100TB

QR A& Vo #
=71

Hnhi S B > ¥ ‘ , . ) =
tart 20141410 2004-11-% o
- 0_Jomane L G pefist, o peillit » a=zo EAAMEL, . vER IR, o
EL b ] - A —
mRae v | Eaes || Wue |
AR RREINE
e v | e
e
v ik
ot a 6 & ™ nEH it ovEENE rEESEEN  oeCEE

A~ 0141510 ER ) 50
a4 BFXiE =M "
< HAY “sT r 62
4 x=d - 3
a2 P o
4 A m g
- N etn ‘
4 mEuS AR .

T 110
(13

i

e



In=

* LB
* g% : Hadoop + MySQL
* %%t : Hadoop + Hive
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PalofEfBE X EIER A LRI E

App Client
(Mobile App, Browser App, Desktop App, Service API)

Web / App Server
(Business Logic)

Transaction Processing Analytical Processing

Siorage System | [ DatabaseSysem | | | OnineDataserving |

NoSOL. Table. Dbsect) IOESOL. NewSOL)
| |B!mmDmPromalnq“Bnch Data Pmcuslngl

Data Bus / File System
(Bigpipe, Kafka /| HDFS, AFS)

=T= (AU =]t



PalofE R A teAIRI B

mRE=REIESTES -“ﬁ*‘#;z

AA — S =T = HY
BT gunicom AppiCaton Sevice

- — S—"

i = i , Storage/Computi
W e M

 ambari Security/
oAl Management/
Coordination

(Grafana  Puppet m; —
A | by e Kubernates ! frasture,




TR SE——OLAP

® Online Analytical Processing

® Online vs. Offline (Interactive vs. Batch)

® Analytical Processing vs. Transactional Processing

OLTP OLAP
EFRRA HERZIE BRYREIR , DHTRSR
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[T =91y R YafER
Netezza 2000FE=E AL v AL 201056F9820H , IBMH&17.812=
Netezza TwinFin v XEAFPGAKIEITIRERS| Tl
Greenplum 2003FEEEKIZ v 1717 + 5TF 201057868 , EMCHEB3{ZETTIR
Greenplum Database v' Shared-Nothing&Eg# 1)
Vertica 20055 EEEpBRIT v HE 201128 , HPH#R3.5{23= o
Vertica Analytic Database v Shared-Nothing&Eg#
Aster Data 20055 F2EFE RN v SQL-MapReduce 2011F786H , Teradatai&2.63(2
nCluster v' Shared-Nothing&E&# EoiE
ParAccel 20055 E AL v 5iF + BIERNESE 2013 ActiantH&1.5/ZEToi |,
PADB v Shared-Nothing&gf RedshiftE#Rr{sEFParAccel
‘Vendor and Appliance Total Compression User Storage (TB, List Price
Cores Compressed)
EMC Greenplum Data Computing Appliance 768 48 4to 1 144 $2,000,000
IBM PureData System for Analytics N1001-010 n/a 112 4to 1 128 $1,599,000
Microsoft SQL Server 2012 Parallel Data 2,304 144 Stol 340 $1,569,970
Warehouse®
Oracle Exadata Database Machine X3-2 2,048 128 10to 1l 450 $13,580,000
Teradata Data Warehouse Appliance 2690 768 96 4to1l 146 $1,168,000
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Apache Kyiin

Extreme OLAP Engine for Big Data

Druid is a high-performance, column-oriented, distributed data store.
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© HABK

— high availability
— Scalability

— High Performance

o RLER

— Consistent View
— Monotonic Consistency

— Heterogeneous Storage
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1/10 ~1/100 Cost

99.9999 % Uptime
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100~20075 / 1000 TB

EEIEE

10W QPS/ 100GB/s

XFFLUERE
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10 TB / Hour
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http://www.iconarchive.com/show/ivista-2-icons-by-gakuseisean/Misc-Database-3-icon.html
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Fu3E48 ( Centric Architecture )

Master may be bottleneck
Orowiph Maaier
Query !

Client s Query Planner

Final Result! ;

iGreenplum Segment . iGreenplum Segment . {Gmanplum Segment

o e
Storage Subsystem [ ll Storage Subsystem

_________________________________

Storage Subsystem




YIFREE4 ( Symmetric Architecture )

1. EESERE—E
2. TCEURR
o 3. PIanneriFl]executor%P\]??
o A |4 r‘%ﬁ%ﬁ& , DI REE RS

_______________________.n_ ______________________________________

Impalacl Impalad

/
/“

—_— Quer‘,r Fragrnent
Sp——  Fragment Result

Quew Executor

Storage Subsystem

Symmetric architecture — Impala.
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a2 ( Hybrid Architecture )

PALOFrontend | FALD Frontend |

Query

Query Pla I Final Result
EPALCI Backend PALG Backend PALO Backend
Query Coordinator / \ Query Coordinator
/ Quurr Executor \ Quew Executor
5 Storage Subsystem 5 Sturage Suhsv,rstem

—  (UETY Fragment
S [Fragment Result

Sturage mhsvstem

Hybrid architecture — PALO. ve
i )N J—
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« Hybrid Architecture

— Leader * 1 + Follower * 2 + Observer * n
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* Integrated system VS layered method
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LED VST Y= LaPLUP v

test@mry-laptop:~$ mysql ~h tc-inf-devop®dl.tc.baidu.com -P 8276 -u maruyue
Welcome to the MySQL monitor. Commands end with ; or \g.

Your MySQL connection id is @

Server version: 4.1.2 (Powered by Palo 2.0 Beta)

Copyright (c) 2000, 2013, Oracle and/or its affiliates. All rights reserved.
Oracle is a registered trademark of Oracle Corporation and/or its

affiliates. Other names may be trademarks of their respective
owners.

Type ‘'help;' or '\h' for help. Type '\c' to clear the current input statement.

mysql> show databases;

+

6 rows in set (0.01 sec)

mysql> use test;
Reading table information for completion of table and column names
You can turn off this feature to get a quicker startup with -A

Database changed
mysql> show tables;

I
|
|
|
I
|
I
|

rows in set (0.01 sec)

..... (P

MySQL Client

[ MySQL Proxy ]

[ MySQL Protocol Layer ]

Frontend

REREFin
5 rENBFRESS
FIMLFEE | HEAF EFER

MAMySQLIEXTE , ttaiMySQL
Proxy

Baiﬁ'ﬁlﬁ




P et

J On L e Ll

Palof$

./mysql -h PALO FE_HOST -F PALO_FE_PORT -uYOUR_USERNAME -pYOUR_PASSWORD

CREATE DATABASE example db;
USE example db;

CREATE TABLE ps stats tbl (

siteid INT, DEFAULT '10°,
day DATETIME,

citycode SMALLINT,

username VARCHAR(3Z) DEFAULT '',
BV BIGINT SUM DEFAULT '100°

) DISTRIBUTED BY HASH(siteid) BUCKETS 32;

LOAD LABEL ps stats_ 20150717 (
DATA INFILE("hdfs://host:port/ps stats data")
INTO TABLE ps stats tbl

)

0 SHOW LOAD WHERE LABEL = "ps_stats 20150717";

SELECT siteid, sum(pv) FROM ps stats tbl WHERE day = "2015-07-17" GROUP BY siteid;

e e g e il e +
| siteid | sum(pv) |
tommm e tommmm e — = +
23143 114996
12345 318925
tem———e e et bt +
2 rows in set (0.02 sec)
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ORACLE" Business Intelligence
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®* Memory + Checkpoint + Journal

* >XFH Berkeley DB Java Edition , 25Paxos¥sCif ,

Log Replicating

Leader

LFoIIowers

Metadata In MEM

Checkpoint.10

14

Checkpoint.13

14

Metadata In MEM

Checkpoint.10

4

Checkpoint.13

4

Observer v

Metadata In MEM

Checkpoint.10

4

Checkpoint.13

’-
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* JENHRF—HE
— Master

— FollowerF]Observer

* Z1MAA ( TTEEXRMEILRT )

— RfftsyncapSRKFNELE
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* BA=EIR
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tablet1

-

—=| tablet1
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MPP1T

) Era_gment Q—C_! ) ) Fra!gment 2-1 ) ) Era_gment 2-2 )
Sort [ Sort ] [ Sort ]
SELECT k1, SUM(v1) A A A
FROM A, B | | |
WHERE A.k2 = B.k2
GROUP BY k1 (_Agg—] ( Ac:;g ] ( Ac:;g ]
ORDER BY SUM(v1)
. Exchange { Exchange } { Exchange }

12/

WAL ' \egment 12|/ /]
_ Sort | \Frogmenti-1  /

'

Fragment 1-0

Fragment 0

( ,'jdi"h ] A?g ( DatasSink |
{ Scan"A J LScan BJ m _ Scan B _

I

=

=

[ Scan A ] { Exchange }




EEHITALLVM

- [EL
— {775 ZERR
« BT XRREUER |, FTECPURIK , AFIF5 2 Full SELECT id, name
(age-30)*50 AS bonus
FROM employee

« 15SFZYECcache miss i el e
age >
« IRIFBIARE , AFTFREREF , SIMD

. ESRANEE EANE o ——

. FRAMBEEL AT m‘@':m. |

— TR : star-schemalli{ ZBAIEF3~AE ¥ — mg |
s scan 1ot ey

« LLVM

BT o
K Bad-hoc B HREF 5= BaichB
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FEtEm-71F

=11 Hame Age Addr tity Bt
101258757 ST Bl [mn FiesT 41 dung Al
B rRAE [T 3 |i%1ar milk 5T FORCHAL A
BIEITI WA [ 12 [az qme g EHEEAGD il

TIVESATET | ) i | JOTES TN 00 | PR | 2l T | 00 TOPHERE | TR | EXTINR I T (it | e AT R a0

Hiak [

BUER AT FEGRIT (RLE) H4d

L L L
1 1 1
1| ({13} 1| ({113} 1
1 1 3
2 2 2
2 {22} 2 ({242} 4
3 — 3 | 2
3| )y =S 3
3 — 3 6
3 3 (38711
3 {3,7} 1 3 ......
3 ﬂ — 3 ﬂ
3 — 3
...... &, s |- B FHEREE FEEX

FIRIR I | &5 RIREN
HRipEEmERasS , KERFERYO
FERE—R, HEES
FIREERS| , HIERES|

< N X

v Palof#iff5 |EFIRFRISTIRSMALAR mIn, maxFlsumEEEEZRS [FAR
BEgREEIRSEER AT aeAE/\ , ATLLRKIRAY/O | RFrEiaiag

a (date) b (int) c d e
100101 8,10 True = SERHARE > WIRTES ISR
10010, 5,25 Possible = HRTAE > RILLH (LA AHEAIHIERHE
False = SEHISR > NEETHWIHGE
| T T !
{min, max, sum, ..} | select a : "
100101, |8, 10, —t+—— »sum(b) as b —ﬂ%%
100101 | 600000 of ’ 600+000 | from  mytab Jl
———————————————— E
100101, |5, 25, | where a<='100101" | 1556
100102 | 1155261 24351 L. I igstFI/0
T l'group by a~ ~ =~~~ 7|
l : order by b desc | gﬁ%
bIEEI TSRS 0 —-—-—————————————— !



#ZiEtRBY-Schema

* Google Mesat=sg!
* HF (Keydl) , 18%xR (Valuedl)
* Key’|BFF1F#
* EHRIEEN
* 2Key2Bifi—
* HERIKeyAYT , HValueFBaI&FH(SUM,MIN,MAX,REPLACE)

Time Id Country | Clicks Cost
2016/12/31 1 US 10 32
2017/01/01 2 UK 40 20
2017/01/01 2 US 150 80

% .
BaichB




SEIRE - TR S

Base

Delta

New
Base

Time Id Country Clicks Cost
2016/12/31 1 US 10 32
2017/01/01 2 UK 40 20
2017/01/01 2 US 150 80

_|_

Time Id Country Clicks Cost
2017/01/01 1 US 5 3
2017/01/01 2 UK 60 30
2017/01/01 2 US 50 20

Time Id Country Clicks Cost
2016/12/31 1 US 10 32
2017/01/01 1 us +5 +3
2017/01/01 2 UK 40+60 20+30 .
2017/01/01 2 us 150+50 80+20 Bal

w

i




EIRE-ZhR A

OLAP Table
Delta Delta (V)
/s, Ve
ik Delta (V)
Base Delta (V)
(Vs, Ve)
Delta (V)
g Index L |MOX | ﬁléﬂ Index
@ ~ — >
x S
iy =
@
0

li.;ﬁ.@.ﬁ




FiEtRE - B AR E

° RAIREIIRS

— RFZER , EEOlapirEiRE8RaEK

— K
valueF|IIT IR R ToE THE
count— M ISIERRIZEFRBS!

— RZkeydlit , HFEASFIGER /IR

* BEFENFMHIEEIEIE

— DUPLICATED KEY

— UNIQUE KEY

— AGGREGATE KEY

% .
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ERE (rollup)

° L= alinAda
— BasexA5IRITFE
— keySEFHERF ZiIgEFHEF

* EiIREENERE

. E;)\ E;& 1 2017.01.01 dtm= 10
SARF 1 2017.01.02 dex= 20
/ 2 2017.01.01 XxE 30
2017.01.01 1 4t= 10 2 2017.01.02 4tz 40
2017.01.01 2 xiZE 30
- Ba%
2017.01.02 1 s 20
2017.01.0 1t =R 0 1 30
Basez 2 70 Q

|
|
-
(T
@




AEDK & $RFiE

- MESK
* BEHIBEBIESE | FRARNFENR (FHEFESSD |, [HRHFESATA )
* WO TRKERFLEIEAVENEESH T8 T KERIIOFCPUHH
* B TREI B, shardiFE

T

* FPTLUSESIEMEISSD LaiE SATARZ £ |, T RIETTUS S EURMSSDIE
BRISATAL , SR IASSDIREEIAMERE

CREATE TABLE example tbl |
k1l DATE,
k2 INT,
vl VARCHAR(2048) REPLACE,
) PARTITION BY RANGE (kl) (
PARTITION pl VALUES LESS THAN ("2014-01-01")
properties ("storage media”"="ssd", "storage cooldown"="2015-06-01 10:00:00"),
PARTITION p2 VALUES LESS THAN ("2014-0&-01")
properties ("storage media"="gsd"),
PARTITION p3 VALUES LESS THAN ("2014-12-01")
properties ("storage media”="hdd")},
* ) DISTRIBUTED BY HASH(kZ) BUCKETS 1Z:



Online Schema Change

* THEHEANMER , BRWSS EEATERAN
° Al A, ASHRESE
* FN help alter table

.0”0
Bai®d &




L

* FHLSA

=21
* Fz

— Show load&EFEIRZE

® |abelf5l
— MBLEEIEREES

.0”0 .
Bai®d &




SRS

®* Broker
— SIEFEEMHDFS, Baidu BOS_Li#H{T4i#=isEN,
— GMIENERE broker#ig |, 1R A IEENAE
— FILARASNRE.

LOAD LABEL example_db.labell(

DATA INFILE("hdfs://dpp.cluster.com;54310/user/palo/data/input/file")
INTO TABLE “my_table’

)
WITH BROKER hdfs ("username"="hdfs_user", "password"="hdfs_password")
PROPERTIES(
"timeout"="3600",
"max_filter_ratio"="0.1"
)3

m
v
B
0
At




SRS

°* MINI BATCH
— {ERAhttpEIRISA | IBE R H B AR
— ST EREARIEFIER

— Client J

1 2
3 Http request . Http redirect

Http Request (

Master ]

LOAD LABET pa atats 20150717 |
DATA INFILE({ "hdfs:/’/hostrport/input/ps stats data")
INTO TABLE ps_ mtat E_tl;:-l

b i

Mini BATOH DATA LOADTNC
curl -u usarname,password -T ./input/pa_stats data htep:S/fe.hostiportfapl/dbl/pa atats thlS load?label=ps stats_ 20150717
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L
- SRPI
- BEEPSESH

mysql> show resource;
pmmmm—ma= Hommmmmmmmmmmaae $emmmmn= +
| User | Resource type | Value |

| CPU_SHARE
| CPU_SHARE

in set (0.01 sec)

- BER

cgroup.clone_children

g cgroup
ﬁg&> Iﬁgﬂ—/ \

cgroup.clone_children
nt_control

cgroup.event_contro ]

Cgroup.procs

cpu.cfs_period_us

cpu.cfs_quota_us
cpu.shares
cpu.stat
cpuacct.stat

cpuacct.usage
cpuacct.usage_percpu
notify_on_release

tasks

e_percpu

group.clone_children
up.event_control

c11ne ch11dr$n
) ]

cpuacct.
cpuacct.usag




aB52SQLIGE

* SEOEE
* HEAE. FEILLRREEEREEN
* FE—&BIRN , FKEREN=?
rank() over (partition by dept order by salary)
ZProct/lil
® Show proc ” /XX"

* HELP

* ELEFRHNE
* Web help

* Help xxx
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® GitHub :
https://github.com/baidu/palo

* AEx=L:
https://cloud.baidu.com/product/palo.html
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