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Apache HBase™ is the

Use Apache HBase™ when you need
access to your Big Data. This project's goal is the hosting of very large
tables -- -- atop clusters of
commodity hardware.

Apache HBase is an open-source, distributed, versioned,
database modeled after Google's Bigtable ...
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Row Key ColumnFamily  ColumnFamily ColumnFamily
contents anchor people

"com.cnn.w anchor:cnnsi.co

ww'" m="CNN"

"com.cnn.w anchor:my.look.

1. Data Model R

"com.cnn.w contents:html =

T AR

"com.cnn.w 5 contents:html =

ww'" "<html>... "

"com.cnn.w 3 contents:html =

ww'" "<html>... "

"com.exam 5 contents:html = people:author =

ple.www" "<html>... " "John Doe"
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wipen gEaE B

Baron 38.02669  46.88364 49.23896 r 0100101011101101101010101010101101

Bernardo 6.662968  82.81097 | 1.353296 r 0100101011101101101010101010101101

L, — Bernete 51.80541 57.27945 | 48.85917 " 0100101011101101101010101010101101
ie/ 1—-]-/ §|J Brent 59.31392  11.02464 32.99529 g 0100101011101101101010101010101101
Callida 60.1045 | 69.73448  56.50936 r 0100101011101101101010101010101101

| 4
ROW Key Carmelia | 87.41105 | 19.16582 | 74.00486 0100101011101101101010101010101101

| 4
Cyrus 18.97029  29.61708  39.21837 0100101011101101101010101010101101

r
H = . . .
C OI umn Fam i |y§|J )‘j 9& . Darelle 8404259 38.36477 37.49422 i 0100101011101101101010101010101101

Geralda 30.15843  18.99907 @ 66.69951 0100101011101101101010101010101101

ColumnQualifier|fRE

pa \# 1£K |4
Hirsch 9.053185 | 52.44312 26.59205 0100101011101101101010101010101101

. r

Versio n/T imestam p llyse 10.56388 | 29.18008 | 27.29948 0100101011101101101010101010101101
| 4

Jakob 79.34119 | 4390385 33.48238 0100101011101101101010101010101101

r
Hilarius 81.8834 | 13.86951  40.84456 0100101011101101101010101010101101

4

Jenilee 69.06755 71.35634 = 89.43621 0100101011101101101010101010101101
| 4

Jonathan 62.80531  22.72737 | 62.44845 0100101011101101101010101010101101
r

Kate 51.7571 | 0.480606 33.72056 0100101011101101101010101010101101

r
Kath 28.42197 | 37.67409  60.66452 0100101011101101101010101010101101
y
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#IEEE RowKey
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Row Key
name
Baron
Bernardo
Bernete
Brent
Callida
Carmelia
Cyrus
Darelle
Geralda
Hilarius
Hirsch
llyse
Jakob
Jenilee
Jonathan
Kate

Kath

ColumnFamily 4#%
BX B¥ KE
38.02660 | 46.88364  49.23896
6.662068 8281097  1.353296
51.80541 | 57.27945 | 4885917
50.31302 | 1102464 32.99529
60.1045 | 69.73448  56.50936
87.41105 19.16582  74.00486
18.97029 | 2961708  30.21837
8.404250 | 3836477 | 37.49422
30.15843 1899907  66.69951
81.8834  13.86951 4084456
9.053185 | 5244312  26.59205
1056388 | 29.18008  27.29948
79.34119 | 4390385 3348238
69.06755 | 7135634  89.43621
62.80531 | 2272737 | 62.44845
51.7571 | 0.480606 | 33.72056

28.42197 | 37.67409 | 60.66452

ColumFamily B F
L&
0100101011101101101010101010101101
0100101011101101101010101010101101
0100101011101101101010101010101101
0100101011101101101010101010101101
0100101011101101101010101010101101
0100101011101101101010101010101101

0100101011101101101010101010101101

0100101011101101101010101010101101

0100101011101101101010101010101101

0100101011101101101010101010101101

0100101011101101101010101010101101

0100101011101101101010101010101101

0100101011101101101010101010101101

0100101011101101101010101010101101

0100101011101101101010101010101101

0100101011101101101010101010101101

0100101011101101101010101010101101




2 =g d| Row Key ColumnFamily 4>#& ColumFamily B}
g&*E*;ﬁé 00|umn name  iEX #F¥ HKiE kg

Baron 38.02669 @ 46.88364 49.23896 0100101011101101101010101010101101
Bernardo 6.662968 82.81097 = 1.353296 0100101011101101101010101010101101

Bernete 51.80541 | 57.27945 48.85917 0100101011101101101010101010101101

ColumnFamilyfJi%it @ ZERIEE XTI E
Ei)i3

Brent 59.31392 ' 11.02464 @ 32.99529 0100101011101101101010101010101101
Callida 60.1045 | 69.73448 56.50936 0100101011101101101010101010101101

Carmelia 87.41105 19.16582 = 74.00486 0100101011101101101010101010101101

FIENSTRE, BEEEDIKL, ~25,
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Cyrus 18.97029 | 29.61708 39.21837 0100101011101101101010101010101101
Darelle 8.404259 ' 38.36477 37.49422 0100101011101101101010101010101101

Geralda 30.15843 | 18.99907 66.69951 0100101011101101101010101010101101

. =
COlumnFam”}’E Eiﬁﬂﬂﬁ/&, E{Zl-‘ﬁﬂﬂﬂ%ﬂ Hilarius 818834  13.86951  40.84456 0100101011101101101010101010101101

B FE=N
ER&G}E BLﬁ ’%‘/’J“j]l] E{J Hirsch 9.053185  52.44312 26.59205 0100101011101101101010101010101101

llyse 10.56388 | 29.18008 27.29948 0100101011101101101010101010101101
Jakob 79.34119  43.90385 33.48238 0100101011101101101010101010101101
Jenilee 69.06755 | 71.35634 | 89.43621 0100101011101101101010101010101101
Jonathan 62.80531 | 22.72737 | 62.44845 0100101011101101101010101010101101
Kate 51.7571 | 0.480606  33.72056 0100101011101101101010101010101101

Kath 28.42197 | 37.67409 60.66452 0100101011101101101010101010101101
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R B IR
Row Key ColumnFamily 43#& ColumFamily & _—
name B|X ®WF FE kA&

S 1B 1 20190607 31.28453536

Baron 38.02669 = 46.88364 | 49.23896 0100101011101101101010101010101101

v
Bernardo | 6.662968 | 82.81097 - 0100101011101101101010101010101101 Baron S #S  20190608 I 93.77157638

r
Bernete 51.80541 - 48.85917 0100101011101101101010101010101101

¥ FEE 20190609 87.79503988

4
Brent 59.31392  11.02464 32.99529 0100101011101101101010101010101101

Baron ¥ $E7E £ 20190608 60.54470649

|4
Callida 60.1045 | 69.73448  56.50936 0100101011101101101010101010101101

48 B : 20190607 30.06661704

|4
Carmelia 87.41105 | 19.16582 = 74.00486 0100101011101101101010101010101101

S8 #& 20190608 93.76191086
¥ #iE - 20190607 57.783734

Bernete ¥ EX 1 20190607 52.62751332

14
Cyrus 18.97029 29.61708 @ 39.21837 0100101011101101101010101010101101

r
Darelle 8.404259 38.36477 « 37.49422 0100101011101101101010101010101101

4
66.69951 0100101011101101101010101010101101

Geralda 30.15843 | 18.99907

r
Hilarius 81.8834 | 13.86951 40.84456 0100101011101101101010101010101101 Bernete SEC #F - 20190607 11.81483627

r
26.59205 0100101011101101101010101010101101

Hirsch 9.053185 | 52.44312

Bernete S FEIE © 20190607 19.98519842

r
Baron F:3k:20190607 0100101011101101101010101010101101
¥

4
llyse 10.56388 29.18008 @ 27.29948 0100101011101101101010101010101101

r
33.48238 0100101011101101101010101010101101

Jakob 79.34119 | 43.90385

14
Jenilee 69.06755  71.35634 89.43621 0100101011101101101010101010101101

4
Jonathan 62.80531  22.72737 62.44845 0100101011101101101010101010101101

r
Kate 51.7571 | 0.480606 @ 33.72056 0100101011101101101010101010101101
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"Baron
"Baron
"Baron
"Baron
"Baron

190607":

0190608" :

nFGEY: {
''20190609" :
''20190608" :

0100010101010101"

5: B3 20190607" :
5 20190607" :
1 SEIE 20190607":

4 3IE 20190607"

:3k1% 20190607":

31.28,
93.77,

87.79,

60.54,
"9100010101010101",




FLEGE 195

|
|
B{F§9id
HY{E: raw_idfa, md5_imei, md5_mac |
device_model i BEHLE
ip [RIGHY1ipititt
gcj_lon Double | SEMENZERER

|
% &idfEF Nrowkey :
|
|
| gcj_lat Double | SEHENSERES
|
|
|
|
|

H 587 8)/E fyversionki 8]

radius Double | BE¥1E
scene String | 78
media_name String | EKRZFR
location String | HXE
timestamp Long N ETES

HREN105I

1D, 10051759 (100NhRA), 1051 = 10001 KV3T:
id7Z 7T 10007, B 8]1Z T 1000;%, FiFE 5! (locationiX N F#F5)7Z 7 1007

17D, 10054739 (100 M ER), 151 = 100KV FZHRPV, B{Z1TKVFS




FENRE 3TEE

5 =& 20190701 B8
RE1 1051, At AF daas:test_tzpl 2.2T /user/mz_supertool/test/tzp/hbase_test3/2
RE5 15, AR daas:test_tzpl 608.9G 256 M IR X
R¥4 1%, Frencoding daas:test_tzp22 237.0G COMPRESSION => 'SNAPPY'
R¥&E2 107, FrencodingFE4s  daas:test_tzpll 227.3G splitf s ) fH
K43 1%, FrencodingF/E 45 daas:itest_tzp2 124.3G DATA_BLOCK_ENCODING => 'FAST_DIFF'
RiE  orc, 125 - 42.1G /user/mz_supertool/test/panfeng/id-geolc

XEBFXSLE BImTT. — T 105]—1151.
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* OpenTSDB: I FHUIERE, TER RIEHEXEN
« JanusGraph: EFUERE, 1iREE

« GeoMesa: HIEBEHIEE

* Kylin: OLAP, FiHBasefFcube

* Phoenix: Sqgl on HBase




Master
servers

2. Architecture
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REGTAHR

HMaster
HMaster —Zaallaaner Hmaster Master

active servers

RegionServer
on on
Region o

R -. er
Server =] Server ) HDFS

Zookeeper ik Tl —

—
Region ¢r servers

Server

NameNode/DataNode 2 G Node]

@_ HDFS

MEIRXATLTERKER D, BIF T 2HBaseRd

Masterz 132 & 1209, RegionServerE L i+ &Y

zookeeperfE A DEIE BFMERIME TS, LEAIT SRS

AEHBaseIEIEE I EFZ I TENdfs £, MiEHnode. WE R AF HRegionServerflDatanode REER]— & 23 L.



s . :
RAGTHRL Region ;:;mn;;nygfé
136.24632 12.06166 | 99.92344

s’ Region 1 CF%4
87 51358 GAAS0%0 oS

« 7K $Zrowkey7s FF region

9.179254 = 0.7553 | 29.7249
=

ColumFamily & &
kg

0100101011101101101010101010101101

010010

0100101011101101101010101010101101

56.70736  70.50054 = 64.67948

* Pre-split: 0-5 6-10

02

W Region 2 CF#X
0.206 60703

° Auto—split: size 86.42552  3.081566 | 19.90725

- BH RCFoFF

63.87889 | 24.67112 @ 65.0416

97.94795 | 79.66053 | 96.32138

KFEfgrowkeyn. X0 ML, B— N EEERNIMRIBEE A, LEE0® Msplit, 0-5 6-10
Boin X2 —"regionK/NEB7T
regionfIil . X MEEUXRARBRBEERI N K/ EELSRINER.

0100101011101101101010101010101101

0100101011101101101010101010101101

0100101011101101101010101010101101




R 4H R RegionServer

Read Cache.
LRU evicted

BlockCache

1$4E7%: BlockCache Region Server |

Write Cache, sorted

B %7%: Memstore Meleh'rraed pb

memory.
|

5 ]:?T%ﬂz H ,:L\'T_\Z WAL HFile HFile j
HFile HFile

% . i Write ahead |
31& $E 214: ' H FI | e éi;k?jssj fOS?egz"e"/ Hfile=sorted KeyValues on disk

A A RegionServerAEB. B >CacheF 1M {4



R5ARK RegionServerBIE(E

755 WALISE R VRS F

Region Server
ion
E?U |\/|erT']StOI"e|:FI Memstore Memstore

FLUSH
B2 AR flushZHFile : ﬂl : ,,1 |

HFile HFile

Compaction (Minor/Major)

—" 1 RegionZ"CF# % >"Memstore
fEMemstore R 2 L 4MEWFRR T, HEF

B —"TMemstorei# 1, FERegion flush

XEBEFR—aFfush, 4R Z/)\BIHFile, HBase2H{Tfficompaction,

minor com = 24/ \BIal N —LEE K. majorEEIR—EE, SR — 1314 (all the HFiles in a region to one HFile per column family).

J3AFH.



Z A RY RegionServeriE gk

* St BlockCache
Region Server

BiM Nifi&flush Reglon
. emstore, 5 N\ &% flus
AR %—W

. iRIEiIndexZEHFile B “a""Q) B ——

« HBasefll{al#EnhdfsiXffappend- \l
only X {4 245 1 SE3, £/ MR WAL I
(SN I

XEFEIRN—KRE, BlockCacheE X EIEM 1 &7, L TERegionServerSEkiI R, =T HAregionFE5ERINE#H .



ARG LA R HFile

Data Block

Leaf index block / Bloom block

“Scanned | -
block” Data Block

. §Q/\HFI|G jj4j(""|z section

Leaf index block / Bloom block

« FTBZREEKBRIA/IVERE Data Block

AYblock Meta
block

Meta block

¢ |Index block / bloom block i Intermediate Level Data Index Blocks (optional)
Root Data Index | Fields for midkey
Meta Index
File Info
Bloom filter metadata (interpreted by StoreFile)
Trailer Trailer fields | Version

TERE N HFileX4a9%H.
H_—FIEK#-H: RIEXHRE ERIEE, 5iaEiEEZR] load-on-openZ P HZFES|E 8
B _F R EUEIRFIA SERRAOEE, BUBRINH T RS, ERS|FHEX



XEB & mEF— FDatablock A EB£544)

Z % 4ARE HFile DataBlock

KeyValue

KeyValue

KeyValue

KeyValue

Row Length

Row

Key Length

ColumnFamily
Length

« HEFiFHIKeyValue

KeyValue

Value Length

ColumnFamily

Key

ColumnQualifier
Length

Col Qualifier

TimeStamp

KeyType




R A RY DataBlockEncoding

Key Len Val Len Key
24 . RowKey:Family:Qualifier@
24 .. RowKey:Family:Qualifierl
25 . RowKey:Family:QualifierN
25 . RowKey?2:Family:Qualifierl

25 .. RowKey?2:Family:Qualifier2




R 4HRY Prefix Encoding

Key Len VallLen Prefix Len Key
0 RowKey:Family:Qualifier®
23 1
23 N
6 2:Family:Qualifierl

24 2




RSA R Diff Encoding

Flags Key Len Vallen Prefix Len Key Timestamp Type
0 24 512 0 RowKey:Family:Qualifier@ 1340466835163 4
320 23 1 0
23 N 120
6 2:Family:Qualifierl 25

24 2

BENZE BHIFRIEE, tHifAIKeyValue’t—it,
FencodinggE[E4a 1= fitkey FHAI = |g]




3. Schema Design
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Schemai%it

BIEi%iTRowKey F1 Column
RIEE BT KREschema
B—RBER, BREXREN
DENMEHITR, KER
AXNEIEEZFRE—#
FEERR

BIREMFAANBFEBEEE — T o EIAE

X T HIEE R RS ST RIENRIT, EhbaseBBEAIIZH—T

https://link.springer.com/article/10.1186/s40537-017-0071-x
https://ieeexplore.ieee.org/abstract/document/7216979
https://ieeexplore.ieee.org/abstract/document/7214031




Schemaixit

o AFEMsizefISIBIRIT:
* region£k 50-100
- BliREE 1-3
s B regionK/)\ 10G-50G

. T cellX/)N 10M




Schemaigit OpenTSDB
F s iz I8 ARAVRT R B3R R

RowKey:

[saltl<metric_uid><time bucket><tagki><tagvi>|[...
A{FERE 20190725 16 ees 2204

Column Qualifier: HE R SRR T 2
<time offset><format flag> e EIstnis ER BN ER B 2B
BE— 1 RS 2ZFABIEIR?

RKURRBUEREZRS|RIIR, &RZRISRAIERN



Schemaigit OpenTSDB
B—MiFEmEUENIRT

RowKey:

<host name><timestamp>

Column Qualifier:
<metric>

BHRRERATRS: TR




Schemaixit H#BVERIE

« EIF18:: com.google.cloud F|FE4EZ 8]
* pnfhsalt: BHIE AR

o BIFREE Long.Max - timestamp




BAXHE

MapR HBase architecture

HFileZ5 ¥ 4T

Google BigTable/SSTable



https://hbase.apache.org/book.html
https://mapr.com/blog/in-depth-look-hbase-architecture/
http://hbasefly.com/2016/03/25/hbase-hfile/?jczozk=dnljk2&marsti=0ecmy2




