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case-by-casefxlis%
BIIHE: BTSN ARBEGITESIZE

St ZUEEARES RIRTL ARSS1E
BENBEMEMC R EIEN LN SHEAHSEN? EWMEREETDR?

W RERB LRI AIOLAP? WNEHEIAFN? 7 ?
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e SIS . MIIREX
=IRE
ST A FESA
top. limit

ST ENERHESE W, 15502 and /or / not
MENRADTE, B/ % + - ==
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Greenplum FFEMPP (Massively Parallel Processing ) #EE (ETFPostgreSQL)
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Greenplum

< 355171
BEISZ$$B-Tree, GiST, Bitmap=F#Z35|, ZXIAEAB-Tree

Bitmap Indexes

Table File 3
Block 10
Block 11
Index Block 12
start end
key ROWID ROWID bitmap

—. <Blue, 10.0.3, 12.8.3, 1000100100010010100>
—y.. <Green, 10.0.3, 12.8.3, 0001010000100100000>
. <Red, 10.0.3, 12.8.3, 0100000011000001001>
<Yellow, 10.0.3, 12.8.3, 0010001000001000010>
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Vertica 8 TRDBMS, [Ef#XAH TMPPZEH, TZEMEMEOLAP,
BTEWEHYE, REBERIARDTFITRS TR, 1THIEE., $514:
EHFC-storeikit,

ERSINTFHE,

ZiE4a87%: Run length Encoding. Delta value Encoding. Integer packing for integer

data. Block-based dictionary encoding for Character data. Lempel-Ziv compressionZs,
IELSIERE., B HIFEMARSEERE EZHTES.

MIRTFME— TR Zviews, FRAProjections ,\thxZiFRE Z M FRNTI . EHIAESEN

Projections,

XEFIEERSAL,

L&t Ttmastert i, VerticaloUREFHEERE— TR L,
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Original Data
sale_id cid “cust date price
table and projections 1 1 Andrew  01/01/06  $100
2 17 Chuck 01/05/06  $98
3 27 Nga 01/02/06  $90
4 28 Matt 01/03/06  $101
5 89 Ben 01/01/06  $103
1000 89 Ben 01/02/06  $103
1001 1 Andrew  01/03/06  $95
Split in two

projections

. ~
sale_id
L

~oust [prce)
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Segmented on
several nodes

date price cid cust sale_id date price cid cust sale_id
01/01/06  $103.00 89 Ben 5
01/03/06 = $8500 11  Andrew 1001 010206  $103.00 89 Ben 1000
01/03/06 $101.00 28 Matt 4 01/05/06  $98.00 17 Chuck 2
cust price
Andrew  $95.00 cust  price
103.
Andrew  $100.00 Node 1 Ben  $103.00 Node 2
Be 103.00
Chuck $98.00 n 3
101,
Nga $90.00 e Bt
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ClickHouse R o fzVEIM o TS EEELUIEE
SRR REMPP 2843,
R :
—FNFE, (XEIBEFZENT, ERYIM
— R MIEEIE
— BIE=4E
RIEMLAE :
— Vectorized execution (block-based processing)
—CPURJSIMDi = A4t FHTANIERES .
— FJFALLVM ¥ code generation 13174 Al fm R EUCHS, RD A A RBIFE.
— [REBAT
C++XIl, XIFRAEN, XIFSQLIBIE, ~XIFES. update, delete,
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ClickHouse B Wiz £tAYMEREXTEL M

Compare: [Vertical \ertica (x3) Vertica (x6) InfiniDB MonetDB Infobright Hive MySQL MemSOL [Greenplum(x2)!

Dataset size: 10 min. [100'mIA: 1bn.
Run number: [fifsti(cold'cachie)! [Second! [third!

Relative query processing time (lower is better):

ClickHouse = 1.00
(1.1.53960) :
|
]
Vertica
Greenplum(x2) N
I
Greenplum
s ey (|
Full results:
Query ClickHouse (1.1.53960) Vertica (7.1.1) Greenplum(x2) (4

/]

SELECT count( FROM s s T RN I  os)| oo
SELECT count() FROM hits WHERE AdvEngine | x1.39 (0,173 ) IR [EOmu eyt (S oans)| IS s ooy I—cE:
SELECT sum(AdvEngineID), count(), avg(Resol  x1.08 (0.274 s.) [IE RSN I OERE e o) e scsiinnny IS Esanrnes) —ers
SELECT sum(UserlD) FROM hits [ (0045s) x1.32 (0.061s)  x1.32 (0.059 <) [ ooy IR
SELECT uniq(UserlD) FROM hits

SELECT unig(SearchPhrase) FROM hits

SELECT minEveniDate), max(EventDate) FROI 109 (0,154 5) [ ORI L I0RAN] 1 OB | 145 00665 x1.63.0.007 ) | NESEBIGNEOEY INNRREE
SFI FOT AdvFnainalN cnunth FROM hite WHE EERRARN s ] e Do aay s s e BT
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ClickHouseZ&5|ZMergeTree

MergeTree(EventDate,(CounterlD,EventDate),8192)
X5l IEE (2 index_granularity

5.

Bll&block BAEIE, HHmerge Z M block, IRBFBEHE, AZIFHRISH,
block X/\&TFindex_granularity (FBHZES|IKIE)

BEEREMLTF LSM Tree, BEREZRMEFEANME, XFIclog, ZFERAER
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where x='3' and y='c'

BiEmBEIATE,
BEARE. TR
1 *.mrk

1. B, RE$34Eblock 2. 3 (Efiblock)

2. (EAmrkX, EMZEE (RIIBUE)
MBAFLE

4. R[5

5. yRIfERIR? BRZ(, c) (1, ¢) (1,d) (1, e)IE?

where x='3' fd
Ai3itiblock 2. 3

where y='c'

1. block 1& %&#TiEE ((1,a) (1,b) 1=1)
2. fifdblock 2, 3, 4, 5 (FEfiblock)
3. FRIEEM

4. ZBRT, FEISESRENER

MRTEDIcOKE MM E

e

1 primary.index Ei%g%.l
' where z='?"
FXT

1 where x=any and y=any and z='?'
1. Ffigblock (ZEfiiblock)

|

R

where x='?' and z='?'

1. FIAERx, #Exiblock, REth—ERz
EidiEiblock (Efilblock)

2. Biitix, zmrkXHENRZE (EAIEUE)

3. #. Tk

4. 3R

2 B AR AR 56
S -
FASIMDIIE

JSER, WERMEEE

Z=P W=7 B
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Elastic Search 7@ RS5 D512, EBREFMEINEEE T Lucene
ESTHEEz FHETERS| &I\ W‘E‘WH?GI)JEI:O

Elasticsearch cluster workflow

- “D ___________
S @ o 000

Data Node

¥ Ao
RS
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Elastic Search Ff

=5l [RIE

2,3,4,5,6,7,8,9,10]

1,

[

4,5,6,7,10,24]

3

1
|
|
|
|
|
|
|
|
|
|
|
|
|
1

Postin

Term

Term

Dictionary

Index
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Sum of pg  Sum of es  Sum of vertica
7000

6000

NN AN A

N/ o /\ -
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Sum of vertica

order v

1 {ZFRPIREEIE.
4 1% W78 GB £ 500G SSD * 3
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Druid 2—1HRH. EHEEEHELNERS 2 ITRIOLAPEUREZIE
*KHlambdaZety, FFEGSLEEARNE,

() Extemnal Dependencies

Clent

—* Queries
........ »- w’m
= = = » Data/Segments
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Druid &7 R lUsegment, AEBEURMURSEDE], HIEUTINZFME, RHRESNIIRESI,
SegmentEH =R BIRVEIREL

Timestamp Dimensions Metrics
Timestamp Page Username | Gender | City Characters Added | Characters Removed
2011-01-01T01:00:00Z || Justin Bieber | Boxer Male San Francisco ||| 1800 25
2011-01-01T01:00:00Z ||| Justin Bieber | Reach Male Waterloo 2912 42
2011-01-01T02:00:00Z ||| Ke$ha Helz Male Calgary 1953 17
2011-01-01T02:00:00Z ||| Ke$ha Xeno Male Taiyuan 3194 170

Timestamp#MetricF I {EFELZ4 /%45
£ "Dimensions¥!{§ AdictionaryZgh3 + bitmap index FIHERES | INEE1E,

_
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LambdaZety 43

Nathan Marz EX : #UIERS = 2UE + E18
Query = function(all data)

FHEEXRK, MREBXGFXINENE, FEMTE

IMMUTABLE O PRECOMPUTE
MASTER DATA VIEWS BATCH LAYER

SERVINGLAYER

batch view = function(all data)
NEW DATA BATCH VIEWS

realtime view = function(realtime view, new data) STREAM
query = function(batch view .realtime view)

REAL-TIME VIEWS

PROCESS INCREMENT SPEED LAVER

STREAM REAL-TIME VIEWS
INCREMENT

ANAAPE

_
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Pilosa FHR D iV UE &S|

2AFITE ., {EAbitmap matrixZ 3| #3E, KRE{EFARoaringBitmap IEEH, E4ELEER
= o

1217 BSI (Bit-Sliced Indexing ) AEREI T & S ELNntZE B n-bit iR ER RN+ 11
bitmaps&i~. HEHMESELR bitmap index, EBEZHETIN,

A bitmapX 4 (roaring bitmapt& WA ) FIHE, BImmapilEHEIAE.
goiE=3LI, AHgo. java . python client ,

A RTHIREEE, Mo ErEARITEETE L.

wIFEEEE, BENX JSON &ifigal,
EIEENEIE=Z T &84 BELLElastic Search [R5~ 101Z,
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Bitmap

NF 1, 3, 7, 15 X4 int{E{ERbitmapfFi#

10100010 00000010

HEFE2 1 byte

MZNIntBY T, [EEFAEFEEI80M, {FAbitmapfFEif REE12.5M,

IBitmapZgi3/E£48 : Run Length Encoding (i#f24%f3) . RoaringBitmap MBAEERIEE
1B Hbitsetiz &,

ABitmapXRRIEIERI AEZZBINERIAEFEF ., EHIZZFF bitsetiz & : and /or/xor/not
SEIEMZHEE 8, B2 D EEMbitmapiiE ffibitsetizE, TEFREIEE R,

FRHESETNEY FHRRIE NN FRE,
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Slice 1
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Pilosa SCf:
8 core 32G memory

2500w #9191 tag 2UE (4G) S A\ Pilosa, HFAFI00M~1.2G,

BB CIE—frame S {E{EIrow_id , user_id f#column_id

00 u O ¥ O D O d H
[root@iZ2307f05j8Z pilosal# curl -s -w %{time_total}s"\n" localhost:10181/index/repository/query
ount(Bitmap(frame="i_tag_4", rowID=320000))
{"results":[1871575]}
0.007s
[root@iZ2307f05j8Z pilosal]# curl -s -w %{time_total}s"\n" localhost:10101/index/repository/query \
> -X POST \
> -d 'Count(Intersect( Bitmap(frame="i_tag_1",rowID=0),Bitmap(frame="i_tag_11",rowID=320100),Bitmap(frame="1i_tag_33",
rowID=4),Bitmap(frame="i_tag_4",rowID=320000),Bitmap(frame="1i_tag_11",rowID=320100),Bitmap(frame="i_tag_176",rowID=201710
13),Bitmap(frame="i_tag_2564", rowID=440000)))
{"results":[5]}
0.016s
[root@iZ2307f05j8Z pilosal]# curl -s -w %{time_total}s"\n" localhost:10101/index/repository/query \
> -X POST \
> -d 'Intersect( Bitmap(frame="i_tag_1",rowID=0),Bitmap(frame="i_tag_11",rowID=320100),Bitmap(frame="i_tag_33", rowID=4)
,Bitmap(frame="i_tag_4",rowID=320000),Bitmap(frame="i_tag_11",rowID=320100),Bitmap(frame="i_tag_176",rowID=20171013),Bitm
ap(frame="i_tag_2564",rowID=440000))
{"results":[{"attrs":{}, "bits":[69408904,91532099,137617644,146696850,169898924]}]}
0.192s
[root@iZ2307f05j8Z pilosal# []
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Summary of the 1.1 Billion Taxi Rides Benchmarks

Query 1 Query 2 Query 3 Query 4 Setup
0.005 1.505 0.177 12.86 Pilosa, 3-node c4.8xlarge
0.021 0.053 0.165 0.51 MapD & 8 Nvidia Pascal Titan Xs
0.027 0.083 0.163 0.891 MapD & 8 Nvidia Tesla K80s
0.028 0.2 0.237 0.578 MapD & 4-node g2.8xlarge cluster
0.034 0.061 0.178 0.498 MapD & 2-node p2.xlarge cluster
0.036 0.131 0.439 0.964 MapD & 4 Nvidia Titan Xs
0.051 0.146 0.047 0.794 kdb+/q & 4 Intel Xeon Phi 7210 CPUs
1.034 3.058 5.354 12.748 ClickHouse, Intel Core i5 4670K
1.56 1.25 225  2.97 Redshift, 6-node ds2.8xlarge cluster
2 2 1 3 BigQuery
4 4 10 21 Presto, 50-node n1-standard-4 cluster
6.41 6.19 6.09  6.63 Amazon Athena
8.1 18.18 n/a n/a Elasticsearch (heavily tuned)
10.19 8.134 19.624 85.942 Spark 2.1, 11 x m3.xlarge cluster w/ HDFS
11 10 21 31 Presto, 10-node n1-standard-4 cluster
14.389 32.148 33.448 67.312 Vertica, Intel Core i5 4670K
3448 633 n/a n/a Elasticsearch (lightly tuned)
35 39 64 81 Presto, 5-node m3.xlarge cluster w/ HDFS

43 45 27 44 Presto, 50-node m3.xlarge cluster w/ S3
152 175 235 368 PostgreSQL 9.5 & cstore_fdw
264 313 620 961 Spark 1.6, 5-node m3.xlarge cluster w/ S3

_



Query1:

SELECT cab_type,
count(*)

FROM trips

GROUP BY cab_type;

Query3:

SELECT passenger_count,
year(pickup_datetime),
count(*)

FROM trips

GROUP BY passenger_count,

year(pickup_datetime);

o
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Query2:

SELECT passenger_count,
avg(total amount)

FROM trips

GROUP BY passenger_count;

Query4:

SELECT passenger_count,
year(pickup_datetime) trip_year,
round(trip_distance),
count(*) trips

FROM trips

GROUP BY passenger_count,

year(pickup_datetime),
round(trip_distance)

ORDER BY trip_year,

trips desc;
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ING
MEGRERES:

CPU: SIMD B{5< ZHUESE; FIALLVMARBARL, B R EER AR SEHcpuis L i @MEHXHITSIE
(Vectored iterator model) #&Fcpu cachef9an =

AE: 2RFTE; BORLENEIENS

Wi BIXTEAE, BUREZE, R/OHIEZIO, mmapinE
Hfh: GPUHITIZE

M ERitRAESE:

MPPZRM, RAIZEE, FREITERERG, SFAEREE, SRES

_
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Latency Comparison Numbers for 2017

L1 cache reference 1ns
L2 cache reference 4 ns 1"’%#??’{‘{2
Main memory reference 100 ns »EE//th

Send 2K bytes over 1 commodity network 125 ns

randomly from SSD* 16,000 ns 16 us

Read 1 MB sequentially from SSD 98,000 ns 98 us

Read 1 MB sequentially from memory 6000 ns 6 us

Disk seek 3,000,000 ns 3,000us 3 ms

Read 1 MB sequentially from disk 1,000,000 ns 1,000 us 1 ms

_
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CE—TFEXRIGR: Z2HEEN, BEURANER, THMEKX
AAME: MPPZEYS. FIR. EFbitmap index. TTHIEEIRE. E8OH

Pilosa VS Druid VS HZ2&?

MRBECHE, X ERERREL T Pilosa

_
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https://weibo.com/ttarticle/p/show?id=2309404084808111288473
https://vqg.aliyun.com/articles/80565
http://editorup.zol.com.cn/upload/201402/532c100ccd7d3.pdf
The Vertica Analytic Database C-Store 7 Years Later

MySQL DBARZFHIEE D T HFTEE8-ClickHouse-F1R-= i1
https://clickhouse.yandex/docs/en/single/index.html#document-table engines/mergetree
https://clickhouse.yandex/

Quick Tour of ClickHouse Internals
http://www.infog.com/cn/articles/database-timestamp-02
http://static.druid.io/docs/druid.pdf
http://druid.io/docs/0.11.0/design/index.html
http://zghxuyuan.qgithub.io/2015/12/03/2015-12-03-Druid-Design
http://blog.csdn.net/lvsaixia/article/details/51778487
https://www.pilosa.com/docs/latest/introduction/
http://tech.marksblogg.com/benchmarks.html
https://www.pilosa.com/blog/billion-taxi-ride-dataset-with-pilosa

_



https://weibo.com/ttarticle/p/show?id=2309404084808111288473
https://yq.aliyun.com/articles/80565
http://editorup.zol.com.cn/upload/201402/532c100ccd7d3.pdf
https://clickhouse.yandex/docs/en/single/index.html#document-table_engines/mergetree
https://clickhouse.yandex/
http://www.infoq.com/cn/articles/database-timestamp-02
http://static.druid.io/docs/druid.pdf
http://druid.io/docs/0.11.0/design/index.html
http://zqhxuyuan.github.io/2015/12/03/2015-12-03-Druid-Design
http://blog.csdn.net/lvsaixia/article/details/51778487
https://www.pilosa.com/docs/latest/introduction/
http://tech.marksblogg.com/benchmarks.html
https://www.pilosa.com/blog/billion-taxi-ride-dataset-with-pilosa
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