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« Database:19624F H )

— Inverted File Database System

— System Development Corporation

o BRI LB B

— 1960s: Navigational DBMS (IR & JZ K FR )
Integrated Data Store (IDS)

Information Management System (IMS)

— 1970s - 1990s: SQL/Relational DBMS

OLTP, Data warehouse, MPP

— 2000s - Present: Post Relational

NoSQL (XML, KV, Graph, Tree), NewSQL, NewDW
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== i customer.customer.city := "Harrison”;
[ o] o _I_l find any customer using customer city;
oashwer_name - “.\\ll'}ﬂ.'blhl.',_:r wooonnd_number | while DB status = 0 do
ChesfomeT_stroet N I\L.m_ |
" v —— besin
vashwer ity
- gel customer,
() E-R diggram plill( (customer.customer_name); Cha r|eS BaChma n
find duplicate customer using customercity; - 1973 Turing Award
end;
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[ clistomer /_,./' > g account
customer_nmne | <_depasitor > 1 account_yrumber
customer_strect \\\ _,./"" | talancy
customer_city Edga rF. COdd

1981 Turing Award

(a) E-R diagram

Select customer_name
From customer
Where customer_city =‘Harrison’;

A £EHarrison I I 2% )

A Relational Model of Data for Large Shared Data Banks.

Jim Gray Michael Stonebraker
1998 Turing Award 2014 Turing Award
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Graph/Tree/KV i 74

 Key-Value

— Cassandra: CQL

— HBase: API

* Graph Model

— Neodj

XL

— Giraph/Pregel

* Tree

— XML Database

— MongoDB

Streaming
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1 G A ! MPP | #— K3 A (New Data Warehouse)
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HeXKE Oracle, DB2 Teradata, Vertica, Greenplum, Redshift Hive, HAWQ, SparkSQL, Snowflake
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NewDW H] 20 72

* SQL on Hadoop
— SparkSQL, Hive, HAWQ 2.x, Presto

* SQL on Object Store
— Snowflake (on S3), Amazon Athena (on S3)

* Hybrid: G H CHI &, XAMNTATAE ] $d1k
— HAWAQ 3.x, Oushu Database

— Impala
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NewDWHFH: bL 3¢

_ SQLon Hadoop SQLon Object Store Hybrid

Features Hive SparkSQL  Presto Snowflake ~ Athena  HAWQ  Oushu Impala
(EEEE low middle low low low high top middle
ATy R high high high high high high high high
Update/Delete bad N/A N/A weak N/A N/A Good weak
e bad N/A N/A N/A N/A N/A Yes weak
sQLie A middle  middle bad middle bad good good  middle
IR R A no no no no no no yes no
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o HIEFE RS Database as a service

|

— Amazon Redshift (ParAccel MPP)

— RDS (PostgreSQL, MySQL et al) &£4¢

o JEWIMLEL: Virtual machine image

> dd

o Kes%i1%: Dockerimage
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Greenplum database (2003)

Master host

Interconnect

P - P N -.. | Data/Catalo

¢~ Primary ™ ¢~ Primary N { Primary * .** Primary “,ﬁ — L — g-(P.
. Se t N . Segment /%, y : LT

~SOETEIL A Segment S | N ST N Segment /1 replication

-

replication LRI emmmmee
Dt rCateicy T iy
Data/Catalog | 2570 <N B
Segment host Segment host Segment host Segment host

Degree of Parallelism = 8
#Segment Per Node = 4
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HAWQ Alpha: Greenplum Database on HDFS
(2011)

Master host

7N

A Interconnect

) ! ) )

~~~~~~~

("/Primary~ v “Primary ™, ('”—Primal”y\ Y ““Primary \.ﬁ _ Catalog ¢~ Primary ™ " Primary
e Segment ol (\ Segment " \Segment S (\ Segrnent J r;pﬂca—tlo—n — ( ~Segment‘ 3 Segmem b
—_ pr.ll citlﬂn_ %’,/"Pﬁmar;\\' ey

Catalog “\ Segment o (\ Segment ;'

-7 S
_________________

L____= E:::::H Data - E::::i -
Datanode ! | |{ ‘Datanode replication Datanode Datanode
( Y / \ ' )
S thost S thost Segment host
egment hos Racky Seementhos l Meta Ops Segment host Racko g

Issues:

* Recovery complexity

» Expansion complexity

*  Management complexity (many segments per node)
» Fixed Degree of Parallelism

» Degree of Parallelism = 8
+  #SegmentPer Node = 4
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HAWQ 1.0 GA Architecture (2013)

| Master host -
L i
| Interconnect
Stateless' l/ -------- \s\ // _________ N\ ,/ _________ N\ /’ ________ “s\ /’ --------- ‘s‘ ',* _________ S ’,— """""""" S et .
(\ Segment / ‘\\ Segment ’,’ ‘\ Segment /: ‘\ Segment ) ‘\ Segment ’,’ ‘\ Segment ) ‘\ Segment ,; ‘: Segment )
. — Data - T
. - :_'.'.'_'.'.f - - _— - -
Datanode '......Datanode replication | { £ Datanode Datanode
\ ] 1 ' J
Segment host ! Segment host Segment host ko Segment host
Rack1 Meta Ops Rac
* Degree of Parallelism = 8 Issues:
« #Segment Per Node = 2 +Recoverycomplexity

+ Expansion complexity
*  Management complexity (many segments per node)
» Fixed Degree of Parallelism
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HAWQ, 2.0: Architecture Change (2016 Q2)
B L5 — A

fiPaaS/Docker=ERFRAL A
— Master host
H17TSQLA % i

P

Interconnect

—————

‘s, EEs
vseg s vseg vse N,
’ =} Y / g g
Q
Stateless ( } i
/! v ’Seg
-

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

_____________
== =~

<€ s =
‘Datanode replication

\ J | ]
| ! S thost
S thost Segment host egment hos
Racky ~e&8m l Meta Ops & Rack2

Segment host

» Degree of Parallelism = Any (#vseg) Issues:
+ #Segment Per Node = 1 s+ Recovery-complexity
& . losd
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HAWQ++ 3.0: Hornet Execution Engine (2017 Q3)

Master host

Resource
Manager

Fm—————————

Interconnect

__________
== ~~

————————————

—

\ J 9 J
~~~~~~~~~ \\ Hornet g \\ Hornet P
----------- Segment “"““""'—ﬁegment Rt ——Segment
|
L Data e i
S S - -
Datanode replication Datanode - Datanode

1 J
|
Segment host Racki \

Hornet Execution Engine: SIMD/New hardware A i

1 O times faster The Fastest Engine in the World
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Oushu Database 3.0 vs SparkSQL 2.2

select count(*) from lineitem; 21.28 2555 120.06
select count(*) from lineitem; 22.77 2440 107.16
AVERAGE 22.03 2497.50 113.61

oushu
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count A [E] RS AL 1 4]

B (Ffbms) | Oushu____| spark ___| Ratio |

select count(l_orderkey) from lineitem; 306.70 3925 12.80
select count(l_partkey) from lineitem; 274.35 3674 13.39

select count(l_suppkey) from lineitem; 244.77 3466 14.16
select count(l_linenumber) from lineitem; 133.67 3265 24.43
select count(l_quantity) from lineitem; 110.12 3689 33.50
select count(l_extendedprice) from lineitem; 112.05 3627 32.37
select count(l_discount) from lineitem; 108.64 3886 35.77
select count(l_tax) from lineitem; 115.14 3723 32.33
select count(l_returnflag) from lineitem; 70.41 4591 65.20
select count(l_linestatus) from lineitem; 73.01 4208 57.64
select count(l_shipdate) from lineitem; 127.12 4218 33.18
select count(l_commitdate) from lineitem; 135.43 4506 33.27
select count(l_receiptdate) from lineitem; 134.36 4193 31.21
select count(l_shipinstruct) from lineitem; 236.63 4311 18.22
select count(l_shipmode) from lineitem; 177.66 4173 23.49
select count(l_comment) from lineitem; 344.94 5885 17.06
AVERAGE 169.06 4083.75 29.88
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sum/avg A A Z s SRS T 1) 41|

AT (Ems) | Oushu | spark | Ratio |

select sum(l_orderkey) from lineitem; 323.16 3414 10.56

select sum(l_partkey) from lineitem; 298.30 3321 11.13
select sum(l_suppkey) from lineitem; 263.69 3243 12.30
select sum(l_linenumber) from lineitem; 154.20 3193 20.71
select sum(l_quantity) from lineitem; 128.39 4004 31.19
select sum(l_extendedprice) from lineitem; 138.48 4042 29.19
select sum(l_discount) from lineitem; 141.68 3500 24.70
select sum(l_tax) from lineitem; 143.07 3536 24.72
select avg(l_orderkey) from lineitem; 327.68 3511 10.71
select avg(l_partkey) from lineitem; 303.51 3583 11.81
select avg(l_suppkey) from lineitem; 269.36 3331 12.37
select avg(l_linenumber) from lineitem; 161.41 3196 19.80
select avg(l_quantity) from lineitem; 131.92 3614 27.40
select avg(l_extendedprice) from lineitem; 138.48 3554 25.66
select avg(l_discount) from lineitem; 134.01 3618 27.00
select avg(l_tax) from lineitem; 137.92 3549 25.73
AVERAGE 199.70 3513.06 20.31

@Copyright 2017. All rightsreserved



group by (Z=—%1)) Hlcount

@Copyright 2017. All rightsreserved

select I_orderkey, count(*) from lineitem group by
|_orderkey;

select I_partkey, count(*) from lineitem
group by |I_partkey;

select I_suppkey, count(*) from lineitem group by
I_suppkey;

select I_linenumber, count(*) from lineitem group by
I_linenumber;

select I_quantity, count(*) from lineitem group by
|_quantity;

select |_extendedprice, count(*) from lineitem group by
|_extendedprice;

select I_discount, count(*) from lineitem group by
|_discount;

select I_tax, count(*) from lineitem

group by |_tax;

select I_returnflag, count(*) from lineitem group by
I_returnflag;

select I_linestatus, count(*) from lineitem group by
I_linestatus;

select I_shipdate, count(*) from lineitem group by
I_shipdate;

select |_commitdate, count(*) from lineitem group by
|_commitdate;

select I_receiptdate, count(*) from lineitem group by
I_receiptdate;

select I_shipinstruct, count(*) from lineitem group by
I_shipinstruct;

select I_shipmode, count(*) from lineitem group by
|_shipmode;

select |_comment, count(*) from lineitem group by
|_comment;

AVERAGE(%:

14314.14

4127.98

1142.61

363.51

370.15

4929.78

392.41

352.99

545.86

329.30

638.51

642.31

647.12

823.09

630.63

39032.16

1138.30

ooM

29299

18181

9570

11367

29736

10371

10371

11346

11217

16077

16161

15649

11539

11371

OooM

15161.07

NAN

7.10

15.91

26.33

30.71

6.03

26.43

29.38

20.79

34.06

25.18

25.16

24.18

14.02

18.03

NAN

21.66
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group by AN EIZFEZEAI ) 5], B H . sum Hlavg

A (ZAms) | Oushu [ Spark | Ratio |
select |_partkey, sum(l_partkey), avg(l_partkey) from

lineitem 8333.37 54470 6.54
group by |_partkey;

select |_suppkey, sum(l_suppkey), avg(l_suppkey)

from lineitem 1527.32 19505 12.77
group by |_suppkey;

select |_linenumber, sum(l_linenumber),

avg(l_linenumber) from lineitem 416.03 9914 23.83
group by | _linenumber;

select |_quantity, sum(l_quantity), avg(l_quantity)

from lineitem 390.82 11949 30.57
group by |_quantity;

select |_extendedprice, sum(l_extendedprice),
avg(l_extendedprice) from lineitem group by 9148.20 32005 3.50
|_extendedprice;

select |_discount, sum(l_discount), avg(l_discount)
from lineitem 418.81 10757 25.68
group by |_discount;

sbiltlecttalx_.tax, sum(l_tax), avg(l_tax) from lineitem group 357 99 10733 29.98

AVERAGE 2941.79 21333.29 18.98
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Group by 2 %]

B (BHms) | Oushu | Spark __| Ratio__

select |_partkey, |_suppkey, count(*) from
lineitemgroupby |_partkey, |_suppkey;

13074.79 OOM NAN

select |_partkey, |_linenumber, count(*) from

lineitemgroupby |_partkey, |_linenumber; HEDSILIDE QoL ALY

select |_suppkey,|_extendedprice, count(*)
from lineitem group by 145543.51 OOM NAN
I_suppkey,|_extendedprice;

i *
s.ele.ct |_partkey, |_shipmode, cou.nt( ) from 21298 14 0OM NAN
lineitemgroupby |_partkey, |_shipmode;

H *
s.ele-ct |_partkey, |_shipdate, cour!t( ) from 71890.82 0OM NAN
lineitemgroupby |_partkey, |_shipdate;

o v
select |_suppkey, |_tax, count(*) from lineitem 3994.25 28334 709
group by |_suppkey, |_tax;
select |_shipdate,|_commitdate, count(*) from
lineitemgroupby |_shipdate,|_commitdate; Sl sl 1Lz
select count(l_orderkey) from lineitemgroup

by l_linenumber, |_quantity, |_tax; LLTEES LEDE 1522

oushu
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Group by 1A I\,

select |_partkey + |_suppkey, count(*) from

. 4050.55 31601 7.80
lineitem group by |_partkey + |_suppkey;
select |_partkey + 1000 from lineitem group by 2869.51 57083 9.44
|_partkey + 1000;

" .
select I_tax * 100 from lineitem group by 426.14 10005 53.48

I_tax*100;

AVERAGE group by KA, 2448.73 22896.33  13.57
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select I_partkey, count(*),
count(l_orderkey),sum(l_orderkey),
avg(l_orderkey) from lineitem
group by |_partkey; 11878.22 OOM NAN
select |_suppkey,count(*),count(l_orderkey) ,
sum((l orderkey),avg(l orderkey) from lineitem

2399.98 23745 9.89
select I_linenumber,count(*),count(l_orderkey)
,sum(I orderkey),avg(l_orderkey) from lineitem

698.18 10943 15.67
selectl _quantity,count(*),count(l_orderkey) ,
sum((l orderkey),avg(l orderkey) from lineitem
o 702.60 13496 19.21

selectl _discount,count(*),count(l_orderkey) ,
sum(l_orderkey),avg(l_orderkey) from lineitem
g by |_discount; 741.17 12668 17.09
selectl _tax,count(*),count(l_orderkey) ,
sum(l_ orderkey),avg(l orderkey) from lineitem
o 670.63 12046 17.96
selectl _returnflag,count(*),count(l_orderkey) ,
sum (I_f orderkey),avg(l orderkey) from lineitem
g ; 913.23 12812 14.03
selectl I|nestatus,count(*),count(l orderkey) ,

sum (I_orderkey),avg(l_orderkey) from lineitem

o by | linestatus; 675.94 12444 18.41
selectl _shipdate,count(*),count(l_orderkey),
sum (I_orderkey),avg(l_orderkey) from lineitem

1025.86 17846 17.40
selectl _shipmode,count(*),count(l_orderkey) ,
sum(l orderkey),avg(l orderkey) from lineitem
selectl _comment,count(*),count(l_orderkey) ,
sum (I_¢ orderkey),avg(l orderkey) from lineitem
117636.74 OOM NAN

AVERAGE 1722.58 17189.46 14.97
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TPCH Query
R

TPCHQ1 1175.99 18626 15.84

TPCHQ1 1140.01 18060 15.84

TPCHQ1 1161.93 18096 15.57

AVERAGE 1159.31 18260.67 15.75

TPCH Q1

I_returnflag,
I_linestatus,
sum (I_quantity) as sum_qty,
sum (I_extendedprice) as sum_base_price,
sum(l_extendedprice * (1 - I_discount)) as sum_disc_price,
sum(l_extendedprice * (1 - |_discount) * (1 + |_tax)) as sum_charge,
avg(l_quantity) as avg_qty,
avg(l_extendedprice) as avg_price,
avg(l_discount) as avg_disc,
count(*) as count_order
from

lineitem_1gorc_none
where

I_shipdate <= '1998-08-20'
group by

I_returnflag,

I_linestatus;

oushu
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Oushu Database 4.0: Global Scale (2017 H1)
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Global Scale: No master, P2P, Geo-replication, mixed workload
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— Oushu Database (HAWQ++) @ HAWQ
— Apache HAWQ

% 71 K2 Apache Committer & PMCik i, SkH & K =it &

Fo R/ 7). EMC/Pivotal, Oracle, IBM, Teradata& AE)ACHE
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