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» Database: 19624 4 #i,

— Inverted File Database System

— System Development Corporation

o HEER LA B

— 1960s: Navigational DBMS (IR & JZ IR AR 7Y)
* 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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1981 Turing Award

10) E-R diogram

Select customer_name
From customer
Where customer_city = ‘Harrison’;

HHAEAEHarrisonfI BT A % 77

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/KVAE Y

 Key-Value

— Cassandra: CQL

— HBase: API

*  Graph Model

— Neodj

—  Giraph/Pregel

44l

* Tree
— XML Database

— MongoDB

*  Streaming
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Gk T : MPP ! # — K% (New Data Warehouse)
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NewDW HJ 4 53 2= 7|

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

* SQL on Object Store

— Snowflake (on S3), Amazon Athena (on S3)

* Hybrid: f H CWAFME, XTHMEAAE T H6TA
— HAWQ 3.x, Oushu Database

— Impala
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New DWW L 558

_ SQL on Hadoop SQL on Object Store SQL on Hybrid Storage

Features Hive SparkSQL Presto  Snowflake Athena HAWQ Oushu Impala
TEfRE low middle low low low high top middle
CIEim high high high high high high high  high
Update/Delete bad N/A N/A weak N/A N/A Good  weak
L] bad N/A N/A N/A N/A N/A Yes weak
sQLAfEAME middle middle  bad middle bad good good  middle
R E M no no no no no no yes no

oushu
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HAWQ T £ &% & i %

20114F - ' E M -E/EEMC/Pivotal#2 Hi 81, HAWQI H 330,
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20154 - HAWQJF % yApache i H .

20164F - & & - R HAWQIZ O 1 BB S AR Bk « AEACHE
20174 - BEGRIEPR IR VC R, F1 TFHAWQII K &,

20174E - Oushu Database 3.0 VA KA, 2HHAT S,
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Greenplum database (2003)

Degree of Parallelism =8
#Segment Per Node = 4

| pmmmmm e i
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HAWQ Alpha: Greenplum Database on HDFS (2011)
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Issues:

» Recovery complexity

» Expansion complexity

+ Management complexity (many segments pernode)

oushu

+ Degree of Parallelism =8
*  #Segment Per Node = 4
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HAWQ 1.0 GA Architecture (2013)
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i i
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» Degree of Parallelism =8

« #Segment Per Node = 2 Issues:

» Expansion complexity
* Management complexity (many segments pernode)

Fixed Degree of Parallelism
oushu
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HAWQ 2.0: Architecture Change (2016 Q2)
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HAWQ++ 3.0: Hornet Execution Engine (2017 Q3)
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Hornet Execution Engine: SIMD/New hardware -—'ﬁ‘ .

The Fastest Engine in the World
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Oushu Database 3.0 vs SparkSQL 2.2
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count A A PRR AL {1 4]

Bl (FEms) [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 [FZ RS 1) 41|

BAL (EFms) | Oushu | spark  [Ratio |

select sum(l_orderkey) from lineitem; 323.16 3414 10.56
select sum(l_partkey) from lineitem; 298.30 3321 iliks]
select sum(l_suppkey) from lineitem; 263.69 3243 12.30
select sum(I_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
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group by (3:—7%1]) Hlcount

14314.14 ooMm NAN
o by Loty wrss s 700
Is_esl:;;i_esyu;ppkey, count(*) from lineitem group by ARG R o
ls_el::::‘lll_"li‘v:,eer::.lmber, count(*) from lineitem group by e —_— .
ﬁ;iztnlm?“ ntity, count(*) from lineitem group by SAS ED .
|S_e.:(ctte ,:}Z)::?::;dprke’ count(*) from lineitem group by 4929.78 G a6
Is_e(l;sx;tuIJ’t‘iti;scc.)unt, count(*) from lineitem group by 1540 — E
:I::; I[;:ﬁf;::;unt(*) from fnetem 352.99 10371 29.38
f::::r:}::mﬂag' count(*) from lineitem group by e TS .
Is_el:::'s:t ll_tlil:lse;status, count(*) from lineitem group by FE50 {555 NG
Istlzic;di;tseI:ipdate, count(*) from lineitem group by s T _
Is_e:eocnt"I;;:t:;:itdate, count(*) from lineitem group by e L R
Is_e::f:';il‘:tr::;i:)tdate, count(*) from lineitem group by 7R - -_
Is_eSI;e‘:: Istil::zi?ﬁruct, count(*) from lineitem group by CPEGE —_— 14.02
ls_eslf‘;;t":_o?:;)mode, count(*) from lineitem group by O — —_
Is_e:icr;:f_]::;?ment, count(*) from lineitem group by hae - -
AVERAGE([% % spark OOM 1138.30 15161.07 21.66
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group by A [FIEFEZEAL 1 4], B H sum Alavg

Bl (EBms) [Oushu [ spark ___|Ratio |

select I_partkey, sum(I_partkey), avg(l_partkey) from

lineitem 8333.37 54470 6.54
group by |_partkey;

select I_suppkey, sum(l_suppkey), avg(l_suppkey) from

lineitem 1527.32 19505 12.77
group by |_suppkey;

select I_linenumber, sum(l_linenumber),

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

select I_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
I_extendedprice;

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

select I_tax, sum(l_tax), avg(l_tax) from lineitem group 357.99 10733 29.98
by I_tax;
AVERAGE 2941.79 21333.29 18.98
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Group by £ 4|

B4 (FPms) [Oushu | spark __|Ratio |

*
s.ele.ct |_partkey, I_suppkey, count(*) from 13074.79 0OM NAN
lineitem group by I_partkey, I_suppkey;
select I_partkey, I_linenumber, count(*) from

e X 18091.03 O0oM NAN
lineitem group by I_partkey, I_linenumber;

select I_suppkey,|_extendedprice, count(*)
from lineitem group by 145543.51 [e]0]\Y] NAN
|_suppkey,| _extendedprice;

H *
s'ele.ct I_partkey, |_shipmode, cou.nt( ) from 2129814 0OM NAN
lineitem group by I_partkey, I_shipmode;
select |_partkey, I_shipdate, count(*) from

71890.82 OOM NAN
lineitem group by |_partkey, |_shipdate;

select I_suppkey, |I_tax, count(*) from lineitem

3994.25 28334 7.09
group by |_suppkey, I_tax;

select I_shipdate,|_commitdate, count(*) from

lineitem group by I_shipdate,|_commitdate; 315943 32811 1039

select count(l_orderkey) from lineitem group
by I_linenumber , I_quantity , I_tax;

1179.85 18080 15.32

AVERAGE 2777.84 26408.33  10.93
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Group by 1A T

select |_partkey + |_suppkey, count(*) from
lineitem group by |_partkey + |_suppkey;

4050.55 31601 7.80

select |_partkey + 1000 from lineitem group

by |_partkey +1000; 2869.51 27083 9.44

select |_tax * 100 from lineitem group by
|_tax*100;

AVERAGE  group by FiE 244873  22896.33 13.57

426.14 10005 23.48
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LS

AN
X
&

AL (EfDms)

select |_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

group by | suppkey; 2399.98 23745 9.89

select |_linenumber, count(*), count(l_orderkey)

,sum(l_orderkey),avg(l_orderkey) from lineitem

group by | _linenumber; 698.18 10943 15.67
select |_quantity, count(*),count(l_orderkey) ,

sum(l_orderkey),avg(l_orderkey) from lineitem

group by | _quantity; 702.60 13496 19.21
select |_discount, count(*),count(l_orderkey) ,

sum(l_orderkey),avg(l_orderkey) from lineitem

group by |_discount; 741.17 12668 17.09
select |_tax,count(*),count(l_orderkey) ,

sum(l_orderkey),avg(l_orderkey) from lineitem

group by | tax; 670.63 12046 17.96
select |_returnflag, count(*),count(l_orderkey) ,

sum(l_orderkey),avg(l_orderkey) from lineitem

group by |_returnflag; 913.23 12812 14.03
select |_linestatus, count(*),count(l_orderkey) ,

sum(l_orderkey),avg(l_orderkey) from lineitem

group by | linestat 675.94 12444 18.41
select |_shipdate, count(*),count(l_orderkey),

sum(l_orderkey),avg(l_orderkey) from lineitem

group by |_shipdate; 1025.86 17846 17.40
select |_shipmode, count(*), count(l_orderkey) ,

sum(l_orderkey),avg(l_orderkey) from lineitem

group by |_shipmode;

select |_comment, count(*),count(l_orderkey) ,

sum(l_orderkey),avg(l_orderkey) from lineitem

group by | comment; 117636.74 oomMm NAN

AVERAGE 1722.58 17189.46 14.97

oushu
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TPCH Query
R N

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

select
|_returnflag,
|_linestatus,
sum(l_quantity) assum_gqty,
sum(l_extendedprice) as sum_base_price,
sum(l_extendedprice * (1-| discount)) as sum_disc_price,
sum(l_extendedprice * (1-1 _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(*) ascount_order
from
lineitem_1gorc_none
where
|_shipdate <='1998-08-20'
group by
|_returnflag,
|_linestatus;
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Oushu Database 4.0: Global Scale (2017 H1)

Global Scale: No master, P2P,Geo-replication, mixed workload
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