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The Last Decade of
DATABASE SYSTEMS




Early 2000s — Sharding Middleware K

» Custom middleware to combine
multiple nodes together into a
logical database.

 Route queries to correct node.




Middleware Problems

* Developers spend time writing
middleware rather than working

on core applications.

 Some features are implemented
in application code.



Late 2000 — NoSQL

* Forgo transactional guarantees in
order to achieve high-availability
and high-scalability.

* Non-relational data models.



NoSQL Problems

* Developers write code to handle
eventually consistent data, lack of
transactions, and joins.

* Not all applications can give up
strong transactional semantics.




The Rise of
NEWSOL SYSTEMS




Asleft White Paper

ver the
Systems that/ dell\./elr. .
éc);lability and flexibility promised

: e
by NoSQL while retau_‘ung
SL)I/ppOI’t for SQL queries and/or
ACID, or to improve performance
for appropriate workloads.

il 4th, 2011)
— 451 Group (April 4th, .
hMatt ?/Svlvevf/tw451research.com/reoort—short?entltvld 6
ttps: ]

Analyst: Magt Aslett

The acquisition of MySQL AB by Sun Microsystems injanuzlry 2008 appeared to signal

that open source databases were on the brink of opening up a new batileground
Proprietary database gianes, In announcing the deal, Syn stgnaled its intention o
support and development resources required for MySQL to challenge the establi:

architectures, Needless to say, reality was somewhat differeny as Sun faced wider

of its own and eventually succumbed g0 takeout by Oracle (Nasdaq: ORCL) in April 2009,
in doing so h:mdmg ownership of the leading commercial open source dambase to the

database hr:zl\-';weight.

We had previously argued rhar MySQL was vety much the crown jewel of the open source

database world thanks to its focys on Web applications, its lighoweigh architecture and its
fast read capabilities, which made it potentially complementary technology for all of the

established database players, Addirionﬂlly, if Oracle's major rivals were seeking an obvious

altemative 1o MySQL in 2009, they were out of luck.

Just two years later, however, the database market js awash with open souree databases with
hghtweight architectures rar, seted at Wely applications. Not on} v have the likes of Mon

Program and SkySQL, emerged to provide alternative Support for MySQL. and i
there are also 5 large number of products available under the banner of NoSQI,

emerged in mid-2009 45 an umbrella term for 5 loosely affiliated collection of non-relational

database projects. We have also seen the emergence of what we haye termed 'Ne

database offerings, with companies Promising to deliver the Scnlabﬂi[y and flexibility

promised by NoSQL while retaining the support for SQL queries and/or ACID

consistency, isolation and durability), or to improve performance for appropriare

to the extent thar the advanced scﬂlabﬂity promised by some NosQL databases becomes

irrelevant,

From MySQL to NoSQL

Despire being a good march for many read-intensjye applications, MySQL does not provide
predictable performance at scale, partticularly with g fey writes thrown into the mix. The
memcached distribuged memory obje::r-mching System can be used — and has been widely
adopred - ro improve performance but does 1ot provide any persisrence and lacks
consistzm:y. To some extent, the rise of NoSQL has been driven by the inadequacies of

451 TechDeal maker
Copyright 2011 The 451 Group

shed
vendors in supporting mission-crﬁtical, high-performﬂnce applications on Web-based

against the
provide the

problems

ts forks, byt
which

WSQL!

(atomicity,
workloads

4 April 2011
Page1of 5
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Stonebraker Article

SQL as the primary interfa_ce.
ACID support for transactions [
Non-locking concurrency control.
High per-node performance.

Shared-nothing architecture.

h 2011)
- CACM (June 16,

ike Stonebraker — Blog@
hMt[tlée'//cacm.acm.orq/bloqs/bloq—cacm/109710

COMMUNICATIONS
“"“AC M TRUSTED

IGHTS FOR COMPUTING'S LeanTng PROFESSIONALS

Home ., Blogs BLoG@cacm ,, New soL: An Altemative to NoSQL and oig SOL for New... ,, Full Text
BLOGECACM
NewSQL: An Alternative to NoSQL and o1d SQL for New OLTP Apps
Michael Stonebraker

June 18, 2011

Histon'caﬂy, Online Transaction Processing (OLTP) was
performed by customers submitting traditj
(order something, withdraw money,
relational DBMS, Large enterprises might haye dozens to
hundreds of thege systems. In variably, enterprises wanted to
consolidate the information in these OLTP systems for
business analysis, crogg selling,

onal transactions
cash a check, ete.)to a

Or some other Purpose.
Hence, Exh‘act»Transfomland—Load (ETL) products were
used to convert O, Tp data to a common format and load it

rd in enterprise computing. [ will term, j¢ “Old OLTP.” By
Ts. In the past [ haye

7 in this posting I refer to thep, as "Old SQL.”

As noted by most pundits, “the Wel, changes everything,”
collection of OLTP require;
OLTP." These sites seem

"and [ have noticed a very different
ments that are emerging for Web broperties, which I will teym, “New
o be driven by two customer requirements:

The need for far more OLTP throu,
multi-player games, social networking sites
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The Free Encyclopedia fom Wikipedia, the free encyciopedia

NewSQL is a cfass of modern refaty

Main page scalable performance of NosqL sys
Contents

MANtaining the ACID guarantees ¢
Featured Content
Current events
Random articie
Donate to Wikipedia 2 Systems
Wikimedia Shop 2.1 New architectures
e — 2.2 MySQL Engines
- Help 2.3 Tansparent sharding
n a About Wikipedia 3 see siso

rn re Community portal 4 References

A C la SS O ' , ' Recent changes

database systems that provide the |-

» Print/export

Contents [hide]
1 History

¥ Languages o
discusses how News

same scalable performance of -
NoSQL systems for OLTP

Although NewSQL systems vary greatly in thelr internal architectures, the two distinguisning features
[oMMON amangst them is that they ali suppart the relational data model and use SqL. as their primary
Intertace.") one of the first known NewSQL systems fs the 4

tore paralief database system, (61171
™ ] NewSQL systems can pe loosely grouped into three categories; (81 19]
']
hile still maintaining

The first type of NewSoL. systems are completely new database pratrorms. These are designed to operate in 5
distributed cluster or shared-nothing nodes, in whic
the new databases hav,

h each node owns & subset of the gats Though many of
@ taken different design approaches, there are two primary categaries evolving. The
first type of system sends the execution of transactions and queries to the nodes that cantain the needeq
data. 5QL queries are spiit into AUy fragments and sent to the nodes that Own the data. These databases
a are able to scale linearty as additiona) nodes are added.
t , A C: :I D g ( 'a ra n e es * General-purpose datapase.

S — These maintain the ful functisnality of traditionaf qa
fypes of queries. These data,

tabases, handiing a
Dases are often written from scratch with 5 distributed arenitecture in ming,
and Include components such as distripyteq FoneutTency control, fiow cantro, and distributed query
processing. This includes Google Spanner, Clustrix, Nyopgl0M11] and Transtattce.
m I-memory databases — The appiications
traditional database sy :

targeted by these News
2 large number of transactions that (1) are Short-liveg {i-e.. no user statls), (2) touch a smal subset of data
usfng index lookups (ie., no fuif table scans or Jarge distributeg Joins). and (3} are repetitive (e,
executing the same queries with different inputs).112] page NewSQL systems achieve high performance
and scafabllity by eschewing much of the legacy architecture of the °riginal System R design, such as
[

heavyweight recovery or concurrency control algorithms. {13! o, ©XBMPle systems in tnis category are
VoItDB and GoPivotal's squEire.

MysqQL Engines fedit}

The secang categery are highly optimizeg storage engines for sqL, These systems provide the same
Rrogramming interrace as MySQL. but scate petter than built-in engines, such as INNoDB. Examples of these
new storage engines incluge TokuDE, MemSQL, and Akiban 1141

Transparent sharding (e

These systems provide a s Ver o automatically spiit databases across muttiple noges.
Examples of this type of System includes dbShary

See also rean - Sealeare, Scaledase and mysqL Cluster
Wikipedia (October 19”‘,. 2_013) A
http://en.wikipedia.org/wiki/NewSQ

QL systems are characterized as having

harding middieware Ia
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In this paper we survey, consolidate, and Present the state of the art in distributed

database concurrency control, The heart of our analyss is & decomposition of the

concurrency contro] problem into two major subproblems: read-write and ‘Write-write
. We describe a series of synchromzation techniques for solving each

d show how to mbine these techniques into algorithms for solving the

ture and

P t of Y control al, ns. Issues of perf ‘€ are given only

secondary treatment,

I I l Keywords ang Phrases: €oncurrency control, deadlock, distributed database Inanagement
systems, locking, h h ion, t P ordering, timestamps, two.

Y,
Phase commit, two-phase lacking
CR Categories: 4.33,4.35

Concurrency Control in Distributed Database Systems
o ® PHILIP A. BERNSTEIN AnD NATHAN GOODMAN
I s r I U Computer Corporation of America, Cambridge, Massachusetts 02139

INTRODUCTION Concurrency control has been actively
The Concurrency Control Problem i Stigated for the past several Jears, anld

[ Concurrency control is the activity of co- well understood, A broad mathematica)
GO\ )8 e ordinati to

b system (DBMS;). Concurrency control per-  phase locking, has l:;een accepted as g

mits users to access a database in & myltj. standard solution, Current research on non-

u S Programmed fashjon while Preserving the distributed concurrency control s focused
illoe ) - N :

a dedicated System. The main technical phage locking, detailed Performance analy-
difficulty in attaining this goal is ¢ prevent  sis and optimization, and extensions to the
database updates performed by one user mathematical theory.

from interfering with database retrievals Distributed concurrency control, by con-

and updates performed by another. The trast, is in a state of extreme turbulence,

BO-
in a distributed DBMS (DDBMS) because rithms have been Pproposed for DDBMSs,
(1) users may access data stored in many  and several have been, or are being, imple.
different computers in a distributed system, mented. These algorithms are usually com-
and (2) a concurrency control mechanism plex, hard to understand, and difficult to

at one computer cannot instantaneuusly prove correct (indeed, many are incorrect),

know about interactions ay other com. Because they are described in different ter.
Pputers, minologies and make different assumptions

on to copy without fee all or part of ths material 1s granteq provided that the ©OpIes are not made oy
LT D uted for direct commercial advantage, the ACM copyright notice and the title of the publication and its
and notice is given that Copying is by Ppermussion of the Association for Computing Machinery. To

Copy otherwise, or o republish, TequIres a fee and/or specific permission,
©1981 ACM mlO-ﬂ%/&l/DﬁD—olBﬁ $00.75

Computing Surveys, Vo, 13, No. 2, June 1981

i 1981)
Phil Bernstein, et al. — Computing Sung:ys (June
http://dl.acm.org/citation.cfm?id=3568
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( ABSTRACT w-nmnnumuvql-.,mmmn. foture research are contamed in Section 6
e mun " Keep large databses
rendest ™ mun memory In connder the chasges ¥ Access Methods for Memory Reckdent Databeses
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K width of the key for R 1n bytan
x..w.m-um....u--u-—-,nun_m—mu., T
Jon Algonthms, Access Plaaning, Recovery Meepeures P pairlen iy
‘4 lllldll.l‘...yl-
We bave analysed two casen of mterent The st 1 the cont of
Throughou m"’“':‘""""_" m'nu--::zﬁ.-n(nmﬁnlqvﬂn As example of
e o ngpagd
DB for super-minxcomputers suc e VAX 11/180 coua ,,.,':{‘_.“,m.,m_,m_.,__.
| for-segrilsear A SO, reading N records sequen.
® commonplace rher reduce prces by _.,c_ﬁ:‘,:::'“'“"' ol
aaother order of m: Basbyte of memary s femp salary, emp name) where emp namme m * 0+
gregabit memory chipe are ava- which data u-uq..n---.hg.-u'r.
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o Iarger amounts of mam memory, & -u.,--un..—.hu...m:-dnnu-muq,
o atabaes w n--_u-.--b-mmm--n_--eu
\TES2] baa supported command
conaider the changes rume-['n‘--lwmlhnm
oy et for a8) €08ts that are specific 40 the accem mevpod
of alternative access methods for Ipage reads] uu-b--umnuuumn..—,
Algorsthms for rels-
peord Jeompanson| the Bumber of ecord comparmons required to
g i .,:,.... wolate the particalar data. of erens
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Weaving Relations for Cache Performance
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Abstract

Relational database 5

Ystems have traditionally optimzed oy

Y0 performance and onganized recongs sequentially on- disk
pees using the N-ary Storage Model (Nspy) (a.ka., sloted

Pages). Recent research, he
and performance is becom
Platforms. In this paper,

wever indicates that cache urilizarion
18 increasingly important on modern
© first demonstrate that in-page darg

Placement s the key to high cache Performance and thar NSy

exhibits low cache utilization on moder, Platforms
a new data Organization model called PA)

Ppos

fext, we pro-

(Pantition

Atributes Across), that significanty improves cache perfor.

mance by grouping together all values of sgep attribute within
cach page. Because PAX only affects fay oy inside the pages, i

incurs no storage pengiyy

and does not affect 10 behayiy,

Acconding 10 our experimental resafy, when compared 1o NSy

(@) PAX exhibits superior cache and e mory bandwidih wrifi,

tion, saving at least 75% ¢

S NSMs stall time due 10 dara cache

accesses, (b) range selection queries ang updates on memory.

resident relations execute 17.256, fyyer and (c) TPC-H queries
imvolving 1O execute 11-48% fusrer

1 Introduction

The communication ber
storage (I/0) has been

ween the CPU and the secondary
traditionally recognized as (he

major database performance bottleneck, To, optimize data
ansfer 0 and from mass storage, relationa) DBMSs have
long organized records in siotted iy pages using the N-
ary Storage Model (NSM). NSM stores records contigy-

ously starting from the
uses an offset (slot) tab,

beginning of each disk page, and
e at the end of the Ppage to locate

the beginning of each record [27),

Unfortunately, mosf

! queries use only a fraction of

each record. To minimize unnecessary 10, the Decompo-

sition Storag
DSM partitions an sy
sub-relations, each of y
comesponding attribute
multiple attributes from

" Work dene while suthor was

Model (DSM) Was proposed in 1985 [10].

tribute relation vertically into »
Vhich is accessed only when the
s needed. Queries that involye
& relation, however, must spend

the University of Wiscansin-Madison.

Permission to copy withous fee alt o partof this material is granted pro.

vided that the copies are nor made o distributed for direct commercial
hantage, the VLDB copyvightnotice and g, title of the publication and

its date appear, and narice is

Fiven that copying is by permission of the

Very Large Data Base Endowment, T <opy othervise, or 1o nepublish,

poires afee and/or special permission from the Endowment

Proceedings of (he 27th VL.DB Conference,

Roma, Italy, 2001
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Markhill@cs.wisc. edy marios@es.wisc.edy
tremendous additionaf time to join the Pparticipating sub-
relations together, Except for Sybase-1Q [33]. today "
tional DBMSs use NSM for general-purpose data plg

ment 20][29](32)

Recent research has demonstrated thag modern data-
base workloads, such as decision support systems and spa-
tial applications, are often bound by delays related to the
Processor and the memory subsystem rather than o
[20][5](26). When running commercial database systems
on amodem processor, data Fequests that miss in the cache
hierarchy (i.e., Tequests for data that are nog found in any
of the caches and are transferneq from main memory) are o
key memory bottleneck [1]. In addition, only 4 fraction of
the data transferred to the cache js useful to the query: he
Htem that the query processing algorithm requests and the
transfer unit between the memory and the processor are
typically not the same size. Loading the cache with useless
data (a) wastes bandwidth, (b) pollutes the cache, and (©)
possibly forces replacement of information that may be
needed in the furure, Incurring even more delays. The
challenge is o repair NSM's cache behavior without com-
promising its advantages over DS\,

This paper introduces ang evaluates  Partition
Attributes Across (PAX), 4 pey, layout for data records
that combines the best of the two worlds and exhibits per-
formance superior 1o hoth Placement schemes by eliminar.
Ing unnecessary accesses to main memory. For a given
relation, PAX stores the same data on each page as NsM
Within each page, however, PAX groups all the values of 4
particular attribyte together on a minipag During a
sequential scan (e.g., to apply a predicate. oo a fraction of
the record), PAX fully utilizes (he he resources,
because on each miss a number of a single attribute’s va).
ues are loaded into the c: che together. At he same time,
all pants of the record are on the same page. To reconstruct
g record one needs 1o perform 5 . join among
minipages, which incurs minimal cost because it does not
have to look beyond the page

We evaluated PAX against NSM and Dsm using (a)
predicate selection queries on numeric data and (b) g varj.
€Ly of queries on TPC-H datasets on t0p of the Shore stor.
age manager [7). We yary query parameters including
selectivity, Projectivity, number of predicates, distance
between the Projected attribute and the attribute in the
predicate, and degree of the r tion. The experimental
results show that, when compared to NSM, PAX (a) incurs
50-75% fewer second-level cache misses due 1o data
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System R. Relational Approach to Database
Management

Syetem Ris g dutabase AnGgement system which provides 5 bigh ievel relations] dats interfgee,
The system Provides a high level of drta independence by isolating the end user us much g

pozsible from underlyimg storuge stractures, The E¥Slem permite definition of & variety of relationaj
views on eommon underlying data, Datg eontro] features are provided, including *uthorization,
integrity Aseertions, triggared transactions, s logging and Tecovery subsystem, and Tacilities for
meintaining duyy consistency in a shared-update Enviromment,
This paper contains & description of the overall architectyre ang design of the system. At the
i funted. We i

present time the system is being i d the design i that
System R is  vobiole for resgapols in dutabase architocture, and is noy planned as & produet,
¥ Words angd Phrases: databese, relations] model, Py al langusge, authorizass .

lacking, Tecovery, data Stiuctures, indey structures

CR cntegories: 374,422, 433, 435

1. INTRODUCTION

The relational model of data wag introduced by Codd [7]in 1970 as an approach
toward Troviding solutions to VAous problems in database Tnanagement. In par-
ticular, Codg addressed the problems of providing a datg model or view which is
divorced from Various imp| i i i

problem) and alsy the b
level, nonprocedural datg sublanguage for accessing data,

called Systom B, which ig currently being implemented and evaluated at the TRM
San Jose Research Laboratary, At the time of this writing, the design has been

Copyright @ 1976, Association for Computing Machinery, Tne. General permission to republish,
but not for Profit, all or par of ghis material is granted provided that ACM’s copyright notice iy
Eiven and ghap reference is made ta the Publication, 15 jig date of issue, and to the fact that
LEPTInting privilees were granted by permission of the 4 ion for Ce & Machinery,
Authors' addresy: TBM Resenrel, Inbomwry, Ban Jose, CA 95103,

ACM Transctions ap Dntabase Systems, Vol 1, No. %, June 1976, Pages §7-137,
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‘e, Non-Volatile Memory

‘@), Geo-replicated DBMS



Spanner












BillHoweDB



BillXeDB



OpauSQL™

Oracle, Please Acquire Us



OpauSOL™ — Design Principles

e Don't treat the DB as a black box.

* Machine learning to understand
intra- & inter-txn dependencies.

* Introspection of integrity
constraints.



OLTP Application Library

 Examine open source software to
create a catalog of application
properties.

* Automatically infer optimizations
by examining DB access patterns.



Gonclusion

 Most NewSQL systems are using
known ideas to achieve high-
performance for OLTP workloads.

 Database systems research is
back at CMU.
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