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ABSTRACT S
2 AN J
I this paper we discuss advances in sel-tuning database systems 2. AN ]NT{‘ODI"C:”ON TO PHYSICA
v e past decade, based on our experience in the Auto Adeer: DATABASE DESIGN
P oacet at Microsoft Research. This paper primarily focuses qm - ’ "
Problem of automated physical database g gn. We also highlight 2’! 'f"'""' ""‘“‘e,"r P "'-‘ s:gal lla)eslgn
other arcas where research on self-tuning darqe technology has ""‘“fiii‘"f*""-‘ o "’;'_h“";, o M5 ety st
made significant progress. We conclude with oy thoughts on  Physical data independence. This allows pl ysical structures such
! S atitepiond the quenes 0 change scamiesly without atfecting the cutpey of
Opportunities and open issues X
the query: but such changes do impact e ficiency Thus, together
. | . . with the capabilties of the exccution engine s g optimizer,
1. HISTORY OF AUTOADMIN PROJECT the physical database design determines how efficiently a query is
oux VLDB 1997 paper [26) reported our first technical resuis executed on a DBMS,

;{“‘“ the AutoAdmin. proj The first generation of relational execution engines were

relaively simple, targeted at OLTP, making inex selection less
©f & problem. The imporiance of physical design was amplified as
ey optimizers became sophisticated to cope with complex
decision support queries. Since query execation gad optimization
Jechniques were far more advanced, DBAS could nq longer rely
on a simplistic model of the engine. But, the choice of right index
structures was crucial for efficient Query execution over large
databases

2.2 State of the Art in 1997
The role of the workload, including queries and updates, in
Physical design was widely recognized. Therefore. a high level,
tabase the problem of physical database design was - for a given
o Somewhat ad-hoc. Hts close relationship to query Kload. find a configuration, i.. a set of indenes that minimize
Processing was an implicit driving function as the latte o bg e cost. However, carly approaches dig not always agree on whar
area of past work. Thus, the Paper in VLDB 1997 [26) described constitutes a workload, or what should be measured as cost for a
our finst solution to automating physical database design given query and configuration

& Jook back on the lust decade and review Papers on physical design of databases started appearing as carly
Self-Tuning Database systems. A c ¢ as 1974, Early work such as by Stonebraker [63] assumed 3
s beyond the Putumetric model of the workload and work by Hammer and Chan
[44] used 4 predictive model 1o derive thy parameters, Later
Pt ereasingly started using an explicit  work] ad
[40L(311,(56]. An explicit workioad can be collected using the
iracing capabilities of the DBMS. Moreover,
kloads, whether explicit or parumetric,
y v Single ble queries. Sometimes such restricton, were
daiabase technology hav necessary for their proposed index selection techniques to even
We reflect on future directions in Section § and conclude in aply an in some cases they could justify the goodness of their
Section 9, solution only for the restricted class of queries.

ion 10 focus on physical da

Permission to opy without fee al or part of Al 10 estimate goodness
al creation of indexes

ipdates in the workload.

@ lot of variance on what would be the

model of cost. Some of the papers took the approach of doing the

m cost

pomparison, among the alternatives by building their ou.
na, Austria el Fer columns on which 1o indexes are peesent. e built
VLDB Endowment, AC} 978-1-59593-649- 30709, hij
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Why Is this previous work
Insufficient?



AUTONOMOUS DBMSs
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What is different this time?



@ AUTONOMOUS DATABASES

Better hardware.
Better machine learning tools.
Better appreciation for data.

We seek to complete the circle in
autonomous databases.
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Database Tuning-as-a-Service

- Automatically generate
DBMS knob configurations.

- Reuse data from previous
tuning sessions.

OtterTune

ottertune.cs.cmu.edu PostgreSQL. - 2 vectorwise
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OTTERTUNE

< 'mysq1> SHOW GLOBAL STATUS;

ABORTED_CLIENTS

ABORTED_CONNECTS
INNODB_BUFFER POOL BYTES DATA
INNODB _BUFFER POOL BYTES DIRTY
INNODB_BUFFER_POOL_ PAGES_DATA
INNODB_BUFFER_POOL_PAGES_DIRTY
INNODB_BUFFER_POOL_PAGES_FLUSHED
INNODB_BUFFER_POOL_PAGES_FREE
INNODB_BUFFER_POOL_PAGES_MISC
INNODB_BUFFER_POOL_PAGES_TOTAL
INNODB_BUFFER_POOL_READS
INNODB_BUFFER_POOL_READ_AHEAD
INNODB_BUFFER_POOL_READ_AHEAD_EVICT
INNODB_BUFFER_POOL_READ_AHEAD_RND
INNODB_BUFFER_POOL_READ_REQUESTS
INNODB_BUFFER_POOL_WAIT_FREE
INNODB_BUFFER_POOL_WRITE_REQUESTS
INNODB_DATA_FSYNCS
INNODB_DATA_PENDING_FSYNCS
INNODB_DATA_WRITES

UPTIME

UPTIME_SINCE_FLUSH_STATUS

129499136
76070912
7904
4643
25246

]

288

8192
15327

]

]

0
2604302
0

562763
2836

1

28026

5996
5996
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OTTERTUNE

< 'mysq1> SHOW GLOBAL STATUS;

ABORTED_CLIENTS

ABORTED_CONNECTS
INNODB_BUFFER_POOL_BYTES_DATA
INNODB_BUFFER_POOL_BYTES_DIRTY
INNODB_BUFFER_POOL_PAGES_DATA
INNODB_BUFFER_POOL_PAGES_DIRTY
INNODB_BUFFER_POOL_PAGES_FLUSHED
INNODB_BUFFER_POOL_PAGES_FREE
INNODB_BUFFER_POOL_PAGES_MISC
INNODB_BUFFER_POOL_PAGES_TOTAL
INNODB_BUFFER_POOL_READS
INNODB_BUFFER_POOL_READ_AHEAD
INNODB_BUFFER_POOL_READ_AHEAD_EVICT
INNODB_BUFFER_POOL_READ_AHEAD_RND
INNODB_BUFFER_POOL_READ_REQUESTS
INNODB BUFFER POOL WAIT FREE
INNODB_BUFFER_POOL_WRITE_REQUESTS
INNODB_DATA_FSYNCS

INNODB_DATA PENDING_FSYNCS
INNODB_DATA_WRITES

UPTIME

UPTIME_SINCE_FLUSH_STATUS

129499136
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OTTERTUNE
" nysql> SHOW GLOBAL VARIABLES;

e Fom e - +
| KNOB_NAME | KNOB_VALUE |
o mmm e - Fom e - +
| AUTOCOMMIT | ON |
| AUTOMATIC_SP_PRIVILEGES | ON |
| [INNODB_BUFFER_POOL_SIZE | 134217728
| TNNODB_CHANGE_BUFFERING | all

INNODB FLUSH LOG AT TRX_COMMIT | 1
INNODB_FLUSH_METHOD
TNNODB_FORCE_LOAD_CORRUPTED OFF
INNODB_FORCE_RECOVERY ) Internal
INNODB_IO_CAPACITY 200 Repository
INNODB_LARGE_PREFIX OFF
INNODB_LOCKS_UNSAFE_FOR_BINLOG | OFF
INNODB_LOCK_WAIT_TIMEOUT 500
INNODB_LOG_BUFFER_SIZE 8388608
INNODB 1 0G FILES IN GROUP ,
INNODB LOG _FILE SIZE 5242880

. | SORT_BUFFER_SIZE | 2097152

| SQL_AUTO_IS_NULL | OFF

D | TIMED_MUTEXES OFF

| VERSION_COMPILE_OS debian-linux-gn

|
|

| WAIT_TIMEOUT | 28800
+
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OTTERTUNE
" nysql> SHOW GLOBAL VARIABLES;

e Fom e - +
| KNOB_NAME | KNOB_VALUE |
o mmm e - Fom e - +
| AUTOCOMMIT | ON |
| AUTOMATIC_SP_PRIVILEGES | ON |
| INNODB_BUFFER_POOL_SIZE | 134217728
| INNODB_CHANGE_BUFFERING | all

INNODB_FLUSH_LOG_AT_TRX_COMMIT | 1
INNODB_FLUSH_METHOD
INNODB_FORCE_LOAD_CORRUPTED OFF
INNODB_FORCE_RECOVERY ) Internal
INNODB_IO_CAPACITY 200 Repository
INNODB_LARGE_PREFIX OFF
INNODB_LOCKS_UNSAFE_FOR_BINLOG | OFF
INNODB_LOCK_WAIT_TIMEOUT 500
INNODB_LOG_BUFFER_SIZE 8388608
INNODB_LOG_FILES_IN_GROUP ,
INNODB_LOG_FILE_SIZE 5242880
. | SORT_BUFFER_SIZE | 2097152
| SQL_AUTO_IS_NULL | OFF
D | [ITIMED MUTEXES OFF

| VERSION_COMPILE_OS
| WAIT_TIMEOUT

debian-linux-gn
28800
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Demonstration

Postgres v9.3
TPC-C Benchmark
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OTTERTUNE
TPC-C TUNING

@ Default [ Scripts
Throughput (txn/sec)

1000

750

500

250

0

736

562

508

“\MysqL

THROUGH LARGE-SCALE MACHINE LEARNING
SIGMOD 2017
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Self-Driving Database System

O - In-memory DBMS with
Cyb integrated ML/RL
framework.

- Designed for autonomous
Peloton operations.

pelotondb.io
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Let's on check
the demo...
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Design Considerations for
Autonomous Operation



AUTONMOUS DBMS
DESIGN CONSIDERATIONS




X CONFIGURATION KNOBS

Anything that requires a human value
judgement should be marked as off-limits
to autonomous components.

22



X CONFIGURATION KNOBS

The autonomous components need hints
about how to change a knob

23



X CONFIGURATION KNOBS

The autonomous components need hints
about how to change a knob

1 KB 1 MB 1 GB 1TB

ﬁ

+10 KB +10 MB +10 GB

23



“CONFIGURATION KNOBS pavlo=> \d pg_settings; 3

HOW TO CHANGE View "pg_catalog.pg_settings"”
Column | Type | Modifiers
_________________ +_________+___________
name | text |
The autonomous com setting et |
category | text |
about how to change iy, i
: extra_desc | text |
— Min/max ranges.  context Bt
vartype | text |
— Separate Rnobs to e source | text |
. min_val | text |
— Non-uniform deltas.| max_vat | text |
enumvals | text[] |
boot_val | text |
reset_val | text |
sourcefile | text |
sourceline | integer |
| |

pending_restart boolean




X CONFIGURATION KNOBS

Indicate which knobs are constrained by
hardware resources.

The problem is that sometimes it makes
sense to overprovision.

24
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INTERNAL METRICS

HARDWARE INFORMATION

Expose DBMS's hardware capabilities:
— CPU, Memory, DisRk, NetworR

pavlo=# SELECT * FROM INFORMATION_SCHEMA.cpuinfo ;
i cache

id

model

E7-4830
E7-4830
E7-4830
E7-4830
E7-4830
E7-4830
E7-4830
E7-4830

mhz

bogomips

5615.
5615.
5615.
5615.
5615.
5615.
5615.
5615.

84
84
84
84
84
84
84
84

Configuration
Recommender

o
o]
&
<
3z
S
]
£
&
&

25



D INTERNAL METRICS

Expose DBMS's hardware capabilities:

Otherwise you have to come up with clever
ways to approximate this...

&

Microbenchmark
Threads o

O

25



D INTERNAL METRICS

2 vCPUs @4 vCPUs @8 vCPUs

0.3
0.2
0.1

0

Factor 2

-0.1
-0.2
-0.3

16 vCPUs

32 vCPUs

26

h ' c3.8xlarge .
i3.4x|arge
Factor Analysis oo P sarge
TTT.N UISC ;
d2.4lar..— 13.2xlarge
c2 Lvlarco //: h1-2Xlarge
P e d2.2xlarge
i2.4xlarge
c3.2xlarge
3.4xlarege
i3.xlarge r3.2xlarge
d2.xlar... i2.2xlarge
C3.Xlal"ge III3.2A{CII...
i3.large r3.xlarge
m3.lar...:> i2.xlarge -/
c3.large r3.large m3.xlar...
0.60 0.64 0.68 0.72 0.76 )

Factor

1



Q INTERNAL METRICS

If the DBMS has sub-components that are
tunable, then it must expose separate
metrics for those components.

Bad Example: % RocksDB

27



INTERNAL METRICS 28
: SUB-COMPONENTS

RocksDB Column Family Knobs

rocksdb_override_cf_options=\
cf_link_pk={prefix_extractor=capped:20}

Column Family Metrics

mysql> SELECT * FROM INFORMATION_SCHEMA.ROCKSDB_CFSTAT;

| CF_NAME | METRIC_NAME | VALUE |

oo o o e - Fommm o + ° °

| default | COMPACTION_PENDING | 1 | A
| default | CUR_SIZE_ACTIVE_MEM_TABLE | 21672 | ISSIng.
| default | CUR_SIZE ALL MEM_TABLES | 21672 |

| default | MEM_TABLE_FLUSH_PENDING | 0

| default | NON_BLOCK_CACHE_SST_MEM_USAGE | 0 | Reads

| default | NUM_ENTRIES_ACTIVE_MEM_TABLE | 18

| default | NUM_ENTRIES_IMM_MEM_TABLES | 0 | -

| default | NUM_IMMUTABLE_MEM_TABLE | 0 | ertes

| default | NUM_LIVE_VERSIONS | 2

oo o o e - Fommm o +



INTERNAL METRICS
SUB-COMPONENTS

28

RocksDB Column Family Knobs

rocksdb_override_cf_options=\
cf_link_pk={prefix_extractor=capped:20}

[ ]
Global Metrics
mysq1> SHOW GLOBAL STATUS;
occcocococosocococococooocococooooooos occooooosos +
| METRIC_NAME | VALUE |
ecccoococosocococoococooocooocoooooosos eccooooosos +
| ABORTED_CLIENTS ) |
| ROCKSDB_BLOCK_CACHE_BYTES_READ | 295700537 |
| ROCKSDB_BLOCK_CACHE_BYTES_WRITE | 709562185 |
| ROCKSDB_BLOCK_CACHE_DATA_HIT | 64184 |
ROCKSDB BLOCK CACHE DATA MISS 1001083
ROCKSDB_BYTES_READ 5573794 ggregate
ROCKSDB_BYTES_WRITTEN 5817440
ROCKSDB_FLUSH:WRITE_BYTES 290664/ [ )
| UPTIME_SINCE_FLUSH_STATUS | 5996 | Metrlcs

o o N +



; ACTION ENGINEERING 29

No action should ever require the DBMS to
restart in order for it to take affect.

The commercial systems are much better
than this than the open-source systems.



; ACTION ENGINEERING

Provide a notification callback to indicate

when an action starts and when it
completes.

Harder for changes that can be used
before the action completes.

30



; ACTION ENGINEERING

Support executing the same action with
different resource usage levels.

31



; ACTION ENGINEERING

Allow replica configurations to diverge

from each other.
Replicas

Master

32



; ACTION ENGINEERING

Allow replica configurations to diverge

from each other.
Replicas

8
89
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; ACTION ENGINEERING 32

Allow replica configurations to diverge

from each other.
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; ACTION ENGINEERING 32

Allow replica configurations to diverge

from each other.
Replicas

8
H©

O
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; ACTION ENGINEERING

Allow replica configurations to diverge
from each other.

Replicas
Master -
ooo
0 ooooooo
ooo

32
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What About Oracle’s
Self-Driving DBMS?



ORACLE

World’s First
“Self-Driving
Database

n

Oracle
Autonomous
Database

No Human Labor - Half the Cost
No Human Error - 100x More Reliable

ORACLE

oracle.com/selfdrivingdb

Human labor refers to tuning, petching, updsting, and maintenanc detabase
Copyright © 2017, Oracle andlor its affiliates, All rights reserved

September 2017

Self-Driving Database Management Systems

Andrew Pavlr.\. Gustavo Angulo, Joy Arulra Haibin Lin, Jiexi Lin, Lin Ma, Prashanth Menon
Todd C. Mcwrg Matthew Perron, lan uah Siddharth Santurkar, Anthony Tomasic
Skve Toor, Dana Van Aken, Zigi Wang, Yingjun Wu+, Ran Xian, Tleymg Zhang

‘Carnegie Melion Unwersity, *National Univer s

ABSTRAC

January 2017


https://www.oracle.com/database/autonomous-database/feature.html

i ORACLE 34

World’s First

Automatic Indexing "SB';;ELZ’;'QQ"

Automatic Recovery

Oracle

Automatic Scaling ey
Automatic Query Tuning e Labioe o4 theRCTSL )

September 2017


https://www.oracle.com/database/autonomous-database/feature.html
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Automatic Indexing

Automatic Recovery

Reactionary
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Automatic Query Tuning

Autonomous
Database

No Human Labor - Half the Cost
No Human Error - 100x More Reliable

ORACLE

oracle.com/selfdrivingd
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i #36rved

September 2017


https://www.oracle.com/database/autonomous-database/feature.html

@ CONCLUSION

True autonomous DBMSs are achievable in
the next decade.

You should think about how each new
feature can be controlled by a machine.
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Demo Results
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https://ottertune.cs.cmu.edu/

andy_pavlo


https://twitter.com/andy_pavlo
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