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Future users of large data banks must be protected from
having to know how the data is organized in the machine (the
internal representation). A prompting service which supplies
such information is not a satisfactory solution. Activities of users
at terminals oand most application programs should remain
unaffected when the internal representation of data is changed
and even when some aspects of the external representation
are changed. Changes in data representation will often be
needed as a result of changes in query, update, and report
traffic and natural growth in the types of stored information.

Existing noninferential, formatted data systems provide users
with tree-structured files or slightly more general network
models of the data. In Section 1, inadequacies of these models
are discussed. A model based on n-ary relations, a normal
form for data bose relations, and the concept of a universal
data sublanguage are introduced. In Section 2, certain opera-
tions on relations (other than logical inference) are discussed
and applied to the problems of redundancy and consistency
in the user's model.
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The relational view (or model) of data described in
Section 1 appears to be superior in several respects to the
graph or network model [3, 4] presently in vogue for non-
inferential systems. It provides a means of describing data
with its natural structure only—that is, without superim-
posing any additional structure for machine representation
purposes. Accordingly, it provides a basis for a high level
data language which will yield maximal independence be-
tween programs on the one hand and machine representa-
tion and organization of data on the other.

A further advantage of the relational view is that it
forms a sound basis for treating derivability, redundancy,
and consistency of relations—these are discussed in Section
2. The network model, on the other hand, has spawned a
number of confusions, not the least of which is mistaking
the derivation of connections for the derivation of rela-
tions (see remarks in Section 2 on the “connection trap”).

Finally, the relational view permits a clearer evaluation
of the scope and logical limitations of present formatted
data systems, and also the relative merits (from a logical
standpoint ) of competing representations of data within a
single system. Examples of this clearer perspective are
cited in various parts of this paper. Implementations of
systems to support the relational model are not discussed.

1.2. DATA DEPENDENCIES IN PRESENT SYSTEMS

The provision of data description tables in recently de-
veloped information systems represents a major advance
toward the goal of data independence [5, 6, 7). Such tables
facilitate changing certain characteristics of the data repre-
sentation stored in a data bank., However, the variety of
data representation characteristics which can be changed
without logically tmpairing some application programs is
still quite limited. Further, the model of data with which
users interact is still cluttered with representational prop-
erties, particularly in regard to the representation of col-
lections of data (as opposed to individual items). Three of
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16+ M Users 125+ M Issues 38+ M Repos 78+ M Pull Requests*

*Since 2010 - c 6 .
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Process & looling

rocio
.graph me -1d..now substr(highestAverage(github.browser.{chrome firefox,ie,safari}.performance.crossBrowserLoad.median,10000),2,3) + title=per-

browser+page+load+time+(median)
hubot

Graph Me

-lh  -8h -24h -1w

per-browser page load time (median)

B safari B chrome B firefox
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Process & looling

rocio
.mysql table-sizes

hubot
usage: .mysql table-sizes <cluster|hostname> [schema] [table-name-pattern]

prints out the sizes of all the tables



Deploying code

rocio
.deploy github/index_labels to prod

@rocio

github:index labels 1 commit
177859cC
@rocio deploying f7fdff3...9586425

deployment confidence dashboard haystack firehose
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YOU GET A DATABASE AND YOU GET A DATABASE

EVERYONE GETS/A IIII!I{\ABASE!



Transmogrifier
ransfiguration
Transformer
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GitHub's Online Schema
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* Iriggerless

* Lightweight

* Pauseable

*Dynamically controllable
* Auditable

* [estable

* [rustable



Process & looling

rocio
.migration-queue
hubot
Usage: .migration-queue <command> [<args>...]

Workflow chatops for database migrations

add <pr-number> Add a migration to the queue.

schedule <pr-number> <schedule> Schedule a migration to be run.

show [needs_review|reviewed|scheduled] Show all migrations 1n queue.

completed <pr-number> <migration-version> - Mark a migration as completed.




Process & looling

.migration-queue add https://github.com/github/github/pull/60574

hubot
github/github#60574 needs scheduling for migration.




rocio
.migration-queue show

hubot
Needs review:

github/gi1thub#60834:
github/gi1thub#60754:
github/github#60574:
github/gi1thub#60573:
github/github#60521:
github/gi1thub#60327:
github/github#60170:
github/github#60162:

Process & looling

GJ’

New index on labels ( repository_id , name )

migrations for outdated column on pull request review comments
Add user_hidden and privacy indices in migration to Issues.
Add user _hidden indices 1in migration to Issues.

Migration: Create organization_external_identities table

[WIP] Add migration for privacy indexes in 1issues table

Transition Review Comment State from Null to Submitted

Migration for PullRequestReviewComment default state submitted




Process & looling

hubot commented 7 days ago

This migration was scheduled by @github/database-infrastructure to be run at
right now.

@github/database-infrastructure: Running migrations in read-only mode to generate DDLs...
To run the migration:

gh-migrate-ghost -¢ mysql1 -t repositories -d 'ADD INDEX index_repositories_organization_active_public
(organization_id, active, public)’

Once the migration is complete:
.migration-queue completed 60753 20160829175757

S = hubot added DB migration - scheduled and removed [p:Inl e RICELTY labels 7 days ago
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Process & looling

rocio
.migration sup

hubot

Copy: 76390800/158038281 48.3%; Applied: 281395; Backlog: 4/100; Time: 6h46m45s(total), 6h46mdds(copy); streamer: mysql-bin.011093:87270693; State:
throttled, 1ag=0.565436s; ETA: 7hl4md4s







A process alone won't solve all the problems.
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Speaking of tools...
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Process & looling - Peek

70ms /66 sql 4/12 features

Label 1 v

Issue

User

Organization
Repository
TwoFactorCredential
survey

UserSession




rFinding N+1's

o
o

125.185ms .671ms SELECT DISTINCT "“labels .* FROM "“labels® INNER JOIN "“issues_labels® ON "labels'. id' =
‘issues_labels’. label_id® WHERE "issues_labels'. issue_id' = 149018956 ORDER BY name
app/views/issues/_issue.html.erb:33 sk

127.569ms .532ms SELECT “users'.x FROM ‘users’ WHERE ‘users'. id' = 7544775 LIMIT 1
app/models/repository.rb:655 s

129.688ms .575ms SELECT DISTINCT "labels’.x FROM "labels’ INNER JOIN "issues_labels® ON "“labels’. id" =
“issues_labels'. label_id® WHERE "issues_labels'. issue_id’' = 149002571 ORDER BY name
app/views/issues/_issue.html.erb:33 sk

132.970ms .555ms SELECT DISTINCT "labels'.* FROM "“labels® INNER JOIN "issues_labels® ON "labels'. id' =
“issues_labels’ . label_id® WHERE " issues_labels'. issue_id’ = 148207422 ORDER BY name
app/views/issues/_issue.html.erb:33 sz

137.602ms .209ms SELECT DISTINCT "labels . FROM "labels’ INNER JOIN “issues_labels’ ON "labels'. id" =
“issues_labels'. label_id® WHERE ‘issues_labels'. issue_id" = 144654005 ORDER BY name
app/views/issues/_issue.html.erb:33 sk

141.084ms .533ms SELECT DISTINCT "labels’.x FROM "labels’ INNER JOIN “issues_labels’® ON "labels'. id" =

‘issues_labels’. label_id® WHERE "issues_labels'. issue_id' = 143395300 ORDER BY name
app/views/issues/_issue.html.erb:33 sz
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Measure all the things

rocio
.graph me tall -1m..-3w $github.sqgl.tables.total_time

hubot
Graph Me

-1lh  -8h -24h -1w

GitHub SQL Write Total Time by Table
1200.0 K

1000.0K

08/17 08/19 08/21 08/23 08/25 08/27 08/259 08/31 05/02

B commit_contributions B issues B user_sessions I slotted counters B repostory _replicas
| | oauth_accesses B notification_entries || reposttory_backup_statuses [ repositories I repository_networks
|| notification_deliveries || stratocaster_events




Measure all the things

rocio
.graph me -1m..-3w @github.common_problem_rates

hubot
Graph Me

-1lh  -8h -24h -1w

GitHub.com common problem needle rates
150.0

125.0
100.0
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08/17 08/195 08/21 08/23 08/25 08/27 08/25 08/31 05/02 05/04

! slow queries B slow requests B slow transactions dagt B gtmon command blocked
L queries affecting many rows B user data issues || long job durations B slow pull requests javascript exceptions
' request timeouts




Measure all the things

Saturday, June 21, 2014

#LatencyTipOfTheDay : Measure what you need to
monitor. Don't jJust monitor what you happen to be

able to easily measure.

Posted by at 8:40 PM

™M 40| G+ Recommend this on Google




Putting it all together...



Github-slow-query / SlowQueryLogger::SlowQuery

() Create issue on github/github Related needles

E S . .
rocio mentioned in Add new index commit_contributions github/github#60403

- =M August 22, 2016 8:18:47 PM

[1.18 sec] SELECT DISTINCT "commit contributions . user id FROM "commit contributions™ WHERE
“commit contributions . repository id = 16362580 ORDER BY committed date DESC LIMIT 894
/*application:github,category:ajax,route:suggestions#show,request id:0410C166:2CFCF:5EDBA8BF:57B89544%*/

‘ R




VividCortex

Ob2ea5192f35458f Firs ast Seen: 16 minutes ago

select distinct commit_contributions . user_id from commit_contributions where commit_contributions . repository_id =7 order by committed_date desc lLimt ?

Metric: Total Time Filter Samples by Query Text

SAMPLE INFO

SELECT DISTINCT "commit_contributions . user_id FROM "commit_contributions™ WHERE
‘commit_contributions . repository_id = 28023 ORDER BY committed_date DESC LIMIT 855

/*application:github,category:ajax,route:suggestions#show,request_1d:DCF49FB6:19574 : 2AABB1B:57B4F890* /
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HUBOT

Cloning the table to staging

rocio
.mysql clone commit_contributions

#database-ops




lesting a new Index and open PR

Add new index commit_contributions

I'lMerged rocio merged 9 commits int0 master from index_commit_comments 15 days ago

(& Conversation 22 O-Commits 9 B Files changed 3

’
Q.

rocio commented 17 days ago « edited

Context

Commit contribution queries are very slow as shown by vividcortex and this Haystack needle.

Solution

After testing a new index over (repository id, user_id, committed date) with the following query:

[1.18 sec] SELECT DISTINCT “commit_contributions™ . user_id" FROM “commit_contributions™ WHERE "cc

the query execution goes

from

93 rows in set (3.10 sec)

to

93 rows in set (0.01 sec) in the replica.

+20 -2 IHENR

Projects

None yet

Labels

DB migration - completed

Milestone

No milestone

Assignees

No one—assign yourself

8 participants



Migration 1s approved

v MikeMcQuaid approved these changes 15 days ago

Makes sense to me

k v bryanaknight approved these changes 14 days ago
Ry

hubot commented 14 days ago

This migration was reviewed by @github/platform-data and is ready to be
scheduled and run by @github/database-infrastructure.




Schedule migration

ggunson

.migration-queue schedule 60403 today



ggunson
.migration unpostpone

hubot
Unpostponed

@ggunson

Run migration







explain

rocio
.explain SELECT DISTINCT commit_contributions . user_id FROM commit_contributions WHERE

commit_contributions . repository_id = 16362580 ORDER BY committed_date DESC LIMIT 100
hubot

roclio:

FEEREEERFEERREEREEERRERRFEREREEX 1 row 3 3 3 3 o 3 o 3k o ok o ke e ke ke ok K K R ok ek ok ok ok ok

Select Type: SIMPLE
Table: commit_contributions
Type: ref
Possible Keys: commit_contrib_user_repo_date,commit_contrib_repo_date,index_commit_contributions
Key: index_commit_contributions_repository_user_date
Key Len: 5
Ref: const
Rows: 25880
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select distinct

Verity

“commit_contributions . user_i1id from ~commit_contributions where

committed_date desc limit ?

Metric:  Total Time

Filter Samples by Query Text

“commit_contributions .

‘repository_id =7 order by

Show Samples




No more needles

®
Github-slow-query / SlowQueryLogger::SlowQuery
(Orgs 8 (Api 8
X 3 +

(® Create issue on github/github



Using oclence




Sclentist

require "scientist™

def method
science("test-index-optimizer") do |experiment|
experiment.use {
Issue.from("issues USE INDEX( existing_index_name )")
}
experiment.try {
Issue.from("issues USE INDEX( new_index_name )")

}

endg
end

https://github.com/github/scientist



https://github.com/github/scientist

Performance test between /2 iIndexes

abilities-new-index

A A A | A

o J.‘—{,A_.“.___-‘ ”‘,\,.' —_"-J\.-_‘__ - l", _\___f.,.—d\v"- .-4\ "A-*‘ﬁ'kk”?“’"\w'\\-‘ - *L‘,_ A
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Mon 4PM  Mon 8PM  Tue 12AM  Tue 4AM Tue 8AM  Tue 12PM  Tue 4PM Tue 8PM  Wed 12AM Wed 4AM Wed 8AM Wed 12PM Wed 4PM  Wed 8PM Thu 12AM  Thu 4AM  Thu 8AM Thu 12PM
B candidate 75%  avg 1.12 B candidate 99%  avg 3.71 B control 75% avg 1.25 B control 99% avg 4.87
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MyoU.
store

_as primary dat




MyoUL

* Predictability

* Scalability

* High performance

* High availability

* Operational experience
* Optimized for fast reads
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HU.BOT

K V table in MySQL

rocio
.mysql table key_values

hubot
skokskskok sk sk sk sk sk sk okskokskkskskskskokskokskkoskk 1,

Table: key_ values

FOW kKKK Kk kKKK KKk KKKk kK

Create Table: CREATE TABLE key_values (
id 1nt(11) NOT NULL AUTO_INCREMENT,

key varchar(255) NOT NULL,
value blob NOT NULL,
created_at datetime NOT NULL,
updated_at datetime NOT NULL,

expires_at datetime DEFAULT NULL,

PRIMARY KEY ( 1id),

UNIQUE KEY 1index_key_values_on_key ( key ),

KEY 1index_key_values_on_expires_at ( expires_at )

) ENGINE=InnoDB

Skokokkokkskkskkskkskkkkkkkkkkkkkkk 1.

DEFAULT CHARSET=utf8

FOW >kkkakakkkkokkkkkkkkkkkkkkkkkkk




Storing users dismissal noticesin K,V

Seamless communication with teams

Teams are a great way for groups of people to communicate and work on code
together. Take a look at why they're great.

@ 5

Flexible repository access Request to join teams Team mentions

You can add repositories to your Members can quickly request to join Use team @mentions (ex.
teams with more flexible levels of any team. An owner or team @github/design for the entire team)
access (Admin, Write, Read). maintainer can approve the request. In any comment, issue, or pull

request.




a "~ Storing users dismissal notices in K,V .

dismiss notice(notice)
GitHub.kv.set("user.dismissed notice.#{notice}.#{id}", notice)




.;r') 

ChecKing for presence

dismissed notice?(notice)
GitHub.kv.get("user.dismissed_notice.#{notice}.#{id}").value!

notice



S>UL querieson KV table per second

SQL queries on KV table per second

07:55 08:00 08:05
avg 829.98 M insert




O What IS a good index
»
strategy/




*Build indexes for performance critical queries
* Build index order that benefits more queries

*SELECT* FROM issues WHERE user_id = 2 AND repository id = 2;

*SELECT* FROM issues WHERE user_id > 2 AND repository id= 2;
*INDEX ON (repository id, user_id) is best

* Prefer to extend an existing index rather than create a new one
* Favor multi column indexes




O What's NOT a good index
»
strategy/




Metric: Total Time

7:30AM

/:45AM

Filter Samples by Query Text

8:15AmMm

l.ack of iIndexes

8:45Am

9:15AM

9:30AM

9:45Am

Show Samples




Unnecessary indexes

* Indexes require space, the more you have the
bigger the table.

«Write operations will be slower.
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FINdINg unused indexes

rocio
.mysqgl dead-indexes issues

hubot
&3 Dead indexes for github_production.1issues

No redundant indexes for 1issues.

No non-unique unused indexes for issues found




o What's coming nextin
My5SQL?




You had me at emojl

E markcallaghan

MySQL 8 had me at better support for emojis

Vadim Tkachenko @Vad

Common Table Expression and Invisible Index are coming in MySQL 8.0 Inkd.in/eY-
_Qb6a

OEMBEEDS




[T's WOrK 1N progress



Hubot https://hubot.github.com

gh-ost  https://github.com/github/gh-ost

Haystack http://githubengineering.com/exception-monitoring-and-response
Peek https://github.com/peek /peek

Scientist https://github.com/github/scientist

Graphite http://graphite.wikidot.com
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https://hubot.github.com
http://githubengineering.com/exception-monitoring-and-response
https://github.com/peek/peek
https://github.com/github/scientist
http://graphite.wikidot.com

FIN

(Gracias!




