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Performance Pitfalls

* Loading too much

* Firing many faults

* Frequent cache misses

* EXpensive queries

* Incurring too many locks



What You Will Learn

* Tools

* Instruments

- Debug logging
» Optimizing models, fetches, and predicates
» Choices for concurrency

* Optimizing text searching
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Optimizing Fetch Requests



Don’t Fetch More than You Need

* Only 10 or so rows are visible

* Don't fetch every possible object
e Use a Fetch Batch Size of 20
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. — (void)fetchStoredContacts {

NSFetchRequest xfetchRequest = [[NSFetchRequest alloc] init]

// Edit the entity name as appropriate.
NSEntityDescription *entity = [NSEntityDescription
entityForName:@"Contact” inManagedObjectContext:self.
managedObjectContext];

[fetchRequest setEntity:entity];

// Set the batch size to a suitable number.
[fetchRequest setFetchBatchSize:0];

[fetchRequest setSortDescriptors:@[[NSSortDescriptor
sortDescriptorWithKey:@" lastName" ascending:YES],
[NSSortDescriptor sortDescriptorWithKey:@"firstName"
ascending:YES]]11;

NSError xanyError = nil;
NSArray xresults = [self.managedObjectContext
executeFetchRequest: fetchRequest error:&anyError];
if ('results) {

NSLog(@"Error: %@", anyError);
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Optimizing the Data Model

Design the model for your app’s usage

* Don't overnormalize
* Duplication isn't necessarily a bad thing



Data and External Files

» Use external storage
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Data and External Files

» Use external storage

Attribute Type | Binary Data

Options l\:/l Allows External Storage

* Put binary data in a separate entity

V¥ Attributes
photoData

V¥V Attributes

firstName
lastName

V¥ Relationships
V¥ Relationships contact
J>







# Xcode File Edit View Find Navigate Editor Product Debug Source Control Window Help Al & = 4 = Timisted Q :=

-
™

® 006 ™ MyContacts.xcodeproj — |7 MyContacts.xcdatamodel "
’ B | ﬁ MyContacts » | j§§ iPhone Finished running - Profiling MyContacts.app on iPhone No Issues @ [Ej z | I:I E EI

M T Q A & = » B8 | <4 » | MmyContacts [ | MyContacts » [{7] MyContacts.xcdatamodeld » | & MyContacts.xcdatamodel » [ Photo » [ photoData | D 0]
Attribute

ENTITIES

3 Contact
’hoto Properties | | Transient (¥ Optional

| | Indexed

Name photoData

FETCH REQUESTS -
Attribute Type | Binary Data

CONFIGURATIONS -
Options @I Allows External Storage

(@ Defauit =
Advanced | | Index in Spotlight
| | Store in External Record File

| User Info
:Key ~ Value

+ -
Versioning

Contact Hash Modifier | Version Hash Modifier
¥ Attributes
firstName
lastName
v Relationships
photo

Renaming ID | Renaming Identifier

Photo
¥ Attributes

¥ Relationships
contact

== (+] . L= 5N

Add Attribute Editor Style

Outline Style Add Entity




Fetching Related Objects

Prefetch relationships if you know you need them

» Set relationship key paths for prefetching:

NSFetchRequest *request =
[INSFetchRequest fetchRequestWithEntityName:@"Contact"];

[request setRelationshipKeyPathsForPrefetching:@[ @"photo" 11];



Optimizing the Model

Don’t store more than you need

* Don't store a 10MB image just to show a tiny thumbnail
» Cache the thumbnail separately
* Less data takes less time to fetch
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Performing Background Tasks



Implementing Update or Insert

9:41 AM
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Implementing Update or Insert

* Sort your input objects by ID

* Execute one, sorted fetch request for matching IDs

* [terate through both input and existing objects collections
- If IDs match, it's an update
- If not, it’s an insert
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Implementing Update or Insert

* Work in batches
 Experiment to find optimal batch size
» Test on all devices you support



Minimizing Memory Usage




Refaulting and Resetting

* Turn a single managed object back into a fault:
[context refreshObject:object mergeChanges:YES];
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* Turn a single managed object back into a fault:

[context refreshObject:object mergeChanges:NO];

* Reset an entire context, clearing all its managed objects:

[context reset]:



Refaulting and Resetting

* Turn a single managed object back into a fault:

[context refreshObject:object mergeChanges:NO];

* Reset an entire context, clearing all its managed objects:

[context reset]:
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Fetch Only What You Need



Fetch Dictionaries
Consider returning dictionaries instead of managed objects

» Configure the fetch request to return dictionaries:

NSFetchRequest *request =
[NSFetchRequest fetchRequestWithEntityName:@"Quake"];
[request setResultType:NSDictionaryResultTypel;



Fetch Dictionaries
Consider returning dictionaries instead of managed objects

» Configure the fetch request to return dictionaries:

NSFetchRequest *request =
[INSFetchRequest fetchRequestWithEntityName:@"Quake"];
[request setResultType:NSDictionaryResultTypel;

» Just fetch the values you need:

[request setPropertiesToFetch:@[ @'magnitude" ]];



Use Aggregate Operations

Use SQLite to perform your calculations

» Use an expression description:

NSExpressionDescription xed = [[NSExpressionDescription alloc] init];
ed.name = @"minimum";
ed.expression = [NSExpression expressionForFunction:@"min:"

arguments:@[ [NSExpression expressionForKeyPath:@"magnitude"]1];



Use Aggregate Operations

Use SQLite to perform your calculations

» Configure the fetch request to return dictionaries:

NSFetchRequest *request =
[INSFetchRequest fetchRequestWithEntityName:@"Quake"];
[request setResultType:NSDictionaryResultTypel;

» Use an expression description:

NSExpressionDescription xed = [[NSExpressionDescription alloc] init];
ed.name = @"minimum";
ed.expression = [NSExpression expressionForFunction:@"min:"

arguments:@[ [NSExpression expressionForKeyPath:@"magnitude"]]];

* Set the properties to fetch:
[request setPropertiesToFetch:@[ ed 11;



Group Results
Use SQLite to group your results automatically




Group Results
Use SQLite to group your results automatically

* Use an expression description:

NSExpressionDescription xed = [[NSExpressionDescription alloc] init];
ed.name = @"count";
ed.expression = [NSExpression expressionForFunction:@"count:"

arguments:@[ [NSExpression expressionForKeyPath:@"magnitude"]1]1];

» Set the properties to fetch and group by:

[request setPropertiesToFetch:@[ @'magnitude", ed 11;
[request setPropertiesToGroupBy:@[ @'magnitude" ]1;



See What's Going On



Using SQL Logging

See what Core Data is doing behind the scenes

» Pass argument on launch:
--com.apple.CoreData.SQLDebug 1

* Use value of 1,2, 0r 3

* See raw SQL queries

* Get exact timings

* Note: SQLite schema is private and subject to change






# Xcode File Edit View Find Navigate Editor Product Debug Source Control Window Help [al

® 00 [ Earthquakes.xcodeproj — |m| APLMagnitudesViewController.m R

®
’ M ( ﬁ_Earthquakes>ﬂiPhone - Finished running Earthquakes on iPhone 06 IE] [ﬂ z | l:l E I:I

o | 4 P :\_ Earthquakes » | | Earthquakes * [&.J APLMagnitudesViewController.m m -prepareforSegue:sender:

NSFetchRequest xrequest = [NSFetchRequest
fetchRequestWithEntityName:@"Quake"];
request.resultType = NSDictionaryResultType;

NSExpressionDescription xed = [[NSExpressionDescription alloc] init];

ed.name = @"minimum";

ed.expression = [NSExpression expressionForFunction:@"'min:" arguments:@I
[INSExpression expressionForKeyPath:@"magnitude"]]];

request.propertiesToFetch = @[ ed 1;

request.predicate = [NSPredicate predicateWithFormat:@"time > %@",
[NSDate dateWithTimeIntervalSinceNow:-60x60%x24x7]];

NSError xanyError = nil;

NSArray xresults = [self.managedObjectContext executeFetchRequest:request
error:&anyError];

if ('results || [results count] < 1) {
NSLog(@"Error fetching: %@", anyError);
return;

}

self.minimumCell.detailTextLabel.text = results[@] [@"minimum"];

% = 4 (@ Timisted Q :







# iOS Simulator File Edit Hardware Debug Window Help e = 4 (= Timlisted Q (=

_ Earthquakes.xcodeproj — im| APLMagnitudesViewController.m
> e ;A Earthquakes » [} iPhone Running Earthquakes on IPhone .6

-".. " 7 " ‘7‘7 x . TS e .
R B Earthquakes Earthquakes ' |m| APLMagnitudesViewController.m [l -prepareforSegue:sender:

NSFetchRequest *request = [NSFetchRe
fetchRequestWithEntityName:@"Qua
request.resultType = NSDictionaryRes

Carrier &

£ Magnitudes

_ - NSExpressionDescription xed = [[NSEx | B loc]l init];
S : ed.name = @'minimum"; i o
~ - a n— J I
o K ed.expression = [NSExpression expres{fi Magitudeo 1931 ¢ " arguments:@l

’ ? : ; a.** [INSExpression expressionForKeyPa Magnitude 1

request.propertiesToFetch = @[ ed I; | ™"

request.predicate = [NSPredicate pre(f Maoniudes 05 cuakes - (lle > Q" ,
[NSDate dateWithTimeIntervalSincel .oiuce |

NSError sanyError = nil; Magnitude 5

NSArray xresults = [self.managedObje(l} Magitudes 20 ¢ Request:request
error:&anyError]; Magnitude 7 |

if (!results || [results count] < 1)
NSLog(@"Error fetching: %@", any
return;

self.minimumCell.detailTextLabel.text = results[@] [@"'minimum"];
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# Xcode File Edit View Find Navigate Editor Product Debug Source Control Window Help Al & = 4 = Timlisted Q =

® 00 [ Earthquakes.xcodeproj — [m| APLMagnitudesViewController.m

e
P [ | »ﬁ_Earthquakes>[]iPhone - Running Earthquakes on iPhone 6 EI [ﬂ z | I:| : I:I

o | 4 P E Earthquakes » | | Earthquakes * [J-“J APLMagnitudesViewController.m » [\| -prepareForSegue:sender:
NSFetchRequest xrequest = [NSFetchRequest

fetchRequestWithEntityName:@"Quake"];
request.resultType = NSDictionaryResultType;

= - NSExpressionDescription xed = [[NSExpressionDescription alloc] init];
== 2 ed.name = @"'minimum";

R e B ed.expression = [NSExpression expressionForFunction:@"min:" arguments:@l[
R [NSExpression expressionForKeyPath:@"'magnitude”]]];

request.propertiesToFetch = @[ ed |;

request.predicate = [NSPredicate predicateWithFormat:@"time > %@",
INSDAate dateWithTimeTntervalSinceNnw: -AAxAAXx24%x711 *
t | v

O » n o> £ 2 Earthquakes

2013-06-09 20:43:28.382 Earthquakes[5082:907] CoreData: annotation: Connecting to sqlite database file at "/Users/timisted/
Library/Application Support/iPhone Simulator/7.0/Applications/C244682A-39B5-426A-99CC-7FDEF1662024/Documents/
Earthquakes.sqlite"

2013-06-09 20:43:28.383 Earthquakes[5082:907] CoreData: sql: pragma cache_size=200

2013-06-09 20:43:28.384 Earthquakes[5082:907] CoreData: sql: SELECT Z_VERSION, Z_UUID, Z_PLIST FROM Z_METADATA

2013-06-09 20:43:28.393 Earthquakes[5082:907] CoreData: sql: SELECT min( t@.ZMAGNITUDE) FROM ZQUAKE t® WHERE t0.ZTIME > ?I
2013-06-09 20:43:28.398 Earthquakes[5082:907] CoreData: annotation: sql connection fetch time: 0.0054s

2013-06-09 20:43:28.398 Earthquakes[5082:907] CoreData: annotation: total fetch execution time: 0.0059s for 1 rows.
2013-06-09 20:43:28.400 Earthquakes[5082:907] CoreData: sql: SELECT max( t0.ZMAGNITUDE) FROM ZQUAKE t0 WHERE t0.ZTIME > ?
2013-06-09 20:43:28.405 Earthquakes[5082:907] CoreData: annotation: sql connection fetch time: 0.0050s

2013-06-09 20:43:28.406 Earthquakes[5082:907] CoreData: annotation: total fetch execution time: 0.0054s for 1 rows.
2013-06-09 20:43:28.406 Earthquakes[5082:907] CoreData: sql: SELECT avg( t0.ZMAGNITUDE) FROM ZQUAKE t0 WHERE t0.ZTIME > ?
2013-06-09 20:43:28.412 Earthquakes[5082:907] CoreData: annotation: sql connection fetch time: 0.0050s

2013-06-09 20:43:28.412 Earthquakes[5082:907] CoreData: annotation: total fetch execution time: 0.0055s for 1 rows.

All Output +
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# Xcode File Edit View Find Navigate Editor Product Debug Source Control Window Help Al -

® 00
P B | /A Earthquakes ) (§ iPhone

| 4 » ﬁEarthquakes > |

|| Earthquakes » [m| APLMagnitudesViewController.m - [l -prepareForSegue:sender:
NSFetchRequest *xrequest [NSFetchRequest
fetchRequestWithEntityName:@"Quake"];

request.resultType = NSDictionaryResultType;

[ Earthquakes.xcodeproj — [m| APLMagnitudesViewController.m

ENol=NN si=in

. Running Earthquakes on iPhone 6

NSExpressionDescription *ed = [[NSExpressionDescription alloc] init];

— . ed.name = @'minimum":
S el ed.expression = [NSExpression expressionForFunction:@'min:" arguments:@l
SN e [NSExpression expressionForKeyPath:@'magnitude"]]];

request.propertiesToFetch = @[ ed |;

request.predicate = [NSPredicate predicateWithFormat:@"time > %@",
fNQDan dateWithTimeTnterval SinceNnw: —-AAxAA%24%711 *

O =»= n o~ 2 3 Earthquakes

2013-06-09 20:43:28.384
2013-06-09 20:43:28.393

Z_VERSION, Z_UUID, Z_PLIST FROM Z_METADATA
min( t0.ZMAGNITUDE) FROM ZQUAKE t0 WHERE t0.ZTIME > ?

- wms ‘--.‘-- L™= e

Earthquakes[5082:905]
Earthquakes[5082:907]

CoreData:
CoreData:

ol BB py o
sql: SELECT
sql: SELECT

2013-06-09
2013-06-09
2013-06-09
2013-06-09
2013-06-09
2013-06-09
2013-06-09
2013-06-09
2013-06-09

20:
20:
20:
20:
20:
20:
20:
20:

20:

43:
43:
43:
43:
43:
43:
43:
43:

43:

28.
28.
28.
28.
28.
28.
28.
28.
37.

ZQUAKE t@ GROUP BY
2013-06-09 20:43:37.

2013-06-09 20:43:37.

All Output +

398
398
400
405
406
406
412
412
932

Earthquakes[5082:
Earthquakes[5082:
Earthquakes[5082:
Earthquakes[5082:
Earthquakes[5082:
Earthquakes[5082:
Earthquakes[5082:

Earthquakes[5082:
Earthquakes[5082:

907]
907]
9071
907]
9071
907]
907]
907]
907]

CoreData:
CoreData:
CoreData:
CoreData:
CoreData:
CoreData:
CoreData:
CoreData:

CoreData:

annotation:
annotation:
sql: SELECT
annotation:
annotation:
sql: SELECT
annotation:

annotation:

sql: SELECT

10.ZMAGNITUDEFLOOR ORDER BY t0. ZHAGNITUDE]:

955 Earthquakes[5082:907] CoreData: annotation:
955 Earthquakes[5082:907] CoreData: annotation:

sql connection fetch time: 0.0054s

total fetch execution time: 0.0059s for 1 rows.

max( t0.ZMAGNITUDE) FROM ZQUAKE t0 WHERE t0.ZTIME > ?
sql connection fetch time: 0.0050s

total fetch execution time: 0.0054s for 1 rows.

avg( t0.ZMAGNITUDE) FROM ZQUAKE t0® WHERE t0.ZTIME > ?
sql connection fetch time: 0.0050s

total fetch execution time: 0.0055s for 1 rows.
t0.ZMAGNITUDEFLOOR, COUNT( t0.ZMAGNITUDEFLOOR) FROM

sql connection fetch time: 0.0222s
total fetch execution time: 0.0227s for 10 rows.




Concurrency Models
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Concurrency with Core Data

—-mergeChangesFromContextDidSaveNotification:
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Concurrency with Core Data

—-mergeChangesFromContextDidSaveNotification:
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Concurrency with Core Data

Refetch and Reload Data
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SQLite Write-Ahead Logging

 Supports multiple concurrent reads and one concurrent write
* Enabled by default on iOS 7 and OS X 10.9



SQLite Write-Ahead Logging

 Supports multiple concurrent reads and one concurrent write
* Enabled by default on iOS 7 and OS X 10.9

e Available in iOS 4+ and OS X 10.7+

- Set options dictionary when adding a persistent store:
- @1 NSSQLitePragmasOption: @"journal_mode = WAL" }



Efficient Text Queries



Optimizing Predicates



Optimizing Predicates

* Set a Predicate:

NSFetchRequest *request =
[INSFetchRequest fetchRequestWithEntityName:@"Contact"];

request.predicate = [NSPredicate
predicateWithFormat:@"firstName == %@ AND age > %i'", @"'"John', 40];



Optimizing Predicates

* Set a Predicate:

NSFetchRequest *request =
[INSFetchRequest fetchRequestWithEntityName:@"Contact"];

request.predicate = [NSPredicate
predicateWithFormat:@"firstName == %@ AND age > %i", @"John', 40];



Optimizing Predicates

* Set a Predicate:

NSFetchRequest *request =
[INSFetchRequest fetchRequestWithEntityName:@"Contact"];

request.predicate = [NSPredicate
predicateWithFormat:@"firstName == %@ AND age > %i", @"John', 40];

Text comparison
IS expensive



Optimizing Predicates

* Set a Predicate:

NSFetchRequest *request =
[INSFetchRequest fetchRequestWithEntityName:@"Contact"];

request.predicate = [NSPredicate
predicateWithFormat:@"firstName == %@ AND age > %i", @"John', 40];

|

Text comparison
IS expensive




Optimizing Predicates

* Set a Predicate:

NSFetchRequest *request =
[INSFetchRequest fetchRequestWithEntityName:@"Contact"];

request.predicate = [NSPredicate
predicateWithFormat:@"age > %i && firstName == %@", 40, @"John"];



Optimizing Predicates

* Set a Predicate:

NSFetchRequest *request =
[INSFetchRequest fetchRequestWithEntityName:@"Contact"];

request.predicate = [NSPredicate
predicateWithFormat:@"age > %i && firstName == %@", 40, @"John"];




Predicate Costs

* [n Increasing cost:

* [cd] increases cost even more
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 [cd] increases cost even more
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Predicate Costs

Beginswith
Endswith

* [n Increasing cost:

 [cd] increases cost even more

Equality (==)

Contains

Matches



Use Canonicalized Searches

* Maintain a canonicalized text property
- Set in custom accessor, whenever actual text is set
* Use a [n] query, and pass in the canonicalized query term



Canonicalized Tokens

* Maintain separate entity for tokens
* Extract tokens from a string

—componentsSeparatedByCharactersInSet:

- Consider whitespace, symbols, punctuation

Tokens

JournalEntry

V¥V Attributes
token

V¥V Attributes

date
text

V¥ Relationships
V¥ Relationships i |[Entri
journalEntries
£




Use a Completely Separate Stack

Search Token
Context




Use a Completely Separate Stack

* Run a separate Core Data stack just for the tokens
» Use URI representation to refer to your destination objects

JournalEntry Tokens

V¥V Attributes V¥V Attributes
uri token

V¥ Relationships V¥ Relationships
tokens S el jOUrnalEntries




Debugging Core Data with iCloud



New Debug Gauges in Xcode

2 NaN3) _ Recipes.xcodeproj

’ = 1,1\\- Recipes ' A My Mac 64-bit Running Recipes : Recipes E} Z E E El

A Recipes
Py ,
4 = PID 10332, Running o

i cpu

iCloud Usage

nm

com.apple.icloud.examples.Reci... Storage

S~ 2aB) 7% Ty
Status: Idle
Updated: 1 min ago

= Energy Use

Transfer Activity

Uploads 8 Downloads

Documents

Name Date Moedified Size Kind Status

v .baseline Jun 4, 2013, 6:14 PM Zero KB Current

¥ com~apple~examples~RecipesDemo Jun 4, 2013, 6:14 PM Zero KB Current

¥ PV50_A8nS_g/VQIID1DOKA4FI~_fAeTUVTIQV1P2CXBo= Jun 4, 2013, 6:15 PM Zero KB Current

baseline.zip Jun 4, 2013, 6:14 PM 8 KB zip Current, Stored in Cloud

staging.nosync Jun 4,2013, 6:14PM 70 KB nosync Excluded

v .cdmetadata Jun 4, 2013, 6:14 PM Zero KB Current
metadata.nosync Jun 44,2013, 6:14PM 111 KB nosync Excluded

¥ Documents Jun 4, 2013, 6:14 PM Zero KB Current

timisted.3244B129-18FD-52CA-8EDD-0B143ECOC2B9 Jun 4, 2013, 6:17 PM 2 KB 3244B129-18FD-52CA-8EDD-0OB143ECOC2B9 Current

::X Recipes

’ - Pacific Heights
What's New in Core Data Wednesday 9:00AM




Using Ubiquity Logging

See what Core Data and iCloud are doing behind the scenes

» Pass argument on launch:
—com.apple.CoreData.Ubiquity.LoglLevel 3

e Use value of 1,2, or 3

- Pacific Heights
What's New in Core Data Wednesday 9:00AM







Don’t Work Too Hard

* Measure everything first

* Leverage SQLite as much as possible
* Measure again

* Balance memory vs speed

* Optimize predicates, fetches, saves

* Measure again




Labs

Services Lab B

Core Data Lab Wednesday 3:15-6:00PM I
Frameworks Lab A

Core Data Lab Thursday 2:00-4:15PM I
Services Lab A

Core Data Lab Friday 9:00-11:15AM I
Tools Lab B

Instruments and Performance Lab Thursday 2:00-4:15PM I




More Information

Dave DelLong

Frameworks Evangelist
delong@apple.com

Documentation

Developer Library
http://developer.apple.com/

Apple Developer Forums
http://devforums.apple.com
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