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24 Years of Software RAID for Mac OS
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1998 = HFS+ and the 1st iIMac
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Attempts to Replace HFS+

o 2006: ZFS
e 2007-2011: 2 Rumored, Cancelled Projects
o 2011: Core Storage



APFS

Apple’s file system for the
next 30 years
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Why Apple created APFS

64 bit file system; more files; smaller chunk size on large volumes
Tuned for SSDs

Space sharing—dynamic resizing for volumes on the same disk
Increased protection for volume metadata

Reserve size and volume quotas

Copy on Write —snapshots; more efficient storage of different file
versions

Low latency file operations
More robust encryption
New source code
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What we want from APFS

Increased protection from corrupted volumes
Volume snapshots
Increased speed with HDDs

More robust encryption
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APFS

What Is volume space sharing

How does APFS store metadata

What are the Reserve Size and Quota of a volume
How does Copy on Write work

What are APFS snapshots

APFS encrypted volumes

How fast is an APFS volume



What is
“Volume Space Sharing”?



2 HFS+ Volumes on a Disk

Partitions
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How does APFS
store metadata?



HFS+ Risk of Corruption

Original metadata and file
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APFS: Increased Protection from Corruption

All metadata has a checksum
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What are the “Reserve Size” and
“Quota” of an APFS volume?



Reserve Size and Quotas

Reserve size:
* Amount of space guaranteed for use by a volume
e Volume size able to exceed this reserve size

Quota size:
* Limit on how large a volume can be
* No guarantee that the volume can grow that big



Creating a New Volume with Reserve Size

® 0 Disk Utility
] v L a9 ® Z O —

View Volume First Aid Partition Erase Restore Mount

Internal

~| APPLE SSD SM0256L M... : i
v & Container disk3 | 239.2 GB ]

=
v || Container disk1 ﬁ APES Container

| My First Data Volume

SHARED BY 3 VOLUMES

| My Second Data Volume

- | My Startup Volume .

External @ My Startup Volume @ Second Data Volume First Data Volume Free

v || OWC Envoy Pro Media 967 KB 518 GB 64.43 GB (50 GB reserve) 119.45 GB
v [ Container disk3

First Data Volume
My Startup Volume Volume count: 3 Type: APFS Container

Second Data Volume Capacity: 239.2 GB = Physical stores: disk2s2
Free: 119.45 GB Connection: USB

Used: 119.75 GB Device: disk3




Creating a New Volume with Reserve Size

ta Volume
Data Volume

Volume

3
olume
Volume

a Volume

Disk Utility

First Aid Partition Erase Restore Mount

Add APFS volume to container?

APFS volumes share storage space within their container.
Provide a name and format, and click Add to proceed.

Name: Third Data Volume

Fermat: APFS T

Size Options... Cancel ne

} reserve)

Volume count: 3 Type:

Capacity: 239.2 GB Physical stores:

Free: 119.45 GB Connection:

Disk Utility

EirsteAid. Partition Erase Restore Mount

Size Options

APFS volumes share storage space within their container.
The optional reserve size ensures that amount of storage
will remain available for this volume. The optional quota
size limits how much storage this volume can allocate.

Reserve Size: | 200 GB E
Quota Size: GB w
ne

—

Volume count: 3 Type:

Capacity: 239.2 GB Physical stores:
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Which Volume Has a Reserve Size?

Overview Displays Support Service

My Startup Volume
69.34 GB available of 250.69 GB

O
. .
251 GB

Flash Storage  \1y First Data Volume

69.34 GB available of 250.69 GB

My Second Data Volume
69.34 GB available of 250.69 GB
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Does This Volume Have a Quota?

O @®  Second Data Volume Info

- Second Data Volume
" Modified: Today, 2:20 PM

¥V General:

Kind: Volume
Created: Today, 2:17 PM
Modified: Today, 2:20 PM
Format: APFS
Capacity: 50 GB
Available: 44.82 GB
Useaq: 5,184,847,872 bytes (5.18 GB
on disk)




Yoda:~ yoda$( diskutil apfs list disk3

+-— Container disk3 3CF9C723-D299-4A31-8007-F1439E95452E

APFS Container Reference:

Capacity Ceiling (Size): 499898105856 B (499.9 GB)

Capacity In Use By Volumes: 200162566144 B (200.2 GB) (40.0% used)
Capacity Available: 299735539712 B (299.7 GB) (60.0% free)

|
+-< Physical Store diskls2 79B53882-5AA5-47C0-BDO7-3B13EFCF70D0

|
| APFS Physical Store Disk:

| Size:

|
+-> Volume disk3s2 7A13922A-1BA6-42FF-9C11-DD8A93F0375F

499898105856 B (499.9 GB)

APFS Volume Disk (Role): disk3s2 (No specific role)
Name: First Data Volume (Case-insensitive)
Mount Point: /Volumes/First Data Volume
d D d J | il )
Capacity Reserve:

|

|

|

|

|

| Capacity Quota:
| Encrypted:

|

+

—> Volume disk3sl 7E46F79C-183A-449E-872D-6148789AFD11

APFS Volume Disk (Role): disk3sl (No specific role)
Name: Second Data Volume (Case-insensitive)
Mount Point: /Volumes/Second Data Volume
Capacity Consumed: 835584 B (835.6 KB)
Reserve:

ncrypted:

Does the Volume
Have a Reserve
Size or Quota?



Speed Differences in HDDs

Huge difference between first & last parts of HDDs
shown by speeds for SoftRAID 4-disk stripe volumes:

using FIRST 10% of disk using LAST 10% of disk

;4 ; 4

[ B 0§ P AEE e
mm (odec Type ) mm (odec Type V)
~ 16bit RGBA — ~ 16bit RGBA

Ed Target Disk ~ G Target Disk &)
< MNolumes/First Stripe < MNolumes/Last Stripe

£fE Settings B Se o)

Start Start



Quota Limitations

 No ability to control over where
volumes are In container

 Can’t set quotas up to use
fastest part of HDDs

 Can't change gquota or reserve
size after volume Is created




How does
“Copy on Write”
work?




COPYING FILES WITH HFS+

Extents Table
Offset Length
. : 20401094656 2147483648
Original File 41875931136 8589934592
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“Ninas Bm‘hday. m /9‘/ :

Available space on disk: 90 GB

120 GB



COPYING FILES WITH HFS+
Original file with copy on SSD

Extents Table
Offset Length
. _ 20401094656 2147483648
Original File 41875931136 8589934592
53687091200 4294967296
Copy 64424509440 6442450944

"Mas Birthdaymp'f :

Available space on disk: 80 GB

120 GB



COPYING FILES WITH HFS+
Editing 4 frames

Extents Table
Offset Length
. | 20401094656 2147483648
Original File 41875931136 8589934592
53687091200 4294967296
Copy 64424509440 6442450944

"Mas Birthdaymp'f :

Available space on disk: 80 GB

120 GB



COPYING FILES WITH APFS

Extents Table
Offset Length
. : 20401094656 2147483648
Original File 41875931136 8589934592
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Available space on disk: 90 GB

120 GB



COPYING FILES WITH APFS
Original file with copy on SSD

Extents Table
Offset Length
. . 20401094656 2147483648
Original File 1875931136 N
20401094656 2147483648
Copy 41875931136 8589934592

"Mas Birthdaymp'f :

Available space on disk: 90 GB

120 GB



COPYING FILES WITH APFS
Original file after editing 4 frames

feea?t A S O et

. Old frames

Extents Table e (removed
Offset Length f from extents
shared with copy 20401094656 104857600 — / table)
changed frame 75161927680 1048576 .
shared with copy 20507000832 106954752
changed frame 80530636800 2097152 'Il \ Edits saved
shared with copy 20616052736 1932525568 - separately,
shared with copy 41875931136 1073741824 / requiring
changed frame 86973087744 106954752 | / extra extents
shared with copy 43056627712 2147483648 )
changed frame 94489280512 4294967296 '
shared with copy 4294967296 966787072

“Ninas Bm‘hday.m /9‘/" 120 GB



How to test the effect of copy on write with HDDs?

Lorem ipsum dolor sit «
eam wisi iudicabit patriog
modus assum rationdbus.
assum splendide, ne mea .cuye..
menandrn senserit. Partem repudiare
vim ad, has et case evertitur
democritum, duo suavitate
accusamus dignissim ad. Ei has
quod tempor doctus, id ius unum
movet probatus.

Lorem ipsum dolor sit amet, ut
eam wisi iudicabit patrioque, vel in
modus assum rationdbus. Eos eu
assum splendide, ne mea feugait
menandn senserit. Partem repudiare
vim ad, has et case evertitur
democritum, duo suavitate

1) Create
10 GB File

Lorem ipsum dolor sit «
eam wisi iudicabit patriog
modus assum rationdbus.
assum splendide, ne Mea .cuye..
menandn senserit. Partem repudiare
vim ad, has et case evertitur
democritum, duo suavitate
accusamus dignissim ad. Ei has
quod tempor doctus, id ius unum
movet probatus.

Lorem ipsum dolor sit amet, ut
eam wisi iudicabit patrioque, vel in
modus assum rationdbus. Eos eu
assum splendide, ne mea feugait
menandn senserit. Partem repudiare
vim ad, has et case evertitur
democritum, duo suavitate

Lorem ipsum dolor sit «
eam wisi iudicabit patriog
modus assum rationdbus.
assum splendide, ne mea .cuye.,
menandn senserit. Partem repudiare
vim ad, has et case evertitur
democritum, duo suavitate
accusamus dignissim ad. Ei has
quod tempor doctus, id ius unum
movet probatus.

Lorem ipsum dolor sit amet, ut
eam wisi iudicabit patrioque, vel in
modus assum rationdbus. Eos eu
assum splendide, ne mea feugait
menandn senserit. Partem repudiare
vim ad, has et case evertitur
democritum, duo suavitate

2) Duplicate

File

Write to
discontinuous
parts of file

W

Lorem ipsum dolor sit «
eam wisi iudicabit patriog
modus assum rationdbus.
assum splendide, ne mea .cuye.,
menandn senserit. Partem repudiare
vim ad, has et case evertitur
democritum, duo suavitate

cousamus dignissim ad. Ei has

quod tempor doctus, id ius unum
movel probatus.  [ipsum

Lorem ipsum dolor sit amet, ut
gam wisi iudicabit patrioque, vel in
modus assum rationdbus. Eos eu
assum splendide, ne mea feugat
menandn senserit. Partem repudiare
vim ad, has et case evertitur
democritum, duo suavitate

3) Write to File

all AT&T & 5:22 PM 95% [

Stopwatch

00:05.34

Lap o

Lap 1 00:05.33

® @ &a 06 O

I Stopwatch

4) Determine
Time to Read

Entire File



Seconds to Read Entire File
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Time to read 10 GB file from HFS+ volume
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HFS+

0

1000 2000 3000 4000 5000 6000 7000 8000 9000

Number of Discontiguous Writes

10000



Seconds to Read Entire File
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Time to read 10 GB file from HFS+ vs. APFS

1000 2000 3000 4000 5000 6000 7000

Number of Discontiguous Writes

8000 9000 10000



Seconds to Read Entire File

160

120

Q0
O

N
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Time to read 10 GB file from HDDs and SSDs Q

(APFS Volumes)
HDDs
" SSDs
/T / I /T ] ] / [ /T /T ]
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

Number of Discontiguous Writes



160

120 —

Seconds to Read Entire File
AN @0)
O O

Time to read 10 GB file from different HDDs

(APFS Volumes)
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. 2 TB Consumer

. 12 TB Enterprise

1000

2000

3000 4000 5000 6000
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Seconds to Read Entire File

160
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Time to read different size files from HDDs
(APFS Volumes)

o),

10 MB File

100 MB File

1 GB File

L L I ‘

1000 2000 3000 4000 5000 6000 7000 8000 9000

Number of Discontiguous Writes

10000
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Automatic defragmention of APFS Volumes

Status of automatic defragmentation

4 standing — -bash — 81x5 - Automatic defragmentation

MacBook-Pro:~ standing$ diskutil apfs defragment /Volumes/StripeVolume status built into APFS
APFS Volume defragmentation is currently enabled

Enabled via diskutil
command in Terminal

Enabling automatic defragmentation - Disabled by default

2 standing — -bash — 81x5

MacBook-Pro:~ standing$ diskutil apfs defragment /Volumes/StripeVolume enable
APFS Volume defragmentation has been successfully enabled




What are
APFS snhapshots?



APFS Snapshots

Instantaneous picture of all the files on an APFS volume
Stored in the same container as the APFS volume
Created in 1 - 2 seconds

Take up very little space as they use the copy on write
technology

Boot into Recovery Mode to revert a volume to a previous
snhapshot



Creating an APFS Snapshot

® O 2 yoda — -bash — 74x8

Yoda:~ yoda$(tmutil localsnapshot /
Created local snapshot with date: 2017-09-27-171347

Yoda:~ yoda$(tmutil listlocalsnapshots /

com.apple.TimeMachine.2017-09-27-171347
Yoda:~ yoda$ |




Deleting an APFS Snapshot

® O 2 yoda — -bash — 74x8

Yoda:~ yoda$(tmutil listlocalsnapshots /
com.apple.TimeMachine.2017-09-27-171347
Yoda:~ yoda$(tmutil deletelocalsnapshots 2017-09-27-171347

Deleted local snapshot '2017-09-27-171347'
Yoda:~ yoda$ |




Restoring from an APFS Snapshot

MacOS Ulilities

Restore From Time Machu;e—Backup i

Reinstall macOS
Reinstall a new copy of macOS.

Get Help Online

Browse the Apple Support website to find help for your Mac.

Disk Utility

Repair or erase a disk using Disk Utility.

L! SRR IR DABEVT L L AN TT LA SR LA 68 AAETE & S 3AS I I EASATAL SRR ST F AL OPAUE { Benin Y W MO S Apinanty

_Continue_

©

Other Server...

Backups

Select a Restore Source

Select the disk that contains the Time Machine backup or Time Machine local snapshot
you want to restore. If you have an external disk, you can connect it now.

©

Go Back

©,

Continue

Select a Local Snapshot

Select the Time Machine local snapshot you want to restore.

Restore From: Local snapshots on Macintosh HD

Local Snapshot Date & Time macOS Version
September 27, 2017 at 4:55:16 PM

© @

Contiriue



APFS Encrypted Volumes

* Encryption is integrated into the file system—more secure
* Supports encrypted startup volumes

* Convert to encrypted volume while in use



Yoda:~ QOda? diskutil apfs list disk8

|
+—— Container disk8 A32DC745-250D-4281-9AFF-1CE8960966CA

APFS Container Reference:
Capacity Ceiling (Size): 239847653376 B (239.8 GB)

H
Capacity In Use By Volumes: 137658368 B (137.7 MB) (0.1% used)
Capacity Available: 239709995008 B (239.7 GB) (99.9% free) I
|
+-< Physical Store disk2s2 5F34E397-FBD9-423D-BE89-8C2282014E0B

l APFS Physical Store Disk:  disk2s2 Startup VOIume

|

| Size: 239847653376 B (239.8 GB)
|
+-> Volume disk8sl B283C6B1-8AE4-4D3C-BO7B-CA4ABDB25C58

APFS Volume Disk (Role): disk8s1l (No specific role)
Name: My Encrypted Data (Case-insensitive)

Mount Point: /Volumes/My Encrypted Data 1 " L|St a" the APFS COntalnerS

Capacity Consumed: 897024 B (897.0 KB)

Yoda:~ yggg;yited: e and VOlumeS

Yoda:~ yoda$( sudo diskutil apfs encryptvolume disk8sl —-user disk
Password:

Passphrase for the new "Disk" user (828306Bl—8AE4—403C—BO7B—CA4ABDBZ5058):E -
Repeat passphrase: | 2- Start the enCprthn

Starting background encryption of the new "Disk" user on disk8s1l

The new "Disk" user will be the only one who has i1nitial access to disk8sl (Relatlvely SIOW -

The new APFS crypto user UUID will be B283C6B1-8AE4-4D3C-BO7B-CA4ABDB25C58

Background encryption 1s ongoing; see "diskutil apfs list" to see progress 6 manteS /GB)

Yoda:~ yoda$ |




How fast is an
APFS volume?
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Speed of APFS Volumes

Two OWC ThunderBlades striped together as RAID O

Systemn Disk Test Systemn Report

SSSSSSSSSSSS

0000000000000 D MB/5ec
F/Sec
4
AEE ik
— ogec Type
16bit RGBA
‘j Target Disk
ol

Start ThunderBlade
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APFS vs HFS+ Speed

Two OWC ThunderBlades striped together as RAID 0

with APFS with HFS+

System Disk Test System Report System Disk Test System Report
sssssssssssssssssssssss

$ Resol o $ Resol W

< 51202700 5K RED MB/Sec 7 5120x2700 5K RED MB/Sec
= Test File Size &) = TestFil v

F/Sec i F/Sec

;4 /4

AEE AEE

mmm (Codec Tyy W mmm Codec Tyg W

< 16bit RGBA
Q Target Disk "}"
. o

Start Start
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$10]0
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Finder Copy Speed

™ HFS+ ™ APFS

ThunderBlade SSD HDD
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Recommendations

Don't use APFS on HDDs—EVER

Don't encrypt or decrypt a volume with more than 200 GB of
contents (200GB = 24 hours to complete)

Only use APFS for volumes which are actively being backed up

Use snapshots as a precaution before every software install or
system update

Expect non-Time Machine backups and file copies to take twice
as long as HFS+









