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= AEM, Oak and the TarMK
= System Resources

= Problems and Symptoms
* Qutlook
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= Embedded Database
= Hierarchical
= Fast/Small

= \Vertical scalability
= MVCC / append only
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7d78a945-4553-409b-adad-7050256c05fe | cbde7a01-b30c-4716-a9a7-29d7ce1f5838
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data00000a.tar

57¢76710-a690-4028-a498-26477293b5

2236063c-77a0-47b0-a16a-30f4899990a4
d9f5b47d-0fea-4a77-aa8e-3fdc0302ef24
20bffcd4-9d48-46ca-a263-fas9bald8ch3

1d32af7d-3clc-4892-ak4a-L4baeka5d4e33
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Segments and Tar Files

data00000a.tar

57¢76710-a690-4028-a498-26477293b5

data00001a.tar

6e162b11-3782-47ca-a78d-4da12149df8d

9e884e53-b1b2-4906-a0a7-3a51¢77579fd

090e4312-a115-44e8-ab47-0a89f380ab64
f2178987-09d2-48de-abc7-7718dc8b8c74

7e68db78-3aca-4a34-a72f-c174e8f8c93d

data00002a.tar

7911f3af-a286-4c4f-a944-8ed235¢723el
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Write Operation
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ad=ait=Ti() C h an g €
* Transient on heap
» Heap fragmentation

= JVM garbage collection

= QOverflowed to disk
=  Write ahead
= Segment fragmentation
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= Process Changes
= Enqueue

= Validate, update
» Single thread

= Process each change, O(n)

= Discarded sessions cause
segment fragmentation
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= Persist
= Update journal
= Dequeue

* Fan-out

= Asynchronous indexes
=  Workflows, Assets, Rendition

= Replication
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Concurrent Changes
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Concurrent Changes
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Concurrent Changes
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Concurrent Changes
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Concurrent Changes
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Concurrent Changes
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SessionMBean

Monitoring
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RepositoryStatsMBean
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SegmentNodeStoreStatsMBean
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jmc, jstat, jstack, jmap
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In, vmstat, iostat
g % © e S Jsg.
Sy, oy, e lop, %,
", K¢ A sy,
&9/7 U Sy 8@
47896 %0 Sy e
] Gfs
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In computer science, thrashing occurs when a computer's virtual
memory subsystem is in a constant state of paging, rapidly
exchanging data in memory for data on disk, to the exclusion of
most application-level processing. This causes the performance
of the computer to degrade or collapse.

https://en.wikipedia.org/wiki/Thrashing_(computer_science)
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Thrashing in the TarMK

In the TarMK, thrashing occurs when the working set of tar files does not fit

into system memory, so every repository operation leads to disk access.

data00000a.tar

57c76710-2690-4028-2498-26477293b5

2236063¢-77a0-47b0-a16a-3014899990a4

d9fsba7d-Ofea-4a77-aase-3fdc0302ef24
20bffeds-9d48-46ca-a263-fa4Sbaidach3

1d32af7d-Sc1c-4892-abka-bbacha5dbe33

virtual memory

data00001a.tar
57c76710-2690-4028-2498-26477293b5

2236063¢-7720-47b0-16a-3076 9"

49f5b47d-Ofea-4a77-aaBe-3fdc0302ef26
20bffeds-9d48-46ca-a263-fakObaidach3
1432af7d-3c1c-4892-abka-bhaekasdbe33

data00002a.tar

1d52af70-3c1c-4392-abba-bkaekaSdde33

data00003a.tar

57c76710-2690-4028-a498-26477293b5
2236063¢-77a0-47b0-a16a-3074899990a

d9F5ba7d-Ofea-4a77-aase-3fdc0302ef2

20bffeds-9d48-46ca-a263-fasobaldach3

1d32af7d-3c1c-4892-abka-bhachasdee3s

physical memory

data00004a.tar data00005a.tar

57¢76710-2690-4028-2498-26477293b5 57c76710-2690-4028-2498-26477293b5

2236063¢-77a0-47b0-a16a-3074899990a4

dSfsba7d-Ofea-4a77-aase-3fdc0302ef24 d9f5b47d-Ofea-4ai
20bffeds-9d48-46ca-a263-fa4Sbaidach3 20bffeds-9d48-46ca-a263-fak9baidach3
1432af7d-3c1c-4892-abka-bhaekasdbe33

2236063¢-77a0-47b0-a16a-3074899990a6

1d32af7d-3c1c-4892-abba-bbacha5dbe33

m working set

19



s222¢  Thrashing in the TarMK

adaptTo()

In the TarMK, thrashing occurs when the working set of tar files does not fit
into system memory, so every repository operation leads to disk access.

data00002a.tar

1d52af70-3c1c-4392-abba-bkaekaSdde33

data00003a.tar

57c76710-2690-4028-a498-26477293b5

2236063¢-77a0-47b0-a16a-3074899990a

d9F5ba7d-Ofea-4a77-aase-3fdc0302ef2

20bffeds-9d48-46ca-a263-fasobaldach3

1d32af7d-3c1c-4892-abka-bhachasdee3s

data00004a.tar

57¢76710-2690-4028-2498-26477293b5

2236063¢-77a0-47b0-a16a-3074899990a4

dSfsba7d-Ofea-4a77-aase-3fdc0302ef24
20bffeds-9d48-46ca-a263-fa4Sbaidach3

1d32af7d-3c1c-4892-abba-bbacha5dbe33

data00000a.tar

physical memory

data00005a.tar

57c76710-2690-4028-2498-26477293b5
2236063¢-77a0-47b0-a16a-3074899990a
49f5b47d-Ofea-4a77-aae-3fdc0302ef2

20bffeds-9d48-46ca-a263-fasobaidach3

1d52af70-3c1c-4392-abba-bkackaSdie33

data00001a.tar

virtual memory

m working set
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In the TarMK, thrashing occurs when the working set of tar files does not fit
into system memory, so every repository operation leads to disk access.

data00005a.tar
57:7s'm)-asn»wzc»usl»zunzsxbs
12,2..!;"'.;?.;;;.;2.;;;.

1d32af7d-3c1c-4892-ak4a-béaesasdse3s

data00002a.tar

57c76710-2690-4028-2498-26477293b5

data00004a.tar

57¢76710-2690-4028-2498-26477293b5

2236063¢-77a0-47b0-a16a-3014899990a

2236063¢-77a0-47b0-a16a-3074899990a4

49f5b47d-Ofea-4a77-aae-3fdc0302ef2

‘20bffeds-9d48-46ca-a263-fas9batdacb3

1d52af70-3c1c-4392-abba-bkaekaSdde33

data00000a.tar

physical memory

data00003a.tar

57¢76710-2690-4028-2498-26477293b5.

2236063¢-77a0-47b0-a16a-3014899990a6

data00001a.tar

49f5b47d-Ofea-4a77-aaBe-3fdc0302ef2

20bffeds-9d48-46ca-a263-fakobaidach3

1d32af7d-3c1c-4892-a44a-bbaekaSdde33

virtual memory

m working set
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Thrashing in the TarMK
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In the TarMK, thrashing occurs when the working set of tar files does not fit
into system memory, so every repository operation leads to disk access.

virtual memory

data00002a.tar

57c76710-2690-4028-2498-26477293b5

2236063¢-77a0-47b0-a16a-3014899990a

49f5b47d-Ofea-4a77-aae-3fdc0302ef2

‘20bffeds-9d48-46ca-a263-fas9batdacb3

1d52af70-3c1c-4392-abba-bkaekaSdde33

data00004a.tar

57¢76710-2690-4028-2498-26477293b5

2236063¢-77a0-47b0-a16a-3074899990a4

dSfsba7d-Ofea-4a77-aase-3fdc0302ef24

20bffeds-9d48-46ca-a263-fa4Sbaidach3

1d32af7d-3c1c-4892-abba-bbacha5dbe33

’ data00005a.tar

'2236063¢-7720-47b0-163-3074899990a
dSf5ba7d-Ofea-4a77-aase-3fdc0302e26

1d32af7d-3c1c-4892-akba-4backa5dbe3s

data00000a.tar

data00003a.tar

data00001a.tar

physical memory

m working set
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Hardware specs

# 2 vCPUs % 8 GB (4GB Heap) 500 GB Magnetic Disk (EBS)

Requests throughput

120

100

80

60

B —— © @ ReadArticlePage

m— — \/ = \'ﬁ v\/— @ ReadPage

. @ CreateParagraph

® ActivateContentPage
EditParagraph

@ AuthorSearch

@ CreateContentPage

l

==

2006-03-02 01:00 2006-03-03 01:00 2006-03-04 01:00 2006-03-0501:00 2006-03-06 01:00 2006-03-07 01:00 2006-03-08 01:00 2006-03-09 01:00 2006-03-1001:00 2006-03-11 01:00 2006-03-1201:00 2006-03-13 01:00

@timestamp per minute
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Size on disk
27.94GB 3 © 0 aem-author-tar/0

23.283GB
18.626GB —

13.97GB

T T T T T T
2006-03-03 01:00 2006-03-05 01:00 2006-03-07 01:00 2006-03-09 01:00 2006-03-11 01:00 2006-03-13 01:00

@timestamp per 3 hours

Disk 10

12,000 © @ blocks in (from disk) / s

@ blocks out (to disk) / s
10,000

8,000+
6,000
4,000

2,000+

A N\ N,AA-G e A N

T T T T T T T T T T T T
2006-03-02 01:00 2006-03-03 01:00 2006-03-0401:00 2006-03-0501:00 2006-03-06 01:00 2006-03-07 01:00 2006-03-08 01:00 2006-03-09 01:00 2006-03-1001:00 2006-03-1101:00 2006-03-1201:00 2006-03-13 01:00
@timestamp per 3 hours
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CPU and Commits

_ © ®user
100+ system
waiting (for 10)
80 @idle
60
40 4
20
T U T T T T T T T T T T 1
2006-03-02 01:00 2006-03-0301:00 2006-03-04 01:00 2006-03-0501:00 2006-03-06 01:00 2006-03-07 01:00 2006-03-08 01:00 2006-03-09 01:00 2006-03-1001:00 2006-03-1101:00 2006-03-1201:00 2006-03-13 01:00
@timestamp per 3 hours
Commit queue
505 — © ® aem-author-tar/0
50 | [\ A\
[\ )
40 | | \ [
| A
| / \ |
30 I\ [ \|
I \/
I\ \J
20 | \
| | jo) \
L | | \
10+ \ \ [ [
A /\ | | \ [ A~
0 —/ \ e 4\ 4N 4N e A A N PRSET|
T T T T T T T T T T T T 1
2006-03-02 01:00 2006-03-03 01:00 2006-03-04 01:00 2006-03-05 01:00 2006-03-06 01:00 2006-03-07 01:00 2006-03-08 01:00 2006-03-09 01:00 2006-03-1001:00 2006-03-11 01:00 2006-03-1201:00 2006-03-13 01:00

@timestamp per 3 hours
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JVM memory

© ®Heap

2.794GB ® NonHeap

1.863GB

953.674MB —

T U T U T T T T T T T T T
2006-03-02 01:00 2006-03-03 01:00 2006-03-04 01:00 2006-03-0501:00 2006-03-06 01:00 2006-03-07 01:00 2006-03-08 01:00 2006-03-09 01:00 2006-03-10 01:00 2006-03-11 01:00 2006-03-12 01:00 2006-03-13 01:00
@timestamp per 12 hours

System memory

3.725GB - © @ cCache
@ Buffer
@ Free

2.794GB

1.863GB

953.674MB

0B

T T T T T T
2006-03-03 01:00 2006-03-05 01:00 2006-03-07 01:00 |2006—03—09 01:00 2006-03-11 01:00 2006-03-13 01:00
@timestamn ner 2 hours
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Response Times

Mean response time (CreateParagraph)

500

3004

200

100

©  50th percentile of Lat...

T T T T T T T T T T T T
2006-03-02 01:00 2006-03-03 01:00 2006-03-0401:00 2006-03-0501:00 2006-03-06 01:00 2006-03-07 01:00 2006-03-08 01:00 2006-03-09 01:00 2006-03-1001:00 2006-03-1101:00 2006-03-1201:00 2006-03-13 01:00

@timestamp per 12 hours
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Now What?

25



cees
lllll
-----
lllll




=222 Now What?

adaptTo()

!V\éfA
A <> a

NOW WHAAAAAAAT?!
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NOW WHAAAAAAAT?!

()

25



=222 Now What?

adaptTo()

@,
! . LA
| N 3

W S
A QO) A 2. Qualify the problem

NOW WHAAAAAAAT?!
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@,
! L ()
| Lo A 3

W S
A QO} A 2. Qualify the problem

3. Take prompt actions
NOW WHAAAAAAAT?!
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1. Upgrade hardware

= Add RAM
= Optimize IO

26



A1: Upgrade (increase RAM to 32GB)
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Size

CPU

Memory

37.253GB © @ aem-author-tar/o 6,000 © @ blocks in (from disk) / s
27.94GB - J @ blocks out (to disk) / s
4,000
18.626GB - ‘ wn
o
9.313GB O 200
o ! '. ! ! Iy A
OEOD A0 0RO 100 0E00 GB = 0200 1400 0200 1400 0200 IOPS
@timestamp per 30 minutes @timestamn ner 30 minutes
© ®user © ® aem-author-tar/0
system i
waiting (for 10) Q
®ide s
(«]
3
O 0 A A A A
I14“00 02!00 14!00 02!00 14"00 02"00 I \
T T T T T . o - . . .
02:00 14:00 02:00 14:00 02:00
@timestamn ner 30 minutes @timestamp per 30 minutes
© @®cCache
27.94GB @ Buffer
@ Free
18.626GB
9.313GB
0B |

T T T T T T T T T T T T
14:00 20:00 02:00 08:00 14:00 20:00 02:00 08:00 14:00 20:00 02:00 08:00
@timestamn ner 20 minutes
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2. Reduce repository

= Use a blob store

= Manage inactive content
(Content hygiene)

= Optimize indexes

\
\ Y

28




22t A2: Cleanup content (and offline revision cleanup)
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v 100+
7 :
D Maintenance
= 50
= (OffRC)
Q
o 0
T T T
20:00 02:00 08:00 14:00 20:00 02:00
] © @ zem-author-tar/0 © ®user

27.94GB - i

18.626GB - waiting (for 10)
() ®idle
..'\—l 931368 |
nh O x

0200 0800 1400 2000 0200 0800 1400 GB 01— T . - : : T —
0200 0800 1400 20:00 0200 0800 14:00
@timestamp per 10 minutes @timastamn ner 10 minutes

7.451GB

5.588GB
>
—_
O  3.725GB
(5} 1.863GB

IOPS

© @ ReadArticlePage
® ReadPage
CreateParagraph
@ ActivateContentPage
EditParagraph
@ AuthorSearch

14:00 @ CreateContentPage

8000 © @ blocksin (from disk)/ s
@ blocks out (to disk) / s

4,000

2,000
i calaccha . diw o] U ity

e e e IOPS
0200 08:00 14:00 20:00 0200 08:00 1400
@timestamn ner 10 minutes

© @ cache
@ Buffer
@ Free

0B T T T T T
20:00 02:00 08:00 14:00
@timastamn ner 10 minutes

T T
20:00 02:00

T T
08:00 14:00
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Areas of Improvement

- =
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EE?TEO Thank you

Questions?
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Typical Segment Store Composition

Other
[v)

Content
20%

Checkpoints
25%

N ES
28%

Version storage
23%
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