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Goal of this presentation

Show how to tune and monitor a real-time
application using Java Real-Time System tool
set
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Java Platforms and Real-Time

> Real-Time Specification for Java (RTSJ)

- Provides an Application Programming Interface that
enables the creation, verification, analysis, execution and
management of Java threads whose correctness
conditions include timeliness constraints

> Java Real-Time System

- Sun's implementation of the RTSJ

- Based on JDK 5 platform (32-bit and 64-bit)
- Real-Time Garbage Collector

- Initialization-Time Compilation

DTrace instrumentation
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Why tuning is required

> Tuning for determinism
- No deadline miss

> A real-time virtual machine is not a crystal ball
- Application’s requirements unknown

> Virtual machine adapts itself

- Based on current or past requirements of the
application

> Dynamic Adaptation

- Makes developer's life easier
Su 22' ntroduces jitter
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Auto-adaptation

> Not a magic bullet

- Requires a warm-up phase

- Time consuming

- Difficult to be accurate

- Cannot solve all the tuning issues

> Tuning required when auto-adaptation is not
enough

> Tuning helps to optimize adaptation
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Tool: Thread Scheduling Visualizer

- > Tool to record and
analyze thread
E execution
- Events are recorded
e during execution
o e — - Off-line visualization
; > Provide graphical
time-line based views

& Sun .
" microsystens
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Class Loading / Compilation

> Default behavior:

- On-demand class loading

- Just-In-Time compilation of hot methods
> Neither policy is well suited for RT

- Jitter late in application's execution

- Generally happens at worst time: error handling,
uncommon situations, ...

‘52’”? ' 10
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Demo RTImageProcessing

Class initialization
performed by a
real-time thread

Compilation occurs

during first period

Delays cause
first deadline
to be missed

11
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Initialization Time Compilation

>

>

>

> Java RTS can generate these lists automatically

_ist of pre-loaded classes
_ist of pre-initialized classes

_ist of methods to be compiled at class
Initialization time

> Developers can edit them

- List format supports wild cards

QSun
" microsystems
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ITC Configuration

microsystems

o
|

| Categories:

e Configuration
| 2 Sources
[| @ Libraries
¥ @ Build
Compiling
Fackaging
Documenting
Groaovy

2 Run
= @ Application

2 Web Start
@ Faormatting

® @ @ @

Ll Project Properties - PeriodicThreads -

Configuration: | <default config= v |[Mew .| Delets

Heap Size 256m Scoped Size |16m

Immortal Memory Size | 3Zm

] Use RTGC
Waorker Threads 1 Boostable Worker Threads 1
RTGC Mormal Priority 12 RTGC Boosted Priority 35
Marmal Min Free Bytes | 80mM Critical Reserved Bytes am

[»f] Use JIT for RTT [f] Use Background Compilation
Initialization Time Compilation

[ Use ITC for LT

] Specify Compilation List itc precompile

[+f] Generate Compilation List
Class Pre-Loading

[ ] Specify Pre-Load List File ifc: preloa

[ | Generate Pre-Load List

Class Pre-Initialization
(] Specify Pre-Initialization List File |itc preinit

[#f] Generate Pre-Initialization List

OK

Cancel |!
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Demo RTImageProcessing with ITC

The real-time thread has
deterministic behavior
as of its first execution:
no deadline miss

Class initialization and
compilation are performed
by the VM at startup time

UUUUUUUUUUUUUUU
Zoom factor: 1.0000
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CPU Resources

> Shared among all threads

- Real-Time Threads / Non Real-Time Threads
- Virtual Machine Threads

> Importance of the scheduling policy

- Time-sharing scheduler apportions CPU time out
to all threads

- Real-Time Scheduling always gives CPU to the
highest priority threads

- Can cause starvation, delays, dead-locks
> Priorities control access to CPU

@Sun z
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Application with Multiple Threads
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Per CPU View

ﬂ 1 Thread Scheduling Visualizer - ,‘exportfhnme,’FmﬂfjavaR‘l‘SfN tB Proj

ts/MultiplePeriodicThreads/cpul506.jrt3

File Bookmarks About

| »

> CPUs are clearly
overloaded

> RTTs cannot run
during GC cycle

-> Thread migrations

are easy to see

| ¥
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Zoom factor: 46.774
L |
|Set to Color |V| Chooser | Randomizer |
Base Level Time: Fsec 17ms 72us 622ns
L " Thread ID: T
LrfiE eSS L IRy a :
Cone pass:1 thrl | Thread Néml_!.
Cone pass: 1 thr:2 Thread Priority.
Found 11463 intervals Scheduling Class
Found 2 threads CPU ID:
Found max depth of 2 :
number of rec = 30411 Messa_ige_
titme_in = 0.0 Function:
time_max = 17 868550618999%6 || Timestamp:
ThFinfo.run dane; calling new draw = Lewel:
— | Intenval #:

microsystems
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Configuring

microsystems

Sun

Categories:

figuration
Sources
Libraries
Build

@
@
@

Compiling
Packaging
Documenting
Graovy

2 Run
|= @ Application

9 Webh Start
@ Formatting

@
@
@
@

RTGC Threads

Heap Size 512m Scoped Size |16m

[#f] Use RTGC

Waorker Threads 2 Boostable Worker Threads

RTGC Mormal Priority 20 RTGC Boosted Priority

Marmal Min Free By‘tes g0m Critical Reserved By‘tes

[#f] Use JIT for RTT [f] Use Background Compilation
Initialization Time Compilation
[ Use ITC for ILT
[#f] Specify Compilation List itc precompile
[f] Generate Compilation List
Class Pre-Loading
[] Specify Pre-Load List File itc.preload
| | Generate Pre-Load List
Class Pre-Initialization
[#f| Specify Pre-Initialization List File | itc.preinit

[f] Generate Pre-Initialization List

Configuration: | <default config= v |Mew..| Delete

Other VM options:

19
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Giving Priority to the Application

(] || Thread Scheduling Visualizer - log2739.jrt3 = =8
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% S UN.
¥ microsystems

> Application threads run
at a higher priority
than the RTGC.

> |t doesn't solve the
problem: deadline
misses still occur.

> Threads need memory.

> RTGC cannot run to
recycle memory on
time.
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Giving Priority to the RTGC

=| Levelk

= Interval

[+] |2| Thread Scheduling Visualizer - log2844.jrt3 = =8
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.
|Set by priorities | - | Randomizer
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Em:e | ThreadDD i 40 (400
Done p Thread Name:
Thread Priority:
Scheduling Clas:
CPUID:
essage:
Function:
Timestamp:

> RTGC runs at a
higher priority than
the application.

RTGC runs with a
single worker
thread.

Enough CPU time for
the application.

\%

\%

> Memory recycled on
time.

> No deadline miss.
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Shared locks and real-time scheduling

> Priority inversion

- When a high priority thread A tries to acquire a lock
held by a low priority thread B

- Worse if a medium priority thread C preempts B and
prevents it from running: unbounded priority inversion

> Priority Inheritance

- When A blocks while acquiring the lock held by B then
B is boosted to A's priority until it releases the lock

- Solve the issue if both threads execute deterministic
code

- Danger: having real-time threads depending on non
o, deterministic code executed at a real-time priority

22
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Tracking Application Locking Issues
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Real Case Log

=

|| Thread Scheduling Visualizer - /export/home/Fred/javaRTS/RealApp/cpuC i3
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Done pass:1thrl9 —| Thread Name:

Done pass:1thr20 Thread Priority:
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Found max depth of 2
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l:ime_min =00 Function:

ime_max = 5.000004427041858 || Timestamp:

[THFinfo.run done; calling new draw T Litwek 2
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Sun

microsystems
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Zoom into the Real Case Log

2
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|+ Thread Scheduling Visualizer - !export.‘ﬁhme!Fred;’javaR‘i'S!RealAppfcpuC.;rt3
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Found 21 threads CPUID:
Found max depth of 2
number of rec = 540213 essane
ime_min = 0.0 Function:
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Zooming in helps

Still hard to analyze
Data synthesis missing
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Log summary
6 vai java x| summanyc o= x

a
Per-thread summary BB-E as@ et

\ Thread 151016 : ComputingThread-4

priority range: 139 - 138

a
v
4]
O

(i
1

@ H

s
[

CPU time: 15906698 ns = 15ms 906us 698ns ( O % )
CPU t- Migrations count: 43 / Mean Migration Interval: 85ms 171us 744ns
” I le — CPU utilization:

CPU 17 @ 950025 ns = 950us 25ns ( 5 % )
CPU 15 : 5562626 ns = 5ms 562us 526ns ( 34 % )
CPU 132 : 2018211 ns = 2ms 1Bus 21lns ( 12 % )

. . CPU 19 : 1814226 ns = 1ms Sl4us 226ns ( 10 % )
Mlgratlons CPU 11 : 61660 ns = Glus 680ns ( O % )
CPU 16 : 542675 ns = 542us 675ns ( = % )
CPU 18 : 212259 ns = 21Zus 25%9ns ( 1 % )
CPU 14 . 1868262 ns = 1ms 868us 36%9ns ( 11 % )
CPU 18 : 1195406 ns = 1ms 195us 408ns ( 7 % )
CPU 12 : 1781241 ns = 1ms 781us 241ns ( 11 % )
Contentions Locks. contentions:

> java‘lang/Class

contentions: 3
max blocked time: 16037 ns = 18us 37ns

cumulated blocked time: 42510 ns = 4Zus 510ns
43fado

contentions: 2
max blocked time: 8879 ns = Bus 79ns

BIOCked timeS curmulated blocked time: 14545 ns = ldus 545ns

Thread 1493327 : ControlThread-8
priority range: 101 - 101
CPU time: 8230 ns = Bus 330ns ([ @ % )
Migrations count: © / Mean Migration Interval: ©
CPU utilization:
CPU 18 : 8320 ns = 8us 330ns ( 100 % ) v

5150 | INS | |
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Outline
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Memory Areas in JavaRTS

> (Garbage-collected Heap

- Tune the Real-Time Garbage Collector if needed
> Immortal memory consumption

- |Identify and remove Immortal Memory leaks
> Scoped memory recycling

- Tune the size of each scoped memory area
- Check when each area is reset

5 un .
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Demo: Dumping Immortal Consumption
on Thread Death

( Immortaltemory (ar) = | DTrace Monitored Execution: ImmortalMemonyjar [immortal.sh] IEl

[t

Puarnning: fhowe /bd142109F netheans/ 6. Bfconfig/modulesfext fPealtineTool s /DTraceToolBox finwortal . sh [ fnet

*** Error: nokt enoagh space in ImwortalMemory Lo allacate 10006 words (103722 bytes remaining) ***

Tumortal allocations for thread H Y i PeriodicPealtimeThread : 3336421F i(last after 400ZF ms)
Tumortal allocations for thread i PeriodicThread :@ none
Tomortal allocations for thread REE s CyoclicCleaningThread [ none
Tmmortal allocations for thread g b e CompilerThreadl : none
Tumortal allocations for thread Bes Finalizer : none
Tomortal allocations for thread 31 B Signal Dispatcher @ none
Tumortal allocations for thread o main : Z18648 (last after 14794 m=)
Towmortal allocations for thread 2 Surrogate Locker Thread (CM5) - none
Tumortal allocations for thread i Beference Handler :© none
Tomortal allocations for thread s LowMenoryhetectorThread @ none

BUN STTCCESSFUL (Total time: lésec &230ms)

Sun. 2

microsystems
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Real Time Garbage Collector Monitoring

> RTGC threads are visible in TSV
- Check how they compete with application threads

> Efficient per-thread memory consumption
monitoring

> RTGC events available

- Boosting of RTGC threads when memory falls low

- Blocking non-critical threads when memory falls
very low

- Information for each GC cycle

@Sun a0
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Tuning the RTGC for Soft Real Time

> Tuning the default number of GC threads
> Understanding soft real-time jitter

- Using GC logs to check the auto-tuning
- Using GC MBeans to (remotely) monitor the GC

- Enhancing DTrace scripts or TSV view with GC
statistics or memory consumption information

- Improved GC logs

- Correlate scheduling events with memory usage in
TSV
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Demo: Visualizing Heap Consumption in
SV

Per Thread 1M 'ticks'

Global RT 1M 'ticks' Global non-RT 1M 'ticks'

Lin]
28.5323

microsystems




JavaOne

I megtl%ebﬁl\%pcgﬂglhéﬁﬁg 5@%@3 TG

time threads:

- CPU consumption by hard RT threads

- Time needed to execute two RTGC cycles with
the remaining CPU power (two might be needed
to guarantee the recycling of dead objects)

- Memory consumed by hard RT threads during
that time

> Deducing the memory limit under which non hard
real-time threads must block (critical mode)

- RTGCCriticalReservedBytes
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....and Tuning th lication

> Evaen | stgtge, %e cﬁtljcazg? %o%g egecutes only
parts of your application

> Tips:

- Keep RTGCCriticalReservedBytes low to ensure
the RTGC will recycle enough memory and
unblock the non hard RT threads

- Minimize the work in hard RT tasks to do only
what needs to be done during the critical phase

- Ensure RTGCCriticalReservedBytes is sufficient
for these hard RT tasks

Sun )

microsystems
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Demo: Fine Grain Allocation Rate
Monitoring
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Benefiting from DTrace Improvements

> Graphical view of DTrace aggregates with Chime
(already available on OpenSolaris)

> Example: Tracking memory usage over time

- Available Memory
- Per-thread allocation rates
- Per-priority allocation rate

microsystems



Demo: Per Priority
Memory Usage

Consumption per priority
(interval 0.5s)

Plotting for a soft real-time priority
(varies from 25MB/0.5s
to 150MB/0.5ms)

Plotting for a critical priority
(varies from 10.5MB/0.5ms
to 11.5MB/0.5ms)

| TargetProcess ID: 18477

L=
Allocations Per Prigrity

priority A

allocated bytes

T |
5I3I

D.EE Irteryal in zeconds

150,000,000
& 175,000,000

h
=]
o
=]
=]
a8
=]
=]
=]

75,000,000
50,000,000
25,000,000

allocated byt

Allocations Per Priority

Allocations Per Priority
Target Process ID: 18477

006

17:50 17:51 17:52 17:53 1? 54
Time

= priority 30

11,500,000

11,000,000

allocated bytes

10,500,000

Allocations Per Priority

Allocations Per Priority
Target Process ID: 18477

1750 1751 1752 1753 1754
Time

— priority 50
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Building other DTrace based tools

> Prototype of DTrace based sampling profiler

- Very limited interference on the application

- Used to successfully identify a performance
degradation on a complex user application

> Now leveraging this efficient raw sampler to build
a real profiler

@Sun 39



JavaOne

Real-Time Linux Support

> TSV is platform independent
> The issue is to gather the relevant data

- Need user probes for JVM events
- Need documented probes for scheduling events

> The Linux community is investigating different
probe mechanisms

- SystemTap, ftrace, utrace, Kprobes, ...

YU
" microsystens
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