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Purposes of DDS benchmarking

Does DDS meet latency, throughput and scalability requirements?
Does DDS meet Quality of Service requirements?
How does DDS compare to other technologies?

fm Dralriliea A

How well does DDS fit in my environment?

How well does DDS fit in my application domain?

How user friendly is a DDS implementation?

How well does a DDS implementation comply to the OMG specification?

withat it Evinraceond \WWrittan Darmmieo:

Building test applications is resource intensive

- Dictrihiitinn

Created test systems are usually not representative
In depth DDS knowledge is required
In depth vendor-specific knowledge is required

Pronrietarv Information

. A
OpenSplice| DDS A PRISMTECH



Benchmarking OMG DDS for Large-scale Distributed Sy  stems

Introduction

[Definition of DDS benchmarking parameters]
Purpose and scope of a DDS benchmarking suite
DDSTouchStone: Architecture for a DDS benchmarking suite :
Example DDSTouchStone scenario’s and results é
Questions

. A
OpenSplice| DDS A PRISMTECH



Latency and determinism

User Problem

Data distribution in a system typically requires the ability to handle different
levels of importance. In mission critical systems it is essential the “The right
(important) data always gets to the right place” also in face of temporary
overload condition
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Latency and determinism

Laboratory

Real life
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Latency and determinism

User Problem

Data distribution in a system typically requires the ability to handle different
levels of importance. In mission critical systems it is essential the “The right
(important) data always gets to the right place” also in face of temporary
overload condition

DDS Features (OMG-DDS specification/API)

DDS provides the concept of Transport Priority as a mean of expressing
data importance. This QoS can be used by DDS implementations to ensure
that the distribution of more important data always takes precedence over
less important data

Parameters: End to end distribution latency and jit ter
As a function of Transport Priority

In both small scale and large scale environments :
In both clean and overload situations

onrietarv Infaormation

. A
OpenSplice| DDS A PRISMTECH



Efficiency and throughput

User Problem

Complex distributed applications often require extraordinary high
throughput. Achieving it requires smart management of the networking
resources without introducing accidental complexity in the solution space.
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Efficiency and throughput

User Problem

Complex distributed applications often require extraordinary high
throughput. Achieving it requires smart management of the networking
resources without introducing accidental complexity in the solution space.

DDS Features (OMG-DDS specification/API)

DDS provides the concept of Latency Budget as a means of specifying the
urgency of data. This QoS can be used by DDS implementations to
optimize the utilization of networking resources thus increasing efficiency
and related data-distribution throughput for applications.

* Parameters: End to end distribution throughput and Induced CPU load
As a function of Latency Budget
In both small scale and large scale environments
In both clean and overload situations
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Discovery latency

User Problem

Large scale mission critical systems have stringent requirements on the
time that can elapse between when the system start-ups, or recovers from
a failure, and when the system becomes operational.

DDS Features (OMG-DDS specification/API)

The DDS features dynamic discovery which allows for plug and play
Interoperability of applications. However, if not implemented properly, its
performance can adversely impact the startup and/or recovery time of large
scale distributed systems

e Parameters: Reader and writer discovery times

How long does it take

for a newly joined dataReader to receive data
for a newly joined dataWriter to be seen by dataReaders &

In both small scale and large scale environments
In both clean and overload situations

nrietarv Infarmation
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Portabllity, reusability and complexity

User Problem

DDS applications should be re-usable (location agnostic), portable (DDS
vendor agnostic, Operating System agnostic) and simple (configuration
agnostic)
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Portabllity, reusability and complexity
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Portabllity, reusability and complexity

User Problem

DDS applications should be re-usable (location agnostic), portable (DDS
vendor agnostic, Operating System agnostic) and simple (configuration

agnostic)

DDS Features (OMG-DDS specification/API)

The DDS concept allows for a clear separation of concerns with respect to
iInformation-modeling (topics), application processing (business logic) and
dynamic deployment (discovery)

e Parameters: DDS application code pollution
Application code divergence from OMG DDS API

DDS vendor specific application code extensions
Application agnostic configuration and tuning possibilities
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Purposes of a generic DDS benchmarking suite

Help potential users to

create sensible DDS benchmarking tests that are representative for their application domains

become aware of the really important aspects of building systems with DDS
get familiar with DDS without having to write a lot of code

execute trade studies between different DDS implementations

speed up their DDS evaluation process as a whole

Help the DDS community to
accelerate the acceptance of DDS as an alternative to other middleware
spread knowledge on DDS application building
evaluate the practical aspects of DDS portability

Help DDS vendors to
test performance and compliance of their products
test interoperability between DDS implementations

openSP,,.ce | D DS © 2008, PrismTech. All Rights Reserved
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Scope of a generic DDS benchmarking suite

From small scale to large scale networked environme nts
Simulate larger scale systems on smaller scale networks
Suite should be agnostic to network size

Different Operating Systems
Linux, Windows, Solaris, ...
Including hybrid networks

Different application languages
C, C++, Java

Including hybrid networks
Different DDS vendors
Any vendor

Including hybrid networks in the future

- Dictrihiitinn

Different application domains
Scenario driven
Flexible deployment

Currently DCPS only, not DLRL
Fully Open Source
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DDSTouchStone: Architecture for a DDS benchmarking

suite

One generic DDS application called ‘touchstone’

Capable of doing every test
latency & determinism
throughput & efficiency
multiple of these simultaneously
Available in C, C++ and Java
Multiple instances running on multiple machines
Configured with two parameters only:
Application-Id for identification of the touchstone
Group-Id for identification of the group the touchstone belongs to
Assures easy deployment
Interfacing done by means of DDS topics
Input settings
Output results
Assures location, platform and language independence of deployment

Container for the four key players:

openSP,,.ce | D DS © 2008, PrismTech. All Rights Reserved
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The four key players

Transceiver

Transponder

]

N
Ny
\.\ \\ Receiver
[ ]

T

Transmitter

|
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DDSTouchStone entities

Generic properties

Dynamically created and destructed by their container touchstone application
Whenever a corresponding DefTopic sample is received
Using the settings as defined in a corresponding QosTopic sample ‘
With the proper thread scheduling class and priority
With the configuration settings as defined in the DefTopic sample

Dynamically adjusted by their container touchstone application E
Whenever an updating corresponding DefTopic sample is received
Whenever an updating corresponding QosTopic sample is received

Attached to exactly one DDS partition N\ )

Operating on exactly one DDS topic

- Dictribhiitinn i

Publishing its measurements and observations into DDS
Using a corresponding ReportTopic
With configurable frequencies
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DDSTouchStone entities: Transcelver

Transceliver: Latency & Determinism
Created whenever a touchstone application receives a TransceiverDefTopic sample
Internally consists of a dataWriter and a dataReader

Uses the Qos settings as defined in the corresponding TransceiverQosTopic sample
:
B transceiverDefTopic@DDS =] B transceiverQosTopic@DDSTa - 0] x| é
File Edit View File Edit View :
e L T e T T T T R T T N T T e e L T R e T L R R T e e L B R R R A R R L R A R R R R B N A R R R RGN R D E
[ List | Single | Writer | (List | Single | Writer |
Field type Field name Field value Field type Field name Field value ;
c_ulong group_id 1 c_ulong  |[group_id 1 E
c_ulong transceiver_id 1 c_ulong ([transceiver_id 1 é
c_ulong partition_id 20 c_ulong  [partition_id 20 g
c_ulong topic_id a0 c_long writer_gos.latency_budget.duration.sec 1] E
Tapickind topic_kind BEST_EFFORT c_ulong  |writer_gos.latency_budget.duration.nanogec |0 5
SchedulingClass |scheduling_class |[TIMESHARIMG c_long  |writer_gos.transport_priority.value a8 g
c_long thread_priority 1] c_long reader_gos.latency_budget.duration.sec 1] .§
c_ulong message_size 100 c_ulong (reader_gos.latency _budget duration.nanosec (0 ;
c_ulong write_period 10 c_long reader_gos history. depth 1 E
c_ulong report_period 000 E
L=< JLs JL > J[ > |
L L < JL = [ = | :
| Register || Write || Dispose |
| Register || Wirite || Dispose | |Reatly [
|REE[|3|I' ﬂ

OpenSplice DDS
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DDSTouchStone entities: Transponder

Transponder: Latency & Determinism
Created whenever a touchstone application receives a TransponderDefTopic sample
Internally consists of a dataWriter and a dataReader

Uses the Qos settings as defined in the corresponding TransponderQosTopic sample
£
: - 5 f
transpunderﬂeﬁ opic@DDSTc — |EI |i| transpunderQosTopic@DDST - |I:I |i| :
File Edit \iew File Edit Wiew éc‘
e T T T T T T T T T T T T T EL
[ List | Single | Writer | [ List | Single | Writer | §
Field type Field name Field value Field type Field name Field value E
¢_ulong group_id 1 ¢_ulong aroup_id 1 E
c_ulong transponder_id 1 c_ulong transponder_id 1 E
c_ulong partition_id 20 c_ulong partition_id 20 g
c_ulang tapic_id 50 c_long writer_gos.latency_budget duration.sec 1] E
Topickind topic_kind BEST_EFFORT c_ulong writer_gos.latency_budgetduration.nanosec |0 g
SchedulingClass scheduling_class  |[TIMESHARIMNG ¢_long writer_gos.transport_priority value 99 .
c_long thread_priority 0 ¢_long reader_gos.latency_budget.duration.sec 0 5
c_ulong reader_qgos. latency_budget.duration.nanosec (0 E
| — | | = | | = | | s | t_long reader_gos.history.depth | -
| Register || Write || Dispose | < [ < [ = [ = | %
| Inpurt valid. ﬂ - = . R *
| Register || Wirite || Dispose || WriteDispose |
| Inpurt valid. ﬂ

OpenSplice DDS
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DDSTouchStone entities: Transmitter

Transmitter: Throughput & Efficiency
Created whenever a touchstone application receives a TransmitterDefTopic sample
Internally consists of a dataWriter only

Uses the Qos settings as defined in the corresponding TransmitterQosTopic sample
£
transm'ltter[}eﬁ' opic@DDE — |I:I |i| transmitterl:}osTupic@l}DST - |I:I |i| E
File Edit \iew File Edit View ?i
o A L AR AR LR R R AR R B AR AR AR AR R LA R AR R AR A AR R G AR AR A AR AR AR R R R AR AR AR A LR, b R AR R R AR R R R R A A R R A AR R R R AR A R A R A R A R A R A R R R A R R R R R A R R R R R AR R R R A AR R R R A AR R R R R AR R g_
[ List | Single | Writer | [ List | Single | Writer | ;q
Field type Field name Field value Field type Figld name Field value g
c_ulong group_id 2 ¢_ulang group_id 2 0
c_ulong transmitter_id 1 ¢_ulong transmitter_id 1 E
c_ulong partition_ic 150 c_ulong partition_id 150 E
c_ulang topic_id 120 ¢_long gos latency_budget duration sec 0 £
TopicKind topic_kind RELIABLE c_ulang gos.latency_budget.duration.nanosec |50000000 £
SchedulingClass [scheduling_class REALTIME ¢_long qos.transport_priority.value ] a
t_long thread_priority 50 .
c_ulong message_size 1000 | =< || P || - || = | 5
c_ulong messages_per_burst (10 E
c_ulong burst_period 50 Redist| 5ejzct 50 samples back. |Dispose | F
i
e < > 1> ] Ready ﬂ
[al
| Register || Wirite || Dispose |
|Reat|y E
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DDSTouchStone entities: Recelver

Receiver: Throughput & Effficiency

Created whenever a touchstone application receives a ReceiverDefTopic sample

Internally consists of a dataReader only

Uses the Qos settings as defined in the corresponding ReceiverQosTopic sample

receiverDeﬁnpic@l}DSTo o - |I:I|i|
File Edit “iew
T h MR R R R R R R R R R R R R R R R R R A R R R R R R R R R R R R R R R R R R R R R R R R R R R T R
(List | Single | Writer |
Field type Field name Field value

c_ulong group_id 2
c_ulang receiver_id 1
c_ulong partition_id 150
c_ulong fopic_id 120
Topickind topic_kind RELIABLE
SchedulingClass scheduling_class REALTIME
c_lang thread_priority a0
c_ulong repaort_period 2000
c_ulang palling_period ]

L JL< Jl = |l = |

| Register || Wirite || Dispose |
| Input valid. E

receiverQosTopic@DDSTouc - |EI |i|
File Edit View
T T T T T T T O T T
[ List | Single | Writer |
Field type Field name Field value
c_ulong |@roup_id 2
c_ulong |receiver_id 1
c_ulong |partition_id 150
c_long gqos.latency_budget.duration.sec 0
c_ulong |goslatency_budgetduration.nanosec  |S0000000
c_long qos.history.depth 10
L=< L= JL = J[ = |
| Register || Write || Dispose |
|Ready L]

OpenSplice DDS
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Entity discovery

DataReader discovery
Transmitter is already up and running
After Receiver creation, how long did it take before it received data
Depends on Transmitter write frequency

DataWriter discovery
Receiver is already up and running
After Transmitter creation, what was the timestamp of the first data received by the Receiver
Lost samples are detected by means of sequence numbering

Discovered DatalWriter <1.0.8):
creation time: 2285.0808 usec

discovery time: 2382.00 usec

So discovered 97.88 usec after creation
writer messages lost before discovered: 0
Discovered DatalWlriter (1.,0.08):

creation time: 2529.00 usec

discovery time: 2625.80 usec

So discovered 96.80 usec after creation
writer messages lost before discovered: B8
Discovered DataReader (2,0,.8):
creation time: 3836.88 usec
discovery time: 3668.080 usec
So discovered 168.808 usec before creation was finished

Pronrietarv Information - Dictribiiticnn withat it Evinracend \A/rittan Darmiee mm te Prmbiiacem 4
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DDSTouchStone scenario’s

Scenario recording and replaying
A scenario is defined by the set of DefTopic and QosTopic samples that were issued

A scenario can be manually created using
vendor specific tooling (e.g. OpenSplice Tuner) __
A plain text scenario file :

A scenario can be replayed using the DDSTouchStone ‘recorder’ tool
Replaying essentially means re-publishing the DefTopic and QosTopic samples

Assures location, platform and language independence of scenario functionality :
Recording and replaying is decoupled from the actual touchstone deployment
The same scenario can be run with different deployments

Any of the application languages C, C++ or Java

- Dictrihiition

Any of the supported operating systems
Any allocation scheme of applications on computing nodes

Pronrietarv Information
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DDSTouchStone scenario’s

=10lxll  Controlling the recorder tool
File Edit Wiew
r Llst x |/ Smgle x |/ wmer x | ................................
Field type Field name Field value
c_ulong recorder_id 1]
commandkind [command |TOP |w
STOP !
RECORD £
COMPOSE F
PLAY 4
REPEAT g
QuUIT E
L=< L=< J| = J[ = |
| Register || Wirite || Dispose | L“:
hea:ly E ;
I " ## ## N HAEH HH# B 2 # :
$ "% "% | :
n # # E‘
& &
I " HH# #4# N OHAEH Hit # ot # # u
n # # mn 1 n () 1 n ()
" * 4 ’)*_. * 4 ’)*_. " n
1"/ #0 #0 F"ro "% # Ht
A plain text scenario file % " # #

. A
OpenSplice| DDS A PRISMTECH



DDSTouchStone result reporting

Reporting of results by means of DDS

Results are written to DDS via ReportTopics

Assures location, platform and language independence of
reporting functionality

Received Transceiver report from (30.0.0)
Send latencu: [
100,07 : cnt= 3843, min= 46, ava= 49, max= 78, dev= 3,39
99.9% 1 cnt= 3833, min= 46, awvg= 49, max= 76, dev= 3.B9
99.0% 1 cnt= 3804, min= 46, avg= 49, max= 70, dev= 3.13
90.0% i cnt= 3458, min= 46, awvg= 48, max= 53, dev= 1.899
Send Source latency:

100,0% 1 cnt= 38439, min= 1, awvg= 2, max= 17, dev= 0,54
99.9% 1 ont= 3845, min= 1, avg= 2, max= 10, dev= 0.41
99.0% : ecnt= 3810, min= 1. avg= 2, max= 3. dev= 0,30
90,0% : cnt= 3464, min= 1, avg= 2, max= 2, dev= 0,27
Send Delivery latencu:

100,0% : cnt= 3852, min= 11, avg= 13, max= 38, dev= 1.83

Allows for easy creation of reporting tools
Simple output generated from this by DDSTouchStone

tools ‘watcher’ and ‘spotter’

Tup'lc: discoveryReportTopic |
File Edit View

=10 x|

[ Attributes | Status | QoS | Datatype | Statistics |

typedef c_double usec_duration;

struct discoveryReport {
c_ulong application id,
c_ulong partition_id;
c_ulong entity id,;
enum discoveryKind {

) report_ldnd,

c_ulong samples_missed,

usec_duration discovery time;

usec_duration creation_duration;
} discoveryReport;

OpenSplice DDS
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99.9% : ent= 3848, min= 11, avg=
39,.0% : cnt= 3813, min= 11, awg=
90,0% 1 cnt= 3466, min= 11, avg=
Send Arrival latency:

100,0% 3 cnt= 3850, min= 32, avg
899.9% : cnt= 3846, min= 32, avg=
99.0% : cnt= 3811, min= 32, avg=
90,0 3 ent= 3465, min= 32, avg=

13, max= 34, dey= 1,67
12, max= 18, dev= 1.45
13, max= 16, dev= 1,08

= 34, max= B3, dev= 3,22
34, max= 62, dev= 3,10
34, max= 55, dev= 2,05
34, max= 35, dev= 0.73

Echo latency:

100,0% : cnt= 3845, min
99.9% : cnt= 3841, min=
99.0% : cnt= 3806, min=
30,0% 1 cnt= 3480, min=
Echo Source latency:
100.0% : ent= 3854, min
99.9% 1 cnt= 3850, min=
99.0% 1 cnt= 3815, min=
90.0% : cnt= 3468, min=
Echo Delivery latency:
100,0% : ent= 3857, mir
99.9% : cnt= 3853, min=
99.0% : ent= 3818, min=
90,02 1 cnt= 3471, min=
Echo Arrival latencu:

= 44, avg= 46, max= 74, dew= 2,96
44, avg= 46, max= 73, dev= 2,83
44, avg= 46, max= 62, dev= 1,83
44, avg= 46, max= 46, dev= 0,50

= 1. avg= 2. max= 23, devw= 0,58
1, avg= 2, max= 9, dewv= 0,42
1, avg= 2, max= 2, dev= 0,37
1, avg= 2, max= 2, dev= 0.39

= 10, avg= 11, max= 37, dev= 1.51
10, avg= 11, max= 33, dev= 1.30
10, awg= 11, max= 18, dev= 0,53
10, awg= 11, max= 12, dev= 0,17

100,0% ¢ cnt= 3855, min= 32, avg= 33, max= Bl, dew= 2,48

99.9% : cnt= 3851, min=
99.0% : cnt= 3816, min=
90.0% 1 cnt= 3463, min=
Trip latency:

22, avg= 33, max= B0, dev= 2,352
32, avg= 33, max= 42, dev= 1,30
22, avg= 33, max= 33, dev= 0.48

100,0% ¢ cnt= 3847, min= 93, avg= 97, max= 126, dew= 5,00

99.9% 1 cnt= 3843, min=
99.0% : cnt= 3808, min=
90,.0% : cnt= 3462, min=
Inter arrival time:

93, avg= 97, max= 125, dev= 4,92
93, avg= 97, max= 121, dev= 4.27
93, avg= 95, max= 101, dev= 2.34

100,0% : cnt= 3858, min= 1017, avg= 1041, max= 1069, dev= 4,67

99.9% 1 ent= 3854, min=
39.0% 1 cnt= 3819, min=
90,0% : cnt= 3472, min=

1017, avg= 1041, max= 1064, dev= 4.60
1017, avg= 1041, max= 1055, devw= 4,23
1017, avg= 1040, max= 1046, dew= 3.35

A
A PRISMTECH

- Dictrihiition withnt it Evinraceand \AMrittan Darmicecimm e Drembilis

Pronrietarv Information



DDSTouchStone: Portability, reusability and complex WY

Abstraction of DDS vendor specific code

Vendor specific code can be
Either defined as such explicitly by the OMG DCPS standard
Or introduced as extensions by the vendors, not per the OMG DCPS standard

Touchstone vendor specific code is limited to a small set of source files
Touchstone application only contains OMG DCPS standard code

Touchstone vendor abstraction gives a quick overview of the vendor’s impact on portability,
reusability and complexity

Abstraction of OS specific code
OS specific code limited to a small set of source files
Touchstone application uses OS abstraction, no direct system calls
Allows for porting of DDSTouchStone to different OS-es

Build scripts and makefiles for every OS
Allow for parallel build results for different compilers and OS-es
Invocation and execution is vendor and OS independent

. A
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Example scenario

Measured roundtrip-latency & jitter ‘O’ > t d
ransponaer
100 bytes @ 1,000 Hz P
9
@ (}é::\ Background load of 5 Mbyte/s ?
XYV :
| ~,b3’ 500,000 bytes @ 10 Hz w 3

Scenario goal
Measure determinism (roundtrip jitter) under heavy background load

Determine impact of information-priority (DDS TRANSPORT _PRIORITY) versus application
priority (OS scheduling priority)

Test whether low-application priority processes can send high-priority information with low
jitter & latency

- Dictrihiitinn
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Example scenario

Scenario

Measured roundtrip-latency & jitter

100 bytes @ 1,000 Hz

\
=O

- G

"-:\ Background load of 5 Mbyte/s
AN
"\
‘ 3 7/ 500,000 bytes @ 10 Hz w
Ktouchstone 30 } ko -\ touchstone 40]

00

Gigabit Ethernet

']IHIIIIIIIIIH Medium (priority=25)
@ Hioh priority=75)

Node: Perf3 - Node: Perf4
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OpenSplice DDS

DDS TRANSPORT_PRIORITY QoS =0
Jitter = 1069 usec.
Note: App’s at RT-prio

-

© 2008, PrismTech. All Rights Reserved
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OpenSplice DDS

DDS TRANSPORT_PRIORITY QoS =100
Jitter= 118 usec.
Note app’s at timesharing!

-
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DDS TouchStone sourceforge project

http://sourceforge.net/projects/dds-touchstone
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Contact Us

Resource Center

L
http://www.prismtech.com/opensplice-dds/ o pe nSP’,ce

DDS.

Archived Webcasts The Real-Time Event-Driven Middleware
http://www.prismtech.com/section-
item.asp?id=779&sid=18&sid2=10&sid3=252&si
d4=177

Evaluation, Training, & Consulting
sales@prismtech.com

- Dictri AN A

OMG DDS Information

http://www.dds-forum.org

rietarv Information

http://portals.omqg.orqg/dds/

http://dds4u.blogspot.com/
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