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What Federations Do

HLA Federations can havedifferent performance goals
— Time-managed, fast-as-possible  Time-managed, human-in-the-loop

— Wall clock time (time “happens”) Minimum latency, hardware-in-the-
loop

Federation divvies up thevirtua world, considering

— Functionality: types of simulated objects, sources, granularity, etc.
— Modularity: decompaosition, reusability, potential extensions

— host performance: computation throughput, available memory

— network performance: bandwidth and latency between federates

Federates exchange object attributes, interactions via RTI

— (Some) RTls attempt to minimize traffic over the network with data
distribution management, message aggregation, etc.

— RTIs may offer other services such as time management, reliable
transport
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Predicting Federation Performance

e Goals

— Reduce cost of Federation development and debugging
— Prediction by extrapolation on observables using models

* Deliverables
— Predictive modeling tools and user guides
— Initial predictive models for a specific RTl (1.3NG)
— Catalog of observable features and metrics

* Developed during model prototyping; useful for
predicting performance of similar Federations

— Tools to extend the catalog
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An lterative Process

* Research
— Conceptualize models, define observables
* For some specific Federates and specific RTIs
— Statistical nature of models and observables
e Can’'t hopeto know all details
* Model salient behaviors and their variability

* Modeling
— Build prototype predictive models

* Measurement and Analysis
— Are measured observables sufficient, efficient, etc?
— How accurate, reliable are predictive models?
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How Is This Effort Different?

* Benefits HLA Community at Large
— Relieson input from Consortium members

— Models and tools mustbe relevant, useful, and cost
effective to broad constituency

* Focused on Boundary Behavior
— Exchanges between the Federates and the RTI
— Notdependent on detailed internal models of Federates
— Modeling effects of Federate activity

* Quantitative Models for Performance Prediction

— Getting beyond performance of two or three test
Federates with “evenly” balanced work loads

— Toolsto aid Federation development
* |smy Federation working as predicted at this stage?
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Task 1: Feasibility Limits

* More federates, more objects,

o ¢ . . , demand more processing
TR e — resources
o | Tt R ) +1 e Limited resources per host
: requires greater distribution of
processing

W00 =

Machine Coumni

* Greater distribution of
processing requires more
communication processing

L S0 | e Atsome point, all resources
10 100 1000 10000 100000 end up b@lng Consumed by

Tetal E mtlty Gount ) - .
communication processing!

Predict whether aproposed Federation will overwhelm
availableresources.
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Host Resource Constraints

e Each host has resourcelimits
— CPU cycles/sec
— Random Access Memory (RAM)

* Per-host resource costs include
— OSoverhead to maintain Federate, RTI, other apps
— Cost of simulating objects
— Cost of processing updates and interactions via the RTI

* Avallable RAM affects CPU load
— Less RAMnecessitates more swapping to/from disk

* Violation of resourcelimits is catastrophic
— Dropped messages, unacceptable latency, time stalls, efc.
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Feasibility Limit Model

Each host must satisfy

ESlmuIatlonD EBlmuIatlonD LI Message U
L+ [ < L

L1+
DOverhead O EProc ing[] [Processing[]

Intrinsic costs of Task assignment Per Message Costs
application, RTI, costs for local of RTI Services
objects

OS support

RTI management Task execution

costs for local

services costs _ o :

oer Federation objects Limit Mpdel Is a set qf

layout Response to constraint relationships
Interactions that must be satisfied for

Maintenance costs . .
of objects and Generation of the most stressing activity

attributes Interactions distribution.
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Task 2: Nominal Behavior Modeling

* Predict how well the Federation will satisfy
performance requirements

— Minimum latency, hardware-in-the-loop

— Time-managed, human-in-the-loop

— Time-managed, fast-as{possible

— Wall clocktime (time “happens”, 3 hours or 3 days)
* Requires models of message statistics

— Message source statistics
— Effects of RTI and network on messages
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Predictive Model Components

Each Federate emits and collects

Federate - A
[ ] Application messages
[}
J Transport * Transport model (RTI-specific)
— Forwards messages based on

— messages are statistically distributed
4 In size, time of emission, destination
[RTI - X
subscriptions
— Alters message distributions
Communication * Time managers, bundlers, and

reliable transport alter time
distributions
([

DDM alter destination distributions
* Network model
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RTI Behavior Model
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RTI's “message relevance
filtering” saves Federate CPU
cycles, but costs message delay
and memory consumption

— Time Manager delays messages

— Buffer Manager consumes
memory to store pending
messages

Some of these effects have been
modeled by others

This study will tietogether
existing models and create new
models as needed
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RTI Wrapper

Host

Federate - A Federate - A
(Statistical) Mod

rapper Performance
RTI API Monitor

[RTI X ]

RTI - X Model

Y )

Network Model

( Network I/F)
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Generic interface layer

between any Federate and
any RTI

Produces statistical
snapshots

— Federate and RTI exchanges

— Federate and RTI resource
consumption (memory, CPU)

Supportsreal-time
performance monitor

Provides “ground truth” data
for development and
verification of performance
models
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RTI Wrapper

Host
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Federate calls the Wrapper
justlike the RTI(APIlis
identical)

Instrumentation capabilities
are open-ended:

— extensible catalog of
measurables

— a Federate can plug in
customized measurement
functions

Run-time configurable (what is
measured, when, and how)
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Which API
methods
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Base

ol

Application Configuration Other

RTI Wrapper

Selections

Execution

Methods

Events

Select Configuration

Select Configuration

WRAPPER_RTIAME_METHOD

unsubscribelnteractionClass
registerObjectinstanceNamed
registerObjectinstance
updateattributelalues
updateattributeValueswithoutTime
sendlnteraction
sendinteractionwithoutTime
deleteObjectinstance
deleteObjectinstancewithoutTime
localDeleteCbjectinstance
changedttribute TransportType
changelnteractionTransportType
requestObjectattributeValueUpdate
requestClassattributeValueUpdate
unconditionalattributeOwnershipDive
negotiatedattributeOwnershipDivesti
attributeOwnershipscquisition
attributeOwnershipAcquisitionlfavail
attributeCwnershipReleaseResponse
cancelMegotiatedattributeOwnershipd
cancelattributeOwnershipAcquisition

queryfttributeOwnership

- INVOKING_RTIAMB_METHOD
RTIAME_METHOD_RETURN
WRAPPER_RTIAME_METHOD_RETURN
WRAPPER_FEDAMB_METHOD
INVOKING_FEDAMB_METHOD
FEDAMB_METHOD_RETURN
WRAPPER_FEDAMB_METHOD_RETURM
WRAPPER_RTIAME_CONSTRUCTOR
INVOKING_RTIAMB_CONSTRUCTOR

EventHandlers

Select Configuration

Elapsed Time Calculator
&P1 Call Tracer

Event Handler 3

Event Handler 4

Event Handler 5

Event Handler &

Event Handler 7

Event Handler 8

Event Handler 9

Clear Defaults

Execution.

Start Stop

Run-Time Configuration Control

Which points in
execution flow

Which
performance
measurements
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Configuration Panel: Shortcuts

Quick-keys

Save run-time
configurations
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Base |

Application Configuration Other

Execution

RTI Wrapper

Selections

Method Events

§e|ect| Configuration Select Configuration
Print ER_RTIAMB_METHOD i
All alt—1 |ING_RTIAMB_METHOD
None s [B_METHOD_RETURN

[0 Data Distribution Management

Data Distribution Management items » \NG_FEDAME_METHOD

ER_RTIAME_METHOD_RETURM
ER_FEDAME_METHOD

[0 Declaration Manage ment
Declaration Management items

B_METHOD_RETURM
ER_FEDAME_METHOD_RETURN

-

¥ Federation Management
Federation Management items

ER_RTIAMB_COMNSTRUCTOR
ING_RTIAMB_COMNSTRUCTOR —
»

-VNET-L T-WRV-t NN T THE W S |

[0 Object Management
Object Management items

entHandlers :

-

it Configuration

[J Ownership Management
Ownership Management items

d Time Calculator
Il Tracer

-

[0 Support Services
Support Services items

Handler 3
Handler 4

-

[0 Time Management
Time Management items

Handler 5
Handler &
¥ Handler 7

subscribelnteractionClass

e remmrrreere
unsubscribeObjectClass ‘ ‘
[¥]

Event Handler 8
Event Handler 9

Clear Defaults

Execution

Start Stop

Note:

« GUIrequires
Nno Federate
code

e API controls
also available
to Federate
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Wrapper: Progress to Date

Built aframework in which instrumentation can
be developed

Supplied a few native instrumentation functions

Framework allows Federation developers to
customize and control instrumentation

capabilities
Framework is usable with virtualy no Federate
codechanges

Adapted example applications to demonstrate
use of the Wrapper (HelloWorld, Benchmarks)

Initial release anticipated 15 October
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Wrapper: Future (with Consortium)

Extend maturity and breadth of instrumentation
functions

Port to additional platforms
Additional testing

Develop protocols for formatting and reporting
output

Develop mechanisms for collaboration, control,
and information sharing across a Federation
execution
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Network Sounder

Host * Builds Federation connectivity
[Federate -A ) mo d el
i J — Initialized by Federation host
Y . table (from FEPW, etc.)
RTI - X T
[ * Capabilities
% g — Verify required host

Network Model

Network I/F

Network
Sounder

00F-SIW-085-21

connectivity

Measure and quantify network
performance

Discover (unanticipated?)
non-Federation related traffic

Aid debugging

e Assertion

IP networks will require the
most complex sounder
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NetSounder: Near Term Capability

* Verify basic network connectivity

— Import Federate host IP info from FEPW DIF file, or
alternate source

— Stand Alone Application (RTI generic)
* DNS lookup
* |[CMP/TCP Ping
* Traceroute
* Telnet (useful to aid in debugging)
— Distributed /Coordinated Application (OS / RTI specific)
e TCP/ UDP connections
* Multicast verification
* Reliable and Best Effort transport

* |nitial Release anticipated 15 Oct 2000
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NetSounder: Future Capabillity

* Measure network performance
— ldentify network topology (routers, etc)
— Intrinsic latency between Federate host platforms
— Sustainable throughput (bandwidth)

e |dentify network loads

— Verify that Federate generates anticipated levels of
network traffic

— ldentify excessive network traffic notassociated with
Federation

—» ¢ Network performance statistics used to develop
Federation predictive models
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NetSounder: Host Table

[0 =———Host / IP Pain=—""c"——H8

Host/IP from file: "host_ip.itxt"
Federation name: "dummy_fed"

* Federate host table S e [Pt .
fjerenuk 155.34.130.130
read from FEPW or addax 155.34.130.56
alternate source oryx 155.34.130.63
otibi 155.34.130.11
hyala 155.34.130.128
imp 155.34.130.14 |
macwolfson 195.34.160.59
rhehok 155.34.130.51 r

Close |
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NetSounder: Network Tests

* Verify basic network connectivity

O Network Connectivity Tests B8
Hostf/IP from file: "host_ip.tzt"
Federation name: "dummy_fed"
Hetwork Connectivity tests run from host: "gerenuk"
Host name | IP addr | DHS Lookup || OSICMPping || Ped TCPping || Traceroute || Telnet Probe |
ferenuk 155.34.130.130 pass nfa nfa nfa pass A
addax 153.34.130.56 pass nfa nfa nfa pass
oryx 155.34.130.63 pass nfa nfa nfa pass
oribi 155.34.130.11 pass nfa nfa nfa pass
nyala 155.34.130.128 pass nfa nfa nfa pass
imp 155.34.130.14 FAIL nfa nfa nfa FAIL
macwolfson 155.34.160.53 pass nfa nfa nfa FAIL |
rhebok 153.34.130.51 pass nfa nfa nfa pass ¥l

Close |
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NetSounder: Diagnose Errors

* Diagnose host connectivity problems

Metwork Connectivity Tests

Host/IP from file: "host_ip.t=t"
Federation name: "dummy_fed"

Metwork Connectivity tests run from host: "gerenuk”

Close |

Test Result Info

——— i[5

macwolfson: problem

Host name IP addr | DNSLookup [| OSICMPping || B connecting to "macwolfson”,
] port 23: Connection refused

fjerenuk 155.34.130.130 pass nfa nfg
addax 155.34.130.56 pass nfa nf3a
ory'= 155.34.130.63 pass nfa nfg oK
orhi 155.34.130.11 pass nfa nf3a |7//
nyala 155.34.130.128 pass nfa nfa nia pass
imp 155.34.130.14 FAIL nfa nfa nfa FAIL
macwaolfson 155.34.160.59 pass nfa nfa nfa FAIL
rhehok 155.34.130.51 pass nfa nfa nfa pass

=
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Progress to Date

Ve Solicit consortium feedback on concepts

Ve Search for existing tools and models

Ve Develop initia suite of tools
e Solicit SIW community feedback on concepts
e Establish mechanism for tool distribution

http:/DSPMO.LL.MIT.EDU

iInfo@DSPMO.LL.MIT.EDU
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Welcome to DSPMO /

Distributed Systems Performance Modeling Office
MIT Lincoln Laboratory

frorn our IEEE Simulation Interoperability Workshop (3I%W) Fall 2000 paper: 00F-2IW-055

"Toward Predictive Models of Federation Performance:
Essential Instrumentation”

AR BTRACT: With support from DI 30, MIT Lincoln Laboratory is developing tols and techniques for measuring and characterizing the pexformance of HLA federations
operating with wardons RTIs. These wools and techniques are intended for vse by federation developers 1o smdy, wnderstand , and enhance the performance of their
federations. Thew are intended for application across many types of federations, from time-managed , analysis-odented federations interested in masimizing the number of
executons possible within a fixed time interwal 10 hard wrare-in-the-loop federstons interested in minimizing end-to-end latenes.

An essentsl initdal step in this effort is the development of instmentation 1o capire interactions betsreen the federates and the RTI, a3 well a3 data flowss among the
federates. This paper will describe a generic RTI "wrapper" that can captore call paterns (federate-t0-RTI and RTI-to-federate) 1o generate statistical descriptions of service
insrocations, including histograms of dme patterne in these invocatdons, ete, Thiz instrumnentaton softerare will begin 10 address performance measures and concepts
dizcnssed in previovs SIW papers by warions mermbers of the ME& S commuonity with distnctly different concepts of wwhich aspects of averall federation performance are
most critical.

In zubzequent phases of thiz effort, dats from federations wwho agree 10 u2e theze 10012 and 10 share their collected performance data will be vzed 10 develop predictise
models of federation performance. As thewy mature, these models can be vzed in conjunotion with other tools and test federates for federation planning, development,

testing , diagnosis, toubleshooting, and optimization.

& complete reprint of thiz SIW paper is available, (61 KE pdf file)
Slides from the SIS presentation s M arnaid 2oy |

RTI Wrapper
The RTI Wrapper iz a mediating lazer that can be inserted berween any HLA-compliant RTI and any HLA-compliant federate for the purpose of gathering information 1o be nzed 10

dewvelop predictive federation performance models.
--== e el dui an $he FIT Wiapear sl fe asadvide aaon

NetSounder
HetBounder boilds a connectvity model of the entive federation. It may be inftalized from the host tabls in the FEPYW or some other sonree. The near-term nility of HetBounder is

to provide basic connectivity verification tests for all host computers nsed by federates in the federation.
---= Sue dendd dul an she FIT Wiapear sl fe asudide aaon

DSPMO Consortium
Membership in the DEFFO new thols consorimm is extended w0 developers and nsers throughout the HLA comrmnity wwho are willing 1o participate and share in ool development,

data collection, and model dewelopment.
---= If wouare interested in joindng the cornsortum, plesse fill out the Consortinm Request Form,

SEID

===
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Consortium Operating Principles

Members agree to share data and models with the
Consortium and report the results of their federation
performance modeding efforts at SIWs and other

appropriate forums

Members may port Consortium-developed tools to
any computing platform/OS combination

— Any such ports shall be placed in a Consortium repository (with
documentation) for use by other members on an “ as-is” basis

Members may extend Consortium-developed tools
to support specific applications

— If such extensions are likely to be useful to other members,
developers are encouraged to document them and place them in

the repository for use on an “ as-is” basis

— The Consortium cannot promise that any such extensions will be
supported in future releases of Consortium tools

Membership is subject to DMSO approval



lterative Approach to
Federation Performance Modeling

Identify performance parameters;
survey existing measurement tools

Recruit participating federations

> Collect, modify, and

develop additional tools

v

<»

Develop and refine federation
performance models

Distribute tool suites

v

v 1

Report on performance models at
SIWs; solicit feedback

>

Collect and analyze data,;
|dentify additional data needs

|

v

Solicit additional participants

>

Extend tools as necessary




Tool and Model Development Schedule

Initial tool development

Tool, modd devdopment

OO Fall
SIwW

Report on
tools

Federation data collection

Tool, modd refinement

01 Spring Report on tools, modds
SIW Reports on federate data, models
Federation data collection Tool, modd refinement
O1 Fall Report on tools, modds
SIW Reports on federate data, models
| Federation data collection
02 Spring
SIW
Report on tools, modds
Reports on federate data, models
] ] ] ] ] ] |
4/00 7000 10/00 101 4001 701 1001 102 302
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