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Evolution of Networked Virtual Evolution of Networked Virtual 
EnvironmentsEnvironments

Class 8Class 8
Dr. Roger SmithDr. Roger Smith

SGI Flight & DogfightSGI Flight & Dogfight
nn 1983 Silicon Graphics 1983 Silicon Graphics 

demo program demo program 
•• Written by Gary Written by Gary TarolliTarolli
•• Inspired by Blue Angles air Inspired by Blue Angles air 

show at Moffett Fieldshow at Moffett Field
•• Sales tool for SGI Sales tool for SGI 

computerscomputers

nn 1984 Networking added1984 Networking added
•• Two machines on serial Two machines on serial 

cablecable
•• No interactionsNo interactions
•• 7 frames7 frames--perper--secondsecond
•• SIGGRAPH 1984SIGGRAPH 1984

nn 1985 Modification of 1985 Modification of 
Flight programFlight program
•• Added shooting interactionsAdded shooting interactions
•• Message packets Message packets 

transmitted at frame ratestransmitted at frame rates
•• 10 player max because of 10 player max because of 

bandwidth limitationsbandwidth limitations
•• Dead reckoning added later Dead reckoning added later 

to reduce network floodingto reduce network flooding
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Jack ThorpeJack Thorpe’’s Visions Vision

FromFrom BattlezoneBattlezone to SIMNETto SIMNET

Battlezone
1980

SIMNET
1983-90

© Copyright MAK Technologies

© Copyright Williams Electronics
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SIMNET Design PrinciplesSIMNET Design Principles
nn Object/Event Architecture Object/Event Architecture 

•• Vehicles and EngagementsVehicles and Engagements

nn Common Environment Common Environment 
•• Terrain and CultureTerrain and Culture

nn Autonomous Simulation Autonomous Simulation 
NodesNodes
•• Broadcast EventsBroadcast Events

nn Transmission of Ground Transmission of Ground 
Truth Truth 
•• Local Perception and EffectsLocal Perception and Effects

nn Transmission of State Transmission of State 
Change Change 
•• Not Static DataNot Static Data

nn Dead Reckoning Algorithms Dead Reckoning Algorithms 
•• Extrapolate Last Reported Extrapolate Last Reported 

StateState

Object/Event ArchitectureObject/Event Architecture

Objects Events

Environment

People
Monsters
Vehicles
Missiles

Explosions
Destruction
Orders

Terrain
Textures
Weather

Roads
Rivers
Trees
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SIMNET/DIS Independent NodesSIMNET/DIS Independent Nodes

Network

• Reduces System-wide Failure
• Enables Broadcasting to Reduce Message Duplication (255.255.255.255)
• Allows Late Joining or Early Departure
• Eliminates Need for a Simulation Server (Bottleneck)

1

2 3

2

1 3

3

1 2

Node 3Node 2Node 1

Update Message = Network PacketUpdate Message = Network Packet
Field Name Contents Field Size

(bytes)
Vehicle ID Site 6

Host
Vehicle

Vehicle Class Tank 1
Simple
Static
Irrelevant

Force ID 1
Guises Distinguished 8

Other
World Coordinates Location: X,Y,Z 24
Rotation Matrix 36
Appearance 4
Markings Text Field 12
Timestamp 4
Capabilities 32
Engine Speed 2
Stationary bit and padding 2
Vehicle Appear Variant Velocity Vector 24

Turret Azimuth
Gun Elevation

Total = 156 bytes
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Network Interface Card

Operating System

VE Application

No Activity vs. Crashed ComputerNo Activity vs. Crashed Computer

Network

F0 – Simulated object is just sitting still
F1 – VE Application is down 
F2 – Computer OS is busy
F3 – Computer hardware is broken
F4 – Connection to the network is broken

1

2

2

1 1 2

Node 2Node 1

F4

F3

F2

F1

F0

HeartbeatsHeartbeats

Network

• Verifies that simulators are still running and connected
• Sent every 5 seconds
• Create solid update rate for late joining simulators

1

2 HB

2

1 HB

HB

1 2

Node 3Node 2Node 1
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What needs to be in a heartbeat?What needs to be in a heartbeat?

Network

HB

Node 3

Heartbeat Message

HB

Node 1

Update/Message RateUpdate/Message Rate

nn Frame RateFrame Rate
•• Guarantees accurate representationGuarantees accurate representation
•• Strong impact on number of nodes on networkStrong impact on number of nodes on network
•• Difficult to connect different simulationsDifficult to connect different simulations

nn Significant EventsSignificant Events
•• Messages on changesMessages on changes
•• Heartbeats to keep aliveHeartbeats to keep alive

nn Dead ReckoningDead Reckoning
•• Greatly reduce network trafficGreatly reduce network traffic
•• Increases max nodes on networkIncreases max nodes on network
•• Brings together Brings together sims sims with different rateswith different rates
•• Requires ghosting remote objectsRequires ghosting remote objects
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Dead Reckoning & GhostingDead Reckoning & Ghosting

Network

• Keep local copy of all objects
• Update locations based on last known position, orientation, velo city, 

acceleration, radial velocity, etc.
• Common library of DR algorithms shared by all sims

1

2 3

2

1 3

3

1 2

Node 3Node 2Node 1

Orders of Dead ReckoningOrders of Dead Reckoning

Zeroth-order DR DrLocation = LastKnownLocation

First-order DR DrLocation = LastKnownLocation + 
LastKnownVelocity * TimeElapsed

Second-order DR
DrLocation = LastKnownLocation + 

LastKnownVelocity * TimeElapsed +
(1/2)*LastKnownAcceleration*TimeElapsed2

“Skate to where the puck will be – not where it has been.”
- Wayne Gretsky
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DR Savings DR Savings -- ExamplesExamples

Without DR With DR

10-15 updates/second 1 update/second

30-60 updates/second 3 updates/second

Allows at least 10X increase in number of objects in virtual world.

SIMNET Software ComponentsSIMNET Software Components

Network

Network Interface
Software

Other-vehicle
State Table

Image Generator 
Software

Sound Generator
Software

Own-vehicle
State Table

Control & Interface
Software
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SIMNET Software ComponentsSIMNET Software Components

Network

Network Interface
Software

Other-vehicle
State Table

Image Generator 
Software

Sound Generator
Software

Own-vehicle
State Table

Control & Interface
Software

~~~
~~~
~~~

1987 Canadian Armor Trophy1987 Canadian Armor Trophy

nn US Armor Crews Prepare with US Armor Crews Prepare with 
SIMNETSIMNET

nn Simulation Allows Many More Simulation Allows Many More 
Practice SessionsPractice Sessions

nn US Team Wins Canadian Armor US Team Wins Canadian Armor 
Trophy for first time in a DecadeTrophy for first time in a Decade
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Battle of 73 EastingBattle of 73 Easting

nn Battle of 73 Easting, 26 February 1991Battle of 73 Easting, 26 February 1991
•• 2nd Armored Cavalry Regt destroyed dug2nd Armored Cavalry Regt destroyed dug--in in 

Iraqi Armor DivisionIraqi Armor Division

nn Data collection to pinpoint vehicle Data collection to pinpoint vehicle 
locations, movements, and engagementslocations, movements, and engagements

nn Soldier review to refine eventsSoldier review to refine events
nn Replay of a real engagement in 3D Replay of a real engagement in 3D 

environmentenvironment
nn Stimulus for huge visions of future Stimulus for huge visions of future 

simulationssimulations

Distributed Interactive SimulationDistributed Interactive Simulation

nn Object/Event Architecture Object/Event Architecture 
•• Vehicles and EngagementsVehicles and Engagements

nn Common Environment Common Environment 
•• Terrain and CultureTerrain and Culture

nn Autonomous Simulation Nodes Autonomous Simulation Nodes 
•• Broadcast EventsBroadcast Events

nn Transmission of Ground Truth Transmission of Ground Truth 
•• Local Perception and EffectsLocal Perception and Effects

nn Transmission of State Change Transmission of State Change 
•• Not Static DataNot Static Data
•• HeartbeatsHeartbeats

nn Dead Reckoning Algorithms Dead Reckoning Algorithms 
•• Extrapolate Last Reported StateExtrapolate Last Reported State
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Entity State PDUEntity State PDU
Field Size Entity State PDU Fields Field Description

(Bits)
96 PDU HEADER Protocol Version - 8-bit enumeration

Exercise ID - 8-bit unsigned integer
PDU Type - 8-bit  enumeration
Protocol Family - 8-bit enumeration
Time Stamp - 32-bit unsigned integer
Length - 16-bit unsigned integer
Padding - 16 bits unused

48 ENTITY ID Site - 16-bit unsigned integer
Application - 16-bit unsigned integer
Entity - 16-bit unsigned integer

8 FORCE ID 8-bit enumeration
8 3 OF ARTICULATION 8-bit unsigned integer

PARAMETERS (n)
64 ENTITY TYPE Entity Kind - 8-bit enumeration

Domain - 8-bit  enumeration
Country - 16-bit enumeration
Category - 8-bit enumeration
Subcategory - 8-bit enumeration
Specif ic 8-bit enumeration
Extra - 8-bit enumeration

64 ALTERNATIVE Entity Kind - 8-bit enumeration
ENTITY TYPE Domain - 8-bit  enumeration

Country - 16-bit enumeration
Category - 8-bit enumeration
Subcategory - 8-bit enumeration
Specif ic 8-bit enumeration
Extra - 8-bit enumeration

(c
on

tin
ue

d 
on

 n
ex

t s
lid

e)
Entity State PDU (cont)Entity State PDU (cont)

96 ENTITY X Component - 32-bit floating point
LINEAR Y Component - 32-bit floating point

VELOCITY Z Component - 32-bit floating point
192 ENTITY LOCATION X Component - 64-bit floating point

Y Component - 64-bit floating point
Z Component - 64-bit floating point

96 ENTITY Psi - 32-bit floating point
ORIENTATION Theta - 32-bit floating point

Phi - 32-bit floating point
32 ENTITY 32-bit record of enumerations

APPEARANCE
320 DEAD RECKONING Algorithm - 8-bit enumeration

PARAMETERS Other Parameters - 120 bits unused
Entity Linear Accel - 3X32-bit floating point
Entity Angular Accel - 3X32-bit floating point

96 ENTITY Character Set - 8-bit enumeration
32 MARKING 11 8-bit unsigned integers

CAPABILITIES 32 Boolean fields
n X 128 ARTICULATION Parameter Type Designator - 8-bit enumeration

PARAMETERS Change - 8-bit unsigned integer
ID - attached to - 16-bit unsigned integer
Parameter Type - 32-bit parameter type record
Parameter Value - 64-bit
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DIS DIS PDUsPDUs
nn Entity Entity 

Information/InteractionInformation/Interaction
•• Entity StateEntity State
•• CollisionCollision

nn WarfareWarfare
•• FireFire
•• DetonationDetonation

nn LogisticsLogistics
•• Service RequestService Request
•• ResupplyResupply OfferOffer
•• ResupplyResupply ReceivedReceived
•• ResupplyResupply CancelCancel
•• Repair CompleteRepair Complete
•• Repair RespondRepair Respond

nn Distributed Emission Distributed Emission 
RegenerationRegeneration
•• Electromagnetic EmissionElectromagnetic Emission
•• DesignatorDesignator

nn Radio Radio 
CommunicationCommunication
•• TransmitterTransmitter
•• SignalSignal
•• Receiver Receiver 

nn Simulation Simulation 
ManagementManagement
•• Start/ResumeStart/Resume
•• Stop/FreezeStop/Freeze
•• AcknowledgeAcknowledge
•• Action RequestAction Request
•• Action ResponseAction Response
•• Data QueryData Query
•• Set DataSet Data
•• DataData
•• Event ReportEvent Report
•• MessageMessage
•• Create EntityCreate Entity
•• Remove EntityRemove Entity

DIS PDU OperationsDIS PDU Operations

Entity State
New Location

Fire
Missile Launch

Detonation
Missile Explosion

Entity State
New Damage Level
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PDU VolumesPDU Volumes

Entity State 96%
Other 4%

Fire 4%
Detonation 4%
Collision 1%
Logistics 0%
Sim Mgt 0%
Emission 38%
Transmitter 50%
Signal 0%
Acoustic 2%
Stealth 1%
Others 0%

1993 I/ITSEC Demonstration with 79 Nodes

‘93

Aggregate Level Aggregate Level 
Simulation ProtocolSimulation Protocol

nn Application of SIMNET Application of SIMNET 
and DIS principles to and DIS principles to 
constructive simulationsconstructive simulations

nn Synchronized advance of Synchronized advance of 
simulation timesimulation time

nn Adherence to common Adherence to common 
object modelobject model

nn Object ownership and Object ownership and 
controlcontrol

AWSIM
AIR AIR 
FORCEFORCE

CBS

ARMYARMY

RESA

NAVYNAVY

INTELINTEL

EW, TARGETING,EW, TARGETING,
INFRASTRUCTUREINFRASTRUCTURE

TRANSPORTATIONTRANSPORTATION

TMDTMD

JOVE
AARAAR

ALSPALSP
CONFEDERATIONCONFEDERATION

MARINESMARINES
oo

MTWS

MDST

AMPJQUAD

TACSIM



© Copyright 2002-2003, Roger Smith Page 8 - 14

Interactive Simulation: UCF EIN5255

High Level Architecture and the High Level Architecture and the 
Runtime InfrastructureRuntime Infrastructure

Network

Runtime
Infrastructure

Runtime
Infrastructure

Runtime
Infrastructure

Simulation
Tools

Military 
Model

External
Interfaces

H
L

A
 I

nt
er

fa
ce

Sp
ec

if
ic

at
io

n

Distributed Simulation ProtocolsDistributed Simulation Protocols

Tank
VE

(1 – 50)

Joint
VE

(10 – 100)

Semi-Automated
Forces

(50 – 1,000)

Constructive
Wargames

(500 – 10,000)

Analytical
Wargames

(5,000 – 100,000)

SIMNET

DIS

ALSP

HLA

Nothing


