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Raytheon
AWIPS-II: Architecture Topics Architecture

m| Architecture Introduction
s Architecture Overview
s Architecture of SOA Service

= Architecture Patterns
— Plug In pattern
— Build pattern, Localization Pattern
— uEngine pattern, GIS capability, Adapter pattern
— Notification/Subscription pattern

s Data Model

= Visualization

= Server Execution
= Hardening

= Security
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System Concept: AWIPS-Il Architecture Raytheon

Architecture

Data Fusion and Visualization SOA Framework A——

= Requirements Vision Drives Architecture
— Focus on “ilities” drives new architecture
— Features and capabilities get generalized into reusable patterns
— Customer TIMs give priority to capabilities

s Architecture Framework Vision:

— Create a new low cost framework for hosting a full range of
environmental services including thick client visualization

— The framework will scale down to a small laptop and up to clusters of
enterprise servers without software change

— The framework will be based on highly reusable design patterns that
maximize reuse, has datatype independence, and fast adaptability

— Open source is leveraged to maximize reuse
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AWIPS-II: Architecture Definitions Architecture

Raytheon

Introduction

ADE: AWIPS Development Environment, source code to execution
framework enterprise development kit including tools

SOA, End points, I/O Routing, Transforms: Service Orientated
Architecture where system capability is available at stateless endpoints

Canonical XML: Well formed XML that follows high level rules

Patterns: Implements a design solution that solves a problem that
occurs many times

Technical Reference Architecture: A physical software execution
framework

JMS, JMX: Java Messaging System (API), Java Management
Extensions

CAVE: Common AWIPS Visualization Environment using Eclipse RCP
SEDA: Serial Event Driven Architecture
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AWIPS-II Architecture Concept — Raytheon
Architecture Framework Implementation Architecture

Introduction

s Framework Implementation: Integrated several best of
breed open source projects with a set of advanced enterprise
patterns to create a highly extendable framework.

— Patterns Implemented in Pure Java code (Reuse Example: ProductSrv
and AutoBIdSrv use uEngine)

— Open Source is primary for re-use:
o ~15 major open source projects integrated
o Version controlled with CM baseline, libraries part of run env.
« Leverage Internet community for core infrastructure
« Standards compliant, rapid evolution
« Free, large body of public expertise

o Open source libraries controlled by putting them in the CM compile
library and deploying them to the runtime environment

— Packaged together into the ADE which contains everything from the
Source Code repository to the execution environment including
operator Clients
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AWIPS-II: Problem Definition & User Needs Raytheon

Architecture

Drives Architecture Towards Advanced Solutions A

Totally Non-Propriety I
Solution (Open Source)

Weather
Edge User
Visualization

First Person
Shooter Video
Game

Quickly Adaptable I
New Science & Data Types

Accelerate Innovation:l
Speed of Deployment

Google Earth

Situational “ Con-Ops Flexibility

=4 164 Unique O Centers
Awareness NI "ﬁ‘m

rrrrr

Increasing Data Interactio

Visualization ~ >~ < | |..

aaaaaaa

Increasing Data Rates

High Data Rates With Gaming Style Interaction
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AWIPS-II: Development Sequence, TO9 is GFE+

3 to 6 month fixed price task orders

Raytheon

Architecture
Introduction

2006 2007 2008

Today

2009

2010

| AWIPS Il Development

T03 N T04 \ T05 ) T06 )
R&D > ‘

—l/

LVix Worksfat

Sheet
Start

Enterprise Service Bus

‘Architecture Developr:@b
Clean ' l 108 i:(}

T09

_F_orecast E(_:iitor

2 Week CycCles  jr—p-
Stability Testing
Full Data Load

AWIPS-II
Release 1

| T011
[Comm @e0e@

Spiral Development with Interim Deliveries

>
)
OTE >

>
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AWIPS-II: Architecture Topics

Raytheon

Architecture

Architecture Introduction

Architecture Overview

Architecture of SOA Service

Architecture Patterns

— Plug In pattern

— Build pattern, Localization Pattern

— uEngine pattern, GIS capability, Adapter pattern
— Notification/Subscription pattern

Data Model
Visualization
Server Execution
Hardening
Security
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SOA Architecture — Logical Layered View [layiheon

Architecture

Layers Separated By Simple APIs Overview

Client/Presentation Services |-&==="" =)

/External Prograns

Mission Se

rvices

Hydro Models

FORTRAN/C/C++
Command Line
Programs

Security Services /Demilitarized Zone (DMZ)

/Data Access Layer \
<<Java>> <<Java>> <<abstract>>
HDFE5DataStore Datal aver BaseDao

// Enterprise Service Bus - Communication

/

—{HDFS AP) L —fHibernatg—— | "=
7AN

N - \/ [
35 Synchronous

Platform Layer </ Localization
Data Persistenc% Wetadata Spatial ’ \/ J
Index Index
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AWIPS-II: ESB SOA Framework
Generic Core Services Adapt Through Plug Ins

Raytheon

Architecture
Overview

(Core Base of Services

e Micro Engine

e Core libraries

\—

e Plug-in Framework

<<EDEX Framework Architecture>>
Services Structure

> | + |ibraries

+core plug-ins

/

+Ingest Data

+Disseminate

<<CAVE Visualization Framework >>

+ libraries

+core plug-ins

set of services

e Plug in specific
libraries

/oExtend to a specific

e Plug in datatypes,
\{ransforms & scripts _/

+Index Data

+Store Data

+Transform Datj;

+Build Products

+Collaboration

+Fusion Engine

<<Technical Implementation>>

<

/\

t

Concrete Services based on Data TypeS|{ Data Types |

<<Visualization Extension >>

+weather libraries

{ Transforms

+mapping libraries

{  Scripts I
000

e Automatic Metadata Indexing
e High Performance HDF5 blobs

+Visualize Data

(o )oJe

+Mapping

e Service Interface To Data

e Clean separation between data
and visualization

AWIPS-II Designed for Extension to New Domains
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AWIPS-II: Plug In adaptable data fusion and
data transformation framework with Visualization

Raytheon
Architecture
Overview

Auto

Plug In
Data Adaptable Metadata &
Data

Gaming

Configuration

—
uEngine '& '''''
Data
T

ransformer =

Machine
to —]
Machine =
=

Based on Advanced Design Patterns

; Persistence Visualization
] [rew ke o ~fus
=2 )

via XML

Extendible
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AWIPS-II: Designed for reuse across Raytheon

multiple domains

Architecture
Overview

AWIPS-II Architecture

Extending to new domains

* Add Data Type Plug Ins
* Add Libraries

* Add Scripts

* Add CAVE Plug Ins

Domain 1 Domain 2

Domain3

Low Cost Extension to New Domains
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AWIPS-Il Dependencies: Open Source Based  Baytheon

Free of all fee based COTS dependencies Architecture
Overview
 CAMEL + Spring Enterprise service bus and dependency injection
/ container for SOA services
COTS
Flexibility Eclipse RCP Plug In driven visualization framework

GeoTools Enables GIS capabilities and map projection
framework

JOGL Java API to OpenGL enables Gaming level
visualization performance

HDF5 High performance file persistence of large data

sets such as satellite and radar

JavaScript + Python
+ numPY

Data transform scripting languages with high
performance math library

JAVA + ANT Primary programming language and software build
framework

activeMQ Java messaging provider with clustering

PostgreSQL Relational database for storing Metadata from

Data plug ins and spatially enables ingested data
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AWIPS-Il High Level System Services
SOA Services Running in an ESB Container

Raytheon

Architecture

TAF Plug In
METAR Plug In
Radar Plug In
Satellite Plug In
GRIB Plug In

Collaboration

Eclipse config XML
Localization Data
| Color Tables XMPP

Maps and Topo

NotifySrv

[ Subscription Notifyl [_uEngine

Overview
WAN Visible CORE SOA Services
ADE 1.0 JMX Remote
Service Management
Client
CAVE

Visualization
Client

Data Rendering

CAVE Bundles

Data Interrogation

CAVE Procedures

Wx Drawing

Wx Warning

Radar All Tilts

Hydro Visualization

Shapefile Visualizatio

Services Independent of End Points
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Requests Data for Display: as a GIS Layer

Layered View of SOA Service with Data Flow

Raytheon

Architecture
Overview

£\

/CIient/Presentation Layer

[T

~

/Native Services Layer

Input Message
Canonical XML

WA ‘SIC'dLLH — sng 991n8S aslidiaiug

sjulodpug “*°

With body containing
action commands

Output Message
Canonical XML

<= Response to Client

Containing URI
references to data
generated

\

SEDA Service Scaling
Within Container

ProductSrv

ﬁ tform/ln?l\/?structure Services Layer
uEngine Pattern

D

makeResponse

fileln termQuery

A 4

Data Access Objects

a A

(

]
v

Iatform/lnfrastructure Resougces Layer

A 4

a8 -

Persistence MetaData Index
Repository HDF5

J
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Ingest Data Flow: Layered View of SOA Service

Ingest at a Clustered End

Point

Raytheon

Architecture

Overview
/\ Platform/Infrastructure \ mative Services Layer Queue Clusterin |\
SOA ESB Services MS Broker g

Resources Layer

lawips/opt/data/sbn/...
/awips/opt/data/processing

)

File End Point

“INA ‘SINC'dLLH — sng d2IAI8S aslidisiug

sjulodpu3 -

| File Name

m://*IndexVMQueuge|

Pla tform/lnfri/'zructure Services Layer{}

~

>

Plugin(pluginType)

>

¥

Datal ayer
+saveData(record)
+saveMetadata(record)

2 v

\[

HDF5Dao ] [ Data Access Objects /
a

Platform/Infrastrupture Resources Layer
A\ 4
Persistence MetaData Index
Repository HDF5
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AWIPS-II Alerting Pattern Update Raytheon

_ Architecture
Added Observer Interface to enable multiple users oo
—
CAVE DecisionTree EDEX Data ltem #
— . - (AVE Stal’tu Quinlan ID3 < Y
St Cvers B Algorithm IngestSrv \ |
:;t.rmr i ﬁ-::ﬂ AlertJobStarter T Build Data URI
i i uild Data
o S Menu dataURIs SN
Pt s T SR URICatalog

Watar Vapor 7.4u Flot  2.1800

Feafriier Harmis .
mmmm ne.1an0 @essage Recelv@

250hPa Livder Plit n2.1ann
MhFa Lawer Flat nE 1
wonPa Laver ot wﬂn MenuUpdater |
er Flot: i
iyt B ~ Data URI List
BSONPa Layor Plat 02,4800 ingested dataURIs
s:SPuLayer POt ORABO0 | 1 qguartz Timer

| | pataURl | ° "'
= | Aggregator

(topic:edex.alerts)

a
Pt W
o !
s
L

19AI3SqOUI|Y|
| |
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AWIPS-Il Data Cube Enhancements Baytheon

Redesigned data cube to enhance performance & flexibility Overview

~~| Volume Browser |- HDF5
PlanViewDisplay Grlq
T —— —— Repository

. ] P ;
BrowserDialog :
DataCubeContainer
BrowserDataCatalog | .| ,,;rgeDatacube

refreshDerivedParameters
examineAttributes
getDataRecord
performTimeQuery

<J 0 b> List . :
set|getGridTree Dynamically /
DataCubeManager loaded
l | | Python
Derived
DerivedParameterGenerator Parameter
DerivParamScriptsLoader ) .
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AWIPS-II: Architecture Topics

Raytheon

Architecture

Architecture Introduction
Architecture Overview

Architecture of SOA Service

Architecture Patterns

— Plug In pattern

— Build pattern, Localization Pattern

— uEngine pattern, GIS capability, Adapter pattern
— Notification/Subscription pattern

Data Model
Visualization
Server Execution
Hardening
Security
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SOA Service Pattern Hav;gfun
Design Pattern

Service

= SOA Service Vision: All server side capabilities are available as a
standard service which communicate using standard network
protocols and formats.

= Implementation: All services inherit from a single base class that
encapsulates life cycle and communicate details. Services are
Dependency Injection components that are configured to
communicate with any supported endpoint.

Hides Interface Details to Container
Extracts message
Calls +process() on return

— “Reports exceptions

AbstractSrvMBean AbstractMessageSrv
+onCall()

+register -
f g 0 Registers with JMX for
] \@amote monitoring

AsciilngestSrvMBean

Does the work of the Service
AsciilngestSrv Return puts message on outbound endpoint
A — — —

+process() —

O OO
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SOA Service Pattern Raytheon

SOA
Dependency Injection - Minimizes Coupling Service

Interfaces defined by XML configuration which maximizes service
ehcache.xml
logdj.properties

s Dependency Injection: All AWIPS SOA services get there

reuse and minimizes hardcoded coupling.

D : \AWIPS\EDEX\OPT\ESB\CONF Serwce”lnterfaﬁ a][\d con:guratllon Files
adapter.xml Generally One file for each service
global . xml
index.xml Service output endpoint
ingest.xm Message sent when +process() executes return
22:‘-51 1;1:){:&11 Service class file reference l
product . xml

<mule-d ipt ="SBN-Sat-Ingest” singlet g

g temenestiomcn s sytheon 1o e ross St HRere

outboundEndpoint="vn://persistUHqutue">

{inbound-router:

<endpoint
address="Ffile://.. /. . fdata/sbn/sat/?transformers=FileToString">
{properties>
<property na ingFrequency” walue="1888" />
/properties?

</endpoint>

</inbound-v . . . ,
</mule-descriptor> File endpoint wakes up Services’ +process()

| method when data is picked up J
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SOA Service Pattern Raytheon

Service Container and ESB startup Sjsiie

= Startup:. ADE 1.0 has all SOA services running in one
container. The start script automatically builds the

ClaSSpath from jars in Ilb direCtory' SOA Service Container/ESB start scripts
start — linux
start.bat -- Windows

Service Configuration Files, Adding a service

Builds list of ESB End-point and . ' o
Wiring Files _I\ncludes adding a new service config file to the startup.

D:NAWIPSNEDEXNOPTNESBNBIN
start
start.bat

v
|Sets clustering configuration |

IStarts Mule ESB |

1 Dependency Injection Container
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Canonical XML Interface Pattern Raytheon
SOA service interfaces SOA

Service

= Vision: A simplified XML based message format that is
Independent of the endpoints. The message schema is
flexible and is orientated towards the client.

Example Response Message From ProductSrv

{message’

<header> Uop Message Tag :'
{property name="1id" value= — ——
Message Header Tag
With properties

{property name="uri" value=""'/>
{property name="time" wvalue=""2008808424225380" />
{property name="function" value="response" />

</header> r—*
<body> Message Body Tag
<responsellRI: T

{productURI>file:/awips/edex/opt/data/uEngine f/e548a5c9-caf3-4b2b-2e56-981e21895286 . png<{/productURI>

{FileType>png<{/FileType’

{dataURI>/satellite/HESDIS/GOES-11{L}/Alaska Hational/Imager 11 micron_IR/2808-81-22 14:45:15_8<{/datalURI>

<validTime>2888-B4-24T22:53:80.1852{/validTime> I"—*

</responselURI> Response by URI Reference |
</body>
</message’

— .
Returned productin “png”
L image format
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Canonical XML Interface Pattern Hav;gfﬂn
SOA service interfaces

Service

s Reponse. The body of the response is a island of XML, a base64
encoded binary image, or a URI reference for large data sets.

Example XML Response

<MET &R =
<stationIb>RIAL<stationIhs>
<Timechs =2 006-09-10 02 :00:00:000</Timechs >
{rEpurtType>METAR<frEEDEtType>
bindina.xml <skylLayerBase>FEW007 < /skylLayerBase>
AbstractResponseMessage - g <temperatures26</Temperatures
- <windDir=vRE< windhDir:
-fileType \'\ EL L] <windspeeds>03<Awindspeed:s
d UR] K ::> <skyCover >FEWOOT </ sloyCover >
-data MakeResponseMsg <skyCover >BKNO1l<//skyCovers
P <skyCover >BKNOZ 0« sl over >
-validTime | </METARS
A !
. p ResponseMessageError
L -errorsSource
-errorMsg
ResponseMessageURI ResponseMessageASCII ResponseMessagelnline —errorCause
-productURI -filename -fileName -errorChain
-contents -zippedData[ |
-type
-station
-time
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AWIPS-II: Architecture Topics

Raytheon

Architecture

m Architecture Introduction
s Architecture Overview
s Architecture of SOA Service

m| Architecture Patterns

— Plug In pattern

— Build pattern, Localization Pattern

— uEngine pattern, GIS capability, Adapter pattern
— Notification/Subscription pattern

s Data Model

= Visualization

= Server Execution
= Hardening

= Security
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AWIPS-II: SOA Data Type Plug In Pattern Raytheon

Enables New Data Types and Transforms

Plug In
Pattern

EDEX Services

SOA Data Type Plug In

Index
Ingest T

MetaData Interface

Decoder Interface

HDF5 MetaData

Storage Interface

Schema Creator

Alert Topic Notify

URI Generator

uEngine Interface

XML MetaData Def
Data URI Def

MetaData Decoder

Message Separator

Data Decoder

uEngine Tasks E

Extreme Adaptability Through Plug In Pattern
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SOA Data Plug In: Enables Extensibility =~ aeon

Plug In
Meta Data, Decode, Storage, Transforms Pauttgern

/\ /Enterprise Service Bus
Dependency Injection Container

SOA Data Type Plug In
<Task>
<<SOA Service>>\ Class Lloader—

%) ProductSrv !
> !
@ /
o Jibx |- !
2 N —/qungine
c Y Enables
w "
@ S Extending the
& XML Ms e JEBB _
g J Python Interface UEngine
% Response\ Hibernate DALI / \ Language /
5 - /J\

‘Dynamic Meta Data‘

Creation

_HDF5 Persistence

Dynamically Extends System to New Problems
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Plug Ins Enable Adapting to New Data
Automatically Creates Meta Data Persistance

Raytheon
Plug In

Pattern

Reference Architecture
*|Product{Extract Metadata}

Plug In Package (JAR)

plugin.xml

*|{*}Record
e|Decode

*Discovery

metadata.xml
attributes.xml
Implementation Classes
Binding Classes
uEngine Task Implementations

Enables new science
through new Tasks

~” Enables new data to

Be queried and visualized
//_\
~—
~_ | <<Base Table>> <<Table>> <<Table>> <<HDF5S Flle>>
1L— |MetaData{Plug|D} SnatialData PlualnReqistrv Raw/Decadedl1]

K<Inherited Table>3 <<Inherited Table>>
<<Ja‘\'/a>> MetaData{PlualD}1 DI:l MetaData{PlualDin
Datal IR|
+create()

Table Cycle Trigger| :]] [|:
A

\\’ <<HDF5 File>>
Raw/DecodedInl

oo

v

Dynamically Extendible to New Data & Transforms
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Plug Ins Enable Adapting to New Data Eayimoos
Dynamically Extends to New Data & Transforms :

Pattern
ESB
Plug In Endpoint Auto Generated HDF5
. : . : schema for Blob data
Ly extensions (Ie)plugln-alrep ] Config
Ell:_‘—ﬁ- pugn-strep g - | ) ____
El[&- ras T
=+ conf : M
b E% plugin.xrml 3568 1/4/03 11:41 PM jkorm | //////- é
=5 endpoints / =) Colurns (21) HDF5 %
| M) airep-ingest.eml 3568 174708 11:41 PM obsid - /
----- |¥] airep.db.xml 3701 171108 6:54 PM garmery datauri L|ght|ng /
----- |¥] airep.hbrneml 3568 1/4/05 11:41 PM=fesee Auto Generates Schema timeobs %
“oo W] binding.oml 3618 1/8/08 6:4% PM jkorman Lefhﬂ'-'f Radar %
= sre atakirne: ]
B Creates Data URI ety Satelite |/}
EE& raytheon wm.cuhn.aader . /
EII& edex carindicatar Grld /
= plugin Specific ;‘Zi;an?jdata /
El% airep Data Type geametry
5y common : Flightlevel
P [} airepRecord.java 36 Decoding latitude
EHT_%- decader longitude

~~[J} AIREPOBSType java

temp
windspeed
winddirection
flighthazard

----- DE, hirepParser,java 357

...... DEI AIREPWeather.java

------ DE, AirepDecoder., java 3580

| - necessar '
. DEI ,ﬁ,irepﬁeparatnr.jay.;—":_ e 'y_ -=- Flightweather
=G uti T Flightconditions
Ellﬁ- sirep Custom insert_time

------ DE, Airephan, java 3563 Data
”\ Access

Plug In
Registry Table
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Raytheon
SOA Plug In CM File structure Plug In

Pattern

_:_|l¢—j fe.xtensic!ns .
= manen>OA Data type Plug Ins Plug In XML and Confiqurati@

B[ res

=5 conf

i pluginxml 1577 5/29/07 9:31 PM garme
|_JI binding.xml 1570 5/29/07 12:13 AM garmery
i |5 grib.db.xml 1577 S/29/07 9:31 PM garmend

[5} grib.hbm,xml 1577 5{29/07 9:31 PM garmen] Meta data definition files

E-----|_J' grid.hbrm. el 1441 5f3/07 4:40 PM bphilip
=[5 sre

Ell:j- cam

E|l:j' ravkheon

Ep_—j- edex
B+ plugin
-Gy arib Plug In Implementation Classes
- [J} GribDecoder. java 1570

i [1) GribRecord java 1570 5

m GribSeparator.java 1385

- [1) Gribwiriter java 1573 5/4

D] package-info.java 1365

[—:Ip_—j uengine

=) tasks uEngine Task Scripts
B grib

-~ Gribcgnmurune.java\ Extends ScriptTask
: D} GribImpacts.java 159

e [1] GribMap.java 1592 4
m package-info.java 14

-7 kil
E|p_—j arib
m GribClassLoader,java 139
- [1) Grid.java 1441 5/3f07 4
E_‘, package-info.java 1441
D, build-component. properties 1592 6/1J07 546 P
-5 dlient-includes.dat 1510 Sf16/07 7:04 PM mfeg3
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AWIPS Services and Plug Ins
ESB SOA Plug In Adaptable

Raytheon

Architecture

AWIPS Services

Camel-Spring

plugin-bufrus

plugin-gf
plugin-go
plugin-gr
plugin-ro
plugin-oh
plugin-pi
plugin-po
plugin-prof

GFE

plugin-re

plugin-re
plugin-:
plugin-:
plugin-sh

plugin-ccfp. jar

unding. jar
ar

sounding. jar

Eclipse RCP Visualization
Plug Ins

14 Core
8 User Interfacs
22 Library

14 Application

GFE 26944
Redbook 619

Python Editor
122

Hydro 10039

aviation(avnFPS)
11539

plugin-radar. jar

n

plugin-ta T
plugin-text.jar Thick| /Light [Client Mode
23 plugin-wa o. Jar
SOA Data Type Plug Ins
Enterprise Service Bus
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Software CM/Build/Deploy Pattern

Design pattern

Raytheon
Build
Patterns

= Build Vision: Create a simple layered build system that
manages component coupling and supports partial

deployment.

» Build Implementation: Implemented in ANT as a series of
macros and ANT extensions.

deploy.xml

test.xml

config.xml

compile.xml

build.xml

jibx. xml

mortar.xml

javadoc.xml

| awips

= [

{:I deplovments
- B b ]
0 buid
| compile
D properties

!

build-global.properties

]

build-local.properties

Jar Files for
Compiling

-Open Source Jars
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Software CM/Build/Deploy Pattern
Design pattern (Server Side)

Raytheon
Build
Patterns

[CM Controlled Baseline (Subversion)]

=] TRADedex
=431 build
1Ljdeﬂnymenh
-] dist
=-f,] lib
5] build
& compile
:;.J properties
+-fg, ] cdm
-] edex

[1) Build services & components ] —

I/

ant build -Dcompfile=deployments/deployment.propertie

D= ~PROJECTS~AUIPES~BUILD~DIST-ASSEMBLE

AdapterSrv. jar

AutoBldSyw . jar ] dist
common . jar b
estSru. jar A assembls

+-__] classes
+1-__| generated

v, jar
gins . jap
productire. jar
uEngine. jar

D:~aUuTPE-FNEY~ NPT FLR-TL.TR

[2) Deploy to run time environment ]

ant deploy

+
Open Source Dependencies

—

Services and Components I ——

=

AdapterSrv . jar

heam—1 _A._diar

common . jar

commons—conf iguration—1.2. jar
geoapi—2.8. jar

gribh. jar

gt2—api-2.2.0.jar
gt2—coverage—2.2.8.jar
gt2—epsg—uwkt-2 .2 _H. jar
gt2—geotiff-2.2.8.jar

———atdoindexed—-zshapefile-2.2 8. jar

Special Jars

Plugin Jar Files

gt2-main—-2.2.8.jar
gtZ2—referencing—2.2.0.jar
gt2—shapefile-2.2.8.jar
incuhator—activemo—4 _A_iaw
ingestSrv.jar
Jibx—run. jar

Jpeg2BB8. jar

JIS—1.7_jar

Junit. jar
lucene—core-2_80.A._ jar
notifvSrv. jar
productiry . jar

sqt . jar

uEngine. jar
units—w.Wl. jar
vecmath—-1.3.1.jar

§\\ .
——qgrih

grib. jar
JpegZ2BBB. jar

=~——plugins

plugins . jar
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Deployment Simplification

Raytheon

Build
Patterns

= Created a new GUI based installer
» Standard Linux Server Install for Server Side pieces
s Standard Linux Workstation Install for CAVE

= Windows Workstation for CAVE
= Procedure for clustering (Clustering Con-ops?)

/Linux Workstation\

*CAVE

sBasemaps

«Jdk
\eTOpo

ﬂ_inux Server 1\

* Edex server
«Jdk
*PostgreSQL
*Eclipse 3.3
*ANT 1.7

*Edex source code

&Edex Javadoc /

@in Workstation N
*CAVE
*Basemaps

«Jdk
\Topo )

Remote Mount

Data Partition
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AWIPS-1Il Deployment Simplification

Raytheon
Build
Patterns

s CAVE application and EDEX services installed using two

separate installers

— Each installer can install all files to the user’'s home directory.

i IzPacl - Installation of AWIPS EDEX Server B
Select the packs you want to install:
Mote: greyed out packs are required.
[¥| EDEX Server 267.67 MB
[¥ JDK 1.6.0ul 185 67 MB
[¥  PostgreSQL Server BE5.88 ME
[V Eclipse 3.2 132.25 MB
W Ant 1.7.0 37.24 MB
[T EDEX Source Code 4 KB
[T EDEX JavaDoc 4 KB
Description
EDEX Server runtime environment
Total space Required: 709.7 MB
Available space; 120.34 GEB
(Made with 1zPack - http://izpack.org/)
Previous | Mext Quit |
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AWIPS-II: Localization Pattern Raytheon

Localization

Enables SOA customization of configuration ——

= Localization procedure occurs at startup

— CAVE localization is controlled through Eclipse Preferences
— Extended Eclipse Preferences to use a XML data store

» Different approach to data since CAVE can work with large
data sets less subsetting Is required

= Localization is provided through two simple, unified interfaces
— Configuration for the server
— Localization for the client, with server synchronization capability

= Localization provides a multi-tiered configuration

— Base (standard national configuration values), Site for Server (any
values the site chooses to override)

— Base, Site and User for Client (values that the user overrides)
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Workstation (CAVE) Localization Pattern  Havitieon

. . . Localization
Uses UtilitySrv with a HTTP interface Pattern
EIE]

| vaidtimeseq ~ | cons - e (L [ < > M OB | B E & 2 7 MMM Foresite - tagito ~ Donsii10 « | FF [3 | wemeen | T 47
Ei ElHydro | D20 S5 Pane

ESB Sync Protocal

=lolx]

Itype filter text Localization =] T
[] onecivity Specify localization settings (requires a restart)
B ocalization
R — Usermarne: | FarifFit .
- Rendering Site: | ko EI{:I cave_config
Localization Server: | http:/fawips-dev1:9551 services At CAVE E"%_FET e CAVE Conflg
Log In User Name Start Up - {0 com.raytheon.viz.core
. Restore Defaults | Apply | E{:l koa
= Determines User Context - com.raytheon.viz.core
~ [Site Through Perferences ok | concel | B rayoma

I'_—'H:I cave_plugin

EIl:I site
1 cave B kkm | CAVE Menus
D Jmule - - EH:I ki
#-1 configuration Localization - L0 comraytheon.viz,site_1,0.0
20 ete Hierarchy B2 none -
D bundles {:I com.raytheon.viz.site_1.0.0

=1 cave_skatic
=] base Color Maps

{27 eolorfile

{:I colormaps E{:I calormaps
{:I skaticMenu -1 arid
“o ] wolumebrowser I swwe | | l:l LAMP
- [ - oL
{:I Profiler
----- Local Persistence - Radar
; B Sat
D wDrkSFIEIEE Of Current EID site
- . . " |-=:_|:| kS
Active Localization % .
: nane
User B0 user
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Localization Data —
Hierarchical Preferences, Menus, Data ...

Raytheon
Localization
Pattern

Base:
<configuration>

<textureCardPreference>128</textureCardPreference>
<textureMemoryPreference>384</textureMemoryPreference>
<framesPerSecondPreference>25</framesPerSecondPreference>
<tileBoundaries>false</tileBoundaries>
<connectionMethod>jms</connectionMethod>
<jmsServerAddress>tcp://localhost:61616</jmsServerAddress>
<dataDirectory>/awips/opt/data/hdf5</dataDirectory>
<fontMagnification>1.0</fontMagnification>
</configuration>

Site:
<configuration>
<siteName>KOAX</siteName>
<siteFul IName>0Omaha</siteFul IName>
<siteType>WFO</siteType>
<dataDirectory>/oax-awips/opt/data/hdf5</dataDirectory>
</configuration>

User:
<configuration>

<fontMagnification>1.25</fontMagnification>
</configuration>
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uEngine Task Execution Pattern Raytheon
Breaks up execution into small reusable tasks e

Pattern

= UENgine Vision: Create an execution framework for
generating custom SOA requests on-demand. Customer
systems can request products by script requests over a
network. The script performs small general units of work that
get chained together to produce a customer product.

= UEngine Implementation: Runs out of a SOA service
“ProductSrv” that is attached for I/O to ESB endpoints. The
UEngine executes scripts in a standard scripting language
that has been extended. Current scripting language Is
JavaScript and transitioning to Python with NumPYy for
iImproved algorithm performance.
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AWIPS-II: uEngine Design Pattern

Executes Commands to Transform/Fuse Data

N

Inbound Endpoint

Enterprise Service Bus

Outbound Endpoint

XML Msg [K5=%
Response

\

Service Container

<SOA Service>
ProductSvc

uUEngine

decode

[ . -

reproject

I .

Raytheon
uEngine
Pattern
— T
\ /
Meta Datal

HDF5 Persistence

FO1DE29344
D222234343

colorimage [}

IR Color

\

SOA Pluglns
Contains Extensions

T ]
imageOut Fe8

o

| ServiceResponse s+

L_|

- GeoTiff

<<abstract>>
ScriptTask

+init()
+object execute()

uEngine Enables Flexible User Requests/Response
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uEngine Scripting Changed to Python

Enables common scripting language, and numpy benefits

Raytheon

uEngine
Pattern

A uEngine Automatic Script Generation Users

IFPClient

PlotModelGenerator

Text Workstation

WarnGen

A\

(i.e)

g pr————

=== Volume Browser

o b ey

uEngine Script

.

JepPool

}-—mwm
|
—

CatalogQuery

Velocity Template

Engine

Velocity Template
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SOA Plug In: uEngine Tasks Extensions  flaviheon

uEngine

Eclipse IDE Views of Plug In Implementations S——

(#5 extensid .
= om/Oatellite Plug In
. @[]} package-info.java 997 1/30/0

=-[J} SateliteFlenameDecoder.java ¢

Plug Ins
3 -[J} SateliteHeaderDecoder.java 10 :
Each gets built & | ® 1) satelitewriter java 1168 37/ Note: Each Plug In Has a

_ uEngine Task Package
Packaged in a separately
Deployable Jar

-5 extensions/plugin-taf/src
-5 extensions/plugin-shef/src
(%% extensions/plugin-radar/sr

E

E

E

- extensionsfplugin-satellitefsrc\

- extensions/plugin-grib/src \
! . )

E

@---Eﬂ com.raytheon.edex.satelite
'---[E, SatellrteDecoder java 1083 2/

= EB com. raytheon edex tasks satellites
®-[J}} DecodelndexedImage.java 10

- extensions/plugin-radar/src

é---ﬂa com.raytheon.edex.plugin.noaa.imagery.radar

-[#} GateContainer.java 1133 3/3/07 3:05 PM brock
--DE.|5hefRec0rd.java 1076 2/24/07 11:47 AM garme
-[#} package-info.java 1000 1/30/07 3:18 PM mfega
-[5} RadarTier.java 1177 3/8/07 12:12 AM brockwod
L) Radarwiriter.jav -[7) GribRecord java 1170 3/7/07 10

1 rdeiconner JRAD A Plug Iy
I RadalContainer. F -[7) GribSeparator java 1083 2/26/07

E
B
B
B
-[Jy RadialLayer.java 1177 3/8/07 12:12 AM brockwd &-[1} GribSpatiallnfo.java 1058 2/22/07
B
B
B

E% extensiong .
=-f com.ra G” b PI ug In
- [} GribClassLoader.java 997 1/30/0
-[J} GribDecoder.java 1135 3/4/07 4

(5% extensions/plugin-metar/src
-5 extensions/plugin-mesowest/src

-[%} RadialLayer8bit.java 1177 3/8/07 12:12 AM brog -[7) GribWriter java 1168 3/7/07 7:34
-[1} SymbologyBlock.java 1177 3/8/07 12:12 AM br -[7) package-info.java 997 1/30/07 2
-[1} SymbologyLayer.java 1177 3/8/07 12:12 AM br -[J} UcarGribDecoder java 1170 3/7/
Elﬂa com.raytheon.edex.plugin.noaa.imagery.radar.level2 =3 com.raytheon.edex.plugin.noaa.grib
&-[1} Level2BaseRadar.java 1177 3/8/07 12:12 AM br -[7) GribMsgDecoder java 1170 3/7/

Elﬂﬁ com.raytheon.edex.plugin.noaa.imagery.radar.util -[7) package-info.java 997 1/30/07 2
&-[1} RadarUtiljava 1177 3/8/07 12:12 AM brockwoo —ﬁ COM.raytheon. edex. tasks.arp

=-#} com.raytheon.edex.radar [} Degrib.java 1141 3/5/07 10:37 A
- [J} RadarDecoder.java 1133 3/3/07 3:05 PM brocky [} GribContourLinejava 1117 3/2/0

H
H
l [E. RadarRecord. ]aua 1133 3/3/07 3:05 PM brockw - [7) GribImpacts.java 1117 3/2/07 8:
H
H

[l

[l

2:12 AM bro -[7} GribMap.java 1098 2/27/07 8:58
- [} package-info.java 997 1/30/07 2

— Ch Aol ol l
=i com. raytheon edex. tasks radar

- [f} DecodeRadarimage.java 1177 3/8f07 12:12 AM

oy OO0 OO o OO e IO
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uEngine Task Execution Pattern Raytheon
uUEngine

Enables highly flexible SOA request/response Pattern

Metadata Fields
Defined by SOA

Plug In
/’ ‘\ 1 include{"SatelliteRequest.js");
. 2 var dataRequest = new SatelliteRequest();
<<SOA Service>> 3 dataRequest.requestImage{true);
ProductSrv dataRequest.setCount(1}); _ _
. dataRequest.addParameter (“physicalElement™”,"Imager 11 micron IR™};
+receive() 6 dataRequest.addParameter(“sectorID","Alaska Mational");
7 dataRequest.addParameter{"dataTime","2008-81-22 14:45:15.8");
\ <<Java Class>> 8 dataRequest.setColormap{"Grid/gridded data™);
. : 0 dataRequest.reprojectImage(false);
B UEnaineScript 18 dataRequest.setFormat({"png"};
run() 11 dataRequest.execute();

+setupSubscription(script)

<<Java Class>>

UEnaineUtil
+convertFromJsToJava()

— Provides

Interface
To Scripting Language

Output Product in ’
Response by Reference
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UEngine Scripting Overview Raytheon

uEngine

Enables SOA scripting of scientific algorithms -

= Goal: Provide uEngine scripting in a language suited for
scientific algorithms while enabling high performance

» Uses standard Python with JEBB for a bridge to Java
— Uses “numPy” with it's numerical data types and functions
— Includes interface to Fortran library “Linpack” for linear algebra

— Includes interface to “BLAS” for taking advantage of multiple
processing chains in modern CPUs for improved performance

= UengineScript class, simply call setScriptText(String
javaScriptCode) and run()

= Extend ScriptTask, Basic POJOs with an execute() method
= Tasks only operate on one object (loops at the script level)
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ProductSrv Changes o

JavaScript uEngine Language & DB for Subscribe | paiem

function MetarRequest(}{
this.subscribe = true;
this.subscription = new Subscription(};
¥
function metarQuery(}
{
var query = new TermQuery{"metar");
query.addParameter{"reporttype”, "HETAR");
query.addParameter{"stationid","KDBN");
query.setCount({3};
this.subscription.setup{query};
var queryResults = query.execute();
return makefisciiResponse{queryResults);
H
function makefAsciiResponse{queryResults) . . .
{ uEngineScript(script)
var x¥mlResults = new Array();
var response = new Array();
For(i=0; i E queryResults.size(); i++) \
{
var toXml = new DataToXml{queryResults.get(i}};
®mlResults[i] = toXml.execute(); .rU|1()
var makeResponse = new MakeResponsefscii{queryRegwvarcogroasrmenesoxzc3[1]);
response[i] = makeResponse.execute(); v
H
return response; Subscribe »subscribe(subScript,dataURI,scriptID)
H
HetarRequest.prototype .metarQuery = metarQueryl N *
HetarRequest.prototype.makefsciiResponse = makeAsciiResponse;
var dataRequest = new MetarRequest({); SUbSCfleDAO
dataRequest.metarQuery(); P y'y
Q—ipostgreSQL MetaData|'>
script —
colLOMM_maMe | Isubscription
key COLUMM_MNAME
parentid key
A 4 scriptid datauri
‘End’ script count

2/12/2009 | Page 45



AWIPS-1I GIS Capabilities — GeoTools
GIS Data Types, Transforms, and Display

Raytheon

GIS
Capabi

lity

» DataStore and Data Formats
— ESRI Shapefile (Read/ Write)
— WFS Web Feature Server (OGC) (Read / Write)
— PostGIS geometric objects for PostgreSQL
— GML Geography Markup Language
— GeoTIFF geo-referenced TIFF image

= Coordinate Transformation (OpenGIS CTS)

— Map Projections (Mercator, Transverse Mercator, Lambert Conformal
Conic, Albers Equal Area Conic, Stereographic, Orthographic, ...)

— Math Transform
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Page 46



Map Library Capability — Map reprojection HRaviheon
Transform Ingested Data to Display Projection S

GIS

« GeoTools builds a transformation Matrix that gets reused in transform operations.
» The Transformation matrix can be build up through a series of transforms.

» Used In Barnes Analysis Pattern to calculate distances.

» Degrib Task uses GeoTools to dynamically define projection data (I.e. NCEP hur.)

CoordinateReferenceSystem
GridGeometry2D
Bufferedimage

<<Java abstract Class>>

<<Java abstract Class>>

ShapefileQuery

Task +execute()
+execute()
W\ <<Java abstract Class>>
Shapefile
+execute()
<<Java Class>>

Reprojectimage

+execute() |

{MathTransform ...}

GeoTools |
Reprojectedimage
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Map Libraries Through GeoTools + JTS

JTS Topology Suite Spatial Operations Java API

Raytheon

GIS
Capability

Computing Spatial Relationships
» Shape File Intersect Demonstration
* Distance Tool Demonstration

Method Meaning

Equals The Geometries are topologically equal

Diszjoin The Geometries have no point in commaon

Intersects The Geometries have at least one point in commen (the inverse of Disjoint)

Touches The Geometries have at least one boundary point in common, but no
interior points

Crosses The Geometries share some but not all interior points, and the dimension
of the intersection is less than that of at least one of the Geometries.

Within Geometry A lies in the interior of Geometry B

Contains Geometry B lies in the interior of Geomeftry A (the inverse of Within)

Overlaps The Geometries share some but not all points in common, and the
intersection has the same dimension as the Geometries themselves

_ Overlay Operations

Buffer Operations

—
1 LI}
[

af 1\.- 1
A
\.—"""

Polygonization & Quantization
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Spatial Table Refactor — Geo Spatial Raytheon

Postgis extension to PostgreSQL Ca;f}my

= Geo Spatial Enabling Data
Chosen Approach: Create Static Spatial Tables in PostgreSQL
« PostGIS extension: Free, simple, high performance

Input / Output:
« All ingested data is spatially indexed and can be spatially queried
« Can create Shape and GeoTiff output

//’7 PostgreSQL Data Base \

N gid rda_id rpr A Aee [trnmartabay who_id eqp_ely name lon lat eleymeter (the_geom ’/
[PK] serial | character varying(4) [ch r ad ar_S p ati a| character varying(4) numeric character varying{36) | double || double double pre| geometry
1 |TF'.D'I.I'u' 300, woosooon |LWE 48,1500 Andrews AFE, MD 38,605 10550652 01010000004
grid description nx [nw [ ds dy Crs COYEerage ‘

PK]integer |character varyinin - - double pre/ character varying(204 7’ geometr
[Pk ]integ N gnatial_grids P er varying(2047, geometry
7 1.5, Area; usedin I 81 — 65,153 PR.OICS["Polar Stereographin 0103000000010
gid icao wmoirday  nama PR lcbate wmoregion | elevation | upperairelev: rbsnindicator| stationgeom |upperairgeon
[PK] serial character var intege S p at | aI 0 b S Stati ons ta|integer integer | integer character ¥ar geometry geometry
i |acEH Q1520 ¢t et [t | —ort e+ it e 5 a a F 010100000094¢
id description | e [~ [~ crs coverage
[PK] ch| character varying{Z55) |i S p ati a| S ate| | ite character varying(Z20 geometry

| TCFO1 |Multi-5atellite Campasite bz LueT pueT PROICS["Palar Stereogrs 0103000000010
; p sershiy . \\ //
)
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Legacy Adapter Pattern Raytheon

SOA enable legacy application functions ﬁiiitrenr

= Legacy Adapter Vision: Enable command line functionality

to be brought in the the SOA service flow
Command Line

Application
AdapterSrv
“process() exec with arguments stream output
Adapter
Canonical XML
StreamHandler ProgramOutput
Message
Fetart Command
& | Response
Arguments
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Legacy Adapters Pattern Raytheon

s Adapter
AdapterSrv Receives XML messages of commands | p.iern

AdapterSrv
<<Java>>
AbstractMsqSrv <<Java>>
+onCall() ProgramOutput
{ JIBX } +process() +toXML() [ JIBX ]
unmarshall XML f‘: T
\
<Java>> <Java>> <<Java>>
____Command ____ AdapterSrv ProcessBuilder |
+hame +process() +start()
+arguments| ] +getinputStream()

<« Y

Enables Command Line Process to run as SOA Service
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Legacy Adapters Pattern Raytheon

uEngine Runs Command Within Action Script ﬁiftztrenr

. <<abstract>> j -

Task
+onCall()
+process()

AN

<<Java>>
ExecuteCommand

L +execute() JIBX
Al marshall XML J

<<Java>>
Command

AdapterSrv

+name
+arguments ]

uEngine Can Run Command As If It Was Part of the Script
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Data Notification / subscription ';agﬂhﬁtﬂn

Enable Automation of Products and Clients -

= Notification / Subscription Vision: Automate product
generation and client product display based on new data
Ingested.

= Implementation: Any uEngine script can be made into a
subscription based on ingest of new data or a time schedule.
— New data triggers the execution of the cached uEngine script
— The resulting product response is placed on a JMS Topic
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CAVE Data Notification + Subscription

Data Matched to Menus by Optimized Decision Tree | paien

Raytheon

Subscription

EDEX

1 |

Data Item
IngestSrv
Build Data URI
IndexSrv
|
Data URI List
1 qguartz Timer
7 105y
Data URI ) fs 2
Aggregator| | ?:} ./

(topic:edex.alerts)

CAVE DecisionTree
B3 GoEs High Dansit, [FIEIEL @AVE StartUB Quinlan ID3
e —rT— Algorithm
e T R | AlertJobStarter T
Visikile Plot {1 F8 ] |
EE'L:. 7.0u Flat EZET;' Menu dataURIs
Waker Vapor 7,40 Plot  U2.1800 I < URI Catalog
By Leeyi Whineds |
Liny a | (Message Received
B (vossae Received) N
WP Lawer Flat 100 i
wanra Layer Fiot E"’qr AlertManagerJob
S00hPa Layer Plat pza000
fUhPa Layer Aot 1600 |
BSORP Layer Fot 021800 i N~
Ly R | ingested dataURIs
\\
EDEX
AutoBIldSrv Script Ids NotifySrv <
gostGreSQL: \
@ic:edex.subscript@ Tag:e: SUbSC|fiIOti0n|
Table: scripts

N

" Check scripts for URIs
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Alerting Pattern Based on Ingest Raytheon
Warning GIS located on Map and Displayed Tree ’

Pattern

+ CAYE [

File Edit Help

Reset Clear Projection - AddLayer - g -:- E

Cree A OK DN TFOOLAALASENON QW 40 | warngen

T | [ alerts Perspective [ Default Perspective

£ map x| = 0|3 alerts 23 =0
\

Alerts:

ascii

File://../data/sbn/ascii I

ESB RegExFilter Ii
|

re TSkarm WWarnine

ol
KE' re TSkarm Warning
KEW: Sesere TSkorm Warning
KEW: Severe TStorm Warning

Message Texk:

o 1=
Fan Out Routi ng \lvvuususquwa 130249
SYREW,

THC325-130315-
JOMEWY KEW:, 5%, W, 0012,070313
TO249Z-070313TO315Z)

BULLETIM - EAS ACTIVATION
REQUESTED

SEVERE THUMDERSTORM

i ARNING

MATIONAL WEATHER SERVICE
AUSTIN/SAN ANTONIO T

9449 PM CDT MOM MAR. 12 2007

THE MATIONAL WEATHER
SERVICE IN AUSTIN SAN ANTONIO —
HAS REISSUED THE

A\ 4

=
warning
jms://cp/tstormwarning

* SEVERE THUMDERSTORM
WARNING FOR THE FOLLOWING
COUMTIES...

MEDIMNA

*IUNTIL 1015 PM COT

* AT 942 PM CDT.. . NATIOMNAL
WEATHER, SERVICE

Locate Zooms In

METECRCOLOGISTS HAYE j
To Warning Area on Map =
Remove
Clear

3421, -99.08
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Raytheon

Subscription

Repository Refinement outterm

= Subscription added to PostgreSQL data base
— Server state data simplifies clustering

= Configurable Purge Retention Period
s Performance enhancements with indexes on metadata

—  |PostgreSQL DataBasd

aid : key parentid scriptid script insert_time
SCri ptS[PI(] integer |integer character var bytea timestamp with time zone
Q530523 |92528?1 Q262870 subscriptiontest| <Binary data> |2007-05-29 22:37:35.269713+00
. inti datauri count |insert_time
D"JSU bscri ﬁ)Lt.I 9{! hteger |character varying(512) |integer | timestamp with time zone

9630522 9262870 KOARI19] +7] + 1 //
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AWIPS-II: Architecture Topics

Raytheon

Architecture

= Architecture Introduction
= Architecture Overview
m Architecture of SOA Service
m Architecture Patterns
— Plug In pattern
— Build pattern, Localization Pattern

— uEngine pattern, GIS capability, Adapter pattern
— Notification/Subscription pattern

n| Data Model

= Visualization

= Server Execution
= Hardening

= Security
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ADE Data Model Introduction Raytheon
Canonical XML SOA Interfaces Excluded Data Model

= Data Access Layer Implementation Using Hibernate
= Data Access Object (DAO) Concept Leverages Hibernate

= Data Persistence Through HDF5 Why?

— High performance gaming level interactions supported
— Chucking of data records supports visualization tiling
— Flexible retrieval supports 4D rendering

— Streaming compression

= Meta Data Implemented in PostgisSQL through Inheritance
— Defined only in plug ins, drives Data URI

= Base Object Model is Extended in Plug Ins
= Data URI Concept Ties Everything Together
= Purging Concept of Circularly Repository Structures
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ADE Conceptual Data Model Design
/O Formats Follows Existing Standards

Raytheon

Data Model

Input Formats

* grib1/2
* GINI

« ASCII (WMO, shef, ...)

* Radar Level Il

Output Formats

« Vector: ERSI shape file, SVG, Redbook
« Raster: GeoTIFF,png,jpg

» Text: Canonical XML, WMO Bulletins...
* VTEC warnings

- # e

Data Flow

Internal Object Model

AN

SEST=

\

<: Request Formats
» Canonical XML

.

A sy o8
I y Decoded Data Access
ngeste Persistance
Persistance Respository Layer
Respositor : Metadata
Y y * Flat Files
* Flat Files « HDE5S Index
Raw Storage Model Decoded Storage Model MetaData Model
e Transmission Formats * RDBMS Schema * RDBMS Schema
 HDF5 model * HDF5 model

 Static data model
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Data Access Layer API Raytheon
Hibernate Leading Object To Relational Approach |DataModel

= Solves Fundamental Problem of Impedance Mismatch

= Maps between Object Model and Relational Data Model

= Provides Object based Query Facilities

= Improves Performance over JDBC, Designed for Clustering
s Reduces Code Count Improves Productivity

= Built in Support in SPRING

Internal Object Model

< = % HIBERNATE|=>

Hibernate Enables Meta Data Performance and Adaptability
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Hibernate XML Object/ Relational Mapping Haviheon

Defined in SOA Plug In: Enables Adaptability

Data Model

Satellite Plug In
satellite.hbm.xml
SatelliteRecord.java

Data Object Model

<<abstract>>
AbstractBlobDataRecord

table="satellite">

{id name="id" column="key" type="java
{generator class="native" />
{Fid>

{property name="datalRI" column="data
type="java.lang.String"/>

<property name="'product_type" columm=
type="java.lang.String" />

<{hibernate-mapping default-lazy="false" schema="awips">

{class name="com.raytheon.edex.satellite.SatelliteRecord”

-lang.Integer">

ZN

SatelliteRecord

""" Imapping

“product_type®

-product_type

-datatype

* % %

<<Java>>

Plug In Defined

Object to Relational

Mapping by
Hibernate XML

awips.gatellite

S ke int<

awips.satellite_1

Data Object Model
Extended By Plug In

Follows Base Model

Plug In Enables Adapting To New Data Types

2/12/2009 | Page 61



AWIPS-II: Data Access Pattern Raytheon

Designed to Support Clustering Data Model
DALconfig.xml / Mule ESB \ Enables Thread Safe I
Access
*dataSource /SPRING Dependency
hibernateProps —) Injection Container
°sessionFactory\ SPRING'S 7~ <<abstract>>
eDAOS _ HibernateDaoSupport
Hibernate > +getHibernateTemplate()
| _Support +getSession()
SessionFactory} +getSessionFactory()
ssavass \ —/\[C3P0 JpBC 1
Datal ayer EanEstan <<abstract>>
+saveMetadata() . ; : BaseDao
: mappingJarLocations Pooling
pil e e, +persistMetadata()

+findPluginVersion(plugin)
+executeQuery(query) plugins/**/* jar
+executeUpdate(query)

+findMetadata()
+findPluginVersion(plugin)
* hbm.xml +executeQuery(query)
+executeUpdate(query)
+generateTable(tableName)

a

<Java>> <<Java>> <<Java>>
DirectQueryDao BlobDao TextDao
+ + +
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SOA Plug In Defines a Meta Data Table Set Haviheon

Each Plug In Also Defines a HDF5 set

Data Model

[namel] Plug In

o O O

[nameN] Plug In

Dynamic Meta Data
Schema Follows Rules

_ RDBM Meta Data—__

Circular Series

<<table>>

JHDF5 Repository|

Circular Series

<<table>> PluginVersion
El dat
namel ;} ata p——
| Data URI Creates HDF5 Record Sl_tlrglchr
. _| 1 OO
<<table>> . 11
o name
Namel 1...n 112 !
| -] 14
N — w01 15
OOO =0 s
-1 19
w2
) -] 20
B 21
<< >> L
table o
nameN w00 23
BE
<<table>> 8-
NameN 1...1 =017
\—/ ...J 5
B0 9
v

Flexible Data Model is Plug In Extendable To New Data Types
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Plug In Creates New MetaData in RDBMS  Rayiheon

Uses PostgreSQL Table Inheritance and Rules Data Mode!
M <Java>> Auto generates Meta
TableDDLGenerator Data SChe:jna At Plug
- In Load Time
* | | +setTableDefinition()
db.xml| / +generateDDL ()

+createPartitionTables()
+createRules()

+getPurgeDDL()
_/
<<table>> <<table>> Insert Rule
PluginVersion satellite
. ______|Chooses Sub Table
Name -product_type _ _
tableName datatype  |AS Function of Time
Version * k& |
hibClass
Circular Series of
<<table>> Sub Tables Enables
satellite 1 ... N A Self Maintaining
Schema
Sub -
Tables
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Meta Data Demo Raytheon
Using CAVE’s Volume Browser Data Model

| Dynamically Populates Select Boxes Through Catalog Queries |

SOA Service
ProductSrv

'est COMUS

Canonical XML Message

Query Meta Data For Catalog J == == =" |—————=—=———-- |
; <Tavas TS
| |_Datataver |  All New |
= I b :
s l Hibernate |
Battom Contour: [ 0.0 Top Contour; [0 Interval; [1.0 | — 1 —— I
] e | : MetaData Store :
| <<table>>

| satellite :
I |

|
I <<table>> |
I satellitel 1. |
. — ;

|
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Refines DataURI Concept Raytheon
Key for System Adaptability to New Data Types Data Model

» DataURI is a reference to data in the data store (i.e. D2D
Data KEY)

= Enables Automatic Subscriptions For all Ingested Data
= Automatically ties data persistence to meta data

= Enables Plug In Extendibility to new data types with
changing any base code

= 105 implemented a design for automatic generation of
DataURIs
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Meta Data Model Drives DataURI Raytheon
Auto generated DataURI couples HDF5 to MetaData|Dbata Model

Auto Generates Data
URI references from

- XML Definition
Satelllte P|UC] In And Meta Decode of
satellite.db.xml Ingested Record

SatelliteWriter.java IngestSrvi

<columnDennitionzs <<Java>> /
<namexzarea_subtype</name:» Pluain
<calumnType=warchar</columnTypex

sconstraintTypes=none</constraintType> +getDataURI()
sprecision=32</precisions +getMatchURI() <<Java>>

<scale=0</scales SatelliteWriter
| =datalURIztrue</datallRI= | Example Data URI

::fcr[\;mn[)eﬁnitiun:: From a LOG File

datalRI =
HDF5 Repository

XML Meta Data RDBM Meta Data & sariie s

Definition File <<table>> > Satalite

Tag Specifies If satellite ? @ Images

Element is Part of { ¢ G GOES
Data URI \J;g.-:.._ LS
& g OOES_EAST
7 @l Imager_11_micron_{IR3
o= 20 2007-0315_05:00:94.0

N

Plug In Enables Adapting To New Data Types
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Data Persistence Using HDF5

HDF5 Files In Time Ordered Bins Like MetaData

Raytheon

Data Model

Circular Time Bins

Y
El@ data

B0 1
-1 10

Jawips/opt/data/hdf5

l.e. Autogenerated dataURI ties Metadata to HDF5 Record

datalRI = [/7/0/86/211/2007-03-15 1Z:00:00.0/Total precipitation-3 hour/surface/surface/S

-0 11
- 12
- 14
&1 15
0 16
-0 17
D 18
-1 19
=]z
e
- 21
#4022
#4123
H0 03
D 4
D 5
=] 6
=07
=18
R

A 4

[B] satellite.ha
7 @ Satellite
o @ Images
o @ GOES
o i@ East_COMUE
¢ @ GOES_EAST
o @ Imager_11_micran_{IF)
o= £ 2007-03-15_05:00:14.0
o= 20 2007-03-16_05:30:14.0
o= ) Imager_12_micron_{IF
o= C ) Imager_3.9_micran_{IF
¢ @ Imager_Visible
o @8 2007-03-15_05:00:14.0
8 Data
o i@ Data-interpolated
iz
1
izl

o= (L) 2007-03-158_05:30:14.0

PlugIn 1

o (C) West_COMUS

(&] arib hs
@
P @o

Plug In 2

¢ @
¢ 211

¢ @ 2007-03-15_05:00:00.0

¢ @ Convective_precipitation-3_haour
o @ surface
o @ surface
@3
B Data

o= () Geopatential_height
o= ) Large_scale_precipitation-3_hour
o~ [2) Mean_sea_level_pressure_MAPS
o= ) Potential_temperature
o= () Precipitation_rate
o= () Pressure
o~ [2) Pressure_vertical_velocity
o= ) Relative_humidity
o~ L) Temperature
o= [2) Total_precipitation-3_hour
o= 23 u_wind
o= ) v_wind

IIE radar.hs
¢ @ KAER
7 @1
T @ns
¢ @ 2007-03-15_04:58:37.0
B Data
o= (2 2007-03-15_05:08:14.0
o= 2 2007-03-15_08:17:52.0
o= (20 2007-03-15_05:23:36.0
o= (2 2007-03-15_05:29:20.0
o= [T 2007-03-14_05:35:04.0
o= [C) 2007-03-14_0540:49.0
o= 00 2007-03-15_05:46:33.0
o= 2 2007-03-15_05:52:18.0
o= (2 2007-03-15_05:58:02.0
o= () KARK
o= ) KAk
L

Plug In 3
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Data Persistence Using HDF5
Application Code Interfaces Through API

Raytheon

Data Model

Plug In Code
Using HDF5 api

<Java>>

SatelliteWriter
+write(record)

{ dataStore =
(HDF5DataStore)
DataStoreFactory}

<<Java>>
DataStoreFactory

<<interface>>
IDataStore

+addDataRecord()

<<iInterface>>
IDataRecord

+get|setDimension()

+store()
/\

+get|setName()
+get|setSizes()
+getDataObject()

<<Java>>
StorageProperties

/N

+retrieve()
<<Java>>

HDESDataStore

+getDataStore(file)

+addDataRecord()
+store()
+retrieve()

<<abstract>>
AbstractDataRecord
+get|setDimension()
+get|setName()

-writeHDF(group, record)

NCSA

+get|setSizes()
+getDataObject()

-createGroup()
-un|lockFile()

.

<Java>>

ShortDataRecord

<<Java>>
IntegerDataRecord

<<Java>>

<Java>>

FloatDataRecord

+get|setShortRecord()

+get|setintegerRecord()

ByteDataRecord

+get|setFloatRecord()

t+get|setByteRecord()
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uEngine Using the Data Access Layer Raytheon

Single APl enables uEngine to access all data Data Model
A3 UEngine +)
<<Task>> <<Task>>
SpatialQuery TermQuerylndex
+execute() rexecute() |
\_ / N\ J
Results = — s n —
datalLayer.findMetaData = OO
<<Java>> - E] zatellite hs
Datal aver (plugin, ! ii*l*
+saveMetadata() fields[], @ oes
+indMetadata() operands[], e
+findPluginVersion(plugin) values[] @8 imagar 11 micron_ R0
+executeQuery(query) i /)D 2007-03-15_05.00:14.0
+executeUpdate(query) sort, count)
createMetaDataMap(

Dynamically

Creates URI Reference
to

Data Record
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AWIPS TO10 Improved Purging Flexibility  Baytheon

More flexible metadata purging

Architecture

Added new interface to plug-in

pattern to enable specific plug-ins

to have custom purging rules

Default plug-in purging based on
retention time stored in the plug in

Quart Timer Once / hour

registry table <java>
DefaultPurgerimpl
name databas initialized retw .
[PK] characte character vat boolean | integer at real
 faire, metadata TRUE 24 airep 1
| birlightring metadata TRUE 24 binlightning 1 <j ava> H D F5 d | recto ry tree
| | bufrmos metadata TRLE 24 bufrmos 1
|| bufrua metadata TRUE 24 bufrua 1 GfePu rg er
| |ccfp metadata TRUE 24 cefp 1 30 day & hour
| ofe metadata IBLIE d gfe 1 -
|goessounding | metadata <p|ug| nreg iStry> goessounding |1 igsgi:}ﬁge - h5
| grib metadata qrib 1 grib.hS
| modelsaunding | metadata P|U9_|nf0 Table modelsounding |1 Delete Referenced HDF5 ﬁleS bhinlightning.hS
|| obs rmetadata TROE Zq obs 1
pirep retadata TRLE 24 pirep 1 satellite.hS
| poessounding  metadata TRUE 24 poessounding |1 ran:]_ar - h5
e : grih.h5
|| profiler mekadata TRUE 24 profiler 1 binlightning.hS
| |radar rmetadata TRLUE 24 radar 1
| recco metadata TRLUE 24 recco 1
| redbook rmetadata TRLUE 24 redboak. 1 G F E PI u g I n
|| satellite metadata TRLE 24 satellite 1
| |sfcobs metadata TRLE 24 sfcobs 1
By shef ihfs TRUE 24 zunspecified= |1
taf metadata TRUE 24 taf 1
et fxa TRLE 24 zunspecified> |1
WarTing metadata TRUE 24 Warning 1
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AWIPS-II: Architecture Topics

Raytheon

Architecture

= Architecture Introduction
= Architecture Overview
m Architecture of SOA Service
m Architecture Patterns
— Plug In pattern
— Build pattern, Localization Pattern

— uEngine pattern, GIS capability, Adapter pattern
— Notification/Subscription pattern

s Data Model

= | Visualization

s Server Execution
= Hardening
= Security
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AWIPS-II: Visualization Overview (CAVE)  FRayiheon

Built from Eclipse RCP Plugins + is Extensible Visualization
moe —— i
CAYE File Edit Yiew Options Todls VD'UI’::E; Obs MCEP/Hydro Upper Air  Satelite koax Radar SCA:\I- MaE :elp . i e . Ecllpse RCP 34 XML
Jﬁ‘; ‘ DAk <O MO NES r G - me0 oo - [FF S| wanon er Localized Menus & Tool bar
, — - GIS Display
/ ' , All data layers map projected,
scriptable, and subscribable

High Performance Image Rendering
GPU Shader Language Controls of
(Projection,Color, ..

QUAD Tiling of Raster Data
World Wide Google style

zoom/pan

Data Samplinq/AnaIvsis
’ Through raw data load

GIS Whiteboard Collaboration
Projection independent whiteboard,

VolP, Chat

: ‘ — Animation of All Data
High Performance Vectors -~ All displayed data automatically

Through Vertex Array Interface qundaries under subscription

Tomewe ' Thick/Thin Client
| | Through ESB Endpoint

Enterprise Service Bus Data Connections

Advanced GIS Visualization Enables Gaming Interactions
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CAVE Enhancements Raytheon
Most Significant Update Since Project Began Visualization

» Eclipse RCP 3.4 based, GeoTools 2.4, JOGL 1.1, Velocity, and batik
= Entirely new raster rendering implementation based on raw float data
= New raster tiling concept using HDF5

= New color map rendering concept

= New GPU mechanism for map reprojection

= Implemented Display Bundles

— JIBX extension for Resource to Bundle mapping enables quick adaption to new
visualization resource

= High Performance radar rendering similar to D2D all-tilts
— On demand rendering

= Active raster pixel data integration
= Warning generation with “Velocity” parsing of templates
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AWIPS-II: Example Data Fusion in CAVE  Hayiheon

GIS display of raster, point, and vector data

Data Spatially and Temporally Correlates

Visualization

Weather Satellite
QUAD tiled display raster data

Lighting Strikes
High frequency point data

converted to vector display

Point Weather Observations
Text base observation
converted to vector display

Geo Political Maps
Shape File rendering for ERSI

Map data

Complete Layer Controls
Order, Color, transparency,

visibility, Active Layer

Automatic Subscriptions
All displayed data

automatically under
subscription and animates

Automatic Data Fusion for All Ingested Data
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Raytheon

AWIPS-II: Leverages Eclipse Perspectives —
Enables Multiple User Interfaces Visualization

(eather WorkstatuD erology Workstatch @aphical Forecast Edit@

——--w-o-:: € MOE NES T EE v s it (JF T s WV T =t =i
3 1 J W - -

g

'ﬁﬂiﬂmiiilé

< ESB >

Localization

- — — : _ XML Driven Menus
| * Perspectives leverages entire set of CAVE eclipse plug ins Color Tables

* Each perspective can have unique menus, toolbars, and dialogs : :
_ _ _ Scripts + Config
* User can actively switch back and forth between perspectives Maps
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CAVE Menu Extensibility — Eclipse 3.3 Raylhoon
Configuration Preferences, Menus, Data ... Visualization

<pxtencion

plugin.xml

, , Men
File Satelite™ Help

Add L Er|‘|J [wor n -l
LB & 1k <

Fault Perspective com.raytheon.viz.ui.loadBundle”
theon.viz.sat.irWindow™ KmapDescriptor>

indow" {resource class="cum.raytheun.uiz.satt) (j I I
" <{properties> U n e .XI I I

{value field="colorHap”>COLORMAP { TIF_default ji;valuer
oductURI™ {wvalue F%Eldj:culurnaphin:>ﬂ.ﬂ(fualue)

. <value field="colorMapMaxz'">255.8<{/value’
Satellite/Images/GOES/East_CO <value Field="contrast">»1.8<{fvalue’
{value field="brightness”>1.8<{/value>

i “interpolationState”>false{/ualuer

CAVE satellite
plug In

J Ratak

<fparameter’
<{parameter
name=""productHame"
value=""IR Window">
</parameter’
parameter
name=""bundleLocation"
value=""etc/bundles/IRWindow.xm]l
paraneterp] |_references bundle
mand:

Menu fields update
Automatically through
the AlertManagerJob

as datais ingested

ar dataRequest = new SatelliteRequest();
dataRequest.setCount(8);
dataRequest.addParameter ("satellite"” ,"GOES");
dataRequest.addParameter ("parameter™,”Imager 11 micron IR");
-setSortValue("valid_time");

.addParameter {"area_subtype","East COHUS");
;4Svalue

{resourceProperties’
{islisible>true<fisVisible>
<{opacity>1.8</opacity>
{islLabeled>true<fisLabeled>
{isHoverOn>false<{/isHoverOnZ

P ies>

Embedded uEngine Script
Retreives and transforms
data for display J
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Raytheon

CAVE Menu Extensibility Pattern
Leverages Capability in Eclipse 3.3 Visualization

I CAYE
File Edit | Satellite koax Help :
CAVE satellite Plug In
L & IR Window 0. 1431 g
S 08, 1431 =ar
J B Ju'u'isihle 08,1431 > |77 &

5y | I Default Perspective

plugin.xml

T Map &3

<plugin=
- <extension point="com.raytheon.viz.core.resource">
<resource class="com.raytheon.viz.satellite.rsc.SatResource"
factoryClass="com.raytheon.viz.satellite.rsc.8atResourceFactoryAdapter" nam
recordClass="com.raytheon.edex .plugin.satellite .SatelliteRecord" /=
< fewtensions

<extension point="org.eclipse.ui.menus"=
zmenuContribution locationURI="menu:org.eclipse.ui.main.menu?after=edit">

<menu id="satellite" |label="Satellite"=
- zcommand commandld="com.raytheon.viz.ui.loadBundle" id="com.raytheon.v
zparameter name="productURI" value="/Satellite/Imaqes/GOES/East_COMN|
<parameter name="productiName" value="IR Window" />
<parameter name="bundleLocation" ualue:"etcfhundlestWw.xml" b=

<fcommandz

Bundle IRWindow.xml

uEngine Script to
Retrieve loop of data
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Workstation Menus / Toolbars / Rendering Haviheon

XML Configurable Menus + XML Bundles Visualization

i M Ll e e Vel Shee b (DSl L b el e Saibe B

Smm e
S - i) ®wol vyEd< vENE re=s-n .ui.personalitles.awips
' plugin.xml

plugin.xml

<.site. (from localization)

XML Display Resource Bundles

Commands W \
~19 Map
plugin.xml
Commands IsetScaIe | ~11Plots
Parameters | RadarDisplayControls P — } =30 Display
Menu labels | Resources
menuRetrieval = productURI :>< 5 Red
productName adar
variableList d 11 Models |
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CAVE Display Bundles

Enables Adding Procedures and Display History

Raytheon

Visualization

=1oix|

—

File Edit Help

XML Document
Bundle Definition
+layers

+color maps
+line widths

EaRa%.3

JREset Clear Projection = Add Layer -

JERDtataQ@OIK JBPBEOD AL SR NON DE Y|
ﬁ [E Alerts Perspective | [T Default Perspective

T

{resource class="com.raytheon.viz.core.rsc.radar.
{properties>
{value Field="colorMap">COLORHAP { radar }<{/val
{value Field="colorHapHin">@8.8{/value>
{value Field="colorMapHax"»255.8{/value>
<{value Field="contrast">1.8<{/value’
{value Field="brightness">1.8{/value’
{value Field="interpolationState">false{/value>
{/properties>
{resourceProperties>
{isUisible>true{/isUisible>
{opacity>@8.925{/opacity>
{isLabeled>true{/isLabeled>
{isHoverOn>true{/isHoverin>
{/resourceProperties?
{/resource>

RadarResource'>

ue
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Raytheon

CAVE Visualization — Service Endpoint

Enables Gaming Style Data Interactions Visualization
S el ——Flipse RCP 3.2 — Plug In Extendable I
fesst Clowr Projection « AddLoyer < J e @ ]\Plug In for Warn Generation Added
[ rotate O [ & K < )))I@Dﬁdﬁdfgr\wg\|g‘@|\’
| [ Merts Perspective | [ Defalt Perspective Radar Rendering Uses I

e, X . _ . ____° Dynamic raster tiling

o D i ﬁu Shader Language Rendering
Added Bundl ith Save / Retri N ~. BET Controls (Color, ...), Animation
ed Bundles with Save / Retrieve >

_ /mew Quad tiling of large raster
Sets leverages HDF5 chunking

\I

Active Raster Data
ot wterrogation

Dynamic map reprojection using
GeoTools Transforms& GPU Warping
o N—

\ :l All Tilts Keyboard Controls |

. !
i |

- ) G
|| 40,36, -95.62 | J
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CAVE Radar Rendering
Radial Data Gets Tiled Dynamically

Raytheon

Visualization

+CAVE _ioi x|

Fle Edt Help

7
JREsEt e Mg o Algm o J @ - E

[Hree GO @@ AEBEOD A A5 KO
3| £ efeut Perspertive

<<interfaces>>

ICAVEResource
IColormappableResource
[ImagingResource
ITimeSeqResource
IVertSeqResource
IToggleableResource
linspectableResource
IBlendableResource

har i PN
—_»em& | |
<<jaV8_>> <<java>>
RadarTileSet | \___RadarResource
+createTile() +paint()
+dispose() +init()
+dispose()
+*~k~k
<<Job>> <<java plug in>>
Radarl oaderJob RadarTiler
+requestLoad() +createTile()
+run() +createFullimage()
+calculatePixels()
+setPixel()

g B —
HDF5 Radar Data

(%] radar.ha
7 @ KABR|
ik Ak
- @os
¢ @ 2007-03-15_04:58:37.0
& Data
o= 2007-03-14_08:08:14.0
o= 2007-03-14_08:17:52.0
o= ) 2007-03-15_05:23:36.0
o= 2 2007-03-15_08:29:20.0
o= 2 2007-03-15_0535:04.0
o= 2007-03-14_05:40:49.0
o= ) 2007-03-14_05:46:33.0
o= 2007-03-14_08:52:18.0
o= 2007-03-14_08:58:02.0
o= ) KAEK
Ll

o= 0 KAMA

//

2/12/2009 | Page 82




Raytheon

CAVE Raster Data Interrogation
All raster and shape files are inspectable Visualization

x Mouse X,Y Events are Coordinate Converted to Lat/Lon

s The Lat/Lon location is transformed to retrieve the data out of
the correct displayed tile at the x, y location

= The data is transformed into displayable units

<<java>>

RadarTvpeRecord
+dataURI;

+RadialContainer;
+AbstractTileSet;
+Timestamp;
<<java>> +typeMap;

AbstractTileSet +tiltMap;
+interrogate(coord)

<<java>>

RadarResource
+inspect(latLon)
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Workstation Plot Model and Maintenance Bayiheon

Plot Vector Library Converted to SVG (XML)
Obs MetaData &
Parsed data fields

“ SVG Plot
Models

Entire present Wx
symbol set converted
to SVG

UA plot 925MB
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Workstation Warning Generation Raytheon

T0O8 Delivered | | TO9 Delivered | | TO10+ Delivered Visualization

Life Cycle Rules

ﬁ WarnGen GUI

Dissemination VTEC Database

’7Partial: IKOAX = I Full:

Edit

Track bype
& = Boe
= Cne Storm
= Track
 Ling of Storms
& Box and Track

tornado.vm e index

SERl afos_product
severethunderstorm.vm B ap_index

e [ application
N~ |1
| Templates 3..19 B dass
Redrav Box on Screen from: . TeXtDB H EI:I_iI'IIjEI
| | |7 Warned Area Visibls GIS Capab"'tles | nodediskance [ event_tracking
Track | ‘WarnedjHatched Area . H statematch H events
—Praduct type Warmng by POIyGon [ stdtextproducts 3 Fflood_recard_status
: frashfflood ] [ textproductinfo [ Fflood_severity
* Severe Thunderstor . . "
i | € Tornado Severe Weather Statement [ versionstable [ immediate_cause
e [ watchwarn A phenamena
—Time Range:
Duration i *

| 14:22 Tue 8-Jan [ 14:52 Tue &-Jan

[ significance
[ stakic

BASIS FOR, WARNING (CHOOSE 1) *kiiii: -

Doppler radar indicated I Sto re

Trained spotters reparted

public reported

local law enforcement reported ! | |

skttt THREAT (CHOOSE 1 each windfhail) ks ik /

60 mph wind b J

70 mph wind i | i File Edt Options versom Todls Scripts Products Help Set VT EC
Egnrgshsi"::ﬁail ! | iy { .' AR5 Brovwser | Load Histary: | WG Search | Enter Editor ||' Accum =

Hickel size hail | i | | |

Quarter size hail G ! AFOS Cmd: WMO TTAAI CCCC: AWIPS ID:

Golf ball size hai | || ene rate TeXt /

Baseball size hail | i TT2A00 CCCC DDHHEMH

A Ca) | TO ACTIONS (CHOOSE 1 OR MORE) kbt i | gl l RHEOHA

TOR WATCH IN EFFECT...svr tstms can produce tornadoes : :

Swr b-storms can produce tornadoes, ., - 4

This is a dangerous storm... Save Ccut | Copy | Fasts il | Edit Header Send | Cancel attach | [is -
5o ko lowest Floor,..potential for sig injur S d S

Lightring in addition?o hailfwinds gy en to TeXtW |0 HEW.WHOID123.TO.W.0001.080108T2209Z-080108T2239Z -

Over Lake - Boaters seek shelter . ——————— - EULLETIN - EAS ACTIVATION REQUESTED

Histary of producing damaging windslarge hail
History of widespread wind damage
Report of damaging winds- edit win speed reported j

ISEVERE THUNDERSTORM WARHING
MATIONAL WEATHER SERVICE OMAHA-VALLEY NE
1010 PM GMT TUE JAN & 2008

THE NATIONAL VEATHER SERVICE OFFICE IN OMAHA HAS ISSUED A
Instructions:

* SEVERE THUNDERSTORM AR
EXTREKE EAST CEHTRAL S,
TRAL

| . .
EXTREME SOUTH CENW H
EXTREME NORTHWESTERN PO eX or S a Ion I Or
TOWA
DOUGLAS COUNTY IN EXTRE]
THIS INCLUDES THE CITY OF OHAHA

Instructions go here

Restart cancel [ ok ]

WASHINGTON COUNTY IN EXTREME EAST CENTRAL NEBRASKA
SARPY COUNTY IN EXTREME EASTERN NHEBRASEA. . .

=
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Workstation Text WS and Wx Editor
Implemented as 2 RCP plug ins in CAVE

Raytheon

Visualization

CAVE File Yiew Options plools Yolume © teXtedltor

| AFOS Browser | Load Histary | WO Search | Enter Editor ||7 Accum [~ Update Obs

I CAYE { I Text 1: OMAMTRLXN
; File Edit ©Options Yersion Tools Scripts  Products  Help

Clear |

J Valid time seq | - J CONUSN\ Clear | 7

AMTRLEN WO TTAAI CCCC: | | AWIPS ID: |

<< textworkstation

32 AUTO 25013G19KT 10SHM CLRE 1401 42924 N
Ei .DZDSF‘E"-IE [T EOLT J827152 AUTO 24012G17KT 105SM BENOGS OVCO80 05-01 A2928 RHE _I
i KHST 2821532 AUTO 29009KT 10SM OVCO80 04-00 A2928
| KODX 282153Z AUTO 24013KT 105SM FEW100 11-00 AZ2917
X T i K&HW 2822102 AUTO 25009KT 105M CLR 11-00 A2914
L | KBIE 282210Z AUTO 30009KT 10SM CLR 15-07 AZ2922
File  Windows | | KTIF 282210Z AUTO 28013KT 10SH CLR 12402 A2918 RUK A02
KAaTA 2821537 AUTO 25012KT 105M CLE 08-M02 42918
KBBW 2821532 AUTO Z7007KT 10SM CLR 14-M02 A2919
KBFF 282153Z AUTO 28017G26KT 10SH CLR 08-M05 A291%
WIPS KFNB 2821537 AUTO 20019G26KT 10SM CLR 17-07 AZ2922
KGRI 2821537 30010KT 85M -RA BENOS0 BENO&S OVCO7S5 04-01 A2929
KVTH 2821527 AUTO 26012G23KT 10SM CLR 11-00 AZ2912
XN 2822102 AUTO 22009KT 105M CLRE 13-00 A2922 RMEK A02
|
Mon 25 01 2008 22:31 GMT
Mon 25 01 2008 22:31 UTC
Alarmalert I
Text 1) OMAMTRLEN | >> LI
Text | | /\
Tesxt 3 | Z x
Text 4 |

|

TextDB [ EDEX
N

Ve

E::tutjgluemp Workstation Interacts with TextDB

collective
nationalcategory \/

statematch Hibernate Access Objects_

<text Plug In

HHHHHHHH—I'—_LI

stdtextproducts
retorodtefo {tablename}Dao ../opt/data/sbn/test

B
=
=
B
- nodedistance
B
B
B
B

versionstable

H

- [ watchwarn / TeXt |ngeSt Endp0int
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TO10 TextDB Raytheon

New service, DataType Plugin, TextWS interface Migration

Enterprise Service Bus

http

O ] |

Fie 3 Ogtors Verson  Took: Froducts  Help
ot || sty | wwosent | eeese  [Faom  ©owdecs oo
woscng [omorm wmomamcces [ [ mesee [

19T AIIZ4
A7KT 00 0501 AZIZD

Command Line
Jtextdb ...

TextDBSrv

python
CommandExecutor

TextDB

routes {k

~—

TextDB

[-5 afoslookop

[F3 bittable

[F collective

[FF nationalcategary
[FF nodedistance
[F5 statematch

[FF stdrextproducts
[F5 textproductinfo
[F5 wersionstable
5 watchwarn

obs Plug In

metars

text...

taf Plug In

1/
V
#
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GIS Map Reprojection: By Texture Warping Raytheon
GPU Program 50 times Faster than CPU Visualization

Analysis/Sampling enabled by the use of raw data

/ CAVE Visualization "HDF5 Repository |
i —| Chunked [ Decoded Blobs
' [Float Array|| Grids
Satellite Rasters
__ B Radar
‘ Lightin
___NGIS Fused Layer J1ing
S Color Map To
- _ XML Color Tables
\ ' . 1D Graphic Texture RGBA Quads
Unlimited
[—
Lln fi

Texture Memuory Lambert

conformal
i
Enables Gaming Style GIS Data Fusion Color Map
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GPU Fragment Shader Color Mapping Raytheon

Enables Interactive Color Controls Visualization
<<JAVA>> - H
GLTarget Grib Data Decoded User’'sRGB color map
to float array (RGBAs in XML format)

3000 301.0 301.0
2000 298.0 299.0

: 010 299.0 298.0
T |_|
texture2D: float texturelD:

01 0208, - FFFFFF
<<texture shader>> 03 0.1 09. index==_>>|FEFEFE
IMAGING GLSL PROGRAM 02 0.408. FOFDFD
+main() k t . i
{ loaded into GPU during
Initialization} g| FragCoIor
Final Image

Interactive Color Maps 20 to 50 Times Faster Than CPU
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GIS Collaboration Capability: Two Laptops ~ Hayiheon

Based on XMPP protocol standards Visualization
BT g ~VVIPS Laptop 1 e — AWIPS Laptop 2
* @Om.c)n"ﬂra/’/.ﬁl{.'\,u\ QD ¥ S LA BeRr 5B H=EDLAASENONQEY
-s;:l::osmwmlre 7 Defast Perspocine — — I-iv;_r::osmwmlre Defaut Perspoctie.
=5 _m B — Connecting to a  |[Soi e S0
S S N Specific
i i Collaboration

- wildfire
- "~ Collaboration

A/
< / // Wide Area Network xmpp

Jabber
Concurrent CAVE CAVE Menu Interface To Collaboration CoSIIt:t;]c()jfe:tcljon
Perspective has Protocol
Chat Area H.Dfa‘jfﬁr\g\|

Supports
VoIP through plugin
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AWIPS-II: Architecture Topics

Raytheon

Architecture

m Architecture Introduction
s Architecture Overview
s Architecture of SOA Service

= Architecture Patterns
— Plug In pattern
— Build pattern, Localization Pattern
— uEngine pattern, GIS capability, Adapter pattern
— Notification/Subscription pattern
= Data Model

s Visualization

m| Server Execution

= Hardening
= Security
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AWIPS-Il: Server Execution Structure "alsf:r':z"“
Marrying ESB with Dependency Injection Ereoution

s ESB’s evolved out of the expense of getting services to communicate across
multiple protocols and languages

m A parallel development by Progress Software created Sonic ESB and they
coined the term

= CAMEL ESB

is based on “Enterprise Integration Patterns” and is the most

elegant extensible solution

= The high decoupling of Spring’s Dependency Injection Container with CAMEL'’s
endpoint abstract creates a high value approach

]

EntererisE o B8
INTEGRATION

PatrERNs

Author: Woolf, Bobby

Autho: Hohpe, regor

*Solving Integration Problems Using Patterns
*Messaging Systems, Channels

*Message Construction

*Message Routing

*Message Transformation

*Messaging Endpoints

*System Management

CAMEL ESB + Spring Becomes a Discriminator
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Camel ESB Wiring Packaged in Plug In Raytheon

Simplies plug in deployment Architecture

)

satFileEndpoint =:>H—> Thread
= Pool

activemq:queue

Pipeline Thread

4 \_/'l— 4 activemq:queue

Camel Replacement of Staging Srv ]
|<!-- Begin Sat rouces --» - 1
<route id="satFileConsumerRoute": Examp|e: Satellite |ngest
=from ref="satFileEndpoint" =

=hean ref="fileToltring" method="absFath"/S ‘—\\\\\\
“5“H::jzmhtj::‘:ﬁ;ii:gn”fz; * Pipeline out of thread pool decreases
«/setHeader> thread switching increasing
<to uri="activemd: queus: Ingest_ Generic"/ performance

zizz:zezd="satIngestRnute":- * Thread Pool enable fine grain tuning
“from uri="directvm;satellitﬂngest"f}/ and enables high priority data to pass
“multicast parallelProcessing="false"3

— through
- fpipeline} \ /

“hean ref="stringToFile" method="toFile" /=

<hean ref="satDecoder" method="decode" />

=to uri="directvm:persistIndexhlert" />

= pipelines=

“catchk
“Zaxceptionsjava. lang. Throwable</ exceptions

“to uri="log:sat?level=ERRO0Rsanp ; showBody=£al
=/ catchx

= EEyE
=“hean ref="deleteFile" method="delete" />
=/malticast=

=froutes>
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AWIPS-1I: Data Ingest Endpoints Raytheon

Server

Example Warnings Routed to Their Own Endpoint | . .. con

SBN Satellite
File://../data/sbn/sat|

pluginType
SATELLITE

ims://cp/sat

pluginType
Grib / GRIB
File:/l../data/sbn/grib .
_ _ pluginType
ms://cp/grib RADAR @
pluginType @
Radar MESOWEST]
File://../data/sbn/radar mesowest E SEOR Sl SO
ims://cp/radar jms://cp/mesowest Service

ascii
File://../data/sbn/asc)/|

/

I: ESB RegExFilter
Fan Out Routing

metar
jms://cp/metar

shef
jms:/icp/shef
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SOA — Capability Available as Services Raytheon

S
Scales Up with SEDA Clustering on two Levels e
*\Within Container -
>
*\Within Data Server Cluster .
e S Automated -

S[hvsiicpl|  Client

Data Server Data Server.2

IJMS Broker JMS Broker
= JMS //productSrv

ESB Container
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Server Deployments

Clustered JMS Broker Enables SEDA load balancing | c,.cution

Raytheon

Server

Deployment

Data Server.1

JMS Broker

Deployment

Data Server.2

|S [activemq_clustered|

postgisSQL
Server

ESB Container

HDF5 Lock State

[

7 JMS Broker '>
) I
|S lactivemq_clustered|

e

ESB Container

HDF5 Lock State,

A
P

processing
|postgisSQL Tables|

-—_ @ @ »“

|
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Server State Synchronization of
Ensures Data Integrity of HDF5 Writes

| oc k S Raytheon

Server
Execution

Data Server.1

ESB Container

HDF5 Lock State

<<Java>> <<Java>> /
HDF5DataStore ClusteredLockManager ]
+store() -localSynchronizationMap
-writeHDF(group, record) +getLock(Lockname)
-un|lockFile() +releaseLock(Lockname) T |

Local synchronized
method for thread level
locking within JVM

3
\ 4

flock

Clustered synchronized
method uses a multicast
voting algorithm

File Level HDF5 Locking For Cluster
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Raytheon
Server
Execution

Remote Management Through JMX
Gives Detailed Insight Into Remote Java JVMs

Local Area Network (LAN) —ie Demo is using a Cross Over Cable

Server 1 + CAVE

Server 2

Running JMX Console
Remotely Monitoring Server 1

rea Chart

4 #p=T | | Memory usage chart of pools for a 1.5 JuM.

] ETIET

Memory Pool Size Chart

- A EDEY Mule
L g
/B v

DEX Mule awips-ink2
& [Eewbal nashboards
M u I e ES B E @NM
SOA Services e

Pool Size (Bytes)
@ B @
8 5
° B
8 8
8 B8
o B
8 8
s B8 &

o

=1

o

=

=

=

=

i

z a

o

=1

&

w

&

B

=1

-

ol Ls
Pt Poal Ls =

< | »

@ uuuuuu - Dashboard debugging
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AWIPS-II: Architecture Topics

Raytheon

Architecture

m Architecture Introduction
s Architecture Overview
s Architecture of SOA Service

= Architecture Patterns
— Plug In pattern
— Build pattern, Localization Pattern
— uEngine pattern, GIS capability, Adapter pattern
— Notification/Subscription pattern
= Data Model
= Visualization

m Server Execution

=) Hardening

= Security
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Hardening — JPROBE dynamic code

analysis

Raytheon

Hardening

Jprobe Execution Time Breakout For Grib Ingest

Satellite Ingest

Purgesry.

pirocess [990]

Plugin.
decode [214,842]

Purgesry.
process [243]

[ndexST.

process [1,711]

Ingestsry.

process [F3,652)]

Plugir.

decod

Persistany

process [145,109]

e [5& 737]

*CAVE memory leak when running loops overnight, fixed
eactiveMQ dropping Mule connections (time outs), fixed

eJgroups configuration for clustering when clustering Con-ops

determined

Message reference memory leak in AWIPS services fixed
*Message file caching for idle messages eviction policy added

to prevent memory growth
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Omaha Test Bed Configuration Raytheon
Development and Test Hardware Resources Hardening

Omaha Raytheon Server Room

Dell 2550 Firewall
_ Dell Server
Unidata : @
LDM-6.6.5
4=:’,—» : .
2 Week Stability Testing Au.to Nightly
awips-intl /a( ps-int2 awips{devl

2050 S T 2950 Server

LDM-6.6.5
filters Cluster

GEDEX BIEX0 CEDEX Nighttp
«— | | | | Orion Network J—»

awips-db awips-nas
2950 Server 2950 Server
NFS

awipsfedexfnptfprncessing|

fawipsfEdexfuptfdataqungine|

fawipsfEdexfnptfdatafhde|
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TO10 AWIPS Stability Run Results

Latest build

JVM 1.6.0 05

Raytheon
Stability

Heap Memory Usage

206Gb 1

1.5Gb 1

1.0Gb 1

0.5Gb -

( Garage
Collects to a
stable level

|l Lsed

4 939,577,016

12:00

00:00
2009-02-06

Used: 939.6 Mb  Committed: 1.6 Gb  Max: 1.6 Gb

| Hoa @ Fbjects [ |

Mamne Retained Size
[A] int[z02709] 810,848 5%
|2| Intersection$Dema [Stack Local] 814,152  35% |
|2| java.io. PrintStreamn 25,1258 1%
|3| jawa.io. PrintStream 25,128 1%
|£| java.lang. System [Class] 66,232 3%
|2| java.util.HashMap / 17,696 1%
|A| java,util.HashMapy ’5> Biggest Objects Close
!i! Java.util Hashtabd The Statistics section helps to understand Huce memory usage

Paths from GC Roots: Al
Paths from GC Roots to ob

Show 100 shortest pathy

The object is a roat its|

B [0] Intersection$Den
. target of [0

R demo of [O]

R demo of [O]

R, [0] of |A| jav]

@, center of |2

and to hunt memory leaks.

The "Biggest Objects” view automatic
retain most of memory,

ividual objects that

Click the button ko start fin
“fou can click the butkon ag

YourKit
Java Profiler

Also consider "Class Tree"
grouped by packages and ¢l

See also
Shallov and retained sizes

Threads
300 1
Live threads
250 1
More Efficient
use of Thread
200 +
12:00 0000
2009-02-06
Live: 263 Peak: 277 Taotal: 13,641,014
CPU Usage
60% T
Stable Modest
S0% 1 CPU
40% | Useage
0% 1
20% 1
10% 1
CPU Usage
0% 1 1 0.7%
IIE:CIEI ICICI:CIEI
2009-02-06
CPU Usage: 0.7%
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NotifySrv Changes Raytheon

Scripts and Subscriptions are in RDBMS Hardening
o .
getDataURI() from getModlfledScrlpt (subscribeKey,
New Ingested Data scriptID, dataURI)
v
getSubscriptionKey(dataURI) Run Script
getSubscription () Build Response JMS Topic

Subscription

(eturn Output
\ 4
Send list of script Ids that PostgreSQL Data Base
Depend on the Ingested Data S e

|subscr|pt|on|

Compiled D
JavaScript
uEngine script

SCI’IptS
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AWIPS-II: Architecture Topics

Raytheon

Architecture

m Architecture Introduction
s Architecture Overview
s Architecture of SOA Service

= Architecture Patterns
— Plug In pattern
— Build pattern, Localization Pattern
— uEngine pattern, GIS capability, Adapter pattern
— Notification/Subscription pattern

s Data Model

= Visualization

= Server Execution
= Hardening

m| Security
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Security Architecture Concepts Raytheon
Do not change anything significantly Security

= Each installation has perimeter security similar to what exists
now we are not changing the security model.

= Government is responsible for C&A package

= Goal Is to be able to use a remote service as if it is local
= Access Authentication

= Service Authorization

= Data Ingest Through Data Diode Type concept

» SOA Endpoint Security Through ESB & JMS provider
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Proxy Gateway Enforces SOA Polices
Encapsulates Customer Connection Polices

Raytheon

Security

Commercial Packages

SOA PROXY

- JaxView, AmberPoint

Service Mediation
-Protocol Conversions
-Throttling
-Load Balancing
-Service Level
En/Decrypt Agreements

Message Content

Authentication
WS Security...

Reqistry
Blocking juDDI...
Non-compliant

Requests

Opening Up The Enterprise
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Security Concepts Continued Raytheon
SOA infrastructure has built in capabilities Security

s JMS provider: activeMQ
— Support JAAS as a provider for authentication
— Default points to a “login.config” on classpath that in turn points to:

e user.properties {has: user=password info}
e group.properties {has: group=userl,user2... }

— User Roles on Queues and Topics:
« Read, Write, Admin (create)

— Configurable message authorization policy allows each message to be content
based authorized by a custom policy

s Mule Security: Acegi; JAAS; PGP
— Built in configurable security manager is responsible for authenticating requests
— Configurable encryption strategy includes transports such as SSL and HTTPS

— JAAS security provider (Java Authentication & Authorization Service) — APl in
since Java 1.4

— Mule is extendable to PGP signed encryption on endpoints for end-to-end
communications
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Security Architecture

Raytheon

Data Ingest Concept of Data Diode for Firewall Security

Low Side LDAD

Has No Clue About CU Om
Other Side
/ Llstener
/inbound/...

One Way Interface

High Side DX Cluster

Initiates All Request
And Data Transfers
Custom

Socket
Client

/clean-inbound/...

ESB Endpoint

ESB Endpoint
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