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Presentation Agenda

0 The Mars Exploration Rover Mission
o The Collaborative Information Portal (CIP)

o CIP Middleware
Architecture

O Integrated Systems
Health Management

O Systems Health
Information Portal
(SHIP)
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Mars Exploration Rover (MER) Mission

o Twin robot geologists search for past liquid water.

o Launched: June 10 and July 7, 2003
Landed: January 3 and 24, 2004
o Duration: 90 days

O

But after over one

Earth year, both are still
operating, and the mission
was recently extended
another 18 months.)

o Mission Center:
Jet Propulsion Laboratory
Pasadena, CA
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Surface Operations

O Solar-powered rovers operate in daylight.
= On opposite sides of Mars, so there is always one in daylight
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Daily Process for Each Rover Team

Receive downlink of data from a rover
Process and analyze results

Plan tomorrow’s activities

Construct rover command sequence

Send uplink of command sequence to rover

O
O
O
O
O
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The mission has been a great success ...
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Key scientific discoveries

O Scientists now
believe that
liquid water
did indeed cover
parts of the surface
of Mars in the past.

O More discoveries are
being written up in
prestigious scientific
journals ...
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The Collaborative Information Portal




Mission Needs

O Time
management

O Data
management

O Personnel
management

12
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The Collaborative Information Portal (CIP

Broadcast
messages

Clocks

Tool tabs

July 19, 2005

CIP {lkeehs) File Messages Clocks Events Schedules Help [ |
1] Mission | Sender | Message | SentUTCiw [ .
MER diblaney | think | forgot-hut|[12:14:17, 02r20/04 |« | Events | Feb 242004 09:14 AM | Los_fngelesiam... ¥
MER diblaney [Mini-TES products{12:13:17, 02520004
_— have heen reduce = | TimeLeft Task Surmnrmary | Start [ Stop |
< Dl 00:52 left  Tactical End-of-Sol Engr. Assessm... 06:00 10:06 |«
01:54 left  SOWG Meeting o9:05 11:08
01:54 until  End-of-Sol Science Discussion 11:08 [11:39
SOL 51 18:07 |L5T-A v‘ 01:54 until Sci Product EPO Caption Interview  |11:08 [12:10
SOL 31 06:06 |L5T-B " =
\ -
—~

[ Owerview | Time Converter | Schedules | BrowseFiles | FindFiles | MewFiles | Observations |

GO TO HOWY | | SHOVYHIDE SCHEDULES | | PRINT GANTT CHART | | GET INFO |

f|Los_AngelesiAmerica
Name ' [23-Feb-0[24-Feb-0d
1 Jz2 Jo Jz Ja 8 Ja&  To Tz T1a Fe Je  Jao
&= Engineering Leads Tagup 264-425 [l Enjineering Leads Tagup =
@ Engineering Skeleton Activity Plan Upg N . \
&= DLIUL Handover Meeting SMSA [ PLIUL Handover Meeting \\\
= SOWG Meeting 264-640 P SOWG Meeting
&= End-of-Sol Science Discussion 264450 W End-of-Sol Science Discussion
&= Sci Product EPO Caption Interview 264-450 Sci Product EPO Caption Intervie
@ Activity Refinement’Sequence Assign 264-425 [l Activity Refinement'Sequence As
@ Activity Canving 264-425 [ Activity Carving =
Il ] b
P
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Event
horizon

Schedule
viewer
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Clocks

Tick-over at top-of-minute
CIP (Ikeely) File Clocks Help [ |

N\
SOL 51 18:31 LST-A -
T
Mars time
displayed Feb 24 2004 09:39 Los_Angeles/Amer... -
in Sols ~
Local
DOY 55 17:39 UTC - time
_—
UTC —
shown Feb 25 2004 04:39 Canberra/Australia__-
in Day |7 Timeat
of Year DSN
Feb 24 2004 10:39 Phoenix/America - location
Time at
collaborator’s
location
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Schedule Viewer

CIP (Ikeely) File Schedules Help

GO TO NOW | | SHOWHIDE SCHEDULES | | PRINT GANTT CHART | | GET INFO |

ar

AlLos_AngelesiAmerica
F23-Feb-0dz4-Fen-04
22 fo T T2 Ja T¢ s g [r s Ja Jro B0 Tz T12 T1e T1s Tre T17 T8 [1a J2o fos
“juTe
Mame 124-Feh-04 |25-FEb-D-‘1
4 Tz Ta Ta To T4 T2 Tia Ta T1a Tt [17 T1a D19 Joo Jz1 Joz 2z o Tt 2 Ja W s
“CETA
J80L A1 [s0L52
1 Te T8 To Tar Tz Tra Tia Trs Te Tz Tie Je Teo Jz1 T2z Jez fo T T2 T3 T4 Is 60N\
© Engineering Leads Tagup 264-425 [ Engineefing Leads Tagup i\
@ Engineeting Skeleton Activity Plan Up N .
& [DLUL Handover Meeting : SMsA [ DLYL Handover Meeting
@ SOWG Meeting 264-640 [ SOWG Meeting
& End-of-Sol Science Discussion 264450 P End-of-Sal Science Discussion
@ Sci Product EPOQ Caption Interview 264450 Sci Product EPO Caption Interview
& Activity Refinement’Sequence Assign 264425 [ Activity Refinement/Sequence Assignment
@ Activity Camving 264-425 l.n‘\f.tivity Carving \
@ Activity Plan Integration & Yalidation I .
@ Activity Plan Tagup 264-425 W Activity Plan Tagup
& Activity Plan Product Generation 264-425 [ Activity Plan Product Generation
@ Activity Plan Approval Meeting 264-425 [N Activity Plan Approval Meeting
& Sequence Flan Design ; 264-425 [l Sequence Plan Design E
' I K ’

RN

Schedule
update
indicator

Multiple
time
scales

Unified
schedules

“Now” bar
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Data Product Navigator

CIP {Ilkeel) File Help |

Data Products
MER-& - 14 files a1 N

sol050 =l thumbnail | site/pos | size [ filename [
OPGS data product :

B %

Navcam (14) 10/00 2136064 2ZM130811934EFF1000P 1901 LOMT 1M

none
displinear {7)
dispraw (0)

edr (14)

ilutiraw {14}
linear {14}
mosaicicy (1)
mosaicicyiper (0)
mosaic/persp (0)
mosaicipolar {0)
mosaicivert (0)
normallinear (7)
normaliraw {(0)
raddinear (14)
radiraw (14)
range/inear {7)
rangeiraw (0)

MER-A: folobalinfs Zimerafopsiopsisurfaceftacticalisalf050foposiedrincami2i 13081 21 49E|

10/00 2136064 #1700y:0696 @ L DR@@@ 374

10/00 2136064

10/00 2136064
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New Files

£ MER Collaborative Information Portal By ] 54|
CIP (rmak) File Help | ]

last ||MER-A|(MER-A||MER-A((MER-A| MER-A((MER-A| MER-A(|MER-A| | MER-A||MER-A | MER-B||MER-B| |MER-B||MER-B | MER-B | |MER-B

D®®.{f§i}.®©@®.®®.{§i}.®

|4 hrs 1] i] 1] 1] 1] Fiéil 1]

Duration / refiles

MER | /n:ﬁ | z0l | muodified | format | zize | filename

MER-A @ 1ar 04-23-04 15:03:08  pds 33726680 2MM10FEFFIZPOLOORPTETELO0OMY IMG

MER: @ 1a7 04-23-04 15:05:00  pds 19090512 ZNMTO0TEFFI2CYPOOPTE18R0O00MT.IMG

ICO ns / MER-A @ 1ar 04-23-04 15:04:42  pds 180580512 2MM1O0FEFFIZCYPOORPTET1ELO00OMY MG

MER-A ® 108 04-23-04 15:05:37  minites 20640 271359681 56RDRA300P35TEN0AT. QLB

MER-A @ 108 04-23-04 15:05:40  minites 20640 271359681 56EMRIZN0OP35T7EMNOAT QLB

MER-A ® 108 04-23-04 15:05:38  minites 20520 2T135968196BTRIZ0D0P35TAN0AT.GUIEB

MER-A @ 108 04-23-04 15:05:24  minites 233432 27135967 352ZRDR3Z00P357EMNOAT QLB

MER-A 108 04-23-04 15:05:30  minites 233232 2T135967392EMRI300P3576MN0AT.QUB

Fl IeS _ o ® 108 04-23-04 15:05:27  minites 231876 2T1355967352BTRI300P3576M0AT.QUE
MER-A ® 108 04-23-04 15:05:08  minites 259136 2T135965760RDRA300P390ZN0AT.QLEB =
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CIP is a Mission—Ciritical Application

€ PST s urc

Entry / Landing
fitude

stance to Targer

Power-A
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CIP is used everywhere ...

... In homes and offices

... In the science labs

July 19, 2005 Presented at Sun Microsystems, Inc.
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Three—Tiered Enterprise Architecture

o Client
= Java application (Swing)

O Middleware Server

= Web services, Enterprise JavaBeans,
Java Message Service

m  Service-oriented architecture (SOA)

0o Data Repository
= Database (Oracle)
= File monitor (Java application)
= Data loader (Java application)

20
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Architecture Overview

client (outside) E CIP Servers
- F o T
CIP T CIP Middleware CIP Data ManagEment System
App"mﬂ::a Application Server
Webiogic |
o o Meta
PG, Mac. Solaris, Web Database
Linux, MERBoard . (SENW;ES ) ( s ) - EIP Oracle
rage
client (inside)
CIP Monitor »  Loader ]
Application i
Java CIP Data Acquisition
Solars, Linuy
c

MER Mission Data Servers
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CIP Middleware

Sunset on Mars




—————
Middleware “ilities”

Accessibility
Scalability
Extensibility
Reliability
Flexibility
Adaptability
Maintainability
Security—ility

OO0 0O O 0O 0 0 04d

23
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But the bottom line for middleware is ...

0 Make the client applications look good.

0 Remain invisible to the users.

O “What server?”

24
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CIP Middleware Services

o User management o Mars and Earth time
o Metadata o File and directory
O Schedules o Message

25
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Middleware Technologies

0 Enterprise JavaBeans (EJBS) to achieve reliability, scalability,
security, platform independence, and standards.

Stateless session beans
Stateful session beans
Message—driven beans

o Web services to expose the remote methods of the Service
Provider EJBs to the client applications.

o Java Message Service (JMS) for synchronous and
asynchronous messaging.

0 BEA WebLogic application server.

26
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Middleware Architecture

WebLogic Application Server

Service Provider
Remote Stateless
Session EJB

SOAP
Processor

Service Provider
Remote Stateless
Session EJB

SOAP
Processor

» Stateless session
beans are the
Service Providers.

27
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Middleware Architecture

WebLogic Application Server

Web

Application

Service
Java

Client Stub

SOAP S:rwce grovlujer
Processor emote Stateless

Session EJB
Web

Service
Client Stub

Application
Java

Web
Service
Client Stub

SOAP Service Prov||der
Processor Remotg Stateless
Session EJB

» Web Services » Stateless session
expose the remote beans are the
methods of the Service Providers.
Service Provider
beans.

July 19, 2005 Presented at Sun Microsystems, Inc. 28



—————
Middleware Architecture

WebLogic Application Server

Web
Service
Client Stub

Application
Java

Service Provider
Remote Stateless
Session EJB

SOAP
Processor

Web
Service
Client Stub

Application
Java

Web Service Provider

Service SOAP . crov
Processor emote Stateless

Client Stub Session EJB

 Web Services « HTTPS encrypts e Stateless session
expose the remote the transmissions beans are the
methods of the and gets them Service Providers.
Service Provider through the
beans. firewall.
29

July 19, 2005 Presented at Sun Microsystems, Inc.



S —
Caching Data

WebLogic Application Server

Service Provider
Remote Stateless
Session EJB

SOAP
Processor

Fr—>SmMXU—T

« Some middleware services cache data to
Improve performance.

30
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Caching Data

WebLogic Application Server

Data
Local Stateful
Session EJB

r—>SmMXU—T

Service Provider Data
Remote Stateless Local Stateful
Session EJB Session EJB

SOAP
Processor

= ol e Data

I a e Local Stateful
R an e Session EJB
E o e

W o e

A o e

L

L

Cache Registry

« Stateful session beans cache data in memory.

31

July 19, 2005 Presented at Sun Microsystems, Inc.



Caching Data

r—>SmMXU—T

Fr—>SmMXU—T

WebLogic Application Server

Data
Local Stateful
Session EJB

Service Provider Data

SOAP
Processor

Remote Stateless Local Stateful

Session EJB Session EJB

Data
Local Stateful
Session EJB

RN

2 osc A vatabase

Cache Registry

 The cached beans access the database.

July 19, 2005
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Event Notification

WebLogic Application Server

“A new pancam
image file

has just been
downloaded
from Mars!”

File Monitor
Application

JMS Server

Schedules
Resources

Pancam Images
Topic

* Publish-subscribe model with topics

33
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Event Notification

WebLogic Application Server

Service Provider “p
Remote Stateless new pancam

Session EJB image file
has just been

downloaded
from Mars!”

SOAP

Processor

File Monitor
Application

JMS Server

Schedules
Resources

Pancam Images
Topic

 Clients poll for their messages via web services.

34
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Event Notification

WebLogic Application Server

SOAP
Processor

Service Provider
Remote Stateless
Session EJB

User Proxy

Local Stateful
Session EJB

JMS Server

“A new pancam
image file

has just been
downloaded
from Mars!”

File Monitor
Application

Schedules
Resources

Pancam Images
Topic

* User proxies look up JMS consumer objects (POJOs) that

represent the active subscriptions.

* The consumer objects retrieve the messages.

July 19, 2005
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Event Notification

WebLogic Application Server

Service Provider “p
Remote Stateless new pancam

Session EJB image file
has just been

downloaded
from Mars!”

SOAP
Processor

File Monitor
Application

User Proxy
Local Stateful
Session EJB

JMS Server

Message
Converter Schedules

Resources

Pancam Images
Topic

 Messages are converted for return via web services.

36
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Broadcast Message Service

T WebLogic Application Server

R

E . .

Service Provider
HTTPS SOAP Remote Stateless

A Processor S . EJB

L ession

L

User Proxy
Local Stateful
Session EJB

g

Message JMS Servel’
Converter - Broadcast Messages
\D/ Topic

« The broadcast message service uses the Broadcast
Messages topic.

F
I
R
E
W
A
L
L
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Broadcast Message Service

T WebLogic Application Server

R

E . .

Service Provider
HTTPS SOAP Remote Stateless

A Processor S . EJB

L ession

L

Publisher

Local Stateless
Session EJB

User Proxy
Local Stateful
Session EJB

g

Message JMS Servel’
Converter - Broadcast Messages
\D/ Topic

e The Publisher bean publishes messages to the topic.

F
I
R
E
W
A
L
L

38

July 19, 2005 Presented at Sun Microsystems, Inc.



Broadcast Message Service

T WebLogic Application Server

R

E . .

Service Provider
HTTPS S0 Remote Stateless

A Processor S . EJB

L ession

L

Publisher

Local Stateless
Session EJB

User Proxy
Local Stateful
Session EJB

Archivist

Message JMS Servel’
C .
\D/ Topic

« Message—driven bean (MDB) archives broadcast
messages to persistent storage for later retrieval.

Message
Archive

F
I
R
E
W
A
L
L

39

July 19, 2005 Presented at Sun Microsystems, Inc.



Broadcast Message Service

T WebLogic Application Server
R
E . .
Service Provider
HTTPS SOAP
A P OEEEEE Remote Stateless
Session EJB Delegate
L
L Local Stateless

Session EJB

Publisher

Local Stateless
Session EJB

User Proxy
Local Stateful
Session EJB

g

Message JMS Servel’
C .
\D/ Topic

 The Delegate bean retrieves old messages for browsing.

Archivist
MDB Message

Archive

F
I
R
E
W
A
L
L
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Metadata Generation

monitar

nfslogd

File
Detector

Data | Metadata
Loader metadata Database

O File changes are logged by nfslogd and the File Monitor, or found by the
File Detector.

= A message is sent to the monitor topic for each file change
0o The Data Loader generates metadata about the file
= Retrieves messages from the monitor topic

log entries log entries

messages 3
File System

JMS Monitor Topic

find
messages

messages

July 19, 2005 Presented at Sun Microsystems, Inc.



—
Middleware Performance

O Enterprise JavaBeans and WebLogic
Reliable: runs nonstop > 77 days at a time, > 99.9% uptime
Scalable: handle heavy loads well
Good performance: average response time ~0.1 second
Flexible: plug—in, hot-redeployable services

O Web services
Good interface between clients and EJBs
Easy for clients to connect and request services
Good performance: ~100 MB per hour throughput
Language independent: Java and C++ client applications

42
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I —
Official MER Mission Website

http://marsrovers.jpl.nasa.gov/

43



Integrated Systems Health Management




e
Integrated Systems Health Management (ISHM)

O Large—scale diagnostic models for human spacecratft.
= Model interactions among disparate subsystems.
= Model critical software functions.

O Filter complex temporal information
for human decision support.

O Integrate diagnostics information and
mission operations/ground support.

= Present overall vehicle health status
and mission capability.

0o Validate and verify critical systems.
0 Enable autonomy with embedded diagnostics systems.

45
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ISHM Testbed and Prototypes (ITP) Project

0o Develop advanced ISHM technologies.

O Use the International Space Station (ISS) as an analog for
the new Crew Exploration Vehicle (CEV).

Figure 1.3-3 1SS C&DH 1553 Data Bus Tite P 0,0 DORET §
s Architecture e [ caes |Ppamm R CER R ;
O Ecosystem of components T Sy e ez s (B EE T

and applications to support
mission and vehicle
operations workflow.

m fault detection

m diagnosis and recovery

46
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ITP Overview

Data Sources _,-“"-\_ Diagnostic
L Client Applications

!
i b

C3V slrgam

. Sim - >
Scenario » Station
Builder e
ODRC s50L i
DDS T e SStrider —
Database B
Interface ISP stream > DSS «—p»

A

. Other DC
Application

!

. Other DC
Application

!

Zzo——®=apmoGm-d=z —

Dataset and
Scenario Library

ODRC = Operational Dala Reduction Complex
ISP = Information Sharing Protocol

DD3S = Diagnostics Data Server

D&S = Decision Suppori Sysiem

SHIP = Systems Heallh Information Portal Document IS0 Data
JSC = Johnson Space Center Repository Archives

47
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Systems Health
Information Portal




I -
Systems Health Information Portal (SHIP)

O User access to ITP components and diagnostics data

O Service provider for ITP components

O User—driven information integration

0 Infrastructure for process automation

o Platform to reuse and /et i
integrate legacy applications | | oy = 2 et

o Based on CIP technologies T Pp
= J2EE —
= Web services i 3 - ¢ IH@«*J

Dgs""’"“x"":}:wy;"lw UUUUUU DE | §

49
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SHIP Overview

Daltabases

G A

",

fnsiruments

Files

Frograms

Ea

Web Server

Appllcatlo Senf

Browser-based
applications

-
|

-'-\.-’J

,./5"’@

Business
objects

E]d—b

D

July 19, 2005

D

Web T D
objects \E] T I I
| | o @ N
ol s A
] L r
o5

0

Ell obyjects

Enterprise

Deskiop applications
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SHIP Components

Daltabases  Instruments — Files Programs

82 H g

|' L / ,_.’/ .
D We b S e rve r N = Web—Server Applicatio‘h\?ervek - y f f;#{,_
. T h I n_CI I e nt ap pl I C atl O n S Browser-based - EE] Irn:f: /,E] — @ —T N ST

poh o 5 £Vt objects 7: HHE

= JavaServer Faces @\H ) - SD &Hﬁ a

A iwajc . E::’ 111 R\I\H\E&)f\/}f —

0 Application Server L) =R RR B\ (P
= J2EE and web services ’ LA \«J s.mﬁ,

N \\.\__-'__}-';g"/ \\: \\ .......
O Enterprise Information \3;"1 @J ..

Integration (EII) Server ................................................
= Composite views of disparate data
= Views can be queried and analyzed

m Data sources include databases, XML files, CSV files, web
services, binary files

51
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Disparate Data Sources

o Example: XML data source accessed via a parameterized URL.
o Use GUI to map the XML fields to columns of a virtual relational table.

\‘. , Composite Studio @ localhost (TRIAL YERSION) (44 days remaining)

File Edit Resource Administration Help

=13l x|

BlEe|snnxele]

3 = ﬁr;]ark_ﬁxed_query ;I 3]y login_xfarm | [X] ] login_view | [X] ] weird_view [3¢] sdly Metmark_fixed_xform |

2 B Netriark_param_guery (1] || @ || sdd | &= | = ” Y | v ™ Show Gualified Names

=i BIn WSer_mgmt_service

—{eh Metmark_definition_set Source | | Target

s login_cfarm El—ﬂ resultzet EI— outputs

_ —ll Metmark_basic_ciarm & query ab| uri

% —is = Iﬁ res_urt[] /_ E_b size

= Metmark_param_cguery {; meta a_b date

= Metrmark_param_guery2 ﬂ uri l—/ B_b contextiD

] Metmark_paratm_xform abl size #—— -ab| cortext

—i‘ productCatalog_transformation ﬂ date @——— a_b cortertiD
i Compostetiew i value ab| cortent
0 login_viesw E—@ context
A Metmark_fixed_view ﬂ Eronvic] B——
T Mettnark_pararm_wiew = ‘[ﬁ cartert]]
[ Metmark_param_wiew2 ﬂ @rowvic
i Metmark_view ﬂ valle B—
T ViewOrder 15 cantext]
] viewSales ﬂ value B——
2 ViewSupplier
) weird_view |
B8 users =111}
_il _'I_ Data MEEI Inputsl Outpats Iml
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Relational Table Joins of Disparate Data

o Join virtual tables created from disparate data sources.

Composite Studio @ localhost {TRIAL YERSION) (44 days remaining)

File

Edit Resource Administrstion Help

=

| %

slaln x| ele

Mocleler

Manager

arderdetails
arders

=5 shippingmethods
lEm o= _hil
I_Q productCatalog xml
Metmark_fixed_query
ez Metmark_param_gquery
G USer_mgnit_service
ik Metmark_dedinition_set
—i‘ login_xfartn
—is Metmark_basic_xform
—3'3 Metrmark_fixed_xform
Mettnark_paratn_cguery
Metmark_param_guery2
—i‘ Mettnark_paratmn_xfortn

r

23 Compostetiew

2] login_viesw

2 Metmark_fixed_view
2] hetmatk_paratn_view
i Metmark_param_view2
2 Metmark_view

2] WiewCrder

2 YiewSales

2] Wiew Supplier

—is productCatalog_transformstion

gt

[3¢] <y 1agin_sform | (XIS login_view [X][E] “weird_view | [3¢] sy Metmark_fized_<farm

0| 5|2 B

EJE3

XML over HTTFP

Web service

ezsioniD

Database table

XML file

roductCatalog_trai

ReorderLevel
LeadTime

Rl |
| Modell *Grid I&I Caluring Iml

July 19, 2005
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Client Access via SQL and JDBC

o Client applications can guery the virtual tables using
SQL statements or JDBC calls.

0 Queries are optimized and cached by the server.

i [IP Database Browser

-|of x|
URL: ‘Ih-:::cumpnsﬁesw:dhapi@nnrska.darwin.nasa.gn\ngdﬂ1?dnmain=cnmpns'rte&dataﬁnurce=Netmark| - | Driver: |s.jdhc.drhrer.CumpusiteDrh.fer| - | Schema: |MER_A - ‘
User: ‘admin | = | Password: |*‘““‘"’ | | Add gquery window ‘

MER_A: SELECT uri, context, content FROM Netmark_view ©

Queny: |SELECT uri, context, content FROM Netmark_view

LIri | contesxt | content
hitpiguebec.aen.nasa.gowv 3089%dbiToalbar UsersiRonald MakiDocumentsiCamputing inthe Early 1960s.doc Classroom (B0 minutes) Histarical perspectivelain .

hitpiguebec.aen.nasa.gov3089%dbiToalbar UsersiBill McDermottDocumentsicomputing_in_the_Early_1960s_mod.doc Classroom (60 minutes) Histarical perspectivelain .
hitpiguebec.aen.nasa.gov:3089%dbiToolbar UsersiBill McDermottDocumentsimak_testicomputing_in_the_Early_1960s_mod2.doc |(Classroom (60 minutes) Histarical perspectivelain .

lQuen.r succeeded: 3 records. 0 seconds.
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ISHM Website

http://www.nasa.gov/centers/ames/
research/technology-onepagers/
design_principles.html
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Recap

0 Collaborative Information Portal (CIP)

= Continues to be used by the highly—successful
Mars Exploration Rover (MER) mission

SOA using J2EE technologies and web services
= Very reliable

O Systems Health Information Portal (SHIP)

= Subsystem of the Integrated Systems Health Management
(ISHM) Testbed and Prototypes (ITP) project

Based on CIP

SOA using J2EE technologies and web services
JavaServer Faces and thin—client applications
Enterprise Information Integration (Ell) server
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Contact information

rmak@mail.arc.nasa.gov

= Monitored government mail server

WWW.apropos-logic.com

m Personal website

ron@apropos-logic.com

m Personal e-mail address
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