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Knowledge Management
Initiative Context

O

VISION, GOALS, APPROACH




Eastern Range Challenges

O

. USAF 45" Space Wing operates the Eastern Range,
supporting space flight for the USAF Space Command

. Information supporting a launch mission

Spans many years
Distributed in many locations

Heterogeneous in format and content
Owned by different organizations and companies

. Result is a fragmented view of the mission

. Capabillities are needed to integrate this information,
making it accessible and meaningful to people and
applications




Knowledge Management Initiative

KMI Vision
Enable net-centric operations at 45SW by making information
accessible, reusable, understandable

. KMI Goal

Achieve net-centric vision by using ontologies to semantically

federate information for easy access

- KMI Approach

Develop semantic technology portfolio, called the Knowledge
Management Framework, to federate ER information into a

Single Integrated Range Picture
Use ontologies to model operations and systems and connect
the model to information sources




Knowledge Management Framework

KMF Search Tool

General Purpose
Tools

s

Eastern Range
Applications

Shark C2
Application

Schedule Visibility
Application




Semantic Application Components

What information
sources must b e
accessed and fused?

What application will
provide decision
makers with results?

1. Transfer

4. Inform

2. Transform

3. Infer

How do we transform
sources Into reusable
knowledge?

What reasoning or
analysis must be
performed?




Semantic Analysis Process

O

SITUATION REPORT AND
MISSION REQUIREMENTS

ONTOLOGIES




Semantic Analysis Process Objectives

O

Develop a rich 45SW ontology that makes
Information more meaningful, accessible & reusable
to applications, users and developers

Create a semantically integrated knowledge base of

SITREP and Mission Requirements information




Semantic Analysis Approach

O

. Hybrid top -down and bottom -up approach
Bottom -up: analyze specific 45SW SITREPsS
Top-down: analyze Air Force Instructions 10-206, 10-203

- Apply our Semantic Analysis and Modeling Process

. Determine nNntypeso of seme




Semantic Analysis Process Ontology
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Four Types of SITREP Semantics

O

. Structure semantics: what a SITREPIs

. Content semantics: what a SITREP isabout

. Process semantics: how a SITEP iproduced

. Rules: governing process, structure & content

Structure
Semantics m Presentation
Focus
These ar eas over | /
they are semanticalljerss " Somen N

related.




SITREP Definitions: AF and 14AF

O

4.1. Subject and Purpose. To keep the Joint Staff, Services, and SECDEF
apprised of existing political, military, and operational situations, and
plans and to keep commanders advised of a units ability to meet
requirements outlined in approved plans. Situation reporting will be
accomplished for, but not limited to, the following:

1. (14AF) Subject and Purpose.
IS the wing/group commander's executive summary to 14AF/CC. It

provides an overall assessment of unit capabllities, highlighting key
activities and events that may
to CDRUSSTRATCOM and COMAFSPC.
provides like information on a tactical level to the wing.

4.1.1. Involvement in critical national or international situations.

4.1.2. Involvement in natural or manmade disasters and/or emergency relief efforts.

4.1.3. Significant operational deficiencies that affect mission readiness.

4.1.4. Other activities or operations to include Military Support to Civilian Authorities (MSCA).

AFI 10-206, 14" AF Supplement, 3 April 2009




SITREP Definition: 455W

O

4, Commander 6s Sitwuation Report (SI

4.1. General. Provides a detailed 24hour executive assessment of wing assets
and events/incidents to include circumstances or conditions that increase
or materially detract from the capability or readiness of the wing group.
The SITREP will summarize all 45SW activities in the past 24 hours -- the
SITREP reporting period is from 1200Z yesterday to 1200Z today.

45SWI10-203, 5 April, 2005




SITREP Examples

O

Bottom -up analysis involved a semantic analysis of
specific Situation Reports

. SITREPs areFor Official Use Only (FOUO) and
cannot be shared in an open forum

We present a small portion of the model resulting from the
analysis, rather than the example SITREPs themselves

We focus onContent Semantics: wh a't t he SI TREF




Semantic Analysis Products

O

SITREP ONTOLOGY

ontent
emantics




SITREP CONTENT CATETORY
Report Semantics

Operations Semantics

Systems Semantics TATLE €UF REALSS

SEMdanticrarea

Event/Incident Semantics

SITREP Content Semantics. Categories

O

DESCRIPTION

The types of reports produced at 45SW (report taxonomy),
the policies governing reports, and specifically what SITREP
Aireports ono bas-208Insruction.h e 45
Relationships to SITREP Structure Semantics (sections).

Concepts (plus data & object properties) described in the
SITREP operations capability (OPSCAP) and forecast text,
including missions, operations (and processes), payloads,
vehicles, launch complexes, milestones, schedules and the
events/incidents that impact operations.

Concepts described in the SITREP systems capability
(SYSCAP) text: systems, system status, components,
capabilities, events/incidents impacting systems, and the
relationship of systems to missions and operations.

Semantics of problems that impact systems, operations and
missions (which overlaps operations & systems semantics).
Analysis of sentence/lexical patterns used in problem text.

Metadata Semantics

Semanticsthat describe the report itself: report type,
classification level, date and time of report, organization
reporting, situation, GENTEXT metadata.



Content Semantics Category Overlap

O

Metadata Operations

Events/Incidents Systems
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Classes & Data Properties
from 6 Month Operations Forecast

O

Operation

Operations Number: string

Classification: (U, C)

Owner: (Civil, DoD, Comm)

Launch Date: date

Launch Time: time

Status: (approved, pending, indefinite)
Mission

Mission name: string

Other:

Payload

Payload type: string
Other:

Launch Vehicle
Vehicle type: (Shuttle Discovery, Atlantis, Endeavor, Delta Il, Delta IV Heavy, Atlas V)

SLC

SLC name: (17A, 17B, 37B, 39A, 41, SLF)
Other:

Milestone
Activity: string
Planned Date: date
Current Date: date
Actual Date: date




Object Properties
from 6 Month Operations Forecast

. has-milestone

O

Mission

Milestone

NOTE: These can be modeled as data
properties or object properties, depending on
the data available for each concept, how we
envision using them in future applications,
drill down required, and so forth.

Payload

procgsses

Operation

processes
Launch

Vehicle

_

launched-from




System Status Semantics
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System Status Semantics

Capability

“capability
Has-capability

‘ ) Requires | | Has-part f  Has-problem |
Operation g = Component Problem

Changesstatus

From analysis of SITREP system problem statements




Problem (Event/Incident) Semantics
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Systems Problem Classes and Data Properties

. Super System

Type: enum (optics, radar, meteorology, etc.)
. Site
Classification marking: enum (U, etc.)

Location: enum (CCAFS, UCS Station, etc.)

. System instance
Description: text
Mission status*: enum (FMC, PMC, NMC)
Estimated-Return-to-Operation [ETRO]*: date

*Note: Mission status appears in the problem text, but is more properly descriptive of system status.
Same for ERTO, which appears as a separate formatted field but describes the system.




Systems Problem Classes and Data Properties

O

. Problem

Description: text
Date: zulu time
Description: text

. Action (Resolution)
Description: text

- Impact
Description: text

. The REAL semantics of Problems, Actions and
Impacts is embedded in the text (more later)




Systems Problem Object Properties
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Representing Stakeholder
Viewpoints

O

ADDRESSING STAKEHOLDER VIEWPOINTS
VIA SEMANTIC INTEGRATION




Problem

O

Engineers and commanders seem to speak different
languages

What is meaningful to the engineer is communicated to commanders
In a way that is not meaningful to them

Our assumption has been that they have different meanings for the
same words or similar meanings for different words leading to

misunderstanding in reporting problems on the Eastern Range
Editing must therefore be done to translate engineering -speak

Into commander -speak

. Analysis of the problem seems to indicate that the root
cause of misunderstanding is not the meaning associated
with words, but di fferent
stakehol der narea of respo




Engineer Viewpoint

O

System
problems and
their causes?




Management/Commander Viewpoint

Operational
impacts of
problems and
estimated return
to operations?




Engineering Focus: Problem Root Cause
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Commander Focus: Operational Impacts

| createsimpact _ _impacts | .
Problem | /‘ Impact Mission

Systems
Problem

Operation |[Miteubad System [JIFICREEW .
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Aschedule Date AETRO ’ ‘




Problem, Impact & Action
Semantics are Complex
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Problem, Impact & Action Semantics

O

. The semantics of problems, impacts and actions Is
buried In descriptive text (examples are fabricated)

Problem: information momentarily disappeared from X
display during plus count

Action: troubleshooting the problem cause

Impact: X is mandatory for shuttle launch

- Modeling the semantic content of problems, impacts
and actions will require text analysis
Develop vocabulary for system problems (Gazeteerg
Develop grammar of system problems (JAPE Rules)
Transform problem statements into RDF triples (Translation)




System Problem Grammatical Analysis

O

We have devel oped nproblem st
System noun phrases
Problem verb phrases/predications

System Noun Phrase has a simple structure
Super System/Site/System Instance/(Component)
SITREP headings reflect this structure
Components are often mentioned I n
part of the subject NP
Problem predication is more complex

One or more predications on the subject
Status predicate: (is) FMC
Status & causal predicates: (is) PMC; (has a) water leak in modulator
Status, state and causal predicates: (is) NMC; (both transmitters are) down;
(variable transformer and XYZ tubes) failed
Some predications ar
Acomponentso (failed

e on the nNnsyst
)




System Problem Grammatical Analysis

O

V is often implied, but omitted (no
Optional modifiers: locatives, temporal adverbs, etc.

The grammar is presented in the document: Specialized Phrase Structure
Grammar: System Problem Text




Applications: SITREP Il
O




Current RMS SITREP Generation Process

O
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Auto SITREP Generation Process
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Applications
O

OPERATIONS REQUIREMENTS APPLICATION
(WORAT)




Ont ol ogy Links nPo

Program Mission

Requirement

Capability Problem
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