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OutlineOutline

Agent-based Decision Support System
Overview
Web-based User Interface

Contingency-based Mission Monitoring to Facilitate Organizational 
Adaptation

The contingency concept 
Real-time monitoring

Congruence Assessment: Effects of Resource Allocation Differences
Case 1: Coordination Delays are Small
Case 2: Coordination Delays are Large 

Summary
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Agent-based Decision Support within
Distributed Dynamic Decision-making (DDD)

Agent-based Decision Support within
Distributed Dynamic Decision-making (DDD)

Objective:
Increase organizational cognitive capacity
Facilitate the processes of organizational adaptation to cope with a rapidly changing and 
unpredictable environments 

Method:
Utilize intelligent agent with embedded optimization–based organizational decision 
processes  (and human cognitive limitations) within a decision support system
Provide mission monitoring and re-planning → manage and codify explicit and tacit 
knowledge → facilitate rapid knowledge transfer among decision-makers (DMs)
Facilitate effective information sharing among DMs → web-based information sharing with 
richer information content

Java & ODBC

DB API

Interactive Web-based
User-Interface

Optimization-based 
Decision Support Module
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Intelligent
Knowledge Web
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DDD-III Simulator

DDD-Player

1

Shared Data 
Storage

2
C DB API C++ Database (DB) API

Re-planning

Resource 
Reallocation

Dynamic Task 
Sequencing

Structural
Adaptation

Congruence
monitoring

Workload
monitoring

Performance
monitoring

Monitoring

Res. Reqs

Task

Coord. Reqs.

Asset

Status Info
System Components:
1. DDD-III simulator
2. Shared data storage
3. Optimization-based decision 

support module
4. Intelligent Knowledge Web 

(IK-Web): Web-based 
Knowledge Publisher and 
Tactical Display and 
Visualization (TDV)
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Web-based Information SharingWeb-based Information Sharing
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GRGF-254

GRGF-255

GSAM-360

GRGF-256

GSAM-365

RGF: Enemy Ground Force
SAM: Surface-Air Missile

At time 85, the five most 
critical tasks are  GRGF-
254, GRGF-255, GRGF-
256, GSAM-360 and 
GSAM-365

Available assets are 
color-coded by DM 
ownership and viewable 
by asset type

The User Interface 1/2
Critical Information
The User Interface 1/2
Critical Information
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The User Interface 2/2
Decision Information
The User Interface 2/2
Decision Information

Current Tasks

Future Tasks

Completed Tasks

• By time 175, two precedence tasks 
have been completed

• Precedence constraints require 
completion of task GBR-201 (Major 
Enemy Bridge) and task GSA3-207 
(Mobile SAM Site) prior to task 
GABW-209 (West Air-base)

Assist team in repositioning assets 
for better threat identification
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Performance and Congruence Assessments
to Facilitate Adaptation Processes

Performance and Congruence Assessments
to Facilitate Adaptation Processes
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Performance Assessment:
1. Accrued task gain on mission and time critical tasks
2. Aggregate loss of reusable assets
3. Average latency on mission and time critical tasks

Contingency-based Measures - Concept Contingency-based Measures - Concept 

Environmental Attributes:
1. Complexity

• Task-resource requirements 
• Temporal loading of tasks
• Spatial loading of tasks
• Precedence requirements

2. Uncertainty
• Uncertainty in task-resource requirements
• Uncertainty in precedence constraints

Org. Process Attributes:
1. Task Prioritization
2. DM-Task Allocation
3. Task-resource Assignment

Organizational Structures:
1. DM-resource allocation
2. DM-DM communication
3. DM-DM command and control (C2)

Process-Structure Congruence (CPS):
1. Congruence between DM-resource allocation and 

DM-resource utilization
2. CPS in terms of internal coordination workload

Structure-Environment Congruence (CSE):
1. Congruence between DM-resource allocation and 

Task-resource requirements
2. CSE in terms of external coordination workload

Process-Environment Congruence (CPE):
1.Temporal CPE in terms of task latency
2.Spatial CPE in terms of average asset-travel distance

Congruence Assessment

Premise:
Organizations whose internal features best match the demands of the environment achieve 
the best performance 

Objective:
Identify incongruence conditions that produce significant degradation in organizational 
performance
Utilize performance and congruence assessment to guide when and how to adapt to regain 
congruence → improve organizational performance



9

Contingency-based Measures - MechanismContingency-based Measures - Mechanism

Structural
Attributes

Process
Attributes

Environmental
Attributes
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SE Congruence 
Measures

SEC
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PE Congruence 
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PEC

SE
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PS
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PE
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Organizational
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Congruence
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Performance 
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How
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Congruence Assessment
Effects of Resource Allocation Differences 

Congruence Assessment
Effects of Resource Allocation Differences 
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Dd
Fd

A2C2 Exp. 8

Structure-Environment Congruence (CSE)
Degree of Congruence between DM-Resource Allocation &
Task-Resource Requirements

Structure-Environment Congruence (CSE)
Degree of Congruence between DM-Resource Allocation &
Task-Resource RequirementsDegree of Structural Differences between Dd and FdExternal Coordination Workload

The multi-resource team D fares better than the nearly-single resource team F in scenario d• The Fd pair has higher external coordination workload when compared to the Dd pair
• The incongruity is mitigated as the mission execution proceeds

There exists significant structure-environment incongruence in  Fd pair when 
compared to the structurally congruent Dd pair

↓
Need to structurally adapt?

0

10

20

30

40

50

60

TEAM

C
on

gr
ue

nc
e 

B
et

w
ee

n 
D

M
-R

es
ou

rc
e 

A
llo

ca
tio

n 
&

 T
as

k-
R

es
ou

rc
e 

R
eq

ui
re

m
en

ts

F D

0

5

10

15

20

25

30

35

TEAM

E
xt

er
na

l C
oo

rd
in

at
io

n 
W

or
kl

oa
d

F D

%7.81−=∆ %6.68+=∆

Case 1: Coordination Delays are Small
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Case 2: Coordination Delays are Large
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Case 2: Coordination Delays are Large
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Case 1: Coordination Delays are Small

Performance Assessment
Mission and Time-Critical Task Gain

Performance Assessment
Mission and Time-Critical Task Gain

Low coordination delays → Reduced Resource Allocation 
Effects → Team F suffers only a small performance 
degradation when compared to team D in scenario d

↓
Structural incongruence produces no significant performance 
degradation when coordination delays are low → Structural 
adaptation is unnecessary when congruent strategy is utilized

BUT…
High external coordination delays → Significant resource-

allocation effects → Team F suffers significant 
performance degradation when compared to team D in d

↓
Organizational adaptation is necessary → How to 

adapt? Structural adaptation only? or Strategy and 
structural adaptation?
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Case 2: Coordination Delays are Large
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Case 2: Coordination Delays are Large

• Team F has significantly less resource reserves 
when compared to team D in scenario d

↓
• Requires resource re-allocation to cope with the 

demands of the mission → structural adaptation 
is necessary

Process-Structure Congruence (CPS) &
Structure-Environment Congruence (CSE)
Process-Structure Congruence (CPS) &

Structure-Environment Congruence (CSE)

• No significant strategy-environment 
incongruence in  Fd pair when 
compared to the Dd pair

↓
• Strategy adaptation is unnecessary
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SummarySummary

Implemented an agent-based DSS as a means to augment the organizational 
cognitive capacity and to facilitate the processes of adaptation

Implemented web-based information sharing to facilitate effective knowledge 
management:

Critical Information
Decision Information
Measures: Performance and Process Measures and Congruence 
Assessment

Introduced quantitative measures to suggest when and how to adapt in fast-
paced organizations facing highly dynamic mission environments

Demonstrated the integrated multi-dimensional concept of organizational 
congruence, which incorporates:

Structure-environment (SE) congruence,
Process-environment (PE) congruence, and
Structure-Process (SP) congruence


