
““TimeTime--Based Tree Graphs for Stabilized Force Based Tree Graphs for Stabilized Force 
Structure RepresentationsStructure Representations””**
88thth International Command & ControlInternational Command & Control
Research & Technology SymposiumResearch & Technology Symposium

National Defense UniversityNational Defense University
Ft. McNair, Washington, DCFt. McNair, Washington, DC

19 June 200319 June 2003

Sam Chamberlain, Ph.D.
US Army Research Laboratory
wildman@arl.army.mil
(410) 278-8948 // DSN 298
http://www.arl.army.mil/~wildman

Chris Leeds
Chief, Combat Service Support MTOE Division
U.S. Army Force Management Support Agency
leeds@hqda.army.mil
(703) 805-4189 // DSN 655

*  Sponsored and Funded by the US Army G*  Sponsored and Funded by the US Army G--8 / Director of Integration8 / Director of Integration



ID Retention - Main Problem

Force structure is a (the) primary part of the initial 
conditions entered into battle command system 
databases.  The system users add copious local data 
to the initial data.

Because force structure is at the heart of any battle 
command model, nearly all other user entities are 
linked to it.  If the force structure data is not stable 
and carefully managed, then it will be a difficult task 
to maintain consistency in these databases.

Data must not changed unless the changes are truly 
bona fide.



Primary Task - Change Management

In the Army, there are about 4900 MTOEs
(Modification Tables of Organization & Equipment)
[ 1550 Active + 3350 Reserve/Guard ]

They can change every six months.

Huge obstacle to re-link systems deployed in the field, a cost that is 
much bigger than the cost of changing the MTOEs themselves.

Focus: (1)  Maintainability,  (2)  Interoperability, and  (3) Generality. 
This led to the “Org-ID Retention” Project.

The force structure representation process must:
(1) be automated and easily accessible
(2) be usable by a diverse set of users and applications
(3) permeate the whole Force Structure Development Process

(Requirements (TOE) Authorizations (MTOE) Real Units (Forces)
(4) result in an openly available source that is directly downloadable

into tactical systems (e.g., the Army Battle Command System).
(5) minimize changes and be accompanied by a change information to 

ensure consistency and integrity of the data after an update occurs.



(M)TOE Structure

RFL CO
INF BN

(MECH) (XXI)
Root Org
(Mapped to Real Unit)

Ultimately
Assigned a UIC

Para:
A Single
Clustering
Level

Personnel &
Equipment
Data

Company
HQs

P E
Line # Lin  

Rifle
Platoon

HQS

P E
Line # Lin  

3 Vehicle
Sections

P E
Line # Lin  

Rifle
Squads

P E
Line # Lin  

w/ Multipliers



Example MTOE - Personnel



Example MTOE - Equipment



LC2IEDM:  5 Basic Battlefield Entities
(Land C2 Information Exchange Data Model)
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Initial Subset of Interest
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Org-Type Trees (Templates) vs
Org Tree (Instances)
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A Possible Default Force Structure
for “Tank Company A”
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MTOE Identification -
Overloaded Definitions

07245LFC10 07245FFC10DOCNO:
[Series]

WAGL

WAGN

WEZE

WEZK

16 Oct 98
FY99

16 Oct 99
FY00

16 Oct 00
FY01

17 Aug 01
FY01

17 Oct 01
FY02

16 Dec 01
FY02

19 Aug 02
FY02

17 Jan 03
FY03

16 Oct 03
FY04

16 Apr 04

17 Apr 03

16 Aug 03

Earliest
E-Date

1099 1000 0101 0601 0202 0902 1502 0903 0104CCNUM:

Time
A DOCNO/CCNUM or UIC/EDATE uniquely identifies an MTOE

Question:  Are there 9 or 23 MTOEs Shown?  Problem is Yes!



Tree Graphs

NODES (or vertices):   set V  =  { A, B, C, D, E, F }
LINKS (edges):   set E  = { (A,B), (A,C), (A,D), (C,E), C,F) }
GRAPH: collection of vertices and edges:  G(V,E)
A Tree structure is a “connected” graph with no “cycles,”

i.e., every node has at least one link to another node 
and only one path exists between any two nodes.

Via a link, a node can be a parent or a child of another node.
A node without a child is called a terminal or leaf node

(e.g., the nodes at the bottom of the tree: B, D, E, and F)
A node with children is a non-terminal or internal node

(e.g., A and C);
The root node is a special internal node with no parent (e.g., A).

Graph G:
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Labeled or Timed Tree Graphs
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Stability with Time

An interval is defined with a start_point (s_date)
and an termination_point (t_date).

Valid nodes/links are those whose associated time 
interval include a specified time.

To continue to include a node or link in the tree, the
t_date is simple extended to the current event horizon 
(the maximum value of any t_date in the graph).

The default assumption is that all nodes and links 
continue to be part of the tree, which is the usual case.

This results in stability as bona fide changes must
be explicitly entered.  There is no need to delete 
“obsolete” values.



Org Tree with Times
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Time is REAL time – it represents an Effective Date (EDATE)



Org-Type Trees with Times
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Modification from L-Series to F-Series Structure

Time is RELATIVE time – it represents a sequential state in the 
evolution of the tree (a monotonic increasing function).

I named it a Modification Date (MDATE).



Time Extends to Attribute Entities
Associated with Org-Type Nodes 
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07245LFC10 07245FFC10DOCNO:
Time-Base “MTOE”
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Time Between Org and Org-Type Nodes
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Summary

Time-Based Tree Graphs can be used to provide a 
continuous, stable force structure representation 
suitable for use in digital battle command systems.

This changes the way the Army documents its force 
structure – a major undertaking that affects nearly 
every system in the Army.

It is an undergoing process that currently includes 
the Army G-3, G-8, G-6, PEO-C3T, and TRADOC with 
ARL technical assistance.
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