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Abstract ……..

This document contains information on the design and implementation of the database 
synchronizer test-bed, along with a centralized planning framework over it. The purpose of the 
document is to present the software life cycle according to the IEEE 12007 standard. Here we 
illustrate the requirements analysis followed by software design, architecture and implementation 
details. The main intent of the project is to integrate and synchronize these two systems such that 
any change of information in one of these systems is directly and automatically reflected in the 
other system in near real-time. This involves the elaboration of a centralized framework and 
related procedures for the integration and synchronization of two databases, namely, LogBase 
(the database behind EVE application) hosted on Microsoft SQL-Server and NMDS hosted on 
Oracle. Such a net-centric logistics framework will allow access and will synchronize multi-level 
information sources while constantly monitoring/tracking assets information in order to present it 
to the users. On top of the data synchronization framework, we have designed and implemented 
net-centric logistics framework enabled by various information sources at different levels. This 
information is enabling us to create and simulate logistics military missions in relation to 
contingency planning, monitoring and analysis. This proof-of-concept extensively demonstrates 
the implementation of theoretical logistic planning using vehicle routing problems on a 
specialized client-server framework.

Résumé ….....
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Executive Summary 

This document contains information on the design and implementation of the database 
synchronizer test-bed along with centralized planning framework over it. The purpose of the 
document is to present the software life cycle according to the IEEE 12007 standard. Here we 
illustrate the requirements analysis followed by software design, architecture and implementation 
details. The main intent of the project is to integrate and synchronize these two systems such that 
any change of information in one of these systems is directly and automatically reflected in the 
other system in near real-time. This involves the elaboration of a centralized framework and 
related procedures for the integration and synchronization of two databases, namely, LogBase (the 
database behind EVE application) hosted on Microsoft SQL-Server and NMDS hosted on Oracle. 
Such a net-centric logistics framework will allow access and will synchronize multi level 
information sources while constantly monitoring/tracking assets information in order to present 
it to the users. On top of the data synchronization framework, we have designed and implemented 
net-centric logistics framework enabled by various information sources at different levels. This 
information is enabling us to create and simulate logistics military missions in relation to 
contingency planning, monitoring and analysis. This proof-of-concept extensively demonstrates 
the implementation of theoretical logistic planning using vehicle routing problems on a specialized 
client server framework.   
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Introduction 

The proposed research and development project of Net-Centric Logistics Framework Development for 
Adaptive Operational Planning is a joint effort of Defence Research and Development Canada - 
Valcartier and CANOSCOM towards superior logistic support. It aims to enhance the current military 
planning capabilities for logistic, functional support inputs to the operational pl an (Op Plan) and day-to-
day logistics/movement support for ongoing operations. Moreover, this initiative will help establishing 
new agreements by quickly aggregating the current requirements in concert with the operational 
command. In this setting, the goal of this project for the proof-of-concept software development is 
threefold. First, a comprehensive research and development effort is required as a foundation for 
automated and intelligent access, use, composition, aggregation and exploitation of a varie ty of 
data/information sources and applications as per the requirements of CANOSCOM planners and 
operators. Second, state-of-the-art technology and tools are to be used in an integrated platform in 
order to process the information for effective plan generation, editing as well as for monitoring 
expected and unexpected events during the plan execution. Finally, plan and resource information 
should be allowed for partial analysis and simulation to understand the consequences through what-if 
scenarios. 

Scope 
CANOSCOM planners and operators require information from CF databases to update CF resources 
status. CANOSCOM presently uses two major systems to access such information, namely:  National 
Materiel Distribution System (NMDS), Logistic Functional Area Services (LOGFAS). NMDS represents an 
elaborated system that is presently used by DND for assigning the movement of their own assets in 
different locations of the world. NMDS gets always updated from DND applications and other data 
sources. The primary interest of the software application prototype is to get updated information from 
this vital data sources for the Canadian Forces and synchronize with the underlying databases of LOGFAS 
system. LOGFAS is a NATO application and currently being maintained through a back-end SQL-Server 
database, named LOGBASE. Once the synchronization will be achieved, any update of NMDS data-
source will be automatically update LOGBASE and therefore will be reflected to LOGFAS applications 

The second phase of the project was aimed to generate logistic plan related tasks by retrieving 
information from these data-sources. Different vehicle routing models are implemented in the server 
side to generate tasks from the information retrieved from underlying two databases, namely: NMDS 
and LOGBASE. In this document we present the design and implementation of the system to produce 
logistic planning tasks. The tasks are represented in NATO military standard Air Tasking Order (ATO).  

The proof of concept is a client-server project that comes with the following modules: DBSynchronizer 
Client, Synchronization Web Service, Planning Web Service and Localised Map Service.   
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Requirements Analysis 

This section elaborates briefly to our notion on the requirements as understood from several discussions 
with DND officials, scientific authorities, developers and others. We tried to include these requirements 
for the adaption to the net-centric framework into the proof of concept. First we present in the 
following the mapping of the solution requirements that was done in the beginning of the project. 

Requirements Elicitation 
After a careful analysis of the related work and background information, we understood two main 
requirements for the implementation in this project:  

Information Integration & Synchronization: The integration of databases, web-services and 
legacy systems, as initiated in the direction of NCO framework is of paramount importance in 
order to achieve the desired framework functionality. Data monitoring and synchronization will
play vital role in synthesizing information and in presenting it to the decision makers.
Data Analysis & Planning: Research and development of planning toolbox that will allow the
users to plan and collaborate with other users and update their plan. This requires efficient 
planning algorithms that may be used by users to create plan using integrated and synchronized 
data from the underlying system. The adaptive planning algorithms are required to be more
focused to logistics movement and that fit well into the distributed architecture on a 
collaborative environment.

Actually, these two points explicitly explain how the information needs to be integrated and, what are 
the requirements of integration and the reasons behind creating net-centric logistics framework for 
adaptive planning.  

In the context of CANOSCOM operations, the underlying gap in the collaboration between NATO and 
DND are in the integration and synchronization of their information sources. ADAMS and EVE are used 
as standalone applications, meaning that manual intervention is required for the input of information 
from NMDS in order to update and display the scheduling of asset movement to other international 
defence organizations, mainly NATO. On the other hand, NMDS is directly updated by DND, Canada 
officials and the information is received by CANOSCOM. CANOSCOM manually transmits Canadian assets 
distribution information into LOGBASE through the LOGFAS applications. 

Figure 1 represents the two basic components of the framework that are divided into three sub-
components for each branch. Data Integration & Synchronization is further elaborated in Data & 
Application integration section. Wrapping application information into web-services and using APIs to 
access databases allows integrating remote information sources to our application in NCO framework 
setting. In the next sections, we will highlight how these requirements are met through the architecture 
and design. 

DRDC Valcartier CR 2011-624
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Figure 1: Requirement analysis using Fishbone diagram 
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Approach Derivation 

Figure 2: Main activities of net-centric logistics framework for adaptive planning. 

Figure 2 presents the proposed main activities of the Net-Centric logistics framework for adaptive 
planning.  
The integration module is responsible for data integration needed to connect all the information and 
service sources within and across the organization, for the purpose of information sharing. Integration 
of information systems is one of the key issues for the net-centricity. We defined interfaces and 
communication protocols based on a message-based middleware in three phases: data integration, 
service integration, and messaging service. Data integration is related with the retrieval of data from the 
structured, semi-structured, or unstructured sources of information inside and outside the organization. 
As of the service integration, we created three web-services responsible for a) data integration and 
synchronization of two databases, b) logistic planning service for creating tasks from the plan related 
information from databases and input from client c) Localized map service to provide map images to be 
presented in a GIS in order to help planners in creating plans using geographic locations. 

The net-centric logistic framework is created in two levels:  Data Integration Framework and Planning 
framework. The frameworks are designed on top of a message based middleware implemented using 
Java message service. NMDS and LOGBASE are two integrated data sources.  

In relation to the adaptive planning, various planning techniques are used including Model checking 
techniques and heuristics based solution to vehicle routing problems. In the military context, an 
important aspect is related to the resource allocation and the distribution of assets and personnel over a 
transport network. In this setting, the Vehicle Routing Problem (VRP) needs to be addressed for 
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adequate routing procedures that are required in order to efficiently utilize the transport network. Of a 
particular significance is the movement of aerial assets such as transport planes in pursuit of resupply or 
strategic airlift operations.  In this pursuit, adaptive planning techniques are investigated in various 
domains from model checking, clustering to different solution techniques vehicle routing models. The 
Vehicle Routing Problem Analysis in the Context of Adaptive Planning can be approached using the 
probabilistic model checker PRISM1 and/or the symbolic model checker NuSMV2 for the analysis of 
vehicle routing. This approach provides an overall assessment of the system, yielding the near-minimum 
cost for moving many vehicles or assets across a shared transport network. Planning humanitarian 
logistics is also strongly related to the Vehicle Routing Problem (VRP). This type of problem is 
encountered in a variety of commercial, military and government applications. We researched and 
developed different solution techniques for solving such problems of adaptive planning. Those 
techniques are integrated to the proof of concept. 

The testing and validation of the developed prototype is a vital part of the project. Spe cific techniques 
are tested and reported in the context of adaptive planning. Furthermore, the test bed is run in the 
development environment and demonstrated to the Scientific Authorities. 

The application framework supports analysis of retrieved information and the plans. A separate 
reporting tab has been added to the application for showing data with curve and to perform simple data 
analysis on a report created from the integrated databases. Analyzed similarity among the tables can be 
later exploited for the synchronization purposes. For the case of plan analysis, we allow users to i nput 
various planning problems through a very user-friendly way. The plan parameters get processed in the 
server side and create a set of tasks for each plan that can be saved locally.  The tasks are saved in most 
commonly used military tasking format named as ATO. User may visually analyze multiple plans on top 
of the same geographic information systems. 

Simulation and Control activities are directed to the optimization of the designed and developed tasks. 
The application presents "what-if" scenarios for the used processes, methods and strategies. The 
simulation tool can be used to present decision makers the present composed effect of the created 
adaptive plans for assets movement at a particular moment of execution. 

 

 

                                                                 
1 http://www.prismmodelchecker.org/  
2 http://nusmv.irst.itc.it/NuSMV/papers/sttt_j/html/index.html  
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Architecture & methodology 

The main intent of this section is to present important architectural components and their associations. 
We describe high-level methodology to implement such operational architecture. The name of the tool 
is chosen as DB-Synchronizer throughout the description. DB-Synchronizer represents a powerful and 
easy-to-use software prototype that offers an elaborated user interface that allows database 
exploration and cross synchronization between them the explored databases. It is mainly intended for 
conducting automatic transformation and transfer of information from one database to another over 
coalition multinational boundaries in an integrated and interoperable manner. Furthermore, the tool 
provides several other important features and operations including database exploration, report 
creation, near real time information monitoring etc. in a network centric environment. 

We also extend DB synchronizer tool to planning horizon. The integration of the planning architecture is 
kept centralized in synchrony to previous design decisions. In this setting, the clients choose their 
planning concern and send respective parameters to the server to create set of tasks by processing their 
plans. The respective plans are processed centrally and stored locally by the clients for later analysis and 
simulation. 

 System Architecture 

Figure 3: Overview of DB-Synchronizer Client-Server architecture

The DBSynchronizer tool employs a client server paradigm wherein the clients can be distributed over a 
large geographic area. From various remote locations, each client is maintaining active connection to a 
central server. This allows for a common visual inspection perspective accompanied by near real time 
monitoring of the integrated information in a network centric environment as depicted in the Figure 3. 

From an architectural point of view, the DBSychronizer uses a hybrid architecture where the user is 
allowed to interact directly with the databases using JDBC connections in order to explore the 
databases. Moreover, the client application employs a powerful network centric message-oriented 
middleware in order to synchronize and monitor the underlying databases. Figure 1 depicts the 
corresponding architecture. 

DB-Synchronizer
Client

DB-Synchronizer
Client

DB-Synchronizer
Client
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Integration Architecture 

Figure 4: DB-Synchronizer Client-Server Integration architecture  

Figure 4 presents the envisioned big-picture of the integration architecture of the proposed 
Synchronizer Client in the DND framework of applications. It presents our developed architecture where 
the DB-Synchronization Server hosts the middleware framework explicitly on top of the two databases 
and allows sharing of information. However the other NMDS and LOGFAS applications can be working 
similarly as it was before. Integration of the DB-Synchronization server will make difference as the inside 
synchronization module will allow the desired information to be shared automatically among two 
databases and thereby will be seen also from the NMDS and LogFas applications. 

Data integration is one of the most important features of the proposed framework. The integration is 
meant to gather information from several distributed databases (possibly located in different 
geographic areas). This is transparent by hiding the complexity and heterogeneity of these databases. 
Moreover, it ensures that the data is exchanged reliably. The preliminary version of the developed DB-
Synchronizer server prototype supports two cutting-edge database oriented application solutions 
namely: LOGBASE having the underlying Microsoft SQL-Server database for LOGFAS 6.0 application suite 
and NMDS, an Oracle database maintained by the Department of National Defence (DND), Canada. The 
DB-Synchronizer client may opt for retrieving the information directly from data-sources or through JMS 
for monitoring purposes.  

DRDC Valcartier CR 2011-624
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Monitoring Architecture 

Figure 5: Operational architecture of DB-Synchronizer Software 

The monitoring architecture of the DB-Synchronizer tool is presented in Figure 5. Within the client-
server framework, the application runs a message based middleware that have three major 
components:  

DB-Synchronizer Publisher: DB-Synchronizer Publisher is a server side software component 
programmed to capture the subscription requests and to notify multiple users of a particular 
change either from the client or inside the databases.

DB-Synchronizer Monitor: DB-Synchronizer Monitor is also a server side software component 
and an important part of the server side. The monitor module works as an interface between 
the database and the server that gathers the changes in the database and sends the changes to 
the publisher module.

XML Data & Flat Files: Several supporting XML and other data files are kept in the DB-
Synchronizer server. These files are used to hold the connection properties and other 
synchronization information that are delivered to a thick client application if needed.

DRDC Valcartier CR 2011-624
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Synchronization of information systems is a necessity for two basic reasons. The first reason is to gather 
accurate information at the clients' side and to be informed with most current situation at a certain 
course of operations during the execution of a plan that may span over a long time. 
The notification mechanism is used in the framework in order to enable the remote clients to share a 
common perspective with respect to the data subscribed for notification. The framework issues near 
real-time notifications to the users, asynchronously, upon the occurrence of changes in data sources 
while the particular data-set is subscribed by the user. Secondly, it has been seen in practice that several 
databases in various institutional facilities gather similar information but remain out of any automated 
synchronization. Therefore manual insertion, deletion and update of information are required to 
synchronize information that is primarily stored in single database. 
The data synchronization module guarantees that specific NCO server module will update multiple 
databases automatically if there is pre-defined synchronization policy in place for the particular 
information and the security credentials are respected. Figure 6 depicts step by step methodology for 
data synchronization within two databases. 

Figure 6: Step by step methodology for data synchronization within two databases.  

Planning Architecture 
Figure 7 depicts the architecture of adaptive operational planning system. The operational architecture 
is presented under multiple layers with higher focus on the ‘Planning' layer. The other layers of the 
architectural diagram are Communication, Analysis and Visualization. The main idea of this architecture 
is to propose the inter-component relationships among the operational components within server and 
clients. As illustrated in the figure, the underlying communication layer provides a client node with input 
information on plan parameters and events upon their requests. The system also reads input from the 
human or other applications through its visual interface. Once a planning task is requested to the server, 
the planning layer retrieves information from the environment. Information can be related to plan and 
such information is directly transferred to the planning level through the `Data Exchange’ service. 
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Figure 7: Adaptive planning architecture for plan generation 

The centralized planning module invokes plan generation engine that tries to solve an instance of 
distinguished VRP problems either using model-checking or heuristic algorithms. Solution Cache is used 
to create multiple solutions within a time limit. The best solution is provided to the plan execution 
engine at the client side. The information related to the plan status is also passed. At this stage, it is 
difficult to comment on the details of visualization or analysis components. However, within analysis 
layer, the job of the application is to primarily create a common operational picture from planned task 
and related information and to present it to the users. The specific scope of the plan execution analysis 
is on top of a given state space generated from a chosen plan. Analysis of information allows planners to 
answer some of their questions and may 'intelligently' reveals incumbent problems. However, it does 
not answer any what-if scenarios that involve re-planning. Simulation, on the other hand, offers re-
planning possibility to generate a new set of tasks and to match with current plan-related information. 
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Software Design 

Figure 8: Design of core software modules interaction

The core of the DB-Synchronizer application represents a powerful and easy-to-use software prototype 
that offers an elaborated user interface that allows database exploration and cross synchronization 
between them the explored databases. It is mainly intended for conducting automatic transformation 
and transfer of information from one database to another over coalition multinational boundaries in an 
integrated and interoperable manner. The main design of the core of DB-Sync client application 
represents a thick Java application that uses a Java JMS client. The DB-Synchronizer client may retrieve 
and/or update mission related information stored in LOGBASE and NMDS databases using the 
connection to the central server. Moreover, it can monitor database information related to the 
movement schedules of military assets in a network centric environment. Using the monitoring 
capability, the application can be notified and updated upon any change performed by other clients on 
the server databases related to the mission application. 

Figure 8 depicts the design of the system core components for the data-source integration. The 
designed and developed user interface has three main components, namely: DB-Explorer, Report 
Designer and Synchronizer. The first one is essential to integrate a new database to the Synchronizer 
application architecture. It allows user to explore the database and to understand the relationships 
among the database components. The Report Designer is used for data-mining on some of the required 
tables/views using the power of SQL queries that are used to generate and persist the corresponding 
reports. These persisted reports can be presented graphically. Furthermore, they can be updated, sorted 
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and filtered as per the user's choice. The third and the final component of the user interface is the 
Synchronizer where user can 'program/design' synchronization entries with different particularities 
among two tables A and B that are select from the databases to be synchronized. The scope of the 
synchronization is discussed later in a tabular format. Once the tables A and B are synchronized, change 
of any data from Table A will be automatically transferred to Table B without user intervention. The 
active Synchronizer client will also be remotely notified about the change.  It has been clearly shown in 
the figure that the client system core uses web-service for instantaneous data communication between 
server and clients, while rely on JMS-based middleware for data monitoring and synchronization. The 
later is achieved in an established asynchronous way. 

The implementation of the proof–of-concept is related to a development of considerably large number 
of classes. It is not possible to present them within this documentation one be one. Therefore we have 
chosen some of the most important modules to be presented through class diagrams. 

Server Side Design 
In Figure 9 we have a Class Diagram containing three Web Service  Classes that are exposing a number of 
web methods at the server side. Below, we present in a tabular form each of the exposed web-methods.  

Location [Class] 
Web Method 

Comments 

Server Side [RelationModelWSImpl] 
test Test for checking the model generation capability 
deleteModel Used to delete an existing model 
createNewModel Used to create a new model 
getDataMinimgFile Used to retrieve a data mining file 
serverInformed Used to notify the server 

Location [Class] 
Web Method 

Comments 

Server Side [LogBaseWrapperImpl] 
getDDPMission Retrieves a DDP mission based on its ID 
getMissionAlternatives Retrieves mission alternatives based on existing mission ID, a 

list of comma separated ICAO and suggestion count 
getAllDDP Retrieves all DDP mission IDs 
getAllAirports Retrieves all airports 
getAllAirportsByPattern Retrieves all airports based on regular expression pattern 
zipGepAllMsnAirports Retrieves a zip-compressed structure of all mission airports 
getAirportLocation Retrieves the latitude/longitude location of an airport 
getAirportLocList Retrieves the latitude/longitude location of a list of airports 
invokeGLPSol Invokes the Integer-Linear Programming Solver for VRP model 

DRDC Valcartier CR 2011-624
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Corporation  

Location [Class] 
Web Method 

Comments 

Server Side [MapCashManagerImpl]  
getTile Returns a tile based on specified parameters  
loadTileFromSite Fetches a tile from the network 
getTileFromDiskCash Reads a tile form the local disk cache 
getLocation Returns current location 
saveTiletoDiskCash Stores a tile in the local disk cache 

 getSatelliteTileNameCode Returns the satellite tile name code 
horizontalTileNumber Returns the horizontal tile number 
verticalTileNumber Returns the vertical tile number 

  

DRDC Valcartier CR 2011-624
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Figure 9. Server Side Web Service Methods 
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Corporation

In Figure 10 we have the DDP Mission Processing Logic Class Diagram containing 7 Classes, including the 
LogBaseWrapperImpl Class that exposes some of the server side web methods. We present below a 
brief description of each of the other 6 classes.  

- HMSTime: Helper Class with no methods used for time manipulation based on hour, minute and
second 

- YMDDate: Helper Class with no methods used for date manipulation based on year, month and
day 

- LogBaseWrapperCore: Class providing the core logic for the LogBaseWrapperImpl web-methods 
- DDPMissionBuilder: Class providing functionalities for building ATO mission structure from DDP

mission 
- DDPMissionBuilderVRP:  Class providing functionalities for building ATO mission structure from

DDP mission and VRP solution result
- Leg: Helper class for leg manipulation in DDPMissionBuilderVRP

In Figure 11 we have the Class Diagram for the Prism Results Parsing Logic. We present below a brief 
description of each of the classes.  

- PData: Helper Class used for manipulating prism data
- LineParser: Interface containing the parse design contract method
- PrismStateListParser: Parser Class implementing specific LineParser logic for parsing States

description
- PrismTransListParser: Parser Class implementing specific LineParser logic for parsing Transitions

description
- PrismStateRewardListParser:  Parser Class implementing specific LineParser logic for parsing

State Rewards description

DRDC Valcartier CR 2011-624
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In Figure 18, we have the Class Diagram corresponding to the Node Clustering Generation. We present 
below a brief description of each of the classes.  

- ClusterTool: Contains clustering interfaces and provides support for the clustering logic and
barycenter identification

- ClusterAble: Interface required to be implemented in order to use the clustering logic provided
in ClusterTool

- ClusterAndBCAble: Specialization of ClusterAble required to be implemented in order to use the
barycenter logic provided in ClusterTool 

- ClusterMap: Specialized Map used for holding cluster data
- ContainerEnclosed: Interface used for grouping elements
- NodeConainer: Contains ContainerEnclosed interface and provides functionality for successive

element iteration
- ClusterBuilder: Extends NodeContainer and provides generic clustering logic 
- DemandClusterBuilder: Extends ClusterBuilder and provides weighed barycenter logic
- ICAODemClBuilder: Specialization of DemandClusterBuilder tailored for ICAO identified airport

locations 
- CoordNode: Holds Location and other node specific information and implements

ContainerEnclosed and ClusterAble interfaces; aggregates Location
- DemandNode: Extension of CoordNode containing level of demand and implementing

ClusterAndBCAble interface
- Location: Holds generic coordinates and related functionalities for distance calculation
- Location2D: Specialization of Location tailored for 2D coordinates
- LocationLonLat: Extension of  Location2D specific for geographic coordinates, providing

corresponding distance calculation function
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Impelementation & Screenshots 

User Interface 

The user interface has three main components, namely: DB-Explorer, Report Designer and Synchronizer. 
The first one is essential to integrate a new database to the Synchronizer application architecture. It 
allows the user to explore the database and to understand the relationships among the database 
components. The Report Designer is used for data-mining on some of the required tables/views based 
on the power of SQL queries that are used to generate and persist the corresponding reports. The 
persisted reports can also be presented graphically. Furthermore, they can be updated, sorted and 
filtered as per the user's choice. The third and the final component of the user interface is the 
Synchronizer where user can 'program/design' synchronization entries with different particularities 
among two tables A and B that are select from the databases to be synchronized. The scope of the 
synchronization is discussed later in a tabular format. Once the tables A and B are selected to be 
synchronized, change of any data from Table A will be automatically transferred to Table B without user 
intervention. The active Synchronizer client will also be remotely notified about the change. 

Technology Stack 
The prototype solution is mostly using open source and standardized technologies. The details of the 
technology stack can be found in the Appendix at the end of this document.  

Database Integration 
The client application has four modules namely: DB-Explorer, Reports, Synchronizer and visualization. 
The first three modules are related to database integration & synchronization.  
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Figure 19: DB-Synchronizer data integration module interface 

Figure 19 presents a screenshot from an easy to use software module where NMDS and LOGBASE 
databases are integrated and the related tables can be shown in the interface by the use of simple 
queries.  

Figure 20 presents a reporting scenario from the LOGBASE database. Reports are named in a tree 
structure at the left of the plug-in. There are many features available for the report. The edit option 
allows for adding or editing charts to the reports. The chart may be altered by using the “Change Graph” 
feature using the corresponding button in the toolbar of the chart-tab. Moreover, in the window that 
opens with the information of the current report, there is a “Has a Chart” option. By selecting it, one can 
choose the chart type and change the X and Y value with the required column names (the ‘value’ column 
should have numerical or time/date values). The user may also filter a part from the main report 
according to his/her need. The filtering capability allows the user to see specific information from a table 
by selecting the desired columns to be displayed and by specifying ranges of values for a column. 
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Figure 20: DB-Synchronizer Reporting module interface 

Figure 21: DB-Synchronizer: Synchronization designer module  
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Figure 21 depicts the visual interface of the DB-Synchronizer Synchronization Design module where 
users may specify the synchronization parameters between two tables in two databases. The two tables 
are shown in the right side. Moreover, at the bottom, the interface of the synchronization engine is 
provided. The user can use the interface in order to provide advanced synchronization mapping of 
values including the use of arithmetic, string and mixed expressions. This is especially useful in the case 
where the columns of the tables to be synchronized are of different type (e.g. numeric vs. string) or 
require the use of enumerated values of abbreviations that are distinct among the tables. The design of 
the parser and expression evaluator was presented in Figure 12, along with an accompanying 
description of the related design components.     

Clustering 
In this section, we present a number of screenshots that have been taken from the developed client 
application interface. In Figure 22, we can see the feature of cluster formation based on the clustering 
distance adjustable parameter. We see the forming of clusters while sliding the configurable cluster 
distance interface control. In this context, it must be mentioned that the nodes that are further away 
from any other node than the clustering distance, do not form proper clusters (are not coloured with a 
specific cluster color in the map) and can be viewed as degenerated clusters of a single node.  

Figure 22. Node Clustering Interface  

Figure 23 shows cluster heads identification corresponding to the potential location for the placement 
of the distribution centers. In the map, we can see the cluster heads surrounded by blue circles. The 
cluster heads are identified in a manner that is similar to that used for identifying a barycenter by taking 
into account both the distance and the demand level of the cluster nodes. In this setting, it must be 
noted that each nodes that forms a degenerated cluster represents its own barycentre.    
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Figure 23. Identification of Cluster Heads / Distribution Centers

Figure 24. Strategic Node Identification
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In Figure 24 we can see along with the identification of the cluster heads, the identification of the 
strategic node in the green cluster, surrounded by a red square in a different map setting. A strategic 
node in a cluster is essentially any node that has the property that if removed from the cluster, this 
would cause the cluster to break in two or more smaller clusters. Strategic nodes are generally very 
important nodes in a cluster as they may represent potential single-point of failure for communications 
or transport.  The design of the clustering solution was presented in Figure 18 along with accompanying 
explanations of the related component parts.  

Figure 25 shows the disabling of the strategic node and the subsequent splitting of the green cluster. 

Figure 25. Disabling of Strategic Node
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Figure 26. Larger Example of Clustering, Cluster Head and Strategic Node Identification

In Figure 26 we can see a larger example of node clustering, along with the identification of the 
corresponding cluster heads and strategic nodes. In this example, we can observe from the figure that 
the red cluster has two adjacent strategic nodes in the right side.    

Plan Re-routing 
In Figure 27 we can see an example of DDP mission displayed on the GIS. The mission involves the 
movement (with intermediate stop-overs) of a plane from a source airport (ICAO code: EBBR) to a 
destination airport (ICAO code: XMMX) and back. An intermediate stop is scheduled at the airport with 
the ICAO code: LGSA. In this context, we consider that the LGSA airport becomes unavailable due to an 
exogenous event (e.g. severe weather) and is marked in red after the corresponding status has been set 
by the user. After that, the user can ask the framework for mission suggestions and inspect them as 
shown in Figure 28. The system is then fetching information from the data sources, in this case, the 
LOGBASE database and is searching for airports nearby to the location of the disabled one. After 
retrieving the information, an adaptive planning model is constructed based on the initial and retrieved 
information. The model encodes the movement dynamic and the cost associated to the distances. Then, 
the model is assessed and a number of alternated routes are found and ranked based on their 
corresponding cost.  
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Figure 27: Display of mission DDP on GIS system 

Figure 28: Display of alternative routes(in green) to a resource allocation plan.  

Simulation 
In case of a plan alteration, the user has the possibility to select its mission alternative of choice (usually 
the one with the smallest cost) and simulate it as seen in Figure 29 However, if needed, this feature can 
also be used on the initial plan as well. We can see in the bottom part of figure the scheduled legs of the 
flight in the left along with a Gantt chart at the right side showing the corresponding projected time line.  
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Figure 29: Simulation of mission plans and alternatives 

Adaptive Planning 

Figure 30: Display of adaptive planning using MDSDVRP planning logic in existence of two clusters.  
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Figure 31:  Display of same adaptive planning using MDSDVRP planning logic in existence of three clusters.  

Figure 30 and Figure 31 are presenting an important example of an adaptive planning within two 
different clustering possibilities.  The plan is created by using the Multi -Depot Split-Delivery Vehicle 
Routing Problem (MDSDVRP) model for the transportation. The figure is clearly showing that by solving 
the model it is possible to select the depots much better (optimally) than by using the usual clustering 
techniques. To that effect, we can node that the dashed blue circled cluster heads are not corresponding 
to the actual position of depots (where the planes are located) in this case. Moreover, another benefit is 
that the MDSDVRP model can provide solutions involving the serving of the same customer(s) by more 
than one vehicle without necessitating the serving vehicles to start from the same depot. This can 
mitigate potential issues that can arise in certain cases along the cluster borders.  

ATO Mission Structure Generation 

In order to have a mission structure that can be versatile and suitable for different persistence and 
retrieval mechanisms, potentially across many platforms, we opted to use the XML-based ATO structure 
commonly utilized for coalition or joint flying missions. In this context, it is important to be able to have 
a common mission view. Moreover, the ATO mission structure allows for an effective mission 
description by having specific sections in the XML structure related to each country that may participate 
in a joint operation. Also, the aircraft mission is described at specific levels such as Air Movements that 
contain information about the mission legs. This particular feature was used in the generation of the 
alternative mission suggestions, which can be inserted in the corresponding place within the XML 
structure of the ATO data. This way, the main structure of the mission does not need to be regenerated 
each time from the DDP mission that is fetched from the LOGBase database. The design of the ATO 
mission generator and parser and has been presented in Figure 10 and Figure 16 respectively.     
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Conclusion 

The main emphasis of this project was put on the requirements analysis and design considerations 
related to the Net-Centric Logistic Framework for Adaptive Operational Planning prototype. The design 
and architecture of the prototype was considered based on extensive research for a decision support 
platform that envisions near real-time, asynchronous data integration and monitoring along with 
automatic information synchronization. Furthermore, during this phase research activities have been 
conducted with respect to the adaptive planning in the context of vehicle/asset movement within a 
shared transport network. The rationale for using automatic model assessment techniques, namely 
model checking and heuristic based vehicle routing problem solving along with the details of a 
structured procedure for achieving optimal decision making support in the presence of uncertainty was 
considered. In this pursuit, further research efforts have been dedicated for refining the proposed 
procedure at different levels of abstraction. In this document we provide detailed information on the 
designed and implemented prototype to achieve the primary objectives.  

The present DND initiative is of paramount importance and in the context of information sharing and 
military planning and is aiming to provide automatic synchronization of military data sources in pursuit 
of enhanced situational awareness by employing automatic synchronization of information hosted in 
two databases that were otherwise updated manually. It will definitely provide a significant edge to the 
military decision makers that will benefit by receiving timely and updated information. Moreover, it will 
allow the military planners to use advanced adaptive planning techniques for improved resource 
allocation and distribution as well as personnel movement in the presence of uncertainty generated by 
exogenous events. Furthermore, the presented architecture of the platform is able to achieve such 
capabilities in a generic way and allows to be further tailored to meet more specific requirements and 
constrains. 
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Appendix

Technology Stack 

Level Challenges Software/Application Providers

Sources of 
Information

(Server 
Side)

• Heterogeneity of data
sources.

• Distant locations of data
sources.

• SQL-Server database
(LOGBASE)

• Oracle 10G database
(NMDS) / Oracle 10G XE for
development (NMDS)

DND, Canada 
(Scientific Authority 
and  other contact 
persons)

Data & 
Services 
Integration

(Server Side 
& Client 
Side)

• Heterogeneity of platforms,
sources, network,
applications.

• Distributed nature of the
system

• Java 2 Enterprise Edition.

• Geronimo application server.

• Web services stack of Axis
API applications integration.

• JMS service for data
integration.

Java 1.6 from Sun 
Microsystems (Server) 

Apache Foundation 
(Geronimo server and 
AXIS API).

ActiveMQ JMS comes 
with Geronimo.

Information
Display and
Monitoring

• Data visualization. 

• Real-time refresh.

• Performance.

• Graphs and Charts APIs
(EspressChart)

• egantt Gantt Chart API

• JMS listeners

• Plugin-based user interface
(Java Plugin Framework).

Quadbase Inc.

Map tile pictures are
available from Google,
Microsoft, Mapsolute,
etc.*

JMS Client from
Apache Foundation.

JPF is available at
Sourceforge.*

Message 
Oriented 
Middleware

• Heterogeneity of data
sources

• Proposer message format
identification

• Interfacing with the
databases and the client
software application

• Message-based middleware
implemented using  Java
Message Service is for the
development purpose.

ActiveMQ Java 
Message Service from 
Apache Foundation.

Information 
Display and 
Monitoring

• Data visualization.

• Real-time refresh.

• Performance.

• Core Java In-House
applications

• Graphs and Charts APIs
(EspressChart)

Java 1.6 from Sun 
Microsystems (Client) 

Quadbase Inc.

ActiveMQ JMS Client 

DRDC Valcartier CR 2011-624



        Interim Report               TrustSeer Corporation.  
 

Net-Centric Logistics Framew ork Development For Adaptive Operational Planning  Page | 49 

 

Corporation

• JMS listeners

• WSDL2Java API for Web
Service Access

from Apache 
Foundation.

WSDL2Java API from 
Apache Foundation.

Adaptive 
Planning

• Use of Model Checking

• Computation Optimization

• Faster reaction on
exogeneous events

• Combinatory exp lotion of
state-space

• PRISM

• NUSMV

• Core Java software modules

University of Oxford, 
Prismmodelchecker.org

Joint effort IRST-ITC 
(Italy), CMU (USA)

TrustSeer Model 
Checking Research 

MDSDVRP 
model 
Solver

• Mixed Integer Linear
Programming Modeling
(optimizat ion problems)

• OpenSource GLPSol GLPK (GNU Linear 
Porgramming Kit)
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Definitions & Acronyms 
Abbreviation Meaning

API Application Programming Interface

C2 Command and Control

C4ISR Command, Control, Communications, Computers, Intelligence 
Surveillance & Reconnaissance

CAAT-Xi Canadian ACO ATO XML interpreter

CF Canadian Forces

COTS Commercial off the Shelf

DND Department of National Defence

DRDC Defence Research and Development Canada

EVE Effective Visible Execution

JMS Java Message Service

LOGFAS Logistic Functional Area Services

NATO North Atlantic Treaty Organisation

NMDS National Movement Distribution System

PC Personal Computer

RFID Radio Frequency Identification

SQL Structured Query Language

TCP/IP Transport Control Protocol/Internet protocol

TD Technology Demonstration

WS Web-Services

WSDL Web Services Description Language

XML Extended Mark-up Language
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