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– US DoD (DISA/Army/Marines/DLA) 
– Nokia 
– Deutsche Bank 
– Wells Fargo 
– Walmart 
– HUD  
– NGA …
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Data Integration Demystified:  

Enabling AI-Driven Interoperability

Program

• Integration Goals/Challenges 

• AI-based approach-augmentation 

• Metadata 

– Replace the concept of technical detail with that of a foundational language 
(common vocabulary) that provides context and clarity for your data and AI 

• Cloud  

– Before taking full advantage of the scalability, agility, and cost-effectiveness of 
cloud services, cloud data should be architected 

• Data Warehousing 

– Needs a new layer to prepare for AI 

• Take aways, references and Q&A

Integration Goals

• Improving the overall performance of large, complex systems in 
areas such as: 

– Processing efficiency 

– Unit responsiveness 

– Perceived quality 

– Product differentiation.   

• Integration efforts seek to achieve improvements by facilitating the 
interaction among:  

– Organizations 

– Individuals, and  

– Systems
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Strategy
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Typical Organizational System Evolution
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The Situation
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It is not easy to visualize the cost 

of Data Debt or that it depletes 

organizational resources: 

- Slowing progress 

- Decreasing quality 

- Increasing costs 

- Presenting greater risks

80% of 
organization
al data is ROT 
- Redundant 
- Obsolete 
- Trivial

An organization's data architecture ...
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Software 
Package 1 
in Cloud A

Software 
Package 2 

on premises

Software 
Package 3 
in Cloud A

Software 
Package 4 

on premises

Software 
Package 5 
in Cloud B

Software 
Package 6  

on premises

Data Architecture

... maps between and across software packages



How many interfaces are required to solve this integration problem?
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Application 4 Application 5 Application 6

Application 1 Application 2 Application 3

RBC:  200 applications - 4900 batch interfaces
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15 Interfaces 
(N*(N-1))/2

0 

10000 

20000 

1 101 201 

Number of Silos 
Worst case number of interconnections 

The rapidly increasing cost of complexity

• N 
– 6 / 15 
– 60 / 1,770 
– 600 / 179,700 
– 200 / 19,900 
– 200 / 5,000 (actual)
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Powerpoint-based Integration Solution
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Data Source 4 Data Source 5 Data Source 6

Integration

Data Source 1 Data Source 2 Data Source 3
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Tower of Babel

https://en.wikipedia.org/wiki/Tower_of_Babel#/media/File:Pieter_Bruegel_the_Elder_-_The_Tower_of_Babel_(Vienna)_-_Google_Art_Project_-_edited.jpg



Interoperability = Understanding
• Ideally the understanding  

is shared by  
– Business 
– Technical 
– Systems
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Trusted Catalog

Common vocabulary expressing integrated requirements ensuring 
that data assets are stored, arranged, 

managed, and used in systems in support of organizational strategy

Business Glossary
• aka 

– data dictionary 
– data item dictionary 
– data directory 
– data catalog 
– data repository 
– metadata repository 
– data resource dictionary 
– data asset dictionary 
– data definition dictionary 
– data structure dictionary 
– data element dictionary 
– enterprise repository 
– term bank 

• Start of Enterprise Taxonomy 
• Defines Initial Entities for 

Conceptual Data Model 
• Engages the Business 

Community to Validate 
Entities and provide 
meaningful, agreed upon 
business definitions
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Entity Description Domain Area
Donor Funder Business Development
Solicitations Need for Work Business Development
Solicitations Proposal Response to Need for Work Business Development
Pre-Positioning Intelligence Gathering Business Development
Award/Sub-Award Funding Vehicle Business Development
Terms Conditions Details about a Funding Vehicle Business Development
Budget Amount of Money Available Business Development
Work Plan Set of Activities to Complete Business Development
PMP Monitoring Plan for Activities Business Development

Project

An NGO Project is defined as a 
self-contained set of 
interventions or activities with the 
following characteristics:
a) an external client;
b) purchase order, contract or 
agreement;
c) expected deliverables, 
outcomes and results;
d) a beginning and end date of 
implementation; 
e) an approved budget; and 
   full and/or part time NGO staff Project Management

Geographic Area Project Management

Office Locations
Location in which a Central Office 
resides Project Management

Project Roles Project Management
Project Artifacts Project Management
Project Budget Project Management
Project Work Plan Project Management
Milestones Schedule of completed activities Project Management
Monitoring Plan to measure Activities Project Management
Evaluation Assessment of Activities Project Management
Indicators Target of Outcome Project Management

Outcomes
Statement of what needs to be 
accomplished Project Management

Acct Receivable Payments to NGO Financial Management
Chart of Accounts Defined Accounts Financial Management
Payroll Process to Pay Worker Financial Management
Supplier Provider of Goods or Service Financial Management
Contract Binding Agreement Financial Management
Purchase Order Statement of Good or Service Financial Management
Performance Level of Success Talent Management
Benefits Talent Management
Skills Talent Management

Worker
Person who has been hired by 
NGO Talent Management

Candidate Potential hire of NGO Talent Management
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Uses

What is the structure of metadata practices? 

• Metadata practices connect data sources and uses in an 
organized and efficient manner 
– Storage:  repository, glossary, models, lineage - currently multiple technologies 

are used 
– Engineering:  identifying/harvesting/normalizing/administer evolving metadata 

structures 
– Delivery:  supply/access/portal/definition/lookup search identify/ensure required 

metadata supplies to meet business needs 
– Governance:  ensure proper/creation/storage/integration/control to support 

effective use 

• When executed, engineering and delivery implement governance 
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Sources

Metadata Governance

 

Metadata 
Engineering

 

Metadata 
Delivery

Metadata Practices 

Metadata 
Storage
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Specialized Team Skills

Uses

What is the structure of data practices? 

• Data practices connect data sources and uses in an organized and 
efficient manner 
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are used 
– Engineering:  identifying/harvesting/normalizing/administer evolving metadata 

structures 
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Data Governance

 

Data 
Engineering

 

Data  
Delivery
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Data 
Storage
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Specialized Team Skills



Defining Spaces
• ETL Extract Transform, Load 

– delivers aggregated data to a new database 

• EAI Enterprise Application Integration 

– connects applications to other applications in a 
predictable manner using  
pre-established connections 

• EII Enterprise Information Integration 

– between ETL and EAI - delivers tailored views of 
information to users at the time that it is required
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12/13/10

MetaMatrix Integration Example
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• EII Enterprise Information Integration 

– between ETL and EAI  
– delivers tailored views 

of information to users 
at the time that it is 
required



SummarySection
• Integration goals can only be achieved by ensuring  

the lowest level of granularity matches perfectly 

• If we had it all to do over again - we wouldn’t build what we 
currently have  

• Legacy - anything that is in production 

• It is reasonable to ask how qualified some decision makers are 

• Integration can be easier in a software packages environment 

• Complexity can be reduced but the result is always easier but 
rarely easy 

• Implementation of appropriate standardization can be useful
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Data Integration Demystified:  

Enabling AI-Driven Interoperability

Program

• Integration Goals/Challenges 

• AI-based approach-augmentation 

• Metadata 

– Replace the concept of technical detail with that of a foundational language 
(common vocabulary) that provides context and clarity for your data and AI 

• Cloud  

– Before taking full advantage of the scalability, agility, and cost-effectiveness of 
cloud services, cloud data should be architected 

• Data Warehousing 

– Needs a new layer to prepare for AI 

• Take aways, references and Q&A
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Amplify / 
Augment / 

Elevate / Enrich / 
Enhance / 

Fortify / Refine 
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Vannevar Bush's article, found on pages 101-108 of The Atlantic, is important in the history of technology as it anticipates several major aspects of personal computing as we know it today, including hypertext, the internet, and online encyclopedias. His proposed 'Memex' was a system for storing, organizing, and retrieving vast amounts of data, consisting of a desk equipped with projection screens, keyboards, and levers that offered access to microfilmed texts and imagery. Though today accomplished in the digital realm with computers and software, the general concepts put forth by Bush have revolutionized everyday life through the widespread use of services like Google and Wikipedia. 
 
[Source:  https://www.rrauction.com/auctions/lot-detail/348350206903145-vannevar-bush-as-we-may-think-in-the-atlantic-july-1945/#mz-expanded-view-141374581666]
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Gemini
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gemini.google.com
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Prompt engineering with GenAI
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SummarySection
• Pay for the $20/month version of your favorite 

• Use it regularly 

• Try out new things 

• Exchange experiences with others 

• Identify useful sources of additional information 
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Data Integration Demystified:  

Enabling AI-Driven Interoperability

Program

• Integration Goals/Challenges 

• AI-based approach-augmentation 

• Metadata 

– Replace the concept of technical detail with that of a foundational language 
(common vocabulary) that provides context and clarity for your data and AI 

• Cloud  

– Before taking full advantage of the scalability, agility, and cost-effectiveness of 
cloud services, cloud data should be architected 

• Data Warehousing 

– Needs a new layer to prepare for AI 

• Take aways, references and Q&A
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Data Integration Demystified:  

Enabling AI-Driven Interoperability

Program

• Integration Goals/Challenges 

• AI-based approach-augmentation 

• Metadata 

– Replace the concept of technical detail with that of a foundational language 
(common vocabulary) that provides context and clarity for your data and AI 

• Cloud  

– Before taking full advantage of the scalability, agility, and cost-effectiveness of 
cloud services, cloud data should be architected 

• Data Warehousing 

– Needs a new layer to prepare for AI 

• Take aways, references and Q&A
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Metadata 
Management
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Definition: Planning, Implementation, and control activities to enable access to high quality, integrated 
metadata

Goals:  
1. Provide organizational understanding of business terms and usage. 
2. Collect and integrate metadata from diverse sources. 
3. Provide a standard way to access metadata. 
4. Ensure metadata quality and security.

Activities: 
1. Define Metadata Strategy (P)  
2. Understand Metadata Requirements (P) 
      1. Business User Requirements 
      2. Technical User Requirements 
3. Define Metadata Architecture (P) 
      1. Create MetaModel (D) 
      2. Apply Metadata Standards (C) 
      3. Manage Metadata Stores (C) 
4. Create and Maintain Metadata (O) 
      1. Integrate Metadata (O) 
      2. Distribute and Deliver Metadata (O) 
5. Query, Report and Analyze Metadata (O) 

Inputs: 
• Business 

Requirements  
• Metadata Issues  
• Data Architecture 
• Business Metadata 
• Technical Metadata 
• Process Metadata 
• Operational Metadata 
• Data Governance 

Metadata

Deliverables: 
• Metadata Strategy 
• Metadata Standards 
• Metadata Architecture 
• MetaModel 
• Unified Metadata 
• Metadata Stores 
• Data Lineage 
• Impact Analysis  
• Dependency Analysis 
• Metadata Control Process

Suppliers:  
• Business Data 

Stewards 
• Data Managers 
• Data Governance 

Bodies 
• Data Modelers 
• Database 

Administrators

Consumers:  
• Application Developers 

Analyst 
• Data Integrators 
• Business Users 
• Knowledge Workers 
• Customers & Collaborators 
• Data Scientists 
• Data Journalists

Participants:  
• Data Stewards 
• Project Managers 
• Data Architects 
• Business Analysts 
• System Analysts

Techniques:  
• Data Lineage and Impact 

Analysis 
• Metadata for Big Data Ingest

Tools: 
• Metadata Repository Management 

Tools 
• Metadata Repositories in other 

Tools

Metrics:  
• Metadata Coverage 

Scorecard 
• Metadata Repository 

Contribution 
• Metadata Usage Reports 
• Metadata Quality Scorecard

(P) Planning, (C) Control, (D) Development, (O) Operations

Metadata Management

Business  
Drivers

Technical  
Drivers

Definition: Planning, Implementation, and control activities to enable access to high quality, 
integrated metadata

Goals: 
1. Provide organizational understanding of business terms and usage.
2. Collect and integrate metadata from diverse sources.
3. Provide a standard way to access metadata.
4. Ensure metadata quality and security.

Activities:
1. Define Metadata Strategy (P) 
2. Understand Metadata Requirements 

(P)
1. Business User Requirements
2. Technical User Requirements

3. Define Metadata Architecture (P)
1. Create MetaModel (D)
2. Apply Metadata Standards (C)
3. Manage Metadata Stores (C)

4. Create and Maintain Metadata (O)
1. Integrate Metadata (O)
2. Distribute and Deliver Metadata (O)

5. Query, Report and Analyze Metadata 
(O) 

Inputs:
• Business 

Requirements 
• Metadata Issues 
• Data Architecture
• Business Metadata
• Technical Metadata
• Process Metadata
• Operational Metadata
• Data Governance 

Metadata

Deliverables:
• Metadata Strategy
• Metadata Standards
• Metadata Architecture
• MetaModel
• Unified Metadata
• Metadata Stores
• Data Lineage
• Impact Analysis 
• Dependency Analysis
• Metadata Control 

Process

Suppliers: 
• Business Data 

Stewards
• Data Managers
• Data Governance 

Bodies
• Data Modelers
• Database 

Administrators

Consumers: 
• Application Developers 

Analyst
• Data Integrators
• Business Users
• Knowledge Workers
• Customers & 

Collaborators
• Data Scientists
• Data Journalists

Participants: 
• Data Stewards
• Project Managers
• Data Architects
• Business Analysts
• System Analysts

Techniques: 
• Data Lineage and Impact 

Analysis
• Metadata for Big Data 

Ingest

Tools:
• Metadata Repository 

Management Tools
• Metadata Repositories in other 

Tools

Metrics: 
• Metadata Coverage 

Scorecard
• Metadata Repository 

Contribution
• Metadata Usage Reports
• Metadata Quality 

Scorecard
(P) Planning, (C) Control, (D) Development, (O) Operations

Metadata Management

Business 
Drivers

Technical 
Drivers

The prefix meta-
1. Situated behind: metacarpus. 

2. a. Later in time: metestrus.  
b. At a later stage of development: metanephros. 

3. a. Change; transformation: metachromatism.  
b. Alternation: metagenesis. 

4. a. Beyond; transcending; more comprehensive: metalinguistics.  
b. At a higher state of development: metazoan. 

Definition of the prefix meta- (Emphasis added – source: American Heritage English Dictionary © 1993 Houghton Mifflin).
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Meta
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Metadata unlocks the value of data, and therefore 
requires management attention [Gartner 2011]!
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Data 
About Your 

Data
Using metadata descriptions of Bluetooth devices
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Attributes/Fields
Keyboard VCU
Motorola S10 CGL 
Peter's i5s
Trackpad CGL
Trackpad IDR
Trackpad VCU

Data Column
CGL Trackpad
CGL Motorola S10
IDR Trackpad
Peter's i5s
VCU Keyboard
VCU Trackpad
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Example:  Music Metadata
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• Example:   
- Music Metadata 

• Insert a recently purchased CD  
• Music can: 

- Count the number of tracks (25) 
- Determine the length of each track

Example: 
iTunes→Music™/.mp3 player app

Example:  Music Metadata

© Copyright 2026 by Peter Aiken Slide # 42https://anythingawesome.com

• When connected to the Internet 
the Music app connects to the 
Gracenote(.com) Media 
Database and retrieves: 
– CD Name 
– Artist 
– Track Names 
– Genre 
– Artwork 

• Sure would be a pain to type in 
all this information  
(How many of your knowledge workers are 
suffering?)

Example:   
Music Metadata



Example:  Music Metadata

• To organize my Music library  
– I create a "New Smart Playlist" for Artist's containing "Miles Davis" 
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Example:   
Music Metadata

Example:  Music Metadata

• Notice I didn't get the desired results 
• I already had another Miles Davis recording, "Live at the Fillmore East" 
• Must fine-tune the smart playlist request to get the desired results 

– Now specify that Album must also contain "The complete birth of the cool" 

• Now I can move the smart playlist "Miles Davis" to a folder 
• Or not?
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Example:   
Music Metadata



Example:  Music Metadata

• Your knowledge of metadata:  
– Interface 
– Processing 
– Data Structures 

• are applied to  
– Podcasts 
– Movies 
– Books 
– .pdf files 

• Economies of scale are enormous
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Example:   
Music Metadata

input to this was previous 5 slides & “illustrate the concept 
of 'metadata' as a use of data and not as a type of data”

1. Data in Isolation (Physical vs. Logical Presence) 
When you insert a physical audio CD into a computer without an internet 
connection, the system can only read the raw structural properties 
physically printed or encoded on the disc. The software can instantly 
extract specific technical data points: 

• Track Count: For example, determining there are exactly 25 tracks 
on the disc.  

• Track Duration: Measuring the precise playtime of each individual 
item (e.g., 2:34 or 3:14).  

• Total Volume: Calculating aggregate metrics like total run time (1.3 
hours) and file size (801.7 MB).  

At this stage, the actual identity of the content is completely missing. 
Without context, the system simply applies sequential, generic 
placeholders labeled "Track 01", "Track 02", etc. The structural data is 
present, but it isn't yet being used to describe anything meaningful to a 
human observer. 
2. Metadata as a "Use" (Contextual Assignment) 
The transformation happens when the system connects to an external 
database (such as Gracenote). The application sends the disc’s hardware 
signatures (the track count and precise timings) as a query. 
The database matches those physical metrics against its records and 
returns an administrative layer of information: 
[Raw Physical Data]                     [Gracenote Database Query] 
Track 1 (2:34)    --------------------> Matches Record: "Miles Davis" 
Track 2 (3:14)    --------------------> Matches Record: "Jeru" 
Total: 25 Songs   --------------------> Matches Album: "The Complete 
        Birth Of The Cool" 
Once downloaded, these standard data strings function as metadata 
because of how they are used. They are applied directly to the files to 
describe their identity: 

• Identity Attributes: Overwriting generic track numbers with true 
names like Jeru, Moon Dreams, or Venus De Milo.  

• Classification Attributions: Assigning the Artist (Miles Davis), 
Album (The Complete Birth Of The Cool), and Genre (Jazz).  

The text string "Miles Davis" is fundamentally just text data. However, it 
serves a metadata function here because its purpose is to define who 
created the audio file. 
3. Operationalizing Metadata (Smart Playlists) 
Because this descriptive information is structured uniformly, you can build 
logical systems to automate tasks. For example, if you want to organize a 
library, you can create a Smart Playlist with a conditional rule instructing 
the application to find instances where the Artist field contains "Miles 
Davis". 
However, relying on a single descriptive attribute can sometimes pull in 
unintended matches if the criteria are too broad. In this case, a basic 
search for the artist might return tracks from entirely different recordings, 
such as a concert album like "Live at the Fillmore East". 
To fix this, you must fine-tune the rule by compounding the metadata 
fields. By specifying that the Artist contains "Miles Davis" AND the 
Album contains "The Complete Birth Of The Cool", the system filters 
out the surrounding noise to isolate the exact target tracks. 
4. The Scale of Metadata Applicability 
This operational principle is not exclusive to music files. The exact same 
foundational mechanisms—user interfaces, backend processing, and 
underlying data structures—are applied uniformly across completely 
different media landscapes: 

• TV Shows & Movies: Tracking titles (Covert Affairs), ratings (TV-
PG), and episode runtimes (42:38).  

• Other Media: Standardizing organizational rules for Podcasts, 
Books, and standalone .pdf documents.  

Ultimately, metadata is not a special sub-category of code or a rare breed 
of file; it is any data utilized to describe, locate, and control another piece 
of information. When applied systematically, the resulting structural 
economies of scale are enormous.
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The most likely managed metadata in your organization
• Tracking network users and access points is metadata 

• Your organization's networking group allocates the responsibility 
for knowing (at least): 

– All the devices permitted to logon to your network 

– Locations of  
all permitted  
access points 

• This responsibility  
belongs to a  
named  
individual(s)
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Productivity J- Curve
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Source:http://dmreview.com/article_sub.cfm?articleID=1000941 used with permission

Metamodels References
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Metamodel
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SCREEN
ELEMENT
screen element id #
data item id #
screen element descr.

INTERFACE
ELEMENT
interface element id #
data item id #
interface element descr.

INPUT
ELEMENT
input element id #
data item id #
input element descr.

OUTPUT
ELEMENT
output element id #
data item id #
output element descr.

MODEL
VIEW
model view element id #
data item id #
model view element des.

DEPENDENCY
dependency elem id #
data item id #
process id #
dependency description

CODE
code id #
data item id #
stored data item #
code location

INFORMATION
information id #
data item id #
information descr.
information request

PROCESS
process id #
data item id #
process description

USER TYPE
user type id #
data item id #
information id #
user type description

LOCATION
location id #
information id #
printout element id #
process id #
stored data items id #
user type id #
location description

PRINTOUT
ELEMENT
printout element id #
data item id #
printout element descr.

STORED DATA ITEM
stored data item id #
data item id #
location id #
stored data description

DATA ITEM
data item id #
data item description
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Business Goals Model
Defines the mission of the 
enterprise, its long-range goals, 
and the business policies and 
assumptions that affect its 
operations.
Business Rules Model
Records rules that govern the 
operation of the business and the 
Business Events that trigger 
execution of Business Processes.

Enterprise Structure Model
Defines the scope of the enterprise 
to be modeled.  Assigns a name to the 
model that serves to qualify each 
component of the model.

Extension Support Model
Provides for tactical Information 
Model extensions to support special 
tool needs.

Info Usage Model
Specifies which of the 
Entity-Relationship Model 
component instances are used by 
other Information Model 
components.

Global Text Model
Supports recording of extended 
descriptive text for many of the 
Information Model components.

DB2 Model
Refines the definition of a Relational 
Database design to a DB2-specific 
design.

IMS Structures Model
Defines the component structures 
and elements and the application 
program views of an IMS Database.

Flow Model
Specifies which of the Entity 
Relationship Model component 
instances are passed between 
Process Model components.

Applications Structure Model
Defines the overall scope of an automated 
Business Application, the components of the 
application and how they fit together.

Data Structures Model
Defines the data structures and their 
elements used in an automated 
Business Application.

Application Build Model
Defines the tools, parameters and 
environment required to build an 
automated Business Application.

Derivations/Constraints Model
Records the rules for deriving legal 
values for instances of 
Entity-Relationship Model 
components, and for controlling the 
use or existence of E-R instance.

Entity-Relationship Model
Defines the Business Entities, their 
properties (attributes) and the 
relationships they have with other 
Business Entities.

Organization/Location Model
Records the organization structure 
and location definitions for use in 
describing the enterprise.

Process Model
Defines Business Processes, their 
sub processes and components.

Relational Database Model
Describes the components of a 
Relational Database design in 
terms common to all SAA 
relational DBMSs.

Test Model
Identifies the various file (test 
procedures, test cases, etc.) 
affiliated with an automated 
business Application for use in 
testing that application.

Library Model
Records the existence of 
non-repository files and the role they 
play in defining and building an 
automated Business Application.

Panel/Screen Model
Identifies the Panels and Screens and 
the fields they contain as elements 
used in an automated Business 
Application.

Program Elements Model
Identifies the various pieces and 
elements of application program 
source that serve as input to the 
application build process.

Value Domain Model
Defines the data characteristics 
and allowed values for 
information items.

Strategy Model
Records business strategies to 
resolve problems, address goals, 
and take advantage of business 
opportunities.  It also records 
the actions and steps to be taken.Resource/Problem Model

Identifies the problems and needs 
of the enterprise, the projects 
designed to address those needs, 
and the resources required.

Process Model

Extension 
Support Model

Application 
Structure 

Model

DB2 Model

Relational 
Database 

Model

Global Text 
Model

Strategy 
Model

Derivations/ 
Constriants 

Model

Application 
Build Model

Test Model Panel/ Screen 
Model

IMS Structure 
Model

Data 
Structure 

Model

Program 
Elements 

Model

Business  
Model
Goals

Organization/ 
LocationModel

Resource/ 
Problem 

Model

Enterprise 
Structure 

Model

Entity- 
Relationship 

Model

Info Usage 
Model

Value Domain 
Model

Flow Model

Business 
Rules Model

Library
Model

IBM's AD/Cycle Information Model

Montgomery, S. L. (1991). AD/Cycle: IBM's Framework for Application Development and CASE. Van Nostrand Reinhold https://books.google.com/books/about/AD_Cycle.html?id=UR-zAAAAIAAJ 



CASE-based XML Support
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Metadata Generation Example
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Why Metadata Matters

• They know you rang a phone sex service at 2:24 am and spoke for 
18 minutes. But they don't know what you talked about. 

• They know you called the suicide prevention hotline from the 
Golden Gate Bridge. But the topic of the call remains a secret. 

• They know you spoke with an health testing service, then your 
doctor, then your health insurance company in the same hour. But 
they don't know what was discussed. 

• They know you received a call from the local NRA office while it 
was having a campaign against gun legislation, and then called 
your senators and congressional representatives immediately 
after. But the content of those calls remains safe from government intrusion. 

• They know you called a gynecologist, spoke for a half hour,  
and then called the local Planned Parenthood's number later  
that day. But nobody knows what you spoke about. 
– https://www.eff.org/deeplinks/2013/06/why-metadata-matters
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NotebookLM 
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NotebookLM 
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NotebookLM 
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NotebookLM 

NotebookLM Mind Map
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NotebookLM 
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The Metadata Engine:  Powering AI-Driven Interoperability
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The Metadata Engine:  Powering AI-Driven Interoperability
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The Metadata Engine:  Powering AI-Driven Interoperability
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The Metadata Engine:  Powering AI-Driven Interoperability
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Data Integration Demystified:  

Enabling AI-Driven Interoperability

Program

• Integration Goals/Challenges 

• AI-based approach-augmentation 

• Metadata 

– Replace the concept of technical detail with that of a foundational language 
(common vocabulary) that provides context and clarity for your data and AI 

• Cloud  

– Before taking full advantage of the scalability, agility, and cost-effectiveness of 
cloud services, cloud data should be architected 

• Data Warehousing 

– Needs a new layer to prepare for AI 

• Take aways, references and Q&A



Similar Opportunities
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• IT Infrastructure. Your submission should include funding for the timely execution of agency plans 
to consolidate data centers developed in FY 2010 (reference FY 2011 passback guidance). In 
coordination with the data center consolidations, agencies should evaluate the potential to adopt 
cloud computing solutions by analyzing computing alternatives for IT investments in FY 2012. 
Agencies will be expected to adopt cloud computing solutions where they represent the best value at 
an acceptable level of risk. 

• Adopt Light Technologies and 
Shared Solutions. We are reducing 
our data center footprint by 40 
percent by 2015 and shifting the 
agency default approach to IT to a 
cloud-first policy as part of the 2012 
budget process.  Consolidating more 
than 2,000 government data centers 
will save money, increase security 
and improve performance.
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https://builtin.com/articles/clarify-cloud-spending



Aspirational Data in the Cloud
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Benefits
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Data in the cloud should have three attributes that data outside the cloud should 
not have - it should be:

Sharable-er
© Copyright 2026 by Peter Aiken Slide # 75https://anythingawesome.com

Cleaner

Smaller

(More Sharable)

Transform

Getting data into the Cloud

Problems with forklifting  
1. no basis for  

decisions made 
2. no inclusion of architecture/ 

engineering concepts 
3. no idea that these  

concepts are missing from  
the process 

4. 80% of organizational data  
is ROT 

5. all I/O can be chargeable 
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Less 
Cleaner 
More shareable  
 ... data
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Effective Cloud Transformation
• Transformation into cloud computing cannot be  

done in a manner that benefits organizations  
unless data is re-architected – formally with two goals:  
– Maximizing effective, organization-wide data sharing; and  

– Minimizing organizational data ROT.   

• Resulting data volume reduction should be 1/5 what is currently is  
– A significant economic motivator.    

• All existing organizations have data collections that possess 
unique strengths and weaknesses 
– Strengths that should be leveraged 

– Weaknesses must be addressed 

• Neither of these can be accomplished without formal data 
rearchitecting prior to cloud loading.   

• There are very few who work in the area for a living but my teams 
have achieved some remarkable successes. 
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Fixing Data in the Cloud Using A Glovebox
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The Cloud as a Data Quality Tool
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  Continuous Improvement  • 
  Data Baselining  • 

  Statistical Data Control  • 
  Cost of Quality Model  • 

  Empowerment  •

Data Reduction  • 
Pattern Analysis  • 

Mathematical Analysis  • 
Schema Validation  •

Reusability  • 
Logic & Logic Programming  • 
Relational DB Technologies  • 

Data Migration Technologies  • 
Statistical Programming Languages  •

Quality 

Data Analysis 

Technology

Cloud Performance Portal
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Powering AI-Driven Cloud Interoperability
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Powering AI-Driven Cloud Interoperability
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Powering AI-Driven Cloud Interoperability
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Powering AI-Driven Cloud Interoperability
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Powering AI-Driven Cloud Interoperability
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Data Integration Demystified:  

Enabling AI-Driven Interoperability

Program

• Integration Goals/Challenges 

• AI-based approach-augmentation 

• Metadata 

– Replace the concept of technical detail with that of a foundational language 
(common vocabulary) that provides context and clarity for your data and AI 

• Cloud  

– Before taking full advantage of the scalability, agility, and cost-effectiveness of 
cloud services, cloud data should be architected 

• Data Warehousing 

– Needs a new layer to prepare for AI 

• Take aways, references and Q&A
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The key here is to position the data 
warehouse not just as a reporting tool, 

but as the structured, high-quality 
repository that AI algorithms require to 

function across the enterprise.
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Basic Data Warehouse Analysis

• Emphasis on 
the cube 

• Permits 
different users 
to "slice and 
dice" subsets 
of data 

• Viewing from 
different 
perspectives
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Warehouse Analysis
• Users can "drill" 

anywhere 
• Entire collection 

is accessible 
• Summaries to 

transaction-level 
detail
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Example: Set Analysis
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Courtesy of: http://www.infosys.com/industries/healthcare/industryofferings/Pages/healthcare -data-warehousing.aspx

Data Warehousing
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Styles of Business Intelligence
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Health Care Provider Data Warehouse

• 1.8 million members 
• 1.4 million providers 
• 800,000 providers no key 
• 29% prov_ssn ≠ 9 digits 
• 2.2% prov_number = 9 digits (required) 
• 1 User
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"I can take a roomful 
of MBAs and 

accomplish this 
analysis faster!"

Indiana Jones: Raiders Of The Lost Ark 
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Top Causes of Data Warehouse Failure
• Poor Quality Data 

– Many more values of code than 
allowable 

• Incorrectly Structured Data 

– Providing the correct answer to 
the wrong question 

• Bad Warehouse Design 

– Overly complex
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Inmon Implementation/3NF
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Kimball Implementation/Dimensional
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Data Vault Implementation
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Linked Data
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Linked Data is about using the Web to connect related data that wasn't 
previously linked, or using the Web to lower the barriers to linking data 
currently linked using other methods. More specifically, Wikipedia defines 
Linked Data as "a term used to describe a recommended best practice for 
exposing, sharing, and connecting pieces of data, information, and knowledge 
on the Semantic Web using URIs and RDF."

linkeddata.org

Warehouse 
Process

Warehouse 
Operation

Transformation

XMLRecord- 
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Multi 
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Business 
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Software 
Deployment
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Warehouse 
Management

Resources

Analysis

Object- 
Oriented 

(ObjectModel)

Foundation

OLAP Data  
Mining

Information 
Visualization
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Data 
Types Expressions Keys 

Index
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Mapping

Overview of CWM Metamodel
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Powering AI-Driven Warehousing Interoperability

The key here is to position the data warehouse not just as a reporting tool, but as the structured, 
high-quality repository that AI algorithms require to function across the enterprise.
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Powering AI-Driven Warehousing Interoperability
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Powering AI-Driven Warehousing Interoperability
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Powering AI-Driven Warehousing Interoperability



• Integration Goals/Challenges 

• AI-based approach-augmentation 

• Metadata 

– Replace the concept of technical detail with that of a foundational language 
(common vocabulary) that provides context and clarity for your data and AI 

• Cloud  

– Before taking full advantage of the scalability, agility, and cost-effectiveness of 
cloud services, cloud data should be architected 

• Data Warehousing 

– Needs a new layer to prepare for AI 

• Take aways, references and Q&A
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Data Integration Demystified:  

Enabling AI-Driven Interoperability

Program

Questions to Ask

• Are you ready for a _____? 
– Foundational Practices 

• Is the business environment constantly 
evolving?  

• Will you get it right the first time?  

• Do you have an agreed-upon ways to 
maintain an enterprise-wide vocabulary? 

• Is your system intended to be an 
auditable system of record? 

• Do we understand the requisite extract, 
transform and load data transformations? 

• How fast do you need results? 

• Do we have forecasts of the performance 
of inserts vs reads
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Summary
• Metadata 

– Metadata unlocks the value of data, and therefore  
requires management attention 

– Metadata is the language of data governance 

– Metadata defines the essence of integration challenges 

• Cloud 
– Data governance, architecture, quality, development maturity are necessary but 

insufficient prerequisites to successful data cloud implementation 

– A variety of cloud options will influence cloud and data architectures in general 

– You must understand your architecture and strategy in order to evaluate the 
options 

– Data must be reengineered to be:  less; better quality; more shareable  

– Failure to do these will result in more business value for the cloud vendors/
service providers and less for your organization 

• Warehousing 
– Business value must precede technical design 

– Other non-traditional alternatives are available
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Program

Summary • Metadata 
– Metadata unlocks the value of data, and 

therefore requires management attention 
– Metadata is the language of data 

governance 
– Metadata defines the essence of integration 

challenges 
• Cloud 

– Data governance, architecture, quality, 
development maturity are necessary but 
insufficient prerequisites to successful data 
cloud implementation 

– A variety of cloud options will influence 
cloud and data architectures in general 

– You must understand your architecture and 
strategy in order to evaluate the options 

– Data must be reengineered to be:  less; 
better quality; more shareable  

– Failure to do these will result in more 
business value for the cloud vendors/service 
providers and less for your organization 

• Warehousing 
– Business value must precede technical 

design 
– Other non-traditional alternatives are 

available
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• Best Results Achieved with: 
– Trade-off productive discussions 
– Buying versus build discussions are  

similarly productive 
– Direct support of strategy 
– Measurable business improvements 
– Support for knowledge worker capabilities

[ Clicking any webinar title will link directly to the registration page ]

Upcoming Events
AI-Powered Data Modeling Essentials 
14 July 2026 

Mastering Reference Data: An AI Essential for 
Reliable Business Information 
11 August 2026 

Data Warehousing Reimagined: Fueling AI-
Powered BI at Scale 
8 September 2026
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Brought to you by:

Time:  19:00 UTC (2:00 PM NYC) | Presented by:  Peter Aiken, PhD
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• 25% off directly from the publisher on some titles 
•  @  

https://anythingawesome.com/books 
• Enter the code  

“TP25" at the Technics bookstore  
checkout where it says to "Apply Coupon"

TP25

Event  
Pricing  
on  
Peter's  
Books

Thank You!
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Peter.Aiken@AnythingAwesome.com +1.804.382.5957

Critical Design Review?

Hiring Assistance?
Reverse Engineering Expertise?

Executive  Data Literacy Training?
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Tool/automation evaluation?Use your data more strategically?
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Definition and Goals:  Data Integration and Interoperability (DII) 
describes the processes related to the movement and consolidation 
of data within and between data stores, applications, and 
organizations. The primary goals of DII are to: 
• Provide data securely and in regulatory compliance, in the format 

and timeframe needed. 
• Lower costs and complexity by developing shared models and 

interfaces. 
• Identify meaningful events to automatically trigger alerts and 

actions. 
• Support business intelligence (BI), analytics, Master Data 

Management (MDM), and operational efficiency. 
Essential Concepts 
• ETL and ELT: Central to DII is the Extract, Transform, and Load 

(ETL) process, which selects data from a source, makes it 
compatible with a target structure, and physically stores it. 
Alternatively, ELT (Extract, Load, and Transform) loads raw data 
directly into the target system before transforming it, which is 
especially common in Big Data environments. 

• Latency: Data movement happens at different speeds, ranging 
from high-latency batch processing (e.g., nightly scheduled runs) 
to low-latency/streaming (real-time continuous flow). Other 
methods include Change Data Capture (CDC) to pull only recent 
changes, and asynchronous or synchronous real-time updates. 

• Interaction Models: Systems can interact via point-to-point 
connections (direct but highly complex to scale), hub-and-spoke 
models (using a central data hub to minimize interfaces), or 
publish-subscribe models (where systems push data out and 
consumers pull it in). 

• Architecture Concepts: Mature DII leverages architectures like 
Enterprise Service Buses (ESB) for near-real-time messaging, 
Service-Oriented Architecture (SOA) for independent data 
services, and Complex Event Processing (CEP) to analyze data 
streams and predict behaviors. 

Key Activities The DII lifecycle is divided into four main phases: 
• Plan & Analyze: Define integration and lifecycle requirements, 

discover data sources, document data lineage, profile data for 
quality and structure, and harvest business rules. 

• Design DII Solutions: Formulate the architecture, map source 
data to target data, and design the orchestration (the pattern and 
timing of data flows). 

• Develop DII Solutions: Build data services, orchestrate data 
flows, develop data migration approaches, implement complex 
event processing, and capture DII metadata (like transformation 
rules and lineage). 

• Implement and Monitor: Activate services and monitor 
processing for performance issues or automated event triggers. 

• Tools and Governance Executing DII requires specialized tools 
such as data transformation engines (ETL tools), data 
virtualization servers, Enterprise Service Buses, business rules 
engines, and metadata repositories to track transformation rules 
and lineage. 

DII governance ensures that integration is driven by business rules 
rather than purely technical approaches. It involves establishing 
Data Sharing Agreements (MOUs stipulating acceptable use and 
access), strictly managing data lineage for impact analysis, and 
tracking key metrics like data availability, volume, speed, and 
solution costs.

Data Integration and Interoperability (DII) DAMA DM BoK® Chapter 8
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Types of Metadata: Process Metadata
• Process Metadata is... 

– Data that defines and describes the characteristics of other system elements, 
e.g. processes, business rules, programs, jobs, tools, etc. 

• Examples of Process metadata: 

– Data stores and  
data involved 

– Government/regulatory  
bodies 

– Organization owners and stakeholders 

– Process dependencies and decomposition 

– Process feedback loop and documentation 

– Process name
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Types of Metadata: Process Metadata

Who: Created the documentation? 
What: Are the important dependencies  

among the processes? 
How: Do the business processes interact with each other?
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Source:  Brad Melton

Types of Metadata: Business Metadata

• Business Metadata describe  
to the end user what data are  
available, what they mean and  
how to retrieve them. 

• Included are: 

– Business names and definitions of subject and concept areas, entities, attributes 

– Attribute data types and other attribute properties 

– Range descriptions, calculations, algorithms and business rules 

– Valid domain values and their definitions

© Copyright 2026 by Peter Aiken Slide # 120https://anythingawesome.com
 from The DAMA Guide to the Data Management Body of Knowledge © 2009 by DAMA International



Types of Metadata: Technical & Operational Metadata

 from The DAMA Guide to the Data Management Body of Knowledge © 2009 by DAMA International

• Technical and operational metadata provides developers and 
technical users with information about their systems 

• Technical metadata includes… 
– Physical database table and column names, column properties, other properties, 

other database object properties and database storage 

• Operational metadata is targeted at IT operations users’ needs, 
including… 
– Information about data movement, source and target systems, batch programs, 

job frequency, schedule anomalies, recovery and backup information, archive 
rules and usage 

• Examples of Technical & Operational metadata: 
– Audit controls and balancing information 

– Data archiving and retention rules 

– Encoding/reference table conversions 

– History of extracts and results
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Types of Metadata: Data Stewardship
• Data stewardship Metadata is about... 

– Data stewards, stewardship processes, and responsibility assignments 

• Data stewards… 

– Assure that data and Metadata are accurate, with high quality across the 
enterprise.   

– Establish and monitor data sharing. 

• Examples of Data stewardship metadata: 

– Business drivers/goals 

– Data CRUD rules 

– Data definitions – business and technical 

– Data requirements ownership 

– Data sharing rules and agreements/contracts 

– Data stewards, roles and responsibilities
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Types of Metadata:  Provenance
• Provenance:   

– the history of ownership of a valued object or work of art or 
literature" [Merriam Webster] 

– For each datum, this is the description of:  
• Its source (system or person or department),  
• Any derivation used, and  
• The date it was created.  

– Examples of Data Provenance: 
• The programs or  

processes by which  
it was created 

• Its owner 
• The steward responsible  

for its quality 
• Other roles and  

responsibilities 
• Rules for sharing it
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Metadata for Semistructured Data
• Unstructured data 

– Any data that is not in a database or data file, including documents or other 
media data 

• Metadata describes both structured and unstructured data 
• Metadata for unstructured data exists in many formats, responding 

to a variety of different requirements 
• Examples of Metadata repositories describing unstructured data: 

– Content management applications 

– University websites 

– Company intranet sites 

– Data archives 

– Electronic journals collections 

– Community resource lists 

• Common method for classifying Metadata in unstructured sources 
is to describe them as descriptive metadata, structural metadata, 
or administrative metadata
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Metadata for Unstructured Data: Examples
• (Preferred) Non-tabular Data 
• Examples of descriptive metadata: 

– Catalog information 

– Thesauri keyword terms 

• Examples of structural metadata 
– Dublin Core 

– Field structures 

– Format (audio/visual, booklet) 

– Thesauri keyword labels 

– XML schemas 

• Examples of administrative metadata 
– Source(s) 

– Integration/update schedule 

– Access rights 

– Page relationships (e.g. site navigational design)
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Sources of Metadata
• Primary Sources: 

– Virtually anything named in an 
organization 

• Secondary sources:  

– Other Metadata repositories, 
accessed using bridge 
software 

– CASE tools, ETL tools 

• Many data management 
tools create and use 
repositories for their own 
use.
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Additional References
• http://www.information-management.com/infodirect/20050909/1036703-1.html  
• http://www.agiledata.org/essays/dataWarehousingBestPractices.html  
• http://www.cio.com/article/150450/

Five_Key_Business_Intelligence_Trends_You_Need_to_Know?
page=2&taxonomyId=3002  

• http://www.computerworld.com/s/article/9228736/
Business_Intelligence_and_analytics_Conquering_Big_Data?taxonomyId=9  

• http://www.enterpriseirregulars.com/5706/the-top-10-trends-for-2010-in-analytics-
business-intelligence-and-performance-management/  

• http://www.itbusinessedge.com/cm/blogs/vizard/taking-the-analytics-pressure-off-the-
data-warehouse/?cs=50698 

• http://www.informationweek.com/news/software/bi/240001922 
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Kimball's DW Chess Pieces
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