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1.  Abstract 
The term metadata is commonly understood as “data about data,” but has been expanding 

and evolving into new domains. This new scope may be seen as essentially the information 

schema for the enterprise IT function as a whole. The Object Management Group and 

Distributed Management Task Force have established important standards in this area. 

Simultaneously, a new overarching discipline for IT operations has emerged, the concept of 

IT Service Management, along with a set of prescriptive standards known as the Information 

Technology Information Library. The convergence of these areas is demonstrated and 

analyzed, along with some possible future directions for alignment.  
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Omnes viae Romam ducunt (All roads lead to Rome). 

ROMAN PROVERB 

 

…Ice walls flick away like supersonic butterflies made of shade. Beyond them, the matrix’s 
illusion of infinite space…Trying to remind myself that this place and the gulfs beyond are 
only representations, that we aren’t “in” Chrome’s computer, but interfaced with it, while the 
matrix simulator in Bobby’s loft generates this illusion . . . The core data begin to emerge, 
exposed, vulnerable . . . This is the far side of ice, the view of the matrix I’ve never seen 
before, the view that fifteen million legitimate console operators see daily and take for 
granted. The core data tower around us like vertical freight trains, color-coded for access. 
Bright primaries, impossibly bright in that transparent void, linked by countless horizontals 
in nursery blues and pinks. 

      WILLIAM GIBSON, “Burning Chrome” 

 

3.  Introduction 

This project starts with an intuitive assertion: Enterprise information systems1 suffer from 

chronic crises of manageability, integration, and lack of flexibility. 

Corporate MIS has been a key enabler of business success for decades now, yet throughout 

these decades there have always been clear common difficulties across the landscape of large, 

long-lived IS shops: 

                                                 

1 Enterprise information systems in this context being defined as the large, distributed, data-centric 
architectures employed by Global 2000 corporations and similarly sized governmental and nonprofit 
organizations in the course of their daily business. They include custom-written and package systems running 
on a wide variety of platforms, and more generally the distributed, PC-centric networks that have arisen since 
the early 1980s.  

This paper does not seek a meaningful distinction between information systems (IS) and information 
technology (IT). 

This paper does not cover other significant areas of software engineering, such as operating systems, compilers, 
packaged software, embedded systems, and real-time systems, except incidentally as they may be related to 
enterprise information systems. 
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This can be inferred from the IS/IT trade press2, specialized IT research groups such as 

Gartner, Giga, and Meta, IT practitioner email lists, and practitioner-focused forums such as 

the Data Management Association’s local and national meetings. Practitioners chronically 

complain of tangled, undocumented systems that have grown almost organically, and now 

seem like an impenetrable jungle. Business owners paying for these systems have always 

asked hard questions about ROI and sought heightened visibility into this jungle, visibility 

that is surprisingly difficult to achieve. While this questioning perhaps seemed to abate 

during the dot-com boom, the economic climate of the past 2 years has brought it back 

sharply. 

Some indicative quotes: 

System changes are often documented poorly or not at all, information about structure is 
rarely documented, conventions for special encoding are often buried in the code, and 
information on data quality will never be documented. (Olson 2002) 

As new interactions between application systems are created, or old integrations are 
modified, developers will spend many hours trying to find integration touchpoints. The 
hidden cost to the enterprise will be in longer application development times, lower data 
quality… and higher operation costs. (Schulte, Blechar et al. 2002) 

. . .  most organizations lack a consolidated view of all the interfaces and couldn’t begin to 
draw a picture that shows all the connections between their systems. This reality is rampant 
and the problem is compounded by changes over time. The hairball thrives even in new 
organizations with modern applications. (Schmidt 2003) 

However, it has been surprisingly hard to find empirical or peer-reviewed work on this topic. 

Academic journals generally focus on the interesting problems of new systems development 

and emerging technology, rather than the mundane—yet costly! —issues of operations, 

integration, and maintenance. (There are exceptions of course, such as the IEEE 

International Conference on Software Maintenance (ICSM).)  

The problems of enterprise IT of course might be a life’s work. This project proposes to 

focus on what may be a key element to mitigating these issues: emerging industry standards 

directly relevant to enterprise IT, in particular the information-centric work of the Object 

                                                 

2 E.g., vendor-supported, guaranteed-circulation magazines such as CIO Magazine, Information Week, eWeek, 
InfoWorld, Enterprise Application Integration Journal, and so forth. This research does not rely solely on these 
sources, which often frame problems and solutions such that they drive revenue for their advertisers. 
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Management Group and the Distributed Management Task Force, and the process-centric 

work represented by the Information Technology Infrastructure Library and the Software 

Engineering Institute’s Capability Maturity Model. 

This is a synergistic, integrative work that attempts to contribute new knowledge by closely 

examining the potential for integration between two major loci of influence in the current 

world of IT. These areas are: 

• Metadata and metamodeling  

• IT Service Management and Software Process Maturity 

3.1. Description of related work 

Metamodeling, as used in this paper, is an imprecisely defined yet important term for 

information modeling that reflexively targets the information and problems faced by IS/IT 

and computation generally. It is typically represented in static class models or data models. 

Significant source work on historic metamodeling and the implementation of systems to 

manage metadata is to be found in (Narayan 1988; Wertz 1989; Tannenbaum 1994; Tozer 

1999; Atkinson, Henderson-Sellers et al. 2000; Marco 2000; Alanen 2002; Tannenbaum 

2002). Summaries of and commentary on standards work such as CDIF (Flatscher 1996; 

Ernst 1997; Bezivin 1998), IRDS (Goldfine and Konig 1988; Wertz 1989; Mylopoulos 2001; 

Rossiter, Nelson et al. 2001), and PCTE (Thomas 1989) are also covered extensively in the 

historic sources; ironically, current citations for those source standards are very hard to come 

by, as they have been superseded by the work of the Object Management Group.3 Another 

area of major historical interest is first-generation Computer Assisted Software Engineering 

(McClure 1989; Spurr and Layzell 1990; Stone 1993; Rosenthal 1998 ) and its underpinning 

philosophies, in particular Information Engineering (Finkelstein 1989; Martin 1989a; Martin 

1989b; Martin 1989c). 

The Object Management Group is the foremost group currently focused on metamodeling 

as defined for this paper. Significant OMG standards examined here include (OMG 1998; 
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OMG 2002a; OMG 2002e; OMG 2002c), while related industry books include (Fowler and 

Scott 2000; Grose, Doney et al. 2002; Poole, Chang et al. 2002; Frankel 2003; Poole, Chang 

et al. 2003). Academic and practitioner sources specifically addressing OMG work are 

voluminous; reviewed were. (Crawley, Davis et al. 1997; Bezivin 1998; Bézivin 2001; Bezivin 

and Ploquin 2001; Eshuis and Wieringa 2001; Bezivin and Gerard 2002; Inmon 2002; Ogbuji 

2002; Schulte, Blechar et al. 2002; Stevens 2002)  

The work of the Distributed Management Task Force is also an important area of 

metamodeling. Source and related references include (Sturm and Bumpus 1999; Bumpus 

2000; Distributed Management Task Force 2000; Distributed Management Task Force 

2002b; Distributed Management Task Force 2002a; Distributed Management Task Force 

2002c; Tele-Management Forum 2002; Distributed Management Task Force 2003).  

IT Service Management material is to be found in (CCTA 1996; Berkhout, Harrow et al. 

2000) with related summary/commentary work from industry sources in (Sturm, Erickson-

Harris et al. 2002; Van Bon, Kemmerling et al. 2002).  

The work on software process is of course voluminous–e.g. (Boehm 1988; Humphrey 1989; 

Humphrey 1994; Kan, Basili et al. 1994; Kan, Dull et al. 1994; Kan 1995; Bamberger 1997; 

Bach 1998; Gray 1998; Rational Software Corporation 1998; Zahran 1998; Hughes, 

Rosenthal et al. 1999; Jacobson, Booch et al. 1999; Boehm 2000b; Boehm 2000a; Boehm, 

Port et al. 2000; Holmes 2000; Rajlich and Bennett 2000; Larman 2001; Hartman 2002), with 

the SEI’s Capability Maturity Model (Paulk 1995) serving as a keystone.  Other significant 

related material on IT process is found in the data management and data quality literature, 

e.g. (Huang, Lee et al. 1999; Brackett 2000; Dama International 2000; Loshin 2001; Redman 

2001).  

Finally, enterprise architecture is an important related topic that seems to have more 

practitioner attention, especially via the major research groups, than academic attention. Two 

well-known sources are (Cook 1996) and (Spewak and Hill 1993). One recent prescriptive 

                                                                                                                                                 

3 For example, www.cdif.org is no longer a valid URL, and the IRDS standard was officially sunset by ANSI 
and FIPS. 
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standard is (The Open Group 2002). One unpublished yet crucial attempt at standardizing a 

normative information model for this space is (OMG 2002d). 

It should be noted that high quality peer-reviewed academic work published in refereed 

journals was in short supply in all these areas; the few papers by academics that were located 

were mostly unreviewed workshop material, research group manuscripts, and so forth.  

3.2. IT-related standards survey 

Standards are nothing new to enterprise IT and computing generally. While often the butt of 

jokes (e.g. “The great thing about standards is there are so many from which to choose”) the 

fact is that industry standards have been absolutely indispensable to the evolution of 

information technology and its social and economic benefits.  

These standards have been gradually working their way up a technological “stack,” starting 

with basic electrical power standards and progressing through various physical signaling and 

circuitry standards, through internetworking and interoperability standards extending directly 

into software engineering and business semantic domains. It is on the higher parts of the 

stack that this capstone proposes to focus.  

This paper will focus on the efforts of: 

• the Object Management Group (UML/CWM/MOF/MDA/etc) 
o Model-Driven Architecture (MDA) 
o Unified Modeling Language (UML) 
o Common Warehouse Metamodel (CWM) 
o Enterprise Distributed Object Computing (EDOC) 
o Meta-Object Facility (MOF) 

• Distributed Management Task Force (DMTF) 
o Common Information Model (CIM) 

• Information Technology Infrastructure Library (ITIL) 

Other relevant standards work that will not be addressed here: 
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• SEI  (CMMI) 
• UN/CEFACT and OASIS (ebXML) 
• W3C (RDF/Semantic Web) 
• COBIT 
• the ISO RM/ODP effort 
• Business Process Modeling initiative 
• The Open Group (Architectural Framework) 

In addition to specified standards, there are more loosely defined trends relevant to this 

discussion: 

• IT Service Management 
• Enterprise Architecture 
• Business Activity Monitoring 

3.3. Questions to be answered by this research, or  

In search of radical transparency 

The following questions are often asked in IS shops of any size: 

• Who uses this component?4 
• How does this component contribute to or relate to the business? 
• Can I re-use this component?  
• What components are dependent on this component?  
• What are the consequences of altering this component? 
• What are the business consequences of problems with this component? 

The solutions attempted to these problems have met with at best limited success, and in 

many if not most large organizations there simply is no efficient way to answer such 

questions. Determining such questions usually requires massive investments in research. 

Analysts must often be comfortable with delving into the minutiæ of source code in order to 

complete such research assignments.  

As the application portfolio in a large corporation evolves, it is often the case that new 

systems are simply accreted onto the old, because the old systems and their dependencies are 

not well understood. Actually fully retiring and decommissioning old systems (or even 

                                                 

4 Component in this sense meaning any physical or virtual element in the IT domain: server, router, executable 
file, script, data element, table, directory, etc… 
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relatively small sub-components) is surprisingly rare in the author’s experience.5 This issue 

accelerated during the go-go e-commerce world of the 1990s, when the prevailing time-to-

market culture infected both internal systems as well as customer-facing (B2C) development. 

Generally, enterprise IT has always exhibited a highly project-centric mentality, in which 

larger questions of re-use, impact and meaning are given short shrift, to the long-term 

detriment of the organization. 

Although this problem has been recognized for decades by enterprise IT practitioners, 

research on the academic side has been limited. Much of the research on this subject is in the 

area of software maintenance process; the reader is referred for example to the various 

proceedings of the IEEE International Conference on Software Maintenance (ICSM) (e.g., 

(De Lucia, Pannella et al. 2001)). However, this field is highly technical in approach and 

generally does not address the business-oriented issues: how do I understand a given 

component in its broader business context?  

The following diagram may help clarify this goal, which might be called “radical 

transparency”:  

                                                 

5 A search on the word “decommission” across the entire IEEE Computer Society Digital Library resulted in 
no relevant hits.  
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Figure 1. Two round-trips 

The round trips referred to are denoted by the heavy round arrows. The IT crisis can be 

seen as the inability to navigate these paths without friction. Radical transparency is 

precisely this navigability. Metadata is the information needed to traverse these paths. 

3.4. All roads lead to Rome 

Solutions to the problem of enterprise IT transparency have been sought in several areas, on 

both the development and operations sides and in the spaces between them: 

• Enterprise architecture and IT portfolio management (Spewak and Hill 1993), 
(OMG 2002d), (Cook 1996) 

• Metadata repositories (Tannenbaum 1994; Marco 2000; Tannenbaum 2002) 
• Computer-assisted software engineering  (McClure 1989; Spurr and Layzell 1990; 

Stone 1993) 
• IT service delivery standards ((UK) 2002) and tools (for example, management 

frameworks) 
• Operations management frameworks (Tivoli, Openview, Unicenter) 
• Application reverse engineering and data profiling (Kullbach, Winter et al. 1998; 

Butler and Clark 1999; Perrochon and Mann 1999; Keller, Bedard et al. 2001) 
• and most recently, Business Application Monitoring (Tibco Inc. 2002) 

It is interesting to consider these diverse areas in light of the following question: 
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What is the only major enterprise capability not to have commercially available ERP 

solutions? 

Obviously, enterprise IT itself. A central thesis of this paper is that multiple hitherto separate 

IT domains are converging into the same general space: 
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Figure 2. The emergence of ERP for enterprise IT 

To succeed in the complex and differentiated domain of enterprise IT,  it’s a core thesis of 

this research that such an IT/ERP concept must be standards based and interoperable, and 

represent a logical evolutionary step beyond the ERP systems available for the other major 

enterprise domains.  

4.  Metadata basics 

meta-data  
 
…Data about data. In data processing, meta-data is definitional data that provides 
information about or documentation of other data managed within an application or 
environment.  
 
For example, meta-data would document data about data elements or attributes, (name, size, 
data type, etc) and data about records or data structures (length, fields, columns, etc) and 
data about data (where it is located, how it is associated, ownership, etc.). Meta-data may 
include descriptive information about the context, quality and condition, or characteristics of 
the data… 
 
The Free On-line Dictionary of Computing, © 1993-2001 Denis Howe 
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The concept of metadata is perhaps the most widely-used term to describe the general 

information that IT must manage. One of the earliest located references is (Tsichritzis and 

Klug 1978):  

The data dictionary/directory is a meta-database: the repository of information about the 
database. At a minimum, it contains schema and mapping definitions. It may also include 
usage statistics of various database objects and object types; access and security declarations; 
control structures for restart; recovery, accounting, and auditing; descriptions of users; and 
textual statements relative to the preceding items [emphasis added]. 

The term metadata has gradually expanded its scope from the simple data dictionary of the 

‘80s (Narayan 1988; Wertz 1989), to encompass virtually every aspect of IS/IT operations.  

A view from the data analysis community still represents the classic core: 

“Metadata describes critical elements of data scattered across the organization.” (Jahn 2003) 

In other words, data about data.  

This original conception of metadata was well suited to the classic relational paradigm. The 

core is the data dictionary: a description of data structures and their elements.  

COLUMNTABLE

 

Figure 3. The simplest metamodel 

However, in other current definitions (Marco 2000), (Tannenbaum 1994), (Tannenbaum 

2002), (Inmon 2002), (OMG 2002a) all of the following are considered metadata:6 

 

                                                 

6 This paper does not address the rich topic of metadata for unstructured/semi-structured information, such as 
the Dublin Core standard for library collection management. 



Betz Capstone ITSM and metadata 6/28/2003 

 Page 17 

• Software portfolio (application 
inventory) 

• IT assets (hardware inventory) 
• File, database, object, class, and 

component definitions 
• Organizational structure as it relates to IS 

system control (e.g., data stewardship, 
business process ownership) 

• Data transformations 
• Business process documentation 
• Batch job operations 
• Data quality statistics 
• Software configuration management 

And beyond these assets come even more problematic requirements. People – in the role of 

support contacts – appeared as M2-level objects in the Common Warehouse Metamodel, a 

controversial decision.  Project management and even the budget required to run the IT 

capability could well be linked into metadata, and result in very useful reporting.7  

Characterized by “instance-of” relationships.  

Metadata is thus a difficult term—perhaps even what the political theorists call an 

“essentially contested concept.” As (Huc, Levoir et al. 1997) notes,  

the definition of metadata … does not correspond to any objective reality and [thus can] 
only be established in relation to different categories of people using these ‘objects’ and the 
associated metadata. The definition of metadata would therefore be the subjective reflection 
of a user community at a given time.  

This paper therefore takes a pragmatic approach and defines metadata as: 

Data about data, 

the systems that manage it, 

and the people and processes that create and consume it. 

4.1. Metadata domains 

To manage this expanded scope, it is helpful to categorize metadata into several overlapping 

but logically distinct domains, each with different characteristics and audiences.  

                                                 

7 Credit to my colleague Hugh Juergens for this insight. 
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Domain Description Producer/consumer 
Enterprise  High-level, top-down business analysis, carried out at 

the enterprise level. Not tied to any domain or 
technology. Parallel decomposition (i.e. Information 
Engineering) is the basic modeling paradigm.  

Business analysts, IS/IT 
architects working at the 
enterprise level. 

Conceptual  Information and/or process modeling carried out for 
the purposes of a particular domain, program, or 
capability. Examples: an enterprise logical data model 
in E/R format, or an enterprise canonical XML 
messaging model, OMG “computation-independent 
models” (CIM). May be behavior or information-
centric.  

Business analysts, IS/IT 
architects working at the 
program level. 

Logical  Information and/or process modeling carried out for 
the purposes of a particular project or initiative, but 
still at a somewhat platform-independent level. At 
this level, metadata should be directly traceable to 
physical implementations. Examples: E/R diagrams 
elaborated to allow easy forward engineering into 
DDL; OMG “platform-independent models” (PIM). 

Business clients, 
application architects and 
developers.  

Physical/technical  Actual, real-world implemented information about 
IS/IT systems. Examples: tables and columns in a 
database, files on disk, network connections between 
nodes, data tranformation semantics, OMG 
“platform-specific models” (PSM). 

System administrators, 
developers 

Table 1. Levels of enterprise metadata 

Like any map, these levels are somewhat arbitrary, and deviate from the common 3-level 

conceptual/logical/physical division by creating a new “enterprise” level. This is necessary 

due to the divergence of high-level conceptual models into multiple domains.  

Note that one CASE tool may handle several levels of metadata.  

4.2. Metadata architecture 

Metadata historically has been focused on the utilization of “scanners,” which are specialized 

interfaces or bridges from metadata sources into a centralized metadata “repository.”  
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Figure 4. Basic repository architecture 

This aggregation into a central repository for integrated reporting is of course very similar to 

the architectures used in decision support systems.  

4.3. Metadata as data warehousing 

Comparing the metadata value chain with the regular business intelligence value chain is 

interesting. BI has historically denormalized operational data replicated into decision support 

systems (Kimball and Ross 2002). Metadata replicated into specialized metadata management 

systems has not been treated the same way; there is little conception of a metadata “fact” or 

“dimension,” nor would these be generally useful. Where a data warehouse might have a few 

fact tables surrounded by dimensions, with a 1:100 or orders of magnitude more differential 

in the dimension: fact cardinalities, the parent: child cardinalities in a metadata repository (in 

this practitioner’s experience) tend to be more on the order of 1:10. 

Metadata even in its replicated state is typically highly normalized:  

…several traits that are signposts of highly abstract data models: (1) …more entities than 
attributes; (2) …more one-one relationships [indicative of subtyped “is-a” relationships] than 
any other kind of relationship….(Carlis and Maguire 2001) 

This high degree of normalization even in the replicated, read-only metadata repository is 

indicative of how metadata substantially differs from other data problem domains such as 

DSS.8 

                                                 

8 Of course, there is also the Inmon school of data warehousing, which would insist on the existence of a fully 
normalized enterprise data warehouse from which denormalized data marts are built. 
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Rather than being used for data analytics (aggregation management, data mining, large-scale 

decision support, etc) metadata is used primarily for researching individual elements (e.g. 

for impact analysis). This usage pattern, it can be argued, has more in common with the 

concept of the operational data store (Inmon 1999). 

And when one is faced with an operational data store (which is inherently an architectural 

compromise), the immediate question is, should this be transformed into a true, large-scale, 

integrated system of record?  

It must also be noted that metadata is increasingly called on to support the historical view of 

a given object; the continued expansion of this requirement and corresponding increases in 

analytics to harvest value from the time series data will start to move the metadata repository 

more in the direction of data warehousing.9 

5.  Why metadata fails 

Despite the long history of, and intensive thought that has gone into the self-referential 

problem domain of IT metadata, automated management of the internal IT capability itself 

remains an elusive goal. Large-scale IS/IT continues to be the “barefoot cobbler’s child”: 

running its own internal operations with Visio diagrams, Excel spreadsheets, and Access 

databases, with massive lack of information integrity.  

Why is this? I propose three reasons: 

5.1. Metadata’s scope challenges 

Although metadata is clearly technically complex, its large scope perhaps is a more 

significant reason why so many metadata projects fail: not for technical, but political 

reasons. A centralized IS/IT metadata repository has many of the same characteristics of a 

centralized ERP system for HR or finance. But while HR or finance represent business 

                                                 

9 Again, credit to Hugh Juergens for this insight. 



Betz Capstone ITSM and metadata 6/28/2003 

 Page 21 

processes that are relatively stable, the IS/IT systems development process is still 

undergoing massive cyclical changes in approach, architectures, and so on.10  

Besides the severe technical challenges associated with trying to meet many diverse 

requirements in a single system11, such a powerful single point of control is bound to also 

have many political challenges if not supported at the highest levels, and most metadata 

initiatives have failed to gain such sponsorship. (Often, the organization sponsoring such 

initiatives is the data administration organization.) Note that sponsorship at the highest level 

is also typically seen as a requirement for successful business process re-engineering.  

5.2. The “system that manages a company’s systems?” 

(Marco 2003) does make the case that the metadata repository is key to the ongoing 

operation of the IT capability in the large enterprise, asserting that it is the  

. . . system that manages a company's systems. A meta data repository catalogs all of the 
applications, data, processes, hardware, software (technical meta data), and business 
knowledge (business meta data) possessed by an organization.  

This assertion however is problematic, when paired with the same author’s assertion (Marco 

2000) that: 

The process for loading and maintaining the meta data repository should be as automated as 
possible . . . the task of manually keying in meta data becomes much too time consuming for 
the meta data repository team . . . 

This view is shared by (Poole, Chang et al. 2002) who also call for “eliminat[ing] manual 

processes” (p. 178). This emphasis irrevocably casts the metadata repository as something 

other than systems that are maintained through manual processes. These systems are critical: 

they manage the initial population of key metadata generated through processes like asset 

and configuration management. Someone has to be the first one to type in the name of the 

new server, the definition for a new release of a package, or the name of the new table. What 

                                                 

10 Even supply-chain management, one of the more volatile business domains in recent years, has successful 
ERP solutions in vendors such as SAP and I2. 

11 Especially if the repository is used for CASE forward engineering as well as documentation. 
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is that process? 12 And if the metadata administrators are not typing in the information, who 

is?  

The emphasis on automated loading implies that there are operational systems somewhere 

(modeling tools, management frameworks, source code repositories, etc). And the definition 

of “manage” starts to come into play here: in this practitioner’s experience, the 

“management” of data is seen as the responsibility of the OLTP systems that capture and 

update it and provide first-cut operational reporting. The downstream ODS, data warehouse, 

and data mart systems do not “manage” the operational data; they rather provide value-add 

correlation and reporting for business intelligence.  

In summary, the second reason why metadata fails is that it is essentially an attempt to 

build the data warehouse before the operational system is created, and indeed even 

before the business processes managed by that operational system have completely 

stabilized. 

5.3. The challenges of integration metadata 

Finally, while documenting data about data has proven reasonably straightforward, the next 

set of questions often asked by IT executives are much harder: how do things relate to 

each other? What processes use this data? Where does it come from, and where is it going 

to? Few if any IT organizations seem to have solved this issue satisfactorily13, and some of 

the issues here will be covered in following sections.  

6.  The information supply chain problem 

Some metadata domains lend themselves well to standard, sophisticated information 

modeling techniques (class or data model). For example, the classic data dictionary and more 

                                                 

12 And why do we then assume that the metadata repository is a separate entity (like a data warehouse) from 
whatever repository is supporting these key IT business processes? Perhaps this makes sense from an 
operational point of view, but perhaps not. Metadata is small, and to what extent does it need to be replicated? 

13 Among other inquiries, this author asked a plenary of 200 at the 2003 Data Management Association meeting 
if anyone had integration metadata handled. No hands were raised. 
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generally the metadata associated with data models can be easily and explicitly reflexively 

modeled; for extensive examples, see (Tannenbaum 2002) among others. It is also not 

difficult to define basic deployment metamodels such as the following fragment from the 

OMG’s CWM (which also provides a wealth of data-centric metamodeling): 

 

Figure 5. CWM Software Deployment package (OMG 2002a) 

This is a perfect example of coherent, understandable metadata that should be reasonably 

obvious to anyone with a background in entity/relationship or class modeling. However, the 

information supply chain problem – aka the general problem of integration metadata 

(Schulte, Blechar et al. 2002) is a much more difficult problem.  

There is a perhaps unfortunate consensus among modern systems development lifecycle 

theorists that the venerable data-flow diagram is passé14. The reasoning is generally that with 

relational databases, object-oriented design, and event-driven architectures, there should be 

no reason to derive and re-derive data. Even metadata theorists subscribe to this point of 

                                                 
14 The absence of DFDs from the Unified Modeling Language speaks volumes. 
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view: “The process of deriving information from other information should be discouraged; 

that is, information should always be derived from data.” (Tannenbaum 2002), p. 11.  

In this view the architecture is always:  

Normalized
database

"Information"
"Information"

"Information"

"Information""Information"

 

Figure 6. Idealized information flow 

The reality is more akin to the good old days of data flow diagramming, as described in 

classics of structured analysis such as (Yourdon 1975; DeMarco 1979; Page-Jones 1988): 

Process

Information to
some, data to

the next
process

ProcessData Process

Information to
some, data to

the next
process

Process

Data

InformationProcess Information

 

Figure 7. The continuing data-flow reality 

This writer believes that large segments of enterprise IT will continue to manifest this design 

pattern for the foreseeable future. The processing requirements implicit in Figure 6 are just 

too expensive. This is recognized by (Poole, Chang et al. 2002) in their work on the 

Common Warehouse Metamodel, which reconciles the OO and data worlds:  
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The typical data warehousing and business analysis environment is often described in terms 
of an Information Supply Chain (ISC)…or information economy…. These metaphors 
reflect the fact that information in this environment flows from its sources (that is, providers 
of raw data) through a sequence of refinements that ultimately yields information products 
that are of great strategic value to corporate decisionmakers. 

The information supply chain above essentially is a graph, a concept from discrete 

mathematics. It can be abstracted thus: 

 

Figure 8. Abstracted Information Supply Chain 

The trouble with graph structures is that they do not lend themselves well to relational 

databases: 

• the metamodels required to capture them are abstract  

• as (Celko 2000) notes, retrieving graphs “very quickly get[s] into recursive or 

procedural code.”15 

There is a further complication in that for practical application to IT, the system needs to 

store graphs and arbitrary paths within them. It is not enough to store the complete 

transitive closure of an information system as one massive graph: 

                                                 

15 in the absence of a vendor SQL extension operator such as Oracle’s CONNECT BY PRIOR, described in 
(Celko, 2000). 
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Figure 9 Stored graph 

For support, analysis, and general understandability, it is also necessary to store (usually on 

an opportunistic basis) remembered paths within the integration space. 

 

Figure 10 Remembered paths within graph 

Consider the formal definition of a graph and a path within a graph: 

A simple graph G = (V, E) consists of V, a nonempty set of vertices, and E, a set of unordered 
pairs of distinct elements of V called edges. 

A path of length n from u to v, where n is a positive integer, in an undirected graph is a 
sequence of edges e1, . . ., en of the graph such that f(e1) = {x0, x1}, f(e2) = {x1, x2}, …, f(en) = 
{xn-1, xn} where x0 = u and xn = v. … (Rosen 1995) 

(Carlis and Maguire 2001) cover data structures required for graphs in some detail  (p. 347-

349). From their treatment, we can see some of the essential problems in storing graphs, 
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subgraphs, and paths in databases. Here is one suggestion adapted from their figure 26-12 

(p. 349): 

edge
source node ID (FK)
target node ID (FK)

node
node ID

path position
node ID (FK)
path ID (FK)

node position

node path
path ID

 
Figure 11. Standard data model pattern for graph and path storage 

Let’s turn for a time from general theoretical issues of metadata and examine the work of 

standards bodies concerned with the topic.  

7.  Metadata standards: The OMG’s Meta-Object Facility 

While many of the early CASE tools tried to cover the whole development process, practice 
has shown that such a generic approach has trouble competing with a series of individual 
specialised tools. Consequently, CASE tools are becoming more and more open, permitting 
developers to assemble their favourite development environment from different tools 
purchased from different vendors yet co-operating via a single interoperability standard. 
(Demeyer, Ducasse et al. 1999) 

 

7.1. Introduction to the OMG metamodeling architecture 

The Object Management Group and associated theorists have been working to build a 

common semantic infrastructure for defining problem domains using a highly abstract 

metalanguage called the Meta-Object Facility. Like the preceding IRDS, CDIF, and PCTE 

standards, this is part of a four-level metamodeling architecture16: 

                                                 

16 These four levels are not related to the four levels of metadata outlined in Table 1. Levels of enterprise 
metadata on page 18, which would be orthogonal to the OMG standards and basically a horizontal partitioning 
of the M2 space. 



Betz Capstone ITSM and metadata 6/28/2003 

 Page 28 

 

Figure 12. Object Management Group conceptual hierarchy 

The M3 level is necessary terse and abstract, just as a modern operating system kernel 

provides a limited yet extensible set of core services. Although the full MOF encompasses 

about 30 classes, the specification notes that 

 the 4 main modeling concepts are: 
 
1. Classes, which model MOF metaobjects. 
2. Associations, which model binary relationships between metaobjects. 
3. DataTypes, which model other data (e.g., primitive types, external types, etc.). 
4. Packages, which modularize the models.” (OMG 2002c) 

These primitives are used to build up a full semantics for defining metamodels. By defining 

the language for defining problems, the problems can be related to each other.   

However, as (Poole, Chang et al. 2002) note, 

Understanding the subtleties of layered abstractions is a challenging intellectual exercise that 
can be difficult even for experienced professionals. However, it is important to recognize 
that these concepts, although perhaps difficult to explain, are the foundation of a set of 
technologies—the OMG metamodel architecture—that are central to the CWM achieving its 
goal of vendor-neutral metamodel interchange.  

7.2. Domains covered 

The OMG’s core metamodels cover the following areas: 
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Meta-Object Facility (MOF) Definition of modeling languages and metamodels 
XML Metadata Interchange Serialization format for M2 and M1 metamodels and models. 
Unified Modeling Language Software-centric modeling of applications 
Common Warehouse Metamodel Data-centric metadata, including relational, flat file, ETL, and 

related subjects. 
Software Process Engineering 
Metamodel 

High-level process model for describing the software lifecycle. 

Enterprise Distributed Object 
Computing 

Influential theoretical standard for distributed objects and 
information flows. Never supported by any major vendors; to be 
largely subsumed into UML 2.0 

UML Profile for EAI Detailed semantics for capturing application integration data 

Table 2. Major OMG infrastructure standards 

7.3. Implications of OMG standards for repository architecture 

Before the emergence of the OMG standards, the metadata repository vendor owned the 

scanners: 

Repository vendor develops and supports

Repository

Scanner

Device

Database

Program

Data file

Component

Scanner

Scanner

Scanner

Scanner

 

Figure 13. Traditional metadata repository architecture 
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The list of data sources supported by a previous-generation repository is therefore of keen 

interest to its potential clients, as the client is completely dependent on the vendor to 

support a given metadata source.  

With the move to open standards, the scanner space looks like this: 

Scanners can be  built
by repository vendor or

third party

Repository vendor
need only build back

end storage

Repository

Scanner

Device

Database

Program

Data file

Component

Scanner

Scanner

Scanner

Direct XMI

X
M
I

 

Figure 14. Implications of metadata standards for repository architectures 

Firms and even open-source initiatives can specialize and compete in the development of 

robust scanning technologies, independently of the development and maintenance of the 

back end repository. This decoupling provides much greater potential for industry 

competition and best of breed solutions.  Also, notice that in some cases, the metadata 

source simply emits OMG-standard XMI as a standard feature (this is true of most UML 

modeling tools today, and should be encouraged as a key selection factor for all potential 

metadata sources in enterprise IS). 


