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without always forcing enterprise data through 

an inefficient XML layer. 
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Itõs always been about the data. Decades of punditry about EAI, ETL, MDM and SOA still lead 

us to the same conclusions ð data matters. If content is king in the consumer Web, then data is 

king in Enterprise Software. 

Sometimes the Enterprise Software sector loses sight of that simple reality. In the past fifteen 

years, with the rise of Java, the hype surrounding EII, EAI and SOA, and the rapid rise of XML, 

and quietly, the billions spent in ETL projects ð itõs all too easy to forget why we build and buy 

all that infrastructure. We do it for the data. 

Without the data, there would be no need for process orchestration. There wouldnõt be any 

purpose to all those SOAP envelopes, all those service busõ wouldnõt have anything to publish 

and application servers wouldnõt serve anything. Data is king. 

But data presents huge, looming, non-trivial problems. First, businesses have figured out how to 

collect more of it but still canõt effectively understand it all. Second, with more of it around, the 

infrastructure and tooling is bursting at the seams to manage it effectively. Third, the approaches 

used to define it in small architectures simply wonõt scale out to large business sized problems. 

Finally, enterprise architects too often get caught up in the buzz of new technology and forget 

that thirty-years of hard-fought lessons about data management still apply.  

There has been more data created since 2000 than in all of human history preceding then. 
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For our businesses and governments, the rise of sensors means that we can monitor anything in 

realtime: from where your shipments are, to the temperature of your factory, or your very own 

heart rate. All that data ends up somewhere. It is stored indefinitely, used for realtime 

dashboards, historical analytics, or put somewhere just in case. But we can now collect more 

data, at faster rates, than we can successfully interpret. And the rate of data collections, the use of 

sensors like RFID and other monitors, is growing exponentially. In other words, the data 

problem is getting worse, not better. 

But enterprise infrastructure is surprisingly unchanged since the early 1990õs. Back then, 

Message-Queues (MQ), Transaction Processing Systems (TPS), and ETL tools were really the 

backbone of enterprise software. Guess what? They still are.  Despite the growing adoption rates 

of BPM, SOA, ESB, and EII ð the MQ, TPS, and ETL backbones are still there. 

The strain of all that new data and the demand for mature tooling has paradoxically made the 

existing, proven software infrastructure look pretty attractive. Many new systems will try to put 

all the data in XML, or perhaps try to use Java Entity Beans as the data management tier. While 

these are acceptable for smaller applications or for specific use cases, neither of these approaches 

scales to the mult-terabyte sized problem that is typical of a Global 2000 business. Thus, a 

knowledgeable architect will revert to the proven patterns of RDBMS as the backbone of a data 

architecture using MQ, TPS, and ETL interfaces as the pipes for pushing all that data around. 

But the buzz of SOA is deadening. Why not SOA for data-centric architectures? 
 

When the Service-Oriented Architecture craze started somewhere back in 2001, we thought it 

was magic. Remember the promises of dynamic discovery? Human readable messaging? Simple 

XML data objects? But soon enough, the problems started: competing vendor specs, security 

loopholes, performance problemséand so on. 

Here in 2008, the good news is that SOA has finally matured into an Enterprise class 

infrastructure. Far from the original hope of solving all integration problems, the main tooling 

for SOA (Enterprise Service Bus and Business Process Engine) is almost at a level to realistically 

supplant the long-held dominance of MQ and TPS systems. Both the reliability and performance 

of basic SOA is strong enough for all  but the most demanding problems. However, SOA is still 

not best for ETL and data integration. 

Data integration use cases span from the simple to the impossible. On the simple side of things, 

transforming some small amount of data and putting it somewhere, a regular SOA with XSLT 

based transformation services running on a Service Bus can usually handle things. It helps if the 

data formats are supposed to be XML because converting data to XML just to transform it into 

some other non-XML format is non-optimal, SOA can work just fine for those simple XML-

centric data integration cases. 
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But the average data integration use case is beyond SOAõs core strengths. An average use case 

might involve loading a few gigabytes of data from one database to another, applying 

transformations to change the shape of the data from thirdnormal-form (3NF) to a multi-

dimensional (Star) model. This average use case is to support line-of-business demands like: 

Reporting, Business Intelligence, Performance Management, Financial Planning and other 

analytic capabilities. SOA is wildly inappropriate for this average use case because of poor bulk 

data transformation performance and inefficiency. 

Nearly all SOA frameworks operate in a Java container, which is a substantial disadvantage when 

gigabytes of data need to be consumed into a Java Virtual Machine. Likewise, the SOA paradigm 

for working with data is XML ð nearly all SOA frameworks require the data to be converted to 

XML for it to be orchestrated and transformed. But a single gigabyte of data will multiply to five 

or ten gigabytes of XML data merely because of the additional tags, schema and angle brackets. 

(see Figure 2) 

After all, XML is still best as a document and message format. For a while, the SOA buzz fooled 

everyone into thinking that XML is a data language, but itõs not. A simplification of SGML, XML 

was only ever intended to provide a wellstructured, standard way of marking up documents and 

messages. The core model of XML and XSD is actually called Infoset, a tree-like structure to 

define what kinds of XML items are allowable. But XML Infoset is not supposed to be a data 

model in the same way that relational and graph data models are. This is one reason why pure 

XML databases are exceedingly rare, and still far less technically preferable for general data 

management. 

 

In fact, neither of the early definitions of SOA Data Services are truly scalable to Enterprise sized 

problems. The Java definition, largely heralded from a host of standards like JDO, SDO, DAS, 

DTO, etc really is about (a) trying to define patterns for interfacing Java with relational data and 

(b) standardizing the APIs for moving those objects or components around between applications 
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and Java containers. But few enterprise solutions federate Java objects using containers as the 

primary means of enterprise data integration or federation. 

The other early SOA Data Services definition is an XML oriented view of Data Services 

dependent upon XSD-based Canonical Models for data exchanges. This approach advocates the 

use of XSLT based mappings to canonical message formats and sometimes the use of XQuery 

and XPath (or SQL) to federate queries across unions of data from various sources. But as 

aforementioned, XML is a poor data model, inefficient, and the federated query approach only 

works well with highly optimized caching. 

 
 

The simple and unfortunate reality is that enterprise data requirements are hard, and the dreams 

of SOA only solution for all enterprise data are likely to remain dreams only. 

Enterprise data requirements are fundamentally too complex and too closely driven by the high-

volume, mutli-dimensional nature of business intelligence systems to entirely be serviced from a 

messaging layer alone. Further, valuable patterns and lessons about enterprise data services 

actually precede the invention of SOA, and can exist in harmony or completely independently 

from the SOA infrastructure itself. 

So, given this decoupling of data services from SOA, what does SOA have to do with them? 
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Despite the inability of SOA to crack into that data managementõs foundation, there is mounting 

evidence that suggests that harmonizing enterprise data services with newly deployed SOA 

infrastructures may yet generate substantial new benefits. These benefits derive not from the 

replacement of traditional data management systems, but rather the use of SOA as a control 

point for them. Thus, SOA Data Services are not services operating solely on XML, SOA Data 

Services are enterprise data management end-points that expose highly optimized engines 

for working on all types of data. Data services themselves need not employ SOA to be rightfully 

be called a service. In fact, all the key data services attributes, including contract-based 

development, data encapsulation, and the use of declarative APIs pre-date SOA by quite some  

amount of time. 

Depending on how you may personally define data services, it is quite easy to claim that data 

services have been an institutionalized part of software infrastructure since the rise of EDI 

(Electronic Data Interchange) services between financial institutions in the 1960õs. Later, key data 

service patterns became commonplace in the 1980õs with the rise of Object-Oriented design 

principles. Most recently, data services in Java actually pre-date the notion of SOA data services 

by a few years.  

Technically, a data service should exhibit several of the following attributes: 

¶ Contract-based bindings ð for design-by-contract, WSDL/SCA for example 

¶ Data encapsulation ð access to data via APIs only, indirectly 

¶ Declarative API ð some type of query-able API in addition to regular bindings 

¶ Decoupled binding metadata ð API descriptors are themselves part of a model 

¶ Decoupled data schema metadata ð data schema is separate from API 

But perhaps the notion of a data service is more about an ideal. Data services may be about the 

ideal that there can be a single, shared control point for all important business data. Data services 

should expose control points for data that are easy to access, publish, and discover. So, in a most 

basic way, the data service may simply be a stereotype ð a label, or tag ð used to mark a particular 

software componentõs purpose for existing. 

Unfortunately, the power of marketing has ingrained some popular notions of data services that 

are both too narrow and too shallow for real Enterprise work. First, there is the myopia of data 

services as only providing Enterprise Information Integration (EII) style federated queries. 

Several small vendors have staked a claim that EII by itself supplies data services as federated 

queries and XQuery or SQLbased data views. But these cache-based delivery mechanisms equate 

to a data hub in practice ð and the hub-and-spoke data hub is a very old pattern indeed. In fact, 
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business requirements for true (non-cache-based) query federation are exceedingly rare in actual 

practice, and only a very small aspect of real world data services.  

The other popular notion sometimes sold alongside the EII vision is the idea of Canonical XML 

schema for data services. From the previous section, it should be clear that while valuable, XML-

based data models are no substitute for real data models, and should only be thought of as a 

temporary manifestation of data during certain kinds of transactions. 

Taken as a whole and with an eye towards Enterprise sized problems, data services can 

encompass several different data delivery styles. Too many SOA pundits assume that XML is the 

only desirable data delivery format, but for a data solution to be truly useful for the Enterprise, it 

must support several different delivery styles. Data delivery is simply the way in which a software 

client can engage a service for data. 

 

Here are some typical data delivery patterns for working with data: 

¶ RPC-style Delivery (remote invocation) ð the basis for most delivery styles, the basic pattern 

simply suggests that a call made to a remote process should return some data, in some cases 

the call itself may contain a declarative query like SQL. 

¶ Event-based Delivery (publish/subscribe) ð this can be a traditional SOA Enterprise Service 

Bus type of delivery, or potentially the lower-level Change Data Capture type of publish and 

subscribe pattern. 

¶ Process-based Delivery (transactions via BPEL) ð this delivery style may involve long-lived 

and multi-step transactions with relatively sophisticated logic such as transaction 

compensation, call-backs, and hooks to common business rule libraries. 
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¶ Object Delivery (via marshaled objects) ð this is the regular way a software application works 

with data objects, as marshaled Java, C++, or C objects held in memory. Modern JVM, J2EE, 

and .NET caches can allow for shared object pools that span 100õs of machines and terabytes 

of RAM. 

¶ Bulk-style Delivery (low level) ð typically accessed and commanded via a regular API, the 

actual data work occurs at a very low level, sometimes pushing direct to DBMS via bulk 

loaders, native protocols, and/or JDBC, and may also include watching transactions from 

DBMS transaction logs.  

Taken together, these basic patterns represent the different ways that software applications 

typically interact with data services. Sometimes they are as simple as sending a SQL query to a 

Listener service via an RPC style call on top of some protocol like JDBC. Other times they can 

be much more complex like triggering a low-level process that unloads data from several sources, 

merges and joins the data in sets, and finally loads a business intelligence OLAP Cube. But in all 

cases, the role of the data service is to help simplify the steps an application needs to do for 

working with data. 

Client software applications that require data might employ any of the data delivery styles we 

have mentioned thus far, but what exactly would they be using them for? Functionally speaking, 

there are several classes of Enterprise data services that have historically provided features to the 

enterprise which are starting to appear as foundation data services in medium and large service-

oriented architectures.  

On one hand, data services are merely a stereotype that a particular service should be the 

common point of reference for a particular data item. On the other hand, data services should 

conform to certain patterns and delivery styles to genuinely fulfill an Enterprise class Service 

Level Agreement (SLA) on the distribution and delivery of data. 

These SLAõs can typically be drawn around some type of functional capability, the purpose of the 

service itself. And these functional capabilities can be classified into various categories that 

represent some classical function points for data services. But in practice, the actual data service 

may be more fine-grained than the category. For instance, rather than having an Enterprise 

service for Master Data Management, an Enterprise might deploy a Customer MDM Data 

Service that acts as a common reference point, with managed SLAõs, for the distribution and 

delivery of Customer data. Likewise, rather than having a Data Access service, an Enterprise 

might create a much more fine-grained Tax Code Data Access Service thatõs published as part of 

an organizational SOA rollout. 

Some typical functional data service patterns might include the following:  
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Master Data Services ð these are data services that focus on the full lifecycle management of 

high-value business data within an organization. Master Data Management (MDM) may involve 

the management of Records and Instances of data, or the attribution of Models and Taxonomy 

for the classification of data. A typical MDM solution will have strong governance controls for 

the management of changing data values and data structures, often enforcing several levels of 

workflow and approvals for the modification of trusted business data. 

¶ Motivation: The complexity of enterprise data environments makes it difficult to find or 

assemble trusted, high quality business data, hierarchies, and data policies. 

¶ Usage: May be used as a reference service during realtime SOA transactions or bulk data 

movement, typically applied with transformations. 

¶ Variations: Master Data Hub, Master Data Cache, Master Data Applications (Customer Data 

Integration, Product Information Management, Financial Data Hubéetc) 

¶ References: Oracle MDM, IBM, SAP, Kalido, Siperian, etc. 

¶ Caveats: Conventional MDM providers are still transitioning to SOA architectures and few are 

beyond the most basic step of exposing MDM services via SOAP and WSDL APIs. 

 

Batch Data Services ð these are data services that provide bulk data movement and 

transformation services. Typically, a batch data service would expose a Web Service API for 

SOA-based applications to invoke these bulk data/ETL style jobs from the SOA layer. Several 

known implementations incorporate these batch data services as sub-processes to a transactional 

BPEL or ESB process ð so that the point of control for the ETL jobs is at the SOA layer, but 

the delegation of efficient bulk data handling occurs at the most appropriate architecture tier. 

¶ Motivation: ERP, Data Warehouses, Business Intelligence and Performance Management 

Applications require bulk data movement. 
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¶ Usage: May be used for Replication, Bulk Refresh, Data Migration, Large File 

Transformations, and Changed Data Capture 

¶ Variations: ETL (requires dedicated hardware), E-LT (low cost, high performance, runs on 

SOA layer), Low-Latency Logminer CDC 

¶ References: See ODI-EE 

¶ Caveats: Be cautious about using ETL from SOA, it could create redundant hardware 

infrastructure and duplicate SOA logic ð look for native E-LT implementations that can 

actually run on the SOA tier. 

 

Data Access Services ð these are data services that provide direct access, through a 

managed (synthetic or physical) view, to the resident location of the data. Data access services 

may be as simple as a Web Service for fetching data from database. Data access services may also 

be as complex as issuing queries to synthetic data views and having the service federate data 

source queries in realtime with aggregated data result sets. 

¶ Motivation: Present a simplified query interface to consuming applications.  Usually by 

combining a shared abstraction (Canonical Model) with instance virtualization (Data Mashup). 

¶ Usage: Traditionally exposed as part of a J2EE/.NET server layer, in a SOAP environment the 

extra step of conversion to XML (usually Canonical) is added to the process 

¶ Variations: Query Federation, Data Hub & Spoke (Object|SQL|XQuery), Object-Relational 

Mapping (ORM vis J2EE/Toplink etc) 
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¶ References: See Oracle Application Server, ODI-EE, BEA AquaLogic, Ipedo, Composite 

Software, Meta Matrix, IBM DB2ii 

¶ Caveats: this category in particular has many technical variations which should be carefully 

weighed in a cost/performance tradeoff. 

 

 

Data Grid Services ð these are data services consumed directly by the application tier. 

Typically imported as part of the classpath for an application, the data grid services appear to the 

application as a native object pool. In Java, the data grid might look like POJOõs (Plain Old Java 

Objectõs), but each object may be marshaled from a different JVM hosted in a different 

machineõs RAM. Data grid services provide exceptionally fast caching for data access. 

¶ Motivation: Very fast, in-memory data frequently needs to span multiple applications, due to 

geographical factors, or to overcome the limitations of RAM capacity on a single host. 

¶ Usage: Typically deployed for federated state-full persistence at business object tier, in order to 

predictably òscale-outó applications while maintaining exceptionally fast performance 

¶ Variations: Java, .Net, C++ variations. Peer-to-Peer and Hierarchical Clusters, UDP/TCPé 

¶ Caveats: Data grid services are not a replacement for persistence, they are typically used in 

combination with relational databases for storing the data and for maintaining accurate 

lifecycle controls on the data 
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Data Quality Services ð these data services use algorithms and pre-defined business rules to 

clean up, reformat, and de-duplicate messy business data. Typically these services are used inline 

with other data services (for example: using a data quality service inline with bulk data/ETL 

services) or statically on a data source (for example: cleaning up a legacy database). But more 

recent applications show that hosting a data quality service within a SOA can provide much 

needed cleansing and standardization services to SOA messages and data. 

¶ Motivation: Automatically improve the quality of bad data so that legacy data resources 

become more valuable and usable. 

¶ Usage: Traditionally applied in batches to clean up Data Warehouses and BI repositories, the 

usage is now shifting to realtime and preventative use case, to cleanse the data before itõs a 

problem 

¶ Variations: Declarative/Rule-Driven, Probabilistic or Statistical Learning based, Domain-

Specific and Content-Oriented Data Quality 

¶ Caveats: Data quality services are not magic silver bullets, for the most part, you get out of 

them what you put in. In other words, expect to put time in to these services for optimization 

and tuning of the business rules. 



 

14 

 

Data Transformation Services ð these are the classic data services, simply waiting to take 

one format in, and provide another format out. Historically, in a SOA-only world, these would 

have been deployed as XSLT libraries, where a consuming application service would send in 

some data, choose a corresponding XSLT, and receive the data in a new format. In a more 

mature SOA, transformation services may also include ETL like services that specialize in 

efficient transformation of bulk data (10-100õs of MB) payloads. 

¶ Motivation: Present a reusable service for WSDL-driven data transformation ð generally 

supporting multiple types of transformation (such as: RDB-to-RDB, XML-to-RDB, XML-to-

XML, Flat-to-XML, Flat-to-RDBé) 

¶ Usage: Best practice for enterprise systems with centrally maintained service families. 

¶ Variations: XSLT Factory, ETL Engine, Canonical Mediator Service (either XSLT or ETL 

driven) 

¶ Caveats: there is rarely a one-size-fits-all transformation service ð a mature SOA may have 

several transformation data services which specialize in different formats and which provide 

more optimized SLAs. 


