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1.0 Introduction
This paper describes metrics/indicators that can provide a guide for Chief Architects or Program Managers tasked with building / composing SOA-based systems. They are intended to cover a large part of the development/evolution life cycle – requirements through deployment and evolution.  They are being developed as part of an effort to identify measures (characteristics of the application and technology) or other indicators early enough in the life cycle to influence success in later stages (Predictive Metrics).
2.0 The Challenges
There are some unique challenges in the development, deployment and management of SOA systems, and for metrics that can point to potential problems or the need for adjustment to facilitate success, ‘down the line”:

· It is a basic SOA tenet that business managers, analysts, or architects, as opposed to information technology specialists, define major functional and business aspects of a system.

· SOA Services map to the business processes, and capabilities required to deliver business results, of the organization to help ensure that the information system serves business goals and to keep automated system design consistent with business processes.

· SOA is not a discrete technology or language, but a mixture of an architectural style and development approach reflecting a business strategy.

· SOA system success depends on a combination of factors related to the users / customers and organization, business processes and services, and the IT system itself. These include, for example, extensibility, enabling the system to respond to unforeseen requests, usefulness to the customer and acceptance by the organization(s) involved. These, in turn, depend on satisfactory technical performance. While the metrics include technical factors that facilitate system governance, they do not include the required management structures and processes.
· We are attempting to define all metrics (e.g., regarding ease of use, flexibility, acceptance by the involved organizations) in terms of system characteristics that can be modeled and measured. These include factors such as the languages/notations used to specify the system, models that are available to predict system performance-behavior along multiple dimensions, and Total Life-cycle Cost;
· Based on the evolutionary nature of system development, and the fact that we desire to provide measures that can highlight potential “downstream” problems so that needed adjustments can be made in system design, approach, etc. to improve success, we assume that the metrics will be obtained from a series of increasingly refined business and system models – ranging from “back of the envelope” models based on engineering judgment as the system is being conceived to the operational system itself (a fully elaborated model).

· Useful models and metrics, where metrics can be considered as measurements taken from a model, must, go beyond static (or dynamic) code analysis and technical system performance to include factors related to information utility and acceptance of the system by the organization(s) participating in an enterprise, as well as improvement in the speed of development/evolution, reduction of the cost of development/evolution, and increase in interoperability between systems.

· An SOA is generally not built – it evolves as it increases the number of services/components/processes that can interoperate to perform a task and the number of organizational elements involved in supplying or receiving information from the system. While systems will generally have “as-is” and “to-be” architectures, development (and post-deployment activity) will generally involve small incremental steps such as the addition of new data sources or the incorporation of additional services and organizational units.
3.0 Metrics Framework

We define metrics as measures taken from models of the system. These models begin with the specification of requirements as a diagram or as text that captures a discussion about needed capabilities. These are the first of a family of models that evolve with the system. Typically, these models start with “back of the envelope” guesses and end up with a fully elaborated model (the system, itself).
While the models express the “global invariants” of development, with elements that are consistent across the life cycle, they must be adaptable enough to express different levels of refinement and accuracy as design/implementation decisions are made and additional data collected. Different sets of metrics from families of similar models are needed to illuminate different characteristics of the system – from effectiveness and efficiency at supporting the business mission (e.g., impact on business performance versus resources required) to technical concerns (e.g., response time, throughput, computer and communication resource requirements). Measures based on the models provide metrics that can be used to express the importance/significance of system characteristics, e.g., requirements. As the system specification (and models) become more refined, they can ce used to assess the extent to which the requirements are being (or will be) fulfilled.

We consider requirements/models through overlapping phases of a project’s evolution.

•
The earliest stages focus on concept development and obtaining management support. The functions of the system and interactions with other organizations are modeled. These (rough) models are used to estimate the scope of the services provided in terms of the number and types of consumers – from a single program to the public at-large.

•
During architecture and construction, a number of SOA components are specified and prototyped/implemented. Requirements (models) specify, and, if the system is successful, predict, the impact of the IT initiative on business results. They specify or assess specific characteristics of the system and its harmonization with processes and systems in other parts of the organization.

•
During operation, the requirements / models posited in previous stages can be refined and validated. The focus is on capturing (rather than estimating) key elements of performance that directly relate to the IT initiative. Models can estimate (or measure) robustness, actual usage of Services or Service components, usability, and the extent of ongoing governance – assessing whether requirements are satisfied and, possibly, resulting in changes to original requirements.

•
As the system evolves, we can collect data to validate requirements/models specifying the ease with which a system can be modified and expanded to include additional organizational units in the enterprise.
While it is possible to refine these phases, as is often done in the “Waterfall” System Development Life Cycle (SDLC)

, the fact that most SOA systems are developed through an evolutionary process that gradually adds additional services, data stores, and rules/constraints, and that the cycles often are iterative and overlapping, makes the value of such refinement problematic.
In formalizing the relationships among metrics, we consider the highest level object (“Package” in UML terminology) to be “Project Success”. A project is considered successful if it:

•
Meets all customers’ functional needs.

•
Can be implemented rapidly and economically. 

•
Facilitates adoption/use by other organizational units.

•
Is inexpensive to modify (low Total Cost of Ownership).  

As illustrated in Figure 1: Package Dependencies Overview, Project Success depends on:

· “Usage Factors” -- is the system easy to learn, access, use (by various customers), and to modify as customer needs change?
· “Organizations’ Acceptance” – including factors related to the extent to which services map to a more global Functional Architecture, the number of components that can be constructed from existing parts or existing specifications/designs.
· “Technical Factors” – related to the “soudness’ of the system, including factors related to fault detection and remediation, performance and scalability, policy and security, and robustness/reliability
Note that all of the above have objective measures related to system characteristics such as the: Availability (and simplicity) of various scripting languages; Time to reorchestrate (rearchitect) a system; Time and skill level required to specify failure conditions and recovery procedures.

Both Usage Factors and Organizations’ Acceptance depend on Extensibility to meet unforeseen needs. All packages are dependent on Technical Factors, since the system must work reliably. Organizations’ Acceptance is obviously dependent on customers using the system and being happy with the experience and results (Usage Factors).
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Figure 1: Package Dependencies Overview
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Example Metrics and Measures





Some useful requirements, whose fulfillment can be assessed by models, include the following.





Ease with which a system can be modified or expanded


Extent to which the notations used to specify the system enable ease of modification – including support to the co-evolution of business and technical processes. 


The percentage of system design elements (e.g., services and process flows) that are explicitly linked to business process elements; 


The percent of operations that can be expressed in simple scripting language (e.g., by business managers vs. programmers).


The effort to make a change (e.g., Hours to make corresponding changes to business and service specifications (e.g., substitution of a data item).


Ease of changing the systems to serve different customers in different organizations. Potential requirements/measures include:


The effort required to make typical changes in, for example, services/processes, data stores, service orchestration, and to check on policy consistency / applicability when system changes are made;


Number of models available to assess critical aspects of the system including factors related to, e.g.,: scalability, response time, resource use, recovery from anomalies, overhead for rule monitoring and enforcement. 





 Extent to which the system provides all functionality required


Ability to trigger businesses processes in response to detected events (both possibly outside the SOA)? Specific requirements / measures might include the percent of anticipated external “ effector components” that the system can “talk to”; 


The amount of effort involved in writing triggering code. Is there a simple scripting language to specify triggering conditions and actions? How long does it take to learn? 


The percent of a supported task that can be accomplished with single sign-on; 


The percentage of services/functions that need to collaborate which are integrated in the system;





 Factors that facilitate the adoption of a system across an enterprise include: 


The “fit” of system components (services) to higher levels of organizational structure (e.g., the percentage of system services that map directly to a defined organizational function or unit). While most services/SOAs will be developed incrementally (e.g., to support one functional unit at a time), effectiveness and efficiency require that the services are consistent with an overall organizational framework.


The “two way” potential of the SOA system for incorporating (reusing) existing components and for the larger organization reusing components developed for the SOA. The first item increases an organization’s confidence, since they trust their own components, while the second provides some immediate benefits to organizational components not participating in pilot studies.


A solid technology infrastructure, or computer engineering considerations that are usually not visible to customers under normal operations. These include measurements, or estimates, related to, e.g.:


Fault detection and remediation;


Robustness/Reliability --  including system-wide backup and recovery;


Performance and scalability.





 Capability of the organization responsible for an enterprise to specify, monitor and enforce all policies


The percent of policies that can be easily specified monitored and enforced. 


The time required to define and implement triggers to provide alerts for (business) policy violations


The expected effort and level of skill required to develop rules for specifying and enforcing policies related to allowed, e.g.:


Workflows, process sequences, pre- and post-conditions





Utility, or value added by the System 


The estimated cost to create an integrated business picture appropriate to each type of customer;


Changes in delay (information collection to use) and the estimated value of more rapid and less expensive access;


Increased scope of accessible information  (e.g., cutting across stovepipe systems) – possibly measured as the percent of critical information elements needed for a typical decision that the system provides;


Financial measures for producing products/services as measured by, e.g.,


An increase in the number/percent of  missions supported by automated data collection, analysis, and reporting;


A change in the number/percent of program elements meeting (or expected to meet) cost/performance objectives.


Measures of the system’s ability to provide information for improving management, and;


The time/training required for customer(s) to learn tasks.


Total Cost of Ownership including the estimated range of time/effort to : 


change policy rules, services, and service orchestration, 


add various types of data sources, 


trigger new reports.





Metrics Quantification and Presentation





We use several approaches to getting quantitative measures. First, we can ask about percent change from current practice. Thus, to examine the change in the delay and cost of getting information, we have;
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1.1�
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The colored indicators (red, yellow, and green – indicating likely difficulties, possible difficulties, and likely success with regard to requirements), should be tailored for each enterprise effort. In the above example, we have chosen (arbitrarily at this point) that:


	Red = less than 25% (0.25) reduction


 	Yellow = 0.25 – 0.6 reduction


	Green = > 0.6 - > 1 (100%) reduction





In some cases we compute composite scores, incorporating several measures, to form an overall metric. Thus:
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In this case the composite score is the average of the absolute values of the two subsidiary measures. For the “Number of times customer changes their request…” measure, the form posits a maximum value (5 in this case) and normalizes the response as 1- (data entered)/(maximum value). For the composite score, as before:


Red is <.25


Yellow is .25 - .6


Green greater than or equal .6








Second, many of the metrics (e.g., ease of use) can have time as one surrogate. ThusThus, measure. E.G.: How long does it take (or do we estimate it will take) to learn to complete a task to perform the operation� 


Thus, one element of system robustness is the “Hours to recover under specified (complex, multi-point) failure conditions”. We assume a maximum value of 50 and, as before, normalize the assigned score as 1- (data entered)/(maximum value).





4.3b  Hours to recover under specified (complex, multi-point) failure condition�
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Using these scaling techniques we collect raw (or estimated/predicted) data and present them in a form that highlights potential trouble spots so that remedial action can be taken. As development proceeds, we can modify the chart as our knowledge increases and evaluate whether we are overcoming predicted problems (e.g., do we reduce the number of red and yellow boxes).





Note that conversions from scale values to a “red/yellow/green” rating system – red means trouble and green means great – are subjective andcvary with the requirements of the enterprise processes involved. The conversion factors should be tailored to the requirements of individual projects/systems. One size will not fit all!! Similarly, it is likely that different projects/programs will use, or place different weights on, the various metrics and measures. 





Significance Of The Work And Future Plans





This work is technically significant for 3 main reasons.





Service Oriented Architectures requirements (and their assessment) requires consideration of technology factors’ themselves (e.g., with respect to response time) and their relationship to the organization (e.g., the ease of mapping business process descriptions to SOA descriptions; the ease of scripting rules, and; the ease with which system processing can be changed to account for changes in the business process). These are metrics for system engineering.





We attempt to define all requirements (e.g., ease of use, flexibility) in terms of system characteristics that can be modeled and measured. The system is defined by a set of evolving metrics that allow continual evaluation of progress in eliminating problems.





Since we begin expressing requirements with coarse grained conceptual models, measurement of these models’ characteristics can indicate areas where the system might not meet some aspects of its requirements, allowing early corrective action. More refined models allow us to track the success of corrective actions.





Currently, we are working with the Services Task Force of the US Federal Task force on Enterprise Architectures, several Government Agencies, and several infrastructure vendors and system integrators to ensure that we have addressed all major significant factors, that the measures are reasonably accurate indicators of the metrics they comprise, and that data collection is feasible. We hope, in the future, to conduct longitudinal studies of individual projects to confirm that the metrics can predict areas in which problems are or are not likely to occur.








1

_1241511854.txt
:���÷���ÿÿÿ�,��:���÷���:���÷���


