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1. Introduction

Independent System Operators (ISOs) operate at the core of deregulated electricity markets. ISOs are responsible for the reliable and efficient operations of the modern deregulated electricity industry. Power Operation Services provided by the ISOs include wholesale electricity markets, financial markets, retail markets, Long Term Grid Planning, Wholesale Trading, Reliable Grid Operations, Financial settlements, and reporting. These entities are enterprises with typically over 200 B2B wholesale electricity companies as customers, and are among the most complex B2B hubs in the world. ISOs handle not only high volume trading, in the tens of billions of dollars, but also the coordination of actual physical electricity delivery. Transforming these enterprises to a new market structure entails complete business and information technology overhaul to make them effective and efficient.  The consequences of such a transformation has significant impact on the organization, the management, the business models, the culture, internal and external B2B business processes, IT infrastructure and Enterprise Software systems.
The Independent System Operator for the state of Texas (ERCOT) is currently undergoing such a transformation called the Nodal program. Nodal involves the overhaul of both B2B and internal business processes, as well as the replacement or significantly upgrading IT systems for seven enterprise software solutions.   In order to improve the efficiency of the Texas power operations these systems have to be developed, tested, integrated and deployed to production in a short timeline.
The ERCOT Nodal program is a staged rollout of enterprise (both internal and B2B) services that are provisioned by the new and upgraded enterprise systems.  In order for the services to work, these enterprise systems have to be integrated.  This enterprise integration is a significant challenge since each vendor solution has its own proprietary  architecture, and evolving code base. 
The commercial systems with ERCOT include a large scale settlements and billing application as well as a risk management application. These commercial systems must be integrated with the upstream market systems. The integration of the commercial systems within the nodal program is particularly complex with over 200 inter system information flows, large data volumes,  complex transformations, short integration timeframes and last but not the least,  constantly changing and evolving business requirements. Changing and evolving requirements are a fact of life for highly complex integrations, where it is not possible to define all necessary integration requirements in a waterfall fashion or via a standard RUP approach. 
Due to the importance of the services ERCOT provides to market participants, the Nodal program commercial systems integration (CSI) must meet stringent high-volume, scalability, fault-tolerant and load-balancing requirements.  In addition to this, integration as a whole has to be able to “react” to business events as they occur as a natural part of the business process.
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In this situation, traditional integration architectures and Software Development Life Cycle approaches do not work well, and in fact can get in the way of solving complex integration problems in short timelines.  The goal of this paper is to provide an insight into how this complex integration challenge is being addressed using proven and scalable intelligent agent approaches to enterprise integration problems.
2. In search of the right approach

Given a situation where business integration requirements are complex and subject to change; the enterprise is faced with quite a challenge.  Commercial system integration is particularly challenging as the bulk of market and operational data is required on a daily basis in order to settle the markets. In addition it is necessary to perform significant processing on this data as part of the commercial systems integration process. It is essential therefore to use an approach that lends itself to being adaptable and evolutionary.  It is impractical to “figure it all out” in a traditional “waterfall” way. On the other hand for complex business integrations ad-hoc iterative approaches are not appropriate either. Instead an approach is required that is more structured and yet more dynamic. The approach must include an iterative approach along with an adaptable architecture (i.e. development must be shrunk into small iterative cycles that are capable of dealing with change while moving in a coherent architectural direction toward success). It is the balancing of iterative development with architectural coherence that has proved such a difficult challenge for the IT integration industry as a whole.
Based on early proofs of concept within the Nodal program, it became apparent that a Waterfall/“Big Bang” release approach was not a practical approach.  In addition, the principles from Agile/XP methodologies would work for development, but would not save the project from the monolithic or ad-hoc physical implementation.  It was therefore necessary to come up with a system architecture and development approach that could deal with change and evolve as required.  The turnaround time from requirements-gathering and analysis to code, to test, to deployment had to be short.  After significant research on different approaches, the team determined that the best solution would be to use an agent based approach as outlined in several of James Odell’s papers on “Agent Technology”.  The synthesis of an agent based approach, a coherent intelligent agent framework along with a  an iterative light weight methodology  would help the ERCOT  Nodal Program meet deployment cycle time requirements as well as keep things simple and agile enough to respond to changing and evolving business requirements.
3. An Agent Based Integration Methodology
The agent approach involves using an “Agent based methodology” and a corresponding agent based software architecture. 
The primary steps of the methodology include:

1. Define End Point System Actors and General Integrations Requirements. “Enterprise Integrations” involve integrating the processes supported by disparate systems together. Complex integrations require the building of complex integration processes in order to integrate theses system supported processes together. While it is assumed in the methodology that the end point systems will be subject to a high degree of change, it is also important to determine if the integrations are simple web service type integrations or whether they require more complex integration processes. This methodology is applicable to complex integrations.
2. Define Integration Business Process Requirements Iteratively. The integration business process analysis and design involves defining the events, business processes and business process steps involved in the integration. The team accomplished this through iterations and through implementing a standardized integration process analysis and design approach. The team implemented a streamlined use case modeling tool using a simple excel spreadsheet. By analyzing the business processes, standardizing processes based on the needs of process integration and capturing these processes in a simple excel spreadsheet the team was able to rapidly document complex integration processes. The key to this approach at ERCOT was to NOT have a long-drawn out traditional requirements analysis for every requirement, since it was clear that the integration business process itself were subject to change on an ongoing basis.  Instead each requirement was mapped into a “use case spreadsheet” and organized based on standardized integration process types. This necessitated the development of a simple, lightweight, manageable process requirements and design spreadsheet that could be easily configured and changed in the event of an update to the business requirement. Indeed the integration eventually involved over 700 actions, organized into 95 controling processes with over 30 triggering events all modeled in a single spreadsheet. For more detailed information see the sample of this spreadsheet in the accompanying artifacts. .
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Actions are organized by Event,   Control Process and Action
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3. Develop flexible and high performance event based agent framework. Complex integrations are always multi step processes that must be highly reliable. In order to orchestrate the complex integrations it is imperative to deploy a flexible framework that is capable of coordinating the integration business process and dealing with the supplementary requirements such as availability, performance, error handling, reporting, monitoring, process re-runs etc. An important feature of the methodology is the development of a standardized agent framework with the ability to express the integration business process in a manner that maps one to one with the process defined in the business process use case spreadsheet. As a result the team was able to load the process requirements spreadsheet directly into the integration framework eliminating the need to translate the business process into a technical process design. The logical business process is then mapped to the physical agents that will execute those business processes. For more detailed information see the design of this framework as addressed in the accompanying design document.

4. Develop flexible and high performance business process agents types.  Early in the process several standardized processes are identified and these are mapped to types of agents. Agents types are then developed to support these standardized processes. The standardized business processes are then mapped to these types of agents.  The following is a list of some of the key agents types defined in the architecture:

a. Event Agent – a lightweight agent responsible for detecting business events and triggering complex integration processes

b. Process Agent – a lightweight stateless agent responsible for coordinating the execution of integration processes across multiple parallel agents. State information and instructions of process is maintained in database action tables.

c. Extract and Load Agent – an agent optimized for moving large data sets from source to sink tables

d. Validation Agent – an agent focused on analyzing the data quality of a data set

e. Bill Determinant Computation Agent – an agent capable of applying complex computation and transformation rules in order to prepare data for billing processes

f. Credit Determinant Computation Agent – an agent capable of aggregating data for input to risk management calculations

g. Verification Agent – an agent focused on verifying the accuracy of computations based on business rules

h. Load Agent – an agent focused on loading data into core risk management and settlements and billing systems

5. Implement Integration Processes using standardized agent framework and standardized business process agents. The business process use case spreadsheet consisting of events, processes and dependencies is loaded into the framework. The business process is then mapped to agents that are implemented using the standardized business process agent types. Based on the events detected by the framework event agents, the requisite integration business process is initiated by the framework process agent. The business process agents are invoked as required by the light weight framework process agents who are responsible for ensuring the correct orchestration of the overall integration business process. Individual business process agents load the business rules they require and execute them as necessary within the bounds of the infrastructure. Process steps are added incrementally by developing additional agent types and developing additional agent rules. The power of this approach is it’s ability to add incremental functionality very rapidly once the core framework is in place. An important key to success was   modeling change into the system architecture as “behavior” – in this case, the “events” and the “business processes” to be executed on the occurrence of those events - as “configuration”, rather than as physical code as part of a monolithic implementation.  If the approach could allow the “configuration” (events and business processes) to dynamically modify the “behavior” of agents, then it would allow the team to make quick changes to configuration rather than code. The team called the agent execution and management infrastructure the “Intelligent Agent Framework”. It was very important to completely decouple the business process agents that executed the business process from the agent infrastructure that orchestrates the business process.  The integration business process agent development could therefore be undertaken as a separate effort with different goals, timelines and teams.  Also, turning traditional tightly coupled business logic into configurable data, created the flexibility the system required to support dynamic businesses requirements. This forced abstraction helped avoid having to take shortcuts in the infrastructure and force a discipline on enforcing a contract between the framework and the integration business process agents.  
4. The Agent Framework

[image: image3.emf]“Design” User 

Interface

-define Business 

Events, and 

Standardized 

Processes 

Enterprise Integration using Agents

“Configuration” 

User Interface

-define 1 to 1 

bindings of process 

to the physical 

implementations

Administration 

User Interface

-manage

-monitor logs

-reports

Event Agents

Framework

Agents

Business Process

Agents

Logical 

Definitions

Bindings 

configuration

Edit/Logging/

reports

Other systems Other systems Other systems


The “behavior” i.e., execution of the business process is performed by agents that are orchestrated by the agents within the intelligent agent framework.  These business process agents are responsible for executing the business process actions they receive from the intelligent agent framework. Within the Intelligent Agent Framework (IAF) itself  “Framework Agents ” do the heavy lifting of event detection, business process orchestration, parallelized execution, load-balancing and housekeeping.  There are management, administrative and reporting services along with user interfaces to cater to the administrative, operations and business users of the framework agents.
The infrastructure allows you to specify at “Design-time” the logical definitions - the event definitions, the integration business processes to be executed, the dependencies, the requisite business rules to be executed when an process executes, the sequence or ordering of the execution of the business process etc..  The “configuration” of these logical definitions represents the physical bindings of the integration business process to the corresponding implementations.  This allows the infrastructure to load up the definitions (and corresponding configurations) and at runtime, configure the agents’ behavior dynamically.
Transactional units of work are defined using the concept of higher level processes that enable transactional control of long lived and complex business processes. The business process allows standardization of the sequence or ordering of the execution across business processes in configurable states.  The higher level processes in turn are decomposed into sub processes and the infrastructure can execute the sub processes as units of work in parallel by scaling up or scaling down the number of agents to enable high or low volume processing of data as necessary.
In case of execution errors, the infrastructure services report exactly when and where the errors occur.  Reruns of complex higher level processes allow them to be restarted from an intermediate state that was previously successful.
5. Summary

The problem of commercial systems integration is amongst the most perplexing problems facing large companies today, especially in the utility industry. The use of an open source intelligent agent framework, coupled with a set of specially developed integration business process agents and lightweight methodology holds out the hope of reducing the cost, time to delivery and risk of these types of complex and high risk integrations. 
This article is accompanied by two related artifacts:

1. Intelligent Agent Framework Design

2. Example Commercial Systems Integration Requirements & Design Spreadsheet

These artifacts will provide the foundation of an open source intelligent agent approach to commercial systems integration within the utility industry and beyond. This promises to significantly reduce commercial systems integration costs, while improving flexibility, adaptability and time to market for new and upgraded settlements and billing and risk management applications. 
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