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1. Introduction

The Enterprise Data Warehouse (EDW) Conceptual System Design (CSD) document describes how historical market and operations data will be stored, replicated, accessed and reported in support of the Texas Nodal Program and explains the relationship of the EDW Project to other ERCOT Projects.  See the Real Time Reporting (RTR) CSD for information on real-time and near-real-time reporting.  The EDW design is the result of applying approved functional and system requirements at the source system level onto Enterprise Information Services (EIS) systems.  Relevant EIS component systems are the Information Services Master Database (ISM), the Market Information Repository (MIR), source system replication, the data transformation system (ETL), the Data Delivery Module (DDM), and the business intelligence (BI) applications.  The ISM consists of the Operational Data Store (ODS) and Conformed Data Warehouse (CDW).
The requirements that determine the work products for the Nodal EDW Project come from Section 17 of the Nodal Protocols (Market Monitoring and Data Collection) in addition to other Nodal Project requirements as captured in the ERCOT Nodal Data Master Services List (NDSML). 

1.1. Purpose

The purpose of this Conceptual System Design document is to provide a conceptual description of the ERCOT systems and high level architecture that is, or will be, in place to support Nodal EDW deliverables.  
1.2. Scope

This document is limited to EDW requirements including historical, aggregate and point in time views of ERCOT market and operational data.  The scope of the Nodal EDW deliverables are limited to replication of source system data for archival purposes; creation of data extracts, data marts, and reports as required by Nodal Protocols which are historical or point in time in nature.  Real-time, dashboard, or current views of operational data are outside the scope of EDW.

The views delivered by EDW are in the form of pre-defined, scheduled extracts or reports.  Extract and report deliverables will be identified via the Nodal Data Master Services List (NDSML) and will be mapped directly from a specific Nodal Protocol.  Further, the design must support future ad-hoc, on demand requests.  
1.3. Definitions, Acronyms, and Abbreviations
In order to clarify the acronyms associated with the ERCOT Enterprise Information Services environment, it is necessary to provide a conceptual definition for the systems and tools used in the development and deployment of Nodal EDW deliverables. The following definitions and acronyms are specific to ERCOT and may not reflect industry definitions for the same conceptual components. 

Business Intelligence (BI) – Applies business logic to enterprise data, producing information to gain insight into a particular business activity.
Conformed Data Warehouse (CDW) – Data warehouse solution for the reporting and querying of enterprise information that requires data from a variety of source systems and ensures all dimensional data conforms to a single set of enterprise-approved characteristics.  
Cube – Contents of a dimensional database composed of both attributes and measures.
Data Delivery Module (DDM) – Facilitates the scheduling and delivery of ERCOT data extracts to Market Participants.
Data Mart – A Data Mart is a snapshot of operational data used to make business decisions.
Dimensional Data – Data represented by aggregate dimensions such as region, owner, time, and others.  The value of dimensional data is seen when used by BI tools for accessing large amounts of data using very simple queries.

Extract, Transform and Load Tool (ETL) – Facilitates the loading of the CDW, combining data from multiple ERCOT systems.  Also facilitates loading of the ODW with data from source systems where the local replication tool cannot be used.
Information Services Master Database (ISM) – The central EIS database consisting of the ODS and the CDW. This database is a scalable, multi-node, high availability solution with Disaster Recovery at both the hardware and software layer.
Market Information Distribution (MID) – The interface component used to store documents in and retrieve documents from persistent repositories.  The MID is currently configured to use MIR as the repository.
Market Information Repository (MIR) – The content management database containing all reports and data extracts generated to be available to Market participants.  Market participants retrieve reports from MIR via MIS.
Market Information System (MIS) – The primary Nodal Market Participant interface providing GUI access.  The MIS is presented here only as the means by which Market Participants access reports generated by EDW.  MIS is a separate project outside the scope of EDW except for interfaces between the two.
Nodal Data Master Service List (NDMSL) – Identifies reports and extracts specified by the protocol, specifies the source system, and the system responsible for producing the report or extract. 

Operational Data Store (ODS) – Provides point-in-time selectivity (PITS) history of each source system allowing for accurate historical reporting of source system data. 

Point in Time Selectivity (PITS) – The architecture enabling the state of a data set at a single point in time to be identified, isolated, and used for analysis.

Replication – Technology that copies data from one data source to another whenever data is inserted, updated, or deleted.  Depending on the needs, systems may be replicated in a master-slave (one-way) or master-master (bi-directional) manner.  Replication is used to support both population of the ODS from source-systems (master-slave) and for site-to-site failover support (master-master).
Reporting and Control Database (RCD) – Holds metadata related to reporting, data transformation, and tool specific configuration.

Replicated Source System (RSS) – Standby database configured to match a given source system with high-speed replication (master-slave).  Independent of the ISM database, used to reduce risk to certain source systems sensitive to performance degradation. 

Real Time Reporting (RTR) – The RTR system, rather than EDW, will handle real-time or near-real-time reports not produced by source systems.  With the exception of EDW interfaces used by RTR or shared EIS features, RTR is outside the scope of EDW
Source System – One of the live systems making up the Texas Nodal Program.  Source systems include EMS, MMS, NMMS, CRR, and COMS.

1.4. References

The following sources provided input to this conceptual design document.

	Artifact
	Definition

	TN.EDW.IMMRequirementsSpecification v1.0.doc
	Nodal EDW requirements from Protocol Section 17, v 1.0

	TN.EDW.ComplianceRequirementsSpecification v0.06.doc
	Nodal EDW requirements from Compliance Function, v 0.06

	<NDSML file name posted to nodal.ercot.com>
	The Nodal Data Master Services List 


2. Overview
The design goals and approach of the Nodal EDW project focus on leveraging existing EIS infrastructure, including enhancements as required, and efficiently using tools and best practices to integrate Nodal deliverables.
2.1. Design Goals

This design enhances the EIS infrastructure as required to meet the Texas Nodal protocols without adversely impacting EIS’s ability to continue providing Zonal and Retail deliverables.  In addition, this design includes delivery of components to meet internal ERCOT archival and reporting needs.  
These objectives can be categorized into five major areas of functionality:

· Collect and retain data from operational systems

· Produce predefined data extracts and reports
· Provide an internal business interface for maintaining dimensional data

· Provide facilities to support analysis of historical data
· Provide a catalog of data products
2.2. Design Approach

The Nodal EDW design approach is to utilize existing and enhanced EIS systems, integrate Nodal products, and incorporate additional systems where necessary.  The design must not adversely impact EIS’s ability to continue delivery of Zonal required content for a period of time before and after the Texas Nodal Market Implementation Date.  The design is constrained by the need to ensure compatibility between Zonal and Nodal instances of similar functions.
2.2.1. System Functional Capabilities

There are five functions built from ten components required to satisfy EDW requirements.  The five functions are:
· Replication – moving data from source systems to the Archive

· Archive – storing data, making it available for Analysis and Construction

· Analysis – supports evaluation of data from the Archive, definition of new data marts in the archive, and creation of new processes Construction

· Construction – taking data from the Archive and creating reports and extracts destined for Delivery
· Delivery – responds to requests for reports and extracts
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Figure 1 EDW White-Box
Following are descriptions of the major components use in satisfying the major functional capabilities.

· Operational Data Store (ODS)

Long term archive of data replicated from source systems supporting point-in-time views of ERCOT operational data.  Data is available aged no more than 8 hours from the source system, resides in the database for 4 years, and is held off-line for an additional 3 years.
· Conformed Data Warehouse (CDW)

Aggregated dimensional data populated from the ODS supporting BI reporting and aggregate views of ERCOT historical data.  Data is available aged no more than 24 hours from the source system, and resides in the data store for 4 years.

· Market Information Repository (MIR)

The repository provides persistent storage of reports and extracts produced by EDW.  EDW does not ship reports directly to users.  Rather, EDW places produced documents into MIR, and the user access MIR via MIS or web service.

· Source system replication
EDW reports are not produced using data residing in the source systems.  Rather, the source system data is replicated either directly into ODS, or indirectly into ODS through a Replicated Source System (RSS).  

· Extract-Transform-Load (ETL)

Rules, logic, and meta-data are processed to transform relational data out of the ODS into dimensional data in the CDW, and out of source systems for which replication technologies are inappropriate.

· Data Delivery Module (DDM)

Job scheduler and extract delivery.

· Business intelligence (BI) 

Rules, logic and meta-data are processed to turn data in the ODS and CDW into information useful for decision making and planning.  This information may be presented as either reports or extracts.

2.2.2. Black Box View

There are three interfaces to the EDW; PUCT, Market Participant and ERCOT Business.  The Market Participant interface is via MIS, while PUCT and ERCOT Business may access the ISM directly.  The public interface is ERCOT.com.
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Figure 2 EDW Black Box View
For the Nodal Market, the MIS portal will be the standard interface for distributing EDW data products to Market Participants. Market Participants can retrieve data from MIS using digital certificate authentication for products not available to the general public. For more information regarding accessing data and information using MIS, please refer to the Nodal MIS Conceptual System Design document (http://nodal.ercot.com/docs/pd/mis-mwp/pd/miscsd/TN_MIS_Conceptual_System_Design_v1.0.doc).  For IMM, TRE and PUCT staff, a standard reporting interface will be provided that will contain the same functionality as granted to internal ERCOT business users as well as direct query access to the EIS ISM.

Certain reports and extracts produced by EDW are public in nature, will be made available to the public through ERCOT.com without requiring digital certificate authentication.
3. Functional Specification
Below each element of the solution is described individually, detailing inputs, outputs and processing as required.  Each function is described using the following as required for the function:

3.1. Function: Replication
3.1.1. Traceability

FR1 – Market Monitoring and Data Collection
3.1.2. Introduction

Replication is performed on a source system to create a historical archive of data.  In some cases replication occurs to an intermediate Replicated Source System when availability constraints limit the ability to guarantee proper replication or when direct replication to the historical archive may adversely impact the performance of the source system.
3.1.3. Inputs and Sources
Where an archival requirement exists as described in the documentation delineated in Section 1.4, References,  schemas and tables from the appropriate Nodal Systems will be replicated. 
3.1.4. Processing

The replication function reads logs from the source system to populate the related ODS schema tables.  In the event direct replication from the source system to the ODS cannot be done, an intermediate Replicated Source System is used.  Data from the source system is replicated unmodified.

Source system data placed in the ODS is augmented with auditing information to support PITS and data lifecycle management, as well as the type of state change (insert, update, delete) which made the record visible to replication.  In this manner, required source system data is available for analysis exactly as it existed at any given point in time. 
3.1.5. Outputs and Targets
Replicated data is ultimately stored to the ODS and RSS.  Both ODS and RSS may be used by RTR.
3.2. Function: Archival
3.2.1. Traceability

FR1 – Market Monitoring and Data Collection
FR2 – Data Collection and Use

FR3 – Data Collection and Retention

FR4 – Data Access and Toolsets

FR6 – Accuracy of Data Collection

FR9 – Data Retention

FR10 – Provision of Data to Individual Market Participants
FR12 – Evaluation of ERCOT Operations and Market Performance

FR14 – PUCT Data Requests
3.2.2. Introduction

The central and defining aspect of a data warehouse is the ability to store historic data, and to expose facilities for using that data for business intelligence.  The archival function is responsible for supporting storage and retrieval of data in the EDW.
3.2.3. Inputs and Sources
Data from the replication function is stored into the ODS.
3.2.4. Processing

Data populated to the ODS from the replication function is augmented as described in 3.1.4 above.  Data marts in the CDW are, in turn, populated from the ODS using ETL, transforming raw data into information used by BI, leaving original data in the ODS unperturbed.

As data in the ODS and CDW age, the data storage architecture (Is this automatic or is operator intervention required?  Please indicate the explicit nature of this functionality in the text.) causes data to be moved to progressively slower, lower cost on-line storage, and then to offline storage.  Eventually, as defined by the lifecycle for the data in question, data in offline storage expires.  In the event content that has been moved offline, but has not expired, is required again, it can be restored to be held online long enough to satisfy the requirement.
3.2.5. Outputs and Targets
Data stored in the ODS and CDW is used in the Construction function to produce reports and extracts, by the PUCT, and by the BI analysis function.
3.3. Function: Analysis
3.3.1. Traceability

FR6 – Accuracy of Data Collection

FR7 – Accuracy of Data Submission

FR8 – Annual Data Accuracy Audit

FR10 – Provision of Data to Individual Market Participants
FR12 – Evaluation of ERCOT Operations and Market Performance

FR14 – PUCT Data Requests
3.3.2. Introduction

The reporting requirements for any organization change and grow over time.  Though EDW is required to provide reports defined in the NDMSL, the need will remain to define new reports throughout the lifetime of the Nodal system.  The BI analysis function is responsible for the identification of new reports, as needed.
3.3.3. Inputs and Sources
The BI analysis function uses the data from the ODS and CDW.
3.3.4. Processing

The BI analysis business processes are responsible for creating new queries, reports and extracts.  New queries executed against the ODW and CDW must be tested and evaluated in accordance with BI analysis business processes to ensure that the query will produce the intended result, that they produce that result efficiently, and that they will continue to produce that result over time.

Once the validity of the query is proved, transformation of the results into a useful report or extract is performed in accordance with BI analysis processes.  Upon completion of the transformation, the RCD is updated to make the query and transformation available for use by the construction function, and construction must be scheduled.  Finally, the RCD is updated to define the delivery characteristics of the report or extract.
3.3.5. Outputs and Targets
Once a new report or extract has been defined, Bi analysis business processes schedule the report or extract for construction and specify the report or extracts delivery characteristics.  During this process, new data marts in the CDW may also be defined.
3.4. Function: Construction
3.4.1. Traceability

FR10 – Provision of Data to Individual Market Participants
FR11 – Regulatory Reports

FR12 – Evaluation of ERCOT Operations and Market Performance

FR14 – PUCT Data Requests
3.4.2. Introduction

Reports and extracts specified by the NDMSL must be created and placed in MIR to be available to various consumers.  The construction function is responsible for creating each of the scheduled reports and extracts, as well as responding to ad-hoc demands from the delivery function for out-of-cycle requests.
3.4.3. Inputs and Sources
Data is pulled from the ODS and CDW based on schedule and queries defined in the RCD, and rendered into reports or extracts based on transformations in the RCD.
3.4.4. Processing

When a scheduled event or ad-hoc request triggers report or extract, the query and transformation are pulled from the RCS, the query is executed against the ODS or CDW, query results are transformed, and the finished product is sent for delivery.

Depending on the complexity of the query or transformation, intermediate processing including mathematical calculations, summations, and aggregations may be required.
3.4.5. Outputs and Targets
Reports produced by the Construction function are placed in MIR for delivery to consumers.
3.5. Function: Delivery
3.5.1. Traceability

FR5 – Data Catalog
FR10 – Provision of Data to Individual Market Participants
FR11 – Regulatory Reports

FR12 – Evaluation of ERCOT Operations and Market Performance

FR14 – PUCT Data Requests
3.5.2. Introduction

The delivery function provides the report and extract retrieval interface between EDW and the MIS/ERCOT.com systems.
3.5.3. Inputs and Sources
The Construction function puts content into MIR using MID.
3.5.4. Processing

When documents are uploaded to MIR, metadata about visibility and lifecycle are included.  When requests for a document or a list of available documents are made, user authentication and authorization limits the response to documents available to the authenticated user.  Reports and extracts are removed from MIR when their lifecycle expires. (Please expand this discussion to add clarity be defining the system interfaces required to identify user authentication and authorization limits.  For example, if an interface to the Market Participant Identity Management system is required, please so indicate.  Also indicate which EDW function(s) is responsible for enforcing these user limits.)
In the event a demand for a document not stored in MIR is received, a request is sent to the construction function.
3.5.5. Outputs and Targets
The MIS and ERCOT.com will retrieve documents from MIR using MID. (With regard to document retrieval requests, how are the user limits discussed above enforced? Please explain here)
4. System Dependencies and Design Constraints
4.1. Hardware Interfaces

The EDW systems will run on the ERCOT standard AIX virtual machines and SAN storage.
4.2. Software Interfaces 

The only software interface between EDW and other Nodal systems is the MID, which is used by MIS as the interface to MIR (is this true for user authorization and authority limits?).  EDW also exposes an interface for software access to the ISM for use by PUCT and ERCOT to perform direct queries.
4.3. Services Interfaces

Interfaces to Market Participants and the PUCT are through the standard ERCOT Nodal security enabled proxy solution or MIS using digital certificates.
4.4. Database Interfaces

Source system database interfaces required by the Nodal EDW is the responsibility of the business and IT owners of the individual source systems. The EDW standard interface for use by each source system is contained in the Replication function.  For systems that are not suitable for replication, the source system and EDW shall jointly identify the ETL processes that are used to access the source system data stores.
4.5. Licensing Requirements

All software components utilized in the Nodal EDW project are, or will be, license d either at an enterprise level or by ERCOT Enterprise Information Services

5. Supplementary Specifications
5.1. Performance 

Performance requirements will be documented in Service Level Agreements with each ERCOT business system.  Multiple independent replication streams, architecture scalability, and independent event execution paths are all design choices that can be used support performance requirements.
Business processes and automated procedures are in place to ensure that performance and availability do not degrade below acceptable levels as follows:

· Constant monitoring with routines and scripts in place to identify and correct performance degradation.
· Email reports and status reports are generated and distributed every three hours to support early identification and correction of database availability and accessibility problems
· Customer Care (HelpDesk) has instructions and standard procedures for response in critical situations

· Production support has documented manual intervention procedures to step in when performance issues create inaccessibility of data

· Queuing for long-running reports and extracts is in place.  Status reports for this queue will be made available

· 24 x 7 on-call support for response to performance or accessibility issues

5.2. Legal and Regulatory 

Data products and services provided by EIS systems will conform to the collection, handling, verification, and retention guidelines outlined in:

· Public Utility Regulatory Act, Texas Utility code

· ERCOT Nodal Protocols (http://nodal.ercot.com/protocols/index.html)
· P.U.C. Subsection R. 25.362, ERCOT Governance

5.3. System and Communication 

EDW does not have any specific communication or network requirements apart from those general requirements for the Nodal program as a whole.

5.4. System Security

System security will be compliant with the ERCOT and PUCT standards.  Specifically, documents generated and delivered by EDW will be maintained as Public, Secure or Certified as specified for each document by the Nodal Protocols.  User authentication and authorization limits access to Secure and Certified documents, while Public documents are available to everyone.  Access to the databases is tightly controlled using user id and password authentication and authorization.
5.5. Data Confidentiality 
Access to data and systems is protected with authentication and authorization facilities, and access control is designed to comply with confidentiality requirements defined in Protocols Sections 1.3.1.1 (Items Considered Protected Information) and 1.3.1.2 (Items Not Considered Protected Information).

5.6. Back up and Recovery 

Disaster recovery will be implemented on the production systems.   As a subset, the ODS, CDW and MIR systems adhere to standard practices of ERCOT business in regards to backup and recovery, including but not limited to:

· Tape backups will be used to reconstruct data and databases in the event of catastrophic failure

· Automatic failover routines and process to a secondary site are to be in place and documented
· Constant system monitoring for emergency recovery procedures
5.7. Availability and Redundancy 

The production environment is designated as a high-availability system.  The design will utilize hardware and software features of the ERCOT Nodal architecture supporting availability.  This will include the use of local and site-to-site failover.  

5.8. Maintainability 

No specific requirements for maintainability are included in either Protocols or in operating governance; however, the system conforms to the following accepted standards ensuring maintainability:

· Naming standards will be followed to develop code and databases with consisting design patterns and explanatory documentation

· Version control software is used to maintain the code base.  All releases and sub releases are labeled so that the correct code base can be reached when needed

· Deployment scripts adhering to the EROCT standards are in place to deploy new versions of data descriptions and databases into the multiple environments

· Design documentation is provided to assist with maintenance and enhancement

5.9. Usability 

Specific usability requirements are for access to data as documented in protocols.  Access is limited to Public, Secure, or Certified as appropriate for the requestor.  EDW will follow ERCOT guidelines for usability.

6. Appendix A: Subsystem Mapping to Nodal System of Systems Architecture (SoSA).
	Sosa Use Case & System Operation
	Satisfy (Y/N/?)
	Subsystem
	Subsystem Operation
	EDW Use Case

	I.UC2 – Retrieve Document


	Y
	EIS
	EIS
	EISUC2 - Request Information

EISUC4 - Generate Extract

EISUC6 - Retrieve Information

EISUC7 - Run Existing Report

EISUC8 - Run Ad-Hoc Report

	I.UC3- Revise Document Delivery Schedule


	Y
	EIS
	EIS
	EISUC3 – Cancel Request

EISUC2 – Request Information

EISUC3 – Run Existing Report

	Generic, all systems “Post to MIS”
	Y
	EIS
	EIS
	EISUC1 – Replicate Data

EISUC5 – Store Files

	I.UC5 – Construct Report or Extract
	Y
	EIS
	EIS
	EISUC4 – Generate Extract

EISUC6 – Retrieve Information
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