Data Analytics Architecture Roadmap











October 2022

Data Analytics Architecture Roadmap

			 1
Table of Contents
1.  Executive Summary	4
Context	4
Work Performed	4
Recommendations	4
Estimated Investment and Benefit	4
2.  Project Description	5
User Perspective	5
Technologies	6
Data Virtualization	6
Data Storage	7
Data Movement	8
Data Visualization and Reporting	8
Data Science	9
Gap Analysis	9
Project Approach	11
Selecting Vendors for Analysis	12
Vendors who chose not to participate	12
Requirements	12
3.  Analysis and Results	13
Data Virtualization	13
Vendor Selection for Data Virtualization Proof of Concept	13
Data Virtualization Proof of Concept Demonstrations	14
Data Virtualization Proof of Concept Hands-on Testing	15
Data Virtualization Performance Test Results	15
Data Virtualization Proof of Concept Results	15
Final Decision Regarding Data Virtualization	17
Data Storage	18
Vendor Selection for Data Storage Proof of Concept	18
Data Storage Proof of Concept Demonstrations	19
Data Storage Proof of Concept Hands-on Testing	19
Data Storage Performance Test Results	19
Data Storage Proof of Concept Results	20
Final Decision Regarding Data Storage Architecture	21
Data Movement	22
Vendor Selection for Data Movement Proof of Concept	22
Data Movement Proof-of-Concept Demonstrations	23
Data Movement Proof-of-Concept Hands-on Testing	23
Data Movement Proof of Concept Results	23
Final Decision Regarding Data Movement Architecture	24
Data Visualization and Reporting	25
Vendor Selection for Data Visualization and Reporting Proof of Concept	25
Data Visualization and Reporting Proof of Concept Demonstrations	26
Data Visualization and Reporting Proof of Concept Vendor Demonstrations	26
Data Visualization and Reporting Proof of Concept Accessibility Demonstrations	26
Data Visualization and Reporting Proof of Concept Results	26
Final Decision Regarding Data Visualization and Reporting	28
Data Science	29
Vendor Selection for the Data Science Proof of Concept	29
Data Science Proof of Concept Demonstrations	30
Data Science Proof of Concept Hands-on Testing	30
Final Decision Regarding Data Science	31
4.  Next Generation Data Analytics Roadmap	32
Data Virtualization	33
Data Storage	33
Data Lake	34
Data Warehouse	34
Data Movement	34
Data Visualization and Reporting	35
Reporting	35
Data Visualization	35
Data Science	35
Roadmap implementation matrix	36
Implementation Planning	37
Phase 1	37
Phase 2	37
Roadmap Timeline	37
Projected Phase 1 Timeline	37
Project Phase 2 Timeline	37
Appendix 1 – Project Stakeholders and Advisory Group	38
Project Advisory Group	38
Project Stakeholder Group	38
Chicago	38
Springfield	38
System Office	39
Urbana	39
Appendix 2 – Requirements	40
Appendix 3 – Proof of Concept Use Cases & Scorecards	41
Data Virtualization	41
Data Storage	41
Data Movement	41
Data Visualization and Reporting	41
Data Science	41
Appendix 4 – Vendor Justifications	42
Justifications for Data Virtualization Vendors	42
Justifications for Data Storage Vendors	42
Justifications for Data Movement Vendors	43
Justifications for Reporting Vendors	43
Justifications for Data Science Vendors	43
Appendix 5 – Accessibility Requirements	45



[bookmark: _Toc106194863][bookmark: _Toc122526268]1.  Executive Summary
[bookmark: _Toc122526269]Context
Based on feedback from employees who perform data analytics work across the system, the Information Technologies Prioritization Committee (ITPC) approved an analysis project tasked with establishing a set of recommended changes to the current data analytics architecture. Multiple areas for improvement were identified, which include better integration and sharing of enterprise and unit data; more optimized data processing; intuitive data visualization and delivery; and advanced analytical capabilities. Further, concerns with respect to accessibility compliance and data security were raised as overarching concerns across the current data analytics architecture. With the goal of addressing these concerns and enabling the University of Illinois System to become more data driven, AITS partnered with Huron to identify the components of a next generation of data analytics tools along with a roadmap for transitioning from the current to the future state.
[bookmark: _Toc122526270]Work Performed
Beginning with the advisory group and other key stakeholders, AITS performed a gap analysis to identify as many opportunities as possible in the current data analytics architecture and mapped them to the five broad domains that the supporting technologies fall into. These five are: Data Virtualization, Data Storage, Data Movement, Data Visualization and Reporting, and Data Science. Concurrently, a series of live sessions were held with stakeholders across the System to understand their needs better as well as the benefits they are expecting to realize when a next generation of analytics is implemented. From there, potential vendors and tools were identified for each of these domains. Vendors were invited to give product demonstrations and show that their product met specific proof of concept requirements. Tools were also tested from both technical and functional standpoints, which included accessibility standards. Cost information for the short list of tools in each domain was gathered. Tools were identified for recommendation based on an analysis of features, performance, and cost. The data for each recommended tool was then entered into a model to provide a rough order of magnitude estimate of costs over a five-year period.
[bookmark: _Toc122526271]Recommendations
To address the needs of the user community, the following products have been selected as the recommended solutions for each technology:
Data Virtualization:  Denodo
Data Storage (Data Lakes):  Microsoft Azure
Data Storage (Data Warehouse):  Azure or Snowflake
Data Movement:  Informatica Power Center and Talend
Data Visualization:  Tableau and/or Power BI
Reporting:  SAP Business Objects 4.3.X+
Data Science:  IBM Cloud Pak for Data
All recommendations are subject to accessibility testing, funding, and procurement work.
[bookmark: _Toc122526272]Estimated Investment and Benefit
Based on the recommendations above and subject to variations in selection, timing and staffing models, a rough order of magnitude estimate for the investment required ranges between $7.7 and 11.2M over a five-year period. As a result of increases to the availability and timeliness of data for enhanced decision making, a rough estimate of the benefits is anticipated to be between $18.6 and $21.0M over the same period with an approximate return on investment (ROI) of 65%.
[bookmark: _Toc106194864][bookmark: _Toc122526273]2.  Project Description
ITPC-0621 Data Analytics Architecture Modernization Analysis project was established to create the roadmap to define the next generation of data analytics tools to be made available for use at the University of Illinois System.
Next generation data analytics technologies allow for better sharing and collaboration of data. Enhanced visualization capabilities deliver actionable insights and create more informed decision making.
[bookmark: _Toc122526274]User Perspective
The following user story offers a high-level understanding of what can be achieved with a modernized data analytics environment. Some of the terminology may be unfamiliar but it will be explained in more detail in the section that immediately follows. The purpose of this story is to highlight the roles that data architecture components play behind the scenes and the benefits each contributes to the journey that begins with prospective student through being an alum who gives back to the institution.
Students go through various phases beginning before they are admitted. A student’s journey starts as a prospect or an applicant. Hopefully, they graduate and become alumni, but we know that many stop out somewhere along the way for various reasons. If they stop out, we want to bring them back so they can finish their degrees and become alumni. As alumni who have gone on to build successful careers, many become donors or maintain ties to the institution by giving back in other ways.
Prospective students are typically tracked in one of the customer relationship management (CRM) applications. These applications are specialized for populating and tracking prospects through the enrollment funnel and, to measure engagement once students are enrolled. Once these individuals are either accepted or admitted students, data with respect to their activities such as registrations, grades, financial aid, on-campus housing, etc. is entered into the primary student information system (SIS). After graduation, data in the SIS stops being updated and the alumni office starts to track them in a CRM that is specialized for fundraising. By this point, the same person has had data collected about them in multiple, disconnected systems. Data in each of these systems is narrowly focused on the day-to-day operational goals those systems support. 
To expand the timeframe and glean insights about, for example, how many prospective students went on to graduate with a specific major, the data from the enrollment CRM needs to be combined with either the SIS or the fundraising CRM if it includes information about the majors of the alumni. The benefit to knowing how many prospects are likely to declare a specific major informs the planning process because the pool of prospects is known before admission decisions are made.
This project directly enables these kinds of actionable insights for strategic decision-making. Of the technologies involved in this modernization effort, the least visible but most foundational is the Data Storage component. Currently, there is a data warehouse solution that holds data from disparate systems. However, the ability to make data available in the warehouse requires specific access and highly specialized technical skills. By adding a data lake solution, the barrier to storing data in a central repository is significantly lowered. In our story about the student lifecycle, a department wants to track a specific cohort with characteristics that are likely to change over time. A one-off dataset that identifies the members of this cohort can be added to the data lake for tracking purposes.
Once the data is stored in either the data warehouse or data lake it is rarely in the final form that is useful for reporting purposes. Sometimes additional elements need to be derived from other existing data. Perhaps current age needs to be derived from a person's date of birth. Currently, that data element can be derived at the time that the data warehouse is being populated and refreshed through a Data Movement process called Extract Transform and Load (ETL). Again, adding data elements to the ETL process has a high barrier for users to cross as it requires access and skills that are limited to the AITS team. By adding data virtualization to the analytics architecture, the barrier to defining data elements and data sets for reporting purposes is reduced, allowing units more flexibility. With the combination of data lakes and data virtualization, one area can define a cohort and share that data so that another area can combine it with operational data from the data warehouse. Here is where the potential exists, for example, for the advancement office, to find out how many of their current donors were part of a specific marketing campaign.
To this point, much of the technology discussed is focused on the people who need to interact with the data. Data Visualization and Data Reporting are critical because they turn the data that is available into actionable insights that inform decision making. Upgrading the functionality of reporting and visualization tools enables getting the right information in the right format to the right people at the right time.
Finally, the technologies that have been described so far facilitate getting answers when the questions are known. Data Science is powerful because it can identify patterns in data that would otherwise go unexamined because they are not anticipated. Data science allows us to move from descriptive and diagnostic reporting to predictive and prescriptive analytics. Using our example of the student lifecycle. Once we have collected data about the students who entered the university through many marketing campaigns, what insights are available about the amount of debt these students incurred? Those insights may inform opportunities to provide additional support to those students and reduce their debt load. Similarly, are there any characteristics of the various marketing efforts and the majors that are declared by the students they attract? If so, then there are insights available to help attract students to bolster the departments that offer those majors.
[bookmark: _Toc122526275]Technologies
With that story in mind, we now turn our attention to describing more fully the technologies included in a next generation architecture.
[bookmark: _Toc122526276]Data Virtualization – creates a single representation of data from multiple, disparate sources without having to copy or move the data. Virtualization allows users to consume data without needing to be aware of its type or storage location. 
	Gartner defines data virtualization as “technology is based on the execution of distributed data management processing, primarily for queries, against multiple heterogeneous data sources, and federation of query results into virtual views. This is followed by the consumption of these virtual views by applications, query/reporting tools, message-oriented middleware, or other data management infrastructure components. Data virtualization can be used to create virtualized and integrated views of data in-memory, rather than executing data movement and physically storing integrated views in a target data structure. It provides a layer of abstraction above the physical implementation of data, to simplify querying logic.”  
Source: https://www.gartner.com/reviews/market/data-virtualization



A data analyst can use data virtualization to create logical data sets. Logical data sets can be used to join data from multiple sources including the Enterprise Data Warehouse (EDW). For example, if the analyst has access to the EDW, an API containing data, and a file with data, they can create a single dataset for themselves that combines that data into one virtual source. Each source may contain the UIN or CFOAP and the data can be integrated together. Each dataset would still reside in its original location allowing data retention and security to managed at each location. Data analysts will have a complete picture of all their data without completing complicated and costly data movement and transformation processes.
Data virtualization tools also allow the creation and delivery of APIs that can be used to expose data enterprise or local data sources.
[bookmark: _Toc122526277]Data Storage (Data Lakes and Data Warehouses) – data storage tools are used to physically store data. Data is moved to a data lake or data warehouse from one or more source applications or data systems. 

A data lake is a storage technology that stores data in raw or curated formats to be used on its own or in collaboration with other data sets. Typically, data in a data lake is curated when it is retrieved from the data lake. 
	Gartner defines a data lake as “a concept consisting of a collection of storage instances of various data assets. These assets are stored in a near-exact, or even exact, copy of the source format and are in addition to the originating data stores.
Source: https://www.gartner.com/en/information-technology/glossary/data-lake



Data users want a place where they can physically store their unit specific data. The data lake provides a supported location for units to store university data and use it when needed. Data stored in a lake can be shared with others who are authorized and have been granted access.

Data analysts can access this data and use it for analysis or reporting. It can also be joined with other data in the data lake or in a data warehouse. For example, a unit could develop a standardized curated dataset and store it within the data lake for their own use. They can then share that data with other authorized users at the university if necessary. Additionally, data from other units in the data lake can be easily integrated with the unit’s data because of the common platform. The advantage to the university is that authorized users can store and share data in a common, university managed platform, which does not require the unit to setup its own storage location.

There are many reasons why a university shares data with third party entities. Examples of this could be for financial analysis, university rankings by certain publishers, or data used for professional certification programs. A data lake can be used to facilitate the sharing of data for these purposes as well.

Data Virtualization also allows units to integrate existing data and share with authorized users. But it does not provide a place to store that data. Existing systems must be used, or new platforms need to be setup. Data Virtualization and Data Lakes complement each other because of the benefits that both provide enhance data integration and storage for the university.
A data warehouse is created to store data in a curated format that is used to meet specific data analysis and reporting needs. The primary focus for the data warehouse is to provide access to data and to make reporting on that data easier. A common difference between data warehouses and data lakes is that extensive data processing and preparation is completed to meet client requirements before data is loaded into the data warehouse.	
Modern analytics architecture utilizes cloud services for data warehouses. Cloud based data warehouses allow resources to be added or removed on the fly to maintain peak performance levels. Simplified data management processes are also an advantage of cloud-based data warehouses. 	
Proactively moving the data warehouse for the University of Illinois to the cloud, positions us with an eye toward the future. Increasingly, data sources are moving the cloud. This includes ERP solutions. Having a cloud-based data warehouse in place will simplify the transition as the university implements new cloud-based applications.
	Gartner defines a data warehouse as “a storage architecture designed to hold data extracted from transaction systems, operational data stores and external sources. The warehouse then combines that data in an aggregate, summary form suitable for enterprise-wide data analysis and reporting for predefined business needs.

The five components of a data warehouse are:
1. Production data sources
2. Data extraction and conversion
3. Data warehouse database management system
4. Data warehouse administration
5. Business intelligence (BI) tools

A data warehouse contains data arranged into abstracted subject areas with time-variant versions of the same records, with an appropriate level of data grain or detail to make it useful across two or more diverse types of analyses most often deployed with tendencies to third normal form. A data mart contains similarly time-variant and subject-oriented data, but with relationships implying dimensional use of data wherein facts are distinctly separate from dimension data, thus making them more appropriate for single categories of analysis.”

Source: https://www.gartner.com/en/information-technology/glossary/data-warehouse



[bookmark: _Toc122526278]Data Movement – data movement tools, also known as ETL (Extract, Transform, and Load) or data integration tools, are used to physically acquire data from one or more data systems (extract), derive new data elements based on existing data (transform) and move it to another central location (load). Specifically, these tools are used at the University of Illinois System to extract data from multiple sources, transform that data by applying business logic, and load the data into one integrated Enterprise Data Warehouse (EDW).
	Gartner defines data integration as “the practices, architectural techniques and tools for achieving the consistent access and delivery of data across the spectrum of data subject areas and data structure types in the enterprise to meet the data consumption requirements of all applications and business processes.”

Source: https://www.gartner.com/en/information-technology/glossary/data-integration-tools



Data analysts can use a data movement tool to efficiently move substantial amounts of data into or out of a database.

Modernized data movement tools can connect to data on premise or in the cloud. As the university continues to adopt more solutions in the cloud a data movement tool that can connect to cloud sources is critical. 

Data movements tools may also allow the creation and delivery of APIs that can be used to expose data enterprise or local data sources.
[bookmark: _Toc122526279]Data Visualization and Reporting – Data Visualization and Reporting tools allow end users to consume the data from the EDW and many other data sources. Typical solutions in this area include dashboards, ad hoc reporting, and standard reports. Data visualization is a graphical representation of data. By using elements like charts, graphs, and maps, visualization tools provide a way to see and understand trends, outliers, and patterns in data.
	Gartner includes data visualization and reporting under information delivery, which is describes in the following ways:

“Reporting — Reporting provides the ability to create formatted and interactive reports, with highly scalable distribution and scheduling capabilities. In addition, BI platform vendors should handle a wide array of reporting styles (for example, financial, operational and performance dashboards).

Dashboards — This subset of reporting includes the ability to publish formal, Web-based reports, with intuitive displays of information, including dials, gauges, and traffic lights. These displays indicate the state of the performance metric compared with a goal or target value. Increasingly, dashboards are used to disseminate real-time data from operational applications.”

Source: https://www.gartner.com/en/information-technology/glossary/information-delivery



[bookmark: _Toc122526280]Data Science – data science tools provide a platform for data scientists and others to perform advanced analytical techniques on the data. Users interested in data mining, predictive analytics, text analytics or machine learning would use data science tools.
	Gartner includes data science under the general category of advanced analytics, which it defines as “the autonomous or semi-autonomous examination of data or content using sophisticated techniques and tools, typically beyond those of traditional business intelligence (BI), to discover deeper insights, make predictions, or generate recommendations. Advanced analytic techniques include those such as data/text mining, machine learning, pattern matching, forecasting, visualization, semantic analysis, sentiment analysis, network and cluster analysis, multivariate statistics, graph analysis, simulation, complex event processing, neural networks.”

Source: https://www.gartner.com/en/information-technology/glossary/advanced-analytics



Data science techniques such as machine learning and predictive analytics provide universities with a strategic advantage. It allows informed decision making throughout the student lifecycle. Machine learning can guide decisions on which recruits have a higher probability of success. Predictive analytics can be used to identify struggling students so that corrective actions can be taken to maintain high student retention rates and increase degrees awarded. 
[bookmark: _Toc106194865][bookmark: _Toc122526281]Gap Analysis
Analytics needs at the University of Illinois have evolved. The current data analytics architecture does not meet all the needs of the data analytics community. Leading up to this effort several gaps were identified. These include: 


While there is currently a data movement tool in use, its use is limited to AITS staff. In cases where it would be appropriate for other areas to participate in data movement specific to their area, that capability does not currently exist. 
While advanced analytics tools have been adopted on an ad-hoc basis by some units, other units are without these technologies. Adopting one enterprise-wide advanced analytics tool would address that gap. 
Options for data storage for local and/or unit data are limited. Units are forced to find data storage solutions. Modern data storage solutions address this gap.
Data virtualization capabilities which would allow users to access the data they need without requiring additional data storage capacity, flattening the data storage cost curve.


Current data integration tools are limited to the types of data sources that can be accessed. There are also limitations to the data types that can be recognized. Modern data integration tools have support for modern data sources, allowing the university to source data from many new systems.
Accessing data from the enterprise data systems is done through utilizing a query language. Units who develop their own applications want to be able to access data through an Application Programming Interface (API). Many modern data sources offer API access to data. Modern tools provide additional methods for accessing data both in and out of the enterprise data storage locations using APIs.
Integration of local or unit data with enterprise data is difficult. Closing this gap will allow users more opportunities to create data solutions that address all their data needs.
Providing single sign-on for all tools in the data analytics architecture will provide better integration and allow users to access the data they need.


Creating data visualizations and reports requires extensive knowledge of the data. This experience can be improved upon with new tools. Combined with enhanced metadata and data lineage, the development process can be made easier for the developer. 
Data literacy will provide understanding of common data management and business intelligence concepts, and addresses gaps in understanding of specific university data. Improved data literacy will also make working with data easier.
Creating new data sets, data visualizations and reports is a time-consuming process. Modern tools provide better data access, better data preparation techniques, and more intuitive interfaces and workflow which all lead to shortening the time spent in the development cycle.


Addressing all the identified gaps leads to reducing costs in developing and sharing data and reporting solutions. Better accessibility reduces risk of non-compliance. And we can continue to deliver on our promise to provide data that the university community can trust. The next generation data analytics environment will provide university decision makers with information they need to enable actionable insights.
[bookmark: _Toc106194866][bookmark: _Toc122526282]Project Approach
Execution for the analysis of data analytics technologies and the roadmap development was broken down into three phases: preparation, analysis, and results.

The overall approach to the project so far followed three rough phases. During the preparation stage, key stakeholders and vendors were identified and information was gathered from these two groups while project requirements were formulated. Based on these requirements, the analysis stage began with the creation of use cases which were then addressed by the vendors through proof-of-concept demonstrations. Additionally, the tools offered by the vendors were tested both in terms of functionality and accessibility. The last stage incorporates the results of the analyses into a list of recommended vendors and tools along with a roadmap for implementation.
For a list of the Advisory Group and Stakeholder Group memberships see Appendix 1.
[bookmark: _Toc122526283][bookmark: _Toc106194867]Selecting Vendors for Analysis 
A market scan was completed to identify vendors who had data analytics tools. The following vendors were invited to participate due to their availability with university contracts.
	Data Virtualization
	Data Storage
	Data Movement
	Data Visualization 
and Reporting
	Data Science

	Amazon
Databricks
Denodo
DOMO
Dremio
IBM Cloud Pak
Informatica
Microsoft Polybase
Oracle Cloud Infrastructure
SAP HANA
SAS ACCESS
Talend
TIBCO
	Amazon AWS
Cloudera
Education Advisory Board
Ellucian Analytics
IBM Data Stage
Microsoft Azure Synapse
Oracle *
SAS
Snowflake
Terradata
	Erwin
Informatica *
Mattilion
SAS
Talend
TIBCO
	Birst
Domo
Dremio
Dundas BI
Google Looker
IBM Cognos
Incorta
Infor Birst
Microsoft Power BI
Microstrategy
Oracle OBIEE
Qlickview
Qlik
SAP Analytics Cloud
SAP Business Objects *
SAS Visual Analytics
Silectis
	Alteryx
Amazon SageMaker (+)
Cloudera
DataBricks
DOMO
Education Advisory Board
Google BigQuery ML
IBM Cloud Pak
KNIME *
Microsoft Azure ML
Rapid Minder
SAP Analytics Cloud


* Denotes a current vendor of an enterprise data architecture solution

Each vendor was asked to provide a one hour presentation on their tools. Any vendors who did not wish to participate or did not perform well in the presentations were eliminated. Each of these presentations was recorded and saved in the Project Documentation within Microsoft Teams. Anyone who could not attend the demonstrations was encouraged to watch the recordings. These recordings were used when selecting vendors for the proof of concept phase of the project. 
[bookmark: _Toc106194868][bookmark: _Toc122526284]Vendors who chose not to participate
· Ellucian
· Terradata
[bookmark: _Toc106194869][bookmark: _Toc122526285]Requirements
Starting the project with presentations from various vendors allowed the core project team and stakeholders to learn the capabilities of modern data analytics solutions. Following the vendor presentations, we began a comprehensive requirement gathering process. 

The initial set of requirements was shared with project stakeholders. Stakeholders were asked to provide feedback and expand upon the initial list. Feedback was integrated into a consolidated and comprehensive list of requirements. The final steps included applying a score and ranking the requirements. The following method was used to score each requirement:
· Requirements that were deemed to be mandatory (legal, security, etc.) were given a score of 99
· Two points for each stakeholder who indicated that a requirement was a “must have”
· One point for each stakeholder who indicated that a requirement was a “nice to have”
For the completed set of Requirements see Appendix 2.
The ranked requirements were used as an input into creating a set of use cases for each technology. These use cases would form the basis of the Analysis phase. For the completed set of Use Cases see Appendix 3.
[bookmark: _Toc122526286]3.  Analysis and Results
The next phase of the project was the proof of concepts. This section of the document will be used to describe the proof-of-concept process and results for each of the five technologies. For additional justifications regarding vendors see Appendix 4.
[bookmark: _Toc106194871][bookmark: _Toc122526287]Data Virtualization
An analysis of the consolidated requirements suggested that the greatest benefits from modern technologies could be realized with implementing Data Virtualization. Therefore, this was the first proof of concept to be initiated.
[bookmark: _Toc106194872][bookmark: _Toc122526288]Vendor Selection for Data Virtualization Proof of Concept
The first task was to identify the vendors who provided Data Virtualization capabilities. We reviewed recordings of initial vendor demonstrations. We also utilized our contract with Gartner, a technological research and consulting firm. 
Specifically, we used the Gartner interactive product rating tool for Data Integration to gather industry data on Data Virtualization tools. The results are shown below.
[image: A chart titled Data Integration for Optimized Analytics, with information dated 7 August 2020.

The chart shows data virtualization products scored on a scale from 1 to 5 based on how well it fits the use case.

Denodo is first with a score of 5.0
TIBCO Software is second with a score of 4.7
SAP is third with a score of 4.3
IBM is fourth with a score of 4.2
SAS is fifth with a score of 4.0
Informatica is sixth with a score of 3.8
Microsoft is seventh with a score of 3.8
Information Builders is eighth with a score of 3.7
SnapLogic is ninth with a score of 3.5
Oracle is tenth with a score of 3.4
Qlik is eleventh with a score of 3.4
Talend is twelfth with a score of 3.4
Safe Software is thirteenth with a score of 3.0
Adeptia is fourteenth with a score of 2.3
Actian is fifteenth with a score of 2.1
Matillion is sixteenth with a score of 2.0
Fivetran is seventeenth with a score of 1.8
Hitachi Vantara is eighteenth with a score of 1.8
HVR is nineteenth with a score of 1.5
and
Precisely is twentieth with a score of 1.5]
Based on stakeholder feedback, preference of tools from demonstrations, and the Gartner rankings, we chose to do proof of concept demonstrations and testing with the following vendors:
1. Denodo
2. Microsoft (Polybase is the Microsoft Data Virtualization tool)
3. SAP HANA
4. SAS
[bookmark: _Toc106194873][bookmark: _Toc122526289]Data Virtualization Proof of Concept Demonstrations
The sequence of events for proof of concept demonstrations by vendors was:
1. Develop POC use cases for data virtualization (See Appendix 3)
2. Develop data virtualization stakeholder scorecard (See Appendix 3)
3. Share the POC use cases for data virtualization and request vendor assistance with preparing the proof of concept demonstration
4. Meet with each vendor for 1 hour to:
a. Discuss the POC Demonstration
b. Answer questions they have from the POC use cases
c. Discuss environment setup and preparation for POC testing
5. AITS Business Intelligence Architecture (BIA) staff ensured the environments were setup and configured for the presentation. BIA provided the demonstration for each of the vended solutions included in the data virtualization POC. The POC demonstrations were recorded and stored in the Microsoft Teams along with other POC documentation.
[bookmark: _Toc106194874][bookmark: _Toc122526290]Data Virtualization Proof of Concept Hands-on Testing
Following the demonstrations AITS and University Department Resources did testing with the following tools:
1. Denodo
2. Microsoft Polybase
3. SAP HANA
4. SAS was included in the POC demonstrations, however, was not tested by the project team due to the delays caused by NDA negotiations
To test Data Virtualization, the project team created three logical data sets utilizing University data. These included Section Capacity, Course Section and Finance. Other testers were encouraged to create their own logical data sets.
University departments who participated in this testing included:
1. Technology Services – University of Illinois at Urbana-Champaign
2. Office of Institutional Research – University of Illinois at Chicago
3. University Office of Planning and Budget – University of Illinois System
[bookmark: _Toc106194875][bookmark: _Toc122526291]Data Virtualization Performance Test Results
Three queries were created and ran against each of the data virtualization tools to capture performance metrics. The general descriptions of what the queries were doing is as follows:
· Query 1 is a simple list of course and section information from the Section Capacity data mart for a specific term. Query 1 returns 53,969 rows.
· Query 2 is a list of course and section information with an aggregated calculation grouped by college for a specific term. Query 2 returns 18 rows.
· Query 3 is a grouped list of finance information with aggregated calculations. The primary table has 730 million rows and the grouped results total 2,425 rows.
[image: Data Virtualization Performance Test Results.

For the first query, Denodo took the most time at 5.4 seconds.  SAP HANA took 3.4 seconds and Microsoft Polybase took 3 seconds.

For the second query, Denodo again took the most time at 2.3 seconds.  Microsoft Polybase took 2 seconds and SAP HANA took 1.4 seconds.

For the third query, Denodo performed the best at 58 seconds, while SAP HANA took 702 seconds and Microsoft Polybase took 2,145 seconds.]
While there was a range in performance test results, all tools fell within acceptable ranges. The exception is Query 3 with the Microsoft Polybase tool. 
[bookmark: _Toc106194876][bookmark: _Toc122526292]Data Virtualization Proof of Concept Results
Rating for each of the vendors included the following factors: 
· Graphical User Interface – Does the user utilize a graphical user interface or are they expected to write code to build, share and interact with the data virtualization tool?
· Ease of use – How intuitive/easy is it to build, share and interact with the data virtualization tool?
· Build and Share Logical Data Sets – How does the tool compare with others for capabilities when building and sharing logical data sets?
· Connect Business Intelligence Tools to Logical Data Sets – Can Business Intelligence tools use the logical data sets created within the tool as their source for data.
· Provide Capabilities to work with Application Programming Interfaces (APIs) – Can the data virtualization tool use an API to source data from application data stores? Can the virtualization tool provide API capabilities to allow applications to use the logical data sets as a source of data?
· Allow Federated Access Management – Can units manage access to their logical data sets?
· Performance test results – How well did the data virtualization tool perform vs. the other tools tested.
· Cost – How does the cost of the data virtualization tool compare with the other tools that were included in this analysis?
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	Connect business intelligence tools to logical data sets
	[image: A green checkmark.]
	[image: A green checkmark.]
	[image: A green checkmark.]

	Provide capabilities to work with APIs
	[image: A green checkmark with a plus symbol.]
	[image: A red X.]
	[image: A green checkmark.]

	Allow federated access management
	[image: A green checkmark.]
	[image: A green checkmark.]
	[image: A green checkmark.]

	Performance test results
	[image: A green checkmark.]
	[image: A green checkmark.] 
	[image: A green checkmark.]

	Relative Cost
	$$
	$
	$$



	Legend

	[image: A green checkmark with a plus symbol.]
	Exceeds minimum requirements in ways that offer an advantage

	[image: A green checkmark.]
	Meets minimum requirements

	[image: A red X.]
	Fails to meet minimum requirements

	NA
	Not tested or not applicable


 
[bookmark: _Toc106194877][bookmark: _Toc122526293]Final Decision Regarding Data Virtualization
Based on all the factors described above and the results from the performance testing Denodo is our current choice for the Data Virtualization tool, subject to accessibility testing.


[bookmark: _Toc106194878][bookmark: _Toc122526294]Data Storage
Stakeholder requirements indicate that storage capabilities for local data or non-enterprise data, are limited for units within the University of Illinois System. Data Analysts also want to join that local data with enterprise data from the EDW and other sources. They also want to share that data and collaborate with others. Modern data storage technologies such as Data Lakes and Date Warehouses can address these needs. AITS currently provides an Oracle Data Warehouse, however an enterprise solution for Data Lakes is not currently offered. 
[bookmark: _Toc122526295]Vendor Selection for Data Storage Proof of Concept
The first step was to review the Gartner Magic Quadrant for Data Management systems:
[image: Gartner Magic Quadrant for Data Management Systems. The X axis ranks vendors on their completeness of vision. The Y axis ranks vendors on their ability to execute.

The upper right quadrant is the Leaders. Vendors are ranked in order:
1. Oracle
2. Microsoft
3. Amazon Web Services
4. SAP
5. Teradata
6. Snowflake
7. Google
8. IBM

The upper left quadrant is the Challengers. There are no vendors in the Challengers quadrant. 

The lower Right quadrant includes the Visionaries. The only vendor included in this quadrant is MarkLogic.

We did not consider any of the vendors in the lower left quadrant, the Niche Players.]
We compared the leaders in the Gartner Magic Quadrant with the vendors we reviewed during the initial vendor presentations. To select the vendors for the Data Storage POC we focused on the vendors in the Leaders quadrant, and we reviewed stakeholder feedback. By doing that analysis we chose to do proof of concept demonstrations and testing with the following vendors:
1. Amazon Web Services
2. Google Cloud
3. Microsoft Azure 
4. SAP HANA
5. Snowflake
[bookmark: _Toc122526296]Data Storage Proof of Concept Demonstrations
The sequence of events for proof of concept demonstrations by vendors was:
1. Develop POC use cases for data storage technologies (See Appendix 3)
2. Develop the data storage stakeholder scorecard (See Appendix 3)
3. Share the POC use cases for data storage and request vendor assistance with preparing the proof of concept demonstration
4. Meet with Each vendor for 1 hour to:
a. Discuss the POC Demonstration
b. Answer questions they have from the POC use cases
c. Discuss environment setup and preparation for POC testing
5. Vendor demonstration
[bookmark: _Toc122526297]Data Storage Proof of Concept Hands-on Testing
Following the demonstrations AITS and resources from the Huron Consulting Group performed hands on testing with the following environments:
1. Amazon AWS
2. Microsoft Azure
3. Snowflake 
To test data lakes and data warehouses, the project team created three data sets in each of the tools. These included Section Capacity, Course Section and Finance. 
[bookmark: _Toc122526298]Data Storage Performance Test Results
Three queries were created and ran against each of the data lake and data warehouse tools to capture performance metrics. The general descriptions of what the queries were doing is as follows:
· Query 1 is a simple list of course and section information from the Section Capacity data mart for a specific term. Query 1 returns 53,969 rows.
· Query 2 is a list of course and section information with an aggregated calculation grouped by college for a specific term. Query 2 returns 18 rows.
· Query 3 is a grouped list of finance information with aggregated calculations. The primary table has 730 million rows and the grouped results total 2,425 rows.
[image: Data Lake Performance Test Results.

For the first query, Snowflake External AWS performed the worst at 6.8 seconds, followed by Snowflake External Azure at 5.7 seconds, and AWS Athena at 2.2 seconds.  Azure Synapse OnDemand performed the best at 1.2 seconds.

For the second query, Snowflake External AWS performed the worst at 5.6 seconds, followed by Snowflake External Azure at 3.5 seconds, and AWS Athena at 1.5 seconds.  Azure Synapse OnDemand performed the best at 0.9 seconds.

For the third query, AWS Athena performed the worst at 13.7 seconds, followed by Snowflake External AWS at 11.6 seconds, and Azure Synapse OnDemand at 10.7 seconds.  Snowflake External Azure performed the best at 7.4 seconds.]
[image: Data Warehouse Performance Test Results.

For the first query, both Azure products performed the worst at 1.8 seconds, followed by Snowflake Medium at 1.6 seconds, and Snowflake X-Small at 0.9 seconds.  The best performer was AWS Redshift at 0.6 seconds.

For the second query, AWS Redshift, Azure Synapse DW100C, and Snowflake X-Small finished in 0.4 seconds while Azure Synapse DW400C and Snowflake Medium finished in 0.2 seconds.

For the third query, Azure Synapse DW100C performed the worst at 28.4 seconds, followed by Azure Synapse DW400C at 10.9 seconds, then Snowflake X-Small at 2.8 seconds.  Both AWS Redshift and Snowflake Medium completed the query in 1.6 seconds.]
Data Lake performance results show that Azure Synapse performed best overall. The exception being when testing Snowflake using Azure for external storage. The largest of the queries completed in the shortest amount of time in that scenario. For queries 1 and 2 Snowflake took the longest to complete. 
For Data Warehouses, differences in query performance on the first two queries were negligible. For Query 3 the Microsoft Azure performance results were poor when executed against the smallest sized data warehouse. When executed on a larger sized environment query performance improved, however it still lagged Amazon Redshift and Snowflake. 
[bookmark: _Toc122526299]Data Storage Proof of Concept Results
Ratings for each of the vendors included the following factors: 
· Ease of Use – How intuitive/easy is it to build, share and interact with the data storage tool?
· Loading, Processing and Accessing Data – How intuitive/easy is it to create data sets, load data and share data with others?
· Inventory of Data – Can the data storage tool create usable inventories of data stored in a data lake and data warehouse?
· Governed Access/Authentication – Can the data storage tool use university access and authentication controls to manage access to the data storage tool and the data stored within?
· Separating Workloads – Does the data storage tool process requests in an efficient manner by separating workload?
· Performance Test Results – How well did the data storage tool perform vs. the other tools tested?
· Cost – How does the cost of the data storage tool compare with other tools that were included in this analysis?
	[bookmark: _Hlk107237049]
	Microsoft Azure
	Snowflake
	Amazon AWS

	Ease of use
	[image: A green checkmark.]
	[image: A green checkmark.]
	[image: A green checkmark.]

	Loading, processing, and accessing data
	[image: A green checkmark.]
	[image: A green checkmark.]
	[image: A green checkmark.]

	Inventory of data
	[image: A green checkmark.]
	[image: A green checkmark.]
	[image: A green checkmark.]

	Governed access/authentication
	[image: A green checkmark.]
	[image: A green checkmark.]
	[image: A red X.]

	Separating workloads
	[image: A green checkmark.]
	[image: A green checkmark with a plus symbol.]
	[image: A green checkmark.]

	Performance test results
	[image: A green checkmark.]
	[image: A green checkmark.]
	[image: A green checkmark.]

	Relative Cost
	$$
	$$
	$$



	Legend

	[image: A green checkmark with a plus symbol.]
	Exceeds minimum requirements in ways that offer an advantage

	[image: A green checkmark.]
	Meets minimum requirements

	[image: A red X.]
	Fails to meet minimum requirements

	NA
	Not tested or not applicable



[bookmark: _Toc122526300]Final Decision Regarding Data Storage Architecture
Based on all the factors described above and the results from the performance testing Microsoft Azure is the choice for the enterprise supported data lake solution, subject to accessibility testing. 
The recommendation is to continue to use Oracle as the Data Warehouse technology. Additional research and testing will be done over the next 2 years to identify a path for moving the data warehouse to a cloud storage technology. This allows time for additional collaboration across the University of Illinois System for potential consistent contracts for cloud services. Also, this allows for continued discussions for establishing identity and access management policies for multiple cloud tenants, or to move to a single cloud tenant. Finally, implementation of data virtualization and a data lake service provide the foundation for building a consistent and complete physical and logical architecture for university data. A cloud serviced data warehouse will be the final piece for that architecture.
[bookmark: _Toc106194879]

[bookmark: _Toc122526301]Data Movement
This section will be reviewed and completed upon completion of testing and analysis for Informatica and Talend
AITS uses Informatica Power Center as our Data Movement Tool. Tool is only used internally; a data movement solution or services are not available to campus units. Some units have expressed a need for a data movement tool. This was identified as a gap. 
Other gaps related to data movement that were identified include:
· Limited connection types in the existing data movement tool 
· Lack of ability to connect to cloud solutions
· Need to utilize APIs from which to source data.
The gaps will potentially be addressed within the roadmap.
The first task was to identify the vendors who provided data movement capabilities. We utilized recordings of initial vendor demonstrations as well as external resources such as utilizing our contract with Gartner.
[bookmark: _Toc122526302]Vendor Selection for Data Movement Proof of Concept
The First step was to review the Gartner Magic Quadrant for Data Integration systems:
[image: Gartner Magic Quadrant for Data Integration Systems. The X axis ranks vendors on their completeness of vision. The Y axis ranks vendors on their ability to execute.

The upper right quadrant is the Leaders. Vendors are ranked in order:
1. Informatica
2. IBM
3. SAP
4. Oracle
5. Talend
6. Microsoft
7. Denodo

The upper left quadrant is the Challengers. Vendors are ranked in order:
1. Qlik
2. SAS
3. TIBCO Software
4. Precisely

The lower Right quadrant includes the Visionaries. The only vendor included in this quadrant is SnapLogic.

We did not consider any of the vendors in the lower left quadrant, the Niche Players.]
After a review of the Gartner magic quadrant and the recordings from the initial vendor presentations it was determined that we would include the following vendors in our proof-of-concept.
1. IBM
2. Informatica
3. Microsoft
4. SAS
5. Talend
[bookmark: _Toc122526303]Data Movement Proof-of-Concept Demonstrations
The sequence of events for proof-of-concept testing was:
1. Develop POC use cases for data movement technologies (See Appendix 3)
2. Develop the data movement stakeholder scorecard (See Appendix 3)
3. Share the POC use cases for data movement with the selected vendors and request vendor assistance with preparing the proof-of-concept demonstration
4. Meet with Each vendor for 1 hour to:
a. Discuss the POC Demonstration
b. Answer questions they have from the POC Use Cases
c. Begin discussions about preparation and scheduling the vendor demonstration
5. Vendor demonstration
[bookmark: _Toc122526304]Data Movement Proof-of-Concept Hands-on Testing
Following the demonstrations AITS and resources from the Huron Consulting Group performed hands on testing with the following environments:
1. Informatica 
2. Talend
[bookmark: _Toc122526305]Data Movement Proof of Concept Results
Rating each of the vendors included the following factors: 
· Ease of Use – How intuitive/easy is the tool to use for data movement processes?
· Ability to create targets from multiple data sources – The tool can join tables from multiple databases to create a single output.
· Ability to reuse database connections across schemas – The tool can reuse a single connection per database to retrieve tables across multiple schemas.
· Ability to perform simple/complex transformations
· Ability to bypass rows with errors – During the production run the tool has the capability to quickly bypass errors so the entire run can continue.
· Track data lineage – The tool can provide a quick overview of all column dependencies upstream and downstream within an ETL job.
· Support for version control – The tool provides internal version control.
· Ability to retrieve and load data on a schedule – the tool has internal scheduling capabilities.
· Integration with university application manager tool – the tool integrations with the Automation Application Manager tool to retrieve and load data on a schedule.
· Automated monitoring and notification capabilities – Ability to review and receive notifications on the status of a production run.
· Vendor support
· Cost
The following chart describes the rankings.
	
	Informatica Cloud
	Talend

	Ease of use
	[image: A green checkmark.]
	[image: A green checkmark with a plus symbol.]

	Ability to create targets from multiple sources
	[image: A green checkmark.]
	[image: A green checkmark with a plus symbol.]

	Ability to reuse database connections across schemas
	[image: A red X.]
	[image: A green checkmark.]

	Ability to perform simple/ complex transformations
	[image: A green checkmark.]
	[image: A green checkmark.]

	Ability to bypass rows with errors
	[image: A green checkmark.]
	[image: A red X.]

	Track data lineage
	[image: A red X.]
	[image: A green checkmark.]

	Support for version control
	[image: A red X.]
	[image: A red X.]

	Ability to retrieve and load data on a schedule
	[image: A green checkmark.]
	[image: A green checkmark.]

	Integration with university application manager tool
	[image: A green checkmark.]
	[image: A red X.]

	Automated monitoring & notification capabilities
	[image: A green checkmark.]
	[image: A green checkmark.]

	Vendor Support
	[image: A red X.]
	[image: A green checkmark with a plus symbol.]

	Relative Cost
	$$$
	$



	Legend

	[image: A green checkmark with a plus symbol.]
	Exceeds minimum requirements in ways that offer an advantage

	[image: A green checkmark.]
	Meets minimum requirements

	[image: A red X.]
	Fails to meet minimum requirements

	NA
	Not tested or not applicable



[bookmark: _Toc122526306]Final Decision Regarding Data Movement Architecture
Based on all the factors described above and the results from the performance testing Talend is the chosen data movement tool. 
The results of the proof of concept review and testing shows that cloud data movement tools are not mature enough to meet all requirements. The recommendation is to continue to use Informatica Power Center on premise and augment that with Talend for data movement for data sources not currently supported by Informatica Power Center. Existing ETL maps will continue to be supported by Informatica Power Center until a later time. New data acquisition will be done using Talend, unless otherwise determined due to Talend’s limitations for bypassing errors.
[bookmark: _Toc106194880][bookmark: _Toc122526307]Data Visualization and Reporting
A key requirement for this project is to identify intuitive and easy to use data visualization and reporting tools. These tools are primarily used for:
· Data Visualization
· Self-service report creation
· Data and report consumption
Currently, AITS provides the SAP Business Objects and Tableau Server as enterprise solutions for the University of Illinois System.
[bookmark: _Toc122526308]Vendor Selection for Data Visualization and Reporting Proof of Concept
We reviewed all the vendors in the initial demonstration phase who provide tools with Data Visualization and Report Development capabilities. Again, we used the Gartner Magic Quadrant to assist in determining vendors to include in the analysis. 
[image: Gartner Magic Quadrant for Analytics and Business Intelligence Platforms. The X axis ranks vendors on their completeness of vision. The Y axis ranks vendors on their ability to execute.

The upper right quadrant is the Leaders. Vendors are ranked in order:
1. Microsoft
2. Salesforce (Tableau)
3. Qlik
The upper left quadrant is the Challengers. 
1. Google
2. Domo

The lower Right quadrant includes the Visionaries. 
1 ThoughtSpot
2. Sisense
3. Oracle
4. SAP
5. TIBCO
6. SAS
7. IBM
8. Yellowfin
9. Tellius
We did not consider any of the vendors in the lower left quadrant, the Niche Players.]
Based on stakeholder feedback, preference of tools from demonstrations, and rankings in the Gartner Magic Quadrant, the following vendors were chosen to participate in the proof of concept demonstrations:
1. Google Looker
2. IBM Cognos
3. Microsoft Power BI
4. Qlik
5. SAP Business Objects
6. SAP Analytics Cloud
7. SAS Visual Analytics 
8. Tableau
[bookmark: _Toc122526309]Data Visualization and Reporting Proof of Concept Demonstrations
The sequence of events for proof of concept demonstrations by vendors was:
1. Develop POC use cases for data visualization and reporting (See Appendix 3)
2. Develop the data visualization and reporting stakeholder scorecard (See Appendix 3)
3. Share the POC use cases for data visualization and reporting and request vendor assistance with preparing the proof-of-concept demonstration
4. Meet with each vendor for 1 hour to:
a. Discuss the POC Demonstration
b. Answer questions they have from the POC use cases
c. Discuss environment setup and preparation for POC testing
5. Vendor demonstration
6. Vendor Accessibility Demonstration
[bookmark: _Toc122526310]Data Visualization and Reporting Proof of Concept Vendor Demonstrations
Demonstrations from the selected vendors were provided. After the demonstrations, the project team determined that the following vendor tools did not meet University needs based on the use case demonstrations:
1. Google Looker – limited interest was expressed after the use case demonstration.
2. [bookmark: _Hlk107490089]SAS Visual Analytics – limited interest was expressed after the use case demonstration.
[bookmark: _Toc122526311]Data Visualization and Reporting Proof of Concept Accessibility Demonstrations
Much of the data at the University of Illinois is consumed through one or more Data Visualization and Reporting tools. Therefore, it is critical that these tools adhere to accessibility standards. As a result, it was decided that an accessibility review with the vendors would be completed at this stage of the analysis. 
The project team collaborated with the Data Visualization Accessibility Committee (DVAC), which was established to support the analysis of tools for this effort. The DVAC provided a set of accessibility requirements to guide the accessibility reviews and testing. These requirements can be found in Appendix 5 of this document.
Vendors were selected for accessibility review based on stakeholder interest and ability to meet our use cases as demonstrated during the POC Use Case demonstration. The vendors who were invited to participate in the accessibility demonstrations included.
1. Tableau
2. Microsoft Power BI
3. Qlik
4. IBM Cognos
5. SAP Business Objects
6. SAP Analytics Cloud
[bookmark: _Toc122526312]Data Visualization and Reporting Proof of Concept Results
Rating each of the vendors included the following factors: 
· Ease of Use - How intuitive/easy is it to build, share and publish business intelligence solutions?
· Data Visualization – Does the tool meet university needs related to creating, publishing, sharing, and consuming data visualizations and dashboards?
· Ad Hoc Reporting – Does the tool meet university needs related to creating and using ad hoc reporting tools? 
· Pixel Perfect Reports – Does the tool meet university needs related to creating and consuming pixel perfect reports? 
· Allow Federated Authentication management – can business intelligence creators manage access to the solutions which they create and publish?
· Extensive Support for Data Sources – Does the tool have native connectivity to the most common data sources, cloud or on premise?
· Accessibility – Does the tool meet university standards related to accessibility when creating and consuming business intelligence solutions?
· Cost – How does the cost of the data visualization and/or reporting tool compare with other tools that were included in this analysis?
The following chart describes the rankings. 
	
	Microsoft Power BI
	Tableau
	SAP Business Objects

	Ease of use
	[image: A green checkmark with a plus symbol.]
	[image: A green checkmark with a plus symbol.]
	[image: A green checkmark.]

	Data visualization
	[image: A green checkmark with a plus symbol.]
	[image: A green checkmark with a plus symbol.]
	[image: A red X.]

	Ad hoc reporting
	[image: A green checkmark.]
	[image: A green checkmark.]
	[image: A green checkmark with a plus symbol.]

	Pixel perfect reports
	[image: A red X.]
	[image: A red X.]
	[image: A green checkmark with a plus symbol.]

	Allow federated authentication management
	[image: A red X.]
	[image: A green checkmark with a plus symbol.]
	[image: A red X.]

	Extensive support for data sources
	[image: A green checkmark with a plus symbol.]
	[image: A green checkmark with a plus symbol.]
	[image: A green checkmark.]

	Accessibility 
	[image: A green checkmark.]
	[image: A green checkmark.]
	[image: A green checkmark.]

	Relative Cost
	$
	$$
	$$



	Legend

	[image: A green checkmark with a plus symbol.]
	Exceeds minimum requirements in ways that offer an advantage

	[image: A green checkmark.]
	Meets minimum requirements

	[image: A red X.]
	Fails to meet minimum requirements

	NA
	Not tested or not applicable


[bookmark: _Toc122526313]Final Decision Regarding Data Visualization and Reporting
Analysis of tools shows that no single tool is capable of meeting university needs for data visualization and reporting. Tools that focus on reporting do not have the data visualization capabilities that the current Tableau solution offers. Therefore, the recommendation is to continue to offer a suite of tools to meet all the reporting needs.
It was determined that SAP Business Objects delivers self-service capabilities in both ad-hoc and standard reporting. Therefore, for the roadmap the recommendation is to continue to use SAP Business Objects for this functionality. The recommendation is to upgrade the SAP Business Objects solution to the latest version. Stakeholders favored the modern user interface offered by the latest version of SAP Business Objects. Furthermore, a review of all features of SAP Business Objects will be done to take advantage of new or unused capabilities.
For data visualization the recommendation is to continue using Tableau for the enterprise data visualization solution. 
A Microsoft Power BI service is of interest to some stakeholders. However, implementation of this service cannot be delivered at this time due to lack of common identity and access management policies and a lack of a single Microsoft tenant. To support the interest in using Microsoft Power BI, additional research and testing will be done over the next 2 years to identify a path for implementation of a Microsoft Power BI service. This allows time for additional collaboration across the University of Illinois System for potential consistent contracts for cloud services. Also, this allows for continued discussions for establishing identity and access management policies for multiple cloud tenants, or to move to a single cloud tenant. Finally, implementation of data virtualization and a data lake service provide the foundation for building a consistent and complete physical and logical architecture for university data. A cloud serviced data warehouse will be the final piece for that architecture.


[bookmark: _Toc106194881][bookmark: _Toc122526314]Data Science
Across the University System there has been a growing need for advanced analytical capabilities. Data Science is looked at as a strategic competency and is critical to the future success for the University in areas of recruiting, retention, and overall student success.
Currently, the university does not support an enterprise-wide data science tool. Individuals and individual units have their own tools and methods for performing advanced analytics.
[bookmark: _Toc122526315]Vendor Selection for the Data Science Proof of Concept
The first task was to identify the Data Science tools to evaluate. We reviewed recordings of initial vendor demonstrations. We also utilized our contract with Gartner, a technological research and consulting firm. 
Specifically, we referenced the Gartner Magic Quadrant for Data Science and Machine Learning Platforms (see the image below).

[image: Gartner Magic Quadrant for Data Science and Machine Learning Platforms. The X axis ranks vendors on their completeness of vision. The Y axis ranks vendors on their ability to execute.

The upper right quadrant is the Leaders. Vendors are ranked in order:
1. IBM
2. SAS
3. MathWorks
4. Dataiku
5. TIBCO
6. Databricks

The upper left quadrant is the Challengers. The only vendor ranked in this quadrant is Alteryx.

The lower Right quadrant includes the Visionaries. 
1. Microsoft
2. DataRobot
3. Google
4. Amazon Web Services
5. KNIME
6. RapidMiner
7. H20.ai

We did not consider any of the vendors in the lower left quadrant, the Niche Players.]
Based on stakeholder feedback, preference of tools from demonstrations and the Gartner rankings, of the vendors who provide demonstrations we chose to do proof of concept demonstrations and testing with the following vendors:
1. Alteryx
2. IBM
3. KNIME
4. SAS
[bookmark: _Toc122526316]Data Science Proof of Concept Demonstrations
The sequence of events for proof of concept testing was:
1. Develop POC use cases for data science (See Appendix 3)
2. Develop data science stakeholder scorecard (See Appendix 3)
3. Share the POC use cases for data science and request vendor assistance with preparing the proof of concept demonstration
4. Meet with Each vendor to:
a. Discuss the POC Demonstration
b. Answer questions they have from the POC use cases
c. Discuss environment setup and preparation for POC testing
5. AITS Advanced Analytics staff met extensively with each vendor for environment setup and to learn how to use the tools. Each vendor was given ample time for demonstration and knowledge sharing. 

NOTE:  KNIME was given the same amount of time for their demonstration, however since KNIME is currently used by the testing team training was not a component of the testing phase.
[bookmark: _Toc122526317]Data Science Proof of Concept Hands-on Testing
A team of testers from AITS Advanced Analytics and Business Intelligence Architecture did extensive testing and documentation of results. The results of this documentation are stored with internal project documentation.
NOTE: KNIME was not tested during this phase. As the current vendor, extensive hands-on testing was not necessary. 
Proof of Concept Testing Results
	
	IBM Cloud Pak for Data
	KNIME
	SAS AI
	Alteryx

	Ease of use
	[image: A green checkmark with a plus symbol.]
	[image: A green checkmark.]
	[image: A green checkmark.]
	[image: A red X.]

	Core data science capabilities (statistics and algorithms)
	[image: A green checkmark.]
	[image: A green checkmark.]
	[image: A green checkmark.]
	[image: A green checkmark.]

	Text analytics
	[image: A green checkmark with a plus symbol.]
	[image: ]
	[image: A green checkmark.]
	[image: A green checkmark.]

	Integration of data science coding languages
	[image: A green checkmark with a plus symbol.]
	[image: A green checkmark.]
	[image: A green checkmark.]
	[image: A green checkmark.]

	Scheduling and monitoring workflows
	[image: A green checkmark with a plus symbol.]
	[image: A green checkmark with a plus symbol.]
	[image: A green checkmark.]
	[image: A green checkmark.]

	AutoML with clustering
	[image: A green checkmark with a plus symbol.]
	[image: ]
	[image: A red X.]
	[image: A red X.]

	Relative Cost
	$$$
	$
	$$
	NA



	Legend

	[image: A green checkmark with a plus symbol.]
	Exceeds minimum requirements in ways that offer an advantage

	[image: A green checkmark.]
	Meets minimum requirements

	[image: A red X.]
	Fails to meet minimum requirements

	NA
	Not tested or not applicable



[bookmark: _Toc122526318]Final Decision Regarding Data Science
Based on all the factors described above and the results from the performance testing IBM Cloud Pak for Data is our current choice for the Data Science tool.

[bookmark: _Toc122526319][bookmark: _Toc106194887]
4.  Next Generation Data Analytics Roadmap 
This section describes the Next Generation Data Analytics platform that will be made available for the University of Illinois System. The architecture for the data analytics platform is best described in the Next Generation Data Analytics Platform diagram below.
The three layers of this diagram include:
1. Physical Data Layer – Data is ingested from University and Unit data sources into the physical data layer with the use of a Data Movement tool. The Physical Data Layer consists of the data storage utilities – Data Lake and Data Warehouse. Users can acquire data directly from the physical data layer.

2. Data Fabric Layer – The data fabric layer allows users to logically join and share data and collaborate with others. The next generation architecture provides more means for accessing data. Data Virtualization allows people to build logical datasets and join data together, regardless of physical location. 

The next generation data analytics architecture will also provide better opportunities for data integrations through the creation, delivery, and use of Application Programming Interfaces (APIs). This is becoming increasingly more critical as many of the University’s enterprise applications are moving to cloud-based vendor hosted systems. 

	Gartner defines data fabric as “a design concept that serves as an integration layer (fabric) of data and connecting processes.”  This integration layer allows for more agile data pipelines from multiple, dissimilar sources to provide faster data access and sharing without concern for differences in the systems that typically impede getting those benefits. Additionally, in more mature environments where the metadata is monitored in real time, machine language and other AI techniques can be used to further enhance performance.
Sources: https://www.gartner.com/smarterwithgartner/data-fabric-architecture-is-key-to-modernizing-data-management-and-integration
https://emtemp.gcom.cloud/ngw/globalassets/en/publications/documents/understand_the_role_of_data_fabric_ebook.pdf



3. Data Delivery Layer – The data delivery layer provides the utilities which allow users to access and expose data for others. Within this layer consumers can format and share the data using Data Visualization and Reporting tools. Also in this layer are tools which allow users to request data directly from the Logical and Physical data layers (i.e., SQL and/or ODBC connections). The Data Delivery layer includes the Data Science tools used for advanced analytics.
The following constructs are critical to the success of a data analytics environment:
· Data Governance
· Process
· Culture
· Federated Access
Analysis done to create this roadmap has resulted in increased levels of awareness and opportunities for collaboration in these areas.
Security for the next generation architecture is especially important. We will use existing university identity and access management systems to enable strong security protocols to protect the university’s data assets.

[image: Graphical depiction of the Next Generation Data Analytics platform. The text in section 5. Next Generation Data Analytics Roadmap provides a detailed description of this visual.]
[bookmark: _Toc106194888][bookmark: _Toc122526320]Data Virtualization
Units who have local data and wish to join that with enterprise data or data dispersed in many locations including multiple types (files, APIs, databases, etc.) will benefit immediately from a data virtualization tool. Implementation of Denodo as the data virtualization tool will facilitate the creation of the data fabric. The plan is to implement data virtualization as the first new tool in the modern analytics environment. 
Because we do not offer a data virtualization service today there will be no impact to current solutions created and used by the user community. The data virtualization implementation project will include:
1. Deploy Denodo for data virtualization capabilities 
2. Define standards and processes for data virtualization
3. Establish the Logical Enterprise Data Warehouse and begin creating logical data sets
4. Define API processes and delivery standards for the creation and use of APIs to source and expose data for applications
5. Define the service and support models for data virtualization to ensure users of the service can use the tools in an appropriate manner
6. Create and administer technical training 
[bookmark: _Toc106194889][bookmark: _Toc122526321]Data Storage
Data Storage technologies include data lakes and data warehouses. These will be implemented separately.
[bookmark: _Toc122526322]Data Lake
The data lake platform will be the first implementation in the data storage area. We will implement Microsoft Azure as the data lake service. This will provide a way for units who have university data not already available in an enterprise system, a location to store their data in an enterprise supported platform and integrate it with other data in the lake. Pairing the data lake service with the Denodo solution for data virtualization will allow users to easily join, share and collaborate with their data and enterprise data. 
The data lake service does not exist today. Therefore, deployment of a new service will enhance capabilities while minimizing impacts to the data analytics community. The data lake implementation will include:
1. Implementation and configuration of Microsoft Azure Data Lake to be used as a data lake repository
2. Identity and Access management (IAM) setup for data lake
3. Creation of Job Aids to provide step by step instructions for the most common tasks needed to use a data lake to store and access data
4. Training and education on how to share data from a data lake and collaborate with others using that data
5. Training and education on how to join data in the data lake with other data sources, including data in the Enterprise Data Warehouse. 
6. Training on how to use the data in a data lake with enterprise business intelligence solutions 
[bookmark: _Toc122526323]Data Warehouse
We will continue to deliver the Enterprise Data Warehouse using Oracle. Continuing to deliver the data warehouse in Oracle limits the impact to units who currently use the data warehouse in their analytics solutions. Implementation of data virtualization and data lakes before the next generation data warehouse is implemented provides flexibility for transition to a new data warehouse tool. Also, this plan allows time for university policies and procedures to be formed for identify and access management for cloud solutions. This is especially important to an enterprise analytics environment with a goal to provide the same experience for all users, regardless of their university affiliation. The time spent on additional research and analysis provides opportunities to identify additional impacts of changing the data warehouse service. 
Implementation plans, deliverables, support, training, and strategies for change management to address impacts of changing data warehouse technologies will be addressed as the future direction is defined.
[bookmark: _Toc106194890][bookmark: _Toc122526324]Data Movement
Additional testing and evaluation will be complete in August and September to determine the roadmap for data movement. 
The implementation of the next generation data movement tool will include:
1. Deployment of the new data movement application
2. Education for ETL Developers 
3. Define internal standards and processes for creation and implementation of data movement solutions
4. Define API processes and delivery standards for the creation and use of APIs to source and expose data for applications
5. Conversion of ETL maps from the on premise Informatica tool to the new data movement application
6. Creation of services and support models for units to be able to use the data movement application
7. Training and education for units
[bookmark: _Toc106194891][bookmark: _Toc122526325]Data Visualization and Reporting
[bookmark: _Toc122526326]Reporting
SAP Business Objects has been in production since 2002. Implementation of the latest version of SAP Business Objects will provide continuity in the next generation data analytics architecture. The plan calls for an upgrade to the latest version of SAP Business Objects. 
A concern raised in the past was that the Business Objects user interface was not user friendly. SAP the vendor has made considerable improvements to the user interface in the latest version of Business Objects. Business Objects also offers many modern capabilities. Some of these capabilities are not currently utilized in the service. Following the upgrade, a review will be conducted of all the capabilities of the new system. Coupled with a modern user interface, these additional capabilities will help close the gaps associated with the existing service. Also, a new standard for the Business Objects semantic layer (Universes) provides flexibility and additional capabilities that allow for the delivery of more intuitive and easier to use solutions. 
Units have depended on the Business Objects artifacts they have created for many of their data and reporting needs. Staying on a Business Objects platform allows the university to avoid the costs of time and resources associated with migrating current reporting artifacts to a new solution.
The implementation of the next generation reporting tool will include:
1. Upgrade to the latest version of SAP Business Objects
2. Updated training and education for using Business Objects
3. Updated job aids to account for changes in the latest version of Business Objects
4. Review of new and unused features of Business Objects to determine a path for implementation of these features during or after the Business Objects upgrade
5. Implementation plans and strategies for migrating the Business Objects Universes to the new standard. Including change management plans to address any impacts realized with migrating to this new standard.
[bookmark: _Toc122526327]Data Visualization
The current data analytics architecture includes the availability of the Tableau Server. This provides data visualization content creators a place to publish and share their dashboards and data visualizations. Tableau provides the ability for content creators to present their data in an easily consumable manner. Tableau Server will continue to be available in the next generation environment. 
There will also be continued research and analysis towards a Microsoft Power BI service. During that time, we will work with university cloud and IAM staff to recommend a cohesive a more cohesive approach. These decisions are critical for implementation of a Microsoft Power BI Service. The time spent on additional research and analysis also provides opportunities to identify impacts of changing the data visualization service. Strategies for change management to address those impacts will be addressed as the future direction is defined.
Implementation plans, deliverables, support, training, and strategies for change management to address impacts of changing data warehouse technologies will be addressed as the future direction is defined.
[bookmark: _Toc106194892][bookmark: _Toc122526328]Data Science
Advanced Analytical solutions are looked at as a strategic advantage for universities today and, interest in advanced analytics at the University of Illinois is growing. It is critical that a service is available for data scientists to deliver solutions that position the university in a way to take advantage of the actionable insights delivered through the data sciences. The research and analysis done during this effort point to IBM as the vendor who can best deliver this service. The IBM Cloud Pak for Data software as a service is chosen as the data science tool for the next generation architecture. 
The implementation of a next generation data science tool will include:
1. Deploy IBM Cloud Pak for Data
2. Define the service and support models for data science ensure users of the service can use the tools in an appropriate manner
3. Create and administer technical training and education for using IBM Cloud Pak

[bookmark: _Toc106194893][bookmark: _Toc122526329]Roadmap implementation matrix
The tools will be implemented in phases to move from the current state to the future state.
	
	Current
	Future
	Future - Hosted

	Data Virtualization
	None
	Denodo
	On Premise

	Data Storage: Data Lake
	None
	Microsoft Azure
	Software as a Service

	Data Storage: Data Warehouse
	Oracle
	Microsoft Azure or Snowflake*
	Software as a Service

	Data Movement
	Informatica Power Center
	Informatica and Talend
	On Premise and Software as a Service

	Data Visualization
	Tableau
	Tableau and/or Microsoft Power BI*
	On Premise

	Reporting
	SAP Business Objects 4.2.X
	SAP Business Objects 4.3.X+
	On Premise

	Data Science
	KNIME
	IBM Cloud Pak for Data
	Software as a Service


* Additional research is pending before these decisions can be made. 
[bookmark: _Toc106194894]

[bookmark: _Toc122526330]Implementation Planning
The recommended plan is to implement the technologies included in the Next Generation Data Analytics Architecture in two separate phases.
[bookmark: _Toc122526331]Phase 1 
During phase 1 the focus will be on modern data integration capabilities for connecting, sharing and collaborating with data. Phase 1 technologies include:
· Data Virtualization
· Data Lake
· Data Movement
· Reporting
[bookmark: _Toc122526332]Phase 2
Phase 2 efforts will focus on migrating to a modern data warehouse solution and advancements in data visualization and advanced analytics tools.
· Data Warehouse
· Data Science
· Data Visualization
[bookmark: _Toc122526333]Roadmap Timeline
The roadmap timeline lays out the high-level planning and implementation projects for each of the technologies. This includes plans for transitioning artifacts from existing tools to new tools. Note that some transitions may occur after the three-year implementation timeline created for this project.

[bookmark: _Toc122526334]Projected Phase 1 Timeline
	
	FY 2023
	FY 2024
	FY 2025
	FY 2026

	
	Q1
	Q2
	Q3
	Q4
	Q1
	Q2
	Q3
	Q4
	Q1
	Q2
	Q3
	Q4
	Q1
	Q2
	Q3
	Q4

	Reporting
	Upgrade to BO 4.3X
	Conversion of Business Objects to new semantic layer standard
	 
	 
	 
	 

	Data Virtualization
	 
	 
	
	Implement Denodo
	Build Logical Data Warehouse
	 
	 
	 
	 
	 
	 
	 

	Data Lakes
	 
	 
	 
	 
	 
	 
	
	Implement Data Lake
	 
	 
	 
	 
	 
	 

	Data Movement
	 
	 
	 
	 
	 
	Implement New Data Movement
	Migrate ETL Maps to new tool
	 


[bookmark: _Toc122526335]Project Phase 2 Timeline
	
	FY 2025
	FY 2026
	FY 2027

	
	Q1
	Q2
	Q3
	Q4
	Q1
	Q2
	Q3
	Q4
	Q1
	Q2
	Q3
	Q4

	Data Science
	 
	 
	Implement Data Science tool
	 
	 
	 
	 
	 
	 
	 
	 

	Data Warehouse
	 
	 
	 
	 
	Implement Data Warehouse
	Conversion of Oracle Data Warehouse to new Data Warehouse

	Data Visualization
	 
	 
	 
	 
	 
	 
	 
	 
	Implement Data Visualization
	 
	 



[bookmark: _Appendix_X_1][bookmark: _Toc122526336]Appendix 1 – Project Stakeholders and Advisory Group
[bookmark: _Toc122526337]Project Advisory Group
	[bookmark: _Toc106194895]Advisory Group Member
	Affiliation
	Unit

	Tanweer Alam
	Foundation
	Foundation

	Sarah Bjelland
	Alumni Association
	Alumni Association

	Laura Dorman
	Springfield
	Institutional Research

	Amy Edwards
	Urbana
	Institutional Research

	Stephanie Estrada
	Chicago
	Institutional Research

	Yanui Guo
	Springfield
	

	Vern Huber
	Springfield
	Information Technology Solutions

	Colleen Kehoe
	Chicago
	Budget and Financial Analysis

	Renee Nagy
	System Office
	University Office of Planning and Budgeting

	Radhika Reddy
	Chicago
	Technology Solutions

	Michelle Rome
	Urbana
	ATLAS

	Ryan Thomas
	Urbana
	Technology Services

	Thomas Skottene/Kim Nystrom
	Urbana
	Enrollment Management

	Dimuthu Tilakaratne
	System Office
	Administrative Information Technology Services

	Connie Zdenek
	Chicago
	Liberal Arts and Science

	Sarah Zehr
	System Office
	Office of the Executive Vice President 

	Ilir Zenku
	Chicago
	Health Affairs



[bookmark: _Toc122526338]Project Stakeholder Group

[bookmark: _Toc122526339]Chicago
Coogan, Patrick - Office of the Vice Chancellor for Innovation
Dang, Dean - Technology Solutions
Estrada Stephanie - Office of Institutional Research
Fuiten, Matthew - Division of Specialized Care for Children
Ghadeer, Amira - Human Resources at UIC
Hayward, Bill - Office of Institutional Research
Johnson, Akin - College of Medicine, Administration
Kane, Nick – College of Medicine
Kehoe, Colleen - Budget and Financial Analysis
Lafarge, Virginia - Budget and Financial Analysis
Nichols, Andrew - Division of Specialized Care for Children
Maslanka, Jason - Technology Solutions
Moss, Michael - Budget and Financial Analysis
Muench, Jim - College of Engineering
Parekh, Lina - John Marshall Law School
Patangay, Vishakha - Student Affairs Technology
Patel, Bhavin - Office of the Vice Chancellor for Research
Perez, Victor - Human Resources at UIC
Petraitis, Jack - Technology Solutions
Radhika, Reddy – Technology Solutions
Rush, Dale - College of Pharmacy
Sabacan, Maria - Human Resources at UIC
Sayre, Christopher - Registration and Records
Scott, Ken - Human Resources at UIC
Wan, Guofeng (Phoenix) – College of Medicine
Yudt, Angela - Vice Provost of Faculty Affairs
Zdenek, Connie - Liberal Arts and Science
Zhang, Lubing - Budget and Financial Analysis
Zhang, Yufu - Office of the CHIO
[bookmark: _Toc122526340]Springfield
Bloemer, Bill - Office of the Vice Chancellor for Academic Affairs
Dorman, Laura - Office of the Vice Chancellor for Academic Affairs
Huber, Vern – Information Technology Services
Snider, Ben - UIS Enrollment Management
[bookmark: _Toc122526341]System Office
Anderson, Mark – University office for Planning and Budgeting
Alam, Tanweer - University of Illinois Foundation
Benson, Shelly - Office of Business and Financial Services
Bjelland, Sarah - University of Illinois Alumni Alliance
Burgener, Todd - System Human Resource Services
Fitch, Tyler - University of Illinois Foundation
Gerini, Susan - Human Resource Services
Jacobs, Angela - University Office of Capital Programs and Real Estate Services
Lehman, Chris - University Office for Planning and Budgeting
Mikel, Sally - University Office for Planning and Budgeting
Nagy, Renee - University Office for Planning and Budgeting
Rasmus, Brent - University Accounting and Financial Reporting
Rogan, Chris - University Office of Capital Programs and Real Estate Services
Zehr, Sarah - Office of the Executive Vice President and Vice President for Academic Affairs
[bookmark: _Toc122526342]
Urbana
Ashmore, Travis - College of Engineering
Britton, Nate - Auxiliary Shared Technology Services
Cha, Ester - Technology Services
Chen, Xiaobei - Office of the Provost
Coleman, Erik - Technology Services
Courtney, Kathryn - Auxiliary Shared Technology Services
Domeyer, Jeff - Technology Services
Edwards, Amy - Division of Management Information
Fradkin, Andres - Facilities and Services
Hege, Eric - Beckman Institute
Hege, Mark - Student Affairs Technology
Hoewing, Rod - Office of the Registrar
Karres, Dean - Beckman Institute
Le, Bic - Beckman Institute
Merrill, Brian - Sponsored Programs Administration
Nystrom, Kim - Enrollment Management Shared Services
Painter, Michael - College of Education
Reiter, Phil - Technology Services
Rome, Michelle - Applied Technologies for Learning in the Arts and Sciences
Skottene, Thomas - Enrollment Management Shared Services
Taylor, Ken - Technology Services
Thomas, Ryan - Technology Services
Tidrick, Chris - Gies College of Business
Trankina, Brad - Facilities and Services
Yu, Jen-Chien - University Library



[bookmark: _Toc122526343]Appendix 2 – Requirements


Document Tabs:
1. General Requirements – requirements that apply to all the different technologies (Data Virtualization, Data Storage, Data Movement, Data Visualization and Reporting, Data Science)
2. Implementation – requirements that are specific to implementation of any tools that are selected.
3. Data Viz and Delivery – requirements specific to data visualization and delivery tools
4. Data Science – requirements specific to advanced analytics/data science tools
5. Data Lakes and Data Warehouses – requirements specific to data storage tools
6. Data Virtualization – requirements specific to data virtualization tools
7. Data Movement – requirements specific to data movement tools
8. User Provided Requirements – these are requirements that users identified that were not on the initially generated requirements list. These requirements have been integrated into tabs 1 – 7. A crosswalk of where these requirements are located is provided on the line in this tab.

[bookmark: _Appendix_2_–][bookmark: _Appendix_3_–][bookmark: _Toc106194896][bookmark: _Toc122526344]Appendix 3 – Proof of Concept Use Cases & Scorecards
	
	Use Cases
	Scorecards
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	[bookmark: _Toc122526348]Data Visualization and Reporting
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[bookmark: _Appendix_4_–][bookmark: _Toc122526350][bookmark: _Toc106194903]Appendix 4 – Vendor Justifications 
This section provides justifications as to why some vendors were not included or removed from consideration for the roadmap.
[bookmark: _Toc122526351]Justifications for Data Virtualization Vendors
1. TIBCO was ranked second on Gartner’s list. However, TIBCO failed to provide a professional demonstration. A TIBCO demonstration was rescheduled three times and they were unable to meet the commitment. 
2. The demonstration for IBM’s Cloud Pak solution was not received well by stakeholders. It was deemed as not user friendly. 
3. Informatica ranked high on the Gartner capabilities. When we requested that Informatica participate in our POC, they stated that they discontinued the data virtualization solution. 
4. Microsoft was ranked lower by Gartner. They were selected for POC because University interest with Microsoft tools is heightened. Especially with integrations between cloud services within the Microsoft Azure suite of tools.
5. Oracle was ranked lower by Gartner but was considered because of its extensive use for databases. However, due to the licensing audits by Oracle, we were advised to not add any new Oracle tools to university licensing.
6. We considered AWS Glue even though it was not ranked on the Gartner capability matrix. However, the tool was only for the solutions installed in AWS. It was also very code centric. Therefore, they were removed from consideration. Stakeholders commented that Denodo was easiest to use when connecting to data sets and creating logical/virtual data sets. 
7. Stakeholders preferred the Denodo interface over the other tools tested.
8. Stakeholders commented that the Microsoft Polybase required DBA like skills. This made the system difficult to use for citizen data analysts. This issue was prevalent when creating logical data sets.
9. Microsoft Polybase can utilize APIs for sourcing and exposing data sets. However, it requires a third-party driver. Additional costs and resources for maintenance and support would be required.
10. Stakeholders commented that SAP HANA was difficult to use due to the necessary levels of customization and programming.
11. Stakeholders commented that creating data source definitions in SAP HANA was difficult. However, once the data source definition was available, creating logical tables was intuitive.
[bookmark: _Toc122526352]Justifications for Data Storage Vendors
1. Teradata chose not to participate in our analysis for modernizing our data architecture. 
2. Oracle was ranked high by Gartner. However, due to the licensing audits by Oracle, we were advised to not add any new Oracle tools to university licensing.
3. IBM was ranked as a Visionary in the Gartner magic quadrant. However, they were eliminated from the analysis due to lack of interest identified during additional research and discussions with the stakeholder group. 
4. SAP HANA – The SAP HANA demonstration was poorly executed, resulting in a lack of stakeholder Support. Thus, SAP HANA was eliminated from consideration.
5. Google Cloud – The Google Cloud demonstration was poorly executed, resulting in a lack of stakeholder support. Thus, Google Cloud was eliminated from consideration. University contracts for Cloud services are not consistent between the three universities. Therefore, implementation of any cloud solutions requires additional research and consensus on identity and access management practices. 
6. Microsoft Azure AD offers the best integration with established university authorization services (i.e., Microsoft Active Directory).
7. Initial research on Amazon AWS implementation of Azure AD for authentication and authorization showed challenges that prevent the selection of Amazon AWS the enterprise data storage solution at this time. Additional research and procedures would be required to move forward with Amazon AWS.
8. Snowflake is available to be hosted in Amazon AWS, Google Cloud, or Microsoft Azure. Which is beneficial when integrating data from other cloud hosted applications or services.
[bookmark: _Toc122526353]Justifications for Data Movement Vendors
1. Oracle was ranked high by Gartner. However, due to the licensing audits by Oracle, we were advised to not add any new Oracle tools to university licensing.
2. Denodo – Denodo was included in the data virtualization proof-of-concept. We deemed this tool to be primarily a data virtualization tool. Therefore, we did not include them in the data movement POC.
3. Informatica was selected for the Proof of Concept. Informatica is the current vendor for data movement vendor. AITS has many years of experience working with the on-premise version of Informatica Power Center. After completing the proof of concept, the Cloud version of Informatica was not selected. The interface is not easy to use. Their database connections are based on database and schema which does not allow for reuse and flexibility across schemas. Some existing features, such as Disable a session and Generate SQL override, are not available or supported. 
4. Talend was selected for the Proof of Concept. This tool does not offer some of the features currently available in our current tool, such as the ability to ignore rows with errors as needed. Separate processing would be required for rows that have errors. Emergency updates would be required if issues occurred during production runs to account for rows that have errors. Talend is the best solution for data acquisition for currently unsupported source data platforms (i.e., cloud data sources such as snowflake, and APIs)
[bookmark: _Toc122526354]Justifications for Reporting Vendors
1. Oracle was ranked as a visionary in the Gartner magic quadrant. However, due to the licensing audits by Oracle, we were advised to not add any new Oracle tools to university licensing.
2. Domo and ThoughtSpot were not invited to participate as there was a lack of interest following the initial vendor demonstrations.
3. TIBCO failed to provide a professional demonstration. A TIBCO demonstration was rescheduled three times and they were unable to meet the commitment. 
4. Cognos – was not considered accessible.
5. Qlik was not as feature rich as some of the other solutions. Particularly Microsoft Power BI and Tableau. Qlik was not considered accessible.
6. SAP Analytics Cloud – was not considered accessible.
[bookmark: _Toc122526355]Justifications for Data Science Vendors
1. Alteryx was ranked as a Challenger by Gartner. There are pockets of use of Alteryx within the system. Therefore, they were included in the analysis.
2. KNIME was ranked as a Visionary by Gartner. AITS data scientists use KNIME for workflow creation and execution. Therefore, they were included in the analysis. 
3. TIBCO was ranked as a leader. However, TIBCO dropped out early in the analysis because they were unable to deliver a demonstration as requested.
4. Databricks – Use of Databricks for data science requires using Databricks for the entire architecture stack. They recommended that they not participate in the analysis.
5. Alteryx
· No cloud solution is cause for concern with direction of university towards cloud solutions.
· No support for clients using Macs. This can be an issue as Mac is the preferred platform for individuals and units within the University System.
· Alteryx performance lagged that of other vendors that were tested.
· Changes to a model require the entire model to have to be rerun.
6. IBM Cloud Pak for Data
· Integration of the IBM Watson tool is seen as a competitive advantage.
· IBM was strongest with text analytics and sentiment analysis. In general, the IBM tool delivered the best solution to meet our requirements and use cases.
7. KNIME
· In KNIME, you can execute parts of models that have been changed without being required to execute the entire model. Thus, saving time on execution and testing.
· The consensus is that KNIME does not scale as well for an enterprise solution as the other tools that were tested.
8. SAS
· University experience with installation, configuration, and general setup and use for other SAS Viya and other tools is cause for concern. SAS was unable to provide the level of support to effectively help us when needed.





[bookmark: _Toc122526356]Appendix 5 – Accessibility Requirements
The following document for Accessible ICT Procurement Requirements was prepared by the Data Visualization Accessibility Committee and provided to the project team. It was used to guide the accessibility demonstrations with vendors for Data Visualization and Reporting tools.
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Requirements Overview

		ITPC-0621 Data Warehouse & Business Intelligence Architecture Analysis

		Requirements

		AITS has created an initial set of Requirements. Those requirements are separated into each of the technologies in scope for this project:

		1.       Data Visualization and Delivery

		2.       Data Science

		3.       Data Lakes and Data Warehouses

		4.       Data Movement

		5.       Data Virtualization



		We request any feedback you may have on this initial set of requirements. Also, we provide this opportunity for you to provide your requirements.



		Where are the requirements?

		A new Requirements Channel has been created in the Microsoft Teams project. The Requirements are in the Files tab in that channel.



		How are the Requirements Organized?

		The Excel workbook is organized into eight separate worksheets. This first sheet are the instructions on how to use this workbook. The next five sheets are the initial set of requirements for each of the technologies:

		Data Viz and Delivery

		Data Science

		Data Lakes and Data Warehouse

		Data Virtualization

		Data Movement



		The seventh sheet is titled Your New Requirements. This is where you can list any of your requirements.



		The eighth sheet is a list of the requirements we have already received from other units.



		What should you do?

		We ask that you:

		1.       Download the requirements worksheet to your desktop

		2.       Review the requirements for the technologies you use on the appropriate worksheet

		3.       Review requirements submitted by your unit or other units on the Previously Provided Requirement Worksheet

		4.       In Column F please choose Y or N if you share this requirement

		5.       In Column G please choose if the requirement is a Must Have or Nice to Have

		6.       List comments you have regarding the requirement in Column H

		7.       Add additional requirements On the Your New Requirements Worksheet

		8.       Save the File locally on your desktop

		9.       Email the file back to Microsoft Teams at: Project Requirements - ITPC-0621 Data Warehouse and BI Architecture Replacement Analysis 2d28cbde.office365.illinois.edu@amer.teams.ms. Or you can email them directly to Rick Getty (rgetty@uillinois.edu) and Dimuthu Tilakaratne (dpt@uillinois.edu).



		Facilitated Requirements Gathering Sessions

		For your convenience we will also schedule four facilitated sessions. If you would like to discuss the requirements or provide your feedback in a facilitated session you may attend one or more of those sessions.



		Next Steps

		Project team members will consolidate and collate the requirements into a final requirements deliverable. This will be sent to everyone for final review and feedback.



		If you have questions please add a New conversation in Microsoft Teams. Or send them directly to rgetty@uillinois.edu.



https://teams.microsoft.com/l/channel/19%3ae3469b1a02ca403d9d0d417ad8319011%40thread.tacv2/Project%2520Requirements?groupId=bb89e19c-413e-4c11-8cfe-30ea7b8310ae&tenantId=44467e6f-462c-4ea2-823f-7800de5434e3mailto:rgetty@uillinois.edu

General Requirements



		Requirement ID		Area		Category		The Platform shall:		This Is Mandated		Priority
Score		This Is A Must Have		Must Have Count		This Is A Nice To Have		Nice to Have Count		Existing Tools: 
Can Do
Are Doing
Cannot Do		Comments

		G2		General		Access		Data analytics tools are available to the enterprise				18		UOPB
Tech Services (UIUC)
OSP
UIC Pharmacy
Enrollment Management
System HRIM
UIC IR
UIC AES		8		Government Costing
UIC JMLS		2		Does not apply

		G36		General 		Accessibility		Adhere to a conformance assessment done against current WCAG standard or what the Illinois Information Technology Accessibilty Act (IITAA) indicates.		Must Have		12		UOPB
OSP
Tech Services (UIUC)
DMI
System HRIM		5		LAS (UIC)
UIC IR		2		Cannot Do

		G35		General 		Accessibility		Provide a demonstrated capability for full functionality with user's chosen assisted technology. (For example, a screen reader, speech to text, etc.)  		Must Have		11		UOPB
OSP
Tech Services (UIUC)
DMI
System HRIM		5		LAS (UIC)		1		Cannot Do

		G37		General 		Accessibility		Provide accessibility to VPATs, if available.		Must Have		11		UOPB
OSP
Tech Services (UIUC)
DMI
System HRIM		5		LAS (UIC)		1		Can Do

		G9		General		Accessing Data		Data can be accessed for consumption through APIs				6		UOPB
Tech Services (UIUC)
		2		UIC JMLS
UIC AES		2		Can Do

		G24		General 		BI Development		Support for dev/test/prod workflows/processes in all phases.				3		Tech Services (UIUC)		1		System HRIM		1		Does not apply

		G1		General		BI Usability		Provide tools that are flexible in relation to supporting varying technical skill levels				17		UOPB
UIS IR
Enrollment Management
UIC Pharmacy
Government Costing
UIC IR
UIC JMLS
UIC AES		8		System HRIM		1		Does not apply

		G11		General		BI Usability		Easy consumption of data.  
- A one-stop starting place that can point a user to reports and data sources that reside in different locations				6		VCAA 
UIC AES		2		UIC JMLS
UIUC Education
		2		Can Do

		G29		Data Storage		Business Process Continuity		Support disaster recovery:
		Must Have		20		Enrollment Management
UOPB
OSP
Tech Services (UIUC)
DMI
System HRIM
Government Costing
UIC IR
UIC JMLS
UIC AES		10				0		Are Doing		UOPB:  This requirement should be included in the other areas as well.  Processes need to continue functioning.

		G4		Change Management		Change Management		Consideration must be given for the cost of time and resources to replace existing tools/reports.				15		UOPB
UIS IR
Enrollment Management
System HRIM
Government Costing
UIC IR
UIC AES		7		UIC JMLS		1		Does not apply

		G33		Data Movement		Data Connections		Connect to various data source types and target types (i.e. Oracle, Snowflake, SQL Server, Kafka, API, EDW, EXCEL, local data, OBDC, JDBC, SAS, Access, Tableau, Altreyx, MSSQL, TOAD, etc.).  				30		UOPB
OSP
Tech Services (UIUC)
Tech Services - Data Privacy
Enrollment Management
Engineering IT (UIUC)
DMI
Government Costing
ATLAS
UIAA
LAS (UIC)
System HRIM
UIC IR
UIC JMLS
UIC AES		15				0		Cannot Do		UOPB:  P&B sources would most probably match needs of U of I in general.  Final requirement will need to be more explicit to satisfy vendor evaluation.

		G16		Data Governance		Data Governance		Support a user's right to have their data wiped from the data analytics platform.  Data retention may supercede this requirement.		Must Have		2		Tech Services - Data Privacy		1				0		Are Doing

		G17		Data Governance		Data Governance		Support for individual to mark PII records and consent for various attributes to be used in various ways		Must Have		2		Tech Services - Data Privacy		1				0		Cannot Do

		G18		Data Governance		Data Governance		Right to Know - Support for individual to view their record and request to correct/update		Must Have		2		Tech Services - Data Privacy		1				0		Cannot Do

		G20		Data Governance		Data Governance		Ability to opt-out of the disclosure of their records		Must Have		2		Tech Services - Data Privacy		1				0		Can Do

		G21		Data Governance		Data Governance		Right to correction		Must Have		2		Tech Services - Data Privacy		1				0		Does not apply

		G22		Data Governance		Data Governance		Ability to anonymize or pseudoanonymize data		Must Have		2		Tech Services - Data Privacy		1				0		Can Do

		G23		Data Governance		Data Governance		Ability to remediate data anonymization with attributes/combinations with low n		Must Have		2		Tech Services - Data Privacy		1				0		Cannot Do

		G5		Data Governance		Data Governance		Consistent data governance to minimize negative impacts of silos of data.				14		UOPB
Tech Services (UIC)
VCAA
Enrollment Management
Government Costing
UIC IR
UIC AES		7				0		Does not apply


		G19		Data Governance		Data Governance		Ability to integrate with Governance/Risk/Compliance Privacy Tools (oneTrust, other examples)				2		Tech Services - Data Privacy		1				0		Cannot Do

		G3		Metadata		Metadata		Extensive, quality metadata available for all tools and deliverables (table/column, reports, dashboards, etc.).				17		UOPB
VCAA
Tech Services (UIUC)
Engineering IT - UIUC
System HRIM
Government Costing
UIC IR
UIC AES		8		UIC JMLS		1		Are Doing

		G30		Data Virtualization		Metadata		Provide a presentation of data lineage (where is data coming from)				16		UOPB
Enrollment Management
OSP
LAS (UIC)
DMI
Government Costing
UIC IR		7		Tech Services (UIUC)
UIC JMLS		2		Can Do

		G12		Metadata		Metadata		Metadata includes owner of data				3		VCAA		1		System HRIM		1		Does not apply

		G34		Data Movement		Security		Provide Data masking (HIPAA/SSN) 		Must Have		11		Enrollment Management
OSP
DMI
UIC IR
UIC AES		5		Tech Services (UIUC)		1		Can Do		UOPB:  not specific for P&B but still highly important

		G32		Data Virtualization		Security		Provide security for data in transit		Must Have		10		UOPB
OSP
Tech Services (UIUC)
DMI
Government Costing		5				0		Are Doing		UOPB:  not specific for P&B but still highly important

		G31		Data Virtualization		Security		Security of data at rest (including cached/extracted data)		Must Have		8		UOPB
OSP
Tech Services (UIUC)
DMI		4				0		Are Doing		Tech Services (UIUC):  (relevant for virtual?)
UOPB:  not specific for P&B but still highly important

		G27		General		Security		Meet University HIPAA directives.		Must Have		6		Enrollment Management
DMI
UIC AES		3				0		Are Doing		UOPB: P&B currently has no requirement for reporting in the area of HIPAA data 

		G6		General 		Security		Easy and intuitive security implementation to allow for appropriate data access				22		UOPB
VCAA
OSP
Enrollment Management
ATLAS
Engineering IT - UIUC
System HRIM
Government Costing
UIC IR
UIUC Education
UIC AES		11				0		Can Do

		G25		General		Security		Use University Authentication systems (example SAML) 				21		UOPB
VCAA
Enrollment Management
OSP
Tech Services (UIUC)
Tech Services - Data Privacy
DMI
System HRIM
Government Costing
UIC AES		10		UIC JMLS		1		Are Doing

		G26		General		Security		Use University 2 factor authentication system (DUO)				13		Enrollment Management
UOPB
Tech Services (UIUC)
DMI
Government Costing
UIC AES		6		OSP		1		Can Do

		G28		Data Storage		Security 		Support Federal and State mandated data privacy and compliance rules relevant to the university and it's business.  Including, but not limited to:

Support Family Educational Rights and Privacy Act (FERPA), university HIPAA directives, Payment Card Industry Data Security Standard (PCI DSS), General Data Protection Regulation (GDPR) and California Consumer Privacy Act CCPA compliant data storage		Must Have		16		Enrollment Management
UOPB
OSP
LAS (UIC)
Tech Services (UIUC)
DMI
UIC IR
UIC AES		8				0		Are Doing

		G38		General 		Security 		integrate with security provisioning tool(s) to provide easy and flexible provisioning of access to tools and data.				2		UIUC Education		1						Are Doing

		G15		General		System Integration		Ability to work with data across different tools that interface together.				6		UIS IR
Government Costing
UIC IR		3				0		Cannot Do

		G13		Security		System Maintenance and Availability		Audit Capabilities across the tools. Determine who accessed what data, when and with what tool		Must Have		2		Tech Services - Data Privacy		1				0		Are Doing

		G10		General		System Maintenance and Availability		Tools are kept up to date with vendor releases to leverage new functionality and features and remain on a supported platform.				5		UOPB
Government Costing		2		System HRIM		1		Are Doing

		G8		General		System Maintenance and Availability		System performance meets appropriate benchmarks				2		Tech Services (UIUC)		1				0		Are Doing











































































Implementation



		Requirement ID		Area		Category		The Platform Shall:		This Is Mandated		Priority Score		This Is A Must Have		Must Have Count		This Is A Nice To Have		Nice To Have Count		Existing Tools: 
Can Do
Are Doing
Cannot Do		Comments

		I7		Data Governance		Accessing Data		Rigorous data governance processes to guide data access procedures				99		All		All				0		Does Not Apply

		I6		Change Management		Change Management		Ensure implementation roadmap meets user needs for timing of implementation				99		All		All				0		Does Not Apply

		I1		Collaboration		Community		Collaborative user groups and sharing of tools and techniques between users and units				5		UOPB
Government Costing
		2		UIC JMLS		1		Can Do

		I5		General		Community		Seamless integration with business practices				4		UIC IR
UIC IR		2				0		Does Not Apply

		I3		Customer Support		Customer Support		Well documented issue triage and resolution process is implemented so that issues are responded to and resolved quickly				10		Tech Services (UIUC)
UOPB
Government Costing
UIC AES		4		System HRIM
UIC IR		2		Can Do

		I4		General		Data Connections		Tools allow for full integration of local data with EDW and RPTPROD				13		Tech Services (UIUC)
UIS IR
Enrollment Management
Tech Services - Data Privacy
System HRIM
Government Costing
UIC AES		6		UIC IR		1		Are Doing

		I13		General		Migration Path		We need to determine a migration path that minimizes costs and resources necessary to migrate to new tools.				12		UOPB
Enrollment Management
ATLAS
OSP
LAS (UIC)
DMI		6				0		Does Not Apply		UOPB:  The wording of the requirement is a bit vague.  How vendor provides training as well as quality is important.  

		I10		General		Security		Use University Authentication systems (example SAML) 				20		UOPB
VCAA
Enrollment Management
OSP
Tech Services (UIUC)
Tech Services - Data Privacy
DMI
Government Costing
UIUC Education
UIC AES		10				0		Are Doing

		I11		General		Security		Use University 2 factor authentication system (DUO)		Must Have		13		Enrollment Management
UOPB
Tech Services (UIUC)
DMI
Government Costing
UIC AES		6		OSP		1		Can Do

		I14		Data Movement		System Maintenance and Availability		Provide identification of last load date of data				2		VCAA
		1				0		Are Doing

		I2		Training		Training		Training is critical to success				99		All		All				0		Does Not Apply		UIC AES:  This is essential to ensure staff understand how to use and navigate the new tool.

		I12		General		Usage		Tool provides the ability to manage costs at a detailed level.				16		UOPB
Enrollment Management
ATLAS
OSP
LAS (UIC)
Engineering IT (UIUC)
DMI
System HRIM		8				0		Cannot Do		UOPB:  The wording of the requirement is a bit vague.  How vendor provides training as well as quality is important.  

		I9		General				Consideration must be given for costs and who pays what will need to be factored into the final decisions.				99		All 		All				0		Does Not Apply

		I8		General				Enterprise systems are implemented with all functionality available for use				9		Tech Services (UIUC)
UOPB
Enrollment Management
UIC AES		4		System HRIM		1		Can Do



























































































































Data Viz and Delivery

																												Data Visualization Accessibility Working Group Requirements

		Requirement ID		Area		Category		The Data Visualization and Delivery Platform shall:		This Is Mandated		Priority Score		This Is A Must Have		Must Have Count		This Is A Nice To Have		Nice To Have Count		Existing Tools: 
Can Do
Are Doing
Cannot Do		Comments		AITS' Response To Comments

		DVD 39		Ad Hoc Reporting		Schedule, Publish, and Share		Allow users to share/publish reports 				26		UIC Pharmacy
UOPB
UIS IR
UIAA
OSP
LAS (UIC)
Tech Services (UIUC)
Enrollment Management
DMI
System HRIM
Government Costing
UIC IR
UIC JMLS		13				0		Can Do

		DVD 6		General		Data Connections		Provide the ability to connect to multiple data sources in a single reporting instance.				24		ATLAS
UIAA
OSP
Tech Services (UIUC)
Engineering IT (UIUC)
Enrollment Management
DMI
System HRIM
Government Costing
UIC AES		10		UOPB
LAS (UIC)
UIC IR
UIC JMLS		4		Are Doing		UOPB: Regularly connect EDW data with internal data sources found in SAS files, MSSQL, and other sources.  Often, we manipulate data prior to brining into data viz and delivery platforms.

		DVD 17		Semantic Layer		Data Connections		Ability to support connections to multiple data sources at a given time.				23		Government Costing
UOPB
UIAA
OSP
LAS (UIC)
Tech Services (UIUC)
Enrollment Management
DMI
System HRIM
UIC JMLS
 UIC AES		11		UIC IR		1		Are Doing		UOPB:  Alternative is to manipulate data prior to using vizualization tool.  We do this quite often and the advantage of other tools is enhanced capabilities to combine and manipulate data.

		DVD 38		Ad Hoc Reporting		BI Usability		Allow users to save and retrieve reports 				22		UIS IR
OSP
Tech Services (UIUC)
Engineering IT (UIUC)
DMI
System HRIM
Government Costing
UIC IR
UIC JMLS
UIC AES		10		UOPB
LAS (UIC)		2		Are Doing

		DVD 53		Data Visualization		Schedule, Publish, and Share		Data Visualization - Allow publishers the ability to share/publish data visualizations: 
- On a website
- On a portal
- In email				21		UOPB
UIAA
Enrollment Management
OSP
LAS (UIC)
DMI
System HRIM
UIC IR
UIC AES		9		Tech Services (UIUC)
Engineering IT (UIUC)
UIC JMLS		3		Are Doing		OSP:  Overlaps with DVD9?
UOPB:  this is redundant with other requirements above		I believe that this requirement should stand. Other requirements above are for publishing standard/ad-hoc reports. This is for embedding dashboards.

		DVD 7		General		BI Development		Allow the use of custom queries to source data by the report creator.				20		UOPB
UIAA
OSP
LAS (UIC)
Tech Services (UIUC)
System HRIM
Government Costing
UIC JMLS
UIC AES		9		DMI
UIC IR		2		Can Do		UOPB: Very high priority, but again, we often manipulate data prior to bringing into data viz and delivery platforms.

		DVD 12		Business Intelligence		BI Usability		Export data sets from reports 				20		UOPB
OSP
LAS (UIC)
DMI
System HRIM
Government Costing
UIC IR
UIC JMLS
UIC AES		9		Tech Services (UIUC)
Engineering IT (UIUC)		2		Are Doing

		DVD 60		Data Visualization		Data Viz Usability		Provide users/viewers the ability to interact with the visualizations (Drill, filters, etc.) 				19		UOPB
UIAA
OSP
LAS (UIC)
DMI
System HRIM
UIC IR
UIC JMLS
UIC AES		9		Tech Services (UIUC)		1		Are Doing						Filter or navigation menu
Filtering within a page

		DVD 29		Standard Reports		Security		Provide access control to Standard Reports				19		Enrollment Management
ATLAS
Engineering IT - UIUC
DMI
System HRIM
UIUC Education
UIC AES		7		UOPB
OSP
LAS (UIC)
Government Costing
UIC JMLS		5		Can Do		LAS (UIC):  In some instances this would be nice for "super users" to have for Tableau.

		DVD 54		Data Visualization		Security		Data Visualization - Provide users the ability to self-manage access to their visualizations 				19		UIAA
ATLAS
Engineering IT - UIUC
System HRIM
UIC IR
UIUC Education		6		UOPB
OSP
Tech Services (UIUC)
DMI
LAS (UIC)
UIC JMLS
UIC AES		7		Are Doing		UOPB:  perhaps an super user function would be better - i.e. limited number of users could set this up

		DVD 37		Ad Hoc Reporting		BI Usability		Allow users to create their own reports using a common set of data elements 				18		UIS IR
OSP
Tech Services (UIUC)
DMI
System HRIM
Government Costing
UIC JMLS
UIC AES		8		LAS (UIC)
UIC IR		2		Are Doing

		DVD 45		Metadata		Metadata		Provide metadata about reports 				18		Enrollment Management
OSP
LAS (UIC)
Tech Services (UIUC)
DMI
Government Costing
UIC JMLS
UIC AES		8		UOPB
UIC IR		2		Can Do		UOPB:  Usefulness will depend on how it's implemented

		DVD 21		Semantic Layer		BI Development		Provide the ability to create custom calculations 				17		UOPB
UIAA
OSP
LAS (UIC)
System HRIM
UIC JMLS
UIC AES		7		Tech Services (UIUC)
Government Costing
DMI		3		Are Doing		LAS (UIC):  Also that the calculations available should be evaluated.  (See New requirements)

		DVD 44		Metadata		Metadata		Provide metadata about the semantic layer				17		Enrollment Management
OSP
LAS (UIC)
DMI
System HRIM
Government Costing
UIC JMLS		7		UOPB
Tech Services (UIUC)
UIC AES		3		Are Doing		UOPB:  not sure that this is a hard requirement at the data viz level		This is more useful and helpful to report creators in the semantic layer (think Business Objects Universes) for reporting than the data viz extraction/data set layer. 

		DVD 46		General		Security		Provide information to data stewards or USCs about who has access to what 		Must Have		17		UOPB
ATLAS
DMI
Government Costing
UIC JMLS
UIC AES		6		OSP
Tech Services (UIUC)
Engineering IT (UIUC)
LAS (UIC)
UIC IR		5		Are Doing

		DVD 26		Standard Reports		Standard Reports		Allow users to retrieve and view Standard Reports 				17		UIS IR
Tech Services (UIUC)
DMI
System HRIM
Government Costing
UIC JMLS
UIC AES		7		UOPB
OSP
LAS (UIC)		3		Are Doing

		DVD 63		Data Visualization		Data Viz Development		Allow for use of Global Filters 				16		UIAA
OSP
LAS (UIC)
DMI
UOPB
UIC IR
UIC AES		7		Tech Services (UIUC)
UIC JMLS		2		Are Doing

		DVD 48		Data Visualization		Data Viz Usability		Allow users to create their own visualizations 				16		OSP
LAS (UIC)
Tech Services (UIUC)
DMI
System HRIM
UIC JMLS
UIC AES		7		UOPB
UIC IR		2		Are Doing

		DVD 49		Data Visualization		Data Viz Usability		Allow users/viewers to download data from the visualizations 				15		OSP
LAS (UIC)
Tech Services (UIUC)
DMI
UIC JMLS
UIC AES		6		UOPB
System HRIM
UIC IR		3		Are Doing

		DVD 14		Business Intelligence		Migration Path		Support converting existing reports from other platforms 				15		UIS IR
OSP
DMI
System HRIM
UIC AES		5		UOPB
Tech Services (UIUC)
LAS (UIC)
Government Costing
UIC IR		5		Does Not Apply		LAS (UIC):  This requirement for me would depend on the implementation/applications.  If there are new data sources (for instance, live data) or new functionality, then I would likely be recreating reports anyway.  
UOPB:  If we switch from current to a new platform, this would be important
UIC AES:  Having the option to convert existing reports to new platform would be ideal, but over time, I can see recreating them depending on functionality.   Allowing previous platform live to access current report may be beneficial for a given set of time if new reports need to be created to help prevent the loss of already created reports.

		DVD 28		Standard Reports		Schedule, Publish, and Share		Allow users to schedule the refresh of Standard Reports 				15		UIS IR
UOPB
LAS (UIC)
Tech Services (UIUC)
DMI
UIC AES		6		OSP
System HRIM
UIC JMLS		3		Are Doing

		DVD 30		Standard Reports		Schedule, Publish, and Share		Save results from a refresh of a standard report– send to a destination (email, box, SFTP) 				15		Enrollment Management
LAS (UIC)
DMI
System HRIM
UIC JMLS
UIC AES		6		UOPB
OSP
Government Costing		3		Are Doing		LAS (UIC):  Also needed for ad hoc reports

		DVD 11		Business Intelligence		BI Usability		Ability to add charts into reports				14		UOPB
LAS (UIC)
DMI
System HRIM
UIC AES		5		OSP
Tech Services (UIUC)
UIC IR
UIC JMLS		4		Are Doing		UOPB:  The need for a wide variety of charts and ability to customize are important to us		UOPB feedback addressed in DVD 71. This requirement is to address the need for embedding charts directly into a report.

		DVD 13		Business Intelligence		BI Usability		Allow Users to have their own workspace where they can group important BI output				14		Enrollment Management
UIS IR
UOPB
UIC AES		4		OSP
Tech Services (UIUC)
DMI
LAS (UIC)
UIC IR
UIC JMLS		6		Can Do		LAS (UIC):  Also would like the ability to do this for College or office.

		DVD 43		Ad Hoc Reporting		BI Usability		Allows user the ability to format reports				14		UOPB
OSP
DMI
System HRIM
Government Costing
UIC AES		6		Tech Services (UIUC)
UIC JMLS		2		Are Doing		UOPB:  Usefulness will depend on how it's implemented

		DVD 5		General		Data Connections		Allow Users to connect to cloud data sources 				14		Enrollment Management
OSP
Tech Services (UIUC)
DMI
UIC AES		5		UOPB
System HRIM
UIC IR
UIC JMLS		4		Are Doing		UOPB:  Not sure if this is about moving UI data to cloud or access cloud sources (like IPEDS).  Currently, we use such sources but store elsewhere and preprocess.		This requirement is satisfy the basic need to connect to data via a reporting/data visualization tool when the data sits off-premise.

		DVD 51		Data Visualization		Data Viz Development		Data Visualization - Provide ability to schedule extracts 				14		UIAA
OSP
DMI
UIC AES		4		UOPB
Tech Services (UIUC)
LAS (UIC)
System HRIM
UIC IR
UIC JMLS		6		Are Doing

		DVD 27		Standard Reports		Standard Reports		Allow users to Refresh Standard Reports 				14		UIS IR
Tech Services (UIUC)
System HRIM
Government Costing
UIC JMLS		5		UOPB
OSP
LAS (UIC)
UIC AES		4		Are Doing

		DVD 10		Business Intelligence		BI Usability		Develop, view, and edit on multiple device formats.  Eg., mobile, tablet, etc.				13		UOPB
DMI
UIAA		3		OSP
LAS (UIC)
Tech Services (UIUC)
System HRIM
UIC IR
UIC JMLS
UIC AES		7		Are Doing		UOPB:  P&B customers are using tablets and phones
UIC AES:  Allows for more flexibility.

		DVD 19		Semantic Layer		BI Usability		Present the business layer in an intuitive and easy to use manner				13		- UIS IR
UIC Pharmacy
DMI
UIC JMLS		4		OSP
Tech Services (UIUC)
LAS (UIC)
UIC IR
UIC AES		5		Are Doing

		DVD 74		Data Visualization		Data Viz Adminstration		Data visualization often requires platforms that carry a substantial cost, like Tableau. We should consider visualization software that can take advantage of economies of scale.				13		Enrollment Management
LAS (UIC)
UOPB
UIC JMLS
UIC AES		5		OSP
DMI
System HRIM		3		Does Not Apply		UOPB:  The wording of the requirement is a bit vague.  How vendor provides training as well as quality is important.  		This requirement is about the cost of the client tools. For example Tableau Desktop licenses are $1,500 for the first year and $300 for each year after that. Other tools are either free or carry a minimal license fee.

		DVD 50		Data Visualization		Usage		Data Visualization - Provide ability to track usage of the visualizations 				13		UIAA
OSP
DMI		3		UOPB
LAS (UIC)
Tech Services (UIUC)
System HRIM
UIC IR
UIC JMLS
UIC AES		7		Can Do

		DVD 25		Standard Reports		Standard Reports		Provide functionality to create Standard Reports (pixel perfect reports)				12		UIS IR
UOPB
DMI
System HRIM		4		OSP
Tech Services (UIUC)
LAS (UIC)
UIC JMLS		4		Are Doing

		DVD 8		General		Customer Support		Be reliably supported by vendors within agreed upon service level agreements.				11		UOPB
OSP
LAS (UIC)
DMI
Government Costing		5		Tech Services (UIUC)		1		Are Doing

		DVD 61		Data Visualization		Data Viz Development		Provide extensive formatting options/includes conditional formatting 				11		UOPB
DMI		2		UIAA
OSP
LAS (UIC)
Tech Services (UIUC)
UIC IR
UIC JMLS
UIC AES		7		Are Doing		UOPB:  Need for professional quality output

		DVD 56		Data Visualization		Schedule, Publish, and Share		Data Visualization - Provide ability to embed visualizations in webpages anonymously 				11		UOPB
OSP
DMI		3		Tech Services (UIUC)
LAS (UIC)
System HRIM
UIC IR
UIC AES		5		Are Doing		OSP:  Anonymously?
UOPB:  this is a bit redundant with other requirements above		Not redundant. We want to be able to publish w/requiring authentication and publish w/o requiring authentication.		embed in web page
embed in powerpoint

		DVD 52		Data Visualization		Usage		Data Visualization - Provide monitoring tools for successful or failed scheduled extracts  				11		UIAA
OSP
DMI		3		UOPB
Tech Services (UIUC)
LAS (UIC)
UIC IR
UIC AES		5		Can Do

		DVD 57		Data Visualization		Data Viz Development		Data Visualization - Have data preparation utilities available for developers 				10		OSP
DMI		2		UOPB
Tech Services (UIUC)
LAS (UIC)
System HRIM
UIC IR
UIC JMLS		6		Cannot Do		LAS (UIC):  I currently use SAS for data prep so the tools available from any new vendor would have to be better than what I currently have. 

		DVD 64		Data Visualization		Data Viz Development		Provide ability to create tool tips 				10		UOPB
DMI		2		UIAA
OSP
Tech Services (UIUC)
LAS (UIC)
UIC IR
UIC AES		6		Are Doing						help/info tooltip

		DVD 73		Business Intelligence		BI Usability		Provide text search for report filtering 				9		OSP
LAS (UIC)		2		UOPB
Tech Services (UIUC)
DMI
UIC JMLS
UIC AES		5		Are Doing

		DVD 66		Data Visualization		Data Viz Development		Provide ability to create geospatial data visualizations				9		UOPB
UIAA
		2		OSP
LAS (UIC)
Tech Services (UIUC)
DMI
UIC IR		5		Are Doing		LAS (UIC):  Rarely use
UOPB:  We use this capability with existing projects				map visualization

		DVD 31		Standard Reports		Schedule, Publish, and Share		Standard Reports - Link websites directly to a report 				9		UOPB
LAS (UIC)
DMI		3		OSP
System HRIM
UIC AES		3		Are Doing		UOPB:  We currently do this.

		DVD 24		Semantic Layer		BI Development		Provide the ability to use derived tables				8		OSP
UIC AES		2		UOPB
Tech Services (UIUC)
LAS (UIC)
DMI		4		Are Doing		UOPB:  Alternative is to manipulate data prior to using vizualization tool.  We do this quite often and the advantage of other tools is enhanced capabilities to combine and manipulate data		Agree with UOPB. With the use of data virtualization and other tools perhaps the need for derived tables in the reporting tools will be minimized or eliminated.

That said, the manipulation of data could be handled in many ways. Perhaps new tools will allow for more manipulation within the reporting tool. Alternatively, the manipulation can still be done prior to using the tool.

		DVD 34		Standard Reports		Data Connections		Integrate with other tools using an API				8		OSP
UOPB		2		Tech Services (UIUC)
DMI
UIC JMLS
UIC AES		4		Are Doing

		DVD 35		Standard Reports		Schedule, Publish, and Share		Standard Reports - Allow users to create shortcuts to standard reports (i.e., favorites)				8		OSP
		1		UOPB
DMI
LAS (UIC)
Government Costing
UIC JMLS
UIC AES		6		Are Doing

		DVD 55		Data Visualization		Security		Data Visualization - Allow for central management of access to visualizations 				8		DMI
UOPB
UIC IR		3		OSP
Tech Services (UIUC)		2		Are Doing

		DVD 40		Ad Hoc Reporting		BI Usability		Provide shared components 				7		OSP
Tech Services (UIUC)		2		UOPB
DMI
UIC IR		3		Can Do

		DVD 18		Semantic Layer		Data Connections		The semantic layer handles joins between data structures				7		Tech Services (UIUC)
DMI
UIC AES		3		OSP		1		Are Doing		UOPB:  Tend to prefer explicitely access and connect data

		DVD 36		Standard Reports		Schedule, Publish, and Share		Standard Reports - Save prompt values to avoid making additional copies of a report 				7		OSP
		1		UOPB
DMI
LAS (UIC)
Government Costing
UIC AES		5		Are Doing

		DVD 22		Semantic Layer		BI Development		Provide for cascading prompts 				6		OSP
		1		UOPB
LAS (UIC)
DMI
UIC JMLS		4		Are Doing

		DVD 9		Business Intelligence		BI Usability		Provide options for both a web based client interface and a locally installed application.				6				0		OSP
Tech Services (UIUC)
DMI
UIC IR
UIC JMLS
UIC AES		6		Are Doing		
LAS (UIC):  I have no preference but assume this would be related to how reports are disseminated.
UIC AES:  At minimum, having a web based option would be critical.		This requirement addresses both how reports are created and how they are disseminated. 

		DVD 62		Data Visualization		Data Viz Development		Provide developers the ability to create customized color pallets 				6		DMI		1		UOPB
OSP
Tech Services (UIUC)
UIC IR		4		Are Doing

		DVD 71		Data Visualization		Data Viz Development		Provide emerging chart types (Calendar charts/Chord/etc.) 				6				0		UOPB
OSP
Tech Services (UIUC)
DMI
LAS (UIC)
UIC AES		6		Are Doing						contains mix of different graphing techniques
Contains pie chart
contains a stacked bar graph
contains line graph
map visualization

		DVD 20		Semantic Layer		Security		Support Object Level Security 				6		OSP		1		UOPB
Tech Services (UIUC)
DMI
UIC JMLS		4		Are Doing						contains a stacked bar graph

		DVD 47		Metadata		Usage		Provide Usage/activity 				6		OSP
DMI
		2		UOPB
Tech Services (UIUC)
UIC AES3		2		Can Do						contains multiple tabs with different pages

		DVD 23		Semantic Layer		BI Development		Provide the ability to create Navigation paths/custom hierarchies 				5		OSP		1		UOPB
Tech Services (UIUC)
DMI		3		Can Do						contains line graph

		DVD 41		Ad Hoc Reporting		BI Usability		Provide the capability to link one document to another including information to provide automatic filtering				5				0		UOPB
OSP
DMI
UIC IR
UIC JMLS		5		Are Doing		UOPB:  Usefulness will depend on how it's implemented

		DVD 77		Business Intelligence		BI Usability		Allow groups (colleges/deptartments/etc.) to have their own workspace where they can group important BI output				5		LAS (UIC)
UIC JMLS		2		UIC AES		1		Duplicate of one above

		DVD 70		Data Visualization		Data Viz Development		Provide features to do time based animation visualizations				5				0		UOPB
OSP
LAS (UIC)
Tech Services (UIUC)
DMI		5		Are Doing

		DVD 69		Data Visualization		Data Viz Usability		Provide the ability to maintain versions of dashboards 				5		OSP		1		UOPB
Tech Services (UIUC)
DMI		3		Are Doing

		DVD 67		Data Visualization		Data Viz Development		Provide Dashboard Templates/Style Sheets 				4		OSP		1		UOPB
Tech Services (UIUC)		2		Cannot Do		UOPB:  Useful but not mandatory

		DVD 33		Standard Reports		Schedule, Publish, and Share		Standard Reports - Interface with University scheduler 				4		UIC AES		1		OSP
DMI		2		Are Doing

		DVD 72		Data Visualization		Data Viz Usability		Provide automatic chart selection 				3				0		OSP
Tech Services (UIUC)
DMI		3		Are Doing

		DVD 68		Data Visualization		Data Viz Development		Provide the ability to create prototypes/wireframes in the tool 				2				0		OSP
Tech Services (UIUC)		2		Are Doing

		DVD 32		Standard Reports		Schedule, Publish, and Share		Standard Reports - Provide Virtual Bursting 				2				0		OSP
UOPB		2		Are Doing		AITS:  The scheduling of bursted reports is done in Application Manager and the reports are stored in Mobius View.  

		DVD 78		Standard Reports		Standard Reports		Ability to modify pre-developed simple solutions				2		UIUC Education		1						Are Doing

																												contains multiple tabs with different pages

																												contains tabular data section		example: https://myuifinancials-test.admin.uillinois.edu/index.cfm?methodName=findFinSummaryTrends

																												contains highlight cards		(ex: https://covid-dashboard.uic.edu/view/ campus positive case stats)
https://www.uillinois.edu/cms/One.aspx?portalId=1324&pageId=1565838

																												storytelling/story points

																												Moblile Friendly





Data Science

		Requirement ID		Area		Category		The Data Visualization and Delivery Platform shall:		This Is Mandated		Priority Score		This Is A Must Have		Must Have Count		This Is A Nice To Have		Nice To Have Count		Existing Tools: 
Can Do
Are Doing
Cannot Do

*Answers reflect AITS capabilities within Existing Tools. Current tool at AITS is not licensed for use for outside of AITS		Comments		AITS Response to Comments

		AA10		Data Science		Production		automate/schedule execution of production jobs		Must Have		99		All								Can Do		Built into the data science tool. not integration with Application Manager

		AA2		Data Science		Text Analytics		Provide Text Analytics capabilities and ensure the software can assist with categorization of Abstract Details starting with a free text format.


				17		Enrollment Management
UOPB
OSP
Tech Services (UIUC)
VCAA (UIUC)
UIC Pharmacy
DMI
UIC IR		8		UIC JMLS		1		Can Do		OSP:  I believe this is what we are already using for the SPA Proposal Abstracts


		AA1		Data Science		Predictive Analytics		Help us identify relevant features to assist in analysis of available data to determine which data points can be used in predictive analytics.  (Feature Engineering).  Eg., descriptive statistics, random forest, etc. 

				16		OSP
UOPB
Tech Services (UIUC)
VCAA (UIUC)
UIC Pharmacy
DMI
UIC IR		7		
Engineering IT (UIUC)
UIC JMLS		2		Can Do		Engineering IT (UIUC):  As we reach further into predictive analytics, it would be nice for tools to assist, or at least acknowledge that there is value to be found in this space, even if it's a planned feature.
UOPB:  I think we need to flush out the requirement a bit more.  This seems a little nebulous and I feel like there may be multiple requirements tied to this.  Definitely yes for descriptive statistics but the predictive statistics are a future need.

		AA8		Data Science		Text Analytics		Preprocessing of text data, including Named Entity Recognition (NER tagging)				15		Enrollment Management
UOPB
OSP
Tech Services (UIUC)
VCAA (UIUC)
UIC Pharmacy
DMI		7		UIC IR		1		Can Do

		AA7		Data Science		Data Science		Data Science tool allows integration with SAS				14		UOPB
VCAA (UIUC)
UIC Pharmacy
Tech Services (UIUC)
DMI
System HRIM
UIC IR		7						Cannot Do

		AA3		Data Science		Predictive Analytics		Provide AutoML capabilities and use the predictive dataset to find the best analysis type during design.

				12		VCAA (UIUC)
UIC Pharmacy
Tech Services (UIUC)
DMI
UIC IR		5		UOPB
OSP
		2		Can Do

		AA4		Data Science		Data Science		Graphical User Interface tool to do Data Science Techniques				11		VCAA (UIUC)
UIC Pharmacy
Tech Services (UIUC)
DMI
UIC IR		5		OSP
		1		Can Do

		AA5		Data Science		Data Science		Data Science tool allows integration with R				11		UOPB
VCAA (UIUC)
UIC Pharmacy
Tech Services (UIUC)
DMI		5		UIC IR		1		Can Do

		AA9		Data Science		Production		Provide capabilities to track and maintain models to ensure we are producing the best quality ouput for models running in production.

				11		VCAA (UIUC)
UIC Pharmacy
Tech Services (UIUC)
DMI		4		UOPB
OSP
UIC IR		3		Can Do

		AA6		Data Science		Data Science		Data Science tool allows integration with Python				9		UOPB
VCAA (UIUC)
UIC Pharmacy
Tech Services (UIUC)		4		UIC IR		1		Can Do























































































































Data Lakes and Data Warehouse



		Requirement ID		Area		Category		The Data Lake and/or Data Warehouse Offering Shall:		This Is Mandated		Priority Score		This Is A Must Have		Must Have Count		This Is A Nice To Have		Nice To Have Count		Existing Tools: 
Can Do
Are Doing
Cannot Do		Comments		AITS' Response To Comments

		DS 28		Data Storage		System Maintenance and Availability		Support backup and recovery procedures.		Must Have		12		UOPB
OSP
Tech Services (UIUC)
DMI
System HRIM
Government Costing		6				0		Are Doing		UOPB:  not specific for P&B but still highly important

		DS 17		Data Storage		Security 		Be able to mask the data		Must Have		9		UOPB
OSP
UIC JMLS		3		Tech Services (UIUC)
DMI
UIC IR		3		Are Doing		UOPB:  We still need to work with SSNs so, yes

		DS 16		Data Storage		Security 		Be able to encrypt data		Must Have		8		UOPB
OSP
Tech Services (UIUC)		3		DMI
UIC IR		2		Are Doing		UOPB:  We still need to work with SSNs so, yes

		DS 30		Data Storage		Accessing Data		Ability to easily implement data retention policies.		Must Have		6		OSP
DMI		2		Tech Services (UIUC)
Engineering IT (UIUC)		2		Can Do		UOPB:  Not sure if this is a requirment of the system or an implementation decision.

		DS 32		Data Storage		Security 		provide the ability to track sensitive data		Must Have		0										Cannot Do

		DS 5		Data Storage		Data Connections		Ability to join data from the Data Warehouse and data lakes to local data				24		Enrollment Management
UOPB
ATLAS
OSP
Tech Services (UIUC)
Engineering IT (UIUC)
DMI
System HRIM
Government Costing
UIC IR
UIUC Education		11		UIC JMLS
UIC AES		2		Cannot Do

		DS 31		Data Storage		Schedule, Publish, and Share		Allow users to share/publish data				22		UIC Pharmacy
UOPB
OSP
LAS (UIC)
Enrollment Management
DMI
System HRIM
Government Costing
UIC JMLS
UIC AES		10		Tech Services (UIUC)
Engineering IT (UIUC)
		2		Can Do		UOPB: In our world of limited resources, this is importatant for the project success.

		DS 8		Data Storage		Data Modeling		Support Relational Table Structures				20		UOPB
OSP
LAS (UIC)
Tech Services (UIUC)
DMI
System HRIM
Government Costing
UIC IR
UIC JMLS
UIC AES		10				0		Are Doing

		DS 29		Data Storage		Accessing Data		Ability to provide point in time snapshots				20		Enrollment Management
UOPB
ATLAS
OSP
LAS (UIC)
DMI
Government Costing
UIC JMLS
UIC AES		9		Tech Services (UIUC)
System HRIM		2		Cannot Do		UOPB:  Snapshots are extremely important in the IR world
UIC AES:  Needed for reporting purposes for various requirements.

		DS 10		Data Storage		Security		Support Roles (or a similar concept) for access control:  ease of provisioning				19		Enrollment Management
UOPB
ATLAS
LAS (UIC)
Government Costing
UIUC Education
UIC AES		7		OSP
Engineering IT (UIUC)
DMI
System HRIM
UIC IR		5		Are Doing

		DS 4		Data Storage		Data Storage		Ability to store data for an individual unit within the data lake				17		Tech Services (UIUC)
Enrollment Management
OSP
Engineering IT (UIUC)
DMI
System HRIM
UIC IR		7		UOPB
Government Costing
UIC AES		3		Cannot Do		UOPB:  While not a must have, this could help eliminate some of the shadow systems maintained by individual units.

		DS 3		Data Storage		Data Storage		Be able to store structured and unstructured data				16		OSP
Tech Services (UIUC)
Enrollment Management
Engineering IT (UIUC)
DMI
UIC IR
UIC AES		7		UOPB
Government Costing
		2		Cannot Do		UOPB:  Storage of unstructured data is not a current need for P&B, but it could be useful in the future.

		DS 6		Data Storage		Development		Be Compatible with existing query logic (As close as possible):  ANSI92 Standard				16		UOPB
OSP
DMI
System HRIM
Government Costing
UIC IR
UIC AES		7		Tech Services (UIUC)
Engineering IT (UIUC)		2		Are Doing

		DS 19		Data Storage		System Maintenance and Availability		Support high availability:
-Patching
-Upgrades
-Multinode
				15		Enrollment Management
UOPB
OSP
LAS (UIC)
DMI
System HRIM
UIC AES		7		Tech Services (UIUC)		1		Are Doing		UOPB:  Expectations for 24x7 availability continue to increase

		DS 27		Data Storage		Migration Path		Offer a solution to easily migrate existing data				11		UOPB
OSP
DMI
System HRIM
Government Costing		5		Tech Services (UIUC)		1		Can Do		UOPB:  With limited resources, this is critical for project success

		DS 9		Data Storage		Security		Support row level security				10		Tech Services (UIUC)
LAS (UIC)
DMI
UIC JMLS		4		UOPB
OSP		2		Are Doing		UOPB:  Important at a higher level than P&B.  Perhaps we can put it to use depending on the implementation 		Row level security is a must have to be able to support access to data at a campus/college/dept./etc. level.

		DS 14		Data Storage		Data Storage		Efficiently handle large scale data size (2 TB+)				9		VCAA
OSP
DMI
Government Costing		4		System HRIM		1		Are Doing		UOPB:  Could be useful in the future

		DS 22		Data Storage		System Maintenance and Availability		Meet performance benchmarks (parallel)				9		VCAA
Government Costing
LAS (UIC)		3		OSP
Tech Services (UIUC)
DMI		3		Are Doing

		DS 25		Data Storage		System Maintenance and Availability		Support on-demand additional space allocation or reduction				8		DMI
Government Costing		2		OSP
Tech Services (UIUC)
System HRIM
UIC IR		4		Are Doing		UOPB:  not specific for P&B but still highly important

		DS 18		Data Storage		Database Instances		Ability to create non-production copies on demand				7		OSP
DMI		2		UOPB
Tech Services (UIUC)
UIC IR		3		Are Doing		UOPB:  very useful in development

		DS 21		Data Storage		System Maintenance and Availability		Offer performance Monitoring tools				7		DMI
Government Costing		2		UOPB
OSP
Tech Services (UIUC)		3		Can Do		UOPB:  not specific for P&B but still highly important

		DS 7		Data Storage		Development		Support analytical functions (Oracle Specific)				6		OSP
DMI
UIC AES		3				0		Are Doing		UOPB:  Could be useful in the future

		DS 26		Data Storage		Accessing Data		Support connections from data virtualization/data federation tools				6		OSP
Tech Services (UIUC)		2		DMI
Government Costing		2		Are Doing		UOPB:  not specific for P&B but still highly important

		DS 23		Data Storage		Usage		Offer ability to monitor activity and usage				5		DMI		1		UOPB
OSP
Tech Services (UIUC)		3		Can Do		UOPB:  not specific for P&B but still highly important

		DS 24		Data Storage		Accessing Data		Support fast dimensional queries				4		DMI		1		OSP
Tech Services (UIUC)		2		Are Doing		Could be useful in the future

























































































Data Virtualization



		Requirement ID		Area		Category		The Data Virtualization Offering Shall:		This Is Mandated		Priority Score		This Is A Must Have		Must Have Count		This Is A Nice To Have		Nice To Have Count		Existing Tools: 
Can Do
Are Doing
Cannot Do		Comments		AITS' Response To Comments

		DV 5		Data Virtualization		Data Connections		Provide the ability for users to connect to their local data and join from centralized data sets (enables self- service BI)				32		OSP
Enrollment Management
UOPB
UIAA
OSP
LAS (UIC)
Tech Services (UIUC)
Tech Services - Data Privacy
Engineering IT (UIUC)
DMI
System HRIM
Government Costing
UIC IR
UIC JMLS
UIUC Education
UIC AES		16				0		Cannot Do

		DV 20		Data Virtualization		Schedule, Publish, and Share		Allow users to share/publish their virtualized data sets				24		UIC Pharmacy
UOPB
UIS IR
UIAA
OSP
LAS (UIC)
Tech Services (UIUC)
Enrollment Management
DMI
System HRIM
Government Costing
UIC AES		12				0		Cannot Do

		DV 12		Data Virtualization		System Integration		Integrate with Data Visualization and Delivery tool(s)				17		UOPB
OSP
LAS (UIC)
DMI
Government Costing
UIC IR
UIC AES		7		Tech Services (UIUC)
System HRIM
UIC JMLS		3		Cannot Do

		DV 6		Data Virtualization		System Maintenance and Availabilty		Provide the ability to cache and optimize queries (Maximizes performance)				14		VCAA
OSP
Tech Services (UIUC)
DMI
System HRIM
UIC IR		6		LAS (UIC)
Government Costing		2		Cannot Do		UOPB:  not specific for P&B but still valuable

		DV 11		Data Virtualization		Accessing Data		Provide the ability to aggregate structured and unstructured data				13		OSP
Tech Services (UIUC)
DMI
Government Costing
UIC IR
UIC AES		6		UOPB		1		Cannot Do		UOPB:  Could be useful in the future

		DV 13		Data Virtualization		Metadata		Provide searchable Metadata				13		Enrollment Management
DMI
Government Costing
		3		OSP
Tech Services (UIUC)
Engineering IT (UIUC)
LAS (UIC)
System HRIM
UIC IR
UIC AES		7		Cannot Do

		DV 3		Data Virtualization		Data Connections		Provide the ability to connect to data sources in the cloud				12		Enrollment Management
OSP
Tech Services (UIUC)
DMI
UIC AES		5		Government Costing
UIC IR		2		Cannot Do		LAS (UIC):  Yes if we have cloud capabilities through the modernization
UOPB:  Not sure if this is about moving UI data to cloud or access cloud sources (like IPEDS).  Currently, we use such sources but store elsewhere and preprocess.		In either case this is a Must Have given more and more of the data we use at the University is stored in some cloud.

		DV 17		Data Virtualization		 Development		Provide intuitive development features				9		UOPB
OSP
DMI
Government Costing		4		Tech Services (UIUC)		1		Cannot Do		UOPB:  This requirement is a bit nebulous.  Not sure how we can hold a vendor to this without providing more detail.		Allow developers input into the selection process based on their findings for how easy or difficult the tool is to use when creating BI Solutions.

		DV 7		Data Virtualization		Schedule, Publish, and Share		Support scheduling maintenance jobs with university enterprise scheduler				8		OSP
DMI
UIC AES		3		LAS (UIC)
UIC IR		2		Cannot Do

		DV 8		Data Virtualization		Security		Provide the ability to implement pass-through authentication				8		OSP
DMI		2		UOPB
LAS (UIC)
System HRIM
UIC IR		4		Cannot Do

		DV 9		Data Virtualization		Security		Provide the ability to implement row level security				7		LAS (UIC)
DMI		2		UOPB
Tech Services (UIUC)
UIC IR		3		Cannot Do		UOPB:  Important at a higher level than P&B.  Perhaps we can put it to use depending on the implementation 		Row level security is a must have to be able to support access to data at a campus/college/dept./etc. level.

		DV 15		Data Virtualization		Accessing Data		Provide the ability to publish data as an API				7		DMI		1		OSP
Tech Services (UIUC)
UIC IR
UIC JMLS
UIC AES		5		Cannot Do		UOPB:  Could be useful in the future

		DV 16		Data Virtualization		System Maintenance and Availabilty		Be easily maintained (this includes keeping the system up to date with latest releases/patches/etc. as well as how to support the system if it becomes unavailable or degraded).				7		UOPB
OSP
DMI		3		Tech Services (UIUC)		1		Cannot Do		UOPB:  This requirement is a bit nebulous.  Not sure how we can hold a vendor to this without providing more detail.		The intent of this requirement is for the team that administers the systems to be able to provide input on how easy or difficult any tools are to maintain in production. 















































































































Data Movement



		Requirement ID		Area		Category		The Data Movement Offering Shall:		This Is Mandated		Priority Score		This Is A Must Have		Must Have Count		This Is A Nice To Have		Nice To Have Count		Existing Tools: 
Can Do
Are Doing
Cannot Do

*Answers reflect AITS capabilities within Existing Tools. Current tool at AITS is not licensed for use for outside of AITS		Comments		AITS' Response To Comments

		DM 3		Data Movement		Data Connections		Provide the ability to join data from multiple source databases into a single target (data mashups).				20		Enrollment Management
ATLAS
UOPB
OSP
Tech Services (UIUC)
Engineering IT (UIUC)
DMI
System HRIM
UIC IR
UIC AES		10				0		Are Doing

		DM 28		Data Movement		Development		Provide the ability to perform basic and advanced data transformations:E.g. allow the user to create or modify columns without the need for coding or scripting, based on all of the following:
- Arithmetic and string calculations
- Date and time calculations
- Logical calculations, such as AND, OR, =, >, >=, <, and <=
- Statistical calculations, such as MEAN, MAX, MIN, VAR, and STDEV
- Allow the user to modify columns without the need for coding or scripting based on financial calculations such as net present value (NPV),present value (PV), future value (FV), internal rate of return (IRR) and yield.
				15		UIAA
OSP
Tech Services (UIUC)
LAS (UIC)
DMI
UOPB
UIC AES		7		UIC JMLS		1		Are Doing

		DM 4		Data Movement		Data Connections		Provide the ability to move unstructured data with structured data				11		OSP
Tech Services (UIUC)
Enrollment Management
Engineering IT (UIUC)
DMI		5		UOPB		1		Cannot Do		UOPB:  May have need in future, but currently not required

		DM 16		Data Movement		Movement of Data		Provide the ability to extract from and load data into various cloud platforms				11		Enrollment Management  
OSP
Tech Services (UIUC)
DMI
UIC AES		5		UOPB		1		Cannot Do		OSP: I am currently doing this between the EDW and our Azure SQL databases using custom code
UOPB:  May have need in future, but currently not required

		DM 5		Data Movement		Development		Provide the ability to source Real time/Event driven data (i.e. Streaming/Change Data Capture)				10		Enrollment Management  
Tech Services - Data Privacy		2		OSP
Tech Services (UIUC)
Engineering IT (UIUC)
DMI
UIC JMLS
UIC AES		6		Are Doing

		DM 10		Data Movement		Schedule, Publish, and Share		Provide the ability to schedule incremental data refreshes				10		VCAA
UOPB
OSP
Tech Services (UIUC)
DMI		5				0		Are doing		UOPB:  We have multiple reports that are updated on a monthly cycle following HR Payroll processing

		DM 15		Data Movement		Metadata		Provide the ability to view and manage workflow metadata				10		Enrollment Management  
OSP
Tech Services - Data Privacy
DMI		4		UOPB
Tech Services (UIUC)		2		Are Doing		UOPB:  We have a need to include documentation within our workflows

		DM 6		Data Movement		Development		Provide the ability to complete incremental data loads (Deltas)				9		UOPB
Tech Services (UIUC)
UIC AES		3		OSP
Engineering IT (UIUC)
DMI
		3		Are Doing		Engineering IT (UIUC):  Many current use-cases for data loading might go away with virtualization
UOPB:  We have multiple reports that are updated on a monthly cycle following HR Payroll processing

		DM 8		Data Movement		Development		Provide the ability to source and move uncommon data types (i.e. CLOBs, JSON, time zone)				9		Enrollment Management 
OSP
DMI
		3		UOPB
Tech Services (UIUC)
UIC AES		3		Cannot Do		UOPB:  May have need in future, but currently not required

		DM 11		Data Movement		Schedule, Publish, and Share		Support scheduling maintenance jobs with university enterprise scheduler				9		VCAA
DMI
UIC AES		3		UOPB
OSP
Tech Services (UIUC)		3		Are Doing		OSP: Assume these are necessary to support timely and performant synchronization between data sources?		This requirement is for the need to be able to schedule and automate the updates of our data sources. 

		DM 31		Data Movement		Development		Provide join previews: Lets the user preview joined data and modify column names, inclusions and subsets so the preview includes only data that meets specified subset criteria. 				9		UOPB
OSP
DMI
UIC AES		4		Tech Services (UIUC)		1		Can Do

		DM 9		Data Movement		Development		Provide the ability to automate inference and formatting of data (related to identifying the type of field automatically.  Eg. Number, string, etc.)				7		OSP
Tech Services (UIUC)
DMI		3		UOPB
		1		Cannot Do		UOPB:  Unsure of exact requirement

		DM 21		Data Movement		Development		Provide Debug capabilities				7		UOPB
OSP
DMI		3		Tech Services (UIUC)		1		Are Doing

		DM 12		Data Movement		Schedule, Publish, and Share		Support workflow/folder groupings for job scheduling				6		UOPB
DMI		2		OSP
Tech Services (UIUC)		2		Are Doing		UOPB:  We have multiple reports that are updated on a monthly cycle following HR Payroll processing

		DM 14		Data Movement		Development		Provide the ability to version workflows				6		OSP
DMI		2		UOPB
Tech Services (UIUC)		2		Are Doing		UOPB:  not specific for P&B but still highly important

		DM 17		Data Movement		System Integration		Provide the ability to import or export existing ETL workflow maps from the same tool or other tools				6		OSP
DMI		2		UOPB
Tech Services (UIUC)		2		Cannot Do		UOPB:  May have need in future, but currently not required

		DM 19		Data Movement		System Maintenance and Availability		Provide recovery capabilities for when loads fail				6		OSP
Tech Services (UIUC)
		2		UOPB
DMI		2		Cannot Do

		DM 22		Data Movement		System Maintenance and Availability		Provide active data load management				6		OSP
DMI		2		UOPB
Tech Services (UIUC)		2		Cannot Do		UOPB:  May have need in future, but currently not required

		DM 24		Data Movement		Development		Provide the ability to complete bulk loads				6		UOPB
OSP
DMI		3				0		Are Doing

		DM 26		Data Movement		Development		Provide the ability to handle rejects gracefully				6		UOPB
OSP
DMI		3				0		Can Do

		DM 34		Data Movement		 Development		Provide “smart data load” capabilities that autoinfer and suggest relationships between different data sources for joining without scripting or coding, and capabilities for the business user to preview and modify/accept inferences without scripting or coding. 				6		Tech Services (UIUC)
DMI		2		UOPB
OSP		2		Cannot Do

		DM 25		Data Movement		Development		Provide self-service data integration features				5		UOPB
DMI		2		Tech Services (UIUC)		1		Cannot Do

		DM 36		Data Movement		Development		Provide augmented data preparation: The platform should provide augmented data preparation capabilities, including both of the following:
- Data source recommendations: Learn which tables are commonly used in the organization and how these tables relate to the users current selections to recommend relevant tables to the user.
- Smart joins, by learning the most popular join conditions between tables, and then recommending them to a user as they prepare data. 				5		DMI		1		UOPB
OSP
Tech Services (UIUC)		3		Cannot Do

		DM 7		Data Movement		Development		Provide the ability to visually manage workflow (Click and Drag/Graphical user interface)				4				0		UOPB
OSP
Tech Services (UIUC)
DMI		4		Are Doing

		DM 23		Data Movement		Development		Provide the ability to do parallel multi-thread data loading/partitioning				4		DMI		1		UOPB
OSP		2		Are Doing		OSP:  Assume this would allow for improved performance?
UOPB:  May have need in future, but currently not required

		DM 32		Data Movement		Development		Provide hierarchy auto inference and definition.  Tool can automatically classify hierarchies in the data.				4		OSP
DMI		2				0		Cannot Do

		DM 35		Data Movement		Development		Provide automatic data quality issue recognition: Must automatically support both identifying potential(data quality) issues with the data and recommending actions to fix the identified issues 				4		DMI		1		UOPB
OSP		2		Cannot Do

		DM 20		Data Movement		Development		Provide the ability to define universal parameters to manage multiple workflow maps				3		DMI		1		UOPB		1		Are Doing

		DM 39		Data Movement		Development		Provide automated re-submission capabilities				3		DMI		1		UOPB		1		Cannot Do









































































Your New Requirements
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User Provided Requirement

		Requirement		Provided By		Requirement Number		Comments

		Data visualization often requires platforms that carry a substantial cost, like Tableau. We should consider visualization software that can take advantage of economies of scale.		Enrollment Management		DVD74

		In addition to visualization packages it will likely also be a need for data distribution that is customized for each user. There must be a way to drop output on a filedrive or in Box. But it would also be beneficial to display HTML or pictures/graphs in the context of a “reporting portal” or website with appropriate access control. E.g. Python, SAS, R can output web pages or other formats, but we need a place to put them so the intended audience can access them (securely).		Enrollment Management		DVD30, DVD53

		EM have a myriad of data sources, across international, federal, state, university, educational industry and local sources. While some data definitions/structures overlap, most do not. We need an automated way to schedule, extract, prepare/convert, and bring these data sources into the new EDW for storage.		Enrollment Management		DVD6, DVD17, G33, DM3

		The ability to join “local” data and prepare datasets (that can be accessed swiftly) for further use is essential. The inability to meet this requirement is likely one of the main reasons why we have as many shadow systems on campus as we do today.		Enrollment Management		DV5, I4, G33, DS5

		Ability to access core University resources like Banner, but also local or Cloud resources, is key.		Enrollment Management		DV5, I4, G33, DS5, DV3

		Data may come in many formats like XML, JSON, database tables, etc. and may need to be accessed through queries and other methods like web services or event streams.		Enrollment Management		DM8, DM5

		EM needs to be able to reliably store and access the data we choose to push to the EDW.		Enrollment Management		DS3, DS4, DS5, DV5, G33, DM3, DM4

		We will need to strike the right balance between agility and stability. EM will need to add new tables and columns quickly, as well as changing the content of existing data as needed. However, an anything-goes attitude could also have devastating consequences. Thus, a balance is needed, and hopefully, at least partially, structurally enforced.		Enrollment Management		G5		The latter part of this item will be taken into account for data governance.

		Having the ability “freeze” data for critical time intervals is essential. But with an overhaul of the architecture we should also be able to stores these frozen datasets much more efficiently. We imagine something along the lines of Apple’s TimeMachine, i.e. only saving deltas and then reassemble the full dataset for the needed time slice.		Enrollment Management		DS29

		Access to data is only one side of the equation. What you do with the data is the other. Unless the tools to analyze (or visualize) the data can also exist within or in parallel with the new platform, users will continue to download the data locally. Ability to run SAS, Python, R etc. would be beneficial, especially if the computing power and the access to enterprise license software versions would be accessible.		Enrollment Management		G2

		Only users with approved access should be able to access the EDW data. Like today, we will need a way to request and grant access. Though we likely will need more granularity than we have today. We should also be able to piggyback on existing processes, such as University separation procedures.		Enrollment Management		G6, I7

		We need to be cognizant of the investment in existing tools, i.e. Tableau, and the impact of switching away from existing tools.		UOPB		G4

		One of our frustrations with past and current systems is the difficulty in distributing the information to users.  We still have to jump through security and technology hoops to share anything that isn’t presented as a PDF or Excel spreadsheet.		UOPB		G6, I7, DVD39, DVD53, DS31, DV20

		Scheduling and notification need to be available to more than a few select individuals.		UOPB		DVD39, DVD53, DS31, DV20

		Our existing tools meet our needs now, so it would have to be cost effective for us to switch over and it would require a significant amount of staff time if we switched to another tool		UOPB		GS4

		There would need to be different rules and requirements for data stored to a central repository for large-scale consumption vs. data we would intend to be used by our office or a few collaborating offices.  We don’t want to get bogged down in red tape if we use this tool as a way to transfer or share data between a few offices or work with our internal data sources.		UOPB		G6, I7

		Snapshotting is absolutely essential for our data needs, especially if we move process
We need to avoid any lag time and access/security issues associated with reassembly for some of the snapshots we use regularly.  For example, I access the October 10th payroll snapshots from prior years all of the time.  It’s not unusual for me to access the snapshot of the raw EDW table from a prior HR Payroll.  The snapshots of the EDW tables are a secondary product of the HR Payroll snapshot creation, and we need easy access to them.es like HR Payroll snapshot creation to a new platform.		UOPB		DS29

		This is critical. Planning and Budgeting needs flexibility to use tools that work well for the tasks they need to accomplish, integrate easily with their environment (ex. Website) and allow for easy, secure, and effective sharing of information. Also, we have heavily invested in SAS for some of this work, and will need SAS to be available moving forward.		UOPB		G1, DVD39, DVD53, DS31, DV20, AA5, AA6, AA7

		Improvements in granting, auditing, and removing access would be greatly welcome and appreciated.  The process works well for basic access in academic units, but it falls apart for units like Planning and Budgeting and the Graduate College which don’t cleanly fit into the basic model created.  Also, as we share data with other units, we need better ways to determine who has access to which data, i.e. whether the requester has the appropriate access to receive the information.  Before Banner, there were central reports available for me to determine if a user had access rights.  Since Banner implementation, the reporting is less user-friendly and not as complete.		UOPB		G6, I7

		The concept of paying for data access was evident in some of the discussions during the Microsoft demo. Moving to cloud-based systems potentially changes the costing model, and this needs to be well understood and agreed upon prior to moving forward.		UOPB		I12

		Implementation of any new tools or processes needs to include training. This includes adequate training for end users accessing new systems and those who build the databases, visualizations, data transformations, etc. Along with access to training, those people will need release time from other duties to take advantage of the training opportunities.		UOPB		G2

		Need something similar to the WEBI rich client as a means to extract data and write reports.		UIS IR		See requirements on Data Viz and Delivery tab.

		While it's nice to evaluate tools without concern of costs, costs and who pays what will need to be factored into the final decisions.		ATLAS		I9

		There is a HUGE need to provide a more system wide security scheme that works seamlessly between different systems.  We need to expose the authoritative system authorizations so that all downstream systems (shadow applications, various reporting systems, and raw data access) can leverage that authoritative authorization?  This would not only streamline security request processes but would also help ensure data is not accidently released through downstream systems and leverage the regular security reviews and auditing done on those central authoritative systems. Current comments about this now is this is a large/hard/time consuming effort.  To help mitigate those, it is needs to be planned into the next generation of our EDW.		ATLAS		G6, DVD29, DVD54, DS10

		In ATLAS we have created our own snapshotting scheme to match what our users have requested.  Unfortunately the EDW snapshots often contain too little information or are not happening on the requested intervals.  I do not know if ATLAS is alone in this or not. 		ATLAS		DS29

		Many of us pull EDW data down to local servers for wide variety of reasons.  From time to time this is criticized by those who do not work with data and understand why people do this.  Can we spend some time discussing why we all do this and see if there are opportunities for us to reduce the number of pulls happening?		ATLAS				We have new requirements to allow joining data from multiple sources without moving data.  The capability will exist to continue to create satellite versions of the data warehouse if that is still the desired solution.

		Range of flexible tools that address novice to expert skill sets		UOPB		G1

		Good options for just-in-time training as new users to jump on existing or new technologies		UOPB		I2

		Collaborative user groups and sharing of tools and techniques between users and units		UOPB		I1		Similar to Tableau User Group?

		Ability for users to easily access all available tools		UOPB		G2

		Lack of good metadata about existing resources		UOPB		G3

		Large volume of capabilities/reports/functionality in production that are built on existing tools and capabilities		UOPB		G4

		Lots of islands/silos of data and knowledge about the data.		UOPB		G5

		Availability of time and resouces at units to implement new technologies and retool existing processes and reports		UOPB		G4

		Limited access to existing resources outside of AITS		UOPB		G2

		Clumsy security set-up.  Difficult setting security as needed.		UOPB		G6

		Fully available.  All functionality for all, not just for some.  For all.  And all for AITS.		Tech Services (UIUC)		G2

		Fully implemented.  No gaps, such as lack of integrated authentication/authorization		Tech Services (UIUC)		I8

		Fully supported (plenty of training available, and issues resolved quickly as we move forward rather than sitting unresolved for years)  		Tech Services (UIUC)		I2, I3

		Tools that are well integrated with the EDW and RPTPROD (Banner) as those two sources are the bread and butter for many at the university		Tech Services (UIUC)		I4

		Slow Performing Systems.  		Tech Services (UIUC)		G8

		Lack of response to issues, especially regarding bread and butter systems.		Tech Services (UIUC)		I3

		Analytics tools, whether they are desktop tools (such as SAS, Alteryx, or KNIME) or cloud-based (such as Azure) are great, but it is difficult to take full advantage of these tools without the "enterprise" component of these tools. For Tableau, we have this "enterprise" component in Tableau Server, and we sometimes run these enterprise environments on our own (such as the P&B SAS server), but cost and staff time are local limiting factors when it comes to the enterprise solutions for the newer solutions (such as Alteryx, KNIME, Azure, etc). 		Tech Services (UIUC)		G2

		More and more we have a new project which will require us to interface with an API.  This will be a big requirement going forward.		UOPB		G9

		Tool that evolve with technology and is kept up to date and allows new features to be leveraged		UOPB		G10

		Metadata that is kept up to date and has lineage.		UOPB		G30, G3

		Tableau is easy to develop but there are some things related to security set-up that are difficult.  There should be a platform wide solution that would allow a user the capability to manage the user for the dashboard reports that you publish.		VCAA		G6

		Data quality: We need some explanation of the data that is presenting.		VCAA		G3

		Single Sign On		UOPB		G25, I10

		How do we handle the governance around authentication?		Tech Services (UIC)

		How relatively non-technical people will adapt to a new environment?		UIS IR		G1, DVD19

		We have a large number of complex WEBI reports, what happens to all of them?		UIS IR		G4, DVD14

		I write simple WEBI reports, simply to extract data.  I export data to Excel, and then to SPSS, where I merge files, transform data, and do what I need to do.  I worry this process won't work in the new enivronment.		UIS IR		G15

		Seamless merging of the tables, incorporation of data sources in addition to BANNER.		UIS IR		I4

		For data virtualization, integrate our local data with data warehouse/data lake.		OSP		DV5

		Support for semi and unstructured data.  Especially integration with more traditional structured data.		OSP		DS3, DV11, DM4

		data science tools, machine learning, modeling, identifying/predicting trends		OSP		AA1, AA2, AA3, AA4

		Comprehensive, searchable data catalog with metadata		OSP		G3

		Anchor:  Current processes for provisioning access and security		OSP		G6

		Have access to enterprise reporting tools and functionality that would be out of reach for smaller units.		Enrollment Management		G1

		Analytics tools that are fully available, fully implemented (making sure if there is built in auth it would be available), and fully supported (training being available, issues being resolved quickly)		UOPB		G2, I8, I2, I3

		Data gaps in warehouse, data that is not there or is not working		UIC IR				While this isn't a specific requirement for the analysis project, data acquisition is critical to the success of the data warehouse.  Decision Support staff is available to discuss options for creating additional data sets in the data warehouse.

		Support personnel to support training.  If we don't do that, we end up with super users continuing to use existing tools and then a normal user who may not be tech savvy is left behind.		UIC Pharmacy		G1, I2, DVD19

		Using data to improve ability to predict/anticipate issues		VCAA (UIUC)		See requirements on Data Science tab

		Using data to tell a complete story to address key stakeholder concerns (legislators, governor's office, etc.).		VCAA

		Easy access to data		VCAA		G11

		Clear description about what the data includes		VCAA		G3

		Automated data updates		VCAA		DM10, DM11

		Access to data from three universities		VCAA		G5, G6

		Speed of data retrieval when working with large amounts of data		VCAA		G8, DV6, DS22, DS14

		Uncertainty about whether data is up to date		VCAA		DM22, I14

		One place to understand who owns data and how I can get to it		VCAA		G12

		Better tools than Microsoft Access to pull data from tables		Government Costing		G33

		Quick response time		Government Costing		DS22

		Training 		Government Costing		I2

		Missing data		Government Costing				While this isn't a specific requirement for the analysis project, data acquisition is critical to the success of the data warehouse.  Decision Support staff is available to discuss options for creating additional data sets in the data warehouse.

		how will the platforms be integrated in day to day business practice?		UIC IR		I5

		More focus on data visualization combined with data analytics.  The ability to either interpret, forecast, or identify the data we are working with.		UIC Pharmacy		See requirements on Data Science tab

		Greater ease of sharing reports, both internally and externally		UIC Pharmacy		DVD39, DS31

		Making sure we are not duplicating solutions that may already exist across the university		UIC Pharmacy		G2

		Lack of single fully features work environment availability. Today we have a patchwork of tools and this is not efficient.		Enrollment Management		I8

		Speed of EDW implementation change not matching speed/urgency of unit needs		Enrollment Management		I6

		Cohesive integrated data fabric - ETL (ingest and transformation)		Tech Services (UIUC)		See Data Movement tab for requirements on ETL

		Cohesive integrated data fabric - robust and automated metadata catalog - where data classification and lineage are highly automated with sophisticated ML (mark-up language)		Tech Services (UIUC)		G3

		Cohesive integrated data fabric: data warehouse/mart/cube development/management (curation/normalization/optimization)		Tech Services (UIUC)		See Data Lakes and Data Warehouse tab

		No easy button place to put stuff		Tech Services (UIUC)		DS3, DS4

		Data warehouse not performant enough		Tech Services (UIUC)		G8

		Need more/better curated data sets and management promotion of them		Tech Services (UIUC)				While this isn't a specific requirement for the analysis project, data acquisition is critical to the success of the data warehouse.  Decision Support staff is available to discuss options for creating additional data sets in the data warehouse.

		Support for attributes to tag individual's record to be suppressed/non-public (directory data)		Tech Services - Data Privacy		DS16, DS17

		Support for individual's "right to be forgotten"		Tech Services - Data Privacy		G16

		Support for individual to mark PII records and consent for various attributes to be used in various ways		Tech Services - Data Privacy		G17

		Audit/logging for use of individual's PII/records data		Tech Services - Data Privacy		G13

		Right to Know - Support for individual to view their record and request to correct/update		Tech Services - Data Privacy		G18

		Capability to integrate with University IAM system/tools		Tech Services - Data Privacy		G25, I10

		Ability to integrate with Governance/Risk/Compliance Privacy Tools (oneTrust, other examples)		Tech Services - Data Privacy		G19

		Compliance with current and emerging privacy law including Illinois PIPA, FERPA, Illinois Biometrics law, and GDPR, CCPA-like law		Tech Services - Data Privacy		G27, G28

		FERPA compliance and auditing tools/capabilities		Tech Services - Data Privacy		G28, G13

		Ability to opt-out of the disclosure of their records		Tech Services - Data Privacy		G20

		Right to correction		Tech Services - Data Privacy		G21

		Ability to anonymize or pseudoanonymize data		Tech Services - Data Privacy		G22

		Ability to remediate data anonymization with attributes/combinations with low n		Tech Services - Data Privacy		G23

		Ability to transport/ interface with data subsets in secure virtual environment for analysis without leaving environment.		Tech Services - Data Privacy		DV5, I4, G33, DS5

		This may be similar to DS 31, but we'd like to be able to push data up to the campus/University level (DS 4) and then ALSO provision access to that data to other units on campus.  Currently there are units shadowing our data to merge it with their EDW shadows.  We'd like that not to be necessary if they could be accessing our data, their data, and EDW data with the new solution(s).		Engineering IT (UIUC)		DS3, DS4, DS5, DV5, G33, DM3, DM4

		There are a few requirements that address authentication.  We'd love to have tools that utilize University Authentication systems (& 2-factor) but that is dependent upon appropriate & manageable Authorization management.  I think ATLAS touched on this on the Prev Provided tab as well.  Exposing the Authorizations from data-authority systems would need to exist before we can fully utilize user-level authentication.		Engineering IT (UIUC)		G6, DVD29, DVD54, DS10

		We need to have more clear and searchable metadata.  Something easy to maintain so that it remains maintained, and would include information such as source/authority so our data scientists can line up the EDW data with the University system that the end-requesters are using.  		Engineering IT (UIUC)		G3

		Similarly, the solution would hopefully provide the ability to create metadata for data we move up to the University level, so our users can find what they need in one place.		Engineering IT (UIUC)		G3

		Ability to connect to very broad set of database technologies for harvesting schema in to data catalog.		Tech Services (UIUC)		G33		Needed for ability to include vast array of data sources from around the institution. (Manual entry not feasible/sustainable.)

		Ability to automatically (on a schedule) refresh schema from data systems.		Tech Services (UIUC)		DM10		Needed for ability to maintain metadata of vast array of data sources. (Manual entry not feasible/sustainable.)

		Ability to use Machine Learning (ML) to assess data source and propose data classifications 		Tech Services (UIUC)		See requirements on Data Science tab		Needed to streamline/improve classification of data. (Manual maintenance not feasible for volume.)

		Built-in features to support the management of data classifications for sensitive data and regulatory controls and processes		Tech Services (UIUC)				Needed to support responses/processes related to regulations such as GDPR, etc.

		A "place" (or "places") to store and preserve any raw data at low cost.		Tech Services (UIUC)		DS3, DS4		Emphasizing "any data" / object store.

		A "place" (or "places") to store and preserve structured data at low cost.		Tech Services (UIUC)		DS3, DS4		Examples: mysql for preservation of moodle data.  REPTPROD for Banner data. "Collections" in EDW

		A logical layer that can be used (and licensed) for all data sources		Tech Services (UIUC)		See requirements on Data Virtualization tab.		Having multiple logical layers can bifurcate AITS' ability to support what a logical layer delivers. I.e., if data warehouse provides logical layer for non-remote data sources, but another solution provides logical layer for remote data sources, now we're supporting (and expecting users to use) two different logical layers?

		Support for dev/test/prod workflows/processes in all phases.		Tech Services (UIUC)		G24

		Good support for providing API access to data		Tech Services (UIUC)		G9

		Vendors should have specific focus/perspective on higher education, not simply a few higher university clients/projects		LAS (UIC)

		Is there a way to learn if the vendor is actively seeking to be acquired?  		LAS (UIC)				I'm thinking here of when Ellucian bought Banner and ended a product implementation which UIC was in the process of implementing.  

		Performance improvement: eliminating hanging reports or queries that never finish.  I'd also be interested in testing that looked into performance with row level security and at other campuses.		LAS (UIC)		DV6, DS22

		Eliminate or minimize time-out.  With an odbc connection, time-outs are just annoying.  But they often occur while reports in WebI are running, for some reason.  		LAS (UIC)		DS19

		Ability to create dashboards in a single step, rather than moving components into dashboard.		LAS (UIC)

		Data virtualization should be scalable to three campuses -- in other words, "truths" (as one vendor put it) need to be campus specific.  		LAS (UIC)

		Sufficently complex calculations for data visualization/data manipulations		LAS (UIC)		DVD21, DM28		For instance, Tableau has parameters but does not allow "In List" -- In list seems pretty essential to me.  

		The ability to filter data by user id (or something similar) 		LAS (UIC)		DV9, DS9		For example, we have multiple departments, but one department should not necessarily be able to see another departments data.  Tableau allows for filtering source data by userid.  

		Ability to join datasets from different environments		System HRIM		DS5, DVD7, G33

		Ability to browse/access availalbe data platforms thru a shared login/interface.		Provost's Office				For example, the system offers Eddie, Tableau, UIFinancial, and etc. If a web portal can be build to consoildate these resources, it would be very helpful for users to have a good understanding of what resources are out there.

		Enable row level security set up		Provost's Office				Often, we'd like to restrict users with access to certain colleges/orgs. Currently, it is not straightforward to do so for avaialble tools such as Tableau, which probably is the most widely used tool on campus for customized reports/dashboards. With row-level security enpowered, I could see a much wider use of the tool.

		Ability to easily push data to EDW or similar central data space for app/report/dasbhoard access later. 		Provost's Office

		Consider other cost-efficient visulization tools, especially if the cost is minimal from the developer side.		Provost's Office
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DATA  VIRTUALIZATION  PROOF OF  CONCEPT  PLAN 


 
To test the efficacy of data virtualization tools in our environment we intend to evaluate vendor 
products on the following 3 use cases. Each use case will have a set of technical steps and evaluation to 
measure its success. 
 


SUMMARY  OF  USE  CASES  


1. Initial step of data movement is lengthy and can slow down initial prototyping of projects. Can 
data virtualization reduce barriers in prototyping, including enhanced efficiencies in querying 
data sources that are more than a simple ODBC query? Can the tool optimize the query being 
sent to the source system? 


2. Reporting on data that is not in a central store requires connection to multiple source and 
formats. Can data virtualization offer a single data connection to multiple data sources and 
formats, simplifying the reporting process?  


3. Not all sources of data are accessible to all tools. Can data virtualization bring together various 
types of data sources (databases, APIs, files, etc) to simplify data access? 


4. Federated access and group management can enhance enterprise use of tools. What are the 
capabilities of this tool to federate and manage university wide use? 


 


USE  CASE  1 


 


PROBLEM  


Initial step of data movement is lengthy and can slow down initial prototyping of projects. Can data 
virtualization reduce barriers in prototyping, including enhanced efficiencies in querying data sources 
that are more than a simple ODBC query? Can the tool optimize the query being sent to the source 
system? 
 


TECHNICAL  SOLUTION TEST 


 Prepare Virtualized data source(s) (Oracle and MS‐SQL) 


 Connect to Virtualized data source(s) 


 Connect to Physical data source 


 Query 


o Query data from source using current method and measure time to return results and load on 


source 


o Query data thru data virtualization tool and measure time to return results and load on source 


SOLUTION EVALUATION  CRITERIA 


How does the virtualized connection compare to the direct query in terms of: 


 Time to return results 







 Load on source system 


 Time to develop solution 


 


USE  CASE  2  


PROBLEM  


Reporting on data that is not in a central store requires connection to multiple sources and formats. Can 
data virtualization offer a single data connection to multiple data sources and formats, simplifying the 
reporting process? For example flat files and APIs. 
 


TECHNICAL  SOLUTION TEST 


 Prepare Virtualized data source(s) (APIs and Files) 


 Connect to Virtualized data source(s) 


 Connect to Physical data source 


 Query 


o Query data from source using current method and measure time to return results and load on 


source 


o Query data thru data virtualization tool and measure time to return results and load on source 


SOLUTION EVALUATION  CRITERIA 


Can a view that sources data from all these sources be presented to the user with 


 Simple connection 


 Easy access management 


How does the virtualized connection compare to the direct query in terms of: 


 Time to return results 


 Load on source system 


 Time to develop solution 


USE  CASE  3  


PROBLEM  


Federated access and group management can enhance enterprise use of tools. What are the capabilities 
of this tool to federate and manage university wide use? 


TECHNICAL  SOLUTION TEST 


 Prepare Virtualized data source(s) (APIs and Files) 


 Connect to Virtualized data source(s) 


 Connect to Physical data source 







 Setup multiple levels of access 


o Overall Level – 2 groups of major access; managed by AITS 


o Next level – Federated setup of access by unit; need details from vendors 


SOLUTION EVALUATION  CRITERIA 


Can individual units setup their own federated access? 
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DATA LAKES/DATA WAREHOUSE PROOF OF CONCEPT  PLAN 


 
To test the efficacy of data lake and data warehouse tools in our environment we intend to evaluate 
vendor products on the following use cases. Each use case will have a set of technical steps and 
evaluation to measure its success. 
 


SUMMARY OF USE CASES 


1. Loading, Processing and Accessing data 
2. Inventory 
3. Governed Access/Authentication including Federated access controls 
4. Separating workloads (loading and querying data can happen concurrently without impacting 


each other 
 


NOTE: Cost factors will be evaluated and considered after initial use case testing 


USE CASE  1 ‐ LOADING, PROCESSING AND ACCESSING DATA 


PROBLEM 


Users do not have a central location to hold data. 


TECHNICAL SOLUTION TEST 


We can create and access a central repository where users can store their own data. 


Users can determine when data gets loaded and how frequently it is loaded. 


Users can remove data from the repository. 


Users can connect to central repository. 


SOLUTION EVALUATION CRITERIA 


Users are able to load their data into the central repository. 


Users can join unit data within the data lake and enterprise data. 


Users are able access their data in the central repository and use it for analytics and/or reporting. 


Loading of data is completed in a timely manner. 


Users can create point in time snapshots of data. 


Users can retrieve the data and analyze it according to their needs. 


   







 


 


 


 


USE CASE  2 – INVENTORY 


PROBLEM 


Data can become disorganized or cumbersome or overwhelming. 


Users may not know where to store or find data. 


Data can be duplicated unnecessarily.  


TECHNICAL SOLUTION TEST 


We are able to catalog data that is in the data lake. 


Metadata can be added, archived, or removed from catalog. 


SOLUTION EVALUATION CRITERIA 


Connect to data points based off the catalog. 


USE CASE  3 ‐ GOVERNED ACCESS/AUTHENTICATION 


PROBLEM 


There is a lack of tools available to federate and manage individual or group access to unit/local data. 


TECHNICAL SOLUTION TEST 


Units can setup multiple levels of access. 


Enterprise data access is managed centrally (how do we manage overall data access?). 


Units can setup federated access by user or group. 


Users can view data that they have access to, per individual access policy, including subject, column and row level 


security. 


Users can view data that they have access to, per group access policy, including subject, column and row level 


security. 


Users cannot view restricted data, according to their access, including subject, column and row level security. 


SOLUTION EVALUATION CRITERIA 


We can setup group access. 


We can manage group access (setup, add, remove, modify). 


Units can add and remove individual users from groups (federated access). 


Units can assign groups to their unit data (federated authorization). 


   







 


 


 


 


USE CASE  4 ‐ SEPARATING WORKLOADS 


PROBLEM 


Loading and querying data concurrently can impact performance. 


TECHNICAL SOLUTION TEST 


Separate or additional compute clusters/nodes are assigned to load, process and read data so that performance is 


managed effectively. 


SOLUTION EVALUATION CRITERIA 


Users can understand when data is fully loaded and accessible. 


Users can view data even while a load is in process. 


System resources can handle multiple concurrent loads. 


Loading is optimized for performance speed. 


Wait time for access to new data is minimized. 


System resources can handle user views and multiple concurrent loads simultaneously. 


PLANNED VENDOR  LIST  TO INVITE 
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DATA MOVEMENT PROOF OF CONCEPT PLAN 


To test the efficacy of data movement tools (ETL/ELT) in our environment we intend to evaluate vendor 


products on the following 7 use cases. Each use case will have a set of technical steps and evaluation to 


measure its success. 


SUMMARY OF USE CASES 


1. Ability to create targets from multiple sources regardless of where the source or target reside 


(on premise, cloud, etc.) or how the data is stored (rDBMS, NoSQL, JSON, XML, CLOBs, etc.) 


including structured or unstructured data 


2. Ability to retrieve and load data on a schedule (real‐time/regular interval)  


3. Ability to perform simple and complex transformations of data 


4. Change Data Capture capabilities 


5. Ability to track data lineage to the source to include in the metadata; including all 


transformations that occurred on that data 


6. Automated Monitoring and notification capabilities to inform when failures are occurring 


7. Ability to integrate with enterprise scheduling system(s) 


   







 


 


 


 


USE  CASE  1 –  HETEROGENEOUS  SOURCES  AND TARGETS   


PROBLEM 


Unable to connect to a source environment unless it is part of a limited set of allowable sources (eg 


oracle, flat files, sqlserver, postgres) 


Data movement is limited based on data type 


Data Movement is limited based on storage environment. 


TECHNICAL SOLUTION  TEST 


Transfer data from Snowflake source into target area 


Transfer data from (on‐prem) oracle and SQL Server into a single on‐premises target 


Transfer data from (cloud) oracle and SQL server into a single on‐premise target 


Transfer data from oracle and SQL server into a single cloud target 


Transfer JSON files from source to target 


Transfer API messages/files 


Transfer data from MS SQL, NoSQL  


SOLUTION  EVALUATION  CRITERIA 


Unstructured Data can be transferred into target 


Structured Data can be transferred into target without restriction on data type 


Data is pulled from multiple heterogeneous sources into an on‐premises target 


Data is pulled from multiple heterogeneous sources into a cloud target 


Large data sets and types (eg CLOB) can be moved at a reasonable rate of transfer with limited 


performance degradation 


   







 


 


 


 


USE  CASE  2 –  SCHEDULED  DATA TRANSFER 


PROBLEM 


Data must be available in target env at specific times 


TECHNICAL SOLUTION  TEST 


Create a request to retrieve and load data on demand 


Create a schedule to retrieve and load data at regularly scheduled intervals 


Create data feed to target(s) in real‐time (eg Golden Gate) 


SOLUTION  EVALUATION  CRITERIA 


Data can be transferred on demand 


Data can be transferred as part of a regular schedule 


Data can be transferred in real time  


USE  CASE  3 –  DATA  TRANSFORMATIONS 


PROBLEM 


Data needs to be transformed after it is collected. 


Data transformations can be simple or complex 


TECHNICAL SOLUTION  TEST 


Transform data using the following: 


 Lookup additional tables (hash fetch) 


 Filter data  


 Sort Data 


 Normalize Data 


 Join/Union data from heterogenous sources 


 Generate a sequence 


 Create stored procedures 


 Create expression functions (decode, math, null, IN, Date functions, to int, to char, etc) 


SOLUTION  EVALUATION  CRITERIA 


Functional expressions that contain Data Transformations can be written and executed 


Pre‐written Data Transformation are included in solution 


Customized Data Transformations can be added. 







 


 


 


 


USE  CASE  4 –  ‘CHANGE DATA  CAPTURE’  CAPABILITIES 


PROBLEM 


Modified source data needs to be captured 


Information about target modifications is required downstream 


TECHNICAL SOLUTION  TEST 


New data inserted in a source is transferred to the target 


When Data updated in the source, the delta is transferred to the target 


Data deleted in source is also deleted in target  


Modifications made to targets are sent to downstream applications 


SOLUTION  EVALUATION  CRITERIA 


Changes made in target can be easily identified for reporting 


Data integrity is maintained throughout the process 


USE  CASE  5‐ DATA  LINEAGE  


PROBLEM 


Metadata needs to be able to be tracked to the source, including all transformations that occurred on 


the data. 


TECHNICAL SOLUTION  TEST 


Unaggregated output data can be traced back to source   


Aggregated output data can be traced back to source input 


Data transformations can be reverse engineered 


SOLUTION  EVALUATION  CRITERIA 


Source and target information can be linked 


For transformed data, transformation process can be tracked back to the source 


Metadata about data type is available 


Metadata about table data is available 







 


 


 


 


Debug capabilities are available 


USE  CASE  6 –  MONITORING  AND  NOTIFICATION  


PROBLEM 


Failures in data movement or transformation need to be captured and reported  


TECHNICAL SOLUTION  TEST 


Force failure in a regularly scheduled map to transfer data.  When transfer fails, it should be noted 


automatically, and a notification sent to pre‐determined target. 


Force Failure in an on‐demand transfer of data.  Failure should be reported, and notification sent to pre‐


determined target. 


Logfiles are created 


Mobile‐friendly dashboard/logging system 


SOLUTION  EVALUATION  CRITERIA 


False negatives are not reported 


Notifications include failure information/logs/servers/etc 


Notifications are properly generated upon failure. 


Monitored logs are available to be viewed. 


Users can specify notification options for on‐demand data transfer failures. 


Informative Errors messages are captured in logs 


Logs can be re‐created with DEBUG logging 


USE  CASE  7 –  ENTERPRISE  SCHEDULING  SYSTEM  


PROBLEM 


Ability to integrate data movement tool(s) with enterprise scheduling system(s) 


TECHNICAL SOLUTION  TEST 


Enterprise Scheduling Manager can be used to schedule and execute data movement 


SOLUTION  EVALUATION  CRITERIA 


Multiple options for executing Data Movement: command line, gui, api’s 







 


 


 


 


Return Codes (success/failure) are sent to enterprise scheduling system 
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DATA VISUALIZATION AND REPORT  DELIVERY  PROOF OF CONCEPT PLAN 


 
Test applications used to build and deliver Business Intelligence Solutions. These tools include 
capabilities for standard reporting, ad hoc report development and data visualization. 
 


SUMMARY OF USE CASES 


1. Create, publish, and share accessible (WCAG 2.1 or higher) Data visualizations/Dashboards 
2. Define and utilize semantic layer and use custom queries to create, publish and share accessible 


(WCAG 2.1 or higher) Ad‐hoc reports 
3. Create, publish, and share accessible (WCAG 2.1 or higher) Pixel Perfect Reports  
4. Accessing Business Intelligence Solutions – Federated authorization 
5. Sourcing Data for business intelligence development ‐ extensive list of supported data sources in 


cloud and on‐premises 
6. OLAP (online analytic processing) browsing  


 
NOTE: Cost factors will be evaluated and considered after initial use case testing 


USE CASE  1 ‐ CREATE, PUBLISH, AND SHARE ACCESSIBLE  (WCAG  2.1  OR  HIGHER) DATA 


VISUALIZATIONS/DASHBOARDS 


PROBLEM 


Users need an easy and intuitive solution to create, publish and share data visualizations. 


TECHNICAL SOLUTION TEST 


 Structured and unstructured (e.g. BLOB) data can be utilized to create a visualization 


 Data preparation and transformation can be completed within the tool including filtering, custom 


calculations 


 We can select the most appropriate chart type from an extensive set of chart types 


 Dashboards can be built with multiple tables, charts and text in a single view that are connected by drill or 


filter options including cascading prompts and global filters 


 Dashboards and data visualizations can be formatted to meet desired user requirements including fonts, 


colors, emphasis, logos, images, etc. 


 Data visualizations and dashboards can be built on both desktop and mobile devices 


 Data exports from visualizations to common formats like CSV, Excel, HTML (table), PDF and images are 


available  


 Development versioning is available 


 An aggregated portal or similar representation of data visualizations and dashboards is available, including 


the ability to view and interact with them on both desktop and mobile devices 


 Data visualizations or dashboards can be embedded on websites or other interfaces and shared through 


email or files (e.g. image output to file store). 


 Data visualization or dashboard can be designed in an accessible manner conforming to WCAG2.1 or 


higher 


SOLUTION EVALUATION CRITERIA 







 


 


 


 


 Data Visualizations can be published and shared 


 Data Visualizations can be embedded on a Webpage or in a portal 


 Users can promote visualizations they find useful 


 Users can drill down within a data visualization 


 Data used in dashboards can be updated on a schedule 


 Filters can be applied on a single chart, single page, or all pages in the dashboard 


 Capabilities for data preparation exist within the data visualization development environment 


 Data visualization or dashboard can be developed, viewed, and interacted with on a desktop or mobile 


device 


 Data can be exported 


 User interface, data visualizations and dashboards are accessible and conform to WCAG2.1 or higher 


   







 


 


 


 


 


USE CASE  2 ‐ DEFINE AND UTILIZE SEMANTIC LAYER AND USE CUSTOM QUERIES TO 


CREATE AD‐HOC REPORTS.  PUBLISH AND SHARE AD‐HOC REPORTS THAT  ARE 


ACCESSIBLE  (WCAG 2.1 OR HIGHER) 


PROBLEM 


Report developers need the ability to create formatted and filtered reports by selecting report objects 


from a pre‐defined set or custom queries from multiple data sources. 


TECHNICAL SOLUTION TEST 


 Units can modify the semantic layer and use business terms to make specific reporting elements, filters, 
and conditions available for report developers to use in their ad hoc reports 


 Report developers can access the semantic layer, select objects to include in their reports and format, 


filter, and sort the results 


 Report developers can use multiple data sources and custom queries to source data for the reports 


including structured or unstructured (e.g. BLOBS) data 


 Reports can be built with multiple tables, charts and text in a single view that are connected by drill or 


filter options including cascading prompts and global filters 


 Reports can be formatted to meet desired user requirements including fonts, colors, emphasis, logos, 


images, etc. 


 Data can be exported from reports to common formats like CSV, Excel, HTML (table), PDF and images  


 Development versioning is available 


 Reports can be published and shared using a link, website, email, and/or portal 


 An aggregated portal or similar representation of reports is available, including the ability to view and 


interact with them on both desktop and mobile devices 


 Users can promote ad hoc reports they find useful 


 The user interface is accessible, and reports can be designed in a manner conforming to WCAG2.1 or 


higher 


SOLUTION EVALUATION CRITERIA 


 We can create specific sets of reporting elements in a semantic layer that will be used for units to create 


ad hoc reports 


 Report developer can access the semantic layer to create, publish and share ad hoc reports 


 Report developer can use multiple data sources and custom queries to source data for the reports 


 Report can be developed, viewed, and interacted with on a desktop or mobile device 


 Reports can be published and shared 


 Users can promote ad hoc reports they find useful 


 User interface and reports are accessible and conform to WCAG2.1 or higher 


 Reports can be embedded on a Webpage or in a portal 


 Users can promote reports they find useful 


 Users can drill down within a report 


 Data used in report can be updated on a schedule 


 Filters can be applied on a single chart, single page, or all pages in the report 







 


 


 


 


 Data can be exported 


USE CASE  3 – CREATE, PUBLISH, AND SHARE PIXEL PERFECT  REPORTS    


PROBLEM 


We need the ability to create and publish standard and formatted reports that are approved and validated by 


functional offices. Report consumers need the ability to access and refresh reports on demand. 


TECHNICAL SOLUTION TEST 


 We can create pixel perfect reports on both desktop and mobile devices 


 Data can be prepared and transformed within the tool 


 Development versioning is available 


 Pixel perfect reports can be published to a location where they can be accessed by report consumers. 


 Ability to organize reports in folders or groupings so that navigating to reports is easy and intuitive 


 An aggregated portal or similar representation of reports is available, including the ability to view and 


interact with them on both desktop and mobile devices 


 Report consumer can access and refresh pixel perfect reports on demand 


 Refresh reports in batch jobs and publish the results in PDF or other formats 


 Batch reports can be burst with results filtered to certain set of criteria 


 Reports can be designed in an accessible manner conforming to WCAG2.1 or higher 


SOLUTION EVALUATION CRITERIA 


 We can create, publish, and access pixel perfect reports on demand 


 We can create and publish reports with specific parameters in a PDF format to a predetermined location 


 An aggregated portal or similar representation of reports is available, including the ability to view and 


interact with them on both desktop and mobile devices 


 Users can promote pixel perfect reports they find useful 


 Report can be developed, viewed, and interacted with on a desktop or mobile device 


 User interface and reports are accessible and conform to WCAG2.1 or higher 


 


USE CASE  4 ‐ ACCESSING BUSINESS INTELLIGENCE SOLUTIONS – FEDERATED 


AUTHORIZATION   


PROBLEM 


Central IT needs the ability to create users and groups and administer access to business intelligence 


and data solutions 


Data Visualization and Report owners need the ability to authorize individuals or groups who can access 


and refresh their reports 


TECHNICAL SOLUTION TEST 


 Describe or show how user authentication can use the university’s authentication via SAML or similar 


method. 


 Demonstrate how groups are managed and assigned to content. 







 


 


 


 


 Demonstrate how university directory services (Active Directory and/or LDAP) are used to grant access to 


business intelligence content.  


 Management of individual groups can be delegated to non‐administrators 


 Groups can be used to manage access to individual data items 


SOLUTION EVALUATION CRITERIA 


 Users can be individually imported from university directory services 


 Users/groups can be imported from university directory services via group membership 


 Groups can be managed and assigned to content  


 Specific data fields can be hidden as necessary 


 Row‐level security of data sources can be taken advantage of 


USE CASE  5 ‐ SOURCING DATA DEVELOPMENT ‐ EXTENSIVE  LIST OF SUPPORTED 


DATA SOURCES IN THE CLOUD AND ON‐PREMISES 


PROBLEM 


Data visualization and reporting tools must provide connection capabilities to common data repository 


types and locations 


TECHNICAL SOLUTION TEST 


 Demonstration of the connection types that are available. 


SOLUTION EVALUATION CRITERIA 


 Developers have access to a myriad of data sources regardless of location (on premise/cloud) and support 


most/all common types of data storage (database, excel file, JSON, XML, Web services, API (Application 


Program Interface), etc.) 


USE CASE  6 – SOLUTION HAS OLAP BROWSER CAPABILITIES 


PROBLEM 


Tools need to be capable of interacting with Microsoft Analysis Services and perform OLAP browsing 


functions 


TECHNICAL SOLUTION TEST 


 Connect to MS Analysis services and view and interact with an OLAP cube  


SOLUTION EVALUATION CRITERIA 


 Tool can interact with OLAP cube 
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DATA SCIENCE PROOF OF CONCEPT PLAN  
Test the capabilities of data science platforms against the needs of the University’s advanced analytics 
solutions providers. 
  
SUMMARY OF USE CASES  


1. Provide low code, click, and configure graphical user interface to build workflows 
2. Demonstrate core data science capabilities 
3. Data science tool can perform standard operational methods used in data science  
4. Integrate code, such as R and Python, into workflows 
5. Automate and/or schedule execution of production jobs 
6. Demonstrate Automated Machine Learning (Auto ML) capabilities  


 
USE CASE 1 ‐ PROVIDE LOW‐CODE, CLICK AND CONFIGURE GRAPHICAL USER INTERFACE TO BUILD 
WORKFLOWS     
  
PROBLEM  
Citizen data scientists need a platform where they can build advanced analytical solutions with no 
coding required. 


 
TECHNICAL SOLUTION TEST  


1. Can build models and workflows without writing any code 
2. Platform has click and drag graphical features 
3. Advanced analytical workflows can be executed from within the tool 
4. Data is exported and ultimately stored in 


a. Database 
b. File 
c. Available as an API 


5. Run or schedule workflow 


6. Monitor workflow progress 


7. Output result to a visual to confirm workflow was successful 


8. Review log/history of workflow run 


 
SOLUTION EVALUATION CRITERIA  
 Workflow tool is capable of building models through drag and drop operations 


 Tool can execute models 


 Tool can generate output of data to be used by other data analytics and business intelligence 


tools 


 Datastores (e.g., database) 


 File 


 API 


 Workflow progression during run can be monitored 


 Errors are easy to identify 


 Log or history of workflow is easily available 


USE CASE 2 ‐ Demonstrate core data science capabilities 
  







PROBLEM  
Citizen Data Scientists and data scientists need to perform advanced analytics. 
  
TECHNICAL SOLUTION TEST 


1. Create workflows with the following types of analytics 


a. Predictive Analytics 


b. Data mining 


c. Text mining 


d. Text Analytics 


e. Sentiment Analysis 


SOLUTION EVALUATION CRITERIA 
 Workflows of the following types can be developed and run with ease 


 Predictive Analytics 


 Data mining 


 Text mining 


 Text Analytics 


 Sentiment Analysis 


 


USE CASE 3 ‐ DATA SCIENCE TOOL CAN PERFORM STANDARD OPERATIONAL METHODS USED IN DATA 
SCIENCE 
  
PROBLEM  
Citizen data scientists and data scientists need to be able to perform data science operational methods. 
 
TECHNICAL SOLUTION TEST  


1. Create workflows with the following types of analytics 
a. Probability distribution 


b. Regression algorithms 


c. Descriptive statistics 


d. Inferential statistics 


e. Clustering algorithms 


f. Classification algorithms 


g. Neural networks 


2. Run or schedule workflow 


3. Monitor workflow progress 


4. Output result to a visual to confirm workflow was successful 


5. Review log/history of workflow run 


 


SOLUTION EVALUATION CRITERIA  
 Tool can perform the following: 


 Probability distribution 
 Regression algorithms 







 Descriptive statistics 
 Inferential statistics 
 Non‐Parametric statistics 
 Hypothesis testing 
 Clustering algorithms 
 Classification algorithms 
 Neural Networks 


 Workflow progression during run can be monitored 


 Errors are easy to identify & interpret 


 Log or history of workflow is easily available 


USE CASE 4 ‐ Integrate code, such as R and Python, into workflows 
  
PROBLEM  
Data scientists who write code in R and Python need to integrate that code into workflows.  
 
TECHNICAL SOLUTION TEST  


1. Create new workflows 
2. Source data into workflow 
3. Using a GUI insert a node or object that is part of the workflow that includes R code 
4. Using a GUI insert a node or object that is part of the workflow that includes Python code 
5. Run or schedule the entire workflow with the R node and Python nodes completing effectively 


and quickly 
6. Monitor workflow progress 


7. Output result to a visual to confirm workflow was successful 


8. Review log/history of workflow run  


 
SOLUTION EVALUATION CRITERIA  
 R code can be incorporated into workflows 


 Python code can be incorporated into workflows 


 The running of R and Python code within a workflow can be monitored and evaluated in case of 


error 


 Errors are easy to identify 


 Log or history of workflow is easily available 


USE CASE 5 ‐ AUTOMATE AND/OR SCHEDULE EXECUTION OF PRODUCTION JOBS 
  
PROBLEM  
Citizen Data Scientists and data scientists need to automate and schedule the run of jobs as necessary. 
 
TECHNICAL SOLUTION TEST  


1. Create a sample workflow 
2. Schedule workflow from within data science platform 
3. Edit schedule 
4. Monitor schedules 
5. Schedule workflow from an external tool such as Appworx 


 







SOLUTION EVALUATION CRITERIA  
 Workflows can be scheduled to execute at predetermined times/intervals 
 Schedule can be edited 
 An interface is available to monitor the workflow schedules 
 Workflows can be scheduled from an external scheduling tool like Appworx 


 
USE CASE 6 ‐ DEMONSTRATE AUTOMATED MACHINE LEARNING (AUTOML) CAPABILITIES 
  
PROBLEM  
Selecting models to train and develop can be a very time‐consuming task. An automated model 
development process can streamline tasks for data scientists and minimize the barrier of entry to citizen 
data scientists or business users. 
 
TECHNICAL SOLUTION TEST 


1. Automatically ingest data from databases or files 


2. Create custom relationships between database tables without writing code  


3. Automatically explore all available database entity relationships and discover features  


4. Evaluate all the features and expose only the relevant ones  


5. Develop a workflow containing the following: 


a) Regression algorithms  


b) Clustering algorithms 


c) Classification algorithms 


6. Perform automated hyper‐parameter optimization for ML algorithms 


7. Automatically performs feature preprocessing 


8. Automatically avoid overfitting 


9. Deploy AI/ML models into production environments with just a few lines of code 


10. Monitor model health and performance 


11. Dynamically retrain/update models as production data changes 


12. Retrieve scoring pipelines using an API call 
13. Expose feature pipelines for both flat tables as well as relational table features 
14. Present ML/Feature pipelines via an API 


SOLUTION EVALUATION CRITERIA  
 The platform can automatically ingest data from databases or files 


 Users can create custom relationships between database tables without writing code  


 The system can automatically explore all available database entity relationships and discover 


features  


 The system can evaluate all the features and expose only the relevant ones 


 The system supports the following:  


 Regression algorithms  


 Clustering algorithms 


 Classification algorithms 


 Data Mining (finding previously unknown relationships) 


 Machine Learning (ability to reproduce known relationships) using both supervised and 


unsupervised methods 


 The system can perform automated hyper‐parameter optimization for ML algorithms 
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 The system can automatically perform feature preprocessing 


 The system can automatically avoid overfitting 


 ML models can be deployed into production environments with just a few lines of code 


 Model health and performance can be monitored continuously 


 Models can be dynamically retrained or updated as production data changes 


 ML scoring pipelines can be retrieved using API calls 


 Feature pipelines for both flat tables as well as relational table features can be retrieved using 


an API 


 ML/Feature pipelines can be retrieved using an API 


 The system can monitor ongoing ML accuracy and degradation as production data changes 


 ML models can be retrained without downtime 
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University of Illinois System 


Accessible ICT Procurement Requirements 


In order to provide greater support for a variety of computing devices and input 


modalities and to meet it’s legal and ethical obligations in the procurement of 


information and communication technology (ICT), the University of Illinois requires 


that all ICT procured and deployed by the university meet requirements mandated by 


Section 508 of the rehabilitation act of 1973, as amended (29 U.S.C. §794d) and the 


Illinois IT Accessibility Act (IITAA) (30 ILCS 587/1), which govern ICT accessibility for 


persons with disabilities. In 2018, the IITAA was harmonized with Section 508. As such, 


an ICT product that meets conformance with IITAA will meet conformance with 


Section 508, and vice versa.  


Technical Requirements 


Commercial off‐the‐shelf ICT products procured or otherwise made available by the 


university must meet conformance with the W3C Web Content Accessibility Guidelines 


(WCAG) 2.0 Level AA requirements, as referenced in Section 508 and IITAA. ICT 


products that are developed for or substantially customized for the university must 


meet conformance with the latest recommended version of the WCAG requirements 


(currently WCAG 2.1). Compliance with WCAG 2.1 is backwards compatible with the 


WCAG 2.0 requirements. As such, a product that is compliant with WCAG 2.1 Level 


AA requirements will be compliant with Section 508 and the IITAA. 


WCAG 2 Requirement Levels 


WCAG 2 specifies three requirement levels, designated A, AA, and AAA. Level A 


requirements address the most basic and general requirements for ensuring ICT 


accessibility. Level AA introduces more specific technical requirements and includes all 


Level A success criteria. Level AA is mandated by federal and state accessibility law. 


Level AAA success criteria offer narrow support for specific identified user groups. As 


such, Level AAA requirements should not be utilized unless there is an identified need 


and meeting all Level AAA requirements simultaneously should not be attempted. 







University of Illinois System 


Level AAA requirements are not mandated by law; however, it is best practice to meet 


one or more Level AAA requirements where there is need. 


Mandatory Requirements  


Briefly describe how your product will meet the following thirteen (13) WCAG 2 


guidelines. Live demonstration of these product features will aid in the procurement 


decision making process. Note: A separate “accessible version” of a product does not 


meet the requirements or inclusionary intent of Section 508 or IITAA. 


1. Text Alternatives 


To fulfill this requirement, text alternatives must be appropriately descriptive of 


the non‐text content and must be presented in a way that does not require vision 


to perceive. (See Understanding WCAG 2.1 Guideline 1.1) 


Demonstrate or describe how the product provides text descriptions for images, 


graphs, charts, etc. as an alternative to visual content. 


2. Captions and Audio Descriptions 


Captions must use correct grammar and punctuation and, where appropriate, 


must identify the speaker and other audio cues. (See Understanding WCAG 2.1 


Guideline 1.2) 


If applicable to the product or user documentation, describe how captions, 


transcripts, and audio descriptions are made available to the user. 


3. Adaptable 


Users who are blind require the information, structure, and relationships in an 


application page to be presented in ways that do not require vision to perceive 


(i.e. programmatically) and is logical without the ability to see the screen. Many 


users cannot use a mouse and require keyboard navigation that makes sense for 


the application. (See Understanding WCAG 2.1 Guideline 1.3) 
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Demonstrate or describe how the product allows users to view and interact with 


content in a way that they prefer or require. 


4. Distinguishable 


Some users will be unable to perceive information that is presented only through 


a change in color, such as an error state or if color contrast is too low. Others will 


have difficulty reading page content if there is multimedia content that plays 


automatically. (See Understanding WCAG 2.1 Guideline 1.4) 


Demonstrate or describe how the product ensures that the most important 


content is presented clearly and logically to users with varying abilities. 


5. Keyboard Support 


Users who are blind and some users with mobility impairments use only the 


keyboard to interact with a computer. To fulfill this requirement, keyboard 


shortcuts and/or mouse keys cannot be the primary way that a user can complete 


necessary tasks using only the keyboard. (See Understanding WCAG 2.1 


Guideline 2.1) 


Demonstrate or describe how the product ensures that the most important tasks 


can be completed easily with only the keyboard (tab, arrow keys, 


spacebar/enter). 


6. Enough Time 


Some users require more time to read content and perform actions than do 


others. For example, it can take a user who is blind up to three times longer to 


complete a task than some sighted users. Others require the ability to pause or 


stop scrolling or auto‐updating information. (See Understanding WCAG 2.1 


Guideline 2.2) 


Demonstrate or describe how the product provides enough time for users with 


varying abilities to interact with content? 


7. Seizures 
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Components that flash more than three times per second can induce seizures in 


some individuals. (See Understanding WCAG 2.1 Guideline 2.3) 


Demonstrate or describe how the product prevents inducing seizures by limiting 


components that flash more than three times per second. 


8. Navigable 


To fulfill this requirement, navigation via the keyboard (e.g., tab and arrow keys) 


must be logical. Features such as visual focus indicators, for interactive elements, 


and good heading structure are required. The keyboard interface requirement 


should not discourage providing mouse input or other input methods in 


addition to keyboard operation. Any content that does not meet this functional 


requirement may interfere with a userʹs ability to use interact with all content on 


the web page. This includes all menus, other navigation, and dynamic objects 


(such as image slideshows), etc. (See Understanding WCAG 2.1 Guideline 2.4) 


Demonstrate or describe how the product provides ways that help users who 


cannot use a mouse or have visual impairments to navigate, find content, and 


determine where they are. 


9. Input Modalities (WCAG 2.1 only) 


Often, people use devices that offer several input methods, for example, mouse 


input, touch input, keyboard input, and speech input. These should be 


supported concurrently as users may at any time switch preferred input methods 


due to situational circumstance. For example, the lack of availability of a flat 


surface for mouse operation, or situational impediments through motion or 


changes of ambient light. 


A common requirement for pointer interaction is the ability of users to position 


the pointer over the target. With touch input, the pointer (the finger) is larger and 


less precise than a mouse cursor. For people with motor impairments, a larger 


target makes it easier to successfully position the pointer and activate the target. 


People operating pointer input devices may not be able to carry out timed or 
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complex gestures. Examples are drag‐and‐drop gestures and on touch screens, 


swiping gestures, split taps, or long presses.  (See Understanding WCAG 2.1 


Guideline 2.5) 


Demonstrate or describe how the product supports multiple input modalities. 


10. Readable (Web‐based applications only) 


In order to read text properly on the web, screen reader software needs the 


language of a webpage, or part of a webpage for multi‐language applications to 


be specified in the HTML code. (See Understanding WCAG 2.1 Guideline 3.1) 


Demonstrate or describe how the product ensures that text content can be read 


by people and by assistive technologies. 


11. Predictable 


Predictability is essential for users with cognitive disabilities and those who are 


blind. (See Understanding WCAG 2.1 Guideline 3.2) 


Demonstrate or describe how the product appears and operates in predictable 


and consistent ways. 


12. Input Assistance 


To fulfill this requirement, sufficient instructional cues, unambiguous error 


messages and other mechanisms that alert users to mistakes or help them avoid 


mistakes are present. Such mechanisms must be perceivable to users who have 


visual and/or hearing impairments. (See Understanding WCAG 2.1 Guideline 


3.3) 


Demonstrate or describe how the product assists users to understand required 


tasks and to avoid, identify and correct mistakes. 


13. Robustness and Compatibility 


Users must not be required to use a particular operating system (if applicable), 


web browser (with reasonable limitations on version compatibility), or assistive 


technology. The product must utilize programming standards and ensure that 
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the name, role and value of each interface element can be programmatically 


determined (See Understanding WCAG 2.1 Guideline 4.1) 


Demonstrate or describe how the product works with commonly used operating 


systems, web browsers, and assistive technologies. Note: Kurzweil 3000 has been 


identified as text‐to‐speech assistive technology in use at Illinois. Please 


demonstrate or describe how all content, including that in frames (web‐based 


ICT), can be highlighted and read by Kurzweil 3000. 


Product Feature Demonstration and Discussion 


1. It is desirable if one or more members of the vendor’s product accessibility team 


attend product demonstrations. 


2. NVDA is considered the best screen reader for initial product demonstrations, as 


it gives the truest glimpse of product screen reader support. If possible, please 


demonstrate how NVDA works with the product and be willing to discuss or 


demonstrate support for JAWS, VoiceOver for MacOS, and if product features 


include mobile device support, VoiceOver for iOS and Talkback for Android 


devices. 


3. When demonstrating or discussing product features, please indicate what 


operating systems and platforms, such as web browsers, are supported and the 


parity of product features across differing use environments. 


Assessment of Vendor Practices 


Due to the continually changing nature of software platforms and related technologies, 


accessibility flaws in products are commonly discovered after deployment. As such, 


vendors contracting with the university must demonstrate willingness and capability to 


address accessibility issues in a timely manner as they are identified. Please be prepared 


to describe and discuss the following points with the university’s product procurement 


team: 
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1. Describe the steps that will be taken when the University submits a request to 


address an accessibility concern including how a mutually agreeable timeline to 


address the concern will be obtained. 


2. Describe your process for on‐going testing, maintenance, and remediation of the 


accessibility of the product or service. 


3. Describe the role and qualifications of the individual(s) in your organization who 


will be dedicated to addressing accessibility issues. The representative(s) should 


be knowledgeable of the technical standards adopted at the University and be 


able to coordinate accessibility support for the product or service. The 


representative(s) should not be the same individual as a sales representative. 


4. If available, provide a copy of a thorough and accurate Voluntary Product 


Accessibility Template (VPAT 2.1 Preferred) created based on the Technical 


Standards for the product or service proposed. The VPAT should describe the 


proposed version of the product. 


5. If applicable, provide a copy of recent accessibility reviews completed on the 


product or service and identify whether future accessibility reviews will be 


shared with the university throughout the contract term. Any supplied 


accessibility reviews will remain confidential to the university’s product 


procurement team and internal accessibility specialists who may be called upon 


to evaluate the product. 






