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ABSTRACT
A case study of the JD Edwards Enterprise Resource Planning Product Management Team at a large Oil and Gas Company, National Oilwell Varco, implement Agile and Lean software development across multiple divisions.  The Case Study follows the Teams implementation efforts over a two year time period.  Follow the team from initial visualization of work flow, Kanban, through development of metric measurements to Heijunka.  The case study includes not only the implementation of tools. The case also addresses the behavioral changes and “buy-in” by team members.  The use of Lean and Agile software development resulted in a reduction of change request, throughput increased; defects decreased and implementation of continuous improvement ideas with reduced costs.   The teams’ ownership of the process is just as important a result.

INTRODUCTION
Could Oracle JD Edwards (JDE) Enterprise Resource Planning (ERP) Product Management Team learn something from their partners at the Air Center facility, one of the manufacturing plants for the company?  What can the Director of ERP learn from a manufacturing facility’s continuous improvement efforts that resulted in greatly reduced lead times, improved quality, and increased throughput, greatly improving on time delivery and reducing cost? Meddleton (2001), suggest lean software development could be a failure, can the team at National Oilwell Varco (NOV), a major oil and gas manufacturing company prove the process would work?  Follow one company’s experience of implementing both behavioral and structural changes based on Theory of Constraints (TOC), Lean, and Agile principles. The journey was not always “pretty”, but the team chose to see problems as opportunities to better understand the process rather than reasons why the new principles didn’t work. Learning from mistakes to continually improve.  


LITERATURE REVIEW OF TOC, LEAN, AND AGILE AS APPLIES TO SOFTWARE DEVELOPMENT
Can aspects of Agile be combined with Lean to provide more efficient software development?  That was the question posed by Dan Wood in a 2010 Forbes article.   Wang, Conboy, and Cowley (2010, p. 3) coined the term “leagile” Software development to denote a software development process including both agile and lean elements”. Wood (2010) stated that Agile’s drawback is the lack of applicability to large scale organizations and projects which lean was designed to handle. Research suggest the use of Lean’s value streams, Kanban, and Kaizen  with Agile daily meetings, story point methods result in faster delivery of a higher quantity product at a lower cost (Middleton and Joyce, 2010; Rodriquez, Partanen, Kuvaja, Oivo, 2014; Svitis, 2013; Wang, Conboy, Cawley, 2010;Woods, 2010).  Edogmus, as quoted in Roqriquez et al (2014, pg 4771), relate the similarities of Agile and Lean, “if we avoid nit-picking based on sematics, it’s easy to come up with a many-to-many mapping”.
Wang et al (2010, p. 21) reviewed 30 cases of Lean application in Agile software development and found that the most used principles are “value and eliminate waste”.  Wang et al (2010) also noted a difference in intent in the application of lean to agile software development.  In earlier studies the intent appeared to be a less conscious use of Lean principles and methods, while the recent studies the intent was more a conscious acknowledgement of the use of Lean principles and methods especially Kanban. Specifically, Kanban’s visualization of work in progress (WIP) (Ahmad, Markkula, Oivo, 2013).   The introduction of Lean principles and practices indicated a mind set change from time boxed agile to flow based lean processes. (Middleton, Joyce, 2010; Wang et al., 2010).  Previous case studies found there is no set framework for what is Agile-Lean software development. Companies create their own perspective of agile and lean software development using components based on their own software development context (Rodriquez, et al., 2014).  
Lean software development is the application of Toyota’s Production System (TPS), with the main goal of reducing overwork (muri), reduce unevenness (mura) and reduce waste (muda).  TPS identified 7 kinds of waste.  Womack and Jones (1944) describe TPS as “eliminating unnecessary steps, aligning steps into a continuous flow, combining work into cross-functional teams, and continuous improvement. Lean software development has applied five principles of lean as describes by Rodriquez et al. (2014) are value, value stream, flow, pull, and perfection. The book The Machine That Changed the World “described “lean” as any efficient management practice that minimized waste” (Popendieck, Cusumano, 2012).   Svitis (2013) describe Tom and Mary Popendieck as being the cornerstones of lean software development. The Popendieck’s used lean and associated it with agile in software development (Poppendieck, Cusumano, 2012)
The current research applies Toyota Production System (TPS) principles: create a continuous process flow to bring problems to the surface, use “pull” systems to avoid overproduction, level out the workload (heijunka), build a culture of stopping to fix problems to get quality right the first time, use visual controls so no problems are hidden,  grow leaders who thoroughly understand the work, live the philosophy, and teach it to others. The organization should become a learning organization through relentless reflection (hansei) and continuous improvement. Rodriques et al. (2014) and Middleton (2001) found that WIP is important in the application of Lean software development.  The use of Kanban is important to visualizing WIP along with the focus from push to pull.   
Rodriquez et al. (2014, pg. 4772) “that although Lean Software Development is a promising approach, the low amount of available studies and the dominance of some authors make difficult to draw reliable conclusions.”  The object of this case study is to add to that knowledge base a successful implementation of Lean and Agile Software Development Principles.  
 BACKGROUND
When NOV created the Wellbore Technologies business segment, the JD Edwards (JDE) team found themselves about to support implementations across multiple divisions as well as increasing requests for enhancement across the existing footprint; all in an increasingly hostile business environment for Oil and Gas companies.
To respond to the new business environment the JDE department was divided in to two teams; a Project Management Office focused on new implementations and a Product Management team focused on Application Lifecycle Management for JDE led by Paridhi Singi, Manager, Application Life Cycle - JDE. 
At this this time Brian Freund, one of the JDE Project Managers was working with Ranga Arumugam, the General Manager of Air Center facility helping support the lean transformation Ranga was leading. In less than a year the Air Center team achieved the following improvements:
· Past Dues – from 500 late work orders to 0.
· Leadtime reduced from 70 days to 40 days
· Scrap and rework decreased 70%. Cost of Quality % was reduced in line with scrap and rework.
· On Time Delivery increased from 40% to over 90%.
These accomplishments were achieved during a very challenging business environment. Hearing of the successes at Air Center made James Paton, Director of ERP, became interested in the possibility of applying the same principles with the JDE team.
This case study follows the actions of the JDE Product team, the first Wellbore Information Systems team to apply Lean and Agile principles.

IMPLEMENTATION
June 2015 To June 2016 (Initial Implementation)
Initial implementation focused on making the work and process more visual, and scheduling work in to Monthly sprints. 
Initial visualization of the work was done by writing each change request on Post It notes and placing them on a KANBAN board that was divided by columns to represent each step of the Delivery Process from Approved Backlog through Deployment to Production. (insert picture old board).  The Post It notes used color coding to identify the functional area the change request belongs to, i.e. Pink was Manufacturing, Orange was Distribution, etc. Picture 1,2
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picture 2
The immediate benefit was visibility of all work the team was committing to, shining a light on the hidden work and identifying conflicts in priority and overloaded functional areas to be addressed by management. This also uncovered that the team was being responsive to the most urgent needs from the Business (Squeaky wheel syndrome...!) instead of working on what the Business felt was most important. The team then focused on improving processes so more of their work would move in to the Important but not Urgent quadrant, picture 3.
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Paridhi held monthly Change Advisory Board (CAB) with the JDE Process Owners for each functional area and key representatives from the business. Change Requests were prioritized and committed to time frames over the next 12 months. Planning went from detailed planning on what would be delivered in the next few monthly releases to what would be delivered in quarters further out. The near-term commitments were scheduled to be delivered in a Sprint. 
Daily stand up meetings were started and led by Paridhi. Each team member would answer three questions, what I did yesterday, what I’m doing today, and what obstacles I need help with. Any obstacle the team couldn’t immediately commit to solving after the meeting would go on a flip chart with an owner assigned and a target completion date, so updates could be provided to the team.
There were initial concerns from the team members on what to mention in Stand up, what details and how to ask for help without looking small. Over time, the team realized that asking for help, actually gets help in return and keeps the work moving forward to completion. Transparency slowly came inside the team. Management Buy-in and commitment to the process of offering “Help”, further gave a solid back to the process.


Results June 2015 – June 2016
The main metrics tracked during this time were departmental cost, number of change request processed, and percent of change request delivered on time. 
The number of change request delivered improved during the period, while reducing headcount 15%.  However, true performance was difficult to measure as the effort required to deliver a change request vs a group change request was highly variable. A few large change requests in a month could really skew the numbers completed. This required a lot of qualitative analysis (individual analysis of effort for change request and environmental factors impacted flow that month) to determine if performance was improving month to month. Delaying corrective actions.    
After a year of living with the new processes, James asked Ranga to review their processes before he left for his new assignment in the Middle East. He was impressed with what had been accomplished. However, he also pointed out that there weren’t any controls on Work in Process (WIP), there were no metrics to let the team know if they were winning or losing on a daily basis, and improvement in systems were driven by management. Ranga saw a great opportunity for applying lean principles in a way he had never seen before, and suggested conducting a class on Lean with the JDE Product team. 

June 2016 – Fall 2016
During the Lean class Ranga stressed the need for the team to understand and feel Lean in their bones and to take personal accountability for the processes they followed. He suggested the team read The Goal together, conduct a value stream mapping exercise to define how work should be organized, determine where their constraint is, and offered to provide a weekly coaching call if team would commit to the process. Ranga always stressed the importance of achieving Flow.
Brian facilitated the Value Stream Mapping exercise. James, Paridhi, JDE Product Team, JDE Process Owners, JDE Development Manager, and JDE Business Relationship Managers, participated in the Value Stream Mapping workshops. The workshops identified that work needed to be grouped by both functional area and type of work. Out of the workshop, the KANBAN board was changed to add swimlanes for Distribution, Manufacturing, and Finance. The board was further divided in the swimlanes inside development step to differentiate between work that required JDE developers, Oracle Business Process Management (BPM) development, and other development. Post It note color changed to denote the type of work for the request; Change Request, Tier 1 Project Support (Generally cap-ex projects, and managed by the JDE PMO), Tier 2 Project Support (large bodies of work requiring a PM, but not using the PMO), Internal technical request, non-technical change request, and unplanned work. Limits were placed on each step in terms of capacity/resources available.

A book club was established to read The Goal. Brian facilitated discussion groups every two to three weeks to discuss a section of the book with Paridhi, James, and the JDE Product Management and Development teams. The initial response of the book club was reluctance to believe that a novel about a manufacturing facility would have applicable lessons for knowledge work. Despite this reservation the team was committed to reading the book and willing to try applying some of the techniques and principles discussed in the book. The discussions were lively and showed the passion of the JDE Product Team. 
Ranga began weekly coaching calls with Paridhi and Brian in June. He challenged Paridhi to identify metrics to provide the JDE Product team daily feedback if they were winning and losing. He suggested following the NOV Daily Management System (NDMS) he implemented at Conroe facility and was rolling out across the Drilling and Intervention division manufacturing facilities. Ranga stressed “Belief in Metrics and goal to achieve flow” was the soul of the team. 
The adoption of NDMS was a natural evolution from the daily standup the JDE Product Team was following. The first Key Performance Indicator (KPI) metric Paridhi and the team decided was Throughput. The traditional metric of number of change requests completed was insufficient to provide proper insight into the health of the process so the team was not able to identify, interpret, and understand when the process was out of alignment and hence delaying immediate corrective action. Using Story Points was the answer to provide a relatively sizing of work request. Making capacity planning and scheduling more effective, and providing a mechanism for feedback on velocity. After analyzing the current production over a baseline time period, the Product team decided a two weeks rolling average for Story Points Delivered per day provided them right measure of Daily Throughput and appropriate balance between smoothing and reactiveness. 
As weekly coaching calls continued, Ranga pushed Paridhi to get the Product team to also track Delivery, Quality, and Innovation (speed). The Product Team chose Quality as the second KPI they would track. The primary metric was chosen to be the number of Story points to fix defects found each day. Two secondary metrics for quality were Number of Production Escapes (a bug in production from changes deployed in the last 30 days), and the percentage of defects found in development or before. A defect is defined as any backward movement in the process end to end.   
The metrics for Delivery were not as obvious. On time delivery wasn’t very meaningful as few requests had specific dates they needed to be completed by, and sometimes tied with actual technical deployment process. Coming from Lean, Waste is the biggest killer. The Product team chose measuring wait time (biggest waste). Selecting the Average number of days waiting for Development as the primary metric, and Average number of days waiting - unplanned as a secondary metric. Unplanned waiting was anytime the Product team waited on someone outside the process flow or outside their team.    
Wait Baskets Kick In!  Team decided to split each step (e.g. design, development) into Waiting and Active. One person could only work on one request at a time, rest of the requests will line up in Wait Basket till then. This was giving visual clues downstream, if wait basket is full – there is no need to pull more requests till wait basket gets empty, rather it is opportunity to help team where work is stuck or find other flows to help. This helped tremendously to reduce WIP in the flow, picture 4.
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The JDE Product team performance was improving, but dips in performance occurred when too many large or small request were grouped together. There was a time when the majority of large requests pulled together created a bottleneck in Development, which starved Testing and further steps upstream. Paridhi and Brian visited one of the Black Belts to discuss how he had addressed a similar problem with work request for the product engineering team. The answer was a Heijunka (implies Leveling). Picture 4 Heijunka is a technique for reducing the Mura (Unevenness) which in turn reduces muda (waste) in a process. It was vital to the development of production efficiency in the Toyota Production System and lean manufacturing. The goal is to produce a mix of products every day so work can proceed at a constant and predictable rate.
The JDE Product reviewed their backlog and determined the correct mix of request sizes to produce every cycle. The idea was to deliver the product, in the same rate the requests were entered. This, combined with right mix of small, moderate and big requests which current team could support gave the combination of Heijunka Cycle (e.g. 2 Requests of Size 5: 3 Requests of size 13 – 21: 1 Requests of size 34). Exception rules were established later in case Backlog mix changed. The team created a Heijunka board to insure a mix of request sizes would be included in each cycle.
Monthly, the JDE Product team got together and Paridhi facilitated a retrospective to review what worked well and what could be improved. Part of the retrospective was for everyone to give a happiness score and mention the one thing that would make you happier (Sutherland 2014). The quality of root cause analysis (RCA) improved as the team conducted more retrospectives and conducted RCAs any time a KPI metric went red. Every movement backwards in the value stream, or any negative indicator in the metrics is captured as a Defect. Each Defect is followed by Root Cause analysis session. Each defect is seen as an opportunity to improve the process further.   
Results June to September 2016
The team’s performance responded impressively to the new processes.
· Throughput increased from a baseline of 14 story points to 21 in September.
· Defects reduced from a baseline of over 6 story points per day to under 2.5 Story Points/day in August and September.
· Happiness score increased from a baseline of 3.5 to 3.8 in September.
Winter of 2016
To further reduce cost and respond to more complex integrated solutions required by the divisions, the Wellbore IS team reorganized around Process Towers for Business Relationship Management, Enterprise Architecture, Project Management Office (PMO), Enterprise Delivery, Logistics & Compliance Solutions, & Grant Prideco, and a hybrid Application Management Services (AMS) agreement with Kirtane and Pandit Information Technologies (KPIT). The JDE Product team moved to the newly formed Enterprise Delivery Tower, reporting to Bill Droke, Director, Enterprise Delivery. This combined the JDE product team with all the other application product teams and created a fertile environment for Product Teams to share Lean and Agile best practices.  
At the same time, team was challenged to deliver a major Upgrade Project on Oracle JDE ERP  using the Kanban Delivery techniques. Team went back and divided the total scope of work and put into multiple Heijunka cycles with their sizes and proportions set by the team.  The Upgrade Project was converted into delivery of 6 Heijunka cycles. Same Metrics were measured as in other cases, that helped team to track every day if they were producing at the right rate or not without waiting for delay to happen and cause impact to the Promised Date. Result was team saved 2.5 weeks in comparison to original estimate done.
2017
With over 5 months of formally capturing metrics on various KPIs, JDE Product Team started to draw the trend and behavior results in monthly comparison format. Brian suggested the Hoshin process, also known as Policy and Goal Deployment. Paridhi facilitates the discussions with the JDE Product team to review performance for 2016 from August to December using the Bowling Chart. Figure 1 The team reflects not just on how well they did, but are their metrics helping them uncover opportunities for improvement. The team then discussed what metrics should be changed or even retired, and what targets should the team set. After the team agreed on metrics and targets for each KPI, Paridhi scheduled a Catch Ball session with Bill, Director, Enterprise Delivery to set the 2017 plan.
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Paridhi and the JDE Product Team met with Bill to review the team’s 2016 Bowling Chart and their suggested metrics and targets for 2017. The team had a back and forth discussion with Bill; with Bill explaining the objectives important to the Wellbore IS leadership team and encouraging the team to challenge themselves, and the team explaining how the metrics chosen will support the objectives and what realistic aggressive targets should be. This became a Quarterly process for the team to ensure metrics stay accurate and current.
The Catch Ball process is critical for the team to own the metrics they use and take personal accountability for meeting the business objectives. Aligning the team’s goals with the department’s goals.
More and more, transparency towards sharing results or asking for help was becoming the mindset of the team. The Team felt the need to communicate to Management about what their department delivered, its performance and impacts.  Monthly Management Business Review (MBR) Figure 2 was suggested by Brian. Paridhi and team agreed to try this process. The first MBR was held in April. Before the actual review is performed, team internally performs a Prep MBR Meeting to analyze and document reasons for deviations from targets, and agree on future expected results and implication. Later in the same week, Paridhi and Team meets with Bill to review the team’s performance for the month, improvement ideas implemented, reasons for deviations from last month’s plan, followed by any future implications, and what the team expects to achieve next month. 
The MBR is a quick meeting mainly focused on reasons for deviations and future implications. The team’s performance is tracked daily and displayed visually in the team’s area as well as on-line using dashboards. With the results already known by everyone there is no need to spend time reporting what happened and instead the meeting focuses on what the team has learned and if they need help on any area from Management.  
The JDE Product team has truly internalized the principles of Lean. It shows in their discussion in front of their KANBAN board, discussing how they can help, or ask for help in areas that are stuck, and where there are opportunities to increase flow. how they talk in terms of we and not I, how they embrace root cause analysis, always looking for how the team can improve, their desire to experiment with new processes and techniques, the way they hold coworkers and management accountable in a principled and positive way and shining the light when they see behaviors that violate the values and principles of Lean and Agile.    
2017 Results Thru July
· Throughput has exceeded 20 Story Points per day, 4 out of the first 7 months in 2017. With a high of 27.1, a low of 13.2, and Monthly average of 20.2. A 42% improvement over baseline
· Daily Defects (Story Point) Average has been below 3 in every month and below 2 in 3 months, with an overall average of 2 story points per day. A 66% reduction in Story points to fix defects.
· 17 Continuous Improvement Ideas implemented in 2017 thru July.
· Happiness score met or exceeded target of 3.5 out of 5 in 6 of first 7 months with a high of 4.1 in June.
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FUTURE IMPLICATIONS
· The Monthly Business Review and NDMS process will be rolled out across all the Delivery Teams. 
· All Delivery teams will use either Scrum or NOV Kanban method. All the major applications are currently supported by either Scrum or NOV KANBAN teams. 
· Cross Training across modules and measurements to evaluate the outcome
· Continuous Evolution of Metrics under Catch Ball Process
· Apply Lean and Agile principles to manage and align priorities across all of the Process Towers.
· Use Drum-Buffer-Rope scheduling technique to control release of work into the process and manage WIP before development and in total.
· Establish a cross functional team to promote Lean and Agile principles and lead the Continuous Improvement Office. Agile Convergence Entente (ACE).
· Continue Book Club with cross team participation.


[bookmark: _gjdgxs]Figure 1, Bowling Chart
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Management Business Review – JDE 2017-07
	Expected Results
	Quality
	Defects/Day (Story Points to Fix)
	<= 3 per day

	
	Defects - # of Production Escapes
	0 per month

	Delivery
	Number of requests Exceeding Target Wait Time at Development
	0 per day
Wait Time: 4 days or more

	
	Number of requests Exceeding Target Wait Time in Unplanned Wait
	0 per day
Wait Time: 5 days or more

	Cost
	Throughput (Story Points) 2wk rolling avg
	>= 20 per day

	People[Culture]
	# of Improvement Ideas Implemented
	>= 2 per month

	
	Happiness Rating
	>=3.5 per month





	Actual Results
	Quality
	Defects/Day (Story Points to Fix)
	1.6

	
	Defects - # of Production Escapes
	2

	Delivery
	Average Wait Time at Development
	0

	
	Average Unplanned Wait Time
	0

	Cost
	Throughput (Story Points) 2wk rolling avg
	21.4

	People[Culture]
	# of Improvement Ideas Implemented
	3

	
	Happiness Rating
	3.75


 
Improvement Ideas:
1. Wiki Page for SOA displaying Environments linked between various systems.
2. JIRA Consolidation WTENTAPP, and Refinement workflow enhancements
3. Dedicated Analysis step by Leads; Out of Detailed delivery workflow unless any help requested by Team Member. 


	Analysis of Deviation
1. Production Escapes (Size 3)
a. MRP Version Issue causing conflict between JDE MRP and ASCP Messages; Introduced under WBTJDE-2395
b. Issue under Item Master forcing users to enter Units for Weight; RCA Pending; Introduced under WBTJDE-1646
2. Missed Throughput
a. GST Implementation
b. Development buffer for one resource ran dry for one day
c. Missed throughput on few troubleshooting Requests (SP: 18)
i. WTCI-240 ( Not getting correct price in SR in TAT)
ii. WTCI-242 (EN released from TC exist without processed flag and attachment for payload is missing in the iLink dashboard)
3. Gained Throughput: 7% Up than the Target
a. Non Technical requests contributed more than usual last 2 - 3 months (122 Story points this month over 66 highest in last months)
b. Team looked out for themselves in terms of pulling next requests when no signal upstream ( E.g. BPM Pull, Tableau pull)


	Future Implications
1.  No Prioritization mechanism on "Troubleshooting Requests" as of now. Backlog up to 9+ requests; might have some implications in future.
2. Continuous focus of team on "Analysis" as we see "Coordination with all Stakeholders" is one of the concerns in this steps.
a. New process over Detailed Delivery workflow, which is faster over this one.
3. Quite some rework kicked off in last week of the month of July; it might impact Delivery for this month. RCA Pending.
4. Resource Changes/Impact
a. Will be providing one resource to Helpdesk for one week during month of August.(Distributions)
b. Distribution resource (Deepak) not available for 2 weeks.



	Expected Results for Next Period
	Quality
	Defects (Story Points to Fix)
	<= 3 per day

	
	Defects - # of Production Escapes
	0 per month

	Delivery
	Number of requests Exceeding Target Wait Time at Development
*Will continue for one more month to watch for pattern
	<= 0 per day
Wait Time: 4 days or more

	
	Number of requests Exceeding Target Wait Time in Unplanned Wait
	<= 0 per day
Wait Time: 5 Days or more

	Cost
	Throughput (Story Points) 2wk rolling avg
	>= 20
per day

	People[Culture]
	# of Improvement Ideas Implemented
	>= 2 per month

	
	Happiness Rating
	>=3.5 per month







NOV Daily Management System Board
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Number of Change Requests per Month



Green- HIT

Yellow- Miss Month but hit year



Wellbore Product Management KPIs



Defect Story Points Score (P) (Daily Score)



Delivery

# of Tickets exceeding Target Wait time for Development  (P)



# of Tickets exceeding Target Wait time for Unplanned wait 



Average Time CRs in Waiting (Unplanned WIP) (Days)
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