SDA INFUSION REPORT

SDAInfusion Project - Final Report

Preface

This report discusses the results of two NASA Mission Operations Directorate (MOD) software projects using Software
5S @St 2 LIS NREA) ptoduét Betivéeh Jyhiiary and October of 2008. SDA is a workflow/process automation tool
developed via NASA SBIR contracts and was designed to guide and lead software teams through all of the mandated
process activities mandated by NPR 7150.2.
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Software Assurance Research Program (SARP). SARP personnel were instrumental in supporting, shaping and giving

guidance on future works with the SDA product. More information on the SARP program and their activities can be

found at: http://www.nasa.gov/centers/ivv/research/osmasarp.html.

Tietronix is the technology provider who has built and evolved SDA over the last five years through NASA Small Business
Innovative Research (SBIR) contracts listed below and through additional Tietronix investment in the technology.

e SBIRPhasel Jan 04 ¢July 04 Sponsored by Engineering Directorate
e SBIRPhasell Nov04¢Nov06 Sponsored by Engineering Directorate
e SBIR Phaselll Sep 07 ¢ Mar 09 Sponsored by Engineering & MOD Directorate

SDA is a software process enactment platform that guides NASA software teams through their project specific standards,
processes and procedures. Software projects are decomposed into all of their required processteps or tasks. Each task
Ada aaAaA3dySR (2 LINRP2SO0G LISNE2YYSt ® {51 2NOKSadGNI GSa
the correct sequence. SDA notifies team members when they should begin work on their assigned tasks. SDA assists
project team members for completion of each process task by providing (with SDA constructs in bold):

e detailed Instructionsand Background Informatiorfor the task

o Templatesfor any artifacts to be worked on in the task

e Examplesf completed artifacts, work documents and other data associated with the task
e Inputs¢ all data, project information and status required to work on the task

e Outputsc all data and project information and status required to complete the task

o Referenceg; Info, links, help numbers, people, etc. that can provide insight, support, knowledge, lessons
learned, and so on, relative to completing process tasks faster & better.

Additionally SDA has functions to aid team members and managers by capturing, managing and providing access to real
time process and project information such as schedule, status, history/audit trail, metrics, alerts, plus general and ad-
hoc reports.

SDA is a web based application supporting simultaneous interaction and collaboration of geographically distributed
team members.

Tietronix Software, Inc.
TIETRONIX 1331 Gemini Ave, Site 300, Houston, TX 77058
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1. Infusion Project Goals and Objectives
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process overhead, increase project/process governance and compliance, and provide a reliable means to improve
process.

MOD has recently approved a new/significantly updated Software Management Plan (SMP) that is NASA Procedural
Requirement (NPR ) 7150.2 compliant and is mandated for all Directorate software projects. The SMP specifies all
process activities required for NASA class A-H projects and their associated safety and security designations. The SMP
also allows for differing lifecycle methodologies such as waterfall, iterative, and agile depending on the nature and size
of the project. MOD evaluated{ 5! Q& | 0 A fexpdited process oFhéad aSt@ePDirectorate enforces strict
compliance of the new SMP processes and procedures.

Specific efficiency goals included:
e Help projects transition from the old process to the new SMP process quickly
e Reduce training requirement for new hires or inexperienced personnel
e Automation of much of the clerical and handoff process functions
e Automatic metric collection
e General intra-team communication improvement

2. Projects & Setup

An ideal infusion experiment would have SDA used on two different real projects from start to finish. The Timeliner
project described below has a short lifecycle of ~ six months, and SDA was used throughout. The CxPASS project is a
multiyear effort and this Infusion report covers SDA use during the first two iterations of a many iterations project. In
the absence of the SDA tool, both projects would have used the documented process requirements in their Directorate
Software Management Plans (SMP) and Project Software Development Plans (SDP) to guide them through their
mandated process activities.

2.1 Projects

A high level description of the projects relative to SDA use follows.

- TimelinerBundle- Class A software project ¢ waterfall process, safety critical

0 Description: A Timeliner Bundle is an automated script for use on the International Space Station (ISS)
using the Timeliner tool and scripting language. The current software development and certification
process is very labor intensive and requires extensive coordination using a tool that was created for
procedure development approval coordination. This is considered class A software and can be safety
critical depending on the operation. SDA was used on the Timeliner project ¢ CCS R7 Caution and
Warning Sync. This bundle configures the backup C&C MDM for caution and warning (C&W) based on
the configuration of the primary C&C MDM. In other words, the bundle syncs the backup to the primary
MDM.

0 SDA Users ¢ Eight (8) from following organizations: Safety, ISS Avionics office, IV&V, Flight Control,
Prime/Sub Contractor, and Program Management

- Tietronix Software, Inc.
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- CxPASS Class C Process ¢ Iterative lifecycle, minimal safety critical functions

0 Description - The Constellation Procedures Application Software Suite (CxPASS) is a suite of software
tools to support ground operations for CEV electronic procedures. This project task is to design, develop,
certify and sustain ground supporting tools of the CEV electronic procedures system. The ground
support toolset is envisioned to include a procedure authoring tool, a ground based procedure viewer, a
ground based procedure executor, a procedure library administration tool and a utility for translation
and verification of procedures.

0 SDA Users ¢ Fifteen (15) from the following organizations: Software Engineering, QA, Project
Management, COTR, MOD, and the Program Office.

2.2 Project Setup

For both projects, the chosen software lifecycle process was modeled and created in SDA using a graphical process
editor. Each process step was identified as well as the process flow. For each process step, the following attributes
were specified and implemented: inputs, outputs, role of individual assigned, relevant reference materials, background
information, instructions, templates, and examples.

Descriptions of annotated SDA screenshots illustrating an active project process and some interesting operational
aspects of SDA can be found in Appendix A:

- High Level CxPASS Process Phases figure 1
- 2" level breakdown of Process figure 2
- 3"Jevel breakdown of Process figure 3
- Lowest level process flow figure 4
- Perform Work example figure 4
- CMMI mappings ¢ process view figure 5
- CMMI reports ¢ detail figure 6
- CMMlI reports ¢ graphic figure 7

3. Project Results

3.1 Timeliner Project

High level results:

e Timeliner project personnel gained a better common understanding and vision of their Process. This was due to
SDAs graphical representation/animation of the process in action throughout the project duration. It became
easily visible to the Timeliner team which areas of the process were problematic.

e SDA allowed process improvement discussions and planning to occur frequently. In the past such initiatives and
discussions bogged down for numerous reasons, all lessened through SDA use.

e Timeliner project participants reported efficiency gains in inter and intra group communications, status
reporting & review activities. The leading factors for this stemmed from automation in areas of: handoff
between tasks, status collection & reporting of project and process activities, alerts, audit trail maintenance, and
electronic signatures. Another contributing factor was the easy and common access to process and project
information at varying levels of granularity.
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General SDA feedback included:
e Usability improvement suggestions
e Interest in having other project processes integrated with SDA
0 Action Item Tracking
0 RIDs
0 Note ¢ these modules were added to SDA after the Infusion project concluded
e Interested in more seamless integration with MS Word.
e Interest in SDA enhancements to allow end user Process Authoring and Customizations in addition to the
existing end user Process Tailoring features.

Note: Feedback for both the Timeliner and CxPASS projects (below) represent both the management and engineers
perspectives. While this may seem atypical, both parties were aligned with regard to their initial reactions to SDA use.

Overall the Timeliner project personnel involved with the SDA Infusion were positive on the value of SDA and the
general process automation approach. It was clear that SDA increased the control, visibility and management of the
software process and project. The Timeliner group intends to continue using SDA for future bundles and stay involved
providing feedback to influence future SDA features and improvements.

3.2 CxPASS Project

CxPASS is a longer term project than Timeliner with first code deployment in 2010. The perspective of the project team
and results of the SDA Infusion reflect this. The results below reflect CxPASS SDA usage for about 10% duration of the
lifecycle period that spans project kickoff to deployment.

High Level results:

e Improved process visibility and understanding achieved through a deep review and its SDA implementation by
project leaders before having the entire team use SDA.

e Product creation and management is greatly enhanced over a non-SDA approach - where HroductsCare the
mandatory artifacts required by the NPR 7150.2 compliant process.

e CxPASS software team managers actively enforced project use of SDA to take maximum advantage of metric
collection and audit trail features of SDA to automatically capture Capability Maturity Model Integration (CMMI)
relevant information. SDA captures both direct and indirect information required to support Standard CMMI
Appraisal Method for Process Improvement (SCAMPI) audits. CxPASS has great interest in SDAs ability to reduce
the effort of a SCAMPI audit by providing all info required through SDA CMMI reports. SDA maintains an
internal mapping of process steps to Practice Implementation Indicator Descriptions (PIIDs) which are used in a
SCAMPI audit.

e CxPASS team leaders developed an interest in improving their process as well as increasing SDAs ability to make
such improvements easier.

General SDA feedback included:
e Usability improvement suggestions
e Wanted other processes integrated with SDA
0 Document Management
0 Action Item tracking
0 Requirements Management
e Interested in more seamless and robust integration with MS Project.
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e Better support for iterative processes, especially when iteration activities overlap slightly
e Interest in Software Development Folder (SDF) support (which is being added to SDA in 2009).

4. Common Results
Both projects discussed in this report had the following similar reactions to using SDA:

e Better process awareness
e Process Improvement behavior
0 Increased and Proactive
0 Genuine
0 High participation
Low user resistance
Abundant and engaged user feedback
Perception that SDA saves time and effort

4.1 Better Process Awareness
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members can visually inspect the lifecycle process at high or detailed levels where status, status vs. schedule and other

project attributes are graphically depicted. Clicking on process components provides more detailed information which

can be context sensitive relative to the inquiringi SI'Y YSYo SNDRa NBf So
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parts. Historically it has been difficult for team members to get any kind of coherent and uniform process insight as
process documentation was (or is) commonly distributed throughout many disparate locations spanning several
organizations and was often inconsistent. SDA has it all in one place.

The heightened process awareness that use of SDA fosters may have influenced observations described in the following
sections. An interesting phenomenon of the new process visibility is that the process is perceived objectively by the
participants ¢ management and workers. The complete visibility of all process details combined with a comprehensive
NEO2NR 2F (GKS GSIY Y SYhéysdldExBroughhé prodeys dedutessidjechidd dnalyisvfi

process activities. SDA seems to diminish situations requiring judgment calls over what the process really intended and
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SDA, or an SDA approach seems to be for Software/Engineering Process what Instant Replay is to a sporting event.

Much of the subjectivity is removed.

4.2 Process Improvement Behavior

After rolling out SDA to the entire SDA Infusion project teams there were many discussions and activities centered on
improving the project processes. It was interesting in that discussions were broad based with genuinely engaged project
personnel across all project roles. Historically such conversations are rare and often limited to Project Management and
Quality Assurance negotiating process modifications to help avoid further schedule delays or budget overruns.

This process improvement behavior itself is not enough evidence to conclude that technology like SDA could be a
catalyst towards real and HroperlyCmotivated process improvement consciousness and actions. Of note, using SDA for

Tietronix Software, Inc.
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the Infusion projects necessitated a much deeper focus on process than expected. Additionally the projects were
required, according to their process, to have periodic SDA feedback and debriefing meetings. These factors alone could
explain the heightened and more enthusiastic approach to process improvement that was experienced.

ThisAda |y AYLER2NILFyYyG llbeMdBritorifg folthisaHermmehoyf iR futdgr&SOA deployments.
4.3 Low User Resistance

There was an initial concern and identified risk that the SDA Infusion projects may encounter user resistance based on
the following two considerations. One ¢ Most software process initiatives and tools that support them have historically
been met with varying levels of rejection typically based on the increased complexity and overhead that is created. Two
- SDA is a relatively young tool with only a handful of previous deployments. These concerns turned out to be
unfounded, but also the risks were identified up front and care was taken to choose projects where the identified risks
would be minimized.

While we were happy to see both projects positively react to using SDA, we are cautious in predicting low user
resistance in future projects using SDA. MOD looks to roll out SDA to more projects to help them minimize additional
overhead from the new SMP as well as guarantee compliance. We were happy that both projects positively received
SDA and accepted it for its intended use.

One of the Infusion team members suggested that user resistance is more directed towards the process, and once the
process resistance is overcome, then SDA resistance is minimal. In fact, SDA becomes desirable.

An administrative snag prevented a major Subcontractor of MOD to use SDA during the Infusion project. SDA was
created and built through NASA SBIR contracts. Both NASA and the contractor that created SDA (Tietronix) jointly own
the Intellectual Property. In order for the MOD subcontractor to use SDA they are required to agree to a NASA
generated User Agreement. This is called a Software Usage Agreement (SUA) and comes from the NASA Tech Transfer
department. The terms of the SUA are quite benign compared to commercial software agreements and the SUA
acceptance situation should not be a practical issue for future SDA project use.

4.4 SDA Product Feedback

Both projects provided an abundance of feedback to Tietronix, the technology provider. Much of the feedback involved
usability suggestions, followed by product enhancement suggestions and desired SDA integrations. Tietronix welcomed
the usability suggestions and implemented some of them during the Infusion project. Many of the other usability and
enhancement suggestions were placed in the SDA roadmap. The SDA integration recommendations included other
processes such as Action Item Tracking, RID, general Review, and Project Management processes. SDA 3" party product
integration wishes and suggestions included popular CM products (including Windchill/ICE), and requirements
management tools.

At the end of the Infusion project Tietronix delivered an action item tracking and a RID process module. There was not
sufficient time to allow a good review of these capabilities.

Despite the fact there was a reasonable amount of product feedback, both projects found SDA to be effective at
automating and guiding the team through their software lifecycle process and very useful in accomplishing this. By and
large they embraced the use of SDA to this end, and provided feedback in the spirit of strengthening the tool to their

Tietronix Software, Inc.
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specific needs. Both projects were very positive with the process-centric approach taken by SDA to help projects
manage their process.

4.5 SDA Efficiencies

Both projects were convinced that SDA saved time and effort in the performance of project lifecycle tasks. These
observations were qualitative rather than quantitative. This was unfortunate, yet unavoidable, as the Infusion projects
were using processes without metric history that could be used for any kind of mathematical comparisons.

The major areas of perceived efficiencies included:
e Performance of process tasks ¢ all information to perform the task is available in SDA
e Task handoff ¢ SDA completely automates this
e Newbie ramp up ¢ SDA obviates the need to know the process before being productive
e Process and Project status tracking ¢ SDA automatically maintains and makes visible
e Reviews and Audits ¢ SDA maintains a detailed audit trail and manages project artifacts

Future MOD SDA projects plan to collect time and budget metrics that can be used for quantitative analysis.

5. SDAZ Increasing SW Assurance and Tech Excellence at NASA

The information below describes and organizes observations from the Infusion projects on how SDA use should
positively affect Software Assurance.

Tietronix Software, Inc.
1331 Gemini Ave, Suite 300, Houston, TX 77058
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Software Assurance is increased through:

e Total process visibility
0 Graphical depiction of the entire process flow and detailed views of each step
All information for each process step is accessible through SDA
Process status is automatically recorded and graphically animated
Process metrics are automatically recorded
Audit Trail ¢ People: who did what when ¢ automatically collected
Audit Trail ¢ Process: all events associated with a process task + when and who info
0 Compliance info automatically recorded
e Process Improvement (PI) Support
0 Process visibility described above increases process comprehension for all team members
0 Easy for anyone with SDA access to detect process area candidates for improvement
0 Process metrics allow for quantitative analysis of process operation and Pl efficiencies
0 Lessons learned ¢ recorded and maintained in SDA
0 SDA platform greatly simplifies consideration, management of and evaluation of Pl
e Higher compliance
0 Macroscopic ¢ SDA guarantees the complete process is followed and executed by the correct personnel
0 Microscopic ¢ At each process step level, detailed checks or logic can be applied
0 Completion of a process step could require QA or Management review. As this is conducted
electronically and more efficiently, higher frequency rates can be achieved
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compliance combined with new efficiencies and process insight allowing project personnel to spend a higher proportion
of their time on their core skills over clerical and administrative process chores.

The following information that concludes this report discusses the process-centric technology approach that SDA
utilizes. The descriptions are intended to elucidate the differences of this technological approach from conventional
ones and provide insight as to how this new approach may provide an intrinsically more natural solution to managing
process based software projects
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(BPM). A high level description of BPM technical attributes includes the ability to electronically model, design, create,

modify, observe, and run or execute a process. The BPM technology embedded in SDA enables NASA software projects
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information every step of the way. SDA guides/leads software teams through their required processes providing

assistance for each process task and ensuring compliance with mandated procedural requirements.

SDA is a web-based software application containing its own BPM engine that was designed specifically to manage and

execute software processes more explicitly and efficiently. SDA can support any software lifecycle and is currently being

used on software projects following waterfall, iterative, agile, and Unified Process lifecycles. SDA automates the

sequencing of all process steps in the order the process requires, and for each step it makes sure that the software team
members ¢ engineers, managers, QA, IV&V, etc. have access to all of the information they need to complete their

process step. When a process step is completed SDA activates the next process step or steps and notifies all assigned
individuals. SDA automatically captures information on process status, process metrics, audit trail with regard to
LIN2POS&da aidsSLla |yR LIS2LX SQa TOUAGAGASaD L¥ /aal tLL5
indirect evidence that CMMI Practices are being compliantly followed for each Process Area in real time. SDA has
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reports, dashboard views, and graphical displays allowing team members and approved external
organizations/management to monitor the process and project status in real time.

SDA leverages BPM technology to simplify and streamline the effort of following a complex software process. The
process centric nature of SDA facilitates a more natural experience for users than previous process tools. This probably
contributed to the positive acceptance of SDA despite the numerous usability suggestions.

This concludes the report ¢ Two appendices follow: Appendix A has SDA screenshots with brief descriptions; Appendix B
contains additional information on the technology provider for this Infusion project ¢ Tietronix.
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Appendix A z Sample SDAScreen Shots
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Figurel- Top Level CxRSProcess viewf an Iterative UP based process

The ghosted boxes in Figure 1 are the result of process tailoring. The wings or small rectangles on the left and right hand
side of the high level process steps in Figure 1 represent the process steps can be further decomposed. For Instance ¥.8
- Project Managemenixan be broken down or decomposed into more individual steps as opposed to .15 - Perform
Another IterationQ
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Figure2 - 2nd level decomposition of C#SSProcess for 1.8 Project Management
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details on this.

The color of the process boxes represents the current process status, as described in the legend at the bottom of Figure
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t NP 3 NB & & Antvd3ridghaphéx@s indicate the process step (or series of subordinate steps) has been completed.

Figure 2 has no completed process boxes but Figure 1 does ¢ see W.1 Prelteration Activities(bn the previous page.
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Welcome, Stewart Bush! Help - My Profile - Sstup Project - Sign Out
Perform Work Manage Work PAL K Tools )
oxpass .
. @
Top Level > 1.0 Inception > 1.8 Project Management > 1.8.3 Project Monitoring and Control
1.8.3.1 Review Project 1.8.3.3 Document 1.8.3.4 |dentify Action
Performance Against | | Deviations as Project Items to Resolve
the Plan Issues Project |ssues
[e]
1.8.3.2 Resolve
Existing Action Items
L [e
[J Activity [ Sub Process [JInactive [J Active [l Complete Excluded

Figure 3 - Alowest level Decomposition othe CxPas&rocess

Figure 3 shows a breakdown to the lowest level process steps required by the box entitled - ¥.8.3Project Monitoring
YR / 2nfigudR.f Q
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Figure4 - CMMI mappings for Process Step 1.83

The long rectangular box istiedto WM @y ®o0 ®o 52 OdzY Sy (i 5 Sdldinditafehitderforitance M2 2 S O i
this process step automatically credits the project for following two best CMMI practices:
1) SP 2.k Collect and analyze issues and determine corrective actions to address
Under CMMI Process Area - PMC(¢ Project Monitoring and Control - for CMMI level 2,
and
2) SP 1.% Identify inconsistencies between project plans, work products & the requirements
Under CMMI Process Area - REQM Requirements Management - for CMMI level 2

U ¢KS ALANRG 27F the mastHesthpiactig€Bointsfiom théfblléwing aizhibcessrather it is engaging in best
practices that genuinely increase quality and reliability of the final product.

Tietronix Software, Inc.
1331 Gemini Ave, Suite 300, Houston, TX 77058
T | E T H U " I X info@tietronix.com  http://www.tietronix.com




INFUSION REPORT
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the project plan, actions, issues, and corrective actions. Corrections to the
plan will be made at appropriate tirges.

Branch Management is responsible fyr effecting changes in the monitoring
and control approach to ensure project issues are tracked to closure, for
providing oversight by reviewing the froject progress as reported by the
Managers or their delegates, providing project tracking assistance and
direction where and when needed, sufporting branch menitoring and
control goals, and evaluating the projegt tracking skills of new managers
or leads.
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Figure5 - Perform work for Process Stepl.8.3.3

Figure 5 depicts the work environment \where the assigned person executes whatever is requir{ad by this process step.
This page provides Instructions and background information and other useful items such as templates, examples,
reference documents, and any inputs required for this process step.

Also note that the red circle atop Figure 5 (underneath Manage Work tab) denotes this step is late according to the
scheduled planned end which is identified just below the circle as 12/18/2008.
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= _ _ Kenneth McMurtrie 1
1.2.10 Peer Review Reguirements Mark Ehmry 6
Mark Guerra 2
Svetlana Hanson 3
Product (Status) Location
CxPASS PRS Peer Review Report.doc (In Work :
50.0%)
B 1.2.4 Develop Project Requirements Specification Kenneth McMurtrie 120
Product (Status) Location
CxPSS Project Requirements Specification.doc (In
Work : 50.0%)
CxPASS Master Acronym List.doc (In Work : 50.0%)
eProcMeetingwithStakeholders2008_08_20.doc
(Complete)
Lui Wang 0
o _ . _ Ken DeMerchant 2
1.2.5 Determine Safety Reguirements Kenneth McMurtrie 4
Svetlana Hanson 0
Product (Status) Location
CxPSS Project Management Plan (PMF).doc (In Work :
50.0%)
CxPSS Project Requirements Specification.doc (In
Work : 50.0%)
CxPSS Software Development Plan.doc (In Work @
50.0%)
Dave C Swartwout 10
Lui YWang 0
Neil A Woodbury 0
Robert Phillips 0
B 1.2.11.4 Review Requirements Kenneth McMurtrie ]
Mark Ehmry 0
Mark Guerra 0
Michel Izygon 0
Svetlana Hanson 0

Figure6 CMMI Compliance Repox Detailed

This report shows CxPASS process steps that have been completed along with the time to complete and by which

members of the CxPASS team. This info is applicable to the specific practice SP 1.1k Obtain an Understanding of the
Requirementsas part of the specific goal SG 1¢ Requirements are managed and inconsistencies w/project plans & work
products are identifiedor Process Area REQM; Requirements Management.
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Welcome, Stewart Bush! Help - My Profile - Setup Project - Sign Out
Life Cycle Perform Work Manage Work PAL
CxPASS -
L 2=,
Report List

| CMMI Compliance Report

Project CxPASS ~ | DetailView | | Graphical View |
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Legend: I Fully Implemented  Largely Implemented I Partially Implemented I Mot Implemented I No Mapping

Figure7 - CMMI Compliance Scorecard Report

¢ KAa NBLRZ NG NBFO SOWIALIE K 2INB2 T LINE OS a & Aséiofedtlalatie 2o YheIEMMG S R
processareas. | & GG KA & LINRP2SOG ySINB (KS SyR 2F NESFAUALINRPASHSAY
compliant. Clicking on the individual boxes will display the details of compliance and associated color assignment.
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Appendix B z Tietronix

Tietronix is a small business 8(a) contractor providing software services to NASA and commercial clients. Tietronix has a
core competency in workflow and process automation technology and products.

Currently there are over 1,500 WASA O 2 Y'Y dzyisardioBTRtronix deployed process automation products between the
products listed below:

SDAC { 2FT061 NB 5S@St2LISNDRa !aarail y U
BPSCM; a CCB Process Management Tool,

BPSCM = Bioastronautics Planning System Configuration Management, and
BCD¢ Budget Change Directive.

Tietronix generalcontact info:

1331 Gemini Avenue, Suite 300
Houston, TX 77058
281-461-9300
www.tietronix.com

for more info on SDA process technology contact:
Stewart Bush
sbush@tietronix.com

281.404.7220
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