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IMP SECTION 3.5 – System Engineering Management Process 

3.5.1 Purpose

This section describes the System Engineering Process (SEMP) for the C-130 ATS.  This SEMP describes the process for the conduct and management of an integrated engineering effort.  Development of the C-130 ATS was completed on the original program, consequently, the current effort will involve maintaining concurrency with the aircraft modifications (Revision and Maintenance (R&M) engineering activities) and implementing upgrades to enhance the training (modification/concurrency (MOD/Con) engineering projects). This document identifies technical program planning, control, and review as well as describing the systems engineering processes to be followed. As a system engineering tool, the SEMP provides a framework for the successful organization and implementation of all technical management support.

Detailed procedures are included in the Contractor Operating Instructions (COI’s).  As noted in activity 1.3.4 of the Integrated Master Plan (IMP), section 1.0, our existing COI’s will be tailored for the C-130 ATS Program specific need following the Post Award Conference.

The System Engineering process is envisioned to be a ‘living’ document that will be tailored (and if necessary expanded) to meet the needs of the specific project being implemented.  At the start of each project the assigned Project Engineer will review/tailor the process based upon the requirements of that project.

3.5.2 Referenced Documents

Government Documents: (used as a guide to prepare this process description)


DI-MGMT-81024

System Engineering Management Plan

MIL-STD-1521B
Technical Reviews and Audits for Systems, Equipment, and Computer Software

System Requirements Document for C-130 ATS 

Lockheed Martin Information Systems (LMIS) Documents: 

Proposal Statement of Work for C-130 ATS (paragraph 4.3.1)


LMIS System Engineering Management Plan

Referenced COI’s:

· COI 1.17 – Contractor Operating

· COI 2.0 – Quality Assurance

· COI 7.2 – Integrated Project Schedule

· COI 9.3 – Engineering Review Board

· COI 10.0 – Configuration Management 

3.5.3 System Engineering Process

This SEMP is organized in three subsections:

· Technical Program Planning and Control

· System Engineering Process

· Software Quality Assurance Process

3.5.3.1 Technical Program Planning and Control 

3.5.3.1.1 Engineering Organization and Control

The engineering effort will be organized around the position of the Project Engineer (PE). The PE reports administratively to the TSSC Manager for R&M engineering projects and to the MOD/Concurrency Manager for modification engineering projects.  Although the cognizant TSSC or MOD/Concurrency Manager has ultimate responsibility for all engineering work performed on a specific project, the PE is responsible for the technical and schedule performance of all engineering tasks, while monitoring both labor and material expenditures. 

The PE will support the following integration teams:  

· the Program Integration Team (as directed by the C-130 ATS Program Manager) 

· the System Engineering Integration Team (SEIT) 

3.5.3.1.1.1 Use of other Engineering Resources 

In order to support the expanded engineering resources for R&M and MOD/Con projects, engineering resources other than those located at Little Rock will be utilized from the following sources as required by the modification:

· Lockheed Martin (LMIS – Orlando, LMAS – Marietta, etc.) 

· Reflectone

· Sub-contractors

3.5.3.1.2 Engineering Control

Engineering Control is achieved through the disciplines of the project scheduling, risk management, technical program management and performance measurement. These items are discussed in the paragraphs below.

In order to ensure integration across engineering disciplines and products, to establish system requirements and baselines, control interfaces, conduct system integration and test, and manage technical risks the PE will chair a SEIT for each R&M and MOD/Con project.  Members of the SEIT will be selected by the PE based upon the affected training systems, required engineering disciplines, and quality issues associated with the particular system modification.  

3.5.3.1.2.1 Project Scheduling

The PE is responsible for developing an Integrated Master Schedule (IMS) for the modification project according with established program COI’s.  The IMS will be utilized to ensure all tasks are identified, to ensure tasks and milestones are communicated to the engineering team, to provide a tool to measure project progress, and to identify critical path tasks to meet the contract delivery requirements.  

3.5.3.1.2.2 Risk Management

The PE is responsible for interrogating all applicable sources for timely risk identification. Once identified, risks are quantitatively assessed for potential impact to the project, which will then provide direction for prioritizing resource and personnel allocations, if appropriate.

The PE will review identified risks with the appropriate Program Manager during the normal project reviews (which are held at least on a monthly basis), when new risks are identified, or when currently identified risks increase in severity.

Risk mitigation plans are developed by the Project Engineer, with the assistance of other key project individuals. These individuals initiate mitigation actions, continually monitor the mitigation progress and perform follow-up activities, as required. Mitigation action plans, procedures, schedules, and responsibility definitions are maintained by the Project Engineer.

Additional details on the risk management process are defined in the Operational Support Process, section 3.2.

3.5.3.1.2.3 Technical Program Management

3.5.3.1.2.3.1 System Test Planning

All of the integration and test activities are under the direction of the Project Engineer. The Project Engineer coordinates with the Test and Evaluation Engineer to ensure adequate testing of the system requirements. The System Test Plan (STP) defines scheduling, support equipment, manning levels, test plans, procedures, and reports. This planning effort is coordinated between the PE and the various C-130 ATS organizations.

3.5.3.1.2.3.2 Technical Reviews and Audits

3.5.3.1.2.3.2.1 Engineering Technical Reviews

Formal and informal (internal reviews) engineering technical reviews will be conducted throughout the duration of the engineering activity or project. The intent of the engineering technical reviews is to ensure that contractual performance specification requirements are met in the most cost-effective manner. The engineering technical design reviews are intended to assess the technical decisions made or contemplated and to evaluate the design practices used. Cost, performance, and schedule constraints of the R&M activity or MOD/Concurrency project are also considered.

Internal design reviews are planned, scheduled and conducted by the PE. The PE ensures that all aspects of a design are reviewed at periodic time intervals and project phases by both the engineering team and other C-130 ATS experts. Technical reviews will include both the contractually required milestone technical reviews and internal design reviews to assess the project design at various phases. Subcontractor design work (if applicable) is also a key activity which will be subjected to timely reviews under the direction of the PE.

Internal design reviews may be held on any element of the design of hardware, software, or courseware. It will be the duty of the PE to ensure that appropriate design elements are reviewed.

The PE is responsible for coordinating and documenting the results of these reviews.

3.5.3.1.2.3.2.2 Formal Technical Reviews and Audits

Below is a list of formal technical reviews and audits that may be required by R&M activity or MOD/Concurrency projects.  These reviews are part of the Government's involvement in the project's design, development, and test phases.

· Systems Requirements Review (SRR)

· Preliminary Design Review (PDR)

· Critical Design Review (CDR)

· Test Readiness Review (TRR)

· Functional Configuration Audit (FCA)

· Physical Configuration Audit (PCA)

· Other Reviews/Audits

3.5.3.1.2.3.2.2.1 System Requirements Review (SRR)

The R&M activity and MOD/Concurrency projects will use MIL-STD-1521B as a guide for conducting SRR. The SRR will be a formal technical review of the functional analysis and preliminary requirements allocation of the system requirements as defined in the contract, PD, or SOW.

Upon completion of the system requirements analysis and update of the system specification the SRR will be initiated.  The SRR will be utilized to judge the completeness, accuracy, and traceability of the data defining the functional baseline.  The SRR will be considered complete upon the documentation of the action items from the SRR assuming that no significant deficiencies were identified.

3.5.3.1.2.3.2.2.2 Preliminary Design Review (PDR)

The R&M activity and MOD/Concurrency projects will use MIL-STD-1521B as a guide for conducting the PDR. The PDR will be a formal technical review of the basic design approach for the system and will include a review of all specifications for the system.

Upon completion of the allocation of the system requirements to the configuration items as documented in the S/SDD, test plans, and design documents the PDR will be initiated. The PDR will be utilized to judge the completeness, accuracy, and traceability of the data defining the allocated baseline.  The PDR will be considered complete upon the documentation of the action items from the PDR assuming that no significant deficiencies  were identified.

3.5.3.1.2.3.2.3 Critical Design Review (CDR)

The R&M activity and MOD/Concurrency projects will use MIL-STD-1521B as a guide for conducting the CDR. The CDR will be conducted to ensure that the detailed design of the system satisfies the requirements of the System Specification and will include a review of preliminary fabrication drawings, if appropriate. The purpose of the CDR is to determine that the design of each Configuration Item (CI) is in accordance with the requirements and to provide traceability to top-level system requirements, test methodology, and criteria.

Upon completion of the detail design as documented in the build-to documentation the CDR will be initiated.  The CDR will be utilized to judge the completeness, accuracy, and traceability of the data defining the build-to baseline.  The CDR will be considered complete upon the documentation of the action items from the CDR assuming that no significant deficiencies were identified.

3.5.3.1.2.3.2.4 Test Readiness Review (TRR)

Prior to commencement of the formal Government test, a Test Readiness Review shall be conducted to ascertain readiness to commence formal acceptance testing. The following evidence of readiness shall be provided:

· Correction of priority discrepancies discovered in QA test dry runs.

· Availability of required test resources.

· Test dry run data, documentation, procedures, etc.

· Documentation of discrepancy report forms.

Ground rules and operating/administrative procedures for the conduct of the test shall be identified during this review.

3.5.3.1.2.3.2.5 Functional Configuration Audit (FCA)

A Functional Configuration Audit (FCA) shall be performed by the Government using MIL-STD-1521B as a guide for the hardware/software/courseware end items when the integration of the program has progressed to the point where modification objectives have been accomplished. The system acceptance test can be utilized to accomplish the FCA requirement as directed by the Government.  The FCA will be initiated upon completion of the TRR and will be considered complete upon documentation of the discrepancies from the acceptance tests.

3.5.3.1.2.3.2.6 Physical Configuration Audit (PCA)

The Physical Configuration Audit (PCA) shall be the formal examination of the as-built version of a configuration item against its design documentation in order to establish the system baseline (update to or new CI). The PCAs shall be conducted MIL-STD-1521B as a guide. The project team will support the Government in conducting this audit. The PCA will be initiated upon completion of the TRR and will be considered complete upon documentation of the discrepancies from the PCA s assuming no significant deficiencies are identified.

3.5.3.1.2.3.2.7 Other Review/Audits

The PE or his delegate will support other programs reviews as directed by the C-130 ATS Program Manager.  Typical types meetings in which the PE may be requested to provide support include:

· System Review Board (SRB)

· Working Groups (Configuration, Integrated Logistics Support, Curriculum, Discrepency Report, and Modification and Concurrency)

3.5.3.1.2.3.3 Action Item  (AI) Resolution

The PE will use an Action Item System to track the closure of technical issues documented at formal reviews. The PE will establish this tracking system.  The PE is responsible for ensuring that each engineering issue has a responsible individual assigned along with a closure date. It is the responsibility of the PE to ensure that the responsible individual has ownership of the issue and the closure date. The PE will elicit the support of the cognizant Manager when conflicts arise relative to the closure of issues.

3.5.3.1.2.3.4 Configuration Management

The PE is responsible for internal configuration management of R&M activity or MOD/Concurrency project technical data/software/hardware/courseware prior to the formal incorporation into the C-130 ATS's baseline.

An Engineering Review Board (ERB) will be utilized for implementation of proposed changes to baselined systems. The result of the review board will be to forward to the customer during a meeting of the Configuration Control Board (CCB) for disposition of changes to the baselines.  Additional information on the functions of the ERB are included in the Configuration Management Process, section 3.3.  

Based upon the software development complexity of the project activity, the PE will determine at what phase of the System Engineering Process that the Production Source Code and Compiled Codes (executable files) will be formally controlled by Configuration Management.

3.5.3.1.2.3.5 Subcontractor Monitoring and Control

The role of subcontractor monitoring is stated below and will be followed unless it is superceded by an agreement negotiated with the subcontractor by the Program Office. The PE shall do the following:

· Assure that all allocated technical performance and documentation requirements are properly flowed down to the subcontractor through a contractually binding statement of work, specification, interface control document, and/or other appropriate subcontracts document.

· Support the Program Office in the development of a procurement schedule with contractual means to assure subcontractor performance.

· Review all proposed changes to the subcontract statement of work and specification.

· Assure that all allocated requirements are properly tested by the subcontractor.

· Establish and periodically monitor Technical Performance Measures, including design reviews and status reports, to evaluate the subcontractor progress toward meeting the contract requirements.

· Support the Program Office and subcontracts management in determining what design and manufacturing rights, drawings, source code, etc., should be provided to the project in order to support the long term maintainability and accessibility of the product.

· Provide additional support as required in response to specific Program Directives issued by the Program Office.

3.5.3.1.2.4 Technical Performance Measurement (TPM)

The following TPMs, as a minimum, will be tracked by the PE and documented during engineering and QA test dryruns, and formal Government testing. Data will be kept in an accessible format for forwarding to the congnizant management as required.

· Open and closed test discrepancies

· System test failures

· Percent of Test Procedure completion (both internal and Government test phases)

3.5.3.2 System Engineering Process

3.5.3.2.1 Technical Program Planning

Technical program planning is the responsibility of the PE and involves the interpretation of the customer requirements, the definition of risk areas, and the top-level systems engineering planning. The planning process determines the size and complexity of the project scope, as well as the task and schedule planning.

Top level planning involves the control and definition of the engineering tasks (including levels of control established for performance, design, and test requirements), technical program assurance methods, plans and schedules for design and technical program reviews, and control of documentation.

3.5.3.2.2 System Requirements Analysis

System requirements analysis consists of assessing the system requirements, developing To Be Determined (TBD)/To Be Required (TBR) work-off plans, and deriving and allocating system requirements. During System Requirements Analysis the C-130 ATS System Specification is updated to reflect the changes due to the modification.  The completion of this process is a formal System Requirements Review (SRR) to determine completeness, accuracy, and traceability of the data defining the functional system baseline.

System Requirements Assessment

The System Requirements Assessment activity involves examining each of the requirements to identify major requirement issues. The issues are then identified according to requirement type. Performance requirements are those defined by measurable numerical quantities (i.e., Pixel count, bearing or range accuracy, timing, field-of-view, etc.).

TBD/TBR Planning

The TBD/TBR Planning activity is the development of a technical plan addressing the requirement issues identified above. All requirement issues are evaluated and candidate resolutions identified in the form of trade studies, more detailed analysis, system requirement waivers, etc. Depending on the criticality and the nature of the issue being addressed, some issue resolutions may be implemented immediately, if required and directed by the Project Engineer.

Requirements Allocation

The allocation process involves the decomposition of system level requirements down through the system hierarchy until a level is reached at which a specific hardware item, software, or courseware item is designated to accomplish the task defined within the system.

Requirements are allocated by means of a series of analyses and simulations, including functional analyses, synthesis, trade studies, and simulations. The results of the allocation process are documented in the system block and flow diagrams, which ultimately form the allocated baseline. The system block and flow diagrams represent the system architecture, Hardware Configuration Item (HWCI), Courseware Configuration Item (CCI), and Computer System Configuration Item (CSCI) allocation, and all the interfaces between the CIs.  Note:  The Instructional System Development Process, section 3.1, provides additional details into the process utilized for CCI development.

The output of the requirement traceability task is a Requirements Traceability Matrix maintained by the PE.

Modification requirements analysis and allocation is assessed against all of the C-130 ATS Product Baselines (PBs).  The Functional Test Bed (FTB) PB shall be included in the assessment of every modification with the objectives of:

1.
Using the FTB for hardware/software integration and testing to minimize downtime on the other PBs (WST, CPT, etc.)

2.
Expanding the capability of the FTB with the addition of the modification changes unless a compelling cost and/or schedule trade-off approved by the government precludes this FTB addition.
3.5.3.2.3 System Architecture Design/Sub-system Definition

The system architecture design and sub-system definition process defines the configuration items (CIs) and the system framework/structure. It defines the communication network(s), the operating system environment, the database management system(s), the system resource management function, and the data display systems. The system architecture design process includes the analyses, trade studies, and modeling/simulation activities required to determine the operability timeline, software utilization, and design constraints.

3.5.3.2.3.1 System/Segment Design Document (S/SDD) Development 

The System/Segment Design Document (S/SDD) describes the environment and architecture of the system. The concept of how the architecture (including manual operations) supports the system is depicted in operational scenarios. In addition, the HWCIs, CCIs, CSCIs, manual operations, interface and processing resources are described in detail, including the system level requirements satisfied by each CI. System flow diagrams and equipment configuration drawings can be used to enhance the description of the system architecture.

The architecture is described with a tiered set of figures. Each layer expands the description to a smaller piece of the system. The S/SDD provides the high level descriptions for the system including the allocation of hardware and software requirements specifications to HWCIs and CSCIs, CCIs, and manual operations; and the characteristics of each HWCI and CSCI.  

The Hardware and Software Requirements Specifications and the Interface Requirements and Design are included in the S/SDD.

3.5.3.2.4 Configuration Item (CI) Development

The PE monitors the development of the CIs through reviews, reports and consultation. The PE also has the responsibility for the PDR and CDR formal design reviews.  An iterative process is utilized to incur any changes to the allocated requirements or the definition of a HWCI or CCI or CSCI which occurs as a result of the detailed design process. Accepted changes shall be reflected in the appropriate development specification and shall be the responsibility of the PE.

The development of the configuration items invokes the hardware, software, and instructional system engineering processes. Informal dialogue between systems engineers and the detailed designers occurs on an as-needed basis. Selection of the implementation algorithm/solution will be chosen jointly between the systems engineer and the detailed designer.

The completion of this process is a Preliminary Design Review (PDR) to determine completeness, accuracy, and traceability of the data defining the allocated system baseline. 

3.5.3.2.4.1 Preliminary Hardware Design

During Preliminary hardware Design is accomplished at two levels:  subsystem and module.

At the subsystem level the systems engineer conceives of the feasible hardware architecture, technologies, and proceesses that meet the subsystem functional requirements.  Current technology makes available many generic hardware solutions to solve many of the simulation and training requirements that previously required special purpose hardware.  Utilization of generic commercial-off-the shelf (COTS) hardware products to reduce cost and risk to the project will be of significant importance during this level of analysis. 

When COTS hardware is not available then the design must proceed to the module level.  During this level of design functional block diagrams, and performance and timing analyses are produced to verify feasibility of the design.  

Detailed Specifications are generated for build hardware or procurement specifications for purchasing COTS hardware, Hardware Test Plans, and Hardware-to-Software Interface Control Documents are generated during this phase of the design.

3.5.3.2.4.2 Preliminary Courseware Design

The Instructional System Development process is discussed in section 3.1 of this Integrated Management Plan.

3.5.3.2.4.3 Preliminary Software Design

Preliminary software design is the determination and description of the overall software architecture, and interfaces between the major modules within the software architecture, and the interfaces to component external to the subsystem.  In this process, the Software Design Document is developed to describe the software architecture, and the Software Test Plan is developed to determine the test approach, tools, and facilities required. 

3.5.3.2.5 Detail Design/Implementation

During the detail design/implementation phase the hardware, software, and courseware engineers develop implementation documents from which hardware can be fabricated and assembled, software can be coded, and courseware prepared.  

The completion of this process is a Critical Design Review (CDR) to determine completeness, accuracy, and traceability of the data defining the build-to baseline.  At the completion of the CDR the development of the Preliminary Acceptance Test Procedures (ATP) and the Mission Test Procedures (MTP) will be initiated.  Delivery to the Government is within 90 days. 

3.5.3.2.5.1 Hardware / Software Integration (HSI) and Testing

The FTB shall be considered for the hardware / software integration (HSI) and testing for prototype all modifications.  By staging HSI in the FTB, reductions in downtime of the other PBs can be achieved and the FTB PB will be capable of supporting the modification.
3.5.3.2.6  System Test and Evaluation Planning

The PE is responsible for ensuring that rigorous system test and evaluation planning is conducted. System verification is the total process of demonstrating compliance with requirements, achieving Government acceptance, and closing the design and development phase of the R&M activity or MOD/Concurrency project. 

The PE ensures that a detailed integration and test plan is developed (System Test Plan). This requires the integration and management of other phases of the systems engineering process with the other technical disciplines involved on the project. The following are inputs to the integration and test planning process:

· Contract Requirements (PD, SOW, CDRLs)

· Systems Specifications and Design Documents (S/SDD, and other Technical reports/memos)

· Requirements Allocation (Requirements Traceability Matrix)

· Project's System Test Plan

Test plan analyses shall include identification of systems/subsystems/areas of the trainer affected by any change, along with plans and approaches for regression testing of those items.  The results of these analyses shall be presented at PDR and updated at CDR.

3.5.3.2.7 System Acceptance Testing

Final ATP and MTP documents will be provided to the Government 60 days prior to start of system acceptance test. 

System Acceptance Testing will consist of two sections: Acceptance Test Procedures (ATP) and Mission Test Procedures (MTP).  The system acceptance process involves tests and tasks to be performed during system acceptance testing. Each test will undergo a dry run prior to formal testing. Once Government approval is received (as part of the Test Readiness Review), the formal tests (ATP/MTP) will be executed. 

Within 60 days of the completion of system acceptance test and Simcert determination of the ATP/MTP tests to be included in the Simcert document, the updated Simcert document will be delivered. 

The ATP and MTP shall include all PBs, including the FTB, that have been changed by the modification.
3.5.3.2.8 Respond to Management /Customer Requests

This process involves interaction between the customer, management, and the PE. The Government requests are provided to the cognizant management in the form of direction and consequently are provided to the PE. When a Government request is made without the presence of management/contracts representative, the PE will take an action item to discuss it with management and will not proceed with implementation without management/contracts authority. Government direction can only be given by the Government contracting officer.

3.5.3.2.9 System Engineering Control

The PE is responsible for formulating the technical plans, assignment of tasks, and ensuring that the tasks are executed within the budget. The tasks in this activity include risk assessment and mitigation planning, project monitoring, critical item management, budget reallocating, and maintaining the cost and schedule status.

3.5.3.2.10 System Engineering Tools

3.5.3.2.10.1 Requirements Traceability

Chipware RTM tool will be utilized to ensure requirements traceability.

3.5.3.2.10.2 Documentation Generation

Microsoft Word documentation tool will be used to produce the engineering documentation {i.e. System/Segment Design Document (S/SDD)}, technical manuals and procedures, etc. These tools provide for revision-tracking using both revision bars in the margins and underlines and/or strikes through any text.

3.5.3.2.10.3 Schedule Generation

Microsoft PROJECT is a project management/scheduling software package. The PROJECT package supports project scheduling, resource allocation and project costing in the project planning phase, and schedule and cost tracking during the implementation phase of a program as well as a tool to generate the Integrated Master Schedule (IMS).  The user provides an interrelated event list with duration times for each task. This provides the user with insight into the project schedule and identifies the areas which may require additional management oversight to ensure successful project completion. The critical path is recalculated as data is entered to show the impact of schedule changes and to allow for “what if” analysis.

3.5.3.2.11 Engineering Procedures Directive

The C-130 ATD Program-specific Engineering Procedures Directive (EPD) defines the required level of compliance to, and approved deviations from, the C-130 ATD COIs and Work Instructions, and Engineering Instructions/Manual for a C-130 ATS R&M activity or MOD/Concurrency Project.

3.5.3.3 Software/Courseware Quality Assurance Process

This section describes the process associated with software and courseware product evaluations as performed by the C-130 ATS project Quality Assurance organization. Detailed descriptions of QAE tasks are described in the Contractor Operating Instructions (COIs) that will be tailored upon completion C-130 ATS Post Award Conference. 

3.5.3.3.1 Organization and Resources – Software/Courseware Product Evaluations

The C-130 Program’s software and courseware product evaluation tasks are performed by Quality Assurance Engineers (QAE) within the Quality Assurance (QA) organization of the C-130 ATS project. QAE’s are responsible for implementing the product and process evaluation tasks, with authority derived from Lockheed Martin policy.  In addition, the QAE is responsible for monitoring all subcontractors performing software development tasks.

The QAE reports for task assignments to the C-130 ATS Program Manager, however the QAE also has a direct and independent reporting path to the LMIS Program Assurance Director.  The parallel reporting path is described in the Quality Assurance Process, section 3.9. 

QAE is involved in each of the software development phases. QAE evaluates the developed documentation in order to assure technical compliance, requirements to design item flowdown, and completeness appropriate to the development phase. QAE monitors program peer reviews in order to ensure that the products comply with requirements. QAE performs process evaluations, supports formal reviews, and ensures the proper flowdown of requirements to subcontractors.

3.5.3.3.2 Software/Courseware Product Evaluation Procedures and Tools

3.5.3.3.2.1 Procedures

The QAE uses proven Lockheed Martin policies, procedures, and practices as its methodology baseline. Top-level corporate policy and operating instructions establish the QAE business philosophy. Standard procedures apply to all operating organizations and implemented company policies.

Standard procedures govern each stage of the software development cycle. As the program matures, it may be necessary to implement additional procedures that provide for changes in the contract.  The C-130 ATS Program COI’s will be updated to include new/modified procedures.

The QAE performs ongoing product and process evaluations throughout the evolution of the development cycle. The QAE procedures provide consistency in the evaluation process and ensure that key topics are addressed. The 

QAE develops checklists for software and courseware product evaluations based upon the requirements of the program and appropriate plans. These checklists are used to evaluate products prior to delivery and to perform process evaluations. The result of each evaluation is documented in a Quality Evaluation Report (QER), which is submitted to the responsible organization for subsequent resolution. QAE tracks all reports to closure.

The QAE approves all products prior to delivery to the customer. Records provide evidence that delivered products satisfy the requirements of the contract. All data used for approval is available for inspection by the customer.

3.5.3.3.2.2 Tools

3.5.3.3.2.2.1 Requirements and Design Tools

The QAE employs software tools, when applicable, in evaluating requirements and their allocation during the System Requirements Analysis and System Architecture Design/Subsystem Definition phases. The QAE will evaluate the processes and products regarding the requirements allocation databases. During the Software/Courseware Requirements and Analysis phases, the QAE will evaluate the requirements utilizing the same tools utilized by the engineering development team. 

3.5.3.3.2.2.2 Configuration Management and Reporting

The QAE will monitor the development library to determine that procedures are being properly performed. The TMS Integrated Maintenance Management System (IMMS) tool provides a paperless system that tracks nonconformances throughout the development activities. Discrepencies are tracked by an IMMS assigned Job Control Number (JCN).  This system provides on-demand status and trending reports.

3.5.3.3.2.2.3 Quality Evaluation Report (QER) Database

QERs are documented and tracked using a Quality Evaluation System (QUEST) database that accommodates evaluation data and allows for analysis and reporting of trends.

3.5.3.3.2.2.4 Quality Metrics

Quality metrics are provided in monthly summary reports. Our software and courseware quality metrics focus will be on product and process evaluation results. These metrics are used to develop and implement process improvements, and to identify potential problems early in development. Product and process metrics are also forwarded to the TSSC Engineering Manager.

3.5.3.3.3 Subcontractor Products

This section describes the process used to evaluate the adequacy of the development process and the products generated by subcontractors. 

The QAE evaluates subcontractor activities and performs evaluations in order to ensure that all subcontractor deliverable software and associated documentation conform to requirements. The QAE ensures that requirements are flowed-down to subcontractors in a consistent manner. 

QAE activities include:

1) Reviewing the subcontract SOW in order to ensure the flowdown of requirements to the subcontractor

2) Evaluating the subcontractor’s continuing compliance with approved plans and procedures

3) Monitoring subcontractor/supplier nonconformance reports and the status of their resolution

4) Evaluating subcontractor products.

3.5.3.3.4 Software/Courseware Product Evaluation Records

The QAE establishes and maintains quality evaluation records. Evaluations are conducted in order to determine whether or not a process or product meets the criteria set forth by contract requirements. Records resulting from evaluations provide objective evidence of contract compliance, as well as a corrective action trail.

Process evaluations are assessments of a software-related task, procedure, or document for compliance to a predetermined set of criteria. The process evaluation measures compliance at a specific point in time to ensure compliance to the C-130 ATS plans and to company policies and procedures. A product evaluation is an assessment of the products generated during the development process. Software/Courseware QERs are maintained and are available for review by the customer. Updates to the documents are evaluated in order to ensure consistency, completeness, and correctness.

3.5.3.3.5 Activity-Dependent Product Evaluations

QAE programmatic and support tasks are planned and developed as an integral component of the software development cycle. These tasks begin early in the acquisition process to emphasize prevention as opposed to remedial measures. Evaluations ensure the compliance of deliverable products with contract requirements. Evaluations are performed in order to verify that engineering processes are proceeding in accordance with the plans documented in this document. Test activities are a component of the verification engineering program that employs analysis, test, inspection, or demonstration to ensure that the products satisfy their design and performance requirements.

The preparation for formal reviews is monitored to ensure that the required materials are complete and available to the customer. During the formal reviews, QAE presents the status of the software products and their associated metrics. Action items resulting from the formal reviews are documented by Planning and tracked in the SEIT meetings. Deficiencies or changes to baselined products will be documented in the IMMS. QAE participates in the formal review process, then tracks the resolution of action items generated during the review.

3.5.3.3.5.1 Software/Courseware Products Evaluation - System Analysis and Design

QAE conducts in-process reviews in order to evaluate the requirements analysis and design processes for compliance with the plans defined in this document. The QAE ensures that the derived requirements are entered into the appropriate database and allocated to the proper software components. The preparations for the formal review are monitored in order to ensure that the preparation activities are complete and the appropriate products are available for customer review. The QAE participates in the formal review process and then tracks the closure of action items that were generated during the review.

3.5.3.3.5.2 Software/Courseware Products Evaluation - Software Requirements Analysis

The assessment of requirements begins with the Statement of Work and continues throughout the development cycle. The QAE conducts in-process reviews and monitors walkthroughs and peer reviews to evaluate the requirements analysis process and to ensure that the associated activities are performed. The QAE participates in requirements walkthroughs and formal program reviews. Action items from requirements walkthroughs and peer reviews are tracked to closure, and status reports are generated for management.

3.5.3.3.5.3 Software/Courseware Products Evaluation - Design

The QAE conducts in-process reviews and monitors program walkthroughs and peer reviews in order to evaluate the integrity of the design process. During the design phase an assessment of the design items for traceability to their sponsoring requirements is performed. The QAE participates in formal program reviews and technical interchange meetings. The QAE evaluates interface designs to ensure compatibility and resolution of potential problems. All action items resulting from program design walkthroughs and peer reviews are tracked, their status reported, and their closure verified, by the QAE.

The QAE evaluates the design model for accuracy and traceability to requirements defined in the requirements model. 

3.5.3.3.5.4 Implementation

3.5.3.3.5.4.1 Software Products Evaluation - Coding and CSU Testing

QAE monitors program peer reviews to evaluate the code and its testing. QAE ensures that the appropriate activities are complete, the process is compliant with the plans defined in this document, and that the code is compliant with defined coding conventions.  Unit level code, test plans, procedures, and test results are evaluated for completeness and appropriateness to their associated unit test case.  The QAE will monitor integration testing to ensure test procedures are followed. Software complexity metrics, as generated by the automated tool set, are captured and evaluated. Action items generated during program peer reviews are tracked, and their status is reported through to closure by the CSCI lead. QAE evaluates and monitors the peer review process to ensure timely and adequate corrective action.

3.5.3.3.5.4.2 Courseware Products Evaluation - Implementation

QAE monitors program peer reviews to evaluate the courseware materials. QAE ensures that the appropriate activities are complete and the process is compliant with the plans defined in this document.  Evaluation plans, procedures, and results are evaluated for completeness and appropriateness to their associated objectives.  The QAE will monitor evaluations to ensure evaluation procedures are followed.  Action items generated during program peer reviews are tracked, and their status is reported through to closure by the CCI lead. QAE evaluates and monitors the peer review process to ensure timely and adequate corrective action.

3.5.3.3.5.5 Software Products Evaluation - System Test and Evaluation 

QAE monitors system test and evaluation functions to ensure the successful integration of the computer software with the deliverable hardware. The compatibility of these components is demonstrated by exercising each interface between hardware and software items. Graphical user interfaces are verified against the functional requirements documented in the System Specification. Test software is utilized to exercise external interfaces to verify compatibility with the C-130 ATS requirements of the Interface Control Document (ICD).

3.5.3.3.5.6 Formal Qualification Testing

3.5.3.3.5.6.1 Software Products Evaluation - Formal Qualification Testing

The QAE conducts internal in-process reviews to evaluate the formal system test process, verifying that all required activities are completed and the process complies with the software development plan. QAE reviews and approves formal software test procedures prior to use. Before commencement of the Formal Qualification Test, QAE ensures that test procedures are the latest approved revision; that software to be tested is the proper version and configuration; and that software used to support testing is of the proper approved revision and is configured in accordance with the test requirements. QAE evaluates test activities to ensure that tests are performed in accordance with approved procedures; procedural modifications are recorded; anomalies/discrepancies are recorded; and test output data, as run procedures, and supporting data are placed under SDL control at the conclusion of testing. QAE ensures that the newly developed products are entered into the SDL for control, as applicable. All discrepencies from formal System Testing are tracked to closure by QAE and status reports generated for program management review. 

3.5.3.3.5.6.2 Courseware Products Evaluation - Formal Qualification Testing

For details on the courseware evaluation see the Operational Evaluation Process, section 3.7.
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