Module M1-2

Develop Product Support Attributes

Overview.  In this lesson we will concentrate on the Strike Talon UCAS sub-system, Prognostics and Health Management (PHM), and the influences it has on System Operational Effectiveness (SOE).    This lesson also provides an opportunity to identify Key Performance Parameters (KPPs) and Key System Attributes (KSAs) and to translate those KPPs and KSAs into system performance specifications for use in the System Development and Demonstration (SDD) request for proposal (RFP).
Background.  The Prognostics and Health Management (PHM) sub-system of the Strike Talon UCAS employs diagnostic hardware and software to electronically monitor the health of selected Strike Talon components in order to identify upcoming service issues before the equipment actually needs to be repaired.  Additionally, the PHM system is expected to complement and integrate with the Strike Talon’s status monitoring and control processes that provide operators with warnings, cautions and advisories. The term PHM was coined by the Research and Development staff of the Joint Strike Fighter (JSF) Program Office in the late 1990s to describe a technology thrust aimed at enabling individual aircraft to automatically self-diagnose their current health and predict their future capability given a set of mission requirements.  The “P” in PHM is a compound term combining PROGnosis and diagNOSTICS.  While the JSF staff chose to stress the similarities between prognosis and diagnosis by combining the terms, the technologies enabling these two tasks are significantly different.  Although the two domains overlap, diagnosis tends to be deterministic (sense, report and monitor historical events), prognosis is always probabilistic (use sensed events to predict future events).  To conduct a diagnosis, the machine consults its state awareness sensors, feeds information concerning detected anomalies to its mathematical reasoners and reports a failure or set of potential failures within an ambiguity group.  The Warfighter is then faced with fixing the fault(s) or conducting additional missions with a less than perfect weapon system.  The military unit commander knows what he wants the machine to do and needs to make an assessment of acceptable risk of not completing the mission with the degraded asset. Will the degraded machine meet his acceptable risk criterion for the next mission?  How will its capabilities degrade over time in the next and subsequent missions?  Helping the mission commander with this dilemma is the task of Prognosis.  Prognosis - predicting future capability - is about managing uncertainty using micro-structural materials science, physics of failure modeling, state awareness sensing, and mathematical reasoning.
Emerging system development programs have become highly reliant on the success of efforts to develop and integrate automated diagnostic and prognostic technology with informed health management decision making. Future weapon systems will undoubtedly increase their use of PHM technologies. The three elements of PHM are
:

· Diagnostics: the process of determining the state of a component to perform its function(s), high degree of fault detection and fault isolation capability with very low false alarm rate.

· Prognostics: the actual material condition assessment which includes predicting and determining the useful life and performance life remaining of components by modeling fault progression.

· Health Management: the capability to make appropriate decisions about maintenance actions based on diagnostics/prognostics information, available resources and operational demand.

Impact on System Operational Effectiveness (SOE).  In addition to obtaining valuable data, the system serves as a key tool for optimizing operational availability and SOE.  As the Strike Talon will be operating in an electronically distributed and integrated telemetry environment, PHM data can be transmitted to the maintenance center as it occurs.  With a 96-hour endurance key performance parameter, early detection, isolation, and reporting of failures or anomalies present support crews with up to 96 "golden hours" to prepare for maintenance actions on returning Strike Talons. Maintenance and support crews can requisition parts, technical data, support equipment, and personnel in order to rapidly repair Strike Talons upon their return.  Detection, isolation, prediction, and reporting of anomalies provide substantial benefits that effect the SOE equation as highlighted in Table 1:

Table 1.  PHM Effects on SOE
	Characteristic
	Effect
	Result

	Reliability
	Leading indicators of impending failure trigger operators and maintainers to intercede therefore reducing or eliminating failures before they occur and mitigating their mission impacts.
	· Improved mission reliability

· Reduced system down time

	Maintainability
	Identification of faults and other data reduces fault identification and isolation time for maintenance.
	· Reduced maintenance man-hours

· Reduced system down time

	Supportability
	Early identification of future maintenance facilitates prepositioning of support assets such as replacement parts and support equipment
	· Reduced maintenance delay time

· Reduced awaiting parts time



	Safety
	Improves flight safety 
	· Reduced attrition rate

	Total Ownership Cost
	Optimizing reliability, maintainability, and supportability (RMS) reduces operations and support costs
	· Reduction in on-hand inventory

· Reduced manpower

· Reduced maintenance costs

· Reduced transportation costs

	Logistics Footprint
	Predictive accuracy allows targeting resources to failures
	· Reduced on-hand spares

· Reduced support equipment

· Reduced manpower

· Reduction in the number of Strike Talon aircraft and control systems needed to maintain an operational capability


These technologies are driving the implementation of new maintenance approaches and are central to achieving the reductions in manning and operating costs on new systems and, more specifically, the Strike Talon.  This has resulted in new technical challenges and a renewed research and development focus on PHM technology designed to meet the following weapon system support issues:

· New threats mean increased weapon platform usage; 

· Increased readiness - quick reaction deployment for time sensitive targets; 

· Reduced Operations & Support (O&S) costs; 

· Reduce support system manpower; 

· Automation of asset functional diagnostics; 

· Prognostics for asset preservation and maintenance planning; 

· Increased weapon system complexity - new materials, structures, machinery, and electronics. 

Incorporating a PHM sub-system into the Strike Talon UCAS design will provide operators, maintainers, and logisticians with valuable performance information on such mission critical systems as the engine, oil system (cooling and lubrication), hydraulics, communications and navigation, weapons and weapons targeting/delivery, airframe loading, environmental control, etc.  The PHM sub-system will:

· Provide full weapon system critical component coverage;

· Provide integrated readiness indicators;

· Enhance mission reliability and air vehicle safety;

· Reduce maintenance manpower, spares, and repair costs;

· Reduce or eliminate scheduled inspections;

· Reduce “awaiting parts” time;
· Automatically isolate faults to 1 component;

· Eliminate "cannot duplicate/no fault found" discrepancies

· Provide real time/near real time notification of an upcoming maintenance event at all levels of the Strike Talon logistics chain;

· Catch potentially catastrophic failures before they occur;

· Detect incipient faults and monitor until just prior to failure;

· Reduce aircraft down time through conduct of opportunistic maintenance;

· Reduce logistics footprint.

Figure 1 is a representation
 of the integrated nature and interfaces of the Strike Talon PHM sub-system.
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Figure 1.  PHM Sub-System Interfaces

Key Performance Parameters (KPPs), Key System Attributes (KSAs), and product support attributes. The Capability Development Document (CDD) and Capability Production Document (CPD) state the operational and sustainment-related performance attributes of a system(s) that provide the capabilities required by the Warfighter - attributes so significant they must be verified by testing and evaluation or analysis.
KPPs are those attributes or performance characteristics considered most essential for an effective military capability and those attributes that make a significant contribution to the characteristics of the future joint force as defined in the Capstone Concept for Joint Operations
. Failure to achieve a KPP causes the program to be reassessed and thus possibly terminated.
KSAs are attributes or characteristics considered crucial in support of achieving a balanced solution/approach to a KPP or some other key performance attribute deemed necessary by the sponsor
.  KSAs provide decision makers with an additional level of capability performance characteristics below the KPP level and require a sponsor 4-star, Defense Agency commander, or Principal Staff Assistant to change.  Depending on the system engineering and requirements allocation process being used on a particular project, one way of viewing KSAs would be those attributes that either directly contribute to the achievement of a particular KPP or are part of the allocated roll-up (e.g., part of the satisfaction of a particular KPP may include a combination of hardware, software, facilities, and personnel) into a capability that achieves a KPP
.
Product support attributes or characteristics are considered crucial for supporting the product when fielded.  The attributes might or might not tie directly back to a KPP or KSA.  One of the main uses of the product support attribute is during the Analysis of Alternatives (AoA) conducted in the Concept Refinement Phase prior to MS A.  During the AoA, those attributes can be matched against product support capabilities, i.e., if a system is required to be transportable within 24 hours, existing technology/systems can be evaluated to see if they meet the requirements of that attribute.  In essence, product support attributes are considered requirements and must be taken into consideration during the acquisition process.

Several KPPs and KSAs are mandatory in all CDDs and CPDs.  The KPPs/KSAs related to supportability and sustainment have evolved over time as the result of lessons learned in performance based support.  Today’s sustainment KPPs/KSAs have their roots in guidance
 published in August 2004 by the Under Secretary of Defense for Acquisition, Technology, and Logistics (USD (AT&L)).  In 2007, the Deputy Under Secretary for Defense for Logistics and Material Readiness (DUSD (L&MR)) issued guidance
 that established mandatory Life Cycle Sustainment KPP and KSAs for new acquisitions.  Further definition of the mandatory KPP and KSAs are provided below:

· Mandatory KPP - Materiel Availability. A measure of the percentage of the total inventory of a system operationally capable (ready for tasking) of performing an assigned mission at a given time, based on materiel condition.  This can be expressed mathematically as (number of operational end items/total population).  Materiel Availability also indicates the percentage of time that a system is operationally capable of performing an assigned mission and can be expressed as (uptime/(uptime + downtime)).  Determining the optimum value for Materiel Availability requires a comprehensive analysis of the system and its planned use, including the planned operating environment, operating tempo, reliability alternatives, maintenance approaches, and supply chain solutions. Materiel Availability is primarily determined by system downtime, both planned and unplanned, requiring the early examination and determination of critical factors such as the total number of end items to be fielded and the major categories and drivers of system downtime. The Materiel Availability KPP must address the total population of end items planned for operational use, including those temporarily in a non-operational status once placed into service (such as for depot-level maintenance). The total life-cycle timeframe, from placement into operational service through the planned end of service life, must be included.

· Mandatory KSA - Materiel Reliability.  Materiel Reliability is a measure of the probability that the system will perform without failure over a specific interval. Reliability must be sufficient to support the warfighting capability needed. Materiel Reliability is generally expressed in terms of a mean time between failures (MTBF), and once operational can be measured by dividing actual operating hours by the number of failures experienced during a specific interval.  Reliability may initially be expressed as a desired failure-free interval that can be converted to MTBF for use as a KSA (e.g., 95 percent probability of completing a 12-hour mission free from mission-degrading failure; 90 percent probability of completing 5 sorties without failure). Specific criteria for defining operating hours and failure criteria must be provided together with the KSA. Single-shot systems and systems for which other units of measure are appropriate must provide supporting analysis and rationale.

· Mandatory KSA - Ownership Cost. Ownership Cost provides balance to the sustainment solution by ensuring that the operations and support (O&S) costs associated with materiel readiness are considered in making decisions.  Only the following cost elements are required: 2.0 Unit Operations (2.1.1 (only) Energy (fuel, petroleum, oil, lubricants, electricity)); 3.0 Maintenance (All); 4.0 Sustaining Support (All except 4.1, System Specific Training); 5.0 Continuing System Improvements (All).  Fuel costs will be based on the fully burdened cost of fuel.  Costs are to be included regardless of funding source.  The KSA value should cover the planned life cycle timeframe, consistent with the timeframe used in the Materiel Availability KPP.  The planned approach to monitoring, collecting, and validating operating and support cost data to supporting the KSA must be provided.

A comparison of these mandatory KPPs/KSAs and the original Warfighter performance outcomes are provided in Table 2.
Table 2.  Life Cycle Sustainment Metrics – Comparison Table
	2004 Top-Five Performance Outcomes
	2006 JROC KPPs/KSAs

	Comparison

	Operational Availability (Ao) - Characteristic of Resiliency
	Materiel Availability – Mandatory KPP
	Comparable.  Focus shifts from individual system end item (ship, tank, aircraft, etc.) to the entire population of type.  Availability is an indication that materiel item is ready for mission tasking.  Materiel Availability is measured by Number of End Items Operational/Total Population.  By contrast, Operational Availability measures Up Time/(Up Time + Down Time).

	Operational Reliability -

Characteristic of Endurance
	Materiel Reliability – Mandatory KSA
	Comparable.  Operational Reliability is a measure of a weapon system’s ability to complete a mission, calculated by dividing Essential (Critical) Mission Capable Operational Hours by Mission Capable Hours Required.  Materiel Reliability is calculated by dividing Total Operating Hours by Total Number of Failures.  The outcome is a measure of miles or time or events between failures.

	Cost per Unit Usage -Characteristics of Affordability
	Ownership (O&S) Costs – Mandatory KSA
	Comparable.  Cost per Unit Usage is O&S cost divided by flight hours, steaming hours, miles, number of events, etc.  The new Ownership Costs defines O&S costs within the Cost Analysis Improvement Group O&S Cost Estimating Structure which includes Unit Operations, Maintenance, Sustaining Support, and Continuous Systems Improvement (Note: Continuous Improvement is a better way of saying sustaining engineering – gives sustaining engineering a purpose to track metrics, determine material problems, and development changes to correct problems).  This Ownership Cost can be then expressed on a Cost per Unit Usage basis.

	Logistics Footprint (Characteristic of Mobility)
	Not Addressed
	Not addressed in new set of metrics.  However, this is a very important metric to the Navy’s Sea Power initiatives in the area of Expeditionary Warfare.

	Logistics Response Time (LRT) - Characteristic of Supportability
	Mean Down Time
	Comparable.  Logistics Response Time (LRT) includes Mean Logistics Delay Time that addressed any off materiel equipment maintenance which should include back shop repair and supply chain events to satisfy the material requisition from the operating unit.


As the LCL, you are responsible for assisting in the translation of KPPs, KSAs, and other relevant product support attributes contained in the Strike Talon CDD into system design and development specifications for a Performance Work Statement (PWS).  The first step in this process is to review the CDD and identify the KPPs, KSAs, and other relevant product support attributes.  Once identified, they need to be translated into requirements that can be used in a PWS for a request for proposal (RFP).
Writing a Performance Work Statement (PWS).  A PWS is a document that describes requirements in performance based terms with measurable outcomes versus prescribing methods by which a product or service should be provided.  A PWS tells the contractor what needs to be done (performance) and to what standard (metrics) as opposed to how to do it.  You may also find that the PWS is referred to as a Statement of Work (SOW), but there is a fundamental difference. The basic difference is that a SOW is ‘prescriptive’ while a PWS is ‘descriptive’.

How will you know if the PWS is successfully written to be performance based?  If the following questions about your PWS elicit the answer that follows each question, your PWS is performance based: 

· Does the PWS tell the contractor HOW to do something? No. 

· Does the PWS tell the contractor WHAT RESOURCES it must use to provide the required products or services? No. 

· Does the PWS allow the contractor the flexibility to determine how it will deliver the products or services? Yes. 

· Does the PWS identify measurable performance standards? Yes. 

· Does the PWS have an accompanying section/document to address how performance will be managed if it does not meet performance standards? Yes.
· Does the PWS have an accompanying Performance Assessment Plan that definitively describes how the contractor’s performance will be measured and assessed against performance standards? Yes.
Also, as the LCL you should be cognizant of the impact of the PWS requirement on the various Integrated Logistics Support (ILS) elements.  A brief primer on ILS and the 10 ILS elements is provided below.
Integrated Logistics Support (ILS) is a technique introduced by the US Army to ensure that supportability is considered during weapon system design and development.  The aim of ILS is to address three aspects of supportability during the acquisition of the equipment:

1. Influence on Design.  This is an iterative process during the design of the system to ensure that supportability aspects are considered.  This is to ensure that there is an optimum balance of reliability, maintainability, supportability and affordability that will maximize system operational effectiveness.
2. Design of the Support Solution.  Ensuring that the support solution considers and integrates the ILS elements.  This is discussed fully below.

3. Develop and Implement the Product Support Package.  Product support is defined as a package of logistics support functions necessary to maintain the readiness and operational capability of a system or subsystem.  The package of logistics support functions can be performed by public or private entities.
The ILS management process facilitates development and integration of the individual logistic support elements to specify, design, develop, acquire, test, field, and sustain systems.  All elements of ILS must be developed in coordination with the system engineering effort and with each other.  Trade-offs may be required between elements in order to acquire a system that is affordable (lowest life cycle cost), operable, supportable, sustainable, transportable, and environmentally sound within the resources available.  The planning for ILS for a system is normally contained in a Life Cycle Sustainment Plan (LCSP).  ILS planning activities coincide with development of the system acquisition strategy, and the program will be tailored accordingly.  While the Services have introduced additional logistics elements over time, the traditional 10 ILS elements and their descriptions are provided below:
1. Maintenance planning.  Maintenance is the logistics process that includes all actions necessary to sustain a system at a specified level of performance or to restore it to that level.  It is conducted to evolve and establish requirements and tasks to be accomplished for maintaining and restoring operational capability for the life of the system. Maintenance planning relies on a number of technical and management processes including Failure Modes, Effects and Criticality Analysis (FMECA); Condition-Based Maintenance Plus (CBM+); Reliability Centered Maintenance (RCM); Level Of Repair Analysis (LORA) and Maintenance Task Analysis (MTA).   Maintenance planning will:

· Define the actions and support necessary to ensure that the system attains and retains the specified system readiness objectives with minimum Life Cycle Cost (LCC).
· Operate within the maintenance concept which identifies the maintenance hierarchy, maintenance level responsibilities, repair policies and decision criteria, and compliance with statutory and regulatory guidance.
· Identify specific maintenance enablers, including built-in test equipment (BITE), support equipment, special tools, automatic test equipment (ATE), specialty training and unique facility requirements.

· State specific maintenance tasks to be performed on the system.

· Define actions and support required for fielding and maintaining the system.

· Address warranty considerations.

2. Supply support.  Supply support encompasses all management actions, procedures, and techniques used to determine requirements to:

· Acquire support items and spare parts.

· Catalog the items.

· Receive the items.

· Store and warehouse the items.

· Transfer the items to where they are needed.

· Issue the items.

· Dispose of secondary items.

· Provide for initial support of the system.

· Acquire, distribute, and replenish inventory. 
3. Support and test equipment.  Support and test equipment includes all equipment, mobile and fixed, that is required to perform the support functions, except that equipment which is an integral part of the system.  Support equipment categories include:

· Handling and maintenance equipment.

· Tools (hand tools as well as power tools).

· Metrology and measurement devices.

· Calibration equipment.

· Test equipment.

· ATE.

· Support equipment for on- and off-equipment maintenance.

· Special inspection equipment and depot maintenance plant equipment, which includes all equipment and tools required to assemble, disassemble, test, maintain, and support the production and/or depot repair of end items or components.

· This also encompasses planning and acquisition of logistic support for this equipment.
4. Manpower and personnel.  Manpower and personnel involves identification and acquisition of personnel with skills and grades required to operate and maintain a system over its lifetime. Manpower requirements are developed and personnel assignments are made to meet support demands throughout the life cycle of the system.  Manpower requirements are based on related ILS elements and other considerations.  Human factors engineering (HFE) or behavioral research is frequently applied to ensure a good man-machine interface. Manpower requirements are predicated on accomplishing the logistics support mission in the most efficient and economical way.  This element includes requirements during the planning and decision process to optimize numbers, skills, and positions, including:

· Man-machine and environmental interface.

· Special skills.

· Human factors considerations during the planning and decision process. 
5. Training and training devices.  Training and training devices encompass the processes, procedures, techniques and equipment used to train personnel to operate and support a system.  This element defines qualitative and quantitative requirements for the training of operating and support personnel throughout the life cycle of the system. It includes requirements for:

· Competencies management.

· Factory training. Instructor and key personnel training.

· New equipment training team.

· Resident training.

· Sustainment training. User training.

· HAZMAT disposal and safe procedures training.

· Embedded training devices, features, and components are designed and built into a specific system to provide training or assistance in the use of the system (one example of this is the HELP files of many software programs).  The design, development, delivery, installation, and logistic support of required embedded training features, mockups, simulators, and training aids are also included.
6. Technical data.  Technical data and technical publications consists of scientific or technical information necessary to translate system requirements into discrete engineering and logistic support documentation. Technical data is used in the development of repair manuals, maintenance manuals, user manuals, and other documents that are used to operate or support the system. Technical data includes, but may not be limited to:

· Technical manuals.

· Technical and supply bulletins.

· Transportability guidance technical manuals.

· Maintenance expenditure limits and calibration procedures.

· Repair parts and tools lists.

· Maintenance allocation charts.

· Preventive maintenance instructions.
· Drawings/specifications/technical data packages.

· Software documentation.

· Provisioning documentation.

· Depot maintenance work requirements.

· Identification lists.

· Component lists.

· Product support data.

· Flight safety critical parts list for aircraft.

· Lifting and tie down pamphlet/references.

· Hazardous Material documentation. 
7. Computer resources support.  Computer resources support includes the facilities, hardware, software, documentation, manpower, and personnel needed to operate and support computer systems and the software within those systems.  Computer resources include both stand-alone and embedded systems.  This element is usually planned, developed, implemented, and monitored by a Computer Resources Working Group (CRWG) or Computer Resources Integrated Product Team (CR-IPT) that documents the approach and tracks progress via a Computer Resources Life Cycle Management Plan (CRLCMP).  Developers will need to ensure that planning actions and strategies contained in the LCSP and CRLCMP are complementary and that computer resources support for the operational software, ATE software, and support software is available where and when needed.
8. Packaging, Handling, Storage, and Transportation (PHS&T).  PHS&T includes resources and procedures to ensure that all equipment and support items are preserved, packaged, packed, marked, handled, transported, and stored properly for short- and long-term requirements.  Military items must be packaged to withstand the most severe environments as well as the impacts and shock levels characteristic of materials handling and movement in zones of contingency operations.  Military packaging and handling specifications must take into account conditions of austere operational facilities, shelf-life constraints and climatic extremes anywhere in the world.
  This element includes planning and programming the details associated with movement of the system in its shipping configuration to the ultimate destination via transportation modes and networks available and authorized for use.  It further encompasses establishment of critical engineering design parameters and constraints (e.g., width, length, height, component and system rating, and weight) that must be considered during system development.  Customs requirements, air shipping requirements, rail shipping requirements, container considerations, special movement precautions, mobility, and transportation asset impact of the shipping mode or the contract shipper must be carefully assessed. PHS&T planning must consider:

· System constraints (such as design specifications, item configuration, and safety precautions for hazardous material).

· Special security requirements.

· Geographic and environmental restrictions.

· Special handling equipment and procedures.

· Impact on spare or repair parts storage requirements.

· Emerging PHS&T technologies, methods, or procedures and resource-intensive PHS&T procedures.

· Environmental impacts and constraints. 
9. Facilities.  This logistics element is composed of a variety of planning activities, all of which are directed toward ensuring that all required permanent or semi-permanent operating and support facilities (for instance, training, field and depot maintenance, storage, operational, and testing) are available concurrently with system fielding.  Planning must be comprehensive and include the need for new construction as well as modifications to existing facilities.  Facility construction can take from 5 to 7 years from concept formulation to user occupancy.  It also includes studies to define and establish impacts on LCC, funding requirements, facility locations and improvements, space requirements, environmental impacts, duration or frequency of use, safety and health standards requirements, and security restrictions.  Also included are any utility requirements, for both fixed and mobile facilities, with emphasis on limiting requirements of scarce or unique resources.
10. Design interface.  Design interface is the integration of the quantitative design characteristics of systems engineering (reliability, maintainability, etc) with the functional logistics elements (i.e. integrated logistics support elements).  Design interface reflects the driving relationship of system design parameters to product support resource requirements.  These design parameters are expressed in operational terms rather than as inherent values and specifically relate to system requirements.  Thus, product support requirements are derived to ensure the system meets its availability goals and design costs and support costs of the system are effectively balanced.  The basic items that need to be considered as part of design interface include:

· Reliability 

· Maintainability 
· Supportability
· ILS Elements
· Affordability
· Configuration Management
· Safety requirements.

· Environmental and HAZMAT requirements
· Anti-Tamper
· Habitability

· Disposal
· Legal requirements




































































































































































































































� https://acc.dau.mil/CommunityBrowser.aspx?id=128766&lang=en-US


� Source: The Joint Strike Fighter (JSF) Prognostics and Health Management brief.


� Available for download at http://www.dtic.mil/futurejointwarfare/concepts/approved_ccjov2.pdf


� The DoD component, principal staff assistant, or domain owner responsible for all common documentation, periodic reporting, and funding actions required to support the capabilities development and acquisition process for a specific capability proposal.


� https://akss.dau.mil/askaprof-akss/qdetail2.aspx?cgiSubjectAreaID=23&cgiQuestionID=14387


� USD (AT&L) memo Performance Based Logistics: Purchasing Using Performance Based Criteria, 16 Aug 2004.


� DUSD (L&MR) memo Life Cycle Sustainment Outcome Metrics, 10 Mar 2007.


� From CJCSM 3710.01C Operation of the Joint Capabilities Integration and Development System, 1 May 2007.


� Logistics Principles and Applications, 2nd Ed.  John Langford
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