Availability as an Affordability Parameter

The Office of Naval Research has defined affordability as the characteristic of a system that enables it to:

· perform at an optimum level to accomplish its purpose

· be available when initially required

· remain available to perform when needed

· be procured and operated within reasonable cost utility parameters.

The S&T and acquisition communities generally have accepted performance and cost utility as affordability characteristics.  But availability, and particularly operational availability, has raised questions regarding its selection as a major affordability parameter.  Some critics claim that availability represents a performance characteristic.  Others assert that availability depends on reliability and reliability is a performance characteristic.  So what do we mean by availability, how do we define it, and how is it related to reliability?

Let's begin by identifying the states through which a commodity passes during its useful life up until disposal.  From the time we order a commodity to be procured until we receive delivery the commodity is in a developmental state.  The developmental state can include design, development, manufacturing, assembly, testing and shipping.  When we actually use the commodity to perform its intended function the commodity is in an operational state.  If we need to take actions to restore the commodity to its full functional capability the commodity is in a restorative state.  Once the commodity's functions are restored, the commodity is in a ready to perform state.  We transition a commodity from one state to another during its life in order to continue to use it in its intended function.  Each of these states is associated with the affordability characteristics described above

We define initial availability as the first time a commodity can be used to perform the function for which it was acquired.  In other words, initial availability occurs when the commodity transitions from the developmental state to the ready to perform state (a transition that normally occurs only once).  We can measure initial availability either in terms of (1) a specific date or (2) the span of time from the decision to acquire a commodity to the first time it can be used.  We frequently refer to the span of time definition as "cycle time."  In fact, the Department of Defense has declared significant cycle time reduction to be a major acquisition objective.  The reason – we acquire commodities to satisfy current needs that frequently change over time.  A long cycle time could make a commodity much less effective if not obsolete before initial availability. 

We can relate this initial availability definition to purchase of an automobile.  The car you choose to purchase may be available "off the showroom floor," which means immediately.  However, if you want specific features, you may have to wait for the car to be manufactured to your specification.  Production could start immediately or be delayed because of material limitations, production schedules or even labor problems.  So initial availability might vary from one hour to many months.  If the cycle time is long enough, your needs might change and you might specify a different automobile.

We define operational availability as the readiness of a commodity to be applied effectively each time it is needed to perform the function for which it was acquired.  We can measure availability as a percentage of time a commodity is available when needed to perform, or the probability that it is in a ready to perform state when needed at any random time.  So we need to understand how a commodity achieves or retains readiness to perform for each occurrence of need.

Let's look more closely at the three states that a commodity can assume once we begin using it and analyze the transitions from each state to the next.  A commodity transitions from the operational to restorative state at the completion of the operational state if the commodity requires some form of service.  This service might include replenishment of consumed items, adjustment of certain subsystems, repair or replacement of damaged, failed or unreliable parts, scheduled maintenance to avert wear or failure of selected components, installation of additional equipment, and general "housekeeping" for safety and cleanliness.

We can relate this restorative state to how we take care of an automobile.  The car consumes fuel that must be replenished frequently, lubricants that must be replenished occasionally, and windshield washer fluid that should be replenished on demand.  While new cars require few adjustments, mechanical parts such as windshield wipers, carburetors, and headlights may need occasional adjustment.  If we have an accident, or an alternator fails, we must repair or replace the affected parts.  We replace tires and windshield wiper blades at certain intervals to avert failure.  If the car is outfitted with a trailer hitch receptacle, we install the hitch when we need to tow a trailer, and remove it when we are done.  And, of course, we wash the windshield frequently and the entire car occasionally for safety, preservation and appearance.  Obviously, we can not operate the vehicle during any of the time it is in this restorative state.

In many cases, a commodity moves directly from the operational to the ready to perform state.  This means that we need perform no actions to use the commodity the next time.  But when we do perform restorative actions, then the commodity transitions to the ready to perform state upon completion of those actions.  We can also transition a commodity back from the ready to perform state to the restorative state if a service requirement emerges while in the ready to perform state.  In our automobile example, we might not be able to start the vehicle until we replace or recharge a battery. Obviously, a commodity transitions from the ready to perform to the operational state when we begin to use it in its intended function.

To complete the picture, we should address the occasion where we must use the commodity before we have completed all restorative actions.  This means that all commodity functions may not be operative, but sufficient functions are operative to use the commodity in a limited application.  We could term this conditional availability and could develop quantitative methods to express conditional availability associated with specific performance requirements.  In this case, we transition the commodity to the ready to perform state under specific conditions but without its being ready to perform all functions, and with the expectation that we will transition the commodity back to the restorative state as soon as possible.  Using our automobile example, we may have removed the headlights for repairs to the car and find we must go to the doctor immediately.  As long as it is daylight, we can make the emergency trip and resume restorative actions upon our return.  

Thus the concept of operational availability refers to state of the commodity during the interval between successive operational states.  During the restorative state, it is not available.  During the ready to perform state it is available.  Since we describe the restorative state as downtime, we measure it in terms of time span – minutes, hours, days, etc. So what underlying factors cause downtime and adversely affect a commodity's readiness to perform (availability)?

First we will look at physical attributes of a commodity that contribute to the need for restorative actions.  The consumption rate of consumable products and their storage capacity dictate the frequency and time required for replenishment.  The accessibility, relative ease of removal and installation, and relative ease of repair (collectively called maintainability) determine the time required for component repair or replacement.  The rate of deterioration of wear parts indicates the frequency of lubrication or replacement and their maintainability determines the time required.  The physical design of the commodity determines these attributes.

Next we will consider the commodity's operational environment.  The need for restorative actions can result from operating the commodity beyond its design limits.  Exposure to harsh climatic conditions can cause commodity wear, corrosion, or erosion.  Likewise, a commodity or some of its components might be damaged inadvertently or as the result of combat operations.  While these results could reflect physical design weaknesses, the operational scenario is the primary factor causing downtime due to the operating environment.

A third factor contributing to non-availability is commodity reliability.  Note that in most cases reliability is a performance parameter and manifests itself during the operational state. (Reliability might be considered an availability parameter only in association with commodities used as part of the restorative process.  However, the use of that commodity in the restorative process places it in its own operational state, so reliability is still an operational parameter.)  The Navy Program Manager's Guide states that reliability is a design attribute defined as the duration or probability of failure-free performance under given conditions.  It goes on to say that availability is a function of reliability and other factors.  Thus, commodity reliability interests us only during the commodity's operational state.  We "observe" reliable conditions during operation.  We also observe the effects of unreliable performance during operation.  Commodity reliability is clearly an operational state parameter.  But any instance of non-reliability adversely affects availability.  Ninety-nine out of one hundred components in a commodity can be reliable, but once the commodity transitions to the restorative state, that one unreliable component makes the commodity non-available if that component is needed for the next operation.  If that component needs to be reliable, we can refer to the physical attributes of the commodity to determine the impact on availability.  So we may conclude that reliability is an operational parameter and not an availability parameter, reliability can affect availability, and availability does not affect reliability.  

Suppose that a component of a commodity is not reliable but we don't know it.  Perhaps the component failed during operation but the failure remained undetected. Or perhaps the failure was detected and the component ineffectively repaired during the restorative state.  Is the commodity available?  We have no choice but to declare the commodity available and transition to the ready to perform state.  In effect, we have conditional availability without knowing the constraints on performance.

A fourth factor contributing to commodity non-availability is the time to perform restorative actions.  The time to perform restorative actions depends on restorative process design, equipment capability and technical skill of the people performing the actions.  (Interestingly, the restorative process represents another commodity in its operational state.)  The effectiveness of the process and its components dictates the speed with which restorative actions take place and how quickly the commodity transitions to the ready to perform state.  Clearly, speed of restoration directly affects availability. 

So what can we conclude from the above discussion?  To begin with, availability is not a performance parameter.  Rather, it is a precondition of performance: a commodity cannot transition to the operational state unless it is in a ready to perform state.  Availability has no input into how well a commodity performs.  Effective performance depends on the functional and physical design of the commodity, the reliability of its components, and the skill of the operator(s) or user(s).  The restorative process (except in the case where none is required) produces commodity availability – the performance process does not.  In other words, without effective restoration, we could not achieve availability.  The clear need for operational availability and its virtual independence from performance dictates that it be a major affordability parameter – we cannot afford a commodity that is not available when we need it regardless of its capability to perform the function for which it was acquired or the operational cost. 

Likewise, initial availability is a precondition of initial performance and has no input into how well a commodity performs the first time.  The production process produces initial availability while the performance process does not.  Again, we cannot afford a commodity that is not available when we first really need it regardless of how well it works when we finally acquire that commodity or how little it costs.

Should reliability be an affordability parameter?  Reliability, like endurance and capacity, is a commodity performance parameter.  All three have a potential impact on subsequent operational availability but are not availability parameters.  We should use these and other parameters to assess the contribution of performance to commodity affordability, but not use them to replace availability as a primary affordability parameter.

In summary, we can associate primary affordability characteristics with the states that a commodity can assume during its useful life.  We associate the ability to perform at an optimum level to accomplish its purpose with the operational state.  We associate the condition of being available when initially required and remaining available to perform when needed with the ready to perform state.  We associate procurement and operation within reasonable cost utility parameters with the resources consumed during the developmental and restorative stages.  The important factors to consider regarding availability as a primary affordability parameter revolve around the restorative process – the output of the process is availability, so each element of the restorative process has an impact on improved availability and thus overall affordability.  To repeat, we cannot use a commodity that is not available, regardless of its performance capability or cost utility, and therefore we cannot afford the commodity. 

