Timing systems all seem so well thought out, and complete.  However, experienced timers are well aware that no system is bullet proof.  In fact, it is a rare occurrence that a race proceeds without at least one timing “problem.”  It is well to remember that ski racing is conducted outdoors, in an alpine venue, and is at the mercy of weather conditions.  Extremes of wind, cold, snow, rain, sun, and sleet are all possible.  Of course, there is also the constant uncertainty of the “human factor.” 

The popular version of Murphy's Law “If something can go wrong, it will,” is well known.  There are hundreds, if not thousands, of popular corollaries that amend that law.  One of the best known is, “...and at the worst possible moment.” 

The idea that failure has a certain preordained component of destiny to it is one that each timing and calculation chief should adopt as a motto.  It is certainly within the experience of veteran ski racing officials to have witnessed many timing faults and failures.  This is not a statement lamenting the lack of competence of timing crews.  Rather, it is a testament to the congruity of Murphy's Law as it applies to timing.  Faults are inevitable.  Of course, a good crew exhibits fewer of them. 

The root cause determinants of failure give us important clues as to potential circumstances that will trigger Murphy's Law.  The circumstances are called failure modes.  The determinants are categorized by the two major outcomes: a missed time or the introduction of error.  Here is a list of root cause determinants: 
  

	Root Cause Determinants of Timing Failure Modes

	1. Catastrophic failure  
     (missing a time): 
    a) Due to equipment failure: 
        · Mechanical 
        · Electrical 
     b) Due to act of God or nature: 
        · Weather 
        · Wildlife 
        · Entropy 
     c) Due to human error: 
        · Inattention or distraction 
        · Mistake or confusion 
        · Lack of proper training 
        · Abuse of equipment 
        · Racer falls and takes out equipment
	2. Introduction of error 
     (inaccuracy): 
    a) Due to equipment failure: 
        · Mechanical 
        · Electrical 
    b) Due to act of God or nature: 
        · Weather 
        · Wildlife 
        · Entropy 
     c) Due to human error: 
        · Inattention or distraction 
        · Mistake or confusion 
        · Lack of proper training 
        · Synchronization 
        · Judgment (offset) 
        · Calculation 
        · Transcription 
        · Transposition


The primary system used to time ski races is robust and fault tolerant.  To demonstrate this, let's examine a few of the most common modes of failure.  Among those are: 

1. An interruption of the link, radio or hard wired, between the start and the timing room, or between the finish and the timing room, can occur. 

2. The start wand can fail. 

3. The finish beam can fail. 

4. The clock itself can fail. 

5. The clock operator, due to distraction, may fail to properly set, start, arm, or reset the clock in preparation for the next racer. 

6. Random events can occur that may open a start wand, or trip the finish beam, inappropriately. 

7. Random start, or finish events, may be detected by the clock due to various electronic anomalies. 

8. An individual racer may fail to complete the course, meaning that a finish event is never signaled by that racer.  If this escapes the notice of the clock operator (the timer), it will result in an improper correlation between start and finish events for all subsequent racers, and improperly calculated elapsed times, if not corrected. 

9. A racer, having difficulty negotiating the course, may be overtaken and passed by the racer following.  If this escapes the notice of the clock operator (the timer), it will result in an improper correlation between start and finish events for all subsequent racers, and improperly calculated elapsed times, if not corrected.

Beyond failure, there are a number of possibilities for the introduction of error.  These are called failure modes as well.  It is technically more correct to say that error was introduced than to say the timing failed.  Keep in mind that any event, circumstance, or condition that could result in a lost time or the introduction of error is called a failure mode. 

With so many things that can possibly go wrong, how is it possible to promise reliable and accurate timing?  In two ways: 

1) by referring to the permanent record of the timed events on paper, and 

2) redundancy.  The system works as an integrated whole.  We will describe the basic techniques throughout this document.

No sanctioned ski race is conducted without an approved backup timing system operating during the race.  Usually the backup timing is manually operated, or non-electronic, and is often called hand timing.  Sometimes it is a separately operated electronic timing system.  Scored USSA events require manual backup timing, and upper level events require primary and secondary electric, along with manual backup. 

Let's examine some of the sources of error with manual timing: 

1. Any of the hand timers is subject to distraction and the possibility that they will fail to observe or record a start or finish event. 

2. Extremes of weather can kill the hand time watch or battery. 

3. Extreme weather can freeze otherwise nimble human extremities, such as fingers and hands, rendering the time recorders’ handwriting illegible. 

4. The hand timer at the start is subject to error judging the moment the racer trips the wand. The hand timer at the finish is subject to error judging the moment the racer crosses the finish line. 

5. The synchronization between the electronic timer and the hand watches is subject to discrepancy. 

6. The synchronization between the start and finish watches is subject to discrepancy. 

7. The hand timer, or time recorder, is subject to error reading the racer’s bib number. 

8. The hand timer is subject to error when reading or verbalizing the watch display, or the time recorder is subject to error understanding, or recording, the spoken value, resulting in an incorrectly reported time, a transcription error. 

9. The time recorder is subject to error when hearing the time, reported by the hand timer, and transposition error when writing the reported time on the recording sheet. 

10. The chief of timing and calculation is subject to error transposing the values from the recording sheet, and is subject to error calculating the elapsed times, in the event this becomes necessary.

A probability is a number that signifies the likelihood that an event will occur. 

With three timing systems, the probability for simultaneous failure of all three falls to: 

For a single system, let's again assume:  1 ÷ 100 = .01  or 1%. 

Since there are three events (three timing systems operating) then .013 = .000001. 

We know that  .000001 x 100 = 0.0001% 

We know that its reciprocal is  1 ÷ .000001 = 1,000,000 (one in a million).

What is the lesson in all of this?  It is: that two generally reliable systems, operating in parallel, are many times more reliable than one only.  That reliability usually far exceeds one failure in a thousand (1:1,000).  Three systems usually ensure one failure in a million (1:1,000,000). That is the benefit of redundancy. 

That is why it is necessary to have a backup system at all times.  The backup is usually a manual timing system, otherwise known as hand timing.  The benefits of manual timing is that it does not rely on the electrical that, themselves, could fail.  Therefore, by its nature, it is a completely separate and independent system.  It is, therefore, not susceptible to the exact same modes of failure that primary or secondary electric timing are prone to. 

Of course, no sanctioned race can be conducted without primary, secondary, and backup timing. 

