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Abstract: (350 words)
With the advances in pervasive computing and wireless networks, quantitative measurement of component and network availability has become a challenging task.  It is widely recognized that the forced outage ratio (FOR) of an imbedded repairable cyber-physical hardware component is defined as “the failure rate divided by the sum of the failure and repair rates”, or FOR is better known as the non-operating time divided by the total exposure time. However, it is also well documented that FOR cannot be a constant but a random variable.  The probability density function of FOR= Q = [image: cid:image031.png@01D33095.2CA6B6E0] where [image: cid:image032.png@01D33095.2CA6B6E0] is the failure rate (the number of failures/unit time) and [image: cid:image033.png@01D33095.2CA6B6E0] is the repair rate (number of repairs/unit time), the ratio of [image: cid:image034.png@01D33095.2CA6B6E0]~ prior Gamma[image: cid:image035.png@01D33095.2CA6B6E0] to the sum of [image: cid:image034.png@01D33095.2CA6B6E0]~ prior Gamma[image: cid:image035.png@01D33095.2CA6B6E0] and [image: cid:image033.png@01D33095.2CA6B6E0]~ prior Gamma([image: cid:image036.png@01D33095.2CA6B6E0]),  [image: cid:image037.png@01D33095.2CA6B6E0]1 ≠ [image: cid:image037.png@01D33095.2CA6B6E0]2, [image: cid:image038.png@01D33095.2CA6B6E0]1 ≠ [image: cid:image038.png@01D33095.2CA6B6E0]2,  was originally documented by Sahinoglu and Libby in their respective published Ph.D. dissertations (1981).  See equation (1). The SL model is shown to default to that of a standard two-parameter beta p.d.f. when the shape parameters are identical. Empirical Bayesian Decision theoretic solutions are sought to compute small-sample Bayesian estimators by using informative and noninformative priors for the failure and repair rates with respect to three definitions of loss functions. These estimators for component availability are then propagated to calculate the network‘s expected source(s)-target(t) availability for simple or complex networks. The method proposed is superior to estimating availability by simply dividing a given uptime by exposure time. Examples show SL’s superiority for time-critical, high-assurance systems such as in medical or space-related procedures to avoid over- or underestimation of availability if and when insufficient data exist. The implementation of the SL to Cyber-physical systems’ availability with repairable hardware components is well justified.
gQ(q) = [image: cid:image039.png@01D33095.2CA6B6E0][image: cid:image040.png@01D33095.2CA6B6E0] (1), where:
a                 number of occurrences of operative (up) times sampled
xT                total sampled up time for a of occurrences
b                 number of occurrences of debugging (down) times sampled
yT               total sampled debugging (down) times for b of occurrences of debugging activity
c                  shape parameter of gamma prior for component failure rate [image: cid:image034.png@01D33095.2CA6B6E0] 
[image: cid:image041.png@01D33095.2CA6B6E0]               inverse scale parameter of gamma prior for component failure rate [image: cid:image034.png@01D33095.2CA6B6E0] 
d                shape parameter of Gamma prior for component recovery rate [image: cid:image042.png@01D33095.2CA6B6E0]
[image: cid:image043.png@01D33095.2CA6B6E0]              inverse scale parameter of gamma prior for component recovery rate [image: cid:image042.png@01D33095.2CA6B6E0]
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