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Algorithm 1 The RGAGM Algorithm

Inpl.l.t: GaRgDal(G)'U = {ul, Dy waey H|U|}°U= {71 2 Y2, ”"Ul ,},":(cgmm
Qutput: Rgoal(G), cost(G)
1: Sort the tasks in a list dlist by descending order of rank, values:
2: for (Vi,n; € N) do
3 Compute Rpin(n;) and Rmax(n;) using Egs. (2) and (3). respec-
tively;
4: end for
5: Compute Rpyin(G) and Rmax(G) using Egs. (5) and (6), respectively:
6: Compute Ryp goal (naeq(i))P Rgmt (nseq{i]} and R‘Emf(nseq(i)) using
Egs. (15), (17) and (18), respectively:
T: while (there are tasks in dlist) do
8: n; = dlist.out();
9:  Compute Ry, (n;) using Eq. (25);
10: if (Rggai(ng) < Rypin(n;)) then

11: Rgaal(ﬂé) +— Rmin (ﬂ-l'};

12: else if (Ryoq(ni) > Rmax(ni)) then
13: Rgaal 'né) 4 Rmax (ni);

14: end if

15: for each ECU (up € U7) do

16: Compute F2(n;,uy) using Eq. (1):

17: Compute cost(rn;, ug) using Eq. (8):
18: if (R(ni, uk) < Rgoal(ni)) then

19: continue;

20: end if

21: if (cost{n;, uk) < cost(ni, typoe(iy) then
22: proc(i) « k;

23: R(n;, uproc(:')) +— R(ng, ug):

24: msf(ﬂn upracl:i.)) — msi(ni‘ ‘Ek}:
25: end if

26: end for

27: end while

28: Compute the actual reliability B(G) using Eq. (4);
29: Compute the final resource consumption cost cost(() using Eq. (9);
30: return R(() and cost(G).
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Abstract—Functional safety is aimed at avoiding unacceptable
risks and safety damages due to system functional failures,
and it is a critical demand for the automotive embedded
systems. The automotive functional safety standard ISO 26262
has clearly stated that it is necessary to take measures to
satisfy the designated reliability goals to assure the automotive
functional safety. In general, the linchpin of reliability goal
assurance method is to transfer the reliability goal of a distributed
function to that of each task. This study proposes an effective
reliability goal assurance method called RGAGM for automotive
functional safety. The core idea of this method is defining two
kinds of geometric mean for tasks and function, respectively,
and preassigning geometric mean-based reliability values for
unassigned tasks, thereby saving more resources for systems.
The correctness of the proposed RGAGM method is proved.
Experiment results on the real-life automotive function and the
randomly generated distributed automotive functions show that
the method can effectively ensure the reliability goal and reduce
resource consumption cost compared with the existing MRCRG
method.
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[. INTRODUCTION
A, Mativation

The automotive electronic system is a typical heterogeneous
distributed embedded system. Along with the higher require-
ments of the safety and comfort for cars, lots of distributed
functions have been introduced into the automotive electronic

To ensure the reliability goal of a distributed automotive
function, replication-based fauli-tolerance is a common used
measure. However, resource is limited for automotive em-
bedded systems such that replication is a waste of resource.
To assure the reliability goal of a distributed automotive
function, the preassignment mechanism of preassigning relia-
bility values for unassigned tasks is a state-of-the-art strategy.
The method called minimizing resource consumption cost
with reliability goal (MRCRG) concentrates on minimizing
resource consumption cost for a reliable function without
fault-tolerance [2]. This method can satisfy the reliability
goal of function but consumes too much resource due to the
pessimistic preassigned values for unassigned tasks. Further-
more, the heuristic method (HRRM) results in excessively
high reliability goal of each task when applying it to non-
fault-tolerant manner [3]. In summary, existing methods either
cannot always satisfy the reliability goal of the distributed
automotive function or consume t00 mMany resources.

B. Qur Contributions

The emphasis of this paper is to present an effective
reliability goal assurance method of a distributed automotive
function without using fault-tolerance, and take the resource
consumption cost as the optimization objective. Our contribu-
tions compared with the MRCRG method are summarized as







