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Abstract coping with transient faults requires to find a convenient

Effective discrimination between transient and trade-off between: i) system throughput - keep ailing-com
permanent faults is a very important practical prob ponent on the workplace until death, and ii) system cor
lem in (dependable) system design. A count-and- rectness - put offline suspect component to prevent-unre
threstold mechanism named-count, designed to coverable errors.
discriminate between transient faults and intermittent In fact, a wide range of techniques, spanning from
faults in computing systems, is presented in ah en various retry schemes to rather sophisticated off-line error
hanced embodiment. It retains enough simplicity to log audit and trend analysis have been used, or studied in
allow exhaustive analysability through simple models.  the literature, to defer ousting components experiencing
It is shown that the introduction of two operating  transient faults, with reference to specific systems. An idea
threslolds, instead of the single one present in the which has long been exploited has been to count the num
basic scheme already known, both improves the per ber of fault events: the number giey “too large” in a
formance figures of the mechanism and eases the de given time frame would signal the system component at

signer’s task of tuning the internal parameters. hand as ready to be removed. In a previous paper [2], a
simple mechnism, namedi-count, has been presented,
1  Introduction with the aim to provide the designer a flexible tool to cope

with the transient faults problera-count has a mathemat

Most faults occurring in computing systems are-tem ically defined structure, light enough to result into simple
porary in nature; more precisely, temporary physical faults models, easily analysable by automatic tools, yet provid
can be distinguished into inteal faults (usually termed in-  ing wide applicability via parameters fitted out to tune its
termittent) and external faults (known as transient). The behaviour to system figures, such as CPU or input devices
former, caused by some internal part going out its speci fault rates.
fied behaviour, usually émbit a relatively high occurrence In the originala-count, a single decision was envi
rate after their first appearance, and tend to become permasioned about a component, namely: keep it or trash it;
nent. Conversely, the cause of transient faults cannot beherefore, such a decision directly influenced both sides of
traced to a dect in a well identifiable part of the system. the trade-off described above. This effect may be attenu
Discarding the décted component would be appropriate ated if we could someway de-couple the need of not rely
for intermittent faults, but may prove too radical a mea ing on the activity of a possibly faulty component, from its
sure, provided the state of the computation can be -someactual dismission. In this paper n@wcount scheme has
way saved, to be resumed later on (possibly by outrightbeen devised for this purpose, where a componest
restart, as in most non-catl applications). In practice, kept in full service as long as its scaxds lower than a



first thresholda . When the value aft grows bigger than In TMR MODIAC, the architecture proposed in [6]
0L, uenters a restricted operation mode, where it contin and analysed in [7], two failures exparced in two con
ues to run application programs, but its results are not de secutive operating cycles by the same hardware compo
livered to the user or used by the system, other than tanent being part of a deindant structure make the other re
continue to feedi-count. Ifa continues to grow, it even  dundant components to consider it as definitively faulty.
tually crosses a second threshold, with ap>0, : then In the IBM machines the idea of thresholding the
the component is considered affected by a permanent number of errors accumulated in a time window has long
fault. If, instead, after some time, becomes smaller than been exploited. In the earlier examples, as in [11], describ
o, the component is brought back in full service. ing the automatic diagnostics of the IBM 3081, the idea is
This scheme allows keeping the lower threshold at aused to trigger the intervention of a maimance crew; in
low value, thus reducing the diagnosis delay. Healthy later models, as in the ES/9000 Model 900 [10], a retry-&-
components being hit by occasional fault bursts are pushedhreshold scheme is adopted to cope withsieant errors.

into a non-utilisation piod (i.e. until theira-count goes In [4] if, after a fault, a channel of the core FTP can

back under the lower threshold), but the oty of be restarted successfully (restoring iteenal state from

irrevocable ousting can be kept as low as desired by meansther operating channels), then it is brought back inasper

of an appropriately high value for. tion. The value of an associated “health variable”, used to
differentiate between transient and intermittentufais, is

2 Related work decreased.

In [1] a list of “suspected” processors is generated

Several techiques have been proposed to discrimi- during the redundant executions, then, a few schemes are
nate transient faults in computing (sub) systems. They carsuggested for processing this list. Processors participating
be broadly classified in two groups: (A) techniques de in the execution of a job and failing to produce a signature
signed to support human intervention, and (B) algorithm matching that of the accepted result, can be taken down
based, automatic mechanisms. immediately for off-line diagnosis, or can be assigned

(A) The solutions in this group mainly entail analysis weights, only those with weight exceeding a certain prede
of bulky error logs, by means of (possibly) sophisticated termined threshold are then taken down faigdiostics.
statistical analysis tools. Their procedures, however, are  As recalled in the Introduction, in [2] the Authors de
seldom expressed in algorithmic form, and require humanscribed a mechanism, namedcount, implementing a
supervision. Of course, this means that they are normallystrategy to decide the point in time when keeping &egays

applied off-line. component on-line is no longer beneficial. If the rate of
In [12] trend analysis upon system error logs is ap detected errors, filtered according to some parameters, ex
plied, trying to predict future hard failures. ceeds a tunable threshold, the component is flagged for

In [5] some heuristics, based on the inter-arrivat pat proper treatment. The main point of that paper is that the
terns of faiures, for fault diagnosis and failure prediction mechanism can, and in fact has been, modelled and-evalu
are developed and applied (off-line) to system error logsated: its performance is given in terms of specific figures
taken from a large Unix-based file system. Among theseof merit, appropriately introduced. Moreover, procedural
heuristics, for eample, there is the 2-in-1 rule, which sig- actions a designer could take to make good choices for the
nals a warning when the time of inter-arrival of two-fail mechanism’s parameters have been sketched. This single-
ures is less than 1-hour, and the 4-in-1 rule, which firesthreshold scheme was quite simple, yet well illustrative
when four failures occur within a 24-hour. about the main concepts; the effectiveness of the underly

In [3] a comprehensive and sophisticated methodol ing ideas can be enhanced by straightforward extensions,
ogy for the automatic detection of permanent faults is pre like that one described in the following Sections.
sented. Errors occurring in a time interval where an higher
than normal rate is observed are clustered into “groups”.3 A double-threshold scheme
Then the subgpient analysis exploits the quite detailed
information given by the error record structure: statistic In [2], all signals related to the correctness of a given
techniques are recursively used to seek lanities component are gathered from any available error detector.
(correlations) among records, that eventually may point to Signals feed the filtering mechanism, which igirted in

common causes (permanent faults) of each group. terms of a functiom given in the following form:
(B) A number of mechanisms, based on simple count BEYE i IV =0
ing/windowing algorithms implemented in real &ss af") ="' ! O<K<1 (1)

(L-1) : (L) —
are reported in this group. Qai +1 it =1



taken into account in the dimensioning of the system, is
due to the necessity of treating the errors showing up in
the limbo dwellers. In fact, for céinued observation of
their behaviour, they need to be nursed exactly as the on
line compments, putting their share of burden on the er-
ror-processing subsystem.

a@ =0

Wherea is the score associated to each not-yet-re
moved compoentu to record ifiormation about the fail-
ures experienced by that component, alfd indicates
the L-th signal on the generic component u:
JB = 1corresponding to a failured®) =0 otherwise.

When the value otx(® exceeds the threshatdy, the
componentuis considered affected by a permanent or

otherwise by a too much frequent intermittent fault; this
event produces a-signal sent to the fault passition

3.1 The System and Relevant figures of interest

To carry on the modelling and analysis of the double
thresholda-count just introduced, let us recall and update
subsystem. the assumptions established in [2]. The system is consid

The parameters K araty are under the control of the ered partiioned into components enclosed in well-defined
designer. Their values have to be tuned, depending on théoundaries, establishing the finest resiolu for error de-
system fault rates or probabilities, in order to get the tection and fault diagnosis. fault passivation subsystem
“best” behaviour in terms of some performanceifes. In is in charge of enacting proper actions upon receiving the
[2] the figures defined have been i) the delay Bveen signals produced by the fault discrimtion mechanism.
an intermittent fault occurrence and its signalling, and ii) An error detection subsysteimas the responsibility to
the probability HR of (wrongly) identifying a healthy judge if a component is deviating from the expected be
component as faulty (which results into an attion haviour because of a fault. The errotes¢ion results into
shorter than the component’s life). binary valued signals, which feed the fault discrimination

Clearly, low values for both HR and D are conitigt mechanism. After an error oceance,error recovery
goals: e.g., lowering the threshold valug yields faster mechanisms/procedures are aabié; able to bring back
detection of permanent faults, but increases the probabilitythe system into a correct state, where the normal computa
of unduly junking an unlucky component hit by an ecca tion is resumed, provided no fault is still hampering the
sional storm of transient glitches. The designer is thusoperation.
faced to arrange a viable trade-off. The goal of our fault discrimination mechanisms may

To ease this task, let us introduce a two-threshield  be informally expressed as to try to balance between two
count scheme: now, a componeris kept in full service  conflicting requirements:
as long as its scom@ is lower than dirst thresholda . i) Signal all components affected by permanent or-nter

When the value oft grows bigger than , uwill be re

stricted to run application programs just for diagnostic

purposes: its output will only be gathered by the error sig
nalling subsystem, and its associateount mechanism

will continue to operate. In other words is considered

“suspected” and as such its results are not delivered to the

user or relied upon by the systemalfcontinues to grow,
it eventually crosses second thresholdy, ap>ay: then
the componentiis diagnosed as fatted by a perma
nent/intermittent fault, and thee-signal is issued, as in the
original a-count, to the fault passitran subsystem. When
insteada, after some wandering in the--a ) “limbo”,
becomes lower than or equaj , then u will be brought
back in full service.

mittent faults (referred to in the following daulty
componentsor F Cs) as quickly as possible. In fact,
gathering infomation to discriminate between transient
and intermittent faults takes time, giving way to a
longer latency. These latent faults increase the risk of
having to deal with multiple faults, which rises the re
guirements on the error processing subsystem.
Avoid taking off-line components other than FCs-(re
ferred to in the following akealthy component®r
HCs); depriving the system of valid resources may cut
on the system usefulness not less than relying on a fal
tering component.

The performance of the mechanism with respect to

the above goal is given quantitative measures by the fol

With this scheme, the lower threshold can be kept at alowing figures:

low level, to limit the detection delay, while losing not too 1)

much on the probability of throwing away good quom
nents. Actually, healthy components being hit by ecca
sional fault bursts may be counted off into a non-utilisa
tion period (i.e. until theiot-count goes back under the
lower threshold), but the probability of irresable ousting

can be kept as low as desired by means of an appropriately

high value foray. Another adverse effect, which has to be

The average D of the total elapsed time, after the
(permanent or intermiént) fault occurrence in a com-
ponent u, in which it is maintained in use antiece
upon, because its condition has not yet beeongec
nised. D has a slightly different meaning wrt the defi
nition given in [2] (recalled in Sect. 3 above) because
it accounts for any time spent in use, even upon a
comeback from the “suspected” limbo.



2) A measure of the penalty inflicted by the discrimina close tod; as desired at the price of increasing the time
tion mechanism on the utilisation of HCs. The figure and computational effort necessary to obtain the solution..
HR recalled in Sect 3 from [2] is not fully representa
tive in the double-threshold scheme, since a HC is un 4.1 Double-threshold a—count actingon a FC
used both if wrongly removed from the system and as
long as it is kept in the limbo. Therefore a new figure, The behaviour of the double-threshaetcount act
NU, is adopted, defined as the fraction of componenting on a FC is modelled using F_SAN (see Figure 1),
life, (as determined by the expected occurrence of awhich allows to compute an upper bound on D, the-aver
permanent/intermittent fault) in which the otherwise age number of steps the FC is kept in full service after the
healthy component is not effectively used in the sys ~ permanent/intermittent fault occurrence. Inside D_S&N,

tem. is represented by the discrete variablénf taken as the
value ofaj, truncated to the 4th decimal tGige. Being
3.2 Basic assumptions o_inf < aj, a_inf will then need more steps to reach the

thresholds. F_SAN has four places:
A generic system component is supposed to behaved) not _remoVinitially set to 1): the presence of a token in
according to the following assumptions: this place means that u is not yet flagged as faulty;
1- All fault-related events (error detector triggers, testing ii) remov a token here marks the actual identifica of u
routines completion, etc.) occur at discrete points in  as FC, with the attending emission of theignal,

time; two successive points differ by a (constaime iif) alpha_state it maintains the current value of inf

unit (or step. For each component, a default “I'm alive (the lower discrete approximation chosendg;

and well” state-indicatorsignal is issued at each step, iv) susp(initially set to 0): it represents the alternation of

if not overridden by real error signals; periods in which the component is "suspected" (one
2- The hardware directly supporting the discrimination token insusp with those where the cqronent is used

mechanisms is fault-free; and provides results to the user (no tokersusp.

3- The signal carrying the component’s judgement is cor
rect with a probability;

4- System components may be affected by permanent, in
termittent or transient faults. During each time unit a
component may be affected at most by a single internal
fault; therefore, a component experiencing aarmit-
tent fault may also be hit by a transient fault, but not by
a permanent fault;

usp

-
O e
° next_raiss
O——ff .
& -
- next_step alpha_state /s
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5- Permanent and intermittent faults are exponentially decr
distributed. Therefore the probakidis of their occur Figure 1. F_SAN: Double-threshold a-count act-
rence in a time unit are constant, and will be denoted iﬁg on a Faulty Component
by gpandg; respectively;

6- A component affected by an intermittent fault does re The two output-gatesicr anddecr perform the basic
peatedly give rise to an error with a constant pbib  steps for computing_inf. Whena_inf reaches the value
ity g at each step; o the gatencr sets to 1 the marking susp.When in

7- A transient fault lasts only for one step. Transient steado_inf reaches the valugy, incr deposits a token in
faults are exponentially distributed, with a constant {he placeremovand resets to 0 the markingapha_state

probability of ocurrenceg in a generic time unit. andsuspfor a proper restart inext_missWhen the value
. of a_inf becomes smaller than tig threshold, the gate
4 Modelling the double-threshold scheme decr has the task of setting to 0 the number of tokens in

) susp Gatedncr anddecrtake care of properly putting-to
To evaluate D and NU, the behaviourootount has | ans innot remowvto keep things running.

been modelled by means of two Stochastic Activity-Net The exponentially distributed timed activity (with rate
works (SAN) [8], F_SAN and H_SAN, respectively. In 1) next steprepresents the receipt of a signal; it has two
SAN modgls, such as F_SAN and H_SAN, rgal valued cases:case 1 representing the ocaence of JL =1,
variables, like;, need to be represented by a discrete ap ) L .

and case 2 representing that o'~ = 0. The probability

proximation which lead to approximations on D and NU. . . . .
However the discrete approwation can be chosen as associated tease lis obtained as the prability of two
disjoint events:



(1) a failure of y (with probability g+¢ that is either an
activation of the intermittent or an occurrence of a
transient fault — we neglect the trivial case of perma
nent faults) properly dected (with probability c); or

(2) a success of the component (1jxgrongly detected
(1-c).

In the same way one can compute the probability for

case 2Thus:
P(Casel) = (q+a¢)c+(1-q-0q)(1-c)
P(Case2) = (q+qy)(1-c)+(1-q-q¢)c
The steady state probability of “#not_remov=1% di
vided by the steady state paddility of “#remov=1" gives

the number of iterations to the complete removal of the

unit. The steady state prakility of “#not_remov=1 and
#susp=0" divided by the steady state probability of
“#not_remov=1": gives the fraction of the full utilisation
of the unit. D is then obtained by multiplying these two
factors:
D= P(#not_remov=1AND #susp=0)
P(#not_remov=1)
, P@not_remov=1) _
P(#remov=1)
_ P(#not_remov=1AND #susp=0)
P(#remov=1)

4.1.2 Double-threshold a—count actingon aHC

H_SAN, in Figure 2, models the behaviour of the
double-thresholdx—count adng on a HC.a; is repre-
sented here by the discrete adnlea_sup, chosen as the
nearest four-decimal figure value greater thant allows
the computation of an upper bound of NU, the utilisation
loss of a healthy coponent.
H_SAN differs from F_SAN because of
i) The presence of thiait gate, which is in charge of the
proper restart of the SAN cycle,

ii) alpha_state maintains the current value of an higher
approximationa_sup toa;; and

iii) The activitynext_stephas now three casesase 1
represents the ocaence of a permanent or intermit
tent fault in u, which thus becomes a F@se 2and

case Jepresent respectively the receiptﬂf) =1 and
of JY =0 when uisa HC.

P(Casel) =q, +q

P(Case2) =qic+(1-0p —a; —qy)(1-0)

P(Cased) = qi(1-c)+(1-0gp — g —qi)c

not_remov
next_step

Figure 2. H_SAN: Double-threshold a-count act-
ing on a Healthy Component.

From its definition, NUis computed as the difience
between the number of steps to the expected mwme of
a permanent/intermittent fault (E_life) and the expected
number of steps in which the component is utilised by the
system (E_util) divided by the former. In this model,

E_life is given by:E _life = _
Qi +qp
expected number of steps in which the HC is not sus
pected, i.e., used and relied upon. E_util is determined as
the steady state probability of “#not_remov=1 and
#susp=0" divided by the steady state probability of
“#not_remov=0";
_ P(#not_remov=1AND #susp=0)

and E_util is the

E_util
- P(#not_remov=0)
Then:
1 _ P@#not_remov=1AND #susp=0)
_ (@i +ap) P@#not_remov=0) _
= i =
(i +dp)
P@#not_remov=1AND #susp=0

AGAL =9, (@ +ap)

P(#not_remov=0)

UltraSAN [9] has been used to analytically solve the
SAN models in Figures 1 and 2 and to evaluate D and NU.

Symbol| Definition Value
G probability of transient fault per timg105
unit
Op + G [probability of intermittent or pernment 106
fault per time unit
q probability of activation of an interit-
tent fault per time unit, given that the.1
component is &tcted by an intermit
tent fault
c probability that a signal on the comya-10°

nents behaviour is correct




K the ratio by whichot is decreased upgn 100 2 1E40
receiving §-)=0 ol @=08, a=3  f
ar threshold for identifying a compongnt wl a0 a2 b e
as affected by a permanent or imbér X -
tent fault in the single scheme [2] 1 a2
OH higher threshold for identifying a cefn 60 + PR T1E2
ponent as affected by a permanent or R ot Y 2
intermittent fault in the double-thresh w0l S e Lies
old scheme O L Y ez
aL lower threshold keeping a compongnt - G
in full service in the double-threshdld e T
scheme w0+ * T
Table 1. Symbols, definitions and default values o . " o o e
K
Table 1 recalls the symbols used for all theapee
ters, with their defirtion and, for some of them, the de- Figure 3: Comparisons of single and double
fault values used in all the plots. The values fogg+ g threshold a-count at varying K.
are derived assuimg that the probability of intermittent or
pemanent fault be T8/hour, that the probability of tran Figure 4 turns the attention to the other parameter of
sient faults be T8/hour, and that time be discretized into the single-threshold-count:at. The plots of D and NU
1/100 hour units. are given for single-threshotuw-count with K fixed to .95
while a varies in the range [1.5, 2.5]. Again the Figure
5.1 Comparisons between single and double shows also curves obtained for the double-threshold
threshold a-count a-count with proper settings of_ anday which demon-

strate better performance. In this case, the satting 1.1
To discern the added features of the double-threshold@nd O = 2.7 has better D and lower NU than thegkin
scheme over the original single-thresholecount, the  threshold for values alit greater than 1.9. The settiog

performance figures resulting from the application of the = 0.8 andiy = 3.0 allows better performances witenis
single-thresholdx-count are compared with those obtain the in the range [1.55, 2.05].

able by the double-threshold variant. 50 o K=0.95 L 1E40

o =11, ay=2.7

Figure 3 shows the performance figures D and NU for ;| =08 a3 single threshold
the single-threshold-count withat=2 and K varying in wl et
the range [0.85, 0.999]. It also contains some curves ob | e threshold 1ies
tained for the double-threshoti-count with proper set- sy e e i ;
tings ofa. anday which demonstrate better performance 7 o Lies )
in almost all the range of K. In particular for K in the = *§ % x x £
range [.94, .998] the double-threshold with = 0.8 and w0 e I o T
0y = 3 has better D and lower NU than the single-thresh 151 1ies
old. This better behaviour is also obtained by setting- 101 N
0.4 anday = 2.5 in the wider range [.86, .997]. It must be ol SR
pointed out that, despite not all the range is covered, the =~ ¢ e T T e
settings chosen for the double-threshtmidount allow the 15 175 2 225 25
scheme to outperform the single-threshold one in the most ar
interesting interval of K where better absolute perfor Figure 4: Comparisons of single and double
mances are observed. threshold a-count at varying ar.

Overall, the Figures show that, for all values of K
with fixed ot or for all values ofxt with fixed K, combi
nations ofa; anday exist which allow the double-thresh
old a-count outperform the single-threshold mechanism.
The double-threshold-count shows either better D with
at least the same NU or better NU with no worse D. A
proper setting for the parametexg; and o has to be



chosen and, obviously, the rangg [ ay] always encom- 0 ; 2) with ay =2, values oftx; higher than 0.8 are +e

passes the value ofy. quired; 3) withay =2.2 or higher the target NU can be
reached with values @f, higher than 0.25. In this way the
5.2 Tuning of the double threshold a-count combinations of these parameters which fit the target NU

are identified.

Now consider what could be the typical procedure a
system designer would follow to set up the internal pa 2 Koo o 2.2
rameters of the mechanism. Low values of NU and of D
being still conflicting objetives, the proper tuning of pa-
rameers requires the deifition of their relative impor- 20 T
tance. More generally, tuning of parameters for @ifipe
system can be done once the systesigier has given a
constraints on the desired behaviour of the meisha 16
Here we show the steps needed to set the p&eesite ac-
complish the requirement “D must be optimised while NU
must take values lower than a 530 12+

To tune the parameters in the single-threshold case, | ‘ ‘ ‘ ‘ ‘
[2] has shown that, given the external parameters, i.e. the 02 04 06 08 1 12
fault rates and their characterisations, a near-optimal value «
of K can be determined. Actually, Figure 3 above suggest
the same also for the double-threshaldount. In fact, in-
creasing values of K iprove D (which gets lower values);
this improvement is much faster for low values of K up to
a region around a valuegK(.99 in case of Figure 3), be-
coming evanescent for higher values. A similar behaviour
is observed for NU. NU grows slowly for low values of K
up to a value Ky (.95 in case of Figre 3), whereas it be
comes worse and worse for higher values. fpteaps thus
that values for K should be chosen betwegndtd Kyy.

an=2

14 +

SFigure 6: Values of D as a function of ay for vary-
ing a, (for the combinations satisfying the target
NU)

Then, the values to be assignediganda can be
chosen by inspecting the plots of Figure 6. Here D is-com
puted for the admitted combinations af; and o .
Actually, the curves related @y =2 anday =2.2 almost
overlap in a wide range @f_ up toa =0.8. The reason is
the following. To have different values of D with the same
ay, 0; must reach a value between 2 and 2.2 so that with
K=0.97 Oy =2.2 the unit is maintained in the system while in the

other it is taken off-line. Moreover, the unit has then to
experience enough successes to bring bac#itdo a
value lower tharo . This is the only way D may further
o =19 increase. However, with the fault rates chosen in this ex
ample, this event is very unlikely for valuesaf lower
gwsp——--—""—""———— = than 0.8. From Figure 6, the obvious choice is to selgct
a2 =0.25 anddy =2.2 or higher.

1E-2

6 Conclusions

o y=2.2

164 ‘ ‘ ‘ ‘ ‘ ‘ | | | A new mechanism, belonging to the count and
00406081 a2 e 18ae 2 threshold familya-count, has been introduced in this pa

per to digriminate intermittent and permanent faults
Figure 5: Values of NU as a function of ay for against low rate, low persistency transient faults. The
varying o double-thresholdi-count, as a member of this family, is

characterised by:
Having set a value for K leading to a near optimal @) Tunability through internal parameters, to warrant

ac

tuning (.97 in our case), proper values ¢gy andd; can wide adaptability to a variety of system requirements;
be derived as follows. Figure 5 shows plots of NU for dif b) Generality with respect to the system context, in
ferent values of fooly at varyinga . It shows that: 1 which they are intended to operate, to ensure wide

=1.9 does not allow to reach the target NU for any value of  applicability;



c) Simplicity of operation to allow exhaustive analys

ability through simple models.

The behaviour of the double-threshaldcount has

been quantitatively analysed, in terms of:
1) Total elapsed time, after (permanent or intermittent)

2)

fault occurrence, in which a component is maintained
in use and relied upon;

A measure of the penalty inflicted by the discrimina

tion mechanism on the utilisation of healthy compo
nents.

It has been shown that by a proper setting of the-inter
nal parameters the new scheme outperforms the single
threshold one. Moreover the paper includes indications on

(3]

(4]

(5]

(6]

[7]

how to tune the parameters to obtain a good behaviour.

The design procedure retains the simplicity of that already
shown for the single-threshold, with the added bonus of

granting the designer more freedom in the parameter val (8]
ues choice.
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