1 SYSTEM AND METHOD FOR RI SK ASSESSMENT AND MANAGENMENT
FI ELD OF THE | NVENTI ON The present invention relates to
a system and nmethod for assessing the s risk of a
hazardous activity, event, or situation, and in
particular, to a nethodology and format for presenting
the nunerical values associatged with such risks in
tabul ar and graphical format for conveni ent
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important topic and management tool relatively recently, that is to say, in the

past three decades.
While risk assessment and management have been closely tied to
25  safety management systems and considered a prime tool for the elimination
and mitigation of mishaps, it has been difficult to demonstrate a business case
for investment in safety for many industries and professional activities,
particularly those considered “low risk”. However, recent developments have
shown that organisations and governments are convinced of the benefits of
30  planned investment in risk assessment and resulting safeguards as a proactive
defence against workplace mishaps and losses.
Risk assessment deals with the identification of hazards and the
evaluation of the magnitude of the risks associated with such hazards. Atthe




2 outset, it nust be noted that any risk assessnent
can cover only a relevant portion - nmarked as
"feasible danger” in Fig. 1 - of the entire spectrum of
risk in the activity or process or situation.
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use of numbers simplifies communication and decision-making, although they
25 do not confer actual value to the variables. The resulting risk matrix is referred
to as “Numerical”, or “Pseudo-Quantitative”, latter meaning not really
quantitative.
Where quantitative data is available for both (or all) parameters of risk,
probabilistic and mathematical techniques are used to determine
30 consequential risk in a quantitative fashion, and the resulting risk matrix is
known as “Quantitative Risk Matrix”. Examples of quantitative data may be
parts per million of a toxic component in drinking water, dollars cost per
accident, etc. Academicians, scientists, practitioners, and administrators in this




parts per mllion of a toxic conmponent in drinking

wat er, dollars cost per accident, etc. Academ ci ans,
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25 As such, there is a need to provide an improved risk assessment and
management system that enables simple qualitative and quantitative
assessment of risks which can be readily understood and interpreted by users.

Any discussion of documents, act, materials, devices, articles or the like
which have been included in the present specification is solely for the purpose

30 of providing a context for the present invention. It is not to be taken as an
admission that any or all of these matters form part of the prior art base or
were common general knowledge in the field relevant to the present invention
as it existed before the priority date of each claim of this application.




30 of providing a context for the present invention. It
is not to be taken as an adm ssion that any or all of
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to be
as intermediate stations within their respective ranges;

(vi)  Computing the percentage, rank and value of risk for any

intermediate combination of probability and severity specified, through
25 expressions derived from mathematical principles; and,

(viiy Comparing the risk results against acceptable and unacceptable
criteria to determine whether the risk is tolerable, and hence to be managed
with suitable control scenarios.

In one embodiment, expected to be the most common, data relating to

30  probability (P) of mishaps occurring within said process may be in frequency
units such as number of mishaps per year; or in levels of relative quantitative
measures, along with brief descriptions. Likewise, data relating to the severity
(S) associated with mishaps occurring within the process may be in cost units



with suitable control scenarios. In one enbodi nent,
expected to be the nost common, data relating to 30
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(d) Determination of any one of the three variables probability,

severity, and risk, given the other two, in terms of either actual values or
25  percentages, depending on the data given.
According to a second aspect, the present invention provides a novel
graphical format consisting of the following:
(@ A diamond shape for the risk domain, extent defined by the
probability and severity levels input, as in Fig. 7(e). This diamond shape and
30 the underlying exponential transformation lead to the name claimed and
trademarked, as “SAFER Diamond”, ‘SAFER’ standing for ‘Safe And Feasible
Exponential Risk’;
(b) The bottom corner taken as the origin for the risk zone,




5

15

20

25

30

According to a second aspect, the present invention
provi des a novel graphical format consisting of the
followi ng: (a) A dianond shape for the risk domain,
extent defined by the probability and severity |evels
input, as in Fig. 7(e). This dianmond shape and 30 the
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following:

(a) What is the expected risk loss for a certain combination of
probability and severity?

(b) To achieve a desired risk protection, what investment (or
insurance coverage) should be planned for? What P and S options are
available to control risk within this limit?

(c) How are losses of the same value R incurred by two
combinations of Pand S different?

(d)  If the project can afford only x dollars for risk protection, what risk
percentage must be set as “Unacceptable Risk Limit"?

(e) If risk loss below y dollars is insignificant in the overall budget,




(a) Wiat is the expected risk loss for a certain

conbi nation of 25 probability and severity? (b) To
achieve a desired risk protection, what investnment (or

i nsurance coverage) should be planned for? What P and S
options are available to control risk within this
limt? (c) How are | osses of the sane value R incurred
by two 30 conbinations of P and S different7 (d) If
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(c)  The invention overcomes the above-listed constraints by:
20 (i) Developing all the necessary variations uniquely to scale
from just two end values or levels of Pand S; and,
(i) Providing continuous instead of step-wise functionality.
(d) Potential to integrate to a common convenient base, with a
standardised format and scope of risk assessment, the present wide variety of
25 format and scope of risk matrices in use around the world which militate
against proper comparisons of risk findings from different sources;
(e)  Potential to be a handy and convenient device for experimenting
with and evaluating various risk management scenarios;
() Potential to add one or more factors (beyond P and S) governing
30  risk with the same methodology and format as the present 2D (two-parameter)
case presented;
(g) Potential to apply not only to industrial and workplace risk, but

also to financial and other losses;




(ii1) Providing continuous instead of step-w se
functionality. (d) Potential to integrate to a common
conveni ent base, with a standardised format and scope
of risk assessnent, the present wi de variety of 25
format and scope of risk matrices in use around the
world which mlitate against gproper conparisons of
risk findings fromdifferent sources; (e) Potential to
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pr aefnegsl; (g) Potenti al to apply not only to
i ndustriral and workplace risk, but al so to fi nanC| al

sand ot hEiBUI&L sEHOWS teraENEROHSRERN TS Ve THo

Bydl[@%hfss‘? dn.exampl e only, certain parts of prior vvork and
pre erre enbodi nents of the current invention will be
i | | ust r Bigets Dy shnws acypiapavpliiagve tskamatiyen ascordgneewih -

Shgg\%bﬁﬁ{e'@rfsgla%%sé@&ﬂ p'ribe%géars i nventi on and associ at ed

di scussi on a typical qualitative risk
mat ri x Fugueaceershawse typittl metboalof appiydg nugierigalyesking in the

pracesses; . Fi gur.e ws a typical nethod of
loapﬁFg'sf%tB’er{ ?t@éIO?,’:ng%]g’g to the io qualitative risk
matri x B“gun% Yuliga Drodabdity andiseveirrity ploptocredrithinelic aceade

severi t ot, to an ar, tic scale show ng the w de
sp?'%%"&maﬁﬁ%wgeosﬂ%ad a0 bﬁBgFaS(a) - shows a linear plot

of a 4 bygufe 5(8) I—%hd\&sahﬁaén’plm ofi sp b i units dayepmiatrid displaying
contoug)s of const risk; 15 Figure 5(b) - shows a

| 0§¥RSTPRIR CRWEE oggoqs@wtglgh,e data as in Fig. (5(a);

isFigure ﬁguressx@)ﬂs sﬁ@\)vs @ |dsga9rkhrmtp1¢t>@f tidsarhy Batbad inEig. (5
Zones an

prior art syste
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assessment
Figure 7 — shows the steps in the evolution of one embodiment of the
20 method of the present invention; Figures 7(a) and 7(b) are essentially the
same as Figs. 5(a) and 5(b) repeated for completeness of the evolution

sequence;
Figure 8 — shows the step in one embodiment of the present invention

corresponding to the scaled alteration of a rectangle log-log plot to a square

25 log-log plot;
Figure 9 — shows the step in one embodiment of the present invention

corresponding to the rotation of a square by 45 degrees counter-clockwise to a

diamond shape; and,
Figure 10 — shows a screen shot of one embodiment of a spreadsheet

30  application of the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
Terminology Used




20 nethod of the present invention; Figures 7(a) and
7(b) are essentially the sanme as Figs. 5(a) and 5(b)
repeated for conpl eteness of the evol ution sequence;
Figure 8 - shows the step in one enbodi nent of the
present invention corresponding to the scal ed
alteration of a rectangle |logy og plot to a square 25
log-l1og plot; Figure 9 - shows the step in one

enbodi t _of the prese |nv ntl rr to
Che r ot BiTIsttahdaio Hrflidlbey SUES UL ARt S W RBREE 0
Coutree et Fov r@ésers & claiihypamnby sagpeexanple oniyg meefoll@/vmg
shows a cregw%po of one enbodj ment. of a s read e{:
30 ARSI IseAM T RIS XD AR 1UR o BIETRS TR O Fio
DES$CRI PTI ON OF PREFERRED EMBODI MENTS Term nol ogy Used

9 Wiilst standard term nology exists in the art of

Swor kpl aB8N9ersk nanagement, for reasons of clarity and

by way fhe GRAMRIRgEMWII ehddinddas r@kiand |tstt\% PRajotS®ponents,

within the description are explained, wth réference
maprabgbiity Fdysevertty. SHazaiges cgenprallyvatess toeaigratial danger, which
en
or SRERfRE IS Sy Wn 115 SRR flo (ATAABES] Socets ynder
potemgidetbtiotawikin thevdeied dsepe wéanalvs& ol dangeeis real when it
{ I
10 ofteh BESSIY i BRSBTS B 3R0LEN B flsoes, gryhen tagn,
daregeit in Bangeantm abesrse tonsequancesos ail bf whnbbawll b@t@emafse
ev accidents or |osses, or when it can result
|nrqq%rﬁ%dte?§n'5’ﬁb%‘?%e consequences - all of which will
be t ogetlvdal ddefeerred to as "m shaps”. d obal danger
Thistermcoversth entire CEﬂectru ers, fromno

danger 11ystINLenusIEtE SrG PRICHLMRH Jgﬁ@?ﬁdf N SRGOEY Bns

15 bebé‘rﬂp@zﬂi ahrthilatioh dsdth iehb @Bh&itiortd 198184 notkagRIentiffab®) Global
i ndefi nabl e abstraction, and i s nentijoned here onl

odRgT Soan inieinalds abRECtianyana s FBUEIPOAere Ty 4 HIphesise
regle fﬁ@trthgt %}W énqcé\ferry aSRS il inekreaPiShd WiIZRrMYsbmd ¥k, BRd

exposed
also will not be exposed to all risk.

Feasible danger
20 This term represents a sub-set of the global danger, covering only

“feasible” (practically realisable) dangers, that is “credible” (believable)
dangers, and/or “local” (as against “global”) dangers chosen for analysis,
namely dangers whose probability and severity and hence risk are relevant to
the user. This is the danger range over which the user wishes to, can, and

25  must exercise control, through risk assessment and management. The word
“user” will refer to any individual or organisation (such as a company or
government) which will assess and manage the risks involved in their project
or task.

Lowest feasible danger (LFD) level
30 The LFD level is the bottom level of feasible danger, below which

dangers will be irrelevant, as decided by the user. This term can be defined as
the user's “Zero (0%) danger” state, representing the “minimum or lowest” level
of dangers assessed. This zero danger is not complete absence of danger, but




Feasi bl e danger 20 This termrepresents a sub-set of

t he gl obal danger, covering only "feasible"
(practically realisable) dangers, that is "credible"
(beli evabl e) dangers, and/or "local" (as agai nst

"gl obal ") dangers chosen for analysis, nanely dangers
whose probability and severity,and hence risk are
relevant to the user. This is the danger range over

whi ch th r w shes .to, can, and,25 nmus
CorfiPH 0 tod Py oo wSiertEond REIA Lokl R R Gancer
V\Dﬁgtothatpomt user"will refer to any individual or
organi sation (such as a H_" or governnent) which
ghestirasible.danget (HELIIEVAl i nyol ved in their

proj ect Th@HFDAYe! id-Peasp Idversi iBhsbldaapger, Gbbld whigielangérs
The LFD I evel is the bottom | evel of fea i bl e dan

spemilagan be ireleyaidras daaideddy the rUéPreJQrﬁW' G d&ée%%a thg,
t B@gé’%‘:“mO%H g‘e‘?" date2RepRsseifhd HROTRSImEMr hiiess 16vEEbP0

nger " st representing the "mninumor |owest"
| edengerefasmgé&hnaéQ@Wgerrﬁu not iher timalegdandes staér, but
co t ,
e f&g{arg Vtg r’%@egﬁa&%?ra%nyqerégﬁc gﬁgﬁﬂ?ll&glhm tﬁ{}@ér%sé fo? gﬁVarger
smabhger begooek that pmto that point. H ghest feasible
danger (H D | evel The HED level is the top |evel of

10¢ easi bl © ch dangers s will again be

I rrel evais ,teraSretﬁsaelt@ia@ lbyel ohdangee| witiThitise fsiabibldo@nge, below

def i ned th 6 d t at t
o bR B mi B st B8 3 R RAERERE P
Ththd Wk it @ieBervig i invieBEnent of tmbeeiiert) @e furiisdbeturthert

refers to the undesirability to and uncontrollability
by COMHEO! Q¥ dhe URRT- any | arger ~danger beyond that point.

1510 Hi ghwesagﬁg&g@[ﬁe ggﬁgr This termrefers to the
| evel anger, e feasible range, ‘g?
whi ch tﬁésé%(ﬁg@iefﬁﬁ@t@ée%ﬁéﬂﬂf&eédw%ﬁgﬁ%ﬁﬁ ejange, above
oy ARk tRE Qaﬁq’éf'trhlm b%%ohsud@fedtm%cﬁ%tgble%%n @8R otcaSiofdl or

i nvestnment o funds for further
cotferabletpart ofdheiwerk, ams fmthnwveamm eptirp) effarh9e &ndsiiers

tefﬂhe?é@ﬁtﬁol fytnd & dn@\ft cAadfitP8fthe et NI N the feasible

ange,
20 Risk categories

Risk is the combination of probability of occurrence and severity of

consequence and any other factors contributing to a mishap. Risk is broadly
divided into three categories:
(i) Acceptable risk:
25 The lower zone in feasible danger, bounded by the HFD and the
lowest unacceptable danger.
(ii) Unacceptable risk:
The upper zone in feasible danger, bounded by the LFD and the
highest acceptable danger.
30 (iii)y  Tolerable risk:
The middle zone in feasible danger, bounded by the highest
acceptable danger and the lowest unacceptable danger, and
refers to the manageable part of feasible danger.



whi ch the danger nust be consi dered unacceptabl e even
as an occasional or tolerable part of the work, any
further investnment of tine, effort, or funds for
further control |ying beyond the capability of the
user. 20 Risk categories Risk is the conbination of
probability of occurrence and;gseverity of consequence
and any other factors contrlbutlng to a mshap. Risk is

br oadl y! dlﬁ o‘ed” g ﬁl} e categories: (i) Acceptable
risk: 2 f easi bl e danger, bounded by
t he HFDTia@ebrineTR hagesirort niackighéstiziceeptablgetangéi and roughly
Unacc%{l):t abl e risk: Thfé gﬁgi zone in feasibl e danger,

bo GAHRTPORGS i e EPWEHAL IRt gR&isting Hel AStRSsahger .
30 Méthdc)olo@é@ r"ADARPP it§éﬁ reﬂél'r\@tdmcéd_cm A8 F@ab@nétﬂ)ﬁ?rd@ﬁs@able”
danger, bounded ghest . accept abl e dan
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hi glsesfteasbeyn aliidediatyibreeazanessinifanjo n@l@pat@ggrdﬁﬁj@rqa@ly
h?ﬁ"éé%}e@r ALARP Limt" in existing risk assessnent
odol o

me gies. ALARP" itself refers to "As Low As
Rea_sona}Hgﬁeﬁrtg@gm@ﬁﬁ&!HTEﬁ) represented graphically as
,an inv I

oo TR o AR AE SRR oy

t ocomesp@aels twthei “H:gheaAdiAFm lSmitd int existimg aoisk agsegsaeahti nt o
rgkeﬁ?%%goes simlar to risk categories already
ghest tolerable risk (HTR) io The term HIR
arl ses Rasknftdgepwest unaccept abl e danger and roughly
correspgonds to the "Hi gher ALARP it" Xi Sti .
ri sk asSEs@fgpg of W@P%%&i SFYPHY; a’FéHg]k gyay ﬁ%é‘le qualititively as
G adaP] Msdigh”, FBH@H&@’[&' bywitt$ 8IHRF b&iivalafdefrhs Kudreas Minor”,

done qualitatively
“Moderate”, “Major”, etc. Alternatlvely, they may be graded numerically as ‘1’,

‘2’ ‘3", ... When numbers are used, they may or may not refer to actual values
(e.g. probability of ‘3’ may not mean 3 times a year) or even relative values
(e.g. severity of a fracture assigned rank ‘2’ will be many times more painful or
costly than just twice as painful or costly as for a bruise which may be
assigned rank ‘1’). The word “Rank” will herein be used to denote the order of
magnitude of any aspect of danger, with the implication that smaller numbers
will refer to less danger (unless otherwise specified). It will also be used
specifically to refer to the logarithm (to the base 10) of a number; thus, 100
being 102, 2 will be the rank of 100.

As will be apparent from the description below, the present invention is
directed to extending the known systems and methods of assessing the risk of
any hazardous activity or situation so as to improve the application of the
principles applied therein in an easier and quicker fashion. The present
invention develops mathematical relationships from existing principles to
enable risk assessment of a wider class of problems than previously possible,

and their comparison on a common base.



15 "Low', "Mediunf, "High", etc., or with other

equi val ent terns such as "Mnor", "Moderate", "Mjor",
etc. Alternatively, they nmay be graded nunerically as
"1, 2', '3, ... Wien nunbers are used, they may or

may not refer to actual values (e.g. probability of
'3'" may not nean 3 times a yegs) or even relative
values (e.g. severity of a fracture assigned rank "2
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jsparameters, mbWithhBrrmtébhh{dhpréB)ceOf occurrence of a
m shap and severity its consequence.

combi neliskfcatagerigs WYd%\@n ke %ea%@saéoprswaugy described,
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(1) I Nng a elntersectlon of probability

anf :'l@\be rAmowrmt@comtr@&cmtheunﬁe egteblighed i ng

qual i t ati ve :

ok Tl , S EBleRh ABert i gRiss 18 By pferorate
2onunber s (" r a@nfostoleradtde pr orhmimebiab&e rigkd; severity | evels
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of the two ltewetisrardhyi df)codtlolsng t he probability and

sever! t&(ii)r anlk(vso;id the unacceptable risks until they are brought down to
tolerable or acceptable levels.

25 In order to provide a visual representation, a plot of probability (P) and
severity (S) values to arithmetic scale may be developed. As is shown in Fig.
4, in instances where time scales vary from days to decades, and injury or
damage costs vary from a few dollars to millions of dollars, the location of
practical risk points within the plot can vary widely. As such, generally the plot

30 is highly distorted.

Further, with risk being usually taken as the product of probability and

severity, contours of constant products (P.S) representing constant risk, will be

hyperbolas. [Note that the full stop between the variables will denote



(iv) Multiplying the probability and severity ranks as
shown in Fig. 3 - is which is the nost conmon practice.
Ri sk categories may then be broadly assigned as
previously described, for exanple, "acceptable"
("Low ), "tolerable" (" Medium), and "unacceptabl e"
("H gh'). Appropriate control g;can then be established
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m |pr¢hab§ttsoandj@¢\reantssexwthe lagleamladris vsed.practi cal ri sk
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vi sual i ica e
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contours of constant risk arithnetic CPl ot. BaSI C
ri Shtegatieybrihe siskmatibnis\aiter snadesRating dmaund e N T

th@ér%)t%rnc&lr@ﬂ% nedfd icularly where w de variations i n

probability an severity exist, a log-log plot is used.
I'n suchMasi efghe egrremtaisk asessmans et Esioaeaisingdiie sigk Mmatrix
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echelons of organisations. Plots such as those shown in Fig. 5 are not
generally used as commonly.
It will be appreciated that a variety of computer programs and

25  spreadsheet packages has been developed to carry out the simple
computations discussed above. Programs are also able to graphically display
the results to develop requisite presentations. Expert systems have been
occasionally invoked for specific applications to broaden the use of the risk
matrix.

30 Recently, as risk assessment has become widely accepted as the
leading indicator of safety management systems, the general assessment
procedures have been formalised, and standard risk assessment forms and
procedures have come into routine use. Figure 6 shows examples of such a



al ong both | og axes, the risk contours will be at 45.
Note that the exponentiation shifts the values and
hence the contours towards the higher end. Risk
increases fromthe origin, nanely the bottom | eft
corner of Fig. 5(b), 15 towards the opposite, nanely
the top right, corner. Assignpent of risk categories
in the risk matrix is often nade bearing in mnd this
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the risk matrix 1s typical he nbst commbn ri sk
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As previously resent invention
20 mat herra"ﬂna:maphucel fatmaﬂmihlnepprasemshmmonfadmrpwdeaaommue

degrcers'erk\)t%go exnI g Efa%n%réhgﬁé p\k/ﬁgh IﬁQQhe ALARP triangle, shows risk
increasing from the bottom towards the top. The ALARP triangle is mostly a
qualitative method, with numerical LTR and HTR bounds occasionally marked
as visual cues, although not to any scale. However, the diamond-shaped risk
25 zone is a considerable improvement over existing representations as it offers
extensive quantitative significance and the ability to be explored in an
interactive fashion.
To assist in understanding the manner in which the method and system
of the present invention departs from existing methodologies, reference is
30  made to Fig. 7.
Fig. 7(a) shows an arithmetic plot of P and S data which is typical of
conventional methodologies described above. The plot shows constant risk (R
= P.S) contours in the form of hyperbolic parabolas. A is a sampling point at P
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i o provides a nethodol ogy and fornmat to present the
nunmerical values in tabular and graphical format for
conveni ent docunentation and visualisation. This is
achieved by integrating the inputs of probability (P)
and severity (S) of any hazardous task and calibrating
themto a 0-100% scal e betweejsthe two ends of each of
the ranges given. Assessnent of the task risk (R) can
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(d) enable the transformation from a log-log plot to a normalised exponential
plot displayed in percentages, which is a considerable improvement over
existing methodologies. These are referred to as steps A-1 and A-2 in the
invention.

Fig. 7(e) shows the rotation of the graph (d) by 45° anti-clockwise, by
which the plot assumes a diamond shape with the normalised exponential risk
contours being at angle B to horizontal. This diamond graphical representation,
represented as step B in the invention, is a considerable improvement over
existing graphical representations and offers considerable quantitative
significance as well as an ability to be evaluated in an interactive fashion.

The computations involved in the invention are presented in the

mathematical development below.




7 depict the substance of the present invention. Fig.
7(c) shows the nodification of the plot by (squeezing
or stretching), 1o such that the rectangul ar plot of
graph (b) beconmes a square. This is referred to as
Step A-1 in the invention. In doing so, the 45 risk
contours become rotated by apgangle, 6. Fig. 7(d) shows
the scaling ("nornmalisation") of the actual ranges of P

(0. t o 30) to 0-100% al ong both P
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20 pr ob&hibisttigt,iL sever i mmgeﬁmﬂc‘wmat tainteymeslisde salues, ranks, or
percentages, i.e. (intermediate value, rank, or %age) —
(lowest value, rank, or %age), for probability, severity,
or risk
(a) Forward computation of percentages:
25 (i) Values to Ranks:

The conventional method of multiplying actual probability (P) and
severity (S) values to obtain the risk value (R) may be represented as:

R=P.S (1)
As discussed previously in relation to existing methodologies, as in
30  many real-life problems the variations in the intervals for probability and
severity are generally exponential, it will be more convenient to transform Eg.

(1) to its log-log equivalent as follows:




subscript for probability, severity, and risk P, S",

R = "Rank" i.e. log to base 10, of probability,

severity, and risk P, S, R = Percentage for the rank,
that is, for normalised i o exponential val ue of
probability, severity, and risk C = Scaling factor for
converting log-log value to npermalised percentage
Subscript L = Lomest feasi bl e value Subscript H =

Hi ghest ,f easi pl e 15 Subscrlpt HL = Range from

| onest {4 r@ﬁ%@P S% ranks;" or* perEénta@es,'T.e.(za)

(h| hes rank or %age) - (Iovvest val ue, rank,
Og/ﬁage%? a’L [§robabllrty, severity,”™ or"risk” Subs'tript(zb)

i = "tWh%tna:}L%antda'ﬂt/@Haﬁdé AbEaRfhMEEMelreRNde btdEs of magnitude
Subscript iL = Range from_| owest to internediate

val(tiarks raax se innut ap dhe aqitival@rds of log vajues; Ky sHedicaee, the
Valré’sﬁ:ltsrv\ﬁlggl o‘?)"e i ®SSive te(rhé’WESt val ue, rank, or %age),
for probabi F’ severity, risk (a) Forward
conput atni tba |@Q lqgsirmerm, @é@ontoznss (nanelihgdeci b spegifiest values
nv t
%I . :e;? S%,B?fll b@&éqgg%ééglop“b ()‘g)WnWaf@séagtdﬁﬁigB ed in Fig. 5(b) or
r| $ig. Véb)ue (R) may be represented as: R=P.S .
o ....(1) As discussed preV|oust in

relatlo odol ogi es, as in 30 many

1or eal - | i Tee poohdlzason fnmemmsj adininecting the tpeeceintegasvAll amdf $rand

probabi | i t are general Ly gxp ]
b e aRaien i B iR B podestionaRGnandy e, S BIRH tfptun the
l Oﬂ/vd) Q@p@%t\é@hi%% gegpHisqt) avs(d) bVF.gl w,garRi wﬂll%gasﬂ‘oﬂoWsag
S . (2a) or, R=P*+S* ...

: Pr = 100 (P,’(JP)_*) /Wa- aganwnthtrmayeoej@dmpaalymttten
avai | abl e, the relative orders of magnitude ("ranks")
may bet ﬁppumm:. e gal B swief ch eaoeapyes... | n.such(3a)
case e

15 A|SO, Si =100 (Sn_*/ SHL*) = Cs. Si|_*, with Cs = 100/S|-||_* (3b)

R’ =100 (RiL*/ RuL = Cr. RiL* with Cr = 100/RuL” ... (3¢)
Cp, Cs, and Cr may be thought of as "Scaling factors" to convert

respective ranks to percentages.

20 Example (Part 1):

Probability:
Given probability values: P, = once a year = 1/365 = 0.00274 mishap per day, Py = once
a week = 1/7 = 0.143 mishap per day, and, P;= once a month = 1/30 = 0.0333 mishap
per day ~

25 Hence, P.* = log 0.00274 = -2.562, Py* = log 0.143 = —0.845, and, P;* = Jog 0.0333 = —
1.478

Py *=—0.845—-(-2562)=1.717
By Eq. (3a), Cp = 100/ 1.717 = 58.2
Then, obviously, P,' = 0, and Py' = 58.2x1.717 = 100%
30 Intermediate point Py’ = 58.2 [~ 1.478—(— 2.562)] = 58.2x1.084 = 63.1%

Severity:



5 .

5 results wll also be in relative ternms. In the

| og-10g domain, risk contours, nanely the | oci of
specified values of R (= P*+S"), will be 45" I|ines
sl opi ng downwards, as depicted in Fig. 5(b) or Fig.
7(b). (i1) Ranks to percentages: 10 The normali sation
functions connectlng the percegtages P;' and Si' and
consequent risk R', with the correspondlng ranks P;*,

gr a;h Sag%rj g/v; dsce?%?y vaﬁze.?:%gst p%r%sh%é%\;; % b as P&?’ ?nd Si= $8000

Pi ' H@&e(§ % jog Bho $2.601( E’J*I =Yog 5P000S- 4.680) apb, 3rBylodd#O00 = 3.903
corrpactly witten: P1' = 100 (P,L*l PHLI = CP. P;L*,
with CBu==TPRPPRSOT=23%  (3a) 15 Also, S;' = 100 (S:
L*/ SH;BJ, ,@E’CS ,|057239g|m7cs = 100/ SHL* ... ... (3b)
R = O‘z— = CR RL* wth CR = 100/ RHL*
Th nsoty/owmpsL €§ and qd = GR74@§P8bé0@7ﬁought of as

oo Pt faatte"f%?wé‘x" G @‘5?% A HE T .

probabipglskty val ues: = once a year = 1/365 = 0.00274
m shap per day, PH = once a week = 1/7 =0 143 m shap
per daVOfegﬁHf’SKP(m’ShaﬁﬁE% agy) (Rgkar e mishagy = LofRro78%3 i shap

: |
el 3 Ynon b RfreBb <50 bk Qaépgz_(?)g 155500593710 ) G -

1. 0 84803338000 = Q@%PGM@ 717 By Eg. (3a), Cp = 100 /

1.717 pﬁg ", Tg%g/ﬁygg&}wﬁs?% LY. o Bl 7o Sy rbdzsl?'ﬁg*— 0445+ 4,699 =

58. 2x1 rrredlate poi nt P,
1. 478- p85%88hRI==1 668 BH35842% 63.1 % Severity.' 18

Again, g hyg%&;sg\b%y)t_y‘, Mgl ues. Cost per mshap, SL =
$200, S 00, 'and, S; = $8000 Hence, SL* = | og
200 = Ey8<®130)Qﬁl’“1&0/(43§j55(¥660 = 4.699, and, S;* = log

152 000 Pl s gl L o Redh 1 0y

SH = 41.7x2.398 = 100%

(i) Inter-relationships between rank ranges and scaling factors.

It may easily be confirmed that at LFD level, P*= P.*, §*= S .*and R*
= R*, and P, S/, and R'reduce to 0%. At HFD level, P*= Py* Si*= Su* and

20 R*=Ry*Y, and P/, §', and R/ reduce to 100%.

25

From RL*= PL*+SL*, and RH*= PH*+SH*,

we have: Ru*— RL* = (Pa*+ Su) = (PL* + S = (Pu*— PL) + (Su™ -

S

ie. R = PaL* + SHL® e e e e e . (4Q)
Hence, from Eq. (3a, b),
100/Cr = 100/Cp + 100/Cs = 100(Cp+Cs) / (Cp.Cs)

or, Cr= Cp.Cs/ (Cp+Cs) ... ..  (4b)

which is an alternative expression for Cs = 100/R4L*in Eq. (3c).



Internmediate point S/ = 41.7 (3.903 - 2.301) =
41.7x1.602 = 66.8% Risk: Note that risk = (m shaps per
day). (dol Il ars per m shap) = Dollars per day Thus, RL =
0. 00274x200 = $0.55 per day, RH = 0.143x50000 = $7150
per day, and R, = 10 0,0333x8000 = $267 per day. Ranks
for the consequent risk' RL *;5 -2.562 + 2 301 =

-0. 261, RH* :-O 845 + 4.699 = 3,854, and, R * =
-1.478 = 2. o RHL* = 3.854-(-0. 261) = 4 115
By Eq. E’( cﬁ"" ’"—“ef(%?'/z)n. 115 = 24.3 15 I nternediate
poi nt V,al‘uSHLR;Vi‘ﬁzaS%:(Qizﬁ%% onfirgnir@@a)(¥a)= 65. 3% (iii)

Inter- eI at ip ) cal
f act or EFt ea@? 19467 %‘F 709/ IQ ?ﬁ%ﬁgpgﬁgt—aég % +r5’}/gmrig earlier
P1' eonppgted V@Je * = SL* and Rl* — RL*, and P:', S

and R' reduce to O% At HFD | evel, Pi* = P H * | Sl'
>~ SH *1 and 20 R * = andP', Si', and R 'reduce

(0 PR O BB 5 BT, o2 TV
(SH* - Rbéingd thait ARALP=PIY:T EGHIBE) may be.written, after.rearrangement
(4a} 25 Hence, fromEq. (3a, b), 100/CR = 100/ CP +

1007 the termo( cP+CS) / (CP.Cs) or, CR = Cp.CC / (CP+C5)
4p) whi ch is an alternative
expressﬁon FQJQ(EH *‘Sllc)d/ H{* ine Eq “¢3c) - 19 Exampl e (5a)
(Continued, Part 2): PHL * + SHL * = 1. 717+2.398 =
104, 115 =Frap Ee, S@bﬁf\ﬁi (3R)ntpismay ba &5-wijterd thealiprmatie form:
(58. 241x41. 702 [ (58,241+41.702) = 24.3 al so,
confirnfhg ERkPidr Se8nptBd val-ue, =5 (B) -~ -  (5b)

Rel ati onshi ps between P, S, and R percent ages: Noti ng
that R* = R*+ Si*, Eq. (3c) may be witten, after

rearr aggm%omp,{,e‘; I;,g,tgﬁr me: Ri' = 100 (PiL* + S1L*) /
RHL* .. (5a)
From Eq. (5a),
15 R/ = 100 x {[(— 1.478)— (-2.562)] + [3.903 -2.301] } / 4.115 = 65.3%
Again, from Eq. (5b),

R'= (63.1x1.717 + 66.8 x2.398) /4.115 = 65.3% also

In the form Eq. (5b), we may note that the risk percentage is simply a
20 weighted average of the probability and severity percentages, the contribution
of each factor being proportional to its rank range.
It also offers a method to compute the risk percentage from the
probability and severity percentages.
Just as Eq. (5b) relates R to P' and S, it may be rearranged to give P’

25 or S'interms of the other two variables, as follows:

P = [R'.(PuL* + SuL*) — Si'-SuL*] / PuL*
= (Fl’i'.RHL* — Si'.SHL*) / PHL* (50)
Si' = [Ri'.(PHL* + SHL*) - Pi'.PHL*] / SHL*

= (R'.Ru.* — P.Pu*) | Su.* (5d)

30



10 From Eq. (3a) and (3b), this may be re-witten in
the alternative form R = (P .PHL* + Si'.SHL*) / RHL*
e e e e (5b) Exanpl e (Conti nued, Part 3):
From Eq. (5a), 15 P; !
100x[[(-1.478)-(- 2562)] +[ 3903- 2. 301] ) 14115=65. 3%
Again, fromEq. (5b), R'= (6391l x 1.717 + 66.8 X
2.398) / 4.115 = 65.3% also In the formEq. (5b), we
nay no [ ercentage is sinply a 20

ght Ié’? vergLQﬁlg P%E’eppr obability and severity
per cenfra:geza (5¢)|W@ g6ORt ehBkkoNs — 688 ea898)}f act O 6@ iclg to original
p”’por\tzélu%%@H thQalrdrShob Qt%ut&t%‘tg‘?oofév@dél Ppl&:feg Siod ! hod

o conpute the risk percentage fromt probability
and S errerh iEh y(5¢) ele@en 5a9@©5.3 x31s — 61 £y 7170}5 B398 eb&g, elseRp original

st0 P and ¢8s! theéitf%gfﬁé(athﬁutglkﬁ@l%rtcﬁng@%cml S8 cdied. 25 or

Sl |nterrrs of the other two vari abl es, as foll ows:
Pi' = Q&stion( th*shqu/og}qure)sever/& per_cg}t{gge]levpl fcp}e]uorb Swith _60‘(6 Rrobability,
. RHL* 5 r3hin mgl,—}gkg}mb%PHL* e .. ... (5¢) sv _ L'

4( PHL* + SHL*) - Pi'.PHL*J / SHL* Ri'.RHL* -
Pj ' . PHErem EQ. (ShiLwe get: S'=(80x 4,115 €801 1.780) /2398 E428%| e
(Continued, Part 4): FromEq. (5c) we get: Pi' = (65.3
X 4.115 - 66.8 x 2.398)1/ 1.717 = 63.2, close to

100r i(g) MatmakisgdBiskXantourss difference attributable to

o2 ( 6aTHERbIYiFBNET BEwERY iyl PFhd 31hd8 10fe dafno
cl @emeintagerriaggmaf 0-180%adfteststiBeBrientation of freraxpoaential risk

attr |butat}{w~? Iofewd cimal places carried.
Qu &8t oy AP e§ﬂ815‘r98 a&éo NE severi ty percentage |evel
f ?r 580/1(?[?Ehe1 raMktrhn@él%fp‘P abalsidre b;qual t(hgg iseit Tm etqhalerF@k
a = X
5T meng T edadids bt B8 7 F ls qidpokaisipie Bitipgimodticaion

Corr I ASE will h\%t BeMEBb4s3A), i0d ted expatehiialdtiskpanhiiues Willasthafh at
ranges to the same percentage range of 0-100% affects

_thé ot BRtRIEYMabf the exponential risk contours. This
i's expl g AEQeRral BhdePMBwever, probability and severity are quite different

entities, and their rank ranges may well be different. When normalisation
20 changes the rectangle log-log plot into a square plot, the risk contours will
rotate from their 45° orientation.

Figure 8 shows the rank rectangle ABCD being changed to the risk
square ABC'D'. The 45°risk contour BE, shown extended to D', moves to the
position BE'.

25 Noting that:

in the rectangle ABCD, AB = Py *, BC = Sy.%,

in the square ABC'D', BC' = AB = Py.*, and,

CE' =CD'—E'D'= AD'-DD' = AD = Sy, we get,

Angle @ = Angle ABE' = BE'C' =tan'(BC/C'E)
30 = tan”(AB/AD) = tan™ (Pu.*/ Sh.*)

Angle of rotation of risk contour AE,



If the rank ranges of P and S are equal, that is if
PHL* equals SHL*, is neaning if the |og-log plot Fig.
7(b) is already a square, then the nodification Step
A-1 will not be necessary, and the exponential risk
contours will remain at 45 to the horizontal. In the
general case however, probabi {ty and severity are
quite different entities, their rank ranges my
wel | be di re nor ati.on 20 changes the
rect ang@eé%’% 'ggE %gmt%ngg!’éﬁﬂ% plot, the risk
contours wl | otate fromtheir 45 ori entatl on. Fi gur?
8 showsBt he Fﬁﬂk(Pféc/t%hdl‘e“W@%CD ‘bei ny changed+to t-he 6)

ri %\}ﬁh RAYUaLA g@ﬁ%rﬂon tﬂ_g'tecoﬁﬁterr IRk ERBIE Ao coifidied

exten ed to noves to t position BE . 25 Noting
t hgositivgy t he rectangle ABCD, AB = PHL*, BC = SHL', in

t he sq — = * -
sLle, 29306886 Bovio B ortiyd A e e probabitty ek
ABEEovers BENiGer rangarthan §8E€rityCaBk)Clatkwise aotati¢rABAAD) isthe
tan' ( PHL* SHL*&}B Aﬂg atl%n of risk contour AE,
21 FE\RTSE, Fp-SeVeripEn ag%%{:eun% e idegpat is, /3 = [tan"
(PHL*1 SHL*) - 451 ... .. .. (6) wth the
usual convention that count er cI OCkWI se rotation is
consi deyagwle (Gesfinupd £art9):Count er - cl ockwi se rotation (+ve

10/r 3) si ,gﬁjglﬁzh%) Wl gl hempr qngp,apllﬁmtzggglankg qCoOvers a w der

ange than severity rank. O ockw se rotation (-ve ,6)

i s t hethe negaide sign deriatngsieay the ratation g kckwiza frem e hngZOﬂthle

wi der. Exanple (Continued, Part 5): 10 From Eq. (6)we
get: f3=-[45-tan' (1.717/2.398)]=- 9.4, the negative

SI gn de@lockwigetinclinatiore (+ vt Ak $igmifiesthat helapverty fastimataseare

e, PRI WA, 04 B0t e

15 OV e}ouate\xvcdmkwrsankclman@e is thbaeverdee thIH pdmblabllliytqstlmates bemg the
esti matef 1s Counter-clockwi se inclination is the
r el EMee probabi lity estimates being the

This rotation of the risk contour from the horizontal need not be
considered a disadvantage. The slope of the contours also provides a visual
cue, if not a warning, of the unbalanced refinement between probability

20 estimates and severity estimates.

It will be appreciated that the more skewed the contours, the more the
unbalance between the probability and severity estimates. Hence the user may
re-examine the analysis if such unbalanced refinement is warranted, and try to
make the P and S ranges as nearly equal as possible.

25
(d) Reverse computation of levels from percentages:

(i) Percentage to rank:

By rearranging Esq., (3a, b, and c), we get:
P =P*+P'Co .. . (72)

30 Siik =S "+ Si'/Cs (7b)



nore refined. This rotation of the risk contour from
the horizontal need not be considered a di sadvant age.
The sl ope of the contours al so provides a visual cue,
if not a warning, of the unbal anced refinenent between
probability 20 estimates and severity estimates. It
wi Il be appreciated that the ppre skewed the contours,
the nore the wunbal ance between the probability and

severity estpprates. kence the user may re-examne the
anal ysis if tﬁLuthEk? Rcetf refT'nemght i & wartanted, ©)

and try Lmke the P and S ranges as nearly equal as
possi bl @M—é@%ﬁ&/er se conmputation of levels from

per cent ages r a e to rank By rearrang| ng
Esq , (@& talfing éwil%?f[g -angic), wepet” . picp ...,
7a 308| = SL* + Si’ /Cs....
f'}:bjé 2 R* =RL* + R"“tCR : (83)
: : (7c) (ii Rankto val ue: Bytaklng antllog of
SEq. (7a, b, Sri1@)S*we- gets Pi = 10AP; * . - . (8D)

... ... (8a) 58|—1OAS|

(8b) Rl= 10AR 10ARY ... .. { 8¢)-Needl-ess (8¢)
to say, Egs. (7) and (8) nay be conbl ned into a single
step, HsedlPss to SAYAERE*(7)xamy () Opgy be combined into a singl®atep,

1 ,SileA(Su*+$/CS)..... ... (9b) R =1
(OAE(L*+R1ICR) Cee e (9c) Equations (7) to

9) give us . erm ne ranks and act ual

val ues of prdb'anﬁé'{}?,d' g‘% rity; and risk, fromtHheir (%a)
respective p v enabl i ng decision maki ng
%n the conse%' A Sv}&grous scenarios™ It s al'so (D)
15 cl ear that_ R: P; Exanpl e (Cont| nued Part 6)

15

20

25

30

10'\(R|_* + R.'/CR) 9c)
Equations (7) to (9) give us a method to determine ranks and actual

values of probability, severity, and risk, from their respective percentages, thus

enabling decision making on the consequences of various scenarios. It is also

clear that, R = P.S.

Example (Continued, Part 6):

The actual values for the given feasible percentage danger limits in Example, Part 4, i.e.
for a P, = 60%, S = 42.8% and R, = 50%, may be determined from Eq. (9) as:

P, = 10M(~2.562 + 60 / 58.2) = 107(—1.531) = 0.0294 mishap per day,

j.e. 1 mishap in 34 days
S =10(2.301 + 42.8/41.7) = 1073.327 = $2125 per mishap
R =107(-0.261 + 50/ 24.3) = 10°.797 = $62.60 per day
Also, since A, = P.S, we find, 0.0294x2125 = $62.60 per day, as above.

Further decisions may now be made on whether this cost is tolerable or not.

Many more permutations and combinations of data and computations
are possible, all of which may aid in the understanding of the problem,
evaluation of the sensitivity of the outcome to changes in the various

parameters, etc.



The actual values for the given feasible percentage
danger limts in Exanple, Part 4, i.e. for a P; = 60%
Si = 42.8% and R, = 50% nay be determned fromEq. (9)

as: 20 P; =J OA (-2.562 + 60 / 58.2) =1 OA(-1 .531)
= 0.0294 m shap per day, i.e. 1 mshap in 34 days S =
1 OA (2.301 + 42.8 / 41.7) = 3QA3.327 = $2125 per
mshap R = 10A(-0.261 + 50 / 24.3) = 1 QAl1.797 =

$62. 60 per_day Al so ' = F '
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cofBNRePP@ns of data and conputations are possible,
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o enanpicr REPRE SR TATON o TRt Aalle 88l e &5 o

10

15

may be pignatsddepras | §SreSiN daénl Na9é
of hand@gal cuelﬁa?éad %@Hﬁ@chi nglf E:sg%'gu?%% fg%uﬁsi iaz aL‘aMda

compysicarpigrifinanae fo the wambars and vadaies anedo enakirAetipCAL
RE%RE&%%HQCN tE pRbIéin 2NB RS i RadE AERI o Fe solution.

represe tion of "results is generally the best way to
add a phewrenilprasitige, the cak o@tmorecteagleuaties ysug format in which

o o S R el By R s R P ipped L RS ARt T e

cuwisenlly pvadgdtede, the risk matrix rectangle is the

| f in whi. i _ . _ .
Steps arbqape W g afosel DB, BrirRloat Bp Geehud Rh i
Vi sighielyd By adtatdredt. thé misk eqeard diotiewingtifvention |Sters Artt, the

i nventi on, hical re tati [ hi d
rorarsation 3t 8 TePeroligleBasq B piMRIS R SHENS OB
A% 1nve|hh@n SEEmAfz', eédlingno ieé;%rtaém g@fldéeawelsajtf _H*,os*é lang A% gy 45°
of values to a square plot, an invention, St -2,
sc&PHMr-Elgckwise @gahpvvﬁg? EisnPagRistiping-ihe @quéwo&%pi/é- by
45 pou@ﬁﬁ'acér%ﬁhl‘é’aﬁ%p?b%eﬁﬁﬂm ptdVides@he $ollo®dsbdrietits: Ng
the invention Step B. Such a graphical representation
provi ded. t heTho T 304l &g aKemare kaih ay 45 trdheveringl, eanliEding
ar (?hé?roé&aha%taﬁg 25 @Hs?é/rﬂeﬁ Qﬁablé‘s(? i &dritia8Bto thé %bﬁvﬁﬂiHﬁél

S I'ndependen es, t to the

status varil a In contras

20c oeandritainagirticad iidependentidgpendant repgesentation, which invariably

25

30

| NASRRAARLY thd RARAPMriabRAG BREOAGN: BR thd b AdntdIVaRiARE! Y

2. The combination of P*and S* giving the risk R*, can now be
actually represented to scale (as at A in Fig. 9) instead of requiring a third axis
perpendicular to the P-S plane for 3D format, or simply entered textually or
symbolically in the P-S plane.

3. The risk axis being vertical, provides a visual measure of low or
high risk for any status point located in the domain.

4. If in addition the tolerable risk limits LTR and HTR are marked on
the diagram, the acceptability or otherwise of the risk status under evaluation is
immediately recognisable visually.

5. The fact that in the general case the risk contours will be inclined
to the horizontal by the angle B itself is an advantage in that it would clearly
show that even for different scenarios for which the risk value (e.g. loss in



inmplies that the vertical variable is dependent on the
hori zontal variable. 2. The conbination of P* and S*
giving the risk R*, can now be actually represented to
scale (as at Ain Fig. 9) instead of requiring a third
axis perpendicular to the P-S plane for 3D format, or
sinply entered textually or 25;symbolically in the P-S
p!ane 3. The risk axis being vertlcal provi des a
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facilitation, graphical manipulation, etc. of the present invention can be readily
realised. This is particularly true with respect to the following:
25 1. As logs and angles are involved, both the computation and
plotting are simplified and their accuracy ensured by the use of computers.
2. The graphical interactive mode may be expanded to not only
statically map specified combinations of P and S, but also to dynamically
display P, S, and R, as the cursor is moved within the diamond, so that snap
30  evaluations and decisions may be made.
By way of example only, the present invention can be readily adapted
for use with a version of a spreadsheet (using MS-EXCEL®) to illustrate the

obvious benefits of the invention.



is well established and there are nunerous public
domai n and proprietary 20 conputer prograns and
packages avail able for risk managenent. By presenting
the system and nethod of the present invention in a
conmput er package, the accuracy, speed, interactive
processing, report facilitathen, graphica
mani pul ation, etc. of the present invention can be
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exanple only, the present invention
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rans and pe ages. [Note provision for qualitative
20dat a ente)y. |Ceversanaframeperpentaed tayalseand wee yarsa, for P, S,
vaI Eg% of Pand S for every i s 10% as well as the
values R, for every 5% (c) Input and results for
any ri sf) dednpeidot bTBenddifRifimit cantburs, and for two other specified

contour values.

() Computed rotation angle B of risk contours.

25 (h)  The SAFER Diamond, with input data points shown along the P*
and S*axes, intermediate points (c) and contours (f) at angle 8 from (g).

Every item of input data is validated for consistency and feasibility, to
prevent program crash, and to protect the user from misleading results from
wrong data.

30 Additional sheet (or sheets) can supply more details in tabular form for
the computations leading to the summary and graphics displayed on the first

sheet.



di spl ayed on the dianond, for internediate states wth
specified P and S*. (d) Conputation of any of the
three values P, S, and R, conputed from other two

val ues input. 20 (e) Conversions from percentage to

val ue and vice versa, for P, S, and R (f) Input for
LTR and HTR linmt contours, apg for two other specified
cont our values (g) Conputed rotation angle /3 of risk
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15%%90&@8@@.%@&%@@@@@@&20@0' sions; and (B) A mode of
graphical presentation which interactively depi.
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di anond- shaped ri sk zone
risk (R) state, and thereupon automatically calibrates the P and S data from
the minimum and maximum levels input by the user. The system and method
20  of the present invention also compute all further required quantities forward or
backward, providing numerical as well as graphical presentations to map the
data and results, enabling quick practical decisions, resulting in an efficient
management of risk.

It will be appreciated that the system and method of the present

25  invention can serve as a handy and convenient device to analyse current
problems, and to experiment with various risk management scenarios.

It will also be appreciated by persons skilled in the art that numerous
variations and/or modifications may be made in the invention as suggested in
the specific embodiments without departing from the spirit or scope of the

30 invention as broadly described. The present embodiments are, therefore, to

be considered in all respects as illustrative and not restrictive.



The system and nethod of the present invention starts
with a conventional conbination of probability (P) and
severity (S) to determine the risk (R) state, and

t her eupon automatically calibrates the P and S data
from the m nimum and maxi num | evel s i nput by the user.
The system and nmethod 20 of the present invention also
conmpute all further required quantltles forward or
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to maxi mum val ues received; (iii) defining risk (R) as

the pr omﬁﬁf'e@'ﬁ P and S values; 10 (iv) obtaining
| ogar ' t c;b%k/%ﬁiﬁg%fngﬁpgaﬁéﬂ {/élhé( of P) 8, §rﬁ)" ﬁrtb b¥rdelage and
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2. A method according to claim 1, wherein the data relating to a probability
(P) of two or more mishaps occurring within said process is in units such as

25 number of mishaps per year, or in other actual or relative qualitative or
guantitative measures, along with brief descriptions.

3. A method according to claim 1, wherein the data relating to a severity
(S) of two or more mishaps occurring within the process is in units such as
30 dollars cost per mishap, or in other actual or relative qualitative or quantitative

measures, along with brief descriptions.



(vii) converting any specified value of P, S, and Rto
percentage and vice-versa; and, (viii) conparing the
conmputed risk results agai nst acceptable and 20
unacceptable criteria to determ ne whether the risk is
tol erable, and hence to be nanaged with suitable
control scenarios. 2. A nethoggaccording to claiml1,
wherei n the data relating to a probability (P) of two

or m)remsas urr.in t hi,_n d pro S i '
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the process is in units such as 30 doll ars, cost
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any one of the preceding clains, wherein a feasible
danger range is defined by the specified m ni num and
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given the other two, are enabled at the val ue, rank, or

petayeht age level. 20 8. A conputerised nethod

according to any of the preceding clains, wherein,

nunmerical and graphical results are dlsplayed and
20auBonmat Acalipytarised method according to any of the precedmg claims,

wherein, numerical and graphical results are displayed, and automatically re-

10

computed and updated with revised inputs, for view and documentation;

9. A method according to any of the preceding claims, wherein, the
25  invention enables and facilitates:
() Decision-making for the given data;
(ii) Projection of results for other estimated or synthetic data;
(i)  Experimentation for anticipated, feasible scenarios; and,
(iv)  Integration of risk data and results for various enterprises world-

30 wide; and,

10. A method according to any of the preceding claims, wherein, the
potential has been created to apply the same methodology to include, in



conmput ed and updated with revised inputs, for view and
docunentation; 9. A nethod according to any of the
precedi ng clains, wherein, the 25 invention enables
and facilitates: (i) Decision-making for the given
data; (ii) Projection of results for other estimated or
synthetic data; (iii) Experipgntation for anticipated,
feasi bl e scenarios; and, (iv) Integration of risk data
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