Preface

“I shall conduct the reader over the road that |
have myself travelled, rather a rough and winding
road, because otherwise | cannot hope that he will
take much interest in the results at the end of the
journey.” Albert Einstéin

This book is about the journey over the road | haareelled since birth till today, but it
is not a book about me, this is a book about tresiior the new body of knowledge,
which was named MIRCE Science, by me, without reate excuse!

According to my mother | loved the smell of petndiilst still in her womb. Hence, my
childhood was dominated by a love for cars andykigrg related to motorsport. For
me, a year was the measure of time between two lHarinMonaco Grand Prix races.
With the passing of the years my attention gragudilfted towards the Monte Carlo
Rally. | found totally irresistible the challeng&driving as fast as possible for hours
and days on many different road surfaces, contisiydacing numerous challenges,
from traffic conditions to system failures, whildlbwing the strict time table governed
by the rules and regulations. While attending sdaonschool | got involved with the
maintenance of my father’s car. In my mind thatugta me closer to rallying, where
the principal axiom is: crossing the finish lineeitte, from a very early age | learned
the relationship between reliability, maintenanod erossing the finish line.

In 1971, when the time came to choose a univessibyect, | had no dilemma. The
Faculty of Mechanical Engineering was the placereh&xpected to learn how to
design reliable cars and how to maintain them, dnassing the finish line, on time, at
the end of a rally. While studying mechanical eegiing | started rallying in a car that
| assembled by hands, in the neighbours’ gardem frarts obtained from Belgrade’s
scrap yards. Not having any car manufacturer’s spiip, in addition to the cost of
competing, | had to look after the preparation araintenance of the car, with an
almost non-existent student’s budget. Hence, tlggnsrof the question that has
tormented me for years: which spares to purchase@xample: a fuel, water or oil
pump, as each of them requires different toolsdptacement and have different
consequences on my quest for crossing the finmgh TThe more integrals and
differential equations | solved, while studyingtmedynamics, fluid mechanics and
many other subjects, the more | realised that ehargcal engineering degree will not
equip me with the knowledge required to addressinaienge, which was how to
maximise my chances of crossing the finish linghwle resources that my budget
allowed.

After graduation | started working as a researaha@evelopment engineer in industry,
while “privately” continuing the quest for the knteelge that is needed to provide the
solutions to my quest. This journey took an addaichree years of studies for the
Master of Science in Maintenance Engineering (AplpeA). Still not satisfied, | spent
a further 5 years doing research that culminatederaward of the Doctor of Science
in Reliability Engineering (Appendix B). Both degeel obtained from the Faculty of
Mechanical Engineering at Belgrade University. Big time | had stopped rallying,
without finding the solution to my quest for crasgsithe finish line. Undeterred, | went
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to Exeter University in the UK, to continue the guevhile learning English, which
would enable me to: access the body of knowledgéaated in the western-world
Educational Institutions and also enable my ussoaiputers.

After several extremely demanding but immenselpyatiple years, totally devoted to
research, my professional breakthrough came. kot trave to thank the visionary
Director of the School of Engineering, ProfessdmJBlower. He gave me the
opportunity to start teaching Reliability and M&nance Engineering to second year
undergraduate students of Engineering Science.Wassexactly what | was hoping to
learn when | had been in their position. This newelopment inspired me to work
even harder on solving my quest for crossing thisliiline. During the years, at Exeter
University, | came to the realisation that the fghe world has very similar problems
to rally drivers. For example, the transportatiodustry is also driven by the strict time
scheduled delivery of departures and arrivals iirait, trains, buses and ships.
Manufacturing and production organisations haveréss their own “finish line” set by
various stakeholders, at the end of each day, weekth and year. With that
realisation | established a self-financing Rese&ehtre for Managing Industrial
Reliability, Cost and Effectiveness, M.I.R.C.E.tl& School of Engineering, in 1988.
Very quickly the Centre attracted industrial spasb@, and started running research
projects, scientific symposia, and training sessidm 1991 we offered the world’s first
Master Programme in Logistics Engineering, from$iecbool of Engineering, which
was followed by the Master Programmes in Reliabdind Maintainability Engineering
(1996) and finally in 1997 a Master Programme ist&y Operational Effectiveness.
All the activities within the Centfegenerated a new body of knowledge towards the
final solution to my quest for crossing the finlgie. Some of them were presented in
my book, “Reliability, Maintainability and Suppokbtiity - A Probabilistic Approach”,
published by McGraw Hill in 1993.

| earned my salary at Exeter University by fulfity all the contractual obligations
regarding the undergraduate degree courses, Sctiml of Engineering. To broaden
young students’ horizons and motivate them to drebaut big engineering creations,
during the dark and cold winter months, | startetihg Evening Lectures related to
Boeing 747, Concorde, Ferrari F40, French High 8@aain (TGV) and similar
engineering marvels. Then, while searching thramgkerial for those Lectures | came
across a few articles related to the developmetiteohew passenger aircraft, by the
Boeing Corporation, known as the triple seven (7Thg more | read the more | was
impressed with it. Very soon, | learned about gBxaing engineers who were working
on this project, like Neil Standal, Ron Ostrowskranny Frazer, Jim McWha, Henry
Shomber, Tom Gaffney, Dale Hougardy, Fred Howadiraany others The whole
effort of the Boeing Company was orchestrated utftdeslogan “Working Together”,
coined by the inspirational project director Alaulglly, who understood engineers,
managers, contractors, customers, and, abovéaljitcraft itself. Then, | learned that
since 1916, when the first Boeing aircraft was picstdl, there has been a Chief
Engineer and Chief Pilot for each model. Howevarthos occasion a new “Chief” was
created, and it was the Chief Mechanic, whose jab tw make the aircraft
“maintenance friendly”. This “discovery” totally ahged my professional life forever.

2 Ten Years of Achievement MIRCE 1988-1998, pp 28ftted by David Harvey, designed and
produced by Ampersand Publicity, Exeter, UK, 1998.
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The more | read about the Chief Mechanic of theip&77 (B777), whose hame was
Jack Hessburg, the bigger and bigger his statuwrarbe in my eyes and, naturally, |
wanted to know more and more about him and his Bdised on what | read, in my
mind, he became one of those rare people you thesasi “larger than life”. From the
perspective of someone who learned through rallfhag maintenance is an integral
part of the life of any system, and as such nestl tconsidered from the moment a
system is being conceived. Jack was doing exdultydn the B777, with the assistance
of hundreds of first line mechanics from the wdddding airlines, like United Airlines,
British Airways, All Nippon Airways and a few ottlerJack brought these mechanics
into the design office to talk reality to Compufgded Designers. When asked, to
explain the maintenance philosophy of the B77#epéed, “All | want is to go to
Cleveland on time and never crash.” Immediatefgalised that he was the first design
engineer who spoke my language, as in my shoyt calleer all | wanted to do was to
cross the finish line, within the allocated timégcourse, without crashing. My
professional “obsession” with Boeing's Chief Mecitacontinued with exponentially
increasing intensity. This was exactly what | haéfsearching for, during my
engineering education and professional engineeanger, but never found it, till now.
My evening Lectures on the B777 were well receiedeach year | had a student
doing their final year project related to this &aft.

All the pieces of my “B777 jigsaw puzzle” came ttge, for me, during the®World

f Aviation Congress in Anaheim, California,"13 15" October 1997. There, during the
three days, | met all three of my B777 heroes, Alaally, Jack Hessburg and Gordon
McKinzie, United Airlines representatives for th& ®. The rest is history, partially
described in the book.

Our meeting in Anaheim ignited and united Jack'd ay lifelong passion for creating
and maintaining systems that are destined to wodompliance with scheduled
timetables, under operational pressures and wijfe ltonsequences for failing to do so,
hour after hour, day after day, year after yeark @&cepted an invitation to visit my
Centre at Exeter University and give a LecturenoMembers of the M.I.R.C.E.
Industrial Club. On the 27January 1998 he delivered his first Lecture atQhatre,
entitled: “Airlines do not spend millions on airftreo make roost for pigeons on
vertical fin, fouling the logo”. This Lecture tdashaped my life, and | am pretty sure
that it heavily influenced each of the 125 attegdmnofessionals. During my student
and academic life, | attended hundreds and hundrigléstures, but none of them,
neither before nor after, made such an impressiome. Jack confirmed the “larger
than life” perception that | had of him. He deligdrd0 minutes of smooth, interesting,
intelligent, informative, philosophical, provocagivand authoritative presentation
regarding his job as Chief Mechanic, the first #melonly one in the world, without a
single slide, notes, or any other teaching aid. ffé&aescript of the full lecture is given
later in this book, so future generations can ledrout “Jack’s” genius, from the words
spoken by the man himself.

During the Lecture, Jack said, “Now, how do youthet equipment availability?
There's a number of ways you can do it, but sonikesh have very, very expensive
consequences. What you must have is an extrengihydagree of reliability. | can do
that if | put my designer’s hat on, but the problismyou're not going to like the price.
I'll give you 100% departure reliability as a VPméintenance at the airline, even if
you Boeing, don't do it, | can still do it, becaufighrow enough parts and people at it
and I'll give you 100% departure reliability thahlbroke in a week. So | am



immediately, as in all design work and engineewmgk, faced with the business of
compromise, | have to trade cost 'producibilityy, owvn costs, with a degree of
reliability. Now we have to start thinking abouthere I'm going to have to start
making these trades. That's a cute stunt.”

As a student who self-financed his rallying amiisipl fully understood every single
word Jack said, and their implications. Then, tietioued by saying “So now, | as a
designer, and | have to fill my customer in as wetlave to decide where I'm going to
put economic redundancy into my design, becausasis money. We have really not
developed the discipline where we know how to ndisadhat, yet. But you begin to
put those into the design. What happens? Betaédmimum Equipment List, a
basic decision on the degree of reliability of tlewvice and economic redundancy, if
you hit the right combination, you should nevedfthe vehicle in a position where it is
not able to fly because you have intruded uponattviness. But, by the way, don't
spend so much money; because I'm paying extrhésetthings, I'm going to be
carrying it for the next 20 years. If you have thkk answer to that, would you please
see me after this meeting! There's a Nobel Pnze"iThese words have been
governing my life ever since, because it was eydhdt type of knowledge that | was
hoping to gain from my University Degree Programing,had not. There was nothing
wrong with the Mechanical Engineering Degree Progne | studied; all that was
wrong were my expectations from it. Mechanical Eegring Programmes have not
been designed to even address this type of knowldéigthermore, | discovered that a
University Degree Programme, which would delives tigpe of knowledge, does not
exist anywhere in the world!

The following decades of my professional and peakbie have been driven by the
search for the solution to my quest for crossirgfthish line, boosted by Jack’s
“Nobel Prize Hint”. For me, it was the most sigo#nt revelation: my rallying
dilemmas have been pushed back by Jack, into #igrdeffice, where much more
could be done than merely managing what spare gadsool selection to bring to the
starting line. This brought my life’s obsessionwdar rallying and my professional
focus on mechanical engineering design, togethsuah a natural and logical way
thanks to Jack. That realisation, with the addedntive behind the “Nobel Prize
Hint”, put me into a very challenging, professioaall personal situation. My academic
standing was very high and | was well respectethbyworld leading defence and
aerospace organisations, which were regularly sgngtudents to my educational
programmes and training courses, which were prdigezkternal examiners and well
respected by the students themselves. For marmeof this was the pinnacle of their
professional education. However, truth be knowkmdw that my exploration of all of
these issues, although important and connecte@ m@vhere near sufficient to address
Jack’s “Nobel Prize Hint". Fully aware that the iemtoperation of the Centre for
M.I.R.C.E. during its 10 years of existence wa$-fehnced, gave me the strength to
start thinking of the unthinkable. That was to takplunge”, leave Exeter University
and establish an independent organisation, exdlysdedicated to the development of
science based knowledge that would provide thetisolto my original quest for
crossing the finish line and inevitably win the MbPrize, because its applications will
be found to be “the greatest benefit to humankindhe year of discovery.



“Fast forward”, | decided to resign from Exeter Uerisity and founded MIRCE
Science Limited as an independent institution nigege in scientific, educational,
training, literary and professional endeavoursteeldo the development of the
scientific body of knowledge required to providsaution for my quest for crossing
the finish line, and personally respond to JackslBiel Prize Hint”. To my great
pleasure and pride, on the™Blay 1999, the MIRCE Akademywas officially opened
by the great Jack Hessburg himself in Woodbury Patsout 6 miles from the city of
Exeter. At the University of Exeter, all the undexduate degree courses | had been
teaching and the postgraduate Programmes offeréaeb@entre for M.1.R.C.E. were
discontinued. The following day, Nigel Mangelivho fully understood and supported
our quest for the scientific solutions to the perb$ that caused his 108 DNF (Did Not
Finish) out of 187 Formula 1 Grand Prix races,\debd the Inaugural Lectdref the
Akademy.

Consequently, the scene was set for the searchddyody of knowledge to fully
address and ultimately conquer the quest for angdsie finish line. The more time that
passed by, the more | realised the brutal truthefEinstein’s statement: “A theory can
be proved by experiment, but no path leads froneexpent to the birth of a theory.” |
have experienced many in-service phenomena anttaated about many more
through literature, but I could not find anythirggguide me to the road towards the
birth of a theory. That was the dilemma the MIRClademy faced during the early
years of this century. Despite putting in hourspths and years of extensive research
and hard thinking, we could not find the corredhgarward. In moments of
“desperation” | calmed myself by saying that eves great Jack Hessburg, who
created the role of Chief Mechanic, its job degmipand then finally delivered the
“maintenance friendly B777”, did not have a name“this discipline”, which is how

he had to refer to it in his Exeter University Laet Even further, the realisation that,
to the best of my knowledge, the mighty Boeing @oation that has all the
departments necessary for the advanced reseakaipdment, design, manufacturing,
certification and customer support of their numerproducts, have not yet developed a
body of knowledge to deal with “this discipline” aghe me fully conscious of the height
of the mountain to climb!

| knew, from the outset, that some physically obakle characteristic(s) that would
reflect the overall “reason for existence” of funoial systems have to be created in
order to quantitatively determine measures of thbility to continue to function, or
their functionability if you will, that quantifietheir in-service behaviour. This was a
crucial problem that | had to resolve, but the nali§icult one, by far. There is no
guestion that, from anybody’s point of view, in shg aircraft design office, the reason
for the existence of an aircraft is to deliver gaggers and cargo from A to B through
the air, with the best possible functionality pemiance (maximum speed and
minimum fuel consumption for a given payload atmfieimum overall cost).
Generally speaking some of these parameters ceutgiéntified, for each aircraft type
by a single number known as the “power to weigtibtawhich it is possible to
accurately predict with the existing knowledge efanautical engineering, but

* MIRCE Trade mark, No. 2338979 has been registier&teat Britain and North Ireland, to the name
of MIRCE Science.

> MIRCE Akademy is a division of MIRCE Science Liett Company registered in England and Wales.
® Woodbury Park is a magnificent 500 acre compléxas®ng rolling hills above the South West
English coastline, only a few miles from Exeter.

" Nigel Mansell OBE, 1992 F1 World Champion, 1998yiWorld Champion.

8 Knezevic, J., From Zero to One, Nigel Mansell'sidey, pp 32, MIRCE Science, Exeter, UK, 2000.



conveniently omits the cost element (procuremedtaperational). At the same time,
there is no question, from anybody’s point of viegwthe Board Room of any Airline
that the main reason for existence of an aircsatib i‘generate profit”, which is only
possible by delivering all scheduled flights “omé& and never crash”, with a minimum
demand on procurement, operation and maintenasoeanees. All of these words
could be quantified, for each passenger aircrak typy a single number known as the
“dollars per seat per miles”, which is measured sundmarised by each airline in their
operational statistics, many decades after theadirdesign was completed.

Hence, | understood, extremely well, what the CMethanic’s job was in the design
team. However, | also understood, equally wellt,théile doing his job, Jack did not
have a proven body of knowledge to rely on, whi@swquivalent to the body of
knowledge contained in aeronautical engineerintgrestvely used by his colleagues.
Of course, what Jack as an individual had, frompoiynt of view, was unparalleled in-
service experience, total devotion to designingctait that go on time and never
crash” and personal integrity to publicly decldre hecessity for the new “discipline”,
worthy of the Nobel Prize. In summary, as | saweity clearly, while the body of
knowledge contained in the aeronautical enginegsiedicts “power to weight ratio”,
the body of knowledge that | was seeking, shouldhide to predict “dollars per seat per
miles”. Although “the penny had dropped”, regardimgat has to be done, the huge
guestion mark for me was how to do it?

Needless to say, | was fully aware that there \@derge number of specialist system
engineering disciplines that address and deal sy#tific characteristics of systems,
like reliability (usually quantified through the e Time Between Failures, MTBF),
maintainability (usually quantified through the Mbeime To Repair, MTTR),
supportability (usually quantified through the Méame To Support, MTTS),
availability (usually quantified through the inheté\vailability, A;, or operational
Availability, A,) and similar. In this context the curricula of igaducational and
training programmes were established and delivelleml/er the world. Of course, |
would be the first to say that the educational prognes and training courses, which
we ran at Exeter University, were exactly the sadreuestionably it was correct for
those who wished to specialise in these discipliHesvever, despite the fact that all of
these specialist subjects and their measures haireoivn specifications and design
requirements, there was nothing to “normalise” tteamd define overall in-service
performance of a system that would indicate howyrdily flights “to Cleveland” are
expected to be delivered “on time” and do not rteisuh “crash” during the in-service
life of the given aircraft type, which are the mdiivers of the “dollars per seat per
miles” figure.

While | was thinking hard about that all embracingervice performance
characteristic that quantifies the “purpose of &xise” of a functionable system, |
received an email from a classmate, from XlII Batlg Classical Gymnasium asking
me to write a few pages for the book “CollectiorM#mories (1967-1971)” that was
going to be published as part of the celebratiothefAnniversary of our

matriculations. During the following weekend | ‘tigplanted” myself into those
beautiful and indeed memorable years of my lifeprded them in a 12-page essay and
emailed it to Belgrade.

Subsequently, throughout the following few dayggymemories continued coming
back to me. One of them was the matriculation eixaphysics, where the very first



guestion was related to the concept and units ok wophysics. | still remember every
single word written in my notebook related to wénkt says “In physics, work is
considered done when an object is moved over argistby an external force applied
in the direction of the displacement. If the foreeonstant, work may be computed by
multiplying the length of the displacement by tbeck acting along the path.”
Suddenly | realised that the concept of work presgto me almost 40 years ago, and
accepted by me as a given truth, could be thargggbint for solving my quest for
crossing the finish line, invigorated by Jack’s téb Prize Hint”. It became crystal
clear to me that the purpose of the existence efyesystem that humans have ever
created is to do something, as it is inconceivablae that something would be
specified, designed, produced and acquired by sodyel order to do nothing.
Finally, the “eureka” moment came, and | realideat the “purpose of existence” of
any system is to do the work. To differentiate ¢bacept of work in physics and in
“my science” the latter type of work | named, as thinctionability work. Immediately

| realised, that functionability work is considerdone while a system is delivering its
expected function over time, in a similar way tasslical physics, where work is
considered done when an external force is dispigainobject over distante

Consequently, in “my science” the concept of fumability work, as far as | was
concerned, should be classified into the followtiwg types:

» Positive Functionability Work (PFW): a generic nafoethe physically
measurable performance of a functionable system pypportional to the
duration of the calendar time during which the etee function(s) are
performed, measured in hours [Hr].

* Negative Functionability Work (NFW): a generic nafaethe physically
measurable performance of a functionable system pypportional to the
duration of the calendar time during which requipeditive functionability
actions are performed, measured in hours [Hr].

After several months of self-celebrations for hguvitiscovered the concept of
functionability work in “my science”, the way formhbecame much clearer. For the
very first time | saw the method for bringing tdget a “Minimum Equipment List, a
basic decision on the degree of reliability of tlewice and economic redundancy”,
which are Jack’s design options for “never findihg vehicle in a position where it is
not able to fly because you have intruded uponattiness.” Needless to say that the
same logic applies to my quest for crossing thistiitine, and all other business that
have set up monthly or annual targets. Thus, fnom on, design teams will have a
single, all embracing, measure of the “goodnesshefdesign, regarding the in-service
performance of their future systems. This pradijaaleans that each feasible design
solution will be associated with positive and negatunctionability work,
accomplished in the direction of calendar timethalgh | was extremely happy with
the discovery, very soon it become clear to meithaas only a part of the solution to
my quest for crossing the finish line. The reasemg, these are in-service
characteristics of systems measured by their uatiish means that they will become
known to the design team several decades afteriéngs completed their design. The
data | quoted in the Inaugural Lecture were statistompiled by Pan Am over 22
years of flying the B747, rather than Boeing’s jpcadns.

°® Work of one Joule is done when a force of one Mewdisplaces an object for one meter. (J=Nm)



During the following months of the development ofy* science” it became clear to me
that the discovery of functionability work, as aasarable physical characteristic of
functionability performance was not the end of nugst for the finish line, nor

sufficient for Jack’s “Nobel Prize Hint.” There ascaveat that was described, by none
other than, Jack himself, “By the way do not speaanuch money, because I'm

paying extra for these things. I'm going to be gy it for the next 20 years.”
Translating into “ordinary English” it means thais not enough to determine the
design solution that will provide the maximum pi&tfunctionability work during the
in-service life of a functionable system, becalmgerhain objective of any business is to
stay in business, and for that to happen: reveeunergted must be higher than the cost
of doing the business. Again, in my view, nobodpressed it better than Jack when he
stated, “Airlines are in the transportation bussd&®oeing, Douglas, Lockheed, Airbus,
they're in the airplane business. You must keejpetggent available! You can have the
shiniest looking airplane in the world, the moshegkably engineered airplane in the
world, it's an academic marvel, it's an engineenragvel, but if the damned thing is

not at gate B3 in Chicago at 9:15 to originatettheto Cleveland, forget it.”

Having established the concept of positive and tvg&unctionability work, | came to
the realisation that it is essential to addressdbleurces associated with realising them.
For me, as an engineer and scientist, a monetéug whthe physical resources used to
generate the desired functionability work, congtistthe cost. This topic | studied as
part of the research related to my Master Dissertdthesis, (details are given in
Appendix A). Consequently, in “my science” | estabéd the concept of

functionability costs, and then grouped them imtitofving two general types:

» Cost of Positive Functionability Work, which is thenetary value of the
resources used for doing the work, like persommaterial, equipment,
facilities, energy and similar. Thus, a cost ofrdppositive functionability work
could be measured for each system consid&red

» Cost of Negative Functionability Work, which is thonetary value of all the
resources necessary used for doing the work, pleeesparts, trained personnel,
material, equipment, facilities, energy and simitdence, the cost of doing
negative work is a measurable quantity for eactesysonsidered.

Although I was not deeply interested in the findaceountancy per se, | knew that
functionability cost categories are very well mon#d and accounted for, by the
numerous departments and experts from organisatigobk/ed in operating systems,
for financial, statistical and controlling purpose®wever, | was fully aware that the
order of magnitude of these costs is pre-determinyeithe decisions made in the design
office at the very early stages of the system aegrgcess. Hence, there is a “life time”

9 During the Founder’s Lecture | stated that a Pamis®Boeing 747, has flow 80,000 hours and
consumed 273.000,000 gallons of fuel, which is amg our of hundreds and hundreds cost elements
related to the resources required for a machimgliver positive functionability work.

" During the Founder's Lecture | stated that a PamsABoeing 747, N747PA, has consumed, among
many others, the following resources: 2,100 ty8&§), brake systems and 125 engines. Also, this cost
category includes costs of personnel, materialipegent and energy used to replace the metal shin, o
its superstructure, wings and belly which were dotienes, numerous structural inspections performed
to detect metal fatigue and corrosion, which coredirore than 9,800 individual X-ray frames of film
and the cost of all resources needed for the repiants of passenger compartment and lavatories, fou
times.



difference between the time when the functiongbddst is committed in the design
office and the time when the functionability castécorded by the accountancy office
of its user. This fact of life brought Jack and together. He needed a “discipline” that
would enable the design office to compare manyili&solutions regarding the new
system type, and for the chosen one to inform iti@els accountancy office what the
functionability costs are expected to be, rathantto “keep fingers cross for decades”
in the hope that the final numbers would be goaaligh to realise repeated sales.
Although I had understood Jack’s “Nobel Prize Himtthe early 1990s, nearly 20
years after my quest for crossing the finish liressviacing very similar problems and
consequences. This realisation had now triggereerakedecades of intensive research
and thinking leading towards the creation of “miesce”, as a solution to it.

In summary, the philosophy of “my science” is basadhe premise that the “purpose
of existence” of any system is to deliver positisrectionability work. This is
associated with necessary resources like persamaédrial, faculties, energy and so
forth. The monetary value of resources consumegiateig the positive functionability
work constitutes a positive functionability cosbr@plementary, the negative
functionability work is done while a system is im@gative functionability state and
exposed to the actions required to recover itgosative functionability state, which
are associated with the necessary resources syarsasinel, spare parts, material,
tools, equipment, faculties, data, energy and gb faus the cost of the positive work
lost, constituting the negative functionability tost this point in the development of
“my science”, it became clear that its main objeztiwere not to develop methods for
measuring and statistically analysing the functimlity performance of systems, but to
develop a body of knowledge that would enable desgto predict them for each
feasible option, based on both sets of figures,thed to select the most favourable one
regarding, as | saw it at the time, the “dollars gat per miles” in conjunction with the
“power to weight ratio” figures. To achieve thaiafjbdecided to expose the in-service
behaviour of systems to the proven methods of sei@and mathematics to:

» Physically observe and measure a functionabilitjgpmance of functionability
system types quantified through the positive arghtiee work done during
their in-service life, together with the resourcessumed in the processes
and to determine the patterns of their behaviogihendirection of calendar
time.

» Scientifically understand the physical phenomerthrarman actions that
govern the occurrences of functionability ev&htisrough the life of
functionable system types to the level of dimensididelity spanning from the
atom (10" metre) to the Solar System {f@netre).

» Mathematically describe the observed physical mees of doing positive and
negative functionability work through time by a givfunctionability system
types, which are characterised by uncertainty,adisouity, irreversibility,
inseparability, and dependence on time, locati@ahrarmans.

12 Boeing 747, registration number N747PA, been aint80,000 hours, transported 4,000,000
passengers, burned 271,000,000 gallons of fuekwaieiving 806,000 maintenance man-hours and
consuming: 2,100 tyres, 350 brake systems, 12mesgamong other parts, during the 22 years of in-
service life, at Pan Am airlines.

13 Any event, natural or induced, that impacts onftimetionability performance of a given functionablestem.



The journey, along the road described above, hasrgted a body of knowledge, that |
named MIRCE Science. It is based on the sciendiiterstanding of the mechanisms
that cause the motion of a system through in-sersiates in the direction of calendar
time. MIRCE Science comprises axioms, laws, mathieadsequations and calculation
methods that enable accurate predictions of thetifumability performance of a given
“future” system to be calculated. Hence, it ici@stific solution to my 40+ years
guest for crossing the finish line and Jack’s “NdPeze Hint” given at Exeter
University Lecture in January 1998.

The latest developments regarding MIRCE Sciencgedination activities related to

the publications in scientific journals, professaboommunications through

conferences and list of selected positive and megainctionability events that took
place in the world during the last few years thagdorded and analysed in order to the
scientifically understand the mechanisms that c#lusie occurrences are also presented
in this book.

Tragically, towards the final stages of this loegearch journey, constantly driven by
Jack’s “Nobel Prize Hint”, an email from our mutwalleague and friend, Justine Hale,
arrived in July 2013 with the following content:

“Mr. Jack Hessburg has suffered a debilitatingkstrand is currently unable to speak
or interact with the world around him. This ocadralmost 3 months ago. Jack is
living in a rehabilitation Hospital, but has mad#d real progress towards being
himself again. | am sorry to write with this discaging news, but | knew you would
want to know.”

Within a week | re-arranged all professional andpeal commitments and flew to
Seattle, on board one of Jack’'s B777. By some mdguk recovered some of his
mental capacity and we had the most memorabletogether, between 08:00 and
20:00, during the three days | spent with him. $ddck passed away two weeks after
he addressed me, for the very last time, with thlewing words,“l am ready for you to
go home.”

Dr Jezdimir Knezevic
Founder & President
MIRCE Akademy
Woodbury Park
Exeter, UK

Post Scriptum: | have started writing a book on“tathematical Principles of

MIRCE Science” which will contain all the knowledgeguired for the full application
of the MIRCE Science theory to the design and mamegt processes of
transportation, communication, defence, aerospacgear, medical, energy and many
other system types, the origin of which are presgt this book.



Acknowledgment

“Thanks Jack® for the Nobel Prize Hint.“

| wish to acknowledge the individuals who guided meheir own ways, throughout
the lifetime search for the body of knowledge #¥aded up in this book under the
name of MIRCE Science. Thus, “mega” thank you to:

My Professors who over several decades gave methwledge, then became my
lifelong friends and passionately supported myneyrtowards the creation of MIRCE
Science, namely: Jovan Todorovic (1932-2016), Atebeat Mihaylovich Seynin
(1916-1995), Robert A.B. Leaper (1921-2014), JolonvEr, Chris A. Brookes (1934-
2013), Ben. S. Blanchard and Richard F.W. Bade8118012). Their individual
affiliations and contributions to my educationatiatientific life are very clearly
described throughout the book.

Gordon McKinzie, whose huge contribution to theelepment of the Boeing 777 on
the user’s behalf impressed me so much, that i8,198ined the United Airlines
frequent flyer programme. Thank you Gordon for ¢ansy sharing your professional
knowledge with all of us and being so helpful to, starting with the “choreography”
of my meeting with Alan Mulally, one of the preside of the Boeing Corporation, in
1997 in California, through extremely beneficial/me regarding the initial
conceptualisation of the book in the summer of 20d%ch extended its completion
for several months, and improved it considerablgoAfor making extremely
constructive suggestions during the writing of blo@k, all of which were adopted with
gratitude. Finally, for helping me to re-establisb contact with Alan Mulally, by now,
retired CEO of the Ford Corporation.

Alan Mulally, whose engineering and managementwgeftourish, during the
development of the B777, under the slogan “workogether” made fundamental
impacts in numerous directions, was so impressigeltread everything written about
it, watched hundreds of times the 5 hour PBS Vidlethe 21' Century Jéf while
showing them in over 30 countries around the wdddng the last 20 years of
teaching. Even further, | would like to believetttize creation of the post Chief
Mechanic is of Alan’s making, although | could iod any evidence in written form,
to confirm my “romantic” thought. Yes Alan, the “@liata set you fré®, as the
experimental MIRCE Science has clearly demonstrated

Polly Vacher MBE, for allowing the MIRCE Akademy be an integral part of both
her solo flights around the world, while raisingmeg for the Flying Scholarship for
the Disabled, her chosen charity. Through thegatBiwe tested existing knowledge of
the System Operational Science, and | realisedrhash more needed to be done.
Hence, to create a theory that is able to incotpat physically observed phenomena
around the world, including the unpredictabilityddorutality of Arctic and Antarctic,

14 John Gregory Hessburg (1934-2013)

!5 public Broadcast Services Video, The Buildinghef 777, Part 1: To Design a Plane, Part 2: The Sum
of Its Parts, Part 3: A Plane takes Shape, Paraking Flight, and Part 5: Countdown to Delivery.

1616 sabbagh, K., “2%t Century Jet, The Making of the Boeing 777", pagefan Books, London, UK
1996.
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Post Scriptum: Following Axiom 5 of MIRCE Scien¢@cknowledge that all
grammatical errors and typos contained in this baekof my own making and |
sincerely apologies to all proper English speakeaylers for not doing a better job
after 35 years of trying! However, | do sincerebpk that a pleasure of scientific and
mathematical “brilliances” will offset the grammadl deficiencies, several times over!



