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D’0OU VENONS-NOUS? QUI SOMMES-NOUS?
OU ALLONS-NOUS?

Igor Ushakov
San Diego, USA

«D "ol venons-nous? Qui sommes-nous? Ou allons-nous?», 1897
Gauguin, Paul (1848-1903)

“Who are we? From where? Where are we going?’ — thisis the title of one of the famous paintings by
Paul Gaugin. However, today we will not discuss an art but try to answer the questions: Who are we?
From where? Where are we going?

The title of the journal is “Reliability: Theory & Practice’... Is it a good title? Does it reflect the
journal profile? Does reliability still take its place of importance in engineering and applied science?

At the closing banquet of the MMR-2004 Conference (Mathematical Methods in Reliability, Santa Fe,
USA), Professor Nozer Singpurwalla from George Washington University, the moderator, asked the
audience the provocative question: “Is Reliability Theory still alive?” He was given a tidal wave of
sharp and nearly angry answers of the kind, “Yes, yes, yes! It isalive!” However, we should be honest:
Nozer is right (as usua J) or at least very close to being on point: interest in Reliability Theory is
waning....

Some of us who are counted in the ranks of “reliability dinosaurs’ still remember the hullabal oo around
reliability theory in the beginning of the 1950s, last century.

-10-
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We recdll that in the early phase of the era of reliability, there were many conferences and publications
on the topic. The IRE (Institute of Radio Engineers) Reliability Conferences and publications of IRE
Transactions on Reliability and Quality Control are just one example.

In the 1960s we saw areal avalanche of paperson reliability... And this pace continues today with the
same high intensity!

So, why do we speak about “dying reliability theory?’

The problem, aswe see it, is that there is no longer a strong demand for furthering of the theory. First,
we recall when and why reliability theory started. It started in the USA just after the Korean War
(1950-1953) when too often failures led to serious problems in combat. Then it was realized that
analogous problems in reliability existed in civil technical systems. Even as systems became more and
more complex, the methodology of their design and construction was the same as it had been for
decades before... Thus in the engineering world, reliability became, as it was said at the moment,
“Problem Number One.” New concepts were needed to develop solutions to this technical problem,
but this was not possible without an understanding of the nature of reliability and the creation of
mathematical methods and tool s to bring these concepts into engineering practice.

S0, we see that it was necessity (demand) that caused the field of Reliability Theory to flourish. With
time, constructive reliability methods were implemented in engineering practice and successes were
achieved. The problem of reliability will exist always, of course; however, we can honestly accept the
fact that now it is not “Problem Number One.” |In addition, so many excellent theoretical approaches
have been developed that the requirements of designing “conventional equipment” surely are covered
for many years to come.

However, probably, principally new systems will require new developments Reliability Theory.

At the same time, there are many areas of human activity in which the accumulated knowledge and
methodology of Reliability Theory can and have to work.

It is aimost impossible to describe completely and correctly in what new activities or areas we should
apply Reliability Theory; nevertheless, we will try to describe several important directions where the
brains of the reliability community effectively could be applied.

SURVIVABILITY.

Nowadays, we are faced with a new problem of survivability. Natural disasters like the recent
hurricane Katrina showed that even a technologically strong country like the USA was
unprepared to deal with consequences of a mgjor natural disaster. Moreover, it was clear that
preventive measures would be more effective than any measures to help people to evacuate and to
reconstruct destroyed infrastructure.

Perhaps even more pressing is survivability related to terrorist attacks. Nobody knows when,
where and how those hidden enemies will undertake their evil actions. It is clear that attempts to
apply standard reliability methods for the evaluation of effectiveness of undertaken counter-
terrorism measures is absolutely unreasonable; though, we note that the methodology of this
approach can be useful.

-11-
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SOFTWARE RELIABILITY.

Thisis one of the most important areas in modern engineering. Do we need mathematical models
for the prediction of software reliability? 1f so, how will we understand or define the meaning of
“failure of software?” Attempts to use blindly concepts of hardware reliability methods on
software are doomed to failure, first of al because even if failure is defined, there is no “time to
fallure” and thereisno “probability of failure.”

Moreover, considering hardware we have a set of relatively independent items, which have their
“individuality” and inherited random properties. Quite a different situation is observed with
software. Speaking in language of comparisons, in the first case we deal with a flock of sheep
and in the second case we have a set of identical “Mollies’, which are absolutely identical
genetically...

Probably, software is an object that one should create and analyze aprototype than to try to figure
out some mathematical model. We have here the same situation as with unique technical objects,
for which, actually, till there is no adequate mathematical models for prediction of their
reliability properties.

LONGEVITY.

Is a computer with longer longevity better? Should we spend money to make its longevity 10
years instead of 5? Let us remember that we change our computers, probably, every 2-3 years.
Would we care about 10 years longevity?

Or consider vehicles: many of us change cars after 3-5 years, getting a new or newer one to
replace the old one. Used cars often are repaired. Thus, acar owner, has a choice: is it better to
buy anew car or arepaired used car or repair the old car? A new type of industry has appeared:
car renovation. So, old theoretical approaches in longevity become obsolete.

COMPLEX MULTI-STATE SYSTEMSRELIABILITY.

We are eye-witnesses of yet another period of technological Renaissance: in the last 15-20 years
computer and telecommunication sciences and industry have advanced dramatically. We have
the World Wide Web; telecommunications has been revolutionized with mobile users, and
transportation systems have made crossing international borders ... Probably, from outside the
manhood is like Stanisav Lem’'s Solaris. a huge monolith organism with multiple
interconnections and coexistence of interdependent units...

We need to survive, so we should study the World we live in; we have to learn how to measure its
survivability and what measures we can undertake to assure continued survival.

-12 -
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OTKYOA MbIl? KTO Mbl? KYOA Mbl UOEM?

Hrops Ymakos,
Can-/uezo, CLIIA

"Omxyda mvr? Kmo mei? Kyoa mot uoém?" 1897 2.
Tozen o (1848-1903)

«KT0 MBI? OTKy,Z[a? Ky;[a MBI I/II[CM?» — TAaK HAa3bIBACTCA OJHA M3 CaMbIX H3BCCTHBLIX KAPTHUH Ilons
I'orena. OI[HaKO Hall pa3roBop GYI[CT HC O )XUBOIIMCH, a O TOM, KTO MBI, OTKYJad U KyJla MBIl UJICM...

Kypnan nazbiBaetcs «HanexxHocTh: Bompockl TeOpuHM W MPakTUKW»... Y Ja4HO JIU ATO Ha3BaHUE?
OTpaxaet 1 5T0 Ha3BaHKe MPO(WIH KypHANIa, KaKk OH cOPMYIHPOBAH yUpEAUTEIIMHU? 3aHUMAET JIN
HA/ISKHOCTH BCE €II¢ BAYKHOE MECTO B MH)KCHEPHOH JIEATEIbHOCTH U MPUKIIATHON MaTeMaTuke?

Ha Oankere, cocrosiBuiemcs mociie MexayHapoauoit konpepenimn MMR-2004 (Maremaruueckue
MeTo/bl B HagexkHocTd, Canta-de, CILIA), mpodeccop Yuusepcutera xopmka Bamunrrona Hosep
CuHrmypBaia, KOTOpbIi ObLT BEIYIIMM TUCKYCCUH, 33/l ayTUTOPUHU MPOBOKALMOHHBIN BOMPOC: «A
HE YMHpPACT JId TEOPHUS HAIEKHOCTU?» B 0TBEeT HavasiCsi HACTOSLIMIA yparaH OCTPBIX M MOYTH 3JIbIX
perutuk: «Het! Het! Teopus HagexxHoctr xkwuBal» OnHako aaBaiite ObITh yecTHbIMH: Ho3ep mpaB (kak
Bcerna J) wid, 1Mo KpaiiHeid mepe, 0mu3ok k uctuHe. Chaja B MHTEpece K TCOPUH HAJICKHOCTH CO
CTOPOHBI IPOEKTUPOBLIMKOB TEXHUYECKUX CUCTEM yIall...

Hekotopsle 3 Hac, KOTO MOKHO OBLIO OBl Ha3BaTh «IMHO3AaBPAMH HAJACKHOCTU» MOTYT MPHUIIOMHHUTD
Ty IIYMUXY, KOTOpast Obla MOAHATA BOKPYT TEOPUH HAIEKHOCTH B 50-€ To/1bI MPOILIOTO CTOJIETHS.

Vixe ¢ Hadana 50-X HaYaIMCh €KEroJHbIe KOH(PEPEHIIUN aMEePUKaHCKOTO MHCTUTYTa pauoOnHKEHEPOB

W Havali u3aaBathes Takke exxeroano |IRE Transactions on Reliability and Quality Control. B 1958
TOy COCTOsUIach TepBasi Beecoro3Has KoH(epeH s o Hae)KHOCTH B MOCKBe.

-14-
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Campble mepBbie cTaThbll (MBI OrPAaHHYMMCS JIAJICKO HETOJIHBIM ePEYHEM, OXBATHIBAOIIUM MIEPUOJT JIO
1960 T.) MOKpBIBANM WIMPOYANIIMI CIEKTP TeM: pacuer HaxexsocTH cucreM' [Cudopos, 1954;
beonamBumu, 1956; JleBun, 1957; Maiiopos,1960; Manukos M.M., TTomosko A.M., Pomanos H.A.,
UYykpees I1.A., 1960; Cununa, 1960; YVmakos, 1960], MmeToasl 00pabOTKH AaHHBIX MO HAJCKHOCTH
[Epstein and Sobel, 1955; Birnbaum and Saunders, 1958; ITonosko, Uykpee, 1959], ontumansHoe
pesepBupoBanue [Bellman and Dreyfus, 1958; Flehinger, 1958; Black and Proschan, 1959;
Moskovitz,1960; Proschan,1960;], ananu3 Hage:xxHOCTH ceTeBbIX cTpykTyp [Moore and Shannon, 1956;
], ontumanbubie npodunakTuku [Weis, 1956; Barlow and Hunter, 1960; Derman and Sacks, 1960],
ONTHMAJIbHBIN mMoucK HeucnpaBHocTer [Glass, 1959], a Ttakke npyrue akTyaldbHBIC BOIPOCHI.
KoneuHo, 3TOT KpaTkuil mepeveHp TUllb JaeT o0IIee MpPEeAICTaBICHHE O TEMaTUKe MyOIMKaIMid TOTO
BPEMEHH.

B 60-e oOpymmnace Hacrosimias JaBHHA CTaTe MO TEOPUHM HAJCKHOCTH... W 3TOT mpomecc ¢
JIOCTATOYHO BBICOKON HHTEHCUBHOCTBIO MPOI0JIKACTCS U TOHBIHE !

Tax moyemy ke MOKHO TOBOPHUTH 00 «yMHUPAaHUU TEOPHUU HAJICKHOCTU»?

[IpobGnema, Ha HamI B3I, 3aKIIOYAECTCS B TOM, 4YTO MPEMIOKECHHE CHIIBHO OOOTHAJO CIIPOC.
BcnoMmuanM, KoT1a 1 MoueMy Hav4aJioch OypHOE pa3BUTHE TEOPUH HAJCKHOCTH? DTOT MPOIIECC HAYAJICS
B CHIA Bo Bpems Kopeiickoii Boitabl (1950-1953), korma CIHMIIKOM YacTble OTKa3bl BOCHHOTO
o0OpyOBaHUSI  CTAM TPHUBOJIUTH K CEPHE3HBIM JIIOJICKUM W MaTepuajbHBIM IOTEPSIM. 3aTeM,
OKa3aJioch, YTO T€ K€ MPOOJIEMbl BO3HHKJIM M B CHCTEMax TPaKIaHCKOTO Ha3HAYCHHS, MOCKOJBKY
TEXHUYECKHNE CHUCTEMBI CTAHOBUIIMCH BCe 0ojiee M 0ojiee CIOKHBIMH, a TEXHOJOTMHM HMX CO3JaHHs BCE
eIIe OCTABATUCH MPESKHUMH, YTO U ACCATIIICTHS O TOTO... B TEXHHMKE HAJICKHOCTH CTaja, KaK Toraa
ObII0 MOAHO TOBOPHUTH, «lIpobGmemoit Nel». Bo3HuKIa HEOOXOJUMOCTh B HOBBIX KOHIICTIIUSIX
MMPOCKTUPOBAHUS, YTO OBIJIO HEBO3MOXXHO O€3 TMO3HAHUS CYyTH NPOOJIeMBbI HAJIECKHOCTH M CO3TAHHS
COOTBETCTBYIOIIUX MaTEeMaTHYCCKUX METOJOB, KOTOPBIC JODKHBI ObUTM OBITH BHEIPEHBI B MPAKTHKY
WHXCHEPHOU JCSITCIIHHOCTH.

Taxum 00pa3oM, MPaKTUIECKHE HYK/Ibl OBBIIICHUS CYIIECTBYIOMIETO YPOBHS HA/IC)KHOCTU TPUBEIH K
pacuBeTy TeOpuu HaAeKHOCTH. C TeUEHHEM BPEMEHU KOHCTPYKTHUBHBIE METObl TEOPUU HAJECKHOCTH
ObUTM BHEAPEHB W Jaly NpPaKTUYeCKue pe3ynbTaThl. KoHeuHOo, mpobiieMa HAIEKHOCTH OyneT
CYyILIECTBOBATH BCET/a, OJIHAKO, MBI JIOJDKHBI CMOTPETH MPaBJe B I1a3a: ceidyac 3To He nmpobiema Nel B
CTapoOM €€ NOHUMAaHUH. ..

K tomy ke B HacTosIIee BpeMs YK€ HMEETCS CTOJBKO OJECTSIUX TEOPETUUCCKUX HCCICIOBAHUI B
00JTacTH HAJG)KHOCTH, YTO HMX XBAaTUT €KE HA MHOTHEC TOJABl CO3JAHHS «TPATHIIUOHHOTO
(conventional) obopynoBanusi. OmHAaKO, BO3MOXHO, CO3JaHHE IPHHIMUIIHATHHO HOBBIX CHCTEM
noTpe0yeT pa3BUTHsI HOBBIX HAIIPABICHUN B TCOPHH HAJIC)KHOCTH.

B T0 e BpeMs, uMeeTcs MHOTO c(pep U4eOBEYECKOM AeSITEIbHOCTH, B KOTOPHIX 3HAHUS U METOHOJIOTHS
TEOPUHU HAJE)KHOCTH MOTYT OTIMYHO paboraTh. HaBepHOe, HEBO3MOXKHO MpeayragaTb M OMNHCAThH
HOBBIC HANPABIICHUS TEOPUH HAJIEKHOCTH, C KOTOPBIMU HaM MPHUAETCS CTOJIKHYThCA B OyAyIiem, HO
TEM HE MEHee, XO04YeTcs MOMpoOOBaTh yKa3aTh XOTS Obl HA HEKOTOPHIE W3 HAIPABICHUI, TIe TaJlaHT,
3HAaHUE U OMBIT TEX, KTO CeHYac 3aHMMAETCS «YUCTOW HAJEKHOCTBHIO», MOT Obl ObITH 3(dekTHBHO
MCIOJIb30BaH.

! Cnucok AMEPUKAHCKUX pa60T Ha 3Ty TEMY HC NPUBOJUTCA TOJILKO M3-3a HEXBATKU MECTA — UX CJIMIIKOM MHOI'O, HO ITOYTHU
BCC OHU B TO BPEMsI OIIEPECIKATIN COBETCKUEC Hy6J'II/IKaHI/II/I.
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KUBYYECTD.

B Hamm gHU MBI TOCTaBJCHBI TMEpeja JUIOM MpOOJEeMbl >KMBYYeCTH B HOBOH ee Qopwme.
[Tpuponusie GencTBUs, KaK MOCIEAHUE IYHAMHU, yparaHbl U 3¢MIIETPSCEHHUS] MOKA3bIBAIOT, UTO
COBpEMEHHBIE WH(PACTPYKTYpPbl HE BBLICPKHUBAIOT HMX HAaTHCKa. Eciu paHplie B ciiydae
MPUPOJHBIX OCICTBUI pa3pylIaiuCh OTICIbHbIE O0BEKTHI (XOTS M B OTPOMHOM YHCIE), TO
TENeph 3TO MOXKET MPUBECTU K Mapaiu3aluu 1enoil ctpansl. CouuanbHble U SKOHOMUYECKHE
MOCNIEACTBUSL OBIBAIOT CTOJb BEJMKH, YTO JaK€ Takue pa3Burbie cTpanbl, kak CIIIA,
OKa3bIBAIOTCSA B CJIO)KHOM TOJOXKeHUH. CTaHOBHUTCS SICHO, YTO HEOOXOIUMBI MPEBEHTUBHBIC
Mepbl (@ OHM HEBO3MOXKHBI 03 IMPeIBApUTEIBHOIO aHaIHM3a, MOJICIHPOBAHMS) MOTYT OBITH
HamMHOTO 3¢ EeKTUBHEE, YeM MpsiMasi MOMOIIb HACEICHUIO HBAKyHPOBAThCS U BOCCTAHOBIICHUE

YK€ pa3pylIeHHOW HHPPACTPYKTYPHI.

[Moxxany#t, eme akTyanbHee OOECIIEYCHHE JKHUBYYECTH I10 OTHOIIEHUIO K BO3MOYKHBIM
TEPPOPUCTUUECKUM aTtakaM. HHKTO He 3Haer, Kornaa, rie M Kak 3aTauBIIMICS Bpar MpearnpuMer
CBOM 37I00HBIE akuWH. [IOHATHO, YTO TOMBITKH NMPUMEHHUTH CTAHJAPTHBIE METOIBl TEOPHU
HA/ISKHOCTU K aHaimu3y A(P(PEKTUBHOCTH KOHTP-TEPPOPUCTHUECKUX MEp OOpeueHBI Ha MPOBal.
OpnHako, caMma METOA0JIOTHS MOKET OKa3aThCsl BECbMa MOJIE3HOM.

HAJEXHOCTDb IIPOI'PAMMHOI'O OBECIIEYEHMUA.

JlanHast 00nacTh SBISIETCS OJHOW W3 BAXXHEHWIINX B COBPEMEHHOW TexHuke. Ho HyXHBI 1 Ham
MOJICJIM  HAJSKHOCTH TMPOTPAMMHOTO  OOCCTICUCHHS ? Kak wmBI mpenctaBisem  cebe
«ITPOTHO3UPOBAHUE HACKHOCTH MPOTPAMMBI»? A €CJIM W HYKHBI MOJCIIH, TO MOXKEM JIH MBI
94eTKO C(OPMYIMPOBATH UYTO €CTh «OTKa3 MporpamMmbi»? Bo BcakoM ciydae, ciernoil mepeHoc
KOHIIETIIUN HAJIe)KHOCTA 000PYAOBaHUS HA HAACKHOCTh MporpaMM — rubmioe aeno. Bo-nepsoix,
3[IECh HET «BPEMEHH JIO OTKa3a» (Jake eciii OTKa3 OmpejiesieH), n00 BCE ONMpenesieTcsl He
«IIPUPOJI0IT», a MOJIB30BATEIIEM, a BO-BTOPBIX, 3/1€Ch HET MOHATHUS «BEPOSTHOCTh OTKA3a».

Bonee Ttoro, pabortas ¢ oOopymoBaHHEM, MBI HMEEM JI€J0 C OTHOCHTEIHHO HE3aBHCUMBIMH
oOpasnamMu  (KOHEYHO, y HHX HAONIOAETCS <IIOXOXKECTh» W3-32 OJHOTHUITHOCTH WX
MPOM3BOJCTBA), KAKIBIH M3 KOTOPBHIX UMEET CBOWM «XapaKTep» M CBOU CilydalHBIC CBOWCTBA.
CoBepIIeHHO TMPOTHUBOMOJOXKHAS KapTUHA HAOMIOJAeTCss C MPOTrPaMMHBIM OOECIICUYEHHUEM.
['oBOp# A3BIKOM CpPaBHEHUH, B IEPBOM CITydae Mbl UMEEM JIEJIO CO CTaJ0M OapaHOB, a BO BTOPOM
— [epel HaMU CTOUT JUIMHHIOIIAS IIEPEHra OBeUYeK MOJUIH, KOTOPhIE COBEPIIEHHO WIACHTUYHBI
TEHETUYECKH ...

JOJITOBEYHOCTbD.

Jlydmie 1 KOMIBIOTEp, €CIM €r0 JOIrOBeYHOCTh Oosbmie? CTOUT JIM TpaTUTh JICHBIHW Ha TO,
9TOOBI €r0 JIOJATOBEYHOCTHh NpOUHTh ¢ 5 jer 10107 JlaBaliTe BCIOMHHMM, YTO MBI MCHSIEM
KOMIBIOTEp Kaxkaple 2-3 roza... BomHyeT i Bac 10JIrOBEYHOCTh KOMITbIOTEpa?

Borpocos 6oJtblnie, 4eM OTBETOB...
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Participants are requested to present one-page abstract in English (MS Word format: Times New Roman 12 pt,
maximum of 600 words).

For more detailed information see: http://Rel Stat.tsi.lv

Deadlinis:
Submissions of abstracts: 1 June 2006
Acceptance of abstracts: 1 July 2006

Submissions of final abstract and early registration: 15 September 2006

Publication of Papers:

The papers for the Proceedings may be handed in as articles at the registration desk or after the Conference until
December 31, 2006. The papers should be in MS Word using 10pt character size with the page A4 and not exceed 10
pages. For more details see the following template: http: //RelStat.tsi.lv

The Programme Committee intends to publish the Proceedings in special issue of the scientific and research Journa of
Transport and Telecommunication Ingtitute “Computer Modelling and New Technologies’ (or of the scientific and
research Journal of Transport and Telecommunication Institute “ Transport and Telecommunication”).
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The Conference registration fee is EURO 100 before 15 September 2006 and EURO 150 after this date. For more
detailed information see: http://RelStat.tsi.lv
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METOAMYECKUE BOMNPOCbI NCCINEOOBAHUA
HAOEXXHOCTU BONbLINX CUCTEM
OHEPTETUKHU

MexayHapoaHbI Hay4HbIn cemuHap um. FO.H.PygeHko

664033, NpkyTck, yn. llepmoHToBa, 130;
Ten.: (3952) 42-47-00:
dakc: (3952) 42-67-96, 42-44-44;
E-mail: voropai@isem.sei.irk.ru

VBaxkaemsble KoJreru!

Nucturyr cucrem suepretukd uMm. JLA. MenenteeBa (MCOM) CO PAH wu HarmoHanmbHBIA TeXHHIECKHUI
yHuBepcuTeT YKpaunnsl «KueBckuii momtexandeckuil nHCTHTYT» (HTVY «KIIW») npoBomsr B 1. Xapbkose 1 — 5
utoss 2006 r. na 6aze XapbkoBckoii TOI-5 ouepennoe 77-e 3acenanue ceMHHapa Ha Temy ' 3ajgauu
HAJeKHOCTH CHCTeM JHEPreTHKH 1151 Cy0beKTOB OTHOLICHNII B JHePreTHYECKHUX PhIHKAX'

Temaruka 3aceaHrsl CEMHUHAapa BKIIIOYACT CICAYIOIINME BOIPOCHL:

Paznenenrie OTBETCTBEHHOCTH 3a OOeCIeYeHHE HANEKHOCTH CHUCTEM JHEPTeTHKH MEXIY CYObEeKTaMu
OTHOIIICHUH.

[MpuHIUOBI ¥ MeXaHU3Mbl KOOPIMHALIMKM OTBETCTBEHHOCTH 32 OOECTeYeHHWE HAaIeKHOCTH CHUCTEM
SHEPreTHKH.

MaremaTtuyeckue MOAEIH KOOPJHHAIIMN OTBETCTBEHHOCTH M 00OCHOBAHMSI MEPOIPUSTHI MO 00ECTIeYSHUTIO
HaJeKHOCTH CHCTEM DHEPTETUKH [JI Pa3IMUHBIX CYOBEKTOB OTHOLIECHHUMH.

MeTtonpb! perieHns KOOpAUHALIMOHHBIX U JIOKAIBHBIX 3a/1a4 HAIE€KHOCTH CHUCTEM SHEPreTHKH B PHIHOYHBIX
YCIIOBUSX.

WnpopMalmoHHble TEXHOJOTUH B KOOPAMHALMOHHBIX M JIOKAIBHBIX 3ajadyax HaJeKHOCTH CHCTEM
SHEPreTHKU B PhIHOYHBIX YCIOBUSX.

Jlns yaactus B pabote cemuHapa Bam Heo6xomumo 10 1 anpesst 2006 r. npucnats 3as8ky B ICOM CO PAH B Bune
annoraruu goknana (YK, aBrops! u Ha3Banue gokinana, anuortanus 10 300 cios). JIoKiamsl, MpeaCcTaBIeHHbIE HA
CeMHHape U MpOLICANINe peleH3UpoBaHKHe, OYIyT H3NaHBl B BUIE COOpHHKA WIM KOJUIEKTHBHOM MOHOTpadUH.
ITpuHrNMaroTCs K 00CYKACHHIO AUCCEPTAlOHHBIC PaOOTHI [0 TEMATHKE CEMUHApa.

Byner obecneueHa HeoOXxoaUMas IPOEKIMOHHAS TEXHUKA JIJI IIPECTaBICHHUS TOKIA0B.

OpraHu3allMOHHBIA B3HOC (OpraHM3allMOHHBIC, W3OATeNbCKUe M mpoune pacxomsl) — 1500 pyd, st MOIOABIX
yaactHukoB (10 33 1et) — 900 py0; oruTaunBaeTCsi Ha MECTE MPH PETUCTPALIHH.

Nudopmaiist 0 ceMuHape Oyaer pa3meniaTses Ha caitte cemunapa http://www.sel.irk.ru/LES/

Anpeca juist iepenucku u tenedoHsl Jyuis cnpasok: http://www.sai.irk.ru

664033, r. Upkyrck, yi. Jlepmontora, 130, UCOM CO PAH,
Edumosoit Jlapuce Muxaiinosne,
e-mail: efimova@isem.sai.irk.ru

Ten. 8(3952)42-64-95, 42-47-00,
(axc 8(3952) 42-67-96, 42-44-44

Ipencenatens Opréropo cemunapa,
qi.-kopp. PAH H.1. Boponaii
VYueHslii cekpeTapb
cemuHapa JI.M. E¢pumoa
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Apewnger hevie im Reilabilidy [pginesiiog

Gregary Levitin ¥ i;r
The Universal Generating
Function in Reliability
Analysis and Optimization

¥1 Springer

The author develops techniques of Universd Generating Function
introduced by I. Ushakov in the middle of 80-e. The book offers a
description of the universd generating function technique and its
goplicationsin Reliability Analyss of binary and multi-state systems and
as well to optimization of series-paralel sructures under certain
constraints. The book supplies with a number of examples from
engineering practice.

Many red systems are composed of multi-sate components with
different performance levels and several failure modes. These affect the
whole system's performance. Most books on reliability theory cover
binary models that alow a system only to function perfectly or fail
completdy. The Universal Generating Function in Reliability Analyss
and Optimization is the first book that gives a comprehensive description
of the universal generating function technique and its applications in
binary and multi-gate system reliability analyss. It features an
introduction to basic tools of multi-gate system rdiability and
optimization; gpplications of the universal generating function in widdy
used multi-gate systems, examples of the adaptation of the universal
generating function to different systems in mechanical, industrial and
software engineering.

This monograph will be of vaue to anyone interested in system
reliability, performance analysis and optimization in industrial, electrica
and nuclear engineering.

Table of Contents

1. Basc Toolsand Techniques

2. Universal Generating Function (UGF) in Reliability Analyss
of Binary Systems

3. Introduction to Multi-state Systems (M SS)

4.  UGFin Analyssof Seriesparalel MSS

5. UGF in Optimization of Series-parallel MSS
6. UGF in Analyssand Optimization of Special Types of MSS
7. UGF in Analyss and Optimization of Consecutively

Connected Systems and Networks
8. UGF in Analys sand Optimization of Fault-tolerant Software.

Gregory Levitin

THE UNIVERSAL GENERATING

FUNCTION

IN RELIABILITY ANALYSIS
AND OPTIMIZATION

Springer, 2005

ABTOp pa3BUBACT METOJ YHMBEPCAIBbHBIX IPOM3BOASLINX (YHKIIMIL,
BBeNeHHbIX M. VYmakoseiM B cepemuHe 80-x romoB. B kHure
npejularaercs OIMCAHUE MeToJa M INPUMEHEHHE €ro K aHalu3y
HAJGKHOCTU CHCTEM C ABYMsI M MHOTUMU COCTOSHHUSMHM, a TaKkke K
peLICHUI0 3aJa4y ONTHMU3ALUM INPU HAIMYUKM orpaHnueHuid. Kuura
cHa0keHa OOJBIIMM YHCIOM IPUMEPOB MHMPAKTUYECKOTO IPUMEHEHHUS
METO0/a.

MHorue p€anbHBIE CHCTEMbI COCTOSAT U3 DJJIEMEHTOB, HMEIOIUX
HECKOJIbKO ypOBHCFI (byHKLIPIOHPIpOBaHPIS{, YbU COCTOSAHHS BJIMAKOT U Ha
OII€PATUBHBIEC BO3BMOYXKHOCTU CUCTEM. B nanHOM KHHre 1aeTcs 1eTalbHbI I
aHaJlus HOZ[O6HLIX CUCTEM C MUCIIOJIB30BAHUEM METOJ YHHUBEPCAIbHBIX
TIPOM3BOAAIIUX (byHKL[]/H‘;I, TIPUBOAUTCI MHOTO IPAKTUYECKUX IIPUMEPOB.

Kuwura GYHCT UHTEpPECHA HJI BCEX, KTO HHTEPECYETCA HAACKHOCTBIO
Pa3INIHBIX TEXHUYECCKUX CUCTEM U UX ONTUMHU3ALHEH.

OrnaBjieHUe KHUTH:

1. Omwucanue merona

2. YuusepcanbHas mpousBompsimas ¢pyukuus (YII®) B pacuerax
HaJIOKHOCTH CHCTEM C JIBYMsl COCTOSIHUSMU

3. BsencHnue B aHanu3 cucteM ¢ MHOruMu cocrosiausiMu (CMC)

4. Hcnons3zoBanue YII® s ananuse 1ociIeJOBaTENIbHO-

napauenbHpix CMC

5. UcnonbzoBanue YII® s ontumuzauuu nociaeaoBaTeabHO-
napauienbHsix CMC

6. HUcnonb3oBanue YIID i OoNTUMU3ALMU CHELUATIBHBIX BUJIOB
CMC

7. Ucnonb3oBanue YII® s onTUMHU3aLUU IOCJIEI0BATEIBHO
COEIMHEHHBIX CHCTEM U CeTei

8. Ucnonp3oBanne VYII® pansa  ananuza UM ONTUMHU3ALUU
NPOTPaAMMHOI0 00ecHeYeHust
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N. I'epudax

I. Gertsbakh el yager @bezegint.net

TEOPUSI HAOEXXHOCTH
o A C MPUNOXEHUAMM K
Reliability MPO®UNAKTUYECKOMY

Theory

With Applications to

OBCINYXUBAHUIO

Preventive Maintenance Mocksa 2003 - 263 c1p.

[lepeBox ¢ anrnuiickoro M.I'. CyxapeBa
Iox pen. B.B.PuikoBa Rykov@rykovl.ins.ru
I'VIT Uzn-Bo "Hedts nraz" PI'Y um. U.M. I'yOkuna,

JLn1a npruoGpeTeHns KHUTU 00paTUThCS 110 afipecy:
PI'Y nedtu u raza um. U.M. I'yOkuHa,

11991, Mockga, Jlenunckuii npocri., 65
Ten: 135-84-06, 930-97-11. ®akc : 135-74-16

) Springer

Dta KHHUTA - TIepeBof ¢ aHmmmiickoro MmoHorpaduu |. Gertsbakh, Theory of Reliability With Applications to
Preventive Maintenance, Springer-Verlag- 2000.

ABTOp - HM3BECTHBII CHEMUAIMCT B 00JAacCTH TEOpWUH HAMESKHOCTH - HaMHcal €€ Ha OCHOBE JICKIHH,
npountanHbix B 1997-1999 rr. B Yuusepcutere uMm. ben-I'yprona (M3pauib) mis CTYICHTOB WHXEHEPHBIX
crieransHocTeit. M.epribax 3HAKOM PYCCKOMY YHMTATENiO 0 KHWraM "Momenmn oTka3oB” (coBmecTHO ¢ X.b.
Kopnouckum, 1966) u "Mozenu npodutaktuku” (1969).

"Teopus HaIEe)KHOCTH" HAITMCAHA IIPOCTO U JOCTYITHO, B HEH HET IIIMHHBIX U TPOMO3IKHUX JOKA3aTeIbCTB, B HEll
MHOTO HHTEPECHBIX MPIMEPOB U 3a7ad C OJPOOHBIMH PELICHUSIMH U aJITOPUTMaMH, HAIMCAHHBIMH Ha TIAKeTe
Mathematica.

B Ilpunoxxennn naercs Hopmanbsaas u BeitbymioBckast BeposTHOCTHas Oymara .

Jeranphyto uHbOpMaImo 00 3Toi KHure (MO-aHITMAKK) — MOXHO HAiTH Ha caiite

www.amazon.com, under "books", "Gertsbakh"

Kuura cofepXuT  CBeJE€HWS O CTAaTHCTHYECKOW 00pabOTKE HEMONHBIX (YCEUEHHBIX) JAHHBIX, TEOPHIO
pacmpeneneHnii B HAACKHOCTH,  MOAETH NPOPIIIAKTUIECKOTO  OOCIHYXHWBAaHHS CHCTEM C MHOTUMH
COCTOSIHHUSIMU, HOBBI MaTepral Mo 0OCIyXHUBAaHHUIO C 00YICHHUEM U IT0 BBIOOPY ONTHMAIBHBIX KA BPEMEHH.

OTa KHHTa WACabHO MOAXOIUT Kak yueOHHK wim yuebHoe mocodue mo Teopun HamexHoctr, [lpumoxeHusm

TEOpUn BepOFITHOCTCfI, BBCI[CHI/IIO B CJIy‘IafIHLIC IMPOLECChI, U MOXKET OBITh KCIOJIb30BaHA CTYACHTaMU,
aCliMpaHTaMi W HayYHBIMU pa6OTHI/IKaMI/I HWHXCHCPHBIX CHCI_II/IaHI)HOCTeﬁ " NIPpUKIaAHBIMA MaTCMaTHUKaMH.
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TWO-LEVEL FACTORIAL LIFE TESTING
WITH TYPE -lIl CENSORED DATA

Ilya Gertsbakh,

Beer Sheva, |srad

Abstract

We consider two-level factorial designs with the response being the observed item'’ s lifetime. For each
factor combination, we put on test n items and stop testing when exactly r items have failed. Our
principa assumptions are that there exists a monotone transformation of the random response which
belongs to a location-scale family, and that only the location parameter linearly depends on the
factors involved. We develop a smple time-saving testing scheme which permits an efficient
computational procedure for estimating the factor effects.

Key words: Orthogonal design; type - || censoring; location-scale family; order statistics; life testing.

1. Introduction

The idea of this paper is ssimple: we want to adjust the standard factorial experiment, in which the
response is the observed lifetime, to the case of type-1l censored observations.

Many industrial experiments are aimed' at finding the factor combination that provides the longest
lifetime. Since experiments of this sort take usually along time and are very expensive, it is desirable
to use lifetime acceleration methods (e.g., by applying higher stresses than in normal operating
conditions , see e.g. Nelson (1990)), and/or to stop the experiment after prescribed time or after
prescribed number of failures has been observed. This paper is devoted to the statistical
methodology of lifetime testing with type-II censored lifetime observations.

Papers of Hamada (1995), Hamada and Wu (1991) and Bullington et a (1993) present methods and
examples of processing incomplete lifetime data in the framework of factoria life testing experiments.
Their methodology is based on introducing a parametric model for the logarithms of the observed
lifetimes and on using the maximum likelihood method (MLM) for parameter estimation. The MLM
is computationaly involved, especialy when alarge number of parameters is present in the
model, e.g. ina screening experiment for studying the influence of many factorson lifetime. Even if
the MLM software produces a numerical solution to the maximum likelihood equations, it might
be not the desired solution, see the discussion in Hamada and Tse (1992). There are aso difficulties
in establishing the significance of the maximum likelihood estimates because this issue involves
asymptotics which might be not accurate. Hamada (1995) demonstrates that the MLM may provide a
disappointing result, e.g. all factors involved seem to be significant, see Table 8 in the above paper.
Probably, in the experiments with type-I censored data, the MLM remains the only way to
extract information from data.

If, however, for al factor combinations the lifetime data are type-1l1 censored, i.e. are censored &fter
observing r > 2 failures, then under reasonable assumptions, for two-level factorial experiments,
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there exists an extremely simple and computationally efficient method of estimating the factor effects.
In Section 2 we describe our method and the basic assumptions. If for each factor combination
we observe r failures then our method uses as aresponse an ”optimal” convex combination of the
appropriately transformed first r order statistics.

In Section 3 we gpply our method to the Thermostat Test data described in Burlington et a (1993).
In this experiment, n similar thermostats were tested under identical conditions until the appearance
of r failures.

We discuss the properties of our method in terms of estimation accuracy and testing duration.

2. Basic Assumptions. Description of the testing procedure. Parameter estimation.

Suppose that the experiment consists of N runs. Eachrunj, j =1, 2, ..., N, corresponds to a fixed
combination of the factors involved. We denote by capital letters A, B, C, ..., K these factors.

We make the following assumptions.

() In the j-th run, arandom sample of nitemsis tested until r,r > 2 failures are observed. All
items in the sample are statistically identical and are tested under the same conditions. Denote

by t Ii=1,2,..r, theitem lifetimes observed in the j-th run.

(i) There exists a monotone transformation y () of t ) into Y, Y =y 1)), such that Y

belongs to alocation-scale family, in which only the location parameter depends on the factors
involved:

Y =a (A B,C,....K)+bZ.

HereZ isa”standard” parameter-free random variable. @
(ii1) Thelocation termin (1) linearly depends on the factors involved:

a( =g+ AW +...+ KW )

For simplicity, the letters A, B, .., K in (2) denote the numerical contribution of the

corresponding factors; € is a constant, the same for all runs and all factor combinations.

(iv) The experiment has as a two-level factorial orthogonal design, i.e. the coefficients W{?, ...,
W equal tp 1, and the column- vectors W = [W, ..., WM, . Wk = [WE, .., WV]
are pair wise orthogonal.

Remark 1. If the lifetime for each run has a lognormal distribution with only location parameter
depending on the factorsinvolved, then y(x) = log X, and Z will have a standard Normal distribution.
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Another assumption widely used in practice is that t ) has a Weibull distribution, with only the scale

parameter depending on the experimental factors. Then the logarithmic transformation also produces
the desired form (1) with Z being distributed according to the standard extreme-value distribution
Extr(0, 1) : P(Z > t) = exp(—€"). (For the proofs see e.g. Gertsbakh (1989), Ch. 2)

Since (1) is alocation-scale family, it follows from our assumptions that for each j we observe the first
r order statistics of the corresponding sample, and this is the same as observing, for each j,

Y =a®W +pz, ,i=12,...,r. 3)

Here Z;., isthe i-th order statistic from a sample of n random variables Z;, s=1, ..., n.

Remark 2. Add and subtract from the right-hand side of (3) the term bE[Z,,]=bm,,. Then we can
assume that (3) takes the form

Y =a,? +be,, i =12,..r. 4)

where e, isazero-mean error term, and a{” differs from a "’ by a constant absorbed into the g -term
(see (2)). Note that this constant isthe same for al runsj =1, ..., N.

In order to use all information observed in the j-th run, we suggest to consider as the response a convex
combination of thefirst r order statistics:

XD =Zayw 5)

itiino
i=1

r

o —
where g ._a; =1, ;3 0.
Now the response of the j-th run takes the form:

X =a(J)+sz" (6)

where Z; is a zero-mean error term, and a¥ differs from the expression in (2) by a constant
bé. irzlaim:n .

It is desirable to choose the coefficients a; to provide the minimal variance of the response, as the
following claim states.

Claim 1.

() Minimal varianceof §'_a,Z,, subjectto § _a, =1a,? 0 isatained at
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la;....a;|=vhice, (7)

where V is the covariance matrix of [Zyn, ....Zrn], C = (17 V1 - 1), and 1 is a column matrix
with all elements being equal 1.

(@i1)  The minimum of the variance equalsto C.
The proof is based on the Extended Cauchy-Schwarz inequality, see Johnson and Wichern (1982),
p.66. (Use (2.49) thereand putd = 1.) #

Estimation of parametersA, B, ..., K.

From now on, let us assume that the a; values are always equal to the optimal a; . Our model (6) now
takes the following form:

X® =g+ AWSD +..+ KW +bz®

XN =g+ AWM+ +KWN +pz™

Now multiply the j-th row by W j =1,...,n and sum up all rows.

Due to the orthogonality of Wa, ..., Wk, we obtain

N . .

aWhIX D =NxA+be, ®)
=1

where e isazero-mean error-term. Now the unbiased estimator of A equals

N
A= WPXD/N ©)
j=1

Similarly we obtain estimators for B, C, ..., K. By (9) and (6) their variance equals
Al 1] — -1 27 (0) oy — -1 2
Varglé\g_N b*Var g2V g=N"b’C, (10)

where C is determined by (i) in Claim 1.

It is easy to prove that that all estimators of the factor coefficients are pair wise uncorrelated, eg.
Cau gl&, K8= 0. This follows from the properties of Z9 and from the fact that vectors W, have equal

number of positive and negative terms.
Simplified estimator of p.
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Let us return to the principal relationship (3), fix two integerss, s £ r,and m £ r, s< m, and write (3)
fori = mandi = s. Subtracting one from another, the a ") term cancels and we arrive at the formula

Y- YD =0 (ZpnZen) i =120, (11)
It follows from (11) that

Elv@ |- Elv?|=b(E|z,.|- E|z..]) (12)

n

Replace in (12) the expectations in the left-hand side by the corresponding averages and consider the
following simplified estimator for 4:

b = - ymri_ ySZI”l - i (13)
(E gzm:n H_ E st:n H)

Here y_, = N-lé_;“:ly (t S{':n) . (Thesimplification isin replacing Zmn — Zsn by its expectation).

From (12) it follows that

. _Var[Y, |+Var[Y,,]- 2Cau(Y,,.Y..]

Var €4 U 14
i et N ><E[Zm:n]_ E[Zs:n])2 ( )

By (3), Var[Y;.] = b ?Var[Z.,], and this resultsin

Var 4= b*gvar[Z,,]+Var[Z,,]- 2Ccu[Zmn,ZS.n]H. (15)

NAE[Zp]- E[Za0])

We state without proof that the smallest value of Var SHH is attained when m=r and s = 1.

3. Example: Thermostat Life Cycle Test.

Burlington et al (1993) describe a screening life testing experiment of thermostats aimed at finding the
best combination of design parameters (factors) which would provide the longest thermostat life.

Eleven most important design factors A, B, ..., K were selected by an expert team, e.g. the current
density B, Beryllium Copper grain size E and heat treatment H . For each factor, two levels were
chosen, the lower and the upper, denoted by —1 and +1, respectively - see Table 1. For E, for example,
the grain sizes of 0.008” and 0.018” were chosen for the low and high level, respectively.
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Tablel
Thermostat test results,n=10,r =2
Factor
Ruin A B C D E F G H I J K 1110 w10

-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 957 2486
-1 -1 -1 -1 -1 +41 +1 +1 +1 +1 +1 206 284
-1 -1 41 +41 +41 -1 -1 -1 +1 +1 +1 63 113
-1 +1 -1 +41 +41 -1 +1 +1 -1 -1 +1 76 104
+1 -1 +1 +1 -1 +1 -1 +1 -1 92 126
-1 +1 41 +41 -1 +#1 +1 -1 41 -1 -1 490 971
+1 -1 +1 +1 -1 -1 +1 +1 -1 +1 -1 232 326
+1 -1 +1 -1 +1 +1 +1 +1 -1 -1 +1 206 284
+1 -1 -1 +1 +1 +1 -1 +1 +1 -1 -1 142 144
0 +1 +1 +1 -1 -1 -1 -1 +1 +1 -1 +1 259 266
17 +1 +1 -1 +1 -1 +1 -1 -1 -1 +1 +1 381 420
2 +1 +1 -1 -1 +41 -1 +1 -1 +1 +1 -1 56 62
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The experiment consisted of N = 12 runs with the factors being arranged according to the PL ackett-
Burman resolution 1V design, see Table 1. For each factor combination, n = 10 thermostats were
subjected to heating cycles under identical conditions until they fail. The duration of the whole
test was 7,342 therma kilocycles. At the end of the test only two failures were observed in the first and
eleventh run (trials), four failures in the fourth trial, and ten failures in dl other trials. Table 1 presents
the test results for the two smallest observed lifetimes, for each factor combinations.

In our analysis we will ignore the presence of other observed lifetime data. In spite of a seeming loss of
information we demonstrate that our results are identical to those obtained by Burlington et al from
"complete” data.

In the notation of the previous section, we have r = 2, the observed lifetimes are 71.10, 72:10. Our
function w(x) = log(x) and this means that we assume that thermostat lifetime has either lognormal or
Weibull distribution. In our analysis, the observed response in j-th run will be, according to

Section 2, x' =a, ¥ogt ,,, +a,dogt .

Our first choice is to assume that the thermostat lifetime has a lognormal distribution. Then Z in (1)
is Normal(0,1). Table 2 prescribes to take a, = 0.199, a, = 0.801. Using (9) and similar
formulas, we obtain now the estimates of the effects for all factors. They are:

A=-032. B=-009, & =-012, B =006, E=-092 B =0005 & =-025 H=-021,}

=-027, § =-027, K =-031

The normal plot of these estimates, see Fig. 1, clearly indicates that the only significant factor is E, and
its sign says tha