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ABSTRACT

Reliability is the fundamental element of safety operation of all systems. The aim of
reliability analysis is to quantify the failure probability and its protective barriers.

These barriers are intended to protect the system from failures.

Along with the emerging world economy, the growing complexity of systems and the
advantage of increasing computational power, system reliability concept expanded
to involve service availability, organizational and human reliability, uncertainty of

complex systems, network system reliability.

Human performance plays a significant role in developing and operating complex
systems. Hence it is obvious that human errors have serious effects on complex
systems’ performance. All engineering systems are created by human endeavor, so
it is actually suitable to claim that most of the system failures are due to human
causes as ignorance, negligence or ineptitude. Human Reliability Analysis (HRA)
techniques are used in different fields such as manufacturing, transportation, military
or medicine. Human Reliability (HR) is a highly important notion as human errors

may cause serious adverse consequences.

Healthcare services sector is one of the major fields that require human reliability
assessment as most of the applications involve human handling, decisions and
processing. This study aims to draw a complete representation of doctors’ behavior
leading to clinical error by acquiring a complete causal relation model between all
possible performance-influencing factors (PIFs) in healthcare operations which have

been determined and analyzed for various healthcare operations.

A major problem of HR studies is the lack of numerical measures of the likelihood of
an erroneous event and its consequences. In these conditions, many methods have

been developed to provide a quantitative risk assessment for HR concept. On the



other hand, the nature of human error differs from the nature of component failure

with the uncertainties involved.

It is requisite to develop a clear understanding of human performance or behavior
and their dependence on dynamic context and socio-technical environment. Human
behavior can be affected by many different factors; furthermore these factors can
be the connection between different stages of human behavior. Therefore a good

mapping of PIF's is one of the essential concerns of understanding human behavior.

In this context, Fuzzy Cognitive Maps (FCM) have been used to procure an explicit
understanding of human behavior and all of the reasons relying under that behavior.
In this respect, four doctors working in different high-risk healthcare fields evaluated
all PIFs. The causal relationships are obtained and evaluated through a sensitivity
analysis using different a—cuts. In real-life decisions, decision-makers / experts may
have different confidence levels on their judgments. Sensitivity analysis procures
decision-makers, a perspective that explains how the fuzziness in judgment may

affect the solution robustness.

Keywords: Human Reliability Assessment (HRA); Healthcare; Fuzzy Cognitive
Maps (FCMs); Fuzzy Inference Systems; Fuzzy Rule-Based Systems.
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RESUME

La fiabilité est 1’élément fondamental du fonctionnement sécuritaire de tous les
systemes. L’objectif de I'analyse de fiabilité est la quantification de la probabilité de
défaillance ainsi que la quantification de ses barrieres de protection. Ces barrieres

sont destinées a protéger le systeme contre les pannes.

Parallelement a 1’économie mondiale émergente, a la complexité croissante des
systemes et a l'avantage de la puissance informatique, le concept de fiabilité
d’un systeme a été étendu pour inclure la disponibilité des services, la fiabilité
organisationnelle et humaine, I'incertitude des systemes complexes, la fiabilité des

réseaux.

La performance humaine joue un role important dans le développement et le
fonctionnement des systemes complexes. Il est donc évident que les erreurs humaines
ont des effets graves sur la performance des systemes complexes. Considérant que
tous les systemes techniques sont créés par des activités humaines, il faut admettre
que la plupart des défaillances du systeme sont dues a des défauts humains telles
que l'ignorance, la négligence ou l'ineptie. Les techniques d’analyse de fiabilité
humaine (HRA) sont utilisées dans différents domaines tels que la fabrication,
la transportation, l’armée ou la médecine. La fiabilité humaine (HR) est une
notion extréemement importante puisque les erreurs humaines peuvent avoir des

conséquences graves.

Le secteur des services de soins de santé est l'un des principaux domaines dans
lesquels une évaluation de la fiabilité humaine est nécessaire car la plupart des
applications impliquent une manipulation, une décision et un traitement humain.
Ce travail vise a établir une représentation complete du comportement des médecins
aboutissant a une erreur clinique, en établissant un modele complet de relation de

cause a effet entre tous les facteurs d’influence sur la performance (FIP-PIF en



anglais) possibles déterminés et analysés pour diverses opérations de soins de santé.

Un des principaux problemes des travaux sur les ressources humaines est 1’absence
de mesures quantitatives d’un événement erroné et de ses conséquences. Dans ce
contexte, de nombreuses méthodes ont été développées pour fournir une évaluation

quantitative des risques dans le concept de fiabilité humaine.

D’autre part la nature de 'erreur humaine differe de la nature de la défaillance
d’un composant, dii aux incertitudes impliquées. Il est nécessaire de développer
une compréhension claire de la performance ou du comportement humains et de
sa dépendance au contexte dynamique et a l’environnement socio-technique. Le
comportement humain peut étre affecté par de nombreux facteurs différents. En
outre, ces facteurs peuvent étre le lien entre différentes étapes du comportement
humain. Par conséquent, une bonne cartographie des FIP est 1'une des

préoccupations essentielles de la compréhension du comportement humain.

Dans ce contexte, les cartes cognitives floues (FCM) ont été utilisées pour permettre
une compréhension explicite du comportement humain et de toutes les raisons
invoquées sous son comportement. A cet égard, quatre médecins travaillant dans
différents domaines de la santé présentant des risques élevés ont évalué tous les FIP.
Les relations de causalité sont obtenues et évaluées par une analyse de sensibilité
utilisant différentes coupes a. Dans la vie réelle, les décideurs peuvent avoir des
niveaux de confiance différents quant aux jugements des experts. L’analyse de
sensibilité fournit aux décideurs une perspective qui explique comment la logique

flou peut affecter la robustesse de la solution.

xXvi



OZET

Giivenilirlik, tiim sistemlerin emniyetli caligmasinin temel unsurudur. Giivenilirlik
analizinin amaci, basgarisizlik olasiliginin 6lgiilmesi ve aymi zamanda koruyucu
bariyerinin nicellestirilmesidir. ~ Bu engeller, sistemi arizalardan korumak igin

tasarlanmigtir.

Gelismekte olan diinya ekonomisi, sistemlerin artan karmagikligi ve artan veri
isleme yetisi ile birlikte, sistem giivenilirligi konsepti, hizmet kullanilabilirligini,
organizasyonel ve insan giivenilirligini, karmagik sistemlerin belirsizligini, ag sistemi

glivenilirligini de igerecek gekilde geniglemistir.

Insan performansi, karmagik sistemlerin gelistirilmesi ve isleyisinde énemli bir rol
oynar, bu acidan insan hatalarimin karmagik sistem performans: iizerinde ciddi
etkileri oldugu acgiktir. Tim miihendislik sistemleri, insan gayretiyle yaratilmig
oldugundan, sistem basarisizliklarinin 6nemli bir kisminin, cehalet, ihmal veya
beceriksizlik gibi insani nedenlere bagh oldugunu iddia etmek yanls olmayacaktir.
Insan Giivenilirlik Analizi (IHD) teknikleri imalat, ulagim, askeri veya ilag gibi farkh
alanlarda kullamlmaktadir. Insan Giivenilirligi (IG), insan hatalar1 ciddi olumsuz

sonuclara neden olabileceginden, son derece onemli bir kavramdir.

Saglik hizmetleri sektorii, ¢ogu insan uygulamalari, kararlar1 ve iglemleri igerdigi
icin insan giivenilirligi degerlendirmesi gerektiren temel alanlardan biridir. Bu
calisma, cegitli saglik hizmetleri operasyonlar1 igin belirlenen ve analiz edilen
tiim olas1 performans etkileyen faktérler (PIF) arasinda tam bir nedensel iligki
modeli olugturarak klinik hataya yol acan davraniglarin detaylh bir temsilini ¢izmeyi

amaglamaktadir.

IG calismalarmin en 6énemli sorunu, hatali olay olasihgmin ve sonuclarmm sayisal

olciimlerinin olmamasidir.  Bu baglamda, Insan Giivenilirliginde nicel bir risk



degerlendirmesi saglamak icin bir¢ok yontem geligtirilmigtir. Ancak insan hatasinin
dogasi, bilesen belirsizliginin dogasindan, icerdigi belirsizlikler agisindan oldukca
farklidir.

Insan performans: veya davramslar: ve bunlarin dinamik diinyaya ve sosyo-teknik
cevreye bagimhhklarinm net bir sekilde anlasilmasi gereklidir. Insan davramslar:
birgok farkli faktorden etkilenebilir.  Ayrica bu faktorler, insan davraniginin
farkli asamalar1 arasindaki baglant1 olabilir. Bu nedenle, PIF’lerin iyi bir sekilde

haritalanmasi, insan davraniginin anlagilmasinda temel kaygilardan biridir.

Bu baglamda, Bulanik Biligsel Haritalar (FCM), insan davramiglarim ve ardindaki
tiim nedenleri acik bir gekilde anlamak icin kullamilmigtir. Bu baglamda, saglik
hizmetlerinde farkl alanlarda, yiiksek risklerle calisan dort doktor tiim PIF’leri
degerlendirmistir. Nedensel iligkiler farkli o kesileri kullanilarak bir duyarlilik
analizi ile elde edilmig ve degerlendirilmistir. Gergek hayattaki kararlarda, karar
vericilerin uzman gortiglerine giiven diizeyleri farkl olabilir. Bu ¢aligmada kullanilan
duyarhlik analizi, karar vericilere, yargidaki belirsizligin ¢oziimiin saglamligini nasil

etkileyebilecegini agiklayan bir bakig acis1 saglar.

XVviil



1 INTRODUCTION

The notion of Reliability originates from before the 1800’s, differing from its current
meaning, is related rather to the personal aspects of workers rather than technical
systems. In the beginning of the 21st century, reliability was also attributed
to the engineering processes, leading to the rise of reliability engineering as a
scientific discipline. Reliability is fundamental for the safe operation of all kinds
of technological systems. In its modern sense reliability covers dependability i.e.
successful operation in the absence of failures and breakdowns (Zio, 2009). On the
other hand, the dependability of complex systems relies on human operators to a

large extent.

The definition of reliability given in standards like ISO 8402 and British Standard
BS 4778 is: “The ability of an item to perform a required function, under given
environmental and operational conditions and for a stated period of time”. Here
the word item is used to denote component, subsystem or system that is considered

as an entity (Hgyland, 2009).

In fact the term ‘unreliable’ is used to describe the undependable behavior of an
individual or an item, whereas the cautionary term ‘risky’ is used to warn of possible
exposure to an adverse consequence (Singpurwalla, 2006). The management of
risk calls for the quantification of uncertain occurrence of adverse events and their
consequences. If the outcomes of interest are adverse events as a component or
system failure, then the risk analysis takes a more specialized name of ‘reliability

analysis’.

Standard definition of risk says that in order to answer the question “What is the
risk?” it is necessary to answer three subsidiary questions: “What can go wrong?”,
“How likely is it?”, “What are the consequences?” (Kaplan & Garrick, 1981). A good

answer to the first question is a list of worst case scenarios. Then, the illustration



of these scenarios by real cases will be a good answer to the second question when

the list of consequences will be a good one for the third.

Risk characterization is mostly related to quantifying uncertainties. For engineered
systems, answering “What can go wrong?” is the hardest phase of risk assessment.
To characterize system risk one must develop a complete set of system crash scenarios
with the plant model, the collection model, the system components model, the
system operators model and the failure prevention actions must be implemented for
all of these models. After identifying a set of scenarios, the practice has been to
first develop conceptual models that describe the general behavior of the system
then use mathematical models for the quantification process. The final step is the
interpretation of the results of risk assessment from a risk manager point of view
(Garrick, 2002).

The aim of the reliability analysis is the quantification of failure probability and also
the quantification of its protective barriers. These barriers are intended to protect
the system from failures. The fundamental challenge in a reliability analysis is the
uncertainty of failure occurrences and the consequences of different sort of failures.

To handle this issue we can:

e Identify the failure event sequences that lead to a credible worst-case accident

scenarios. (design-based accidents)
e Predict the consequences of these failures

e Design safety barriers for preventing bad scenarios and their consequences and for

reducing failures (Zio, 2009).

The availability or reliability of an engineering system has significant impacts on the

operational cost and safety characteristics of a modern system over its life-cycle.

The emerging world economy, the growing complexity of the systems and the
advantage of increasing computational power, system reliability concept expanded
to involve service availability, organizational and human reliability, uncertainty of

complex systems, network system reliability. The big deal is to compromise the



demand to improve the performance of systems and the aim of cost minimization
(Lewis, 1996).

Human performance plays a significant role in the development and operation of
complex systems so it is obvious that human errors have serious effects on the
complex system performance. HRA techniques are used in different fields such as
manufacturing, transportation, military or medicine. Human Reliability (HR) is a

highly important notion as human errors may cause serious adverse consequences.

All engineering systems are created by human endeavor so it is actually suitable to
claim that most of the system failures are due to human causes such as ignorance,
negligence or ineptitude (Lewis, 1996). On the other hand, in the operation
phase, even though the system is automated, existing very complex human-machine
interaction may also be the cause of accidents. Therefore, safety analysis has to
focus not only on machine-centered analysis but also on human centered analyses
(Vanderhaegen, 2001).

Human errors can be crucial,vital and catastrophic in many different areas such
as nuclear industry, transportation, hazardous waste disposal, heavy industry and

healthcare applications, whether established systems are automated or not.

In the next sub-section, reliability engineering and human reliability engineering
related basic terms have been enlisted followed by the sub-section where the primary
motivation of the study has been revealed. The major contribution has been put
forth for consideration in the third subsection and the overall architecture has been

given in the last sub-section.

1.1 Basic Terms

According to O’Connor and Kleyner, the usual engineering definition of reliability
is (Connor, 2012):

The probability that an item will perform a required function without failure under

stated conditions for a stated period of time.



Thus, the problems of reliability analysis (RA) require the assessment of uncertainty
related with the undesired events such as system, component or human failures
(Singpurwalla, 2006).

Human Reliability Analysis (HRA) consists of detailed analysis and inspection of
human tasks and actions in a system in order to detect all aspects of human behavior,
to identify existent human errors and their causes, to predict possible errors and to
realize an impact analysis on system safety. The terminology used for the HRA is

as follows:

e Human Error: The major factor of catastrophic and fatal events and accidents in

diverse areas, where actions or tasks are not performed as designated.

e Failure: The inability of a system component such as a machine or a human being

to perform its or his designated duty.

e Performance: Degree of accomplishment of a task considering predetermined

standards of accuracy, completeness and speed.

e Performance Influencing Factors (PIFs): A list of diverse factors influencing the

accomplishment of a task.

1.2 Motivation

As explained widely in the last section, reliability is the fundamental element
of safety operation of all systems. Reliability engineering is a well-established,
multi-disciplinary scientific principle involving a wide range of formal methods to
manage the system sustainability /maintainability against failures. In fact, scientific

discipline tries to answer questions such as "Why systems fail?”; "How to develop

reliable systems?”; "How to measure and test reliability in design, operation
and management?”; "How to keep systems reliable, by maintenance or system
improvement?”.

Failures can originate from different types of source such as:

e Component failures



e service failures

e mechanical failures

e control system failures
e changeover failures

e logistic failures

e instrument failures

e human errors

These are among the failures to affect the system performance and should be
taken into account for system reliability calculations. Yet, each failure type
can have a different occurrence rate function with different kind of distributions.
Occasionally, for one or more of these failure types it may be difficult to estimate
the occurrence rate of an event by using one simple probability. Besides, considering
a simple two-component parallel system, the failure rate of the system lifetime may
increase although the component lifetimes have decreasing failure rates according to
Simpson’s paradox. It is obvious that estimating complex system reliability requires
a detailed analysis of each component of the system and their interdependencies.

System reliability cannot be calculated by just a sum of component reliabilities.

In many past works, component (machine or human being) failures are assumed
statistically independent. However, failure times are often not independent, for
a number of reasons, the most important being environmental effects. Since the
components of a system share the same environment, the environment has an impact
on the failure of all components. This implies that failure times of components are
not statistically independent and it is necessary to consider their interrelationships

in assessing system reliability (Blischke, 2000).

Human performance plays a significant role in the development and operation of
complex systems so it is obvious that human errors have serious effects on the
complex system performance. HRA techniques are used in different fields such as

manufacturing, transportation, military or medicine.



Conventionally, human errors are classified in three groups which are (Huang et al.,

2001; Yuan, 1995; Onisawa et al., 1988):

e P1: Fail to detect correctly
e P2: Fail to respond in a timely manner

e P3: Fail to execute successfully

Moreover, the total human error probability is approximated as P1 4+ P2 + P3.
Nevertheless there is interdependency between these types of error and estimating
human error probability without considering these interdependencies can lead to

worthless data use in reliability analysis.

The major problem of HR studies is the lack of numerical measures of the likelihood
of erroneous event and its consequences. In these conditions, many methods have

been developed to provide a quantitative risk assessment for the HR concept.

However the nature of human error differs from the nature of component failure
with the uncertainties involved. There are three categories of uncertainties. A big
part of the uncertainties comes from the variability of human performance. This
performance not only differs from man to man but also for a single man from hour
to hour. A second source of uncertainty is the variability of human performance due
to interactions between him and the environment, the working conditions, other
workers. The third source of uncertainty is his psychological background (Lewis,
1996).

On the other hand, risk management should take into account the vagueness and
uncertainty inherent in risk and provide a good assessment based upon experts

judgments as mentioned by Kahraman (2011).

It is requisite to develop a clear understanding of human performance or behavior
and their dependence on dynamic context and socio-technical environment. Human
behavior can be affected by many different factors; furthermore these factors can

be the connection between different stages of human behavior. Therefore a good



mapping of PIFs is one of the essential concerns of understanding the human

behavior as discussed in the following sections.

1.3 Contribution

This study incorporates HRA in healthcare systems and goes a step further by
making a detailed examination of human error nature and the dependency between
human errors. In other words, this study procures a general standpoint covering
the determination of human errors and their causes, the detection of all relations in

between as well as interdependencies.

Recent studies focus generally on analyzing some major factors leading to human
error in healthcare operations or on special cases producing defects due to human
errors. However a general study searching out all PIFs for whole situations and
analyzing them for different healthcare operations in order to acquire finally a
complete relation model between all possible causes and consequences does not exist.

This study fulfills these deficiencies in the literature.

In this context, the second section consists of a detailed reliability engineering
literature survey, an elaborate classification of HRA techniques in order to draw
a picture of what has been done in various research areas and a complete list of
PIFs created as a result of a wide literature review and expert consultation. The
methodology used to evaluate these factors and its contributions are given in section
three. The fourth section involves the complete relation model between all possible
causes and consequences. A sensitivity analysis conducted for different av — cuts is

given in section five.



1.4 Thesis Structure

The overall architecture of the study is represented as follows in Figure 1.1.
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Figure 1.1: Architecture of the Study



2 LITERATURE SURVEY

2.1 The Progress of Reliability Engineering

As explained before the notion of Reliability has been around since before the
1800s, referred to a person not a technical system. After the 1800s, the reliability
concept has grown in both qualitative and quantitative dimensions. Since 1950s,
reliability engineering has been established as a scientific discipline when social
and technological developments in reliability topic have provided the formation of
a quantitative reliability treatment framework. The mass production in 1900s of
rifle, car and vacuum tube productions became a driving force of the reliability
engineering. The relations between component faults and system failures have
been investigated and necessary measures to obtain more reliable components have
been detected. All these military-funded projects accelerated the development of
reliability discipline along two dashes; the sophistication of the techniques such as
redundancy modeling, Bayesian statistics and Markov chains and the shift of focus

from component reliability to the system reliability (Zio, 2009).

In 1960s, by the growing aerospace technology and nuclear energy use, a new,
more rational approach has appeared which focuses on the principle of looking
quantitatively at the reliability of the accident-preventing and consequence-limiting
protection systems. It is based on probability for the treatment of the uncertainty
associated with the occurrence and evolution of accident scenarios without looking
to the dimension of the accidents. In 1963, the first journal on the subject named
[EEE-Transactions on reliability came out and many papers on the subject were
edited (Hgyland, 2009).

The findings motivated the first complete probabilistic risk assessment and fault
tree analysis of a nuclear power plant installation which was the new interest in
the 1970s (Zio, 2009; Garrick, 2002; Jovanovic, 2003). In the United States, a large
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research commission was organized by Norman Rasmussen to analyze the problem
and to form finally the so-called Rasmussen Report, WASH-1400 (Hgyland, 2009).

During the 1980s, producers were induced to use quantified measures of reliability
for assigning competitive warranty periods to the products due to the rise of
consumerism and competitiveness (Singpurwalla, 2006). These years witnessed also
to the emergence of network reliability concept. This was motivated by the early
Advanced Research Projects Agency (ARPA) network, the forerunner of today’s
Internet and World Wide Web (Barlow, 1998). A new derivative ‘Transport network
reliability’ has been a popular subject of the 2000s. It relies on the urban road
networks and the probability that a network will deliver a required standard of

performance (Murray, 2007).

All of these discoveries and their demonstrations revealed the probabilistic approach
to risk analysis (PRA) which is an effective way of analyzing system safety. This
new approach that takes the form of probabilistic reliability analysis in the context
of engineering applications focus not only on worst-case scenarios but on all feasible
scenarios and their consequences, with the probability of occurrence of such scenarios
becoming an additional key aspect to be quantified in order to rationally and
quantitatively handle uncertainty. In fact the conversational use of reliability and
risk includes an expression of uncertainty. On the other hand, the quantification of

uncertainty is also the quantification of reliability and risk (Zio, 2009; Singpurwalla,
2006).

The emerging world economy, the growing complexity of the systems and the
advantage of the increasing computational power, system reliability concept
expanded to involve service availability, organizational and human reliability,
uncertainty of complex systems, network system reliability. The big deal is to
compromise the demand to improve the performance of systems and the aim of

cost minimization (Lewis, 1996).

Gnedenko (1999) present a brief introduction of statistical reliability analysis method
in their book (Gnedenko, 1999). The main goal of the book is statistical analysis of
system reliability. Aven and Jensen affirmed in 1998 that 1% of all mathematical
publications are connected to the keyword reliability, based on databases of
Zentralblatt/Mathematical Abstracts and Mathematical Reviews (Aven, 1999).
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Although this rate has decreased by half today due to new search areas, this
gives an impression of the importance of this field. The existing literature on
reliability covers complex system and maintenance models (Zio, 2009; Marseguerra
& Zio, 2000a,b), multi-objective maintenance problems (Zille et al., 2007), human
reliability analysis models such as THERP, CREAM, ATHEANA (Konstandinidou
et al., 2006), complex system analysis and uncertainty (Cai, 1996b,a; Utkin &
Coolen, 2007; Gudder, 2000; Zadeh, 1968) and many different system reliability
engineering applications. The aim of the book of Aven and Jensen is to give a
comprehensive presentation of some of the classical areas of reliability, based on a
more advanced probabilistic framework. This framework provides a formulation of
general failure models and allows the analyst to establish formulas for computing

various performance measures.

As mentioned previously, reliability has a potentially wide range of application
areas. The list below gives a clear categorization of main reliability applications

and research areas:

e Risk analysis: An important number of the risk analysis relies on reliability

techniques as failure analysis, fault tree analysis.

e Environmental Protection: Considering the pollution caused by the current
manufacturing systems, the safety design of antipollution systems and waste
disposal systems. However the improvement of existing systems to create more

environmentally friendly systems require a wide use of reliability techniques.

e Maintenance Optimization: Maintainability is, according to the British Standards
BS 4778, the ability of an item, under stated conditions of use, to be retained
in, or restored to, a state in which it can perform its required functions, when
maintenance is performed under stated conditions and using prescribed procedures
and resources. Hence, maintenance actions are interventions to prevent system
failures and to restore the system function in case of a failure. There is a very
strong connection between maintenance and reliability because the optimization of
maintenance actions is possible only by considering reliability analysis of the system.
Thus, many industries have implemented Reliability Centered Maintenance (RCM)
methodology that aims to improve the cost-effectiveness and the maintenance
control. Reliability is also indispensable constituent of Life Cycle Cost (LCC), Life
Cycle profit (LCP) and Logistic support.
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e Quality: Reliability may be considered as a quality characteristic perhaps even
one of the most important. The compulsory application of the ISO 9000 series of

standards promotes the reliability management and assurance.

Garrick (2002) carried out a review work on the use of risk assessment to evaluate
waste disposal facilities in USA. It is a wide study involving the review of the
risk assessment practices and standards for two different types of waste which
are radioactive waste and solid waste. According to this review study, while risk
assessment is a requirement and in the main stream of the safety management of
radioactive disposal facilities, it is really just beginning to make its move into the

world of solid waste management.

In the field of operational risk assessment there have been some important researches.
Barrier and Operational Risk Analysis (BORA) is one of these researches carried
out in the period 2003 through 2006. The aim of the researchers was to enable both
industry and authorities to improve safety through the knowledge about overall
performance of barriers and improvement potentials, the identification of the need
to reinforce the total set of barriers during operational activities. Erik Vinnem
et al. (2007); Sklet et al. (2006) handle in their study the generalized methodology
of BORA based on the use of event trees, fault trees, influence diagrams, risk
influencing factors. They affirm that the application of the methodology to real
world process will improve complex system safety. The study of @ien introduces a
methodology for the quantification of the impact of organizational factors on risk.
The framework developed by Oien (2001) provides a risk control covering the most
important parameters in the technical risk model in terms of potential change in

risk and aids in a frequent control of the risk.

The paper of Clemen and Winkler handles the problem of using multiple experts
in risk analysis. Expert judgments provide useful information for managing risk.
The main focus of the study is the combination of experts’ probability distributions
in risk analysis, comparing a group of combination methods and attempting to

determine the important issues to be used in the designing of a combination process

(Clemen & Winkler, 1999).

In the system reliability analysis, the key issue is to determine the failure occurrence

rate and the distribution that represent the failure rates. Many methods have been
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developed recently to overcome this complex problem. Song and Kang propose
a matrix-based system reliability method to compute the probabilities of general
system events efficiently by simple matrix operations. It is affirmed in the paper
that the method is applicable to any type of system events including series, parallel,
cut-set and link-set systems. The method can estimate various importance measures

without additional probability computations (Song & Kang, 2009).

In his paper, Yeh presents a simple formula for evaluating the rate of occurrence of
failures assuming that a system process is either a continuous-time Markov chain or a
higher dimensional Markov process after introducing some supplementary variables.
Yeh claims that the method is easier to adopt than Monte-Carlo simulation method
(Yeh, 1995). Several generalization of two-parameter Weibull model have been
proposed to model data sets that exhibit complex non-monotone shapes of hazard
rate function. Gupta et al. propose the Weibull extension model. They make a
complete Bayesian analysis using Markov Chain Monte-Carlo simulation. The model
does not fit to higher order observations because generally, a single mathematical
formulation cannot draw the picture of the actual shape of the bathtub curve (Gupta
et al., 2008).

Tan develops the maximum likelihood estimation (MLE) problem to handle
interval data for the Weibull distribution. The new approach combines the
Weibull-to-exponential transformation technique and the equivalent failure and
lifetime technique o estimate exponential failure rates from uncertain data. This
method is more efficient and effective than conventional MLE methods because it

allows the analyzers to involve interval data (Tan, 2009).

Traditional fault tree analysis is widely used in reliability assessment of complex
and critical engineering systems. As some important features of complex systems
as component dependencies cannot be analyzed through traditional F'T analysis,
dynamic methods have been proposed by many authors. The dynamic fault tree
approach of Rao et al. defines additional gates called dynamic gates to model these
complex system features. Generally Markov models are used in solving dynamic
gates but to overcome some difficulties deriving from Markov models, Monte-Carlo
simulation-based approach is used to solve dynamic gates in this work. Because
Markov models are applicable for only exponential failure and repair distributions

and state space become to large for calculations (Rao et al., 2009).
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Marseguearra et al. discusses the use of genetic algorithms within the area of
reliability, availability, maintainability and safety (RAMS) optimization. The paper
affirms that the design and maintenance optimization problem must be developed
as a multiple criteria decision making (MCDM) problem where RAM and cost are
conflicting attributes (Marseguerra & Zio, 2000b). Marseguerra and Zio combine
genetic algorithms and Monte-Carlo simulation to optimize the logistic management
of a plant. The flexibility of Monte-Carlo methods allows the analyzers to include
several practical aspects such as stand-by operation modes, deteriorating repairs,
aging, sequences of periodic maintenances, and different kinds of repair interventions.
Genetic algorithm is used to optimize the maintenance periods (Marseguerra & Zio,
2000a).

Sikos and Klemes used RAMS software to model a waste management system
in Hungary. Their main goal is to provide quantitative forecasts for various
performance measures of waste management systems. The use of RAMS software
can decrease or even avoid failure affecting the availability and the reliability of a

complex system (Sikos & Klemes, 2009).

2.2 Human Reliability Analysis

During this research a lack of HRA Techniques classification has revealed itself
by the ineptitude of placement of the technique used in the study to evaluate
HR in healthcare operations. This section is composed of a com- prehensive
literature survey of HRA techniques followed by a classification of these techniques.
Mainly, HRA techniques are roughly classified in two groups; Probabilistic Risk
Assessment based techniques that seek to quantify human error probabilities in
terms of success-failure and Qualitative Assessment based techniques that models
human performance as a set of control modes (strategic, tactical, opportunistic,
scrambled) (Tuddenham, 1962).

Human reliability assessment is a crucial field in the probabilistic safety assessment
of any technological system because human performance plays a significant role in
the development and operation of these systems. The study of Mosneron-Dupin
et al. reveals that HRA methods do not cover decision-based unrequired actions

which contribute to risk significantly. They propose a human-centered model which
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highlights the active role of the operators and the importance of their culture,

attitudes and goals (Mosneron-Dupin et al., 1997).

The Idaho National Engineering and Environmental Laboratory (INEEL) has
developed and applied structured methods of human error analysis to identify
potential human errors, assess their effects on system performance and develop
strategies to prevent the errors or minimize their consequences. NASA used the
results in the airplane maintenance and air traffic management programs (Nelson
et al., 1998).

To handle the vagueness of real life data Huang et al. try to integrate fuzzy concepts
to event tree analysis in human reliability assessment. A systematic fuzzy event tree
analysis algorithm is developed to evaluate the risk of a large-scale system as nuclear
power plants (Huang et al., 2001). According to Gregoriades the use of Bayesian
Belief Network in a human error analysis enables the analyst to rapidly pinpoint
poorly performing systems. The model quantifies error influences arising from user
knowledge, ability, and task environment (Gregoriades et al., 2003). According to
Mosleh and Chang the model-based approach that provides explicit cognitive causal
links between operator behaviors and directly or indirectly measurable causal factors
is in the core of the advanced methods as conventional HRA methods have major
limitations (Mosleh & Chang, 2004).

Kostandinidou et al. uses a fuzzy classification system to calculate the probability of
human error according to CREAM methodology, the most known and used method
for HRA. This study is the successful translation of CREAM into a fuzzy logic
model (Konstandinidou et al., 2006). To improve HRA, another study proposes
simulator studies which can produce important basic information for HRA method
development and data for informing use of existing HRA methods (Bye et al., 2006).
Boring introduces the application of dynamic event tree analysis in HRA. The author
affirms that the key to dynamic HRA is not in the development of specific methods
but in the utilization of cognitive modeling and simulation to produce a framework

of data that may be used in qualifying the likelihood of human error (Boring, 2007).

The assessment of dependence among human errors is another important issue of
HRA. Zio et al. introduces a systematic framework for the elicitation of expert

knowledge on the factors influencing the dependence between two successive tasks
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(Zio, 2009).

All engineering systems are created by human endeavor so it is actually suitable
to claim that most of the system failures are due to human causes as ignorance,
negligence or ineptitude (Lewis, 1996). On the other hand, in the operation
phase, even though the system is automated, existing very complex human-machine
interaction may also be the cause of accidents. Therefore, safety analysis has to
focus not only on machine centered analysis but also on human centered analyses
(Vanderhaegen, 2001).

Human action is a specific action required by human operator and if he cannot
perform this action or cannot perform it in time and correctly, then the human
action becomes the human failure event or shortly the human error (Cepin, 2008b).
The nature of human error differs from the nature of component failure with
the uncertainties involved. There are three categories of uncertainties. A big
part of the uncertainties comes from the variability of human performance. This
performance not only differs from man to man but also for a single man from hour
to hour. A second source of uncertainty is the variability of human performance
due to interactions between him and the environment, the working conditions, other
workers and his psychological background. Even if one can construct limited models
to point out some human errors, the model parameters yet numerical probabilities
are usually very approximate and their area of usage is very slight (Lewis, 1996).
Thereby, the good collection, interpretation and application of human failure data

is an essential must of Human Reliability Analysis (HRA) (Cepin, 2008b).

One of the human failure events is the error of omission (EOO) which arises from
human inaction about a task or a problem to be solved. Another human failure
event is the error of commission (EOC) that results from the performance of an
action (Reer, 2008). It is noticeable that most of human error studies focus on the
EOC both for the lack of coverage of EOCs in the accident sequence models and
for the relative easiness of modeling such error type. However regardless to the
type of error, in the phase of error quantification, there is a strong need to model
specific decision errors and also the correlation between environmental conditions

and tendencies of human behavior.

The HRA is a systematic framework, which evaluates the process of human
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performance and associated impacts on structures, systems and components in a
complex system. A diversity of HRA methods exist in the literature for different
scopes and different approaches. Limitations in the analysis of human actions in
reliability analysis were identified years ago and the fundamental limitations are as

follows (Konstandinidou et al., 2006):

e Insufficient data
e Methodological limitations related to subjectivity of analysts and expert judgment

e Uncertainty concerning the actual behavior of people during accident conditions

An important feature of human reliability is the dependency between human actions
(Cepin, 2008a). Here human actions imply tasks performed by operator during the
operation process. There is also another subject of dependency to inspect which
is the dependency between human attitudes that can lead to failures when they
perform a single task. These attitudes can be classified as follows (Huang et al.,
2001):

e Fail to detect correctly
e Fail to respond correctly

e Fail to execute successfully

In fact, there are many ways to categorize human error, as exogenous versus
endogenous (Meister, 1993), situation assessment versus response planning (errors

in problem detection, in problem diagnosis, in action planning) (Roth et al., 1994).

HRA techniques can be roughly classified in two groups; Probabilistic Risk
Assessment based techniques and Cognitive Theory of Control based techniques.
Probabilistic Risk Assessment uses failure or error probabilities as data when
Cognitive Theory of Control tries to model human performance as a set of control

modes (strategic, tactical, opportunistic, scrambled).
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Huang et al. constructed an easy method to evaluate human errors and integrate
them into event tree analysis by using fuzzy concepts. In their study linguistic
values are used to assess human failure events and are transformed to fuzzy error
possibilities. Then by converting the possibilities into the fuzzy error rate and
by integrating them into the event tree analysis, they analyzed and interpreted
the results (Huang et al., 2001). The method is based to expert judgment and
does not consider at all the dependency between human failure events and the
interaction between the environment and human error. On the other hand it is
important to notice that the analyst is not required to understand the fuzzy partition
of the occurrence of a human error-dominated event and the overall Fuzzy Logic
model. Here a recent study of Zio et al. can be more efficient to model human
error dependency (Zio, 2009). It is obvious that when there is dependency between
two tasks the probability of the operators’ failure in the latter task is higher if the
preceding task has been failed. They introduce hereby the conditional human error
probability (CHEP).

Dependencies have been considered to a certain extent by many methods as
Technique for Human Error Rate Prediction (THERP)(Swain & Guttmann, 1983;
Kirwan, 1988, 1996; Zio, 2009), Cognitive Reliability and Error Analysis Method
(CREAM) (Hollnagel, 1998; Kim, 2001; Kim et al., 2006; Marseguerra et al., 2006;
Konstandinidou et al., 2006), A Technique for Human Error Analysis (ATHEANA)
(Commission., 1998; Kirwan, 1996), Accident Sequence Evaluation Program (ASEP)
(Swain, 1987), Electric Power Research Institute Human Reliability Analysis (EPRI
HRA) (Grobbelaar et al., 2005), Standardized Plant Research Institute HRA
(SPAR-H) (Gertman et al., 2005) , Institute Jozef Stefan (IJS-HRA) (Cepin,
2008b) and other techniques mentioned below. These methods try to calculate

the probability of erroneous human actions (Konstandinidou et al., 2006).

Human reliability assessment is a crucial field in the probabilistic safety assessment
of any technological system because human performance plays a significant role in
the development and operation of these systems. The study of Mosneron-Dupin
et al. reveals that HRA methods do not cover decision-based unrequired actions
which contribute to risk significantly. They propose a human-centered model which
highlights the active role of the operators and the importance of their culture,

attitudes and goals (Mosneron-Dupin et al., 1997).
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The Idaho National Engineering and Environmental Laboratory (INEEL) has
developed and applied structured methods of human error analysis to identify
potential human errors, assess their effects on system performance and develop
strategies to prevent the errors or minimize their consequences. NASA used the

results in the airplane maintenance and air traffic management programs (Nelson
et al., 1998).

To handle the vagueness of real life data Huang et al. try to integrate fuzzy concepts
to event tree analysis in human reliability assessment. A systematic fuzzy event tree
analysis algorithm is developed to evaluate the risk of a large-scale system as nuclear
power plants (Huang et al., 2001). According to Gregoriades the use of Bayesian
Belief Network in a human error analysis enables the analyst to rapidly pinpoint
poorly performing systems. The model quantifies error influences arising from user
knowledge, ability, and task environment (Gregoriades et al., 2003). According to
Mosleh and Chang the model-based approach that provides explicit cognitive causal
links between operator behaviors and directly or indirectly measurable causal factors
is in the core of the advanced methods as conventional HRA methods have major
limitations (Mosleh & Chang, 2004).

Kostandinidou et al. uses a fuzzy classification system to calculate the probability of
human error according to CREAM methodology, the most known and used method
for HRA. This study is a successful translation of CREAM into a fuzzy logic model
(Konstandinidou et al., 2006). In this context it is necessary to note that cognitive
or human performance modeling is a field focused on developing simulations that
mimic human decision making and behavior (Boring et al., 2010). In this approach
main issue is the data accuracy and accessibility because cognitive modeling requires

both qualitative and quantitative data.

To improve HR, another study proposes simulator studies which can produce
important basic information for HRA method development and data for informing
use of existing HRA methods (Bye et al., 2006). Boring introduces the application
of dynamic event tree analysis in HRA. The author affirms that the key to dynamic
HRA is not in the development of specific methods but in the utilization of cognitive
modeling and simulation to produce a framework of data that may be used in

qualifying the likelihood of human error (Boring, 2007).
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The assessment of dependence among human errors is another important issue of
HRA. Zio et al. introduces a systematic framework for the elicitation of expert
knowledge on the factors influencing the dependence between two successive tasks
(Zio, 2009).

It is important to point out that each HRA technique has another spectrum of
applications. In other words, different HRA methods may have different areas,
tasks, scenarios or even different types of analyses (Boring et al., 2010). There are
many comparative studies on HRA methods that reveal weak and strong parts of
HRA methods. Swain compared 14 HRA methods for their effectiveness according
to three main criteria which are usefulness, acceptability and practicality (Swain,
1990). In his study, Kirwan provided a list of eight criteria, comprehensiveness,
accuracy, consistency, theoretical validity, usefulness, resource use, auditability, and
acceptability, to assess the most appropriate HRA to use in a special condition
(Kirwan, 1992). There is also a subjective benchmark of 14 HRA methods in
terms of 21 factors concerning HRA applications for aerospace performed by NASA
(Chandler et al., 2006). The study is meaningful only for NASA HRA applications.
A validation study of three techniques of HRA consisting of three parts made by
Kirwan et al. determined the predictive accuracy and the precision of the methods,
Human Error Assessment and Reduction Technique HEART (Williams, 2015, 1988,
1992), Justification of Human Error Data Information JEDHI (Kirwan, 1990, 1994)
and THERP. It also helped to prove the consistency of usage of these techniques

and revealed the necessary improvements (Kirwan, 1996; Kirwan et al., 1997).

Later, Kirwan conducted a more extensive comparative validation study on nine
HRA methods according to five major criteria. These methods are: THERP,
the most famous technique having a large nuclear power station database and
considering dependence between errors; ASEP (Swain, 1987), a quicker but
more conservative version of THERP; Success Likelihood Index Method using
Multi-Attribute Utility Decomposition SLIM-MAUD (Embrey et al., 1984), an
approach that uses expert judges who derive an index of the relative likelihood of
errors; Absolute Probability Judgment APJ (Seaver & Stillwell, 1983), the usage of
experts to directly estimate probabilities with knowledge and experience of the task
and associated likely errors; Paired Comparisons PC (Hunns, 1982), the approach
that uses experts to create a relative scale of error probabilities through psychometric

technique of paired comparisons; HEART, a technique comprising a substantial



21

section of the Ergonomics literature; Human Cognitive Reliability HCR (Hannaman
et al., 1984), the method used for assessing failure to respond in time in emergency
decision-making situations in nuclear power plants; Human Reliability Management
System HRMS (Kirwan, 1989, 1990), a technique having a set of operationally-
based error data and a set of performance shaping factors as time pressure; JHEDI,
a technique starting from a set of basic error descriptors and error data, using a
set of performance shaping factors questions to determine the error probabilities
(Kirwan et al., 1997).

In 2008, Reer reviewed the advances in HRA of errors of commission comprising both
error identification (Part 1) (Reer, 2008) and quantification (Part 2) (Reer & Dang,
2007). The review refers to methods addressing the problem of error identification
as ATHEANA, method developed by US Nuclear Regulatory Commission based
on a multidisciplinary framework that considers both the human centered factors
and the conditions of the plant that create operational causes for human-system
interactions; Misdiagnosis Tree Analysis MDTA (Kim et al., 2008, 2006), method
whose innovative steps are the assessment of the potential for diagnosis failures and
the identification of human failure events that might be induced due to diagnosis
failures; and Commission Error Search and Assessment CESA, method developed
in 2002 with the aim of providing a tool for error of commission identification in
probabilistic safety assessment practice (Dang et al., 2002; Reer et al., 2004; Reer,
2008).

A recent study of Boring et al. represents the results of several relevant
benchmarking studies of probabilistic HRA techniques and the lessons learned from
these studies (Boring et al., 2010). This study put emphasis on demonstrating the
reliability and validity of HRA methods.

An elaborate classification is given in Table 2.1 and Table 2.2.
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2.3 Different HRA Studies in Healthcare

Healthcare services sector is one of the major fields that requires human reliability
assessment as most of the healthcare applications involve human handling, decisions
and processing. On the other hand human errors in healthcare services lead to
serious injuries or worse to death. Therefore patient safety issues have become a
new research area that emphasizes the reporting, analysis, and prevention of medical

error that often leads to adverse healthcare events.

Medical error in healthcare is one of the major HR issues as the results can be fatal.
It is highly difficult to define what medical (clinical) error is. It is a very delicate
matter and requires a considerably wide and complex research. In sixteenth century
medical books were written attacking the false beliefs and practices of other doctors
(Richman et al., 2009). It is obvious that the problem is not new coined but it is still
crucial. (Richman et al., 2009) affirm that there is no simple answer to the question
‘What is clinical error?” and that one cannot necessarily blame clinical staff in any
cases unless he has a concrete example such as a doctor not wearing their glasses or

removing the wrong leg.

On the other hand, it must be considered that according to World Health
Organization (WHO), healthcare errors impact is calculated as one in every 10
patients since 1990s and that it is admitted as an endemic concern. It is recorded
that in 2000s deaths caused by medical error was roughly triple of deaths caused
by aids, equal to deaths caused by car accidents or by breast cancer (Institute of
Medicine, 2000).

Until 1990s, the frequency of these events was not known, as there was not a
systematic reporting system. However according to World Health Organization
(WHO, 2008; 2013), healthcare errors impact is calculated as one in every 10 patients
since that time and is admitted as an endemic concern. In other words, according
to WHOs (2008) estimations tens of millions of patients worldwide suffer disabling
injuries or death every year due to unsafe medical practices and care. Today, the

WHO patient safety curriculum includes 11 topics among which two are:

e ‘What is human factors engineering, and why is it important to patient safety?’
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e ‘Understanding systems and the impact of complexity on patient care’ and

‘Understanding and learning from errors’ (Walton et al., 2010; Carayon et al., 2014).

Sujan et al. (2018) emphasize the poor levels of reliability in healthcare processes,
the performance variability and the absence of regulatory frameworks where HRA
has the potential of being a real opportunity to contribute to making healthcare

safer.

Furthermore, a detailed research analysis performed on Scopus and Web of Science
shows that medicine, health professions and healthcare services form one of the most
studied fields which implies their significance. Figure 2.1 and figure 2.2 indicate
the distribution of HR studies conducted in different fields between 1980 and 2017

compiled using data from Scopus and Web of Science.

Percentage of Studies (Scopus)

Psychology, Materials

206 Science, 1%

Engineering,
34%

Decision
Sciences, 2%

Health
Professions,
3%
Energy, 5%

Mathematics,
8%

Computer
Science, 8%

Medicine, 13%

Social
Sciences, 11%

Figure 2.1: Distribution of HR Studies in Different Fields (Scopus)
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Percentage of Studies (Web Of Science Core Collection)

Healthcare

Transportation, Sciences . 1%
?

Public 1%
Environmental
Health, 2%

Nuclear

Science, 2% Engineering

42%
Surgery, 6%

Psychology,
8%

Computer
Science, 9%

Operations
Reseach; 18%

Figure 2.2: Distribution of HR Studies in Different Fields (Web of Science)

Concerning their delicacy, healthcare operations are highly stress-strain process
affecting human reliability and some of the important studies conducted in this

field are given in Table 2.3.
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Table 2.3: HRA Studies in Healthcare

Studies

Description

Reason (1993)

Taylor-Adams et al. (1999)
Taylor-Adams et al. (2004)

O’Rourke (2006)

Duff et al. (2005)

Trucco & Cavallin (2006)

Karnon et al. (2007)

Flin (2007)

Stock et al. (2007)

Johnstone (2007)

van der Geer et al. (2009)

Buckle et al. (2010)

Taib et al. (2011)

Zheng et al. (2011)

Bohacik & Davis (2013)

Bethune & Francis (2015)

Shams Ghareneh et al. (2015)

van Rutte et al. (2017)

Faiella et al. (2018)

Liu et al. (2018)

Accident causation model. Analysis of adverse clinical events considering human
factors.

Classification of failures in two main groups: Latent and Active Failures.
Review of popular HRA techniques used in different fields in order to determine
their feasibility for use in healthcare.

Risk issues in pediatric cases, risk prevention methods. Significant Event Auditing
(SEA) method.

Monitoring medical errors in a hospital to show the importance of information
management.

Clinical Risk and Error Analysis (CREA), quantitative risk analysis of error
modes and critical organizational factors affecting patient safety.

Prospective Hazard and Improvement Analysis (PHIA): a novel quantitative
modeling method to predict preventable adverse drug events.

Different dimensions of safety climate: Management/Supervision, Safety system,
Risk, Work pressure, Competence.

Integration of Critical Success Factors (CSFs) to reduce medical errors in
hospitals.

Many preventable human errors are linked to cognitive errors (making the wrong
diagnosis, choosing the wrong medication etc.)

Productivity Measurement and Enhancement System (ProMES) to develop
performance indicators.

System Mapping Workshops in understanding medication errors. A method to
better design requirements.

Comparison of 26 medical error taxonomies using human error perspective.
Occurrence of medical errors depends on factors: workers, machines, environment
Classification of surgeons in two groups: Experts and Novices. Novices performed
the task faster, with less frustration and more physical demands.

Fuzzy Rule-Based System applied to risk estimation of cardiovascular decision
support to create an application of knowledge discovery.

Description of human factors affecting surgical patients and of how well-trained
surgeons make mistakes.

Identification of human errors in the field of dentist equipment treatment and
hand washing in infection control by using SHERPA method.

OCHRA (Observational clinical human reliability analysis) developed to detect
surgical errors is used in identifying the hazard zones of the sleeve gastrectomy.
HFMEA (Healthcare Failure Mode and Effect Analysis) combining two risk
analysis methods as SHERPA and STAMP-STPA to maximize the benefits of
risk analysis.

LGDA (Large Group Dependence Analysis) approach to evaluate dependence

among human errors within HRA.
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2.4 Performance Influencing Factors

Importance of human factors and human psychology in anesthesia management has
been emphasized since 1980s. The study of Cooper et al. (1984) on 130 anesthetists’
reports reveals that 96 percent of substantive negative outcomes among all critical
incidents are caused by human errors . Which means that human error is the
dominant issue of critical and fatal anesthesia incidents. Leape (1994) claimed that
it is requisite to consider human psychology and human factors in understanding

the nature, mechanisms and causes of error.

Taylor-Adams et al. (1999) itemized some root causes of medical errors as:

Use of locums

e Communication problems

Supervision problems

Excessive workload

Educational and training deficiencies

Their study is illustrated with a real case analysis on partum hemorrhage of 1200
ml. By analyzing that case they revealed that latent failures lying dormant under
active failures. They combined each active failure with latent failure(s) which is/are

the essential cause of the errors.

They combined each active failure with latent failure(s) which is/are the essential
cause of the errors. According to the interviews with six people involved in the
case including two junior doctors, midwifes and obstetric staff, latent failures are
mentioned below (Taylor-Adams et al.,, 1999). These latent failures have been
reconsidered and reevaluated by two experts, one doctor and one sociologist assisting
this study:

e Inadequate communication: The protocol states that it is necessary that
seniors help juniors but does not enforce formal communication structures. That

creates misunderstandings or misinformation.
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e Task workload: The lack of a detailed task analysis hence the ignorance of
the specific time frame in which tasks should and could be completed may lead to

overloading of the personnel.

e Environment/Task: The design of the environment is not specialized to the
task. Tasks conducted on an obstetric ward are time wise and the lack of a clock

leads to mistiming.

e Training/skills: The lack of awareness of the personal may be the indicator of

the training and experience deficiencies. This will lead to risk recognition failure.

e Knowledge and skills/supervision: Lack of supervision leads to wrong
assignments of the personal to the tasks. Assigning a worker with limited experience

to risky tasks requiring knowledge and skill may lead to important issues.

e Maintenance management: The lack of procedures to check and record the
equipment functionality and the lack of maintenance contracts with third parties to
ensure rectifying the faults may lead to serious issues as a vital equipment out of

order unexpectedly.

e Inadequate leadership skills: The lack of assertiveness by the junior doctor or
his ignorance about the hospital policies will complicate the procedures and disable

the immediate response to urgent situations.

e Safety culture/supervision: The reluctance of the personal must be
supervised and task assignment must be comprised with respect to these
supervisions. The root causes of this behavior may be poor moral, poor desire

etc. These aspects may have more profound invisible motives.

e Training: All new staff must be trained with emphasis on assertiveness and
adequate communication with supervisors. If they detect an error of their supervisor,

they should be able to utter accurately.

e Procedures: 'The procedures must be designed clearly and well-ordered
compromising time and risk constraints. Otherwise delays, incorrect sequencing

of events would be unavoidable.

e Team functioning: There should be a solid team structure and support in order
to handle new situations. Lack of team structure and support will most probably

lead to failure in unprecedented incidents.
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Kennedy and Mortimer classified error-causing factors as casual factors, timing
factors and mitigating factors. Casual factors are determined as active, latent
failures, planning, design, policy, communication, training, equipment/resources
deficiencies, policy violations, unawareness, team and social factors, working

conditions (Kennedy & Mortimer, 2007).

A taxonomy study, which integrates human factors, safety management systems and
wider organizational issues, offers an interesting classification of performance shaping
factors. Bellamy et al. reviewed eight chemical facility accidents between 1974 and
1998: Flixborough, Grangemouth, Allied Colloids, Hickson and Welch, Associated
Octel, Texaco in UK, Cindu in Netherlands and Longford in Australia. These
accidents have been chosen due to detailed accident investigations performed for each
of them and procuring appropriate data for taxonomy. Each performance-shaping
factor is associated to a number of accidents according to their contribution or
non-contribution to the accident occurrence. For example social norms and pressures
factor has contributed in five accidents when man-machine interface factor has
contributed to four accidents etc. (Bellamy et al., 2008). That kind of taxonomy
may be relevant to human reliability assessment in a special field but it requires

detailed incident and accident data.

Champion et al. regrouped surgical errors under three major titles: Perception
errors, Cognition errors and Technical errors (Champion et al., 2008). Their aim
is to explore the concept of surgical error and to minimize these errors by using
objective assessment. Tuddenham revealed the importance of perception errors
by his affirmation (Tuddenham, 1962): ‘One cannot interpret a shadow he has
not perceived and failure of perception must, therefore, account for a substantial

" Cognition errors in medical practice have

fraction of all of our diagnostic errors.
been researched and studied in depth by Satish and Streufert and also in the studies
OSCEs (Objective Structured Clinical Examinations), OCHRA (Observational
Clinical Human Reliability Assessment) and by using cognitive factors from aviation

(Satish, 2002; Tang et al., 2006; Stripe et al., 2006).

It is underlined that well-defined problems in surgery are rare and that more common

are ill-defined ones containing unclear information (Schon, 2017).

Recent studies focus generally on analyzing some major factors leading to human
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error in healthcare operations. Researchers work on special cases in healthcare

system producing defects due to human errors.

A general study searching out all performance influencing factors in healthcare
operations and analyzing them for different healthcare operations in order to acquire
finally a complete relation model between all possible causes and consequences,
does not exist. This study tries to procure a general standpoint covering the
determination of human errors and their causes, the formation of all possible
causes list, the detection of all relations between errors and causes as well as
interdependencies and finally the creation of a final model representing these

relations and interdependencies in different healthcare operations.

Based on a wide literature review and expert consultation, taking Kim & Jung
(2003)’s study as a starting point, a comprehensive list of PIFs has been created.
Faced with the various nomenclature and categorization of factors, it was preferred
to adapt the categorization of Kim & Jung (2003), since it was the clearest and

easiest to understand list.

Actually, PIFs named inadequate communication in Taylor-Adams et al. (1999)’s
study, communication in Kennedy & Mortimer (2007)’s study or communications
and coordination in groups and teams structures in Bellamy et al. (2008)’s study
all describe the same criteria also called team communication related factors in this
study after Kim & Jung (2003)’s study.

On the other hand, PIF with the name of human anatomical capacities including
body measurements, vision capacity and disabilities in Bellamy et al. (2008)’s study
also called human physical states in this study, has been removed from PIFs list by
experts as a medical practitioner with disabilities is oriented to risk-free medicine
and does not perform surgery. The complete list of PIFs, including their detailed

explanation, is represented in Table 2.4:
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3 METHODOLOGY

In the presence of divers performance influencing factors in healthcare operations,
it is obvious that the decision process is highly complex and vague. To establish the
relationships between these factors and to be able to interpret the effects of these
relationships, Fuzzy Cognitive Maps (FCMs) is an effective tool. The concepts here
are the actual conditions of different PIFs in healthcare operations. To be able to

map inputs to outputs, we use an algorithm called fuzzy inference using Fuzzy Set
Theory (FST) as in (C. Kutlu et al., 2014).

3.1 Fuzzy Inference System and Rule Based Reasoning

A FIS is a knowledge-based system consisting of knowledge-base which are facts
about the world. Reasoning about these facts by using rules and determining

inconsistencies are implemented by the inference engine.

A FIS four steps are as stated below, translating inputs into truth values, computing
output truth values and aggregating truth values of all experts, transfering truth

values into output.

KNOWLEDEGE-
BASE

RULE
EVALUATION

AGGREGATION DEFFUZIFICATION

D,

Figure 3.1: FIS Structure
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3.2 Cognitive Maps and Fuzzy Cognitive Maps

Muzzi and Ortolani (2002) pointed out that a neoclassic decision maker would have
an unlimited capacity of cognitive adjustments to new situations.Codara (1998),

mentioned in his study that cognitive maps could be used for various purposes:

e Reconstructing of the anchor points behind the behavior of decision makers and

understanding their motives in making such decisions (explanatory function),
e Predicting future decisions (prediction function),

e Assisting decision makers to reflect upon their decision to ensure their

completeness (reflective function),

e Constructing an accurate description of complex situations (strategic function)
(Bertolini & Bevilacqua, 2010).

One of the main features of this study is to understand the behavior of human as
an agent of a complex system under different circumstances, to reveal the reasons
for his decisions and his actions, to predict his future decisions and actions, to
take preventive measures by eliminating or altering some causes. FCM is the most
effective way to procure an explicit understanding of human behavior and all of the

reasons relying under his behavior.

The term cognitive maps also called ‘Internal Spatial Representations’ designate
stored memories of experienced environments. First identification of the term
cognitive was made in 1948 in Tolman’s study on rats but in a metaphoric sense.
Today, the term is used widely in many human sciences and it implies deliberate
and motivated encoding of environmental information (G Golledge, 1999; Hollnagel,
1998). To understand human performance, one must comprehend human cognition.
That’s why today cognitive engineering and cognitive tools constitute a vast research
field. Cognitive Maps (CMs) were introduced in 1976 by Axelrod to study social
scientific knowledge in decision-making process in international politics (Kosko,
1986; Bertolini, 2007).

CMs consist of points, lines, areas and surfaces learned, experienced and recorded

in quantitative and qualitative forms (G Golledge, 1999). In CMs, nodes represent
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variable concepts where edges represent casual connections between them. The
edges are positive or negative according to the direction of the causality. In other
words a positive edge from a node to another means that an increase in the first
one causes an increase in the second one. However a negative edge from a node to
another indicates that an increase in the first one causes a decrease in the second
one (Kosko, 1986).

Causality is different from logical implication. In logical implication, “A implies B”
is always replaceable with “non-B implies non-A”. Yet in causality, “A causes B”
is not always replaceable with “non-B causes non-A” (Kosko, 1986). For example,
lack of illumination causes human error but not committing error does not cause

good illumination.

A cognitive map is an effective way to display causalities between variable concepts
however it is limited and cannot represent complex causalities in real world. Real
world causalities are gradational and vague in other words fuzzy. That’s why the
use of Fuzzy Cognitive Maps (FCMs) is a better and more effective way to represent

such relationships.

As FCMs are the symbolic representation of complex systems and illustrate
different aspects in the behavior of the system, human experience and knowledge
of the operation of the system are essential. FCMs are constructed using human

experts who know well the system and his behavior under different circumstances
(Groumpos, 2010).

3.3 Methodology of FCM

FCMs consist of fuzzy causal graphs made up of nodes representing causal concepts
occurring to some degree and edges that combine nodes representing fuzzy rules
between concepts (Kosko, 1986).

Concepts variables: C' = C4, (s, ..., C,,. Causal links: Arcs (C;, C;), C; causes concept
Cj.

Causalities between concepts are not formed by the usual binary logic, but have
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Figure 3.2: Example of causal graph

degrees, so their weights can be expressed in the interval [—1, 1] or by linguistic
terms, such as “negatively strong”, “zero”, “positively very weak” etc. The causality
between concepts C; and Cj is positive (w;; > 0) when an increase in the concept
C; leads to an increase in the concept C; or vice versa, when a decrease leads to a
decrease. When there is no causality between concepts; w;; = 0. The direction of
causality indicates whether concept C; causes concept C; , or vice versa. The value
given to the weight w;; represents the strength of the influence between C; and Cj.
Hence, as shown in the example, an increase in the concept Cy causes a decrease in
the concept C] to a degree wsy;. The values of concepts are calculated at each time

step according to the general formulation (Stylios et al., 2008):

N
AR _ <A§k) +3 A§k)Wij> (3.1)

i=1
i#£]
where

(k+1)
J

C; at iteration k + 1, wy; is the weight of the connection from C; to C; and f is a

AZ(-k) is the value of concept C'i at iteration step k, A is the value of the concept

threshold function.



4 HRA IN HEALTHCARE USING RULE BASED FCM

4.1 Scope of the Rule Based FCM application

In order to detect all causal relations and to show their degree, four experts (medical
doctors) of different high-risk fields in healthcare sector have evaluated the causality
among PIF's using linguistic notions. The determination of causal relations between
PIFs and their effects on HR procures crucial information used in healthcare system

design, vital clinical judgements and hospital policy and procedures determination.

Next step is to construct weight matrix of FCM. The aggregated weights of
interconnections have been obtained with help of fuzzy inference rule based method
using MATLAB (Fuzzy Logic Tolbox).

In the final step of this application process, the weights of PIFs that affect
HR have been calculated for different o — cut values, using FCMapper Software
(http://www.fcmappers.net). This has allowed us to perform a sensitivity analysis
in order to observe the modification of HR with the changes on the confidence level of
experts’ judgements. In other words, this sensitivity analysis shows how the degree

of fuzziness could affect the results and the solution robustness of Rule Based FCM.

4.2 First Step: Expert Evaluation

Since this study tries to draw a real picture of HR issues and to evaluate all PIFs
in healthcare operations, four medical doctors, each experienced in his field, have

been designated as follows:

e Expert 1- Cardiac surgeon



e Expert 2- Surgical intern
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e Expert 3- Specialist in internal medicine

e Expert 4- Radiology specialist

Each expert has been interviewed in depth in two different sessions. In the first
session, they have determined the sign of causalities among PIFs as in Tables
4.1-4.4. Subsequently, they have expressed the degree of those causal relations
using a linguistic variable as in Table 4.5-4.8. The first session has lasted more
than two hours. The second session will be mentioned lately in the second-step.
The causal relations are represented by the variable influence taking values in the

universe U = [—1;1]. The term set T'(in fluence) consists of nine variables (C. Kutlu

et al., 2014):

T (influence) =

T(influence) =

(negatively very high (nvh) )
negatively high (nh)
negatively medium (nm)
negatively small (ns)
zero (z)

positively small (ps)

(pm)
)

| positively very high (pvh) |

positively medium

positively high (ph

(negatively very strong (nvs) |
negatively strong (ns)
negatively medium (nm)
negatively weak (nw)
zero (z)
positively weak (pw)
positively medium (pm)

positively strong (ps)

| positively very strong (pvs)
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Corresponding membership functions p of these linguistic terms are given in Figure
4.1.

Matlab Fi Logic Desi,
Membership function plots ———
Ll L] L) T L} L L L L}
prvs uns Hnm pnw yz HpW ppm ups Hpvs
1
05F -
0 L 1 1 1 1 1 1 1 1 »
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

input variable "input1”

Figure 4.1: Membership functions corresponding to linguistic variables

4.3 Second Step: Knowledge-based fuzzy inference process

In this step, experts have described during a second session, each interconnection
among concepts (PIFs) by an I F' T H EN rule that infers the fuzzy linguistic variable
determined recently to express the grade of causality between two concepts. To
facilitate their evaluations, I F' rule has been given to experts as positive small and
they have been asked to determine TTH EN rules. Here, the necessity of the use of
causal relationships can be explained as the first step of establishing the relationship
between the criteria. In this study a single input - single output Mamdani fuzzy
model is used. The example below explains for an interconnection between two

concepts of the study, IFF.THEN rules determined by four experts:

Expert 1: IF a positive small change happens in the value of concept “Hospital
policy and management” THEN positive high change in the value “Reliability of

human operator in a risky healthcare operation” occurs.

Expert 2: IF a positive small change happens in the value of concept “Hospital
policy and management” THEN positive very high change in the value “Reliability

of human operator in a risky healthcare operation” occurs.



20

Expert 3: IF a positive small change happens in the value of concept “Hospital
policy and management” THEN positive high change in the value “Reliability of

human operator in a risky healthcare operation” occurs.

Expert 4: IF a positive small change happens in the value of concept “Hospital
policy and management” THEN positive high change in the value “Reliability of

human operator in a risky healthcare operation” occurs.

Infer: The influence from “Hospital policy and management” to “Reliability of

human operator in a risky healthcare operation” is positively very strong.

4.4 Third Step: Aggregation of experts’ evaluations

After revealing all of the rules for each interconnection among concepts, the outputs
of each rule were combined into a single fuzzy set by the SUM method. Each fuzzy
set belongs to an interconnection among two concepts. Deffuzification of these
fuzzy sets with the Center of Gravity (COG) method procured numerical values
corresponding to the weights (w;j) of the cognitive map. This process is explained
in Figure 5 based on the example mentioned above.

input! =0.25
output! =0.798

ISTINTINTIN
VIV TV

Figure 4.2: Aggregation of expert evaluations for the relationship between C20
and HR (MATLAB Fuzzy Logic Designer)

The aggregated matrix derived from rule-based evaluations is given in Table 4.9:
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Table 4.10: Comparison Analysis for Two Aggregated Matrices

C4-C6 C21-C12 C15-C16

E1
E2
E3
E4

A comparison analysis between first-step outputs and second-step outputs may be
useful to understand the coherence of experts in transforming causal relations to

fuzzy rules. To procure this comparison analysis, the aggregated weights matrix

Ps

ps
nm

pPm
ns

nm

pvs
pw
pvs

pVvs

derived from first-step evaluations is created as in 4.11.

The two aggregated weights matrices are nearly similar except except for several
relationships as shown in the table 4.10 with relevant expert assessments.
differences between two matrices have occurred when experts have made very

different incompatible assessments.

In such cases, the accuracy and delicacy of rule-based fuzzy evaluations comes to

the fore.
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5 SENSITIVITY ANALYSIS AND ADVANTAGES OF
PROPOSED METHOD

Decision makers may claim that a positive small change in concept C; causes a
positive high change in concept C; but this is a highly subjective information
and depends on the confidence level of the decision maker on expert (human)
judgment (Promentilla et al., 2008). A sensitivity analysis characterized by the
degree of fuzziness would be helpful to observe the solution robustness of RBFCM.
Considering the interval of confidence level known as « — cut, TFN can be

characterized as in Figure 5.1 and Eq. 5.1.

Va € [0,1]; My = [I1*u] = [l + (m — Da,u — (v — m)a (5.1)

where M = (I,m,u) is a TFN where | <m < u

A

=

1

Hy(x)

E S e e
;-_:-' e - —— -

~
—

U X

Figure 5.1: A Triangular Fuzzy Number M

The sensitivity analysis characterized by the degree of fuzziness was conducted for

twenty one different o — cut values and twenty one weight matrices were obtained



95

at the end of the aggregation process. These matrices are given in Appendix A.

5.1 Comparison Analysis of the Results for Different o — cuts

Considering expert highlighting, it has been properly appropriate to analyze all
of these data, beginning with twenty one different weights of one of the most
significant relationship between concept Cyy (Hospital Management and Policy) and

HR computed for different o — cuts.

Table 5.1: Weights of the relationship Cs-HR for different o — cut

a-Cut Weight a-Cut Weight a-Cut Weight a-Cut Weight

1.00 0.79846 0.70 0.79305 0.40 0.77913 0.10 0.76194
0.95 0.79789 0.65 0.79144 0.35 0.77644 0.05 0.76000
0.90 0.79733 0.60 0.78972 0.30 0.77350
0.85 0.79658 0.55 0.78745 0.25 0.77047
0.80 0.79550 0.50 0.79550 0.20 0.76777
0.75 0.79445 045 0.78216 0.15 0.76457

Weights C20-HR
0.81000
0.80000
0.79000
0.78000
0.77000
0.76000
0.75000
0.74000

a: 0.05
a: 0.10
a 0.15
a: 0.20
a: 0.25
a: 0.30
a: 0.40
a: 0.45
a: 0.50
a: 0.55
a: 0.60
a: 0.70

a: 0.35
a: 0.65
a: 0.75
a: 0.80
a: 0.85

a: 0.90
a: 0.95
a: 1.00

Figure 5.2: Variations of Cy-HR relationship weights for different o — cut

According to Table 5.1 and Figure 5.2, it is obvious that the relationship weight
between concepts Cyy and H R decreases when the fuzziness increases and vice versa.
However this situation was predicted by experts for related concepts. They claimed
that there was a very strong relationship between hospital management-policy and
human operator reliability and that the vagueness of linguistic variables used to

evaluate causalities might have important effects on the causal relations.

Same weight values and same variations have been observed for the following

relationships as in Appendix B:
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e (1-C5: Human Cognitive States-Human Temporal Cognitive States

e (1-C5: Human Cognitive States - Social Characteristics

e (;-HR: Human Cognitive States — Human Reliability

e (5-C'y: Human Temporal Cognitive States - Human Cognitive States

e (5-Cy: Psychological States - Task Attribute/Requirement

o (4-C'17: Personal Characteristics - Team Related Factors

e (4;-Cg: Personal Characteristics - Team Communication Related Factors
e ('5-Cy: Social Characteristics - Personal Characteristics

o (5-C'7: Social Characteristics - Team Related Factors

o (s-Cly: Task Procedures - Operation Room Man Machine Interface

Indicators/Controllers

o (s-Cho: Task Procedures - Op. Room Man Machine Interface Panel/Screen
Layout

o (4-C4p: Task Procedures - Op. Room Machine Support Systems
o (s-Cig: Task Procedures - Team Communication Related Factors
o (s-Cyy: Task Procedures - Management and Policy

o (s-HR: Task Procedures — Human Reliability

o (-Cy: Task Type Characteristics - Operation Room Man Machine Interface

Indicators/Controllers

o (Ur-Chg: Task Type Characteristics - Op. Room Man Machine Interface

Panel/Screen Layout
o (5-Chg: Task Attribute/Requirement - Timing Aspects
o (5-Cyy: Task Attribute/Requirement - Safety Culture

e (y-Cgs: Operation Room Man Machine Interface Indicators/Controllers - Task

Procedures
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e (y-C7: Operation Room Man Machine Interface Indicators/Controllers - Task
Type Characteristics

e (y-C1y: Operation Room Man Machine Interface Indicators/Controllers - Op.
Room System States

o (10-Cs: Op. Room Man Machine Interface Panel/Screen Layout - Task

Procedures

e (1p-C7: Op. Room Man Machine Interface Panel/Screen Layout - Task Type

Characteristics

o (19-C12: Op. Room Man Machine Interface Panel/Screen Layout - Op. Room
System States

e (11-Cs: Op. Room Machine Support Systems - Task Procedures
e (11-HR: Op. Room Machine Support Systems - Human Reliability

e ('13-C5: Op. Room Phenomenological Physical Characteristics - Psychological
States

e (13-Cs: Op. Room Phenomenological Physical Characteristics - Task
Attribute/Requirement

e (13-C4: Op. Room Phenomenological Physical Characteristics - Timing Aspects

e (14-C5: Op. Room Phenomenological Operational Characteristics - Psychological
States

e (17-HR: Team Related Factors — Human Reliability

C1o-C: Team Training - Psychological States

Ch9-Cy: Team Training - Personal Characteristics

C9-HR: Team Training - Human Reliability

C5-Cg: Management and Policy - Task Procedures

C50-C11: Management and Policy - Op. Room Machine Support Systems

C5-Che: Management and Policy - Op. Room System States
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These relationships have been qualified as strong to very strong by experts as
in the causal relationship (C;-HR) Human Cognitive States including attention,
intelligence, skill and knowledge and Human Reliability or in the causal relationship
(C90-C) Management and Policy inferring in this case hospital management policy
and Task Procedures involving availability, format, quality and logic structure of

task-performing process.

It has been observed that some relationships’ weights between concepts (PIFs)
varied slightly or didn’t vary at all when the uncertainty namely the fuzziness of the

evaluations increased as shown in Appendices B, C and D.

Figures 5.3 and 5.4 illustrate variations of the relationships: C1-Cg; C1o-C1; Coo-H R,
C7-Ch3; C13-Cr; Co1-Cs.

0.95000

0.90000 W

0.85000

Home W —e— Weights C1-C6
0.75000 Weights C10-C1
0.70000 ~—#— Weights C20-HR
0.65000

0.60000

0.55000
123 456 7 8 910111213 14151617 1819 20

Figure 5.3: Some Variations of relationship weights for different a — cuts (a)

According to these charts the relationship weights among Cy3 (Operation Room
Phenomenological Physical Characteristics) and C; (Task Type Characteristics) and
among Cjy (Operation Room Man Machine Interface Panel/Screen Layout)and Cy

(Human Cognitive States) did not vary.

All of the relationship weights that did not vary when the fuzziness increased are the
ones that were evaluated unanimously by experts. The integration of fuzziness in the
evaluation process did not affect the relationship C'3-C;. The experts claim that the
default relationship belonging to these concepts is interpreted as: “If the number of
critical parameters and dynamic variables increases then monitoring, detection and

diagnosis in emergency operations will be more difficult.” Furthermore, considering
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0.00000
1 2 3 45 6 7 8 9 10111213 14 1516 17 18 19 20

-0.10000

-0.20000

-0.30000
Weights C7-C13

-0.40000
=== Weights C13-C7

-0.50000
Weights C21-C5

-0.60000 D A RV VY VRV VBV
-0.70000

-0.80000
-0.90000

Figure 5.4: Some Variations of relationship weights for different oo — cuts (b)

C10-C relationship is neither affected by the degree of fuzziness: “If the reachability,
visibility and compatibility of panel/screen layout improve then the attention,

reasoning, evaluation and problem-solving of the operator will improve.”

However, the relationship weight between C; and Cy (Task Procedures) increased
and the relationship weight between C7 and C}3 decreased when the fuzziness of
the evaluations increased. As indicated by experts when human cognitive states as
intelligence, skill, experience level (C1) of the human operator (the doctor) improves,
the operation quality improves. Besides according to them, this relationship is
considerably strong and the vagueness of linguistic variables may affect the causal
relations. The sensitivity analysis indicated that the decrease of the fuzziness evoked

the increase of the corresponding relationship weight.

Variation curves for different o — cuts of all positive and negative relationships’
weights are given respectively in Figure 5.5 and Figure 5.6. The curves in Figure

5.7 show the relationships’ weights that don’t vary with the degree of fuzziness.
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In the process of determining causalities between concepts Indegree, outdegree and
centrality values have been calculated for twenty-one weight matrices by FCMapper.
These values are given in Appendix E. All the indegree, outdegree, centrality

variations are shown respectively in Figures 5.8-5.10.

s & & =m=C10

é. g < > g < g g g g < < < < > > ¢ < =@=c11
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€20

€21

"HR

acut:  a-cut:  @-cut:  e-cut:  o-cut:  o-cut:  a-cut:  a-cut:  a-cut:  a-cut:  e-cut:  o-cut:  o-cut:  o-cut:  a-cut:  a-cut:  aecutt  aecut:  acut: a-cut: 0.5
1.00 0.95 0.90 0.85 0.80 0.75 0.70 0.65 0.60 0.55 0.50 0.45 0.40 035 0.30 0.25 0.20 0.15 0.10

Figure 5.8: Variation of concepts’ indegrees
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Figure 5.9: Variation of concepts’ outdegrees
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Figure 5.10: Variation of concepts’ centralities
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These charts show how the degree of fuzziness affects the rank order of overall
intensity degrees of all concepts. For example in Figure 5.9, the rank of outdegrees
of C}p and (3 alters. This alteration has been indicated in the Table 5.2. It occurs
at & = 0.25. This means that the sum of all outgoing influences of C5 (Operation
Room Machine Support Systems) is more affected than the sum of all outgoing
influences Cyy (Operation Room Man Machine Interface Indicators/Controllers) by

the fuzziness.

In other words, the sensitivity analysis shows that the availability and adequacy of
all equipment’s (C}3) outgoing influences decrease relatively lower than availability
and reliability of operation room signals (C1y) outgoing influences. The experts
predicted this result as: “Operation room equipment availability is less important
than wrong signals. An experienced doctor can handle an emergency situation where
equipment is unavailable but cannot easily predict and correct a wrong signal.” They

expressed that the vagueness could be more crucial for this type of criteria.

In Figure 5.8, the rank of indegrees of C5 and Cjg (Team Communication Related
Factors) behave differently towards fuzziness. The availability and adequacy of all
equipment’s (C12) incoming influences’ sum decreases by the increase of fuzziness
when team communication related factors incoming influences’ sum alters slightly
as indicated in Table 5.2. In other words, the influences of other criteria on C'g are

not affected by the fuzziness.

In Figure 5.10, it is observed that the centrality of C6 decreases relatively faster than
the centrality of Cy. The centrality of the Task Procedures (Cs) is more affected
by the fuzziness than the centrality of the Hospital Management and Policy (Cyp).

Their centralities are equal when the fuzziness reaches maximum.
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6 CONCLUSION

In this dissertation, a human reliability assessment in healthcare operations has been
conducted using Rule Based Fuzzy Cognitive Maps. In the literature, there is a lack

of overall human reliability assessment on healthcare operations.

As mentioned in previous sections, HRA in Healthcare Systems requires general
studies in different countries and cultures, in order to establish real causes leading
to human errors. Expert systems procure free and easy-access training aid to
increase the expertise of researchers and workers. On the other hand, they ensure
the generation of a realistic portrait of the existing systems and the realization of

rational decision process.

In this context, a complete list of PIFs is created and revised considering a wide
literature review and by consulting experts. In order to establish any kind of
relations, RBFCM Method is designated as the most efficient method which allowed
us to integrate fuzzy causal relations as opposition, similarity, implication etc.

What-if questions provided a more complete cognitive system.

The sensitivity analysis conducted with different -cuts represents the decision
maker’s confidence level. When a = 0, the decision maker has no confidence at
all to subjective evaluation of experts and considers a wider interval of numerical

intensity from the scale.

It is obvious in this study that some relations as Coo-HR (Hospital Management and
Policy - HR) and C}-Cs (Human Cognitive States - Task Procedures and Quality)
are crucial causalities. The sensitivity analysis provides the decision maker the
ability to adapt the cognitive map to different expert profiles and to observe freely

diverse possibilities.
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There is a list of some research gaps and contributions of the paper below to draw

an overall picture of this research:

e Considering the need of an overall study to be able to design robust, error
preventing healthcare systems and to designate accurate hospital policy, all PIFs
have been determined through a wide literature survey and expert consulting. In
other words, this study procures a general standpoint covering the determination of
human errors and their causes, the formation of all possible causes list, the detection
of all relations between errors and causes as well as interdependencies and finally
the creation of a final model representing these relations and interdependencies in

different healthcare operations.

e To draw a real picture of HR issues and to evaluate all the PIFs in healthcare

operations, four medical doctors, each experienced in his field, are designated.

e The methodology used in this paper combines FCMs with Rule-based algorithm.
In order to observe the solution robustness of RBFCM, a sensitivity analysis

characterized by the degree of fuzziness was conducted and results were discussed.

e It has been observed that some relationships between concepts (PIFs) variated
slightly or didn’t vary at all when the uncertainty namely the fuzziness of the
evaluations increased. According to this sensitivity analysis, some of the causalities
are more influenced by the fuzziness. These are critically acclaimed causalities by

the experts.

e The related FCM and a scenario analysis based on critical criteria will be provided
in futur studies. It has also been envisaged for further research to integrate patients
and hospital managers as experts to the existing model in order to have a wider
insight. On the other hand, the method will be adapted to specific tasks or areas
in healthcare to form a list consisting of crucial error causing criteria clusters for

different areas.



71

REFERENCES

Aven, T. (1999). Stochastic models in reliability. New York: Springer.

Barlow, R. (1998). Engineering reliability. Philadelphia, PA Alexandria, VA: Siam
ASA.

Bellamy, L. J., Geyer, T. A., & Wilkinson, J. (2008). Development of a functional
model which integrates human factors, safety management systems and wider

organisational issues. Safety Science, 46(3), 461-492.

Bertolini, M. (2007). Assessment of human reliability factors: A fuzzy cognitive
maps approach. International Journal of Industrial Ergonomics, 37(5), 405-413.

Bertolini, M., & Bevilacqua, M. (2010). Fuzzy cognitive maps for human reliability
analysis in production systems. In Production Engineering and Management under

Fuzziness, (pp. 381-415). Springer Berlin Heidelberg.

Bethune, R., & Francis, N. (2015). Techniques aren’t everything: Why
conscientious well-trained surgeons make mistakes? Techniques in Coloproctology,

19(9), 503-504.

Blischke, W. R. (2000). Reliability : modeling, prediction, and optimization. New
York: Wiley.

Bohacik, J., & Davis, D. N. (2013). Fuzzy rule-based system applied to risk
estimation of cardiovascular patients. Journal of Multiple-Valued Logic and Soft

Computing, 20, 445—-466.

Boring, R. (2007). Dynamic human reliability analysis: Benefits and challenges
of simulating human performance. Risk, Reliability and Societal Safety, 2,
1043-1049.

Boring, R. L., Hendrickson, S. M., Forester, J. A., Tran, T. Q., & Lois, E. (2010).
Issues in benchmarking human reliability analysis methods: A literature review.
Reliability Engineering € System Safety, 95(6), 591-605.



72

Bot, P. L., Desmares, E., Bieder, C., Cara, F., & Bonnet, J. (1998). MERMOS :
un projet dEDF pour la mise a jour de la méthodologie EPFH. Revue Générale
Nucléaire, (1), 87-93.

Buckle, P., Clarkson, P., Coleman, R., Bound, J., Ward, J., & Brown, J. (2010).
Systems mapping workshops and their role in understanding medication errors in
healthcare. Applied Ergonomics, 41(5), 645-656.

Bye, A., Laumann, K., Braarud, P., & Massaiu, S. (2006). Methodology for
improving HRA by simulator studies (PSAM-0391). In Proceedings of the Eighth

International Conference on Probabilistic Safety Assessment € Management

(PSAM), (pp. 973-981). ASME.

C. Kutlu, A., Behret, H., & Kahraman, C. (2014). A fuzzy inference system for
multiple criteria job evaluation using fuzzy ahp. Journal of Multiple- Valued Logic
and Soft Computing, 23, 113-133.

Cai (1996a). Introduction to Fuzzy Reliability. Boston, MA: Springer US.

Cai, K.-Y. (1996b). System failure engineering and fuzzy methodology an
introductory overview. Fuzzy Sets and Systems, 83(2), 113-133.

Carayon, P., Wetterneck, T. B., Rivera-Rodriguez, A. J., Hundt, A. S., Hoonakker,
P., Holden, R., & Gurses, A. P. (2014). Human factors systems approach to
healthcare quality and patient safety. Applied Ergonomics, 45(1), 14-25.

Cepin, M. (2008a). DEPEND-HRA —a method for consideration of dependency
in human reliability analysis. Reliability Engineering € System Safety, 93(10),
1452-1460.

Cepin, M. (2008b). Importance of human contribution within the human reliability
analysis (IJS-HRA). Journal of Loss Prevention in the Process Industries, 21(3),
268-276.

Champion, H. R., Meglan, D. A., & Shair, E. K. (2008). Minimizing surgical
error by incorporating objective assessment into surgical education. Journal of
the American College of Surgeons, 207(2), 284-291.

Chandler, F., Chang, Y., Mosleh, A., Marble, J., Boring, R., & Gertman, D. (2006).
Human reliability analysis methods: Selection guidance for nasa, nasa. Tech. rep.,
OSMA Technical Report, Washington, DC, United States.



73

Clemen, R. T., & Winkler, R. L. (1999). Combining probability distributions from
experts in risk analysis. Risk Analysis, 19(2), 187-203.

Codara, L. (1998). Le mappe cognitive. Roma: Carrocci Editore.

Commission., U. N. R. (1998). Technical basis and implementation guidelines for
a technique for human event analysis (ATHEANA) [microform] : draft report for
comment. Probabilistic Risk Analysis Branch, Division of Systems Technology,
Office of Nuclear Regulatory Research, U.S. Nuclear Regulatory Commission
Washington, DC.

Connor, P. (2012). Practical reliability engineering. Hoboken, NJ: Wiley.

Cooper, J. B., Newbower, R. S., & Kitz, R. J. (1984). An analysis of major errors
and equipment failures in anesthesia management: considerations for prevention

and detection. Anesthesiology, 60(1), 34-42.

Dang, V., Reer, B., & Hirschberg, S. (2002). Analysing errors of commission:
identification and a first assessment for a swiss plant. Volume IV Nuclear Energy
and Safety, (p. 27).

Duff, F. L., Daniel, S., Kamendjé, B., Beux, P. L., & Duvauferrier, R. (2005).
Monitoring incident report in the healthcare process to improve quality in
hospitals. International Journal of Medical Informatics, 74(2-4), 111-117.

Embrey, D., Humphreys, P., Rosa, E., Kirwan, B., & Rea, K. (1984). Slim-maud:
an approach to assessing human error probabilities using structured expert

judgment. volume i. overview of slim-maud.

Erik Vinnem, J., Seljelid, J., Haugen, S., Sklet, S., & Aven, T. (2007). Generalised
methodology for operational risk analysis. Proceedings of the European Safety and
Reliability Conference 2007, ESREL 2007 - Risk, Reliability and Societal Safety,
1.

Faiella, G., Parand, A., Franklin, B. D., Chana, P., Cesarelli, M., Stanton, N. A.,
& Sevdalis, N. (2018). Expanding healthcare failure mode and effect analysis: A
composite proactive risk analysis approach. Reliability Engineering and System
Safety, 169(C), 117-126.

Flin, R. (2007). Measuring safety culture in healthcare: A case for accurate
diagnosis. Safety Science, 45(6), 653-667.



74

G Golledge, R. (1999). Wayfinding Behavior: Cognitive Mapping and Other Spatial

Processes, vol. 10.

Garrick, B. (2002). The use of risk assessment to evaluate waste disposal facilities

in the united states of america. Safety Science, 40(1-4), 135-151.

Gertman, D., Blackman, H., Marble, J., Byers, J., & Smith, C. (2005). The spar-h

huamn reliability analysis method. Tech. rep.
Gnedenko, B. V. (1999). Statistical reliability engineering. New York: J. Wiley.

Gregoriades, A., Sutcliffe, A., & Shin, J.-E. (2003). Assessing the reliability of
socio-technical systems. Systems Engineering, 6(3), 210-223.

Grobbelaar, J., Julius, J., Rahn, F., et al. (2005). Analysis of dependent human
failure events using the epri hra calculator. In Proc. of the ANS Topical Meeting
on Probabilistic Safety Assessment (PSA’05), (pp. 11-15).

Groumpos, P. P. (2010). Fuzzy cognitive maps: Basic theories and their application
to complex systems. In Fuzzy Cognitive Maps, (pp. 1-22). Springer Berlin
Heidelberg.

Gudder, S. (2000). What is fuzzy probability theory? Foundations of Physics,
30(10), 1663-1678.

Gupta, A., Mukherjee, B., & Upadhyay, S. (2008). Weibull extension model: A
bayes study using markov chain monte carlo simulation. Reliability Engineering
&9 System Safety, 93(10), 1434-1443.

Hannaman, G., Spurgin, A., & Lukic, Y. (1984). Human cognitive reliability model
for pra analysis. report no. nus-4531, electric power research institute, palo alto,

ca.

Hollnagel, E. (1994). Human Reliability Analysis: Context and Control (Computers
and People). Academic Press.

Hollnagel, E. (1998). Cognitive Reliability and Error Analysis Method (CREAM).

Elsevier Science.

Huang, D., Chen, T., & Wang, M.-J. J. (2001). A fuzzy set approach for event tree
analysis. Fuzzy Sets and Systems, 118(1), 153-165.



75

Hunns, D. (1982). The method of paired comparisons. High Risk Safety Technology,
Chichester: A.E. Green, Wiley..

Hgyland, A. (2009). System Reliability Theory : Models and Statistical Methods.
Hoboken: John Wiley & Sons, Inc.

Johnstone, M.-J. (2007). Patient safety ethics and human error management in

ED contexts. Australasian Emergency Nursing Journal, 10(1), 13-20.

Jovanovic, A. (2003). Risk-based inspection and maintenance in power and process

plants in europe. Nuclear Engineering and Design, 226(2), 165-182.

Kahraman, C. (2011). Preface: Fuzzy decision making in risk management.

Multiple-Valued Logic and Soft Computing, 17, 289-292.

Kaplan, S., & Garrick, B. J. (1981). On the quantitative definition of risk. Risk
Analysis, 1(1), 11-27.

Karnon, J., McIntosh, A., Dean, J., Bath, P., Hutchinson, A., Oakley, J., Thomas,
N., Pratt, P., Freeman-Parry, L., Karsh, B.-T., Gandhi, T., & Tappenden, P.
(2007). A prospective hazard and improvement analytic approach to predicting

the effectiveness of medication error interventions. Safety Science, 45(4), 523-539.

Kennedy, C., & Mortimer, D. (2007). Risk management in IVF. Best Practice &
Research Clinical Obstetrics € Gynaecology, 21(4), 691-712.

Kim, I. (2001). Human reliability analysis in the man-machine interface design
review. Annals of Nuclear Energy, 28(11), 1069-1081.

Kim, J., Jung, W., & Son, Y. S. (2008). The MDTA-based method for assessing
diagnosis failures and their risk impacts in nuclear power plants. Reliability
Engineering & System Safety, 93(2), 337-349.

Kim, J. W., & Jung, W. (2003). A taxonomy of performance influencing factors
for human reliability analysis of emergency tasks. Journal of Loss Prevention in
the Process Industries, 16(6), 479-495.

Kim, M. C., Seong, P. H., & Hollnagel, E. (2006). A probabilistic approach for
determining the control mode in CREAM. Reliability Engineering € System
Safety, 91(2), 191-199.



76

Kirwan, B. (1988). A comparative evaluation of five human reliability assessment
techniques. In Human factors and decision making: their influence on safety and

reliability.

Kirwan, B. (1990). A resources flexible approach to human reliability assessment
for pra. In Safety and reliability symposium, (pp. 114-135). Elsevier Applied

Sciences London.

Kirwan, B. (1992). Human error identification in human reliability assessment.

part 1: Overview of approaches. Applied Ergonomics, 253(5), 299-318.
Kirwan, B. (1994). A guide to practical human reliability assessment. CRC press.

Kirwan, B. (1996). The validation of three human reliability quantification
techniques — THERP, HEART and JHEDI: Part 1 — technique descriptions
and validation issues. Applied Ergonomics, 27(6), 359-373.

Kirwan, B., Kennedy, R., Taylor-Adams, S., & Lambert, B. (1997). The validation
of three human reliability quantification techniques — THERP, HEART and
JHEDI: Part II — results of validation exercise. Applied Ergonomics, 28(1),
17-25.

Kirwan, J. N.; B. (1989). Development of human reliability assessment system for

the management of human error in complex systems.

Konstandinidou, M., Nivolianitou, Z., Kiranoudis, C., & Markatos, N. (2006).
A fuzzy modeling application of CREAM methodology for human reliability
analysis. Reliability Engineering € System Safety, 91(6), 706-716.

Kosko, B. (1986). Fuzzy cognitive maps. International Journal of Man-Machine
Studies, 24 (1), 65-75.

Leape, L. (1994). Error in medicine.  Journal of the American Medical
Associationsiology, 272(23), 1851-1857.

Lewis, E. E. (1996). Introduction to reliability engineering. New York: J. Wiley.

Liu, H.-C., Li, Z., Zhang, J.-Q., & You, X.-Y. (2018). A large group decision making
approach for dependence assessment in human reliability analysis. Reliability
Engineering € System Safety, 176, 135-144.



77

Marseguerra, M., & Zio, E. (2000a). Optimizing maintenance and repair policies
via a combination of genetic algorithms and monte carlo simulation. Reliability
Engineering & System Safety, 68(1), 69-83.

Marseguerra, M., & Zio, E. (2000b). System unavailability calculations in biased
monte carlo simulation: a possible pitfall. Annals of Nuclear Energy, 27(17),
1577-1588.

Marseguerra, M., Zio, E., & Martorell, S. (2006). Basics of genetic algorithms
optimization for RAMS applications. Reliability Engineering € System Safety,
91(9), 977-991.

Meister, D. (1993). Human error: Cause, prediction, and reduction edited by john
w. senders and neville p. moray 153 page., $34.50 hillsdale, NJ: Lawrence erlbaum
associates, 1991 ISBN 0-89859-538-3. Ergonomics in Design: The Quarterly of
Human Factors Applications, 1(1), 38-38.

Mosleh, A.; & Chang, Y. (2004). Model-based human reliability analysis: prospects
and requirements. Reliability Engineering & System Safety, 83(2), 241-253.

Mosneron-Dupin, F., Reer, B., Heslinga, G., Strater, O., Gerdes, V., Saliou, G., &
Ullwer, W. (1997). Human-centered modeling in human reliability analysis: some

trends based on case studies. Reliability Engineering & System Safety, 58(3),
249-274.

Murray, A. (2007). Critical infrastructure : reliability and vulnerability. Berlin
New York: Springer.

Nelson, W. R., Haney, L. N., Ostrom, L. T., & Richards, R. E. (1998). Structured
methods for identifying and correcting potential human errors in space operations.
Acta Astronautica, 43(3-6), 211-222.

Oien, K. (2001). A framework for the establishment of organizational risk
indicators. Reliability Engineering € System Safety, 74(2), 147-167.

Onisawa, T., Gupta, M., & Yamakawa, T. (1988). Fuzzy concepts in human
reliability.  Fuzzy Logic in Knowledge Based Systems, Decision and Control.
North-Holland, New York.

O’Rourke, A. (2006). Minimising clinical risk. Current Pediatrics, 15, 466-472.



78

Promentilla, M. A. B., Furuichi, T., Ishii, K., & Tanikawa, N. (2008). A
fuzzy analytic network process for multi-criteria evaluation of contaminated
site remedial countermeasures. Journal of Environmental Management, 88(3),
479-495.

Rao, K. D., Gopika, V., Rao, V. S., Kushwaha, H., Verma, A., & Srividya, A.
(2009). Dynamic fault tree analysis using monte carlo simulation in probabilistic
safety assessment. Reliability Engineering € System Safety, 94(4), 872-883.

Reason, J. (1993). The human factor in medical accidents. Vincent, C. (Ed.),
Medical Accidents.

Reer, B. (2008). Review of advances in human reliability analysis of errors of
commission—part 2: EOC quantification. Reliability Engineering € System
Safety, 93(8), 1105-1122.

Reer, B., & Dang, V. N. (2007). The commission errors search and assessment
(cesa) method. Tech. rep., Paul Scherrer Institute (PSI).

Reer, B., Dang, V. N.; & Hirschberg, S. (2004). The CESA method and its
application in a plant-specific pilot study on errors of commission. Reliability
Engineering & System Safety, 83(2), 187-205.

Richman, J., Mason, T., Mason-Whitehead, E., McIntosh, A., & Mercer, D. (2009).
Social aspects of clinical errors. International Journal of Nursing Studies, 46,
1148-1155.

Roth, E., Mumaw, R., & Lewis, P. M. (1994). An empirical investigation of operator
performance in cognitively demanding simulated emergencies. Tech. rep., Nuclear

Regulatory Commission.

Satish, U. (2002). Value of a cognitive simulation in medicine: towards optimizing
decision making performance of healthcare personnel. Quality and Safety in Health
Care, 11(2), 163-167.

Schon, D. A. (2017). The reflective practitioner: How professionals think in action.
Routledge.

Seaver, D., & Stillwell, W. (1983). Procedures for using expert judgment to estimate
human-error probabilities in nuclear power plant operations. [PWR BWR]. Tech.

rep.



79

Shams Ghareneh, N., Khani Jazani, H., Rostamkhani, F., & Kermani, H. a. (2015).
Identification and evaluation of dentists‘ errors in infection control in a specialized

clinic in tehran. Iran Occupational Health Journal, 12(5).

Sikos, L., & Klemes, J. (2009). RAMS contribution to efficient waste minimisation
and management. Journal of Cleaner Production, 17(10), 932-939.

Singpurwalla, N. (2006). Reliability and risk : a Bayesian perspective. Chichester,
West Sussex, England New York: J. Wiley & Sons.

Sklet, S., Vinnem, J. E., & Aven, T. (2006). Barrier and operational risk analysis of
hydrocarbon releases (BORA-release)part II: Results from a case study. Journal
of Hazardous Materials, 137(2), 692-708.

Song, J., & Kang, W.-H. (2009). System reliability and sensitivity under statistical
dependence by matrix-based system reliability method. Structural Safety, 31(2),
148-156.

Stock, G. N., McFadden, K. L., & Gowen, C. R. (2007). Organizational culture,
critical success factors, and the reduction of hospital errors. International Journal
of Production Economics, 106(2), 368-392.

Strater, O. (2000). Evaluation of human reliability on the basis of operational

experiencg. Tech. rep.

Stripe, S. C., Best, L. G., Cole-Harding, S., Fifield, B., & Talebdoost, F. (2006).
Aviation model cognitive risk factors applied to medical malpractice cases. The
Journal of the American Board of Family Medicine, 19(6), 627-632.

Stylios, C. D., Georgopoulos, V. C.; Malandraki, G. A., & Chouliara, S. (2008).
Fuzzy cognitive map architectures for medical decision support systems. Applied
Soft Computing, 8(3), 1243-1251.

Sujan, M. A., Embrey, D., & Huang, H. (2018). On the application of human
reliability analysis in healthcare: Opportunities and challenges.  Reliability
Engineering € System Safety.

Swain, A. (1987). Accident sequence evaluation program: Human reliability

analysis procedure. Tech. rep.

Swain, A. D. (1990). Human reliability analysis: Need, status, trends and
limitations. Reliability Engineering € System Safety, 29(3), 301-313.



80

Swain, A. D., & Guttmann, H. E. (1983). Handbook of human-reliability analysis

with emphasis on nuclear power plant applications. final report. Tech. rep.

Taib, I. A., McIntosh, A. S., Caponecchia, C., & Baysari, M. T. (2011). A review
of medical error taxonomies: A human factors perspective. Safety Science, 49(5),
607-615.

Tan, Z. (2009). A new approach to MLE of weibull distribution with interval data.
Reliability Engineering & System Safety, 94(2), 394-403.

Tang, B., Hanna, G. B., Carter, F., Adamson, G. D., Martindale, J. P., & Cuschieri,
A. (2006). Competence assessment of laparoscopic operative and cognitive skills:

Objective structured clinical examination (OSCE) or observational clinical human
reliability assessment (OCHRA). World Journal of Surgery, 30(4), 527-534.

Taylor-Adams, S., Vincent, C., & Stanhope, N. (1999). Applying human factors
methods to the investigation and analysis of clinical adverse events. Safety
Science, 31(2), 143-159.

Taylor-Adams, S., Vincent, C., & Stanhope, N. (2004). Human reliability analysis
in healthcare: A review of techniques. International Journal of Risk Safety in
Medicine, 16, 223-237.

Trucco, P., & Cavallin, M. (2006). A quantitative approach to clinical risk
assessment: The CREA method. Safety Science, 44(6), 491-513.

Tuddenham, W. J. (1962). Visual search, image organization, and reader error in
roentgen diagnosis. Radiology, 78(5), 694-704.

Utkin, L. V., & Coolen, F. P. A. (2007). Imprecise reliability: An introductory
overview. In Studies in Computational Intelligence, (pp. 261-306). Springer Berlin
Heidelberg.

van der Geer, E., van Tuijl, H. F., & Rutte, C. G. (2009). Performance management
in healthcare: Performance indicator development, task uncertainty, and types of
performance indicators. Social Science & Medicine, 69(10), 1523-1530.

van Rutte, P., Nienhuijs, S., Jakimowicz, J., & van Montfort, G. (2017).
Identification of technical errors and hazard zones in sleeve gastrectomy using
OCHRA. Surgical Endoscopy, 31, 561-566.



81

Vanderhaegen, F. (2001). A non-probabilistic prospective and retrospective
human reliability analysis method — application to railway system. Reliability
Engineering € System Safety, 71(1), 1-13.

Walton, M., Woodward, H., Staalduinen, S. V., Lemer, C., Greaves, F., Noble, D.,
Ellis, B., Donaldson, L., & and, B. B. (2010). The WHO patient safety curriculum
guide for medical schools. BMJ Quality & Safety, 19(6), 542-546.

Williams, J. (1988). A data-based method for assessing and reducing human error
to improve operational performance. In Conference Record for 1988 IEEE Fourth

Conference on Human Factors and Power Plants,. IEEE.

Williams, J. (1992). Toward an improved evaluation analysis tool for users of heart.
In International Conference on Hazard Identification and Risk Analysis, Human

Factors and Human Reliability in Process Safety, (pp. 261-280).

Williams, J. C. (2015). Heart—a proposed method for achieving high reliability in
process operation by means of human factors engineering technology. Safety and
Reliability, 35(3), 5-25.

Yeh, L. (1995). Calculating the rate of occurrence of failures for continuous-time
markov chains with application to a two-component parallel system. Journal of
the Operational Research Society, 46(4), 528-536.

Yuan, T. (1995). Nuclear power plant 2 operating living pra report.

Zadeh, L. (1968). Probability measures of fuzzy events. Journal of Mathematical
Analysis and Applications, 23, 421-427.

Zheng, B., Tien, G., Atkins, S. M., Swindells, C., Tanin, H., Meneghetti, A.,
Qayumi, K. A.; & Panton, O. N. M. (2011). Surgeons vigilance in the operating
room. The American Journal of Surgery, 201(5), 673-677.

Zille, V., Bérenguer, C., Grall, A., Despujols, A., & Lonchampt, J. (2007).
Modelling and performance assessment of complex maintenance programs for
multi-component systems. In Maintenance Modelling and Applications -
Proceedings of the 32th ESReDA Seminar, Alghero, Italy, May 2007, (p. 12).

Zio, E. (2009). Reliability engineering: Old problems and new challenges. Reliability
Engineering € System Safety, 94(2), 125-141.



A FULL DATA FOR AGGREGATED WEIGHTS MATRIX WITH
DIFFERENT o — CUTS



83

SRELT oo DOSL0- 00000 EREF0- IRISD- oo oo 09540 LrEan LPES0- 0opon 0opon 0eooo LrEan 0ooog ERER0- Qoon TELYD- £8P0 oo ooooo L
SEELD SRGL0 oo 0o0s0 ivron IELOD Q0050 SBERL0- QOSL0- O0SO- SEELD SEELD 005470 025470 ESLED- 0ooon SEELD TELOD 00540 DOSL0 0eooo oo 0z
SHELD 00540 0osLo aoono 0000°% 008 0000 00000 OO0S'0-  LRERD- LrT90 00000 00050 00050 LRT0- TELD b0 0000 e SEELD TELYD- TELTD SEELD (]
oo QOS540 025470 0o00n 0opon 0osen QO5L0- 0opoo SBGLD-  TELYD- [ 0opon 0opon ety oOsL0- LFE90 aosLn ESLETD 00050 LPTI0- ety 0ooo 813
SEELD SREL0 Lrzan 0ooon oo 0opoe LRESO- 0ooo QOSEe- 00050 0osLn et et 0o0on LPI0- o540 0o5L0 FAERY 0050 Q0SL0- oo oo 412
o050 SEES0 il 00000 0o oosL0- 0e0o 0ooo L¥Z90 ESLETD 0o 00oon 00oon 0e00o ESLED 0o00o LP2F0- TELFD- QOOS'O- L¥290 LPTI0- LWIIC- 913
LRESD- 03050 EBFI0- 0oooo 0opon 0opon S9BY0 oo 03050 LrEan 0oon o 0opon LREF0- ZELAD AP0~ ERIF0- oooo o 0opon 02050 oOosg-  O0S'0- 513
S86L0- 005L°0 0050 E5LE°0 PO TELD- TELOD 02000 0000°0 TELOD oons'o- [y 00050~ TEL9D 0O0SL0-  £RTI0- a0 L2930 SEEL0 0200°0 005L'0- 13
S86L'0- TELAD SBGL0- L¥Z9'0 LRT¥0- 0005’0~ SE6L°0 0200 005L°0 azoonn LPZF'0-  £KT¥0- OOOS'0- OOOS'O- SEGL0 LFTI0-  LFTVO- axooe LRZ90- SEGL0 L¥T0-  DOOS'C- £12
o540 DOST0 o050 0ooon 00050 0050 QO5L0 oo APT0-  LRIFO- Qoo TELOD 005470 025470 QOSL0e 5550 0osen Qoo 00050 DOSL0 0eooo oo 12
SHELD 00540 LrEan aoono LrTI0 00840 LPTSD- 00000 SEEL0- ODSLTD- 0osL e 00000 00000 00000 0050 oosLo SHEL D 0000 e DOSL0 LPTSO- ooooo ooono m
ZELAD [ty [ty 0o00n Lrran 0opon 00050 0opoo SBGLD- LWIRD- SEEL0 0opon 0opon ety TELTD- SEGLO SEELD EEPD TELTD TELTO- ety LFTA0 013
IELTD oo oo 0ooon Lvran 0opoe Qo0sTa- 0ooon SERLO- LRIRO- SEELD et et 0o0on TELSD- SHELD SEELD EEFI0 IELOD TELYO- oo LrTan 62
LyZ9'0- SEGL0 SB6L0- LrZ9°0 0OSL0- TELD- SE6L0 00000 0TrED TELOD TELTD- 00oon 00oon 0e00o 0o00o LPTI0- LPTF0- LRIFD- ESLED- TELID 02050 0o0oo 23
AP0 oo ESLED 0oooo LrTan LA LrA- N UR A 0opoo QOSE- SBELT- TELTD 0o5£0 SE6LD SEGL0 SBERLT- ooooo 0osLn oooo o 0osLs0 LRI LFE90 ooooo L3
SEELD SRELD SEELD 00sL0 SHELD TELOD  TELYD-  TELYD- SRELD- LRIRD- TELOD SEELD SEELD SRELD TELYD- 00oo 0000 0o00°e TEESD  ESLE'D- 00000 00oo a2
00540 LEZID- L¥Za0 00000 00540 58640 §BELD- 0200 00000 azoonn azo'n 02050 ESLETD £SLE°0 QOOS'O- 00000 0z0s'e azoonn S86L0 SBALD- L¥ZI0 00540 53
TELOD LTI o540 0ooon SEELD SEELD o005 oo QOSL0-  DOSE0- Qoo 005470 0ooon 0eooo LPIRO- 0ooon orzrn SEELD 0ooon TELTO- 02540 EHPOD L=
0OSL0-  LPES0 LRES0- 00DOTD ERESO- LRESO- LWEOTD 0000 LrEan b0 0000° e 00000 LPEFO- LPIE0- SEELO 00oe 0OSL0- QDOETD-  SBRL0- 00000 00000 LPT0- £2
SEGL0 L¥TI0- LFEa0 LrE90 oS Lrran oo LPZF0- LRS- OOSLO- Qoo 00540 LPT90 LFEI0 LPTT0- LFE90 Lrzan Qoo 00540 TELTO- ety SEELD (=)
SEGLD LRI o540 0ooon 0oosn 0050 LREFD- LRIFO- 0o0og EREFO- Lo Lo 005£0 0esLn oo Lrzan TETED SEELD LETIn oooonn SEGLD oo =

HH 1z 0z B s LT3 912 ST L] =] I L= oty =] 2 £ a2 53 L] =] =] 3 L==

1 M2 — © I0J XLIYeUW SIYSOM PaIeFoIssy T°V O[qe],



84

BLELD 0poo'g 005D oooo'e BRESO- BRTRO- o000 ooooo 00540 GPI90 GREYD- oo o000 ooooo SPT90 00000 BREE0- QDOSO- BELHO- 2iva0 00000 aooo'o L=
GLGLD GLELD- oo 0005 SFTI'0 BTLO0 O00S'0-  GLELD- OO0 DOSLD- GLGL'D GEGL'D 00SL°0 00SL°0 TSLED- oo GEGL'D FTLOD 00SL°0 oogL0- 0o00'o Qoo 0z
GLG6L°0 OD5L'D- 00540 0000'e 0000’0 00SL°0 0000'0 0000’0 000S'0-  GRTSO- G0 0000’0 00050 00050 GRTS'D- #TL9°0 G0 0000’0 BLGL0  BZLS'O- avis’n GEGLD ]
0oonn anseg- 0540 ooooo ooooo 00SE°0 onsLo- 0ooon BLGELD-  BTLSD- 00540 ooooo 0oooo 0oonn anseg- GFIO0 00540 TELED 00os0 GYTE0- 00000 aooo'o 12
BLBLD  BEGLDC SFII0 ooooo ooooo o000 BREEO- 00ooD O0sL0- Q00sSTo- 00sL0 ooooo 00000 0oooD BRTE0- 0S40 00sL0 BP0 00SL°0 O0sL0- 00000 aooo'o £12
o0os - 0BRS0 oo oooon 0oo0o onsLo- 00000 0oono 90 TSLE0 o0oon 0o00o 00000 0oonn TSLE0 oo GFEY0-  BILYO- QDOSO- G0 GFTS0-  GFTYO- 913
GETEO- 0Dos'0 BEVED- ooono opooo ooooo rEEED ooono 0Doso SPZ9°0 000ST0- opoo'g GRERD- GRESO- FEL90 GREED- GRERO- opoo'e QDoso- 000s’0 00OSTo-  000ST0- 513
GLELD- 00sL°0 0050 TELED GPTI0-  BTLHD- FTLO0 000a°n 00000 #TL9°0 0onsg- 0000°g 0005"0-  00QE'D- FTLAD 00540 GRTRD- 0000 GPTo0- GLGLD 0o00'o LD ETA 112
GLEL'D- BTLY0 GLGLD- 6bZ9'0  GRTS0-  00DOS'O- GL6L'D 00000 005L°0 0000°0  GPT®0-  GRTH'O-  000S'D-  OO00S'D- 6L6L°0  GRT®D-  GRT®'0- 00050~ GRTS'D- GL6L°0  GRTS'O-  000S'O- £12
0S40 onsETTo- ooos'n ooooo 00os0 00SL°0 onsLo- 0ooon GRTS0-  BRESD- ooooo FTLID 00sL°0 0S40 anseo- ¥BSS'D 00540 ooooo 00os0 anseg- 00000 aooo'o 13
GLELD ODSLD- GPIID ooooo SPZI0 00SL0 BREEO- 00ooD BERLD- ODSLO- 00540 oo 000s0 00Os’0 oDsLD- G540 GLBLD oo 0050 BRTEO- 00000 aooo'o T
qTL9°0 0000 oo0s'o 0005 0- SFZ9°0 00000 onoso- 0oono GLELD-  BRTID- GERLD 0o00o 00000 0oonn BZLSO- GLELD GERLD FEWID #TL90 BZLO- 00050 BEI0 013
JTL0 oopono oo0s’e onoso- SFZ0 ooooo onoso- 00D BEGED- BRESD- GERLD ooooo ooooo ooooo BZLSD- GLELD GERLD BEPID BIL9D  BELSO- 0ooso GFZ0 )
GPTE0- GLGLD GLELD- G790 00SL0-  BTLD- SLGLD 000a°n GEEE'0 #TL9°0 BTLO0- O0OE'D- 000a°0 00000 0o0a'o GPT0-  GRTYD-  GRTIO- TSLED- 490 o050 Qoo 22
GFZ9°0  O0OS'O- TSLED 0000'e SFZI'0 SFZ0 GRTS'0- 0000°0 O0SL'0-  GEGLD- #TLI'0 00SL'0 GL6L°0 GL6L0 GLGL'D- 0000°0 00540 0000’0 0050 GRTS'O- GFZ9°0 aoos'o ]
GLELTD GLGLD GLELD 00540 GEGLD HTLID BTLYO-  BELSO- BERLD- BRESO- #TLOD GEGLD SEGLTD GLELTD BLLSO- oooon ooooo ooooo FESS0 TSLED- 00000 aooo'o 93
005L0 BRTED- GPIID ooooo 00SL0 SEGLTD BLELDE ooooo 0ooo'0 00osTo- o000 ooos'o TELED TELED  QDOS'D- ooo0n o005 oo BEGLD BLRLD- GFZ9°0 0050 53
qTL9°0 GFT90- 00540 0005 0- GEGLD BLGLTD onoso- 0oono onseo- 0050 o0oon 00SL°0 00000 0oonn GFT90- oo FEIT'D GEGLD 00000 BZLO- 00sL°0 28970 La
onsLg- SPEZI0 GREED- opoo'e GRESD- BRERO- SFZ90 ooono SFZ9°0 SFZ9°0 ooono opoo'g GRERD- GRESO- GEBLD DZEE0- O0SL°0- Q00S'0- BEGLD- 00ono 0poo'0 GREE0- £}
GLELTD BRTED- GFI0 SrII0 00050 SFEI0 00000 GPTE0- BRTEO- OTELO- oooon 00SL°0 SFZI0 GFEI0 BRTED- GFI0 SEII0 00000 005L°0 BLLSO- 00000 GLGLD [
BL6L°0  GRTS'D- 00540 0000'e 00050 00540 GRTH0- GPTE'0- 009L'0-  GRTSO- GbT9'0 SbTI'0 00SL°0 00540 0000’0 GFIS'0 STTE'D GLGL'D P90 L0ES'0- GLGLD ao0o'o

HH L] 0z3 GBI} 81X L1 STy ] L] &] EID 1y Ty (5] =] 62 2 £2 92 52 L] p=} [a] 5] 60

GG M0 — O I0J XLIJeUW SHSIoM PoJesoIssy gV 9[qe],



85

ELGLD- 0ooo'g oDsLo- 00000 BRTYO-  BRTD- 0pooo aoooo 00sL0 arzan BRTOD- 0ooo'o aooo'o ooooo arzan o0oo0°o BRI®0- 00050~ ETLED- Tiv90 aoooo oooo'o 2
EL6L0 ELELD- 00000 00050 arIan 04970 o0os'd-  ELGL0- OOSL0- L6470 EL6L°0 0054’0 00sL°0 TSLED- 0000°0 L6470 04970 005L°0 o0sLo- aono'n 00000 az2
ELBLD oosL0- 0050 00000 ooooo 00sE0 00000 aoooo onos o~ arzeo 0oono aoos'o 0poso BRTSO- ETL9°0 vz 0pooTo ELBLTD ETLSD ETESD ELBLD 612
0oo0o onsLo- 00540 00000 oopooo 005£°0 onsLg- aoooo ELELO- ETLEO- 00540 00000 aopoo'o 00000 o0 arIan 005470 TELETD 00050 BRTEO- aopoo'o o000 212
EL6LD ELBLD- o 00000 0ooo'o 0000’0 BRTS'O- 0oo00°n 005£°0- 00050~ 00sL0 00000 0ooo'o 0000’0 BETSO- 0osLo 00SL°0 e 00S£°0 0DSEO- oooo'o 0oo0'o LT2

SERSTD 00000 00000 ooooo onsLg- 00000 aooon e TELETD [HO 00000 aooo'o 0oooo TELETD 00000 BRISO- EZL®Q- 00050~ aren BRESO- BRI a1

0005’0 TLYS'D- 00000 0000'e 00000 arero (b 0005'0 arzao 00050~ 0000’0 BPTY'0-  BEPTO- £749°0 BPIS'D-  BRIYO- 00000 00os'o- 00050 0005'0- 00050~ 512
ELGLD- 00SL°0 onsdo- TSLED BRTSO- EZLH0- £T49°0 aooon 0o00'o £T49°0 00050 00000 0005°0- 00050~ £T49°0 o050~ BRISO- 00000 BRIHO- EL6L°0 aooo'n o0sL0- 12
ELGLD- ETL90 ELGLD- arIen BRTY'0- 00050~ ELBL0 aoooo 00sL0 oopooo BRTOD- BRIOO-  QDOST0- O0OSTO- ELEL0 BREOD-  BRI®0- QODOSTQ- BRZED- ELBL0 BPE®D-  ODOSO- £12
00SL°0 0050~ 000570 0000°0 000s'a 005L°0 o0sL0- aono'n BRTHO- BRSO 00000 £TL9°0 0054’0 00sL°0 o050 25570 005470 00000 00050 o0sLo- aono'n 00000 fa ]
ELBLD oosL0- arzeo 00000 arisn 0050 BRTSO- aoooo ELGL0- ODSL0- 00sL0 0oono aoos'o 0pos’D oDsL0- 0osLn EL6LD 0pooTo 0050 BRISO- aoooo oooo'o e
ETL90 0oo0o 000570 D005 arIon 00000 onos - aoooo ELELO- BRI ELELD 00000 aopoo'o 00000 ETLED- ELELD ELBLD w90 ETL90 ETLOD- aoos'o e 012
ETLI0 0000 00050 00050~ arIsn 00000 ODOS'O- 0oo00°n ELBLD-  BRTSO- EL6L0 00000 0ooo'o 00000 EZLE'0- EL6L0 EL6L°0 LIRS0 ETLO0 ETLOD- 0oos'o e [
BRTSO- EL6LD ELGLO- aren onsEo- EZLSO- EL6L0 aooon GBEED ETL90 ETLSD- D0osTo- aooo'o 0oooo 00000 BRESO- BRISO- BRI TSLED- ETL90 aoos'o 0oooo B2
aTI0 00050~ TELED 00000 I 0 BRTSO- (b 00540~ ELELD- £TL9°0 00540 EL6L°0 E£L6L°0 ELELD- 00000 00540 00000 00SL°0  BRIS'O- arrs'n 0005'0 Ll
L6470 EL6L0 00sL°0 EL6LD ETL9°0 EZTLS0- ETLTO- ELBLD- BRTSO- £T49°0 EL6L0 EL6LD EL6L0 EZLE0- 0o00°n 0o00'o 00000 25570 CSLED aooo'n 0o00'o 82
00sL0 arzan 00000 00540 ELBLTD ELELD- aoooo oooo'e ooosto- 00000 0005’0 TELED IELED ODOSO- o0oo0°o 0oos'o 0000 ELBLTD ELGLD arIon 00sL0 52
74970 005470 00050 EL6LD EL6L°0 00os'o- aono'n 00540~ 00540 00000 005470 aooo'a 00000 ERTE'0- 0000°0 SEIT0 EL6L°0 00000 ETL8'0- 00sL'n TEw3'0 (]
oosL0- arzen BRTSO- 00000 BRTY0-  BRTD- arIen aoooo e arzen 0o0no 0oono BRTE0- EL6L0 OPES0-  00SL0- Q00S'O- ELGLD- 00000 aoooo BRTY0- EJ
ELBLD arEa e opos'o arzan 00000 BRTEO- BRTHO- SRTLO- 0000 005470 arIon arzan BRI~ arIan e 00000 005£°0 ETLOD- aopoo'o ELBLD [
EL6LD 00540 00000 0oos'o 00SL°0  BRTS'0-  BRTYO-  GT9L0-  BRTSO- aran o 00540 00sL0 00000 aren 160 EL6LD e TTES'D- ELBLD 0oo0'o T2

HH it 0zd EI2 8L [4 5] ] &1 513 I ETD [4 %] 1 &] oty 62 sl £ 93 52 L2 £ fa] 1] Ea=

06" M2 — © I0J XLIJeUW SHSIOM PoJeFoISIY €'Y 9[qe],



86

B9GL0- ooono onsE0- ooono BRTEO-  BRTESD- ooono ooooo o050 FPI90 BPTSO- opono ooono ooono #r290 ooooe BREEO- ODOSTD- STLE0- 95r9°0 ooooo oooo°o LT
99640 SOELD- 00000 00050 FPI90 STL9°0 Q0oso-  99GEL0-  DOSLD- O0SL0- FREL0 996L0 00540 00540 TSLED- oooon FRGL0 STL9°0 005L°0 o05L0- 00000 0000°0 0z2
9864°0  005L'0- 00540 00000 0000'e 00sL°0 00000 00000 000S'D-  BRTS'O- /79’0 0000'e 00050 0005’0 BRTEO- STL9°0 #rZ9°0 0000°0 986470 STL5'0- 5TL9°0 986.°0 ]
oonno anseo- 00540 0oooo ooooo 00sL0 anseoe oonno BOGL0- STLRO- 00sL0 ooooo 0oooo oooon onsLg- ArI90 00sE0 TELED 00os0 BRTSD- 0oooo 00000 12
9586L°0  99EL'D- #TI'0 00000 0000'e 00000 BPTS'0- 0000’0 O05L°0-  O00S'O- 005L°0 0000'e 00000 0000’0 BRTEO- 00540 00520 #rIan 00SL°0 005L°0- 0000'0 00000 L12
onoso- Jevs0 ooano 0oooo ooooo ansLo- 0oono oonno Pz TELED (RO ooooo 0oooo ooooo TELETD ooooo BRISO- SLL®O- O0OS'O- arzan BRTSO- BRISO- 912
BRTE0- 00os'0 EELEN ooooo o000 opooo TFEXD oonoo 00050 FPTI0 00OS'O- opoo'e BRTEO- BRTEO- STL9°0 BRIFD-  BETED- ooooe 00osTo- 00osn onos'g- DogsTD- 512
S9GL0- 00sL0 onsEo- TELETD BRTE0- STLsO- 51490 oonno (SO STL9°0 Qnas - ooooo noso-  00osTo- 51970 005£°0- BRTSD- 0o0o°n BREEO- 926470 0oooo oanseg- 12
BRGL0- S1e9°0 BREL0- BP0 BRTF0- 0O0S0- FE6L0 oonoo 00540 000D BRTEO- BREEO- 0O0SO-  O00ST0- FEEL0 BREFO-  BEPTE0- DODSTD-  BRESO- 98640 BRTEO-  DOOSTD- £12
00540 onsETo- 00as0 0oono opos'o 00sL0 onse- oonno BRIOD- BRTRO- 00on0 Stion 00sL0 00540 onsLg- GE550 00sL0 000o°n 00oso o05L0- 0oooo 0o00°n 12
996L°0 ODsLD- FPII0 ooooo FPII0 00sL0 BRTOD- oooo'e B9EL0- ODSL0- 00540 o000 oooso ooOs’0 Q0sLg- 0540 SE6L0 ooooo o0sL0 BRTSD- ooooo 0ooo° o T
STL9°0 00000 00050 o0os - JEI90 0oono o0os o 00000 BOGLD-  BRTRO- FR6L0 oooo'n 0oono o0oon STLs0- 996470 FR6L0 39r9°0 514970 STL90- 00050 arzan 013
STL90 ooooo Q0Os’0 QDosTo- FPII0 ooooo o0osTo- oooo'D B9RL0- BRETRD- SEEL0 o000 ooooo o000 STLEO- 99EL0 SE6L0 Feran STL9°0 STLsD- 0oos'o aren =)
BRTY0- FR6L0 99670~ Frzan 005£°0- SLLs0- 926L°0 00000 SLEED STL9°0 SLL%'0-  00OS'0- 0oono o0oon 0oonn BRIY0-  BRTS0-  BRTSD- TSLED- STL9°0 00050 0o00°n 82
FPZ90 0DOSTO- TELED oooo #PI90 JPEI0 BRTOO- opoo'e O0sED- 99500 514970 00540 FE6L0 996L0 99RO ooo0o 00sL0 ooooo 00se0 BRTSD- o 0ooso Ly
99640 BOGL0- 996470 00SL°0 9964°0 514970 STL5'0- STL%'0-  BOGL0- BRTRO- 514970 9964°0 FR6L0 9964°0 STL8'0- o000'a 00000 0000°0 68550 TSLED- 00000 0000°0 a
00sL0 BRTSO- #PII0 oooo 00540 FE6L0 SOELD ooooo ooono onoso- oono o0os'o TELED TELED  QDOS'O- ooo0o oposo ooooo 996L°0 B95L0- o 00540 S¥
S1L9°0 BETO- 005470 00os"0- 9964°0 FR6L0 00os'o- 00000 o0sL0- 00580 00000 00540 00000 o000’ BETHO- o000'a THETD 326470 00000 STL5'0- 00sL°0 92¥9°0 La)
onsE0- areen BETE0- ooono BRTEO-  BRTESD- o ooooo areen qrI90 ooono opooe BRESO- BRERO- FE6L°0 SRTE0-  00S5L0- DODSTD- B9GL0- [ opoo'o BRTSD- £X
98640 BETOO- #TI0 90 0005 0 00000 BRTH0-  BRPTRD-  BTOL0- 00000 00540 0 #T9'0 BETEO- AFI9'0 #I3°0 0000°0 00sL°0 STL5'0- 00000 986.L°0 L]
98640 BRTSD- 00540 ooono oooso 00sL0 BRTSD- BRT®O- BEPRED- BRISO- areen arIen 00sL0 00540 ooono arI90n L0ZE0 F96L0 #rZ9°0 EEES'D- 98640 oooo°o 1=

HH Tz2 ozy ETD LY Lys] Els] ST L] ETY [1%] Ly ot Lon] #2 £3 92 53 L] L=] fa] A =] SR

GR' Mo — 1 I0J XLIJeUW SHSIoM PoJeSoIs3y F°Y 9[qe],



87

SSEL0- opooto 00sLD- oooo'e BRTEO- GREED- o000 ooooo 00540 BP0 BRTEO- o000 ooooo 00ogo SFII0 00ooT0 BRTEO- ODOSTD- L0800 B5RI°D ooooo 00000 T2
SE6L'0 ESEL0- 0000°0 00050 G290 f0i9'0 0008'0-  §56L°0-  DOSL'D- DOSL0- SE6L0 SEGL'D 00SL°0 005470 TSLED- 00000 5E6L°0 L0480 00540 005L'0- 0000’0 00000 072
S56L°0  005L°0- 00sL0 00000 o0ono 00540 0000'n 0000’0 00OSO-  GRET0- SFZ9°0 0o00°n 000s'0 00050 GRT0- L0L9°0 5790 0000'o 556470 £0£5°0- L0L9°0 556470 612
o000 ongL0- 005470 0000°g 00000 o054 0050 000a°0 SSELD-  LDERD- 00sL°0 oo 0000°0 0o0a'a 0050 SFI9°0 005470 TELED 0005°0 GRTE0- 0o0a°0 0000°0 212
S56L°0 556L'0- GZ9°0 0000’0 00000 0000'0 GFTS'0- 0000’0 005L°0- 000S'0- 00sL°0 0000°0 0000’0 00000 GRTR0- 00SL°0 00540 GFZI'0 005L°0 005L°0- 0000’0 00000 L12
00os0- HERSTD 00000 o000 00oe0 [T oooon ooooo SPI9°0 TELED 0ooeo oooon ooo0o 0000 TELED ooooo GRIED-  LDLFO- QDOSTO- GFID GRTHO- BRTHD- 912
GPTS'0- 00050 6515°0- 0000’0 00000 0000'0 HTRY'D 00000 00050 6bZ9°0  0005'0- 0000°'0  GRTHO-  GRTS'D- L0L9°0 GPTSO-  GRTSO- 0000’0 00050~ 0005’0 O00S'0-  O0OS'O- 512
SSELD- 00SE0 o0sL0- TSLED GRTSO-  LDLTD- L0L9'n ooooo (SO L0490 onosTo- oooon onoso- 0oosTo- L0L9'n onsLgs GRTSO- ooono GRTEO- S56L°0 0oooo anseg- o
SSEL0- L0970 SSELD- BP0 BRTEO- QDOST0- SERLD ooooo 00540 ooooe BRTEO- GREED- Q0OST0- DOOS'O- SERLD BREEQ- BRISD- QDOSO- GRTED- SSEL0 BREHO- ODOS'O- £12
00540 onsTo- 00050 ooooo 00os0 oosLn o050 ooooo GRISD-  GREEO- ooono L0E9°D 005L°0 00sL0 o050 555570 00sL0 oonno 00os0 on5E0- 0oooo 00000 12
SERLD QDSLO- EPT90 oo SPE0 0540 GRTE0- ooooo SSELD- OnsL0- 00sL0 ooo0n o00s0 00Os'0 005LT0- 00sL0 SE6L0 o000 00sL0 GREED- ooooo 00000 L=
L0970 00000 00050 00os'0- GrZ9°0 oooon 00050~ 00000 SSELD- BRTEO- SE6L°0 oo 00000 00000 £0L9°0- 5640 556470 65090 L0490 £0L5°0- 00050 G0 012
L0L9'0 opooo 0oos'e 0nosTo- SPE0 ooo0o 0005 0. opooo SSELD- BRERO- 556470 oooon ooooo ooono 0L S56L°0 55640 6509°0 £0L9°0 0L 0ooso P90 63
GrTI'0- 5640 556L0- G730 onsio- L0L0- S56L°0 00000 9EEE"0 L0490 L0L5°0-  0DOS'O- 00000 00000 o000’ GPTH0-  GRTS'O- GRTRO- TSLE'D- L0£9°0 00050 00000 83
GPZ90 QDOSO- TSLED ooooo SFZ9°0 GrZ90 GFEE0- opoo'o ODSED- SSGL0- £0L9°0 00540 556470 SE6L°0 SSEL0- ooooo 0osL0 ooono 00sL0 GRERD- P20 00os'o &3
SEGLD SSEL- GEGL°0 00SL°0 SEGL0 L049°0 L0490 LDEEND-  ESELD- GRTED- £049°0 SEGLD EEGLD SEGL0 L0490 000a°0 00000 0000 585570 TSLED- 0o0a°0 0000°0 92
0054°0  BRTSO- SFZ9°0 00000 00sL°0 S56L°0 SS6LT0- 00000 0000°0 000S'0- ooono 00050 TSLED TSLE'0  000S'O- 00000 00os0 0000'o 556470 SSEL0- GFZ90 00540 53
L0L9'0 GRTHO- 005470 onoso- SEGL0 SEELD 00osT0- ooooo oosLeoe 000 0ooeo 0540 ooo0o 0000 GrEE0- ooooo 05IT0 SE6L0 0ooeo £0L9°0- 005£°0 GERI0 La
005£'0- GFZ9°0  GRTS0- 0000’0 GETEO-  GRTSD- GbT9'0 00000 5kZ9°0 GbTI'0 00000 0000°'0  GRTHO-  GRTS'D- 5664’0 OPTH'O-  O0SLD- ODOS'D- SSEL'D- (b 0000’0 GETS'0- ED
S56L°0 GRTEHO- SPZI0 SPEI0 00050 GFI90 ooooo GRESO-  BRISD- ERERO- 0oooo G540 SPZI0 SPE0 RIS SPZI0 SPZ90 ooono 00sL0 0L 0oooo SE6L0 3
SERLD BRTEO- oosLn ooooo 00os'0 0OsL0 GFTF0- BRTE0- BLRED- BRIRO- SFEZI0 SFII0 00sL0 00540 o000 BP0 TETE'D SE6LD SFEZI0 EVEFD- SE6LT 00000 1=

HH 3 0z3 (] ] LT3 1] 513 L] &] ETY (4] =] oty 62 82 £2 92 52 2 £2 fa] =] DB

=n

08 710 — O I0J XLIJeUW SPSIoM PoJeFoIS3Y Gy S[qe],



88

opoo'o oDsLo- 0000’0 BRES0- BRESD- 0pono aoooo 00se0 arzen BRI 0pono aoooo ooooo arzen [ o0oso- BE95D- 5890 oopooo oooo'o Tz

SPELD SRELO- 00000 00050 arIon 969970 Q0osTo-  SREL0- Q0SL0- OOSO0- SPELD SPELD 0osLn 005£°0 TSLED- 00000 SELD 969970 005470 o050 ooooo o000 oz
SEGLD 00540 00sL'0 0o00'o 0ono'e 005L°0 0o0o'n apoo'e QOoso-  BRTED- a0 0o0o'o aons'e 0o0s'n BRTED- 9699°0 ETI'0 0o0a'n SPGL0 BRIRD- 9E99'0 SEGLD GID
0oooo onsL0- 00540 00000 ooooo 00sL°0 onseo- aoooo SPELO0- BEISD- 00sL0 00000 aooo'o 0oooo ansLo- arzan 005470 TELETD 00050 BRESO- 0oooo 0oooo 813
SPBRLD arzan 00000 ooooo 0ooo'D BRTSO- aooo'e QosLo- 0DosTo- 0osLo 0ooo'o aooo'o ooooo BRTEO- 0osLn 00540 a0 005L£°0 0050 ooooo oooo'o LT
00os'0- 05ws0 00000 00000 oooo'n onsio- 00000 aooon e TELED 00000 00000 aooo'o 00000 TELED 0o00°n BRTY0- 96950~ 00DOS'O- arIon BRTYO- BRTYO- 91
0ooso 1518°0- 0oo0°o ooooo 0pooo racigy] aoooo 0oos'o arzen 00oso- 0pong. BREE0- BRETSO- 96599°0  BRTSD- 0pooto oDosTo- aoos'e QDos'o-  oDoso- ST

00SL°0 o050 TELE0 BRTH'0- BGE9S'D- 9699°0 aono'n 00000 96990 00050 00000 0008'0- 00050~ 96990 005L0-  BRTRO- 00000 BWTS'D- SbGELD 00000 00540~ (]

SPEL'D- 96990 SPEL'D- arZ9’0  BRTY'0-  000S'0- SkGL0 ao00'n 00SL'0 0000°0  BRTS'O-  ERTS'O-  0005'0-  O0OS'O- SP6L°0  BRTS'0-  BPT®'O- 00050~ BRTSO- SkGL'0 BREYO-  ODOS'O- ETD
005£°0 onsTo- 000570 00000 opos'o 005£°0 onsLg- aoooo BRTYO- BRTRO- 0000 96590 0osLn 005£°0 o0 PS50 005470 00000 00050 o050 ooooo o000 I
SEGLD 00540 Irzan 0o00'o rT9'0 00sL°0 BRTOD- apoo'n SPGLO- DDSLD- 0osL0 0o0o'o aons'e 00050 00540 0osLn SEGLD 0o0a'n 00sL'0 BRTRO- 0ono'g 0ono'g T
969370 0oooo 000570 D0osTo- arIon 00ooo o0as - aoooo SPEL0- BRTRO- SPELD 00000 aooo'o 0oooo SE950- SPELD SPELD TERI0 96590 S69%0- 00050 e oty
9699°0 ooooo 000s'0 D0os o arIsn 0oooTo QDosTo- aoooo SPELD- BRTRO- SPELD 0ooo'o aooo'o 0oooD eE9E°0- SPELD SPELD 590 9659°0  9R9Y°0- 0oos'o e 52
BRTYO- SEGLD SPEL0- arzan 005£'0- 96990~ SPGL0 aooon LEEETD 9699°0 86990 00OS'O- aooo'o 00000 00000 BRTS'0-  BRTYO-  BRTHO- TSLED- 9639°0 00050 0o00'o 2
arzen onoso- TELED 0oo0°o arisn aren BRISD- aooo'e oosLo- 96990 00540 SkeELD SPELD SPELO- [ 00540 0pooo 00580 BREEO- e 0oos'o L3
SEGLD SPELD- SEGLD 00540 SEGLD 9E59°0 DEI'D-  9699D-  SRELD- 659°0 SEGLD SEGLD SEGLD BE350- 0o00°n 0o0a'g 0000°0 £rS5°0 TSLED- 0000 0000 92
00SL'0 arzao 00000 00540 SFEL0 SkEL'D- ao00'n 0000’0 0005'0- 0000’0 00050 TSLE'D ZSLE'D 0005'0- 00000 0005'0 0000°0 SkGL0 SkELD- a0 00SL'0 52
9693°0 00540 D005 SEELD SPELTD onos - aoooo o0sL0- 00500 0000 005470 aopoo'o 00000 BRI~ 00000 IPIT0 SPELTD 00000 2E90- 005£°0 530 2
00540 FFT90 BETHD- 0o0o'o BRTRD-  BRIDD- a0 apoo'n FETI0 JrTa0 0ona'o 0o0o'D BRTD-  BRIDD- SPEL0 BRTS'D- 0OSLD- QDOSWD-  EWELD- aooo'e 0ono'g BPTY0- €2
SEGLD arzan arzen ooos'a ez 00000 BREFD-  BREWO- SLLBO- 00000 00540 arzon ez BRTSO- arzan e 00ooo 00540 S69%0- 0oooo SPELD &
SPBRLD 00540 00000 0oos'o 005£°0 BRTOO- BRE®D- SOALO- aran arzen 00540 00sL0 ooooo aren GLTE'D SPELD o SSEFD- SPBRLD oooo'o =
HH Lt 0zd ELY 212 L1D 812 ST =] ED 4] 1 ora 62 22 £2 92 52 2 €2 2 2 Muh_

G) Mo — 0 I0J XLIJeUW SPSIoM PoJeSoIs3y Q'Y 9[qe],



89

TEEL0- 0ooo'e oS- agooo BRTEO- aoooo opooo 00540 890 00000 aooo'o o000 290 0ooo'e BRTEO- QDOSTO- ERSED- P90 aooo'o aoooo z2
TEGL'D TEEL'D- 00000 aons'n £899°0 0008'0-  TEGLD-  DOSED- TEGLD TEGLD a0sL'n 00sL°0 TELED- 00000 TEGLD £R99°0 00SL°0 o0sL0- aono'a aooo'a 0zd
TEGL'D 0050~ 00sL0 0oo00°n 0000 00540 0ooo'o 00000 O0OS'O- o 00000 0oo0s'o 000s'0 BRTSO- £899°0 o 0oo0°n TEGL'D EBF5'0- £899°0 TEGL'D (]
aono'g 0050 005L°0 apoo'e 0o0a°0 005L°0 0050 0000°0 TEGLD- 005L°0 000a°0 Qoo 0000°0 o050 2790 005L°0 TSLED 00050 BRTE0- Qoo aono'g 212
TEGL'D TEGL'D- arzao ao00'n 0000’0 0000’0 BRTE'O- 0000’0 O05L°0- 000S'0- 00540 00000 aooo'e 0000’0 BRTS'O- 00540 00540 arzan 00SL°0 005L'0- aooo'e aooo'o LTD
00os0- LERSD 0ooe0 aoooo 0oo0o onsLo- aopoo'o 00000 e TELED 0ooe0 00000 aopoo'o 00000 TELED 0oa0o BRTS'O-  EBSF'D- OOOEO- e BREEO- BrEEO- 912
BRT'0- 0005'0 EbirS'0- (b 0000’0 00000 TIBY'D 00000 00050 arZs’0c  0005'0- 0000°0 BRTS'O- £899°0  BPTY'D-  BETSD- 0000’0 000S'0- 00050 O005'0-  000S'0- ST2
TEEL0- 00540 ansLge TSLED BRTSO- ERISD- £BR9°0 0000 00000 £B99°0 onoso- 00000 000sT0- 00os'o- £B59°0 onsE0- BRTE0- 00000 BRTSO- TEGLD aooo'o onsE0- L]
TEEL0- £899°0 TEGL D BrIsn D0os - TERL'D opooo 00540 opoo'o BRTEO- BPTSO- QODOSTO- OOOS'O- TERLD  BRE®O- BETS0- OODSTD- TERLD  BREFO- QOOSO- ELD
aosLn onsTo- 00050 aoooo 00540 o050 0oooo BRISD-  BRERO- 0ooeo £859°0 aosen 00sL0 oanse- 5550 00540 0000°n 00050 onseg- aooo'o aoooo fas)
TERL'D onseg- arzan aoooo arzen 00sL°0 BRERO- opooo TEGLD-  ODsLO- 00sL0 00000 aoos'o 0oos’o oDsLoe 00540 TEGLD o0oo0°o 00580 BRTOO- aooo'o aooo'o 2
£B99°0 0o00'o 000570 00050~ arzan 00000 00050~ 00000 TEELD-  BRTYO- TEGLD 00000 aooo'o 00000 EBS5'0- TEGLD TEGLD Erran £899°0 EB35°0- aoos'o arIsn oty
£B99°0 oooo'o 00os0 0DosTo- o 00oog 00osTo- opooo TEGLD- TEGLD 00ono aooo'o ooooTo EBSS'D- TERL'D TEGLD P90 £899°0 EBS9'0- aoos'o arisn 53
BRTI'O- TEGL'D TEGL'D- arzs’n 00540~ ERSSD- TEGL'D 00000 GOEE"D £893°0 EB3S'0-  DOOS'O- aono'a 00000 00000 BRTY'0-  BPTS'0-  BRTS'D-  TSLED- £899°0 aoons'a aooo'a |2
arisn onoso- TELED aoooo arzen arzen BRIE0- 0pooto oDsED- TEGLD- £859°0 005L°0 TEGL'D TERLD TEGLD- ooooo 00sLo [ 00s£0 BRTSO- arzsn aoos'o L3
TEGL'D TEGLD- TEGLD ansL'n TEGL'D £E99°0 EB3S'0-  EROED-  TEELD- BRTEO- £899°0 TEGLD TEGL'D TEGLD ER98°0- 0o0a'g 00000 0o00°n SE55°0 TSLED- Qoo aono'g 92
00540 BRTY'0- o 0oo00°n 00sL'0 TEGLD TEBL'D- 00000 0000°0 00050~ 00000 000570 TSLED Z5LED 00OS'O- 00000 00050 0oo0°n TEGL'D TEELD- arzsn 00540 52
£BR9°0 BRTEO- 00540 00oE"g- TEGLD TEGLD 00osT0- 00000 oosLeoe 0nsL0- 0ooe0 005470 aopoo'o 00000 BRISD- 0oa0o SPETD TEGLD o000 EBF90- 0osLn ErP90 2
005£'0- arIs’e  BRTSO- (b BPTS'0- arrs'o 00000 arrao T 0000’0 0000°0 BRTS'O- TEGL'D  SPT9'0- 00540 DOOS'D- TEGL'D- 0000°0 ao0o'o BRT'0- €2
TEGLD BRTSO- arEan arzon e aooo'o BRESO-  BRISO- 19990 0ooeo 005470 arzon arzan BRISO- aran e 00000 005£°0 EBF9'0- aooo'o TEGLD &
TERLD BETE0- 00sLo agooo 0oos0 0050 BREEO- BREED- SELOD- B0 290 0osLn 0osL0 00000 890 ZT60 TERLD BrZ90  B9ES0- TEGL'D aoooo =

HH ) 0z3 =] BT [ &] 1] 513 L] &] ETY (4] g ] oty 62 sl £3 92 53 L2 £ 3 ™ n_h.xn_

0L Mo — © I0J XLIJeUW SPSIoM POJeFoISIY L'V 9[qe],



90

FIELO- 00000 005L'0- 00000 GFT9'0- GBT5'0- 00000 0000'o 00540 G0 GPTS'0- 0000'e 00000 0000'e SFZ°0 0000'0 GPT5'0- 0005’0  B995'D- PERS'D 0000’0 00000 L&)
FIGL 0 PLGED- ooano 00os0 GrI90 99970 o0asTo- FIGL0- ODSE0- 0OSE0- FIGLD FiGLD 00sL0 00540 TSLED- oooon YIGLED F959°0 00sL0 o05L0- 0oooo 0o00°n 0z3
FI6L°0  005L'0- 00540 00000 0000'e 00sL°0 00000 00000 000S'D-  GRTS'0- 5rZ9°0 0000'e 00050 0005’0 GPT5'0- #599°0 5290 0000°0 FI6L0 B8995'0- 8899°0 Y1640 ]
0000o onseo- 005470 0oon0 oooo'n 00sL0 onseo- 00000 FIELD- BOSEO- 00SL°0 oooo'n 0oono o0oon onsLo- GFI90 00SL°0 TSLED 00050 GFTS0- 00000 0o00°n g12
160 PTG D- GT9'0 00000 0000'e 00000 GFTS'D- 0000’0 O05L°0-  O00S'O- 005L°0 0000'e 00000 0000'e GPT5'0- 00540 00520 G790 00SL°0 005L°0- 0000'0 00000 L12
00os'0- TIvs0 00000 0oon0 oooo'n onsLo- 0000 00000 GrZ90 TSLED 00000 oooo'n 0oono o0oon TSLED oooon GPTH0-  B99Y'0-  000S'O- TN GRTH0-  BRTSD- 913
GRTE0- 00os'0 FEFE0- ooooo o000 opooo 08w0 oonoo 00050 SPTI0 0DOSTO- o000 GRTEO-  GRTEO- §299°0 GRTE0- BRTEO- ooooe 00osTo- 00osn onos'g- DogsTD- 512
FIGLO- 00sL°0 o050~ TSLED GrTe0- B395°0- F209°0 00000 00000 #999°0 o0os - oooo'n onos'o-  000S°0- #299°0 005£70- GRTHO- 0000°n GRTHO- PIGL0 00000 onseo- Lg™]
FIEL0- §909°0 FIEL0- GFEI0 GFTFO0- 000sO- rIeL0 oonoo 00540 o000 GPTEO-  GPIE0- QOQSD-  Q0OSO- rIGLo GRTE0- GBRTHO- 0DOSTD- BRTEO- PG D GRTHO- DDOSTO- £12
005470 0050 00050 00000 o005 00sL°0 o050 00000 G¥TS'0- GRTIO- 00000 #999°0 00sL°0 005L°0 o050 £055'0 00SL°0 0000°0 00050 005£'0- 00000 0000°0 713
FIGLD  O0sLD- SPII0 ooooo GPII0 00sL0 GRTED- o000 PLELD- ODSL0- 00540 o000 oooso ooOs’0 Q0sLg- 0540 YIGLD ooooo o0sL0 ERTED- ooooo 0ooo° o T
#9930 00000 00050 000s"0- G0 00000 o0os"o- 00000 PIELD-  GRTEO- FIGL0 o0o00'a 00000 o000'a B398°0- FIGL'D FIGLD FERI'D #293°0 B995'0- 00050 GZA°0 013
#999°0 ooooo Q0Os’0 QDosTo- GPII0 ooooo o0osTo- o000 PIELD-  BRERO- YIGLD o000 ooooo oooo'e BR9RD- FIEL D YIGLD FERI'D #999°0 BR99'D- 0oos'o GFZ90 =)
GRTE0- FIGL0 FIEL - G290 005L'0- B395°0- FIGL0 00000 FLTED #9930 §995°0-  000S'0- 00000 o000'a 00000 GRTE0- GRTH0-  GRTRD- TSLED- 2209°0 00050 0000°0 22
SPZ90 0DOSTO- TSLED oooo SPI90 SPEI0 GRTSD- opoo'e O0sED- PISL0- F959°0 00540 YIGLO FIGL D FLGLO- ooo0o 00sL0 ooooo 00se0 BRESD- BP0 0ooso Ly
FIGL0 FLEE - TG0 00540 rIGLD F299°0 BI950- EEE RV o ST A R 4 F299°0 rIGLD FIGLD FIGLD BR95°0- oooon 00000 00000 0SS0 TSLED- 00000 0000°0 ER
0S40 GRTSO- SPII0 oooo 00540 YIGLO PLELD- ooooo ooono onoso- oono o0os'o TSLED TSLE°0 QDOS'O- ooo0o oposo ooooo riGLn PLELD- BP0 00540 S¥
§593°0 GRTEO- 0050 o0osTg- rIGLD FIGLD D0osTo- 00000 o0sLg- 00sL0- 0000 00sLn 0ooe0 oooon BRI oooon LFETD PIGLD 00000 LEEER 00sL°0 VERSD La)
onsE0- SFZ9°0 GREF0- ooono GREF0- GRTE0- SFZ9°0 ooooo SFZ9°0 SPZ90 ooono opono GPTSO-  GRTRD- YIGLo SPTE0-  005L00- DODSTD- FIGLO- [ ooooo GRISD- £X
FIGL0 GRTHO- GPTI0 GPEA0 ooos'o GPEA0 0oog0 GRTHO- BPTHO- ESERD- 0000 00540 GPEA0 GrIO0 BRI GFIO0 SPEI0 0000°n 005L°0 BO95°0- 00000 PIELD L)
Lty GRTED- 00540 ooono oooso 00sL0 GRESD- GRES0-  PRLED- GRERD- SFZ9°0 GPI90 00sL0 00540 ooono GrZ90 EFIED FIGLD SFZ90 BEESD- YIELD oooo°o 1=

HH T3 ozy %] 1Y LT3 913 STY L] & ELY [4%] Ty (£ %] 62 2 £2 90 52 2 £2 2 A& SE0

GO’ MO — O I0J XLIJeUW SHSIoM PoJeFoIS3Y Q'Y 9[qe],



91

LERLD- opooo [T A ooooo LPTE0-  LRTE0- ooono ooooo 0osL0 LPZ90 LPTE0- oooon opooo ooono LbZ90 ooooo LPES0- ODOS'O- 0595°0- STRID oopooo 00ono T2
LERLD LERLD- 0o00°n 0oos0 LPEI0 0589°0 00os 0. LEEL0- 0050 0OSE0- LEBLD LEBLD 00SE°0 00sL0 PSLED- ooooo LGBLD 059970 00sL0 [T 0oooo 00000 0z
LGBLD ODSLO- 00sL0 00000 o0ono 00540 0000'n 00000 0005 - LFT90- LFZ90 0o00°n 000s'0 00050 LPTe0- 05990 £r79°0 0000'o LEBL0 0599'0- 0599°0 LGBL0 612
ooooo onsLg- 00sL°0 ooooo 0oooo 0540 [Ty ooooo LEROD- 0S990 00sL0 oooon ooooo (SO [Ty LPEI0 00sL°0 FELED 00os0 LRERD- 0oooo 00000 a1
LERLD LERLO- LkT9'0 0000’0 00000 0000'0 LPTE0- 00000 00sL0- 00050~ 00sL°0 0000°0 0000'0 0000’0 LPTE0- 00SL°0 00540 LT3’ 00sL°0 005L'0- 0000’0 00000 L12
00050~ 90r50 00000 0o00o 0oon0 005£70- o0oon 00000 LrT9°0 FSLED 0oono oo 00000 00000 PELED 00000 LPT90- 0S990 000S'O- LFZ90 LPT0- LPTS0- 912
LPTE0- ooos'o ST¥Eo- ooooo ooooo 000 SELYD ooooo 00os0 LPZI0 0DOSO- o000 LPTH0- LPTED- 0599°0 LPTE0- LPTED- oooo'e QoS- ooos'o onosg- Dooso- 512
LGELD- 00SL°0 005L0- FSLE'D LpTH'0-  059%°0- 0589°0 00000 00000 05930 onos'o- o000’ 0005’0~ DOOS'O- 0589°0 onsdo- LRTEO- 00000 LBT'0- LEBLD 0000’0 o0sL0- 12
LERLD 059970 LERLD LPZI0 LPTHO-  0DOE'0- LERBLD ooooo 00540 o000 LPTHO-  LPTE0- QOOS'O0-  DO0S'O- LERBLD LPTH0- LPTE0- 0DOE'0- LpTHO- LEBLD LPTH0- D0OS'O- £12
00540 onsTo- 0005"0 00000 00050 0050 005L°0- 00000 LPTE0- LpTe0- 00000 0E589°0 00SL°0 005470 005L°0- 0BvS'0 005470 00000 00050 005L'0- 0000’0 00000 [
LGRLD QDSLO- LrEen oooo'o LPET0 0540 LPER0- opooo LERED- ODSL0- 00sL0 oooon 00os'o 0os'o o050 00se0 LGBL0 ooono 00sL0 LRESD- opooo 00ono =
0599°0 00000 00050 onoso- LFEI0 oooon 0nosT0- 0oooo LERLD- LPTEO- LEBLD oooon (B 00000 059%°0- LERLTD LBBLD SETRI0 089970 05980~ 00050 LFEA0 012
0599°0 opooo ooos o onoso- LFZ90 ooooe 00osT0- ooooo LERED- LPEEo- LEBLD oooon opooo ooono 059%°0- LGB0 LGBL0 SERI0 0599°0 059%°0- 0ooso LFZ90 )
LPEEo- LERLTD LERLD LPZI0 onsig- 0S990 LERLD ooooo Is0 059970 Ll R ooo0o 0000 oooon LPTH0- LPTEO- LpTEo- PSLED- 0589°0 00050 00000 23
LPZ90 0DOS'O- FSLED 00000 LFZ90 LFZ90 LPTe0- 00000 o0sLo- LGELO- 0599°0 00540 LERLED LGBL0 LGELD- 00000 00540 0000'o 00sL°0 LRTS0- LFZ90 00050 Ly
LERLD LERLD- LEBLD 00SL0 LGBLD 0589°0 059%°0- 05990~ LEEOD- LpTeo- 059970 LEBLD LERED LGBLD 059870 ooooo (SO ooono OBRS0 PSLED- 0oooo 00000 93
00540 LBTS'0- LkT9'0 0000’0 00540 LGB LGELD- 0000’0 00000 0005'0- 00000 000s'0 FSLE'D PSLED 00050~ 0000’0 00050 0000'o LE6BL0 LERLD- LFZ'0 00540 52
0599°0 LpTe0- 00sL°0 00os'0- L6BL0 L6BLD 00050~ 00000 onseo- 005L°0- 0oono 00540 00000 00000 LRTe0- 00000 FETTO LGB0 0oono 059%°0- 00SL°0 STvA0 LA
00sL0- LFTO0 LPTE0- 000a'g LPTR0-  LPTED- LTI 0o0a'n LF29°0 LEFTI'0 0ono'o o000 LPTI0-  LPTED- LGBLO GRIHD-  ODSLD- DOOEO- LBFL0- apoo'n 0ona'n LPT0- £2
LGRLD LpTH0- LFT9°0 LbT3°0 00050 LFZ9'0 o000’ LPTHO- LPTH'O- OSER'O- 00000 00540 L1730 L0 LRTI0- L2930 790 00000 00sL°0 059%'0- 0000’0 LGBL0 3
LERBLD LPTHo- oosLn oo o0oso 0540 LPTE0- LPTH0- TELLD- LpTEo- LPEX0 LPEID 00SL0 00540 o000 AP0 ratan LGB0 LPEX0 LBEFD- LERBLD 00000 1=

HH L] 0z2 BT ho] L12 213 L] L] ELY [] =] oty L= ] #3 £ 92 53 w2 L= fa] 1= Ly

09" M0 — © I0J XLIJeUW SHSIoM PoJeFoIS3Y :6°Y O[qe],



92

SLRLD- opooo [T A opoo'e GRER0- GRERD- ooono ooooo 0osL0 GPZ90 GRTEO- oooon opooo ooono GPI90 ooooo GRISD- 0DOS'0- GEZSRD- 919’0 oopooo 00ono T2
SERLD SeELo- 00000 00050 GPEA0 GTR9°0 00osT0- SEEL0- 0DSL0- ODSE0- SLBL0 SLBLD 005L°0 00540 ESLED- ooooo SLBL0 H299°0 00540 [T 0oo0o 00000 0z
SERLCD ODSLO- 00sL0 00000 o0ono 00540 0000'n 00000 00050~  GPTY0- SFZ9°0 0o00°n 000s'0 00050 GFT90- 579970 5790 0000'o SE8L°0 6Z99'0- GZ99°0 S840 612
ooooo onsLg- 00sL°0 ooooo 0oooo 0540 [Ty ooooo SLRCD- GIIE0- 00sL0 oooon ooooo (SO [Ty SPZI0 00sL°0 TELED 00os0 GREFD- 0oooo 00000 a1
SERLD SLRLO- GZ9°0 0000’0 00000 0000'0 GPTS'0- 00000 00sL0- 00050~ 00sL°0 0000°0 0000'0 0000’0 GPTS'0- 00SL°0 00540 GbTI'0 00sL°0 005L'0- 0000’0 00000 L12
00050~ EBESTD 00000 0o00o 0oon0 005£70- o0oon 00000 5FZ9°0 TSLED 0oono oo 00000 00000 TELED 00000 GHTSD- GI99°0-  000S'O- GBFIS0 GRTHO0-  GRTSO- 912
GFEE0- ooos'o BIrE0- ooooo ooooo 000 TBLYD ooooo 00os0 BP0 00oSo- o000 BRTFO- BRTED- GTIID BREEO- BRIED- oooo'e QoS- ooos'o onosg- Dooso- 512
SLRL0- 00SL°0 005L0- TSLE'D GPTH'0-  GI9R0- G790 00000 00000 62930 onos'o- o000’ 0005’0~ DOOS'O- G790 o0sio-  GRTSO- 00000 SEBLD 0000’0 o0sL0- 12
SLELD- 5I99°0 SLRLD- SPZI0 000E"0- SERLD ooooo 00540 o000 GRES0-  00OS'0-  DOOS'O- SEBLD BRERD- GRTSD- ODOSTO- SLBLD GRTH0-  DO0SD- £12
00540 onsTo- 0005"0 00000 00050 0050 005L°0- 00000 GrTED- GRTE0- 00000 G789°0 00SL°0 005470 005L°0- #0s0 005470 00000 00050 005L'0- 0000’0 00000 [
SERLD QDSLO- SPE90 oooo'o SPE0 0540 GRTE0- opooo SERCD- ODsLO- 00sL0 oooon 00os'o 0os'o o050 00se0 SL8L°0 ooono 00sL0 GRTE0- opooo 00ono =
G790 00000 00050 onoso- GFEI0 oooon 0nosT0- 0oooo SLRLD- GRTEO- SLELD oooon (B 00000 GTIF0- SLBLD SLBLD ELCERY 59970 GTIF0- 00050 GFE90 012
GZR9°0 opooo ooos o onoso- SFZ9°0 ooooe 00osT0- ooooo SERCD- BRERO- 5£8L°0 oooon opooo ooono GTIE0- 58470 S840 9190 5Z59°0 GZIFD- 0ooso G690 )
GrEE0- SLBL0 SR SPTI0 onsLg- GI9RD- SLRLD ooooo TETE0 H299°0 GEIS'0-  QODOETD- ooo0o 0000 oooon GRTHO- BRTHD- GRTE0- TSLED- GTR9°0 00050 00000 23
GFI90  0DOSO- TSLED 00000 SFZ9°0 GFZ90 GFT90- 00000 o0sLo- SLBL0- 5799°0 00540 SE8L°0 S840 SLBL0- 00000 00540 0000'o 00sL°0 GRT'0- GFZ90 00050 Ly
SERLD SERLO- SLBLD 00SL0 SLBL0 GTR9°0 GTIE0- GESSQ-  SEROO- GREE0- 529970 SLBLD SEBLD SLBL0 GTIE0- ooooo (SO ooono arvso ESLED- 0oooo 00000 93
005L°0  GRTS'O- GZ9°0 0000’0 00540 SEBLD SL8L0- 0000’0 00000 0005'0- 00000 000s'0 TSLE'D TSLED 00050~ 0000’0 00050 0000'o S840 SLBLD- GFZ3'0 00540 52
GTR9°0 GRTHO- 00sL°0 00os'0- S840 SEBLD 00050~ 00000 onseo- 005L°0- 0oono 00540 00000 00000 GrT90- 00000 P10 SERLD 0oono 62990 00SL°0 9Tra0 LA
00sL0- 52970 G790 0ono'g GETED-  GRIED- GFT9'0 0o0a'n GrZ9°0 SFI9'0 0ono'o o000 GRTID- BRI SLBLO BRIHD- ODSLD- DOOEO- SLELO- apoo'n oono'n BRTED- £2
SERLD GRTHO- TN SBZ9°0 000570 GFI90 o0oon GPTH0-  GRISO- BRERO- 0oono 00540 SFZ9°0 GrZ90 GrT90- SFZ9°0 5FZ9°0 0000o 00sL0 62990 00000 S840 s
SERLD BRTEO- oosLn oo o0oso 0540 GRTY0- BRTSD-  TTEOD- BRISO- SPE0 GPIID 00SL0 00540 o000 SPZ0 0160 SLBL0 SPE0 LEERD- SEBLD 00000 1=

HH L] 0z2 BT ho] L12 213 L] L] ELY [] =] oty L= ] #3 £ 92 53 w2 L= fa] 1= S50

GG ND — O I0J XLIJeUW SPSTIoM PoJeFoIs3y 0TV 9IqeL



93

BEELO ooooo oS- 0Dogo BRIOD- BRSO o000 2000 Q0L BPZI0  BYTYO- ooooo ooooo ooooo FPEF0 0DOo'g B¥EE0- Q00SO- o9 LOPI0 o000 o000 T
GFRLD BYELD- 0Dooo 0Dos'o BFTF0 ToeED 00os"g- GYELD- QOSL0- Q0500 SFELD SFBLD 0050 00sE0 TSLED- 0Dooo BERLD Toes0 00SL0 Q0sL0- 00000 00000 0z
GFELD OO05L0- 005L°0 00000 00000 05L°D 00000 00000 0005'0-  B¥TS'0- B0 0000'D 00050 00050 BYTE'0- 70990 #TI0 00000 SR 0950~ 0990 SFRL0 (%]
oooore O0sL0- 00sL°0 0oooo [Be e 00540 onsL0- ooooe GYELD- 09%0- 00SED ooooo ooooo ooooo onsLg- areyo 005L0 TELED ooosg BREYO- 0oooo 0oooo 12
SPEED BRELOO- Y0 0oooo 00000 Loy BETE0- oGO0 oosL0- 000s'0- GOSED ooooo 0oooro ooooo BYTSO- 00SL°0 QO5L0 FPII0 00SL0 QnsLo- ooooo ooooo L12
00050 LEESD 00000 00000 00000 0050 Ll Ll leys] #TI0 TELE'D 0000'o 00000 00000 o0ooo TELE'D 0000 B¥EEO- Z09%'0-  0005'0- #TI'0 BRTEO-  BRTHO- 413
BYTH0- 0005'0 L0510 00000 00000 000D TLLV'D 0000'D 0005'0 #¥Z9'0 00050 0000’0 BETSO-  BRTSO- T099°0 BPTO0-  BRTIO- 000D 0005'0- 000s'c 000S'0-  O0OS'O- 512
GRELD- 00SL°0 ansLo- TELED BRTSO- T09SO- ToRFD ooooe ooooa T09%'0 Q0o0so- 0ooo'e QDos'o- o0oso- Y0 QosLo- BYERO- ooooa BRTE0- SPRLD 0oooo onsLg- o
BEELO T0eF0 BREL0- FrEF0 BPTOO-  QDOSTO- GERLD 2000 Q0L oooore BYERO- BPERO- QODOS'Q- QOOSO- GFRL0 BPTO0- BVERO- Q0OSD- BMEEO- SPRBLD BRERO- QDOSO- (1=
00SE°0 005T'0- 00050 00000 0005'0 0540 005L'0- [ealilegs] BPTY'0-  BPTEO- [alv Ty} 0990 0050 005E°0 0050 TIPSO 00540 Lol 0005’0 O0sL0- 00000 00000 =]
GFBE0 O05L°0- Yo 00000 T30 0O5LD B¥C90- 0000e G¥BL0- 0050 DOSED 0000'D 00050 0005’0 00540 00SL°0 GERLD 000oe 00SL0  BRTYO- 00000 00000 T2
T0eF0 ooooo 0Dos'o D0os - FTI0 o000 00oETg- [elriege] GYELD- BYERO- SRR ooooo ooooo ooooo 0990 SPRL0 GERLD L0P0 0990 oewo- 00050 FPEI0 2]
090 ooooo 0Dos0 D0os - BFIF0 000D 000sTg- 2000 GYRLD- BPEEO- SFELD o0ooD [usleye] ooooo 0950 GFRL0 BERLD LOP90 0930 0aFo- 000s0 BP0 B2
B0 GFRL0 GEEL0- areyo oosLo- 70980 GERLD o000 EETED 0930 09%0-  000SO- o000 ooooo ooooo BPTO0-  B¥TYO-  B¥IRO- TSLED- 709370 00050 00000 82
P20 D0O05S'O- TELED 0Dooo T30 APZI0 BEEED- o000 oO5E0- BRRLD- T093'0 00sSED SFRED SFRBL0 GYELD- 0oooo Q0540 ooooae 00SL0 BREYO- #FZI0 00os0 £
GFRLD BYELD- GFRL0 00sL°0 GFRL0 ToeED 09F0- 09F0- GYELD- BYEEO- 0930 SFBLD SFRLD GFRL0 0950 0Dooo [uslrieg) ooooe TIPED TSLED- 00000 00000 92
00SE&0  BPTSO- BII0 00000 0050 GFRLD GERLD- 00000 00000 0005'0- 00000 0005'0 TSLE'D TSLE'D 0005'0- 00000 0005"0 00000 GPRL0 GRELO- #FTI'0 00540 52
TO9F0 BYTRO- 00sL°0 o0as - SFRL0 GERLD 000s"0- ooooe QOsE0- 005E0- ooooa 00SE0 ooooo ooooo BYTEO- 0oooo ErITo GERLD ooooa Z09%0- 00sL0 L0w30 L&
ansLo- JPET0 BRI 0oooo BRISO- BREISD- APEI0 oGO0 FPII0 qPTI0 ooooa oooorD BETEO- BRTRO- SFBL0 BPTS0- Q0S50 Q0050 GRELOO- ooooo opooD BRTEO- £2
GFEED BVPTRO- #TF0 T30 000%5'0 AFTI0 Ll BPT2'0-  BPTYO-  BPTRO- 0000'o 0050 #II0 #FTI0 BYTE'0- #TF0 #TI0 0ooo'a 0050 0aeo- 00000 SFEL0 e
GFELD BRTSO- 005L°0 00000 00050 05L°D B¥TY0-  BYTY'0-  GPBL'D-  BRTEO- B0 B0 0050 005L°0 00ow'o arIyo FL06'0 GERLD BHTI0 L0t5'0- SFRL0 00000 12
HH L] 0z3 ] %] 5] %] 13 91} ST} L= ETY (45 Ty 5] 5] (=] s ] £2 52 52 L] €2 [s ] ] 0o

0G" M2 — © 10§

XLIJRUL SYP[SToM PoJeSIssy TV 9[qelL



94

TT8L0- 00oo'd 00540 0000°0  9¥TS'O-  SETS'D- 00000 00000 00540 rTI0 S¥T0- 000D 000D 00000 STI0 00000 9¥T5'0-  DO0OSD- L850 LGES'D 0000'e 0000'e 122
TTRLD [ T o000 00050 0 TLSF0 o0os'o-  TTEL0- 0050 00SLTO- TTRLD TTRLD 0050 0050 FSLED- o000 TERL0 TLS0 005D 005£70- oooon oooo'n 0T
TERLO Q0500 00sSED ooooo ooooo 00sL0 0oooo 0oooo 00050 SeEED- wIIo ooooae ooose ooosg evEso- TLSTD WTI0 00000 TIBLD TLSFD- TLSD TERLD 512
ooogre Q0sL0- 00sE0 ooooo ooooo 00sL°0 o0sLg- 0ooeo CTRLD- TLSED- Q0L [uslrieg) ooooe ooogre Q0sL0- SFTI0 0050 FELED oo BETE0- oooon opnoo 12
TTRLD IR0 S0 00000 00000 00000 BYTe'0- 00000 00540 00050~ 00SL°D 00000 000D 0000’0 eRTeO- 005D 0050 T30 0O5L°D 005L°0- 0000'e 0000'e 12
onoso- HIES'D ooooo ooooo oooore O0sL0- 0oooo 0oooo WTI0 YEEED ooooe ooooe ooooa ooooa FELED 0pOore 8EESD- ELSTD- DO00SO- rIon SRTE0- SRTE0- 912
TE0- ooos'ae LEESD- ooooo 0oooro ooooo ERED [Beey] 00os'o rEI0 00050 ooooa ELGE R TESTD SpERO- SMIRD- 00000 00050 o0s'n onosTo- 0nosTo- 512
[ A 00SE'0 0058L0- FELE'D  BPTHO-  TLSE'O- TLSF0 00000 00000 TLE9'D 00050~ [l leys] 000g'0- 00050~ TLS9'0  O0SL0- BETRD- 00000 BPTS0- TTRLD 00o0'a 005L'0- 12
TT8L0- TLS9'0 TZELO- 9FZI0  SPTH'0-  0005'O- TTRL0 00000 00540 000D S¥TY0-  S¥TY'0-  0005'0-  000S'0- TIBL0  SPTH0-  9ETS'0- DOOSTD-  9ETSD- TTRLD S¥T%'0-  0005'0- 12
0osL0 QosTo- 0oos'o ooooo 0oos'o 00SE°0 ansLo- 0oooo LA -] A ooooe TERTD GOSL0 GOS0 QoS0 TLESD 005L°0 By 005 onsE0- ooooo ooooo A=
TEBLO Q0SL0- PITI0 ooooo PEI0 0050 eI 0Dooo CTHELOO- Q05D GOS0 Luslriege) o005 ooOsg QosL0- 00sED TTRL0 000Co 0O5L0 LA ooooo ooooo 1
TLST'0 [alv Ty} 0005’0 00050 T 00ooo 000s"0- 00000 TR0 BETID- TTRLD [l legs] ooao'e (il 4590 TIBLD TTRL0 LGED TLET'D L5980 0005 rTI0 [y 8]
TLS9'0 0000o 0005’0 000S'O- IFEI0D 0000 00050~ 00000 CTRLCO- 9ETID- TTRLD 0000e 000oe 0000'o TL990- TIBED TERL0 LBEYD TLEYD TLS9D- 0005’0 Rl (]
TE0- TTBLD TTELO- GPIF0 O0sL0- TLSERO- TTRLO 0oogo QLOE'D TLETD TLSED- Q00SO- ooooe ooooa oooore SeEEO- BMIRD- BMIED- BSLED- TLE9D ooos'o ooooo 22
SrTI0 Q00So- TELED ooooo SFEI0 SFEF0 rTeo- 000eo 05 (442 TLSTD 00SL0 TTRLD TTBLD [£4:Favy o0ooD 0050 Q00eo 0sLD BETE0- L o0os'o £2
TTRLD [ T TIBLD 00SED TIBED TLSF0 CL59°0-  TLS90- TTHLOD- 9EEYD- TLSTD TTRLD TERLD TIRLD TLeY0- o000 00000 00000 TLESD FSLED- oooon oooo'n 92
00SL0 evEwo- SFZI0 ooooo 00sSE0 TIBLO CTRLD- 0oooo 00000 00050 ooooe ooosa YELED YSLED Q0O0SO- ooooo 0005’0 00000 TIBLD ETELD- oo 00540 52
TESFD wvEEO- 00sSED Q0oso- TTRLD TTBLO D0osTo- 0ooeo o0sLo- 00sLD- o000 00SL0 ooooe oooore evEEo- ooooo GETZT'O TTRLO o000 TLSFD- 00sLn LGESD w2
005L'0- 9FZI0  SPTHO- 00000 SPTHO- BPTE'O- SrI30 00000 T30 Io 00000 00000 S¥TY'0-  SPTH'0- TIBLO  GPTRO-  0OSL'0- DOOSD- TTRLD- 000D 0000'e SPTe'0- EJ
TERLD evEvO- IO IO ooos'o IO 0oooo SPTSD- BRSO EVTED- ooooe 005L0 L SPZI0 evEyo- IO WTI0 000eo 0I5 TLSED- ooooo TZRLD 2
TERLO evEeo- 0OSED ooooo 00os'o 00SE°0 SPTO0- SRTSD- SEROD- SRRSO 0 T 00SL0 0OSL0 ooooa ETI0 EE0E'0 TTBL0 GrEI0 STreg- TERLD ooooo 1=
HH L= oz 61D hs] L] Els] L] L] E12 [t Ly oy (=] B £ 52 52 L] L] 2 L= 0

1
u

G M0 — 0 I0J XLIJeUW SPSIoM PoJeFoIssy ZT'V 9d[qeL



95

TGLLD- oooorg oosLo- 000Co GPTE0- BPTE0- 0000 oo 00sL0 EPT0 GPTe0- ooooo 00ooo o000 SFES0 0Dooo GPEE0-  Q00S0- PSR- LBESD ooooe ooooo 1
TELLD TELLD- 00000 00050 GbT30 530 00050 TELL0-  005L°0- OOSL°0- TELLD TELED 005L°0 05D TSLED- 00000 TELLD S3'0 005L°0 005L°0- 0ooo'e 00000 03
TEELD 00540~ 00SL°0 00000 000oe 00SED 0000e 0000’ 0005'0-  ERTSO- GFTI0 0000'D 00050 0005’0 BYTH0- TrS3'0 GFII0 0000'D TELL0 be590- S0 TELLD (=]
o000 oosL0- 0050 [elegy] ooooe 0050 QoS0 oo TELL0- peseDe Q5L ooooo [Bsleyy] ooooe 00sL0- SPIF0 GO5L0 TELED o0os'o VTS0 ooooe ooooo ]
TELLD TELLD- 5FZ3'0 00000 00000 0000’0 G¥TE0- 0000’0 00540 000STO- D0SL'D 0000'D 00000 0000’0 BETH0- 005L°0 005L'D SFZI'0 005L°0 005£'0- 000D 00000 L1D
00050 FETS0 ooooo By ooooe QnsLg- 0DOog ooooa SPEF0 TSLE0 ooooe ooooo [Beeyy] ooooe TSEED 0oooo IR0 Lt SPTY0 GREE0- GRTEO- 913
GPEe0- ooos'o LBERD- 000Co o000 ooooo LA oo o0os'o EPT0 o0osT0- oooorD BETED- GRERD- LR BRTOD- GRERD- oooorg ooosTo- o0os'o onosTg-  Qo00sTD- 512
TGO 00SE0 005L0- TSLED G¥Te0- FPSe0- S0 o000 ooooo TS0 00050~ 0000 000S'0-  000S°0- 590 ooseLo- G¥T90- o000 GYT0- TELLD oooo'e 00sL0- L]
TGLLD- LEER TELLD- SFZ0 GYEE0-  000SD- TRELWD ooooa 00sL°0 00000 GPES0-  GPEE0- DOOSO-  DOOSTD- TELED GRISD-  GRES0- Q00SD-  GREED- TELLD GYTE0-  000S'0- (3]
005LD 00570~ 00050 00000 0005 0050 005L°0- 0000'o GPTH'0-  GRTSO- [l leys] s53'0 005L°0 0050 00540 OEES'0 005LD 0000'n 00050 005L°0- 0ooo'e 00000 T
TEELD 00540~ SFZ30 00000 GFII0 00SE0  B¥ESD- 0000'D TELL0-  005L°0- D05L°0 0000'D 00050 0005’0 005L°0- 00sL°0 TELLD 0000'D 00SL°0 G¥T90- 000oe 0000 1
LiEER ooooo o0os'o D005 o GPTI0 oooore Qooso- oo TELL0- BPTED- TELLD ooooo [Bsleyy] oo byseo- TELL0 TELLD LBESD rrs30 Lt ooose SPII0 3] 5]
rS9'0 0000'D 0005°0 00050~ GbTI'0 00000 D0O0S0- 00000 TELL0-  BRTS'O- TELLD 0000'D 00000 0000'D  PESR0- T6LL0 TELLD LBES'D rs3'0 L 0005"0 SFZI0 (]
GYER0- TELED 6L SPT0 onsE0- FPSE0-  TRLLD ooooa SO0E°Q 530 FPSE0- Q005SO- [Beeyy] ooooe ooooo YIS0 IR0 GREH O TSLED- S50 ooosa ooooo a2
GPII0 oooso- TELED 000Co SPTI0 SPIF0 BEED- oooore o0sLg- TELOD- LiEER 00SED TELLD TEELD TELLD- 0Dooo GO5L0 ooooo 0050 BPTE0- SPTI0 o0osTo L2
TEELD TELL0- T6LL0 00sL°0 TELLD TESI0 bEEE0- a0 TELL0-  BRTSO- 590 TELED T6LL0 TELLD Fyaso- 0000 o000 o000 OEESTD TSLED- ooooe o000 9
00540 BRTH0- SFZF0 00000 00540 TELED TRLLD- ooooa ooowo 0005 ooooae oooso TSLED TSEE'D DOOS0- 0oooo oposae ooooo TELLD TGLED- L 00sSED 52
530 GhTH0- 005L°0 00050~ TELLD TELED 00050 00oo0'd 005L0- 00SLO- [l leys] 005D 00000 L] GYTe'0- 00000 0EIT'D TELED 00000 bi550- 005D LBEFD La]
005£°0- GFZ90  BYTSO- 00000 G¥C90-  GYTHD-  EFIS0 0000'D GFZF0 SFZ0 0000e 00000 G¥TS0-  BRTSD- TELLD L¥T90-  005L°0-  000S'O- TELLD- 00000 0ooo'e eEEHO- £2
TEELD GhTHO- GPEF0 EPT0 o005 SPII0 o000 GREH O GPTE0-  BROED- ooooe 00sE0 SPEF0 GPIFD YT SPIF0 GPTI0 ooooo 0050 Lt ooooe TELED 2
TELLD GYTH'D- 005L°0 00000 0005"0 00S&0 G¥EE0- GETHD- LERLD- GRTSD- GTI0 SFZI'0 005L°0 0OSL°D 00000 SFZ30 GZ0E'0 TELLD 5FZ3'0 STIrS'0- TELLD 00000 e
HH 2 0z3 G132 812 L13 912 512 L] ELD [A%] s 013 B2 B2 £2 52 52 ¥2 EJ [ ] 12 0

n
L]

0F" o — 0 10§

XLIJRUL SY[SToM POJeSoIssy €T1°V 9[qelL



96

LD ooooa oosL0- oooore SEESD- SEESD- oo oo 005L0 TI0 9¥Ee0- (B 0Doo'o (B T30 ooooa L 0oos'o- TESS0-  RESOD ooooe o000 13
LEleas LD ooooo 00os'e WwITI0 TI59°0 0oos - PaLL0- 005£°0-  00sL0- reLl’o reLl’o 0050 0050 PSLED- ooooa Lelaas TI59°0 005£°0 Q050 ooooe ooooa 0z2
Ll oosLo- 0oL ooooD ey 0DsL0 oo o000 0ooso-  opTeg- IO 00000 0005’0 0005’0 ovTeo- TI59'0 GPII0 ooooD Lt (SR TIS9D Ll 512
00ao'e onsio- 005D 00000 0000’0 005D 0050 Lalvlegs] L0 TISEO- 005L°0 00000 0000’0 0000’0 onsc'0- ITI0 005D YSLED 0005’0 9¥TSD- Ll lef] [ealilegs] 812
YoLL'0 FaLLo- IFII0 000D 00000 000D LA 000D 005£°0- 00050 00SL°0 00000 000Q'0 00000 o¥Te0- 00SE'D 00SED I 0050 005L°0- 000D 0000e £13
nos - FITED ooooo ooooD e ooseo- oo oo I FELED [Blslee] ey B e FELED oooo opTeo- ILsEg- noos'g- AeIeo ELCA L 912
S¥TEO- 00os' SLERD- [nluye) e 000D v 2000 0oos ELrEa 00es'0- 0D0oo 9vTED- SvIED- 1590 SyTEo- SvTEo- [nluye) 0oos'g- 0D0s0 000s"0- 00OST0- S12
Ao 005D oosLo- YELED  9¥TSD- ZISYD- TI59'0 o000 o000 TI59°0 00a5'0- 00000 000s'0- 00050 T159'0 onseo- ovTeo- 0000 aeTe0-  rRLL0 o0o0oe 005£°0- 8]
LD T159'0 FRLLD- SPTI0 9EESD- 0005O- Ll oo 005L0 0oooo S¥ES0-  9EES0- 00050 000S'O- reLLa ovTeo- L 0oos'o- oPTEO-  PRLLO S¥EE0-  000ST0- 35]
005L0 oosTo- 00os'0 [lieye) 0005’0 0OsL0 ooscg- o000 SYPTEFO- ovTED- [Blslee] TI59°0 0050 0050 ogsLg- SETS0 005E0 [lieye) 00os'0 00540 o000 o000 (4]
ToLL'D o0sL'0- SFII'0 00000 T30 05L'D LA 00000 PALO0- 00540 005L°0 00000 0005’0 0005’0 onsL'0- 00SE'D reLl'o 00000 005L°0  8¥TSD- 00000 00000 113
1590 ooooa o0os'o 0ooso- WwTI0 oo 0005 - oo FILO0- oRTEO- FRLL0 0Dooo 0Doo'o 0000 ZT5F0- rRLED reLED FEETD TI59°0 ZL550- opos'e Wi Lr] 8]
1590 0oooa 00os'o 0oos - WITI0 Letlnny] 00os - oo POLOD- oRTEO- LAy [Belsey] [Belsey] 0000 [45 R reLED LAy SLETD TI59°0 (SR ooos'e Ll 52
o¥Te'0- TRLED AL 9¥I3'0  005L'0-  ZTSSO- Ll 00oo'e DEET'D T159'0 ZI55'0- 00050 0000’0 0000’0 00a0'a opTe0- opTe'o- opTe'o- PSLE'D-  TT59°0 0005"D Ll leys] ]
IETI'0 0005'0- YSLE'D 00000 w30 rzI'0 LA 000D o005£°0-  PALL0- T159'0 005L'0 YOLL'0 ¥HLL'0 ALl 000D 00SE'D 00000 00540 9¥TSD- ITI0 0005'0 £2
LEleas LD Lelaas 0L FeLLD TI59°0 L5590 L5890 PILO0- oRTEO- T159°0 reLl’o reLl’0 FeLLD [45: R ooooa ooooo ooooo 5650 FSLED- ooooe ooooa 2
00540 opTeo- GPII0 ooooD 0050 Ll PALLD- o000 o000 noos - ooooo 00050 YELED FELE'D 0nos o [lee) 00050 ooooD Lt FOLLD- IID GO5L0 52
T159'0 ovTe0- 005D 00050~ L0 Ll 0005'0- Lalvlegs] o05£'0- 005400 00000 005L°0 0000’0 0000’0 ovTe'0- 00a0'o LETT'D reLl'o 00000 ZI55'0- 005L°0 SLETD 2
onsL0- TS0 ovTe0- 0000’0 9¥TS'0-  O¥TSD- WII0 000D IEII0 0 0000 00000 o¥Te'0- 9¥ISD- YoLL'0 GYTH0- oosL0- 00050~ FALL0-  0DOKO 000D S¥Te0- €2
Lelea opTeo- II0 II0 0005’0 L oo SvEeo- SPEE0- TEEEO- [Blslee] 0050 rITI0 WwITI0 ovTeo- IPTI0 II0 ooooD 0050 (SR o000 Ll 2
LA SyTEo- 0050 [nluye) 00050 0S40 SyTED- S¥TE0- FIEL0- 9vTED- GrIF0 arII0 0050 0050 oooo SFTI0 T00E0 Lt GFII0 FEFED- Ll 2000 i=
HH 2 0z2 [ ] BI3 13 13 513 =] ET3 13 113 (¢] o] & 82 £2 82 n ] La] EJ T 13 SED

GE" MO — 0 10§

XLIJRUL SY[SIoM PoJeSIssy ‘FT1°V 9[qelL



97

SELLD- opooo o0sL0- opoo'o eRTEO- SRTRD- ooono opooo 00540 o0 epTsO- oooon ooooo ooono rIsn opooo SRTS0- 00050~ EBISO- 95E9°D opooo 00ono T2
SELLD SELLO- 00000 00050 GrEI0 EBPOD 00osT0- SELLQ- QDSLO- ODSE0- SELLD SELLD 005L°0 00540 PSLED- ooooo SELLD EERID 00540 [T 0oo0o 00000 0z
SELLD 0DSL'O- 00540 0000’0 00000 00540 0000'e 00000 00050~  SPT'0- Srza’0 0000°0 00050 00050 BkTe'0- EEVS0 ELrd: ] 0000’0 SELLD EBI3'D- £8P0 SELLD (]
ooooo onsLg- 00sL°0 ooooo 0oooo 0540 [ T ooooo SELLD- EBFEO- 00sL0 oooon 0oooo (RO [ T STI0 00sL°0 FELED 00os0 SRTE0- 0oooo 00000 a1
SELLD SELLD- o ooooo ooooo 000 BETE0- ooooo o0seg- 0noso- 00sL0 o000 ooooo 00ogo BETE0- o0sL0 00540 a0 00sL0 o0sLg- ooooo 00000 L£12
0noso- HEZSD 00000 ooooo 0oono o050 opoon ooooo rz90 FELED ooono oooon ooooo 0oono FELED ooooo RIS EBKFEO-  0DOS'O- arzon SRTHO- SRID- 912
L oooso SREFD- oo ooooo ooo0e QELYD ooooo 0Doso GrIon  00oso- ooo0n SRTH0- BRIED- EBPOD SREIO- SRTOD- oooo'e QoS- aoos'o o0osg- Dooso- 512
SELLD- 00SL°0 o050 FSLED GETI0- EBKEO- EBFID 00000 00000 EBRI0 onos - oo 000s'0-  DO0S'0- EBFID onsio- eRTeO- 0000o GpTyo- SELLD 00000 onseo- 12
SELLD- EBRI0 SELLD- SPI90 SRTSO- 0DOSTO- SELLD opooo 00540 opoo'e eRTEO- SREE0- Q0OS'O0- DOOS'O- SELLD GRERQ- SRTSD- ODOSO- SRTED- SELLD SRTH0-  0O0S'O- £12
00540 onsTo- 0005°0 00000 00050 00540 005£'0- 00000 SRTS0- SRTR0- 00000 EBRI'D 00SL°0 00SL°0 005£'0- #5250 005470 00000 00050 005L'0- 0000’0 00000 fas]
SELLD ODSLO- w90 ooooo S0 00540 SETE0- ooooo SELLD- ODsLO- 00sL0 oooon o0oso ooso 005L£70- o0sen SELLD ooono 00sL0 SRTE0- oopooo 00ono =
EBPI'D 00000 0005"0 00080~ a0 o000 00080~ 00000 SELLD- BRTRO- SELLD o000 00000 00000 EBIE0- SELLD SELLD 99£9°0 EEVA0 EBIE'D- 00050 A0 012
EBFID 00000 00os 0 00050~ a0 0000'n 00050~ 00000 SELLD- ORTSO- SELLD 0o00°n 00000 00000 EBIS0- SELLD SELLD 99E9°0 EBFI0 EBISO- 00050 L 0]
BrTE0- SELLD SELLD- ITI0 o0sLg- EREED- SELLD 0oooo THRT0 EERFID EBFE'0-  QODOE'D- (B 00000 oooon BRTEO- BRTED- BRTEO- FSLED- EBFID 00050 00000 23
9¥Z9'0  0005'0- YSLED 0000’0 rzI0 arza'o SFT'0- 0000’0 o050 SELLD- EEVA0 00540 SELL'D SELLD SELLD- 0000’0 00540 0000'o 00sL°0 SRT'0- IkTI'0 00050 Ly
SELLD SELLO- SELLD 00SL°0 SELLD EBPOD EBFEO- EBES'O-  SELLODH SRERO- EEVI0 SELLD SELLD SELLD EBFEO- ooooo (SO oonno #5250 PSLED- 0oooo 00000 93
Q0S40 BETHD- rzen 000a'g 00sL0 SELLD SELLD- 0o0a'n 0o0o'o 00gs'o- 0ono'o 005" FELE'D FELED 00050- 0o0a'n 0005’0 0ona'g SELLD SELLD- IFTI'0 00540 52
EBFID GpTeo- 00sL°0 onoso- SELLD SELLD 0nosTo- ooooo o0sEo- 00580 ooono 00540 ooooo 0oono SETE0- ooooo orzTo SELLD ooono EBFEO- 005L°0 99E9°0 L=
o050 SrEI0 RTe0- oooo'o eRTEO- 9RETRD- I ooooo Ly I ooooo ooo0n SRTH0- BRIED- SELLD BRERO- ODSLO0- ODOSTO- SELLD- aoooo opoog eeTeO- £}
SELLD GETeo- 0 TI0 000570 rIon o0oon GET0- SRTSD- FEESO- 0oono 00540 ITI0 0 SPT90- 90 IrTI0 0000o 00sL0 EBIEO- 00000 SELLD s
SELLD ewTesO- oosLn oooo'o 00oso 0540 SPTE0- SRTED- TEGLD- SRESO- A0 rIen 00SED 00540 ooono S0 56870 SELLD A0 ERFEO- SELLD 00ono 1=

HH L= 0z2 LY BTD L1 913 L] L] ELY (1] =] oty L= ] #3 £ 92 53 2 L= [=] L= DED

=n

0g" Mo — O I0J XLIJeUW SPTIOM PoJeFoISIY GT'V d[qeL



98

S0LLo- opooo o0sL0- oooo'o BRTE0- ooono opooo 00540 JPT90 BRTSO- oooon ooooo ooono #PI90 opooo BRISO- 00050~ EStSO- SSED opooo 00ono T2
S0LLD S0LLg- 00000 00050 FrEa0 EEROD 00osT0- S0LL0- ODSLO- ODSE0- S0LL°0 SOELTD 005L°0 00540 ESLED- ooooo S0LL°0 EERI0 00540 [T 0oo0o 00000 0z
S0LL°0 ODSL0- 00540 0000’0 00000 00540 0000'e 00000 00050~  BPTY'O- /790 0000°0 00050 00050 BPTE'0- EEva0 #rTe’0 0000’0 S0LL°0 ESt3'D- £5P9'0 S0LL°0 (]
ooooo onsLg- 00sL°0 ooooo 0oooo 0540 [ T ooooo SOLED- ESE0- 00sL0 oooon 0oooo (RO [ T #PEI0 00sL°0 ESLETD 00os0 BRESO- 0oooo 00000 a1
S0LLD S0LL0- #FZ90 ooooo ooooo 000 BRTE0- ooooo o0seg- 0noso- 00sL0 o000 ooooo 00ogo BRTE0- o0sL0 00540 FrZI0 00sL0 o0sLg- ooooo 00000 L£12
0noso- 902570 00000 ooooo 0oono o050 opoon ooooo e ESLED ooono oooon ooooo 0oono ESLED ooooo BRISD- ESKFE0-  0DOsTo- arzon BREHO-  BRTSD- 912
BRTY0- oooso SSE9D- oo ooooo ooo0e aTivn ooooo 0Doso FPTI0 0005 ooo0n BRI ESPOD BRERO- BRIOO- oooo'e QoS- aoos'o o0osg- Dooso- 512
S0LL0- 00SL°0 o050 ESLETD BRTS0-  ESKRO- ESRI0 00000 00000 E5RI0 onos - oo o0os - ESRI0 onsio-  BRTSO- 0000o BRTSO- S0LL°0 00000 onseo- 12
S0LLo- ESP90 S0LED- #PZ90 BRTSO- 0DOSTO- SoLLD opooo 00540 opoo'e BRESO- BRE®O- Q0DOS'O- DOOS'O- S0LLD BRERQ- BRISO- ODOS'O- BRTSD- SOLL°D o0os - £12
00540 onsTo- 0005°0 00000 00050 00540 005£'0- 00000 BRTSD- BRTIO- 00000 E5R9°0 00SL°0 00SL°0 005£'0- TZZS0 005470 00000 00050 005L'0- 0000’0 00000 fas]
S0LLD QDSLO- arzen ooooo arzen 00540 BETE0- ooooo SOLED- OnsLo- 00sL0 oooon o0oso ooso 005L£70- o0sen s0LL°0 ooono 00sL0 BRTED- oopooo 00ono =
EEk9'0 00000 0005"0 00080~ 90 o000 00080~ 00000 S0LL0- BRTHO- S0LL°0 o000 00000 00000 ESt30- S0LL0 504470 5EE9°0 EEVa0 ESt3'D- 00050 a0 012
£5P9°0 00000 00os 0 00050~ Jrzao 0000'n 00050~ 00000 S0LED- S0LL°0 0o00°n 00000 00000 ES90- S0LL°0 S0LL°0 S5E9°0 ESRA0 ES9'D- 00050 o 0]
BRTEO- S0LL0 S0LLg- BYTI0 o0sLg- ESTED- S0LLD 0oooo FERTD ESPI0 ESKE'0-  QDOE"D- (B 00000 oooon BRTHO-  BRISO- BRTEO- ESLED- ESRI0 00050 00000 23
#¥79°0  000S'O- ESLED 0000’0 8’0 AFI'0 BPTS'0- 0000’0 o050 S0LL0- EEvA0 00540 S0LL°0 S0LL°0 S0LL°0- 0000’0 00540 0000'o 00sL°0 BRTS'0- T’ 00050 Ly
S0LLD S0LLg- S0LL°0 00SL°0 S0LL0 E5RO°0 ESFE0- ESEE0-  SDLLO- BRTSO- EERI0 SOEL°D S0LED S0LL°0 ESFE0- ooooo (SO oonno 1250 ESLED- 0oooo 00000 93
00540 BETRD- #rI9°0 000a'g 00sL0 S0LLD S0LL0- 0o0a'n 0o0o'o 00gs'o- 0ono'o 005" EGLED ESLED 00050- 0o0a'n 0005’0 0ona'g S0LL°0 S0LLD- A0 00540 52
E5PI°0 BRTHO- 00sL°0 onoso- S0LL0 S0ELD 0nosTo- ooooo o0sEo- 00580 ooono 00540 ooooo 0oono BRES0- ooooo eI S0LL0 ooono ESKEO- 005L°0 S5E9°0 L=
o050 FPEI0 BRTOD- oooo'e BRTRO- BRERD- FPII0 ooooo grIe0 FPTI0 ooooo ooo0n BRI SOLLD BRERD- ODSLO- ODOSTO- S0LLo- aoooo opooo BRTO- £}
S0LL°0 BRTHO- 90 #TI0 000570 FFI90 o0oon BRTHO-  BRTSO- TILSO- 0oono 00540 e BRTS0- #rZ90 e 0000o 00sL0 EStE0- 00000 S0LL°0 s
SoLLD oosLn oooo'o 00oso 0540 BRTE0- SRELD- JPEI0 #PEI0 00SED 00540 ooono #PZ90 area0 S0LLD JPEI0 TSrea- SOLED 00ono 1=

HH L= 0z2 LY BTD L1 913 L] L] ELY (1] =] oty L= ] #3 £ 92 53 2 L= [=] L= ST

GZ Mo — O I0J XLIJeUW SPSIoM PoJeFoIS3y 9T'V 9[qeL



99

BLGLD- oooorg oosLo- 000Co oPTe0-  OrEeD- 0Dogo o000 00SE0 OrEF0 ovTee 2000 ooooo 00ooo oo oooorg OEEED- Q0OS0- BTERO- EPESD 00000 ooooo T
FEBLD BLILD- 00000 00050 orTae SI09'0 000S'0-  BLSED- 0OSL°0- 0050 #L8L°0 FEBLD 005D 005L°0 08LE"D- 0o0o'o /L8L°0 GIR3'0 00SE°0 005L0- 0000°0 00o0'a (2]
#9800 00540~ 00SL°0 00000 000oe 00SED 00000 000D 00050  O¥TS'0- orz30 0000e 00050 00050 0¥Te0- GIFS'0 [+ ] 0000e BLOL0  BITSD- 5TF9°0 FL90°0 (8]
o000 oosL0- 0050 [elegy] ooooe 0OSE0 ODsLD- oo BLILD- GLEO- 00sL0 [elriege] ooooo [Bsleyy] o050 Pz 00sL0 ORLED ooos'o opTeo- 00000 oooon 12
FEOLD BLIL'D- orZ3'0 00000 00000 0000°0  ORTS'0- 00000 0054'0-  0005'0- 0050 00000 0000'D 00000 o¥Te'0- D0SL'D 005L°0 [0 00SE'0 005L'0- 00000 0000'e fAs]
00050 SETSD ooooo By ooooe onsLo- [Beey] ooooe orzao OREED By ooooa ooooo [Beeyy] 08LED ooooe ovEso- GIFE0-  Qooso- orzan oRTeo- ORTE0- 913
orTeo- ooos'o EVES'D- 000Co o000 ooooo PLEwD o000 ooos'e OrEF0 D005 oooore OvERO- ORTEO- [0 OPTe0-  OpTeD- 2000 oooso- o0oso 00050 00OST0- 512
BLILD- 00SE0 005L0- 08LE°0 O¥Te'0- GIrS0- 51090 0o0oe o000 5190 00050 oooe  Q005'0-  000S'O- SIS0 005£°0- ORTe0- o00oe o¥Te0- /L9470 00000 005£'0- i3
BLIED- SIRSD BLSLO- orzso O¥Ee'0- 00050~ BLOLO oo 00SED ooowo oPTeD-  OvEE0- Q00STD-  DOOSTO- BEOLD O¥TE0-  ORTSD- QOOSTD- ORERD- /L8970 oRTE0- 000S'0- (3]
005LD 00570~ 00050 00000 0005 0050 005L0- L] 0¥Te'0-  OPTS'0- 00000 GIP3'0 005D 005L°0 005L°0- GBTE'D 005L°0 0000'e 0005’0 0050 0000°0 00o0'a [ ]
#9800 00540~ orZso 00000 [0 00SE0 OWTS'0- 000D BLILD- OO5L0- 00SL°0 0000e 00050 00050 005L°0- D0SL0 2800 0000e 00SL0  OPTSO- 00000 0000'o T2
EIRID ooooo o0os'o D005 o orIee ooooTe QoosTo- oo BLGLO- OPTE0- BLOLO [elriege] ooooo [Bsleyy] EIrED- FLOLD BLOLO EPESD SIS0 GLISO- 00050 orIen [51]
GIRS'D 0000'D 0005°0 00050~ [4:40] 0000°0  000S'0- 00000 BL9L°0-  OWTE'D- #L8L°0 00000 0000'D 00000 GIrS'0- FEOLD /L8L°0 EPES'D 5IP9'0  GIVS'D- 00050 orIa'n 62
orTeo- BESED BLSLOO- orzeo onsE0- GREO- BLOLO ooooe SBLTD SIS0 ETFS'0- Q0050 ooooo [Beeyy] 000cg OPTE0- ORTS0- OPER0- 09LED- S1v9°0 00050 ooooo 82
L= oooso- OREED 000Co OrIee OPZF0 OPTeD- o000 QOsL0- BLROD- EIR90 GO5L0 BLOLD BLOLO BEGLD- o000 00sL0 2000 OOSED OpTEO- orzeo o005 £2
FEOLD BLILD- /970 00sL°0 FEOLD SIS0 GI¥5'0- GIFF0- BLSLO- ORTEO- 5190 FEOLD FEOLD BL8L°0 6Itr50- ooooo 0000 o00oe GBTS'0  0SLED- 00000 oooon 92
00540 oeTE0- [ Y] 00000 00540 BESED  BLSLD- oo oooorg o0osTo- 0000 oposae ORLED OREED 00050~ ooooa 0Dos'o o000 BESED  BLSLO- orzeo 00540 52
GIR3'0 P70~ 005L°0 00050~ FLOLD /L9870 000S'O- L] 00540~ 005470 00000 005LD 00000 00000 o¥Te'0- 0o0o'o TEIT'O FEBLD 0000'n GIIr8'0- 005470 ErES'D L]
005£°0- OFZ9'0  O¥TS0- 00000 O¥Te'0-  O¥Z0- orZ3o 000D OFZ'0 oFZso 00000 0000’0 O¥TS0-  ORTSO- #LOL0 G¥TY'0-  005L°0- 00050~ BL9L'D- o0ono 00000 OrTe'0- ]
FLOLD oeTeo- OrEd0 orzeo o005 orze0 0oogo opTeg- OPETe0- GESEO- [ECeleg] GO5L0 orZI0 orEFo oeTeo- Pz orzEo o000 00SE0 GLISO- 00000 FLOLD 2
FEOLD O¥Te'0- 005L°0 00000 0005"0 00SLE0  OPTS'0-  OPTS'D-  5SEL°0- ORTE'D- orZ30 [a-00) 005D 005L°0 00000 [rd-40) 51680 FEOLD OFZ3'0  GSIE'0- #8470 0000'e 3
HH it 0zd 3] 8] 81} L1 512 513 I ETD [48] T oty B B £2 50 52 L8] £2 2 12 0z'0

n
£l

07 Mo — © I0J XLIJeUW SPSTIOM PoJeFoISIY LTV 9[qeL



100

BRIL0- opoo'e onsLo- opoo'D eREEO- SRETSO- ooooo ooooo 00sL0 a0 BRI ooono ooono aooon wzen ooono SPTE0-  0DOSTO- ZEESD- EEETD 0pooo opono TEa
L0 aralo- 0oooo 00os0 PEI0 TEEYD Q0oso- eeaL0- ODSLO0- ODSL0- oL e 005470 0540 PSLED- ooooo L0 TEESD 00SE°0 oansLo- 00o0o 00000 0z3
grein onsLo- 00sED o000 ooooTo 00sL0 o000 00ooTD QDosTo- BRTEO- 0 ooooo 00050 00050 LA TEEID L oo L0 TEESD- TEESD reL0 G123
ooo0'a onseo- 00540 00000 00000 00SL°0 onsdo- 00000 GpaL0- TRES'O- 00SL°0 00000 0000°0 o000’ 005£°0- ECAN 00540 FSLE'D 00050 SpTHO- 00000 00000 a12
9¥oL’0  SRaLD- S0 00000 00000 o0ono SPTH0- 00000 005L°0- ODOS'O- 00sL°0 00000 00000 0000°n SFT90- 0054°0 00SL°0 TS0 00SL°0 00SL'0- 00000 00000 L12
onoso- TS0 0oooo 00000 00000 o0sLo- 0oooo 00000 PEI0 FELETD 00og0 000g0 00000 oo PELED oooon wTE0- IGEYD-  QDOSO- 9PZI0 GRTHO- eRTEO- 913
BPTE0- o0os'o EEE®D- 00000 00000 ooooo SESVD o000 oooso a0 o0os - 00000 ELCE N - L TEEI'D BRTE0- BRTE0- oooo'e QoS- 00os'0 QDoso- ODosTo- a13
BPIL0- 00SL°0 onsLo- FSLETD GETY0-  TRERO- TEETD 00000 0oono THESD o0os - 00000 00050~ 000S™0- TEES'D 005£°0- SRTE0- 0o00o RTYo- LT 00000 onsdo- 12
BRIL0- TEES'D epalO- P90 GRTHO-  DDOS'O- LT ooooo 00sL0 ooono SRTS0- SRTSD- 0DOSD-  ODOSTO- el SRTE0- SRTE0- 0DOSTO- SREHO- 9¥8L0 SRTHO- 0DOS'O- £13
oosLn onsTo- 00050 00000 00050 005470 onsLo- 00000 ETEO- BRTEO- 000g0 THESD 005470 0S40 [ T T5I50 oosLn 00000 00050 onsLo- 00000 00000 [
Sb9L’0  O0SL0- SrZ'0 00000 S0 00540 SPTH0- 0000°0  eP9L0- ODSL0- 005L°0 00000 00050 0005'0 005L°0- 00540 LT 0000’0 00SL°0 SpTHO- 00000 00000 12
TEESD ooooo 00os0 onosa- 20 0oonn onoso- 0oooo GraL0- BRTEO- oL (RO 00000 oooon EHESD- Lo L0 EEETD TEESD ZEESD- 00050 0 (L]
TEES'D ooooo 00Os’0 QDoso- SPEI0 opooo onoso- 0ooo'D eReL0- BRTSO- a0 ooooo 00000 ooo0°n EHESD- L0 L0 EEESD TEESD CEES'O- 000s0 rEI0 62
BPTY'0- S9L0 epal0- T30 onsio- TRESO- LT 00000 GTLT0 TEES'D Z6E9'0-  D0OS'0- 0000°0 o000 o000 SpTY0-  SPTY'0-  SPTHO- bSLED- TEESD 00050 00000 22
9¥Z9'0  O00S'0- YSLED 00000 II0 L] SPTH0- 00000 00540 BRSO TEES'D 00540 ral’o L0 SPIL0- 0000'e 00SL°0 0000’0 00SL°0 9RTS'O- T 00050 ]
L0 aralo- LT 00sL°0 9L TEEYD CEESO- CEES'D-  SRRL0- SRTEO- THESD e LT reLn EHESD- ooooo oooo'o ooooo TETS0 PSLED- 00o0o 00000 92
0S40 eREeo- PII0 o000 00sL0 LT apalo- o000 ooooo o0osTo- 0oogo o0os'0 FELED PELED 000ETg- ooooo ooos'o oo ELCT A UR- L= A IPEI0 00540 52
TEES'D SRTY0- 00540 onos'o- eL0 a0 onos'o- 00000 o0sL'0- 00500 00000 00sL°0 0000°0 o000’ SPT0- 0000'a T SaL0 00000 TRES'D- 005£°0 £EETD L]
005£°0- 9FZI0  SETHO- 0000°0  9RTHO-  SETSO- S0 00000 a0 a0 00000 00000 SRTS0-  9RTS0- L0 BFT90-  005L°0- 00DOS'O- 9P9L'D- 00000 00000 9ETSO- €]
Lo apTeo- GPII0 SII0 00050 GrEI0 0oooo SRTHO- GRTEO- TLPEO- 00og0 00540 I arIon LA rIon LN o000 005L°0 TEESD- 00000 LT L)
Greln sRTEO- 00sL0 00000 00os0 00sL0 SRTHO- SRTEO- B9RL0- BRTEO- ELcA N a0 00540 0S40 o000n L DEEE0 L0 ELCENUNNE- )l IFSL0 ooooo 1=
HH ) ozy ] ] LT3 ] -] )] ETD [4 %] g o] oy 63 #2 £2 92 52 2 p= [ ™ ST

GT™ M0 — O I0J XLIJeW SIYSTOM PaIeFoIS3Y

8TV 91qEL



101

BTRLO- 000Cg 050 ooooTe OpTeD- OREE0- ooooo ooooo 00sL0 orTee  OpEEo- 00ooo o000 oo orEg0 0Doo'g OPEE0- QDOSO- BSESTD- TTESD o000 ooooo T2
G18L°0 61940 0o0o'o 00050 orZ30 GEES'D 00080~ GT3L'0-  005L°0- 0O5L°0- G180 G18L°0 05D 00SE'0 09LED- 00000 G180 (333 4] 00540 0050~ 00000 00000 o]
519070 005L°0- D0SL0 0000 00000 00540 0000'D 00owo 00050~  O¥T9'0- (g 00000 000s"0 0005’0 OFTeO- 65E90 OFZ3'0 0000 51900 BSES'D- B5ETD 51940 &2
ooooo o050 Q0S40 ooooo 0oogo GO5L0 oosL0- ooooo BT GSERD- 00sE0 [Bsleyy] oo oooorg QosLg- orzEo 00sE0 OREED o0os'a orTeo- 00000 0oog0 12
519270 61940~ [rd-40) 00000 00000 00000 O¥Te'0- 00000 00540 0005'0- 005D 00000 00000 0000’0 ObTEO- 005L°0 005D orZ3'0 0050 005L'0- 00000 00000 LT3
Qnas - Aty ooooa ooooo [Beey] onsL0- ooooo ooooo orzeo ORLED ooooo [Beeyy] ooooe ooooa OREED 0DO'o OPES0- BSES'D- QO0OSTD- orzen QRTH0-  ORTSO- 912
vz o0os'o TTERO- ooooo 0Dogo 2000 DESTD ooooo o0oso OPIe0  Q0oso- 00ooo opTeg-  OeETe0- BEESD oeTeo-  OvEEO- ooooo 00Os’0 QDosg-  ODosTo- 512
GT3L0- 00SL0 0050~ ORLE'D OPTO0-  GSERD- G5E9'D ooooo 00000 G5E9°0  Q0O0S'O- 00000 00050- 00050~ 55E9°0 oosLo- OvEEO- ooowo G19470 00000 onseo- 12
BRI GEESD GI9L°0- OFZ30 OPTS0-  000ST0- SI9L°0 ooowo 00sL0 opooe OpERO- OPES0- Q0OSTD- QOOS'O- 518870 OPTeD-  OPES0- DDOS'O-  ORESD- GI94°0 OREHQ- ODOSTO- 12
005L°0 0052'0- 00050 00000 000%5'0 005LD 0050~ o0ooo opTeo-  ORTE'0- 00000 (333 4] 05D 00SE'0 00540 ETTS0 005D 00000 00050 0050~ 00000 00000 T2
519070 005L°0- oFZS'0 0000 orZ3o 00540 O¥Te'0- 00owo GI9L°0-  005L°0- 00SED 00000 000s"0 000s'd  005L0- 00sL°0 SI9L°0 0000 00SL0 orze'0- 00000 00000 112
GEEFD 000Cg QoOse QoosTo- orEFo o000 Qooso- ooooo ET9L0-  OvEEO- SI8L0 [Bsleyy] oo oo GEESD- 18070 SI8L0 TIEFD BEESD GSERD- 00050 oz (]
GSEFD 00000 0005’0 000S'0- orZ3'0 00000 0005'0- 00000 GT94°0-  O¥TS'0- 519L°0 00000 00000 0000’0 GSES'D- 518.L°0 S19L°0 TIEFD B5ESD BSES'D- 00050 orza’o 62
v F180°0 G180 OPZF0 O0SL0- GSERD- SI9L0 ooooo SEQT°0 G5E3'D GSES'Q-  QODOSTO- ooooe ooooa ooooo oPTeD- OPES0- ORTEO- D9LETD- G5£9°0 00os0 0oono a2
OrEF0 00050 ORLED ooooo orEFo L= orTeo- ooooo o050 GTRL0- SEESD 00570 G18L°0 SI9E0 BIRLO- 0Dooo 00SED ooooo 00sL0 orTeo- orE90 0Dos'o 2
519L°0 6I9L°0- G190 00SED 518470 G5ESD GSERD- GSES'D-  GT9L0- O¥T90- G5E9'D 518L°0 GTRLD SI9L°0 GSESD- 0000 o000 ooowo ETTS0 09LE'0- 00000 0000 92
00SL°0 owTeo- orze ooooo 00sL°0 GIRL0 BI9L0- ooowo 00000 onoso- ooooo 00os'o OBEED OBLED QDOSO- 0oooo oooso ooooo S180°0 G19L°0- orzZen 0osL0 52
(333 4] o¥Te'0- 00SL°0 000S'0- G18L°0 G180 00080~ o0ooo 0050 005L°0- 00000 005L°0 L] 0ooo'e ObTeO- 00000 FIIT'0 G18L°0 0000 D GSES'D- 00SL°0 TTEA'D L]
00540 oo O¥Z9'0- 00000 ORTS0-  O¥TS0- [y 00owo orZ0 [0 0000'D 00000 o¥Te0-  O¥Z90- 519L°0 BPTO0-  O05L0- 00050 GI9LD- 0000'o 00000 ORTS'O- £2
S19L°0 oeTeo- Pz orze0 0Dos'o OrIee oooore opTEO- OPTeD- OEEED- ooooo 0050 orIeo obZe0 OpTEo- orzEo orZI0 opooo 00sL0 GSERD- 00000 519470 L]
519270 o¥Te'0- D0SL'D 00000 0005'0 00SL'D 0¥Te'0- OPTED- ELGLD-  OWES0- oFZa'0 orZ3'0 0OSL°D 00SE'D 00000 [+ ] BEEE'D 519270 o0 TLrS'0- 519L°0 00000 1]
HH T3 oz %] 812 fAs] 1] ] L] %] ETY (4% 4 %] (1] =] B2 B2 £2 52 52 L] €2 [ ] 2 orn

=

0T 719 — © 10J XIIJeW SYYSoMm

Po1e8eIssY 6TV O[qel,



102

003L0-  0000'®  OOSL0- 00000  DZE90-  OZZ¥O- 0000 0ODOD  00S.0  0ZZa0  ©ZZ0-  00D00  0DOOD  00D0'D  0ZZa0 00000 02290 ODOSO-  DZESO-  LOESO  0OOOD  0OO0'D 123
00940 00SL0- 00000 00050 OZZ90  OYEY0  O00OSO-  OD9LO- OO0SL0- O0SL0- 00940 00940 00S.0  0OSL0 OBLEO- 00000 O09L°0  OZESOD  00SL°0 0OSL0- 00DO0 00000 0z
00940 O0SLO- 00SL0 00000 00000 0DSL0 00000 0ODO'D  0OOS'O-  OZZY0-  OZZ90 00000 0DOSO 00050 OZE¥O-  OZE9D  OZZ90  0DOO0 00940  OZEYD-  OEEI0 009D 612
0000 005L0-  00SL0 00000 0000°0  00SL0 O0SS0- 00000 0080 OZESO-  0OSL0 00000 00000 0000°0  OOS/°0- 07290 0O0SL0 ORAED 00050 OZES0- 00000 00000 812
009470 008L0- 0TI 00000 00000 00000 OZZ¥O- 00000  OOSL0-  O0OS'O-  0OSL0 00000 00000 0000°0  OZE¥O-  00SL°0  OOSL0 02290 00SL°0  0OSL°0- 00000 00000 L13
00050~ 00TS'D 00000 00000 0DDOD OSSO 00000 00000 OFZ90  ORLED 0DODD 00000 00000 00000 OBLED  0ODOD  OEEY0-  OZESO-  QOOSO-  OFI90  OTEYO-  OZIVO- 912
0ZT90- 0000 LOEYQ- 00000 ODDOD 0000 SG9¥'0 0ODO0  000SO OZZY0 00050 00000  OZZ90-  OZZY0-  OEE90  OITHO-  OEZY0-  0OOOD  QOOSO-  00DSO  ODOSO-  ODOSO- 512
0034°0-  00SL0 O0SL0-  OBLED OZEY0- OZEYO-  OEZEYD 0ODOD 00000 OZED  OO00S'O- 00000 OODS'O-  O0OS'0-  OZEIM  O0SL0-  OZTY0- 00000 OZZY0- 00940 00000 ODSO- (1]
00940-  OZEYD  O09LO-  OZEO  OZTY0-  OOOS'O-  009L’0 000D O00SLD 00000 OZZY0-  OZT0-  0OOSD-  00OS'-  009¢0  OZEY0-  OZZY0-  ODOSO-  OZIS0-  009L 0 OZEZYO-  ODOSO- 18]
00SL°0 O0ST0- 00050 00000 00050 00SL0 O0SL0- 00000 OZES’0-  OFTS0- 00000 O7ES0  00S.°0  00SL'0 O0S.°0- ZOTS® OOSL0 00000 00050 0OSL°0- 00000 0000°0 45
00970 O05L0- 0TI 00000 OZES0 00SL0  OZE¥O- 00000 0030 O0SL0-  0OSL0 00000 000S'0 00050 O0SS°0-  005L°0 00940 00000 00S.°0 OZEY0- 00000 00000 5]
0ZEI0 00000 ODOS'O 0000 OZE90  0DOO'D  0OOSO- 00000 00%L0-  OZESO- 00940 00000 00000 00000 OZE¥O- 00940 00940 KDESOD  OZE9'0  OZEYD-  00DSO0 OEEI0 1]
0ZEID 00000 ODOS'0  OOOSO-  OZE90 00000 OOOSO- 00000 009L0-  OZTEO- 00940 00000 00000 0000°0  OZEO- 00840 O09L0  LDES0  OZE90  OZESD-  00DS0  0EZI0 62
0ZTY0- 00940 O09L0-  OZEY0 OOSE0-  OZEYO- 00940 00000 £592°0 OZEYD  OZEYO-  OOQS'O- 00000 0ODD'D 00000 OZEY0-  OZTY0-  OZTYO-  OBLED-  OFES0  00OSO 00000 ]
0ZZ90  000SO-  OBLED  0OOO0  OZE90  OZZ90  OZZWO-  0OOOD  OOSLO-  O09LO-  OZEYD OOSLO 00RL0 00940 0090 00000 ODSL0 O0DODD 0OSL0 0ZZY0-  OEZ90 00050 L2
00870 0D3L0- 0094’0 O00SLD 00940 OFE9'0 OZEFO-  OZESO-  O09L0-  OZTRO- OZEY0 00940 008L0 00940 OZEYO- 00000 ODOO'D  0DOOD  ZOTS'0 OBLED- 00000 00000 32
005£°0  OZZY0-  0TZY0 00000 0OSL°0 00940 00SL0- 00000 00000 O0OS'O- 00000 0O00S'  ORLED  OBLE'D 00050 00000 OOOS'0 000D 009.°0  0O3L°0-  OFZ90 00SL0 ]
0ZEI0  OTEYO-  0OSLO 0000 00940 0DSL0 DOOSO- 00000 OOSLO-  O0SLO- 00000 O0SL0 00000 00000 OZE¥O- 00000 ELTT0 00SL0 00000 OZEYD-  O00SL0 LOEI0 ¥
00SL0-  0ZZ90 OZEY0- 00000 OZTY0-  OZEFD-  OEZ90 000D O¥E90 OZZY0  0DOO0 00000  OZZ90-  OZZYO-  009L0  GPES0-  OOSL0-  DDOSO-  009L0- 00000 00000 OZZ9O- €2
00940 OZZY0-  OTZY0 0790 00050 OYZ90  000OO0  OZEY0-  OZEY0-  TLTSO- 00O0D  OOSL0 OFZ90  0EZY0 OZE¥0- 0790 OZZ90 00000 0050 OZESD-  00DO0 00940 7
009L0 0ZZ90-  0OSL'0 0OOD0  0D0S0  ODSL0  OZEWO-  OZZY0-  GLGLO-  OZZ90-  OZZ90 07290 ODSL0  OOSL0 0ODD'0 0790 GTBED  009L0  OZI90  BLVYD-  009L0  00OOWD 12

HH 12 0z [7%] 812 L12 912 [ 5] [1%] [ %] [1%] [1%] 012 [=] 2 £ 92 52 =] £2 =] 12 00

GO’ M0 — O I0J XLIJeW SIYSTOM PaIeFoIS3Y

-0¢°V 91qEL



B VARIATION TABLES FOR POSITIVE PIFS RELATIONS



104

008L0 009L70 009£70 009£70 0ZE9°0 20150 009L0 61880 009L°0 009£°0 S0°0 In>-0
61840 61940 61940 61940 6SE9'0 EZIS0 61840 BSBB'0 6T9L0 6T9L'0 010 3In2-0
S18L°0 9¥3L°0 9%3L°0 9%3L°0 Z6E9°0 59150 S¥3L°0 0688°0 9vaL’0 S¥3L°0 ST°0Ina-1
849470 BL9LO BL9LO BL9LO 6190 68150 84940 STe8’0 BL9LO 84940 0Z'0Ino-0
S0LL°0 S0LLO S0LL0 S0LL0 ESYI'0 12250 S0LL°0 8v68°0 S0LL°0 S0LL°0 SZ°0 In2-0
SELLO SELLD SELLD SELLD EBF90 85¢50 SELLO SL68°0 SELLD SELLOD 0€"0 IN2>-0
v9LL0 F9LL0 F9LLO F9LLO Z159°0 56250 v9LL0 0060 P9LLO 9LLO SE'0 INO-D
164470 16440 16LL°0 16LL°0 r¥#S9°0 0EESO 16440 620670 16LL0 16LL0 00 In2>-0
ZLBL0 CZBLO CZBLO CZBLO 24590 ZLESD ZZBL0 £506°0 CZBL0 ZZ8L'0 St°0 In>-0
Br8L0 6¥BLO 6¥BLO 6¥BLO 20990 (48 0] BFBL0 BLOG0 6vBL0 BY8L0 0570 3n2>-0
SLBLO SLBLO SLBLO SLBLO 62990 8rS0 SLBLD 10T6°0 SLBLO SLBLO S5°0 In3-0
LBBL0 LBBLO LBBLO LBBLO 05990 08%5°0 LB6BLD 26’0 LBBLO L6BL0 09°0 In2>-0
PI6L0 rI6L0 rI6L0 rI6L0 8999°0 £055°0 PIEL0 EPT6°0 vT6L0 I6L0 59°0 IN3-0
TEBLD TE6LD TE6L0 TE6L0 EB99°0 S255°0 TEEL'D 916’0 TE6L0 TE6L'0 0L°0 3IN2-0
SreL0 S¥eL0 S¥eL0 S¥eL0 965990 EFSS0 S¥eL0 6LT6°0 SveL0 SteL'0 S£°0 IN)-D
§S56L4°0 S56L°0 §556L°0 §556L°0 L0£9°0 55550 S586L4°0 6160 5596470 SSeL'0 080 IN0>-0
996470 99640 99640 99640 S1L9°0 69550 99640 L0Z6°0 996470 99640 S8°0 InN>-0
EL6L°0 EL6L°0 EL6L°0 EL6L°0 ELL9°0 84550 EL6L°0 BIZ60 EL6L4°0 ELELO 06°0 In2>-0
BL6L°0 6£6L°0 6£6L4°0 6£6L4°0 8LL90 PESS0 BL6L0 SE€Z6°0 646470 BL6L°0 S6°0 IN2-0
58640 SB6L0 S86L°0 S86L°0 CELID 16550 S86L°0 TECE'0 S86L°0 SB6L'0 00°T In2>-0
0TJ3-L0 62-L] dH-92 0Z2-92 LTJ3-9D ¥2-90 HH-TJ 92-12 S2-1J 2212

§INO — 0 JUSIGPYIP I0J sySrom drysuoryear aa13sod Jo suoneLeA T g 9[qeL



105

0ZE90 0ZE90 009£°0 009£°0 O0ZES0 009£°0 009£°0 £ES9Z°0 0ZE90 0ZES0 50°0 an>-0
6SE9D 6SE9°0 6I8L°0 6I9L°0 6SE9°0 61940 61940 S892°0 6SE9°0 65E9°0 0T°0 IN>-0
Z6E9°0 Z6E9°0 9t38.L'0 9r8.L'0 Z£6E9°0 9v9.L'0 9%9L'0 6ZLZ0 Z6E9°0 €6E9°0 ST°0 In>-0
6Tr9°0 6Ir9'0 8459L°0 849470 6Ir9'0 BLOLO 849L°0 SBLZ0 6Ir9'0 6Tr9'0 0zZ'0 In>-0
ESPI0 ESY9°0 S0LL0 S0LL0 ESP90 S0LL0 S0LL0 FEBZO ESY9°0 ESYI'0 SZ°0 In3-0
EBYI0 EBY9°0 SELLO SELLD EBY9'0 SELLO SELLO 6820 EBY9°0 EBYI'0 0€"0 3In2>-0
1590 €159°0 PILLO P9LLO 1590 FPILLO FPILLO 05620 €159°0 €T59°0 SE°0 IN3-0
PrS9°0 ?rS9°0 I6LL°0 T6LL°0 PrS9°0 I6LL°0 I6LL°0 S00E0 ?rS9°0 rs90 0t"0 Ino>-0
€459°0 €£599°0 €840 €840 €£59°0 €Z8L0 €840 0L0E0 €£599°0 L5970 St°0 In3-0
20990 20990 6Y8L°0 BY¥8L0 20990 6Y8L0 6¥8L0 EETED 20990 €099°0 05°0 In2>-0
6¢99°0 62990 S£8L°0 S£8L°0 62990 SL8L°0 SL8L°0 16TE0 62990 6g99°0 55°0 Ina-0
05990 05990 L68L°0 L68L°0 05990 L6BLO L6BLO TrEeED 05990 05990 09°0 In>-0
8999°0 8999°0 ¥I6L°0 1640 8999°0 rI6L0 rI6L0 9LZE0 8999°0 8999°0 59°0 Ina-0
£899°0 £E899°0 TEBLO TEBLD EB99°0 TE6L0 TE6L0 6OEE'D £E899°0 EB99°0 040 IN2-0
9699°0 9699°0 S¥eL0 S¥6L'0 5699°0 SveL0 S¥eL0 LEEED 9699°0 9699°0 SL°0na-0
L0490 L0490 9964°0 99640 L0L9°0 99640 99640 9SEED L0490 L0L9°0 080 In2>-0
STL9°0 STL9°0 99640 99640 STL9°0 996.4°0 996.4°0 SLEE0 STL9°0 STL9°0 S8°0 InJ-0
EZL9°0 EZL9°0 ELBLO ELBLO EZL90 ELBL0 ELBL0 BBEE0 EZL9°0 ECLI0 06°0 In2-0
8290 8¢.9°0 6L46L°0 64640 8¢.9°0 64640 64640 66EE'0 8¢.9°0 8EL9°0 S6°0 INJ-0
ZELTD CEL9D SB6L0 S86L°0 CELOD S86L°0 S86L°0 OIFED CEL9D CELTO 00°T In2>-0
¥2-012 HH-62 £2-62 92-62 ¥2-62 TZ2-82 S1J-82 ¥1-82 £2-82 ZI2-L2

§IN5 — 0 JUSIOPYIP I0J sySrom drysuorjear aa1ysod Jo suoneLeA g g 9[qelL



106

009L°0 009L°0 0ZESD 0TS0 009£L°0 009L°0 0ZES0 009L°0 009£°0 009L70 S0°0 In3-0
6T9L0 6T9L°0 6SE9°0 EZIS0 6T9L°0 6I8L°0 6SE9'D 6I9L°0 6I9L°0 6T9L0 0T°0 3IN2>-0
9t3L'0 9v9L'0 €6E9°0 €515°0 9v9L'0 9r9L'0 £6E9°0 9r9L'0 9¥9L'0 Sv9L’0 ST°0 IN>-0
849470 BLOLO 6T¥9'0 68150 BLOSLO 84540 6Ir9'0 84540 845L4°0 BLOLO 0Z'0Ina-0
S0LL°0 S0LL°0 ESF9°0 12250 S0LL°0 S0LL°0 ESY9'0 S0LL°0 S0LL°0 S0LL°0 TR LS
SELLO SELLD EBY90 BSZS0 SELLD SELLD EBY9'0 SELLD SELLD SELLD 0€E°0 In2>-0
POLLO FILLO 15990 96250 FPILLO POLLO 1590 PILLO PILLO raLLO SE°0 IN3-D
T6LL0 16LL°0 ##59°0 DEESD 16LL°0 T6LL0 ##59°0 T6LL°0 16LL°0 16LL°0 00 In2>-0
€Z8L0 CZ8L0 €£99°0 CLESO CZ8L0 €Z8L°0 L5990 €Z8L°0 €Z8L°0 Z8L0 St°0 In>-0
6i8L0 er8L0 €099°0 cIrso ev8L0 6¥8L0 20990 6¥8L'0 6¥8L'0 ereL0 050 In2-0
S£48L°0 S£8L°0 62990 8¥rS0 S48L°0 S£8L°0 62990 S£8L°0 S£8L°0 SL8L°0 55°0 In2-0
L6BL0 LBBLO 05990 08PS°0 L6BLO L68L°0 05990 L68L°0 L68L0 L6BLO 09°0 In2>-0
PI6L0 rI6L0 8999°0 £055°0 rT6L0 PI6L0 8999°0 PI6L0 ¥I6L°0 rT6L0 59°0 IN3-0
TEBLD TEBLO E899°0 T4 TE6BLO TEBL'D EB99°0 TEBL'D TEBL'D TEBLO 0L°0 3n2>-0
SeL0 SreL0 9699°0 EPSS0 SteL0 SreL0 96990 STeL'0 STeL'0 SveL0 SL°0 In3-D
59640 99640 £0£9°0 99550 95640 559640 L0490 59640 99640 956L°0 080 In2-0
89640 99640 STL9°0 69550 99640 899640 STL9°0 89640 99640 8996L°0 58°0 In2-0
ELBL0 ELBLO EZL9°0 BLSSO ELBLO ELBLD ETL9°0 ELBLD EL6L0 ELBLO 06°0 IN2>-0
646470 64640 82L9°0 r835°0 64640 6L6L°0 8¢L9°0 64640 64640 6L6L0 56°0 In2-0
98640 98640 CELIO 16550 98640 98640 CELOD 98640 98640 g86L°0 00°T In2-0
8J-ET2 £J-E1D T12-Z1] £I-Z1D HH-TTD 92-T12 HH-01J Z12-01d £2-0T2 92-0TJ

§INO — 0 JUSIOPIP I0J sHySrom drysuoryeor aA13sod Jo suoneLeA ¢ g 9[qelL



107

009£°0 009L°0 00150 0ZES0 0ZE90 0ZE90 0ZESD 009£°0 0ZES0 009L°0 50°0 In3-0
6I8L0 61940 02150 BSESD 65SE90 6SES0 65E9°0 BI8L°0 BSESD BI8L0 0T°0 IN2>-0
9t9.L'0 9v9L'0 9v1s0 Z6E9°0 €6E9°0 Z6E9°0 €6E9°0 9t38.L'0 Z6E9°0 9t8.L'0 ST°0 In3-0
84940 BL9L0 BLIS0 eIr9'0 6Tr9'0 6Tr9'0 690 8480 eIr9'0 8L8L°0 0Z'0 INo>-0
SOLLO S0LLO 80250 ESP9°0 ESPI0 ESP90 ESP9°0 S0LL0 ESP9°0 S0LL°0 SZ°0 In>-0
SELLD SELLD 8EZS'0 EBF90 E879°0 E8¥9°0 E8F9°0 SELLO EBF90 SELLD 0€E"0 IN2>-0
POLLO PILLO 89750 Z159°0 1590 1590 1590 POLLO Z159°0 PILLO SE°0 IN>-0
16LL0 T6LL°0 96250 ¥¥#S9°0 590 ¥#59°0 590 164470 ¥¥#S9°0 164L°0 0F"0 IN2>-0
ZZBLO €ZBL0 BZESD 2£59°0 €£59°0 4590 €£59°0 ZZBLO 2£59°0 ZZBL0 St°0 In2-0
B6¥8L0 6v¥8L0 £SES0 £089°0 0990 0390 0990 BF8L0 £089°0 BF8L0 05°0 IN2>-0
SE£BLO SELBLO EBESO 6£99°0 62990 6€99°0 62990 SE£BLO 6£99°0 SL8LO S5°0 In>-0
L6BLO £6BL0 90%S0 0599°0 0599°0 0539°0 05990 £68L0 0599°0 £68L°0 09°0 IN2>-0
PI6LO PI6L0 ZZrso 89590 8999°0 89390 8999°0 PIELO 89590 PI6L0 59°0 In2-0
TEBLD TEGLD LEFSO £EB89°0 £899°0 £839°0 £899°0 TEBLD £EB89°0 TEGLD 0L°0 IN2-0
STeL0 SYeL0 0SS0 96590 96990 963990 96990 S¥eL0 96590 SFeL0 SL°0 In2-0
55640 556470 BSFS’0 L0£9°0 £0£9°0 £0£9°0 £0£9°0 55640 L0£9°0 SS6L°0 080 IN2>-0
99640 99640 89vS°0 S1L9°0 STL9°0 STL9°0 STL9°0 99640 S1L9°0 899640 S8°0 In>-0
ELBLO EL6L0 SLvS0 EZL90 EZL9°0 EZL9°0 EZL9°0 ELBLO EZL90 ELBLD 06°0 In2-0
6£6L°0 646470 0850 8LL90 82L9°0 8¢2.9°0 8ZL9°0 BLBL0 8LL90 BL6L0 56°0 IN2-0
SB6L0 S86L°0 SBrS0 CELID CELID CELTD CELID SB6EL0 CELID S86L°0 00°T In2>-0
T1J-610 HHJ-L1D 122912 82-512 912912 E1291D 82-v120 £J-v1J TZJ-E1D 91J-E1D

§INO — 0 JUSIOPIP I0J sySrom drysuoryear aA13sod Jo suoneLeA ¢ 9[qelL



108

009£°0 O0ZES0 009L°0 003£°0 009L°0 0ZE90 008L°0 0ZE9°0 009L°0 0ZE90 50°0 n3-0
61940 6SE90 61840 619840 61940 6SE9D 619L'0 69E9°0 61940 6SE9'0 0T°0 an2-0
9%9L'0 €6E9°0 9¥9L'0 9¥9L'0 9%9L°0 €6E9°0 9¥9.L'0 €6E9°0 9v9L'0 €6E9°0 ST°0 In2-0
BLOLO 6Ir90 84540 BL9L0 BLOSLO 690 BL9LO 6I¥9'0 BLOSLO eIr9'0 0Z'0 ana-0
S0LLO ESY9°0 S0LLD S0LL0 S0LL'0 ESY9°0 S0LLO ES¥9°0 S0LL°0 ESY9°0 5Z°0 no-0
SELLD EBY9°0 SELLD SELLD SELLD EBY9°0 SELLD EBY9'0 SELLD EBYI'0 0£°0 an2-0
FILLO 1590 FILLD FILLO FILLD 1590 FILLO €159°0 F9LLO 1590 SE°0 IN0-0
T6LL0 590 16LL0 16LL0 T6LL°0 590 16LL0 P#S9°0 T6LL°0 590 0t"0 an3-0
€Z8L0 2L59°0 €Z8L'0 €Z8L°0 CZ8L0 2L59°0 €Z8L°0 L5990 CZ8L0 €L59°0 St°0 Ind-0
er8L'0 €099°0 e¥8L'0 e¥8L'0 ev8L'0 20990 e¥8L'0 €099°0 ev8L0 0990 050 In2-0
SL8L°0 62990 SL8L°0 S£8L°0 SL8L°0 62990 S£8L°0 62990 SL8L0 6299°0 55°0 Ino-0
£68L°0 05590 £68L°0 £68L°0 L68L0 05590 £68L°0 0599°0 £68L°0 05590 09°0 an2-0
FI6L0 8999°0 FI6L0 FI6L0 r16L0 8999°0 FI6L0 8999°0 r16L0 8999°0 59°0 In2-0
TEBLD EB99°0 TEBLD TEBLD TE6L'0 EB99°0 TEBLD EB99°0 TEBLD EB99°0 0£°0 an3-0
STeL0 96990 STeL0 STeL0 STeL0 96990 STeL'0 96990 SveL0 9699°0 SL°0 3no-0
959640 L0£9°0 S96L°0 959640 95640 L0L9°0 95640 LOL90 85640 L0L9°0 080 in3-0
99640 STL9°0 99640 99640 99640 STL9°0 99640 STL90 996.L°0 STL9°0 58°0 Ind-0
EL6LD EZL9°0 EL6LD ELBLD ELBLD EZL9°0 ELBLD EZL90 ELBLD ECLO°0 06°0 In2-0
64640 8LL9°0 64640 64640 64640 8¢L9°0 64640 8¢.9°0 64640 8CL9°0 560 IN2-0
g86L°0 CELI0 g86L°0 g86L°0 98640 CELID g86L°0 CELID 98640 CELTD 00°T In3-0
HHJ-0Z2 LT2-0TD Z12-0Td T12-022 92-022 52-0Z2 HHJ-6T2 £J-612 ¥2-612 2612

§INO — 0 JUSIOPIP I0J sySrom drysuoryear aA13sod Jo suoneLIRA G 9[qRL



C VARIATION TABLES FOR NEGATIVE PIFS RELATIONS



110

0ZES'0- 0ZE90D- 009L'0- 0ZE9'0- 009L'0- 00sL'0- 0ZET'O- 008L'0- ZLTIS0- 0ZE9'0- S0°0 In>-0
BSES'0- 6SET'0- 61940 6SET0- 6T9L°0- 6T9L°0- 6SET'0- B6T8L'0- OEES'0- BSES'0- 07’0 In3-0
Z6E9°0- CEETD- 9v9L'0- C6ET0- 9roL'0- 9roL’0- Z6ET'0- 9r9L'0- TLPS'0- Z6E9°0- ST°0 In3-0
B6T#9°0- 6TF9°0- 8L9L°0 6IF9°0- BLOL°0- BLOL°0- 6T¥#9°0- BLOL0- B66SS5°0- 6T#9'0- 0Z°0 IN>-0
ESP9'0- ESY9°0- S0LLO- ESY9'0- S0LLO- SOLLO- ESF9°0- S0LLD- ZTLS'O- ESP9'0- SZ°0 In>-1
EBPO'0- EBPO°0- SELLO- E8P9°0- SELLO- SELLO- EBP9°0- SELLD- FEBS'0- EBPO'0- 0OE°0 IN3-0
Z159°0- €159°0- POLLO- 1590 PaLLO- PaLLO- Z159°0- FoLLO- Zves'0- Z159°0- SE°0 IN3-D
1S90 #S9°0- T6LL0 PS9°0- T6LL0- T6LL0- PS9°0- T6LL°0- 9t09°0- ¥S9°0- 00 In3-0
ZL59°0 ¢L59°0 ZT8L'0- ¢L59°0 ZT8L'0- Ze8L’o- ¢L59°0 ZZ8L0- LFT19°0- ZL59°0 St°0 In2-0
Z099°0- €099°0- 6V8L0- €099°0- 6YBL0- 6VBLO- €099°0- br8L'0- BYrZ9'0- Z099°0- 05°0 In3-0
6799°0- 6299°0- SL8L°0- 6299°0- QLBLO- QLBLO- 6299°0- SL8L°0- BYFES'D- 6299°0- S5°0 In3-0
0599°0- 0599°0- LEBLO- 0599°0- LBBLO- LBBLO- 0559°0- £68L°0- 05¥9°0- 0599°0- 09°0 Ana-0
B89959°0- 89599°0- vIeL’0- 8999°0- vi6eL'0- P16L'0- 8959°0- ¥16el'0- £959°0- B8999°0- 59°0 Ina-0
EB99°0- E€899°0- TEBLD- €899°0- TEBL'O- TEBL'O- EB99°0- TE6L'0- T1999°0- EB99°0- 0£°0 In3-0
9699°0- 9699°0- SteL0- 9699°0- aveL’0- SveL’0- 9699°0- aveL’0- SLL90- 9699°0- SL°0 An3-D
£0L9°0- L0L9°0- 856470 L0L90- 9564°0- 856470 L0L9°0- 95640~ EGB9°0- £0L9°0 08°0 1na-0
STL9°0- STL9°0- 99640 STL9°0- 99640 996L°0- STL9°0- 996L'0- ¥ZoL'0- STL9°0- S8°0 Ina-1
ETL90- ETL90 ELBL0- E2L90- ELBLO- ELBLO- ETLI0- ELBL'D- S9TL°0- ETL90- 06°0 In3-0
BZLYO- 8ZL9°0- 6L6L°0 82L9°0- BLBL0- 6LBL0- BZL9°0- bLBLD- 0ZEL'D- BZLYO- S6°0 IN3-0
ZELY'O- CELTD- S86L°0- CELTO- S86L°0- S86L°0- CELTO- SB6L'0- 00SL°0- ZELY'D- 00°T In3-0
912-92 ST2-90 F12-90 82-92 912-50 £2-50 EX¥0 ¥J-£2 £ £2-2D

§IN9 — 0 JUSIOPYIP I0J SYSom dIsuoI)R[oI 9AIIRSSU JO SUOIJRLIRA :T°0) S[qe],



111

96TES 0~ 000940~ 961E9°0- 961E9°0- 0009L°0- 961E9'0- 96TES D~ 0009L°0- 000940 0009L°0- 50°0 an2-0
FESES'O- FoI9L'0- FeSES'0- FeSES’0- FeT9L'0- FeSES'O- FESES'O- FeI9L'0- Fe19L 0 rFe19L 0 0170 N2
TZ6ES'0- £9¥9L°0- TZ6ES'0- TZ6ES0- L9¥9L°0- TZ6ES'0- TZ6ES0- £9¥9L°0- L9l 0 LSP9L°0- ST°0 in2-0
S8I¥90- LLL9L°0 S8TV9°0- S8I¥9°0- LLL9LO- S8IP90- S8I¥90- LLL9L°0 LLLOL O LLLOL O 020 In2-n
EESTFI0- LYOLL0 EESYIO- EESYI'O- LPOLLO- EESPOO- EESTI0- LPOLL0 LYOLL O LPOLL O SZ°0 I2-0
DEBYO'0- 0SELLO- 0EBY9°0- 0EBY9°0- 0SELLO- 0E8Y9'0- DEBYO'0- 0SELLO 0SELL O 0SELLC- 0€°0 IN2-0
FEIS9°0- FroLL 0 rZ159°0- rZ159°0- FroLL O FE1Ss9'0- FETS9°0- ProLL O rraLl - oLl 0 SE°0 In3-0
LEVFSS'0- ET6LLO LEPSIO- LEPSIO- ET6LLO- LEVSOS'O- LEVFSO'0- ET6LLD ETBLL O ETBLLO- 0t"0 In2-1
ETLS9'0 9TE8L 0~ €TLS9O- €TLSY O 9Te8L 0~ €TLS9'0- ETLS9°0 9TE8L 0 9T1e8L 0 918l 0 St°0 In2-0
£2099°0- FetBL 0~ £2099°C- £2099°0- revBL 0 £2099°0- £2099°0- FevBL O~ rerBL 0 rer8L 0 0570 In2-0
06299°0- SYLBLO- 06299°0- 06299°0- SPLBLO- 06299°0- 06¢99°0- SPLBLO- SPLBLO- SPLBLO- 55°0 In2-0
96195°0~ EL6BL0 96%99°0- 861990~ EL6BLO- 96990~ 96199°0~ EL6BLO ZL6BL O €LeBLO- 09°0 In2-1
¥8995°0- Fri6el 0~ ¥8999°0- 8999°0- Fri6l 0 89990~ ¥8995°0- Friel 0 16l 0 16l 0 59°0 IN2-0
TEB99'0- S0E6L'0- TEB99'C- TEB9S'C- S0E6L'0- TEE99'0- TEB99'0- S0E6L 'O S0E6L 0 S0E6L 0 0470 In2-1
559699°0- Stirel 0~ 55699°0- §5699°0- Sl 0 596990 55699°0- Stirel 0 Strel 0 Shrel 0 SL°0 Ino-0
0L049°0- 095640~ 0L049°0- 0L049°0- 095640~ 0L049°0- 0L049°0 0556L'0- 055640 05856L°0- 080 3n2-0
TSTL9°0 B996L'0- TSTL9°0- 1STL9°0- B8996L°0- TSTL9°0- TSTL9°0 B996L'0- 899640 859640 58°0 Ina-0
SZTL90- EELBLO- SZTLYO- SZTLYO- EELBLO- STTLYO- SZTL90- EELBLD EELBL O EELBLO- 06°0 In2-0
EBTLO0- 68L6L°0- EBTLYO- EBTLO- 6BL6L°0- EBTLOO- EBLLO0- 68L6L°0- 68L6L°C- 68L6L°0- S6°0 In2-0
OZELSD- argeL 0~ 0ZELSO- 0ZELSO- argeL 0 0ZELSO- OZELSD- argeL 0 E LT ap8eL 0 00°T In2-0
£€2-0T2 F1J-62 82-62 £€2-62 0Z2-82 L1J-82 €1J-82 E12-00 82-L2 T2-90

§IN9 — 0 JUSISOPYIP I0J SYSom dIsuoI)R[oI 9AIIRSSU JO SUOIJRLIRA :Z°0) 9[qe],



112

008L'0- 0ZET0- LOES'O- 009L0- 0ZES'D- 008L°0- 008L°0- 009L'0- 009L'0- 0ZET0- 50°0 an2-0
61940~ 65E9°0- [443=N1y 6T8L0- 69E9°0- 618L°0- 61940~ 619L°0- 6T9L°0- 65E9°0- 0170 N2
9raL0- €6E90- EEESO- 9r8L 0 €oE90- 8L 0 9raL0- 9raL’0- 9yaL0- €6E9'0- ST°0 in2-0
BL9L0- 61190 EVESD- BL9LO- 6I¥9°0- BLOL O BL9L O 8L9L°0- 8£9L°0- 6190 020 In2-n
SOLLO- ESt9°0- SSE9'O- SOLLO- ESY9'0- SOLLO- S0LLO- SOLLO- SOLL O~ ESt9°0- SZ°0 I2-0
SELLO- £8P0 99t£9°0- SELLO- EBYO°0- SELLO- SELLO- SELLO- SELLO- E8F9°0- 0€°0 IN2-0
FOLLO- €159°0- 9LE9°0- POLLO- €159°0- FOLLO- ¥OLLO- FoLL O~ FoLL O~ €159°0- SE°0 In3-0
TeLL O~ 1S90 LBEO- TeLL 0 trS9°0- T6LL 0 TeLL 0" TeLL 0~ TeLL 0~ 590 0t"0 In2-1
£I8L'0- €L59°0" LGESO- £I8L0- €L59°0" £Z8L°0- €L8L0- €I8L 0~ €Z8L 0~ €L59°0" St°0 In2-0
8L 0~ €099°0- LOVO'0- 8L 0 €089°0- 8L 0 8L 0- 6Y8L0- 6vEL 0~ €099°0- 0570 In2-0
SLBLO- 62990~ aTvo'o- SLBLO- 6299°0- SL8L0- SLBL0- SLBLO- SLBLO- 6299°0- 55°0 In2-0
£68L°0- 05990 SZr90- £68L°0" 0599°0- £68L°0- £68L°0~ LBBLO- LBBL O~ 0s99°0 09°0 In2-1
¥I6L0- 8999°0- FEVS0- ¥I6L°0- 8999°0- ¥16L°0- ¥I6L 0" [T [T 8999°0- 59°0 IN2-0
TEELD- £899°0 Evro0- TEGLO- E£899°0- TE6L O TEBLO- TeeL 0~ TEBL' O~ £899°0- 0470 In2-1
SteL0- 9699°0- TS¥9°0- SteL 0 9699°0- Stel 0 SreL0- Stel'0- SheL'0- 9699°0- SL°0 Ino-0
95640~ LOL90 65¥9°0- 99640 LOL90- 996470 55964°0- S56L°0- S56L°0- L0L90 080 3n2-0
996L°0- STL9°0- 99¥9°0- 99640 STLY0- 99640 99640~ 99640~ 99640~ STL90- 58°0 Ina-0
EL6L0- ETL90 CLv90- EL6LO- ECL90- EL6L0- EL6L0- EL6L0- EL6L°0- E2LI0 06°0 In2-0
6L6L°0- BZL90- BLVO0- 6L6L°0- BZL9°0- 6L6L°0- 6L6L°0- 6L6L°0- 6L6L°0- BZL90- S6°0 In2-0
SB6L0- CELTO- E8V9°0- SB6L0- CELID- S86L°0- S86L°0- S86L°0- S86L°0- CELTO- 00°T In2-0
TZX-LTD 52912 02512 HHI-¥T2 LT TTD HHI-ET2 0ZXETD Y110 ¥12-012 B82-0T2

§IN9 — 0 JUSISPYIP I0J SYSom dIsuoI)R[oI SAIIRESU JO SUOIJRLIRA :€°0) I[qe],



113

00940~ 0ZESO- 008L°0- 008L0- 0ZES0- 008L°0- 0TEI"0- 50°0 3n-0
B6T9L°0- BSET0- 6T9L0- B6T9L°0- BSETO- 6T9L°0- 6SET0D- 0T'0 IN3-0
9t9.L"0- Z6E9'0- 9oL’ 9oL 0~ Z6E9°0- 9vSL’0- Z6ET'0- ST°0 3n2-0
BLOLO- 6T¥9°0- 8L9L°0- BLOLO- 61¥9°0- 8L9L°0 6T¥9°0- 0z'0n2-n
S0LLO- ESP90- S0LLO- S0LLO- ESP9°0- S0LL°0- ESY9°0- 5Z°0 30
SELLD- EBPO'0- SELLO- SELLD- EBP9'0- SELLO- EBYI'0- 0€'0 In3-0
¥oLL0- 1590 PaLLO- FoLL 0 1590 PaLLO- Z159°0- SE°0 I2-0
TeLL0- 590~ TeLL'0- TeLlLOr #59°0- TeLL0- Prs90- ot'0 n3-0
£T8L0- L5990 Ze8L0r £T8L0- L5990 Ze8L0- 2L99°0- St°0 In3-0
bY8L0- 0990 6Y8L°0- 8L 0~ €099°0- 6¥8L°0- €099°0- 05'0 In2-0
SL8L0- 6299°0- SLBLO- SL8L0- 6299°0- SLBLO- 6299°0- 55°0 3I2-0
L68L0- 0599°0- L6BLO- L68L°0r 0589°0- L6BLO- 0599°0- 09°0 n2-0
¥I6L0- 8999°0- P16l 0 ¥I6L 0 8999°0- PI6L 0 8959°0- 59°0 In3-0
TE6L'0- EBS90- TE6LO- TeEsl'0- EBS9°0- TEBLO- E899°0- 0L'0 In2-0
SteL 0~ 96990~ SteL0- SteL 0~ 96990~ SteL 0~ 9699°0- SL°0 -0
95640~ L0L9°0- SS6L°0- 986L0r L0490 SS6L°0- L0£9°0- 08'0 in3-0
99640~ STL9°0- 99640 996L°0- STL9°0- 99640 STLI°0- 58°0 1n3-0
ELBLD- ECL90 EL6L0- ELBL’D- ECL9°0- EL6L0- ETLI°0- 06'0 In2-0
bLBL - BCL90 6LBLO- bLBL™0- 8CL9°0 6LBLO- 8CL9°0- 56°0 3IN2-0
S86L°0- CELDO S86L°0- S86L°0- CELDD- S86L°0- ZELTO- 00°T IN2-0
HHI-T2D I-12D 123022 S12-022 £J-61D P13-812 ETJ-812

§IN9 — 0 JUSISPYIP I0J sYSom dIsuor)R[oI 9AIIRSSU JO SUOIJRLIRA F°0) S[qe],



D TABLES FOR UNVARYING PIFS RELATIONS



115

00S4°0 005L°0 0Zeo'0- 00SL°0- 0Te90 005L°0 005470 000570 00540 00S£°0 50°0 ina-0
00SL°0 00SL°0 oveso- 00SL°0- oreso 00SL°0 00S£°0 00050 005L°0 00S£L°0 0T°0 In2-1
00SL°0 00SL°0 9¥e90- 00SL°0- 9re90 005L°0 00S£°0 00050 005L0 00S£°0 ST°0 I>-0
00S£L°0 00SL°0 oveo0- 00SL°0- oreso 00SL°0 00S£°0 00050 005£L°0 00S£°0 0zZ'0In2-u
00S£°0 00SL°0 BYC90- 00SL°0- BrZ9°0 005L°0 00S£°0 00050 005£°0 00S£°0 CTAR U
00SL°0 00SL°0 ovIo0- 00SL°0- 9rZ90 00SL°0 00S£°0 00050 005L0 00S£°0 0€°0 IN2-1
00SL°0 00SL°0 S¥eo0- 00SL°0- 9rZ90 005L°0 00S£°0 00050 005L0 00S£°0 SE'0 IN0-D
00SL°0 00SL°0 B¥Eo0- 00SL°0- BrE90 00SL°0 00S£L°0 00050 005L°0 00S£L°0 00 In2-u
00SL°0 00SL°0 9veo0- 00SL°0- 9rZ90 005L°0 00S£L°0 00050 005L°0 00S£L°0 St°0 anJ-0
00S£°0 00SL°0 B¥I9'0- 00SL°0- 890 005£L°0 00S£°0 00050 005£70 00S£°0 05°0 In2-0
00S£L°0 00SL°0 e¥e90- 00SL°0- 6tZ90 005£L°0 00S£°0 00050 005L0 00S£°0 S5°0 I2-0
00SL°0 00SL°0 LYZ90- 00SL°0- LYE90 00SL°0 00S£°0 00050 005£°0 00S£°0 05°0 In2-0
00SL°0 00SL°0 6veo0- 00SL°0- b6rZ90 005L°0 00S£°0 00050 005L°0 00S£°0 59°0 In3-0
00S£°0 00SL°0 B¥CO'0- 00sL°0- BrE90 005L°0 00S£°0 00050 005L0 00S£°0 040320
00S£°0 00SL°0 8YCo'0- 00SL°0- BrE90 005L°0 00S£°0 00050 005£L0 00S£°0 SL°03n-0
00SL°0 00SL°0 B¥Eo0- 00SL°0- b6rE90 00SL°0 00S£°0 00050 005£L°0 00S£°0 08°0 In2-0
00SL°0 00SL°0 81290~ 00SL°0- BrZ90 005L°0 00S£°0 00050 005£°0 00S£°0 S8°0 In2-0
00S£°0 00SL°0 B¥CO'0- 00sL°0- BrE90 005L°0 00S£°0 00050 005L0 00S£°0 06°0 In2-1
00S£°0 00SL°0 eYeo0- 00SL°0- 6re90 005L°0 00S£°0 00050 005£L0 00S£°0 56°0 Ina-0
00S£°0 005£°0 Lyeo'0- 00SL°0- LPE90 00540 00S£°0 00050 00540 00S£°0 00°T In2-0
0Z2-6TD 02281 LI-ETD £2-Z12 12012 02312 02212 812-TJ 01312 6212

§INO — 0 JUSISPYIP 10} sjySom drgsuorye(or Surdreaun 1 9[qel,



116

00S£°0- 00050~ 000s'0 0005°0- 00SL°0- 00SL'0- 00540 005L°0 00SL°0 00sL°0- 50°0 ina-0
00S£°0- 000S°0~ 000s'0 00050~ 00sL°0- 00SL'0- 00sL0 005L°0 00SL70 00SL°0- 0T°0 In2-0
00S£°0- 00050~ 000s'0 00050~ 00SL°0- 00SL'0- 005L'0 005£°0 00SL°0 00SL°0- ST°0 im-0
005£°0- 00050~ 0005’0 00050~ 005L°0- 00540 00sL'0 005£L°0 00SL°0 00s8L°0- 0Z'0ina-n
005£°0- 00050~ 00050 000570 005L°0- 00540 00540 005£L°0 005L°0 005L°0- SZ°0 na-o
00S£°0- 00050~ 00050 00050~ 00SL°0- 00SL'0- 00sL0 005£L°0 00SL°0 00SL°0- 0€°0 In2-0
00S£°0- 0005°0- 00050 00050 00SL°0- 00SL'0- 00540 005L°0 00SL°0 00S8L°0- SE°0 In2-0
00S£°0- 00050~ 000s'0 00050~ 00sL°0- 00SL'0- 00SL0 00SL°0 00SL70 00SL°0- 0t°0 In2-0
00S£°0- 00050~ 000sS'0 000570 00SL°0- 00SL°0- 00540 005£°0 00SL70 00SL°0- St°0 Ana-o
005£°0- 00050~ 000s'0 00050~ 005L°0- 00540 00sL'0 005£L°0 00SL°0 00s8L°0- 05°0 ana-0
005£°0- 00050~ 00050 00050 005L°0- 00540 00540 005£L°0 005L°0 005L°0- 55°0 ina-0
00S£°0- 00050~ 00050 00050~ 00SL°0- 00SL'0- 00sL0 005£L°0 00SL°0 00SL°0- 09°0 In2-0
00S£°0- 0005°0- 00050 00050 00SL°0- 00SL'0- 00540 005£L°0 00SL°0 005840~ 59°0 1n3-0
00S£°0- 00050~ 000s'0 00050~ 00SL°0- 00SL'0- 00sL'0 005L°0 00SL70 00SL°0- 0470 3n2-0
00S£°0- 0005°0- 000sS'0 00050 00SL°0- 00SL'0- 00540 005L°0 00SL°0 00S8L°0- SL°0 Ana-0
005£°0- 00050~ 000s'0 00050~ 005L°0- 00540 00sL'0 005£L°0 00SL°0 00s8L°0- 08°0 N0
005£°0- 00050~ 00050 00050 005L°0- 00540 00540 005£L°0 005L°0 005L°0- 58°0 ina-n
00S£°0- 0005°0- 00050 00050~ 00SL°0- 00SL'0- 00SL'0 005L°0 00SL°0 00SL°0- 06°0 AN2-0
005£°0- 0005°0- 00050 000570 00540 00540 00540 005L°0 005L°0 0058L°0- S6°0 Ina-0
005£°0- 00000 00050 00050~ 005£°0- 00540~ 00sL'0 005£°0 00S£°0 005L°0- 00°T 3n2-0
022-122 §2-122 6T12-022 9T12-0Z2 PT2-022 ET2-022 012-022 62-022 #2022 £2-000

§INO — 0 JUSISPYIP 10} sjySom drgsuoryear Sutdresup g (I o[qel,



E FULL DATA FOR INDEGREE, OUTDEGREE AND
CENTRALITY VALUES OF EACH PIF



118

o Tt STHT 61T £TT 9Tt T PET FEVT T ST T 5T et 95T a5 65T ot T 90T £30T HH

1 L4 s EFET EUET SIET el LIFET et arit BIFTT SETL T5ET ISTT I5TT ERTL ESTT YEET veTL PEET eIt 0z
R AN
o [4911% 0T STOT STOT E1NS LTOT LT0T aroet 6TOT 6101 7ot 20T L1448 T ot 0T IT0T ZT01 20T LT0T 812
S0 KT %T W M BT W WW BT @ WR Gn WE SR AT 4T 4T WR W e am
o 30T 5301 9301 3301 40T TL0T £L0T S£0T 90T 2001 GL0T 0T 8ot I§0T £8°0T ot YEOT S8'0T 5801 5801 912
R N
o SETT LFTT GETT LA £67TT SETT L&TT GETT T ITET PIET SOET I0ET LDET SUET S0ET et GI'ET GOET £ETT ¥12
I NN
0 86 L 956 LG ot 0ot E0OT S0°OT LOOT a0ar ot ot IToT ETOT vor ST0T sTOT aTor ot 996G FAs)
S w wy ey Wy @9 @) o W W w3 Wl w3 wd w3 W w3 Wy 4wy @ W
0 e g g £0g wog S0g sog g oog L0 g B20g e0g G028 608 608 G0 608 T L ot
S WIoam w3 ®Y oW W3 %9 W NP M7 7 WS W1 @ e @3 @ @ T s @
o aTT GOTT it £TIT Tt ETTT It £TIT 9TIT aTTr £TT IETT EETT SETT 9ETT IETT LETT JETT FETT GETT 82
T
o 9TET £EL TEET EEET SEET 9EET BEET GE'ET TET IFEL EVET PET SIFET ET LIET aAET ar'eT ar'Er GI'ET GI'ET 92
S W T WO e WG WO @0 W ®C WO @O W WC W S0 W we weoows 8
0 2T a4 ELET SLET LEET BLET THET EHET SHIT awTL BET ETT IETT PETT SETL SETT 95TT LETT LETT LIFET ¥

1 £9°9 L] 599 EER EER] 499 RN 833 G99 699 Ly L3 L5a:] a L5a:] (48] (£ (28] L9 L5 3

oo 50 or'e sT'0 oo 5T'0 0E'e SE'0 oo sSre 05’0 550 09'e 590 oee S£0 08’0 580 06’0 56'0 o't §33603a
ani-n anx-n ni-n ani-n ni-n ni-n ni-m na-n ani-n na-m na-n ani-n na-m na-n ni-m na-n na-n na-n na-n na-n ni-n NI

ATd Yoer Jo senpep 9a13opul :T°f d[qel,



119

o alg LX) g Bg T iE #E e Lk Eac: ERR 88 £ e s veg vag s S8 S8 81D

o 89 L9 B9 B9 GL9 @9 9 aa 89 89 £8°9 £9°9 £8°9 ¥ a9 a9 a9 a9 589 589 10

o GLOT T80T PEOT 5801 L30T GE'0T 60T £6°0T YE'OT 9E'0T 60T GE'OT 11 wit WTT 0T £0TT 1T Wt 1T 10
e NN
[ ot STOT STOT ot LT0T LToT 10T G10T 6T°0T ot ot ot Tt IT0T TT0T £T0T ET0T £T0T £T0T 0T 12
1 @M an wu %% XW O% WH eu R TR WH OR an an % W% A" MW A aw W
51 00T Tot IToT ¥oT LT0T ot IT0T S5T0T LT0T £0T TEOT YEOT SEQT 9E0T 2E0T GEQT GE'OT ¥t ot 58 oD
ST Wwm o TE am AW W T @ WW QT G X KT SO X0 W® €0 e YO be e @
50 et ¥EOT LE0T POt 0T SEOT 0T 50T £5°0T 9501 4501 901 901 £3°0T ¥30T 5301 9301 130T L30T aroet B2

o ST 51T a5t 91T 91T L1t SETT GLTT EHIT LETT 61T PETIT LETT GETT Tt It POTT S0TT Elras ATt a2

0 GEOT TE0T EEOT PEOT 9EOT 80T GEOT ot IroT oL SroT aror aroT arot [ 50T SOt 501 50T Trot ¥2

0 it 51T 65 1T o1 £911T 5911 L91T 69°1T Wt ELTT SLTT Eraas LT GLTT T E8TT PEIT 9811 LETT GEIT ]

oo 50°0 or'e sT'0 oo 5T'0 0E'e SE'0 oo sSre 05’0 550 09'e 590 oee S£0 08’0 580 06’0 56'0 o't §33603a
ani-n anx-n ni-n ani-n ni-n ni-n ni-m na-n ani-n na-m na-n ani-n na-m na-n ni-m na-n na-n na-n na-n na-n ni-n no

ATd Yord Jo senpep 913opin() g H o[qel



120

0 TUFT STPL BTFT ETPT T EPl FEPL HEFT TFPL SFPT SFPT TErT FEFT 95T HEFT S5FT R T9FT THPrT EFrT HH

T TLRT VT GLPT T BT (23 EE'VE 36T GE'VT 05T 50°5T 80°5T st ITsT ETST ST'ST Ela14 LT'ST LTST T 0zl

] FEET TE'8T EE'BT FE'ET 56'8T LG'BT FE'BT G6'BT GT TO'6T T06T EO'GT 6T S0°6T SO6T 06T 06T S0°GT LO°GT LO°GT 812

0 HELT TFLT FEET LT BEET TEET ESLT S5LT L57ET ot TEUT EYLT S¥LT LT L9LT BELT #ELL BYLT BULT LET 912

B0 FET GRET ELET SLET BETD FEET LHET TEET SE'ED HEET T0F2 ez WL #rFE [0 74 139 1Tre TUFE ELFE LEET ¥12

50 50707 60'0F oz ETOT 0T 5107 10T ooz ST0T 60T TE0T TEOT rEQT SE0T JE0T LE'0T FE'OT GE'0T GE0T 66T 1

T #ORT TTEL STBT #1°8T TTBT FIRT LTRL TE'RT EE'RT LE'BT GE'BT TEET EFBT SEBT EL 8 BFET GF'RL GEBT SEL 55T o012

50 LETE EFET GFET ESET B5ET LS [P L aras BLTE FBET HE'ET THET S6CT HEET ET TOET EOET SET IET IEET 82

L ILFT Ll BFT S6FT sz LO°5T [4%-T4 1814 LraTs L7474 FE'ST HE'ST [4a-T4 ElAT4 LTS 55T [44T4 £5°5C ¥aeT 95°8T 22

T L6'TT T0'ET S0ET S0'ET ETET LTET TET PUET FTET TEET SE'ET FEET ET TFET PrET SEET IET LFET FET SPIT ¥

51 FIRT Fa:1 FIBT ITBT £8L TERT FE'RL LE'BT L1 TEET SEET BT GFET SR TERT FSET 95T #5'BT G5BT ToLT 2

L 5o [ 4] ST'O oz'o 570 OE'D SE'D oo sr'e os'a 550 0o 590 0Lo SL0 og'e 80 06’0 S6°0 oot

n3-n AN An3-n nJ-n na-n nJ-m AN na-n n3-n no-1n nJ-m anJ-n Ana-m n3-n An-n An3-n anJ-n na-n anJ-n An-n na-m 3

ATd Yoed Jo senfep Ay[eIjus)) ¢ o o[qel



BIOGRAPHICAL SKETCH

Yesim Kop Naskali was born in Istanbul on August 06, 1982. She received her
B.S. degree in industrial engineering from Galatasaray University in 2005 and M.S.
degree in Industrial Engineering from the same university in 2007. Since 2006, she
works as a research assistant in Industrial Engineering Department of Galatasaray

University. She is currently a PhD candidate. Her published works are as follows:

Kop Naskali, Y., Gurbuz, T., Albayrak, Y.E. (2018). Human Reliability Assessment
in Healthcare Operations Using Fuzzy Cognitive Maps. Journal of Multiple- Valued
Logic Soft Computing, article in press.

Kop, Y., Gurbuz, T., Albayrak, Y.E. (2014). Human Reliability Assessment
in Healthcare Using Fuzzy Cognitive Maps. Proceedings of The Joint
International Symposium on the Social Impacts of Developments in Information and

Manufacturing and Service Systems, 44th International Conference on Computers
and Industrial Engineering 2014 (CIE’}4), 2015, Istanbul, vol. 2, 3.



	ACKNOWLEDGEMENTS
	Table of Contents
	List of Figures
	List of Tables
	ABSTRACT
	RÉSUMÉ
	ÖZET
	INTRODUCTION
	Basic Terms
	Motivation
	Contribution
	Thesis Structure

	LITERATURE SURVEY
	The Progress of Reliability Engineering
	Human Reliability Analysis
	Different HRA Studies in Healthcare
	Performance Influencing Factors

	METHODOLOGY
	Fuzzy Inference System and Rule Based Reasoning
	Cognitive Maps and Fuzzy Cognitive Maps
	Methodology of FCM

	HRA IN HEALTHCARE USING RULE BASED FCM
	Scope of the Rule Based FCM application
	First Step: Expert Evaluation
	Second Step: Knowledge-based fuzzy inference process
	Third Step: Aggregation of experts’ evaluations

	SENSITIVITY ANALYSIS AND ADVANTAGES OF PROPOSED METHOD
	Comparison Analysis of the Results for Different -cuts

	CONCLUSION
	REFERENCES
	Full data for Aggregated weights matrix with different -cuts
	Variation Tables for Positive PIFs Relations
	Variation Tables for Negative PIFs Relations
	Tables for Unvarying PIFs Relations
	Full Data for Indegree, Outdegree and Centrality Values of each PIF
	BIOGRAPHICAL SKETCH

