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Chapter 1

Introduction



1.1 Introduction

Cochlear implant (CI) is a revolutionary technology that allows to restore hearing
and to enhance speech perception in profoundly-deaf individuals. Though the
perception of speech through CI devices in an ideal and quiet environment is
good, a variety of everyday disruptions such as background noise, e.g. noise from
the traffic, domestic sounds, noise from the machines, many people talking at the
same time (simultaneous talker scenario) can make speech perception difficult for
Cl users. In normal hearing (NH) individuals, speech intelligibility relies on proper
reception of speech signal by the peripheral auditory system (ear) and processing
by the cognition (brain). In disruptive scenarios, when the peripheral auditory
system does not receive the signal adequately, several cognitive mechanisms may
help to improve speech understanding by enhancing and restoring the signal. This
thesis aims at exploring if due to various factors inherent in the signal, and deficits
of hearing impairment and/or characteristics of CI signal transmission, CI users
may have a reduced ability of understanding interrupted speech. Here, we have
used interrupted speech as a representation of disrupted speech in everyday life.
If this is the case, it may at least partially explain the difficulty CI users experience

in understanding speech in disruptive scenarios.

1.2 How speech perception works

Sound is a series of variations of the pressure in surrounding air. In its physical
form, a sound signal encodes frequency, phase and amplitude information. The
peripheral auditory system of a listener is tasked with converting this frequency,
phase and amplitude information into sensation of sound. For this, the peripheral
auditory system of the listener processes and conveys the spectral and temporal
information of the acoustic signal to the auditory cortex in the brain for

interpretation (Moore, 2003a).
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Figure 1.1 Human ear anatomy. Taken from UCL Ear Institute / Deafness Research UK.

The peripheral organ of the auditory system is the ear that contains the ear drum,
ossicular chain, and snail-shaped cochlea (Figure 1.1). The cochlea contains rows
of hair cells in fluid-filled compartments, namely scala vestibuli and scala
tympani, separated by membranes. The vibration of sound moves the tactorial
membrane and basilar membrane, which in effect causes the bending of hair cells.
This opens up ion channels releasing neurotransmitters, which in effect trigger
action potentials in the auditory nerve. This action potential is carried over by the

auditory nerve to the brain, where it is interpreted as sound (Warren, 2008).

A healthy peripheral auditory system is not passive in nature. It can actively
enhance the representation of signals in the brain, eg. by enhancing and
suppressing the coding of certain frequency components (Houtgast, 1974; Moore,

2014), by separately coding the rapidly changing temporal fine structure and
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slowly changing envelope of the signal (Moore, 2014), applying gain to the signal
(Dallos, 1992). Thus the peripheral auditory system does not merely convey the
signal to the brain, but processes the signal to enhance the bottom-up auditory

cues (Gold and Pumphrey, 1948).

The brain analyses and interprets the auditory cues in the signal for meaningful
information. It does so by employing several cognitive mechanisms. For example,
the brain has to use short term echoic memory to store the signal (Demany and
Semal, 2008; Spector, 2011), and long term episodic memory to store the
exemplars of the past experience of the sound signal (Goldinger, 1996). Apart
from this, in situations when the target sound signal, which is of interest to the
listener, is masked by other sounds, the brain of the listener has to do ‘auditory
scene analysis’, i.e. it has to decompose the mixture of target signal and
extraneous sounds in order to organize the input sound into meaningful events.
An important mechanism of auditory scene analysis is perceptual grouping, in
which the brain of the listener identifies the components of the target signal from
mixture of the sounds and assigns these components to the target source
(Bregman, 1995). To be able to do perceptual grouping, in such scenarios, the
brain also uses attentional resources to focus on the most significant parts of the
signal (Shinn-Cunningham, 2008), for example, in a group conversation, the brain
of a listener needs to use selective attention to identify the target signal, focussed
attention to process only the target and not the extraneous sounds, divided
attention to assess rapidly if switching of attention is needed from one sound to

other and short term memory to fill in the missing bits of conversation.

Speech perception is a special case of sound perception. Meaningful speech is not
only a signal that contains frequency, amplitude and phase information, but it also
encodes semantic information in accordance with linguistic rules. For oral
communication to take place, the listener has to extract this information from the
bottom-up auditory cues. In order to decode meaningful information from the

bottom-up auditory cues received from the peripheral auditory system, the brain
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Chapter 1

emphasis), discourse (use of idiomatic expressions) etc. (Bazzanella, 2011;
Bussmann, 1998; Crystal, 2011; Greene et al,, 2012). The redundancy in language
leads to robustness in speech communication. For example, articulatory organs of
speech are physically connected with each other and their movement during
speech is cooperative and correlated. Because of this, the acoustic features of one
phonetic segment may overlap and interact with the acoustic features of
neighbouring segments. This is called coarticulation (Ladefoged, 1996). For
example, /k/ is produced with rounded lips in the neighbourhood of a round
vowel such as /u:/ but with spread lips in the neighbourhood of a non-round
vowel such as /i:;/. The rounding information on the phoneme /k/ may be

exploited by the brain to do phonemic restoration of the following vowel.

1.3 Top-down restoration of bottom-up cues

One consequence of the redundancy is the enhanced intelligibility of speech in
difficult listening scenarios. In the real world, very often the bottom-up speech
cues become degraded or parts of such cues become physically unavailable to the
ear, e.g. due to masking by background noise, reduced room acoustics such as
reverberation, obliteration of the signal by silence such as in modern digital
communication devices or by change in its natural tempo or pitch, etc. The brain
of an NH listener employs various cognitive mechanisms such as linguistic
knowledge, expectation, context information, etc. to exploit the redundancy of the
speech and restore the degraded speech signal into meaningful words and
sentences (Haan, 1977; Lacroix et al.,, 1979; Lochner and Burger, 1964; Pisoni and

Remez, 2004).

If certain listeners are not able to understand speech with degraded bottom-up
speech cues, it can be speculated to be due to the reduction or failure of top-down
restoration of speech because of failure of cognitive mechanism to properly
engage with bottom-up speech cues (Assmann and Summerfield, 2004). This

speculation can be tested by experimentally testing the interaction of cognitive
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mechanisms and bottom-up speech cues with listeners who have difficulty in

understanding speech in a challenging scenario.

1.3.1 Interrupted-speech perception

One way to explore experimentally the ability of the human brain to employ
cognitive mechanisms to achieve top-down restoration of degraded bottom-up
speech cues is using interrupted-speech perception. In this paradigm, some form
of speech stimulus, e.g. phonemes, words or sentences, is (periodically)
interrupted with silence such that silent interval replaces the portions of speech
stimulus (Jin and Nelson, 2010). The challenges faced by a listener in interrupted-
speech perception are similar to the ones faced by a listener in a real world
scenario where speech is hidden behind background noise: s/he has to employ
cognitive mechanisms to perceptually group the remaining portions into a speech
stream and to restore the missing speech portions from the speech cues from the
remaining portions. Similarity of challenges makes the interrupted speech
paradigm a good technique to also learn mechanisms used in both scenarios in
order to address those challenges (Iyer et al.,, 2007; Jin and Nelson, 2010; Wang
and Humes, 2010). In speech masking paradigm, which is another popular
approach to study such mechanisms (Moore, 2003a), portions of speech are
completely masked by intermittent background noise. In interrupted-speech
perception, by contrast, the portions of speech are physically removed from the
speech signal which helps to avoid the effects of simultaneous masking by
overlaying noise. There are various parameters in interrupted-speech perception
that can be varied, e.g. the rate of interruption, also called the gating frequency
(i.e. the number of interruption cycles per second, where an interruption cycle
consists of a duration of speech signal followed by a duration of silent interval,),
the intensity of the speech, and the duty cycle (i.e. the proportion of speech

duration to silent interval duration in each interruption cycle).
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A possible criticism of interrupted-speech perception (and similar other
approaches) is that the experimental conditions do not mimic the real world
scenario, e.g. because temporally interrupted speech is not an ecologically valid
stimulus, and that there exist discrepancies between controlled laboratory set up
and acoustic reality of the real world (Plomp, 2002). However, the primary goal of
such approaches is not to mimic the opportunities and challenges of the entire
machinery but to study the functioning of particular mechanisms in the entire
machinery in a systematic fashion, which is only possible by the experimental
control and internal validity such approaches allow (Benard and Baskent, 2013;

Huggins, 1964; Neuhoff, 2004).

Previous studies involving interrupted-speech perception in NH listeners have
provided consistently similar results. For example, in a seminal study, Miller and
Licklider (1950) showed that when speech is periodically interrupted with
intervals of silence to render up to 50% of original speech unavailable to the ear,
the intelligibility remains relatively high, provided the rate of interruption was
between 8 and 100 Hz. The lowest intelligibility was found for slow rates of
interruption (4 Hz and less). For each rate of interruption, the duty cycle also
affects the intelligibility, such that longer duty cycles produced better
intelligibility. The results from Miller and Licklider’s study have been reiterated in
the findings of later studies done with speech interrupted with silence and noise
(Dirks and Bower, 1970; Huggins, 1975, 1972, 1964; Jin and Nelson, 2010; Nelson
et al, 2003; Powers and Speaks, 1973; Powers and Wilcox, 1977; Shafiro et al,,
2011a).

These studies have laid out the underlying mechanism of how interrupted-speech
perception functions. When the speech stimulus is interrupted by silence or noise,
only glimpses of the stimulus are available to the listener’s ears around the
intermittent silent intervals or masking noise bursts. Glimpses are the
conspicuous fragments of target speech that escaped obliteration by silence or

where the signal-to-noise ratio is in favour of speech. In order to understand
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speech, the listener is tasked with integrating these glimpses across interrupting
silent intervals or noise bursts in order to identify the auditory stream of speech.
For this, the auditory system of the listener relies on matching the spectro-
temporal profile of the fragments of speech across the interruptions. Then the
listener is also required to glean enough information from the glimpses in order
to reconstruct the original message intended to be conveyed by the speech
(Bregman, 1995; lyer et al., 2007; Srinivasan and Wang, 2005). Because of the
aforementioned cognitive mechanisms, as well as the linguistic redundancy in
speech signal, this kind of top-down restoration of bottom-up speech cues seems

to come easy for the healthy auditory system.

1.3.2 Phonemic restoration and continuity illusion

A variation of top-down restoration of interrupted speech is when the silent
intervals in interrupted speech are filled with noise bursts. In such stimulus,
speech fragments and noise bursts are interleaved, i.e. they occur alternatively
such that the listener hears only one type of signal at a time. In such situation, the
tendency of the auditory system to form an auditory stream of speech is so strong
that the listener assumes the interrupted target speech to be continuous behind
the masker even though the target speech signal is physically absent behind the
masker. This phenomenon occurs, provided the conditions that (i) there is
contextual evidence that the target sound may be present at a given time, (ii) the
masker masks any indication to the absence of the target sound (Warren et al.,
1994, 1972). This is called auditory induction because the brain of the listener
induces the presence of an auditory signal on the basis of the available auditory

evidence (Repp, 1992; Warren et al., 1972).

There are two important consequences of auditory induction in the context of
interrupted-speech perception. As compared with interrupting with silence,
interruption with interleaving noise not only makes the speech signal sound more

continuous (continuity illusion), but it also enhances the intelligibility of speech
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by helping in restoring missing speech segments (phonemic restoration; PR)
(Bregman, 1995; Warren, 1970). In the earliest demonstration of PR, it was
shown that if a phoneme or syllable of a speech material is obliterated by a
masking sound, e.g. a cough or noise, etc., the listener is not only able to mentally
restore the obliterated fragment, but is often not even aware of such obliteration,
thus mentally assuming the speech to be continuous behind the masking sound

(Warren, 1970; Warren and Obusek, 1971).

It is assumed that silent intervals appear to be inserted by the speaker and
inherent to the speech, and not something that was extrinsically added. Hence, the
listener may try to comprehend the silent intervals as well. Thus, at best, silence
provides no bottom-up speech cues, and at worst, it may provide spurious cues,
e.g. the presence of stop consonants or segmentation cues (Huggins, 1964;
Samuel, 1981; Warren and Obusek, 1971). On the other hand, interleaving noise
bursts clearly sound like extraneous sounds added to the sentences. This
encourages the listeners to discount them and focus on the speech sounds for
comprehension (Warren and Obusek, 1971). The noise also masks the potential
spurious cues introduced by silent intervals. Furthermore, due to auditory
induction, the masking noise also helps to posit the possibility that there are
bottom-up cues behind the noise. This increases the ambiguity, resulting in
increased lexical activation of more candidate words, where the activation of the
correct word becomes more likely. Overall this helps the top-down restoration

(Bregman, 1995; Srinivasan and Wang, 2005).

Continuity illusion and PR are important phenomena because they help the
listener to establish a natural relationship between sounds, hence providing a
consistent and simpler interpretation of auditory events, meanwhile improving
speech intelligibility in noisy listening scenarios (Assmann and Summerfield,
2004; Warren and Obusek, 1971). Continuity illusion arises from the Gestalt
tendency of the auditory system to perceive parts of a signal as belonging to one

speech stream, which helps in auditory object formation (Assmann and
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Summerfield, 2004). Continuity illusion indicates the ability of the auditory
system to do auditory grouping, whereas PR indicates the ability of auditory
system to do top-down restoration of degraded speech, which can lead to

enhancement of speech comprehension.

Previously, continuity illusion and PR were considered to be two stages of the
same mechanism (Bashford et al,, 1992; Baskent et al., 2009). Recent evidence
emerging from fMRI study suggests that continuity illusion and PR may be
independent, though related, mechanisms (Shahin et al, 2009). Another
indication in favour of PR and continuity illusion being independent mechanisms
comes from Clarke et al. (2014), who found that shifting the voice characteristics
in speech interleaved with noise leads the listeners to identify the speech
segments to be assigned to two different talkers, thereby disrupting the continuity
illusion, but without diminishing PR. Because it is possible to experimentally
measure continuity illusion and PR, they can be used as an important
psychoacoustic tool to learn about the top-down restoration in interrupted-
speech perception. PR can be quantified by PR benefit using a methodology based
on Baskent et al. (2010). First, a set of sentences is interrupted with periodic
silent intervals (Fig 1.3, middle panel) and the intelligibility of these sentences is
measured. Further, another set of sentences is interrupted with periodic intervals;
the silent interruptions are filled with noise bursts (Fig 1.3, lower panel) and the
intelligibility of such sentences with filled interruptions is measured. The
difference in intelligibility of sentences with silent interruptions and filled
interruptions is considered as PR benefit. A significant and positive PR benefit
indicates that filling the silent interruptions with noise increased the intelligibility
of the interrupted sentences, indicating that PR and hence the interaction of top-
down and bottom-up processes was successful. Apart from this, continuity
illusion can be measured by asking the listener to report if the interrupted
stimulus sentence, with or without the filler noise, sounded continuous or broken.

Significant continuity illusion indicates a listener’s ability to do perceptual

11
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grouping by forming the auditory stream of the speech segments (Bregman,

1995).

Intact speech

Speech interrupted
with silence

Silent portions masked
by noise bursts

Figure 1.3 Schema of phonemic restoration paradigm.

1.3.3 Temporal resolution

A stream of speech is a series of auditory events: continuous changes in frequency
and amplitude that occur over time. Whereas “hearing” speech requires detecting
the presence of sound signal, “listening” to speech requires identifying these
salient auditory events in the speech signal. To achieve this, a listener has to do
quick online processing of the short-term content of speech (Phillips, 1999). This
serves many important aspects of speech perception. For example, the difference
in time for the reception of the signal by the two ears (interaural time difference)
helps in locating the sound source; perceiving the laryngeal pulses helps in
identifying pitch; segregation of two auditory events is required to know that

there were two distinct events and to identify their order, e.g. to perceive the
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correct order of the phonemes; identifying the significance of the gaps between
auditory events, e.g. to parse the gap as a stop consonant versus an inter-word
gap. The ability of the auditory system to identify and distinguish two auditory
events in time is referred to as its temporal resolution. Temporal resolution is an
important ability for understanding speech, and its functions and failures can be

studied with the interrupted-speech paradigm.

In the interrupted-speech paradigm, fragments of speech are separated by silent
intervals in time, and the auditory system needs to group these fragments across
the silent intervals. For intelligibility of speech interrupted with silent intervals, it
is not only the length of the speech portions that matters (Baskent et al., 2010;
Miller and Licklider, 1950; Shafiro et al, 2011b), but the duration of silent
intervals also affects the intelligibility of interrupted speech because long
duration of silent intervals between speech fragments causes reduced perceptual
grouping in return reducing the top-down restoration of interrupted speech
(Huggins, 1975). Another way silent intervals can affect the top-down restoration
of interrupted speech is by introducing spurious bottom-up cues, e.g. of stop
consonants or segmentation (Huggins, 1964; Samuel, 1981; Warren and Obusek,
1971). In the case of hearing devices, longer release times of front-end processing
may make a fluctuation in envelope be erroneously perceived as gap (Baskent et
al, 2009). Thus, proper identification of artificially inserted gaps into speech,
distinguishing these gaps from the surrounding speech portions, and perceptually
grouping the speech portions across the gaps are important aspects of
interrupted-speech perception. This makes temporal resolution an important

aspect of interrupted-speech perception.

One way to test temporal resolution of the auditory system is through continuity
illusion. Failure in identification of temporal gaps would lead to clearly temporally
interrupted sentences sounding continuous. In such a case, it would become

imperative to test the threshold of temporal resolution for the listener, which can
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be measured through gap detection threshold. Gap detection is the detection of
hiatus in the energy in the auditory filters of the listener. In case of a simpler
stimulus, such as a tone, where acoustic energy exists within one auditory filter,
gap detection could be performed entirely peripherally by detecting a break in the
presence of energy in that filter. However, in complex signals such as speech,
where the acoustic energy exists and moves across more than one auditory filters,
identification of gap becomes the relative timing task in the central auditory
system (Phillips et al.,, 1997; van Wieringen and Wouters, 1999). Thus, temporal
resolution in the case of speech is a central cognitive mechanism and gap

detection provides an opportunity to test this mechanism.

1.4 Cochlear implants

Hearing loss or hearing impairment is the partial or total inability of a person to
perceive sounds due to the malfunctioning of the auditory system. Hearing loss
affects a person’s ability to communicate verbally and can have an impact on an
individual’s socio-economic and emotional well-being (World Health
Organization, 2015). Sensorineural hearing loss occurs when there is damage to
the inner ear. If hair cells in the inner ear are damaged, the auditory cortex
receives no input from the auditory nerve. This might result in total or profound
hearing loss in which an individual loses almost all sensitivity to sound
(Greenberg and Ainsworth, 2004). For such individuals, cochlear implants (Cls)
are prescribed to (partially) restore hearing. The microphone of the CI device
transmits the signal to the processor where it passes through a bank of bandpass
filters and is decomposed into temporal envelopes and temporal fine structure by

using rectification and low-pass filtering (Rubinstein and Miller, 1999).
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Enlargement of cochlea
and implanted electrodes

Implant
Microphone

Auditory
Ear Eardrum Implant nerve
canal positioner

Figure 1.4 Basic components and placement of cochlear implant in human ear. Adapted from
Parker (2001).

The envelope is extracted from the bands with maximum energy and the temporal
fine structure information is discarded. The amplitude of the envelopes is
compressed in order to fit the broad dynamic range of the sound signal into the
narrow dynamic range of the electrical signal (Loizou, 1998). The auditory nerve
is then stimulated by modulating an electrical pulse train corresponding to the
extracted envelope and sending this pulse train through an array of electrodes

inserted inside the cochlea (Figure 1.4).

CI devices can help profoundly hearing-impaired (HI) individuals not only to
perceive sounds but also to achieve some comprehension of speech. The
testimony of success of CI devices is that, in many cases, the users of CI devices
are reported to be able to make phone calls and watch television (U.S. Food and

Drug Administration, 2014). Better communication and interaction with
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surroundings leads to overall improvement in quality of life for such individuals

(Klop et al,, 2007; Wheeler et al., 2007).

CI devices, however, also have their own limitations. Although, speech perception
is very robust against spectral degradation and in an ideal listening situation it
can take place with as little information as temporal envelopes from few spectral
channels (Friesen et al., 2001; Shannon et al., 1995), temporal fine structure is
important in noisy scenarios because it carries information of pitch, timbre and
(inter-aural) timing which is important to identify sound sources and segregate
target from masker (Rubinstein, 2004). Temporal fine structure cues are
considered to be important for understanding speech in general too (Lorenzi et
al,, 2006). Because of the lack of temporal fine structure information, CI users are
expected to be more successful in speech perception in quiet listening conditions

as opposed to listening in noisy situations (Clark, 2004).

For an ideal representation of spectral information, each electrode channel should
provide stimulation to a different set of auditory neurons. But because of the
highly conductive fluid in the cochlea bathing the electrodes of the implant, the
current spreads, which results in the current pulses from different electrode
channels stimulating the same auditory neurons (Shannon, 1983). Due to this,
high resolution in the representation of frequency information is not possible for
the users of CI devices (Loizou, 1998). Not only is good spectral resolution
important for speech intelligibility, but low spectral resolution also means that in
a noisy scenario, there is a greater overlap of frequency components of noise and
speech, and in a competing talker scenario, where more than one person speak
simultaneously, there is a greater overlap of voices of different speakers (Baer
and Moore, 1994, 1993; Boothroyd et al., 1996; Festen and Plomp, 1983; Leek and
Summers, 1996). Because of this, CI users may not be able to discriminate
between speech signals and background noise or between overlapping voices of

different speakers (Cullington and Zeng, 2008; Fu and Nogaki, 2005).
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Profound sensorineural hearing loss, which CI users suffer from, is known to be
accompanied by not only apoptosis, i.e. a death of auditory neurons, but it also
affects the way surviving auditory neurons respond due to demyelination
(Shepherd and Hardie, 2001; Sly et al., 2007). Apart from sensorineural hearing
loss, aging also causes demyelination (Bartzokis, 2004). This affects the
transmission of action potentials due to delayed conduction and changed
refractory response times which would result in the loss of temporal synchrony in
information transmitted by neurons to the brain. Loss in synchrony would cause
problems for high stimulation rates as used by some processing strategies of the
CI devices to code intensity and temporal information (Sly et al., 2007). In this
regard, it should be noted that some form of natural asynchrony generated by
neural ‘noise’ inducing stochastic resonance in the auditory system helps in
neuronal processing (Schmerl and McDonnell, 2013), and may also help
sensitivity to modulation in CI users (Chatterjee and Robert, 2001). Apart from
this, CI users also have reduced dynamic range and that dynamic range itself is
divided in only a small number of steps. This limitation makes it difficult to code
intensity differences in signal for the users of CI devices (Loizou et al., 2000).
Across-channel signal differences are important to identify vowels in speech as
they encode the location of formant frequencies (Dorman et al.,, 1997; Loizou et

al, 1998).

1.4.1 Challenges of speech perception with cochlear implants

As mentioned earlier, though the CI device partially restores the hearing of the
profoundly deaf individuals such that it helps in understanding speech, the
intelligibility breaks down in a noisy scenario or a competing talker scenario.
Because background noise and competing talkers are common in everyday
communication, it is difficult for CI users to understand speech in less than ideal
situations of everyday life. This is an important issue that needs to be addressed

in order to improve the usability of CI devices in assisting daily communication.
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One of the possibilities why CI users find it difficult to understand speech in noisy
scenarios is that they could have diminished interaction of cognitive mechanisms
with bottom-up speech signal. Such a diminished interaction could possibly
reduce top-down restoration of bottom-up auditory cues, which is important for
speech perception in less than ideal situations. Such interaction, and its potential
breakdown, can be explored experimentally by testing interrupted-speech
perception in CI users, like it has been tested with NH and HI listeners (Bashford
et al,, 1988; Baskent and Chatterjee, 2010; Chatterjee et al., 2010; Huggins, 1975;
Iyer et al., 2007; Miller and Licklider, 1950; Powers and Speaks, 1973; Powers and
Wilcox, 1977; Shafiro et al., 2011a).

Previous studies done with NH and HI listeners provide some important insights
into how interrupted-speech perception functions in impaired auditory system
and how the degree of top-down restoration of bottom-up auditory cues achieved
by the cognitive system of HI listeners compares with that of NH listeners. The
intelligibility of speech masked by noise, interrupted by silent intervals or
interleaved with noise bursts is found to be reduced in HI listeners as compared
with NH listeners (Baskent et al.,, 2010; Festen and Plomp, 1990; Jin and Nelson,
2010, 2006).

Primarily, reduced frequency selectivity that accompanies sensorineural hearing
loss has been referred to as an important reason for this (Baskent, 2006; Moore,
1985). Studies done with CI users have indicated that in ideal listening condition
and noise condition, speech intelligibility increases as the number of channels
increases, indicating that spectral resolution is an important factor in
intelligibility for CI users as well (Dorman et al., 1997; Fishman et al,, 1997; Fu et
al,, 1998; Fu and Nogaki, 2005). Similarly, Baskent (2012) tested PR benefit with
NH listeners presented with noise-band vocoded speech of various spectral
resolution, and found PR benefit only at high spectral resolution (above 8
channels). But Friesen et al. (2001) found that the useful spectral resolution for

CI users is limited to only up to about 8 channels, whereas for NH listeners
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Introduction

presented noise-band vocoded speech simulating CI processing, the useful
spectral resolution is up to 20 channels. Based on these earlier results, in the
beginning of this PhD work, we have predicted that low spectral resolution would
lead to reduced interrupted-speech perception by CI users as compared to NH

listeners.

In a study done with NH individuals listening to noise-band vocoded speech,
Baskent and Chatterjee (2010) found that adding unprocessed low-frequency
speech information to vocoded speech significantly improves its intelligibility.
This indicates that in low spectral resolution hearing, pitch cues are very
important in top-down restoration of degraded speech. The authors speculated
that this may be because the bottom-up pitch cues help in perceptual grouping of
speech portions across interruptions (Neuhoff, 2004). Since the spectral
resolution through CI devices is very low, and pitch cues are either lost or limited
in CI processing (except when the CI user has residual hearing) (Clark, 2004; Qin
and Oxenham, 2006). More specifically, place encoding of the pitch is limited due
to channel interaction and spread of excitation while temporal pitch or periodicity
is lost due to the loss of temporal fine structure though CI processing. Based on
these, one can predict that CI users would have difficulty in perceptual grouping

and interrupted-speech perception.

By simulating hearing loss with noise masking, some studies found that audibility
itself is an important reason apart from or along with reduced frequency
selectivity to explain reduced interrupted-speech perception in HI listeners
(Florentine and Buus, 1984; Jin and Nelson, 2010, 2006; Lee and Humes, 1993;
Zurek and Delhorne, 1987). Since CI users have lost redundancy in the speech
signal delivered through the device, this may be an important factor for

interrupted-speech perception.
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Aforementioned studies provide an overview of the underlying mechanisms of
interrupted-speech perception and the inherent limitations of the CI processing.
Although differences exist between speech perception with actual CI signal
processing and the NH speech perception with or without noise-band vocoding,
the said overview helps to predict that interrupted-speech perception should be
absent or be deficient in CI users as compared with NH listeners. This thesis

comprises studies that try to establish the veracity of this expectation.

1.5 Aim of the thesis

The overarching research questions of this thesis are:
1. Does the interrupted-speech perception by CI users differ from that of NH
listeners?

2. If yes, then what underlying mechanisms may be causing this difference?

The studies presented in this thesis report experiments conducted with NH
listeners and CI users to explore if one of the contributing factors to poorer
speech perception in background noise for CI users may be that CI users are not
able to deploy top-down speech mechanisms as efficiently as NH listeners due to
the degradations imposed on the speech signal by hearing impairment and/or the
CI signal transmission. To systematically explore the interactions of bottom-up
speech cues that can be affected by hearing impairment and/or CI signal
transmission with top-down mechanisms, I conducted a number of experiments
using interrupted speech stimuli. In various studies presented in the thesis I
tested the effect of degradations inherent to hearing impairment, such as loss of
audibility; effect of amount of bottom-up speech cues; effect of top-down
restoration abilities; and effect of front-end processing on perception of

interrupted speech.

The studies presented in this thesis are cognitive-behavioural in nature. For the

first two studies, intelligibility of interrupted speech, and for the third study,
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phonemic restoration was investigated. For these studies, meaningful sentences
with high context were used. Listening scenarios with controlled difficulty
triggering an interaction of peripheral and cognitive processes of speech
perception was simulated by periodically interrupting the sentences in various
forms, i.e., interrupting with periodic silent gaps, and/or with these gaps filled
with noise bursts. For the last study, meaningful words and synthetic vowel
sounds interrupted with single temporal gaps were used in order to measure gap
detection threshold in speech and speech-like stimuli to test the effect of front-
end processing on the perception of bottom-up signals. For most of the studies in
the thesis, the performance of CI users was compared with the control group

comprising NH listeners, sometimes also tested with an acoustic simulation of Cls.

1.6 Outline of the chapters

Following is an outline of the research questions and the corresponding studies
exploring the research questions. Each study is reported in an individual self-

contained chapter.

Chapter 2. Effects of low-pass filtering on intelligibility of periodically
interrupted speech
Research question: Can audibility alone explain the reduced intelligibility of

interrupted speech in high frequency hearing loss situations?

Previous research has shown HI individuals to have low intelligibility of
temporally interrupted speech as compared with NH listeners (Baskent et al,,
2010; Jin and Nelson, 2010). Could this low intelligibility be simply peripheral in
nature? The first study, reported in Chapter 2, investigates if the low intelligibility
of interrupted speech in HI can be explained on the basis of only reduced
audibility of high frequency components instead of referring to any
suprathreshold factors. The loss of audibility of high frequency components in

bottom-up speech cues alone may cause difficulty in top-down restoration of
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speech interrupted with silence. To test this, silent interruptions at slow and fast
rates were introduced. This interrupted speech was then low-pass filtered at
various cut-off frequencies and filter orders to induce the effect of loss of
audibility, in configurations that simulated high-frequency hearing loss. The
experiment was run on young NH listeners to minimize any potential effects of

aging and suprathreshold deficits.

We expected that the NH listeners presented with low-pass filtered speech would
show poorer intelligibility of interrupted speech than the NH listeners presented
with normal speech. The primary finding of this study was that, while a loss of
audibility does affect intelligibility of interrupted speech, the degree of loss of

intelligibility cannot be explained only on the basis of audibility.

Chapter 3. The intelligibility of interrupted speech: Cochlear implant users
and NH listeners

Research question: Can CI users understand interrupted speech? Is it comparable to
NH listeners? If no, then can the loss of spectro-temporal resolution alone explain

the differences?

The study reported in chapter 3 investigates if Cl users can demonstrate
interrupted-speech perception, and compares their performance with NH
listeners. Complete inability to understand interrupted speech would indicate a
failure of the cognitive mechanism to track the auditory cues in the intact
glimpses of speech and integrate them across silent intervals. The interrupted-
speech perception was found to persist but it was less than that of NH listeners.
Loss of spectral resolution associated with CI processing was tested as a possible
reason behind reduced interrupted-speech perception in CI users. The
performance of NH listeners presented with standard 8-channel noise-band

vocoding was found to be better than the performance of Cl listeners.
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Further, the combined effect of other suprathreshold factors, viz. aging, low
intelligibility of speech in quiet, front-end processing, etc. was then tested by
comparing CI users’ performance with that of age-matched and baseline-speech-
intelligibility-performance matched NH listeners presented with noise-band
vocoded speech. It was found that loss of spectral resolution and cognitive factors
such as aging may explain a large extent of the difficulty in understanding
interrupted speech. Important conclusions about the temporal processing ability
of CI users are drawn. Useful observations about methodological parameters used

in noise-band vocoder studies are discussed.

Chapter 4. Top-down restoration of speech in cochlear-implant users
Research question: Can CI users benefit from phonemic restoration? If yes, is the
benefit comparable to NH listeners? If not, can loss of spectro-temporal resolution

alone explain the differences?

Chapter 4 reports the study that investigates if addition of noise into silent
intervals in interrupted speech would induce phonemic restoration in CI users.
Presence of phonemic restoration would indicate a successful interaction
between the cognitive mechanism and bottom-up auditory cues, whereas no

phonemic restoration would indicate otherwise.

The benefit from phonemic restoration for CI users was also compared with NH
listeners. To investigate the effect of loss of spectro-temporal resolution, NH
listeners presented with noise-band vocoded speech were also included. CI users
were found to attain benefit from phonemic restoration but in a different set of
conditions than NH listeners. This indicated that their restoration abilities, along
with their tracking and integrating abilities as tested in chapter 3, were, while
functional, still limited. Curiously, only noise-band vocoded speech listeners did

not demonstrate sustained benefit of phonemic restoration. The study discusses
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the reasons for this, along with the insights gained about the temporal processing

abilities of CI users.

Continuity illusion was also measured in this study. Although, overall, CI users
displayed significant continuity illusion, they had difficulty in registering silent
intervals when the sentences were interrupted with relatively shorter duration

silent intervals. The implications of this finding are discussed.

Chapter 5. Temporal Gap Detection in speech-like stimuli by users of
cochlear implants: free-field and direct stimulation
Research question: Can reduced spectral resolution and distortion from front-end

processing affect detection of temporal gaps in complex stimuli like speech?

CI users’ failure to distinctly detect silent intervals in speech in the continuity
illusion study led to the research question if they are really sensitive to temporal
gaps. It was suspected that front-end processing of the CI device could be
smearing the temporal gaps making the temporally interrupted sentences sound
continuous. On the contrary, low spectral resolution associated with CI processing
may result in CI users having to monitor fewer channels for the occurrence of
gaps, thereby helping CI users in detecting gaps in complex stimuli. Chapter 5
reports the study that investigated CI users’ sensitivity to temporal gaps in speech
stimuli and the role played by front-end processing in detecting the gaps. Gap
detection thresholds of CI users were measured with speech stimuli and synthetic
vowels, and the effect of frequency and amplitude modulation was investigated

with and without the automatic gain control (AGC) as the front-end processing.

It was expected that CI users may benefit from low spectral resolution in
detecting gap in speech, but this benefit may be diminished by AGC. CI users’ gap
detection thresholds were found to be significantly higher than those of NH
listeners. But when the processor of the CI device (and the front-end processing)

is bypassed, through direct stimulation using a research interface, CI users’ gap
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detection thresholds become comparable to those of NH listeners, indicating the
role of front-end processing, e.g. AGC may play in gap detection. It also indicates
that although central cognitive factors related to detecting gaps may be intact in
CI users, peripheral factors may affect the performance in temporal resolution

tasks.

Chapter 6. Discussion
Chapter 6 outlines the conclusion and the grand picture on the basis of the main
findings reported in the preceding chapters. The implications of these findings are

also discussed.
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Abstract

The combined effect of low-pass filtering (cut-off frequencies between 500 and 3000 Hz) and
periodic interruptions (1.5 and 10 Hz) on speech intelligibility was investigated. When
combined, intelligibility was lower than each manipulation alone, even in some conditions
where there was no effect from a single manipulation (such as the fast interruption rate of
10 Hz). By using young normal-hearing listeners, potential suprathreshold deficits and
ageing effects that may occur due to hearing impairment were eliminated. Thus, the results
imply that reduced audibility of high-frequency speech components may partially explain the

reduced intelligibility of interrupted speech in hearing impaired persons.

2.1 Introduction

Human auditory system has a remarkable capacity for understanding speech in
adverse conditions. For example, speech interrupted with periodic silent intervals
remains highly intelligible, especially at fast interruption rates, despite omitting
up to 50% of the signal (Miller and Licklider, 1950; Powers and Speaks, 1973).
The high level intelligibility of interrupted speech is partially attributed to the
top-down repair mechanisms of the auditory system that use context,

expectations and linguistic rules (Chatterjee et al,, 2010; Schnotz et al,, 2009).

Recently, Jin and Nelson (2010) tested intelligibility of interrupted speech in
normal-hearing (NH) and hearing-impaired (HI) listeners for interruption rates
between 1 and 16 Hz. While slower interruption rates (<4 Hz) adversely affected
both groups, performance by HI listeners was lower at all interruption rates.
Baskent et al (2010) further found that, at the slow interruption rates (1-2 Hz),
the performance of the HI listeners was negatively correlated with the degree of

hearing loss (and the age of the listener).



Effects of lowpass filtering on intelligibility of periodically interrupted speech

It is not yet clear what factors cause the poor intelligibility of interrupted speech
in hearing impairment. While threshold elevation and reduced audibility (Jin and
Nelson, 2006) and suprathreshold deficits, such as temporal and spectral
degradation (Gnansia et al.,, 2010; Horwitz et al., 2002), due to hearing loss could
affect the bottom-up speech cues, reduced cognitive resources due to ageing
(Gordon-Salant and Fitzgibbons, 1993) could affect the top-down repair

mechanisms.

In this study, as a first step towards investigating the factors causing reduced
intelligibility of interrupted speech with hearing impairment, we aimed to explore
the effect of audibility alone, without any other potential factors mentioned
before. A systematic loss of high-frequency (HF) speech components was induced
with young NH listeners, by Low-Pass (LP) filtering speech stimuli with varying
cut-off frequencies and filter orders (similar to Horwitz et al, 2002) prior to
applying the interruptions. Thus, potential effects of suprathreshold deficits and
ageing were eliminated, and only the effect of audibility on perception of

interrupted speech is studied.

2.2 Materials and methods

2.2.1 Test materials

Meaningful Dutch sentences, digitally recorded at the sampling rate of 44.1 kHz,
were taken from the Vrije Universiteit (VU) corpus (Versfeld et al.,, 2000). Each
sentence was 4 to 9 words long, containing words up to three syllables long. The
corpus has two subsets (one spoken by a male speaker and the other by a female
speaker) of 39 lists each. Each list has 13 sentences. For the present study, the
first 37 lists from male (first for training, next 36 for experiment) and the first 36

lists from female talker were used.
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2.2.2 Participants

Eight Dutch native speakers of both genders (ages 19-22 yrs; average age about
20 yrs.), who were undergraduate students of the Psychology Department at the
University of Groningen and reported no hearing problems, participated in the
study. Course credit was given for participation. Written information about the
study was provided and written informed consent was collected prior to the
experiment. The study was approved by the Ethical Committee of the Psychology

Department.

2.2.3 Experimental conditions

The sentences were LP filtered using a Butterworth filter (four cut-off frequencies
at 500 Hz, 1000 Hz, 2000 Hz and 3000 Hz, and three filter orders at 1, 3 and 10,
with corresponding filter slopes of 6, 18 and 60 dB/octave, respectively). These
conditions were selected to simulate a wide range of hearing loss configurations,
as well as to retain or reduce specific speech cues, such as voice pitch, vowel

formants and consonants.

LP filtered sentences were either left uninterrupted, or were interrupted by
modulating with a periodic square wave of 1.5 or 10 Hz. To prevent LP filtering
effects on the square wave the interruption was applied after the filtering. The
interruption rates were selected based on previous studies, one a slow phonemic
interruption rate producing a significant reduction in intelligibility (Baskent,
2006; Baskent et al., 2010), and one faster rate producing minimal reduction in
intelligibility (Jin and Nelson, 2010). The duty cycle was 50%, and a raised cosine
ramp of 5 ms was applied to the onsets and offsets of the square wave to prevent

spectral splatter.

The experiment consisted of 8 blocks (2 speakers x 4 cut-off frequencies), with 9

trials each (3 filter orders x 3 interruption conditions; see Table 2.1). Thus, data
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Effects of lowpass filtering on intelligibility of periodically interrupted speech

collection comprised of a total of 72 trials with 936 sentences and lasted around
two hours. For the experiment, the lists were presented always in the same order
to all listeners, but the order of blocks and the order of trials in the blocks were
randomized. Thus, each participant heard the same order of the sentences

processed with different conditions.

Table 2.1 Conditions in one block shown with corresponding nine trials. The blocks were
repeated for two speakers (male and female), and for four cut-off frequencies (500 Hz, 1000
Hz, 2000 Hz and 3000 Hz) of the LP filter.

Trial Rate of Interruption Filter order
1 No Interruption 1
2 1.5Hz 1
3 10 Hz 1
4 No Interruption 3
5 1.5 Hz 3
6 10 Hz 3
7 No Interruption 10
8 1.5Hz 10
9 10 Hz 10

2.2.4 Experimental setup and procedure

The stimuli were processed and presented using MATLAB on a Macintosh
computer. The processed digital signal was sent through the S/PDIF output of
AudioFire 4, the external soundcard of Echo Digital Audio Corporation (California,
USA). After conversion to an analogue signal via DA10 digital-to-analog converter
of Lavry Engineering Inc. (Washington, USA), it was played back diotically with
HD600 headphones of Sennheiser Electronic Corporation (Connecticut, USA) at an

RMS level of 60 dB SPL. A short beep preceded the stimulus to alert the listener.

Each participant, seated inside an anechoic chamber, listened to the stimulus, and

repeated verbally what s/he heard. Listeners were encouraged to guess as much
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as they feasibly could. When done, the participant requested the next sentence by
giving a cue to the experimenter, who then used the graphical user interface
displayed on a touch screen monitor to play the next stimulus. The spoken
responses of the participants were recorded on DR-100 digital voice recorder by
Tascam (California, USA), for offline scoring. A native Dutch speaking student
assistant listened to the recordings, and calculated the percent correct scores by
the ratio of correctly identified words to the total number of words presented to

the listener. Wrong identification of the words was not penalized.

For familiarization with the procedure a short training (with different parameters
than actual testing) was provided before the actual experiment. One list of
sentences, which was the same for each participant, was used for training. No

feedback was provided during the training or data collection.

2.3 Results

Since the performance of the participants was at ceiling for several conditions, the
data are reported in the form of RAU (Rationalized Arcsine transformation Unit)
scores (Studebaker, 1985) instead of percent correct scores. Figure 2.1 shows the
mean RAU scores combined for the stimuli spoken by the male and female
speakers, as a function of the filter order. The panels show the results for different
cut-off frequencies. In each panel, different lines show the RAU transformed

intelligibility scores with different interruption conditions.

The figure shows that, without the interruptions (open circles), there was no
effect of LP filtering on the speech intelligibility, except for the most aggressive
filtering condition, i.e., the lowest cut-off frequency of 500 Hz (top left panel) and
the highest filter order of 10. The effect of interruptions alone could best be
observed with the least filtering condition, i.e., the highest cut-off frequency of
3000 Hz (right lower panel) and the lowest filter order of 1: While the slow

interruption rate of 1.5 Hz reduced speech intelligibility (open square), there was
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Effects of lowpass filtering on intelligibility of periodically interrupted speech

no effect of the fast interruption rate of 10 Hz (open triangle). When combined,
however, an interactive and detrimental effect of LP filtering and interruption was
observed on speech intelligibility, especially at the low cut-off LP filtering
conditions of 500 and 1000 Hz (upper panels). As the severity of filtering, i.e. the
filter order, increased, intelligibility of speech decreased. Most strikingly, the
faster interruption rate of 10 Hz, which had no effect on intelligibility at the low

filter order of 1, reduced intelligibility dramatically at the higher filter order of 10.
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Figure 2.1 The mean RAU scores shown as a function of the filter order. The panels show the
results for different cut-off frequencies, and within each panel, the results are shown
separately for different interruption conditions. The error bars denote the standard

deviations.

A repeated measure three-way ANOVA on the RAU scores, with the variables of

cut-off frequency, filter order, and interruption rate showed a significant main
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effect of all three independent variables, with significant interactions between

them (Table 2.2).

Table 2.2 Results of the three-way repeated measures ANOVA on the RAU scores. For all
main effects and interactions, the p value was highly significant at p<0.001.

Main Effects and Interactions F value

1. Filter order F(2,14)=174.34
2. Interruption rate F(2,14)=37.44

3. Cut-off frequency F(3,21) =28.94

4. Filter order x Interruption rate F(4,28) =217.05
5. Filter order x Cut-off frequency F(6,42) =120.87
6. Interruption rate x Cut-off frequency F(6,42) =240.17
7. 0rder x Cut-off x Interruption F(12,84) =207.60

2.4 Discussion

In this study, the effect of LP filtering (to simulate missing HF speech information
that may occur in hearing loss) on intelligibility of temporally interrupted speech
was investigated. The cut-off frequencies of LP filtering ranged from 500 to 3000

Hz, while the interruption rates were slow and fast at 1.5 and 10 Hz, respectively.

LP filtering alone had little effect on the intelligibility of uninterrupted speech,
despite removing speech information important for phoneme identification. 1 to 4
kHz are the most important frequencies for understanding speech, as this range
contains important formant information for vowel identification, as well as cues
for consonant identification (Fletcher, 1953; Owens et al,, 1972; Walden et al,,
1981). However, with uninterrupted meaningful sentences, the syntactic and
semantic cues available from the linguistic context of the uninterrupted words
likely compensate for the impoverished HF speech cues. As a result, LP filtered

uninterrupted speech may remain highly intelligible.
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The effect of interruption alone was best visible at the least aggressive LP
conditions (lowest filter order and highest cut-off frequency). Similar to previous
studies (Baskent et al.,, 2010; Jin and Nelson, 2010; Miller and Licklider, 1950;
Shafiro et al,, 2011a), the slow interruption rate of 1.5 Hz was detrimental for
intelligibility of interrupted speech whereas the fast interruption rate of 10 Hz
was not. The difference in these effects is attributed to the obliteration of entire
words from the speech stream at the slower rate, in contrast to the increased

looks per word at the faster rate.

The main interest of the present study was the combined effect of LP filtering and
temporal interruption. Despite producing minimal effects when applied
individually, intelligibility was reduced drastically at some combined conditions.
In a similar study, (Lacroix et al., 1979) found that in the presence of temporal
distortions, such as interruption, reverberation or temporal compression, the
degree of intelligibility heavily relies on frequencies above 2 kHz. In our study,
our listeners showed more tolerance to LP filtering. The difference could be due
to the severer filter slope, at 96 dB/octave, of the previous study. Regardless, both
studies indicate that in the absence of information redundancy provided by the
HF speech components, interruptions lead to a greater loss of intelligibility,
possibly because of the degradation of low-level acoustic speech cues (due to LP
filtering) that are needed for the top-down repair mechanism in the case of
interrupted speech. Understanding a sentence requires understanding its
component words. Interruption causes obliteration of complete or partial words,
which may cause a disruption in linguistic context. Due to LP filtering, the
remaining (partial) words lose the robust low-level speech cues that may be
necessary to access higher order linguistic information (Shafiro et al, 2011a).

Hence, combined, this would result in the loss of intelligibility.
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Since we wanted to explore the effect of audibility alone on the perception of
interrupted speech, we employed young NH listeners, and simulated the loss of
HF speech cues due to hearing loss with LP filtering. Thus, we could eliminate
other factors relevant to hearing impairment, such as the suprathreshold deficits
or age-related cognitive decline. More deleterious effect of the combination of two
distortions, e.g. spectral smearing and background noise, as compared with sole
distortion, e.g. spectral smearing, is known (Baer and Moore, 1993). Similarly,
combined effect of supra-threshold auditory deficits and periodic interruptions is
known to be detrimental to speech intelligibility- e.g., amplitude modulation and
frequency modulation filtering and interruptions (Gilbert et al., 2007; Gnansia et
al,, 2010; Nelson and Jin, 2004). Since speech has a lot of inherent redundancy, the
loss of audibility should not affect the intelligibility. This is why the combined
effect of audibility loss and interruption found in this study is interesting. It seems
that richness in the speech is important for understanding interrupted speech.
The findings of this study imply that apart from suprathreshold or cognitive
deficits, the decrease in audibility itself may be a major reason for poor

intelligibility of interrupted speech in HI listeners (Jin and Nelson, 2006).

The presence of suprathreshold deficits and their potential effects on perception
of degraded speech is still under debate. For example, (Fabry and Van Tasell,
1986) concluded that the effect of sensorineural hearing loss on speech
perception is simply due to the reduction or elimination of speech cues from the
loss in hearing sensitivity. On the other hand, Baskent (2006) observed that,
despite correcting for presentation levels, HI listeners did not seem to take
advantage of increased spectral resolution for perception of spectrally degraded
speech. While the results of the present study do not support or reject potential
effects of such other factors on perception of interrupted speech, they at least
imply that a reduction in speech redundancy alone can have substantial detriment

to perception of degraded speech.
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Thus, in line with previous research (Chatterjee et al., 2010; Schnotz et al., 2009),
we conclude that understanding linguistic context, which is a top-down process, is
necessary to restore words, but bottom-up auditory cues are necessary to
understand the context words. The bottom-up disruption in audibility hampers
the top-down restoring of the interrupted speech. Hence, the loss of intelligibility
of interrupted speech for listeners with HF hearing loss might mainly be caused
due to loss of audibility of HF components, in addition to the potential

suprathreshold or cognitive deficits.
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Abstract

Compared with normal-hearing listeners, cochlear implant (CI) users display a loss of
intelligibility of speech interrupted by silence or noise, possibly due to reduced ability to
integrate and restore speech glimpses across silence or noise intervals. The present study
was conducted to establish the extent of the deficit typical CI users have in understanding
interrupted high-context sentences as a function of a range of interruption rates (1.5 to 24
Hz) and duty cycles (50% and 75%). Further, factors such as reduced signal quality of CI
signal transmission, advanced age, as well as potentially lower speech intelligibility of CI
users even in the lack of interruption manipulation, were explored by presenting young, as
well as age-matched, normal-hearing (NH) listeners with full-spectrum and vocoded speech
(8-channel and speech intelligibility baseline performance matched). While the actual CI
users had more difficulties in understanding interrupted speech and taking advantage of
faster interruption rates and increased duty cycle than the 8-channel noise-band vocoded
listeners, their performance was similar to the matched noise-band vocoded listeners. These
results suggest that while loss of spectro-temporal resolution indeed play an important role
in reduced intelligibility of interrupted speech, these factors alone cannot entirely explain the
deficit. Other factors associated with real Cls, such as aging or failure in transmission of
essential speech cues, seem to additionally contribute to poor intelligibility of interrupted

speech.

3.1 Introduction

In everyday listening scenarios, when the target speech is masked by
fluctuating background noise or competing speech, normal-hearing (NH) listeners
are able to employ top-down mechanisms to perceptually restore the masked
speech information. This phenomenon, variously referred to as ‘glimpsing’, ‘dip-
listening’ or ‘listening-in-the-valleys’, implies that the listeners are able to track
and integrate the glimpses of unmasked target speech portions into a speech
stream using the spectro-temporal cues and additional linguistic and contextual

information from the unmasked segments (Baskent, 2012; Baskent and
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Chatterjee, 2010; Buus, 1985; Miller and Licklider, 1950; Moore, 2003b;
Srinivasan and Wang, 2005; Wang and Humes, 2010). Thus, the intelligibility of
speech in noisy listening scenarios depends on listeners’ ability to integrate the

speech samples from successive glimpses.

Noisy scenarios pose challenging listening conditions to cochlear implant (CI)
users in understanding speech. CI users have limited spectro-temporal resolution,
often accompanied by other distortions arising due to electrode placement,
degree of neural survival and front-end signal processing features (Baskent and
Shannon, 2006, 2005; Nelson and Jin, 2004; Qin and Oxenham, 2003). Due to this,
the spectro-temporal cues in the intact portions of speech are degraded for CI
users (Friesen et al, 2001; Fu and Shannon, 2000; Rosen, 1989). In noisy
scenarios, reduced intelligibility of intact portions and degraded bottom-up cues
may inhibit the tracking and integration of the glimpses of unmasked target
speech portions into a speech stream. This could cause a difficulty in employing

the top-down mechanisms in restoring and understanding degraded speech.

A failure in integrating and restoring the speech stream from glimpses may help
explain, at least partially, the difficulty CI users experience in understanding
speech in noisy scenario. Keeping this in view, the current study was designed to
test integration and restoration of glimpses from interrupted speech in CI users in
comparison with NH listeners. In speech, glimpsing and restoration have been
studied using masking paradigms in which a speech stream is periodically masked
by temporally fluctuating noise or competing talker’s speech stream (see
Assmann and Summerfield, 2004, for a review) or, alternatively, using phonemic
restoration (Bhargava et al,, 2014). A fluctuating masker affects CI users more
than NH listeners (Fu and Nogaki, 2005; Nelson et al., 2003; Nelson and Jin, 2004).
This could be due to the failure of CI users to deal with obliterated speech itself,
i.e. failure in tracking and integrating the glimpses (Gnansia et al., 2010; Nelson

and Jin, 2004) and/or due to various additional deleterious effects of masker, e.g.
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the spectral smearing that occurs in electrical stimulation, making the target
speech blend more in the masker (Friesen et al.,, 2001; Fu et al., 1998; Fu and
Nogaki, 2005) and weaker transmission of voice cues that can be otherwise
helpful in segregating target speech from masker (Fuller et al.,, 2014; Stickney et
al,, 2007).

One way to test glimpsing without additional deleterious effects of a masker is
using speech periodically interrupted with silent intervals (Nelson and Jin, 2004).
Even though no noise is involved in interrupted-speech perception, the listener
has to employ top-down mechanisms to integrate and restore unavailable speech
portions. These are likely the same mechanisms involved in masking paradigm
and real-world noisy scenario. Jin and Nelson (2010) found a strong correlation
between the scores of sentence recognition in noise and interrupted sentence
recognition for both NH listeners and hearing-impaired listeners. This similarity
makes the interrupted-speech perception paradigm a good technique to learn
more about common mechanisms listeners use in understanding speech in noisy
scenario (Iyer et al., 2007; Jin and Nelson, 2010; Wang and Humes, 2010), without
the potentially harmful effects of added noise on speech perception (Nelson and
Jin, 2004). Despite these advantages, interrupted-speech perception is less
frequently studied (Miller and Licklider, 1950; Shafiro et al., 2011a) and even
lesser so with CI users in conjunction with sentences (Nelson and Jin, 2004; Wang
and Humes, 2010). For these reasons, in the present study, we used the
interrupted-speech perception paradigm to test integration and restoration of

glimpses in Cl users and do a comparison with NH listeners.

In NH listeners, depending on the speech material, speaker rate and on-cycle
duration, speech intelligibility shows a U-shape. In general, many words remain
intact at slow interruption rates (<2 Hz), while multiple looks per words are
available through interruptions at fast rates (>4 Hz). These two conditions thus

result in good intelligibility. At intermediate rates (2-4 Hz), almost every or every
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other word is obliterated, causing a drop in intelligibility (Huggins, 1975; Nelson
and Jin, 2004; Powers and Speaks, 1973; Shafiro et al.,, 2011a). Miller and Licklider
(1950) and Wang and Humes (2010) reported that the intelligibility of single
words was lowest at the rate of around 4 Hz because entire phonemes were
eliminated at this rate. Faster interruption rate resulted in better intelligibility.
Similarly, Powers and Wilcox (1977) found that the intelligibility of sentences was
highest when the interruption rate was such that the listener received at least one

partial look at every word.

In contrast to NH, for CI users, there have been fewer studies on perception of
interrupted speech. Evidence from the limited literature indicates that silent
interruptions strongly disrupt the intelligibility of speech for CI users. For
instance, Chatterjee et al. (2010) used 5 Hz interruption rate with sentences, and
Gnansia et al. (2010) used 4 Hz interruption rate with nonsense bisyllables to find
that CI listeners’ intelligibility of interrupted speech was drastically lower than
that of NH listeners. This indicates that, compared with NH listeners, CI users
experience more difficulty in integrating spectro-temporal cues across silent
interruptions at word as well as segmental level. A possible explanation for this
was proposed by Gilbert et al. (2007) who found that for speech with envelope
cues only, the lowest intelligibility is for the slow and medium interruption rates
of 2-4 Hz, suggesting the involvement of modulation masking with envelope-only
cues. Since CI users rely heavily on envelope cues, slow and medium rates of
interruption are likely to produce modulation masking disrupting intelligibility
for CI users than NH listeners. Thus a wide range of rates of interruption has to be
used to also adequately explore the effect of silent interruptions in CI users while

allowing for the possibility of the observing the effects of modulation masking.

Nelson and Jin (2004) used a range of slow and fast interruption rates (between 1
and 32 Hz), with sentences, to compare CI users’ intelligibility of interrupted

speech with NH listeners presented with and without noise-band vocoded speech.
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At interruption rates faster than 4 Hz, the scores for NH listeners listening to full-
spectrum speech was significantly high, while the scores for CI users and 4-
channel noise-band vocoded speech listeners were close to the floor level. At
interruption rates slower than 4 Hz, the intelligibility scores of NH listeners
listening to full-spectrum speech dropped significantly, while the scores of CI
users and NH listening to vocoded speech remained close to the floor level.
Because noise-band vocoding may have overestimated the detrimental effect of
spectro-temporal degradation of speech stimulus (Shamma and Lorenzi, 2013), it
is likely that NH listening to vocoded speech had performed worse than CI users.
Because of the floor effect, it was not clear in their study if the silent interruptions

affected the noise-band vocoded speech listeners and CI users similarly.

There were a couple of factors not analyzed by Nelson and Jin that could also have
contributed to the findings, namely, potential effects of aging and lower baseline
perception of (uninterrupted) speech in CI users. Although recent work has failed
to demonstrate a detrimental effect of aging on speech intelligibility in steady or
fluctuating noise maskers for NH listeners (Schoof and Rosen, 2014), aging is
shown to be accompanied with decline in auditory temporal processing
(Fitzgibbons and Gordon-Salant, 1996; Saija et al,, 2014). In light of the reliance on
temporal envelope cues by CI listeners and the competing decline in temporal
auditory perception in aging adults, aging may be deemed as a highly relevant
factor for speech perception in CI users. Given that the participants involved in
the study by Nelson and Jin had a considerable age difference between the NH
group (19-32 years) and the CI group (34-64 years, mean age 49 years), differing
performances may have been partially due to aging. Secondly, in the study by
Nelson and Jin, no significant correlation was found between the intelligibility of
uninterrupted speech and that of interrupted speech for the CI users. However,
since the performance of CI users with interrupted speech was at floor level, this
correlation was also difficult to interpret. In addition to this, the baseline

intelligibility with uninterrupted speech for CI users was lower than the baseline
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intelligibility for NH listeners presented with 4-channel noise-band vocoded
speech. As a result, based on the existing literature, it is still unclear whether only
the loss of spectro-temporal resolution simulated with vocoding (and not other
factors such as aging, disparity in speech intelligibility baseline, etc.) could

account for the performance of CI users.

One more factor that is known to affect interrupted speech intelligibility in NH
listeners is the duty cycle of the speech signal. Varying the duty cycle manipulates
the availability of additional speech cues, and this way, one can measure how well
the listeners can utilize this additional information. Longer duty cycle provides
longer intact speech portions containing more spectro-temporal cues as
compared with shorter duty cycle. In NH listeners, longer duty cycle has been
reported to lead to better integration of glimpses and restoration of obliterated
speech portions (Miller and Licklider, 1950; Shafiro et al, 2011a; Wang and
Humes, 2010). In CI users, longer duty cycle (75%) has been reported to not only
provide better intelligibility of interrupted speech as compared with shorter duty
cycle (50%), but also significant restoration of speech with filler noise (Bhargava
et al, 2014). Since these studies show that listeners can make use of longer
duration speech cues for intelligibility, especially for CI users, duty cycle should be
considered an important aspect of interrupted-speech perception. No previous
study involving CI users explored duty cycle with a wide range of interruption
rates, and as a result, it is not clear whether CI users would be able to consistently
take advantage of better duty cycle for the perception of interrupted speech at

various interruption rates.

Thus, there is evidence that CI users have reduced interrupted-speech perception
as compared with NH listeners, but the factors that may influence this reduction
are not yet fully understood. In this study, we have systematically investigated
perception of interrupted speech by CI users for a range of interruption rates and

duty cycle, while also taking into account the effects of other potential factors.
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We divided the study into three parts, each dealing with one research question.
The first research question is: How does the interrupted-speech perception of CI
users differ from that the interrupted-speech perception of NH listeners? In this
regard, in Experiment 1, we aimed to systematically characterize the extent of
potential deficits in perception of periodically interrupted speech that the CI users
have as compared with the NH listeners presented with normal speech (NHnorm).
By using a range of interruption rates, and different duty cycles of the
interruptions, we obtained a comprehensive picture of how the CI users deal with
the temporal interruptions, given that their access to speech is already degraded

due to the limitations of electrical stimulation.

The second research question is: Can the deficit in interrupted-speech perception
be explained on the basis of low spectro-temporal resolution availed through CI
devices? To answer this, in Experiment 2, a control group of young NH listeners
was tested with 8-channel noise-band vocoded simulations of CI processing
(NHVoc), and their performance was compared with that of CI users. Through
this, we explored whether the deficit in understanding interrupted speech was
merely a result of the reduced spectro-temporal resolution, which would be
indicated by similar performances between the two groups. In case a difference in
their performance was found, there would be a possibility of a combined effect
with other factors related to the actual Cls, such as aging, channel interaction,
front-end processing, the quality of signal transmission at the electrode-nerve
interface, and residual hearing. Related to this, the third research question was:
Could the disparity in interrupted-speech perception between CI users and NH
listeners be contingent on more factors than only the loss of spectro-temporal
details? To answer this, in Experiment 3, we aimed to test the factors of aging and
baseline intelligibility (as a combined effect of other Cl-related factors listed
above). This time, a new control group of NH listeners (NHVocM) was tested with
the noise-band vocoding, however, these were matched in age to the experiment

group, and further, their baseline performance with uninterrupted speech was
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also matched to individual CI users by using noise-band vocoding with
individualized spectral resolution and filter order. The data for CI users was
collected once and then used for comparisons with NHnorm (Experiment 1),

NHVoc (Experiment 2) and NHVocM (Experiment 3)

3.2 Experiment 1. Perception of interrupted speech

compared between CIs and normal-hearing (NHnorm)

The first experiment was run in order to fully capture potential deficits CI users
may have in perceiving interrupted speech, as characterized over a range of
combination of interruption rates and duty cycles. These were compared to the
control data from young NH listeners presented with normal full-spectrum speech

(NHnorm), i.e., only interrupted, but with no noise-band vocoding.
3.2.1 Participants

Eight CI users (6 males and 2 females; 28 to 75 years; average age 53.8)
comprised the CI group. They were recruited via the clinic of the
Otorhinolaryngology Department, University Medical Center Groningen. The
demographics of these participants are shown in Table 3.1. All CI participants
were monaurally implanted and had more than one year of CI experience with
their device prior to the experiment. They were selected to represent typical CI
users. The only exception was the inclusion criterion of relatively high speech
perception performance so that the effects of interruption rate and duty cycle
could be fully observed with minimal floor effect. For this purpose, CI users with
phoneme-identification score above 65% were recruited (Table 3.2). Phoneme-
identification scores were measured in the clinic using the Nederlandse Vereniging
voor Audiologie (NVA) word corpus (Bosman, 1989). The word corpus consists of
lists of words, each containing 12 monosyllabic Dutch words of the pattern

Consonant-Vowel-Consonant, spoken by a female talker. Each speech sound
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correctly identified is scored. The first word of each list serves as the introductory

word and is excluded from scoring.

Three CI users had hearing aids prescribed for their non-implanted ear, but these
were not used during data collection. Eight young NH listeners (5 males and 3
females; 19 to 28 years; average age 22.4) comprised the control group. The NH
participants had an average pure-tone hearing threshold (across the test
frequencies of 0.5, 1, 2 and 4 kHz) at the better ear lower than or equal to 20 dB
HL. They were recruited through a database of participants who had participated
in similar behavioral experiments at our lab, but had never been exposed to the

specific test materials or procedures of the present study.

All participants were native speakers of Dutch with no language disorders. All
participants provided written informed consent before taking part in the
experiment. A financial compensation was provided for participation time and
travel costs. The study was approved by the Medical Ethical Review Committee of

the University Medical Center Groningen.

3.2.2 Stimuli

The stimuli were grammatically well formed, meaningful, and highly contextual
Dutch sentence recordings from the sentence corpus prepared by (Versfeld et al,,
2000). The sentences were spoken by a male talker, and recorded digitally at 44.1
kHz. The speaker rate was on average about 3 words per second. Thirty-nine lists,
each comprising 13 sentences, were provided with the corpus. The first 3 lists of
the sentence corpus were always used for training the participants and for
measuring the sentence-identification baseline score with uninterrupted
sentences. For the main experiments, twelve lists per subject were randomly

chosen from the remaining 36 lists.
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Table 3.2. Pre-operative hearing thresholds of the non-implanted ear for CI participants vis-
a-vis their phoneme-identification scores and sentence-identification baseline scores An
asterisk (*) denotes where the threshold was not measurable because of very poor hearing,

while ‘n.a.’ denotes that the readings were not available.

Subject | Pre-operative tone thresholds of non-implanted | Clinical Experimental
ID ear (dB HL) phoneme- sentence-
250 500 1000 2000 | 4000 8000 | identification identification
Hz Hz Hz Hz Hz Hz scores baseline scores
@ 75 dB SPL | @ 60 dB(A) (%)
(%)
CcI 75 85 85 115 120 * 67 70
CI2 n.a. 85 85 75 70 95 80 86
CI3 80 100 110 115 115 * 95 99
Cl4 30 50 90 90 95 * 91 98
CI5 * 115 95 90 90 105 85 99
Cl6 60 60 50 100 * * n.a. 97
C17 95 105 110 120 * * 75 83
CI8 70 85 110 115 130 110 85 93.8

3.2.3 Signal processing

The speech stimuli were periodically interrupted with silent gaps in a manner
similar to our previous studies (Baskent and Chatterjee, 2010; Bhargava and
Baskent, 2012). The interruptions were produced by modulating the sentence
recordings with periodic square waves (ramping time of 5 ms) that varied on two
parameters: rate of interruption (1.5, 3, 6, 10, 12 and 24 Hz), and duty cycle (50
and 75%, representing the “on” time relative to the period, see Figure 3.1). The
range of the interruption rates was chosen to produce both poor (slow rates) and
good (fast rates) intelligibility for the NH listeners, based on a pilot study and past
studies (Baskent, 2010; Baskent and Chatterjee, 2010; Chatterjee et al.,, 2010;
Gilbert et al., 2007; Miller and Licklider, 1950; Nelson and Jin, 2004; Powers and
Speaks, 1973).
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listeners

Interrupting the speech with silent intervals further deteriorated the intelligibility
for the CI users for both the duty cycles. Dunnett’s test showed that all
interruption conditions produced significantly different performance than the
baseline condition with uninterrupted speech [!<0.0001], except for 75% at

24Hz["a=1.62,! =0.39].

The intelligibility scores were the highest for the faster rates of interruption (24
Hz), and lowest for medium rates of interruption (3 and 6 Hz) indicating that CI
users were able to make use of more glimpses per second. The intelligibility
scores were higher for slowest interruption rate of 1.5 Hz as compared with the
medium rates. This nonmonotonicity was not observed with NH listeners with
75% duty cycle, due to ceiling effect. A paired sample t-test ["s = -10.52, | <0.05]
found the intelligibility with 75% duty cycle [mean = 59.92] to be significantly
higher than the intelligibility with 50% duty cycle [mean = 24.22].

Thus, for several conditions tested in this study, the CI users were not only able to
successfully integrate and restore the speech segments interrupted by silent
intervals but were also able to achieve better intelligibility of interrupted speech
by taking advantage of the faster and longer sampling of speech signal. To
compare the adverse effect of silent interruptions between the groups of CI users
and NH listeners tested with full-spectrum speech, a two-way mixed model
ANOVA was used to analyze the data for each duty cycle, with interruption rate as
within-subject factor, and mode of hearing (i.e. NHnorm vs. CI) as between-
subject factor (Table 3.3). For both the duty cycles a significant main effect of
interruption, mode of hearing and a significant interaction were found. Thus, the
CI users’ intelligibility of interrupted speech was significantly lower than that of
the NHnorm listeners, and the interruption rate affected the intelligibility for CI
listeners differently than NHnorm listeners, for both of the duty cycles. To make
sure that these results were not caused only by the ceiling effects, the three

slowest interruption rates at 50% duty cycle — where there was no saturation for
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of the factors of aging and lower intelligibility of uninterrupted speech in
governing the performance of CI users with speech interrupted with silent
intervals. This indicates that top-down cognitive factors associated with aging can
have an effect on integration of speech glimpses. It also indicates that not
matching the age and baseline performance in studies with CI users and NH

listeners may lead to underestimating the performance of CI users.

3.5 Discussion

This study was conducted to systematically test the effect of silent intervals on
speech intelligibility in CI users. The quality, frequency and duration of the
glimpses were expected to affect the integration and restoration of the
interrupted speech. To test the effect of the spectro-temporal quality of glimpses,
the performance of CI users was compared with the performance of NH listeners,
tested with and without degradations of noise-band vocoding. The number of
glimpses per second was manipulated systematically with interruption rate, and
the duration of the glimpses was manipulated with duty cycle. The perception of
speech interrupted with silent intervals was expected to be poor for the CI users,
which may be related to the difficulty experienced by CI users in understanding

speech in noise.

The collective effect of the loss of fine spectro-temporal cues as represented by
standard 8-channel noise-band vocoder and wider range of age were explored by
comparing the results of the NH listeners tested with noise-band vocoding to that
of the actual CI users. Finally, out of these additional factors, the combined effect
of age and intelligibility of uninterrupted speech was explored by comparing the
results of age-matched NH listeners tested with specific noise-band vocoding

parameters that provided matching baseline performance.
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3.5.1 Interrupted-speech perception in CI users

The experiment found that the introduction of silent intervals to speech leads to a
significant loss of intelligibility for the CI users (Baskent and Chatterjee, 2010;
Chatterjee et al., 2010; Nelson and Jin, 2004). But unlike the findings reported by
Nelson and Jin (2004), the speech perception did not stay at floor level for all
interruption rates at 50% duty cycle which was a common parameter for both
studies. Furthermore, significant intelligibility was found for all interruption rates
for 75% duty cycle for CI users, indicating not only the ability of CI users to
perceive interrupted speech but also the importance of using large numbers of

conditions for studies with CI users.

Although the details of the CI participants of Nelson and Jin (2004) are not
available, the disparity between the performance of CI users in present study and
Nelson and Jin study could be because all of the CI participants in present study
were ‘star-subjects’ with very high open-set monosyllabic word recognition
scores. Apart from this, several of the CI participants in the present study also had
residual hearing, which could have resulted in high intelligibility scores for them.
Residual hearing may help in better speech intelligibility in CI users due to better
transmission of voice pitch cues and other information from better-resolved low
frequencies. The difference in speech material used in the two studies may have

also contributed to the observed differences in the two studies.

The degree and the nature of the loss of intelligibility due to silent intervals in the
CI users were found to be different from the NH listeners. In agreement with the
previous studies (Bhargava and Baskent, 2012; Miller and Licklider, 1950; Nelson
and Jin, 2004; Powers and Speaks, 1973; Shafiro et al.,, 2011a) the NH listeners
suffered substantial loss of intelligibility at few interruption and duty cycle
conditions. In comparison, the CI users suffered the loss in almost all interruption

and duty cycle conditions.
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The intelligibility of interrupted speech: Cochlear implant users and normal hearing
listeners

In the first experiment comparing the performance of NH listeners and CI users,
the intelligibility of interrupted speech decreased for the medium rates (3-6 Hz)
as compared with slowest rate of interruption. Then the intelligibility increased
for both NH listeners and CI users as the rate of interruption increased to 10 Hz
and above. We tested modulation masking as an explanation for this
nonmonotonicity. The envelope modulations of the range 2-16 Hz are most
important for speech intelligibility (Drullman et al,, 1994; Fiillgrabe et al., 2009;
Houtgast and Steeneken, 1985) as these are also the rates of modulation for word,
syllabic and phonemic segments (Assmann and Summerfield, 2004; Plomp, 1984).
Modulation of envelope with silent intervals at rates in this range is likely to
interfere with the perception of speech sounds at the word, syllabic and phonemic
levels, leading to a loss of intelligibility. Since NH listeners do not rely on envelope
cues as strongly as CI users, they are less likely to be affected. But an inspection of
modulation spectra from uninterrupted and interrupted vocoded sentences
showed that modulation masking (at least as depicted in modulation magnitude
spectra) does not independently predict the results of our study. This may be
because speech intelligibility does not rely on modulation magnitude alone. It is a
complex phenomenon that involves several other factors like coarticulation,
stress, timing and contextual cues whose role cannot be accounted for by only

modulation magnitude.

A plausible reason for the nonmonotonicity is the amount of useful context of
speech stimulus at various rates of interruption. At the slowest rate of
interruption, there are longer portions of intact speech, with the possibility of
entire words escaping obliteration, providing enough linguistic and auditory cues
to make speech intelligible. The medium rates of interruption in the present study
match the syllabic rates of speech (Edwards and Chang, 2013; Verhoeven et al,,
2004), which leads to the possibility that the silent intervals obliterated syllables,
causing intelligibility to be lower than with the slowest rate of interruption. At

fast rates of interruption, the listeners can access multiple looks per word’ or
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The intelligibility of interrupted speech: Cochlear implant users and normal hearing
listeners

identification baseline for CI and in fact as good as the sentence-identification
baseline for NHnorm (Figures 3.2 & 3.3). The interrupted-speech perception as
well as the advantage of longer duty cycle also stayed better for NHVoc group
than that of CI users. This leads to the conclusion that the loss of spectro-temporal
resolution as simulated by 8-channel noise-band vocoding alone seems to have an
effect on interrupted-speech perception but it does not capture the loss of
interrupted-speech intelligibility experienced by the CI users. Additional factors
need to be examined in order to account for the difference between the

performances of the two groups.

"#' $6&'($&)$*++,-,&.%$)*/-&01%

There are several factors affecting intelligibility of speech for a CI user that the
typical noise-band vocoding does not account for, e.g. attack and release times of
automatic gain control (Khing et al.,, 2013), channel interactions (Laneau et al.,
2006), the amount and location of healthy neurons in the cochlea (Bierer, 2010),
insertion depth of the electrode array (Baskent and Shannon, 2005), and residual
hearing (Baskent and Chatterjee, 2010; Turner et al, 2004), etc. Limitations
induced by such factors could have contributed to the lower baseline intelligibility
for the CI users as compared with the NHVoc listeners. Baseline intelligibility is a
measurement of a listener’s use of bottom-up cues when no other external
degradations are present. Since interrupted-speech perception involves
employing bottom-up cues from the intact glimpses to restore the missing
information, factors leading to low baseline intelligibility may also lead to low
interrupted-speech perception. Thus, low interrupted-speech perception of CI
users as compared with NHVoc listeners may be a projection of factors specific to

the CI group, also causing low baseline scores.

Apart from the baseline intelligibility, the average ages of the participants in the

two groups were also different, with CI listeners having a wider range of ages than
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To see the combined effect of other factors associated with the actual Cl users,
the age difference between the NH and the CI group were mitigated by
recruiting NH listeners (NHVocM) with the same age as ClI users. Difference in
sentencddentification baseline between the two groups was mitigated by
modifying the spectral resolution of the bottaqm cues. This was achieved by
noiseband vocoding the speech with woer configuration that resulted in
similar baseline scores as Cl users. On matching the age and baseline, it was
found that the intelligibility of interrupted speech fell considerably for the
vocoded speech listeners. Although the CI users scored mirdietter than

the vocoded speech listeners, silent interruptions affected the two groups
similarly. These groups also took similar advantage of increase in duty cycle.

This confirms that, factors in addition to spedmporal resolution, e.g. the
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effecks of aging and the various factors governing the use of batpauditory

cues may have significant influence on the interrusigeech perception.
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were not explicitly measured and matched. Similarly, matching of the baseline
through noise-band vocoding only provided a functional match of performance
between CI users and vocoded speech listeners. There are various aspects of
actual implant processing that our noise-band vocoding has not taken into
account, !"#" the degree of spectral spread, the effect of various aspects of
transmission of modulations through electrical stimulation, effect of place-
frequency mismatch, etc. See Shamma and Lorenzi (2013) for further discussion

on limitation of vocoders.

Further, the speech stimuli used in the present study were spoken by only one
male speaker. Comparison across studies must be done remembering that the
gender of the talker may influence speech perception, e.g. Loizou et al. (1998)
reported that vowels produced by male talkers were easier to identify than female
talkers. Lastly, the interpretations in this study are based on performance of 8 CI
users who were mostly ‘star’ subjects. The low number of participants and their
better performance on average warrants due caution in generalizing the results

from this study to the general CI population.
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Top-down restoration ofmeech in cochleamplant users
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Top-down restoration ofmeech in cochleamplant users
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Chaper 4
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and NH listening to acoustic simulation of CI speech (NHCI). Similarly, the bottom
panels show scores for the continuity judgment task. The VU baseline scores,
shown by the black lines in the top panels, are comparable for CI and NHCI,

confirming that the selection of participants was appropriate.

4.3.1 Phonemic restoration benefit

In Figure 4.1, top panels, the PhR benefit appears when speech intelligibility in the
noise conditions (data points to the left) is higher than in the silent gap condition
(the rightmost data point in each panel). We first inspect the intelligibility data
with the 50% duty cycle (Figure 4.1, top panels, dotted red lines). NH listeners
presented with normal non-vocoded speech (NHnorm) representing the control
group (Figure 4.1, top middle panel) showed significant PhR benefit (8.6 RAU,
averaged across all SNRs) at all SNR conditions [for all comparisons, I"< 0.05]. NH
listeners presented with acoustic Cl-simulation (NHCI condition) were used in
this study to see the effect of only spectral and temporal degradations on PhR
(Figure 4.1, top right panel). No significant PhR benefit (0.3 RAU on average) was
observed for any of the SNR conditions [for all comparisons, I"# 0.059]. Thus, at
the 50% duty cycle, NH listeners showed a significant PhR benefit with non-
vocoded speech, but not with vocoded speech, a pattern that has been previously
reported for similar test conditions (Baskent, 2012, 2010; Baskent et al., 2010).
Importantly, similar to acoustic CI simulations, CI users (Figure 4.1, top left panel)
also showed no significant PhR benefit (0.6 RAU on average) for the 50% duty
cycle [for all comparisons, !"# 0.62]. The intelligibility data for the 75% duty cycle
has a different pattern (Figure 4.1, top panels, blue lines). An increased duty cycle
was used to test if making speech segments longer to increase the amount of
bottom-up speech cues would help with top-down restoration. With the 75% duty
cycle, the intelligibility of interrupted speech with gaps by NH listeners for
NHnorm mode of hearing was very close to ceiling (Figure 4.1, top middle panel),
leaving little room for more improvement due to PhR. Indeed, the PhR benefit was

significant only at two SNR conditions [4.5 RAU average at the two SNRs -10 dB
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Figure 4.2 PhR benefit shown as a function of the VU baseline scores of sentence recognition
and labeled for individual CI users. Red (left panel) and blue (right panel) symbols represent
the 50% and 75% duty cycle, respectively.
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CHIH-+IBL=E= $"&.#3% +"*+9% +"#%% #N+H-+% 84% :":% 38H$Y6 -8+%6 3HAH-3% &-% +"#Y
~HH@@,8,,@,+7% &4% SAHHI'% . +"% $,@#-+% ,-+#((1A+,&-$7% .",9"% .*$% *@$&Y
SLAA&(+#3%'2%3*+*06'2% O#($9" 11 (#%*- 3VBEBONKDO6H-9#7%+"#%,-+#@ @,8,,@,+?%
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+' 1% LSH(BK % "H% SAHHI" %o +(*-$2 RAWBVHY/0% +& %0 +"#% ' (*,-% @*9I$%4, -#% $SAHI+(* €
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&-$H+% *-3% &AASH+Yo + 2HST% SAH*,-8% (*+#% *-3% A(&S&32Q% SAHHI"% A#*+1(#$Y
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Chaper 4

$%&H ()*(# )&+ # '&-(&-$&# $./,08)&'1.-# 23# 4*$1+1(*(1-5%7(8-# ,0.$&"1-5#
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1'H*# 8% %08&H . A1 9%-C,0& 7 1$(*2 1 #L@H(B+# $)*-58&# 1-#'15-*+'# 1-#'+1$&'# At 411 & T#
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M.O&#H 5&-&0*++3<# K(1+,# *-T# A+BE>PEBY F&# ').8-# ()*(# '&-(&-$&# ,.0(L.-'#
81()#)15)&0# $.$)+&6R-(0.,3# *08&# .08&H# 1/,.0(*(# 4.0# ', &&$)# 1-(&++15121+1(3# ()*-#
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KPOC<# &F&-#().%5)# .F&O*++# 1-(&++15121+1(3# 8*'# /%$)# ) 15)&0# ()*-# *(# () &# Q>R#
$3$+&DH#H)1H5*1-#$.-410/'# ()*(# () &# .F&O*++# 1-(&++15121+1(3# 7. & W2 &M Q&M (.
,01/*03# 7&(&0/1-*-(# .A# B)O# 28-8&AABFTI&-(<# =>?=@# V&O'$)%%608&# *-T# SO.$**0<#
A'"LC B
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Top-down restoration ofmeech in cochleamplant users
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Chaper 4
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Top-down restoration ofmeech in cochleamplant users

I"#$%8 ' ()& *+(,&-./,(,$/-101)& " 2& 3+.$-$/, /& 4-I5& /5,8 2-$36$$-+.& - & H, 7-+6$&
$,3/-+.)8&/5,8H" (34" I$&A, (,&*-$-.,(#(,/-1&/5,8$-0, /&~ ./ (7"0$&"$&."I6("0&H" (/$&
+8&./5,8$#,,35%&".3,&/5,88-00, (& .+-$,84"$&"22,2&/+&/5,&$-0,./&-./,(7"0$)&"&$-1.-8-3" /¢
-3(,"$,8-.89+:&4"$8 +:$,(7,28 8+(&"00& *+2,$8 +8&5,"(-.1)& 8+(& "00& < =& /5K 8+
26/1&3130,$%8&2,.3,)&"22-.1&/5,&.+-$,&-.2,,2&$/(,.1/5,.,28#,(3,-7,283+./-.6-/1)&"$&
4"$&,@#,3/,28

' & +8& [5,& @#,3/"-+.$& "$$+3-"/,2& 4-/5& "3+6$/-F&60"/-+.& B=?9:C& " 2& &
#(+3,$$,2& B9:C& $#,,35& 4"$& /5"/& /5,8 2,1("2"[-+.& +8&/5,& $-1."0& D6"0-/ 1828, & /+&
0+$$& +88& $#,3/("0& (,$+06/-+.8& ".2& |, *#+("0& 8-.,& $/(63/6(,& *-15/& ,.8+(3,& $/(+.1,(&
86$-+.8 +8& /5,8 $#,,358 " .2& .+-$,& $,!*, /$%& E5-$& *'1& /5,.& (,$60/& -.&-.3(,"$,28 9+:&
#,(3 -+ %8 9+./("(1&/+&/5-$& ,@#,3/"I-+.)&=28&0-$,.,($&+:/"-.,2&"0*+$/& ,D6"0&.". 2&
$-1.-8-3"./& 9+:& 4-/58& B=79:C&".2& 4-/5+6/& B=2.+(*C&/5,& "3+6$/-3& $-*60"/-+.& +8& 9:&
8+(& ;+/58 26/1& 3130,$%& 9:& 6$,($& "0$+& +;/'-.,2& $-1.-8-3"./& O+:& #,(3,#/-+.%8& F6/
3+./("(1&/+&  @#,3/"/-+.)&"1&/5,8 GHI& 26/1&3130,)&/5,-(& 9+:&#,(3 #/-+.8&4"$&4,"] (&

/5" .&/5"18&+88=28&0-$/,.,($)&26:&B, ((+.,+6$01C&KB62!-.1&/5,&$-0,./&- ./, ((6H#/-+.$&"$&
3+./-.6+6$8 "0*+$/& 6#& /+& /5,8 35".3,80,7,0%8& 9+:&#,(3,#/-+.8"1& /5,8 GHI& 26/1& 3130,
4"$8"0$+84,"],(&/5" &"&/5,&HLI&26/183180,%&
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$688-3-,./& /+& "88,3/8 9+1)& 45-0,& -/& *"//,(,2& 8+(& -./,00-1-;-0-/1& ".2& N5>& ;,.,8-/%&. :.&
"3/6"0&9:& 6$,($)&/5,(,&*"1&;,&*". 1&*+(,&8"3/+($& %! % BIA&H(+3,$$-.1& +8&/5,&

9:$)& "$8,00& "$& /5,& 5,"0/58 +88& $#-("0& 1".10-+.)& /5,& #+/,./-"08& 36((,./& $#(,"2)&
8(,D6,.31 A0"3,& *-$*"/35& -.& *"##-.)& [5"/& *"1& ;& "88,3/-.1& 9+:& -.& 9:& 6$,($& -.&
"22-|-+.&[+&[5,8$-1."0& 2,)("2"[-+.$%& O.& ,@"*#0,8 +8& #+/,.I-"0& ,88,3/$& ARES(+./
#(+3,$$-.1& +.& 9+:& 4"$& $5+& 8+(& $-*60"/,2& 21."%-3& (".1,& 3+ #(,$$-+.& ;B

F'PJ,./& /& "08BQLLRYGE 022-/-+."001)& $-.3,&/5,& =2&#"(/-3-#" /38 4,(,& 1+6.1&".2& 9:&
H'(/-3-#".1$&4,(,&+02, (&-.&")&9+:&(,$60/$&*"1&5"7,&,,.&"88,3/,28;1&"!, %&<"-K"&,/&
"0BQLSTE 2&+.01&$5+4.8.+&",&,88,3/&+.&N5>&;,.,8-/)&;6/&/5,182-28.+/8$/6218&/5-$&
8+(& 9+:%& UUV& $/62-$& 5"7,& #(+7-2,2& ,7-2,.3,& [5"1& "I-1& "88,3/$& /*#+("0&
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Top-down restoration ofmeech in cochleamplant users
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Chaper 4
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Temporal gap detection in speelike stimuli by users of cochlear implants: free field
and direct stimulatio
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Chapter 5
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provided the opportunity to test the GDTs without the effect of large aperiodic
amplitude modulation associated with the surrounding consonants in words and
the top-down processing associated with identification of the familiarity with the
word stimuli (Pichora-Fuller et al,, 2006). The secondary aim of this study was to
test the effect of front-end processing of a Cl on GDTs. The CI users were therefore
also tested with direct stimulation bypassing the front-end processing in their
external speech processor. The performance of direct stimulation and free field

were compared to see the effect of front-end processing.

Since gap detection is an important part of speech intelligibility, the correlation
between GDTs and speech intelligibility score was also tested for CI users.
Previous studies have found mixed results for this correlation. For example,
Busby and Clark (1999) found no correlation between GDTs for pulse trains and
speech intelligibility of auditory-only sentences with CI users. They speculated
that no correlation was found because the GDTs of their CI users were lower than
30 ms and this is sufficient for perceiving speech information encoded through
temporal gaps (Tyler et al, 1989). In contrast, Tyler et al. (1989) found a
significant negative correlation between GDTs for wide-band noise and the
intelligibility of sentences, possibly because the GDTs of many of their CI user
participants were much higher than 30 ms. Thus, the correlation between GDTs

and speech intelligibility may depend on the GDTs found in the study.

5.2 Materials and methods

5.2.1 Participants

In total, 17 CI users (36-74 yrs.; average age 61.6 yrs.; 2 females) participated in
the study. Out of the 17, six CI users used the devices from Cochlear Inc. (36-57
yrs.; average age 56.7 yrs.; 1 female) and participated only in the free-field

experiment; eleven ClI users (52-74 yrs.; average age 64.4 yrs.; 1 female), used
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Figure 5.3 Boxplots of gap detection thresholds of CI users (red outline, empty box) and NH
listeners (black outline, filled box) for the four stimuli presented in the free-field. Each
boxplot consists of the average of the three gap location for the corresponding stimulus for
the listener group. The medians are shown by the line dissecting each boxplot and the
outliers are shown with circles. The top and bottom of each box show the upper and lower
quartiles, respectively.
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Thesis conclusions

found that NH listeners gain greater advantage from visual cues in conditions of
spectral degradation than in normal conditions. Since CI users have access to only
spectrally degraded speech, it shall be expected that in comparison with NH
listeners, CI users would impart a greater significance to visual cues like
speechreading not only in normal scenarios but also in noisy situations (Barone et

al, 2010).

Similarly, the weighting of phonetic cues may also be different for CI users than
NH listeners. See Moberly et al. (2014) for a review. For example, as compared to
NH listeners who use cues from the spectral domain (formant and voicing cues),
Cl users favour the cues from the temporal domain (e.g. durational cues) (Winn et
al, 2012). This might explain why longer glimpses lead to better intelligibility;
longer glimpses have better chance of conveying the time varying FO cues which
are useful for NH listeners (Darwin et al., 2003), and durational cues which are
useful for CI users. With larger repertoire of cues, NH listeners have the luxury to
change the weighting of the auditory cues to favour intelligibility in difficult
listening situation (Winn et al,, 2013b). I speculate that CI users would be limited
in the use of such perceptual strategies because of the fewer auditory cues
available in the first place, making them more vulnerable to breakdown of

intelligibility in difficult listening scenarios.

" $%& (&' ()&X)*+(,*-,%)

Through the studies reported in this thesis, I found that perception of speech
interrupted with silence is lower for CI users as compared with NH listeners,
indicating that the CI users are not able to restore the missing information with
the help of remaining information from the intact glimpses. While looking for the
reasons for this, | found indication that the extent of top-down restoration may be
determined by the kind and amount of bottom-up cues the listener had access to
and possibly how the listener weights these cues. I also found an indication that

factors associated with aging may interact with other degradation in affecting the

149



Chapter 6

%8()&*+$ ,-.%8&,/1%0&+1$5 2-$ 3+&*$ %4/%$ .--54% %, /+.60%YGIFBP5-$ 4/.$ <&*$
'-5%,8(%-6'&,/<$,-.&<=%08+$/+)$0%$</53.$0+$.-;- /<$,-) =+)/+ Y N EEB/HR68S
5=-.1$2-$/<.&$3+&*$%4/%$/$6/>&,$'&,%0&+$&?$9:$'&'=</%0&+$0.$-<)-, <8 @$/+)$4-+!
=7>-5%-)$ %&3$ /A0+A$ -??-5%.1$ B$ 5&670+/%08&+$ &?$ %4-.-$ ?/5%&,.$0+$9:$=.-,.$ 6/
6/)-$%4-$%&)&*+$,-.%&,/%0&+$0+$9:$=.- . $6&,-$;=<+- [7<-$%&S$7 -/3)&*+$<-))0+A$
%&$<&*$0«0NE70<0%8$&?$0+%-,,='%-)3$.'--54$/.$5&6'/,-)$*0%4$%4-$CDE<0.%-+-,.1$
$
E40.$60A4%%$/<.&$/%%$<-/.%3$'/,%0/<<8%$-F'</0+$%4-$',&7<-6.$?/5-)$78%$9:$=.-,.$0+$)0??
+&0.8$ <0.%-+0+A$ .5-+/,0&.1$ :$ .-5=</%-$ %4/%$ 0+$ +&0.8$ .5-+/,0&.@$ /$ 5&670+/%
<060%:-)$ 78%0686=-.$?,&6% %4-$+-0A47&=,0+A$ A<06'.-.$/+)$<060%/%0&+.$ 0+)=5-)$
78% /A-)$ 5&A+0%0;-$ 6-54/+0.6% *&=<)$ 6/3-$ 0%$ )0??705=<%$ ?&,$ %4-$ 9:$ =.-,.@
5&6',0.&+$*0%4$ CD$ <0.%-+-,.@$ %&$ ,-.%&,-$ %4-$ 6/.3-)$ .'--54% '&,%0&+.@$ %4-,-7
<-/)0+A$%&S$A,-/1%-,$' &7<E+$=+)-,.%/+)0+A$54$0+$+&0.8%.5-+/,085 1

®

G=,%4-,@%$/$</,A-$,/,0/70<0%8% 0+$ 0+06—54%6-)5-'%08&+$/+)$ HI$ 7-+-?0%$ */.$
28=+)$*0%40+$%4-$9:$A,&="$0%.-<?1$E40.$0+)05/%-.$%4/%$ ?/5%&,.$0+)0;0)=/<$%:!
=54%$/.$-<-5%,&)-$'</5-6-+%@$)-A,--$&?$+-=,/<$.=,:0;/<$/405)(,-</%-)$.-%%0+A.$
6/8%'</8% /$ ,&<-$ 0+$ %4-$ -F%-+%P)&P$PH&Y0&,/%0&+$ 0+$ 9:$ =.-,.1$ J+-$ &?$ %4-$
06'<05/%0&+.$&?$%40.$0.$%4/%$ %4-$0+%( )84 SEEPEPBH0&S6-54/+0.6$*0%4$
7&%%&6$ 5=-.$ 0+$ 9:$ =.-,.$ 6/8% 7-$ 5&6'<05/%-)$ /+)$ 6/8% +&%$ 7-$ ',-50.-<8%

',- )05%/7<-$&+$%4-$7/.0.$&?$&+<8%$%4-$'-,?&,6/+5-$&?$CD$<0.%-+-,.$&,$CD$<0.%-
9:$.06=</%0&+1

"% $%&()*+(,- /50N 12%+. |

11$E4-$2&,-6&.%%$06'<05/%08+$8&2$%4-$.9=)0-.$,-'&,%-)$0+$%40.$%4-.0.$0.$%4/%$0-
4-<'$9:$=.-, $0+$=4)-,.%/+)0+A$."--54$0+$+&0YBB.$+--)-)$ %&S 7-%%- $=+)-,.%/+)$
*4/%%$ %4-$ /", &' ,0/%-$/=)0%8&., 85 5=-.$/,-$ *4&.-$ &7 <0%- /%08&+$ 5/=.-.$ %64-$ 2/0<=,-$ &?!
%4-$/"<05/%08+$ & APES 6-54/+0.6.$0+$9:$=.-, 1S E4-+@$%4-$.%-'.$ +--)$ %&$ 7-$
%/3-+$%8&$-+.=,-$%4/%$9:$%-54+&<&ABS0.$A-/,-)$ %&S 7-HTRBBW6AS /=) 0%&, 8%



Thesis conclusions

I"H$% &' Yo S(HH#1) Yo SH+ H+- #% )H#1%0, 1/% ) #%' L&SHYo-' 2% .-'$/&.% . )#/% (, 1(#,34%.1%.)#
11+'&. &5H%/#1)- &$/$6%

%

76%8% #3- #2%&/(38&!-.8&1'%10%.)&$%9.)-.% ;% "$# $%/-4% #34% 1'% 2&00#,#' % " #$9
3&SHH ST HSH-,1)% $."28H#$% 21'H#% 2&.)% V6" SEB .)-. % &.% &$% &/(1,.-'. % .1% "$#Y
-4% #@#.&/H -3% 11'28.&1'$% 2% (--1#H#3% &% 12#% 1% -("#% -%

11/, #)# $&5H#%6(&)." #%10%.)#%(#,01,/-1#%10%:;%" B4, $6%

%

AB% B)#% 1) 1&1#% 10% $(##1)% $.&/"38% -'2% (-,-/#.#,$% !-'% -00#1.% .)#% 1" 11/#% 10%
$."246%C1,%H#@-/(3HYVEBH)-$.&1%'1 &$#6&'S. #-2% 1 0TP(HAV6'1854#%1,%"$&'+%
21,2$%8&'$.#-2% 10% $#' #'1#$% -'%-00#1.% .)#% EFW-GHBUL%H#. % -36*YBIIRY&.$%
&1(38HSY.)-. % - HY%/"$.% GH% .-L#'% &'%'1.% 1'34% ) 1 1$& +OR6HIHB. 86 -'2%

|- #,&-3*%6G" %-3$1%& Yo +H#'#,-3&M&'+%.)#%$."24% 1" 1/#$%0, I U BBABRE %

21,2 O5-$#2% $."28#$% . 1% S(##1)% (#,1#(.&1'% 2&.)% $# #1#$6% C1,% #@-/(BH*% .)#% +
24 #1.81'%.) #$)132$%1 G .-&'H#2%78.) % $E&/(3#,%$.&/" 3896 3&LHY%. 1 #$% 1, U2BANY$&'+3#
I-4% '1.% (,15&2#% "$#0"3% &'2&!-.8UVHROH@ # BA% Wb (,1G3#/$% 10% $(##1)%

(#, 11 &1'%&'%:; %" $H%6

%

NGY% ;% #11//#2%.)-. %& %$." 28#$% 1 1/(-, & +% . )#%6 (#,01,/- 1#%10%.?1%28&004 #' . %. A (#$!
10%38S$.#'#,%+,1"($*%#6+6% <=%-'2% )#-, & +9% &/(-& #2%1,% <=%-' 2% A" BH % -+ #$
GHY% [-1)#2% -1, 1$$% . J#% +,1"($% .1% /& &/&MHY% -+&'+% -$% -% 11'01"2&'+% 0-1.1,6% ;.
(1$$&G3#%.)-.%2)# % 1.)#,%0-1.1,$%- #%#0O"-3*0% ) #%#00#!.% 10%-+&'+%/-4%'1.% G#
H".%2)#'%.)#%/12#$% 10%-"2&.1,4% (#, 1#(.&1'%- #%-$% ,-2&1-334% 2&$$&/&3-,%-$%'1
Y-, &' +%-"2%:;%)#- &' +*%&.%?1"32% G#%2&00&!"3.%.1%!1".,13%01,%1.)#,%0-1.1,$%-"
V&% &' H,1.81'06 28.) % +&'+6% 8% $-0#% G#.% &'% 1 1/(-,-. &5H#% $."28#$% 21"32% .)"$%
-51&2%-+&'+%6-$%-%!1'01"2&+%0-1.1,%G4%/-.1)&'+%.)#%-+#$%10%.)# ¥ (-,.&&(-.$6

%

P6% ;% H#I1/#2% Y% 2)#% 11/(-,&'+% )#% (#,01,/-'1#% 10% ,#-3% ::% "$#,$% -'2%
511124205 (##1) % 3&S$.#'#,$*% . )#% G-$H3& HWSI 1 #$%/-4% GH Y - J#2% &' % 1, 2#,% . 1% $#+

151



Chapter 6

%88%'($3)&$*$ &* ()+$ ,%-.-5/010(%2$ 34%'(+*/$ +%3)/5(0)67$ )6$ (8% (%3(%2$ 4*+*1%
06(%6++54(WBAY6%'8$4%+ %4 (Q)6ZR6($%6($*/-; <147

$

>-$ 26$ (803$ (8%303;S00BOAIBS ) &S 34%%'8$ 03$ 3(520%2% *($ (8% 3%6(%6(0*/$ /%B
19%6*63$ (8*($ *//$ (8%$ 06&)+1%(0)6$ 8+3% ()$ @%$ 4+)B02%2$ *62% 1*6045/*(%2$ 063029
0620B025*/$10'+))31$)&$306./%$3%6(%6'%3-$C803;$ @A$6)$1%*63;$4+)B02%3$*$')1
40'(5+%$)8$34%%'8$4%+'%4(0) 6 SDBH+$PER) +1*(0)6$%6') 2%62$06$80.8%+$/%B%/3;$9
203')5+3%:;$ )6B%+3*(0)6;$ 3)'0%/$ )6(%D(;$ %(-;$ 03% */3)$ %14/)A%2$ @AS$ 34%*E%+:
103(%6%+3%$ 06$ 208&&0'5/($/03(%606.$ 3'%6*+0)3-$ F)+$ %D*14/%:$ 3)'0%/$ 06&)+1*(0)6$
(/E%+$ %-.-$ GB06%3%$ &*%$ B3-$ G*5TS046$ BBB6'%$ /03(%6%+3HS$ *@0/0(A$ ()
562%+3(*62$ *"%6(%2% 34%%'8$ 06$ 6GJOPUGS #<I"7 -$ 1(8)5.8% (8%$
"6(+0@5(0)6$)&$06&)+1*(0)6$&+)1$(8%3%$80.8%+$/9ABDEBENSEH)BS(8%303$2)%3$
6)($*22+%33$(8%$*B*0/*@0/0(A$) +$@+%*E2)K6$)&$34%%'8$4%+'064(0W5$*($(8%3%$)
$

$



"#"$"%&™ ( (

"HS&! (H1)* +&*' -1//011"2#*3+4516(,(%4'71) 288(3*&19)*(&&* V68! #*3*+&1.//0; LI"HSY6&: (#1)*+&*'|
<HA=+A%3*+8-1>%8 (& *%-1<%8*2+4-*%- @A"L

"4##+*&3-1B1-1CA((&-1D1-16+,(&-|A1-| EF1ID7(1*&3(88*G*H*8*351+21*&3(442=3(#! =(('7\#(=(&#,12=+&!*3,|
28*&3(442=3(#1*&3(88*G*H*8*35311A+11"J1IEKL-1:M.N@M.P/1!

", J%&&-1Q1-1A2JJ(4?7*(8#-IR1-LIIF1ID7(1Q(4'(=3*+&!+?IA=(('7! @ &#(4!"#$(4,(I<+&#*3*+&, LIS&T!IA=(('7!
Q4+'(,,*&G!*&!I37(1"2#*3+451A5,3(J-1A=4*&G (41 U%&H#H++V1+21"2#*3+4516(,(%4' 711 A=4*&G (4!
W(X!Y+4V-1==11.KEK/P1

)%(4-1D1-1B++4(A<1I1-IEZZK11:22('3,1+?1,=('34%8!,J(%4*&G+&!37(1*&3(88*G*H*8*35!+71, (&3(&'(,*&1&+*,(1!11
"4+2 311A+'11"J11ZF-IE..ZCE.FE1

)%(4-1D1-1B++4(-1)1<111-IEZZF11:22('3,1+?!,=('34%8!,J(%4*&G+&!37(1*&3(88*G*H*8*351+?1, (&3(&'(,I*&!I37(!
=4(,(&'(1+?1*&3(42(4*&G!, =({ 111" +2,311A+'11"J11Z0-]..NQ.P/1 !

)%4+8&(-1Q1-IABA(8&AV+$-I[1-I\(G2*&(-1]1-L/E/11"2#*3+4514(+$(4510%8&H! =((TA(Y%o#*&GI*&!+T8(%4!
*J=8&3(HIH(%?1=%3*(&3, TI"A($*(X 11" 2#++8+ G+ 0681 B (#** &CBHIE//

)%A43MV*, -ICL-1/F 11" GY(8%3(#1I5(8*&IHA(Y6V#+ X TBYBH =] (83%8+#(81+ 21+ G&*3*$(14('8*&(1%8&H!
"BAT(I(4 (%, (1IW(24+H*+8+G51+21"G*&G IGERIL

Y%, 72+4#-111"111-1a%44(&-161B1-IEZNZ11Q(4'(=32%8!,5&37(,*, 1+ 21#(8(3(#=7+&(I(, 11111"+2,31IA+'11"J1ILO-!
AEEQAEE.1

)%, 7?+4#-111"1-1B(5(4,-'B1\1-)42H%V (4148044 (&-!161B1-IEZPP11S882,+45!'+&3*&2*35!+?!*&3(442=3(#!
S((TTIA=((714%3(1#(3(4*&(,1#24%3*+&%0818*J*3, L111!"+2,311A+'1!"J 1! P FAHEIKEIL

)%, 72+4#-111"1-16%(&(4-1[161-1a%44(&-161B1-1EZZ. 11S&'4(%, *&G137(1*&3(88*G*H*8*351+?! =(('71374+2G 7!
J283*=8(I=7+&]*'14(,3+4%3*+&,11Q(4'(=31!Q,5'7+=75, 110E-DERI1

Y%, 72+4#-111"1-1a%44(&-161B1-1)4+X&-1)1-1<74* 3+=7(41"1-IEZZL 1@, (| SMH2QM 3 (#1&+*, (1%6##,
34+&GIDH+33REC!'2(,12+41=7+&(I*14(,3+4%3*+&11Q(4'(=311Q,5'7+=75,110PEAKITL

)%0dV(&3-N1-L/LLIAS(714( +G&*3*+&I*&I&+AI%BIT (%4*&G1%&H! (&, +4*&(24%8!7 (%4*&G18+,,1%,1%122&'3*+8&
+2137(1&2JH (41421, =('34%8!'7%&&(8, 11111"+2, 31IA+11"J1IE./-NZ/P1

)%AV(&3-\1-1/E/LIQT7+&(I*1A(,3+4%3*+&I*&, (&,+4*&(24%81 7 (%A*&G 18+, 1#+(, 18+ 31 (=(&#1+&IHYb, (8*&(!
S((T1=(4( =3*+&),+4(, 11111 +2,31IA+' 11" J1IE.P-: MEQKIENF1L

)%0AV(&3-I\1-L/E. 11:22(' 3142 =((T1#(GAYoH Y% 3*+&I+EHFHEIA(=Y*4TI=7+&(I*14(,3+4%3*+&IX*37!

*J28%3*+&,1+?I'+'78(%41*)=8%&3, 1% &#!"+ JH* & (#!(8(%84#2,3*'1,3*J28%3*+&1!I1!",,+'116(,1!
13+8%45&G+81!PKaLZ. 1!

Y%dV/(&3-N\1-1<7%33(4e((-1B1-1./E/116(+G&*3*+&!+?13(J=+4%885!*&3(442=3(#1%&#! =('34%885#(GA%#(#!
J(&3(&'(IX*37 1064+ 3*+&%68128=4+'(,, (#1824 (f2(&'5!,=(("711U(%4116(,1!.N/-1E.NCEKK1L

)%AV/(&3-N1-1*8(4-1<1-1:#X%0A#, 1) 1-LIZ11:22('3,14+2) (&B(B+2{EBF&2*3*(, 1+ &I=(4'(=32%814(,3+4%3*+&!
+2196J=8*324J=4(,,(#, =((711111"+2,31IA+'11"J1IE.0-IKZZ0 CF//01 !

)%dV/(&3-N1-1:*8(4-1<IM1-1:#X%4#, 1) 1-1[E/L1Q7+&(I*14(,3+4%3*+ &I HS FHAE+E@8* 3(&(4,1X*37!
J*SHIZHIHH(4%3(!, (&, +4*&(24%8!7 (%4*&G 18+ AING (%! .L/-I0FL. 1!

)%dV/(&3-N\1-1:&G (8, 7+$(&-IALI$%&-1C%8S*&-1I 111-IKA#-| JEF1IA2, (=3*H*8*3513+1&3(42(4(&'(IH51J2, *1%&H!
=((713%, V(4,813 ##8( %G (#1%#283,11111"+2,311A+ 11" I 1 EKO-! INEEOK L

)%dV(&3-\1-1A7%&8+&-161>1-1.//011S&3(4% '3*+&, IH(IHG(BM+I=896&3!(8('34-+#(1*&, (43*+&I#(=37!
%&H24(f2(&'5=8%'(1%==*&G1!11!"+2 31IA+'11"J 1| EEN-GEFELL



%&'()*+,$-., $/0&**1% $2.3., $4556.$78)9:)*;<$+8&*=>1=7+?1*$&81* @$@)&@$8)A?1*=$=7B:C&+) @$D?+0$&
*17=)E&Q*@$F1;1@)8.$G.$H; 1:=+.$/1;. $HB.$!1J8BI6 $

%&LL&*)CC&,SM.,$45!1.$2) @:*@&*;<,$8)>)+2+21* $&*@$?*+)*=2+<$2*$@?=;1:8=). SN&*A:&A)$/;?)*;)=,$00)
-7=;1:8=)$1P$2) @ *@&*;<$KK SAHK $

%)*8&8@,$Q.2.,$%&'()*+,$-., $45!K.$R)8;)>+:&CIN)&B*?*A$1P$S*+)88:>+) @$/>));0.SRNL/STHVEW, $) "W

%)*&8@,$Q.2.,$%&' ()*+IBI51#.$R)8;)>+:&C$C)&8*?*A$1P$+)B>188CC<$?*+)88:>+) @$=>);+8&CC<$@)A8&(
=>));0.$G.$H;1:=+.$/1;.$HB.$!K6, SIKKH. $

%)*&8@,$Q.2.,$%&'()*+,$-.,$45!". $00)$)PP);+$1PSF2=:&CHOEI"HB)E+ 188+ 21*$1P$+)B>188CC<$
2+4)88:>+) @$=>));0,$D?+0$&*@$D?+01)8S@PABE @ &+21*=.$Y)&8.$2)=. BKAW, $4#

%)*&8@,$Q.2.,$Q)*=2*(,.$G /. $%&'()*+ $-., $45!#.$S*@?F?@:&C$ @ ? PR AP BH- AL+ ?1*$1P$
2%4)88:>+) @$=>));0Z$N2*(=$+1$C?*A:2=+2,$&*@$; 1A*?+?F)$&E?C?+?)=.$G.$H; 1:=3.$/1;.$HB $!K
VNI#$

%)8AB&* $Q.,SII[1.$Y)&8?*ASE* @SEAP*AZSSB>C?;&+21*=$1P$8);)*+$8)=)&8;0$P ?* @SURPSIPEIAL C1A<
18A&*$1P$+0)$S*+)8*&+?1*&C$/1;?)+<$1P$H: @ 2 LALAKS!S, $16#

%)8AB&* $Q.,$%C:B)*P)C@,$3.\. $M&=;&8@1,$-.,$-&=0,$%., $N)F?++ $Y. $Q&BA:C J@H[6.$HA

) )*P) ) RFCH )@ )
-);8)B)*+$ 2*$Y)&B7*ASP18$/>));0Z$/&B>C2*A$&*@INI*A?+: @?*&CH/+: @?)=.$G.R)81*+1C.$K.$
"KW$

%)8+1C?,$/.,$/B:8L<*=(?,$G. $RBLE=+ $2. $4554.$0)B>18&C$8)=1C:+?1*$2*$<1:*A$&*@$) C@)8C<$=:E");
B)&=:8) @$E<$B?=B&+;0$*)A&+?F2+<$&*@$&$>=<;018&;1:=+2;$A&>SEN) ¥ *$+&=(.
U):81>0<=21C $!IK,$KIE56 $

%)=+,$3.,$TLB)B&C, $V.G 18> $/0?M:**2*A0&B, $%.\., $455W.$TEA);+$; 1*+2%: 2+<$)*08*;)=$=)C);+?F)$
&:@?+18<$&++)*+21* SRUH/$I5" SIKKEW. $

%0&BA&F&,$R. $%& ()*+,$-.,$45!4 SVPP); $8ER$L2D+)82*A$1*$?7++)CC2A?E?2C2+<$1P$>)821@72;&CC<$
?%+)88:>+)@$=>));0.$G.$H;1:=+.$/1; IBHBVINWIVNI4.$

%0&BA&F&,$R.,$\&: @8&?* $V.,$%&'()*+,$-., SATHLBEHS)=+18&+?1*$1P$=>)):0$?2*$; WESRE*+$
:=)8=.$Y)&8.$2)=.$K5|, SUKIK. $

%0&BA&FE, $R., $\&: @B8&?* $V. $%& ' ()*+,$-.,$45!6.$00)$?2*+)CC2A2E?2C2+<$1P$2++)88:>+) @$=>));0Z$;1;0(
2B>C&*+$8=$8*@$*18B&CS0)&8?*A$C?=+)*)8=.$G.$H==1;.$2)=$T+1C&8<*A1C.

%7?)8)8,$G.H.,$45!5.$R81E?*A$+0)$\)0):88 1B} +)8P&;)$ 2+0$71;:=) @$M1;0C)&8$SB>CE&*+$
[+7B:C&+?1* $08)*@=$HB>C?PIBHBW#

%7?788)*,$G.V.,$'11@=,$H.Q.,$ ?CC?&B=,$Q.3.,$!IW5.$%) 0 & AB[BRO$E&BITEM & : =)=, $18A&*?L&+?1*,$
&*@$;1*=)9:)*;)=.$S*Z$R11* $N.".$aV@.b, $HA?*A$?*$+0)$!IW5=2$R=<;01C1A?;&C$S==:)=.$HB)8
R=<;01C1A?;&C$H==1;?&+?1*$ &=07*A+1*,$$-M, S Pws . $K54

%C&B)<,$R., $H8+7?)8)= TP 199685%)8A)81* $7.,$%)<*1* $H. $%:8(),$V.,$-?CC?)8,$U.,$-1D)CC,$2. $788&<==)
%.,$\&CCdAL,$/., $\1F&)8+=,3R.G.,$\8))* $]., $Y:E)8 SHR*S) B BQ&E+,$%.,$Q&8¢e,$Q.,$
Q&DB&* $-.,$Q1=*?)8,$S. $TIM1**18 $H.7.,$TIN)&8<,$/., $21:==)+ $H.,$/,(R(RF=5}(?,$
Y., $/(&8L<*=(2,$R.Y.,$/+)8()8=,$T.,$0)88&*+? $H.,$08:< $V., $3&*$@)$Y)<*?*A $R.,$3)*&2C $7.,$3
M. SNEL&S@,$-./., $45!K $7&;+18=$&PP);+?*A$&: @?+18<$>)8P18B&*;)$1P$>1=+C?*A:?=+2,&CC<
&@:C+=$:=7*A$;1,0C)&8$?B>CE&*+=7$&*$:> @ UH)$D7A0$44H: @?1C.$U):811+1CISIW,$K6
4.$

%C&*@,$G.Q., $HC+B&*,$-\. $!1I"& $M&C;:C&+?*A$;188)C&+?1*$;1)PP?;?)*+=$D?+0$8)>)&+) @$1E=)8F &+
| XMI188)C&+?1*$D?+07*$=:E1);+=.$%8.$Q) @.$65.$K!5,$#46.

%C&*@,$G.Q., SHCH+B&* $-.\. $III"E.$/+8&+?=+2,=$ A&7 AMABB) C&+?1*$;1)PP?2;2)*+=$D?+0$8)>)&+) @$
1E=)8F&+?1*=Z$REBUGR) C&+?1*$E)+D))*$=:E"): +=.$%8.$Q) @.$G IBHKSEKK

%11+081<@,$H.,$Q:C0)&8*,$%., $\1*A $G. $T=+81PP,$G.,$!116.8VPP); +=$1P$=>);+8&C$=B)&B7*A$1*$>01*
D18@$8);1A*?2+21*.$G.$H/1;$HB.$!55 SIWE)IWIWS

"# $



1" HB06"& () +(),-H#HY%" 1% ()0+() 1 233+)A54$/654#-758)HY%/5H6/9#)":) T"O#]:#)/ I TH#<)-9)=$"9/6/)59")>"%")
%/7"29-#-"9+)@+)*7" . <#+)0"7+)*6+)3HO) PF1

1"<659()*+@-+()1232+)0=//7$)=/%7/=#-"9) D&)#$/)$/5%-9?)-6=5-%/') EF"T#"%58)#$/<IIGW -kl
L%/ TSH+

19%/2659()*+0+()122M+)*.'-#"'%&)07/9/)*958&<-<N)O$/)P/%7/=#.58)Q%?59-R5#-"9)":)0".9'+)1%5'":"%")
"<+ )

1.<<6599()S+()1223+)H" #8/'2/)F-T#-"95%&)") T59?.52/)59) T-97.-<#-7<+)O5&8"%) UV %597-<+

1..<()0+()123M+)H/8/5</):%"6)65<J-92)75.</")DBIK/S"=/):8.7#.5#-"9<+)@+)*7".<#+)0"7+)*6+)W3E) 12M3
12X M+

Y5%8&"9()H+P+()F/1I<()@+(),"%%-<()F+()!.##/%:-/8'()0+()ZBBZ+)O$/) Y "9#-9.-#&)[88.<-"9)59")\">/8)
[/OH-1-T5#-"9+)*THE)*T <#-T5).9-#/")>-#$)*7.<#-75)33() ABIM¥

Y5%8&"9()H+P+()4-7$/&8() Y +(F/IQA(/ @K+ Y +@+() ZBBA+)*.'-#"%8&)=%"7/<<-9?)":)%/58)59')-88.<"%&)
7$5972/<)-9):9%/]./97&)6" .85#-"9)EVAG)=$5</+)@+)*7".<#+)0"7+)*6+) 1L XPRXZR

YS$54#%1//()4+(V.() @+()0$599"9()H+\+() 1223+)a78590/8) 25=) /#/T#-"9).<-97?)'-<<-6-85%)65%J/%<)
-0)7"7$8/B6)-6=859#)8-<#/9/%<+) @+)*T".<#+)0"7+)*6+) 1BA()ZMLM+

YS$5##1%1//()4+(P/%I" (OV+(),/8<" 9 F-EQIS#() F+()ZB1B+)H/7"29-#-"0)":)-9#/%%.=#/')</9#/97/<).9'/%)
7"9'-#-"9<)")<=/TH%58)'[2%5'54#-"9+) @+)*7".<#+)0"7+)*6+) LAWOE T W

Y$5##1%I//()4+(H"DI%#()4+c+()ZBB1+),"-</)cO$597/<)4"™ .85#-"9)0/9<-#-K-#&)-9) Y "7$8/5%)[6=859#)
T-<#/9/%<N)0#" 7$5<#-7)H/<"959)B)P%" <#$/#-7)0/9<"%&)0&<#/6d) @+)*<<"7+)H/<+)Q#"85%8&97?"8+
Z()1MZIW1

Y85%J/()@+()!5bJ/9#()F+()e5.'%5-9()c+() ZBLX+)P-#7$)59")<=/7#%58)%/<"8 #-"IN)*)<&<#/65#-7) 7"6=5%-<"9

D"##'6°.2)7.1<):" %) "= "">0)%/=5-%)":) [2%5'[')<=/IT$+)@+)*T".<#+)0"7+)*6+) L'ZPABN)+
Y85%J/()@-+()e5.'%5-9()c+()Y $5##1%1//()4+()!5bI/9#() F+() ZBLA+)OF5-9fH)#$/)>58)&.". ) <5&)-#() @ <)>$5#)&".)<

PI%7/=#.58)7"9#-9.#&)")K"-7/)59)HE>0)%/<#"%5#-"9)":)<=//T$+)S/5%+)H/<+) L UEY@B
Y85%J()e+()ZBBA+)Y"7$8/5%)[6=859#<+)[INJ=HISIPTH$S/)*.'-#"%&) 0&<#/6()0=%-92/%)S59'D""J)

") % &)HI</5%T$+)0=%-92/%),/>)g" %I ()==+JAXZ)-
Y%&<#58()F-+()ZB11+)F-7#-"95%&)":)T-97.-<#-7<)59")P$"9/#-7<+)@"$9)p-8/&)U)0"9<+
Y.88-92#"9()S+c+()h/9?26MIZBB3+)0=//7$)%/7"29-#-"9)>-#$)K5%&-ID)%8)59')#&=/<)":) 7"6=/#-97?)

#58/%<)D&)9" % GERY6-92() 7" 7$8/5%=859#()59')-6=859#)<-6.85#-"9)< DI/ TH#<+) @+)*7". <#+)

0"7+)*6+)1Z ()AN)B+

F588"<()P+()122Z+)0$/)57#-K/) 7"7$8/5+)@+),/.%"<7-GNNERMMWM

F5%3>-9()Y+@+()!%.925%#()F+0+()0-6=<"9() 1+ FATJRBB 9 E6/9#58):%/]./97&)59)K" 758 #%57#)
8/97#$) 7$5972/<)"0)5H#/9#-"0)#")"9/)":)#>")<-6..8H#E/" <YHEBI/%<+) @+)*T".<H#+)0"7+)*6+)11A()
221°Z277¥

F/659&() T+()0/658()Y+()ZBB3+)O$/)H"8/)":)4/6"%&)-9)* .- #'%&)P /%7 /=#-"9+)[IN)g"<#()a+*+()P"==/%()*+,+()
VE&(HHEC'<+G()*.-#'%&)P/% 7/=#-"9)":)0".9')0".%7/<()0=96-9?/%)S59'D"" J)":)*." #"%&,)
H/</5%7$+)0=%-972/%)L0()=CH)YWW

F-%J<(F+F+()1">/%()F+() 12WB+)C::/7#)")V"%>5%")59")157J>5%')45<J-97)"9)0=//7$)[9#/88-?-D-8-#8&+) @+)
7" <#+)0"7+)*6+)AW() 1 BBBB3)

F'%6659()4-+\(FT"-R".)P+Y +()H5-9/&()F+()122W+)0=//7$)-9#/88-7-D-8-#8)5<)5):.97#-"9)":)#$/)9.6 D/%)":)
7$590/8<)":)<#-6.854-"9):"06)<-?958)=06"7/<<"%<).<-OKMBO")9"-</ "D59)" #= #<+)@+)

*7" <#+)0"7+)*6+)1BZ()ZABALLY

F9%.88659()H+()V/<#/9()@+4+()P8"6=()H+(JT2PA#J6="%58)/9K/8"=/)<6/5%-97?)"9)<=//T$)

VI TI=#-"9+) @+)*T".<#+)0"7+)*6+) 2ME) BEIAP

F.'8/&()S+()122+)H/65J-92)0=//7$+) @+)* 7" .<#+)0"7+)*6+) KUYIWD-

155



%&()&*+$,-+$.//0-$123$4565)3$78$93():;<$=:8&$13>2;727<@-$1)3;&*$=AB TEAH+$C!

%08 ()&*+$YoFEE; <+$%-4-+$./IC-$G @ 2P (HISMUIKS(;8$825>65(6: 76D/ BIKS)(;<3*$:;$*B33>2%
(;& $5&:67)@$B)7>3**:<-$93():;<$L3*3()>2+$F7AAS;>(6:7;$G 75;&*$(;&$623%,)(;; MSN3'$
0:)3>6:7;*$(;&$P3)*B3>6:Q3*$C/"+HICE-$

4(H)@+$0-=-+$R(;$1(*3?2+$0-S-+$I TU#-$V (PEBDERGEHA5?(6:7;$78$93():; <$X7**M$%883>6*$7;$
F7:*7;(;6$L3>7<;:6:7;-$S-$GB33>2$X(;<-$93()-$L3*-$. T$$10/-

43*63;+$S-V-+$P?27AB+$L-+$I TUC-$L3?2(6:7;*$H36'33;$(5&:67) @$85;>6:7;*$:;$:AB(:)38$23():;<-$S-$=>75*6
G7>-$=A-$0C+$## .- $

43*63;+$S-V-+$P?27AB+$1-$P88BB>6*$78$875>65(6:;<$;7:*3$(;&$::63)83):;<$*B33>2$7;$623$*B33>2
)3>3B6:7;$62)3*272&$87)$:AB(1)3&$(;&$;7)A(?$23():;<-$S-$=>75*6-$G 7>-$=AGTH-$$10."

4:)*J6+$S-+3$./[E-$9:L3*7?56:7;$G75;&$P)7>3**:;<-$13>;:>(?$L3B7)6-$=&Q(;>3&$,:7;:>*$F7)B7)(6:7;+$
G@D)+$F=$

4:*2A(+$Z-%-+$G2(;;7;+SL-R-+$G?(663) @+$[-9-+$! TTO-$GB33>2%$)3>7<;:6:7;$(*$($85;>6:7;$78$623%;5AH3
323>6)78&3*$5*38&$:;$623$GP%=2$>7>273()$:AB?(;6$*B33>2$B)7>3*+7)-$S-$GB33>2$X(;<-$93()-$
E/+$L D" $

4:6J<:HH7;*+$P-S-+$\ V&7 (;6 +$CFB-$=5&:67) @$63AB7)(?$B) 7>3**:;<$:;$37&3)?@$?:*63;3)*-$S-$=A-$
=>(&-$=58:7?-$0+8UCT-$

47?36>23)+$9-+$!T"C-$GB33>25(;&$23():;<$:;$>7AA5;:>(6:7;95I.;&$3&-K-$O-SR(;SN7*6) (;&+$]"87)&+$
%;<?(;&$

477)3;6:;3+$V-+$,55*+$G-+$I TUE-$13AB7)(?$<(B$&363>6.7; RH(3HIRS$* A52(638$23():;<$
{AB(:)A3;6*-$S-$GB33>2$X(;<-$93()-$L.3*-$.0$$EET-

47<3)6@+$0-+$9I5A3*+$X-%-+$./1.-$123$)723$78$Q7'32$(;&$>7;*7;(;6$85;&(A3;6(?$8)3_53;>@+$3;Q3?7B:
(;&$63AB7)(?$8:;,3$*6)5>65)3$>53*$67$623%$:,6322:<:H: 2.6 @$78%'7) &*$(; &+ STH3H>3EFS-$
=A-SICHSIETD"1- $

47<3)6@+$0-+$ZITBE $O-+$.//T-$P3)>3B65(?$>7;6):H56:7;*$78$623$307BYEHT75:&() @$67$
*3;63;>3$:,637?:<:H:?:6 @-$S-$=>75*6-$G 7>-$=BB0#4+$SUEOQ

4):3*3;+$X-V-+$G2(;;7;+$L-R-MPF6+$0-+$[(;<+$a-+$.//!-$GB33>2$)3>7<;:6:7;%$:;$;7:*35(*$($85;>6:7;$78%
623$;5AH3)$78$*B3>6)(?$>2(;;37*M$>TAB():*7;$78%(>75%6:>$23():;<$(;&$>7>223()$:AB?(;6*-$S-$
=>75%6-$G7>-$=A-$!!/+$!ITN#C- $

45?7?3)+3$F-O-+$\(5&)(:; +$%-+$F?2()W3+$S-N-+$\(Q::+#8p5 33-HHA5+8H, (CW3;6+$0-+$./IE-$\3;&3)$
F(63<7):3(6:7;$d*$=H;7)A(?$:;$F7>2?73()$dAB?(;6 $e*3)*-$S-$=**7>-$L.3*-$]67?() @;<7D-$!"+$!/CO
I/EU-$

4f2?<)(H3+$F-+$G67;3+$V-=-+$V77)3+$,-F-S-+3$.//T-$F7;6):H56.7;$78$Q3) EPZ I LB, HHES S
67%$:;63?2:<AB@%:;$($>7ABIFBI3I>2$6(*W-$S-$=>75*6-$G7>-$=A-$D'AH.(D

45+$BS-+$F2:;>2:22(+$G-+$\(?Q:;$ddd+$S-S-+$.//E-$123$L7?3$78$GB3>6)(?$(;&$13AB7) (?$F53*$:;$R7:>3
O:*>):A;(6:7;$H@SN7)AP3():;<$X:*63;3)*$(;&$F7>2?3()$dAB?(;6 $e*3)*-$S-$+4*37:$$
167?2(0)@;<7?-$"+$.0E/- $

45+$DS-+ENT<(W:+$\-+$.//"-SN7:*3$*5+>3B6:H:2:6 @$78%$>7>223()$:AB?(;6$5*3)*M$623$)7?3$78$*B3>6) (24
)3%7256:7;$(;&$*A3():;<-$S-$=+7>-$L3*-$]67?() @ ;<7 TRH$SI T

45+B0S-+$G2(;;7;+$L-R-+$.///-$%883>6$78%$*6:A57?(6:7;$) ((BSIFBLT<;:6:7;$H @ SN5> R H*
>7>2?3()$:AB?(;6$?:*63;3)*-$S-$=>75*6-$G 7>-$=ABTO+$"UT

45+$08-+$G2(;; 7;+$L-R-+$[(;<+$a-+$I TTU-$%883>6*$78%; 7:*3$(;&$*B3>6)(?$)3*7256:7;$7;$Q7'37$(;&$
>7%7:(;69)3>7<;:6:7;M$=>75*6:>$(;&$3?3>6):>$23():;<-$S-$=7P6ASBE+$C"DF ' T#S

\(5&)(:;+$%-+$F()2@7;+$L-P-+$./1C-$e*:; <MBBRL 236 7$*65& @$*3_53;6:(?$(;&$*:A526(;375*$*B33>2$
*3<)3<(6:7:$:;$($>7>223(NB2(;6$*A52(6:7;-$S-$=>75*6-$G 7>-$=A-$| DOS$$/.

"# $



I"HH'SY8 ()F (+,,-%&'(4/*(01223"-'(*(45627,218, (I<*(=,7 2,@-(2AT7B%221,-(?%C1D18(A-?2%B$1%2(
@,BE1-F(3%3,B&(137"1B3%-8(1-(-,B3"$("F1-F*(G"8*(G%AB, 2D 1 (rJH

11$M2%B8'(I* (N%BF%B"2'(O* (P, 1$$%B&'(4*(Q,BY%-#1'(+*(:;;R*(6CC%D82(,C(7%B1,?1D(1-8%BBA781,-2( -(:
1-8%$$1F1M1$18&(,C(27%%DSEBT BAH(G I82BBADBABY(,B(%-T%$, 7% (DA%2*(.*()D,A28*(U,D*(
)31 (ILLV* - (

1-"-21" (4% (WB%22- 18#%B' (4* (WX"-'(P*(9%&%B'(N*(Q,B%-#1'(+*(:;|;*(0-8%$$1F IM1$18&(,C(1-8%BBA78Y
1-8%B$%"T%?(27%%DS(C,BRIYBB T F($128%-%B2("-?(D,DS$%"B(137$"-80%%2* (X (B*(
ZWK<L{

1, $21-F%B'(U*4* (1JJV*(/,B22("-2(T,1D%2[(6712,21D(8B"D%2(1-(27,E%-(@,B?(1?%-81C1D"81,-("-2(
B%D,F-181,-(3%3,B&*(.,AB-"$(,C(6\7%B13%-8"$(W2&DS,$,F&[(Q%"B-1-F'(9%3,B&'("-?(
+F-181,-(:'(IVV  KIIHL* (

1L$?'(= (0 . () < { () (} o- - (] ,D%%7?1-F2(, (]
1,$?'(=*(WA37SB%&'(0*.*'(1JZH*(Y%"B1 S$%"("2("(1B%" A%-D&()-"$&#%B*(WB,D%%?1-F2(,C(8S%
0,&"$(U,D1%8&(,C(Q,-?,-*(U%B1%2(N'(N1,$,F1D"$(UD1%-KRaP(IL<'(ZV:

1B?2,- U"$"-8'(U*(:;<*(Y%"B1-F($,22("-2("F1-F[(-%@(B%2%"BDS(C1-?1-F2("-2(D$1-1D"$(137$1D"81 -2*(.*
0%S"M1$*(0%2*(4%TKZ*(J

I, B?,- 3U"$"-8'(U*(18#F1MM,-2'(W* *(1JJL*(=%37,B"$(C"D8,B2("-?(27%%DS(B%D,F-181,-(7%BC,B3"-D%!(1
& A-F("-2(%$?%B$&($128%-%B2*(*(U7%%DS(Y%"BHOMZH(LV'(1:RV

1B%%-M%BF'(U*()1-2@,B8S'(/*)*(:;;Z*(U7%%DS(WB,D%221-F(1-(8S%()A?18,B&(U&28%3[()-(_T%BT1%@"
U7%%DS(WB,D%221-F(1-(8S%()A?18,B&(U&28%3'(U7B1-F%B(Y"-?M, E(,C()A?18,B&(0%2%"BDS
U7B1-F%B(G%@ (" ,BE'R7*(

IB%%6-96' (0% (+A2S3"- (U (+"T"-"FS'(+*(0"3"#"-1'(.*'(0, A#%B' (W*]*(1%1-2, ' (Y*(9"B-, (4* (U$%22"B%T'()*(
2 1%(=S%(WB1-D%8, -(6-D&DS$, 7% 2 W(BEBE&("-2(W, %81 D2*(WB1-D%S8, - (a- 1 T%R218& (WB%22*

1B%%-'(=*'(]"ASE-%B'()*'(0,2%-'(U*'(:;;:*(U7%D8B"$("-?(8%37,B"$(DA%2(8, (7 1 SZSHI-GY42%a D, 2% B (
213A3$"81,-2(,C(D,-81-A, AR-8%B$%" BAF7$1-F(D,DS$%"B(1373$"-82*(.*()D,A28*(U,D*()3*(I1:'(
1<< KIVZ* (

IBY6-@,,?'(4*4* (133;*()(D,DS$%"B(CB% A T181 - (CA-D81,-(C,B(2% T%B"$(B7 HBIABB 2($"8%B*(.*(
)D,A28%(U,D*()3*(HR'(:<JV;<* (

IB,296'(*Y*(NA22'(6*(:;;R*(/18S{=2("DB,22DS"--%$(F"7(?%8%D81,-(1-(D,DS$%"B(137$"-8($128%-%B2*(.*(
)D,A28*(U,D*()3*(1::' (LV<I¥(

Y (Y * (2% (IIRR*()(27%A4BY8%(1-8%$$1F IM1$18&(8SB%2S,$2(C, B(2 7Y PPBY220826%
D,--%D8%7(27%%DS*(W%BD%78*(W2&DS, KBRZ{(::'(LVV

Y'-%E,3(* ¥ (US"--,- (0*P* (IJIH*(1"7 (?%8%D81,-("2("(3%"2AB%(,C(%$%D8B, ?%(1-8%B"D81,-(1-(D,DS$%"B
137$"-82*(.*()D,A28*(U,D*()3*(1;Z':LR(*

Y"--%3"--'(0*' (_M$%2%B'(.* (AS18# (+* (:;; R¥E@-(E-, @$%?F%(2A77,B82(8S%(B%8B1%T"$(,C($%\1D"$(
1-C,B3"81,-(CB,3(?%FB"?%?(27%%DS*(NB"1-(0%2%"BDS(ALE((ILZ

Y"AM%B8!(G* (W1 EBEH%B' (c* (13II*(=S%(7%BD% 78LEUG($"-FA"FY%(ME&(%$?%B$&($128%-%B2[(
+,-8B1MA81,-(,C("A?18,B&(8%37,B"$(7B,D%22%2*(+"-*()D, ARRRER' (JV

Y%1-B1DS'()*(+"B$&,-'(0*W* (4" T12'(9*Y*(.,S-2BA?%'(O*U*(:;;H*(O$$A2,B&(T, @%$2(B%2A%$81-F(CB,3(
7%BD%78A"$(D,-81-A18&[("(CA-D81,-"$(3"F-%8 1 YRYEZ F B (28A2&*(.*(+,F-*(G%AB, 2D 1%(
Z(IRLR KIR<:*(

Y,BTd8S'(.*(NABF&d-'()*(:;11*(4128B"D81,-("-2(8S%("A?18,B&("88%-81,-"$(M$1-E*()88%-*(WI%BDY%78*(
W28&DS, 7S&2*(RL'(KR* (

Y, B@18#()*0* (4AM-,'(:*0*()S$28B,3'(*N*(:;;:*(0%D, F-181,-(, G 2@C 1$8%BIRABE2(1- (-, 12%(
@18S(-,B3"$("-2(137"1B%?(STFE®/6" A%-D&(S%"B1-F*(.*()D,A28*(U, D*()3*((II'(Z;*

Y, A8F"28'(=*(IJRZ*(Q"8%B"$(2A77B%221,-(1-(S%"B1-F[()(72&DS,7S&21D"$(28A?&(,C(8S%(%"B52(D"7"M1
7B%2%BT%("-?(%-S"-D%(27%D8B"$(D,-8B"282(e WEHPYEEEBRER(W%B2(N*P* ()328¢6B2"3*

157



%8&'()*+(,$-.,$/(0010201,$%.3.4.,$!5#" $6$70890:$&:$(<0$4-=$>&1>0?($91$7&&@$*>&'+(9>+$*1A$I(+$'+0$;
0+(9@*(91)$+200><$91(0BBI)ICIBI(D$IL$AI(&79* $3.$6>&'+(. SIAPEB M . $EE $IFG5

%))91+,$6.1.=., $15GJ.$K9+(&7(9& 188590 @ & 7*BSL*((071$&;$/200><MSN1(077'2(9&1$*1A$6B(071*(9&1.$3.
6>8'+(.$/8&>.$6@.$0G $HFGJ.$

%)91+,$6.1.=. $I5EP.$/0>&1A$0Q?079@01($&1$(0@?&7*BBD$+0) @01(0A$+?00>< $R™*7(07BD$SL7&)70++
S0?&7(,$4.N.- $|GHF. $

%)91+,$6.1.=.,$I5E".$-0@?&7*BBD$+0) @01 DS <.$L07>02(.$L+D><&?<D+ $H'EIS

NDO7,$T..$U7'1)*7(,$K./.,.$/9@?+&1,$U.K., $PFFE.$V;;0>(+$&;$70798A9>$@*+207$91(077'2(9&1$&1$(<0$
91(0BBY)ICIBI(D$&;$91(077'2(0A$+200><.$3.$6>&'+(.$/&>.96@.$!PP,$!G50.

391,88/6.,$TOB+&1,$L.U., $PFFG.$/?00><$?0 DS P(@AEH & 9+0M$-<0$0;;0>(+$&;$(0@?&7*B$70+&B'(9&1.$3.¢
6>&'+(.$/&>.$6@.$!'5,$ORBE.

391,986, $TOB+&1,$L.U. $PFIF.$N1(077'2(0A$+?200><$207>0?(9&1MS$(<0$0;;0>(+$&;$<0*791)$+01+9(989(D
:70X'01>D$70+8&B'(9&1.$3.$6>8&'+(.$/&> $6@ . SHPHESH!

Y*)07,$S.,$8*A87$=00+(,$/.,$=92207(,$L.,$Y072<&;;,$6.,$Z*@'107,$-./., $PFFE.$S0?70+01 (*(9&1+$&;$[8&9>
089A01>0$;7&@$*>X'9+9(9&1.$N1M$8*1$A0$109]07,$3.4.,$-&770,$V.3.$8*1$A07$ \VA+. ,$ &9>91
K'(><M$"KO_88&9>91)$L<&1&B&)D,$L<&10(9>+$*1ASL+D><&BI1)'9+(I0+EH 701 (SN+
b91)'9+(9>$-<0&7D.$3&<1$U01*@91+$L'CBI+<91),$6@+(07A*@ CHL<IBHATER<9*,$27.$J!

Y*+<91&,$4., $PFFG.$L<&10@9>$70+(&7*(9&1M$-<0$CT7*91$>70*(0+$@9++91)$+200><$+8&' 1A+.$6>8&'+(.$
-0><.$PE,$OHDP! $

Y<91),$L.L.$/*1+&1,3U.6.,$6@C92*97*]*<, $V.HROGY;;0>($&;$6' (&@*(9>$e*91$a&1(7&BS$/(7'>('70$
*1 A$SOB0*+0$-9@0$&1$a&><B0*7$N@?B*1($/?00><$N1(0BB9)9ICIBI(D.SLB&/STVS# $0#PPGO.

YOAA $€.S.,$% @0+ $b.V. $PFIP.$V;;0>(+$&;$*)0$* LA$<0*791)$B&++$&1$(<0$70>&)19(981$&;$91(077'2(0.
91$9+&B*(9&1$* 1ASEIBHDA $3.$6>& +(.$/8&>.$6@.$!0! I $

Y91),$6.3.,$PFFE.$6'A9(&7D$10'7&+>901>0M$;9BB91)$91$(<0$)*?+.$a' FEBUS&B.$!E , $SE55

YB&?,$l.4.a.,$U79*970,$3.3.,$/(9))0BC&'(,$6.4.,$=79]1+,$3.%.4., $PFFE.$a&><B0*7$N@?B*1($F (>&@0+$*1/
R*BO(D$&;$h9;0$91$ERBESL 70BI1) *BSKO*; 10++.$-<0$b*7D1)&+>&20$! EY SIS

b*>7&9Q,$L.e.,$%*779+,$3.K.,$S*1A&B?<,$Y.3. $!5E5.$4'B(97B9>*(980%$0;;0>(+$&1$+01(01>0$>&@?70<01
>&@C910A$*>&'+(9>$A9+(&7(9&1+.$3.$/?00><$b*1).$%0*7.$S0+.$PP,$P"5.

b*A0;&)0A $L.,$!55G. SEBA (+$&;$+>&'+(9>$2<&10(9>+.$919807+9(D$&;$a<9>*)&SL BO++,$a<9>*)&.

b*10*,$3.,$4&&8101,$4. $1&'(07+,$3., $PFFG.$=*>(&7+$*;;0>(91)$(<0$' MISERARRRHDAO 7 +$++$
*>&+(9>$@&AOB+$;&7$29(><$?707>0?(9&1$91$>&><B0*7$9@?B*1(+.$3.$6>& HIFRS$.$6@.$!15,$.

b*h*7A,$K./.,$°91>01(,$a.,$ 01*9B,$=.,$ *1$A0$%0D191),$L.,$-7'D,$V.,$/(07207+ 3$f.,.$/2*7ThD1+29,$L.%.,$
[2*7ThD1+29,$%.,$/><*:07+$Y. $fib0*7D,$/.,$4* @*1,$K.,$4**(,$U., WROME, $%'CO7,$
6.4.,$e7001,$Y.,$e&8*07(+,$L.3.,$=7*D++0,$U. $K& OBBHSBISRIBBIBUODLEL, $6.,$
U07)07&1,$=.,$U*201(,$K.,$67(9k70+$=.,$UB*@0D,$L BHBEWIR ALLR+(&?07*(980$
=*>(&7+$6;,0>(91)$L07;87@*1>0$&;$L&+(BIL)'9+(9>*BBDSKO* $6A'B(+$g+91)$a&><BO*7$N@?B*
T0:$a8&1>0?(*B$4&A0B$&807$-9@0.$Lb&/SITVEECHER)

b002,$4.S.,$/'@@07+,$ ..$!55G.$S0A'>0A$; 70X'01>D$+0B0>(989(D$*1A$(<0$?70+078*(9&1$&;$+20>(7*B$
>&1(7*+($91$189+0.$3.$6>&+(.$/8&>.$6 @ HHFEGBSG

b00,$b.1.,.$% @0+,$b.V.,$!550.$V8*B'*(91)$*$YPOSO(9&1$(<70+<&BAS@&AOBS; & VHRATPTIDAS
B9OLO7+.$3.$6>&'+(.$/8&>.$6@.$5GISRHES

b089((,$%.,$!5E!.$-7*1+;87 @OMEYA$40(<E&A+$ILSL+D><&*>&'+(9>+.$3.$6>&+(.$/&>.$6 ®IEEHSIGE

b9+(07,$3.,$U0+91),$3.,$Y&0<120,$3.,$PFFP.$V;;0>(+$&;$*)0$*1A$;70X'01>D$A9+?*79(DS& 1) *?$SA9+>79(
6>&'+(.$/&>.$6@ .$!!! SPEBRHFF$

"# $



I"H$%6& () (+,&-%6& (¥ (/001*(233%4$(53(,6 % (57 (#'8%7$(6,9(:"#4&";"7,$"57 ("7 (H<T$=%$"4(HI%%A=(#$";>8"*
29%9%4=(1,76*(@%, 8&*(A%#*(18'(/CB*

154=7%&'()*D*E*(F>&6%& ()*G* (HIJ1*(+=%("738>%74%(53(&%38%A4$ "5 T#(57(,>: HoBT ;8 (FEH>#$"4#*()
25>7:(,7:(K"L&,$"57(H'(1/IM C1¢

15"N5>'(D*O*(HIIP*(Q";"4R"76($=%6(=>;,7(%,8*(S222(?"67,8(D&54%##*(Q, BEFIE (HOH

I5"N5>'(D*O*(U5&;,7'(Q*(G"SNR%'()* (/000*(+=%(%33%4$(53(&%:>4%: (:<7 ,;"4(&, 76% (57 (#9%%4=(
>T:%8#$,7:"76V(";98"4,$"57#(35&(9, $' 00T $# (454=8%, &(";98, 7$#*(2,&(@ %, & NTHH{/C

I5"N5>'(D*O*(U5&;, 7' (Q*G*(D5W%88' (K*(HIIP*(+=%(&%456 7"$"57(53(-5W%S#(9&5:>4%: (L<(;% 7' (W5;%7'(
L5<#(,7:(6"&8#(L<(454=8%,&(";98, 7$(9,$"% 7 $#(>#"VB{, (7 %8(OS?(9&54%##5&* () *(EA5>#S$*(
254*(E;*(HOT' (HHMHH 1

15896 7N" (O*(Z"8L%&S'(Z*(0,&7'(@* (Z,&7"%& (?*(Q558%' (F*O*)* (/00J*(?9%%4=(9%&4%9$"57 (9&5L8%;#(
=06,&"76(";9,"8&%: (&%38%A4%$("7, L"8"$<($5(>#%($%; 958, 8(3" 7% (#$&>A$>&%*(D&5A* ([ $8*(E4, (24"
HOT'(HPPINHPPJIY

Q.&$"7'()*?* () %&6%& () *G* (BULHB3%ASH#(53(,6"76(57(4%7$&,8(,>:"$58<(9&5A%##"T6*()*(A%=, L"8*(A%6H*(
U%-*(1/'(/OL1(

Q4Z5W,7'(+F*(JOHC*(?54",8(2X9%4$,$"57(S;985-%6#(?9%%4=(D%&A4%9%$"57 ("7 ([5"#%*(1, 76>,6%(, 7:(
29%%4=(CP'(GO/H{

Q4.,<'(0*Q*(0,&8<57'(A*D*(HII*(U>,8($%;95&,8(9"$4=(IMBETY, A5>H#$"4(,7:(%8%A$&"4(,;98Y>:%
:5:>8,$%:(9>8H#%($&,"TH#*()*(EA5>#$*(?54*(E;*(HOTCREB

Q"88%&(Z*E*(I"4R8":%&'()*O*A* (HICO*(+=06(S7$%88"6"L"8"$<(53(S7$%&&>9$%: (?9%%64=*()*(EA5>#$*(?E
HIBVHBTE

Q5L%&8<'(E*O*(15W%7#$%"7'()* @*' O, BRIBBE &&' (E*' (]%88"76'(U*F*(2=,="7'(E*)* (["$$&5>%& (?*(
JOH1*(US(E:>8$#(]"$=(054=8%,&(S;98, 7$#(A%8<(57(U"33%8&%7$(E45>#$"4(0>%#(35&(D=57%; %!
D%&A4%9$"57 (+=,7(E:>8%#(]"$=([5&;,8(@ %, &"76"()*(?9%%4=(!, 76*(@ %, &*(A%6#*(CB'(CIJI*

Q55&%'(F*O* (HIPC*(G&%_>94T%A@-"$<(,7:($%;95&,8(&%6#58>$"57("7(75&;,8(,7:(¥9B,8&76:(
8"HSYTYo&H* (F&*()*(E>"58* HDHP |

Q55&%'(F*O*)*(/00T,*(E7(S7$&5:>4$"57($5($=Y%(D#<4=5856<(53(@%,&"76*(H4,:%;"4(D&Yo##*
Q558%'(F*O*)* (JOOTL*(+%6;95&,8("7$%6&,$"57(, 7:(457$% X $ (B R/ABHI " ID=57%S"4#(TNCBIF

Q55&%'(F*O*)* (JOH1*(E>:"$58<(D&5A%##" 76 (53(+%;95&,8(G"7%(?$&>4$>8%V (233%4$#(53(E6%(, 7:(@%,
1588:(?4"%7$"3"4(D>L8"#="76(05;9( 7<*

Q55&%'(F*O*)*'(Z8 #L%&6'(F*A* (HIPP*(Z,9(:%$%4$"57 (W"$=(#"7>#5"#(,7: (7B EYS("BIBET :(
%8%64$8"4,88<(#$";>8,$%: (%, &#*()*(EA5>HS*(?54*(BF(RAHHOIT

Q>7H57'(F* ([%8#57'(D*F*(JOOC*(D=57%S$"4(":%7%$"3"4,$"57("7(_>"%S$(, 7:("7 (75" #%(L<(8"#$% 7% &H#(W"$=(
454=8%,&(";98,7$#*()*(EA5>H$*(?54*(E; *(HHRIGHIGR(

[%8#57'(D*F* ()" 7Y@ (/001*(G,4$58#(,33%4$" 76 (HI%%A=(>T:%&H#S$, 7:"76("7(6,$%: ("7$%E&3%8&I T 4%\ (454=
"08,7$(>HYE&H(, 7:(75&;, 8%, &"76(8"#$% 7 %&H*()* (EA5>H$*(?54*(E; *(MHT! (/(PJ

[%8#57'(D*F* ()" TY@* (0, &7%<'(E*2* ([%8#57' (U*E* (/OO T*(\7:%&#$, 7:" 76 (#9%%4=("7(;5:>8,$%:(
“T$%&3%8&Y% 7 4%V (054=8%, &(";98, 7S(>HSHEP{ BBEE B #$% 7 %&H () *(EA5>HS*(?54*(E;*(HHT'(
1IH*(

[%>=533'()*Z*("2:*a’'(/001*(245856"4,8(DH#<A=5 45>#$"4# (H(%:"$"5 7*(%:*(28#%-"%6&(E4,:%;"4(DE&YbH#!(
E#$%&:,; b(F5#$57*

["%'(.*(F,&A45'(E* (C%76 @3/00J* (9% A48, 7:($%;95&,8(4>%#("7 (454=8% &(";98, 7$(#9%%4=(
996&4%9$"57*(2,8(@ %, &*(/BIHBR

['9,&R5'()*.*(*2:*a'(J00I*(O54=8%, &(S; 98, 7$#V(D& 74" 98%#(d (D&, 4$"4%H (?%457:(%:"$"57*(%:*(1"99" 745$%$(
1'88" :#(d(]"8R"7#(D="8,:9689="{*

159



%&'()*$+,*$-'(.101*$2,*$30456'71*$+*819:; $<=()=(>(1$?4=( @/0$+77=7)$A))=0/>1'.$&/14$7B7"
C=('$<=(DIE57>1/=()$>(.$<'71>/($F/()$=D$G'>7/(ESH@I>/7@'(1,$J,$31"04$K>(E,$G'>7,$L),$
IM*$N#S,

P>TP'T*$3,*$;##!, $Q7>14/0$)4=8&/(E$4=&$>$0=04R">7$/ @ IR>1$&=TP),

?'1P=S*$<,H,*$% T<=((=7*$F,U,*$3KI1$7#8R , $HRR5)=7V$)=5(.$I'70'11/=($/($@>0>W5'$@=(P'V),$J,$
U'57=)0/,$;N*$9!M@!"1, $

24/RR/1)*$8,?,*$1999 $A5./1=7VSE>I$.'1'01/=(*$'70'115>R$04>((R)*$>(.$1'@|=7>R$7")=R51/=($/($)!"04$
I'70'11/=(,$,$A@ ,$A0>., $A5 /=R $I#* SNVNG

24/RR/1)*$8,?, *$C>VREHG>RR*$3,+,5$<>77*$2,2 *$2=))=1*$J,+,*$199:,$8'1'01/=($=D$)/R'(1$/(1'7S>R)$
6'1&"($(=/)')$>01/S>1/(E$./DD'7'(1$I'70'115>R$04>((R)Z$)=@'$17=I'"71/)$=D$[0'(17>R\$
>5./1=7VSE>1$.'1'01/=(,$J,$A0=5)1,$3=0,$A@ $HBSN"9Y,

2/04=THERR'7*$2,F,*$304(/. T*®,*$-' ()=(*$U,J *$G>@) 17>*$3,J,*$31 =T T*$+ ;4" $+DD'01$=D$>E'$=($
'1'01/=($=D$E>1)$/($)1"04$>(.$(=()I"04$@>7P'7)$S>7TVI(E$/($.57>1/=($>(.$)'017>R$
V@@'17V,$J,$A0=5)1,$3=0,$A@,$!'BS!'YN,

A)=(*$8,- *SL'@MSL +$_+.), *$H#EY, $CA$G>(.6==P$=D$3PVA$L/=(,$-R>0P& RR$?56R/)4/(ESK1.*$
%aD=7.*$kF,

2R=@I*$L,*$190Y,$7'70'11/=($=D$)I"04$>)$>$@=.5R>1"$)/E(>R,$H(Z$-7="0P*$2,?,L,$S>($. (*$<=4'(*$A,$
_+.),*$27=0"./(E)$=D$14'$C'(14$H(1'7(>1/=(>R$<=(E7"))$=D$?4=("1/0$30/'(0"),$]=7/)$
?56R/0>1/=()*$b17'088*7.7'041*$I1, $;XY#$

PR=@I*$L,*$;##;, $CA'SH(1'RR/E'(1$+>7Z$%($14'$U>157'$=D$3=5(.$?'70'11/=(*$;(.$"./1/=(,$'.,$?)VO4=R=EV$
?7)*$2>4&>4*$U 9,

?=RR>0P*$H,*$?/0P'11*$J,2,*$19"Y $H(1'RR/E/6/R/1V$=D$'a0'711)$D7=@$DR5'(1$)I"04Z$A5./1=7V$S),$)17
0=(1'al,$J=57(>R$=D$c'76>R$K'>7(/(E$S>(.$c'76>R$-'4>SKTFBI*$:9

2=RR>0P*$H,*$L56'() 1'/(*$G, *$8'0P'7*$K, *$19M9, $H(1'RR/E/6/R/1VS=DSF (=& ($>(.$b(P(=&($2"))>E'$3'1),$J,$
A0=5)1,$3=0,$A@,SN""*$; N $

2=&'7)*$Q,K,*$3I'>P)*$<,*$19:N,$H(1'RR/E/6/R/1V$=D$1' G@EA: RNVGABI, $A0=5)1,$3=0,$A@ SMY*$
X $

2=8'7)*$Q K, *$d/R0=a*$J,<,*$19::, $H(1'RR/E/6/R/1V$=D$1'@I=7>RRV$/(1'77511'.$)|"04$&/14$>(.$&/14=51%
I(1'7S'((E$(=/),$3, $A0=5)1,$3=0,$A@,$"1*K198) $

e/(*$2,F,*$%a'(4>@*$A,J,*$;##N,$+DD'01)$=D$)/ @BREBEIR>(1$17=0"))/(E$S=($)I"04$7'0'1 1/=($
/($DR5015>1/(E$@>)P'7),$J,$A0=5)1,$3=0, 5AGKENNESY Y"

el(*$2,F *$%a'(4>@*$A,J,*$;##" $+DD'01)$=D$/(17=.50/(E$5(I7=0FPBRER(OVS/(D=7@>1/=($=($14'$
7'0'11/=($=D$'(S'R=I' B5=0=.'7$17=0))".$)I"04,$J,$ A0=5)1,$3=0,3A@, $!19*$;X;", $

L'l1*$-,G,*$199;, $?'70'115>R$7')1=7>1/=($=D$>$[@/))/(E\$)I"04$)=5(.Z$A5./1=7V$/(.501/=($=7$/RR5)/=(f$
270'11,$?)V04=14V) SMI*$DIN;, $

L'II*$-,G,*$K/6'7@>(*$A,2,*$+00>7.1*$C,*$7") 1)PV*$8,*$19:0,$7'70'115>R$/(1' E7>4FF($BEBIBD=7$
)1=1*$D7/0>1/S*$>(.$>DD7/0>1'$@>(('7,$J,$+al, $?)V04=R,$G5@,$?'70'1,$?' XDE7ED, $Y*$";!

LIOP™$K,*$2'(.'R)=4(*$8,*$3047'/( 7*$<,*$]=7@/)>(=*$+,*$;##9,$CA4'$0=(1/(5/1V$/RR5)/=($>.>11)$1=$14'$
>5./1=7V$)0'(",$G">7,$L"),$;Y*$:X:, $

LI'OP™*$K,*$2/04'VR*$<, *$c>(65)) R*$2,*$3047'/('7*$<,3,*$2'('R)=4(*$8,*$|=7 @/)>(=*$+,*$;#!1,$
L'0>R/67>1/=($=D$14'$>5./1=7V$0=(1/(5/1V$/RR5)/=(Z$)' ()=7V$>(.$.'0/)/=(>R$'DD'01),$G">7,$L"),$
SIM; XL 8

LI'OP™*$K,*$C>(65))'R*$2,*$G>5)D'R.*$K, *$->gP'(1*$8,*$|=TBH$¢)|1=)/1=*$],*$;#!; $G'>T/(E$S>($
HRR5)=7V$c=&'R$/($U=/)'Z$35117"))/=($=D$A5./1=7V$<=71/0>R$A01/S/1V,$J,$U'5¢=)0/ $N;*$O#;Y
O#NYG

"# $



I"H$%& )&+, +)'-$./"012'3064"0.153"%'3%'#/$$6 7' 1%8'35# 0$2$91%66$'4"0'6"672$10'3./21%54) :%6; <01 =##$&
>)&'?"671088& @) ABB#?"672$10"./21%5; DEEF3#353"%6# 1%8'?"%50"9$0#3$#) 2"672$10'DGE
>1#$2&///)HIK)

I"H#$%6&' ()& *++J)'-$./"012":%4"0.153"%'3%' (/$$67; D6"F#536 & DF835"0="1%8'L3%MF 3#536' D#/$65#) N732"#)
-)1"=)'("6)">'HHK& HK OHOH)

IFP3%#5$3%&'Q)& JRRS) T"U'6"672$10' BMBIBHH/$$67) VW3#6$221%$ " F#D05362$X) ?F00$%5'Y/3%3" %'
3%'Y5"210=%M"2"M="Z'T$18'Z' @$6[' (FOM$0="Y 65"P$0'JRRS'SB, 5SS

IFP3%#5$3%&'Q)-)& W322$0&'?)D)&"*+++) T"U'8"6"672$10'/0"#57$#%$# U"0[\'?F00$%5'Y/3%3"%'3%'
@$F0"P3"2"M="+& HSRS)

(1M3&'B)&]13EH0E WS=$0&"-)D)& (930#[=&'W)D)&' JRR+)"-7$'$44$65"4'5$./"012'M1/'38$%53436 153" %" %'
#I$$67'/$06$/53"% P="F#$0#"'4'6"672$10'3./21%5#)'Q)' (/$$67'L1%M) T$10) |$#) FI&H A

(13_1&'Q)")&'D[=F0$[&'B)G)& D%803%MBAIR)YE TR*S) N$S06$/5F 12'1$#5"0153"%" 4" $M018$8"
(1$$67"#NO$#$09$8'U357'D89I1%63%M DMS$)'Q) D##"6) 1$#)'Y 5"210=06MD2) * &'+ H+

(1257"F#$&'-)D)&*++K)'-7$//0"6 $#H#BHIUS'57$"0=""4'18F 25'IM$'8344$0$%6$#'3%'6"M%353"%) N#=67"2)'
1$9)*RH&'SRISJ)'

(1.F$ 2&'D)G)&™*+*)'N7"%$.36'0$#5"0153"%; 3%#3M75#40".'1'%$U". $57"8"2"M=)'Q)'Bc/) N#=67"2)' G$%)'
*R&'SOBS+S)

(67.$02&'>)D)&'W6 "%%$22&'W) )& IR*H) 1WA oA S F 6 $8'#5"6 71#536'4163235153"%'3%'1%' 1F835"0="
PO13%#5%$.'%$F0"%"."8$2)'N7=#)1$9)'B', & RN 0JJ)

(67%"5d&'D)&" 3M$H#$08'<) & T"//$&'€)& JRR+)'(/$$67'U357'G L/#;' B44$654" 4'N$03"836': %5$00F/53"%6#" %'
(/$$67":9%5$223M3P3235=)'<"231'N7"%3150361'$5'L"M"/1$83R ) K*& IKH

(67"4&-)& 1" #$%& ()& JR*S)-7$'0"2$"4'1F835"0="1%8'6"M%3539$'4165"0# 3% F % BREBBIHSI%M'#
%"3#%$'P='%"0. 1. $103%M"28$0'23#5$%$0#)'<0"%5) DM3%M @$F0"#63)'K)

(71430"8F)&'(7$45&'()&'13#2$=&')& IR**1)'N$06$/53"%"4'3%5$00F /5$8 HISHEF 920'3%53"%'3%'57$'
3%5$223M3P3235="4'M15$8'1%8'6"%615$%15$8 #$%5$%6$#)' Q) B&'BESR"6HY.) *H

(71430"&') & (7$45&'()&'134#2$=8"1) &' IR** B BE H03153"%'3%'57$":%5$223M3P 3283 545 FA38'
(1$$67'3%'Y 28$0'L3#5$%$04) "% @-BI(NBB? T'JR*&*J57'D%%F12'?"%A4$0$%6$"4'57$'
165$0%153"%12'(/$$67'2"..F%36153"% D##"63153"%& £ B IRRABERM F#BIR IR **)'
{(?D&I)'SM S,)’

(7173%&'D)Q)&'>3#7"1&'?)g) &' W322$0& L)W)& JRR+) @$F012".$671%3#.4# 4 (BIZ 24 8IDACLBEE 06 M
#/$$67) @$F0"3.1M$'SS&*+HHSHY

(71..1&'()&L"0$%d3& ?)& IR*H) Y %'57$'P121%6$"4'$969$2"/$'1%68'5$./"2AQMEBRHS 3%'5 7S
$966"83%M "4 #/$$67'3%'57$'$102="1F835"0="#=#53.)'Q)'D6"F#5)'("6)'D.) THHE), *,

(71%%"%&")f)&*+,H)' WF253671%%$2'$2$6503612'#53.F2153"%"4'57$'1F835"0="%$09%$'3%'.1%)":)">1#36'
[#=67"[7T=136#)T$10)'|$#)**&* O, +) '

(71%%"%& 1)) &"*+)" $5$653"%"4"M1/#'3% #3%F#"38#'1%8'[F 2#$'5013%# P="/153$%5#U357'6"672$10'
3./21%5#)'Q)'D6"F#5)'("6)'D.)' A& IN O +J)'

(71%%"%&1)H)& h$%MB&]1.157& 1) &' g=M"%#[3& Q)& B[$238& W)&*++1)'(/$$67'0$6"M%353"%'U357"
/03.1032='5$./"012'6F$#)'(63$%6% ' JOIRBHRS)

(7$/7$08&")])&'T1083%$&' @)D)&'JRR*)" $14%BES$8?71%M$#'3%'57$'DF835"0="N157U1=;"./236153"%#'
4"0'?"672$10"./21%5#)'DF83"2) @$F0"'5"2) K& R"

(73%MBF%%3%M71.&>)G)& IRR,) YPLESS 1F835"0="1%8'93#F 12'155$%53"%)'-0$%8# 2" M%)’ (63)'*J
*J 1*K)'

(73%MWF%%3%M71.&">)G)&'g1%ME )& IRR,) :%42F$%6$#"4'IF835"0=""P_$65'4"0.153"%" %'/ 7"%$.36'
0$#5"0153"%)'Q)'D6"F#5)'("6)'D.) *JH&KIRY)

161



%8 (()*+(('(,&-./$01/$238&4-3'/$51/$04366734/$%1/$2-6+8/$%1/$#9!:1$;(<7+3(=36$><$734=32@+-7$=>(@'(+
>($B34A8-AST'6@3((,1$;(C$;*D$#9!:$2>(@43-71$D%D/$2>(@43-7/$*-(-8-1$21$9199#"1

%7AISELF1/$G3<<34/$H111/$I& @3/$21J1/$%&37&348/$K1L1/$0'4=&/$2151F1/$2'(@34/$K1H1/$M376>(/$)
OPH3-4A/$%1F1/$#99Q1$E3-<(366%-7@346$-+8'@>4A$(34B3$<"RABHAIE? 263G >$
6@'.+7-@">(1$N+41$F1SM3+4>6=TER#$S!9

%>..346/$21%1/$!UUQ1$%7?33=&$734=3?@">($'($>7834$-8+7 @6C$@&3$'. YJe2@-(-3$=< e IEH:
-R'7'@'361$F1$D.1$534"-@41$%F=CHES/$"::

%>+ W-/$X1/$K>63(/$%1/$#99U1$N<<3=@ 6 $S Y ERERTBBR3S (@377, R'7 @)SH(SHE'6H
B>=>838$6733=81$F1$D=>+6@1$%>=19RISH"/$QU#

%23=@>4/$11/$#9N 1$N=8>'=$23.>4A1$;(CSLA3+@W34/$F1%1/SE3H+=-/$F 1/$*-27-(/$01S[N86 1VSN(=A=7>
“7'('=-T$M3+4>26A=8&>7>,A1$%24'(,34$M3Y $] >4/ TRPALGRIH#:

%4'('B-6-(/$%1/$J-(,/$E1/$#99S1$D$6FRB38$.>837$<>4$78&>(3.'=$436 @>4-@">(1$%?33=8&$
> +(=-@">($VS/$": TZQ%
%@3?&3(6/$EL/$!UU"1$G3-4'(,$43&-R'7'@-@">($'($-$?76A=8&>6>="-7$<4-.3Y>4"1$%=-(81$D+&>71$%+??71
"1$
%@'="(3A/$51%1/$D66.-((/SXLIL/$F&/E/ 3(,BLUS#I9Q1IIN<<3=@6$><$=>=&73-4$'.?7-(@$?4>=366'(,$-(8%

<+(8-.3(@-7$<43 +3(=A$>($@&3$ (@377, R'7T' @A$><$=>.23@'(,$63(@3(=361$F1$D=>+6@1$%>:
1##/$19"U TI9QZH

%@'="(3A/$51%1/$ YE(UISH' @>B6 A/SK1/$D66.-((/$SXLISHIOV1$*>=&T73-4¢ FHBSETB> (Y @&S
6233=83$.-6"3461$F1$D=>+6@1$%>=1$D . THUISDZ!

%@'72/$*IN1/$5>+2377/$21F1/$L7+3(834/SL1K1/$#91:1$%7?33=8$234=32@">($($6'.+7-@38$373=@4'=$&%
3a?7>' @6$'(<>4.-@RB-4'(,$-=>+6@'=$=8&-(,31$F 1$D=>+6@1$%>=1$D. TIHIIGNH!:"

%@?/$*IN1/SL7+3(834/$L1K 1/$#9191B=>T8BI3(@4>2A/$(>@$=>(6>(-(@6/$B>Y376/$>4$@". 3/$R36 @$
2438'=@6$6?733=8$'(@377', R 7' @AL$X4>=1$M-@71$D=-81$%NESULYHE D1$I9Q/$!#:2Q

%@CR'=&/$01/$_'348><34/$*121/$G>=&.-'4/$N1%1/$IUUULS;(<7+3(=3$>(DHETS @ =3@HS$
63@@'(,6$>($6?33=8$+(8346@-(8'(,$><$=>=873-4$'.27-(@$+6346$3.27>A'(,$@&3$=>(@'(+>+6$
(@3473-B38$6-.27'(,$6@4-@3,A1SN-4$G3-4TBAD/$IOV

%@4>+63/$D1/$D6&.3-8/$E1G 1/$0&83/$SK1IML/$54-(@&-./$ELIL/$IUUZ1$d3.7>4-7$24>=366'(,$($@&3$-,(
+8' @AA$6A6@3.1$F1$D=>+6@1$%>=1 ST HOWS#:ZS

%@+83R-"34/$51D1/$!UZS1$D$ed-@">(-7'W38f$-4=6'(33@4-(6<>4.1$F1$%?33=-REBH41$K361$#Z/$VSS

%+, @-/$]1/$IUUQISM3+4>(-7$=>4437-@36$><$-+8' @>4A$ (8+=@">($ ($ @&3$=-@$=>4@Bal$M3+4>437>
SU1s$

d-6377/$E1g1/$5433(<'378/$E151/$H>,3.-((/$F1FL/$M376>(/SELDL/$IUU#1$d3.2>4-7$=+36$<>4$=>(6>(-(@"
43=> ('(@">(C$d4-'('(,/$@-7"34%,3(34-7'W-@">(/$-(8$+63$'($3B-7+-@'>($><$=>=&73-4%'.27- (@6 1$F
D=>+6@1$%>=1$D.1$URH4SHI)

d&+47>Y/$I1/$IUSQLED($-+8'@>4AFK HABE3<<3=@1$D.1$F1$X6A=E&FTRBHI/$"S:

d&+47>Y/$IIKL/SNT<(34/$HLIT/$IUSULS>(@'(+ @ASN<<3=@6$Y'@&$D7@34(-@37A$%>+(8'(,$d>(361$F
D.1$:1/$1::Q T:UL $
d'34(3A/$F1/$_'66.-(/$21D1/$N88'(,@>(/$ELLL/SIUUVISE',' @-7$6',(-7$?4>=366'(,$-?2 2 2&IB B (63 ($=>
' 27-(@$4363-4=&1$d&3$H' (=>7($H-R>4-@>4ASF>FAAE BSQ/$:!

d+4(34/$*1J1/$5-(@W/S01F1/$g'8-7/$*1/$03&43(6/$D1/$G3(4A/$01D 1/$#99V1$%233=8$43=> (@">($'($(>'6:
=>=873-4%'.27-(@$7'6@3(346C$03(3<' @6$><$436'8+-7$-=>+6@'=$&3-4'(, LS F ISIE->+6 @ 1$%>=14
IQ#UTIQ:S1$

b1%1$1>>8$-(8$E4+,$D8. ('6@4-@'>(/$#9V1$*>=8&73-4$)PTA@EH 6$- (83K '6°6$><$*>=&73-4$
. 27-(@6$hJIISE>=+.3(@i1$bKH$

"# $



" #$%%&&E&' ()*'+,-%./)01*23/-01/4%56,)71"4*8)./)01*256,1/)76/4%9:#2*8"4*8)56,4"!

['014%;,112/*69:#2*8"4%71:<=>?@A"":BC*1/44/)B@"'>'DH-'
-*8BG0/608+/8HBI'HBG,7"/64HBJ'HBDKKK'BL*#B)/"/1"0 8BBB20842K !*88/2B4"0:720BNOBPIQRIB

1,112/*6B0:#2*8"//4'BJ'BI1,74"BS,1'Bl:'BD<=HBBK>E'

T/6!,/-/18HBJ'HB5*7&HBL'3'HBU2,,"4HBV'HB><<@'BS#//1!BR*"/B08B*B527601/8" 6@t BG4 BE/*+/$BIB;
W/"&/18B37"11BO8BW/2+07:B*8)B"!/BX/"l/62*8)4'BP*8+7*+/B*8)BS#//1!B @XAKEREKY

T/6411776/HBJ'HBW6,1**6HB.'5'HBDK?A'B98"/220+0N020"0OB,(B08"/667#"/)B:/*808+(72B*8)B8,84/84/B4#//1
&0"1B*8)B&0"!,7"B08"/6-/808+B8,04/'B5/61/#"B5401!,#!04'BAEHB*B >

T/64(/2)HBX'J'HB3**2)/6HBP'HB[/4"/8HBJ".'HBV,7"+*4"HB\'HB><<<'B./"!,)B(,6B"!/B4/2/1"0,8B,(B4/8"/81/B
*"160*24B(,6B/((010/8"B:/*476/:/8"B,(B"!/B4#//1!B6/1/#"0,8B"16/4!,2)'BJ'BI1,74"BS,1'BI:'B
D<YHBD=20=?@3

G*2)/8HBW''HBS1!&*6""HB3'.'"HB.,8"+,:/60HBBG:}¥/_HBR'I'HBDK?D'BIB;,:#*604,8B,(B"!/B]((/1"4B,(B
V/*608+B9:#*06:/8"B*8)BI1,74"01B[02"/608+B,8B;,84,8*8"BR/1,+80"0,8'BJ'BS#//1!BP*8+'B
V/*6'BR/4'B>@HBA>'

G*8+HB'HBV7:/4HBP''HB><D<'B[*1",64B08(27/8108+B6/1,+80"0,8B,(B08"/667#"/)B4+#//1!'BJBI1,74"BS,1BI:E
D>?HB>DZ&DDIB

G*66/8HBR'."HBDKY<'B5/61/#"7*2BR/4",6*"0,8B,(B.04408+BS#//1!BS,78)4'BS10/81ZBRABHBAK>
G*66/8HBR'."HBDK?@'B5/61/#"7*2B6/4",6*"0,8B,(B,N20"/6*"/)B4,78)4'B5401!,2'BWAZNBK=HBAYD

G*66/8HBR'."HB><<?'BI7)0",60B5/61/#"0,8$BI8BI8*20 BHB38)404'B;*:N60)+/BQ80-/640"0OB56/44HB
;*:N60)+/' B

G*66/8HBR'."HBW*4!(,6)HBJ'I'HBJ6HBV/*20HB]'G'HBW67N*_/6HBW'S'HBDKK@'BI7)0",60B08)71"0,8$B6/1!
1!*8+/4B08B*2"/68*"08+B4,78)4'B5/61/#"B5401! ,#'04'BEEA+BRDA

G*66/8HBR'."HBaN74/_HB;'J'HBDKY DE3$6#/#!'0,8B*8)B#!,8/:01B6/4",6*"0,84'B5/6 1/#"'B
5401! #04'BKHBEE2>B

G*66/8HBR'."HBaN74/_HB;'J'HBI1_6,((HBJ'."HBDKY>'BI7)0",60B08)71"0,8$B5/61/#"7*2B408"1/404B,(B*N4/8
4,78)4'BS10/81/BDY =HB ADIZHB

GY//2/6HBI'HBI61IN,2)HBS'HBL6/+,60HBS' HBS PR H BRSO #2+8"4$B\I/Bb, 78+B5/,#2/c4B
5/64#/1"0-/'BJ'B3/*(BS"7)'B3/*(B]) &

G08+(0/2)HBI'HBDKK="B;,+80"0-/B(*1",64B08B*7)0",60B#/6(,6:*81/$B1,8"/d"HB4#//)B,(B#6,1/4408+HB*8)B
1,84"6*08"4B,(B:/;,60'BJBI:BI1*)BI7)0,2BYHBAYEB

G08+(0/2)HBI'HBI2/d*8B6M'HB;*-0+/220HBS'HBDKK@'B3,/4B./:,60B;,84"6*08BQ"020'\8,&,8B, (B\,#
98(,6:*"0,8B08BS#,_/8B&,6)BR/1,+80"0,8eB]-0)/81/B(6,:BX,6:*2BI+08+'BP*8+'BS#//1!'BAYHB
>>[V>AEB

G08+(0/2)HBI'HB\78HB5'I'HB><<D'BS#,_/8BP*8+7*+/B;,:#6/!/840,8B08Ba2)/6BI)72"4$B83"/6*1"0
N/"&//18BS/84,60B*8)B;,+80"0-/B;!*8+/B08BX,6:*2B1+08+'BS/:08*64B08BV/*608+B2AHB>?Y

GO088HB.'HB;!*""/6f//HB.'"HB9)4*6)0HBG'HB><D>'B\!/B74/B,(B*1,74"01B17/4B(,6B#!,8/'01B0)/8"0(01*"0,8$B
1((/1"4B,(B4#/1"6*2B)/+6*)*"0,8B*8)B/2/1"601B!/*608+'BJ'BI1 FBI'EEDADHBD @@ Y R'

GO88HB.'HB;!*"/6//HB.'HBY)4*6)0HBG'HB><DA*B\!/B6,2/4B,(B-,01/B,84/'B"0:/B*8)B[<B0SB4" #B1,84,8*8"B
-,0108+B#/61/4#"0,8$B]((/1"4B,(B:*4_08+B8,04/B*S)MB2A&B(02"/608+BJ'BS#//11BP*8+BV/*6'B
R/4'BE=HBDZBY<YB

G088HB.'HBR!,8/HB]'1"/6f//HB.'HB9)4*6)0HBG'HB><DAN'B\!/B74/B,(B*7)0",60B*8)B-047*2B1,8"/d"BO8B
4#//1!B#/61/#"0,8BNOB204"/8/64B&0"!B8,6:*2B!/*608+B*8)B204"/8/64B&0"!B1,1!2/*6B0:#2*8"4'B
[6,8"B5401!,2B@HBER>@"

G,2(/HBJ'HBS1!*(/6HB]'HB><D<'B56,+6*::08+B;,1!2/*6B9:#2*8" 4 EBRBR5276*2B57N204!088HB981"

163



%&'()$*+,(-.$/'0,123,-2&14$56!78%9+,:1+;;$,1)$.+,210$(&;;$<=,>-$;.++-$2& @AG6BSC% % %$
9&>DE+1-F8%=,>-;.++-;85GHI$.--JKLLMMM8M.&821-LE+)2,>+1-"+L:,>-;.++-;L:;A66L+1L$
<,>>+;;+)$#858!788

ND'+04$P8Q84$9+(.&'1+4$I8R84$! BIUIBWEE]-281$21$182; +SWXS(2;-+1+:$M2- SE2()$, 1)$E&)+,-+$
+1;&'21+D',($.+,'210$2EJ,2'E+1-8$Y . +$Z&D'L, ($&:$-. +$R>&D;-2> ($[&>2+-X$&:SRE+2> $T54$
I7THT\177S85

L R R -

"# $



I"##$%&

($)*+%,"-.

"HES%&IHS YSH()*+1'$,-)'S. 1+ (1¥+/01(&B!IS1.$+2)+3!(&SB! #SF%&!. ) H(E! (&$!14'1) +!
54*((*6 7#1.)3+1//)+389! 4-(1 1/.*! (&$! 4'1)+ 2$%*2)+3! (&$! 6$1+)+3! $+9%6*2$21 )+! (&$!
($16!%:1 (&SB! AL $'< N1 *+2. 1504  T2*=+1#%%$..)+38>1 2+12):1)%-/(1/).($+)+3!
J(-1(*+.9! $>3>1 )+ 11 %*%;(1)/! #1'(0! .%$+1")*9! #$$%&! )3+1/! (&L(! 1! /).($+$'1).!
)H($'S.($21)+12$%*2)+31).1%: ($+161.;$21 401 -+=1+($2! +¥).$9!12)."-#()+314*((*6 T-#!
)3+1//)+3>1 @! +*'61/! &$1')+3! 5AB8! /).($+$'1 ).! 14/$! (*1 =)(&.(1+2! 11 '$1.*+14/$!
16%-+(1%:1 -%8&12)."-#()*+1 1+21 %1+ .()//! 1%&)$CH! 3**21 #$$%&! #$'%$#()*+>1D&).!).!
#* . )AISIH1 () 111014 $%1-.$1(&S$)+ 6 L()*+1$+06*2$21) +1&-6 1+ #$$%&!).I'$2-+21+(!
1(1CL)*- 1/SCSH/.1/); S #8*+$5()%9! 6+ #8&$6)%9! . $+($+()1/9!2).%*-". $91 $(%>! 2+1122) ()*+9!
AB! /).($+$".! $6#/*0! C1')*-.! %*3+)()C$! 6$%&1+).6.! (¥ '$%*+.(-%( (&$! /*.(!
JHFBLO 6! 2).-#($2! HS%&! )3+  1/>! "*6$! *:1 (&$.$! 6$%&1+).6.! 1'$E!
THH)%L()*+! *:1 (&$! ;+*=/$23$! *:I (&$! #$1;$'<.! /1+3-13$! 1+21)(.! 3'1661()%1/!
%*+CS+()*+.9! SFHSY(L()*+! *6-/1($2! *+! (&$! 41.).! *:1 (&$! )+ *6L()*+! %*//$%($2!
#$C)*-./01)+! (&$! 2).%*-".$9! ('1%;)+3! (&$! 1-2)(*'01)+:¥'61L()*+!=)(&)+ ! (&SB! #$$%&!
('$169!$(%>1@.111'$.-/(QIBIBS! /. .1*: 1) +*61()*+ %L1 +14$! (*/$'1($2!=) (&*-(1/*..!
*16$1+)+39! 1+215))8! *6$! )+ *61()*+! % 1+! 4! '$%*+.(-%($2! *+! (&$! 41.).1 *:1 (&$!
[$:(*C$ N+ *'61()*+>!

!

1,)012$%'3#41%-5"62%6

@! %*%&/$1' )6#/1+(1 5G?8! ).! 1+ DG A/S! $/$%(*+)%! 2$C)%$! (&L(! #1'()1//0!
'$%*+. (%1 &S$1)+31:¥1)+2)C)2-1/.1=) (&I#**-+21% 1 (*(1/1.$+.%)+$-'1/18&$1")+3!

[*..>1 D&S$! 2$C)%S$! 2+$.1 . *1 40! #)%:;)+3! -#1 1%*-.()%! .)3+1/.! (&*-3&! 1! 6)%"*#&*+$9!
1+1/0H)+31(&$!.)3+1/1-.)+31112)3) (1/1#*%$..* | (&1 (1 H%*+C3$' (.1 (&$! 1%*-.()%!.)3+1/!
)H(*11L.$)$.1*:16%2-/1($2! $/$%(') %! #-1.$.91 1+21 .()6-/1()+3! (&$! 1-2)(*'0! +$'CH! *:!
(&$)6#/1+($21)+2)C)2-1/1=)(&!(&$.$!$/$% (") % 1/1#-1.$.12$/)C$'$2!(&'*-3&11+11"10!*:!
$/5%(*2$.>11&)/$! (&$! $/$%(")%!.()6-/1()*+!6)6)%.!.*6$! 41.Y0.!*:1 +*'61/! 1%*-.() %!
&$1)+39! (&SB! .*-+21 )3+1/! '$%*+.(-%($2! 40! (&$! G?! 2$C)%$! ).l #++'$'1 )+1 #$To(**



$%&' ()*+# )%, (+-$.(/# 0(&*)%1# $(# $2%# ().3./*+# *0(-,$.0# ,.3/*+4# 5%, . $%# $2%,%#
+.&.$%$.(/,6# 78# 1%9.0%,6# ./# 3%/%)*+6# *)%o# )%+*$.9%+:# ,-00%,,;-+# .[#QX:$()./3# 'Y
-11%),$*/1.13# [# T8# -,%),6# %,'%0.*++:# [# .1%*+# +.,$%/./3# ,0%/*).(,4# <(=%9%)6# 78:
-,9%),# 2*9%# 3)%*$%)# 1.;;.0-+$:# J# -/1%),$*/1./3# ,'%%02# $2*/# ><# +.,$%/%),# ./#
02%++%0/3./3# +.,$%/./3# ,0%/*).(,# =2%)%# $*)3%$# ,'%%02# ,.3/*+,# *)%# 1.,)-'$%16# %
= $2# &-+$.+%0# Q1%+ # $*+2.13# , &-+$*/% (-, +:# Ot J#](:# ) (-11.13,44 @2. #
$2%,.,#%A"+()%,# .;#9%).(- #;*0$(), #./2%) %/ $# $(# $2%# . 3/*+6#*/18) (&6 #Q%H) ./ 34

&% )&Y%0I$# */1B()# 02%)*0$%).,$.0# (;# 78# ,.3/*+# $)*/,&.,,.(I# &*:# C%# *$# +%* $#

MG x++1# )%, (/,.C+%# () # $2%# T8 # 2%9./3# )%1-0%1# *C.+.$:# (;# -/1%),$*/1./3#
%9024, /#1.;;.0-+$tt+. $%/.13#,0%/ <t (,4#

#

I"H$Y&H' () *+H A+ HEYE&

@2.,#%$2%,.,# -,%,# .1$%))-'$%1# ,' Yo% 02# * # *# )%") %, %o/ $*$.(1# (;# 1.,)-'$%1# ,'%%02# .I#
%9%):1*:#+.;%4#D()$.(/ #(#,(&Y%#; ) &# (1, %%02# ,$.8-+-, 61 Yo AU BHL0) 1, 1 ()#
%/$%/0%, 6#*)%#)%'+*0% 1#=.$2#,.+%/0%6#*/ 1#$2%#+.,$%/%)# . #*, 2% 1 #$(#) %' Yo $#=
2% #2%*)14# @2%#") ('()$.(/# (;#0())%0$+:#.1%/3.;.%1# 2(1%&%, # )#=()1,#")(9.1% #*#
&90*,-)%H# (;# ./$%))-'$YHE %%02# '%)0%'$.(/4# F# 9%).*$.(/# (;# ./$%))-' 80024
'%)0%'S$.(1# .,#'2(1%&.0#)%,$()*$. (/# GDHI# *)*1.3&# .[#=2.02# ,.+%I$# .I1$%) 9%+ # *) Yo#
L+ 1H = $2# (., %H# C-),$,4# J2%/# $2%# 1(.,%# C-),$,# &*,2# $2%t# ,. +%/$# .1$%)9*+,6# .
2.1%#$2%# ($%/$ . *++:#,"-). (- #0-%,#./1$) (1-0%1#C:#,.+%I$# ./$%) 9*+,6#=2.+%#./0)%*,./3:
$2%# +%A.0'B0%P. (/14 (;# $2%# 0*/1.1*$%# =()1,4# K%O*-,%# (j# $2.,64 ;. ++.13# -'# ,. +%/$?
$%) 9%+ H#= $2#1(. Yot &* #H+Yo* L#$(#*/#./0)%* Yoit [1#./1$%++.3.C.+.$:#GDH#C%/%;. $I1#*/1#
3.9%# $2%i# . ++-,.(1#$2*$H $2%# ,'%%02# , . 3/*+# . #/($#) Yo' +*0%1# C-$#t (/+:# &*, 2% 1# C:#/
GO(/$./-.$:#.++-,.(/ 4#t

#

+-'%8&'%*%S$. ("*/0* 1"

@2%# ,$-1.%,# ")(9.1%¢# */# ./,.32%# IS# 2(=# 0(3/.$.9%# &%02*/.,.&# (;# ,'%%02#
'%)0%'S$. (/# .1$%)*0$# =.$2# 1%;.0.%/0.% ,# .[2%)%I$# $(# 2%*).I13# .&'*.)&%/$# */1# $2%+
*1.$():# *.1# 1%9.0%,# +.2%# 784# @2.,.# %/).02%,# (-)# ;-11*&%/$*+# -11%),$*/1.13# (;#
C)%*2#(=/# (;# ,'%%02# '%)0%'$. (/# */1# 2%+"./3# .1# %9(+9./3# CY%$$Y0)# )%,%*)02# */1#
0+./.0%+#,$)*$%3.%, #$(#1%*+H#E . $2#.$4

M #



!
#'$%&' ()*"#+,-#  (

"HBI%&S' (), IS-S()#]./$-0%Vo+-1%1104*-10#$-*-1 ('$2!

34! 5%3$-! 0#3$! *+03$"/608B$3)#! 63$')$60*%+! 9:! ;<! [-$'-1 7*11$' 1'%=! 0#(0! P&P!
@*-0$+3$4Al

B4I<11:$-ClI0#$+ID#(01/+7$' @:*+,1=$)# (+*-=-1=(19$!) (/-*+,104#*-17*11$'$+) A

!

1,.0,.1# (

<+ )#(60%$' EC! <!'$6%'0! OB¢EB! 635)560*%+! %1! -6$$)#! *+0$"/60$7! D*0#! -*@$+)$! *-!
6%%'$"! 1%'! ;<! /-$'-! O#(+! >?! @*-0$+$'-4! ;#(603" F! '$6%'0-! O#(0! 0#3$'$! D$'$!
7*11$'$+)$-1 980DS$+! ;<! /-$'- (+7! >?! @*-0$+F'-! *+! 0#$! 6#%+$=*)! '$-0%'(0*%+! (-!
D$@@4! ;<! /-$'-1 +$$7$7! @%+,$'" ,@*=6-$-C! 6%--*9@:! 6:RBT)%+0$G0/(@! (+7!
(/750%":1 )/$-C! O#(+! >?! @*-0$+$'-1 0%! 7%! -* +*1¥)(+0! '$-0%'(0*%+! %1l =*--*+ |
*+1%'=(0*%+4!?%DS&S'C!-%<IB$'- | DAY #(7 1#* #1*+0$@ @*,*9*@*0:1%1!/+*+0$"/60$ 7!
-6$$)#!)%/@7! 7%! BFEED+!'$-0%'(0*%+! D*0#! -#%'0$'! ,@*=6-$-! (-! D$@ @C! *+7*)(0*+,!
0#(0! 0#$! (9*@*0:! 0%! 7HNBW6! '$-0%'(0*%0+! *-1'$S@ (057! 0%! O#3$! (9*@*0:! 0%! /-$!)/$-!
1'%=10#$!9%009&-*,+(@4!

!

<-$-1(@-% (717114 @0: *+ 1 7$+0%1:%+,1'$, /@ (' @:16 @ ()$7!-#%'0! (0*1)*(@!, (6-!H3II!
=-J! *+1 -$+0$+)$-C! D#$'$(-! >?! @*-0$+$'-! 7*7! +%04! <+! O+8BBAB)0*%+! -0/7:!
'$6%'0$7! *+!1)#(60%' K& 1%/+7! 0#(0! 0#$! 1'86+0! 6'%)$--*+,1 %1! ;<! 7$&*)$-! =(:!
*+7$S7!=(LS!*01#('7$"10%!B0$)0! (0*1*)* (@ @:! *+-$'0$7!,(6-C! 9/0! 6%--*9@:! +%0! /6! 0%!
0#3! $G0$+0! -$$+! *+! 0#$! )%+0*+/*0:1*@ @/-*%+! $G6$*=$+0! *+! )#(60$'l F4! "#$! $113$)0!
1'%+86+7! 6'%)$--*+,! %+! 7$0$)0*%+! % 1! 0$=6%"(@! ,(6-! *+! )#(60$" KIASV@ (', $!
&("*(9*@*0:!1*+10#$!6$'1%'=(+)$! % 1! 048! $'-1*+!1)#(60%'- EC! F! (+7!KC!-/,,$-0! 0#(0!
1()0%'-1-6$)*1*)1 0%! *+7*&*7/(@! ;<! /-$'-C!1 $4,41 6'$-$+JH, BB 1! +$/ (@ ! -/' &*&(@

(9! (0! *=6@ (+0(0*%+C! (+7! -$00*+,-! %+! 0#$! ;<! 7$&*)STIHWWCY! '%@$! *+! 0#$!
$G0$+0!1% 1 B +!'$-0%"(0*%+!*+1;<!/-$'-4*-*=6 @*$-10#(0!0#$!*+0$'()0*%+198110%6
79%D+1)%,+*0*&$! =$)#(+*-=1 D*0#! 9% 0@BY/$-1 *+1;<! /-$'-1=(:19$!)%=6@*)(0$7!
(+7'=(:!1+%0!9%!6'$)*-$@:!6'$7*)0(9@$! %+! 0O#$! 9(-*-1% 1! %+@:1 0#$! 6$'1%'=(+)$! % 1! >?!
@*-05+%$"-1%'1>?21@*-08+*+,10%!;<!-*=/@(0*%0+4!

167



$

%&'()$ &™*)++%). 10))(1$ -)+()-*&2'$ +)3&)0$ 2'$ ,08'4$ +).,.5%$ &'62+75*&2'$
)'(2.).$50$(2')8* 53$5'.$5,.8*2+9%(,)0$&'$*1)$,'2:38*)+5*).$43&7-0)0;$5'9$65(*2+$
*15%$<2,3.$566)(*$*1)0)$(,)0$<2,3.$+)0,3*$&'$-22+$ &*)+H0)) (1$-)+()-*&2'=$
>1)$0%,.9$&'$(15-%)+$2$8 . &+) (qD--2+*).$*180$<&*1$*1)$6&".&'4$*15*$+).,(&'4$*1)$
+).,.5'(9$26$0-))(1$:9$3&7&*&'4$*1)$5,.8:&3&*0$ 26#kS @, ) (95 (27-2') *0$ &0$

)'2,41$ *2% 566)(*$ *1)$ &™*)++,-%)10-))(1$ -)+()-*&2'$ 26$ 92,'4$ AB$ 3&0%)')+0=$ CD$
-+2()00).$0-))(1$150$5'$ &'1)+)*$ 35(E$ 26$+).,".59;$:)(5,0)$ &'S (2'*+50*$ <&*1$

*1)$ AB$ 3&0%))+0$ <12$ 15F)$ 5(()00% #&(1$ :2**27-$ (,)0$ G)=4=$ -)+&2.&(&*9:$
%)7-2+53% 6&)$ 0*+,(*,+)$ 5'.$ )'F)32-)$ (,)OH;$ CD$ ,0)+0$ 15F)$ 2'39% 5(()00$ *2$ 32<$
+)023,%82'$ )'F)32-)$ (,)0=$ >1&T59% 1)$ *1)$ +)502' 62+$ -22+$ &'*)++,/6))) (1%
)+()-*&2'$&'$SCD$,0)+0=$CD$,0)+01$.)72'0*+5*&2'$26$IK$:)') 6&*$<&*1$32'4)+$438&7-0)C
759% 53023 )$ 5002(85*).$ <&*1$ -22+$ 0(f#2+53$ +)023,*&2'$ -+2F&.).$ :9$ CD$
-+2()00&'4$5'.$1)'()$ CD$,0)+01$ +)3&5'()$ 2'$ )'F)32-)$ (,)0=$ L2'4)+$ 43&7-0)0$ 5+)$
72+)$3&E)39$PIRE ' $72+)$.,+5*82'53$5".$)'F)32-)$(,)0;$<1&(1$<2,3.$:)$1)3-6,3$
62+$CD$,0)+0$& $+)0*2+8'4$7&00&'4$0-))(1$8&'62+75*&2'=$M'$&7-3&(5*&2'$26$*180$:
*1)$*2-/.2<'$+)0*2+5*82'$759$.)-)".$2'$*1)$E&.$26$&'62+75*€2'$5F5&35:3)$&'$*1)$
-2+*&2'0$ 26% 0-))(1$ *15*§$B&O*))+$ 150$ 5(()00$ *2$ 5'.$ *1)$ 08&4'&6&(5'()$ 26$ *1&0$
&'62+75*82'$*2$*1)$380%)9+=$

$

M'2*1)+$+)502'$ 62+$*1)$-22+$ &'*)++,40:)) (1$-)+()-*&2'$ &'$ CD$,0)+0$(2,3.$:)$

*15%¢ 5-5+*$ 6+27$ *1)$ (2%)8*,53$ 5'.$ 5,.&*2+9$ (,)0%$ :)&'4$ 3)00$ +).,".5*$ &'$ *1)$
4387-0)0$26$GRG00).$0-))(1;$027)$ (24'&*&F)$65(*2+0$ 759$5..&*82'5339$ 1&".) +$
*1)$ ,0)$ 26$ *1)0)$ (,)0=$ N2+$ )857-3);$ 54&'4$ 759$ 566)(*$ 1&41)+$ 2+.)+$ (24'&*&F)
6, (*82'0$ 3&E)$ 012594 7$ 7)72+9;$ 5+4)*&2'$ 0-57$ +)5(*&2'$ *&7);$ &'62+75*&2'$
+)*+&)F53;$)*(=$0'$*1)&+$2<";$5ABBABH5(*2+0$759%'2*$ 15F)$5$08.4'&6&(5*$)66) (*$
2'$0-))(1$-)+()-*&2:$:,*$<1)'$(27:8').$<&*1$*1)$35(ES26$+).,.5'(9;$*1)9$ 759$

15F)$ 5'$ &'63,)'()$ 2'$ 0-))(1$ -)+()-*&2'= $M$ 084'&6&(5™*$ -2+*&2'$ 26$ *1)$ CD$ ,0)+$
-2-,35%82'$80$)3.)+39E(27:&'5+82'$26$54)$)66) 85 .$+1)$35(E$26$+).,'.5'(9$&'$

*1)$ CD$ -+2()00).$ 0-))(1$ (2,3.$ 75E)$ &*$ .&66&(,3*$ 62+$ CD$ ,0)+0$ *2$ 5--+2-+&5%);
)7-329% (24'&*&F)$ 7)(15'&070$*2$+)0*2+)$ *1)$ 2:3&*)+5*).$43&7-0)0=$ >1&0$ 7&41*$ 5*

"# $



I"HBO& H(YO)HI*E "+ 1#) & - *& /0& 1$"($&"+"()", 2"& 3("#%6& 4)55) 2 1196{8Y6& 4),3&
$"2.8),8,6)$*&$2" #()6$ B

&

8.1$ & 0& 26,2114"& ),& %."& %."$)$& %.#%& /0& 1$"($& 2#,& "55"2%%6& 1$"& %6’
("$%66(#%)6,8& <"2.#,)$<$& =1%& %."& #%1("& #,4>6(& "+%",%& 65& %."& -6(?),3& 658& %
<"2.#,)$<$& <H#*& ="& 4)55"(",%& ),& 10& 1$"($8 %.#,8 ),& @A& |)$VE, YR (%#),&
5#2%6($&%. #%&<H#*&%."<$"|:"$& H#(*&#<6,38%."&H&1$"($7&

RO R R R R R R R R R R R

169



"H$%&"" (%) *

+-'$.)./%0 *

"HHS1068 1 (&B) FFH (K1), $5%-1)106& 1+ .&'1)/&OY%') +#1. 21 1*1 1&1). 2%/ &+ (*+1% & 1S
+94B1 06&'1 3B&.+! (&BAH+18&+! SHSL&+] 6] ).2+%//.+2:] T+*$1 %&'! 3$&+! THE!

HHE-1 181 ) SHHT! (F+1),$-).2+%/&+] 1&0#18$8&+! &+! 4#! 18! 3&'&-&+.)! *0%'&$Y6*/&+!
6'#, BL#E+] $H#0&)).+2:<! =+! TH#&.[.>-&! /9.)'&$).'9* &):! 3<(<! .+ &&+! O#O-'*./,*$'?!
)O&A$. 41 4.5+1 1&1),$¥*-).2+%/&+] 5**$! &&+! /9.)'&$$! +! 28 @+ &$&))&ES1! .)! (**-1
287%)-&&$1! 1##S #+2&5&+)'&! $9.);! S*SL##S! %&'1 3H"HED,! ).2+**/l 5#$1'l
(&$)HHS1<! A&+ +HST*/%H$&+1&! 6BC:! /9.)&S™$! -+ ##-1 3.5 &&+! $&1&/.>-&!
VoH&(8&I%&. 11 (*+149/-&! (&B) HS.+ 21 (+1%&T). 2+%*/1 1&1) $**-1+#212#&11(&S) **+<ID.'l
) 18&)) TH2&) > 1##$1¥1 181 +EH#ST &1 1.8! ZRBES1! ) .+] 7&+)&/.>-&! ), $**-!
$&LOHI*+'T )1 #,] (&3)0%&. 1&+&! +.(8*9)! 4#*)] E#+&'.&-;] THSEQT* &l 4. ++&+;!
1.)0#9$)! &+4<! D**$+*+)'l 2&3$9.-&+! BC! /9.)&$**$)! (&$)0%&.18+&! 0#2+.".&(&!
780%*+.)78&)! #7! (&$HS&+! +EHSTH &1 (*+ (&$)HHSL&! ),$%*).2+%/&+! &
$&O#+)'SOGE+<! A+-&/&! (#HS3&&IL&+! (*+1 49/-&! T&O%*+.)T&+! 4.>+F! %6&'1 '#&,*))&+!
(+ 1&) -&++)1 #(&S$! 1&!1 /1 (*+1 1&1 ) $&-&$! &+ 1&! 3.>3&%oH$&+1&! 2$+77*.0%/&!
OH+(&+'.8);1%&'| EHSTI/&BEA (*+1 (&$5*0%' +2&+1#,11&13%).)1 (*+] 1&! +E#S$7* &1 1.8
(HHSY&&H (&$A*T&I11 ) +11&11.)OHIBHE' 3.>%HI1&+! (*+11&1*01 " &(&! +EHET* &I
HI1&1), $4%-) SHHT ;1 &+A<ID . 1%&&E #1$&) 91 151611 &+.2! (&$/.&) (*+! +EH#ST* &

) HI&S*B&/ At+1&$! 171 B&'&-&+.)! (&S/HB&H] 24| &+16..:1 J#T7.2&) +EHST* &I -*+1
SHS18+I28$&OH+) SIOKESLIF+118&I06*+11(*+1#(&S28BH4EHSTH . &K!

!

1$2.3(4$.5*&"%* /,-6$"(.$*(#76"%""$%* *

A&+ OHO%/&*.$!.7, [+ 1 6G=:1.)| &&+1.7,[*+'&&SI**$! &/&-'$H+.)0%! *, *$+*'I | (HH#S$!
A1.(19&+7&1&S+)' 2&IHEIH+81)&+)H$. +&O$¥/ &1 2&Yo##$3&)0%*1.2,+21128 18 &/ &/ . >-!
%08 1 28 VoHHS -+ +ISEOH+) $OLBE+<I CEBMLHE | 1. | LHHSI*-#&)'.)0%&1). 2+*/&+1#,!

‘&), &+ T 118&))1 &&+1 T OSHEHH+;10681). 241 &1 *+5/2)&$&+] LHHS! 7.118&/! (*+ &&+]
1.2.%/&) $HO&))HS! 1%1 '&(&+)! %&'I *-#8&)')0%&! ).2+**/l #74&'N +] &&+1 )&$.&! (*+!
287#19/&8$1&1&/&-'$.)0%8&!,9/)&+;1&+11&128%##$4&+95 [IGNBBS1)' . 79/& &S]



I'H$ 96"&"$ " (H)*+,-"$ [+"0$ 1#2$ "0 )" (+$ ""(#)3%"+$ 4"5L'20#"™) %S *0$ -"#$
6+00"033)7$8")9%:'$U"$" " (H)*+,-"$+#*1/ 2" $+311%4"$62+*+.)*0,*."+$120$03)122'$
2(3"+#+,-$4"-33)$02633H+#: S +$-"HE A" *Vo++*4022'$ Y6 2#$ 4")", 30+H)/"") %S HE %633)$-
<=$2..2)22#% 2)!")$ *0$ +." #)3#"1.3)""$ )"+ 3 H"S 1")4""("0$ I"#S -"#$ 3)*4*0""'$
2(3"+#5+,-"$+*4022'7$>0%20(+$%6"&"$ I H#2#*" +$&*:0$<=$2..2) 2#"0$ 31")$-"#$2'4"1""0$
)U2H2$ 4], "+13' B0 -"HE ") +#""0$ 1208 +.)22($ 6*:$ <=$4"6)/*(") +:$133)02!"*:($*0$
*00"2"$ AR HHI2H+TS @'-3"9"™;$ <=$ 4"6)/*(")+$ -"66"0$ I"")$ I3H"S I"HS -"#$
1")+#220$ 120$ +.)22($ %20$ ABS *+#")22)+$ *0$ [*#9%624"0%")"$ +*#/24#*"+$ 922)*0$ %
%3"+.)22(+*402"0$ &*:0$ 1")+#33)%:;$ 6717% %33)$ ")%")"'$S *0%*1*%/'0$ %*'$
B4 (V%S ) 24"0$ 32% *0$ ""0$ 20%")&*0+$ A0S 314" 1047S CH#$ ) 3" 2+, ¥ 24$
30%")&3"(#$32% %*1")+"$ 22,#3)"0$ *0-")"0#$ 220$ - "#$ +*4022';$ "0$ #"(3)#(31*04"0$ 2'+$
4"13'4$120$+" #-3)"0%-"+%$"0D3?$ (2)2(#")+#*"("0$ 120$ %" $ <$ +*4022'#) 20+ *++*":$$
3.$&*:0$ 1 0+#$4" %" #"*:($6%:96)24"0$220$-"#$ 1") 1 *0%") %" HL )2 2:220$ 120$ <=4$
4"6)[*(") SO *: (") S ) HH 24+ B

$

IHEY&S' () 8H*+U&* - K]+ *

CHI$ )3"2+,-)*2#$ 4"6)*(#$ 30%")6)3("0$ +.)22($ 2+$ "0$ 1")"013/%*4%"$
)".)"+"OH2#"S 120$ 1")+#33)%"$ +.)22($ *0$ -"#$ %24"*:(+$ "1"07$ C"$ +.)22(+#*1/'*;$
6*:133)6™"%$230"!"0;$933)%"0$3?$&*00"0;$&*:0$%""+$30%")6)3("0$%33)$ +#*#";$"0%
%"$ '[*+#")22)$ 93)%HS 4"1)224%$ 3I$ #'$ -")-2""0$ 92#$ -*:D&*$ -""?#$ 4"-33)%7$ C"$
)3.3)H"$,3))" HBA"5%"0#*2%,"")%"$230"1"0$32$933)%"0$%*"0"0$ 2'+$122#$ 133)$-"#$
1")+#220$ 120$ %"$ 30%")6)3("0$ +.)22(7$ EDRA*'$ 3.5 %"$ ."),"#*'$ 120$
30%")6)3("0$ +.)22($ *+$ -"#$ 230"+ -"$ )" +#2/)2#*"S FGHIS$ .2)2%*412$ 922)*0$ %"$
S X0#1)1270$ 3.4"1/'%$ 93)%"0$ I"H#$ /TS @'+$ %S )+ %S S X041 12"0$

93)%"0$ %33)$ %"$ 3002#//)*:("$ +HH#"+$ "0$ #'4"F("H %S %"$ "I* 2" 2, #124'$
1")+#")("0$ 120$ )" 1204"$ 933)%"07$ >.$ %"&"$ 1200*")$ (20$ -"#$ 3.1/""0$ 120$ %"$
L SIHS) A+ $9%"$+.)22(1") +#220622)-"%$1")6"#") 0$FGHS6"0" 2*#1$"0$ (20$-"#$%"$
*[4GA] OSY6 24 +.) 22(++4022'S0* H#$1") 1204"0$122)$"0("'$4" 12+ (") %$*+$%33)$
%"$)/*+$F, 30#+0/5H *#+*"[+$'17$

$

171



I"H$068 (&) *&+,-" /#0128 $

%83 '()&*+&,&($ -&*./*&,,&($ 0(+012/$ 0($ 2'&$ 0($ 2&/$ 3+1&..$ -4($ .3*44,-&*./144($
1'5(0/0&-&$68&124(0.6&.$0(/&*41/8*&($6&/B/&, ™/, 60(5&($-4$2&/$.3*44,$.0(5447$
0(2&+&(/$ 44($ 582"*-&*708.$ &($ )&$ 48)0/08-&$ 5&2"+4334*4/&($ +'47.$ )&S 9::$ %0/$
-&**0<,/$ '(+&$ =8()46&(/&78&S ,&((0.$ -&*$ .3*44,>44*(&60(5% &($ 2&73/$ 20<$ 2&/$
'3+&JI&($ -A($ 28/&*S ()& +'&,S &($ '(/>&*3&($ -4($ ,70(0.12&$ ./*4/&50&@($ '6$
3%44,-&* AA($ 183-8*28&I&* &GS

$

3.).#4$,1(5#",. &

%&S$'-&*,'&38T&()&S ()& +'&,.-*45&($-4($)0/$3* &=.12*0=/$+0%(A$
1:$B&*.1207/$)&$>44*(&60(5$-4($'()&*?* &($.3*44,$)"*$9:$5872*80,&*.$-4($) 0&$
-4($CD$780./&*44*ES

#3$ F'$ <4G$ >4/$ +0<($ )4($ )&$ '()&*7055&()&$ 6&124(0.6&($ )08&H . 1RG7S
18>8857*&(5&(E3

$

65)./. &

(($2"'=)./8,$ HGS *433*/&&*$ 0,$ )4/$ 9:$ 5&?*80,8*.$ 6&8&*$ 6'80/&$ 2&?2?&($ 68&/$ 2&/$
&+ JAA($ -A($ .3*44,$ " ()&*?* &($ )"*$ ./07/&S$ )4($ CD$ 780./8&*44* ;$ D"=)./18,$ IS
*433%/88*/$)H$&*$" $-&* 12077&($+0<($/8..8(39:$587*80,&*.$ ABLDSZ*.$0($
='(&60.12&$ *&./48*4/08&;$ 9:$ 587+80,&*.$ 2827&($ 74(5&*&S$ 44(8&(58.7'1&($ ./8,,&($
'(0&*2* &($.3*44,G$IK57063.& LMS$()05$'6$'(/7*&, &()&$0(="*64/08$.05(0=014(/$

18&$ *&.148*8*&($ )4($ CD$ 780./&*44*% ;$ %&S T4(58*&$ 57063.&.$ -&*./*&,,&($ 6'5&70<,$
68&*$ 1'(/&NB/&7&S &($ 48)0/0&-8&$ 0(="*64/0&$'6$)0/$-"*$ 9:$5&2*80,8*.$ 6'5870<,$/&$
64,&(;$ 044*G$ .'66058% 9:$ 58 7*80,&*.$)08S$ &&($ 2'58$ -&* /44(?244*280)$ /'(&($ -4($
(082 &($ .3*44,$ (&S /1&-&(.$ I'3 P'>($ *&./48*4/0&$ /'&34..8($ 6&/$
*1&*&$57063.8.G$>4/$744/$+0&($)4/$)JI6240)$'65/'30)'>($*&./48* 4083/ &$/&$
34..&($ 5&*&T4/&8&*)$ 0.$ 44($ )&S -44*)05280)$ '6$ 44(>0<+0(5&($ 80/$ 28P83B//'6
05(447$/&$587%80,&(;$

$
9:$587+80,&*.$2&22&($",$6'8&0/8&$68/$28&/$0)&(/0=018*&($-4($*&5&764/05$5&3744/./&
*1&$ ,8(./64/058% 54/&($ JIQQS 6.M$ O(H &GS /&*>0<7$ CD$ 780./8&*44* $ 20&*$ 58&($

"# $



I"HSOHE HHE H((#)*& +)& HY6& [0#YH1%$")& ")O#23" #4& 0-%8& 5"20%& (#61'2#7H#)& $)&
""" 806%94& ;& '#(8& $4& #T")0#)& 0-% & OHEHDYTH254#243),8 T-) & <+&-..-2-YoH) & H%&
$)0#20--08& I"H$=$>44#28& =$>4%8& %o#& 1-A#)& "I& 49)6%!-%$,& $)HT"YEOBGHEYoH
HAM)H) & 1--2& )BHWE& $)& OSHE& 1-%6H#H& O$HE& 5'20%& #'(6H2TH##208 $)& HY
1")%$)92%H# S SHHAOBESI#)%&$) & ""806%94&A*& BHY & H#BSH IMREJEBRAPAS), &

" & HYE OHYH LYot 2H) & T-) & Yot " 2H=H& -Yo#) & $) & ""B06%94& : & #)& O#& 2" Yot & 7-2$-($=$
0H&.2#6%-%$HET-) & LOBAH268$)& ""86%944#) &C;&A&H) & &69, #2##2%8&0-%8&0#&8-19
0$H& 6.#1$8$HA& 3$>)& 728 <+& H(29$4#26:8 3"-=6& O#& 2H6%H2H)OH& "HTHH="#S0& ,
-Q0SYSHTHE)HI2")H); &=HHBU$>0&($>&S!. =H#I#)%-%o$H#;8H#)&$)6%H==8) #)&T-)& HI&<+&
#)3%,& 1" H=$>48& H#H)& 2"=8& 6.H3&)CHB. |-YH& T-)& YD"5)& 2#6%-92-%$HE ($>& <+&
H(29$4#26*& D$%& $.=$1##2%8 0-%& OH#& $)%#2-1VEBBER TLIYSUBHTHE
I#1'-)$61#) & H%E& ("%%"! /9.&--)5$>3%) #)& ($>& <+& #(29$4#26& #1". =$1##20& $6&H#)&
)$H%&.)-954#02%$, & YoH& 726 H==H)& $6&".& (-6$6& 7-)& O#& . 2#6% IH6HE2-} 2EBBE
EB&=9$6%#2--26&0$#&=9$6%#2#)&)-- 28 <+&6$! Be-Y$H#&-==H#H#)*&

&

F-), #3$#)& O#& 5--2)#1$),& 7-)& ") O#2(2"4#)& 6.2--48-8'-),%& 7-)& #%& #(29$4& 7-)&
2#09)0-)%#&.$)8"21-%$H&OSH& #1"0##208$68-=6&1") Yot @ % IH=H&H) &-90$%$H# T #&--)5%
$)& O#& ")9$%,#5$6%6#8 ,=$!.GHERH=A#E 8-1%"28& 0$#E& 0#3#& --)5$>3$),#)& --)%-6%
2HBI=oH2H)& $)& B=H1'VoH& H21H#.%SH& T-)& OH& "\OH2(2"4#)& 6.2--4%& BHY%& ")O#23"H#<
""" 806%94& G& ")0#26%#9)%8 0$%& $)0$2#196& 1#%8 0#& (#7$)0$),& 0-%& '#96& T#21$) 0#
0#8& 2#09)0-)%$#E 7-)& 6.2--4& 028 I$00#=8& 7-)& #%& =STE)RARI&"2(--2'#$0&

7-)& " #8& B2HHOIH)YSHL"|.")H)YoH) & H#)"H#,& $6& "1& OHE& #21#.%$H& 7-)& ")0#2(2"4#)&

<+& 'HHBYE #HH)& $)'H2H) W& H(2HA& --)& 2#09)0-)%S$HE "10-%;& $)& Yot #)6%H==3),& #%
—O$6TH26& OSH& %"#,-),& H((H)& %"%& ##)& 2$>4#89(R6NT$>3$),#)& I(*7*&

H2$"0$1$%6H#$%;& Y0H!."2#=H88$>)& 6%6291%9928#)&8=91%9-%$H#68.$)&$) YoH) 6$%6#$%
<+& H(29BAH268& H)AH=8& W"H#.-).& H(H)& %"%E& =-H#& 2#6"=9%SH&E --)5$>3$),#)& "7/
8=91%9-%$#68$)&$) U )BSUHBHAME 7-) & #%&.6$,)--=K*&D$%&4-) & 0#E& 2#0#) &3$>) &0
H(29BAH#268& "OH2(2"4H)& 6.2--4& 6=H1'06& 5--2)#I#)*& DH& "(6#27-%$H#& 0-%& <+&
H(2984#268 =-) #2H#& ,=$!.6#6& )"0$,& H((#H)& 7""2& NO& (H)#8$%E& 4-)& #2H#=-Y##20.
5"20#)&--)&O#&-21#8&6.H#1%62" Yok " 2H=H& 246" =9%$HE& TH2BHIMES) &5--20"" 28 <+&

173



%&'()*+&(,$ ,-&(+$ /0.1%&1$ 2.1$ 3&$ ..14*56*1%&1$ )*-$ 3&$ &12&789:$ & *
4..(,<0*517*5+&($ 3.-$ 7.1%&(&$ %7*=9,8,$ =8&($ ..14*56*1%&1$ 82&($ 3&$ 3))($ &1$ 3
&128789% '8&2.--&1>$ 4.-$ 1)--*%$ *$ 288($ ?@$ %&'()*+&(,$ *5$ 0&-$ (&,-.)(&(&1$ 2.1
=* &13&$,9(.. +*1/8(=.-*&:$A&L$*=07*< *&$0*&(2.1$* $3.-STRBAAS(&,-.)(.-*&S$
+.1$./0.1%&1%$ 2.1 0&-$ ,88(-$ *1/8(=.-*&$ 3.-$ '&,<0*+'..($ *,$ *1$ 3&$ %&3&&T-&,$ 2.1$
9(..+$4..(-88$38$7)* -&(..($-88%.1%$0&&/-$&1$0&-$1)-$2.1$3868$*1/8(=.-*&$288($3&
7)*-&(..(:$%

$

A&1$ .138&(&S$ (&3% 288($ 3&$ ,78<0-&$ 9&(<&9-*&$ 2.1$ 813&('(8+&1$ ,9(..+$ 388($ 2@$
%&'()*+&(,$ +.1$ 6*51$ 3.->$ 1..,-$ 3.-$ 3&$ <81-&C-)&7&S &1$ )3*-*&28&$ ..14*56*1%&:
=*13&($(&3)13.1-$6*51$*1$38$%7*=9,8,$2.1$,9(.. +$3*8&$2&(4&(+-$* $388($&&1$?@>9
%&()*+$2.1$38$*1$3&$,9(..+$..1486*% &B56*1%8& 1$%8&0*13&(3%+.1$48(381$388($
*5+8=813&$ <B8%1**&28&$ /.<-8(&1:$ D*5288('&&73>$ 8)3&($ 48(3&1$ 68)$ 08%&(
<8%1*-*&2&$/)1<-*& $68.7,$0&-$+8(-&$-&(=*51$%&0&)%&1>$..13.<0->$ (&.<-*&2&(=8Y
08&-$890.78&1$2.1$*1/8(=.-*&>$&16:>$+)11&1$'&E1278&3&1:$FOS$B1EAGTRES I 3$
%&(&7.-8&(38$ 1.<-8(&1$ =8%&T7*5+$ 1*&$ &&1$ ,*%1**<.1-$ &/I&<-$ 0&'&1$
(.. +9&(<&I-*&>$ =..($ %&<B="18&(3$ =&-$ 0&-$ %&'(&+$ ..1$ (&3)13.1-*&$ 0&"&1$
3868%$/.<-8(8&1$=8%&T*5+$4&TS&/I&<-$89%5,9(..+2&(,-..1:BA&LS, *1*/*<. 1-$%&3E&T-&S
38$ 989)7.-*&$ 2.1$@$ %&'()*+&(,$ '&-..-$ )*-$ 8)3&(&L:$ G&$ <8="*1.*&$ 2.1$
788&/-*53,8/18<-8&1$8&1$08&-$%&'(&+$..15(&3)13.1-*&$*1$38$,9(.. +$3*&$2&(4&(+-$*,$38
38$ ?@$ +.1$ 0&-$ =8&*7*5+$ =.+&1$ 288($ 3&6&$ ?@$ %&'()*+&(,$ 8=$ 3&$ <8%1
=£<0.1* =& $3*&$38$81- (&+&13&$,-)++&1$,9(.. +$+) 1 BLA,-.) (&(&1$&//&<-*&I$-8&S
'81)--&1:$G*-$68)$89$6*51$=*1,-$%&3&&7-&T*5+$28&(+7.(&1$4..(8=$2@$%& ()*+&(,$%
=8&*7*5+08&38&1$813&(2*13&1$*5$0&-$2&(,-..1$2.1$,9(.. +$*1$7.4. *&(*%&SF-).-*&,:$

$

G),$*+$<81<7)38&($*1$3*-$9(8&/,<0(*/-$3.-$? @$%&'()*+&( HRIIG<-EAM+)11&1$
=+&1$2.1$-8FB841$(&,-.)(.-*&$=8&<0.1*,=&,>$=..($3.-$3&$..(33 &1 H8/$ 385 =.-&$

2.1$ 3&$ 4&(+*1%&1$ 2.1$ 386&$ =8<0.1*=&,$ 2&(,<0*77&13% +)11&1$ 6*51$ *5$ -
%8 ()*+&(,$3.1$"*5$1:$7)* -&(..(,$388($'&9..738$/.<-8(&1$3*&$6&7/$2.(*I(&1$-), &1$
?@$%&'()*+&H

"# $



I"H$%& Yo()*+",-$"& %

18&)0.-+%(-(10# %

"#1 23-04-5-6% #! $%&B()*%+,! - #! ./0"/1#! 2344*5+6! 74] 886! 4<8+*=<%>! 7%!
<%+*88<><?<8<+@!74!;*=<7&<5%$88@!<%+*==A;+*3@ * BB C | BEBEBGK/#

1#123-04-5-6% #,! LSA&=$<%,! 3#,! $%0&!"$()*%+,! -#! ./0"M1ERNIV)! =*6+7=$+<7%! 74!
6;**5B!<%!575B8*$P;8%%+!A6*=6,C!Q*$R¥%*$=5B,!HOK, " BYH#!

H#P3-04-5-6% #,! LEA&=$<%,! 3#,! $%&! '$()*%+,! -#! .JO"S1#! 2NB*! <%+*88<><?<8<+(
<%+*==A;+*&!6;**5BT!U75B8*$=!<P;8%%+! A6*=6! $%&! % 7=P$8! B*$=<%>! 8<6+*%*=6,(
FA?I$B*$&I741:=<%¥ 1#

M#23-04-5-6% 78L$A&=$<%,! 3#,! Q78P*6,! F#! WRIEB5%0&! '$()*%+,! -#! .6A?P<++*&1#!
2N*P;7=$8! L$;! -*+*5+<7%! <%! 6;**BB)*! 6+<PA8<! ?@! A6*=6! 74! 575B8*$=! <P;8%$%+61
4=**4<*8&1$%&!&<=*5+16+<PA8$+<7%,C!DERV#

X#!'$()*%+,!-#23-04-5-6% #,| FS<Y$,! D#,| U8S=)*,| D#,! *%$=&,| W#! R#,1 2$86,! U#, F$=$P;
E#,! [$>%*=E#,! LSA&=$<%,! 3#! .<%! ;=*661! 2U7>%<+<\*! 57P;*%6$+<7%! 74! 6;**E
*=5*%+<7%!<%!B*$=<%>18766T! Q79! $%&! + 71 9B$+! &*>=**15$%! <+ ?*| $5B<*\*&]C,IN=*
<%!Q*$=<%>#



I"H#$Y6& Y6 Vo () &Y Voh+, +-'

169,80,1,2( 34 $ & ($)&*+,- ¥ %$ 0121368%& () *%o+ #*- '#$) -$.) (#$,'$/',0)
TU+HS)2' ) (H(" 1%-*)&31-$,85,6,-&-78'S &$ 98:5'.% 8% <=>7&-&@?,$
AB(7-85C$4586-D,6,6$D,?($&-$A6778=85.$4&;7:7;$E58F,.$9&27:85'7& $GHA%SIB?C$1

1%$,&0,1,2( 34 $ &'($)&*+,- .$/ %$ 012113MR.3#*-1) '$,%**/3,'#$+) -$.) +3%%(")
'$,%11'5'6'1,0) 2',")#("1%-*) '&31-$,+7¥5,6,-&78'$ &$ J@K,-7F,$ L,&6B5,6%
8",5,",$D,?($&-$A=6-,5(&=.$M,-D,5?&'(6.$H,>-%$12!$%

NOaB&0,1,2( 34 $ & ($)&*+,- ¥ %$ O12INBHEDOE () 8%+ #*-,'#$) -$.) 9#S,'$/",0)

11/4+HS) #,) <3%%(") 'S) =+%*+) #;) 9#("1%-*) :&H5H+B)-78'$ &S A66F&-78'S :85$
0,6,&5;D$7'$J-87&5C'P8?8PC$;8",5,,$D,?($&-$Q&+ $R&DS,.$9&77:85'7& . $GHA.$A>5
12IN%

S%%$&0,1,2( 342$ E&B(5&7'.$ T%.$ UB?=,6.$ H%S$ L856,.$ 0%.$ &'($ )&*+,"-.$ /%$ 0121
4%8&3#*-1) >-3) 2%,%(, #$)'$) +3Y@A0) +,'&/1") 60) [+%6*+) #;) (#("1%-*)'&31-$,+8) ;*%%
1961.)-$.).*%(,) +,'&/1- '#$ .$45,6,-&-78'$&-$98",5,;,$8'$ <=>2&"-&@?,$ AB(7-85C$
4586-D,6,6.3E58'27@8&++, . $Q&+ $R&DS,.$9&77:85'7&. $GHABSIB?2CS$12!V%

$

$



" #3%&' () *(+($,-

"HS! &'%6! (#'(1 )*+SB! (#,1",%(H#-,.| $I&SO0! 1%-,.1 'l 2#343] +$56-+$&! +$&-/-$,7$! ", 1!
85+&-&($ F319N)6&(H $I(HS) ! * (-, 16,1, 7T$3I"#-&1-&);$T'6&SI<*+1'+%6, 11 (#+$$!
%$+8&31 9 6&SL! (*I (+:$/1 )*+$! (#',] =>>1 2-/%)$($+&0! *:$+! @! #+6+&! 8%+ 1'%0! $:$+%!
AS$$?21'%0! (<I*<<-TS!", 11;721 <*+] (#-&1 2#34HB, | ++111'0%6&I A#S,! (#$! CDI#'11 *!
E&(*+-, FG3IH$(O!//N#&-1-$,7$!", 11 8$+8-&($, 7SI A*6/11 7%)$! (*1,'6.#(1#'1191 *(!
'$$,186&#$1!",1186//$1!;%!)',%! #$/8-,.1# 1&! - | (#-&! 2#4319(! -&! (! (H$&$! ?-,1!
8$+8/$!(# (19IA*6/11/-2$! (118 +$&&!)%! . +'(-(61$14$+83

!

J*+$)*&(01 91 A*6/11 /-2 (] $I8+$&&! )%! 1$$8S&(! . +'(-(61%$! (! )%! 8F+:-&*+1 2+*<3
4$,-KIL'M?2$, (1 <*+1#'1-, 18+%:-1$11)$I A-(#] (#$1*88*+(6,-(%! (*1 86+&6$! (#-&! 2#343!
'L <R &BBB (-, B! (HH6.H (HS! (H-721", 11 (HS! (#-,1¥<! (HS! +$&$'+T#31 91 #+8$! (*!
(2SI A <+¥)|(#-&12#3430196*6+1&(+*, IA*+2IS(#-7&!" 11$, 1/$&&! 1+-:$319I A*6/11"/&*!
[-2$1(*1(#,2) %1 7* Ne68S+:-8&*+!4+310(-$,,$IP'61+'- 1<*+1)$, (*+-,.1)$31J+%)1%+*60!

O /$+,(1"1 $TIST(-71)-I1 <! &2-//&O! <H¥)1 &T-$,(-<-T1 At-(-,.! (¥ 8+*.+))-,.1 " 1!

8+ Q$7(1)',".$)$, (3! "# 2&! &H <*+! %*6+1 K$, N-2$! 8'(-$,7$! A-(#! A#-T#! %*6!
[-&($,$11 (*1", 11 &AS+$1! )%! 8$+&-&(S$,(1",1! +$8$(-(-'$! 56$&(-*,&3! R%! &-,7$+$!
(#,2&) (*1 24%<31 2-)1 ' 1 4-Q?1 <*+1 8+%:-1- .1)$! A-(#1 16/$! .6-1',7$! (! (#$!

$.-, -, I (HS1243431 |

!

L$&-1$&!)%! &68%+:-&*+&0!1 91 A*6/11 /-2 (*I (#,21 (#$1)$);$+8&! *<!)%! '&&$&&)$, (!
79))-(($$012+*<31P-&$/ 1 S$1$?$+012+*<3I TLIDIH2H*<3I T&(+-11:, | U-$+-,.$, 01 <*+!
+$'1-,.1)%! (#$&-&!" 118+*:-1- .1 &-.#(<6/17))$, (&39I A*6/11'/&*1/-2$! (*1$I8+$&&!

)%6! +'(-(B1$! (I (45! $+61-($! )$);$+&! *<! (#$! T5+*'1 7%))-(($$0! -, 7/61-,.1 4+3!
S*/-$,13+$$012+%<3IL$+,+11:" 1 1$+IV", ' 112+%<3ID* Q'1 206*((BF+18+*:-1-,.)$!'l

7H# 7$1(118+$8$, (1, 111$<$, 1) %61+ $&$ + THIA*+78

I

/&M A (1(*ISI($,11)%! .+'(-(618! (*1 4+31 S*$+(IR*+&$!", 11 4+3! D($8#S$,| W*/)$&!
<FHIBS+&*, 1% HS/8-,. 1) SI&S B80! (++6;/M&H**(1', 1146,1-)8*+(',(1$18$+-)$,(&3 !



|

%&!()*+,+1-./)0'1-11- +12+123+! ()I-.+1*3()(*1/)413/5'61+'2+*(/33&17+,-6189(3+6!,(-;6!
<(='6! %/,)(>6! 2/)4+,6! <+,4/6! @+1)! /)41 A/1316! B.1! .+32+4! 9+! ()! ,+*,C(-()D! -.+!
2/ -(*(2/)-'61/)41-, 1C53+ E11-()D!-.+1-+*)(*/3!("C+FIGIB1C34!/3'113(0+!-11+>-+)4!
9&!-./)0'-1IH/A0+! A1 I, 191 KHLBIM  +)&!J,19!+*-1,171/)41 +N+,&1)+1J,19!
-+ TOH! 1JJ(*+! J1,1 .+32()D! 9+! 1C-! B(-.! -.+! 1JI(*(/3! B1,0! /)4! 2,1-1*13'F! G! /9!
D,/-+JC31-11/331- +1%1* 3+§923/)-IC'+,"1I1, 1= +(,12/,-(*(2/-(1)! ()!-.+!'-CA(+'61/)4!

~11 - 41 -C4+)-1 ['(-])-'6! O./,31--+6! %/,(=+6! 899/6! 8'9P +6! :311,! /)4 QC3(/! JL,!
+32()D!9+!,C)l- +14+>2+,(9+)-1911-.3&F! !

!

R./)0'-11 O/,()/6! O.,(-()/6! @(‘+--+6! ICDD+,16! S(+5+6! %,F! Q/)! R(+,)+D16! 2C0./46!
H/)4(0/')4!IK/C~(3&/131,13(-+)()D!-119&!ID, (2+'1/)412, IN(4()D!9+1B(-.191-(N/-(1)!
B.+)IG!,+/33&!)++4+41 (-FIR.'1/3'1!-11 T9/,()'6! T)(-/6!8)=/1/))4 H/B/31J1,1 &1C,!
4+321/-IN/,(1C11**/'(1)'F !

!

T1'2+4%(/31-./)0'1 -11 IC5+)6! J1,1)1-1 1)3&! 5+()D! /1 D, +/-1 *133+/DC+! ()! -.+! 1JI(*+6! 5C-!
/3'1131,1-+/*.()D! 9+1*113!-.()D'1 1C-! 1! -.+1 1JI(*+6! 3(0+! BEE,J()D! /)4! 9/0()D!
20)*/0+FI T!. CD+!-./)0'"1 -1! -.+1 9&! 1JI(*+EO/-+'6! Q+J-EN)6! Q+/))+! /)4! T))(O/F!
T2/,-13,19!B1,06! (-1 B/1&1C,19(*.(+N1C'1¥192/)&! - /-14,+BI9+1-11<,1)()D+)6!
/33!1-.+1B/&! J,19! 7+))+019F! U1C! DC&'1 9/4+! V'C/,(CO! -13+,/53+1/)41'13/,(CO! /!

2/ JAC+FIH+N+,131,D+-1- +12WAX

!

R./)01 -119&IN+,&!"-,1)D!2/,+)-1/)412/,+)-  H) B/B!B.1!3+-19+1D111)!-C4&()DF!
%191/)4IW/461&1CI*/)1)1BI*/3319+IW,FIA /)+'.FIR./)0!&1C6!ULD+IYIT)/9(0/1J1,!
4+32()D19+1/-IN/,(1C"121()-"11J1-.+'(1/)412/2+ 1B, (-ODF! !

!

@/'-15C-1)1-1-.+!3+/-6!-./)0'-1!- +1C)B/N+,( )D!2(33/,11J!'-+)D-.1()!9&! 3(J+Z!9&/!
4+/,1B(I+IR,C2-(1/)414/CD.-+,IA /)=/3(FIULCIDC&l/,+1- +131*C'1 111, 4+ 1/) 41 2+/*+!
B.(*.10++2'19+1-1D+-.+,1B.+)I- +14)- 12&!(l.(D.F! !

"H#$ !



HESY6 8 )+, (

"HS%&'(1 ) (SHS+S! S - #%! /%! 0$-$123#41 5%6/$! %6l G3194! :;<:=! >&WI/+&6! $%6!
'836/&6! /%! 8($8! 2/89! 3%8/1! (/' )$2(&1.#1.@! A#8''83694! $@8&H#! ,(/2(! (& B.+&6!8.!
C%*1/'(1 $%6! D.#&/*%! ESY6*3$*&'| FY%/+8&#/89! G&#'S, (/1&! H&I68#$1! 5% '8/838&! . @! C%*
$966!D.#&/*%! ES%*3$+&11/%!>96&#$-$6415%66/$!8.123# 3&I$1 IS 8&H! /%! E/%*3/'8/2'1$%6!
"(Y% &8/?'%!

!

D.#18(&! %&K8! 8,.1 0&$#'4! (&! *$/%&6! #&'&$H#?(! &K2&H/8&Y6?&! %! 2'92(.1/%*3/'8/?'l $%6!
2.B238$8/.%$1! 1/%*3/'8/2' ,(/1&! 8&$?(/%*! '2.L&%! C%*1/'(! $8! 8(&! 6&2$#8B&Y8! .@!
>3B$%/8/&'1 $%6! M.2/$1! M?/&%7?&'"! $8! 5%6/$%! 5%'8/838&! .@! N&?(%.1.*94! ).B-$94
2H#&B/&H18&?(%6*D!/%'8/838&!/%!5%6/$=!

!

A@B&H! 8(/'4! (& #82&/+8&6! 8(&! 2#&'8/*1.3' C#$'B3'1J3%63! @&11.,(/2!8.1 @.11.,18(&!
C3#.28$%!1I$'8&# 1% E$%*3$*&1$%6!H.BB3%/2$8/.96IN&?(%.1.49=1>&1'28%8!8(&! @/#'8
9&$#! '8369/%*1 $8! FY6/+&#/89! .@! J$18$! $%6! 8(&! '&?.%6! 9&$H! $8! FU@HEH /89! .
O#.%/%*8&%=1>&! #.8&! $! I$'8&H#P'1 8(& /"1 /8(1"#.@=! NQ&E&HE! A%6#/%*$! . %! 28#72828/.Y
$%6!2$88* #/R$8/.%!.@!".3%6'=

!

D#.BIST:TI8/11!1ST:741(&!6/61(/'"(=U=13%68#18(&!'32&#+/'.%!.@!"#.@ SV RLH/R!
$818(&IF%/+&#'891&6/2$1HE&Y%BEHAIOH#.%6/%* &%=
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