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Abstract

We examine how unanticipated income shocks shape taxi drivers’ labor supply within a shift,
focusing jointly on break-taking and shift-ending decisions. Using high-frequency GPS data
from 3.4 million shifts and more than 21,000 drivers in Singapore, we distinguish active work
from non-work spells while drivers remain on shift, providing a direct measure of within-shift
effort adjustment. Consistent with a dynamic model of reference-dependent labor supply, income
shocks generate substantial responses along both margins, but the operative margin depends
systematically on a driver’s position in the shift. Shocks primarily affect break-taking over
a broad middle stretch of the shift and affect quitting only as drivers approach their typical
end-of-shift time. Break adjustments account for a considerable portion of the total change
in labor-supply. Focusing on stopping behavior alone, therefore, understates the magnitude of
reference-dependent labor supply responses and makes them appear more concentrated near the
end of the shift than they are. The findings show that workers partially absorb income shocks
through within-shift effort adjustments well before quitting becomes the relevant margin, with

implications for measuring labor supply and designing incentives in goal-directed work settings.
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A large body of evidence suggests that individuals evaluate outcomes relative to expectations and
salient benchmarks, and that such reference points shape behavior across domains ranging from
consumer choice and financial decision-making to contract negotiations and health behavior (e.g.,
O’Donoghue and Sprenger| 2018). In labor economics, these ideas have motivated a large literature
on income targeting and labor supply. Workers pursuing earnings targets make repeated effort-
allocation decisions over the course of a shift before ultimately deciding when to stop working. Yet
field evidence on income targeting has focused primarily on stopping decisions. As a result, an
important question remains unresolved: how do workers adjust labor supply in response to income
shocks while on the path toward a target?

This distinction matters because theories of reference dependence imply that income shortfalls
may distort marginal incentives throughout the work spell, not only at the quitting margin. Workers
who fall behind a daily earnings target need not wait until the end of the day to respond; they can
instead adjust labor supply earlier by working more intensively. If such within-shift adjustments
partially absorb income shocks before quitting becomes relevant, then focusing exclusively on stop-
ping behavior may understate the total magnitude of reference-dependent labor-supply responses
and mischaracterize their timing.

This paper studies reference-dependent labor supply in a dynamic setting where workers jointly
manage break-taking and stopping decisions over the course of a shift. Using high-frequency GPS
data from 3.4 million taxi shifts involving more than 21,000 drivers in Singapore, we examine how
unanticipated income shocks propagate across break-taking and quitting margins. A key feature of
our setting is that we observe both stopping behavior and within-shift non-work spells, allowing us
to distinguish prolonged non-work intervals and directly measure a key proxy for within-shift effort
adjustment along the path toward a target.

To clarify why and when different margins respond to unanticipated income shocks, Section B
develops a dynamic labor-supply framework in which a driver chooses among working, break-
taking, and quitting while managing fatigue and progress toward an earnings target. It highlights
two features of reference-dependent labor supply that are difficult to see from stopping behavior
alone. First, income shocks can affect effort before the terminal stopping decision: a driver who falls
behind the target has a stronger incentive to convert available time into earnings and may therefore
take fewer breaks. Second, the operative margin of adjustment depends on the driver’s position in
the shift. When fatigue has accumulated but the typical endpoint is still distant, income shocks
primarily affect the work—Dbreak-taking margin. As the expected endpoint approaches, income
shocks increasingly affect the decision to continue working or quit. The model therefore clarifies
why early income shocks may have muted effects on quitting even when they generate meaningful
labor-supply responses: adjustment may already have occurred through effort along the path.

Guided by these insights, our empirical analysis examines both margins of adjustment: the
extensive margin of ending the shift and the intensive margin of break-taking while still on shift.

Documenting how these responses propagate throughout the shift requires both the right state



variable and the right income variation. We depart from prior work in two ways: we characterize
decision states using position relative to each driver’s typical schedule endpoint, rather than hours
worked alone, and we isolate earnings variation that is plausibly exogenous to contemporaneous
effort choices.

The first departure aligns observations by the relevant decision state. Hours worked alone pools
drivers with very different remaining horizons: a driver six hours into a typical twelve-hour shift
is near the midpoint, while a driver six hours into a typical six-hour shift is near the expected
endpoint. These drivers are likely to respond along different margins. Indexing time by schedule
position instead aligns drivers by proximity to their typical stopping point, allowing us to detect
when income shocks affect break-taking versus quitting throughout the driver’s shift. Importantly,
a driver’s typical schedule is predetermined with respect to within-shift income shocks, so position
within the shift provides a state variable that is not mechanically affected by contemporaneous
earnings realizations.

The second departure recognizes that cumulative earnings are not a clean measure of income
shocks. Prior work proxies income shocks with cumulative earnings while controlling for common
market factors using a rich set of fixed effects (Camerer et al| 1997, Farber 2005, 2015, Thakral
and T4 2021). But cumulative earnings are shaped by endogenous break-taking. For example,
drivers who anticipate ending their shift earlier tend to take fewer breaks and accumulate higher
cumulative earnings, generating an upward bias in estimated income-targeting responses. We use
two complementary approaches to isolate income variation that is orthogonal to contemporaneous
effort. The first exploits quasi-exogenous negative income shocks from rider-initiated cancellations
and passenger no-shows (henceforth CNS events) as in Duong et al.! (2023). These shocks reduce
earnings conditional on being actively working and are unlikely to reflect drivers’ contemporaneous
effort choices. The second constructs a novel earnings-shock measure that preserves variation from
both positive and negative income shocks while removing the mechanical effect of break-taking on
earnings by conditioning on active work.

We find that both break-taking and quitting respond to income shocks in economically mean-
ingful ways, but the operative margin depends systematically on a worker’s position in the shift:
shocks affect break-taking over a broad middle stretch of the shift and stopping primarily near the
worker’s typical end-of-shift time. For example, in the middle of the shift, a CNS event reduces the
probability of taking a break by about 42% relative to baseline, allowing drivers to partially offset
lost income before reaching the quitting decision. By contrast, the effect on quitting is negligible
until late in the shift, after which it rises sharply: near the regular endpoint of a driver’s work sched-
ule, a CNS event reduces the quitting hazard by about 30%. These patterns also emerge when we
use our wage-based measure of income shocks, although the estimated effects are smaller in mag-
nitude, as one might expect if drivers respond more strongly to income losses than to comparable
gains.

Combining responses across both margins, we find that break adjustments are roughly one-half

to two-thirds as large as the corresponding work time adjustments through quitting. These patterns



shed new light on earlier evidence based on stopping decisions in two ways. First, income shocks
affect total labor supply throughout the shift: earlier labor supply responses have remained hidden
because they operate through breaks rather than through quitting. Second, break-taking responses
partially absorb income shortfalls, altering the income path that later reaches the stopping deci-
sion. This endogenous-absorption channel complements the adaptive-reference-point explanation
in [Thakral and T§ (2021): early shocks may leave little trace in stopping decisions not only because
reference points adjust but also because workers have already responded through within-shift effort.

This paper contributes to the literature on income targeting and reference-dependent labor
supply in three ways. First, we show that reference-dependent labor supply operates through
multiple interacting margins over the course of a shift, not only through the stopping decision
emphasized in prior work. Using direct measures of within-shift non-work spells, we document that
workers respond to income shocks through adjustments in break-taking well before quitting becomes
relevant, reframing income targeting as a dynamic adjustment process unfolding throughout the
work spell rather than solely impacting the terminal stopping decision. Second, we show that
the operative margin is state-dependent: shocks affect break-taking when the typical endpoint is
distant and stopping as it approaches. Indexing time by each driver’s typical shift rather than by
hours worked uncovers systematic patterns consistent with a forward-looking model of reference-
dependent labor supply and helps sharpen findings in prior work that pool observations from very
different points in the decision problem. Third, our findings have implications for the measurement
and interpretation of reference-dependent labor supply. Because workers partially absorb income
shocks through within-shift effort adjustment before quitting becomes relevant, analyses based
solely on stopping behavior may understate the total labor-supply response to income shocks and
mischaracterize its timing. More broadly, our findings suggest that the apparent concentration of
income-targeting responses near stopping points partly reflects the labor-supply margin observed
by the researcher.

Taxi driving is the canonical setting for studying reference-dependent labor supply because
drivers typically work full time while retaining substantial discretion over both how long and how
intensively they work. However, the implications of our findings extend beyond taxi driving. In
gig-economy and commission-based settings, firms increasingly use dynamic incentives, such as
temporary price surges, bonus campaigns, and missed-trip compensation, to influence labor supply.
Our results suggest that the timing of incentives may be as important as their magnitude, affecting
not only how long workers remain on a shift, but also their willingness to convert time and effort

into earnings throughout it.
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Camerer et al] (1997) proposed that reference-dependent preferences may induce backward-bending
labor supply if workers derive gain—loss utility around a daily earnings target, a provocative idea

often referred to as income targeting. In its strongest form, the hypothesis implies that workers



may supply less labor when wages are temporarily high because they reach their expected earnings
target sooner. Empirical support for this prediction has been limited. Instead, most studies exam-
ining anticipated wage variation find that labor supply increases overall when expected wages rise,
(e.g., among stadium vendors (Oettinger 2001), New York taxi drivers (Farber 2005), Florida lob-
ster fishermen (Stafford 2015), Indian boat owners (Giné et al. 2017), Swedish street-paper sellers
(Ekman et al) 2026), Zurich bicycle messengers (Fehr and Goette 2007, Goette and Huffman 2006),
and workers in the online labor market MTurk (Doerrenberg et all 2023)). These findings sug-
gest that workers respond positively to anticipated earning opportunities in a broadly neoclassical
manner.

At the same time, a related literature shows that goals and expectations can shape behavior.
Heath et al) (1999) argue that goals function as reference points in the prospect-theory sense,
creating regions of heightened motivation below the target and reduced marginal motivation above
it, predicting a disproportionate concentration of achievements around the goal. This is empirically
observed around salient but non-pecuniary thresholds and goals across a wide range of domains
(e.g., marathon runners finishing times (Allen et al) 2017); professional baseball players, SAT exam
retakes and laboratory experiment participants (Pope and Simonsohn 2011)). More recent work
emphasizes that goals are themselves expectations-based, emerging from anticipated performance,
earnings, or personal standards (Strulov-Shlain and Wellsjo 2025, Crawford et al| 2025).

Expectations-based models of reference dependence (K8szegi and Rabin 2006, 2007, 2009) pro-
vide a natural way to reconcile these findings. In these models, anticipated wage variation can
be incorporated into the worker’s reference distribution or planned path, so it need not generate
the same gain—loss response as an unexpected realization during the shift. By contrast, unantici-
pated deviations from expected earnings are especially likely to create gain—loss utility around the
worker’s reference point and to distort labor supply relative to the planned path. This distinction
helps explain why field evidence on anticipated wage variation often finds positive labor-supply
responses, while evidence based on plausibly unanticipated income variation is more consistent
with income targeting. In taxi settings, within-shift income variation beyond market-level earnings
rates affects quitting decisions (e.g., Crawford and Meng 2011, Farber 2008, 2015, Agarwal et al.
2015, Saia 2022, Duong et al, 2023); related evidence appears in other industries (e.g., Nguyen and
Leung 2013, Hammarlund 2018, Kukavica et al; 2022). More broadly, unanticipated performance
deviations also affect participation among chess players in a reference-dependent manner (Avoyan
et al] 2025). Finally, consistent with models in which reference points update over the course of
the shift, Thakral and Tq¢ (2021) show that quitting decisions respond more strongly to recent
income shocks than to earlier shocks, while Crawford et al| (2025) provide direct survey evidence
that drivers’ expectations function as reference points and evolve with recent earnings experience.

The importance and interpretation of income targeting evidence nevertheless remain debated.
For example, Farber (2015) finds that the probability of stopping a shift rises more sharply with
hours than with income and interprets this pattern as evidence against the relevance of income

targeting. We view this and related evidence differently. Evidence that hours worked strongly



predicts stopping, and especially the role of contractual obligations documented by [Frechette et al,
(2019), highlights the central role of schedules in organizing labor-supply decisions, and therefore
has implications for how empirical tests of income targeting should be structured.

Workers do not make stopping decisions in isolation from expectations about how long they
intend to work. As emphasized by Frechette et al| (2019), many taxi drivers face contractual
or institutional constraints that shape their schedules. Other work suggests workers experience
loss aversion not only with respect to earnings but also with respect to working longer than ex-
pected (Crawford and Meng 2011, |Agarwal et al| 2015). Consistent with schedules being salient
and relatively stable, Crawford et al| (2025) document that drivers hold rigid expectations about
intended work hours within a given day even as earnings expectations evolve over the course of the
shift. Although it is difficult to separate whether schedules matter through contractual constraints,
schedule-based expectations, or both, these mechanisms share a common implication: the incen-
tives governing labor-supply decisions vary systematically as workers approach planned or expected
stopping points.

This perspective has important implications for how income targeting should be empirically
examined. Prior work has recognized that labor-supply responses to income shocks may evolve
over the course of a shift, but has typically operationalized the decision state using hours elapsed,
either parametrically through interactions (e.g., Crawford and Meng 2011, Farber 2015, |Agarwal
et al) 2015) or through flexible nonparametric specifications (Thakral and Tg 2021, Duong et al.
2023, Kukavica et al| 2022). We argue conceptually and show empirically that schedule position
is a key state variable for response heterogeneity. A driver five hours into a six-hour shift faces a
fundamentally different decision problem from a driver five hours into a ten-hour shift, even though
both have worked the same number of hours. Once labor supply is indexed relative to the driver’s
typical stopping point, a sharp pattern emerges: quitting responses to income shocks are close to
zero throughout most of the shift, but rise sharply as workers approach their typical endpoint. This
implies that earlier work attenuated the estimated importance of income targeting on the quitting
margin by aggregating together observations from fundamentally different regions of the decision
problem. Moreover, we also show that an important portion of labor-supply adjustment occurs
through the intensive margin. Workers respond strongly through break-taking well before quitting
becomes behaviorally relevant, and we quantify the contribution of this margin to total labor-
supply adjustment. Taken together, our findings suggest that income targeting is more economically
important than previously recognized once labor supply is analyzed relative to workers’ planned
schedules and across multiple adjustment margins.

Another challenge to the income-targeting interpretation of prior evidence is provided by Buch-
holz et al] (2026), who argue that several empirical patterns previously attributed to reference
dependence can instead arise from rational dynamic optimization. They emphasize two mecha-
nisms. First, measured hourly earnings decline mechanically over the course of a shift because time
between trips rises with hours worked, which they interpret primarily as increased break-taking or

reduced productivity later in the shift. This induces a negative relationship between average hourly



earnings and shift length even when workers respond positively to earning opportunities. Second,
recent high earnings may predict lower future earning opportunities: long, high-paying trips often
end in low-continuation-value locations with sparse future demand, so a forward-looking driver may
rationally quit after a positive recent earnings realization. In this account, the positive relationship
between recent earnings and quitting reflects information about future continuation values rather
than gain-loss utility around an earnings target.

Our findings both address the concerns raised by Buchholz et al| (2026) and highlight additional
insights that become visible once within-shift effort allocation is directly observed and schedule
position is accounted for. First, unlike their setting, we directly observe within-shift non-work spells
rather than inferring breaks from waiting times between trips. Our findings suggest a different view
of how worker productivity evolves over the course of a shift. In particular, break-taking does not
evolve monotonically throughout the workday. Drivers become more likely to take breaks as the
shift wears on, but this pattern reverses as they approach the end of the shift, consistent with a
dynamic optimization problem in which the value of taking a break decreases as the remaining
time on the shift shrinks. Strikingly, this non-monotonic pattern is observed across shifts of very
different lengths, suggesting that it cannot be explained solely by production technology or fatigue
accumulation. The monotonic increase in break-taking with hours worked documented by Buchholz
et al) (2026) may therefore either reflect differences in the underlying data or arise from aggregating
together drivers at very different positions within their planned work schedules.

Our empirical strategy also directly addresses the potential confound arising from the continuation-
value mechanism emphasized by Buchholz et al| (2026) by controlling for location and time in the
main specifications and showing robustness to fully interacted date-by-hour-by-area fixed effects,
which directly absorb local continuation-value differences across time and space. Moreover, unlike
realized high-earning trips, cancellation and no-show shocks do not mechanically relocate drivers
to the destination of a trip. At the same time, we agree with the broader critique that realized
earnings are not exogenous, though for a different reason. In our setting, realized earnings are
endogenous precisely because workers dynamically adjust effort through break-taking in response
to both prior income shocks and expected remaining time on the shift. These systematically non-
monotonic within-shift productivity patterns motivate the need to use income variation that is
orthogonal to break-taking behavior.

Although break-taking has been discussed as a source of potential econometric bias, most of the
prior literature on income targeting has nevertheless treated quitting as the primary manifestation
of reference-dependent labor supply and has not directly examined within-shift effort adjustment.
Our findings suggest that this perspective is incomplete. The idea that effort may respond to goals is
not new. Laboratory tests of expectations-based reference dependence in real-effort tasks show that
individuals provide relatively higher effort when outcomes remain below expected targets (Abeler
et al] 2011)). Relatedly, Fonseca and Rahimi (2022) show that random income windfalls reduce
effort provision in a high-stakes laboratory setting. More broadly, some literature on goal-pursuit

shows that individuals dynamically modulate effort as they progress toward their goals (Kivetz



et al| 2006, Allen et al. 2017). But these studies do not address whether such motives govern the
dynamic allocation of effort within real-world work-shifts, their implications for proper empirical
examinations of income targeting, and how important such potential responses are in terms of their
impact on the overall labor supply.

Field evidence on income-targeting responses along the intensive margin of labor supply remains
limited. Studies on bicycle messengers facing anticipated wage increases show that higher wages
can alter both within-day (Goette and Huffman 2006) and cross day (Fehr and Goette 2007)
effort allocation. However, because the wage variation is anticipated, these studies primarily speak
to responses to planned compensation changes. Moreover, effort is inferred from productivity
measures rather than directly observed, making it difficult to fully separate changes in work intensity
from fatigue or exhaustion. Chang and Gross (2014) study pear packers in an hours-constrained
environment and show that expected overtime increases effort while unexpected overtime reduces it,
implying that workers respond differently to anticipated and unanticipated earnings opportunities.
However, because hours are effectively fixed in their setting, adjustment occurs primarily through
effort intensity rather than through joint adjustment across intensive and extensive margins.

In contrast, Brandon et al) (2024) conduct a large-scale field experiment in which Uber drivers
receive substantial unexpected income windfalls and find little effect on subsequent labor supply,
including hours worked and trips provided. Their intervention differs from the within-shift shocks
studied here because it is framed as an external transfer rather than as part of the ongoing earnings
process. A canceled fare, or variation in earnings due to luck factors such as passenger destinations,
is embedded in the work process and naturally enters the account of shift earnings. By contrast,
a large transfer explicitly framed outside the contemporaneous task-production process may be
mentally accounted for separately from the earnings path generated by working.

We build on and extend the field evidence on income targeting by jointly examining break-taking
and quitting decisions in response to plausibly exogenous, unanticipated, and natural income shocks
in a real-world labor market with flexible stopping. Unlike most prior work, we directly observe
within-shift non-work spells, allowing us to separately identify how workers adjust labor supply
along intensive and extensive margins over the course of a shift. The paper most closely related
to ours is Duong et al| (2023), which exploits CNS as plausibly unanticipated negative income
shocks for Singapore taxi drivers and shows that drivers reduce break-taking following these shocks.
However, break-taking enters their analysis primarily as ancillary evidence rather than as a central
labor-supply margin integrated into a unified framework of dynamic labor-supply adjustment.

Our central contribution is therefore not simply to show that effort responds to income shocks,
although we view documenting and generalizing this effect in a field setting as valuable in its own
right. Rather, we build on this insight in several ways. First, we jointly examine break-taking
and quitting decisions and quantify the relative importance of each margin for total labor-supply
adjustment, showing that within-shift break-taking responses account for a substantial share of
the overall response to income shocks. Second, we show that these margins become behaviorally

operative at systematically different points in the shift. Early income shortfalls primarily suppress



break-taking, whereas later shortfalls primarily delay quitting as workers approach their typical
stopping point. This dynamic pattern implies that workers may partially absorb income shocks
through within-shift effort adjustment before quitting becomes behaviorally relevant, attenuating
the observed response on the stopping margin alone. Our findings therefore point to a distinct
mechanism through which early shocks may generate muted quitting responses, complementing
recent work emphasizing reference-point adaptation over the course of the shift (Thakral and T
2021, Crawford et al) 2027).
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This section provides a simple dynamic framework of within-shift labor supply to organize the
empirical predictions. A driver repeatedly chooses whether to work, take a break, or quit. The
model’s purpose is not to fully characterize taxi driving but to clarify why income shocks can affect
both break-taking and quitting, and why the operative margin varies with position in the regular
schedule.

The framework separates two forces that determine whether an income shock changes observed
behavior. First, the shock must shift the relevant latent value comparison: work versus break for
the intensive margin, and continue versus quit for the stopping margin. Reference dependence
provides this ingredient by making the value of earning depend on the driver’s income position.
Second, enough drivers must be close to the corresponding decision boundary for that latent shift
to generate an observed response. This margin-activation component depends on the driver’s state.

The model clarifies why the driver’s position relative to his typical schedule endpoint is central
to the dynamic problem. We consider three channels through which the typical schedule length T
may enter the dynamic problem: schedule costs after T, as in Frechette et al] (2019); loss utility
from working beyond expected hours, as in Crawford and Meng (2011); and expected earnings over
the planned work spell, as in expectation-based income targeting (e.g., Crawford and Meng 2011,
Thakral and Tg 2021). These channels operate through different components of the response but
share the same implication: income shocks affect different margins at different schedule positions

because schedule position shapes income sensitivity, margin activation, or both.
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Time is discrete, indexed by t = 1;2;:::. A driver starts a work shift at t = 1 with cumulative
income y1 = 0 and fatigue d; = 0. In each period t, the driver observes the state (di;Ye; t; T) and
chooses one of three actions:

ar 2 TWork; Break; Quitg:

We interpret t as time on shift and allow the shift to extend beyond the regular schedule endpoint
T.



If the driver works in period t, he earns stochastic income W + "¢, where w > 0 is the baseline
earning opportunity and f'tg are unexpected i.i.d. mean-zero shocks drawn from a continuous
distribution with support bounded below by w, so that w + "¢ > 0 almost surely. Working
increases fatigue by one unit. If the driver takes a break, income does not change and fatigue

resets.ﬁl If the driver quits, the shift ends. Cumulative income evolves as
Yi+1 = Yt + 1fa; = Workg(w + "y):

Working at fatigue level d entails a flow fatigue cost ¢(d), where ¢ is increasing and convex with
c(0) = 0. Spending a period on shift, whether working or breaking, incurs a time cost (t), which
is increasing and convex. We also allow for a schedule-dependent continuation cost ¢(T) that can
depend on the driver’s regular endpoint. The specifications below restrict this object in different
ways. In Model A, «(T)= ~"(t T) is an overtime or schedule cost; in Models B and C, this direct
schedule cost term is shut down.

Quitting in period t at cumulative income Yy yields terminal payoff

Qu(y:T) Uy:T)=y+L«(y;T),

where L¢(y; T) is the reference-dependent component. In the neoclassical benchmark, L¢(y; T) = 0.
In the reference dependent models we explore, the terminal payoff includes a loss term when terminal
cumulative income y is below an income target. In Model A, the income target is fixed regardless
of T,so Li(y) = y(y Yy). Wedefine y(X) =0forx Oand y(X)= Xforx<0, with =>0.
Model B adds psychological losses from working longer than T, so Lt(y; T) = y(y y)+ n(t T).
In Model C, the income target is instead defined as expected earnings over the regular schedule, so
Le(y;T)= y(y WT), where w is expected earnings per on-shift period under the driver’s regular
policy.
Let Vi(d; y; T) denote the maximal expected payoff from period t onward. The dynamic program
is n o
Vi(dyy; T) = max We(d;y; T); Be(d;y; T); Qe(y;T)

where
h i
Wi(d;y;T)  cd) () o(T)+E Ver d+Ly+w+"yT (1)
Be(d;y; T) (t)  «(T)+Verr (O} y; T); (2)
Qi(y;T)  Ue(y:T): (3)

'Full fatigue reset is a simplification. Allowing for partial recovery would not alter the qualitative logic.

2We assume that the baseline time cost (t) eventually dominates the value of continued work, so that even
absent explicit overtime costs, the opportunity cost of remaining on shift eventually becomes large enough that
quitting is optimal. For example, this holds if (t) ¥ 1 is sufficiently fast relative to the bounded per-period
earnings opportunity and continuation benefits.
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Define the continuation value
Ce(dyy;T)  maxfWi(dy; T); Be(d;y; T)g:
The two relevant latent comparisons are the work—break difference
DYB(dy;T)  Wi(diy:T)  Bu(diyiT);
and the continue—quit difference
DEYdYT)  CudiyiT)  QuyiT) = Cu(dyiT)  Un(y: T):

The driver works rather than breaks when DYVB(d;y; T) 0, and continues rather than quits when
DEO(d;y:T)  O.
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An observed response to an income shock requires two ingredients. First, the shock must change
the relevant latent comparison. For break-taking, the relevant comparison is DYVB. For quitting, it
is DtC Q. Second, there must be a sufficient mass of drivers close to the relevant decision boundary
for that latent shift to translate into an observed change in behavior.

For break-taking,

gDYe

Jinass nea%D,\[N B =

observed break response at t

I_@y_} active work—break margin
income sensitivity of work—break comparison

For quitting,

@D¢°

observed quit response at t Pass nea{7DE Q= 9:

I_@y_} active quit margin
income sensitivity of continue—quit comparison

This decomposition is general. It follows from aggregating latent threshold decisions across het-
erogeneous drivers. Appendix @ provides the formal threshold-crossing bridge. In the neoclassical
benchmark, where L¢(y; T) = 0 and utility is linear in income, the first term is zero: realized cu-
mulative income does not shift either the work—break or continue—quit comparison. Appendix @
establishes this separability result formally. Thus, even though baseline hazards may vary over the
shift in the neoclassical benchmark as fatigue, remaining horizon, and schedule-related costs move
drivers closer to or farther from the relevant decision boundaries, income shocks have no behavioral
effect in the absence of reference dependence.

In what follows, we first discuss the sign of the income-sensitivity term for both margins under

reference-dependence. These sign results are not specific to the channel through which T enters
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the dynamic problem. We then discuss how the three model specifications for how T enters the

problem inform when in the shift the behavioral responses are likely to be observed.
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For quitting, reference dependence changes the continue—quit comparison. When > 0, the kink
at the income target breaks separability and makes the continue—quit comparison income-sensitive.
Below the target, a negative income shock raises the relative value of continuing because quitting
locks in a larger shortfall, while continuing preserves the possibility of earning toward the target.
Thus, for drivers near the quit boundary, negative shocks reduce quitting (Appendix @) This
income sensitivity is strongest when continuation has a nontrivial chance of crossing the target: if
the driver is almost surely below the target, quitting and continuing both move with the loss-domain
slope; if the driver is almost surely above it, gain—loss exposure is gone.

Reference dependence also changes the work—break comparison. A break leaves the driver with
lower current income and a different continuation state. When the break continuation is more
exposed to the risk of finishing below the income target than the work continuation, which we
refer to as an absorbing-regime condition, a negative income shock lowers the relative value of
breaking and shifts the comparison toward active work (Appendix @) Under this condition, a
negative income shock weakly increases DYVB, reducing break-taking for drivers near the work—
break boundary. The opposite case is also possible: a negative shock may increase the optimal
remaining horizon and thereby raise the value of break. This force is less likely to dominate for
local income shocks that do not substantially move the optimal stopping time, especially at states
where the work—break margin is active but the continue—quit margin remains relatively distant.
Ultimately, however, the sign of the break response at different points in the shift is an empirical

question.
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Taxi drivers exhibit substantial schedule-adherence, as noted in the NYC market (Crawford and
Meng| 2011, Frechette et al, 2019, Crawford et al] 2025), which we also document in our context
(Section @) Two distinct reasons have been proposed for this pattern. Frechette et al! (2019)
emphasize contractual handoffs, vehicle-return obligations, and related institutional frictions that
make extending the shift past its regular endpoint costly. Crawford and Meng (2011)) propose a
behavioral reference point over hours worked, such that finishing later than expected delivers gain—
loss utility. We examine these two mechanisms as Models A and B. A third and complementary
force arises if the daily income target is shaped by expectations over the regular shift: T also
determines where in the shift drivers are close to the income target crossing region. We examine
this channel as Model C.

These specifications differ in how T enters the dynamic problem, but they share the same

empirical implications.E Models A and B make schedule position relevant by allowing proximity

3In all three, note that T is a regular-schedule anchor, not a fixed stopping time. Actual stopping remains
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to T to change continuation values, thereby affecting how many drivers are near the work—break
and continue—quit boundaries. Model C makes schedule position relevant because proximity to T
shapes target proximity and, therefore, the income sensitivity of the latent value comparisons. The
empirical predictions do not depend on isolating a single channel. Observed responses vary over
the shift whenever schedule position affects either income sensitivity or the mass of drivers near
the relevant decision boundary. Any one of these channels is sufficient to make position relative
to T a key state variable in the driver’s dynamic optimization problem. The specifications are not

mutually exclusive, and multiple channels may reinforce one another.
Model A: schedule costs. Model A sets

(T)=7(@ T) Uy; T) =y + y(y V),

where the income target y is fixed and not tied to T. The schedule-cost function satisfies ” (xX) = 0 for
X 0 and is increasing and convex for X > 0. This specification makes T enter continuation values
directly: as the driver approaches and passes the regular endpoint, remaining on shift becomes less
attractive relative to stopping, and the value of taking a break changes because it depends on the
remaining continuation problem.

Model A therefore predicts schedule-dependent baseline margins. The work—break margin is
most likely to be active at intermediate schedule positions when fatigue has accumulated, but taking
a break still has continuation value. The continue—quit margin is most likely to be active near the
regular endpoint when schedule costs reduce the value of remaining on shift. Appendix
formalizes this baseline margin-activation logic under sufficient conditions. Reference dependence
then makes income shocks behaviorally relevant at those active margins. Combined with the
income-sensitivity results above, Model A predicts that break responses will be strongest where
the work—break margin is active, which is likely to be in intermediate schedule positions, and quit

responses will be strongest near the regular endpoint.

Model B: hours reference points. Model B shuts down the direct schedule-cost term and

instead allows T to enter terminal utility through a reference point over hours.

t(T) =0; Ut(y;T)=y+ y(y y)+ n(t T);

where Yy is fixed and s
<0; t T
h(t T)=_
-t T);, t=T;
with > 0.
This specification, which Appendix details, gives exceeding T a psychological-cost in-

terpretation rather than an external-cost interpretation. As the driver approaches the regular

endogenous: drivers revise their stopping plans over the shift as income realizations arrive.
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endpoint, continuing increasingly exposes him to the loss region associated with working beyond T,
reducing continuation values. Thus, Model B renders income-shock responses schedule-dependent

by shifting where the work—break and continue—quit margins are active, just as in Model A.

Model C: income target tied to the regular schedule. Model C shuts down external or

psychological overtime costs and instead allows the income target to depend on the regular schedule:

t(T) =0; U(y; T)=y+ yy y(T); y(T) =wT;

where W is expected earnings per on-shift period under the driver’s regular policy.

In this specification, detailed in Appendix , T impacts the income-sensitivity term rather
than changing continuation costs. This channel is natural under expectation-based target forma-
tion, which is invoked by several empirical studies of income targeting in the taxi context (e.g.,
Crawford and Meng 2011, Thakral and T§ 2021, Crawford et al| 2025). It recognizes that regular
earning paths are more likely to place drivers near the target-crossing region around the regular
endpoint. In that region, small income shocks have greater scope to change gain—loss exposure. A
T-anchored income target can therefore make latent value comparisons more income-sensitive near
schedule positions where regular earning paths approach the target, even without an explicit cost of
exceeding T, and can generate similar qualitative schedule dependence in income-shock responses

through the income-sensitivity component.

000 OdOooinioot iO0moooog

Each of these channels predicts that income shocks do not affect all labor-supply margins uniformly.
Their effects are largest where income sensitivity overlaps with margin activation. The conceptual

framework points to four empirical predictions, organized by margin and by type of response:

Prediction 1 (Quit direction). Below the income target, a negative income shock reduces the
quitting hazard for drivers near the continue—quit boundary, as loss aversion creates a reten-
tion force that delays quitting. (Appendix @)

Prediction 2 (Break direction). Under the absorbing-regime condition, a negative income shock
reduces break-taking for drivers near the work—break boundary, as the lower-income driver

has a stronger latent incentive to work rather than take a break. (Appendix @)

Prediction 3 (Quit schedule dependence). The quit income-response is concentrated at sched-
ule positions where the continue—quit margin is active and the comparison is income-sensitive:
near the regular endpoint, where continuation values are low and target proximity may make

the continue—quit comparison especially income-sensitive. (Appendix @)

Prediction 4 (Break schedule dependence). The break income-response is concentrated at

schedule positions where the work—break margin is active: intermediate positions in the
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regular schedule, when fatigue has accumulated but taking a break still has continuation
value. (Appendix @)

Models A and B rationalize schedule dependence through continuation values and margin acti-
vation, Model C rationalizes it through target proximity and income sensitivity. Other forces, such
as anticipated variation in wages or demand, can also shift continuation values and therefore affect
how many drivers are close to a decision boundary. Our empirical design does not require schedule
costs or hours reference points to be the only sources of margin activation: baseline hazards serve
to locate where the relevant margins are active in the population.

Finally, the model highlights how the two margins interact. Because effort choices shape the
income path that reaches the stopping decision, shocks that occur when the work—break margin is
active may be partially absorbed through reduced break-taking, altering the income path that later
reaches the stopping decision (Appendix @) This path provides a conceptually distinct channel
for why early shocks may have muted effects on stopping, complementing the adaptive-reference-
point mechanism in Thakral and Tqg (2021).

A distinctive implication of the model is that schedule position is a key state variable for
income-shock responses. In our empirical approach, we operationalize this position relative to a
predetermined regular schedule endpoint, which allows us to track both time on shift and remaining
horizon to the typical shift end. The next section describes the data features that allow us to observe

break-taking, identify quitting, and construct regular schedule endpoints.

0 J000i000I00OUl DOioboiooo oo oot godbdiog

Our data comes from the largest taxi operator in Singapore, which operates approximately 17,000
out of 23,000 taxicabs in the market. All cabs are equipped with electronic devices that record
GPS location and operational status at 15-30 second intervals. For each driver-vehicle pair, we
observe all trips (start and end times, locations, fares, and booking status) along with continuous
GPS trajectories and cab status indicators. The data spans January to May 2017 and August
2017 to March 2018.H Taxi fares are regulated and consist of a base charge plus distance- and
time-based components, with predetermined surcharges by time of day and locaution.E Tipping is
not customary in Singapore, so measured fares correspond closely to driver earnings.

A key feature of the data is that the electronic device records the cab’s operational status,
allowing us to distinguish between periods when a driver has a passenger on board and when the

driver is available for hire versus unavailable for hilre.E Using these status indicators and GPS data,

“Data from the same source has been used by Duong et al| (2023) for a different time period. The market
includes seven taxi operators and two primary ride-hailing services (Grab and Uber); however, ride-hailing usage was
low during our sample period.

5Surcharges apply during weekday peak hours (6-9:30 a.m. and 5-8 p.m.), late-night hours (midnight to 6 a.m.),
and for trips originating in the Central Business District or at the airport. Unlike ride-hailing apps, taxi surcharges
do not adjust dynamically.

SDrivers are not allowed to reject passengers in Singapore. At times when the driver does not want to accept
passengers (e.g., when they are taking breaks, transitioning between areas, or running personal errands), the driver
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b2T * i2Hv #v "2;mH " b?B7i /m"> iBQMX "2 Fb +QMbBbi2MiHV +QM+2Mi"
"2; "/H2bb Q7 ?Qr HQM; i?2 /"Bp2  ivTB+ HHv rQ FbX

g2 BMi2 T 2ii?Bb# b2HBM2 T ii2°M b 2pB/2M+2i? iK Mv/'Bp2'b "2 M2
BM i?2 KB//H2 Q7 i?2B" b?B7ib- +QMbBbi2Mi rBi? i?2 +QM+2Tim H KQ/2H:¢
B/2MiB}+ iBQM #2+ mb2 # 2 F@i FBM; Bib2H7 b? T2b i?2 2 "MBM;b T i?,
Hi2"BMi?2b?B7iT "iHv '2~2+i2 "HB2 rBi?BM@b?B7iH #Q @bmTTHv /2+
b?Q+FbX b2+QM/bQm +2 Q7 2M/Q;2M2BivK v "Bb2 M2 "i?2biQTTBM; K
[mMBi 2 "HvKv 2/Im+2 #2 Fb b?2 TT Q +?2b ?Bb 2tBi- K2+? MB+ HHv " |
"2H iBp2 iQ Qi?2'rBb2 bBKBH ~ /'Bp2'bX _2;°2bbBQMb i? i "2H i2 [mBiiB
i?72°27Q°2 +QM7QmM/ i?2 22z2+i Q7 BM+QK2 QM [mBiiBM; rBi? i?2 2z2+i Q7
#'2 F@i FBM; M/ ++mKmH i2/ 2 "MBM;bX h?Bb Bb r?v M Hvb2b i? ii 2 i
2tQ:;2MQmb "2 T'Q#H2K iB+ BM Qm ' b2iiBM;X L2ti-r2 /2b+ 'B#2 irQ bQm -
"2 TH mbB#Hv 2tQ;2MQmb iQ /'Bp2°'bd 2zQ i +?QB+2bX

9Xk 1tQ;2MQmb o B iBQM BM AM+QK?2

+2Mi° H+? HH2M;2 BM 2KTB'B+ HHv bim/vBM; BM+QK2 i ";2iBM; Bb Q#i E
Bb #Qi? bm#bi MiB H M/ 2tQ;2MQmbX

am#bi MiB Ho "B iBQM BM AM/BpB/mMFrH@M2ZERKRr ;2 ° i2b "2 ?B;?Hv T 2/B
20m @Q7/@V@Q7@r22F }t2/ 2z2+ib 2tTH BM 3dXNW Q7 i?2p "B iBQM BM
M/ 2tTH BM 3jXNW Q7 i?2p "B iBQM BMRRQUM/B2BQMBH $2R YR b X@
;m2b- ;;°2;i2r ;2T ii2°Mb "2 H ";2Hv MiB+BT i2/ M/ mMHBF2HVvV iQ +QMtk
b?Q+FbX

AM +QMi’ bi- BM/BpB/m H2 "MBM:;b UT 2+Bb2Hvi?2p "B iBQM r2 M22/ i
b?Q+Fb QM BM/BpB/m H /' Bp2  #2? pBQ 'V 2t?B#Bi bm#bi MiB H M/ H *;2F
b K2 +QMi'QHb 2tTH BM QMHvV R9XRW Q7 i?2p "B iBQM BM BM/BpB/m H m
Q7 i?2p 'BiBQMBM BM/BpB/m H+QM/BiBQM Hr ;2"  i2b- M/ //IBM; / Bp:
Dmbi kRX9W M/ R8XjWRKRRT XK+ BQ2BHvXQ7 BM+QK2 p "B iBQM- i?2°27Q 2-
/[’Bp2°b +°Qbb/ vbX h?Bb rBi?BM@/'Bp2  p "B iBQM T QpB/2b 'B+? bQm

1tQ;2MQmb BM+QK2 $?RGFFbQ F ivTB+ HHV mb2b +mKmH iBp2 BM+QK2- +
}t2/ 2z2+ib- b T Qtv7Q i?2b2B/BQbvM+" iB+ BM+QK2 b?Q+FbX h?Bb T-

RREmi?2° //BM; / i2 }t2/ 2z2+ib M/ 2 }t2/ 2z2+ib " Bb2b i?Bb iQ NkXdW M/ NRX9W- 2t
RKm*i?2° //BM; ‘2 }t2/2z2+ib " Bb2b i?BbiQ Dmbi kRXNW M/ ReXyW- 2bT2+iBp2HvX

Ky



p B iBQM '2~2+ib 2tQ;2MQmb b?Q+FbX >Qr2p2'-i?Bb bbmKTiBQM Bb pB
Bb b? T2/ #v 2M/Q;2MQmb # 2 F@i FBM; /2+BbBQMb rBi?BM i?2 b?B7iX

6B;mBHHmMbi  i2b #Qi? i?2 T Q#H2K M/ Qm bQHMIBQMX Ai THQibi? 22
+Qm'b2 Q7 i?2 b?B7iX q2 #2;BM rBi? mM+QM/BiBQM H 2 "MBM;b /2pB iBQ
#v i?72 #HmM2 HBM2X hQ K F2 i?Bb K2 bm 2 +QKTm+2HAQ HQ BA2kMXiBbiB+ BM
+ H+rmH i2 #Qi? /'Bp2 2 "MBM;b " i2b M/ K "F2ir ;2" i2bQp2 bT2HHDb # +
ii?222M/ Q7 QM2 i'BT M/ 2M/BM; ii%2h2/nQW+HQMNVRBRM H 2 "MBM:b /2pl
+QKTmi2/ bi?2 p2 ;2 /Bz2°2M+2 #2ir22M 2 +? ['Bp2°6b 2 "MBM;b " i2 M
K "F2ir ;2" i2X g2 272 iQ i?BimK 2w/ REBRD VM2 M2Bi?2 i?2 /°"Bp2 6b 2 *

i2 MQ" i?2 K "F2ir ;2" i2 Bb+QM/BiBQM2/ QM +iBp2 rQ ' F, #Qi? "2 + H
Qp2 iQi HIiBK2 QM b?B7i- BM+HmM/BM; MQM@rQ F T2'BQ/bX h?Bb K2 bm"
2 "MBM;bp 'B iBQM mb2/ BM T'BQ  rQ FX

6B;m 2 j, AM+QK2 /2pB iBQMb 7' QK K "F2i p2" ;2bi?2 " Qm;?2Qmi i~

LQi2bh?Bb };m 2 THQib i?2 p2 ;2 p Hm2b Q7 i? 22 BM+QK2 /2pB iBQM K2 bm 2b Qp2" i?2
t@ tBb BM/B+ i2b i?2 T2 +2Mi ;2 Q7 i?2 b?B7i6b Q#b2 p2//m  iBQMi? i ? b 2H Th2/X J2 N
2 "MBM; i2b U#Hm2 HBM2V "2 +QKTmi2/ b i?2 p2 ;2 /Bz2 2M+2 #2ir22M 2 +?2 /'Bp2 &b
+QMi2KTQ  M2Qmb K “F2i p2° ;2-/2}M2/ ii?2/i2“?2Qm > * "2 H2p2HX J2 M /2pB iBQMb
Y i2b U2/ HBM2V "2 +QKTmi2/ M HQ;QmbHv- mbBM; 2 "MBM; "~ i2b +QM/BiBQM H QM rQ F
K “F2i p2° ;2 rBi?BMi?2b K2/ i2“?2Qm “ "2 +2HHIONS2UMH 24pBHBRBN BM+QKTmi2/ b
i?72 p2° ;2 /Bz2 2M+2 #2ir22MCNS BMBPB22Wb-2 U+QM/BiBQM H QM ? pBM; #QQFBM;V M/ |
+Q "2bTQM/BM; K “F2i p2° :2-/2}M2/ ii?2/i2*“2Qm > “ "2 H2p2HX

"M+??QHX KiykdX ;m2 i? i /'Bp2'bi F2KQ'2# 2 Fb b i?2vbT2M/ KQ 2 il
TQi2MiB HHv #2+ mb2 7 iB;m2 ++mKmH i2b- M/ i? ii?Bb #2? pBQ  HQr2"|
i?72 b?B7iX q2 }M/ /Bz2 2Mi T iipbM@reBVMmQOQM/BIiBQM H 2 "MBM;b /2pB i

T°OQMQMmM+2/ KB/@b?B7i /IBT- "2~2+iBM; i?2 bvbi2K iB+ 2z2+i Q7 # 2 F(
i?72 b?B7i " i?2 i?7 M KQMQIiQMB+ /2+HBM2 BM T ' Q/m+iBpBivX 1 "MBM;b

RiIh?Bb bT2HH@H2p2H r ;2 i2 Bb i° MbH i2/iQ R8@ KB Vb B2VB MET 2@ Z M8 bi 2 BIMQ2 t 2B MyX h ?
K “F2i p2> :;2r ;2  i2Bb/2}M2/ i ?@n'i22 H2p2H mbBM; i?2 2 "MBM; " i2b Q7 HH /' Bp2'h
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b/°'Bp2'b TT Q +?i?22M/ Q7 i?2B b?B7ib- +QMbBbi2Mi rBi? "2/m+2/ # 2
K “;BMX hl#xHRM TT2MMRX]QpB/2b 7Q°K H# H M+2 i2bib 7Q° BM+QK2 /2¢
i?72 b?B7iX

L2p2 i?2H2bb- +mKmH iBp2 BM+QK2 "2K BMb T Q#H2K iB+ #2+ mb2 Bi
b?Q+Fb rBi? #2 F/2+BbBQMbX AM Qm"™ b2iiBM;- i?Bb +QM+2"M Bb 2bT2
i FBM; Bb Bib2H7 H #Q @bmTTHv "2bTQMb2X hQ //°2bb i?Bb Bbbm2- r2
Q7 BM+QK2 p "B iBQMX h?2 } bi 2tTHQBib /Bb+2i2 M2; iBp2 b?Q+Fb 7°Q
U*LaV- 7QHHM@MBM2 iKY X h?2 b2+QM/ mb2b /2pB iBQMb BM 2 "MBM;b +QN
rQ"F7° QK +QMi2KTQ™ M2Qmb K "F2i +QM/BiBQM Hr ;2b-+ TimBM; +QMiB
KBMBKBxBM; K2+? MB+ HHBMFb iQ 2M/Q;2MQmb #°2 F@i FBM;X

*La2p2Mib Q++m r?2M [/'Bp2° ++2Tib #QQFBM;-#mii?2 T bb2M;2" +
“2bmHiIBM; BM /Bb+'2i2 HQbb Q7 2tT2+i2/2 "MBM;bX *La 2p2Mib "2 MQi r
Q7 #QQFBM;b- z2+iBM; KNX8W Q7 b?B7ibX h?Bb Bb mMbm T 'BbBM; ;Bp2N
iBK2 rBi?Qmi T2M HivX M2+/Qi HHv-T bb2M;2'bBM aBM; TQ 2 Q7i2M 7Q"
T bbBM; + #r?BH2r BiBM; 7Q  i?2 #QQF2/ p2?B+H2iQ ""Bp2X 1 +? *La 2p:
M2; iBp2 BM+QK2 "2 HBx iBQM- 2biBK i2/iQ #2 "QmM/ aORR- +Q "2bTQM
i?72 iBK2 bT2Mii® p2HBM; iQ i?RY¥B+FmT HQ+ iBQMX

*La T QpB/2b mb27mH p "B iBQM #2+ mb2 i?2 + M+2HH iBQM Q++m'b 7
7Q°K2/X "QQFBM;b "2 bbB;M2/i?°Qm;? +QKT2iBiBp2 /BbT i+? bvbi2K
#B/ # b2/ QM "~"Bp H iBK2bX *QM/BiBQM H QM i?2 iBK2 M/ HQ+ iBQM Q
+ M+2HH iBQMb M/ MQ@b?Qrb "2 T bb2M;2"@bB/2 2p2Mib M/ "2 mMHBF
H#Q @bmTTHvV +?QB+2bX *La 2p2Mib "2 MQi 2tT2+i2/iQ bvbi2K iB+ HHv
M/ +Qbi b?B7i2°bX *QMbBbi2MiUBH? 4+FBLBNMBYM-QM} Kb i? ii?2 *La /2pB il
i?72 +QMi2KTQ M2Qmb K "F2i p2 ;2 Bb ~i +° Qbb i?2 /'Bp2 6b b?B7iX h
M/ HQ+ iBQM- *La 2p2Mib T QpB/2 TH mbB#Hv mMT 2/B+i #H2 2 "MBM ;b |
Q7 i?2 /'BH2°X

a2+QM/-r2 +QMbi ' m+i +QMiBMmQmb K2 bm'2 Q7 BM+QK2p "B iBQM i?
#v# 2 F@i FBM;X h?2B/2 BbiQ +QKT "2 /°'Bp2°'b6 2 "MBM;b +QM/BiBQM |
rQ F- " i?2°i? M2 "MBM;b T2 mMBi Q7 b?B7i iBK2X *QM/BiBQM H QM iB
B/BQbvM+ " iB+p "B iBQMBM?Qr[mB+FHvb2 "+?2M/bBM T bb2M;2 K i+
BMi?2 "2 HBx2/i BT H2M;i? M/ /2biBM iBQMX "2+ mb2 /' Bp2'b "2 MQi H
aBM; TQ 2-i?2b2 T bb2M;2° ""Bp Hb M/ 2[m2bib ;2M2" i2 TH mbB#Hv 2tC
p "B iBQMX

hQ BbQH i2 i?Bb p "B iBQM-r2 +QMbi " m+i /"Bp2 @H2p2H +QM/BiBQM
T2'BQ/ bi?2/Bz2 ' 2M+2 #dIb2MIBBRIpBE™ M/ i?2 +QMi2KTQ™ M2Qmb K "F2i
/IBiBQM Hr ;2-r?B+? "2~2+ibi?22z2+iBp2K "F2ir ;2+QM/BiBQM HQM rQ"

R%22 TT2MIBRX®  /2i BHbX
RETT2M/BXKRXR+mK2Mib p2° ;2 *La i2b #viBK2 Q7 /v M//2bB;M i2/ 2 X b2tT2+i2/-*
?B;?2° iiBK2b M/ HQ+ iBQMb r?2'2 + # /2MbBiv Bb ;"2 i2°X
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p2° ;2 Bb /2}M2/ Qp2Q/FBBME?2 b K2/ i2“?2Qm’ “R€2 +2HHX

"v +QM/BiBQMBM; QM rQ FBM;-r2 mb2i?22 "MBM;bp B iBQM 7 QK T2
2M; ;2/ BMi'BTb Q b2 "+?BM; 7Q T bb2M;2 b- 2t+HmM/BM; MQM@rQ F BM
p BH #H2 7Q  ?B 2X h?Bb "2KQp2b i?2 K2+? MB+ H 2z2+i Q7 # 2 F@i FBNMN
h?2 K2 bm 2 Qz2 b irQ /p Mi ;2bX 6B bi-Bi + Tim 2b #Qi? TQbBiBp2 M/ I
iBQMb- HHQrBM; mbiQ bim/v 2bTQMb2b iQ # Q /2  b2i Q7 b?Q+FbX a2+
*La 2p2Mib K v BM~m2M+2 #2? pBQ i?7°Qm;? MQM@BM+QK2 +? MM2Hb U2
BM+QK2p "B iBQM /'Bp2M #v "2 HBx2/ i BT Qmi+QK2bX

AM 6B;m¥r2 THQi i?2 K2 M/2pB iBQM Q7 +QM/BiBQM H2 "MBM;b Qp2"i?.
HBM2VX *QM/BiBQM H 2 "MBM:;b /2pB iBQMb "2 2bb2MiB HHv ~ i, i?2 KB
iBQM H2 "MBM; " i2b/Bb TT2 "bX DbHB;?2imTr /i 2M/ M2 " i?222M/ Q7 i?2
AKTQ'i MiHv- /Bz2 '2M+2b BM +QM/BiBQM H2 "MBM; /2pB iBQMb + Qbb i~
i2°Kb M/ 7 HH r2HH AR#HIMbI ? ®1/ U8BV ? 2b?QH/ 7Q" +Qp "B i2 BK# H M+
T2M/BXRX{ h?mb- i?2 bHB;?2i mTr '/ i°'2M/ pBbB#H2 M2 " i?2 2M/ Q7 i?2 b?
i2°Kb * i?2°i? M 2pB/2M+2 Q7 M 2+QMQKB+ BHv K2 MBM;7mH BK# H M+?2

h F2M iQ;2i?2 - i?2 irQ K2 bm 2b T'QpB/2 +QKTH2K2Mi v 2pB/2M+2X
M2; iBp2 b?Q+Fbi? i "2 mMHBF2HV iQ #2 ;2M2" i2/ #v /'Bp2 b6 QrM 2zQ"i
/2pB iBQMb BbQH i2bB; M2/ BM+QK2p 'B iBQMr?BH2 "2KQpBM; i?2 K2+? |
M/ K2 bm>2/2 "MBM;bX h?2 +QMbBbi2M+v Q7 “2bmHib + Qbbi?2b2 TT'Q
i iIBQMi? ii?2 "2bTQMb2b "2~2+iBM+QK2p "B iBQM ™ i?2 i? M2M/Q;2MQH
T Q/m+iBpBiv/2+HBM2X

9Xj a?B7i a+?2/mH2b M/ a+?2/mH2 SQbBiBQM

g2 K v2tT2+i bQK2 b+?2/mH2 "2;mH "Biv#2+ mb2 +QMi  +im H+QMbi BMi

TB+FBM; mT +?BH/ 2M-r FBM; i +QMbBbi2MiiBK2-Q "2im " MBM; ?2QK2 71
/" Bp2 ' brQ FX h?22ti2MiQ7i? i 2;mH "Biv-?Qr2p2 -Bb M2KTB B+ H[m2
b+?2/mH2b- r2+QMi2 bi +QK#BM iBQM Q7 /' Bp2  B/2MiBiv-b? "BM; "~ M;2

r22F- M/ iBK2 248 QH X% +?22/mH2b "2 ?B;?Hv "2;mH " rBi?BM i?2b2 +QMi" -
2z2+ib 2tTH BM dkW Q7 i?2 p B iBQMBM b?B7i H2M;i?X

6Q 2 +? +QMi" +i-r2 +QKTmi2 i?2 KQT>X OBRBALPQYEBOM +im H b?B7i
H2M;i?b +Hmbi2 iBT2iHAMQMQ M M/7 Q7 b?B7ib 2M/ rBi”BM RBEKBMMB2B B QM -
"Qm;?Hv dywW rBi?BM QM2 ?2Qm - M/ QMHvV 3W /2pB i2 #v KQ 2 i? M irQ ?(
#QmMiirQ@i?B /b Q7 b?B7ib #2HQM; iQ ?B;?Hv "2;mH ~ +QMi  +ib-/2}M2/
d8W Q7 b?B7ib /2pB i2 #v H2bb i? M QM2 ?2Qm 7 QK i?2 /' Bp2 6b +QMi A

Reg2 /2}M2 i?2 "2 # b2/ QM i?2 bi i Q7 i?2 R8 KBMmi2 BM+ 2K2MiX h?2 “2bmHib mbBM;
KBMmi2 BM+ 2K2Mi "2 i?2b K2 M/ p BH #H2 mTQM “2[m2biX

RIA7 MVi?BM;- MBM+'2 bBM; T ii2’MBM 2 "MBM;  i2brQmH/rQ F ; BMbi}M/BM;i?2 [mB
bBM+2 /"Bp2 b 2tT2+iBM; ?B;?22° 2 "MBM; " i2b M2 "~ i?2 2M/ Q7 i?2 b?B7i rQmH/ #2 H2bb- N

R332 "BM; ~° M;2K2Mi 272°biQ r?2i?2° /°'Bp2 b? “2bi?2 + #rBi? MQi?2 /'Bp2  ii?22
bQ- rBi? r?B+? /'Bp2'X g2 Q#b2 p2 #Qi? + # M/ /'Bp2  B/2MiB}2 b- HHQrBM; mb iQ i° +F |
/"Bp2 bX
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i72b2 b?B7ib- r?B+? i2M/ iQ #2 b? 2/ b?B7ib- QMHvV RXKW Q7 i?2K /2pB |
KQ'2i? MirQ 2Qm bX*XI20gBi2b /2i BHb QM i?2 +QMbi m+iBQM Q7 “2:mt
/IBIBQM H bmKK v bi iBbiB+bX XNIR@IBtBB/BOZB#miBQM Q7 “2:mH " bi
20m bc TT2M/BiIXEEYMQ2b i?2 /Bbi B#miBQM Q7T 2+imQb b /P B 7BIOM b

6B;m 29, .Bbi'B#miBQM Q7 i?2 /2pB iBQM Q7 +im Hb?B7i/m  iBQMb 7

LQi2bh?Bb };m 2 THQib i?2 /Bbi"B#miBQM Q7 /2pB iBQMb Q7 +im H b?B7i H2M;i?b 7 QK ":
2Qm  BM+ 2K2MibX SQbBiBp2 p Hm2b BM/B+ i2 b?B7ib H biBM; HQM;2  i? M i?2 “2;mH " /r
2 "HB2  2M/BM;bX

a?B7i /m” iBQMb "2 bm#bi MiB HHv ?2i2°Q;2M2Qnilb Bbh?®28BiNDi RRMK 8 iB
20mRBeB ; m8»?Qrb i? i i Mv ;Bp2M ?2Qm > BMiQ i?2 b?B7iTi?Rp 2R2BHMBM; ?
rB/2Hv + ' Qbb /'Bp2'bX 6Q=@1?QMHER- i?72 K2/B M "2K BMBM; ?Q BxQM Bb
i?72 Ryi? Nyi? T2 '+2MiBH2 ° M;2 bT Mb R iQ 3?2Qm bX h?Bb ?2i2°Q;2M2Bii\
#v ?2Qm b rQ F2/- bBM T BQ rQ F-TQQHb /'Bp2'b i 7mM/ K2Mi HHv /Bz2
T Q#H2Kb, /'Bp2 8?2Qm b BMiQ e@?Qm b?B7iBb M2 "i?22M/-r?BH2
b?B7i Bb M2 " i?2 KB/ TQBMiX "2+ mb2 /'Bp2'b i bBKBH ~?2Qm b rQ F2/ 7
?Q ' BxQMb M/ i?2vK v 2bTQM/ HQM; /Bz2 ' 2Mi K ";BMbX

g2 /2}MR+?2/mH2 TR WOBIBMIBQ Q7 ?2Qm b bT2Mi QM b?B7i rBi? "2bT2+i
b?B7i /m trB@M2WT "2bb2/ b T2 +2Mi ;2X 680 R2 WIDHiZ2-i i?2 /' Bp2° Bb BM
i?72 KB/TQBMi Q7 ?BbiviB+ HB2B7QM b B RM2UHBKRX/-Q M=HOBRRVM M/
i?72 /"Bp2° ? b #22M @QWIQRMBDHIXIB7 p@dnmMMI22+22/ Ryy QM b?B7ib BM r?B+? i?:
bi vb QM b?B7i HQM;2 i? M ?Bb ivTB+ Hb+?2/mH2X

h?°22 72 im 2b K F2 i?Bb K2 bm 2 r2HH bmBi2/ iQ i?2 2KTB'Bbr H M H\
+QMbi'm+i2/ 7°QK +QMi" +i@H2p2H T ii2 "Mb "~ i?2" i? M "2 HBx2/ Qmi+QK
Bi Bb T 2/2i2°KBM2/ rBi? '2bT2+i iQ rBi? BN @bP@BWIEBM+QK2AW7Q+FBX
/" Bp2 06b 2tT2+i2/ 2M/TQBMi ii?2®d?BBiMb /iBph2ZB FBi? 2212 °Q;2M2Qmb b
i +QKT ~ #H2 /2+BbBQM bi i2bX

RN2 7Q+mb QM / viBK2 +QMi"> +ib rBi? “2;mH "~ bi i iBK2b i Q" 7i2°9 XKX M/ #27Q 2 R\
G2 p2@QM2@Qmi +QMbi' m+iBQM ivB2RMMIBH?HE bBRBHtH2 mMTQM “2[m2biX
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6B;m 2 8, .Bbi'B#miBQM Q7 2K BMBM; iBK2 ?Q BxQM

LQi2bh?Bb };m 2 THQib i?2 /Bbi'B#miBQM Q7 ?Qm b 2K BMBM; iQ 2 +? /'Bp2°6b "2;mH " b
2p2°virQ 2Qm'b 7°QK e iQ R9 ?2Qm b BMiQ i?2 b?B7iX h?2/ "F #Hm2 i?B+F K "F BM/B+ i2b
HBM2 K "Fb x2°Q ?2Qm b 2K BMBM; UBX2X-i?2 "2;mH ~b?B7i 2M/TQBMiVX

9X9 amKK v

Pm> 2KTB B+ Hbi' i2;v +QK#BM2b i?°22 2H2K2Mib, UBV /B 2+iHv Q#b2 p:
bB#Hv 2tQ:2MQmb BM+QK2 b?Q+Fb- M/ UBBBV b+?2/mH2 TQbBiBQM b T
iQ ?Bb ivIB+ H2M/TQBMiX h?2b2 2H2K2Mib HHQr mbiQ 2t KBM2 2Qr H #(
b?Q+Fb p v #Qi? + Qbb K :BMb M/ Qp2 i?2 +Qm b2 Q7 i?2 b?B7iX

8 1KTB B+ H ai i2;v M/ 2bmHib

a2+iBEAXBMi"Q/m+2b Qm  2KTB B+ Hbi" i2;v-r?B+? HHQrb "2bTQMb2b iQ
h?2 "2bmHib i?2M 2bi #HBb? i?°22 T ii2°"MbX 6B bi- bTHBi@b KTH2 2biBK
i?7 0 " 2bTQMb2 T Q}H2b "2 Q°; MBx2/ #v "2;mH ~b+?22/mH2b "~ i?2 i? M~ r 7
Q7 #Qi? [mBi M/ #'2 F "2bTQMb2b b?B7ib rBi? i?2 H2M;8MX7a22QWI/B+ H
r2 mb2 i?Bb BMbB:;?i iQ TQQH b?B7ib #v b+?2/mH2 TQbBiBQM- HB:MBM;
2biBK iBM; i?72 K BM "2bTQMb2 T'Q}H2b KQ 2 T'2+Bb2HvX h?2b2 TQQH2
b?Q+Fb "2/ m+2 #2 F@i FBM; BM i?2 KB//H2 Q7 i?2 b?B7i M/ /2H v [mBiiBI
Ua2+iBXYM h?B /- r2 +QK#BM2 #Qi? K “;BMb iQ [m MiB7vi?2iQi HH #Q @
b?Q+Fb-/BbiBM;mBb?BM; +? M;2bBMb?B7i/m” iBQM 7 QK +&@XMXRb BM +i
h?2 "2bmHib bm;;2bii? i BM+QK2 b?Q+Fb z2+iiQi HH #Q bmTTHvV i? ' Qmn
biQTTBM; #2? pBQ" HQM2 TT2 b mM 2bTQMbBp2X

8XR 1KTB' B+ H TT Q +?, LQMT = K2i B+ //BiBp2 > x '/

b/°'Bp2 b KQp2i? ' Qm;? b?B7i-i?°22 MQiBQMb Q7 iBK2 K v BM~m2M+2 }
}1’bi Bb2H Th2/iBK2 (P H2BFp2 Mb 7 iB;m2 ++mKmH iBQMX h?2b2+QM/ B

k8



p- r?B+? BM/2t2b i?2 /' Bp2 ' 6b TQbBIiBQM "2H iBp2 iGT¥2Bh?P2TIRBBH Bbh?2/
+HQ+F iBK2B+? BM7Q Kb K "F2i +QM/BiBQMb bm+? b /2K M/-bm +? *;2b-
h?2b2 /IBK2MbBQMb M22/ MQi KQp2 iQ;2i?2 X hrQ /'Bp2'b+ M #2 bBt 2Qm’
/IBz2 2Mi 2K BMBM; ?2Q BxQMbB7 QM2 iviB+ HHvrQ Fbb2p2M ?Qm b M/ |
*QMp2 b2Hv- irQ /'Bp2 b+ M #2 ii?2 b K2 b+?22/mH2 TQbBIiBQM- 7Q" 2t K
iviB+ Hb+?2/mH2-#mi 2 +?2i? iTQBMi i/Bz2 2Mi+HQ+FiBK2b M/ 7i2 [/
b?B7i iBK2X

Pm 2KTB'B+ H TT ' Q +? /BbiBM;mBb?2b #2ir22M i?2b2 iBK2 /BK2MbBQN
i?7 1/ ' Bp2BMBIiB i2b #2 FQ biQTb rQ rPRM2BMIBRK2DL R8@KBMmMi2 BMi2 p |
i?72 +HQ+FX g2 HHQri?Bb T ' Q# #BHBIiv i Qpbw?22 trBH21¥ @ ki B BB 7
b?B%ir?BH2 +QMi QHHBM; TR q2H2FN2/6BK2/ mHR DPQBI{BEMBp2 b?B7i iBK.
t /BpB/2/ #v i?2 /"Bp2 6b "2;mH TbhbR2Z/@R2H2IM;iT?2 +2Mi ;2 M/ /Bb+ 2iBXx:
Ry@T2 +2Mi ;2@TQBMi #BMbX h?Bb #BMM2/ K2 bm 2 HHQrb mb iQ mb2
bT2+B}+ iBQM BM r?B+? #Qi? i?2 # b2HBM2 ? x '/ M/ i?2 BM+QK2@b?Q+
Qp2 i?72 "2;mH " b+?2/mH2- rBi?Qmi BKTQbBM; T * K2i'B+ b? T2X g2 i’
[MBiiBM; b /Bb+ 2i2@iBK2 ?ARTf [InB® 23/3Mib

Pr(Ain =1)= f(pn )+ i(Pin )+ (Pn ) in +Xin  (Pn )+ "in ; uov

r?2°2 i?2 # b2HBM@®)? k?2//°Bp2° }t2/ 2R +ilf2 BM+QK2@b?Q+H)+Q2{+B2M
M/ i?2 +QMi QH +@@{+BZWMiHHV MQMT pXX2i'B+ BM

h?2 ~2tB#BHBiHw BdY HHQrb /Bz2 2Mi /"Bp2 b iQ 2t?B#Bi ?22i2 ' Q;2M2Qmk
T Q}H2bX 6Q 2t KTH2- QM2 /'Bp2 K v ? p2 b? "TBM+'2 b2BM[mBiiBM;
?Bb b+?2/mH2- r?BH2 MQi?2 K v 2t?B#Bi KQ 2 /Bzmb2pXii2 M Qp2° # ¢

h?2 +QMi'QH X *BF@HRIQrBM; 2 "HB2 rQ'F7Q  +QKT *~ #BHBiv- BM+Hm/2
}t2/ 2z2+ib-/ v@QP@mM2AFQ7T@/ v }t2/ 2z2+ib- "~ BM7MAH BIKMBI+iBQ2 4B K2
i?72 /°Bp2 2?2 b #22M QMBR2KBMBHAi2bV iQ +QMKQH @@ 7T@IRRAMX@ Q7 @/ Vv
}t2/ 2z2+ib+ Tim 2 +QKKQM K "F2i +QM/BiBQMb i? i "2 TH mbB#Hv T 2/B+
i?72 bvbi2K iB+r ;2 p "B iBQM /Q+miRZM.i22 Bt\2/6Bztntib + Tim 2 K "F2Ii@H?2
b?Q+Fb QM bT2+B}+ / i2bX 1 +? X@MIMOMH b rBiZHPBEKM @p "VBNp) +Q2{+B2MN
bQ i? 11?2 2z22+1i Q7-7Q 2t KTH2- 2M/BM; i BT BMi?2 B'TQ'i "2 /Bz2"
M/ i?222M/ Q7 i?2b?B7iX 6m’i?2 BN @GQFM,//vi2t2/ 2z2+ibrBi? 2 }t2/ 2
/IQ2b MQi +? M;2 Qm” "2bmHiIibX&RQ2 iPZ2REBtHIb X

g2 2KTHQV irQ K2 bm 2b Q7 BM QWK22b}? @NBIb M BM/B+ iQ Q7 r?2i?2" i?:
['Bp2  2tT2'B2M+2/ *La 2p2MiBM i?2 T bijy KBMmi2b- +QM/BiBQM H QM
/Im"BM; i?Bb rBM/QrX q2 +QM/BiBQM QM ? pBM; #QQFBM; #2+ mb2 *La 2

kRJ “iBMmbb2M M/Wy9@BFQpB/2b i2ti#QQFi'2 iK2Mi Q7 //BiBp2? x /bX q2 7TQHHQri?2
BM? F° H M/WykR- r?B+? BMi'Q/m+2b i?Bb TT ' Q +? iQ i?2 BM+QK2@i “;2iBM; HBi2  im 2

kkg2 i?2° p "B iBQM BM aBM; TQ 2 Bb /°'Bp2M T BK 'BHv #v ° BM7 HHc i2KT2  im 2 M/ rE
bi #H2 v2 "@ QmM/X

ke



#QQF2/ iKiIBArb2Xb2+QM/ Bb i?2 iQi H +QM/BiBQM H 2 "MBM;b i i2 b2pB iBQ N
2tT2'B2M+2/ BM i?2 T bijy KBMmi2b-yR2P4+222 /RNMQi2 iB2 +QM/BiBQM H 2
“i2/2pB iBQMb "2 + H+mH i2/ bi?2/°'Bp2'6b 2 "MBM;b- +QM/BiBQM H Q
K "F2i p2° ;2 Q7 +QM/BiBQM H r ;2M/BM2iX2H?K2//BiBp2 ? x /b bT2+B}+
?b +QMp2MB2Mi BMi@)T2Zi  PBQRMIB2i22Mi ;2@TQBRBM i?2 T'Q# #BHBiv
+iBANMM T2 'BBM "2bTQMb2iQ mMBi+? M;2BMi?2 BM+QK2 p?QMF- 7Q"
?Bb b¥B7iX

h?2 2biBK iBQM b KTH2 QMHv BM+Hm/2b T2°BQ/b BM r?B+? i?2 /["Bp2"
r?2i?2° iQ #2 F Q [mBiX 6Q° 2t KTH2- B7 [/'Bp2  ? b T bb2M;2° QM #
KBMmi2b Q7 TBRPBR/-i? i T2°'BQ/ Bb MQi BM+Hm/2/ BM i?2 2biBK iBQM bk
/12+BbBQMb iQ K F2X[XEIig2M2 b Q++m 'BM;BMBHA?BRQM/ bi R8@KBMmMi2 T2
BMr?B+?i?2/'Bp2  Bb Q#b2 p2/ rQ FBM;X "2+ mb2 Qm /i /BbiBM;mBb?
bT2HHb-r2 + M B/2MiB7v r?2i?2° ['Bp2 +QMiBMm2b b2 "+?BM; 7i2 i?2}
/2+B/BM; i®8[q2B/i2¢ M2# 2 Ep2Mi b Q++m 'BM; BMi?P2/BBp2  BMBiB i2b HC
bi iBQM "VMQM@rX gdT2H2BIM 2bmHib 7°QK M Hvb2bi? i BMbi2 / +QMbl
bT2HH b #'2 F- M/ M Hvb2bi? i 2t KBM2 #°2 F/m > iBQMb +QM/BiBQM |
i F2 #2 FBM TTRK /Bt

HH +Q2{+B2Mib "2 2biBK i2/ pB HQ+ H HBM2 ~ "2;°2bbBQM UGG _V r!
rBM/Qr +2Mi2°2/ i 2 +? 2p HmpiBQHW I QBIMBIKB(@) Qi7 ;BppPMmb2b QMHYV
Q#b2°p iBQMb rBi?BM ? H7 pERNMVQ@BIiIBZi?b@72- vB2H/BM; bi M/ "/ PGa 2bi
i?Bb HQ+ HBxXx2/ bm#b2iX AM T iB+mH - r2 mb2 8@T2 +2pX @@TQBMi
2t KTH2p=B0- Q#b2 p iBQaMb pBi9®5 "2 BM+HmM/2/p=M0-iQ#b2 p iBQMb rBi?
95 p<105 "2 BM+HmM/2/X ai M/ "/ 2p Q2b+H& B2 2/ 1i?2 /°'Bp2°  H2p2H iQ
7Q  b2°B H+Q "2H iBQM rBi?BM M/ 6TQQPB/2B77TInX i 72T BN K/BH2K2Mi iBQM
M/ /IBb+mbb2b i?2 /p Mi ;2b Q7 i?2 GG_ TT Q +? Qp2  7TmHHv BMi2  +i2/
reB+? i?2 TT2M/Bt HbQ T 2b2MibX

8Xk a+?2/mH2 >2i2 Q;2M2Biv J ii2'b

hQ KQiBp i2 i?72 mb2 Q7 b+22/mMH2TPbBIBBMbRV-iBK2?0 Q' : MBXBM: iBK2
BM/2t 7Q" i?2 ?2i2°Q;2M2Biv Q7 H #Q @bmTTHV "2bTOMDRbH-ieHV BiQ2biBk

Kig2 mb2 *La 2p2Mib BM i?2 T bi jy KBMmi2b * i?2° i? M +QMi2KTQ" M2Qmb *La iQ 2 b2 i
2p2Mib i?2Kb2Hp2b +QmH/ Q++mTv i?2 iBK2i? i Qi?2 rBb2 rQmH/ ? p2 #22M mb2/ 7Q" # .
"2 MQi /"Bp2M #v mMQ#b2 p2/ 7 +iQ b i? i ? TT2MyiQ:2i22QBIiM+LarQ T2 Kmi iBQM i2bib,
URV r2 ° M/QKHv 2 bbB;M *La 2p2Mib iQ #QQFBM:b rBi?BM i?2 b K2/ i2 M/ ?Qm" M/ 2
ky "OmM/b rBi? /Bz2 2Mi ° M/QK b22/b- M/ UKV %, MBQKEBHW 2D DmK2 / i2 M/ ?2Qm" M/
*2T2 ii?2 M HvbBb + Qbbky "QmM/b rBi? /Bz2 2MX]MI1GRB M2 T /Th2MOBK Q2 H? ii?2
T2 Kmi2/ +Q2{+B2Mib 2 +2Mi2 2/ i x2 Q-r?BH2 Qm" +im H 2biBK i2b HB2 r2HH QmibB/2

K%AM T'QTQ'iBQM H ? x /b KQ/2H- #v +QMi" bi-i?2 2z2+i Q7 mMBi BM+'2 b2 BM +Qp
rBi? "2bT2+i iQ i?2 2 x */ > i2X h?2 /[/BiBp2 bT2+B}+ iBQM 7 +BHBi i2b /B 2+i +QKT “Bh
TQbBiBQMb M/ +'Qbb K ";BMb U[mBiiBM; pbX #'2 F@i FBM;VX

Kpm* “2bmHib "2 "Q#mbiiQ M Hi2 M iBp2 bT2+B}+ iBQM # b2/ QM BM/2tBM; /2+BbBQM
iBK2X _2bmHib "2 p BH #H2 mTQM "2[m2biX

kd



b?B7ibi? i ? p2/Bz2 2Mi "2;fH aT/ 2+ Bi}Br-QWHvV- r2 bTHBT i M2/ 2 IKiBKK2i 2 v
1[m iBOWMQQ 2f [mB# 2gX AM i?Bb bTHBi@b KTH2 2t2°+Bb2-i?2 iBK2 BM/2t
+QHH Tb2biQ iIBKZ-GKMbABBM; 2 HB2 2KTB B+ H TT ' Q +?2bBM i?2 HBIi:
HQ+ HrBM/Qr 7Q i?2 GG_ 2biBK iQ - r2 mb2 R8@KBMMi2 rBM/Qr QM 2B
; B/ TQBMiX 6Q 2t KZHXImib- i?2 2biBK iBQM mb2b Q#b2 p iBQMb rBi? |
i?72 BMidLp5R:25) 2Qm bX h?Bb T ° HH2Hb i?2 2biBK iBQMWM MMkKR? BM
Ul[m iBQM hhV- "2T2 i2/ BM bTHBi b KTH2b Q7 /Bz2'BM; "2;mH "rQ F b+?
6B;méTHQib i?2 2biBK i2/(@bRAMDPBIM+QK2 b?Q+Fb + Qbb ?2Qm b BMiQ
*La 2p2Mi BM i?2 T bijy KBMmMi2b UT M2Hb U V My bFVHRI/iM BIMAORRDb 2 |
BM+QK2; BMBMi?2T bijy KBMmi2b UT M2Hb U#V M/ U/VV-7Q #Qi? [mBi
#2 F/2+BbBQMbX g2 mb2 aORR b i?2BM+QK2 b?Q+F K ;MBim/2iQ K F2 i
br2b?Qr BM TTR2XRBXki *La 2p2Mi +Qbibi?2 /°Bp2° aORR QM p2" ;2X "2
2T °2b2Mib  M2; iBp2 BM+QKZ,bi?QHFb rIBEBHQK?2 /2pB iBQMb 7 QK 2tT2+i.
+QM/BiBQM H QM +iBp2HvVv rQ FBM;-r2 Q' B2Mi 2 +?2 T M2H bQ i? i mTr */
bi'QM;2° BM+QK2@i ";2iBM; "2bTQMb2- K FBM; i?2 2biBK i2b +QKT ~ #I
T M2Hb UT M2Hb U V M/ U+VV THQi i?2 UM@) VB V?RKPH2Q MiTaQ# #BH
reBH2 i92, T M2Hb UT M2Hb U#V M/ U/VV THQIi i?2 BKT w},QMNM?20RR BN
“2H2p Mi T QHA1#EH BN €Q° BHHmMbi® iBQM- r2 TBéFc?TT2 MOBKXDEMib
"2bmHib 7°QK i?°22 Hi2°M iBp2 hobX
_2bmHibBM 2p2'v T M2H "2 +QMbBbi2ZMi rBi? BM+QK2@i ";2iBM;, H2bb
7i2°M2; iBp2*Lab?Q+Fb- M/KQ '2[mBiiBM; M/KQ 2# 2 F@y,,FBM; 7i2"
AKTQ i MiHv-i?2 "2bmHib HbQ /2KQMbi  i2i? i " 2bTQMbBp2M2bbiQ BM+Q
rBi? i?72 b?B7i6b "2;mH ~/m” iBQMX 6Q+mbBM; } ' bi QM i?2 [mBi K ";BM-r
MM 2bTQMbBpP2 iQ BM+QK2 b?Q+Fb mMiBH XQ&Q;?Htv RT RX8 72@Q nb bB#2F QB2
"2;mH " /m’ iBQM Q7 e ?2Qm b-i?2 "2bTQMb2 #2;BMb iQ #mBH/ "QmM/ ?Q|
/m> iBQM Q7 Rk ?2Qm b- Bi 2K2;2b "QmM/ ?2Qm  RyX8X h?2 TmBIi/K ";BMOdLk
/[2+HBM2b i?2°2 7i2 - "2~2+iBM; “~Q@#miRi2/2iM2M/IQM+2rQ@Mm b BMiQ i?2 b~
h?2 # 2 F "2bTQMb2 2t?B#Bib /Bz2 2Mi T ii2°"M, BiT2 Fb M2 " i?2 KB/TQB
/Im”> iBQM M/ ii2Mm i2biQr "/ #Qi? i?2#2;BMMBM; M/ 2M/ Q7 i?2b?B7iX h
b?B7ib bvbi2K iB+ HHv rBi? "2;mH ~/m  iBQM-rBi? i?2 /2+HBNMQi#2;BMMB
T ii2"Mb "2 +QMbBbi2Mi rBi? i?2 /vM KB+ QTiBKBx iBQX KQ/2H T 2b2Mi2,
hQ;2i?2 -i?22b2 "2bmHib bm;;2bii? i ?2Qm b BMiQ i?2 b?B7i HQM2 /Q MQ
;Qp2 MBM; BM+QK2 "2bTQMbBp2M2bbX 6QT [MB2 /2+BhbB@MD-p/Bbii BIQIA B
+'Qbb i?2 b?B7ic 7Q° #2 F /2+BbBQMb- /Bbi M+2 7°QK #Qi? i?2 bi i M
a+?2/mH2 TQbBIiBQM //°'2bb2b #Qi? i QM+2, #v + Tim'BM; i?2 /'Bp2 6b
ivTB+ Hb?B7i/m”  iBQM-Bib2 p2b b mMB}2/ K2i B+ i? ibm#bmK2b #Qi? |
BM/2tBM; HB;Mb #2? pBQ rBi? i?2 "2H2p Mi/2+BbBQM bi i2 M/ HHQrb m
"2bTQMb2b p "vQp2 i?72+Qm b2 Q7 i?2b?B7iX
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UV*La2z2+i QM [mMBiiBM;, e- N- Rk 2 b U#Wen 222+i QM [mBiiBM;, e- N- Rk ?2°b

U+V *La 2z2+i QM i FBM; # 2 F, e- N- RWU/NVY,, 2z2+i QM i FBM; # 2 F, e- N- Rk ?'b

6B;m 2 e, 1z22+i Q7 BM+QK2 b?Q+Fb QM [mBiiBM; M/ #2 F@i FBM; T Q# {

LQi2bS M2Hb U V. M/ U+V "2TQ i i?2 +? M;2 BM i?2 Qmi+QK2 T Q# #BHBiv + mb2/ #v *La |
KBMmi2b- THQREM; M2Hb U#V M/ U/V "2TQ i i?2 BM+ 2 b2 BM i?2 Qmi+QK2 T Q# #BHBiv -
BM+ 2 b3.BMBM i?2 T bijy KBMmi2Np)THHQHBMQ M aORR BM+QK2 : BMX S M2Hb U V U#V b
2z2+ib QM T Q# #BHBiv Q7 [mBiiBM;- M/ T M2Hb U+V U/V b?Qr i?2 2z2+ib QM T Q# #BHB|
#°2 FX SQbBiBp2 p Hm2b BM HH 7Qm T M2Hb BM/B+ i2 bi'QM;2  H #Q @bmTTHv "2bTQ
. b?2/ HBM2b BM/B+ i2 N8W +QM}/2M+2 BMi2 p HbX

8Xj J BM _2bmHib, "2 F M/ ZmBi _2bTQMb2b iQ AM+QK2 a?Q+F|
i?2 a?B7i

h?2 T 2+2/BM; “2bmHib KQiBp i2 BM/2tBM; iBK2 #v b+?2/mH2 TQbBiBQM
AM i?Bb b2+iBQM-r2 "2TQ i i?2 2biBK i2b 7 QK i?® b2 2B }2b TBOMb B M 21 [@n
2°Q:2M2Biv Bb Q ; MBx2/ #v b+?2/mH2 TQbBiBQMX h?2 2biBK iBQM TQQ|
/m> iBQMb- HHQrBM; mbiQ 2biBK i2 +QKKQM “2bTQMb2 T Q}H2b i? Qm;?
BM i?2 /'Bp2 6b "2:mH "~ b?B7ibFRQiimH2X 26BB#K i2/ BKT +i Q7 BM+QK2 b
i?2 [mMBiiBM; T'Q# #BHBivBM T M2H U V M/ T M2H U#Vc M/ i?2 2biBK i2
i?2 T°Q# #BHBiv Q7 i FBM; HQM; bi iBQM "v# 2 FBM T M2H U+V M/ T N
i?2*La T M2Hb UT M2Hb U V(W/ MANVAYLHOiM2Hb (H @# H2/iQ M aORR
BM+QK2 ; BM-iQ K F2 "2bmHib +QKT ~ #H2X

kKN



UV*La2z2+i QM [mBiiBM; U#Weon 222+ QM [MBiiBM;

U+V *La 2z2+i QM i FBM; #'2 F U/Vyeon 222+i QM i FBM; # 2 F

6B;m 2 d, 1z2+i Q7 BM+QK2 b?Q+Fb QM [mBiiBM; M/ # 2 F@i FBM; T Q#

LQi2bS M2Hb U V. M/ U+V "2TQ i i?2 +? M;2 BM i?2 Qmi+QK2 T Q# #BHBiv + mb2/ #v *La |
KBMmi2b- THQREM; M2Hb U#V M/ U/V "2TQ i i?2 +? M;2 BM i?2 Qmi+QK2 T Q# #BHBiv + n
BM+ 2 b3.BMBM i?2 T bijy KBMmi2Np)THHQHBMQ M aORR BM+QK2 : BMX S M2Hb U V U#V b
2z2+ib QM T Q# #BHBiv Q7 [mBiiBM;- M/ T M2Hb U+V U/V b?Qri?2 2z2+ib QM T Q# #BHBi
#°2 FX SQbBiBp2 p Hm2b BM HH 7Qm T M2Hb BM/B+ i2 bi'QM;2  H #Q @bmTTHv "2bTQ
AM 2 +2 T M2H-i?2 ; v ?BbiQ; K THQib i?2 # b2HBM2 T'QT2MbBiv i 2 +? b+?22/mH2 TQDbE
THQib i?2 2biBK i2/2z2+i b T2 +2Mi ;2@TQBMi +? M;2 BM i?2 T"QT2MbBiv U B;?i tBbV)
+QM}/2M+2 BMi2 p HbX

ZmBi K ";BMXiBp2 BM+QK2 b?Q+Fb "2/m+2 i?2 [mBi ? x /- M/ i?Bb "2bT
+2Mi" i2/ M2 " i?2 "2;mH " 2M/TQBMi Q7 i?2 b?B7iX h?2 TQQH2/ 2biBK i2
}bi dyW Q7 i?2 b?B7i M/ "Bb2 b? "THv bi "iBM; "QmM/ i?2 3yi? T2 +2Mi
Ryyi? RRyi? T2 +2MiBH2 Q7 i?2 "2;mH ~ b+?2/mH2 /m”> iBQMX ii?2 "2;m
U M2; iBp2 BM+QK2 "2 HBx iBQM Q7 TT QtBK i2Hv aORRV "2/m+2b i?2 [r
TQBMib- TT QtBK i2Hv jyW "2/m+iBQM "2H iBp2 iQ i?2 # b2HBM2 ? x °/
*QKT "BM; i?2 "B;?i M/ H27i T M2Hb-r2 BRS3 iZpR2 MilbT QMH 2H2iQi? M i?Qb2 i
Yeon XELQM2i?2H2bb-i?2 +QMIiBMMQmMb@b?Q+F K2 bm 2 i2HHlyi?2 b K2 biC

KePM2 TQbbB#H2 2tTH M iBQM 7Q " i?2 K ;MBim/2 /Bz2'2M+2 Bb i? i *La 2p2Mib "2 mM K
r?2°2 byen +tQK#BM2b TQbBiBp2 M/ M2; iBp2 /2pB iBQMbc i?Bb bvKK2i'v Bb +QMbBbi2Mi

iy



" Bb2b i?2 [mBi ? x 7/ i1i?2 "2;mH " 2M/TQBMi #v eXd T2 +2Mi ;2 TQBMib
iQ # b2HBM2VX "Qi? 2biBK i2b +Q "2bTQM/ iQ i?2 b K2 mM/2"HVBM; K2+7?
BM+QK2 TQbBIiBQM " Bb2bi?2T QT2MbBiviQbiQTX h?2 K ;MBim/2/Bz2 2
BKT +i- Kv#2 /m2iQ *La 2~2+iBM; QMHv M2; iBp2 BM+QK2 b?Q+FbX
"2 F K ;BlMX iBp2 BM+QK2 b?Q+Fb "2/ m+2 # 2 F@i FBM;- M/ i?2 "2bT(
BMi?2 KB//H2 Q7 i?2 b?B7iX *La2p2Mi 2/m+2b i?2 T Q# #BHBiv Q7 i FB
#v TT QtBK i2Hv jX8 T2 +2Mi ;2 TQBMib "QmM/ i?2 9yi? 8yi? T2 +2MiBH
Im> iBQM- 9kW "2/m+iBQM "2H iBp2iQ # b2HBM2c i?2 "2bTQMb2 ii2Mm i
M/ 2M/ Q7 i?2 b?B7iX h?2 +QMIiBMmMQmb@b?Q+F 2biBK i2b /BbTH v i?2 b
a0RR BM+ 2yQhR BBIb2b i?2 T'QT2MbBiviQ i F2 HQM; bi iBQM v #° 2 F #v
T2 +2Mi ;2 TQBMib "QmM/i?2 KB/TQBMi Q7 i?2 "2;mH "~ b?B7i- k8W BM+
TT2M/BXkTm i?2" /2KQMbi® i2bi? i BM+QK2 b?Q+Fb z2+i MQi QMHVv i?.
iB iBM; HQM; bi iBQM v MOQM@rQ F T2 'BQ/- #mi HbQ i?2 T QT2MbBiv
br2HH b i?2 /m” iBQM bT2Mi QM # 2 EXmBM 2D mRAID2 " BQHQMbBbi2Mi rB
T ii2°"Mb /Q+mK2Mi2/ ?22°2X g2 HbQ b?Qr i? ii?2 "2bmHib "2 "Q#mbi iQ
72+ib- "2TH +BM; i?2 # b2HBM2 QWi @ BE @i 12i/22z2+ibX h?Bb //"2bb2k
i?72 +QM+2 "M " "BbR724YHX KiykMX? i ?B;?7@2 "MBM; i BT KB;?i H2 p2 [/ By
"2 rBi? HQr bm#b2[m2Mi 2 "MBM; QTTQ imMBiB2b-bQ i? i [mBiiBM; "2~2
Ti?27i? M?B;? T bi 2 "MBM;bXQmP?2o/Qi2@2 vit2/ 2z2+ib #bQ # i?72 p2° ;2
+QMiBMm iBQM p Hm2 7 +2/ #v /' Bp2 brQ ' FBM; BMi?2b K2 "2 ii?2b K2
+QK2b 7' QK +QKT "BM; /'Bp2'br?Q 2tT2 ' B2M+2 /Bz2 2Mi BM+QK2 b?Q+Fb
*La 2p2Mi- Q  /'Bp2°b rBi? ?B;%p¥ bBMBBMII?2 b K2 "2 M/ iBK2 +2HHX
"2bmHib- "2TQ i2/ BMK8TT2MHBYb2 iQ i?7Qb2 7' QK i?2 K BM bT2+B}+ iBQM-
iBK2@p vBM; HQ+ H+QMiBMm iBQM p Hm2b /Q MQi 2tTH BM Qm ™ }M/BM;

8XjXR hQi HAKT +i QM 2K BMBM: G #Q  amTTHv

hQi” MbH i2i?2# 2 F M/ [mBi? x '/ "2bmHib BMiQ 2z2+ib QM H #Q bmT1
H#Q bmTTHvV Qmi+QK2b +? M;2 7i2 i?2 BM+QK2 b?Q+FX Pm K BM Qm
T iBQM, i?72 KQmMi Q7 +iBp2rQ Fi?2/°'Bp2  bmTTHB2b Qp2  i?2 "2K BM
"2H iBp2 iQ i?2 +QMi> +i@H2p2H p2° ;2 2K BMBM; rQ F iB¢ hiQ?2 b K2 :
b?Qr?Qr2 +?2 K ;BM +QMi B#mi2b iQ i?Bb iQi H2z2+i-r2 HbQ 2t KBM2 irC
BM MOQOM@rQ F bT2HHb Qp2 i?2 2K BM/2 Q7 i?2 b?B7i-r?B+? r2 + HH 7
iQi HiBK2 "2K BMBM; BM i?2 b?B7i-r?B+?r2 + HH 7mim 2 b?B7i/m” iBQM

6B;m3T7HQIib i?72 2biBK i2/ BKT +i Q7 BNOWMQKZXbBRBMh iBK2 mb2 QM i?2 |
S M2Hb U V M/ U#V '2TQ i2z2+ibQM7mim "2 MQM@rQ F/m”  iBQM-r?BH2

Bb MQi /B 2+ii2bi Q7 i? i K2+? MBbKX

KipT2® iBQM HHv- H2i b /2MQi2 i?2 MmMK#2° Q7 R8@KBMmi2 BMi2 p Hb 2H Tbh2/ bBM+2 i
"2 HBx2/ /Im " BMsBMi2+phKmH i2 Qmi+QK2b s+ DQK?BQI2 pi®2 2M/ Q7 i?2 b?B7i- bBM+2 i?2 |
+ M z2+iH #Q bmTTHv QMHv 7i2° Bi Q++m bX h?2 +QMi" +i p2 ;2 Bb +QKTmi2/ +°Qbb
rBi? 2 +? b?B7i HB;M2/ i Bib QrM bi "iX

IR



QM 7mim 2 b?B7i/m> iBQMX q2 Q' B2Mi2 +?2 T M2HiQ BHHmbi  i2i?2 2bT«
Q7 +QKT ~ #H2 K ;MBim/2X h?2 *La T M2Hb U T(pM2i?1B H2Viy2 @ TUM M BT H Q |
UT M2Hb U#V M/ U/VV THQI i?22m2+B QW,,MBXRR () VX L2; iBp2 p Hm2b
BM T M2Hb U V U#V BM/B+ i2 i? i i?2 M2; iBp2 BM+QK2 b?Q+F “2/m+2b 7r
p HmM2b BM T M2Hb U+V U/V BM/B+ i2i? i Bi 2ti2M/b i?2 b?B7iX

UV*La, 7mim 2 MQM@rQ F/m  iBQM U#We,, 7Mim 2 MQM@rQ F /m" iBQM

U+V *La, 7mim 2 b?B7i/m” iBQM U/VY¥Yeon, TMim 2 b?B7i/m” iBQM

6B;m 2 3, 1z2+i Q7 BM+QK2 b?Q+Fb QM 7mim 2 MQM@rQ F M/ 7min

LQi2bS M2Hb U V M/ U+V THQi i?2 2z2+i Q7 *La 2p2Mi BM i?2 H bijy KBMmi2b QM Qmi+Q
T M2Hb U#V M/ U/V THQIiVi22 RM2iP2Q47 bi jy KBMmi2b QM i?2 Qmi+QK2 p "B #H2b- b+ H2/ iC
BM+QK2 HQbbX S M2Hb U V M/ U#V THQi i?2 222+i Q7 BM+QK2 b?Q+Fb QM 7mim 2 MQM @
7°QK i?2 +QMip2i@- r?@BM/2t2b iBK2 2H Th2/ QM b?B7iX S M2Hb U+V M/ U/V THQi i?2 2
b?Q+Fb QM 7mim 2 b?B7i/m" iBQM- K2 bm 2/ M HQ;QmbHvX 1biBK i2b 2 THQii2/ #v b+?
"2 b?QrM rBi? N8W +QM}/2M+2 BMi2 p Hb b p2'iB+ H# "bci?2/ b?2/ 2Q ' BxQMi H HBM2 K

h?2 "2bmHib "2 +QMbBbi2Mi rBi? /' Bp2 b bmTTHVBM; KQ'2 H #Q BM "2
b?Q+FX *QMbBbiIi2Mi rBi? i?2 #2 F@? x '/ "2bmHib- T M2H U V b?Qrb i?
Tmim 2 MQM@rQ F /m™ iBQM-rBi? i?2 H ";2bi 2z2+i U #Qmi j KBMmi2bV Q
"Bp2b "QmM/ i?2 9yi? 8yi? T2 '+2MiBH2 Q7 i?72 "2ymH2biBXB 72 1 nT HiBIQM X |
BM T M2H U#V /BbTH v i?2 b K2 ?mKT@b? T2/ T ii2"M- rBi? +QKT ~ #H2 |
Im+iBQWEBM2/m+2b 7mim 2 MQM@rQ F iBK2 #v "Qm;?Hv j KBMmi2b "~Qm|

jk



TQbBIiBQMbX aBM+2 i?2 p2 ;2 7mim 2 MQM@rQ F iBK2 ii?2 8yi? T2 +:
ed KBMmi2b- M2; iBp2 BM+QK2 b?Q+F Q7 aORR-r?B+? Bb TT QtBK i2H\
BM+QK2- +Q "2bTQM/biQ 9X8W '2/m+iBQM BM "2K BMBM; MQM@rQ F iB

h?2 b?B7i@/m” iBQM 2z2+ib UT M2Hb U+V M/ U/VV "2-#v +QMi" bi- +(
2M/TQBMi Q7 i?2 b?B7iX *La 2p2Mi 2ti2M/b i?2 b?B7i#v TT QtBK i2Hv 3
2M/TQBMi- r?2BH2 M aORRy,g/BIM#BR M2BM/ mim 2 b?B7i /m" iBQM #v TT (
KBMmi2bX hQ;2i?2 - i?2 T M2Hb b?Qr i? i i?2 irQ K ";BMb +QMi'B#mi2 i
b?B7i, "2/m+2/ MQM@rQ F ++QmMib 7Q" KQbi Q7 i?2 /DmbiK2Mib BM i?2
++QmMib 7Q  KQbi Q7 i?2 /DmbiK2Mi M2 " i?2 2M/X

*QK#BMBM; #Qi? K ";BWBTOBi;mi™22 2z2+i Q7 BM+QK2 b?Q+Fb QM iQi H 7
Im> iBQM- +QK#BM2/ K2 bm 2 Q7 iQi HH #Q  BmRTHBRMBERBI? TiK26B;n
i?72 "2bTQMb2 iQ M2; iBp2 BM+QK2 b?Q+F Q7 +QKT ~ #H2 K ;MBim/2X h?.
M2; iBp2BM+QK2b?Q+FbBM+"2 b27mim 2rQ FBM;/m” iBQM-r?B+? Bb +(
S M2H U V b?Qrb i?2 p2 ;2 *La 2z2+i r?2M i?2 *La BbRibhe BM2H2U #iV/Bz
b?Qrb i?2 2biB¥,j2z2+ibX

UV*La, 7mim 2 rQ°'F/m” iBQM U#Wen , TMim 2 rQ ' F/m” iBQM

6B:m 2 N, 1z2+i Q7 BM+QK2 b?Q+Fb QM 7mim 2 rQ F /m" iBQ

LQi2bS M2H U V THQib i?2 2z2+i Q7 *La 2p2Mi BM i?2 H bijy KBMmi2b QM 7mim 2 rQ F /m
THQib i?2 22%%i M i?2 H bijy KBMmi2b QM 7mim 2 rQ F /m" iBQM- b+ H2/iQ M aORR BM?+
/m> iBQM Bb K2 bm 2/ b i?2/2pB iBQM DDK; 222 20BN/ 242® iBK2 2H Th2/ QM b?B7iX 1biB¥
"2 THQii2/ #v b+?2/mH2 TQbBiBQMX SQBMi 2biBK i2b "2 b?QrM rBi? N8W +QM}/2M+2 BM;
/ b?22/ 2Q BxQMi H HBM2 K "Fb x2 QX

qQ EBM; iBK2 BM+ 2 b2b i?°Qm;?2Qmi i?2 b?B7i, #vj 9 KBMmi2b r?2M i
BM i?2 KB//H2 Q7 i?2 “2;mH > b?B7i UT'BK "BHv i?2°Qm;? "2/m+2/ # 2 F i
KBMmi2b M2 " i?2 “2;mH > 2M/TQBMi 7QHHQrBM:; *La 2p2Mi UP BK "BHv
h?2 +Q "2bTQW/BXMbTQMb2 Bb bK HH2' BM K :MBim/2 | 9 KBMmi2b KB/@

K3h22p2 2biBK i2b b?QmH/ #2 BMi2 T 2i2/ b M 2z2+i QM 7mim 2 rQ ' FBM; iBK2 HQM; i?
b2iX "2+ mb2 /'Bp2'b K v 2tBi i?2 b?B7i-i?2 K2 bm 2 BMi2;  i2b #Qi? +? M;2b BM bm#b2[m
BM +QMiBMm2/ T “iB+BT iBQMc Bi Bb MQi K2+? MB+ HbmK Q7 i?2 +QM/BiBQM H # 2 F M
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9 KBMmi2b M2 " i?2 2M/TQBMi- #mi 7TQHHQrb i?2 b K2 T ii2°"MX h?2b2 K ;
K2 MBM;7mH "2H iBp2iQi?2 p2 ;2i BT/m iBQMb M/iviB+ H# 2 FH2M,;
3KBMmMi2b?B7i 2ti2MbBQM ii?2 "2;mH “"2M/TQBMiBbi?2[m MiBivi? ii?2
?2b7Q+mb2/ QMc i?2j 9 KBMmMi2 BMi2MbBp2@K ";BM "2bTQMb2 2T 2b2Mi
i1 ?2b;QM2 mMK2 bm™2/X

e .Bb+mbbBQM

eXR IM/2 bi M/IBM; Q7 AM+QK2@i ;2iBM; 2bTQMb2b > b "22M A
IM/2 bi i2/
S'BQ HBi2°  im2? b7Q+mb2/2t+HmbBp2HV QM [mBiiBM; M/ 7QmM/i? i BN
i i?722M/ Q7 i?22b?B7iX Pm™ "2bmHibb?Qri? iT'BQ +QM+HmMbBQMb #Qmi
iQ BM+QK2 b?Q+Fb ii?22M/ Q7 i?2b?B7i? p2 #22M #Qi? BM+QKTH2i2 M
S'BQ  mM/2 bi M/IBM; Q7 i?2 b2MbBiBpBiv Q7 H #Q bmTTHv iQ BM+QK
#2+ mb2 /'Bp2'b "2bTQM/iQ BM+QK2 b?Q+Fb i? " Qm;?2Qmii?2B b?B7i- #m
/IBz2 2Mi iBK2bX q?2M /"Bp2'b 2tT2°'B2M+2 M2; iBp2 BM+QK2 b?Q+F-i?2
i FBM; BMi?2 KB//H2 Q7 i?2b?B7i M/ #v /2H vBM; [mBiiBM; M2 "~ i?2 2M/X
i?72 K ";BM Q7 /DmbiK2Mi Bb ;Qp2 M2/ #v TQbBIiBQM BM i?2 b?B7i- M/ BM
ivTB+ Hb+?22/mH2-"i?22"i? M?Qm 'brQ F2/-Bb 2bb2MiB H7Q"  /2i2+iBM;
h?2[mBiiBM; "2bTQMb2Bib2H7? b HbQ #22M mM/2 bi i2/X aim/B2bi? i
#v ?2Qm b BMiQ i?2 b?B7i ii2Mm i2i?2H i2@b?B7i 2bTQMbBp2M2bb Q7 i?
/["Bp2°b r?2Q "2 i/Bz2'2Mi TQBMib BM i?2B" ivTB+ H b?B7i ii?2 b K2 +1
6B;m2BM TT2MXBBHHMbiI i2bi?Bb TQBMi #v +QKT "BM; i?2 2biBK i2/2z2
M/ M aORR BM+ R, bQBNmMBiiBM; T 'Q# #BHBiv r?2M ?2i2 ' Q;2M2Biv Bb Q"
BMiQ i?2 b?B7i UT M2Hb U V M/ U+VV p2 bmb #v b?B7i TQbBIiBQM UT M2H
2pB/2MiX 6Q 2t KTH2-r?2M i?2 "2bTQMb2 ?2i2°Q;2M2Biv Bb Q ; MBx2/ #
*La 2p2Mib M/ M aORR BW, RQp2BMBiiBM; T ' Q# #BHBiB2b #v i KQbij 9 T
TEBMib "QmM/ Ry RR ?2Qm b BMiQ i?2 b?B7i- rBi? *La "2/m+BM; i?2 [mE
BM+ 2 bgBMBbBM; BiX AM+QMi” bi-r?2M "2bTQMb2 ?2i2°Q;2M2Biv Bb Q"
*La 2p2Mib "2/m+2 [mBiiBM; T Q# #BHBiB2b #v 3 N T2 +2Mi ;2TTQBMib M:
reBH2 M aORR BMy,, 2 BMB® b2b [mBiiBM; T'Q# #BHBiB2b #v e d T2 +2M
"2 bQM Bb i? ii?2 Ry RR?Qm” #BM +QK#BM2b /'Bp2'br?Q "2 M2 "i?2B"°
i?72 "2bTQMb2 Bb H ";2-rBi? /'Bp2°br?Q "2 biBHHBM i?2 KB//H2 Q7 i?2B"
Bb +HQb2 iQ x2°'QX q2 "2 +? i?2 b K2 +QM+HmMbBQM r?2M "2bTQMb2b
+mKmH iBp2 BM+QK&X6B;m" 2

j9



eXk 1M/Q;2MQmb o B iBQM BM *mKmH iBp2 AM+QK2 1t ;;2 i2b i
ZmBi _2bTQMb2

.m2iQ 2M/Q;2MQmb # 2 F /DmbiK2Mib- +mKmH iBp2 2 "MBM;b M2 "~ i?2 2N\
biQTTBM; 2tT2+i iBQMbX ."Bp2 b r?Q 2tT2+iiQ 2M/ i?2 b?B7i bQQM i F2
;2M2° iBM; ?B;?2  @i? M@iviB+ H2 "MBM;bX >Qr Km+? /Q2b i?Bb 2M/Q;2
BM+QK2i ";2iBM;\ hQ Mbr2 i?Bb [m2biBQM-r2 +QKT "2bT2+B}+ iBQMb i-
/2pB iBQM BM i?2 T bi jy,KBNMP2D2 rBb2 B/2MiB+ H bT2+B}m VMBHQNL@ ? i m
/IBiBQM MBM:b /2pB/iBQMpP2 i?2b K2 rBM/QrX h?2 mM+QM/BiBQM H 2 "M
Bbi?2 /Bz2 ' 2M+2 #2ir22M i?2 /'Bp2 6b "2 HBx2/ 2 "MBM;b M/ i?2 K "F2i@
+'Qbb HH /'Bp2°'b BM i?2 b K2/ i2- iBK2@Q7@/ v- M/ 2 - ++mKmH i2/
T bijy KBMmi2b-r?2i?2° Q MQii?2/'Bp2 rbrQ ' FBM;X b "2bmHi-i?2 mw
Bb K2+? MB+ HHv HQr2 r?2M i?2 /'Bp2  iQQF #2 Fb BM i?2 T bi jy KBM
iBQM H /2pB iBQM ++mKmH i2b QMHvV Qp2  T2'BQ/b r?2M i?2 /'Bp2 rQ F
iQ #2 F@i FBM;X h?Bb +QKT "BbQM ?QH/b i?2 2KTB B+ H bT2+B}+ iBQl
i?72 +mKmH iBp2 2 "MBM;b K2 bm 2 BM+Q 'TQ" i2b 2M/Q;2MQKdB#¥ 2 F@i F
TT2M/BXOBHHmMbi™ i2b i?2 "2bmHibX h?2 2biBK i2b b?Qri? i M aORR BM+
2 "MBM;b /2pB iBQM * Bb2b i?2 [mBiiBM; T°'Q# #BHBiv #v #Qmi 3@Ry T2"
H > 2M/TQBMi r?BH2 i?2 b K2 KQmMi Q7 BM+'2 b2 BM +QM/BiBQM H 2 "M
[mMBiiBM; T'Q# #BHBiv #v "QmM/ e T2 +2Mi ;2 TQBMibX h?Bb mTr '/ #B b
+ mb iBQM 7°QK /vM KB+ QTiBKBx iBQM, /'Bp2'b r?Q MiB+BT i2 [mBiiBN\
+ mbBM; mM+QM/BiBQM H2 "MBM;b /2pB iBQM iQ #2 K2+? MB+ HHv ?B;?z
b K2 mTr '/ #B b Bb 2pB/2Mi r?2M 2 "MBM;b /2pB iBQMb "2 ++mKmH i2/ 7
b?B7i " i?27i? M Qp2  i?2 T bijy KENMNmMKWUGR/BIRBQM H2 "MBM;b /2pB iE
BKTHV H ;2 [mBiiBM; "2bTQMb2b i? M +QM/BiBQM H 2 "MBM;b /2pB iBQN
MBim/2b 7Q" #Qi? b2ib Q7 2biBK i2b "2 bK HH2 - +QMbBbi2Mi rBi? "2+2N
;7212 BM~m2M+2 QM biQTTBM; /2+BbBQMbX h?2b2 T ii2 " Mb ?B;?HB;?
[mMm bB@ M/QKp "B iBQMBM 2 "MBM;bX

hQ;2i?2 - i?2b2 M Hvb2b B/2MiB7v irQ QTTQbBM; "2 bQMb r?v Qm™ 2K~
Ki2°'B HHv /Bz2 2Mi "2bmHib 7°QK 2 "HB2  rQ'FX P'; MBxBM; "2bTQMb2
i?72 b?B7i ii2Mm i2b i?2 2biBRQAMBM; /'Bp2'b r?Q "2 BM /Bz2 2Mi /2+Bbl
BMbi2 / BM/2tBM; /"Bp2 b #v b?B7i TQbBiBQM-r2 "2+Qp2° b? 'T2  BM+"
iQ BM+QK2 b?Q+Fb M2 " i?2 “2;mH ~ 2M/TQBMiX AM +QMi" bi- mbBM; +mK
i?72 2biBK i&h/Tr "/ #2+ mb2 i?2 BM+QK2 K2 bm 2 T "iHv "2~2+ib 2M/Q;2MQr
MiB+BT i2/ biQTTBM;c #v BbQH iBM; 2 "MBM;b p 'B iBQM i? i Bb MQi K2
/2+BbBQMb-r2 Q#i BM bK HH2  2biBK i2b Q7 i?2 22z2+i Q7 BM+QK2 b?Q+F
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eXj 1M/Q:2MQmb #bQ TiBQM

Pm™ "2bmHib BKTHv i? ii?2 BMi2MbBp2 M/ 2ti2MbBp2 K ";BMb "2 MQi BM/
"2bTQMb2 iQ BM+QK2 b?Q+Fb "2 HHQ+ i2b rBi?BM@b?B7i2zQ i- Hi2 BM;
# BM;b iQ i?2 [mBiiBM; /2+BbBQMX 22 Q2ZM Q nQb i 2P AMBOIVKMH iBp?2
BM+QK2 7 HHb #2HQr i?2 i ;2i@+QMbBbi2Mi T i?- /'Bp2  Bb KQ 2 HBF2t}
"2bi- T "iB HHv Qzb2iiBM; i?2 b?Q i7 HH #27Q 2 biQTTBM; #2+QK2b i?2
7Q K HBx2b i?Bb b HQ+ HTQHB+v@7Q +2 "2bmdd Xi +QKKQM bi i2b U T-

h?Bb K2+? MBbK Bb +QM+2Tim HHV TBBRpBM2V 7 " 2ZMKY¥ P EQBINbH2/ #vV
h? F° H M/lypkWRX h?2 2M/Q;2MQmb #bQ TiBQM K2+? MBbK bm;;2bib i? i
T i? KQp2b # +F iQr /i?2 T i? i? irQmH/ /2HBp2 i?21i ;2i b /' Bp2' b /Dn
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h? F° H L- h- Gh UKykRV . BHV H #Q  bmTTHv M/ /K2BRhe M272QAWXRBRQ B
_2pBRRRU3V,k9Rd k99jX

9R



PMHBM2 TT2M/Bt
qQ FBM; h?°Qm;? Ai, _272°2M+2@.2T2M/2Mi 1zQ"

h #H2 Q7 *QMi2Mib

TT2M/BtX JQ/2H TT2MMKBAXX XXX XXXXXXXXXXXXXXXXXXXXXXXXX
XR6'QK G i2Mi *QKT 'BbQMb iQ PHIX P XXX HEK X X X X X X X X X X X
XK L2Q+H bbB+ HaXXXKBKHB{AK XXX XXXXXXXXXXXXXXXXXXX
XX AM+QK2 h ";2iBM; M/ i?2 *QMiBMm2 ZmER XoXEKnX2XHQXKX X B XWX X
XX AM+QK2 h ";2iBM; M/ i?2 qQ F "2 F oXXRXFKIXXBORMX X X X X
XX a+?22/mH2 . 2T2M AKX X X X X X X X X X X XXX XXX XXX XXX XXX
XX 1IM/Q;2MQmb #EKXXMOMX XXX XXXXXXXXXXXXXXXXXXXX
TT2M/BtX AMbiBimiBQM H .2i BHb M/ //BiBQMMX-X XX 2EKXRBREKIBRMX X X X
"XR* #al imbX XX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
"XK *#GQ+ iIBAMXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX:
"XK _2Mi H*QMi" +ib M/ a? BM; X XM®XKIMIHXXXXXXXXXXXXXX
TT2M/BEX . i *H2 MBINGX X X XXX XXXXXXXXXXXXXXXXXXXXXXXXX
*XRFH2 MI BTXYXRXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX)>
*XKJ2;20?22 1 BT M/ im D2KIRBXVX/ XX XXX XXX XXXXXXXXXXXXXX
*XK*QMbi ' m+iBM; +QMb2+nKiBxX2XEDXI2 MK K XK X X X X X X X X X X X X X X X ;
*XE . 2}MBM; bPRBAUEK XX X XXX XXX XXXXXXXXXXXXXXXXXXXXX
*XX 1t+HmMm/BM; #MQ K KXRBAHEK XXX XXXXXXXXXXXXXXXXXXX
*XE ;;°2; iBM; M/ BKTmiBM; KBOORBM X XHK2HX X X X X X X X X X X X X
*XH amKK v ai iBbiB+b-J "F2i *QM/BiB@MKXX XKXXEKDKUX X X X X X X
*XX .2}MBM; "2;mH " bDARX KKK X X X XXX XXX XXXXXXXXXXXXX
*XXKam#b2iiBM; M HvbBb b KTH2 iQX XKBXX2 X R®MIX XXbX X X X X X X X X
*XRy HB;MBM; bT2HHDbD iQTRBEEIMBKIHIX2X X X X X X X X X X X X X X X X X X X
*XRRZmBi M/ #°2 F BMABDIOXEXK XXX XXXXXXXXXXXXXXXXXXXX
TT2M/BtX amKK “v ai iBOMBEEXXXXXXXXXXXXXXXXXXXXXXXXXXX
XR aT2HH G2p2H amKK WXaX KBOKBERE X X X X X X X X X X X X X X X X X X X
XK " b2HBM2 6mim ™2 hBKR2 PHKPDQKEZKX X X X X X X X X X X X X X X X X X X X
XX LQM@rQ FRX2AHDPDHX X X XXX XXX XXX XXXXXXXXXXXXXXXX
XX _2;mH T a+? XXX X XXX XXX XXX XXXXXXXXXXXXXXXXX:
TT2M/BEX AM+QK2 0 "BABKQXMK X X X X X XXX XXXXXXXXXXXXXXXXXXX

R



I1XR*La amKK v ai iBIOXBHOX X X X X X X X X XXX XXX XXX XXX XXX X X
1X% S2 Kmi iBQM h2bi, _ M/QKHV X0hEB XX XLAX X X X X X X X X X X X X X
TT2M/B&X GQ+ HBX2/ GBM2 ~ XX XDbKEQMIBX X X X X X X X X X X X X X X X X X X
6XRGQ+ HHBM2 ~"2:"2bbBQM EKTHRK XMIXiBAEM X X X X X X X X X X X X
6XK q?v HQ+ H HBM2 " "2;°2bbBQM Qp2  TX XKRX B X XH{ X XIXi B X2bX X X
6XX _2bmHib 1biBK i2/ 7°QK 6mHH AMI X X4 BQAM IX/ZKH X X X X X X X X
TT2M/BtX //BiBQM H MKHMXDBEX X X X XXXXXXXXXXXXXXXXXXXXX X
‘XK _Q#mbiM2bb, Hi2 M iBp2 _2XnXKHK X XX XBQNKDBX X X X X X X X X X X X
‘XK _Q#mbiM2bb, 2bmHib 7Q° Mv " 2 F M/ " 2 F XX XiB &M XXX X C
XX h?2J ;MBim/2 Q7 AM+QK2 h ;2iBM; > bX' X XNK DM X KiXi2 X X X X X
XX 1M/Q;2M2Biv Q7 "2 F@h FBM; BM *XX X M XBKpRXLX X8 M XbX X X X X
X& _Q#mbiM2bb,>Q21" "2 6Bt2/ 1zXME XXX XXX XXXXXXXXXX X
XX >2i2 °Q;2M2Biv #V b? "2/DRBEN PXHX X X X X X X X X X X X X X X X X
XK >2i2 °Q;2M2Biv #V /" Bp2 XX XLTXMWRMAXK X X X X X X X X X X X X X X X



JQ/2H TT2M/Bt

h?Bb TT2M/Bt T QpB/2b 7Q K H/2i BHb 1R ai22i RXGRAVDHBINM 4id+HBIQMi p Hm:
+QKT "BbQMb iQ Q#b2 p2/ ? Xk2hdX# B6iBADM?2 M2Q+H bbB+ H b2T ~ #BHE
a2+iBOMMM/ X%*? ° +i2 ' Bx2 BM+QK2 b2MbBiBpBivmM/2 272 2M+2 /2T2M,
[MBi M/ rQ'F #2 F+QKT 'BbQMbc i?2rQ F #2 Fb2+iBQM BM+HmM/2b i?2
+Q QHH v U*RVQBHM+IBEN K HBx2b # b2HBM2 K “;BM +iBp iBQM mM/2" J
M/ HbQ /Bb+mbb2b JQ/2H *- BM r?B+? i?2 "2:mH ~b+?2/mH2 z2+ib BM+Q
T QtBKBivX

LQi iBQMX Qm;?2Qmi i?Bb TT2M/Bt- r2 mb2 i?2 p Hm2 TmyY&iBQMb /2}M:
+QMiBMm iBQM p Hm2 Bb
Ci(d;y;T)  maxf Wi(d;y; T); Be(d;y; T)g;

M/ i?2irQH i2Mi +QKT “BbQMb 2
DY'B(diy;T)  Wi(diy:T) Bu(dyiT)  DEUy:T)  CuldiysT)  Quly:T):

6Q  }MBi2 BM+QK2 +? MY2b4H/r2 nb22MQi2 i?2 BM+QK2 b2MbBiBpBiB2b Q7 |
"2 F+QMiBMm iBQM p Hm2b- "2bT2+iBp2HvX HH TQHB+v PHKT "BbQMb
DE? -W; -B{-C{- MQ;c Mv //BiBQM H MQi iBQM Bb /2}M2/ HQ+ HHvV r?2M BMi"

XR 6°QK G i2Mi *QKT "BbQMb iQ P#b2 p2/ > x /b
h?2 /2i2 " KBMBbiB+ KQ/2H /2HBp2'b H i2Mip Hm2 +QKT 'BbQMbX 6Q" # 2
i?72rQ F #2 F/Bz2 2M+2
DYE(diy;T)  Wi(diy:T)  Bu(diy: T):
6Q [mBiiBM;-i?2 2H2p Mi Q#D2+i Bb i?2 +QMiBMm2 [mBi /Bz2 2M+2
DE%diy;T)  Culdhy:T) QuyiT) = Cu(diyiT)  Wi(ysT);
r?2 2
Ce(diy; T)  maxtWi(d;y; T); Be(d;y; T)g

Bbi?2 +QMiBMm iBQM p Hm2X
Mmb27mHrviQ +QMM2+i i?2b2 /2i2 "' KBMBbiB+ +QKT "BbQMb iQ Q#b2"
TQTmH iBQM@H2p2H bKQQi?BM; /2pB+2X h?Bb Bb MQi M //BiBQM H T°
T Q#H2KX 1[mBp H2MiHv- i?2 bKQQi?BM; i2°'Kb + M #2 BMi2 T 2i2/ b "2/
7 iB;m2- HQ+ iBQMb- QTTQ imMBiv +Qbib- b+?2/mH2b- QmibB/2 QTiBQMt



'2M2° HHQ:;B+ Bb

#b2 p2/ "2bTQMb® i2Mi BM+QK2 b2MbBKBIpB M2 i* i22 "2H2p Mi mMm/ v
Q p QMb, M+ Q pA b BH Blp It p 0

2Qri?2 b?Q+F b?B7ibi?2 p Hm2 +QKT? QBHKQMYv /' Bp2'b + M #2 iBTT2/

6Q  [MBiiBM;-bmTTQb2 /' Bp2 b /Bz2  BM M B/BQbvMrBi?PB/BkQBI#ENGN i
iBEM M/ /2MBBivM/ [mBi r?2M

DCR(d:y; T)
qBi? i?2 bB;M +QMp2MiBQM +? ®FENHOO2iD i PZB[MBi T Q# #BHBiv-
Pr(ZmBd;y;tT)=1 F DO(dy;T)
.Bz2 2MiB iBM; rBi? "2bT2+iiQ BM+QK2 :Bp2b
@F°(d;y; T)

@r(ZmBd;y;t;T) _ DCQ(d:y; T)

f
Kbb M2 " [mBi #QmMi2 Wi BM+QK2 b2MbBiBpBiv

1[mBp H2MiHv- #bi  +iBM; 7 QK bB;M +QMp2MiBQMbD -

Q#b2 p2/ [mBi "2pTQ

M b 2 Mii B%+QK2 bZ?/IqIBiHBth(IiZI %i7[mBi #Qr‘?M/ VA
@ =@y DR 0

6Q #2 F@i FBM;-bmTTQb2/ ' Bp2 b /Bz2 BM M B/BBb¥Mbi iB#mB 6 M :
F M/ /2MBEBivM/ #°2 Fr?2M
DB (d;y; T)

qBi? i?2 bB;M +QMp2MiBQM +? @YEVMHIQQ2A?bii?B #'2 F T Q# #BHBiv-
Pr(" 2 Fd;y;tT)=1 F D{B(d;y;T) :

.Bz2 2MiB iBM; rBi? "2bT2+iiQ BM+QK2 ;Bp2b

@VB (d;y; T)

@Pr(" 2 Fdyy;t;T) _ WB [ .\
= f D) {%d,y,T)}

@y | o}
K bbM2 “rQ F #°2 F QMmN EM+QK2 b2MbBIBpBiv

1[mBp H2MiHv- #bi® +iBM; 7 QK bB;M +QMp2MiBQMb -

#b2 p2/ # 2 F "2pTQMb2Mi BM+QK2 b2 BiBp Bl "irQ°F # 2 F # M/ “v
Q P p QI Qg Q ?"H tp ?Z Q@m
@n'® =@y DWB 0

AM i?2i?°22@ +iBQM KQ/2H- M Q#b2 p2/ # 2 F+QM/BiBQMb QM i?2 / E



i? M? pBM; [MBiX h?2 2tT 2bbBQM #Qp2 b?QmH/i?2°27Q 2 #2 2/ b +?°
K ;BM +QM/BiBQM H QM +QMiBMm iBQM- Q  BM “2;BQMb r?2°2 i?2 +QMi
+iBp2 K “:BMX L2 " i?2 biQTTBM; #QmM/ “v- Q#b2'p2/ # 2 F? x /b BM i?
#v b2H2+iBQM BMiQ +QMiBMm iBQMX

AMbmKK “v-i?2 Q#b2 ' p2/ 2bTQMb2 i b+?22/mH2TQbBiBQM /2T2M/b QM
Q7 i?2 "2H2p MiH i2Mi +QKT "BbQM M/ i?2 K bb Q7 /'Bp2 b M2 ~i?2 +Q 2

Xk L2Q+H bbB+ H a2T * #BHBIiv
*QMbB/2  i?2 #2M+?K "F rBi? HBM2 " Up(yBTH B iwXQip22 BMHHIKK®-2[m iBQM Bb

Vi(dry; T) = max fWe(dy; T); Be(dy; T) g,
r?22°2

Wi(diy; T) = c(d) (1) «(T)+ EMaa(d+1;y+w+ " T)I;
Bi(diy:T)= ()  «(T)+ Ve (O3y; T):

S'QTQbBIBQM R UL2Q+H bbB+ainfZWH2ABHBK \W?22M i?2 p Hm2 7TmM+iBQI
/IBiBp2Hv b2T * #H2 BM +mKmH iBp2 BM+QK2,

Vi(dyy; T) = y+ He(d; T);
7Q° bQK2 7miMETBRMQMb2[m2MiHv- "2 HBx2/ +ymMQiaH MBDi2 BM+QK2rQ F-
#°2 F- Q  [mBi "mH2bX *?QB+2b /2T2M/ QM BM+QK2 QMHvV i?2°Qm;? i?2 +C
BM+QK2 ;2M2" i2/ #v rQ FBM; X

STQQFAMD2+im V2@ ¥;T)= y+ Hir1 (T)X h?22M

Wi(d;y; T) = c(d) (t) «(T)+ E[y+w+ "¢+ Heg (d+1; T)]
=y+[ cd) (1) (T)+ w+ Hpr(d+1;T)];

mbBEY] =0 X aBKBH “Hv-
Bu(diy;T)=y+[ (1)  «(T)+ Hea (O:T)];
MRQi(y;T)= yX >2M+2
Vi(d;y; T) = y+max f c(d) (1) (T)+ W+ Hua(d+1;T); (1) «(T)+ H1(0;T);0g:

2}M2i?22 2tT 2bbBQMHB(d; B) X+RPBb T Qp2b b2T ° #BHBiv #v # +Fr / BM/m+
IMBi2 i 'mM+ iBQM?Q BXxQMX S QpB/2/i?2# b2@2MpB " QMK2Mi +QbibT2+



7Q° 2t KTH2- #2» 2pRMim HHv /QKBM i2b i?2 p Hm2 Q7 +QMiBMm2/ rQ F-
b+?2/mH2 +Qbib #2+QK2 bm{+B2MiHVH ;2 i?2}MBi2@?Q BxQM ";mK2Mi .
T Q#H2K #v bi M/ '/ i mM+ iBQMX

Xj AM+QK2 h ;2iBM; M/ i?2 *QMiBMmM2 ZmBi o Hm2 *QKT "BbQM

q2 r'Biy)= y+ y(y y) rBi?BM i?2 T'"QTQbBIiBQM 7Q" # 2pBiv- rBiy? i?2 mM/2
K v#22Bi?2" }t2/ UJQ/2HDb - "V QT UJOQM2HBYM GZi

Ci(d;y;T)  maxtWe(d;y; T);Bt(d;y; T)g
/2MQi2 i?2 +QMiBMm iBQM p Hm2- M/ /2}M2 i?2 +QMiBMm2 [mBi /Bz2 2M+
CQ/H. ) Sy .
Dye(dyy; T)  Ci(dhy; T)  U(y):

h?2 /"Bp2° [mBOfPR2MT) < 0X

6Q  }t2/ +QMiBMm iBQM +iB 8 Rj(diyIT? BRQVQi2 i?2 p HM2 Q7 7TQHHQrBM
+QMiBMm iBQM +iBQW BRRTEZBBRIQQ TIiBK HHvV i?Q(&y7TR Bb h?2nk tBKmK
Q7i?2rQ F@+QMiBMm iBQMp Hm2 M/ i?2# 2 F@+QMiBMnmMiBQM p Hm2X
+QKT "2 +QmTH2/ T i?bi? i 7TQHHQ+Q2iBM2 TROBW /@BQM M/ 7 +2i?2 b K
2 "MBM:b b?Q+FbX

S'QTQbBIiBQM k UAM+QK2 b?B7ib i?2 +QMiBMmZTT@BR2+RIKJ+ BbQMV

y rBi?> 0X GR(d;y; ;T) /12MQi2 i?2 T Q# #BHBiv i? i i2’KBM HBMMQX2 2K BI
i?72 +QMiBMm iBQM T@H®BW~ ;M) BRIBMmM i2/ QM i?2 +QmTH2/ HQr2 " @BM+Q
bi “ib 7YyXKh?mbPS(d;y; ;T) Bb i?2 T°Q# #BHBivi? i i?Bb +QmTH2/ HQr2 @BM
Q  2t+22/bi?2i “;2iX h?2M i?2 +QMiBMm2 [mBi /Bz2 2M+2 b iBb}2b

DE9(d;y+ ;T) DIOdy;T) 1 P&dy; ;T) O

h?mb- #2HQr i?2 i ";2i- TQbBiBp2 BM+QK2 BM+ '2K2Mi r2 FHv HQr2 b i?
2[mBp H2MiHv- M2; iBp2BM+QK2 b?Q+Fr2 FHv b?B7ibi?2 +QMiBMm2 [m

S'QQRAX2 i2'KBM H T vQz Bb
8
<y y v

Ugy) = .
I+ )y oy y<y:

AM+ 2 bBM; +m "2Mi BBIBZXKIZZymBi @HmMm2 #VvHQM; byt QA + "2
#2HQ,r
Uly+ ) uy)=@1+ ):



LQr +QMbB/2  i?2 +QMiBMm iBQM p Hm2X 6QHHQr i?Z4dQYMiBINIm iBQM T
M/ +QKT "2 Bi iQ i?2 +QmTH2/ Ty2ABi? iBMpPp7KDK+iBQMb M/ b?Q+FbX h2"
BM+QK2 QM i?2 ?B;?@BM+QK2 T i? 2t+22/b i2 ' KBM H BMX QR 2 TR2VHIQ @ Qr
BM+QK2 i2 KBM H T i? "9KiBBM #2HIQIrKBM H T vQzUBzR mN-+H2Bb i?2
?2B;?@BM+QK2 T i? + Qbb2b i?2 FBMF-BM r?B+? + b2 i?2/Bz2 2M+2 Bb r2
i2°KBM HT i? 2 +22lyQi?2t+2XBM HT vQz /B¢ 22M+2iBR +QMiBMm iBQMG@
. BM 7°QK > BbBM: +m "2 BbBADNQK/2 #vEQp2 #v

+ P &(dyy; ;T):
aBM+2 i?2 [mBi p Hin2 )BbiZ2 #QMiBMm iBQM bm THmb +? M;2b #v i KQbi
[ + P&y sT) ] @+ ) = (1 Pdy; ;T)) .

h?Bb T°Qp2b i?72 2bmHiX

S QTQbRHPQM+i2 ' Bx2b i?2 /B ' 2+iBQM Q7 i?2 H i2Mi +QMiBMm2 [mBi b?lI
/IQK BMX h?2 BM2[m HBiv Bb bB;M2/ #QmM/, r?2M +m?2 22\QDIMBIRA MQR2[ BB I?
/IBz2°2M+2 7 HHb @v PPH2rPi212 PE Bb i?2 T Q# #BHBivi? ii?2+QmTH2/ HQr
+QMiBMm iBQM T i? "2 +?2b i?2 i *;2iX h?mb-i?2 #QmM/ Bb KQbi BM7Q K
MQMi'BpB H+? M+2 Q7 + QbbBM; i?2 i ";2iX h?2 2+QMQKB+ BMimBiBQM
+QMiBMm2 [mBi +QKT "BbQM r?2M [mBiiBM; HQ+Fb BM HQbb@/QK BM T
K2 MBM;7mH +? M+2 Q7 2b+ TBM; i?2 HQbb /QK BMX A7 #Qi? [mBiiBM; M/
#2HQr i?2 i “;2i-i?2 irQ p Hm2b i2M/ iQ KQp2 bBKBH "Hv rBi? BM+QK2c E
#Qp2i?2i “;2i-; BM HQbb 2tTQbm 2 Bb ;QM2X

6°QK H i2Mibm THmMb iQ [TRITRNMREHQM i2Mip HmM2@+QKT "BbQM "2bmHi}
BKTHvi? i2p2'v#2HQr@i “;2i/°'Bp2 +? M;2b[mBiiBM; #2? pBQ" 7i2° M B
[MBi "2bTQMb2 Q++m b QMHvV r?2M i?2 /'Bp2" BIDIHQHD) iQXhPmBi #Qm N
Q#b2 p2/ [MBi "2bTQMb2b 2 2tT2+i2/ iQ #2 H *;2bi r?2°2 i?2 +QMiBMm?2
BM+QK2@b2MbBiBp2 M/ 2KTB B+ HHv +iBYR- b 7Q K HBx2/ BM a2+iBQN

X9 AM+QK2 h ";2iBM; M/ i?2gQ F "2 Fo Hm2 *QKT "'BbQM
2IM2 i?2 rQ'F #°2 F/Bz2 2M+2
DVB(d;y;T)  Wi(d;y;T) By(dy;T):

h?2 /"Bp2  rQ Fb  i?2 i? M # D¥b@y2ay2pX"
6Q > 0- /2}M2 i?2 }MBi2@/Bz2 2M+2 BM+QK2 b2MbBiBpBiB2b Q7 i?2 qQ



p Hm2b,

M(dy; T) Wi(diy; ) W(diy  T); U XRV
B(diy; ;T) Bu(d;iy;T) By(diy ;T): U XkV

h?2#bQ #BM; “2QBIKE Qp2° i?2)B M;i2 B H
cdys ;T (dys T U Xjv

h?Bb +QM/BiBQM b vb i? i- Qp2  i?2 "2H2p Mi BM+QK2 BMi2 p H-i?2 "2 F
BM+QK2@b2MbBiBp2 bi?2 qgQ F +QMiBMm iBQMX

S'QTQbBIiBQM j U #bQ #BM: @ 2:BK2 rQam T QbR h?B7HVWQ #BM ;@ 2:BK2 +(
UXN?QH/bX h?2M M2; iBp2 BM+QK2 b?Q+F r2 FHv b?B7ib i?2 rQ F #°2 F

DM®(diy ;T) D{P(dy:T):
S'QQMEM; i?2 /2}MBiBQMb #Qp2-

DVB(dyy ;T) DWB(dy;T)=[Wi(d;y ;T) Bi(diy ;T) [Wi(d;y;T) Bi(d;y;T)]
[Bt(d;y;T) Be(dyy T) [Wi(d;y; T) We(dyy ;T
Bdyy; ;1) My ;T):

h?2 #bQ #BM;@ 2:BK2 +QM/BiBQM K F2b i?Bb®tT 2bbBQM r2 FHv TQbBi

h?2 T'QTQbBIiBQM Bb +QM/BiBQM H QM i?2 #bQ #BM;:@ 2;BK2 BM2[m F
BM+QK2 b2MbBiBpBiv Q7 i?2 " 2 F M/ qQ F fyQ NyiBcMBi BB QN p /B hBp2 QP20 K
T'BKBiBp2 "2bi'B+iBQMb HQM2X h?2 /Bb+mbbBQM #2HQr 2tTH BMb r?2
M im > H- #mii?2 bB;M Q7 i?2 # 2 F "2bTQMb2 "2K BMb M 2KTB B+ H [m2b

g?2M i?72 #bQ #BM; "2;BK2 h?Rb2QX /BiB@M BM '2H iBp2X Ai /Q2b MQi 2]
i?72 "2 F+QMiBMm iBQMiQ #2 i?2 QMHv BM+QK2@b2MbBiBp2 +QMiBMm i
#2HQr i?2 10 ;2iiQi F272r2  # 2 Fb 7i2° M2; iBp2 b?Q+FX Ai "2[mB 2b i?
#2 i H2 bi bb2MbBiBp2 i Q BM+QK2 bi?2gqgQ F+QMiBMm iBQM Qp2 i?2 "2
#°2 FH2 p2bi?2 /°Bp2° "2bi2/ #mi rBi? HQr2 +m "2Mi BM+QK2 M/ QM2 72
i?72 # 2 F +QMiBMm iBQM Bb KQ 2 2tTQb2/iQ i?2 BbF Q7 }MBb?BM; #2HQC
rQ"F +QMiBMm iBQM- M2; iBp2 BM+QK2 b?Q+F HQr2 b i?2 "2H iBp2 p Hi
+QKT 'BbQM iQr '/ +iBp2rQ FX

h?2 QTTQbBiIi2+ b2Bb HbQ TQbbB#H2X A7 M2; iBp2BM+QK2 b?Q+F bnm
"2K BMBM; ?Q BxQM-i?2p Hm2 Q7 "2bi K v Bb2 #2+ mb2i?2/ Bp2 2tT2+il
BM+QK2 b?Q+Fb + M Tmb? iQr '/ KQ 2 # 2 FbX h?Bb 7Q +2 Bb KQbi "2H2p
K “;BM Bb +iBp2X h?2 bB;M Q7 i?2# 2 F 2bTQMb2 Bb i?2°'27Q 2 M 2KTB



X8 a+?2/mH2 .2T2M/2M+2
X8XR JQ/2H

S'QTQbRIBIOWHB2b i? i BM+QK2 b?Q+Fb /Q MQi z2+i H #Q - @bmTTHV +72¢
#2M+?2K "FX h?2 #2M+?K "F Bb M2p2 i?2H2bb mb27mH #2+ mb2- mM/2" J¢
i22 Hi2Mip Hm2 +QKT "BbQMb b+?22/mH2@/2T2M/2Mi 2p2M BM i?Bb #2 M+
# b2HBM2 K “:BM@ +iBp iBQM “2bmHiX

G2KK R U" b2HBM2 K “;BM +iBp iBQM mM/2 *QMNEBhH 2 @RHbBM i?22 M2Q
+H bbB+ H #2MURK="F-MQ(T)="'(t T)X h?2M +mKmH iBpRQBRK MIK2z2+i
2Bi?2  i?2rQ F #°2 FQ +QMiBMm2 [mMBi +QKT "BbQMc i?2 HQ+ iBQMb Q7
#v +QMiBMm iBQM p Hm2b HQM2X IM/2  i?2 bm{+B2Mi +QM/BiBQMb i? i
BM i?2 b?B7i- UBBV i?2 +QMiBMm iBQM p Hm2 Q7 #2BM; “2bi2/ p MBb?2b
b?Qi- M/ UBBBV b+?22/mH2 +Qbib "2/m+2 +QMiB™Mm 2B @ ® HQ TBivh:b ?2NDH / t
l1p Hm i2/ HQM; iviB+ H 7 iB;m2d D2miKmiH B2 rrmEBP2ABK2 QM b?B7i- i?zZ
#°2 F +QKTDEBD@W +HQb2bi iQ x2°Q i BMi2 'K2/B i2 b+?2/mH2 TQbBiBQMb
+QKT "EXf8Mb +HQb2bi iQ x2°Q M2 " i?2 “2;mH ~ 2M/TQBMiX

S'QQ7TXS ' QTQbBMI@QWT) = y+ H(d;T)- bQ "2 HBx2/yBMM@KHb 7°QK HH TQHB
+QKT "BbQMbX

qQ F #°2 F +QKT 'BIQRXQKKQM iBK2 M/ b+?2@)ymHIT)+I\id #Qi? qQ F
M/ " 2 FB/2MiB+ HHv M/ + M+2H 7 QK i?2 /Bz2 2M+2- vB2H/BM;

DVB(d;T)= o(d)+ w+ Hur (d+1; T)  Heg (0;T):

h?2 }°bi i2°K Bb i?2 +m > 2Mi 7 iB;m2 +Qbi Q7 rQ"FBM;c i?2 H biirQ i2 Kb
p Hm2 Q7 #2BM; "2bi2/X 1p Hm i2/ HQM; ivIB+ HI7 HBmmkInH 2D+iBi% BN
iBK2 QM b?B7i, 2 "HvBBbidK HHB7M/ +QM/BiB@d UB-VbRKT HBRb

[His1 (d+1;T) Hg1(0;T)] - r?B+?2 BbH ;2 M/ TQbBiBp2 UgQ ' F bi'B+iHv /QKBM
b?B7i- +QM/BiBQM UBBYV BKTHB2b i? i i?2 +QMiBMm iBQM p Hm2 Q7 #2B\
+QKT "BbQM Bb i?2M ;Qp2 M2/ T°'BK "BHV #vi?2 +m "2Mi M2ip Hm2 Q7 rQ"
i? M#vi?2 p Hm2 Q7 T ' 2b2 pBM; 7Tmim 2 rQ ' F + T +BivX IM/2"i?2 bi i2/ "
i?Bb +QKT "BbQM Bb MQi +HQb2iQ x2 ' Q7Q  ivTIB+ HH i2@b?B7ibi i2b-i?
Hi2 BM i?2 b?B7iX i BMi2 K2/B i2 d{d)?BbmHQM@ K BNIBI@ RB#2HPB 27 p Hm?2
Hi+1(0;T) Hyr1(d+1; T) Bb bm#bi MiB H-bQ i?2 irQ i2 ' Kb + M #2 Q7 +QKT ~ #H?2
DVB Bb +HQb2biiQ x2 QX

*QMiBMmM2 [mMBi +QKThBbOQ®XiBMmM2 [mBi /Bz2 2M+2 Bb
DEOdT) = HEM(d:it T);

N



r?2 A" Bb i?2 T'2@K t@rBi?@x2 Q +QMiBMmM {@R-M b i iiliH n2 K% B/Q°
i?72 2tT2+i iBOM QUTY M@ T - bQ 7 HHb BT Q +PZb QK #2HQtX%X T6Q"
(T)="'(t T)>0/2T 2b®2MB 2+iHVX "Qi? 7@ 2kQN Bp22°Q O X M/ 2
MM#QmM/2/;"QRIMIQW 2BF? 2p2Mim HHvV + ' Qbb2b x2°Qc mM/2' +QM/BiBQM
Q++m b M2 " i?2 "2;mHm” 2M/TQBMiX

h?2 bm{+B2Mi +QM/BiBQMb "2 bi i2/ BM i2'Kb Q7 /2°'Bp2/ Q#D2+ib U+
"2HB27 HyHth21; T) H (0;T)V #2+ mb2 i?2v "2 2 bB2' iQ BMi2 T 2i 2+QMQ|
?QH/ mM/2" bi M/ '/ T'BKBiBpZ +-QM/BiBQRMbQM2 }MBi2 biQTTBM; M/ #Qn
7 iB;m2 +QbibX

h?Bb T'QTQbBIiBQM +? * +i2°Bx2b i?2 b+?2/mH2 TQbBiBQMb ir?B+?2i?
BbQMb 2 +HQDb2bi iQ x2 QX Ai /Q2b MQi +? ~ +i2'Bx2 i?2 + ' Qbb@b2+iB
#OQmM/ “v-r?B+? /2T2M/b QM ?2i2°Q;2M2BivBM 7 iB;m2- HQ+ iBQMb- b+?
Qi?2 " mMMQ#b2 p2/bi i2bX AMi?22KTB'B+ H M HvbBb-r2 mb2 # b2HBM?2 #
r?2°2i?2b2 K “;BMb "2 +iBp2 BM i?2 TQTmH iBQMX IM/2  JQ/2H - i?2b2
b+?2/mH2@/2T2M/2Mi2p2M BM i?2 M2Q+H bbB+ H#2M+?K "F-#2+ mb2 b+
p Hm2bc i?2vrQmH/ MQi +? M;2 rBi? "2 HBx2/ BM+QK2 b?Q+Fb #b2Mi 27

X8Xk JQ/2H "

JQ/2H "b?mib /QrM i?2 /B 2+i b+?2(ME2®@ +QbBINBK2U BMi"Q/m+2b #27? pE
272 °2M+2 TQBMi Qp2  ?2Qm B iQ 7”2 /- MQHBKYBM ;amTTQb2 i?2 /"Bp2-? b
272 2M+ T TAPRMPQm'b M/ BM+m'b : BM HQbb T vQz 7 tQK2[BBIBM; 7i2
8
<0 t T
h(t T)= .
: (t T);, t>T,;

rBi?> 0-r?2°2; BMb 7 QK biQTMTBMMAR KQHBxXx2/iQ x2 QX

gBi?; BMbMQ K HBx2/iQ x2 Q@-/BoiB®i; MB220iAv BM+m™ M?2Qm b@ 27
>Qr2p2 -i?2?2Qm'b 272 2MA2HQMIiERM TBYA® p HMm2b i? " Qm;? i?2 MiB+B
rQ"FBM; #ZIvQMB 1?2 /"'Bp2° TT ' Q +?2b i?2 "2;mH ~ 2M/TQBMi- i?2 "BbF Q
"2;BQM BM+'2 b2b- "2/ m+BM; i?2p Hm2 Q7 +QMiBMmM2/ rQ FX h?Bb + M z
i?72 +QMiBMmM2 [mBi #QmM/ "v M/ + M HbQ z2+ii?2rQ F # 2 F#QmM/ "v i
M/ i?2 2tT2+i2/ "2K BMBM; ?2Q BxQMX

h?2 ?2Qm b@ 272°2M+2 +? MM2H /Bz2 b 7' QK b+?2/mH2 +Qbib BM BMi2"
b2Mi 2ti2”M HQ QTTQ imMBiv +Qbib Q7 2ti2M/BM; i?2 b?B7iX >Qm b 272
MmiBHBiv "QmM/2tT2+i2/rQ ' F/m” iBQMX "2+ mb2i?Bb +? MM2H QT2  i2bi
Qp2 ?2Qm 'b-Bi/Q2b MQi ;2M2" i2 # b2HBM2 b+?2/mH2 /2T2M/2M+2 BM i?2Z
; BM HQbb miBHBiv Bb b?mi /QrMX

"2+ mb2 i?Bb +? MM2H QT2  i2b i?°Qm;? ; BM HQbb miBHBiv Qp2" ?Qn
?20mb@ 272 '2M+2 miBHBiv Bb 02mQfQpBIX r@B+?M 7Q K HBx2 JQ/2H "6b K
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+iBp iBQM HQ;B+ BM T "R HRIR iMEPKKIiBp2 /Bz2 (AtM+T) BMi2 b i?2
[MBip Hm2 (?BH22Mi2 b +QMiBMm iBQM +QbibX S'QQ7 QKBii2/ 7Q" # 2pl
*2:mH "Biv +QM/BiBQMb-i?2 BKTHB+ iBQM 7Q" /2i2°KBMBbiB+ K “:BM HQ

X8Xj JQ/2H *

amTTQb2i?2°2Bb MQ /B 2+i b+?2/pfiH2@-+&bi M2MBMiWQK® i ";2i Bb + HB#°
iQ 2tT2+i2/ 2 MBM;b Qp2 i?2 "2;mH ~b+?2/mH2,

y=wrT;

r?2°® Bb 2tT2+i2/ 2 "MBM;b T2  QM@b?B7i T2'BQ/ mM/2 i?2 /' Bp2 6b "2;
ivTB+ H#'2 F@i FBM;X

"2+ mb2 i?2 BM+QK2 i ";2i z2+ib miBHBiv QMHvV i?2°Qm;? ; BM HQbb mi
+QMi2Mi BM i?2 M2Q+H bbB+ H #2M+?K "FX q?2M T'272'2M+2b "2 272"
i ;21 +°2 i2b b+?22/mMH2@/2T2M/2Mi BM+QRKATO2MhBIBPpRVMBM2M i?b 2
KQ 2 HBF2HVIQ TH +2/°Bp2 b M2 "i?2i ;2i@+ QbbBM; "2;BQM "QmM/i?
BMi?2b?B7i-i?2i ;2iKv#2iQQ /Bbi Mi7Q° bK HHDb?Q+FiQ K2 MBM;7n
Q7 2M/BM; #2HQr i “;2ic 7i2  i?2 i ;2i ? b #22M "2 +?2/- BM+QK2 b?Q +|
2tTQbm 2X h?BOH @bM?*2Q 2/ BM+QK2 i ";2i+ M ;2M2" i2 b+?22/mH2@/2T2M
b2MbBiBpBiv 2p2M rBi?Qmi 2tTHB+Bi b+?2/mH2 +QbibX

6Q K HHv- STQXQBpBZBQMB; M2/ BM2[m HBiv 7Q  i?2 H i2Mi +QMiBMm2
+? M;2b z2+ii?2+QMiBMm2 [mBi +QKT "BbQMr?2M +QMiBMm iBQM ? b k
i?7210 ;2iUb22i?2/Bb+mbbBQM 7QHHQrBM  XFXVJAQWTQ bBABR;BBM Q74 PRQ M
bi i2bT +2 BMr?B+? i?Bb +QM/BiBQM Bb KQbi HBF2HvV iQ ?QH/ HQM; "2;
Q ; MBx2/ #v TQbBIiBQM "2H iBp2iQ

amKK v hQ bmKK "Bx2- aXPiBRxM i? i i?2 Q#b2 p2/ 2bTQMb2 Q7 K ";BM i
TQbBpEQM2M/b QM irQ +QKTQM2Mib, i?72 BM+QK2 b2MbBiBpBiv Q7 i?2 2H
p- M/ i?2 K bb Q7 /°'Bp2'b M2 " i?22 +Q "2bTQM/BM;JQ+BHBQMAQKNFL2 "v i
b+?2/mH2 TQbBIiBQM "2H2p Mi #v b?B7iBM; +QMiBMm iBQM p Hm2b M/ ?
+QMiBMmM2 [mBi +QKT "BbQMb "2 +HQb2iQi?2B  #QmM/ "B2bX JQ/2H * K
i?2°Qm;? i?2 BM+QK2@b2MbBiBpBiv +QKTQM2Mi, #v ivBM; i?2 BM+QK2 i °
i?72 "2;mH "~ b+?2/mH2- Bi K F2b i ";2i T"QtBKBiv p "V XBh?niQ-bl3+ B 2/Ivh H2KD i
[12T2M/2Mi BM+QK2@b?Q+F "2bTQMb2b + M "Bb2 r?2M2p2 b+?2/mH2 TQ
BM+QK2 b2MbBiBpBiv- Q" #Qi?X

Xe 1M/Q:2MQmb #bQ TiBQM

2/ ii?2 H2p2H Q7 irQ /"Bp2'b i +QKKQN I2iHRp B MiPQUBYBEQHMTQHB +v
#2?BM¥2? pBQ H #bQi BiBDMr?2°2 i?2rQ F #2 FK ;BM Bb +iBp2- BM+Q

RR



+ M#2 T "iHv Qzb2ii?2°'Qm;? "2/m+2/ # 2 F@i FBM;X

*Q'QHH 'VR UGQ+ H 2M/Q;2MQnti) MbEY 2T i BQMVBp2 b i i? gt T2 bi i2
r?Q /Bz2  QMHV BM +mKmH iBp2 BM+QKNM/ iB22QOM2 /i-BP2 2 0X A7
i72 #bQ #BM:@ 2;BK2 +QMyBiBQM 2ZMi/b Qp2°

D (diy ;T) DE(dy:T):

i +QKKQM bi i2-i?2 HQr2  @BM+QK2 /’Bp2  ? b r2 FHv bi'QM;2  H i2Mi
i? M #°2 FX

ST QQAKK2/B i2 7 QK S'QXQbBiBQM

h?Bb Bb HQ+ H "2bmHiX Ai /Q2b MQi BKTHvV i? i "2 HBx2/ +mKmH iBp:
+QMp2;2X PM+2 +iBQMb /Bz2 - /"Bp2°b 2Mi2° 7Tmim 2 T2 'BQ/b rBi? /Bz
bm pBp Hbi i2bX h?2 KQ/2Hi?2°27Q 2T 2/B+ibi?2/B ' 2+iBQM Q7 i?72 BKK2Z
+QKKQM bi i2b mM/2" i?2 #bQ #BM;@ 2;BK2 +QM/BiBQMc i?2 KmHIB@T2"
?2Qr Km+? Q7 b?Q'i7 HH Bb Qzb2i #27Q 2 i?2 BM+QK2 T i? H i2" "2 +?2b i
2KTB'B+ HQ#D2+iX

6°QK H i2Mi rQ F #°2 F /Bz2 '2M+2Db iQ # 2SFQ@T)XQ b/BiBIWK2 Mb i?2 H i2Mi
rQ'F #°2 F +QKT 'BbQMX #2? pBQ  H# 2 F "2bTQMb2 Q++m'b QMHvV 7Q
#2 F #QmMYB\d;y;T) O0X h?mb Q#b2 ' p2/ # 2 F "2bTQMb2b "2 2tT2+i2/ i
r?2°2i?2rQ ' F #°2 F +QKT 'BbQM Bb #Qi? BM+QK2@b2MbBiBp2 M/ 2KTB'|
a2+iBQAK

Rk



" AMbiBimiBQM H .2i BHb M/ //IBiBQM H . i .2b+ BTiB

h?Bb TT2M/Bt T°QpB/2b //BiBQM H BMbiBimiBQM H /2i BHb- /"Bp2° M/
+QMbi"m+iBQM bi2Tbh i? i bmTTH2K2Mi BX2 Qp2 pB2r BM a2+iBQM

"XR * # ai imb

h?2 2H2+i"QMB+ /2pB+2b "2+Q "/ i?2 bi imb Q7 i?2 + #-r?B+? Bb /BbTH v2
"QQ7 Q7 i?2 i tB+ #X q?2M i?2 7 "2 K2i2° Bb mMMMBM;- i?2 bi imb bB;M B
Bb QM #Q /X Pi?2° + # bi imb bB;Mb BM+HmM/2 "~"Bp2/ i/2biBM iBQM- QN
p BH #H2 7Q ?B 2-#"2 F-#mbv-/Q|BBWXX? QITiZRBRtbi imb ~ ;b "2 ;;°2; i2/
rQ FBM; bT2HHb UT bb2M;2 QM #Q /- ~"Bp2/ i/2biBM iBQM- QM@+ HH-
7Q  ?B 2V M/ MQM@rQ FBM; bT2HHb U# 2 F- #mbv- Q|BM2VX

."Bp2°'b "2 MQi HHQr2/iQ 2D2+i T bb2M;2 b # b2/ QM i?2B" /2biBM iB
0BQH iBQM Q7 i?Bb mH2 "2bmHib BM KQM2i "v}M2bX h?2°27Q 2-r?2M i~
HBiiH2 +QMi"QH Qp2  r?Q ? BHb i?2B" + # M/ r?PBK2b?r222MF2 Bi BPAXK v
MQir MiiQ ++2Ti T bb2M;2°bU2X;X-r?2Mi?2v "2 "2biBM;-i° MbBiBQMBI
T2'bQM H 2 " M/bV-i?2/'Bp2  + MBM/B+ i2i?2B  + #6b mM p BH #BHBiv
b2H2+iBM; bi imb BM/B+ iQ QM i?2 2H2+i " QMB+ /2pB+2X h?2 /i "2+Q".
?b T bb2M;2° QM #Q /- + # Bb p BH #H2 7Q ?B 2-i?2 /'Bp2  Bb QM #
HbQ BM/B+ i2b r?2M i?2 2H2+i QMB+ /2pB+2 Bb Q|BM2X

"Xk * # GQ+ iBQM

h?2°2 28 "2;BQMb U*2Mi® H- 1 bi- LQ i?-LQ i?@1 bi- gq2biV-r?B+? "2 7
Q{+B H 2 bBMaBM; TQ 2- K BMHv # b2/ QM ZTTBMmb i ?2@ B X1 BB Xn ° 2

"2 +Qp2'b TT QtBK i2Hv #HQ+F BM +2Mi° H #mbBM2bb /Bbi 'B+ib- #mi -
"2bB/2MiB H "2 bX IbBM; i?2:Sa+QQ /BM i2br?2Mi?2 + # Bb QMHBM2- r:
Q{+B H ;2Q;  T?B+ 2 bi?2+ #BbHQ+ i2/ BM i MviBK2X

Yh?2'2 "2 72r+ b2b BM r?B+? /°'Bp2'b ? p2i?2 'B;?2i MQiiQ ++2Ti T bb2M;2°bX h?Qb2
i?72/°'Bp2° Bb M2 "BM; i?22M/ Q7 i?2B  b?B7i-B7i?2T bb2M;2°?2 b M 2t+2bbBp2 KQmMi C
++QKKQ/ i2/ BMi?2i tB-Q B7 i?2/'Bp2° #2HB2p2b i? ii?2 T bb2M;2  TQb2b ii?°2 iiQi?
Bbbm2b "2 "2 BM aBM; TQ 2X

IRaQm #@BM; TQ'2 SH MMBM; "2WwaHRH®PBM; M/ "rQMb K/B- pB gBFBK2/B *QKKQML
mM/2" ** "u@a 9XyX p BHTHHE+IQKKQMbXrBFBK2/B XQ ;frBFBf6BH2,aBM; TQ'2nSH MMB
bp;U ++2bb2/J v k3- kykeVX

R



6B;m 2 "XR, aBM; TQ'2 SH MMBM; "2 b M/ _2;BQMb

LQi2bh?Bb };m 2 b?Qrb aBM; TQ 26b 88 TH MMBM; 2 b-;"QmT2/ BMiQ 8 2;BQMb /BbiBM;
_2:BQM UV2HHQr- kk TH MMBM: "2 b BM+HmM/BM; i?2 *2Mi° H "mbBM2bb .Bbi'B+iV-i?2 1 I
i?72LQi? _2;BQM UTmM TH2-3 TH MMBM; "2 bV-i?2LQ i?@1 bi _2;BQM U; 22M-d TH MME
U#Hm2- Rk TH MMBM; "2 bVX SH MMBM; ‘2 b "2 /KBMBbi iBp2 /BpBbBQMb /2}M2/ #v i?
mi?Q ' BivUl_V7Q m# MTH MMBM; Tm TQb2bX "H +F HBM2b BM/B+ i2 TH MMBM; 2 #

"Xj _2Mi H*QMi" +ib M/ a? BM; "~ M;2K2Mib

AM i?Bb K “F2i- + # K2/ HHBQMb 2 QrM2/ #v i tB +QKT MB2b- M/ /'Bp2°

“2Mi H +QMi> +i rBi? i?2 +QKT MvX AM i?2 /i b KTH2 T2'BQ/-i?2/ BHv
iQ aORky /2T2M/BM; QM i?2 i tB+ # KQ/2HX ."Bp2 b r?Q H2 b2 i tB+ #b /B"
U'272°°2/iQ b ?B2° /'Bp2'bV "2 '2bTQMbB#H2 7Q" i?2 2MiB 2 “2Mic ?C
Qi?2> /'Bp2°'b U272 °2/iQ b 2HB27 /['Bp2'bV i?2"Qm:? T'Bp i2 +QMi - +ib
+QKKQM T +iB+2X 2HB27 /' Bp2 biviB+ HHv /'Bp2i?2+ #7Q 3 Rk?2Qm°~
i?2?B 2 /"Bp2 # b2/ QM i?2B  mb ;2 T2'BQ/X _2Mi H722b M/ 2t+? M;2 iE
+ # Bb b? "2/ #2ir22M ?B 2 M/ "2HB27 /°Bp2° "2bTQHBH2/BpZrBp a2 +Q
aBM: TQ'2 M +BiBx2Mb rBi? i tB/'Bp2 6b pQ+ iBQM HHB+2Mb2X

iKkp22rv2 +2 2B 2 @ 2HB27 /'Bp2 T B  bTHBib i?2/ BHv "2Mi H 722 Bb MQi Q#b2 p2/ #
“2Mi H " i2b7Q  /"Bp2'b "2 ?B;?2 B7i?2rQ FT2 BQ/+Qp2'bT2 F?2Qm b- " 2~2+iBM; i?2 H
Q7 T2 F?2Qm bX

R9



* .1 *H2 MBM;

h?Bb TT2M/Bt /2b+"B#2b BM /2i BH i?2 bi2Tb r2 i F2iQ ;Q 7 QK i?2 "~ ri
iQi?2 M HvbBb@ 2 /v REB@KBMmMi2 T M2HX h?2 TBT2HBM2 ? b 2B;?i bi ;
K2 ;BM; i'BTb rBi? i° D2+iQ v/ i - +QMbi ' m+iBM; +QMb2+miBp2 bT2HHbDb-
KQ/2H b?B7ib- BKTmiBM; KBbbBM; bi imb2b- /2}MBM; "2;mH ~ b+?2/mH2}
T M2HX

*XR *H2 M i BT /i

1 +?2°QrQ7i?2 ri'BT/i 2T 2b2Mib bBM:H2 i'BT M/ 2+Q /b i?2 p2?B-
UmMMB[mM2iQ2 +? i'BTV-bi "iiBK2-2M/iBK2-Dbi i M/ 2M/ +QQ /BM i2b UH
i"BTivT2Ubi'22i@? BH2/ Q #QQF2/V- M/i?2 #QQF2/iBK27Q #QQFBM: i
i"BThbVX

bK HH MmK#2 Q7 i'BTb UyXyyyy9WV ? p2 bi i iBK2 i? i 7 HHb #27C
i?2 b K2 p2?B+H2 ? b 2M/2/ "2+Q /BM; 2 "Q X h?2 p2 :2Qp2 H TTBM: /
KBMmi2X 6Q  i?2b2 + b2b- r2 b2i i?2 bi i iBK2 iQ i?2 H i2° Q7 i?2 T 2pB
i?2 +m "2Mi i'BT6b b+?22/mH2/ U#QQF2/V iBK2X g2 HbQ /°"QT i?2 7QHHQr
#2 :2M2° i2/ #v "2+Q /BM; 2°°Q b, URV i'BTb rBi? KBbbBM; bi i iBK2- 2
"2KQp2/Vc UKV i'BTb rBi? M2; iBp2 Q  x2°Q /m’ iBQM UyXy9W 2KQp2/Vc
a0jXk-i?2 ~ ;@/QrM 7 "2 UyXy3W “2KQp2/VX g2 272 iQiiBX /2K BMBM; 2

*Xk J27;2 1?2 1'BT M/ i D2+iQ v /i

h?2 i D2+iQ'v /i "2+Q /b 2 +? p2?B+H26b TQbBIBQM 2p2°'v R8 jy b2+Q
p2?B+H2 B/-/"Bp2° B/- HQM;Bim/2-H iBim/2- M/ bi imb, "~"Bp2/-QM@ +
HQ+ iBQMV- 7°22 Ub2 “+?BM; 7Q i?2 M2ti T bb2M;2 V- T bb2M;2° QM #C
/2biBM iBQM M/ i FBM; T vK2MiV- bi+ U p BH #H2 7Q  bi*22i ? BHV- #"2 F
:Sa mMBi Bb BM +iBp2 U/'Bp2°  HQ;b QzV- p2?B+H2 bi imb Bb KBbbBM;X
hQ K27;2i?2i"BT M/i D2+iQ v/ i b2ib-r2} bii> MbH i2i?2i BT/ i BMi
iBK2bi KTbi'm+im 2 bi?2i° D2+iQ'v/ i X6Q 2 +?bi'22i@? BHi'BT "2+Q
"2+Q° /b 2T 2b2MiBM; i?2 TB+FmT iBK2 M/ i?2 /' QTQz iBK2X 6Q 2 +7? #(
/IBiBQM H mtBHB v '2+Q° /- QM+ HH- 2T 2b2MiBM; i?2iBK2i?2/'Bp2 b
i?72 i BTiQ "2 +?BM; i?2 TB+FmT TQBMiX g2 TT2M/ i?2i D2+iQ'v/ i rBi?
b2iiBM; i'BT@bT2+B}+ +QHMKMb Ui'BT B/ M/ 7 "2V iQ KBbbBM; 7Q" i® Dz
B/-/'Bp2  B/- M/iBK2T'Q/m+2b bBM;H2 +?°"QMQHQ;B+ H 2+Q/7Q 2 +
i'BT M/ MQM@i BT /'BpBMq2 i T2MiQ " B2LX i?Bb +QK#BM2/ /i iQ i?2 bT2l
#v +QHH TbBM; +QMb2+miBp2 "Qrb b? "BM; i?2b K2/ Bp2 -p2?B+H2- M/

IRXeW Q7 "Qrb ? p2 KBbbBM; /'Bp2' B/bX A7 i?2 ["'Bp2 B/ BKK2/B i2Hv #27Q 2 M/ 7i
#2HQM;b iQ i?2 b K2 /°'Bp2°  BM i?2 b K2 p2?B+H2- M/ i?2iQi H/m  iBQM Q7 +QMb2+miBj
?2Qm b-r2 BKTmi2 i?2 KBbbBM; B/X Pi?2 rBb2-r2/°QT i?2 "Qr URX9W Q7 “Qrb /"QTT2/VX

R8



*Xj *QMbi m+iBM; +QMb2+miBp2 bT2HH / i

1 +?bT2HH "2+Q /b i?2bi i M/ 2M/iBK2b-bi i M/2M/HQ+ iBQMb-i?2 bi
#mbv- i'BT- 2i+XV- M/-7Q i'BTb-i?2 i'BT B/ M/ 7 "2X q?2M bQ i2/ #v p
i?72 " rbT2HH /i +QMi BMb #Qi? ; Tb U2X;X- QM2 bT2HH 2M/b i N,Ry M,
M/ Qp2'H Tb U2X;X- QM2 bT2HH 2M/b i N,Ry M/ i?2 M2ti bi “ib i N,y8VX
p2?B+H2 BM +iBpBiv Q" 77QK HQbi:Sa bB;M Hc Qp2°H Tbh "2 "2+Q /BM;
i? MQ 2[m HiQ k KBMmi2b-r2 2ti2M/i?2 H bi bT2HH iQ +HQb2i?2; TX A7
r2 +2i2 M2r bT2HH BM #2ir22MX A7 i?2 b K2 /'Bp2° TT2 b #27Q 2 M/
M K2 i?2 bi imb Q7 i?Bb ; TbT2HH b KBbbBM;- BM/B+ iBM; i? ii?2 /'Bp2°
#mi i?2 bi imb Bb mMFMQrMX A7 /Bz2 2Mi /"Bp2°b TT2 ~#27Q 2 M/ 7i2°
i? 1i?2 p2?B+H2r b BM mb2 #v /Bz2 2Mi /"Bp2 7' QK i?2 T2 bT2+iBp2 Q7
Qp2 H TTBM; "2+Q /b-r2 i mM+ i2 bT2HH #QmM/ "B2b iQ 2HBKBM i2 i?2 (
i'BTDOHK?Bb bi2T KQ/B}2b yXyyyRW Q7 HH bT2HHbX LQrr2 ? p2 ; TH2bb-
T M2H Q7 bT2HHb 7Q" 2p2 v /" Bp®'Mb@2 miBH 2 DR HAR / i
q2 +H bbB7v 2 +?KIQpBMh TIR2/8 FKf?2 ' VHQ iBQMJbWT X2/8 FKf?2M8 XM

iQi H- eNW Q7 bT2HHb "2 KQpBM; bT2HHDbX

*X9 .2}MBM; b?B7ib

S'BQ HBi2 im2? b/2}M2/ b?B7ib bi?2b2i Q7 i BTbh#v /' Bp2 i?i 2D
b2i Q7 i'BTb #vi?2 b K2 /' Bp2 #v KBMBKmMK Q7 e ?Qm bX q2 #2;BM Qm  b"’
i?72 b K2 TT Q +?X i'BT Bb /2bB;M i2/ b b?B7i@bi 'iBM; i BT B7 Mv Q
KQ'2i? Me?Qm'b T i 7 QK i?2/°'Bp2 '6b H bii BTc UBBV i?2 T 2pBQmb i
/IBz2 2Mi /' Bp2'c Q UBBBV i?2 /' Bp2 6b T 2pBQmb i BT r bQM /Bz2 2Mi
[2}M2/ bi?2 H bii BT #27Q 2 i?2 b?B7i bi "iBM; i BTbX

2T "iBM; 7' QK i?2 /2}MBIiBQM BM i?2 T BQ HBi2 im 2-r2+ MQ#b2 p2
2p2M B7?2/Q2bMQi? p2 T bb2M;2" QM #Q /X h?Bb HHQrbmbiQ +QMbB/
/2}MBIiBQMX hQ /2K "+ i2i?2 #2;BMMBM; U2M/V Q7 Db?B7i-r2i F2i?2} bi
i?72b?B7i M/ +QMb2+miBp2Hv BM+HmM/2 2 "HB2 UH i2°'VbT2HHD #v i?2 b k
rz ~"Bp2 ii?2 TQBMi BM iBK2 r?2M 2Bi?2 i?2 :Sa mMBi bi "ib UbiQTbV "
bi "ib ?Bb b?B7i mbBM; i?2b K2 p2?B+H2-Q r2 2 +? MQM@KQpBM; B/H2
r?B+? i?2 + # Bb bi®i®@QM Qb2 i?2 R8§ KBMmi2 i? 2b?QH/iQ #2 +QMb2 p iB

1992 "2bQHpP2 Qp2'H TbBMi?'22 T bb2bX 6B bi-r2 "2bQHp2 Qp2 H Th #2ir22M +QMb2+mi
i?72 #QmM/ v Q7 i?2 Qp2°'H TTBM; bT2HHc MQM@i'BT bT2HHb i? i 2 M2;HB;B#Hv b?Q"i
["QTT2/X a2+QM/-r2 "2bQHpP2 Qp2'H Th #2ir22Mi'BT M/ MQM@i'BT bT2HHb, MQM@i BT b

i*BT "2 /°QTT2/- M/ T iB HQp2 H Th "2 "2bQHp2/ #vi mM+ iBM; i?2 MQM@i BT bT2HH¢
#2ir22M irQ i'BTb-r2 i'mM+ i2 i?2 #QmM/ v Q7 i?2 Qp2 H TTBM; i'BTc i'BT Bb QMHvV /" Q
2t+22/b irB+2 i?2 i'BT6b QrM /m” iBQM- r?B+? Bb 2t+22/BM;Hv ~ "2X

18p#ph2 p2/ bT2HHb rBi? KBbbBM; bT22/ UH2bb i? M RWV "2 +H bbB}2/ b KQpBM; B7 i?2
QM #Q /- M/ b MQMKQpPBM; Qi?2 rBb2X

1AM * "2 BMbi M+2b-i?2 /'Bp2  Bb bbQ+B i2/ rBi? [/Bz2 2Mi p2?B+H2 B/ /m BM; i?2 b K
MQi?2  /'Bp2 B/ TT2 b QM i?2b K2 p2?B+H2 7Q" #'B27 iBK2X g2 pB2ri?2b2 b/ i 2°°Q
b K2 /°'Bp2 i? i '2k?Qm'b Q" H2bb T i BMiQ bBM;H2 b?B7i7Q i? i /'Bp2'- bi?2b2 "2

Re



Q7 iBK2r2 //iQ b?B7ib #27Q°2 M/ 7i2 i?2 }’bi i'BTX PMHvV RjW Q7 MQM
b?B7i "2 HQM;2 i? M R8 KBMmi2bX g2 bbB;M 2 +? b?B7i +? QMQHQ;B+
B/VX

h?2 }'bi UH biV bT2HH BM+Hm/2/ #v i?Bb # +Fr */ U7Q r /V 2ti2MbBQ\
U2M/VX h?2 H bi QQMEBMb?B7i /2MQi2b i?2 [mBiiBM; /2+BbBQMX " b2/ QM
p2° :2: T #2ir22M i?2 bi i Q7 i?2 b?B7i M/i?2} bii'BT Bb "QmM/ 3 KBM
. T #2ir22M i?22M/ Q7 i?2H bii'BT M/i?22M/ Q7 i?2/B?B7iBtBKQ MMM RN K
3kW Q7 i?2 iBK2 #2ir22M i?2 H bi i'BT QM i?2 b?B7i M/i?22M/ Q7 i?2 b?B7
#2ir22M i?2 #2:BMMBM; Q7 i?2b?B7i M/i?2} bii'BT-Bb bbQ+B i2/rBi? b
7Q° T bb2M:2 bX

*X8 1t+Hm/BM; #MQ K H b?B7ib

6QHHQrBM; T'BQ .MBIN; 2inK@RYh? F~ H M/KykR- r2 2t+Hm/2 i?2 7TQHHQTrB
#MQ 'K Hb?B7ib, URV My @aBRyBUYXK2WVc UkV Mv BM/BpB/m H i 'BT k ?
UyX9NWVec UjV KQ'2i? Mki'BTh b?Q'i2°i? MR KBMmi2 Ui?2b2 b?Q i i B"
bi imb- yX3WVc U9V Mv MQM@i BT bT2HH 9 ?2Qm b Q"  HQM;2  URXRWVc
iQi HiI BK2@+QM~BHR MO mMBQWyyy8WVc UdV KQ 2i? MR T bb2M;2 @ QMC
bT2HH UbT2HHDb i? ii> D2+iQ v/ i bm;;2bib T bb2M;2" QM #Q "/ #mi MQ i’
HQM;2  i? M R8 KBMmi2b UyXRWVc K3¥K PQIMHbb @B 72AQ m bi IRMjWVc UNV i
/"Bp2°? b KmHIBTH2 b?B7ib QM i?2 b K2/ i2U aWRACQEIOR:YQY H y2X YMB W Ve
URRV Mv p2?B+H2@+QM~B+i bT2HH UyXy9WVc URKV Mv HQM; KQpBM; N
URjV i?2 b?B7i bi "ib QM Tm#HB+ ?QHB/ v UjX3WVX h?2b2 2t+HmbBQM|
38W Q7 HH b?B7ibX

*Xe 272 iBM; M/ BKTmiBM; KBbbBM; bi imb2b
g2 }'bi ;;°2:i2 HHbi imb2b BMiQ i?°22 K BM + i2;Q B2b,
Ca2 ‘+7°22- "Bp2/- QM@+ HH-T VK2Mi- bi+

C h'BTT bb2M;2° QM #Q /
CLQM@rQ F U#'2 FV#mbv- Q[BM2

qBi?BM b2 “+? M/ #'2 F-r2 7m ikQp BBMiBARANBKI? V 7TBQKB QMIDT 22/
< 8 FKf? 'V bB2HB®BX 2 Hr vb +H bbB}2/ b KQpBM:;X h?2°2 "2 bT2HHb r?¢
KBbbBM: Q' MQi?2  /°'Bp2'- b r2 /2}M2/ r?2M r2 +QMbi m+i2/ +QMb2+mit

rBi? bQK2 Q#b2 p iBQM H; Th BM #2ir22MX

I TT QtBK i2HV N3W Q7 b?B7ib #2;BM rBi?BM i?2 2Qm - M/ #Qmi NjW Q7 i?2K #2;BM rB
i'BT QM i?2 b?B7iX TT QtBK i2Hv NKW Q7 b?B7ib 2M/ rBi?BM i?2 2Qm - M/ dNW Q7 i?2K
H bii'BT QM i?2 b?B7iX

3aT2HHDb rBi? KBbbBM; bT22/ /27 mHi iQ KQpBM; 7Q b2 "+? UyXy9W Q7 b2 “+? bT2HH
UyXyReW Q7 #°2 FbT2HHbVX

Rd



/"Bp2°6 bT2HHb rBi?BM b?B7i "2 "2+H bbB}2/ b mMFMQrM UyXyyye9W Q
URX9W Q7 HH bT2HHbV "2 BKTmi2/ # b2/ QM i?2 bi imb2b Q7 i?2 /D +2]
HQ;B+,

RX2 “+?fi BT KBbb b2 "4fX&®EW Q7 bT2HHDV,

C.m  iBQM8 KBM M/ bT2FKf? UQ bT22/IKBbKBMBW : b2 ~+?X
C.m iBQM8 KBM M/ EKT2F/Kf?T, bi iBQM v b2 +2X
C.m iBOM8 KBMmMMFMQrMX

kX'"2 F KBbb b2 "+?2fi' BT Q" b2 "+?fi BT KBbhdyW DFbT2HHDbYV,

CaT22/ KBbbBIVNMFMQrM UyXyRjW }HH2/V X

CaT22/ 8 FKf? - "2; "/H2bb Q7 /ini iiB@W , v # 2 F UyX88W }HH2/VX
CaT22/8 FKf? " M//m  ikK@MBIMKQpBM; b2 "+? UyXy9W }HH2/VX
CaT22/8 FKf? " M/ /m > K@MBM mMMFMQrM UyXyy9W }HH2/VX

jX"'2 F KBbb # U¥XRKW Q7 bT2HHbV,
CaT22/ 8 FKf? " M//m’ ik@MBIMbi iBQM v # 2 FUyXy8W }HH2/VX
CPi?2 rBb2nMEMQrM UyXy®¥W }HH2/V X

9X BT KBbb UBXyNNW Q7 bT2HHbV,
C.m iBQM8 KBM- bT82HKf? - M/ bT22/ Bb MQi K@bBEMb2 +?X

C.m iBQMS8 KBM- IT82HKf? - M/ bT22/ Bb MQiKBBEEW  y b2 ~+?2X
CPi?2 rBb2 U/m kB®&BIM Q" bT22/ KBimbvBAW & M X

8XIBbb ii?2 bi i Q 2M/ Q7 iDYXPBINYILMEMQrM X

7i2° BKTmi iBQM- yXkdW Q7 bT2HHb "2 +H bbB}2/ b mMFMQrMX q2 i
i?7 i b? "2i?22b K2 /2i BH2/ bi imb U2X;X-irQ +QMb2+miBp2 KQpBM;@b2
KQpBM;@b2 "+? bT2HH M/ bi iBQM "v@b2 "+? bT2HH "2 MQiVX 7i2 K:
MMFMQrMX g2 2t+Hm/2 Mv b?B7ir?Qb2 iQi HmMMFMQrM /m” iBQM 2t+22/
g2 + HHi?2 "2bmHIBM+QKKITHR22 DZD2HH / i

INJBbbBM; bT22/ bT2HHDb "2i'2 i2/ b KQpBM; #2+ mb2- +QM/BiBQM H QM #2BM; #2ir22M
Bb HBF2Hv BM i° MbBiX

%Yh?Bb BM+HmM/2b bT2HHb i? i 28KRKMBM -UbP2KBbbBM; bT22/- Q@ RSpRE MM iBIHM

SRMHBF2 * b2 Rr?2 2 KBbbBM; bT22/ Bb i'2 i2/ b KQpBM; b2 “+?-BM * b2 9 Ui'BT@KBb
2 +H bbB}2/ b MMFMQrM #2+ mb2 i?2 2 Bb MQ /D +2Mi b2 “+? bT2HH iQ BM7Q K i?2 BK
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*Xd amKK "v ai iBbiB+b-J "F2i *QM/BiBQMb U HH a?B7ibV

Pm> M HvbBb b KTH2 7Q+mb2b QM /2+BbBQMb K /2 /m BM; / vdMBK2 b?B7i
"2TQ ib b?B7i@-/'Bp2 @- M/ i BT@H2p2H bmKK v bi iBQKEHR27DbT2H HM
/ i X h?2 bmKK v bi iBbiB+b M/ /Bb+mbbBQM i? i 7TQHHQr +? ~ +i2 ' Bx2 i?2
i? i/ VvViBK2 b?B7i /'Bp2'b 7 +2- r?B+? "2[mB 2 2t KBMBM; HH /'Bp2'b +°
+QKTH2i2 bTRHH / i

RN



*XdXR amKK "v ai iBbiB+b

h #H2 *XR, .2b+ BTiBp2 ai iBbiB+b QM HH a?B7ib

J2 M a. ZR J2/B M Zj
S M2H , ."Bp2°  UP#b 4 j9-d89V
LmK#2' Q7 b?B7ib T2  r22F 8Xky RXNN jX3e 8X9d eX3y
>B'2//°'Bp2  UBM/B+ iQ'V y X8y y X8y yXyy RXyy RXyy
u2 "b Q7 2tT2 B2M+2 kkX38 NX9j RO9Xyy Kk Xyy JYXyy

S M2H ", h"'BT UP#b 4 RyR-yjk-ydRV

"QQF2/UBM/B+ iQ'V yXk9 yX9j yXyy yXyy yXyy
.m’  iBQM- #QQF2/ UKBMbV kyXyk RyXyk RkX3y R3Xdj k8X93
.Bbi M+2- #QQF2/ UFKV RkXk9 3Xkd 8 X8y RyXey RdXey
6 2- #QQF2/ UalOV RdX99 dX9N RRX38 ReXyy kR X8
.m> iBQM-? BH2/ UKBMbYV ReXRe NXje NXR3 R9Xej kRXk3
.Bbi M+2-? BH2/ UFKYV NXdd dX33 j X8y dX9y R9Xey
6 2-? BH2/ UaOV RkXNk dXjR dXxX88 RyXNS8 ReX98

S M2H *, a?B7i UP#b 4 e-3y3-NO9NV

LmK#2 Q7 i BThb R8XN3 eXye RkXyy ReXyy Ky Xyy
a?B7i/m” iBQM U? bV NXdy iXRR dXdN N X 8k RRX9e
hQi H2 "MBM:b UaOV ky3X8d 3yXN9 R8RX98 kyRX3y k8d)>
p2° ;2?2Qm Hv2 MBM;  i2Ua0T2 ?20Q0m°V kRXdd 8Xey R3Xyy
a? "2/ UBM/B+ iQ'V yXe8 yX93 yXyy RXyy RXyy

hBK2 bT2Mi QM SP" bT2HHb yX93 yXRR yX9R yX9N yX8d
hBK2 bT2Mi QM b2 “+? bT2HHIyXjR yXRR  yXk9 yXjy yXjd
hBK2 bT2Mi QM MQM@rQ F bT2Xkyp yXR9  yXyN yXR3 y XkN

LQi2bh?Bb i #H2 "2TQ ib bmKK ‘v bi iBbiB+b 7Q i?2iQi Hb KTH2- #27Q 2 i?2 bm#b2iil
S M2H T 2b2Mib /"Bp2 " @H2p2H bi iBbiB+bX >B 2/ /°Bp2  Bb M BM/B+ iQ  7Q  /'Bp2"|
7°QK i?2 +QKT Mv- mMMHBF2 Qi?2°b r?Q bm#H2 b2 i?2 + # 7°QK ?B 2/ /"Bp2'bX S M2
bi iBbiB+b- rBi? /m> iBQM- /Bbi M+2- M/ 7 2 2TQ i2/ b2T ~ i2HV 7Q  #QQF2/ M/ bi 22
Bb MBM/B+ iQ 7Q r?2i?2 i?2i'BTr b/BbT i+?22/i?2°Qm;?i?2 +QKT Mvib #QQFBM; bv
i72 bi22iX S M2H * T 2b2Mib b?B7i@H2p2H bi iBbiB+bX a? "2/ Bb M BM/B+ iQ  7Q  r?
MQi?2  /"Bp2  H i2° BM i?2/ vX hBK2 bT2Mi QM SP"- b2 “+?- M/ MQM@rQ F bT2HHb
/m> iBQM bT2Mi rBi? T bb2M:;2° QM #Q /- b2 "+?BM; 7Q " T bb2M;2 b- M/ QM MQM@Tr
ZR-J2/B M- M/ Zj/2MQi2i?2 k8i?- 8yi?- M/ d8i? T2 +2MiBH2b- "2bT2+iBp2HvVX

*XdXk a?B7ibi ‘i M/ 2M/ iBK2b U+HQ+F ?2Qm bV

6B;m*XRHQib i?2 bi i M/ 2M/ iBK2b Q7 b?B7ibX S M2H U V BM+HmM/2b H
K DQ ' BivQ7i?2b?B7ibbi "i#27Q°2Q /m"'BM; i?2 KQ"MBM; mb? ?2Qm b-r
Q7 b?B7ib bi "iBM; #27Q°2 Q  /m"'BM; i?2 2p2MBM; mb? ?2Qm bX AM T Mz

Ky



T QTQ iBQM Q7 b?B7ib 2M/BM; "B;?i #27Q 2 i?2 2p2MBM; mb? ?2Qm - T~
i FBM; i?2 + # 7i2r '/bX TT QtBK i2Hv 8jW Q7 p2?B+H2@/ vb "2 bbQ+B
i?72 + #- M/ eeW Q7 i?2 b?B7ibi? ibi 'iBMi?2KQ MBM; ?2Qm'b "2 b? "2/b

UV HHa?B7ib U#V LQM@b? "2/ b?B7ib

U+V 1 "HB2 Q7 i?2b? "2/ b?B7ib U/V G i2° Q7 i?2b? 2/ b?B7ib

6B;m 2 *XR, h?2 bi i M/ 2M/?2Qm Q7 i?2 b?B7i

LQi2bh?2 ?BbiQ;" Kb /2TB+ii?2 /Bbi'B#miBQM Q7 i?2 bi i M/ 2M/iBK2b Q7 b?B7ib #v i?2
S M2H U V /2b+'B#2b HH b?B7ibX S M2H U#V /2b+ B#2b MQM®@b? 2/ b?B7ib r?2M QMH\
pP2?B+H2 QM / vX KQM: b? 2/ b?B7ib r?2MirQ /'Bp2'b b? "2i?2 p2?B+H2QM /v T M2
Q7 i?2b?B7ib M/ T M2H U/V /2b+ B#2b i?2 H i2° Q7 i?2 b?B7ib BM i?2 / vX

L2ti- r2 THQIi i?2 bi i M/ 2M/ iBK2b Q7 b?B7ib # b2/ QM r?2i?2" i?2 + ¢
/" Bp2 'bX a? 'BM; ?2°'2 + M #2 rBi? 2Bi?2° 7QHHQrBM; /'Bp2 - BM r?B+?
2 "HB2 Q7 i?2irQ b? "2/ b?B7ib- Q" T 2+2/BM; /'Bp2 - BM r?B+? + b2 i
b?B7iX S M2H U#V THQib i?2 bi i M/ 2M/ iBK2b Q7 MQM@b? "2/ b?B7ib-
i?72 #2;BMMBM; M/ 2M/ iBK2b Q7 b?B7ib QM b? "2/ / vb-rBi? T M2H U+V B
i?72 b? "2/ b?B7ib M/ T M2H U/V BM+Hm/BM; QMHvV i?2 H i2  b?B7iX i F2
re2Mi?2 + # Bb MQib? "2/-i?2b?B7iiviB+ HHvbT Mb #Qi? i?72 KQ "MBM;
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