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Abstract

This paper provides the first analysis of competitive occupational licensure, where
substitute professions maintain separate licensing boards that set entry requirements
strategically. I develop and structurally estimate a model where professional organi-
zations choose licensing stringency to maximize industry profits while accounting for
competitive responses, as workers with heterogeneous abilities select occupations based
on expected returns and consumers observe only average quality within each profession.
Testing this theory using historical competition between medical doctors (MDs) and
chiropractors (DCs) from 1907-1960, I exploit digitized American Medical Association
records and state-by-year variation in chiropractic board adoption. Medical boards
responded strategically by increasing college requirements by 10 percentage points, man-
dating internships (10+ percentage points), and reducing pass rates by 5 percentage
points. These regulatory changes generated substantial economic effects: doctors ex-
perienced 26% higher home values while their numbers declined by 17-40 practitioners
per 100,000 population, and chiropractors saw 44% higher home values with increased
market presence of 2-12 practitioners per 100,000. Structural estimation reveals that
observed equilibria closely approximate profit-maximizing sequential competition rather
than welfare-maximizing behavior.
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1 Introduction

The study of occupational licensure goes back to Adam Smith, but existing analyses tend
to assume occupational licensing has only one board per broad occupation (Leland, 1979;
Shapiro, 1986; Plemmons and Timmons, 2023; Shaked and Sutton, 1981; Blair and Chung,
2021; Kleiner and Soltas, 2023; Persico, 2015). There are many examples of sets of
near-substitute professions that have separate licensing boards, such as architects and
structural engineers, social workers and psychologists, optometrists and ophthalmologists,
among others. As occupational licensing becomes more common (Carollo et al., 2022), there
will likely be an increase in such occurrences. Using theory, structural estimates, and
reduced-form empirical analysis, I show that we should account for competition between
occupational licensing boards.

To support my general framework, I study the competition between doctors (MDs) and
chiropractors (DCs) in the early 20th century. While some may not view chiropractors and
doctors as close substitutes in the current context, it is much easier to argue that these
professions were substitutes in the past. Both professions aimed to address all health issues

during this period, and both campaigned against each other. At a minimum, these



professions believed consumers might see them as substitutes.

To estimate the response from medical boards to chiropractic boards, I digitize records
from the American Medical Association to measure the stringency of licensure. From 1907 to
1960, the American Medical Association released licensure statistics reports that include the
years when state medical boards adopted more restrictive policies, such as requiring two
years of medical school or requiring a doctor to complete an internship year. Additionally, I
can identify the board passage rate of graduates from each medical school in each state for
each year. This allows me to control for selection into medical schools, isolating shifts in the
difficulty of board restrictions.

State medical boards increased barriers to entry around the same time as a chiropractic
board was established. Using a stacked event study design (Cengiz et al., 2019), I examine
how state medical boards adjusted entry requirements following chiropractic licensing. State
medical boards are increasingly likely to require an internship year after medical school, with
effects gradually rising to 10-15 percentage points. Conditional on medical school quality,
candidates seeking licensure failed more frequently, with passage rates declining by
approximately 5 percentage points in treated states. The consistent pattern of increased
stringency across multiple regulatory instruments provides evidence of systematic response to
chiropractic entry.

My findings suggest that the shift in medical board policy affected the selection and
profitability of doctors. Using complete count census data (Ruggles et al., 2024), T show that
following chiropractic board adoption, doctors experience a 26% increase in home values and
a 4.4 percentage point increase in home ownership probability. Educational attainment
among doctors increases by 0.2 years, while doctor prevalence declines by 17 practitioners
per 100,000 population using fixed effects estimation and by 40 practitioners per 100,000
using instrumental variables estimation.

The establishment of a chiropractic board also impacted the selection and profitability of
chiropractors. Chiropractors experience a 44% increase in home values and an 18.6

percentage point increase in home ownership probability. Educational attainment among



chiropractors increases substantially by 0.6 years. Chiropractor prevalence increases by two
practitioners per 100,000 using fixed effects estimation and by 12 per 100,000 using
instrumental variables estimation.

To validate these findings, I examine similar non-health professions (Electrical Engineers,
Civil Engineers, Librarians, Mechanical Engineers, and Government Officials) as a control
group. These professions show markedly different responses: following chiropractic board
adoption, they experience smaller increases in home values and home ownership, with no
significant change in educational attainment and no evidence of supply effects.

I estimate the impact on chiropractic prevalence using a natural extension of the jackknife
instrumental variable estimation strategy (Angrist et al., 1999) that should be usable in
other contexts. I use the characteristics of other counties in a state as an instrument for the
policy adopted within a specific county. To avoid spatial correlation violating the exclusion
restriction, I control for the characteristics of the counties that surround my county of
interest. This strategy produces large F statistics (ranging from 338 to 699, well above
conventional thresholds) and passes an over-identification test (Sargan test p-values of  1).

To understand the mechanisms driving these empirical patterns, I develop and estimate a
structural model of competitive occupational licensing. The model features sequential
competition between professional organizations that set licensing requirements to maximize
incumbent profits, workers who differ in ability and choose professions based on expected
returns, and consumers who observe only average quality within each profession. Licensing
stringency acts as a barrier to entry and influences both labor quality and quantity.
Consumers observe only average quality within each profession, creating a potential
asymmetric information problem, as in Akerlof (1970), and allowing for an upward-sloping
demand curve as in Wilson (1979). Workers, who differ in ability as in Larsen et al. (2022),
decide whether to enter a profession based on expected profit, entry costs, and personal
preferences; both worker and consumer decisions are represented using a multinomial logit
structure, which ensures non-zero, continuous supply and demand. Professional organizations

choose licensing requirements strategically to maximize total profession-wide profit, taking
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into account competitive responses. The equilibrium entry costs chosen by the professional
organizations regulate market access and shape the average quality of services provided.

I structurally estimate the model’s parameters using a five-stage procedure that combines
ability estimation from census earnings data, Berry et al. (1995)-style demand estimation
(BLP) with simulated skill heterogeneity, and empirical Bayes shrinkage to stabilize
regulatory effect estimates. The estimated parameters reveal that workers show modest
responsiveness to profitability and regulatory barriers, while consumers exhibit strong price
sensitivity but weak quality sensitivity. Both professions face substantial baseline entry costs,
with chiropractors facing larger barriers that reflect doctors’ prestige advantage. The
stringency parameters—approximately 2,600 for chiropractors and 3,200 for doctors after
empirical Bayes shrinkage—indicate that regulatory barriers impose stricter quality
requirements for doctors than chiropractors, consistent with differences in medical training
intensity.

Using the estimated parameters, I simulate the model to compare equilibrium outcomes
across alternative regulatory regimes. The simulations show that the estimated equilibrium
closely approximates profit-maximizing outcomes under sequential competition (Stackelberg
equilibrium), producing 50 doctors and 4 chiropractors per 100,000 population with doctor
profits of $36,425 and chiropractor profits of $2,906. These estimates substantially
underpredict actual practitioner densities of 105 doctors and 10 chiropractors per 100,000,
likely because the static model estimates equilibrium under current stringency levels while
observed stocks reflect accumulated entry under historically more permissive regimes. The
simulations reveal that allowing boards to compete can be welfare-increasing compared to
having only one board under certain conditions. The competing professions may adopt a
separating equilibrium that better ameliorates the asymmetric information problem by
allowing consumers to choose between tiered options, though this depends critically on
baseline profession preferences. When professions have asymmetric baseline attractiveness,
welfare rankings across regulatory regimes can shift substantially. Additional simulation

results exploring these dynamics are presented in the appendix.



This paper is the first to consider competitive occupational licensure. Multiple papers
examine what happens when scope of practice limits competition between professions (Perry,
2009; Kleiner et al., 2016; Cai and Kleiner, 2020). This research demonstrates that without
these restrictions, there could be competition between professions. Persico (2015) provides a
model of how complementary sects of a profession vote on licensing policy, but we need to
understand what happens when substitute professions have separate boards and can compete.

The empirical context demonstrates the potential importance of competitive occupational
licensure. The Flexner Report was a 1910 comprehensive evaluation of medical schools that
was followed by widespread closures of low-quality institutions. Scholars traditionally view
this report as an exogenous reform driven by scientific advancement and public interest.
Recent work has demonstrated that changes associated with the Flexner Report led to
substantial effects on mortality and other health outcomes (Andrews, 2021; Clay et al., 2025),
though these reforms also contributed to rural physician shortages (Moehling et al., 2020).
The reforms occurred during a period when stricter physician licensing laws and improved
medical education were contributing to broader mortality improvements (Haines, 2001).

However, my findings suggest these reforms may have been endogenous strategic
responses to competitive threats from alternative practitioners like chiropractors. The timing
of medical board policy changes around chiropractic licensing adoption indicates that
established medical professionals used quality standardization as a competitive weapon
rather than purely pursuing public welfare.

My evidence reframes the Flexner reforms not as exogenous shocks to medical markets,
but as outcomes of the competitive dynamics between medical professions that my model
predicts. Understanding these reforms as strategic responses rather than exogenous
improvements has important implications for evaluating their welfare effects and

understanding the political economy of professional regulation.



2 Context

2.1 The Medical Profession in the Early 20th Century

The medical profession in the early 20th century was undergoing a significant
transformation, but remained underdeveloped by modern standards. Although germ theory
was increasingly accepted by the late 19th century, medical training in the United States
lagged behind global standards. The profession faced substantial changes following the
landmark 1910 report by Abraham Flexner, which was followed by sharply rising education
standards. Medical boards began requiring more extensive education and hands-on training
through internships. This transformation was dramatic: the number of MD-granting

institutions dropped from 160 in 1904 to 85 in 1920, and just 66 by 1935.

Figure 1: National Prevalence of Doctors Over Time
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Despite these improvements, major medical breakthroughs such as the discovery of

penicillin (1928), the structure of DNA (1953), and the introduction of the polio vaccine



(1955) were still decades away. Nationally, the prevalence of doctors actually declined during
the first half of the 20th century, with this long decline plateauing briefly but largely
continuing throughout the period (Figure 1).

The high status of the medical profession is reflected in various socioeconomic indicators.
Doctors consistently rank among the most prestigious occupations in American society,
leading in educational attainment and maintaining substantial economic advantages over
other healthcare professions. This elevated status would become a key factor in the medical

establishment’s resistance to alternative practitioners like chiropractors.

Table 1: Socioeconomic Status Indicators for Doctors and Chiropractors

Occupation Educational Attainment Home Value Home Ownership
Years Rank Value (§) Rank Rate Rank

Doctors 16.39 1/223 8,378 4/223  0.554 15/223

Chiropractors  13.63 21/223 4,728 54/223 0.509 35/223

00000 Data from TPUMS. Ranks are relative to other occupational codes. All data is from the
1940 complete count census.

2.2 The Chiropractic Profession and Its Development

Chiropractic emerged as a distinct profession in 1895, initially taking root in the Midwest
before spreading across the United States. Chiropractors claimed the superiority of their
philosophy and practice, asserting that their manual adjustments could address a wide range
of ailments, including influenza (see Figure 2). Some chiropractic methods, particularly
spinal manipulative therapy, do show evidence of benefit for lower back pain even by modern

standards (Paige et al., 2017).



Figure 2: Chiropractors Claimed to Be Able to Heal a Broad Range of Ailments
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Figure 3: National Chiropractic Prevalence Over Time
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The profession expanded rapidly until around 1930, when it entered a prolonged plateau
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2bi #HBb?2/ +?B QT  +iB+ HB+2MbBM; #Q /bX h?Bb M HvbBb 2tTH
+?B QT +iB+ #Q / /QTiBQM + Qbb bi i2b M/ Qp2 iBK2- mbBM; M2
K2/B+ HHB+2MbBM; "2[mB 2K2Mib 7" QK RNyd@RNeyX

R9



J Tm#HBDb?2/i?2b2 "2TQ ib 77QK RNyd@RNey /I Q+mK2MiBM; K2/B+ H HB+
bi i2bX

h?2 B/2MiB}+ iBQM bi’ i2;v H2p2  ;2bi?2 bi ;;2 2/ /QTiBQM Q7 +?
#Q /b + Qbb bi i2b b b?Q+FiQ i?2 +QKT2iBiBp2 2MpB QMK2Mi 7
F2v BMbB:?i Bb i? i B7 K2/B+ H #Q /b pB2r +?B QT  +iQ b b bm#biB
“2bTQM/iQ H2:BiBKBx iBQM Q7 i?2 +?B QT  +iB+ T°Q72bbBQM i?°Q
# "B2'biQ K2/B+ HT  +iB+2X

R8



J "2TQ ib /Q+mK2Mi2/ r?2M bi i2 K2/B+ H #Q /b /QTi2/ bT2+B}+ TQHB+B
"2[mB 2K2Mib M/ BMi2 "Mb?BT K M/ i2b- T'QpB/BM; i?2/ i 7QmM/ iBQM 7C
Qp2 iBK2X

h?2 2KTB'B+ H M HvbBb 7Q+mb2b QM i? 22 F2v /IBK2MbBQMb Q7
T bb ;2 i2b QM K2/B+ H #Q /2t KBM iBQMb- "2[mB 2K2Mib 7Q" irQ
+QHH2:2 2/m+ iBQM- M/ K M/ iQ v BMi2 "Mb?BT “2[mB 2K2MibX



1t KTH2 /i b?QrBM; MmK#2 Q7 TTHB+ Mib 7°QK K2/B+ Hb+?QQH r?Q T
K2/B+ H#Q '/ 2t KBM iBQMb BM ;Bp2M v2 - BHHmbi® iBM; i?2 ;> MmH " M
+ H+mH i2 T bb ;2 " i2b #v bi i2- b+?2QQH- M/ v2 "X

ABKTH2K2Mi bi +F2/ 2p2Mi bim/¥2/\ bBx X U7 ERMHIREBM; // 2bb2b

TQi2MiB H #B b 7' QK 22i2°Q;2M2Qmb i"2 iK2Mi 2z2+ib + Qbb bi i2b
2p2Mi2T 2b2Mib bm#b2i Q7 Q#b2 p iBQMb r?2 2 bi i2b 2Bi?2° /QTi
BM :Bp2Mv2 Q' /B/MQi /QTi +?B QT +iB+ #Q '/ mMiBH i?2 2M/
/2bB:M 2Mbm 2b B/2MiB}+ iBOM +QK2b QMHV 7 QK +QKT "BbQMb #2
M2p2 @i 2 i2/ bi i2b rBi?BM 2 +? 2p2Mi rBM/QrX h?2 2biBK iBM; 2[m

Yscyd: LZF"Q s‘yé"' X syd+ sed T cyd+ IIcsyd URV

r?2 Yea 2T 2b2Mib i?72 Qmi+QK2 Q7 BMi2 2bi UT bb ;2 " i2-2/m+ iBC
BMi2 "Mb?BT "2[mB 2K2Mi?QMbiva2 2H iBp2iQ i'2 iK2Mi iBKBM; U2
dX h?2i'2 iK2Mi BM/B+ iQ H TihQ 26 i?2 /QTiBQM Q7 +?B QT  +iB+ #
# bB+ b+B2M+2 #Q /b- HHQrBM; K2 iQ b2T " i2Hv B/2MiB7v i?2 2z2
T 2bbm 2 p2 bmb ;2M2° H “2;mH iQ v +? Xi2BX &l 2@ HRiR2M +BpLi° G
K2/B+ HT +iB+2 '2bi'B+iBQMb M/ Qi?2° HB+2MbBM; #Q '/ /QTiBQ
+?B QT +iB+@bT2+B}+ 2z2+iX

h?2 bT2+B}+ iBQM 7Q i?2 T bb :2 " i2 Q7 BM/BpB/m H bim/2Mib BI

Rd



}t2/ 222 +ib M/ 2p2Mi@b+?2QQH@ V- J2B2220QiMi QH 7Q  iBK2@BMp
MMQ#b2' p #H2b i i?2 bi i2@+QHH2:;2 H2p2H M/ +QKKQM i2KTQ" H |
"2bT2+iBp2HVX 6Q  i?2 bi i2@H2p2H 2; 2bbBQMb i?2 }t2ydz2+ib 2
M/ bi i2@ 302 Mi2p2HX h?Bb irQ@r v }t2/ 2z2+ib bi'm+im 2 2Mbm 2b |
+QKT "BM; rBi?BM@bi i2p B iBQM + Qbb M2rHv i‘2 i2/ M/ MQi@Vv:

6B;m 2 e, _2[mB BM; M AMi2 Mb?BT #v hBK2 iQ *?B QT  +iB+

1p2Mi bim/v THQiIi mbBM; bi +F2/ 2p2Mi bim/v K2i?Q/QHQ;vX Pmi+QK2 p "B
bi i2 " 2[mB BM; /Q+iQ biQ +QKTH2i2 M BMi2 Mb?BT v2 " 7TQHHQrBM; K2/E
+Q2{+B2Mib "2H iBp2iQirQv2 'bT°'BQ iQ +?B QT +iB+ #Q '/ /QTiBQM U
BMi2'p HbX h?2 bT2+B}+ iBQM BM+HmM/2b bi i2@2p2Mi M/ 2p2Mi@v2 " }t2/
BMi2'p Hb BMi?2 T 2@T2 BQ/ "2 "2bmHi Q7 HBKBi2/ KQp2K2Mi BM +Qp
TT2M/BX

h?2 2p2Mi bim/v *2bmHib "2p2 H T ii2"M +QMbBbi2Mi rBi? bi’ i2;B
#Q “/bX 6B{ARDMbi> i2bi? i K2/B+ H#Q /b BM+'2 b2/ BMi2 ' Mb?BT
"2bTQMb2 iQ +?B QT  +iB+ H2;BiBKBx iBQMX h?Bb 2z2+i #mBH/b K¢
iQ Dmbi Qp2 Ry T2 +2Mi ;2 TQBMib BM i°2 i2/ bi i2b "2H iBp2iQ +Ql
bm;;2bibi? i BMi2 "Mb?BT "2[mB 2K2Mib K v ? p2 "2[mB 2/ +QQ /BM
H2;BbH iBp2 T'Q+2bb2b iQ BKTH2K2MiX

R3



6B;m 2 d, 2[mB 'BM; hrQ u2 "b Q7 *QHH2:2 #v hBK2 iQ *?B QT  +

1p2Mi bim/v THQi mbBM; bi +F2/ 2p2Mi bim/v K2i?Q/QHQ;vX Pmi+QK2 p "B
"2[mB ' BM; irQv2 b Q7 +QHH2;2 T'BQ iQ K2/B+ Hb+?QQHX SHQi b?Qrb +
T BQ iQ+?B QT +iB+ #Q '/ /QTiBQM UiBK2 @kV-rBi? N8W +QM}/2M+2 B
7°QK rBi?BM@bi i2p "B iBQMBMIiIBKBM; Q7 +?B QT +iB+ #Q '/ 2bi #HBb?
TT2M/BX

aBKBH "Hvd6BQmb2i? i K2/B+ H #Q /b BM+"2 b2/i?2 T Q# #BHBiv
V2 b Q7 T 2@K2/B+ H +QHH2:2 2/m+ iBQM 7QHHQrBM; +?B QT  +iB
BM/BpB/m HTQbi@ /QTiBQM +Q2{+B2Mib /Q MQi "2 +? +QMp2MiBQ\
bm;:;2bib M BKK2/B i22z2+i Q7 TT QtBK i2HV Ry T2 +2Mi ;2 TQBMi
bm#b2[m2Mi v2 "bX h?2 +QMbBbi2Mi 2H2p iBQM Q7 TQBMi 2biBK i2k
T2 BQ/b- +QK#BM2/ rBi? i?2 #b2M+2 Q7 Mv +QKT ~ #H2 T 2@i 2M/-
2pB/2M+2 Q7 “2;mH iQ v 2bTQMb2-i?Qm;? i?2 HBKBi2/ bi iBbiB+
/> rBM; /2}MBiBp2 +QM+HMbBQMb #Qmii?2 T'2+Bb2 iBKBM; M/ K ;|

RN



6B:m>2 3, J2/B+ H"Q /S bb ;2 _i2 #v hBK2 iQ *?B QT  +iB+ "Q

1p2Mi bim/v THQi mbBM; bi +F2/ 2p2Mi bim/v K2i?Q/QHQ;vX Pmi+QK2p "B
bi i2 K2/B+ H#Q /b +QM/BiBQM H QM K2/B+ Hb+?QQH [m HBivX SHQi b?C(
v2 "bT BQ iQ+?B QT +iB+#Q '/ /QTiBQM UiBK2 @kV-rBi? N8W +QM}/2]I
+QMi"QHb 7Q° K2/B+ Hb+?QQH [m HBiviQ BbQH i2 +? M;2b BM #Q "/ 2t KE
2z2+i b22 TT2X/Bt

h?2 "2bmHib 7Q" 2t KBM iBQM T bb ;2 3-i2bQpmBRrM/BVMBEBVINH 2pB/:
Q7 bi” i2;B+iB;?i2MBM;X J2/B+ H#Q /b TT2 “iQ? p2K /2i?2B" 2t
IB{+mHi 7TQHHQIBM; +?B QT +iB+ #Q '/ /QTiBQM-rBi? T bb ;2" i2}l
8 T2 +2Mi ;2 TQBMib BM i 2 i2/ bi i2bX LQi #Hv-1?Bb /2+HBM2 K v #
+?B QT +iB+ #Q / 2bi #HBb?K2Mi- TQi2MiB HHv /2KQMbi® iBM; Mi
K2/B+ H#Q /b r?Q +QmH/ 7Q 2b22 i?72 +QKT2iBiBp2i? 2 i M/ /Dmt
KQ'2 [mMB+FHvVi? M7Q'K H 2;mH iQ v "2[mB 2K2MibX

*QHH2+iBp2Hv-i?2b2 }M/BM;b T'QpB/2bi’'QM; 2KTB B+ HbmTTQ"
#2ir22M T°Q72bbBQM H HB+2MbBM; #Q /bX h?2 +QMbBbi2M+v Q7 °
Q7 HB+2MbBM; bi' BM;2M+v bm;;2bib i? i K2/B+ H#Q /b bvbi2K iB+
i?7°2 ib#v > BbBM; # B2 biQ 2Mi'vBMiQ i?2B  QrM T Q72bbBQMX h
i?72i1?2Q 2iB+ HT 2/B+iBQM i? i K2/B+ HT Q72bbBQM HQ ; MBx iB

Ky



K BMi BM K "F2i TQr2 r?2M 7 +2/ rBi? bm#biBimi2 T'QpB/2°bX

9 >Qr .Q2b h?Bb z2+i .Q+iQ b\

h?2 2pB/2M+2 b?Qrb i? i K2/B+ H#Q /b iB;?i2M2/ 2Mi'v "2[mB 2K
+?B QT +iB+ HB+2MbBM;X A MQr 2t KBM2 ?Qr i?2b2 "2;mH iQ v +?
T°Q72bbBQM 2+QMQKB+ HHVX A7 K2/B+ H #Q /b +i2/iQ T Qi2+i B
"2[MB 2K2Mib K v? p2 BKT ' Qp2/ T?vbB+B M r2H7 "2X A7Q+mb QM i
T Q}i #BHBiv K2 bm 2/ #v ?QK2 p Hm2b 77 QK RNjy@RN9y +2Mbmb / |
7°QK RN9Yy@RN8y +2Mbmb “2+Q /b- M/ T?vbB+B M T 2p H2M+2 7 Ql
QmMi+QK2b + Tim 2 i?2 M2i 2z2+i Q7 #Qi? K2/B+ H#Q "/ "2bTQMb2b
BMi'Q/m+iBQM QM T?vbB+B M r2H7 '2-i?Qm;? b2T " iBM; i?2irQ 2z
Q++m 2/1Q;2i?2 X

9XR J2i?Q/QHQ:v M/ 1KTB B+ H ai  i2;v

h?2 T'BK v M HViB+ H TT' Q +? 2KTHQvVb /Bz2'2M+2@BM@/Bz2
i?2 + mb H2z2+ib Q7 +?B QT  +iB+ #Q '/ /QTiBQMX h?2 # b2HBM?2 |

Yiey = ChiroBoard o, + BasicScience, + Ag€iy + ¢+ y+ "iey UukvVv

AM i?Bb KQ/2HF 2b2Mib i?2 Qmi+QK2 p "B #H2b Q7 BMi2 2bi- BM+]
2QK2 p Hm2b M/ ?QK2 QrM2 b?BTi BRIb+Q@i/NBiMB Blp EmhRI2 F2v
i"2 iK2Mi p “EhitéBdérd,, M BasicScience, + Tim 2 i?2 /QTiBQM Q7 2Bi?2"
+?B QT +iB+ #Q /b Q  # bB+ b+B2Wn2BAM yRAIEM HDNNMIHD 7Q°
;2M2° H/Bz2 2M+2b #v ;2-r?BH2i?2bT2+B}+ iBQM BMMQ TQ i2b -
V2 S }t2/ 2z2+i@ +QMi"QH 7Q  iBK2@BMp "B Mi +QmMiv +? * +i2 BbiB
i2KTQ" Hb?Q+FbX

kR



9Xk *QMi"QH :'QmT, aBKBH " LQM@>2 Hi? S°Q72bbBQN

hQ T'QpB/2 +QMi2ti M/ i2bir?2i?2  HB+2MbBM; 2z2+ib "2 bT2+B}
2t KBM2 Qmi+QK2b 7Q  bBKBH ~ MQM@?2 Hi? T'Q72bbBQMb b +0Q
T°Q72bbBQMb 1H2+i'B+ H 1M;BM22 b- *BpBH 1M;BM22 b- GB#" "B |
:Qp2 MK2Mi P{+B Hb iQ KBMBKBx2i?2J ? H MQ#Bb /Bbi M+2 #2ir22
p Hm2b- 2/m+ iBQM H ii BMK2Mi- M/ ?QK2 QrM2 b?BT " i2b "2H iBp
/Q+iQ bX h?Bb +QMi"QH ;"QmT M HvbBb ?22HTb p HB/ i2i? ii?2 Q#b
22 Hi? T°'Q72bbBQMb " i?2  i? M 2~2+iBM; #°Q /2  2+QMQKB+ i 2M/
T Q72bbBQMbX

9Xj AKT +i QM .Q+iQ  1+QMQKB+ Pmi+QK2b

h?2 2KTB B+ H "2bmHib "2p2 Hbi'BFBM; T ii2"Mb BM ?Qr HB+2Mb
2+QMQKB+ r2HH@#2BM; Q7 K2/B+ HT Q72bbBQM Hb +QKT “2/iQ i?
2t KBMBM; 2QK2 QrM2 b?BT T ii2 "Mb KQM; /Q+iQ b-i?2 /QTiBQM C
;2M2° i2b TQbBiIBp2 2z2+i QM ?2QK2 p Hm2b- rBi? +Q2{+B2Mi Q7 y.
BM+'2 b2 BM ?2QK2 p Hm2bV 7Q" /Q+iQ b 7QHHQIrBM; i?2 2bi #HBb?k
#Q /bX h?Bb Bb mMMHBF2HV iQ #2 /' Bp2M #v b2H2+iBQM ;Bp2M i? i-
#v #Qmi7Qm T2 +2Mi :2 TQBMibX

AM +QMi" bi-i?2 "2bmHib 7Q  bBKBH MQM@?2 Hi? T'Q72bbBQM]
TB+im 2X *?B QT +iB+ #Q '/ /QTiBQM b?Qrb Km+? bK HH2  2z2+ib
T°Q72bbBQMbo6 ?2QK2 p Hm2b- rBi? +Q2{+B2Mi Q7 yXyeyX h?2 T Q#
bBKBH " MQM@?2 Hi? T'Q72bbBQMb HbQ BM+'2 b2b #v bK HH2 K
BMi2  +i2/°2;2bbBQMb /2KQMbi  i2i? i- BM KQbi + b2b-i?2 2z2+ib
bB:MB}+ MiHV 7°QK i?Qb2 QM TH +2#Q T Q72bbBQMb- b b?2QrM #v i

k k



h #H2 |, .Bz2 2M+2@BM@.Bz2 2M+2b QM .Q+iQ  >QK2 PrM2 b?BT
LOQOM@>2 Hi? S'Q72bbBQMb

Q+iQ" SH +2#Q S'Q72bbBQMb .Q+iQ" SH +2#Q
1p2Mi hvT2 HQ;U>QK2 0o Hm2V S'UPrM >QK2V HQ;U>QK2 o0 Hm2V S'UPrM >QK2V HQ;U>QK2 ¢
/IQTi *?B QT +iB+ "Q '/ yXkk3 yXy99 yXyey yXyegy¥XykR YyXykR

UyXyjRV UyXyRjV UyXykeV UyXyRkV UyXykeV |
/QTi" bB+ a+B2M+2 "Q °/ yXRjd yXyyj yXy8j yXyjd yXy8j yXyjd
UyXyjoVv UyXyR9V UyXykNV UyXyRkV UyXykNV
IQTi *?B QT +iB+."@+iQ" yXRe3 yXyk9
UyXy9RV UyXyRdV
/QTi" bB+ a+B2M+2Q®iQ/ yXy39 yXyj9
UyXy9eV UyXyRNV
P#b2'p iBQMb 3y-9je R8R-yjy RO9R-3y3 jyR-d3k kkk-k99 i
LQi2Y p < 01- p < 005- p < 0:.01- p < 0001X .Bz2'2M+2@BM@/Bz2" Z

2biBK iBQM rBi? +QmMiv M/ v2 "~ }t2/ 2z2+ibX S B +Hmbi2® #QQibi" Tt
#v bi i2 BM T "2Mi?2b2bX a KTH2 BM+HmM/2b /Q+iQ'b 7°QK RNjy@RN?9
?2 Hi? T°"TQ72bbBQMb U1H2+i'B+ H1M;BM22 b- *BpBH 1M;BM22 b- GB#"
Qp2 "MK2Mi P{+B HbVX

h?2 /QTiBQM Q7 # bB+ b+B2M+2 #Q /b b?Qrb M2; iBp2 2z2+i QM
+Q2{+B2Mi Q7 @yXRjd U RKX3W /2+ 2 b2VX h?2 T 'Q# #BHBiv Q7 ?
MQ +? M;2X 6Q  bBKBH  MQM@?2 Hi? T'Q72bbBQMb-# bB+ b+B2M-
M2; iBp2 2z2+i QM ?QK2 p Hm2b U@yXy8jV M/ TQbBiBp2 2z2+i QM
UyXyjdV X

9X9 1/m+ iBQM H Zm HBiv M HvbBD

h?2 M HvbBb 2ti2M/b #2vQM/ 2+QMQKB+ Qmi+QK2b iQ 2t KBM2 2 ¢
i?2 [m HBiv Q7 K2/B+ HT Q72bbBQM Hb- b T QtB2/ #v 2/m+ iBQM H
b2H2+iBOM@QM@ Q#b2 p #H2b TT Q +?2-i?2 bT2+B}+ iBQM #2+QK:

Yiey = ChiroBoard o, + BasicSciencey + X iy + y+ "igy ujVv

>2°2-i?2 Qn¥jg QKR 2b2Mib v2 “b Q7 2/m+ iBQM H ii BMK2Mi- r?BH
p B #KgBM+HmM/2 BM/BpB/m H ;2 M/i?2 p2 ;22/m+ iBQM H ii Bl
T°Q72bbBQM Hb BM i?2 +QmMiviQ ++QmMi7Q HQ+ H2/m+ iBQM H

h?2 "2bmHib b?Qr i? i +?B QT +iB+ #Q */ /QTiBQM Bb bbQ+B i2/

K]



2/m+ iBQM H ii BMK2Mi KQM; /Q+iQ 'bX h?2 KQbi "Q#mbi bT2+B}+ |
2 }t2/ 2z2+ib M/ +QMi'QHb 7Q  HQ+ H 2/m+ iBQM HXR 2R /th-QB2H/b
//IBIBQM H 2/m+ iBQMX

h?2T > HH2H M HvbBb Q7 bBKBH ~MQM@?2 Hi? T Q72bbBQM 2/n
//IBiBQM Hp HB/ iBQM 7Q" i?2 B/2MiB}+ iBQM bi" i2;vX *?B QT  +iB
M2:HB:B#H2 2z2+ib QM TH +2#Q T'Q72bbBQM 2/m+ iBQM BM i?2 KQ
reB+? BM+Hm/2b ;2 }t2/ 2z2+ib M/ +QMi QHb 7Q  HQ+ H 2/m+ iBQM
"2;°2bbBQMb b?Qri? ii?2 2biBK i2/2z2+i QM /Q+iQ b /Bz2 b bB;MB]
TH +2#Q T°Q72bbBQMbX

h #H2 9, "Q */ /QTiBQM QM .Q+iQ" 1/m+ iBQM H ii BMK2Mi p2-bn
LQM@>2 Hi? S'Q72bbBQMb

.Q+iQ" ii BMK2Mi SH +2#Q ii BMK2Mi .Q+iQ° SH +2#C
URV UkvVv ujv URV UkvVv ujv uov
IQTi2/ *?B QT +iB+ "Q °/ YyXRj3 YyXRBeIy yXRXd3FXyjR yXYyjR
UyXyNRV UyXy3NV UyXyNjV UyXRRNV UyXRkyV UyXyNeV
/QTi2/ " bB+ a+B2M+2 "Q '/ yXy9k yXy9y yXy8NyXy9k yXykk yXydR yXydR
UyXRy3V UyXyNeV UyXy3eV UyXR89V UyXR8NV UyXRyeV
p2° ;2 1/m+ iBQM H ii BMK2Mi yXRKky yX93e yX93e
UyXyj8Vv UyXy8jVv UyXy8jVv
/IQTi2/ *?B QT +iB+QQRiQ" yXkye
UyXy3NV
/IQTi2/ " bB+ a+B2M+2Q4QQ 7 yXyRk
UyXRkkV
p2° ;2 1/m+ iBQM H ii B]MKQMi yXjee
UyXy9eV
P#b2 p iBQMb kyy-99k kyy-99k kyy-99k 8Re-3kN 8Re-3kN 8Re-3kN
;2 61b X X X X X

LQi2,p< 01l- p< 005- p< 001- p< 0001X a2H2+iBQM@QM@Q#b2 p #H2
rBi? v2 " }t2/ 2z2+ib M/ BM/BpB/m H+QMi QHbX ai M/ /2 "Q b +Hmbi2"
a KTH2 BM+Hm/2b /Q+iQ'b M/ bBKBH MQM@?2 Hi? T'Q72bbBQMb 7°Q

" bB+ b+B2M+2 #Q / /QTiBQM b?Qrb +QMbBbi2MiHv M2; iBp2 #mi
2z2+ib QM /Q+iQ  2/m+ iBQM H ii BMK2Mi + Qbb HHbT2+B}+ iBQN
7°QK @yXy9y iQ @yXy8NX 6Q  bBKBH ~MQM@?2 Hi? T'Q72bbBQMb-
M2; iBp2 M/ BMbB;MB}+ MiX

k9



9X8 amTTHv 1z2+ib M/ J F2i .vM KB+b

hQ 2t KBM2 ?2Qr HB+2MbBM; z2+ib i?2 bmTTHv Q7 K2/B+ HT Q72k
bi +F2/ 2p2Mi bim/v TT'Q +? Amb2/BM i?22 "HB2 M HvbBb Q7 K2/
+?B QT +iB+ HB+2MbBM;X A 7QHHQ B 2UKERNQ hQBR WTQRFB}+ iBQM
/1"2bb2b TQi2MiB H +QM+2 "Mb #Qmii 2 iK2Mi 2z2+i ?22i2° Q;2M2Bi\

1 +?2 2p@M2T 2b2Mib bm#b2i Q7 Q#b2 p iBQMb r?2 2 bi i2b 2Bi?2" [/
#Q '/ BM ;;Bp2M v2 " Q /B/MQi /QTi +?B QT +iB+ #Q "/ mMiBH i?
h?2 Qmi+QK2 YoyBK2Hm 2b i?2 MmK#2° Q7 T° +iBiBQM2'b T2  Ryy-y)
+QmbLiv2y- 7Q 20X Mi?2 i°2 iK2Mi NeévBBaaklgy BM/B+ i2b i?2 /QTiBQM
HB+2MbBM; #Q "My BOIMH@M2bi?2 /QTIiBQM Q7 Hi2 M iBp2 #Q “/ivT
m# M@ m> H+H bbB}+ iBQMX h?2 bT2+B}+ iBQM BM+QM/Q" i2b 2p:
2p2Mi@v2 " }t2/,@¢hRidb2 T°QpB/2 KQ 2 ~2tB#H2 +QMi'QH 7Q" +QM7
6QHHQrBM: i?2 /QTiBQM Q7 +?B QT +iB+ HB+2MbBM: #Q “/b- i?:
"2 12/ bi i2b 2t?B#Bib /2NHABM2BHBMWMQY BM/BpB/m HT 2@ /QTiBQM
"2 +?2b +QMpP2MiBQM H bB;MB}+ M+2 H2p2Hb-i?2 TQBMi 2biBK i2b
T 2i"2M/-r "~ MiBM; + miBQM BM BMi2 T 2iBM; i?2 7TmHH K ;MBim/2
b Tm 2Hv + mb HX h?2 Q#b2 p2//2+HBM2 Bb bBKBH " BM K ;MBim/2
T 2p H2M+2 +QKKQMHYV ii'B#mi2/iQ i?2 RHQ gWBH 22i?Q "2 LB/R Mn+ 2
bm;;2bib +?B°" QT +iB+ HB+2MbBM; #Q /b +QMi'B#mi2/iQ "2/m+2/ T
T'2b2M+2 Q7 TQi2MiB HT 2@2tBbiBM; i ' 2M/b BKTHB2b i?2 TQHB+vV
i? Mi?2  rTQbi@ /QTiBQM /2+HBM2 BM/B+ i2bX h?2b2 }M/BM;b T (
K2 MBM;7mH 2H iBQMb?BT-i?2Qm;?i?2 T 2+Bb2 K ;MBim/2 2K BMtl

k8



6B;m 2 N, 1p2Mi aim/v QM S 2p H2M+2 Q7 .Q+iQ'b i /QTiBQM Q7
IIQ ‘/

h?Bb };m 2 b?Qrb i?2 /vM KB+ 2z2+ib Q7 +?B QT +iB+ #Q '/ /QTiBQM QM
Ryy-yyy TQTmH iBQM mbBM; bi +F2/2p2Mibim/v K2i?Q/QHQ;v +QKT "BM
bi i2bX h?2t@ tBb 2T 2b2Mib v2 b "2H iBp2iQ +?B QT +iB+ #Q "/ /QTIiB
2biBK i2/i°2 iK2Mi 2z2+ib rBi? N8W +QM}/2M+2 BMi2 p HbX

AM +QMi’ bi-i?2 M HvbBb Q7 bBKBH  MQM@?2 Hi? T'"Q72bbBQM
/IBz2'2M+2@BM@/Bz2 2M+2b TT ' Q +? "2p2 Hb T ii2 " Mb /BbiBM+i 7°
b6B;MRd?Qrb-i?2 2p2Mibim/v M HvbBb T ' QpB/2b MQ 2pB/2M+2 Q7
Q7 bBKBH " MQM@?2 Hi? T'Q72bbBQMb 7QHHQrBM; +?B QT +iB+ #
2K BM +HQb2 iQ x2°Q +'Qbb HH T2 'BQ/b-#Qi? #27Q°2 M/ 7i2  #C
BMi2'p Hbi? i +QMbBbi2MiHV BM+Hm/2 x2 QX

ke



6B;m 2 Ry, 1p2Mi aim/v QM S 2p H2M+2 Q7 aBKBH ~LQM@>2 Hi?
/IQTiIBQM Q7 *?B QT  +iB+ "Q /

h?Bb };m 2 b?Qrb i?2 /vM KB+ 2z2+ib Q7 +?B QT  +iB+ #Q */ /QTiBQM QM
MQM@?2 Hi? T'"Q72bbBQM Hb T2  Ryy-yyy TQTmH iBQM mbBM; bi +F2/ 2y
+QKT "BM; i'2 i2/ bi i2biQ mMi 2 i2/ bi i2bX h?2t@ tBb 2T 2b2Mib v2 b "
#Q / IQTiBQM- M/i?2v@ tBb b?Qrb i?2 2biBK i2/i 2 iK2Mi 2z2+ib rBi? N
aBKBH " MQM@?2 Hi? T'Q72bbBQMb BM+HmM/2 1H2+i'B+ H 1M:BM22 b- *B|
1M;BM22 b- M/ :Qp2 MK2Mi P{+B HbX

h?Bb bi "F +QMi> bi #2ir22M i?2 bmTTHv 2z2+ib QM /Q+iQ b p2 bm
T°Q72bbBQMb T°QpB/2b //BiBQM Hp HB/ iBQM i? ii?2 Q#b2 p2/ T i
T Q72bbBQM@bT2+B}+ "2bTQMb2b iQ 22 Hi?+ "2 "2;mH iBQM " i?2"
z2+iBM; HH bFBHH2/ T°Q72bbBQMbX

8 >Qr .Q2b h?Bb z2+i *?B QT +iQ b\

> pBM; 2bi #HBb?2/ i?2 bTBHHQpP2 2z2+ib Q7 +?B QT +iB+ HB+2
A MQr 2t KBM2 ?Qr i?2b2 "2;mH iQ'v+? M;2b /B 2+iHv BKT +i +?B Q
M HvbBb 2t KBM2b i?72 T'BK "vBMi2M/2/ #2M2}+B B2b Q7 HB+2Mbl
BMiQ ?Qr T'Q72bbBQM H "2:mH iBQM b? T2b K "F2i Qmi+QK2b 7Q" i

kd



8XR 1+QMQKB+ AKT +i QM *?B QT +iQ'b

h?2 2+QMQKB+ 2z2+ib Q7 HB+2MbBM: QM +?B QT  +iQ b b?2Qr T ii
Q#b2'p2/7Q  /Q+iQ b M/ “22p2M KQ 2 /BbiBM+i 7°QK i?2 +QMi QH
T Q72bbBQMbX IbBM; i?2 b K2 /Bz2 2M+2@BM@/Bz2 2M+2b 7" K2rC
/IQTiBQM Q7 +?B QT  +iB+ #Q /b ;2M2  i2b TQbBiBp2 2z2+i QM +?
+Q2{+B2Mi Q7 yXje9 U TT QtBK i2Hv 99W BM+'2 b2 BM ?QK2 p Hn
QrM2 ' b?BT T 'Q# #BHBivBb HbQ TQbBiBp2-rBi? M BM+'2 b2 Q7 #(

h?2b2 2z2+ib "2 bm#bi MiB HHv H ;27 i? Mi?Qb2 Q#b2 p2/ 7Q  bE
T Q72bbBQMb-r?B+? b?Qr +Q2{+B2Mib Q7 yXyey 7Q  ?QK2 p Hm2b
T 'Q# #BHBiv 7TQHHQIrBM; +?B QT +iB+ #Q '/ /QTiBQMX

h #H2 8, .Bz2 2M+2@BM@.Bz2 2M+2b QM *?B QT  +iQ  >QK2 PrM
aBKBH " LQM@>2 Hi? S'Q72bbBQMb

*?2B'QT T +iQ° SH +2#Q S'Q72bbBQMb *?B'Q SH +2#Q
1p2Mi hvT2 HQ;U>QK2 0 Hm2V S UPrM >QK2V HQ;U>QK2 o0 Hm2V S UPrM >QK2V HQ;U>QK2 o
/QTi *?B"QT" +iB+ "Q */ yXje9 yXR3e yX¥yey yXygXykR YyXykR
UyXRdkV UyXyd3V UyXykeV UyXyRkV UyXykeV
/QTi" bB+ a+B2M+2 "Q '/ yXkdd yXyNe yXy8j yXyijd yXy8j yXyjd
UyXR39V UyXy3jVv UyXykNV UyXyRkV UyXykNV
/QTi *?B QT +iB+*TB QT +iQ" Y yXjy9 yXRe8
UyXRdjV UyXydNV
/IQTi " bB+ a+B2M+27R QT +iQ" yXkk9 yXRjj
UyXR38V UyXy39V
P#b2'p iBQMb j-R8k e-388 R9R-3y3 jyR-d3k R99-Ney iy

LQiZ,p< 01- p< 005- p<001- p< 000lX .Bz2'2M+2@BM@/Bz2 2M+2hb 2
rBi? +QmMiv M/ v2 ° }t2/ 2z2+ibX S B +Hmbi2" #QQibi~ T bi M/ “/ 2" C
BM T "2Mi?2b2bX a KTH2 BM+HmM/2b +?B QT +iQ b 7 QK RNjy@RN9y °
T°Q72bbBQMbX

8Xk 1/m+ iBQM H Zm HBiv 1z2+ib

h?2 /QTiBQM Q7 +?B QT +iB+ HB+2MbBM; #Q /b bm#bi MiB HHv
it BMK2Mi KQM; +?B QT +iQ bX IbBM; i?72 KQbi +QKT 2?2MbBp2 b
2 }t2/ 2z2+ib M/ +QMi'QHb 7Q  HQ+ H 2/m+ iBQM H i 2M/b-i?2 TQ
rBi? yXe //BiBQM Hv2 b Q7 2/m+ iBQMX

h?Bb 2z2+i Bb +QMbBbi2Mi + Qbb bT2+B}+ iBQMb-rBi? +Q2{+B2MN

k3



HH bi iBbiB+ HHv bB;MB}+ Mi ii?2 RW Q" yXRW H2p2HX h?Bb +QMi
bBKBH " MQM@?2 Hi? T'Q72bbBQMb-r?2"2 +?B QT +iB+ #Q */ /QT
QM 2/m+ iBQM BM i?2 KQbi +QKT 2?2MbBp2 bT2+B}+ iBQM- rBi? bi
+Q2{+B2Mi Q7 @yXyjRX

h #H2 e, "Q '/ /QTiBQM QM *?B QT  +iQ  1/m+ iBQM H ii BMK2N
aBKBH " LQM@>2 Hi? S°TQ72bbBQMb

*2B QT +iQ " ii BMK2Mi SH +2#Q ii BMK2Mi *?B°Q SH +21
URV UkVv ujv URV UkvVv ujVv uov
IQTi2/ *?B QT +iB+ "Q °/ yX8ky yX89y yX8e8 yXwRyoy yXXjp3
UyXR83V UyXR8kV UyXReRV UyXRRNV UyXRkyV UyXyNe
/IQTi2/ " bB+ a+B2M+2 "Q °/ yXy3k yXyed yXyd9 yXy9k yXykk yXydR yXydR
UyXRjjV UyXRkkV UyXRkdV UyXR89V UyXR8NV UyXRyeV
p2° ;21/m+ iBQM H ii BMK2Mi yXy89 yX93e yX93e
UyXyeRV UyXy8jV UyXy8jVv
/QTi2/ *?B QT +iB+?8 QT " +iQ" yX8Ne
UyXRjeV
/IQTi2/ " bB+ a+B2M+2BQQT" +iQ" yXyy9
UyXRkKNV
p2° ;2 1/m+ iBQM H ii B2RQMi +iQ" yX89y
UyXydovVv
P#b2 p iBQMb Rk-e9R Rk-e9R Rk-e9R 8Re-3kN 8Re-3kN 8Re-3kN
;261b X X X X X

LQi2,p< 01- p< 0:05- p< 00l- p<0:001X a2H2+iBOQOM@QM®@ Q#b2 p #H?2
rBi? v2 " }t2/ 2z2+ib M/ BM/BpB/m H +QMi"QHbX ai M/ /2 °Q b +Hmbi2"
a KTH2 BM+Hm/2b +?B QT  +iQ°b M/ bBKBH ~MQM@?2 Hi? T'"Q72bbBQ]

h?2 7mHHvV BMi2  +i2/ 2;°2bbBQM b?Qrb i? ii?2 2z2+i QM +?B QT
M/ /Bz2 2Mi 7°QK i? i QM TH +2#Q T'Q72bbBQMb- rBi? M BMi2" +iB

8Xj amTTHv .vM KB+b M/ J "F2i 1Mi'v

bBKTH2 bi +F2/ 2p2Mi bRR/QMEB2nMT 2p H2M+2 Q7 +?B QT  +iQ b
i72 T°2p H2M+2 Q7 +?B QT +iQ b BM+'2 b2/ 7i2 i?2 /QTiBQM Q7
T2'BQ/b #27Q°2 /QTiBQM- ?2Qr2p2 - b?Qr +QM+2"MBM; mTr /i  D:
BMi2 T 2i iBQMX

kN



6B;m 2 RR, 1p2Mi aim/v QM S 2p H2M+2 Q7 *?B QT  +iQ b i /Q
*?2B QT +iB+ "Q '/

h?Bb };m 2 T°2b2Mib i?2 2p2Mi bim/v M HvbBb Q7 +?B QT +iB+ #Q "/ /QT
T'2p H2M+2 T2  Ryy-yyy TQTmH iBQMX h?2 M HvbBb mb2b irQ@r v }t2/ 2
2p2Mi@iBK2 “2H iBp2 iQ #Q '/ /QTiBQM QM i?2t@ tBb M/ 2biBK i2/ +Q2{+
BMi2'p Hb QM i?2 v@ tBbX

8X9 J2i?Q/QHQ;B+ H *? HH2M:2b M/ aQHmiBQMb

h?2 M HvbBb Q7 +?B QT +iQ  bmTTHv 2z2+ib +QM7 QMib irQ T B
i?7 1i?°2 i2Mi?2 p HB/Biv Q7 bi M/ "/ /Bz2 '2M+2@BM@/Bz2 '2M+2b T
T'2p H2M+2 Q7 +?B QT +iQ°b K VBM+'2 b2 i?2B  TQHBiB+ H HQ##)\
2M/Q:;2MQmb /QTiBQM Q7GIB+MbBBKYyyBR hPBb "2p2 b2 + mb HBiv
T Q#H2K K2 Mb i? iDm ' Bb/B+iBQMb rBi? KQ 2 +?B QT +iQ b K v #2
HB+2MbBM;- +QM7QmM/BM; i?2 #BHBiviQ B/2MiB7v i?2 + mb H 2z2

a2+QM/-i?2 T 2p H2M+2 Q7 +?B QT  +iQ b 2t?B#Bib bi'QM; T2 bB
i? i ?B;?2 +m "2Mi T 2p H2M+2 H2 /biQ ?B;?2 7mim 2T 2p H2M-
BMi?2 T°Q72bbBQM i?2v T 2pBQmbHV +?Qb2X h?Bb +'2 i2b b2 B H
#B b 2biBK i2b Q7 i°2 iK2Mi 2z2+ibX

iy



hQ //°2bb i?2b2 +? HH2M;2b- A BKTH2K2Mi M BMbi'mK2Mi Hp "B
rBi? /vM KB+ T M2H K2i?Q/bX h?2 bi> i2;v BMpQHp2b irQ F2v BMMQp
7Q i?2 2tBbi2M+2 Q7 HB+2MbBM; #Q / mbBM; i?2 T 2p H2M+2 Q7
MOQM@#Q /2 BM; +QmMiB2b rBi?BM i?2 bi i2- +QK#BM2/ rBi? i?2 H ;.
a2+QM/- BM+HmM/BM; H ;;2//2T2M/2Mip "B #H2 M/ ?B;?22°@Q /2" T
T Q72bbBQM T 2p H2M+2 iQ // 2bb T2 bBbi2M+2 Bbbm2bX

8X8 AMbi mK2Mi Ho "B #H2b ai” i2;v
h?2 1} bibi ;2 Q7 i?2BMbi'mK2Mi Hp "B #H2b TT 'Q +?i F2b i?2 7¢

X
NewBoardyeyq = capi (Yap; 10, ¢)  1[TT+ X peya + "peyd usy

r?2 RewBoardy,qg Bb #BM "vBM/B+ iQ 7Q +?B QT +iB+ #Q-"/ /QTiBC
+Qmbtiv2y- 2p2dKi h?Bb bT2+B}+ iBQM BMbi"mK2Mib Q. 1#Q- "/ /QTiE
i?72 T'2p H2M+2 Q7 p "BQmb 22 Hi? T'Q72bbBQMb BM MQM@#Q /2 B
i2Mv2 b T'BQ  iQ /QTiBQM- BMi2" +i2/ rBIF]iB K2 2 RQ +BAMBb iQ"
+ Tim 2i?2 2H iBQMb?BT #2ir22M /Bbi Mi T Q72bbBQM HT 2p H2M
r?BMR2,q 2T 2b2Mib +QMi"QH p "B #H2b hBR?BHQE{BB2BIVG, bbmKTiBQ
i? ibi i2@H2p2H TQHBIB+ H M/ "2;mH iQ ' v2MpB QMK2Mib BM~m2N\
bT2+B}+ T°2p H2M+2 BM MQM@#Q /2°'BM; +QmMiB2b 2K BMb mM+Q
b?Q+Fb /B 2+iHv z2+iBM; +?B QT " +iQ  Qmi+QK2b BM i?2 7Q+ H +Q

h?2 b2+QM/ bi ;2 BM+Q ' TQ"  i2b i?2 T 2/B+i2/ #Q */ /QTiBQM p "B
T2 bBbi2M+2 +QMi QHb,

X 3 .
Yeyap = NewBoardpeya + X peya + cdpif (Yedpy 1) F pyd + "peyd UeV
i=1

(22 %y Bb i?22 Qmi+QK2 pBWBi #H2Q2{+B2Mi Q7 BMi2 2bi QM T 2/B+i2
/QTiEN@MBoardyyq- M/ 2T 2b2Mib +Q2{+B2Mib QMK&@MHKHBH p "B #H2b

iR



bT2+B}+ iBQM(B’CM;);l-ﬁmIZrM#B+ TQHVMQKB HUB4R-k-jVBMH ;;2/ T Z
i?72 T'Q72bbBQMb rBig,HQ2{2EB2MHbO +QMi ' QH 7Q T2 bBHi2M+2 222+
2T 2b2MiBM; 2p2Mi@bT2+B}+ v2 ~ }t2/ 2z2+ibiQ #bQ # +QKKQM i2

h?2 F2v BMbB;?i mM/2 HvBM; i?Bb B/2MiB}+ iBQM bi" i2;vBbi? i
/2i2 " KBM2/ #v +? = +i2 BbiB+b Q7 i?2 2MiB 2 bi i2-r?B+? + M #2 BbC(
b?Q+Fb i? i KB:?i /B 2+iHv z2+i T'Q72bbBQM H Qmi+QK2bX h?2 T 2
BM /Bbi MiT ib Q7 i?2bi i2 2~2+ib#°Q /2  TQHBiB+ H2+QMQKv 7
"2;mH iQ'v/2+BbBQMb rBi?Qmi #2BM; /B 2+iHv +Q "2H i2/ rBi? HQ+

h?2 T'BK "vi? 2 iiQi?2 2t+HmMbBQM "2bi'B+iBQM Bb bT iB H +Q"°
+QM/BiBQMb + Qbb +QmMiB2b rBi?BM bi i2X >Qr2p2°-i?2 2ti2MbB
+QmMiv +? ° +i2°'BbiB+b M/ ~2tB#H2 iBK2 i'2M/b b?QmH/ //"2bb i?B
mMbBM; MQM@#Q /2 BM; +QmMiB2b ?2HTb KBMBKBx2 /B 2+i bTBHHC
"2H2p M+2 Q7 bi i2@H2p2H TQHBiIB+ H/2i2 ' KBM MibX

8Xe AMbi mK2Mi Ho B #H2b _2bmHib

h?Bb BMbi mK2Mi Hp "B #H2b TT Q +? +QMiBMm2b iQ b?Qr M BNM
T'2p H2M+2- #mi rBi? H2bb +QM+2 " RIBMmMB 2® i 2BE/X BBiBMi2 T 2
i? MT'BQ ™ 2p2Mi bim/B2b /Im2 iQ i?2H ;;2//2T2M/2Mip "B #H2 bT2+
+QM+HMbBQMbX 6QHHQrBM; +?B QT  +iB+ #Q "/ /QTiBQM-i?2 ; Qi
BM+ 2 b2b #v TT QtBK i2HVRR T® +iBiBQM2'b T2  Ryy-yyy T2QTH2
TQri? T i2b#27Q°2 /QTiBQMX hQ +QMi2tim HBx2 i?Bb K ;MBim/2- N\
T 2p H2M+2 2t+22/b i?2iQi HM iBQM HBM+ 2 b2 Q#b2jyYX/ Qp2  i?2
>Qr2p2 -i?2 +QM+m "2Mi ; Qri? BM # bB+ b+B2M+2 #Q '/ T 2p H2M+
BM+ 2 b2X



6B;m 2 Rk, 1p2Mi aim/v QM :°Qri? Q7 *?B QT +iQ'b i /QTiBQM Q7
IIQ ‘/

LQi2b, h?Bb };m 2 b?Qrb 2p2Mi bim/v +Q2{+B2Mib 7°QK i?2 BMbi mK
bT2+B}+ iBQM /2b+ B#2/ BM 2[m iBQM UKVX h?2 /2T2M/2Mi p "B #H:
T 2p H2M+2 UT® +iBiBQM2 b T2 Ryy-yyy TQTmH iBQMVX h?2 bT2+E
TQHVMQKB Hb BM H :;2/ T°Q72bbBQM T 2p H2M+2 M/ 2p2Mi@bT2+I
BMi2 p Hb "2 b?QrM ii?2 N8W H2p2HX h?2 BMi2 T 2i iBQM /Bz2 b -
Im2iQi?2 H ;;2//2T2M/2Mip "B #H2 bT2+B}+ iBQM- #mi /2KQMbi  i:
T 2@i 2M/b 7QHHQr2/ #v bmbi BM2/ ;"Qri? BM +?B QT  +iQ T 2p H2

h?2 “2bmHib +QKT “BM; }t2/ 2z2+ib M/ BMbi mK2Mi Hp "B #H2b 1
T Q72bbBQMb b?Qr /BbiBM+i T ii2 "MbX 6Q° +?B QT  +iQ b-i?2 BMb
+?B QT +iB+ #Q '/ /QTiBQM b?Qrb +Q2{+B2Mi Q7 RRXdjj +?B QT"
TQTmH iBQM- +QKT "2/iQ i?2 }t2/ 2z2+ib 2biBK i2 Q7 RX3k8X 6Q" b
T Q72bbBQMb-i?2 +Q2{+B2Mib 2 Km+? bK HH2 M/ ;2M2"> HHv BM]
p HB/ iBQM 7Q  i?2 22 Hi? T'Q72bbBQM@bT2+B}+ 2z2+ibX
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h?2 BMbi mK2Mi Hp "B #H2b "2bmHib HbQ b?Qr 2z2+ib QM Qi?2°
+?B QT +iB+ #Q /b b?Qrb +Q2{+B2Mi Q7 @jNXey8 T2  Ryy-yyy TQ
T'2p H2M+2 UrBi? H “;2 bi M/ '/ 2°°Q ' bVX 6Q  bBKBH MQM@?2 Hi?
#Q '/ +Q2{+B2Mi Bb MQi bB;MB}+ Mi- T"QpB/BM; 7Tm i?2  2pB/2M+2 i
bT2+B}+iQ ?2 Hi? T'"Q72bbBQMbX h?2* ;:@.QM H/ 6@bi iBbiB+b "
#Qp2 +QMp2MiBQM Hi? 2b?QH/b 7Q  BMbi"mK2Mi "2H2Ip M+2X h?2
BM/B+ i2i? ii?2 MmHH ?vTQi?2bBb Q7 BMbi mK2Mi 2tQ;2M2Biv + M

h?2 bi "F+QMi” bi BM "2bmHib #2ir22M ?2 Hi? T'Q72bbBQMb U/Q+
bBKBH "~ MQM@?2 Hi? T'TQ72bbBQMb + Qbb HH QmMi+QK2 K2 bm™2b
ii BMK2Mi- M/ bmTTHv 2z2+ib T QpB/2b bi QM; p HB/ iBQM i? ii?2
T°Q72bbBQM@bT2+B}+ "2bTQMb2biQ ?2 Hi?+ "2 2;mH iBQM "~ i?2"
z2+iBM; HHDbFBHH2/ T°Q72bbBQMbX

e h?2Q 2iB+ HJQ/2H

Ai + M #2 /B{+mHi iQ #mBH/ M BMimBiBQM #Qmir? iiQ 2tT2+i BM
HB+2Mbm 2- bQ A /2p2HQT KQ/2H iQ ?2HT mM/2 bi M/ i?2 /vM KB+I

h?2 KQ/2H Q7 +QKT2iBiBp2 Q++mT iBQM H HB+2MbBM; Bb b2[m?2
72 im 2b, URV HB+2MbBM; b2 p2b b # B2 iQ 2Mi v- UKV Bi K v #:
T 'Q72bbBQM H Q' ; MBx iBQMb ? p2 r2HH@/2}M2/ Q#22ABHQbX 6Q°
; K2r?2°2 T°Q72bbBQM H Q" ; MBx iBQMb b2i HB+2MIBBW2 BRWB 2K 2
K "F2i?2°2rQ F2'b M/ +QMbmK2'b K F2 miBHBiv@K tBKBxBM: +?QB
mb2 i?Bb KQ/2H iQ T2 ' 7Q K 2[mBHB# BmK M HvbBb M/ bi'm+im" H

eXR hBKBM;

h?2: K2 T Q+22/b BM }p2 bi :2b,

RXi ;2 RS'Q72bbBQM HQ ; MBx iBQM R W(®+iQ bV b2ib 2Mi'v +Q
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kXai ;2 k SSQ72bbBQM H Q' ; MBx iBQM k Ust 2R/ @2 ib+2 @1 syQ@Hhi 2 p
jXai :2j, g H bB M m+iBQM22P; )i bQr +Bi22bK “F2ibX

9Xai ;2 99gQ F2 b Q#R2,)pM/ T B(P2B,) M/ +?2QQb2 T Q72bbBQMb M|
(h1;hy) X

8Xai ;2 8 *QMbmK2 b Q#bPPpR)T B4+2PQQb2 b2 pB+2bX

ai ;2b j@8 +QMbBBNINMA 2BiQ2 2¢ QMQ@K\Ww2 i?72 ; K2 #v # +Fr "/ BM/m+iB
+? ° +i2°'BxBM; i?2BMi2°BQ K "F2i 2[rnsB pB# BRMKb QM p BAW;; BQ2 M 2
QTiBK HHB+2MbBM; +?QB+2bX

eXk AMi2 " BQ 1+QMQKv Uai ;2b j@8V

*QMbB/2° T Q/m+iBQM 2+QMQKvV rBi? irQ ivT2b Q7 :2Mib M/ bB
+H2 "bpB gqH bB M m+iBQM22 X gqBi?BM i?2 K “F2i-i?2°2 “2irQ
BM/2t2p2%129 M/ M QmibB/2 QTiBQMX

2Mib
C*QMbmK2 BrQMiBMmMmMK Q7 +QMbmaJ0mB M?P2t®2/Bhvi?2 K “F2i

bBx2X 1 +? +QMbmK2 2?2 b mMBi /2K M/ 7Q° T Q72bbBQM H b2
#bi BMX >2i2°Q;:2M2Qmb i bi2b "2 KQ/2H2/ pB T Q72bbBQM@Db

CagQ F2 b +QMIiBMMMK Q7 rQ F220[BM/Ir2t2VBb i?72 H #Q° 7Q +2 bB»
1 +?2 rQ ' F2  Bb 2M/Qr2/ rBi? H #Q° M/ ?22i2°Q:2M2Qmb T 272 2M
qQ ' F2'bp "vBM #MHB#H2 T'Q72bbBQM@bT2+B}+ miBHBiv b?Q+F
2Mi2 b i?2 T @ TZHiBEKQHHV +? QIQhiDbK? OBKBX2 T Q}iX

PTiBK H>Qm' b *?2QB®2T +iBiBQM2 BiWPQIRDHBQM b iQ K tBKBx2
T Q}i,

udv

max = Pphp h?
p

je



h?21'bi@Q /2  +QM/BiBQM vB2H/b QTiBK H?Qm" b,

>
1
I\)|U'U

u3v

M/ K tBKBx2/ T Q}i,

TN

P
e UNV
qQ F2 S vQzbrQ F2rBi? #BHBAIVBp2b miBHBiv 7" QK 2Mi2bBM:; T Q72

S
Voi=a, bap cq+ p+"p URYV

r?2°2 Bb i?2 2[MBHB#35BBIKiP2Q3Mi v, BDbiz2 +QKKQM
T'Q72bbBQM@bT2"%B}4ti tdR2 MHmM2 Bb i?2 B/BQbVM+" iB+ b?Q+FX
i?2 BMimBiBQM i? i rQ'F2 br MiiQ2 "M T Q}i-r?BH2i?2 +Qbi BKT(
/2+ 2 bBM; BM #BHBiv- #mi i?2 rQ F2 6b QmibB/2 QTjBDM Bitb HbQ E
MQM@+QKT2Mb iQ'vQ "2;mH iQ'v72 im2bi? iKvK F2 T 'Q72bb!
iQ rQ F2 bX h?2 miBHBiv7 QK +?QQbBM; i?2 QmibB/2 QTiBQM Bb M
h?2 +?2QB+2 T Q# #BHBiv Bb,

eVo(a)

P(+?Q Qigr=

— — URRYV
1+ evila) + gVa(a)

rBivp(g)=a, bZ—" cg+ pX
6°QK i?Bb b2imT-H #Q  [m MiBivbmTTHB2/ M/ H #Q  [m HBiv "2/

2[MBHB# BmK T B+2bX
G #Q amTTHA2 MmK#2 Q7 nQ EiD BM; T pQR2,bbBQM

eVo()f (q)
o 1+ eVi(@) + gVa(a)

np = | URKV

r?2fAg) Bb i?2 HQ;@MQ 'K H /2MbBivX

jd



Zm HBiv 6Q K iBQM:2 [m HBivBMF, Q72bbBQM

Z, VoG
_ e P(Q|)f (q)q .
% = n_p o 1+ Vi@ + evz(qi)dq URJV

q?2M 2Mi'v +Qbib "2 ?B:?2°-i?2 p2 :2 #BHBivQ7rQ F2'b;2M2"
T Qlibi vbi?2 b K2-72r2  rQ F2 b 2Mi2  i?2 T°'Q72bbBQMX h?Bb + 2
? pPBM: KQ 2 rQ F2'b M/ ? pBM: KQ 2 + T #H2 rQ F2 b BM i?2 T Q72|

*QMbmK2 S 272 2RMDINK2+2Bp2b miBHBiv 7pQK T Q72bbBQM

UDC: qp Pp+ p+ pc UR9YV

r?2°@ Bb p2° ;2 [ HB2VF BfBb i?2 p2° ;2 MQM@p 'VBM; i bi2 7Q°
T'Q72bbBQM-1tMY2K2 0 Hm2 "2 B/BQbvM+" iB+ /Bz2 2M+2b #2ir22M
h?Bb 7QHHQrb i?2 HQ;B+ i? i +QMbmK2 b r Mi ?B;?@[m HBiv b2 pB+
T'B+2X h?2 miBHBiv7°QK +?QQbBM; i?2 QmibB/2 QTiBQM Bb MQ K
*2QB+2 T Q# #BHBiB2b 7QHHQT,

eYr
(+?Q Qb (s s URS

a2 pB+2J "F2i *H2 JBM2i +H2 BM; Q++m b r?2M,

eYr
1+ eV + &b

am#biBimiBM; QTiBK H?Qm b,

elr

2 1+ eV + eV

rBi? i?72 H27i bB/2 b ;; 2; i2bmTTHv UMMK#2 Q7 rQ F2 b iBK2b (

i3



rQ F2°V M/i?2 B;?ibB/2 b ;;2; i2 /2K M/X
AMi2 ' BQ J "F2i 1[mMBHBgHmBE M 2[mEBbB# BMK2+iBPMPQ7Z T B+2b
[m MiB@B;2p - ?Qrthkhy) - M/ [m HBIBRbM+? i? i,
RX  +iBiBQM2'b QTiBKBx2 ?IQmXBp2M T B+2b,
kXqQ F2'b QTiBKBx2 T°Q72bbBQM +?QB+2 ;:Bp2M T 'B+2b M/ QTiB}
iX*QMbmK2 b QTiBKBx2 miBHBiv ;Bp2M T B+2bX
9?2 b2 pB+2 K "F2i +H2 b 7Q #Qi? T'Q72bbBQMbX

8Xm HB}B2» +QMbBbi2Mi rBi? i?2 b2H2+iBQM K2+? MBbK BKTHB?2

_2bmHi,

S'QTQbBIBJAWIIR BQ ™ J "F2i 1}XhBRBA#?BMKOMHBM2 KQ/2H bbmKTiBC
2tBbib g H bB M 2[mBHB# BmK 7Q(s;;MVMX;Bp2M 2Mi'v +Qbib

6Q  i?2 7Q K H 2tBbi2M+2 T Q@7- b22 TT2M/Bt

eXj 1ti2'BQ : K2 Uai ;2b R@kV

2Mib 1 +? T'Q72bbBQM2T 2b2Mi iBp2 Q ; MBs i@ XM BKBE2iiQi H
T Q72bbBQM@rB/2 T°Q}iX S'Q72bbBQM R Ui?2 /Q+iQ bV KQp2b } bi
+?B QT +iQ bV "2bTQM/b BM ai :2 kX

S vQzbAi Bb mM+H2 " ?2QriQ KQ/2H i?2 Q#D2+iBp2 7TmM+iBQM Q7 Q" ;
bi'BM;2M+vX h?Bb T~ HH2Hb i?2 +H bbB+ Qbb@ . mMMHQT /Bb+mbbE
/2+BbBQM @EKMFBMWYKX AM Kv T'BK v KQ/2H- A /QTi M 62+QMQKB
7° K2rQ F- bbmKBM; i? i HB+2MbBM; Q ; MBx iBQMb b22F iQ K tBKIE

kgBi? bT2+B}+ T ° K2i"MBHM2M2bb + M #2 p2 B}2/ #v +?2+FBM; 7Q° +QMi  +iB
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T Q72bbBQMX >Qr2p2 - ArBHH HbQ 2t KBM2 Hi2 "M iBp2 /2+BbBQN
KQ 2 +QKT 2?2MbBp2 M HvbBbX
P'; MBx pBKQMBKBXx2b,

SvQznp, UR3V

h?Bb "2~2+ib i?2 B/2 i? i T°Q72bbBQM H Q" ; MBx iBQMb /2 Bp2 2
T  +iBiBQM26bMK2 i? ii?2 +im H+QbiiQ T  +iBiBQM2'b bbQ+B i2/
i72 T°"Q72bbBQM H Q ; MBx iBQM Bb bm{+B2MiHv bK HH bm+? i? i Bi
T°Q72bbBQM Q" rQ F2 bX

1ti2°BQ" : K2 1[mMBHBA B@Kmb QM bm#; K2@T2 72+i 2[mBHB# B X
2[MBHB# BmKsBsy) bmB? i? i M2Bi?2 Q' ; MBx iBQM rBb?2b iQ +? M;2
'Bp2M i?2 Qi?2 6b +?2QB+2 M/i?2b2[m2MiB HM im 2 Q7 i?2: K2X

d ai'm+im> H 1biBK iBQM M/ aBKmH iBQM

h?Bb KQ/2H Bb BMi2MiBQM HHv ~2tB#H2 bQ i? i Bi + M #2 + HB#"
+QMi2tib- #mi MQi HH +? ° +i2 'BbiB+b "2 ;2M2° HBx #H2X AM i?Bb
T K2i2'b 7Q  Kv 2KTB B+ H +QMi2ti- #mi Bi Bb BKTQ i MiiQ MQi2 i
+ HH 7Q  /Bz2 2Mi TQHB+v T 2b+ BTiBQMbX

hQ BHHmbi  i2i?2 KQ/2H6b F2v K2+? MBbKb M/ +QKT " iBp2 bi iB
bBKmH iBQMb mM/2  p "BQmb T ~ K2i2  +QM};m  iBQMbX h?2 bBKmFt
HB+2MbBM; bi ' BM;2M+v z2+ib [m HBiv bQ iBM;- 2Mi v [m MiBiB2b-
#2ir22M +QKT2iBM; T°'Q72bbBQM H #Q “/bX IM/2  bvKK2i B+ # b2HB
T 2/B+ibi? i #Q /b 2M; ;2 BM +'2 K@bFBKKBM; #2? pBQ i?2 Qm;? b
HB+2MbBM; bi M/ “/b-rBi? BKTQ i Mi BKTHB+ iBQMb 7Q  r2H7 2 +

I +QKKQM bm;;2biBQM Bb i? i HB+2MbBM; #Q /K v #2 K tBKBXBM; p2  ;2T'Q
KQ/2H- i?Bb H2 /b iQ mM 2 HBbiB+ /2;2M2" i2 Qmi+QK2b rBi? BM}MBi2bBK HHvV b}
9 Hi2'M iBp2Hv- Bi +QmH/ #2 +QMbB/2 2XT i Q7 i?2 +Q2{+B2Mi
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"2;BK2bX q?2M T 'Q72bbBQMb ? p2 bvKK2i'B+ # b2HBM2 ii° +iBp2N\
bi> i2;B+ "2bTQMb2b M/ r2H7 2" MFBM:b p v bm#bi MiB HHvX 6mF
/2i BH2/ M HvbBb "2 T 2b2MiX/BM TT2M/Bt

A 2biBK i2i?2 KQ/2H6b T * K2i2 b mbBM; }p2@bi ;2 T°Q+2/m 2X
RN9y M/ RN8y +QKTH2i2 +QmMi +2Mbmb 2 b XVa oMb BKDU2 MQi2 rQ
1+QMQKB+ "2 b BM/2mV/ -#vivi2 BM/2t2/s#v vEI/ TU Q7 2008 QMb U

ai ;2 R, J "F2i@G2p2H #BHBiv 1hiBK;iBQMM 2 "MBM;b Q7 rQ F2 b
2KTHQV2/ QmibB/2 i?2 "2;mH i2/ T°'Q72bbBQMb- A 2biBK i2i?2 T K
/Bbi'B#miBQM 7Q  H i2Mi bFBHH ii?2 al @v2 ~H2p2HX hQ ++QmMi
rBMbQ BR2@MQ K H /Bbi ' B#miBQM mbBM; K tBKmK HBF2HB?QQ/ 2
m M/2 :Qp2 MBM; i?2 /Bbi'B#miBQM Q7

logg" ®°N ( m; 2):
h?Bb /Bbi'B#miBQM 7Q Kb i?2 T'BQ  7Q T Q72bbBQM@bT2+B}+ bF|

ai ;2 k, G#Q J "F2i S K2i2 1biBKLIiBRMXF2" rb

T 'Q72bbBQM@ b T2+ B+ HQIR M2 KBHRING@ H2p2H T'BQ X A 2biBK i2 T
QP2 "MBM; Q++mT iBQM H +?2QB+2 M/ H #Q bmTTHvV #v KQ/2HBM; i
pBMal @w2b

Sp;s )
Voim = p+ap;m+g+cqai+ pis
|

(22 2m /2MQi2b 2tT2+i2/ T Q}i +QMARJI BQ M BH+QMbENBHHBM;2M+v B
bi i2@82 M/ Bb M2 °Q  i2 KX hhZgmMHERO M2 222+i Q7 “2;mH iBQ
p VBMp2 b2HvV rBi? #BHBiv-+ Tim BM:i? i bi'BM;2M+v /BbT QTQ |
rQ F2 bX S~ KRazih "2 2biBK i2/ mbBM; "GS K2i?Q/b- rBi? /2KQ;  T*
7 QK i?2 #BHBiv /Bbi'B#miBQM b2 pBM; b Q#b2 p2/ ?2i2 Q;2M2Biv
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ai ;2 j, IKTB B+ H " v2b a? ' BMF ;2 QM ai BM;2 MY BKTKQp2 b2
bi #BHBiv Q7 “2;mH iQ v 2z2+i 2biBK i2b-A TTHv 2KTB B+ H " v2b |
T > K2i28Jg mbBM; #QQibi~ Tbi M/ /2 Q' bX 6Q 2 +? T'Q72bbBQM-

2
Sep = J‘BQW(% s N
22 27 BBb i?2 + Qbb@bi i2 K2 M Q7 b3yBEb2iM2\p 282 Mib2 Q7 i m2
bi'BM;2M+v 2z2+ib M2i Q7 b KTBBM22¥@QibM/Tabi M/ “/ 2pXQ " 7Q b
h?2 b? ' BMF ;2 Bb TTHB2/ b2T " i2HViQ +?B QT +iQ M/ T?vbB+B I
rBi?BM 2 +? T'Q72bbBQMX h?2bXH@® neME2M Mmb2K B i®2 bm#b2[m 2]
#BHBiv BKTmi iBQM bi2TX

ai ;2 9, #BHBiv AKTmilbB@MX?2 2biBK i2/ H #Q K "F2i T = K2i2 b UE
i?22 b? MMF2M bi'BM;2MssyVT MKQ#bD p2/ Q++mT iBQM H +?2QB+2b- /
KQ/2H iQ BKTmi2 TQbi2 BR 7@BHBXVHQZF2HBM 2 +? T'Q72bbBQM M
h?2b2 [m HBiv 2biBK i2b "2+ H+mH i2/ #v +QK#BMBM; i?2 bi m+im~
K "F2ib? 2b M/ i?2 2KTB B+ HHv b? mMF2M "2;mH iQ v bi BM;2M+
i?72 BKTmi2/ #BHBiB2b "2~2+i bi #BHBx2/ 2biBK i2b Q7 "2;mH iQ v 2

ai :2 8, *QMbmK2" .2K M/ 1biBK*QBADNMMHGD miBHBiv 7 QK +?QQbBM:
T Q72pbBM K “F2Bb

Ueom = Upm + "cipim

r?2°2i?22 K2 MmiBHBiv Bb
Up;m: m+ Ppm* pt+ pm:

>2 Brm Bb i?22 BKTmi2/ [m HBiv K2 bp MBMIT@QRAbHBIQMH i2/ mbBM;
b? MMF2M bi BM;2M+R,J BIK2i2 20A2+iBp2 T, Bb2-TM/72bbBQM@bT2+
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}t2/ 222+iX h?2 B/BQbV Mg, iB2 bPQ2KRti 2K2 p Hm2 /Bbi B#mi2/X h
Bb 2biBK i2/ mbBM; irQ@bi ;2 H2 bi b[m “2b rBi? K "F2i b? 2b "2H iE
i?72 /2T2M/2Mip "B #H2- BMbi ' mK2MiBM; 7Q" TQi2MiB HHv 2M/Q;2M
H#Q 7Q +2 bBx2- +QKT2iBiQ bi'BM;2M+v- M/ /2KQ; T?B+ +?  +i

3 2bmHib, ai m+im"  H 1biBK iBQM

3XR S " K2i2 1biBK i2b

h #H2XHR 2b2Mib i?2 bim+im> HT ~ K2i2 2biBK i2b-r?B+? # Q /Hv
i?72Q 2iB+ H 2tT2+i iBQMbX qQ F2'b b?Qrr2 F '2bTQMbBpP2M2bb iQ
d@=0:00002v M/ KQ/2bi /2i2°"2M+2 7°QK Hm+" iBp20Q0Ai®/B/2 QTiBQMb |
+QMbBbi2Mi rBi? bm#bi MiB H7 B+iBQMb BM 2Mi2 BM; M/ 2tBiBM; i
T Q72bbBQMb 2t?B#Bi bm#bi MiB HM2; iBp2 # m2HBM2 M/ K2i2 b /
+?B QT +iQdni599 U/Bz2 2M287QX h?2b2 T ° K2i2 b + Tim"2
+QK#BM iBQM Q7 MQM@bFBHH@p "VBM; 2Mi‘v +Qbib M/ p2° :2i bi
T Q72bbBQMX h?2 KQ 2 M2; iBp2p Hm2 7Q +?B QT +iQ b bm;;2bil
# B2 b- HQr2" p2° ;2 Q++mT iBQM HT 272 2M+2b- Q" #Qi? +QMbE
Ip Mi ;2 M/i?2 2H iBp2 M b+2M+2 Q7 +?B QT +iB+ b T Q72bbBC
bi'BM;2M+v T ~ K2i2'b k-8NN 7Q" +?B QT +iQ'b M/ j-kjk 7Q  /Q+iQ
b? BMF ;2 2Mi2" si8HBBM/B+ iBM; i? i 2;,mH iQ v# B2 bBKTQb2
“2[mMB 2K2Mib 7Q  /Q+iQ b i? M +?B QT +iQ 'b- b 2tT2+i2/ ;Bp2M /B

*QMbmK2 /2K M/ T ° K2i2'b bBKBH "Hv +QM7Q K iQ 2tT2+i iBQML
r2 F[m HBiv b2MEBRBIBBRBVWHINI bm#bi MiB H T B+2 2ZBU\OBiBpBiv U
:2M2° iBM; /QrMr “/@bHQTBM; /2K M/ +m ' p2bX S'Q72bbBQM@bT2+I
+QMbmK2'b bi'QM;HV /Bb7 pQ /mMbFIBY KA MIBHHET W72 /Q+iQ b Q
+?B QT +iQ'® W= 151V +QM/BiBQM H QM [m HBiv M/ T'B+2- TH mt
;72 02 +QM}/2M+2 BM i?2 b+B2MiB}+ 7QmM/ iBQMb Q7 +QMp2MiBQM
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3Xk ai i12;B+ AMi2" +iBQMb "2ir22M 2;mH iQ v "Q /b

6B;mR2 2p2 Hbi?2 +?B QT +iQ #Q " /O6b bi® i2;B+ "2bTQMb2iQ T?
bi' BM;2M+v rBi?BM i?2 2KTB B+ HHv 2H2p Mi M;2X h?2 #2bi "2bT:
bi'BFBM: MOQM@KQMQIiQMB+ T ii27?M; 2PBBOIT2 M+@ r® IM2/Q+iQ b b2i
bi BM;2M+v- #MQTB27RM;2M+v r?2M /Q+iQ b b2i ?B;? bi BM;2M+vX h
“2H iBQMb?BT bm;;2bib +?B QT +iQ  #Q /b mb2 HB+2MbBM; ‘2[mB
/IBz2 2MiB i2i?2B T Q72bbBQM r?2M T?vbB+B Mb "2 ++2bbB#H2-
K "F2ib? "2r?2M T?2vbB+B MbBP#2+QK2 b+ “+2X

6B:m 2 Rj, *?B QT  +iQ  ai> i2:B+ 2bTQMb2 iQ .Q+iQ  ai BM;
"2bi _2bTQMb2 6mM+iBQM BM P#b2 p2/ ai'BM;2M+v _ M;2

*2B QT +iQ  #Q “/6b QTiBK Hbi'BM;2M+v +?2QB+2 b 7mM+iBQM Q7 T?vb
iQ 2KTB B+ HHvV "2H2p Mi> M:2X h?2 MQM@KQMQiQMB+ #2bi "2bTQMb2 b"
bi'BM:2M+v r?2M /Q+iQ b b2i HQr bi'BM:2M+v- M/ HQr2 bi'BM:2M+v r?2M
h?2 TT "2Mi bi2T@rBb2 M im 2 Bb /m2 iQ i?2 /Bb+ 2i2 bi'BM;2M+v H2p2Hb
i"mHvV +QMiBMmQmb b2iiBM;- i?Bb rQmH/ #2 bKQQi? 7TmM+iBQMX

8n?Bb "2~2+ib +QKKQM bi> i2;vi? i 'Bb2b +°Qbb T > K2i2  p Hm2b r?2°2 #Q °
2 +?2 Qi?2° U7Q KQ 2- b2X TT2M/Bt
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6B:m 2 R9, J2/B+ H"Q '/ S'272'b >B:? ai'BM;2M+v BM a2[m2Mi
J2/B+ H "Q '/ S'Q}ib IM/2° *?B QT +iQ" "2bi _2bTQMb?2

h?Bb THQib i?2 K2/B+ H#Q '/ T vQz 7Q 2 +? bi' BM;2M+v H2p2H- bbmKBM
Bib #2bi "2bTQMb2X 1biBK i2/ T > K2R b 7 QK h #H2

3Xj] 1[mBHB# BmK *QKT BbQMb + Qbb :Qp2 M M+2 2;

IbBM; 2biBK i2/ T > K2i2 'b- AbBKmH i2}p2 Hi2 M iBp2 "2:mH iQ \
BMbiBimiBQM H /2bB:M z2+ib K "FRi2Qp2Mi©®R2DB HB#HIBMK Qmi+ QK2
6B:m BRp MRR&BHHmMbi® i2 bi’ i2;:B+ BMi2" +iBQMb M/ r2H7 2 BKTH

ai +tF2H#2 ; 1[mBHBg?BvMh KR /b b2[m2MiB HHv K tBKBx2 BM+mK#2N
/IQ+iQ b KQpBM; } bi- "2bi " B+iBp2 Qmi+QK2b 2K2 ;2, 9dXky /Q+iQ b
Ryy-yyyX .Q+iQ T Q}ib "2 +? 0je-9jd r?BH2 +?B QT +iRR9 T Q}ib "2
b?Qrb i? i /Q+iQ b b2i ?B;?bi " BM;2M+viQ pQB/ /B 2+i +QKT2iBiBC(
BMiQ H2bb "2bi B+iBp2 #2bi 2bTQMb2X

SQHBIB+ H JQP2WX#Q /b K tBKBx2 T°Q/m+2 bm THmb BMi2 "M HBX
QmibB/2 QTiBQMb "~ i?2  i? MTm 2 T Q}ib- Qmi+QK2b +? M;2 /" K iB
bm ;2b iQ NN3Xkk T2 Ryy-yyy r?BH2 +?B QT  +iQ /2MbBiv 2K BMb
+QHH Tb2 iQ OR-9eN b #Q /b "2/m+2# B2 biQ2M? M+2 TQi2MiB
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"2M2pQH2Mi "Q IMBX iQi Hr2H7 "2 K tBKBxX iBQM- #Qi? T'Q72bbBQ\
KQ/2" i2Hv, ke9X3j/Q+iQ'b M/ keX3j+?B QT R&EQRQ@rbad?Rlyy 2y BKR 6
+?B2p2b ?B;?2bi iQi Hr2H7 "2 #v# H M+BM; [m HBiv+QM+2 Mb ; E
iQ OR3-j8d M/ +?B QT +iQ T 'Q}ibiQ OR-9k9 b #Q /b b + B}+2 BM-
r2H7 "2X

hQi H *QHHME®@MX T Q}i K tBKBx iBQM + Qbb T°'Q72bbBQMb vB2H
B/2MiB+ HiQ ai +F2H#2 ;, 9dXyk /Q+iQ b M/ 9X8R +?B QT  +iQ b T
0je-9j3 M/ Ok-NRN 2bT2+REPAHLX26BHB¥Bi +QQ /BM iBQM +?2B2p2
Qmi+QK2b iQ b2[m2MiB HTH vr?2Mi?2 } bi KQp2 TQbb2bb2b bm{+

aBM;H2 "Q g/”22M i?2 K2/B+ H#Q "/ b2ibbi ' BM;2M+v 7Q " #Qi? T Q72|
IQ+iQ T Q}ib-bi BFBM,; bvKK2i'v 2K2 ;2b, /Q+iQ /2MbBiv 2K BMEL
+?B QT +iQ  /2MbBivbm ;2biQ 83Xek T2 Ryy-yyyX .Q+iQ b K BMi
~QQ/BM; i?2 K "F2irBi? +?B QT +iQ'bi?2"Qm;? x2 ' Q bi'BM;2M+v- T°
UOje-9y8V r?BH2 /2bi"QVBM; +?B QT " +iQ" "2Mib U093eVX
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6B;m 2 R8, q2H7 "2 M/ SQHB+v Pmi+QK2b + Qbb _2;mH iQ v _
hQi H q2H7 2 *QKT "BbQM M/ 1[mBHB# BmK ai BM;2M+v G2

G27i T M2H b?Qrb iQi Hr2H7 "2 U+QMbmK2 bm THmb THmb T°Q/m+2"- T°Q
"2;BK2b THmMb i?2 2biBK i2/ 2[mBHB# BmKX _B;?i T M2H /BbTH vb 2[mBHB
/Q+iQ b M/ +?B QT  +iQ b mM/2 2 +?2 "2:BK2X "2M2pQH2Mi #Q /b +2?B2p
ai +F2H#2 ; M/ +QHHmMbBQM "2;BK2b K tBKBXx2 BM+mK#2Mi T Q}ibX aBM;}
+?2B QT  +iQ  "2:mH iQ'v miQMQKvVX 1biBK i2¥XIR> K2i2 b 7°QK h #H?2

h #H2 3, 1[MBHB# BmK *QKT "BbQM +'Qbb :Qp2'M M+2 2:B

1[mBHB# BmK .Q+iQ " S2° RyyE *?B'Q S2° RyyE .Q+iQ  PmibB/2 a H v *?B Qg +iQcr@mibB/2 a H "v

ai +F2H#2"; 9dXky 9Xdy k-Nd8X8R k-9dyXR9 je-9jeXEe
SQHBiIB+ HJQ/2H N N3 Xkk 9XeR 3R3Xe9 k-9d8Xj9 R-9e
"2M2pQH2Mi "Q /b ke9X3j keX3j R-833XRk R-kkeXjy R3-j8¢
hQi H*QHHmMbBQM 9dXyk 9X8R k-NdNXk8 k-8y8X8N je-¢
PM2"Q °/ 9dXR9 83Xek k-NdeX8R 3RjXde je-9y8Xijd

1biBK i2/ INXNR iXNe k-NkkX3y k-eReXRk je-9k8X9l
+im H Ry9Xe8 RyXyj 9-Ne8X9e j-N89X

LQi2,0+1Q S2 RyyE M/ *?B QT +iQ S2 RyyE 27T 2b2Mi T +iBiBQM2' b T2 Ry\
b H B2b M/ TWQTFiDBM /QHH "bX 1biBK i2/ p Hm2b 7 QK / i X

3X9 *QKT " iBp2 q2H7 "2 M HvbBbD

6B;mR832p2 Hb bm#bi MiB Hr2H7 "2 p "B iBQM +°Qbb ;Qp2"M M+2
#Q /b +?B2p2 ?B:;?2bi r2H7 2- 7TQHHQr2/ #vi?2 TQHBiB+ H KQ/2H}
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Uai +F2H#2'; M/ +QHHMbBQMV T°Q/m+2 HQr2bi r2H7 “2-r?BH2 bBNMN
BMi2 K2/B i2Qmi+QK2b /m2iQ bvKK2i B+ i 2 iK2MiX

h?2 bi "F+QMi bi#2ir22M ai +F2H#2 ; M/ TQHBiIiB+ H2[mBHB# B
TH vrBi? /Q+iQ  }'bi@KQp2'b /2KQMbi' i2b ?2Qr Q#D2+iBp2 7TmM+iB
K tBKBx iBQM T Q/m+2b bi BM;2Mi# "~ "B2 b T 2b2 pBM; BM+mK#2M|
K tBKBx iBQM /" K iB+ HHv "2/m+2b # "B2 b #v BMi2 "M HBxBM; 2Mi
M2 @2[mBp H2M+2 Q7 ai +F2H#2 ; M/ +QHHMbBQM b?Qrb b2[m2Mi
/IQ+iQ H2 /2 °b?BT 2z2+iBp2Hv +?B2p2b + "iI2H QmMi+QK2b rBi?Qmi

3X8 AKTHB+ iBQMb 7Q° _2:mH iQ v * Tim 2

h?2 KQ/2HO6b 2biBK i2/ 2[mBHB# BmK T Q/m+2b T +iBiBQM2 /2M
jXNe +?B QT +iQ b T2 Ryy-yyy-rBi? T°'Q}ib Q7 0je-9k8 7Q /Q+iQ 'k
+?B QT +iQ bX h?2b2 2biBK i2b +HQb2HV K i+? T'Q}i@K tBKBXBM:
ai +F2H#2"; M/ iQi H+QHHmMbBQM “2;BK2b " i?2 i? M TQHBiB+ HQ
>Qr2p2 -i?2 KQ/2H bm#bi MiB HHv mM/2 2biBK i2b +im H T +iBiB(C
b?Qr Ry9Xe8 /Q+iQ b M/ RyXyj+?B QT  +iQ b T2 Ryy-yyy-rBi? +ir
/Q+iQ b M/ 0j-N88 7Q" +?B QT +iQ bX

h?Bb /Bb+ 2T M+v HBF2Hv "2~2+ib i?2 KQ/2H6b bi iB+ 1 2 iK2Mi Q
+QK#BM2/ rBi? HBKBi2/ bi iBbiB+ HTQr2 BMi?2/ i X h?2 2KTB B+
T°Q+2/mM 2 TQQHb bi'BM;2M+v p "B iBQM iQr '/ bBM;H2 H2p2H 7Q"
2biBK iBM; 2T 2b2Mi iBp2 2[mBHB# BmK # b2/ QM 2+2Mi Q" p2 ;
>Qr2p2 -i?2 Q#b2 p2/ biQ+F Q7 T +iBiBQM2'b BM+HmM/2b rQ F2 b r
?BbiQ B+ H 2;BK2b K Mv/m BM; 2 "HB2 T2 BQ/br?2M HB+2MbBM;
bi BM;2MiX h?2 KQ/2H i?7mb 2biBK i2b 2[mBHB# BmK T  +iBiBQM2" /
bi'BM;2M+v H2p2Hb-r?BH2 +im H/ i "2~2+ii?2 ++mKmH i2/ biQ+F
Q7 "2;mH iQ'V2pQHMIBQMX h?Bb i2KTQ  H ;;°2; iBQM M im’ HHv H
MM/2 T 2/B+i +m "2Mi T +iBiBQM2  biQ+Fb M/ Qp2 T 2/B+i +m  2M
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+QMi BMb 6H2; +vd T® +iBiBQM2 b r?Q 2Mi2 2/ mM/2> KQ 2 T2 KBbb
2[mBHB# BmK bm;;2bibX

.2bTBi2 i?Bb [m MiBi iBp2 KBb HB;MK2Mi-i?2 [m HBi iBp2 T ii2 "M
?BbiQ°'B+ H '2H iBQMb?BT #2ir22M i?2b2 T°Q72bbBQMb K F2b 2tTH]
"2;BK2V BKTH mbB#H2X h?2 K2/B+ HT Q72bbBQM ? b HQM; pB2r2/
Q'; MBx2/ K2/B+BM2 +iBp2Hv QTTQbBM; +?B QT  +iQ  HB+2Mbm 2
+2Mim°v M/ i?2 K2'B+ MJ2/B+ H bbQ+B iBQM K BMi BMBM; 7Q K |
T'Q72bbBQM H bbQ+B iBQM rBi? +?B QT  +iQ b mMiBH i?2 RN3ybX

h?2 KQ'2 + 2/B#H2 BMi2 T 2i iBQM Bb i? i Q#b2 p2/ "2;mH iQ v #2
T Q}i K tBKBx iBQM #v b2T " i2#Q /b- TT QtBK iBM; ai +F2H#2 ;(
T?vbB+B M #Q /b b2i "2bi'B+iBp2 HB+2MbBM; bi M/ /b i? i +?B QT"
i?2°Qm;? bi” i2;B+ "2bTQMb2bX q?BH2 i?2 KQ/2H mM/2 2biBK i2b K °
2biBK i2/ T °~ K2i2 b biBHH bm;;2bi #Q /b T°'BQ BiBx2 BM+mK#2Mi B
r2H7 "2X A7 #Q /b BMbi2 / K tBKBx2/ T°Q/m+2>  bm " THmb- T?vbB+B
T2  Ryy-yyy BM i?2 KQ/2H M2 “Hv i2M iBK2b +im H H2p2Hb M/ ir2Mi
h?2 7 +ii?2 i +im HQmi+QK2b 7 HH #2ir22M T Q}i@K tBKBxBM; M/ r
T 2/B+iBQMb bm;;2bib "2;mH iQ v+ Tim 2 2tBbib #mi 7 +2b K2 MBM;
H2; H- Q" +QKT2iBiBp2 7Q +2b MQi 7mHHvV + Tim 2/ BM i?2 KQ/2HX

N *QM+HmMbBQM

h?Bb T T2 2bi #HBb?2b i? i Q++mT iBQM H HB+2MbBM: #Q /b 2|
+QKT2iBiBp2i? 2 ib 7°QK bm#biBimi2 T°"Q72bbBQMbX IbBM; M2rHv /
HB+2MbBM; "2[mB 2K2Mib 7" QK RNyd@RNey- A /2KQMbi  i2i? i K2/
"2[mB 2K2Mib 7QHHQrBM; i?2 2bi #HBb?K2Mi Q7 +?B QT  +iB+ HB+:
J2/B+ H#Q /b BM+'2 b2/ +QHH2;2 "2[mB 2K2Mib #v TT QtBK i2HV |

ch?Bb /p2'b "B H ?BbiQ VK F2b +QQ /BM i2/ T°Q}i K tBKBx iBQM + Qbb T Q72
i72 bBKBH ~ 2[mBHB# BmK Qmi+QK2bX
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K M/ i2/ BMi2 Mb?BTb i i2b Q7 RYyY@R8 T2 +2Mi ;2 TQBMib- M/ "2/
TT QtBK i2Hv 8 T2 +2Mi ;2 TQBMibX q?BH2 bQK2 BM/BpB/m H +Q 2{
+QMpP2MiBQM H bB;MB}+ M+2 H2p2Hb-i?2 +QMbBbi2Mi T ii2°M Q7 B
"2;mH iQ ' vK ;BMbT QpB/2b bi QM; 2pB/2M+2 Q7 bi  i2;B+ "2bTQMI
“2:mH iQ v "2bTQMb2b ;2M2" i2/ bm#bi MiB H2+QMQKB+ +QMb2[m2
BM+ 2 b2b BM ?QK2 p Hm2b M/ ; BM2/ yXkv2 ‘b Q7 2/m+ iBQM H ii
T'2p H2M+2 /2+HBM2/ #v Rd@9y T2  Ryy-yyy TQTmH iBQMX *?B QT
rBi? 99W BM+'2 b2b BM ?QK2 p Hm2b- yXe //BiBQM HVv2 ‘b Q7 2/m+
T 2b2M+2 Q7 k@Rk T2  Ryy-yyy TQTmH iBQMX

h?2 BMbi mK2Mi Hp "B #H2b bi” i2;v-r?B+? 2tTHQBibp B iBQM E
+? ° +i2°BbiB+b rBi?BM bi i2b- //72bb2b 2M/Q;2M2Biv +QM+2 " Mb "E
T°Q72bbBQM H T '2p H2M+2 M/ TQi2MiB H “2p2°b2 + mb HBiv BM #Q
T Q/m+2b bi'QM; }'bi@bi ;2 " 2bmHib U6@bi iBbiB+b Q7 jj3@eNNV N
h?2 #b2M+2 Q7 +QKT * #H2 2z2+ib 7Q  bBKBH ~MQM@?2 Hi? T'Q77
Q#b2 p2/ T ii2 "Mb "2~2+i T°Q72bbBQM@bT2+B}+ "2bTQMb2b iQ ?2 F
#°Q /2° 2+QMQKB+ i'2M/b z2+iBM; HH bFBHH2/ T°Q72bbBQMbX

hQ mM/2 bi M/ i?2 K2+? MBbKb /"BpBM; i?2b2 2KTB B+ HT ii2 "Mb
KQ/2H Q7 +QKT2iBiBp2 Q++mT iBQM H HB+2MbBM; r?2°2 T°Q72bbB
"2[mB 2K2Mib bi” i2;B+ HHv iQ K tBKBx2 BM+mK#2Mi T Q}ibX h?2 Ki
/IBz2 ' BM #BHBiv M/ +?QQb2 T°Q72bbBQMb # b2/ QM 2tT2+i2/ 2im"
Q#b2'p2 QMHvV p2° ;2 [m HBivrBi?BM 2 +? T'Q72bbBQM- +"2 iBM; |
T Q#H2KX A 2biBK i2i?2 KQ/2HO6b T ~ K2i2'b mbBM; }p2@bi ;2T Q
#BHBiv 2biBK iBQM 7 QK +2Mbmb 2 MBM;b/ i -"GS@bivH2 /2K M/
"v2b b? BMF ;2iQ bi #BHBx2 "2;mH iQ v 2z2+i 2biBK i2bX

h?2 2biBK i2/ T ~ K2i2'b "2p2 HF2v 72 im 2b Q7 i?2 2;mH iQ v 2M
b?Qr KQ/2bi "2bTQMbBp2M2lak 0QO00ZY}iM/BRBMHUIQ v # ""B2 b-r?BH
+QMbmK2 b 2t?B#Bi bi QM; = B2@Y2AiBBpBnv HBiv b2MbBiBpBiv
U=0:00329vX "Qi? T Q72bbBQMb 7 +2 bm#bi MiB H# b2HBM2 2Mi v +(C
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7 +BM; H ;2 #.58B2,p7U 287V i? i " 2~2+i1/Q+iQ bo6 T 2biB;2 /p Mi ;2.
bi'BM;2M+v T * K2i2'b TT QtBK i2Hv k-eyy 7Q" +?B QT  +iQ'b M/ j
2KTB B+ H" v2b b? BMF ;2 BM/B+ i2i? i 2;mH iQ'v# B2 bBKTQL
"2[MB 2K2Mib 7Q  /Q+iQ b- +QMbBbi2Mi rBi? /Bz2 2M+2b BM K2/B+

IbBM; i?2 2biBK i2/ T ~ K2i2 b- AbBKmH i2 2[mBHB# BmK Qmi+QK
“2;mH iQ v "2;BK2bX h?2 2biBK i2/ 2[mBHB# BmK +HQb2Hv TT QtB
Qmi+QK2b mM/2  b2[m2MiB H +QKT2iBiBQM Uai +F2H#2 ; 2[mBHB#"
/[2MbBiB2b M/ T 'Q}ibi? i HB;M KQ 2 +HQb2Hv rBi? bi® i2;B+ #2? pB
K tBKBXx iBQM Q" TQHBiB+ HKQ/2Hb i? i BMi2 M HBx2 2Mi'v +QbibX
mM/2 2biBK i2b +im HT +iBiBQM2 biQ+Fb HBF2HvV #2+ mb2 Q#b2
++mKmH i2/ 2Mi'vmM/2® ?BbiQ°"B+ HHv p "vVBM; bi’'BM;2M+v H2p2Ht
"2p2 HBKTQ i Mibi  i2;B+/vM KB+bX

h?2 bBKmH iBQMb /2KQMbi® i2i? i +?B QT  +iQ  #Q /b 7QHHQr
"2bTQMb2 7TmM+iBQM, i?2v T°272° ?B:?2  bi'BM;2M+v r?22M /Q+iQ b
BM 6+ 2 K@QbFBKKBM;6 Q7 ?B;?@ #BHBivrQ F2 bV-#mi T 272 HQr
?B;? bi BM;2M+v UiQ K BMi BM K "F2ib? "2VX h?Bb bi" i2;B+ BMi2"
+QmMi2 ' p BHBM; 2z2+ib, /B 2+i2Mi'v +Qbi2z2+ii? i 2t+Hm/2b HQ
2z2+ii? i Bb2b p2° ;2 #BHBiv M/ ii° +ib +QMbmK2 'b- M/ +°Qbb
2z2+ir?2°2[m HBivBKT Qp2K2Mib BM QM2 T°Q72bbBQM “2/m+2 /2K
T'272°2M+2 /Bbi'B#miBQM Q7 rQ F2 b +QM+2Mi’ i2b M2 " i?2 Q 'B;Bl|
T 272 °2M+2b #2ir22M T°Q72bbBQMb ?B;?Hv "2bTQMbBp2 iQ “2H iBp
i?72 "2im MbiQ +'2 K@bFBKKBM; bi® i2;B2bX

g2H7 "2 M HvbBb + Qbb 2;mH iQ v 2;BK2b "2p2 Hbi? i #2M2pQ
iQi Hr2H7 "2 +?2B2p2i?2 ?2B;?2bibQ+B Hbm THmMb- 7TQHHQr2/ #v T(
2Mi'v +QbibX S'Q}i@K tBKBxBM; “2;BK2b Uai +F2H#2'; M/ +QHHmbDb
HQr2  r2H7 “2-r?BH2 bBM;H2@#Q / ;Qp2 M M+2 ;2M2" i2b BMi2 K2
bvKK2i B+ i 2 iK2Mi Q7 T Q72bbBQMbX * BiB+ HHv-i?2b2 r2H7 "2 °
T'Q72bbBQM T 272 2M+2b, r?22M T Q72bbBQMb ? p2 bvKK2i B+ # b
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#2ir22M #Q /b + M T ' Q/m+2 ?B;?2 r2H7 "2 i? M+QHHmMbBQM mM/2°

h?2b2 }M/BM;b ?2 p2 BKTQ'i Mi BKTHB+ iBQMb 7Q" "2;mH iQ v TQF
6B bi- M Hvb2b Q7 Q++mT iBQM HHB+2MbBM; i? iB;MQ 2 +QKT2iB
T Q72bbBQMb K v bm#bi MiB HHv KBb+? ~ +i2'Bx2 r2H7 "2 2z2+ibX
HB+2MbBM; b bBKTH2 [m HBiv@[m MiBivi /2Qz rBi?BM bBM;H2"
BMi2" +iBQMb i? ib? T2 K "F2ibi'm+im 2 + Qbb +QKT2iBM; T°Q72b
mb2 Q7 HB+2MbBM; iQ HBKBi +QKT2iBiBQM bm;;2bib i? i T Q72bbBC
#2M2pQH2Mi "2;mH iQ'b K tBKBXxBM; bQ+B Hr2H7 "2X h?2 2biBK i2/
T 'BQ BiBx2 BM+mK#2Mi BMi2 2bib-i?Qm;? +im HQmi+QK2b 7 HH #
M/ r2H7 2@K tBKBx iBQM-bm;;2biBM; "2;mH iQ v+ Tim 2 2tBbib #
+QMbi> BMib 7°QK TQHBiIB+ H- H2; H- Q" +QKT2iBiBp2 7Q +2bX

h?B /-i1?22r2H7 2 BKT Qp2K2Mib 7 QK #Q '/ +QKT2iBiBQM "2H iB
2;mH iBQM mM/2" +2' i BM T 272 2M+2 +QM};m” iBQMb BM/B+ i2 i?
T 2p2MiBM; 2tTHB+Bi +QHHmMbBQM #2ir22M T°Q72bbBQM H #Q "/b K
1?72 r2H7 "2 2z2+ib "2 ?B;?Hv b2MbBiBp2 iQ # b2HBM2 T Q72bbBQM
"2;mH iQ'vbim+im 2 +QMi2ti@/2T2M/2MiX

h?2 BM+'2 b2 BM +?B QT +iQ " T'2p H2M+2 7TQHHQrBM; HB+2MbB
+ "27mH BMi2 T 2i iBQMX AM bi M/ '/ KQ/2Hb Q7 Q++mT iBQM H HB
BM7Q 'K iBQM- HB+2MbBM; + M BM+'2 b2 T  +iBiBQM2 T 2p H2M+2
T Q#H2Kb +2°iB}+ iBQM bB;M Hb[m HBiviQ +QMbmK2 b-" BbBM,; rE
2Mi‘vX >Qr2p2'- Kv 7  K2rQ'F B/2MiB}2b M //BiBQM H bi’ i2;B+ +?
+QKT2iBiBp2 "2bTQMb2iQ +?B"QT" +iB+ HB+2MbBM; iB;?i2M2/ /Q+i
"2 HHQ+ iBM; rQ F2 b iQr /i?2 +?B QT  +iB+ T'Q72bbBQMX h?2 Q#
T'2p H2M+2 i?mb "2~2+ib #Qi? i?2 i /BiBQM HBM7Q K iBOQM@+Q "
bm#biBimiBQM BM/m+2/ #v /Q+iQ bd "2;mH iQ v "2bTQMb2X .BbiBM,;
7Q  r2H7 2 M HvbBb r?BH2 bQHpBM; bvKK2i'B+ BM7Q K iBQM T'C
bQ+B H #2M2}ib-bi® i2;B+ "2 HHQ+ iBQM /'Bp2M #v "2Mi@b22FBM; ;
r2H7 "2 2p2M b BiBM+"2 b2b T" +iBiBQM2  +QmMibX h?2 bi m+im" |
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b?Qr +?B QT +iQ b T'272  HQr2  bi'BM;2M+Vv r?2M /Q+iQ b iB;?i2M
bi® i2;B+ bm#biBimiBQM +? MM2H TH vb K2 MBM;7mH QH2 BM i?2
6QmM i?-i?2 ?BbiQ B+ H 2pB/2M+2 27 K2b i?2 6H2tM2" "27Q Kb i
2tQ;2MQmb BKT Qp2K2Mib BM K2/B+ H [m HBiv/'Bp2M #v b+B2MiB}
2M/Q;2MQmb bi® i2;B+ "2bTQMb2b iQ +QKT2iBiBp2i? 2 ib 7°QK Hi2
h?2 2KTB'B+ H +QMi2ti HbQ /2KQMbi  i2bi?2p Hm2 Q7 i?2 BMbi"
/[2p2HQT2/ BM i?Bb T T2'X h?2 bi’ i2;vQ7 mbBM; MQM@#Q /2 BM; +
bi i2b b BMbi'mK2Mib 7Q° HQ+ HTQHB+v /QTiBQM-r?BH2 +QMi Qt
+? ° +i2 'BbiB+b iQ //°2bb bT iB H+Q "2H iBQM-b?2QmH/ TTHviQ Q
2M/Q;2M2Biv M/ Qmi+QK2 T2 ' bBbi2M+2 +°2 i2 B/2MiB}+ iBQM +? Ht
"2bmHib M/ bm++2bb7mH Qp2°'B/2MiB}+ iBQM i2bib bm;;2bi i?Bb TT
"2p2 b2 + mb HBiv+QM+2 Mb BM b2iiBM;br?2 2 bi i2@H2p2H TQHB
“2:mH iQ'v +?QB+2b #mi HQ+ H 2+QMQKB+ b?Q+Fb z2+i Qmi+QK2b.
6mim 2 “2b2 “+?2 b?QmH/ 2ti2M/ i?Bb 7> K2rQ ' FiQ +QMi2KTQ" ‘v H
KmHIBTH2 T'Q72bbBQMb +QKT2i2X S 'iB+mH Hv 2H2p Mi 2t KTH2
/IQ+iQ b-r?2 2b+QT2@Q7@T" +iB+2 H rb+QMiBMmM2 iQ 2pQHp2c K2
Tbv+?QHQ;Bbib-r?2"2 HB+2MbBM; "2[mB 2K2Mib p "vbm#bi MiB HH
bbBbi Mib M/ /Q+iQ b-r?2"2 bm#biBimi #BHBiv? b BM+ 2 b2/ rBi?
/IBIiBQM HHv-i?2 KQ/2H +QmH/ #2 2ti2M/2/ iQ BM+Q ' TQ  i2 /vM KB-
M HvbBb Q7 ?2Qr HB+2MbBM; bi'BM;2M+v 2pQHp2b Qp2  iBK2 b T'Q
i?7°2 ib2K2 ;2 Q  /BbbBT i2X
h?2 bi'm+im> H 2biBK iBQM TT'Q +? HbQ QT2Mb p2Mm2b 7Q" +Q
gBi? + 2/B#Hv 2biBK i2/ T ~ K2i2'b- "2b2 "+?22 b +QmH/ [m MiB7v i?2
Hi2"M iBp2 "2;mH iQ'v "27Q Kb-bm+? b +QMbQHB/ iBM; KmHiBTH?Z
;Qp2 M M+2- BKTH2K2MiBM; 72/2° H KBMBKmK bi M/ "/b- Q" "2bi B+
"2/m+2 bm#biBimi #BHBiv #2ir22M T " Q72bbBQMbX am+? M HvbBb r¢
MmMM/2 bi M/IBM; i?2r2H7 "2 +QMb2[m2M+2b Q7 2+2Mi /2 2;mH iBQM
Q++mT iBQMbX
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6BM HHv-i?2 }M/BM; i? iT'Q72bbBQM HQ ; MBx iBQMb 2M; ;2 BN
i?2°Qm;? HB+2MbBM; bi M/ /b bm;;2bib # Q /2 " BKTHB+ iBQMb 7Q " m
#27? pBQ  BM Qi?2° +QMi2tibr?2'2[m HBivBb T "iB HHv Q#b2'p #H?2
aBKBH " /vM KB+b K v QT2 i2BM 2/m+ iBQM H ++72/Bi iBQM-r?2"¢
#Q/B2b b2i bi M/ /b 7Q b+?QQHb M/ T Q;  Kbc T Q72bbBQM H +27|
bbQ+B iBQMb +QKT2i2 iQ 2bi #HBb? + 2/B#BHBivc M/ TH i7Q K ;Q|
TH i7Q Kb b2i[m HBivi? 2b?QH/b7Q T "iB+BT MibX IM/2 bi M/BM;
bi M/ "/@b2iiBM; Q°; MBx iBQMb "2K BMb M BKTQ'i Mi "2 7Q  7mir

bQ++mT iBQM HHB+2MbBM; +QMiBMmM2b iQ 2tT M/ + Qbb BM/mt
MmM/2 bi M/IBM; i?2b2 +QKT2iBiBp2 /vM KB+b #2+QK2b BM+ 2 bBM;H
“2;mH iQ v /2bB:MX h?Bb T T2 /2KQMbi' i2bi? i +QKT2iBiBQM #2ir
;2M2° i2b +QKTH2t bi® i2;B+ BMi2®™ +iBQMb rBi? K#B;mQmb r2H7 "2
QM mMM/2 HVBM; T'Q72bbBQM +? * +i2 ' BbiB+b M/ BMbiBimiBQM H /:
HB+2MbBM; "27Q Kb Kmbi ++QmMi 7Q  i?2b2 +QKT2iBiBp2 /vM KB+
+QMb2[m2M+2b M/ /2bB;M "2;mH iQ ' vbi m+im 2bi? i# H M+2 [m H!
M/ +QKT2iBiBQM +QM+2 " MbX

272 2M+2b

URNROVX *m " 2MiCQHK2MiXQ7 i?2 K2 B+ M J2/B+ H bbQ+B iBQM
GsAAURS8V,RRde RRd3X

F2'HQ7-:X X URNdyVX h?2 K "F2i 7Q  6H2KQMbo, Zm HBiv mM+2"i
K2+?2 MBUARXZm “i2"Hv CQm M H-G@B URQ MIBK 8ypX

M/ 2rb- "X SX UKykRVX 2TQ iBM; p2 bmb 2Tmi iBQM, S?vbB+B M
Q7 RNRyX h2+?MB+ H 2TQ'i- qQ'FBM; S T2 X 02'bBQM, RR .2+2K;
M: Bbi- CX .X- AK#2Mb- :X gX- M/ E'm2;2 - X "X URNNNVX C +FFM
2biBK iE@WXM H Q7 TTHB2/-IRDUMWRYKd B ¢ X
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"2 v-aX- G2pBMbQ?M- CX- M/ S F2b-

X URNN8B8VX mMiQKQ#BH2 T I
1+QMQK2iéBJOV,39R 3NyX

"H B - SX ZX M/ *?mM;- "X qX UKykRVX KQ/2H Q7 Q++mT iBQM H H

/Bb+ BKBM iBQMX2AM M/ T Q+220BIK2 RRR-T :2b kyR ky8X K2 E
1+QMQKB+ bbQ+B iBQM kyR9 ""Q /r v- amBi2 jy8-L b?pBHH2- hL |

*B-CX M/ EH2BM2 -JXJX UkykyVX h?2 H #Q K "F2i +QMb2[m2M+:

Q++mT iBQMb, i?2 HB+2MbBM: Q7 Q++mT iBQM M MQU?GbHE} H i?:
_2b2 49R,j8k j3RX

* 'QHHQ-LX X->B+Fb-CX6X-E +?- X- M/ EH2BM2 -JX JX Ukykk

Q7 Q++mT iBQM H HB+2MbBMq@M i®XTmMBi2/ bi i2bX

*2M;Bx- . X- . m#2- X- GBM/M2 - X- M/ wBTT2 2 -"X UkyRNVX h?2 2

HQr@r :2 BRAEX "i2 Hv CQm M H- Q7] AW MROYB +R 9 8 9 X

*H v- EX-JBHH2 - :X-SQ iMVF?- JX-

M/ a+?KB+F- 1X CX Ukyk8VX J:
K "F2i /DmbiK2Mi-

M/ KQ'i HBivBM i?2 ~2tM2" "2TQ i 2°

X h2+2?2MI
"m2 mQ7 1+QMQKB+ _2b2 “+2X

> BM2b-JX X UkyyRVX h?2m # M KQ'i HBivi> MbBiBQM BM i?2 mM
MM H2b /2 /0KQ;  T?B2pTRbi®BRyYR- T ;2bjj e9X "2HBMX

CQ?MbQM- *X . X M/ :"22M- "X LX UKykRVX GQQFBM: # +F
+?B QT +iB+ T°'Q72bbBQM T °
jsUaRV,88 djX

i i?2 H rb
i 9, *CIQYOBINR 2 @M FABFPA VXiB+ 1/m

Em7K M- "X 1X UkyykVX JQ/2Hb Q7 mMBQM r :2 /2i2 ' KBM iBQM, q?
/mMMHQT M/A@bbbi'B H _2H iBQMb, CQm' M HQPRUAMERRYW RSB AX
E2 iBM;- CX *X- *H2p2H M/- *X aX- MPB2@F2+IX+UXBBYX, S BK2"

bbQ+B iBQM 7Q  i?2 >BbiQ v Q7 *?B QT  +iB+ . p2MTQ i- A X
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EH2BM2 - JX JX-J 'B2'- X-S "F- EX gX- M/ gBM;- *X UkyReVX _2H
HB+2MbBM; "2[mB 2K2Mib, M HvXBM;r ;2b M/HA?B€Xpn7 M HKR7B +
Gr M/ 1+QMQ&BUkV, keR kKNRX

EH2BM2 -JX JX M/ aQHi b- 1X CX UkykjVX Tr2H7 2 M HvbBb Q7 Q-
bi i2bXpB2r Q7 1+QMQKB ¥ 48N /B2BR k8ReX

G "b2M-"X CX-Cm-wX-E TQ - X- M/ um-*X UkykkVX h?2 2z2+ib Q'
bi'BM:2M+v QM i?2 K "F2i 7Q° Tm#HB+ b+?QQH i2 +?22 bX h2+?MB 4

Gr-JXhX M/EBK-aX Ukyy8VX aT2+B HBx iBQM M/ "2;mH iBQM, h
i?72 2K2 ;2M+2 Q7 Q++mT iBQM HHR+Q@mMBM ;H 23 M H+BMQKB + >Bbi
e8UjV,dkj d8eX

G2H M/->X 1X URNANVX Zm +Fb- H2KQMb- M/ HB+2MbBM:, i?2Q"\
bi M/ /6®mM M H Q7 SQHBiB+d Wel+ QMO KRj9eX

JQ2?HBM;- *X JX-LB2K2b?-: X hX-h?QK bbQM-JX X- M/ h 2#2 - C.
2/m+ iBQM "27Q Kb M/ i?2 Q B;BMb Q7 i?2*HBQK Zi?7ButB+B M b?Q i
RO9UkKV,R3R kk8X

S B;2-LXJX-JB F2@Gv2- AXJX-"QQi?-JX aX-"2"Q2b-CXJX-J /B
" MbQM- _X-h M;-"X-JQ iQM-aX *X- M/ a?2F2HH2- SX : X UkyRd)\
J MBTmH iBp2 h?2° TvgBi? *HBMB+ H "2M2}i M/ > "K7Q  +mi2 GC(
avbi2K iB+ 2pB2r M/ J2iC@Q M jRIWBROIN,RI8R R9eyX

S2 'v- CX CX UkyyNVX h?2 "Bb2 M/ BKT +iQ7 Mm b2 T +iBiBQM2'b
i?72B° QrM M/ + Qbb@Q++mP MBZXM @ M MQK2PMQKBY B\QBBRVERR X

S2°'bB+Q-LX UkyR8VX h?2 TQHBIB+ H2+QMQKvV Q7 R22 @@ mBIQNH H
Q7 G r-1+QMQKB+b- PJRMBYX,kBRQ MI9R X

SH2KKQMb- X M/ hBKKQMb-1X UkykjVX P++mT iBQM HHB+2MbBM
M/ T QbT2™BVRMi2 7Q : Qri? M/ XTTQ imMBiv
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_m;;H2b-aX-L2HbQM-JX X-aQ#2F-JX-6Bi+?-*X X-:Q2F2M- _X-:
M/ g 2M-CX X Ukyk9VX ATmKb M+2bi'v7mHH +QmMi/ i, 02 bl
KBMM2 TQHBb- KM, ATmKDbX

a? F2/- X M/ amiiQM- CX URN3RVX >2i2°Q:2M2Qmb +QMbmK2 b M,
K F2i7Q0° T°Q72bbBQM B B2 WE+DOKQKRS8URYBREN RddX

a? TB Q- *X URN3eVX AMp2biK2Mi- KQ  H? x /h?@/ QpBATQABQM H
1+QMQKB+ a8jiUBZbh39j 3ekX

gqBHbQM- *X X URNANVX 1[mBHB# BmK2 M/2 P2 M21-THEG KBGM R p B 2
eNUKV,jRj jRdX

8d



"Q '/ _2bTQMb2 .Bz2 2M+2 BM .Bz2 2M+2

h #H2 XR, 1z2+i Q7 *?B QT  +iB+ GB+2MbBM; QM J2/B+ H "Q °/ _

h 2 iK2Mi S bb _i2 hrQ@u2 ~ _2[mB 2K2Mi AMi2 Mb?B
*?B QT +iB+ GB+2Mb2 @yXy99 UyXyR3V yXRye UyXRRRYV
LQi2,

ai M/ "/ 2 Qb BM T "2Mi?2b2b- +HnybliRyRRyi-bi iRy M@P2HXT Iy XyR -
TIyXyyRX HH bT2+B}+ iBQMb BM+HmM/2 2p2Mi@v2 ° M/ 2p2Mi

" 1[mBHB# BmK 1tBbi2M+2

h?Bb TT2M/Bt T°QpB/2b 7Q K HT ' QQ7i? i gH bB M2[mBHB#"
2+QMQKV 7Q° Mv ;Bpdd2NKi'v +Qbib

"XR a2imT M/ .2}MBiBQMb

6Q° }t2/ 2Mi V(s@bi2}M2 i?2 2t+2bb /2K M/ 7TmM+iBQMb,

Zp(P1;P2) = Dp(P1; P2)  Sp(P1; P2); i 2f1;2g; URNV
r?22°2
. — eUp . k
O T Ukyv
P
So(P1; P2) = np(Py; P2) 2—‘“; UKRV

rBi®p,= @, P+ , Mhp(P;;P;) ;Bp2M BM i?2 K BM i2tiX

ai M/BM: bbmKTiBHPMOM:?2Qmii?2 T°QQ7r2 bbmK2,

RX> 0 M/> 0X
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kX1?2 rQ F2° #BHBiv /Bbi ' B#miBQM Bb HQ;@MQ K H rBi? }MBi2 K:
R
T "iB+mH - Bi /KBiffa) QM;UBivBi?, f(a)da=1X

jX6Q" 2 +? #BHB-vA22WRAHIBMQKB H HQ;Bi +3@P£R,)l Q@# #BHBIB2k
+QMiBMniRy;iRp BW b iBlb7y, 1X

9% Qi HrQ F21 BbbpMBi2X

h?2b2 bbmKTiBQMb ;m ~ Mi22 #QmM/2/ /2K M/ M/ r2HH@/2}M2/ bm~

"Xk S'B+2 .QK BM

2IM2 i?22 +QKT +i T'BS+2RQ K BM
S = [Pmin; Pmax]?: UkkV

>2 Rpin >0 Bb +?2Qb2M bZp(PRniR:)i> 0 7 Q" PHHPmn; Pmax] Mb;r 2 1;2g-
r?BP2 Bb +?2Qb2M bZpPRui P, )i< 0 7Q " PHHPuin; Pmax] X

1tBbi2M+2 Q7 bm+? #QmM/b 7QHHQrb 7 QK bi B/ O +QXKKT M/iBp2 b
7 QKW 2K BMb bi'B+iHv TQbBiBp2kf? BN /b @ Xy J-+@ & Ub
P, +1 - /2K M/ p MBb?2b OWBMBH2 bmTTHv BE,TQbBXBp2- bQ

"Xj 1t+2bb .2K M/ *Q "2bTQM/2M+2

6Q  bKHE- /2}M2 i?2 +Q " 2bTGM/Q My 2
(Pl,Pz):PrOjS (Pl,P2)+ Zl(Pl,Pz),Zz(Pl,Pz) ; UkJV

r?2 Rroje /2MQi2b i?2 Q i?Q:QM HT QD2+iBOX 'WMIQMB2 ma MQ@MbL 2 B
T°QD2+iBQM Bb BMBMZ-®BM;H2@p Hm2/X

8N



"X9 02'B}+ iBQM Q7 E Fmi MB *QM/BiBQMb
G2KK RJ.QK BM S QXR?BEDBb MQM@2KTiv- +QKT +i- M/ +QMp2tX

S QGE7EMR Bb +HQb2/- #QmM/RP> 22iMM 2HR20BM +iX Ai Bb +QMp2t b
* i2bB M T Q/m+i Q7 +QMp2t BMi2 p HbX LEAM@2LKiBM2bB 7QHHQT

G2KK KU*QMiBMmBiv Q7 1t-XhiPl2 2K MZREPQ R0 /2 M 2/ BRNM 2
+QMiBMmSXnb QM

S'QQ2XK MD, BMKW Bb +QKTQbBIiBQM Q7 +QMiBMmMQmb 7mM+iBQMb
Np(P1; P2) = R o(@P1;Po)f(a)daX h?2 BMi2;" M/ Bb + PMPBMMQ/QIKBM i2/ #v
f(@- r?B+? Bb BMi2;" #H2X "vi?2 .QKBM i2/ nQBEp2r QM B & mZ2xnQb X K -
h?2 27Q BV M/ ?228+22 +QMiBMmQmbX N

G2KK jU*QMp2t 0 X6@21RVIPRP,)2S- 1?2 b(2Ri:P,) /2}M2/ &KWBb
MQM@2KTiv M/ +QMp2tX

S QQBM+2 T QD2+iBQ WP MMBpBR;H2IiQMX aBM;H2IiQMb "2 i BpB
M/ +QMp2tX [

G2KK U*HQDb2/ : XAr?A2/+Q "2bTQMEZ2ZM2R22 &IW? b +HQb2/; T?X

S'QQ7Bb bBM:H2@p Hm2/ M/ +QMiBMmQmb- #2BM: i?2 +QKTQbBIiBC
U //BIBQM M/ T QD2+iBQMVX +QMiBMmQmb 7mM+iBQM ?1b +HQb

"X8 1ltBbi2z2M+2 _2bmHi

h?2Q 2KWAMi2 ' BQ" J "F2i 1[mBH B X&Bm KMlvt BB p2M+2Nsi s5)+Qbib
i?72°2 2tBbib g H  bB M 2[mBHB# BmK BM i?2 BMi2 'BQ  2+QMQKvVX

S QQEXG2KKR9- 1?2 +Q " 2bTQMI/2MH2 iBb}2b i?2 +QM/BiBQMb Q7 E F
6Bt2/ SQBMi h?2Q 2KX >2MP;2P;P2 S2b2t B B iile? i
(P1;Py) 2 ( Py Py): Ukov

ey



“v WiV MKW -

h i
(P1;P,) =Projs (Py;Py)+  Zy(Py;P,);iZa(PyiPy) Uksyv

A(Z1;Z,) 6(0;0) i(PiPy)- i?22M i?2 m(P/;RD+ (Z1:Z,) TQBMib bi'B+iHvV BMiQ i

BMi2 BRQ b@7i?72 T QD2+iBQM rQRmHLYB2QMi QR kBBMhWB2 27Q 2 r2
Kmbi ? p2

(Z1(P1;P5);Z2(P1;P,)) =(0;0):
"Qi? K "F2ib +H2 - 2bi #HBb?BM; 2[mBHB# BmK 2tBbi2M+2X
1[MBHB# BmK rQ FXh, hHQM i BYME [m (B,BpB2R2M 7QHHQr 7 QK i?:

/I2}MBiBQMb BM i?2 K BM i2tiX ]

eR



* 1biBK 12/ S~ K2i2'b

h #H2 *XR, "GS 1biBK iBQM _2bmHib, S K2i2 b- ai BM;2M+v- M/ /

S K2i2° 1biBK i2
G #Q J F2i S " K2i2'b
yXyyyyk
UyXyyyykV
+ @yXyy9de
UyXyR9edV
doc @jXRReyd
UyXN8RKIV
chiro doc @kX3dkdj
UyX3k8yeV
J2 Mai'BM;2M+v S ° K2i2'b
J2 Mo V @k8N3XN89y3
J2 Mok V @jkjRXNjje3

*QMbmK2 J "F2i S~ K2i2'b
yXyyjkN
UyXyyR83V
@kXdN333
URXkReyRV
doc @8XRKRdRd]|
UkXeeNRkV
chiro doc @RX8y83k
UyXd933eV
LQi2, "QQibi> T bi M/ /2 Qb UBM T "2Mi?2b2bV 7Q  "GS T * K2i2'b # b2/ QM 8y
Qmi Q7 8yy #QQibi> T b KTH2bX J2 M bi'BM;2M+v + H+mH i2/ 7°QK b? " mMF2M 2biB|
Ao 2;°2bbBQM mb2b +HmMbi2 2/ bi M/ */ 2°°Q b ibi i2}T H2p2H UL43RyVX aB;MB}+ |
TIyXyR- TIyXygXRyX

ek



6B;m 2 *XR, *?B QT +iQ ai  i2:B+ 2bTQMb2iQ .Q+iQ  ai'BM
"2bi _2bTQMb2 6mM+iBQM BM 6mHH ai BM;2M+v _ M:2

*2B QT  +iQ  #Q “/6b QTiBK Hbi'BM;2M+v +?2QB+2 b 7mM+iBQM Q7 T?vb
7Q° +QKT 'BbQM iQ i?2 K2/B+ H#Q “/ bi'BM;2M+vX

JQ/2H aBKmH iBQMb

*HQb2/@7Q K bQHMIBQMb iQ i?2 KQ/2H "2 M HvViB+ HHv BMi +i
i?72 2[mBHB# BmK +QM/BiBQMb M/ i?2 T 2b2M+2 Q7 KmHiIiB/BK2MbB
KQ/2HOb BKTHB+ iBQMb- AbBKmH i22[mBHB# B mM/2" =~ M;2 Q7 T
iQ 2biBK i2 bi'm+im> H T 'BKBiBp2b- #mi " i?2 iQ ;2M2" i2 +QKT " iB
i?72Q 2iB+ HK2+? MBbKb i TH vX

A+ HB# i2i?2 KQ/2H iQ bivHBx2/ b2iiBM;r?2°2irQ T°Q72bbBQN
/IBz2 2MiB i2/ b2 pB+2 K "F2iX h?2 T ~ K2i2 " p Hm2b 2 +?Qb2M T'B
KQ/2H M/ 2Mbm 2 i? i HH "2H2p Mi 2+QMQKB+ #2? pBQ  + M #2 +H?
bBKmH iBOM THQibX A bbmK2 i?2 T +iBiBOM®X AQRIHVBhi T ° K:
b2MbBiBYBQ/ 8X8X A MQ K HBx2 [m WBQvkiX2INbBVBIBi¥iBiBQM2"

T Q/m+iBpBiv T " a&di25 bM®=2:5- rBi>=0:25X 1Mi'v +Qbib 2 }t2/ |
1= »,= 30- M/ MQMT2+mMB "v2 MBM:bb?Q=+FWOX Sb2iBQBQM2"
#BHBivBb/  rM7 QK HQ,;,@M® KGR /IBQ (KB;@8)>8 QM -

ej



h?2b2 T ° K2i2" +?QB+2b F22T p Hm2b +HQb2 iQ mMBiv r?2 2p2° T
i?72 7mHH > M;2 Q7 bi® i2;B+ BMi2  +iBQMb M/ 2[mBHB# BmK Qmi+Q
bBKmH iBQMbX h?2 [m HBi iBp2 T ii2"Mb M/ i?2Q 2iB+ HBMbB;?ib
T K2i2 bT2+B}+ iBQMb-bQ i?2 T 'iB+mH ~ MmK2 B+ Hp Hm2b /Q |
I F2 rvb 7 QK i?2 M HvbBbX

1 +?2};m 2 #2HQr b?Qrb ?2Qr 2[mBHB# BmK Qmi+QK2b +? M;2 b QM
bi'BM;2M+v BM+ 2 b2b- ?QH/BM; i?72 Qi?2 T ' Q72bbBQMdb bi' BM;2N
2 +?2 };m 2 BM/B+ i2bi?2 bi ' BM;2M+v H2p2H +?Qb2M #v i?2 /Q+iQ " T
i? i HB+2MbBM; TQHB+v z2+ib MQi QMHV i?2 bBx2 Q7 i?2 T " Q72bbB
+QKTQbBIiBQM- T'B+2-2Mi'v /VM KB+b- M/ bTBHHQpP2 2z2+ib QM +

Zm HBiv aQ iBM; M/ &6BimvXRB?Qrb ?Qr p2 ;2 +?B QT  +iB+[m HBiv
b HB+2MbBM; 2[mB 2K2Mib #2+QK2 KQ 2 bi BM;2MiX >B;?2 bi BM
2Mi'v-i?2 2#v b+ 22MBM; Qmi HQr2 @ #BHBiv TTHB+ MibX b "2bt
Bb bi M/ '/ b2H2+iBQM 2z2+i, r?2M 2Mi v #2+QK2b KQ 2 /IB{+mHi- C
2MQm;? 2tT2+i2/ "2im " Mb rBHH b2H7@b2H2+i BMiQ i?2 T°Q72bbBQN
?B;?2° #BHBivX
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6B;m 2 . XR, Zm HBiv _Bb2b rBi? ai BM;2M+vc ++2H2 iBQM b am

IIQ /
*2B°'QT " +iB+ Zm HBiv #v *?B QT +iB+ ai BM;2M+v

J2/B+ H#Q "/ b2ib TQHB+v QTiBK HHv mM/2  ai +F2H#2" ; +QKT2iBiBQM Uj
=55, =2:75-a=0:25-b=2:5-c=0:25- = ;= 30- p= ;= 30- =0:5-
g GQ;LQ (B5H3)X

h?Bb [m HBiv BKT Qp2K2Mi Bb MQi HBM2 "X b bi BM;2M+v BM+ 2
i?72 K ;BM HBM+ 2 b2 BM[m HBiv/BKBMBb?2bX i 2ti 2K2 H2p2Hb-
T Q?B#BiBp2i? ip2'v72r BM/BpB/m Hb 2Mi2 - HBKBiBM; 7m i?2" ; |

S'B+2 1z2+1BX mb2 +QMbmK2 b p Hm2 T ' QpB/2  [m HBiv- BM+ 2 b2b
i° MbH i2 BMiQ ?B;?2 2[mBHB#XBXMT} " EHb2ABX EBBmM22BM+ 2 b2b rBi?
HB+2MbBM; bi' BM;2M+v- +QMbBbi2Mi rBi? /2K M/@bB/2 "2bTQMb2
2z2+i Bb HbQ KTHB}2/ #vi?2 2/ m+iBQM BM bmTTHv i? i ++QKT MI
bi M/ “/bX
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6B;m 2 .Xk, S'B+2b Bb2 rBi? ai'BM;2M+vc Jmi2/ _2bTQMb2 L2 * _
1[mMBHB# BmK S 'B+2 #v ai BM:2M+v Q7 PrM "Q °/

J2/B+ H#Q '/ b2ib TQHB+v QTiBK HHv mM/2  ai +F2H#2 ; +QKT2iBiBQM Uj
=55, =2:75-a=0:25-b=2:5-c=0:25- p= = 30- p= ;= 30- =05-
g GOQ;LQ(K5H:3)X

h?2 MQMHBM2 "BivBMi?2 T'B+2 +m p2 'Bb2b 7' QK irQ "2BM7Q +
mTr "/ T 2bbm 2 7°QK "BbBM; T'QpB/2  [m HBivX a2+QM/-i?2 2 Bb
bmTTHB2/X

Zm MiBiv Q7 *?B QT 6Bi@ ®jBHHmMbi  i2bi?2 2Mi v [m MiBiv "2bTQM]
2Mi"v7 HHb b HQr@ #BHBiv T°'QpB/2'b "2 2t+Hm/2/X i BMi2 K2/B |
bi #BHBx2b Q  2p2M BM+°2 b2b bHB;?iHv- b ?B;?2  [m HBivbmTTQ"
T°Q72bbBQM ii° +iBp2iQ ?B;?@ #BHBiv BM/BpB/m HbX Zm MiBiv /2
Q7 i?2 KQ/2H +QK2b BMiQ TH v- brQ F2'b ;2M2> HHv T 272 i?2 ?B;
Bb "2 bQM #H2 +?2QB+2X b bi'BM;2M+v BM+'2 b2b- HQr2 @ #BHBI
?B;?2° @ #BHBivIQ F2 b biBHH T°272 i?2/Q+iQ T°Q72bbBQM mMil
?B;?2  bi M/ "/bX PM+2i?2 " MF Q7 "2H iBp2 bi BM;2M+v ~BTb- ?B;?
i?72 +?2B QT +iB+ T°Q72bbBQMX i p2'v?B;? bi BM;2M+v- ?2Qr2p2 - 2
bK HH b? "2 Q7 i?2 #BHBiv /Bbi'B#miBQM K22ib i?2 2Mi v i? 2b?QH
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6B;m 2 .Xj, 1Mi'v _Bb2b pB Zm HBiv S'2KBmKb M/ * 2 K@aFBHI
*2B QT +iB+ Zm MiBiv #v *?B QT +iB+ ai BM;2M+v

J2/B+ H#Q '/ b2ib TQHB+v QTiBK HHv mM/2  ai +F2H#2 ; +QKT2iBiBQM Uj
=55, =2:75-a=0:25-b=2:5-c=0:25- p= = 30- p= ;= 30- =05-
g GOQ;LQ(K5H:3)X

h?2 "2bmHi Bb HQTbB/2/J@b? T2/ T ii2"MX h?Bb ?B;?HB;?ib i
HB+2MbBM; + M BKT Qp2 T'QpB/2  [m HBiv- Bi K v HbQ +'2 i2 b?Q"i
iQr "/ bm#biBimi2 T'Q72bbBQMbX LQi #Hv-i?2b? T2 M/ K ;MBim/2
+ BiB+ HHvV QM i?2 bi'BM;2M+v H2p2H b2i #v i?2 +QKT2iBM; T'Q72b]
p2 iB+ HHBM2 K "FBM: i?2 K2/B+ H#Q /6b TQHB+v +?QB+2X

*?2B QT +iB+ S QBin X®.X8 M/XeTHQi i?2 iQi HT Q}ib2 M2/ #v i?2
+?B QT +iB+ #Q '/ bbi'BM;2M+v BM+ 2 b2b mM/2  /Bz2 2Mi +QKT?2
Bb MQOM@KQMQiQMB+ M/ ?B;?Hv /2T2M/2Mi QM i?2 K2/B+ H #Q /&t
KBMBK HHv "2bi"B+iBp2 K2/B+ H.XKQ - {7RQ#PB+ QUGB B+ 2#Q / + M H
B:MQ'2i?2 Qi?2  T°Q72bbBQM M/ b2i TQHB+v # b2/ T'BK "BHv QM E
>Qr2p2°-r?2M i?2 K2/B+ H #Q */ +ib b B7 i?22v "2X%2 @RHv #Q */ U
+?B QT +iB+ #Q /6b QTiBK H "2bTQMb2 BbiQ #2 bHB;?iHv KQ 2 "2
BM +2 K@bFBKKBM;X h?Bb ii’ +ib ?B;?@[m HBiv T +iBiBQM2'b r
*QMp2 b2Hv- B7 i?2 K2/B+ H#Q “/ b2ib Km+? KQ 2 "2bi'B+iBp2 TQt
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#Q /T 272°biQ b2i Km+? HQr2 bi'BM:2M+v H2p2H #2+ mb2 i?2 K2
“2pi"B+iBp2iQK F2 + 2 K@bFBKKBM; rQ i?r?BH2X

6B:m 2 .X9, JQ/2" i2 ai'BM;2M+v PTiBK H qBi?Qmi *QKT2iBiBp2 !
hQi H*?B QT +iB+ S 'Q}i #v *?B QT +iB+ ai BM;2M+v

*?2B QT +iB+ #Q '/ K tBKBx2b T°Q}i UbQHB/ p2'iB+ HHBM2Vc K2/B+ H #Q
bi>i2;vuU/ b?2/ p2'iB+ HHBM2VX aQHB/ p2'iB+ HHBM2 b?Qrb +?B QT +iE
S ' K2i2 55 =2:75-a=0:25-b=2:5-c=0:25- = ;= 30- p= = 30- =0:5-

g GQ;LQ (B5H3)X
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