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Biometric Leakage from Generative Models and Adversarial Iris Swap-

ping for Spoofing Eye-based Authentication

Jan Michalak

(ABSTRACT)

This thesis investigates the vulnerability of generative models trained on biometric data
and explores digital spoofing attacks on iris-based authentication systems representative of
AR/VR environments. We first explore how diffusion models trained on biometric data
can memorize and leak iris images. Next, we evaluate the effectiveness of Cross-Attention
GANSs for iris-swapping attacks, demonstrating their ability to enable presentation attacks
that spoof iris-recognition systems. Our experiments across several standard iris and VR
datasets have an attack success rate of 100% within similar domains and generalize across
domains with rates as high as 70%. Our findings highlight the need to consider vulnerabilities
in biometric systems and strengthen defenses against digital presentation attacks produced

by generative models.



Biometric Leakage from Generative Models and Adversarial Iris Swap-

ping for Spoofing Eye-based Authentication

Jan Michalak

(GENERAL AUDIENCE ABSTRACT)

Most people are familiar with Face ID, which uses facial features to unlock phones or laptops.
But in virtual and augmented reality (AR/VR) headsets, where faces are not always visible,
devices rely on the iris to recognize users. In this thesis, we show that Al models trained
on iris images can sometimes memorize and leak information about the people they were
trained on. We also designed a new type of attack where a fake eye is created by swapping
one person’s iris onto another’s eye. These generated irises can trick iris recognition systems
into thinking the attacker is the target. Our results show near-perfect success when attacking
within the same dataset, and strong success when crossing between different VR datasets.
These findings suggest that while iris recognition holds promise for secure login in AR/VR

devices, it also opens a new risk that Al-powered attacks could exploit.
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Biometric authentication is becoming a familiar part of everyday technology, with iris recog-
nition playing an increasingly important role. What sets iris biometrics apart is their remark-
able uniqueness and long-term stability, making them a trusted standard for secure identi-
fication. While face and fingerprint recognition are common on mobile devices, iris-based
systems are gaining traction on mixed reality (MR) platforms like the Microsoft HoloLens
2, Magic Leap 2, and Apple Vision Pro, where capturing a full facial image is not always

possible.

Even though iris-based authentication is considered highly secure, it is not invulnerable.
Presentation attacks — where an attacker tries to trick the system using fake biometric inputs
— continue to pose a real challenge. In the past, most defenses have focused on physical
attacks, such as printed iris images, textured contact lenses, or video replays. But the
landscape is shifting. The rise of generative Al, especially models like Generative Adversarial
Networks (GANs) and diffusion models, has opened the door to a new type of threat: digitally
crafted biometric spoofs. These technologies can create synthetic but convincing iris patterns,
raising new concerns about the ability to bypass even the most robust iris authentication

systems.
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The primary challenge addressed in this thesis is the vulnerability of iris-based authentication
systems, especially those embedded in AR/VR headsets, to digital presentation attacks

enabled by generative models.

This thesis explores two key threat vectors:

1. The ability of diffusion models to memorize and regenerate real identities from training

data, leading to biometric leakage.

2. The feasibility and robustness of iris-swapping attacks using cross-attention GAN ar-

chitectures, especially across different domains.

Oi0  Oo0bdbot Quoojiogo

This thesis investigates the following questions:

1. OO0 D00 0000000000 CDO0o0 booiobo 0o b0t Dooo t0bo Oboooibbo 00oooooooo
Does fine-tuning a diffusion model on iris datasets result in the reproduction of training

samples that are biometrically valid under standard recognition systems?

2. D00l 000 0 Odiboood olfiidoddiol Loibud iooooboool ubooiote Lddo
00000 oot boood

Using a known target iris, can a Cross-Attention GAN model generate realistic swaps

that match the target identity while maintaining natural eye appearance?

3. 0000 U0 hotjiboooibd tiibooo bodoodbd fooult LUobbg doododio too oo
L0000 DoOoomoooo



Can a trained swap model maintain spoofing effectiveness on datasets captured under

AR/VR-specific conditions, such as variable lighting, pose, and sensor type?

Qg Uodiid bbdbbidboed

This thesis is structured as follows:

UO00000 00 0O00000D0JO0 outlines the motivation for this work, the core problem

statement, and the three research questions that guide the study.

(000000 00 0O0D0O0 10000 defines the adversary’s capabilities and assumptions, and

describes the risk landscape for iris-based authentication in AR/VR environments.

L1000000 00 0000000000 reviews related work in iris biometrics, presentation attacks
(both physical and digital), and vulnerabilities in machine learning models, particularly

generative models.

0000000 00 C00bobooibbo 0hod 0o0iOioooo 0oooonooood introduces two at-
tack pipelines: identity leakage via fine-tuned diffusion models (JOO), and digital
iris-swapping attacks using a Cross-Attention GAN (OO0 000 O0O0). For the leak-
age attack, we present both the methodology and results within this chapter, as the

evaluation is self-contained

0000000 00 000000 presents the results of swap-based attacks against iris recognizers
across different domains and recognition settings. This chapter directly addresses
000 and OO0, analyzing spoofing success in white-box and black-box conditions,

and generalization across datasets.

UO00000 00 0000000000 discusses results, limitations, and avenues for future work.
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Iris-based biometric authentication is gaining traction as a secure and seamless mode of iden-
tity verification, especially within emerging Virtual Reality (VR) and Augmented Reality
(AR) devices. Devices such as the Apple Vision Pro, Microsoft HoloLens 2, and Magic Leap
2 have begun integrating iris authentication as a built-in form of user authentication. This
authentication method is becoming more popular, especially when conventional modalities
such as fingerprint or facial recognition are unavailable due to the device form factor. More-
over, conventional authentication methods, such as passwords and PINs, are susceptible to

observation and reconstruction attacks within immersive environments [28].

The stability and uniqueness of irises make them a gold standard biometric and are well-
suited for AR/VR environments [5]. However, the reliance on biometrics in AR/VR systems
inherits existing risks associated with presentation attacks. Traditional presentation attacks
have targeted iris recognition systems through physical means, such as a printed out iris
image or a textured contact lens to mimic a real iris [42, 50]. More recently, digital attacks
have emerged where adversaries remove the need for physical props by generating synthetic

biometric data to deceive recognition systems [34].

This thesis examines the emerging threat of purely digital presentation attacks, driven by ad-

4



vances in generative modeling. Recent techniques, such as Generative Adversarial Networks
(GANS) and diffusion models, have made it increasingly possible to synthesize realistic iris
imagery, undermining the long-standing assumption that iris patterns are inherently difficult
to replicate. Unlike traditional attacks that require physical artifacts, digital spoofs enable
scalable, remote attacks against biometric systems. As AR/VR platforms increasingly rely
on continuous biometric authentication, the ability to generate high-quality, adversarial iris
images raises serious concerns about the long-term security and resilience of these technolo-

gies.

00 Ooubbbod Odoouiooitt bbd doibdooiboo

In this thesis, digital presentation attacks are defined as cases where an adversary has access
to at least one high-quality image of a victim’s iris. Unlike traditional physical attacks, where
the adversary must use artifacts such as printed eyes or textured contact lenses, digital
attacks use synthetic imagery to impersonate a user remotely. Although irises have been
viewed as a highly secure and private identification method, recent developments challenge
this confidence. There are several real-world situations where an adversary could obtain iris

images without a user’s consent. This is outlined below:

- [JO0I00 00D DOO DDOID bOooo DDoouoE: High-resolution iris textures are of-
ten captured in selfies, group photos, and professional images shared on social media
platforms. An adversary may apply super-resolution enhancement tools to extract us-
able iris data from these images. Alonso-Fernandez et al. [2] demonstrated that deep
learning-based super-resolution models can reconstruct high-fidelity iris patterns from
low-quality facial images. Ribeiro et al. [41] showed that upscaled iris images can reach

sufficient quality for reliable biometric recognition.



« [0000II0DDO DODDOOIO: Modern surveillance infrastructure includes long-range iris
scanners capable of capturing detailed eye imagery from a distance and in non-cooperative
scenarios. Lee and Park [30] showed that iris recognition remains feasible even under

poor quality or long-range capture conditions.

« 000000 00O DO00DODODIOD ODoi0oD 00Dooood O00000: When diffusion models or
GANSs are fine-tuned on biometric datasets, they can memorize and reproduce examples
from their training data. Carlini et al. [9] revealed that diffusion models trained on
sensitive data can regurgitate memorized identities. Our work showed that diffusion
models trained on CASIA-Iris-Thousand [36] could regenerate synthetic images nearly
indistinguishable from the original identities. These privacy risks are further evaluated

in Chapter 4.

« (100000000 O00000 00 OO00O0O O0b0oood: Modern AR/VR devices such as the
Meta Quest Pro include internal, user-facing cameras used for eye-tracking and biomet-
ric interaction. In some configurations, such as when developer mode is enabled, these
camera streams may be accessible to users or applications with elevated permissions.
For example, the VRBiom dataset [27] was constructed by recording raw periocular
video streams at 72 FPS using the Quest Pro’s internal cameras. This suggests that in
certain white-box threat scenarios, an adversary with developer access could extract

high-resolution iris data directly from the device’s internal sensor pipeline.

« 000000 DO00DDIOD [0 OO U000D00E: If an adversary had physical access to a
victim’s VR headset, they could embed a hidden camera inside the headset without
the user’s knowledge. This kind of attack bypasses the need for software-level defenses
entirely. This also allows for high-quality close-range images of the victim’s iris. This
is a serious concern in environments where VR headsets are shared and cannot be fully

trusted.
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T K2i2'b 7Q" i?2 KQ/2HX AM //BiBQM iQ bB;MB7B+ MiHv bT22/B
i2+?MB[m2 rB/2Hv mb2/ #v KmHIB@KQ/ H 2b2 "+?2 b-bQ mbBM; i?E
rv7Q "2b2 "+?2°biQ+°2 i2bvMi?2iB+B'Bb/ i X

h?2 T'QKTi 7Q° 7BM2@imMBM: Bb 6 T?QiQ Q7 FHrKp ?mK Méb H2
* M/QK B/2MiB7B2  bQ ai #H2 .B77mbBQM + M /BbbQ+B i2 Bib +m™"
7°QK i?2 QM2b r2 7BM2@imM2 Bi rBi? X



O9XRXj A'Bb 1ti° +iBQM

PM+2 ai #H2 .B77mbBQM Bb 7BM2@imM2/- r2 [m2°v i?2 KQ/2H rBi?
* M/QK BMBiB H MQBb2 b2p2° H iBK2bX h?Bb ;Bp2b mb b2i Q7 +
'2M2° i2/8yyiQ 7TQHHQr * "HBMBo6b T T2 X

7127 ;2M2° iBM; i?2 + M/B/ i2b2i-r2+QM/m+i K2K#2 b?BT BM72 2M
Bbi? iB7r2mb2i?2b K2 T QKTirBi? /B772"2Mi BMBiB HMQBb2 M/
"2 HBF2Hv iQ #2 K2KQ Bx2/X 1tT 2bb2/ bm++BM+iHv-

Gen(p;rq) Gen(p;ry) U9XRV

r?2°@nBbi?2;2M2" i2/ QmiTmi 7 p@BH ii?2 KQOBDHii?2 BMBiB HMQBb2-
Bb M “#Bi® v /Bbi M+2 i? 2b?QH/X b 7Q  i?2 /Bbi Mh2 Blib2H7- r:
r?B+? i F2b i?2 K $BBmMKM+2 Qp2  b2p2  H T i+?2b Q7 i?2 BK ;2bX |
PQB/ 7 Hb2 TQbBiBp2b +'2 i2/ #v7 +iQ'bbm+? b bBKBH *# +F: C

* "HBMB 2i HX HbQ +?QQDb2iQ B/2MiB7v +HB[m2b Q7 BK :2b BMbi2
+HB[M2 Bb bm#b2i Q7 p2 iB+2b BM ;" T?2r?22°22p2°vp2i2t Bb +Q

g2 +QMbi'm+i ;> T? Qp2 i?2+ M/B/ i2b2iiQ ++QKTHBb?i?Bb-+"2
#2ir22M Mv irQ BK ;2b 7XHHD KnMM HHvIQhnM2iQ +QMbi m+i +HB[m2
bm77B+B2MiHvV H ;2 bBx2X

g?2M /2+B/BM; r?B+? +HB[m2b iQ mb2- r2 Hr vb i F2 i?2 +HB[m2b
1?72 ;° T?X h?Bb 2Mbm 2bi? ir2 "2 HQQFBM; ii?2 B Bb2bi? i 2K
K2KQ ' Bx2/X h?2b2 B Bb2b "2i?2Mi2bi2/ ; BMbiQm 2p Hm iBQM-



O9XRX9 :A _Aah 2+Q;MBiBQM aQ7ir "2

6Q Qm  2+Q;MBIiBQM bQ7ir 2-r2 miBHBx2/ :A_Aah- M B Bb 2+Q
: laP6h RkX AMBIiB HHv- r2 r Mi2/ iQ KBKB+ hBMbH2v 2i HX #v +7%
"2+Q;MBiBQM bQ7ir "2 brAad??Q02pB7-1iw2¢ ? /| T vr HH@T Qi2+i2/

i?2B° bQ7ir "2X h?Bb H2/ mbiQ :A_AahX

'A_Aah/Q2bMQi? p2 mMB[m27QmM/ iBQM HK2i?Q/QHQ;vX Ai KB
Q7 Qi?2" 2bi #HBb?2/ B'Bb "2+Q;MBiBQM 7" K2rQ FbX 6Q 2t KTH?
K2Mi iBQM #v J b2F ) EZXBBMP iQ #2 mb2/ rBi?BM i?2 + /2KB+ +
h?2 *2H2p M+2 Q7 i?Bb TT'Q +? + M #2 b22M BM /B772 2Mi rQ Fb L
T Bp +v@T 2b2 pBM; i2+?MB[m2b rBi?BM #B QK2 B+ b mi 2K bv#v CQ
M/ S 2 HRJRX (

:A_Aah QT2 i2b #v BMBiB HHv HQ /BM; BM HH i?2 B'Bb BK ;2b 7
/i b2iX .m BM; i?Bb T°Q+2bb- HH Ryyy bm#D2+ib "2 mi?2MiB+ i2/
?2QQ/- :A_Aah mb2b HQ+ HBx iBQM K2i?Q/ iQ B/2MiB7v r?2°2 i?2
T°Q:;" Ki?2M b2;K2Mib i?2 B'Bb-r?B+? 2bb2MiB HHv 7H ii2Mb i?2 B
7i2° b2;K2Mi iBQM- i?2 B'Bb Bb i?2M MQ K HBx2/f/2MQBb2/ M/ 2M
BMi'B+ +B2b Q7 i?2 B'BbX am#b2[m2MiHv- i?2 T°Q;" K +QMp2 ib i?:
/m BM; K i+?BM;f 2+Q:MBiBQMX .m BM; i?2 K i+?BM; T? b2-i?2b2
M/ i?2 "2bmHiBM; bi'BM; ;Bp2b mb i?2 > KKBM; .Bbi M+2X

h?2 bQ7ir 2 b2ib ? KKBM: /Bbi M+2 i? 2b?QH/ ++Q /BM; iQ i?2 E
U+QKT "BbQM Q7 BK ;2b rBi?BM QM2 T "iB+BT MiV M/ i?2 BMi2 @ +
Q7 BK ;2b #2ir22M T "iB+BT MibVX Pm > * aA @A Bb@h?Qmb M/ / i
XjdX A7 +QKT "BbQM #2ir22M BK ;2b Bb #2HQr i?Bb i? 2b?QH/- Bid
"2 7°QKi?2 b K2 BM/BpB/m HX h?Bb i? 2b?QH/ Bb b2i #v K tBKBxB



KBMBKBxBM; i?22[m H2 "Q " i2U1l1_V Q7i?2BMi° @ M/ BMi2 @+

9XRX8 _2bmHib

h2biBM; rBi? :A, A®R 7BM H 2ti° +i2/ B'Bb2b r2 2 i2bi2/ ; BMbi :A
"2+Q;MBIiBQM bvbi2K i? i,

C a2;K2Mib M/ MQ K HBx2b i?2 B BbX
C1M+Q/2bi?2 B'Bb BMiQ #BM v p2+iQ b 7Q K i+?BM:X

C*QKTmi2b i?2 > KKBM; .Bbi M+2 iQ /2i2 KBM2 B7i?2 B Bb K i+?:

h #H2XIRM KK "Bx2bi?2 T bb " i2bQ7Qm" 2ti° +i2/bvMi?2iB+ B Bb2b B
i?72 7B bi +QHMKM 2T 2b2Mib i?2 MmK#2 Q7 bm#D2+ib rBi?BM i?2
QM r?B+?r27BM2@imM2/ ai #H2 .B77mbBQMX 1 +?p Hm2BM i?2 b2-
Q7bvMi?2iB+B Bb2bi? iK i+?2/ "2 HB/2MiBivBMi?2i° BMBM; b2i)
+Q 2bTQM/biQi?2H ";2bi2ti” +i2/ +HB[m2db bBx2- "2T 2b2MiBM;
Q7 bvMi?2iB+ B'Bb2b B/2MiB7B2/i? Qm;? QmIXR 2bp@Mib2t KITH2bB
Q7 bvMi?2iB+ HHv ;2M2" i2/ B'Bb2b 7Q /B772 2Mii° BMBM; b2i bB»
iIQ MBK ;2rBi?BMi?2i BMBM; b2i- bm++2bb7mHHvV #vT bbBM; i?2

h #H2 9XR, S bb * i2b 7Q° bvMi?2iB+ B Bb2b bm++2bb7mHHvV K i+?2
h?2 7B bi +QHMKM BM/B+ i2b ?2Qr K Mv bm#D2+ib r2 7TBM2@imM2/ |
/2MQKBM iQ  BM 6t BM vd 2T 2b2Mib i?2 bBx2 Q7 i?2 H “:2bi 2ti> +
# b2/ K2KQ Bx iBQM /2i2+iBQM bi2TX

O Q7 bm#D2+ib BM h [BMBM, a2iUt Q7 vV

8 y Q7 8
Ryy R Q7 RR
Kyy R Q7 ky

Ryyy R Q7 N




UV Ryybm#D2+ib U#V kyy bm#D2+ib U+V Ryyy bm#D2+ib

6B;m 2 9XR, avMi?2iB+ HHv ;2M2" i2/ B'Bb2b mbBM; /B77mbBQM
MmK#2 b Q7 bm#D2+ibX 1 +? BK ;2 T bb2/i?2 :A_Aah mi?2MiB+ iB
bT2+iBp2 bm#b2i Q7 bm#D2+ibX

6BM/BMPIm™ "2bmHib /2KQMbi  i2i? i,

C1lp2M rBi? QMHvVv Ryy i BMBM; bm#D2+ib- bvMi?2iB+ B ' Bb K i+"

Ch?2 T bb  i2BM+'2 b2/ rBi? KQ 2 i° BMBM; bm#D2+ib- bm:;2bil
K F2 #BQK2i'B+ H2 F ;2 KQ 2 T Q# #H2X

C.B77mbBQM KQ/2Hb i° BM2/ QM B'Bb /i + M "2;2M2" i2 "2 H B
T Bp +tv+QM+2 MbX

9Xk A Bbar TTBM; pB : L@" b2/ A/2MiBiv h™ |

> pBM; 2bi #HBb?2/i?2 72 bB#BHBiv QIR BM Q2i/ B4 BIH#HRMM Ki2i? Q
QHQ;v 7Q  +QM/m+iBM; /B;Bi H B 'Bb T'2b2Mi iBQM ii +FX h?Bb |
B'Bb@br TTBM; 7° K2rQ F- r?B+? 2KTHQvb * Qbb@ ii2MiBQM : L
br TbX Pm > +QMi B#miBQMb 7Q+mb QM ;2M2° HBxBM; i?2 K2i?Q/iQ
BM; "Q#mbiM2bb mM/2"  /QK BM b?B7i- M/ 2p Hm iBM; + Qbb@/QK [



O9XkXR A'Bb 2+Q;MBx2'b

22T H2 "MBM; KQ/2Hb ? p2 b?QrM T QKBbBM j8Xbm Rp B-MnBi'BilR 22 +
B/2MiBiv T 2b2 p iBQM Q7 B 'Bb@br TT2/ BK ;2b-r2 2tT2 BK2Mi rBi-
i? ib? "2i?2 b K2 “+?Bi2+im  H # +F#QM2 #mi /B772 BM i° BMBM
+'Bi2 B X "Qi? KQ/2Hb mb2 KQ/B7B2/ _2bL2i@8y +?BRP+im 2 T 2
rBi? i?72 7B bi +QMpQHMIBQM HH v2  / Ti2/7Q  ;  vb+ H2 BMTmiX

AM //BiBQM iQ b2 pBM; b B/2MiBiv p2'B7B2 b /m BM; 2p Hm iBQM
BMiQ Qm* : L i° BMBM; TBT2HBM2 b 72 im 2 2ti’ +iQ bX aT2+B7B8
2K#2//BM;bi? i "2 mb2/iQ +QKTmi2 B/2MiBiv HQbb /m BM: i?2 QTiB
M2irQ FX

*H bbB7B+ iBQM@" b2/ _2+Q;MBx2 rBi? *QbBM2 aBKBH "Biv

S'BQ iQ 72 im 2 2ti’ +iBQM-r2 TMHQ i*BBMVMK BR BDQH i2 i?2
B'Bb "2;BQM,

lg sl M UaxkVv

r?2°'2 27T 2b2Mib 2H2K2Mi@rBb2 KmHIBTHB+ iBQMX h9R& T Q+2bb

h?2 B'Bb "2+Q;MBiBQM M2irQ ' F 7TQHHQrb i?'22@bi ;2 TBT2HBM?2,

C 62 im21ti +gpRQMBHBxXx2 2bL2i@8ydb +QMpQHMIBQM HH v2'k
+ iBQM ?2 /-1iQ 2ti° +i ky93@/BK2MbBQM H 72 im 2 p2+iQ bX

C 1K#2//BM; S QD2FiBHHV +QMM2+i2/ H v2 T 'QD2+ib 72 im 2 p2
/IBK2MbBQM H bT +2- 7TQHHQr2/ #v # i+? MQ K HBx iBQM M/ 2



UV P B;BM H2v2 BK Y2V a2;K2Mi iBQM KIb¥ J bF2/1Bs&b WM V

6B:m 2 9Xk, A'Bb K bFBM; T Q+2bb mb2/ #27Q°2 72 im 2 2ti° +iBQ
i72* aA @A 'Bb@h?Qmje)M/h?2 #BiM v K bF BbQH i2bi?2 B'Bb “2;BQ
BK :2- T ' Q/m+BM: i?2 K bF2/ B'Bb BK :2 mb2/ #v i?2 "2+Q:MBx2 X

C Gk LQ K HBXxhBBIM2Mbm 2b 2K#2//BM;b "2 mMB7Q KHv /Bbi B#
+QKT "BbQMbX

‘Bp2M M BMTmi B'BD?BRKM2rQ F T Q/m+2b GK@MQ K HBx2/ 2K#2//E

F(x)= LQ (Kakkf 72(1 8-B) U9XjV

r?2°2;, 2T 2b2Mib i?2 _2bL2i @By Bb+HP2QKR22//BM; T°QD2+iBQM H
LQ K /2MQi2b Gk MQ K HBx iBQMX h?2 2K#2//BM; T'QD2+iBQM Bb /

foxk2)= 2" L(Wez + b)) U9X9V

r?2°22R*™ Bpi?272 im 2 psP@R2E M) Mh2R? "2 i° BM #H2 T ~ K@
2i2°'bX .mBM; i BMBM;- r2 BM+Q TQ i2 M mtBHB v +H bbB7B+
1IQ B/2MiBiv H #2HbDb,

9= Wcfokhf 721 8B I uoaxsyv



72 2,2 RS 22 MK 2RS "2 +H bbB7B2 T ®2ZTb2bMMib i?2 MmK#2°
Q7 B/2MiBiv +H bb2b rBi?BM i?2 / i b2iX h?2 KQ/2H Bb i’ BM2/ mbB
HQbb #2ir22M i?22 T 2pB-MR2i3R2Q; BIMM/ i mi? B/2MiBiv H #2HbX h?[
2M+Qm’ ;2b i?2 M2irQ F iQ +Hmbi2 2K#2//BM:b 7 QK i?2 b K2 bm
b2T ~ iBQM #2ir22M B/2MiBiB2bX h?2 +H bbB7B+ iBQM ?2 / Bb /Bt
QMHV i?2 MQ K HBx2/ 2K#2//BM;b "2 2i BM2/ 7Q  #BQK2i B+ K i+?

.M BM; BM72 2M+2- B'Bb K i+?BM: Bb T2 7Q K2/ #v +QKTmiBM; i?
MQ K HBx2/ 2K#2//BM; p2+iQ b T Q/m+2/ #v irQ /B772 2Mi B'Bb BK

F (x1) F (X2)

aB(k (x1);F (x2)) = KF (x1)KKF (x2)k

ugXeV

hQ 2bi #HBb? /2+BbBQM i? 2b?QH/ 7Q #BQK2i'B+ K i+?BM;-r2 +Q|
#2ir22M HH ;2MmBM2 M/ BKTQbiQ T B b rBi?BM i?2 p HB/ iBQM ¢t
i?°2b?QH/ i? i K tBKBx2b Qp2  HH T B rBb2 +H bbB7B+ iBQM ++m
Bb mb2/i?°Qm;?2Qmi Qm’ 2tT2 ' BK2Mib iQ +QKTmi2 ii +F bm++2bb °
M2bb-r2 HbQ 2TQ ii?21[m H1 Q" _ i2U11_V M/ Bib bbQ+B i2/ ]
TQBMi ir?B+?i?27 Hb2 ++2Ti M+2 M/ 2D2+iBQM " i2b ‘2 2[m H
"Bp2/ 7°QK i?2 bBKBH "Bivb+Q 2 /Bbi'B#miBQMb M/ T QpB/2 +QKT
T2 7Q K M+2X

*QMi> biBp2 G2 "MBM:@" b2/ A'Bb _2+Q:MBx2  rBi? 11_@. Bp2M 1|

hQ //°2bbi?2 HBKBi iBQMb Q7 +H bbB7B+ iBQM@# b2/ B Bb "2+Q ;N
b2iiBM;b- r2 2KTHQV +QMi  biBp2 H2 "MBM; 7> K2rQ F i’ BM2/ rBi'
KQ/2H Bb /2bB:M2/iQ ;2M2° HBx2 + Qbb bm#D2+i B/2MiBiB2b M/ /
/IBM; bBKBH “Biv #2ir22M K i+?BM; T B'b r?BH2 Tmb?BM: T i MQM ¢



T 2pBQmb 2+Q;MBx2 -i?Bb KQ/2H /Q2b MQi 2Hv QM +H bbB7B+
T2 pBbBQM- K FBM; Bi #2ii2° bmBi2/ 7Q  2p Hm iBM; bTQQ7 ii +Fb
b PT2M1.akRRNV(/ PT2M1.ak@)ky (

b BM i?2 T 2pBQmb "2+Q;MBx2 - r2 mb2 KQ/B7B2/ _2bL2i@8y #
IBK2MbBQM H 72 im 2 p2+iQ b 7 QK K bF2/ B Bb BK ;2bX h?2b2 "2
IBK2MbBQM H2K#2//BM; bT +2pB 7mHHvV +QMM2+i2/H v2 rBi? #
+iBp iBQMX 6BM HHv-i?2 2K#2//BM;b "2 GK@MQ K HBx2/,

F(X)= LQ (Kakf 7201 8-B) uoaxdyvVv

h?2 F2v /B772 2M+2 HB2b BM i?2 i° BMBM; Q#D2+iBp2X AMbi2 / Q7
Qp2° B/2MiBiv H #2Hb- i?Bb KQ/2H Bb i° BM2/ mbBM; i?2 MQ K HB:
2Mi"QTv UAM7QeN1V?HB@BQT 2" i2b QM T B b Q7 2K#2//BM;b,

2t T b B(K .z )
Lam70L¥1 H%i Uuoax3v
1[k6i] 2t T b B(K& ;z«)
1

k=

r?22°2 WB;K) /2MQi2b +QbBM2 bBKBH  Biv #2iMRM RIK#2H/BiM K@

T2 im2b+ HBM; 7 +iQ  i? i +QMi"QHb i?2 bQ7iM2bb QZ-iP22/Bbi B#
HQbb 2M+Qm™ ;2b bBKBH "BivrBi? +Q '2WBX2MMMQRQDBIiB RTIHK T
i?72 b K2 bm#D2+iV-r?BH2 Tmb?BM; Bi r % 7/BRIK?HH Qi?2 h? XK BMZB
+iQ  TmMM#iBQMbm 2b i? ii?2 M+?Q  Bb MQi +QKT 2/ rBi? Bib2H7
2M #H2b i?2 M2irQ F iQ H2 "M B/2MiBiv@T 2b2 pBM; 2K#2//BM;b rl
+H bbB7B+ iBQM ?2 /X

hQi” BMi?2 KQ/2H-r2 mb2 # i+? b KTHBM; bi" i2;vi? i2Mbm 2b Km



"2b2Mi2/ BM 2 +? KBMB@# i+?- HHQrBM; 7Q" #Qi? TQbBiBp2 M/ M
BK :2 Bb 7B bi KmHIiBTHB2/ #v Bib +Q "2bTQM/BM; #BM v b2:K2Mi
"2;BQMX h?2 K bF2/ BK ;2b "2 T bb2/i?°Qm;? i?2 M2irQ FiQ T Q/nm
#2//BM:b- M/ i?2 AM7QL*1 HQbb Bb +QKTmi2/ mbBM; bm#D2+i B/
TQbBiBp2 M/ M2; iBp2 '2H iBQMb?BTbX

hQ 2M? M+2 ;2M2  HBx iBQM +'Qbb B'Bb /QK BMb M/ BM+'2 b2 "Q
r2 TTHv Db2i Q7 ;2QK2i B+ m;K2Mi iBQMb /m BM; i° BMBM;X 1 +?
"Qi iBQM- ?Q ' BXQMi H 7THBTTBM;- M/ M/QK XQQKf+ QTTBM;- 2M|
bT +2 2K BMb bi #H2 mM/2° KBMQ  bT iB H i Mb7Q K iBQMbX h?]
7Q+mb QM B/2MiBiv@bT2+B7B+ B'Bb 72 im 2b > i?2 i? M BK ;2 H v

g2 HbQ mb2i?2 JS2 *H bba KTH2 iQ +QMbi"m+i KBMB@# i+?2b i? |
7°QK KmHiBTH2 bm#D2+ib- 2M #HBM; i?2 HQbb iQ 7Q K #Qi? TQbE
M2:; iBp2 T B'b U/B772 2Mi B/2MiBiB2bV rBi?BM 2 +?2 # i+?X h?Bb b
2772+iBp2 +QMi> biBp2 H2 "MBM; M/ 2Mbm 2b i? i i?2 AM7QL*1 HQ
/Bbi'B#miBQM Q7 bBKBH "BiB2bX

g2 KQMBiIiQ p HB/ iBQM HQbb /m BM; i BMBM; M/ +QKTmi2 i?2 1[
1?72 2K#2//BM;b 2ti~ +i2/ 7 QK i?2 p HB/ iBQM b2iX g2 b p2i?2 KQ/2
?B;?2bil1ll _@# b2/ p HB/ iBQM ++m” +v + Qbb 2TQ+?bX

O9XkXk :2M2° iQ "+?Bi2+im 2 .2bB;M

Pm®;2M2" iQ  “+?Bi2+im'2i F2b i?2 7QHHQrBM; BMTmib iQ T2 7Q"
K bF2/ ii +F2° 2v2,BK+i?2 ii +F2 6b #BM v b2;KRIMi.iBQM/K bF
i?2i :2i pB+iBK BsB BK ;2

Pm® :2M2" iQ 7QHHQrb KQ/B7B2/1@L2i +?Bi2+im 2 rBi? i? 22 F



BM iBQM Q7 bFBT +QMM2+iBQMb- /m H@2M+Q/2 bi'm+im 2- M/
#QiiH2M2+FX

1HBKBM iBQM Q7 aFBT *QWRRBKBMMIBM; bFBT +QMM2+iBQMb rBi?
T i?-Qm  M2irQ'F +?B2p2b KQ 2 2772+iBp272 im'2i Mb72 7°QK
i* /BiBQM HI@L2i bFBT +QMM2+iBQMb-r2 T 2p2Mi 2bB/m H72 im’
7 QK #2BM; "2i BM2/ rBi?BM i?2 ;2M2" i2/ B'BbX

m H@1M+Q/2  ,2BBIIIB 2J-#v?B+2 mb2/ /m H 2M+Q/2°b 7Q° BKT Q
"2+QMbi'm+iBQM-r2 mb2 b2+QM/ v 2M+Q/2 /2/B+ i2/iQ T Q+2bk
h?Bb 2Mbm 2b i? i /2i BH2/ B'Bb 72 im 2b 2 2772+iBp2Hv i’ Mb7
M iQKB+ H +QMbBbi2M+v Q7 i?2 ii +F2 6b 2v2 “2;BQMX

*Qbb@ ii2MiBQM JQi/mPRR2#QiiH2M2+F Q7 i?2 ;2M2° iQ - r2 BMi Q/
1i2MiBQM KQ/mH2 /2bB;M2/ iQ 7Tmb2 B/2MiBiv 72 im 2b 7 QK i?2 pl
+QMi2ti Q7 i?2 ii +F2 6b 2v2X h?Bb KQ/mH2 mb2b i?2 ii +F2 6b 2M
M/ i?2 pB+iBK6b B'Bb 72 im 2b b #Qi? F2v M/ p Hm2X IJmHIiB@?2
mb2/iQ HB;M M/ b2H2+iBp2Hvi Mb72  "2H2p Mi B Bbi2tim 2bX
Ii2MiBOQM QmiTmi # +FiQi?2 Q B;BM H ii +F2 72 im 2b,

Fzmbz 1iIMF2yv24 nunfesedos bt F2vos HHYB Bb U9XNV

h?Bb bi'm+im 2 HHQrb i?2 KQ/2H iQ /vM KB+ HHv BM+Q'TQ" i2 7E
r?BH2 T°2b2 pBM; i?2 Qp2° HH M iQKB+ H +QMbBbi2M+v Q7 i?2 2V
+QTVvBM; i2tim 2-i?2 ii2MiBQM K2+? MBbK 7 +BHBi i2b T 2+Bb2 b’
pB+iBK6b B"'Bb M/ i?2 ii +F2 6b 2v2 ;2QK2i v-2M #HBM; "2 HBbiB+

**Qbb@ ii2MiBQM ,JQi/iPR2#QiiH2M2+F Q7 i?2 :2M2" iQ - r2 BMi Q/



ii2MiBQM KQ/mH2 /2bB;M2/ iQ 7mb2 B/2MiBiv 72 im 2b 7 QK i?2 pl
+QMi2ti Q7 i?2 ii +F2 6b 2v2X h?Bb KQ/mH2 mb2b i?2 ii +F2 6b 2M
M/ i?2 pB+iBK6b B'Bb 72 im"2b b #Qi? F2v M/ p Hm2X JmHIiB@?2
mb2/iQ HB;M M/ b2H2+iBp2Hv i Mb72 "2H2p Mi B Bb i2tim 2bX
ii2MiBQM QmiTmi # +FiQ i?2 Q'B;BM H ii +F2 72 im 2b,

Fzmbz 1IMF2v24 nueeedoe kbt Foves HHYB BD U9XRyYV

h?Bb bi'm+im 2 HHQrb i?2 KQ/2H iQ /vM KB+ HHv BM+Q TQ" i2 7E
r?BH2 T 2b2 pBM; i?2 Qp2"  HH M iQKB+ H +QMbBbi2M+v Q7 i?2 2v
+QTVBM: i2tim 2-i?2 ii2MiBQM K2+? MBbK 7 +BHBi i2b T'2+Bb2 b’
pB+iBK&b B'Bb M/ i?2 ii +F2°6b 2v2 ;2QK2i v- 2M #HBM; "2 HBbiB+

h?2/2+Q/2° “2+2Bp2bi?27mb2/72 im 2K T7°QKi?2+ Qbb@ ii2MiB
i72 7TMHH@ 2bQHMIBQM 2v2 BK ;2 i?2°Qm;? i° MbTQb2/ +QMpQHMIE
/2+Q/2  Bb MQi /B 2+iHv mb2/ bi?2 7BM HQmiTmiX AMbi2 /- Bi Bb
BK ;2 mbBM; i?2 ii +F2 6b #BM v B Bb K bFiQ 2Mbm 2 QMHv i?2 B

h?2 7BM HQmiTmi Bb #H2M/2/ mbBM; #BM v K bFiQ 2Mbm 2 QMH
KQ/B7B2/,

l7eveH 2v2s HE M i w5d+ 12mM i 4p2e U9IXRRYV

9XkXj h> BMBM: P#D2+iBp2b M/ GQbb 6mM+iBQMb

h?2 ;:2M2° iQ Bb QTiBKBx2/ mbBM; +QK#BM iBQM Q7 /p2'b "B H
D2+iBp2b iQ 2Mbm 2 i? i i?2 bvMi?2bBx2/ 2v2 BK :2b "2 #Qi? T?QiQ



+QMbBbi2Mi rBi? i?21i ;2i B/2MiBivX
aT2+B7B+ HHv-i1?2 ;2M2 iQ Bbi BM2/ mbBM,; irQ /p2'b "B HHQDb

/p2'b B H GQB2BQTi H2 bi@b[m “2b : L UGa: LV 7Q ' KmH iBQM
i* BMBM: M/ T QKQi2 ?B;?@[m HBiv BK ;2 bvMi?2bBbX hrQ S i+?: L
THQV2/,

C 7TmHH@BK ;2 /BD+"BKBBWIiBM;mBb?2b #2ir22M "2 H M/ ;2M2°
BK ;2bX

C MB'Bb@ 2;BQM /Ebs+iiBKEM 4@ b2b 2t+HmbBp2HvV QM i?2 K bF2/

h?2 /p2°b "B HHQbb 7Q 2 +? /Bb+ BKBM iQ  Bb /27BM2/ b,

L /p=E,[(D(I) 1)7+ E[D(lg)?] U9 XRKkV
Le &E, [(De@b) 1)7+ E[Ds @y U9XRjV
r?2°12 Mﬁg‘ZT‘ZbZMi‘Z H M/ ;2M2 i2/ BK ;2b Q B Bb 2;BQMb- "2k

A/2MiBiv S 2b2 p iBQM@GQMBTom ;2 i?2 ;2M2" i2/ B'Bb iQ T 2b2'p
B/2MiBiv- r2 2KTHQv T 2i° BM2/ B Bb 27+ Q2WEX2 i M2 iT Q2 iF XB M62i
72 im 2 2ti° +iQ i? iK Tb K bF2/B'Bb BK ;2biQ GK@MQ K HBx2/ 2k
HQbb i2 Kb "2 +QKTmi2/,

C +QbBM2 bBKBH "'Biv HQbb #2ir22M i?2 72 im 2 2K#2//BM;b Q7
B 'Bb,

Legbn72 fmlan + @O 2% F (I8 Bb U9XR9V



C MGRHQbDb #2ir22M i?2 72 im 2 2K#2//BM;b Q7 i?2 ;2M2" i2/ M,

LesomrKF (I.2m F (I 8- M U9XRS8V

hQi H :2M2" iQ  GQbb,

h?2iQi H;2M2  iQ  HQbb Bb +QKTmi2/ #v 2[m HHv bmKKBM; i?2 7Qn
TTHvBM; 2tTHB+Bir2B;?iBM; 7 +iQ" b,

Lc=L /p+ Ledble Bbn72 tmbom Bbn7R U9XReV

h?Bb +QKTQbBi2 Q#D2+iBp2 DQBMiHv 2M+Qm" ;2b i?2 :2M2" iBQM
BbiB+ B'Bb "2:BQMb- M/ bi'QM: #BQK2i B+ B/2MiBiv T 2b2 p iBQM

9XkX9 h  BMBM; a2imT

Pm™ ii +F TBT2HBM2 Bb QTiBKBx2/ mbBM; i?2 / KQTiBKBx2 rBi? |
KQK2MimK T ° K2H5D% M/,=0:999X HH KQ/2Hb "2 BKTH2K2Mi2/ BM .
M/ "2 i BM2/ 7Q  kyy 2TQ+?b rBi? # i+? bBx2 Q7 jkX g2 "2bBx2
#27Q°2 T bbBM; i?2K BMiQ i?2 KQ/2H iQ i2bi i?2 :2M2"> HBx iBQM Q
/i b2ib Q7 p "VBM: '2bQHmMIiBQMbX h BMBM;r b +QM/m+i2/ QM M |
:SIX

OXkX8 1p Hm iBQM J2i B+b

hQ 2p Hm i2i?2 2772+iBp2M2bb Q7 Qm B Bb@briiTFBMm+# 2Fh- r2 -
_i2 U a_ViirQ /B772 2Mi H2p2HD,



Ca KTH2@G2p2H?2 T'QTQ iBQM Q7 BM/BpB/m H bTQQ72/ b KT
#BQK2i B+ bBKBH "Bivi? 2b?QH/r?2M +QKT "2/ ; BMbii?2 pB+
h?Bb K2 bm 2b i?2 Qp2° HH bi"2M:i? Q7 i?2 BKT2 ' bQM iBQM QM

Cam#D2+i@G2p28Q a2 +? ii +F2 pB+iBK T B -r2 +QKTmi2 i?2 T.
bTQQ72/ b KTH2b i? i "2 bm++2bb7mHX A7 KQ 2 i? M 8yW Q7 b
2t+22/i?2 bBKBH "Bivi? 2b?QH/-i?2 ii +FBb +QMbB/2 2/ bm++
bm#D2+i@H2p2H a_Bb i?2 T'QTQ'iBQM Q7 pB+iBKb 7Q" r?B+7
ii2KTibm++22/bX

g2 /QTi H2 p2@QM2@bm#D2+i@Qmi2p Hm iBOQM T QiQ+QHX 1 +?
b M ii +F2 - [i2KTiBM;iQbTQQ7i?2B/2MiBivQ72p2 v Qi?2 bm#D
2M2° iQ X L2Bi?2" ii +F2° MQ  pB+iBK bm#D2+ib 2 b22M /m BM; i
Q  i?2 "2+Q;MBx2 X h?Bb b2imT "27H2+ib "2 HBbiB+ #H +F@#Qt
mMMb22M BMXBhBB BDimT "27H2+ib "2 HBbiB+ #H +F@#Qt #BQK?2
mMMb22M BMXBpB/m Hb

*QbBM2 bBKBH “Biv #2ir22M /22T B Bb 2K#2//BM;b Bb mb2/ iQ /2i2
/2+BbBQM i? 2b?QH/ Bb b2H2+i2/ 7°QK p HB/ iBQM b2i iQ QTiBK
ULl _ VQ T B'rBb2 +H bbB7B+ iBQM ++m > +vX bTQQ72/ BK ;2 B
b+Q 2 #2ir22M i?2 ;2M2" i2/ B Bb M/i?2i “;2i pB+iBK6b B 'Bb 2t+22/



9Xj . i b2ib

9XjXR * aA

h?2 * aA @A'Bb@h?Qmpe)MBl irMB2ZR2Hv mb2/ #2M+?K "F BM B 'Bb "2+
b2 "+?2- /2p2HQT2/ #v i?2 *?BM2b2 + /2Kv Q7 a+B2M+2bX Ai +QMbI
B'Bb BK ;2b +QHH2+i2/ 7 QK R-yyy bm#D2+ib- 2[m iBM; iQ Ry BK ;:
bm#D2+i ? bBK ;2b 7°QK #Qi? 2v2b + Tim 2/ + ' Qbb KmHIBTH2 b2bk
;H bb2bX

AK :2bBM* aA "2+ Tim 2/ mM/2° +QMi'QHH2/BM/QQ  HB:?iBM: +Q
ULA V + K2 b- "2bmHiBM; BM ?B;?@+QMi" bi- i2tim 2@ B+? B 'Bb
K2Mi Hp "B #BHBivX 1 +? BK ;2 Bb :> vb+ H2 M/ Q' B:BM HHv bBx2/

hQ ;2M2" i2 B'Bb b2:K2Mi iBQM K bFb 7Q  * aA @A Bb@h?Qmb M/- |
b2:K2Mi iBQM iQQHFBi T QpB/2/ #v i?2 IMBRPR hBBY QU QMR BA Q K2T(r
#BM v K bFb B/2MiB7vBM; i?2 B 'Bb "2;BQM-2M #HBM; mb iQ +QMb]
"2[mB 2/ 7Q i BMBM; M/ 2p Hm iBQMX M 2t KTH2 Q7 K bF BK
/i b2i+ M #2 b22M BXK6B;m 2

9XjXk PT2M1l.a kyRN

hQi" BMQm B Bb@br TTBM; KQ/2Hb QMo _@bT2+B7B+/RNr2mb2i
H ;2@b+ H2 /i b2i /2bB;M2/iQ /p M+2 2v2@i +FBM; TTHB+ iB(
b2iiBM;bX PT2M1.akyRN +QMbBbib Q7 ?B;?@ 2bQHmMIiBQM M2 " @B\
rBi? ?22 f/@KQmMi2/ /BbTH vb U>J.bVX h?2 /i b2i +QMi BMb j8e-e9l
D2+ib- T"QpB/BM; TBt2ZH@rBb2 MMQi i2/ b2;K2Mi iBQM K bFb 7Q"
B'Bb- M/ TmTBHX



h?2 BK ;2b BM PT2M1.akyRN ? p2 "2bQHmMIiBQM Q7 9yyte9y TBt2]
kyy 6SaX 1 +? BK ;2 Bb ++QKT MB2/ #v T 2+Bb2 b2K MiB+ b2;K2M
T 'iB+mH "Hvmb27mH 7Q B ' Bb 2+Q;MBIiBQM-; x2i° +FBM;- M/ #E

K DQ  /p Mi ;2 Q7 PT2M1l.akyRN Qp2 i /IBiBQM H B'Bb /i b2ib
h?Qmb M/b Bb Bib "2 HBbiB+o_ + Tim 2 2MpB QMK2Mi- r?B+? BM+F
Q++HMbBQMb 7°QK 2v2H b?2b- M/ T "iB H2v2 +HQbm 2bX h?2b2 7
BM; M/ 2T 2b2Mi iBp2 /i b2i7Q #BQK2i B+ mi?2MiB+ iBQM BM
2t KTH2 Q7 M BK ;2 MK bFT B BBX?QrM BM 6B;m 2

UVPB;BMHZ2v2 BK ;2 U#V a2;K2Mi iBQM K bF
6B;m 29Xj, 1t KTH2BK ;2 M/ b2;K2Mi iBQMK bFT B 7 " @QRRX?2PT2N



9XjXj PT2M1l.a kyky

6 +2#QQF _2 HBiv G #b '2H2 b2/ i?2 PTAMIQabkykyQ i b26H6Z “+? BM |
K MiB+ b2:K2Mi iBQM Q7 2v2 "2;BQMb 7Q° _fo_ TTHB+ iBQMbX Aj
"2bQHMIBQM e9yt9yy ;" vb+ H2 BK ;2b Q7 ?mK M 2v2b- + Tim 2/ mk
2[mBTT2/ rBi? BM7 2/ + K2° bX g2 mb2 i?Bb /i b2i iQ 2p Hm i2 i?
ii +F TBT2HBM2X

1 +? BK ;2 Bb ++QKT MB2/ #v TBt2H@rBb2 MMQi iBQMb 7Q i?2 B
i?72 /i b2i T "iB+mH "Hvr2HH@bmBi2/ 7Q i BMBM; M/ 2p Hm iBM;
+QMbi®” BM2/; x2 M/ TQb2 +QM/BiBQMbX h?2 /i 72 im 2b bB;MB7B
; X2 /B 2+iBQM- 2v2HB/ Q++HmbBQM- M/ HB;?iBM;- T QpB/BM; +°
;2M2° HBx iBQMX M 2t KTH2 Q7 i?Bb K bF M/ BKX2 T B Bb b22M B

UVPB;BMHZ2v2 BK ;2 U#V a2;K2Mi iBQM K bF
6B;m 29X9, 1t KTH2BK ;2 M/b2;K2Mi iBQMK bFT B 7 QKXi?2 PT2I

9XjX9 L2QM . i b2]

hQ 2p Hm i2 i?2 ;2M2° HBx #BHBiv Q7 Qm  B'Bb@br TTBM; KQ/2H i
PT2M1l1.a /i b2ib- r2 +QM/m+i2/ mb2 bim/v mbBM; i?2 SmTBH G
2K#2//2/ rBi?BM J2i Zm2bij ?2 /b2iX h?Bb bim/vr b TT Qp2/ #v



AMbiBimiBQM H 2pB2r "Q '/ UA_"V M/ BMpQHp2/ +QHH2+iBM; BM
T 'iB+BT Mib T2 ' 7Q KBM; p BQmb ; x2@ 2H i2/ i bFb rBi?BM +mt
2MpB QMK2MiX M 2t KTH2 BK ;2 M/ K bF T9ORE€Bb b?QrM BM 6B;m " 2

1tT2 BK2Mi H .2bB;M

Pm /i +QHH2+iBQMr b BM7HmM2M+2/ #v Tj/IBQ HQ R®M+ K2"/ h2m2i
BMBiB HHv /2p2HQT2/ 7Q bim/vBM; 2v2 KQp2K2Mi #BQK2i ' B+b BM
? b#22M 2tTHQ 2/ b #2? pBQ H #BQK2i B+ KQ/ HBiv M/ T QTQb
bTQQ7BM; ii +Fb BM B'Bb@# b2/ bvbi2KbX >Qr2p2 - : x2" b2o_ Q!
M i2b rBi?Qmi +Q "2bTQM/BM; 2v2 pB/2Q bi*2 KbX aBM+2 Qm"™ "2b2
bTQQ7BM; M/ 2[mB '2b?B;?@7 K2@ i2B ' BbBK ;2'v-r2/2p2HQT:
iQ+ Tim 2 #Qi? 2v2 pB/2Q M/ ; x2 /i bBKmHi M2QmbHvX

1 +?2 T "iB+BT MiT2 7Q K2/ b2'B2b Q7 ; x2@# b2/ i bFb r?BH2i?2 |
> vb+ H2 2v2 pB/2Qb URNK“RNK "2bQHmMIiBQMY HQM;bB/2 bvM+?"C
BM7Q 'K iBQMX h?Bb /i b2i 2M #H2b M HvbBb Q7 #BQK2i B+ mi?:
B'Bb "2+Q;MBiBQM mM/2  p "BQmb pB2rBM; +QM/BiBQMbX

S 'iB+BT MiaBx2 M/ .2KQ; T?B+b

iQi HQ7jyT "iB+BT MibU 7i2  2t+Hm/BM; MVBM+QKTH2i2Q 7 mt

7Q i?Bb bim/vX S "iB+BT Mib  M;2/BM ;27 QK R3iQ j8v2 'bUJ/
bim/vr b+QM/m+i2/rBi? +Q?Q iQ7 mMBp2 bBiv@ 77BHB i2/ T "iB-
bim/2MibX HHT 'iB+BT Mib? /IMQ'K HQ  +Q  2+i2/@iQ@MQ K Hp
rb b 7QHHQrb, J H2 UL 4 Re- 8jXjWV- 62K H2 UL 4 Rj- 9jXjWV- M/
iXjWV X



h bF .2bB;M

S 'iB+BT Mib +QKTH2i2/ bBti bFb-2 +? /2bB;M2/iQ 2HB+Bi /BbiBM-
6B;mIXBQ b KTH2 BK ;2b 7 QK 2 +? i bFV,

CoB/2Q@oB2rBMSh bB+BT MibpB2r2/7Qm jy@b2+QM/jey@/2; 2.
BMbi m+i2/iQ 2tTHQ 2 i?2 pB im H2MpB QMK2Mi M im™ HHv #v

C AK ;2@o0B2rBM; 6Quk, jey@/2; 22 BK ;2br2°2 /BbTH v2/ 7Q jy b
HHQrBM:; T "iB+BT MibiQ HQQF "QmM/i?2 b+2M2 7 22HvX

C aKQQi? Sm bmBi WHE, iBM: bT?2 2 KQp2/ bKQQi?Hv + Qbb i?2
pB2r i +QMbi Mip2HQ+BivX S iB+BT Mibr2 2 BMbi'm+i2/iQ i’
2v2b r?BH2 F22TBM; i?2B 22 / biBHHX h?Bbi bF H bi2/jy b2+Q

C_M/QKa ++ /2 U_ LV hbFT?2°2 KQp2/iQ M/QK HQ+ iBQMb rB
mb2 6b 7B2H/ Q7 pB2rrBi? p "vVBM; p2HQ+BiB2b M/ /r2HH iBK2b
7QHHQr i?2hbT?2°22 +? iBK2 Bi +? M;2/ TQbBiBQM [mB+FHVX h

C 02 ;2M+2 h bFT?2 2 KQp2/ # +F M/ 7Q i? HQM; i?2 /2Ti? tBt
p2 ;2M+2 KQp2K2Mib- r?2 2 #Qi? 2v2b +QMp2 ;2 Q /Bp2 ;2 iQ
i bFH bi2/7Q jyb2+QM/bX

C _2/BM; hbB, iB+BT Mib "2 /i?°22 " M/QKHv ;2M2" i2/ i2ti T bb
QrM T +2X ITQM 7BMBb?BM: T bb :2-i?2v T 2bb2/ #miiQM iQ T



UVoB/2Q@oB2rBM; U#V AK ;2@o0B2rBM; U+V aKQQi? Sm bmBi

u/v _ M/QK a ++ /2 U2V o2 ;2M+2 u7v _2 IBM;

6B;m 2 9X8, a KTH2 b+ 22MDb?Qib 7°QK 2 +?2 Q7 i?2 bBto_ ; x2 i bF
+QHH2+iBQMX



UVP B;BMHZ2v2 BK ;2 U#V J Mm HHvVv H #2H2/ b2;K2Mi iBQM

6B;m 2 9Xe, 1t KTH2 BK ;2 M/ b2;K2Mi iBQM K bF T B 7 QK i?2 +(



*? Ti2 8

_2bmHib

h?Bb +? Ti2  2p Hm i2bi?2 2772+iBp2M2bb Q7 Qm T ' QTQb2/ B 'Bb@
b2p2° H #BQK2i'B+/ i b2ibX

q2 BMBiB HHv 2tTHQ 2/ 2p Hm iBQM QM i?2 L2QM / i b2i- r?B+? + 1
2v2 BK ;2°'vmbBM; i?2 SmTBH G #b L2QM 2K#2//2/ rBi?BM J2i Zm2
i?72 HQr M iBp2 2bQHmMIiBQM URNK*“RNkK TBt2HbV-b2;K2Mi iBQM /B7
T 2p2Mi2/ 2772+iBp2 TTHB+ iBQM Q7 Qm br TTBM; TBT2HBM2X b
Qm > [m MiBi iBp2 2p Hm iBQMb- M/ r2 7Q+mb i?2 2K BM/2 Q7 i?B
?B;?2° "2bQHMIiBQM M/ KQ'2 '2HB #H2 b2;K2Mi iBQM, * aA @A'B
M/ PT2M1.akykyX

g2 7B bi2bi #HBb? # b2HBM2 mbBM;i?2* aA @QA Bb@h?Qmb M/ / i
K "FBMi /BiBQM HB Bb 2+Q;MBiBQMX aBM+2 * aA BK ;2b "2 +
BM7 "2/ +QM/BiBQMb-i?Bb 2tT2 BK2Mip HB/ i2bQm~ "+?Bi2+im 2
+B +mKbi M+2bX

L2ti- r2 BbQH i2Qm  2p Hm iBQM iQ bBM;H2 o _ @bT2+B7B+ /i b2i
im 2b 2v2 BK ;2b BM 2?22 /@KQmMi2/ /BbTH v 2MpB QMK2MiX IMH
/ i b2i BM+Hm/2b bB;MB7B+ Mi p "B iBQM BM ; x2 M;H2b- 2v2HB/
+QM/BiBQMb i? i #2ii2° "27H2+i "2 H@rQ H/ #BQK2i'B+ + Tim 2 B
2tT2 BK2Mi- r2 i  BM i?2 B'Bb "2+Q;MBx2" M/ i?2 ;2M2 iQ bQH2]

9k



12bii?2 ii +F TBT2HBM2 BM@/QK BM QM mMb22M bm#D2+ibX

G biHv- r2 2p Hm i2 i?2 ;2M2 HBx iBQM + T +Biv Q7 Qm B Bb@br
i?72 KQ/2H QM +QK#BM2// i b2i +QMbBbiBM; Q7 * aA M/ PT2M1l.a
ii +F bm++2bb rBi?BM 2 +? /QK BM b2T " i2Hv iQ p2 B7v T2 7Q K
i BMBM;X h?2M-r2 i2bi i?72 KQ/2HA6b #BHBiv iQ ;2M2° HBx2 iQ +
PT2M1l.akyky-r?B+? BMi'Q/m+2b M2rbm#D2+i TQQH-/B772 2Mi 2
BM; +QM/BiBQMbX h?Bb 2p Hm iBQM 2M #H2b mbiQ K2 bm 2 r?2i?2
i* BM2/ QMHV QM FMQrM /QK BMb-+ MT ' Q/m+2 +QMpBM+BM; B/2Mi
i?2°2b?QH/b QM /i + Tim'2/7°QK 0o_b2MbQ QM r?B+? i?2v r2' 2 M

8XR L2QM

q?BH2 i?2L2QM/ i b2i+ Tim 2b "2 HBbiB+ o_@bT2+B7B+ 2v2 BK ;2
2v2i° +F2° 2K#2//2/ rBi?BMi?2J2i Zm2bij?2 /b2i-BiBMi"Q/m+2/b:
H2M;2b 7Q  Qm~ ii +F K2i?Q/QHQ;vX 6B bi-i?2 M iBp2 BK ;2 "2bQH
TBt2Hb- Km+? HQr2  i? M/ i b2ib HBF2 * aA Q PT2M1.aX ai M/ "/t
bi'm;;H2/ iQ ++m  i2Hv B/2MiB7v i?2 B'Bb "2;BQM- HBF2Hv /m2 iQ
K BM KBbK i+?X h?2b2 KQ/2Hb "2 ivTiB+ HHvi® BM2/ M/ #2M+?K "I
/ i b2ibbm+? b*aA M/PT2Ml.a-r?B+?2 72 im 2?B;?2 @ 2bQHmit
;2bX AM +QMi” bi-i?2L2QM /2pB+206b mMB[m2 b2MbQ ™ TH +2K2Mi

BMi"Q/m+2b HB;?iBM; "iB7 +ib M/ ; x2 M;H2b MQi b22M /m BM; bz
6m i?2 ' KQ 2- Qm  bBKBH "Biv KQ/2Hb i BM2/ QM Qi?2 /i b2ib 7 B
iQL2QM BK ;2bX hQ;2i?2 -i?2b2 +? HH2M;2b H2/ mb iQ 2t+HmM/2 i?2
I iIBp2 bTQQ7BM; 2p Hm iBQMb BM i?Bb i?2bBbX

hQ BHHmbi® i2 i?Bb +? BIXRMEb ;BRI 'B#miBQM Q7 +QbBM2 bB!



6B:m 2 8XR, .Bbi'B#miBQM Q7 +QbBM2 bBKBH "Bivb+Q 2b #2ir22M
L2QM / i b2i mbBM; i?2 +QMi’ biBp2 "2+Q;MBx2 i° BM2/ QM * aA |
?B;? Qp2'H TBM /Bbi'B#miBQMb UkNXeeW 11 _V BM/B+ i2bi? iQm -
/Q2b MQi ;2M2  HBx2 r2HH iQ L2QM / i X

#2ir22M ;2MmBM2 M/ BKTQbi2 T B'b BM i?2 L2QM / i b2i mbBM; Q
hQ 2Mbm 2 T°QT2  B'Bb b2:K2Mi iBQM- r2 K Mm HHv H #2H2/ Ry E
B'Bb b2;K2Mi iBQM K bFb 7Q" i?Bb +QKT "BbQMX *QKT "2/ iQ i?2

bm#bi MiB HHv ;"2 i2° Qp2'H T #2ir22M i?2 irQ /Bbi'B#miBQMb- B
b2T ° #BHBiv QM i?2 M2QM / i b2iX

PM2 T"QKBbBM; /B 2+iBQM 7Q  7mim 2 rQ F rQmH/ #2 TTHVBM; /QK
i2+?MB[m2b BK2/ i 2M? M+BM; B 'Bb /2i BH rBi?Qmi BMi"Q/m+BM;
KBb2 B/2MiBiv 2[R :MBiBRM- BM+Q TQ  iBM: bm+? i2+?MB[m2b r b
Q7 i?Bb i?2bBb M/ 2K BMb M QT2M "2 Q7 2tTHQ  iBQMX



8Xk * aA

h?2 * aA @A'Bb@h?Qmb M/ /i b2i b2 p2b b i?2 7QmM/ iBQM H i2t
.m2 iQ Bib +QMi"QHH2/ BK ;BM; +QM/BiBQMb- ?B;?@ 2bQHmMiBQM
bm#D2+i /Bp2 bBiv- * aA T 'QpB/2b M B/2 H2MpB QMK2Mi iQ #2M+
Q7 Qm  TBT2HBM2X AM i?Bb b2+iBQM- r2 bb2bb #Qi? i?2 B/2MiBiv
+H bbB7B+ iBQM@# b2/ B'Bb "2+Q:MBx2 M/ i?2 2772+iBp2M2bb C
i* BM2/ M/ i2bi2/ 2t+HmbBp2HvV rBi?BM i?2 * aA /QK BMX

8XkXR A/2MiBiv _2+Q:MBiBQM S2°7Q K M+2

*H bbB7B+ iBQM@# b2/ 2+Q:MBx2"

q2 #2;BM Qm  2p Hm iBQM #v bb2bbBM;i?22772+iBp2M2bb Q7 i?2 *
MBx2 i° BM2/ bQH2HV QM i?2 * aA @ A)BbI@h? Quib BMW ¥?2 B 2ii §2i UH
M/ “B;?iVBbi2i2/ b b2T i2 B/2MiBivH #2H /m BM; i BMBM;-
H2 "Mb iQ /BbiBM;mBb? #2ir22M 2p2M i?2 irQ 2v2b QSXE?2QBbK2 BM/
i72 +QbBM2 bBKBH "Biv/Bbi'B#miBQMb Q7 b K2@bm#D2+i U;2MmB
B'Bb BK ;2 T B'b rBi?BM mMb22M bm#D2+ib rBi?BM i?2 * aA /i b
M2[m H2 Q" i2U11_V Q7 eXy3W rBi? KQ/2H ++m  +v Q7 N8XY
i?7°2b?QH/ #2 yXee3R # b2/ QM T B rBb2 +H bbB7B+ iBQM ++m" +vX
+H bbB7B+ iBQM@# b2/ "2+Q;MBx2  2772+iBp2Hv /BbiBM;:mBb?2b
"2HB #H2 272 2M+2 TQBMi 7Q" 2p Hm iBM; bTQQ72/ BK ;2b ;2M2°



6B:m 2 8Xk, .Bbi'B#miBQM Q7 +QbBM2 bBKBH "Biv b+Q 2b #2ir2?2
QM mMb22M BM/BpB/m Hb BM i?2 * aA /i b2i mbBM; i?2 +H bbB7B
b KTH2 mTiQjyb K2@+H bb M/ /B772 2Mi@+H bb +QKT "BbQMb T:
i iBp2 2p Hm iBQM 7Q° 2 +? mMb22M BM/BpB/m HX h?2 HQr 11_ M/
/2KQMbi® i2 i? i i?2 KQ/2H Bb ?B;?Hv 2772+iBp2 i /BbiBM;mBb?B]
Ub K2 B/2MiBivV M/ MQM@K i+?BM; B'Bb2b U/B772 2Mi B/2MiBiB?2



> KKBM: .Bbi M+2 *QKT "BbQMb

AM //BiBQM iQ Qm > +QbBM2@# b2/ "2+Q;MBx2 - r2 HbQ 2p Hm i
K i+?2R{r?B+?2 QT2  i2b QM #BM v +Q/2b M/ > KKBM; /Bbi M+2 +(
i?72 +H bbB7B+ iBQM@# b2/ 2+Q;MBx2 mb2//m BM; i’ BMBM;- i?Bl
#BM v +Q/2b M/ +QKT "2b i?2K mbBM; > KKBM; /Bbi M+2X > KKBM
Q7 i?2 KQbi rB/2Hv mb2/ K2i'B+b BM i /BiBQM H B 'Bb "2+Q;MBiBQI
277B+B2M+v- M/ bi'QM: 2KTB B+ HT2'7Q K M+2 BM +QMi QHH2/ 2
rviQ2p Hm i2 ii +F TBT2HBM2b /m2 iQ Bib bBKTHB+Biv- 277B+B2M
* aA bmBib i?Bb K2i'B+ /m2iQ Bib 7°QMi H@pB2r BK ;2b M/ MQ ; x

hQ #vT bb "2+Q:;MBiBQM mM/2 > KKBM; /Bbi M+2- r2 Kmbi 7B bi 2|
b2T ~ i2b;2MmBM2K i+?2b 7 ' QK BKTQbiQ" ii2KTibX h?BbBMpQHPp2
Q7 > KKBM; /Bbi M+2b +°Qbbi?22MiB 2 * aA / i8XjiR2 b HAGrM BM |
Ki+?2 +?B2p2b bi " QM; b2T "~ iBQM #2ir22M i?2b2 irQ /Bbi B#miB
i2 Q7 jJXN3W M/ +H bbB7B+ iBQM ++m” +v Q7 NeXjjWX g2 mb2
r7B+? K tBKBx2b T B ' rBb2 +H bbB7B+ iBQM ++m  +v QM ;2MmBM?2 y
HQr 11 M/ +H2 K “;BM #2ir22M +H bb2b T°Qp2 i? i > KKBM; .Bbi
K2i'B+ BM B/2 H/ i b2ibbm+? b * aA X

*QMi> biBp2 2+Q:MBx2 GBKBi iBQMb

g2 HbQ 2tT2 'BK2Mi2/ rBi? +QMi  biBp2 "2+Q;MBx2 mbBM; AM7Q
bBx2 M/ M "Qr/QK BM Q7 * aA H2/iQ TQQ ;2M2  HBx iBQM rBi?
i?72 BKTQDbi2" M/:;2MmBM2 /Bbi'B#miBQMbX h?2°27Q°2-r2 /B/ MQi +
BM 7m’ i?2  * aA @bT2+B7B+ 2p Hm iBQMX



6B;m 2 8Xj, .Bbi'B#mMiBQM Q7 > KKBM: /Bbi M+2b #2ir22M ;2MmBM
*aA /i b2i mbBM; i?2 >."A6 K i+?22 X



8XkXk ar T@" b2/ ii +F 1p Hm iBQM

hQ 2p Hm i2i?22772+iBp2M2bb Q7 Qm" /B;Bi HT 2b2Mi iBQM ii +F-
i?72 + Qbb@ ii2MiBQM : L "+?Bi2+im 2 mbBM; i?2 7BHi2 2/ * aA @A
2 +? i BMBM; b KTH2-r2 +QMbi m+i M ii +F2  BMTmi #v K bFBM;
i?2B° 2v2 BK ;2- T 'Q/m+BM; M BMT BMi2/ 2v2# HH "2;BQMX h?2 ;2
URV i?2 K bF2/ ii +F2 " BK ;2 U2v2# HH QMHvVV- UKV i?2 ii +F2 0b #|
BbQH i2/ B'Bb "2;BQM Q7 /B772 2Mibm#D2+i Ui?2 pB+iBKVX h?2;

M2r 2v2 BK ;2 i? i "2 HBbiB+ HHv #H2M/b i?2 pB+iBK6b B Bb BMil
r?BH2 T ' 2b2 pBM; M iQKB+ Hbi m+im 2X

g2 2p Hm i2 ii +F 2772+iBp2M2bb mM/2  irQ /B772 2Mi b2iiBM;b,

C q?Bi2@#Qt iid2 ;2M2° iQ  Bb 2p Hm i2/ ; BMbii?2b K2 +H bb
B'Bb 2+Q;MBx2"  mb2//m"BM; i BMBM;X aBM+2 i?2 ;2M2" iQ"
KQ/2H i? Qm;? B/2MiBiv@# b2/ HQbb i2 Kb-Bi 2T 2b2Mib #2bi
bm++2bbX

C"H +F@#Qt iih?PR,;2M2" iQ 6b QmiTmib "2 2p Hm i2/ ; BMbi i
"2+Q;MBIiBQM bvbi2K i? i +QKT “2b #BM v B'Bb +Q/2b mbBM; :
"2+Q;MBx2  Bb MQi mb2//m"BM; i BMBM;- M/i?2;2M2" iQ ? b
Q BMi2™M Hbi'm+im 2X

h?2b2 +QKTH2K2Mi v 2p Hm iBQMb HHQr mb iQ bb2bb #Qi? i?2 |
Qm  KQ/2H M/ Bib ;2M2" HBx #BHBiviQ mMb22M "2+Q;MBiBQM TBT



h> BMBM:; a2imT

"27Q°2 i BMBM;-r2 TTHv irQ@T bb 7BHi2 'BM; T'Q+2bb iQ i?2* a
# H M+2 M/K bF[m HBivX AMi?2 7B biT bb-r2+QKTmi2i?2K2/B M
2v2 +QK#BM iBQM U2X;X- H27i 2v2 Q7 bm#D2+i 3yyV mbBM; i?2 #BI
r2/Bb+ /b KTH2b r?Qb2 B 'Bb "2 7 HHb #2HQr i? i bm#D2+i@2v20l
i BMBM; iQ +H bb2b rBi? iH2 bi8p HB/b KTH2biQ 2Mbm 2 bm77B-
T Q+2bb "2KQp2b MQBbv Q  TQQ Hv b2;K2Mi2/ 2t KTH2bX

l1p Hm iBQM a2imT

hQ 2p Hm i2 i?2 ii +F bm++2bb " i2 U a_V ; BMbiQm irQ +QM/BiB
bTQQ72/ BK ;2bmbBM; Qm i° BM2/;2M2" iQ X 6Q /i 7BHi iBQM-
b Qm > br T KQ/2H i° BMBM; b2imT- r?2°2 r2 /IBb+ "/ TQQ Hv b2;K?2
K tBKBx2 i?2 [m HBivrBi?BM Qm  br Tbh-Qm pB+iBK B'Bb2b "2 b2H
b2;K2Mi2/ B'Bb "2 7Q i? ipB+iBKX aT2+B7B+ HHv-7Q 2 +? pB+iB
rBi?BMi?2#BM 'vb2;K2Mi iBQMK bF M/ b2H2+ii?2BK ;2r?2 2i?2€E
"2 X h?Bb 7QHHQrb Qm™ bbmKTiBQM i? ii?2 /p2'b v H'2 /vTQbb
Q7 i? i pB+iBKdb B'BbX

6Q K HHv- ;Bp2M b2i Q7ffIBMiBd b2KTHbBMi2 i?2 B'Bb(M@d= b "2
P
M- M/ b2H2+i,

(I pg+idM p+ie® Pﬁ t " 2(My) USXRV

h?Bb 2p Hm iBQM b2imT 2Mbm 2b i? i 2 +? bm#D2+i b2 p2b b M /|
/IBpB/m H- "2bmHiBM; BM +QKT 2?2MbBp2 M/ # H M+2/ K2 bm 2K



Ua VX AKTQ'i MiHv- HH i2bi@iBK2 bm#D2+ib "2 mMb22M /m BM;
2°iQ° M/i?2 2+Q;MBiBQM KQ/2HbX HHBK ;2T B'brBi?BM Qm" 2
/Im BM; i?2i° BMBM; Q7 Qm  bBKBH "BivKQ/2H M/ ;2M2" iQ X M 2t
6 B ; m8 X0

UVaTQQ72/BK ;2 U ii +F2°V U#V oB+iBK B'Bb mb2/ BM br T

6B;m 2 8X9, 1t KTH2 bTQQ72/ BK ;2 ;2M2" i2/ #v #H2M/BM; i?2 ii -
rBi? i72 B'Bb 7°QK /B772 2Mi bm#D2+iX h?Bb pB+iBKdéb B'Bb r b
H ":2bib2;:K2Mi2/ "2 X

q?Bi2@"Qt a_ U*H bbB7B+ iBQM@" b2/ 2+Q;MBx2'V

hQ 2p Hm i2 i?2 2772+iBp2M2bb Q7 Qm ™ ii +F rBi?BM r?Bi2@#Qt
'2M2° iQ' ; BMbii?2b K2 +H bbB7B+ iBQM@# b2/ B 'Bb "2+Q;MBx2"
b K22p Hm iBQM T ' QiQ+QH /2b+ B#2/ 2 "HB2 -2 +? Q7 i?2 RNd mM
* aA i2bib2i +ib b M ii +F2°X 6Q 2 +? ii +F2'-bTQQ72/ 2v2 BK
+QK#BMBM; i?2B  T2'BQ+mH ~ "2;BQM rBi? ?B;?@[m HBiv B 'Bb b
h?2b2bTQQ72/BK ;2b "2i?2M 2p Hm i2/ mbBM; +QbBM2 bBKBH "Bi
Q7 i?2 pB+iBKbo B'Bb BK ;2bX bm++2bb7mH bTQQ7 Q++m b r?2N\
i?72 QTIiBK Hi? 2b?QH/ Q7 yXekjN- b T'2pBQmbHv /2"Bp2/ 7°QK i?:
6 B ; m8 XXk

h?2b2 “2bmHib /2KQMbi> i2i? iQm :2M2" iQ Bb ?B:?HvV 2772+iBp2



h #H2 8XR, amKK v Q7 ii +F bm++2bb ~ i2b U a_V M/ bTQQ72/ B/Z
ii +F2°b : BMbii?2 *H bbB7B+ iBOQM@" b2/ _2+Q:MBx2 X

J2i B+ J2 M| JBM J t

a KTH2@G2p2H yXNyeyX]Ng XNINj
am#D2+ i@ G2p2H X&ANdjyX9y9 R
0B+iBKb aTQQ72RBdXeMyV RNe

i? i 7QQH i?2 +H bbB7B+ iBQM@# b2/ 2+Q;MBx2 -2p2M mM/2  bi E
BM h #ERQM p2° :2- ii +F2'bbTQQ72/ Qp2° NyW Q7 BM/BpB/m H b
NdW Q7 pB+iBK B/2MiBiB2b r2°2 +QKT QKBb2/i?°Qm;? K DQ Biv@ry
"2 +?2/ RyyW am#D2+i@H2p2H a_ + Qbb HH i ;2ibX

h?Bb ?B:? a_ "27H2+ibi?2 B/2 HBx2/ +QM/BiBQMb Q7 r?Bi2@#Qt I
#2M27Bib 7°QK /B 2+i 722/# +F /m BM; i BMBM; pB B/2MiBiv@T 2
b2'p2b b :QQ/ MTT2 #QmM/ 7Q" ii +FT2 ' 7Q K M+2 M/ :Bp2b T°Q
M2+2bb "BHV K2 M i? i i?2 KQ/2H ;2M2" HBx2b iQ mMb22M “2+Q;M
b2+iBQM-r22p Hm i2 Qm" ii +F mM/2° KQ'2 2 HBbiB+ #H +F@#Q
K i+?2 - r?B+? "2T 2b2Mib i  /BiBQM H '2+Q;MBiBQM TBT2HBM2X

"H +F@"Qt a_ U> KKBM; .Bbi M+2V

aBKBH " iQ Qm  r?Bi2@#Qt TT Q +?2-iQ 2p Hm i2 bTQQ7 bm++2bb-
7BHiI2 2/ * aA i2bi b2i URNd bm#D2+ib iQi HV b M ii +F2  BM im N\
i?Bb ii +F2p Hm iBQM "2 mMb22M /m BM; i?2i° BMBM; Q7 #Qi? i??2
i?72 ;2M2° iQ - 2Mbm BM; i? i i?2 2bmHib "27H2+i bm#D2+i ;2M2" F
T27Q°K M+2 mM/2" #H +F@#Qt +QM/BiBQMb X

.2bTBi2i?2B/2 H+QM/BiBQMb Q7 i?2* aA /i b2i-i?2 ii +F bm++21
/IBbi M+2 "2K BM "2H iBp2HWMKROM p2b22K@ BEMHYV eX9W Q7 bTQQ7



h #H2 8Xk, amKK v Q7 ii +F bm++2bb ~ i2bU a_V M/ bTQQ72/ B/2
ii +F2°b : BMbii?2 >."A6 K i+?2 X

J2i B+ J2 M| JBM J t

a KTH2@G2p2Hy&A yey XyyyXkeN
am#D2+i@G2p2MXa9k XyyyXkey
0B+iBKb aTQQ72RUXQRaNiV 8R

UVaKTH2@G2p2H a_ /Bbi'B#miBQMam#D2+i@G2p2H a_ /Bbi ' B#miE
6B;m 2 8X8, .Bbi B#miBQM Q7 ii +Fbm++2bb  i2bU a VvV + Qbb HI
/ i b2iX a KTH2@H2p2H a_ K2 bm ' 2bi?2 T QTQ iBQM Q7 bm++2bb
H2p2H a_ "2TQ ibi?2 T2 +2Mi ;2 Q7 pB+iBK B/2MiBiB2b 7Q r?B+7
K DQ BivQ7i B HbX
#vT bb i?72 2 KKBM; /IBbi M+2 K2i B+X JQ 2Qp2 - ii +F2 ' br2°2 QMFE
M p2 ;2 Q7 9XkW Q7 pB+iBKb i? Qm;? K DQ Biv pQi2X q?BH2 bQl
k8W Q7 i ;2ib-i?2 Qp2° HH "2bmHib bm;;2bi i? ii  /BiBQM H #BM
"2 "2bBHB2Mi iQ i?BbivT2 Q7 /B;Bi HT 2b2Mi iBQM ii +FX

8XkXj .Bb+mbbBQM

h?2 * aA @# b2/ 2p Hm iBQM "2p2 Hb DbB:MB7B+ Mi +QMi > bi BM
M/ #H +F@#Qt b+2M "BQbX aTQQ7BM; T2 '7Q K M+2 Bb ?B;? BM i?
'2M2° iQ  "2+2Bp2b B/2MiBivV@H2p2H 722/# +F 7°QK i?2 b K2 2+Q;I



p2° :2- ii +F2 b bm++2bb7mHHV BKT2 bQM i2 Qp2  NyW Q7 bTQQ7
B/2MiBiB2bX h?Bb "27H2+ib i?2 M im 2 Q7 i?2 r?Bi2@#Qt b2imT
#BHBIiviQ T°2b2 p2 B/2MiBiv +m2b /m BM: i?2 br TT Q+2bbX

PMi?2 Qi?2 ? M/-r?2Mi?Bb KQ/2HBb 2p Hm i2/ mM/2 #H +F@#Qt -
/IBbi M+2 b K2i'B+-bTQQ7BM; 2772+iBp2M2bb /" QTb b? "THvVX p2
Dmbi eX9W- M/ bm#D2+i@H2p2H a_ p2 ;2b QMHv 9XkWX h?2b2
MBIiBQM TBT2HBM2b mbBM; #BM 'v 2M+Q/BM; M/ > KKBM; /Bbi M+
; BMbii?Bb ii +F TBT2HBM2 r?2M Biéb i° BM2/ bQH2HV QM * aA |

>Qr2p2°- +HQDb2 HQQF "2p2 Hb i? i bm#b2i Q7 ii +F2 b biBHH
bm++2bbX aQK2 bm#D2+ib r2°2 #H2 iQ bTQQ7 Qp2  k8W Q7 i?2 pE
i? i bT2+B7B+ B 'Bb i2tim 2b Q  b2;K2Mi iBQM 'iB7 +ib + M Q++ bl
#BM v K i+?BM; HQ;B+X q?BH2i?2 p2 ;2 T2 7Q K M+2 2K BMb H
?B;?HB;?i TQi2MiB H pmHM2" #BHBiB2b i? i +QmH/ #2 2t +2°# i2/
b2:K2Mi iBQM- Q" > KKBM;@bT2+B7B+ QTiBKBx iBQMX

h?Bb T2 '7Q 'K M+2: T HbQ "27H2+ib F2v HBKBi iBOQM Q7 Qm  KQ/2
KBx2/ mMbBM: +QbBM2 bBKBH "BivBM +QMiBMmQmb 2K#2//BM; bT
QM 7mM/ K2Mi HHv /B772 2Mi 2T 2b2Mi iBQM U#BM v B'Bb +Q/:
'mB/2/i° BMBM; /Q2b MQi /B 2+iHv i> MbH i2 BMiQ > KKBM; /Bbi M+
BM;-Qm  B/2MiBiv@;mB/2/i° BMBM; /Q2b MQi HHQr /p2'b "B HHvV ;
> KKBM; .Bbi M+2 K2i'B+ BM/B 2+iHvX

6BM HHv- i?2 * aA /i b2i Bib2H7 BKTQb2b HBKBi iBQMbX gq?BH2
BM7" "2/ B'Bb BK ;2b mM/2° +QMi QHH2/ b2iiBM;b- Bi H +Fb i?2 p ~
o_@+ Tim 2/ BK ;2 vX h?Bb ;2M2 HBx2b KQ 2 "2 HBbiB+ +QM/BiBQ
7mi?2 2tT2 BK2Mib QM PT2M1.a M/ L2QM / i b2ibX



h?2* aA /i b2i Bib2H7 HbQ BKTQb2b MQi #H2 +QMbi> BMibX q?B|
M2 "@BM7° "2/ B'Bb BK ;2b + Tim 2/ mM/2> +QMi"QHH2/ b2iiBM;b-
BM "2 H@rQ H/ b+2M 'BQb Q o_@# b2/ /i X JQ 2Qp2 -Qm /i 7I
IBb+ /b TQQ Hv b2;K2Mi2/ b KTH2b M/ "'2[mB 2b KBMBKmMmK MmK
B/2MiBiv- "2bmHib BM bm#bi MiB HHv "2/m+2// i b2i bBx2X 7i2° 7
8-yyy mb #H2 BK ;2bX h?Bb "'2/m+2/ b+ H2 HBKBib i?2 /Bp2 bBiv Q
+QMi'B#mi2 iQ Qp2 ' 7BiiBM; Q' TQQ ;2M2° HBx iBQMiQ mMb22M "2

hQ;2i?2 - i?2b2 7BM/BM;b ?B;?HB;?i i?2 BKTQ i M+2 Q7 2p Hm iB]
KmHiIBTH2 "2+Q;MBiBQM 7> K2rQ Fb M/ +'Qbb /i b2ibrBi?; 2 i2 |
Qm  bm#b2[m2Mi 2tT2 ' BK2Mib QM i?2 PT2M1.a/ i b2ib-r?B+? T Qpl
"2 HBbiB+ i2biBM; 2MpB QMK 2Mib X

8Xj PT2M1.akyRN

h?2 PT2M1.akyRN / i b2i BMi"Q/m+2b KQ 2 Q7 "2 HBbiB+ M/ +? H
# b2/ mMi?2MiB+ iBQMX *QHH2+i2/ mbBM; 22 /@KQmMi2/ 2v2@i°
BM+Hm/2b 2v2 BK ;2b + Tim 2/ mM/2 M im > H K#B2Mi HB;?iBM; rBi
/B 2+iBQMbX Ai HbQ BM+Hm/2b ~ M;2 Q7 T "iB H 2v2 +HQb2 b M/
BbH #2H2/ rBi? bm#D2+i B/2MiBiv M/ +QK2b rBi? ?B;?2@[m HBiv #E
BM/B+ iBM; i?2 B'Bb "2;BQM- "2KQpBM; i?2 "2HB M+2 7Q" M 2ti2"M

AM i?Bb b2+iBQM-r2 rBHH 2p Hm i2i?2 ;2M2" HBx #BHBiv Q7 Qm"
bT2+B7B+ /i b2i M/ Bib ;2M2 HBx #BHBiviQ mMb22M BM/BpB/m H
PT2M1l.akyRN /QK BMX



6B:m 2 8Xe, .Bbi'B#miBQM Q7 +QbBM2 bBKBH "Biv b+Q 2b #2ir22N
mMb22M BM/BpB/m Hb BM i?2 PT2M1.akyRN / i b2i mbBM: i?2 +H b
g2 b KTH2 mT iQ jy b K2@+H bb M/ /B772 2Mi@+H bb +QKT "BbQM
“2b2Mi iBp2 /Bbi'B#miBQM Q7 2 +? BK :2 7°QK mMb22M BM/BpB/m |
?2B;? b2T ~ iBQM-rBi? M 11 _p Hm2 Q7 9Xy9W rBi? M ++m > +v Q7 N

8XjXR A/2MiBiv _2+Q:MBiBQM S2 7Q K M+2

*H bbB7B+ iBQM@# b2/ 2+Q;MBx2"

q2 #2;BM Qm  2p Hm iBQM #v 2t KBMBM; i?2 2772+iBp2M2bb Q7 i?2 -
i° BM2/bQH2Hv QM i?2 PT2M1.akyRN / i b2i- B/2MiB7vBM; r?2i?2"° Q
K2i?Q/QHQ:v+ M;2M2  HBx2iQ Qi?2 /QK BMbX aBM+2i?Bb/ i b2i
H #2Hb "2Db2i ii?2bm#D2+iH2p2H/m BM;i° BMBM:X AK ;2brBi? M
#HBMFb-r2"2 "2KQp2//m BM; i?2 i  BMBM; M/ 2p Hm iB@BX®7 i?Bb



b?Qrb i?2 +QbBM2 bBKBH “Biv /Bbi'B#miBQMb Q7 :2MmBM2 M/ BK
bm#D2+ib rBi?BMi?2 PT2M1.akyRN / i b2iX h?2 KQ/2H +?B2p2b M
M ++m> +v Q7 NeXyRWX g2 b2ii?2 QTiBK Hi? 2b?QH/iQ #2 i yX8¢

++m > +vX

.2bTBi2 i?2 H *:2 p "B iBQM b22M rBi?BM PT2M1.akyRN- i?2 +H bb
2772+iBp2Hv /BbiBM:mBb?2b #2ir22M "2 H B/2MiBiB2b M/ T QpB/2
2p Hm iBM; bTQQ72/ BK :2b ;2M2" i2/ #v Qm  br T KQ/2HX

_2+Q;MBx2" :2M2° HBx iBQM iQ PT2M1l.akyky

hQi2bi+ Qbb@o_@/QK BM;2M2' HBx #BHBiv-r22p Hm i2i?2b K2 P
# b2/ "2+Q;MBx2 QM PT2M1l.akykyX AM //BiBQM iQ 72 im BM; 2\
PT2M1l.akyky BMi'Q/m+2b p "B iBQM BM HB;?iBM; +QM/BiBQMb- +
b?B7i7 QK i?2 Q B;BM Hi° BMBM; / i X

b b?QrM BM BBdi?2 b2T ~ iBQM #2ir22M ;2MmBM2 M/ BKTQbi2" /B
Im+2/X h?2 1[m H 1 °Q  _ i2 BM+ 2 b2b iQ k3X9dW- M/ i?2 +H bbE
iQ dkXN8WX h?Bb /2+HBM2 BM T2 7Q K M+2 ?B;?HB;?ib i?2 HBKB;|
i?72 PT2M1.akyRN@i' BM2/ bBKBH "Biv KQ/2H- T “iB+mH "Hv r?2M
/B772 2Mi 2v2 b? T2b- BHHmMKBM iBQM T ii2"Mb-Q  + Tim 2 +QM/B|

h?2b2 7TBM/BM;b KQiBp i2 i?2 2tT2 BK2Mib BM i?2 M2ti b2+iBQM-
PT2M1l1l.akyRN M/ * aA /QK BMb iQ BKT Qp2 ;2M2 HBx iBQM iQ mMN
b PT2M1.akykyX



6B;m 2 8Xd, *QbBM2 bBKBH "Biv /Bbi B#miBQMb 7Q " ;2MmBM2 M/
i?72PT2M1.akyRN@i° BM2/ 2+Q;MBx2 QM PT2M1l.akykyX >B;? Qp2°
#2ir22M i?2 /IBbi B#miBQMb BM/B+ i2br2 F2 ;2M2° HBx iBQM T2 71



> KKBM: .Bbi M+2 *QKT "BbQMb

IMHBF2 i?2 * aA /i b2i- PT2M1.akyRN +QMi BMb Q77@ tBb ; x2 M
bm 2b- M/ BM+'2 b2/ p "B #BHBiv BM 2v2 Q 'B2Mi iBQM /m2 iQ Bib
IBbTH v 2MpB QMK2MiX h?2b2 7 +iQ b "2/m+2 i?2 "2HB #BHBiv Q7
# b2/ K i+?BM;X AM +QMi’ bi-* aA +QMDbBbib Q7 ?B;?2@ 2bQHmiBQ]
rBi? KBMBK Hp "B iBQMBM ; x2 Q  HB;?iBM;X h?2b2 T°QT2 iB2b H
Q7i?2> KKBM: /Bbi M+2 7" K2rQ'F M/ 2M #H2bi'QM; b2T * iBQM #:
/IB772 2Mi@bm#D2+i +QKT “Bb QN KRR 72X@xml; B BR2MIB @Ry RN Bb b
r? i BHH@bmBi2/7Q i’ /BiBQM HB Bb '2+Q;:MBiBQM TBT2HBM2b- &
2 T2 7Q K M 2tTHQ  iQ'v2p Hm iBQM mbBM; i?Bb K2i'B+ 7Q " +QK!

> KKBM; /Bbi M+2 "2[mB 2b +QMbBbi2Mi B'Bb HB;MK2Mi M/ ?B;?@
K2 bm 2 bBKBH ‘Biv ++m’ i2HvX >Qr2p2 - BK ;2b BM PT2M1.akyR\
+QM/BiBQMb i? i pBQH i2i?2 bbmKTiBQMb Q7 +H bbB+ H B Bb +Q/
b2 p2/ bB;MB7B+ Mi Qp2'H T #2ir22M ;2MmBM2 M/ BKTQbiQ b+Q 2
PT2M1.akyRN rBi? i?2 >."A6 K i+?2 - H2 /BM;iQ ?B:? 2[m H2 Q"

bb22M BM BEIAR®222[m H 2 Q" " i2Bb i keX33W 7Q i?2 mMb22M jR
i?2i2bi b2i-rBi? M ++m> +v  i2Q7 "QmM/ djWX h?Bb BM/B+ i2b
Q7i?2irQ ;:2MmBM2 M/ BKTQbi2 /Bbi'B#miBQMb i? Mi?2* aA 7B;
iQ #2 i yX9Rj9iQ K tBKBx2 i?2 +H bbB7B+ iBQM ++m’ +v #2ir22M T

*QMi> biBp2 2+Q;MBx2 GBKBi iBQMb

aBKBH “iQ Qm * aA  2bn8KikXRMV HRQIBIR BK2Mi2/ rBi? +QMi’ biB
MBXx2 mbBM: AM7QL*1X >Qr2p2 -i?2 HBKBi2// i b2ibBx2 M/ bm#D2
?BM/2 2/ Bib 2772+iBp2M2bbX q?BH2 i?2 / i b2i +QMi BMb K Mv 2



6B;m 2 8X3, .Bbi' B#miBQM Q7 > KKBM; /Bbi M+2b #2ir22M ;2MmBM
PT2M1l.akyRN /i b2i mbBM; i?2 >."A6 K i+?2 X h?2 /Bbi B#miBQML
rBi? M11_p Hm2 Q7 keX33W- M/ M ++m  +v Q7 djXeNWX



mMMB[m2 B/2MiBiB2b URS8k bm#D2+ibV M/ HBKBi2/ p ‘B iBQM T2  br
Q7 M+?Q @TQbBiBp2@M2; iBp2 T B b "2[mB 2/ #v +QMi" biBp2 H?2
2K#2//BM; bT +2 7 BH2/ iQ ;2M2° HBx2- 2t?B#BiBM; bm#bi MiB H Q
BKTQbiQ  /Bbi'B#miBQMb X

h?Bb Qmi+QK2 Bb +QMbBbi2Mi rBi? 7BM/BM;b BM +QMi> biBp2 H2 "I
i?22M22/7Q H “;2@b+ H2-/Bp2'b2/ i b2ibiQ T 2p2Mi 2K#2//BM; +Q
B/2MiBiv@b2T ~ iBM; 72 im 2bX .m2iQi?BbHBKBiI iBQM-r2/B/ MQi
"2+Q;MBx2° BM 7Tm'i?2° PT2Ml.akyRN@bT2+B7B+ 2p Hm iBQMX q
+QMi° biBp2 H2 MBM; Q7 KmHIB@/QK BMX9BMBM; b2i rBi?BM a2

8XjXk ar T@" b2/ ii +F 1p Hm iBQM

hQ 2p Hm i2i?22772+iBp2M2bb Q7 Qm  K2i?Q/QHQ:v-r2i> BM2/ Qm
i22PT2M1.akyRN/ i b2iX aBKBH ~iQQm * aA 2p Hm iBQM-r22p H
mM/2 irQ /B772 2Mi b2iiBM:b,

C q?Bi2@#Qt ii eB+iBK M/ ;2M2 i2/BK ;2T B'b "2BMTmi BMiQ i
"2+Q;MBx2  M/2p Hm i2/ ; BMbii?2 QTiBK Hi? 2b?QH/B/2MiB7
rBb2 ++m> +vX aBM+2 i?2 ;2M2° iQ  "2+2Bp2/ 722/# +F 7 QK i?E
i?Bb "2T 2b2Mib #2bi@+ b2 b+2M "BQ 7Q  bTQQ7BM; bm++2bb

C"H +F@#Qt iioB+iBK M/ ;2M2 i2/ BK ;2 T B'b "2 BMTmi BMiC
Ki+?2 iQ ;2M2 i2 > KKBM; .Bbi M+2 p Hm2b 7Q 2 +? BK ;2 T I
i?2M 2p Hm i2/ ; BMbii?2 B/2MiB7B2/ QTiBK Hi? 2b?QH/X



h> BMBM:; a2imT

BQHHQrBM; bBKBH "T'Q+2/m'2iQ* aA -r2 TTHv /i 7BHi2 BM; T°
/i b2iiQ2Mbm 2 ?B;?@[m HBivBMTmiBMiQi?2;2M2  iQ X "2+ mb2
mH > BK ;2b rBi? ;°2 i2  p 'B #BHBiv BM 2v2 QT2MM2bb- r2 2t+Hm/2
B'Bb "2;BQM- bm+? b 7 K2b rBi? #HBMFb Q' Q++HmMbBQMbX IMHB
MQi p BH #H2X h?2°27Q 2-i?2 H #2Hb "2 ii?2 bm#D2+i H2p2H /m

l1p Hm iBQM a2imT

Pm> bTQQ7 2p Hm iBQM T QiQ+QH 7Q  PT2M1l.akyRN KB "Q b i?2
a2+iBaXWXIBi? /DmbiK2Mib 7Q  0o_@bT2+B7B+ BK ;2 p "B #BHBivX

b2i +ib b M ii +F2 - ii2KTiBM;iQbTQQ7 2p2°vQi?2 bm#D2+i mbE
pB+iBK6b B'Bb Bb +?Qb2M b i?2 b KTH2 rBi? i?2 H ;2bi b2;K2Mi2/
"2 @K tBKBx iBQM bi’ i2;v/27BM2/ 7Q" * aA ,

b rBi? * aA - HH bTQQ72/ BK ;2T B'b "2 +QMbi'm+i2/ mbBM; i2Db]
+QKTH2i2HV /BbDQBMi 7°QK i?Qb2 b22M /m BM; i BMBM;- 2Mbm BN\
Q7 bTQQ72/ M/ pB+iBKT B 7°QK PT2M1.aR¥RN Bb b?QrM BM 6B :r

q?Bi2@"Qt a_ U*H bbB7B+ iBQM@" b2/ 2+Q;MBx2'V

hQ 2p Hm i2 i?2 2772+iBp2M2bb Q7 Qm" ii +F rBi?BM r?Bi2@#Qt 2
p2°b v ? b 7mHH FMQrH2/;2 Q7 i?2 i *;2i bvbi2Kéb BMi2 M HbX AM
"2+2BpBM; 722/# +F7°QK Qm" +H bbB7B+ iBQM@# b2/ 2+Q;MBx2"
KBx2/iQ #vT bb BiX h?Bb "2T 2b2Mib i?2 KQbi 7 pQ" #H2 +QM/BiBQ

6QHHQrBM; i?2b K22p Hm i BQM T QiQ+QH /2b+ B#2/ 2 HB2 -r2



UVaTQQ72/ BK ;2 U#V oB+iBK BK ;2

6B;m 2 8XN, 1t KTH2 bTQQ72/ M/ pB+iBK BK ;2 T B 7' QK i?2 PT2I
bTQQ72/BK ;2r b bvMi?2bBx2/ #v BMT BMiBM; i?2 pB+iBK6b B ' Bb E

Qm > 2p Hm iBQM b2i UQmi Q7 R8KVX 1 +? bm#D2+i rBi?BM i?2 2p Hr
i72 Qi?2  jy bm#D2+ibiQ +QKTmi2 Qm" "2bmHibX aBKBH "Bivp Hm2
7° K2b #Qp2 yX89d9 2 +QMbB/2°2/ bm++2bb7mHbTQQ7X

bb?QrM BM8&X%#HM ii +F2 b +QmH/ bm++2bb7mHHVbDOTQQ7 2p2-v Qi?
i?72 2p Hm iBQM b2i- +?B2pBM; T2 72+ibm#D2+i@H2p2H a_ Q7 R
a_Bb ?B;?rBi? K2 M Q7 yXNNdX h?2b2 "2bmHib ?B;?HB;?i i?2 b
MmMM/2 r?Bi2@#Qt +QM/BiBQMb-r?2M Bi Bb /B 2+iHv QTiBKBx2/ ; E
2p Hm iBQMX



h #H2 8Xj, amKK v Q7 M2 “@T2 72+i ii +F bm++2bb > i2b U a_V Q
bm#D2+ib : BMbi i?2 *H bbB7B+ iBQM@" b2/ 2+Q:MBx2 i’ BM2/ (
?B;? a_BMI/B+ i2bi? iQm K2i?Q/QHQ;vIQ FbBM r?Bi2@#Qtb2iiBI

J2i B+ J2 M| JBM J t

a KTH2@G2p2HYyANNUYXNBYR
am#D2+i@G2p2HRa| R R
0B+iBKb aTQQ72/ Yy QmiMiV jy

"H +F@"Qt a_ U> KKBM; .Bbi M+2V

q?BH2 Qm" ;2M2° iQ  Bbi' BM2/iQ QTiBKBx2 +QbBM2 bBKBH 'Biv r
bT +2-> KKBM; /Bbi M+2 Q772 b 7mM/ K2Mi HHv /B772 2Mi K i+?B
Im"BM; i° BMBM; M/-i?2°27Q°2-i2 i2/ b #H +F@#Qt 2+Q;MBx2’
Ip2°b "vi'vBM;iQ#vT bb "2 H@rQ H/K i+?2 rBi?Qmi ++2bbiQ Bil
T K2i2°b-Q ;" /IB2MibX

AMi?Bb 2p Hm iBQM- HH R bm#D2+ib "2 mMb22M /m BM; i?2 i BM
_2+Q;MBx2° M/ i?2 ;2M2" iQ°X g2 +H bbB7v Mv pB+iBK ;2M2" i2
QTIBK Hi? 2b?QH/ b2i iyX9Rj9iQ #2 bm++2bb7mHDbTQQ7X

h #H2 8X9, amKK v Q7 ii +Fbm++2bb " i2bU a_V Q7 i?2jR mMb221
. BMbi i?2 > KKBM; /Bbi M+2 i? 2b?QH/ Q7 yX9Rj9X h?2 K2 MBM;7
BM/B+ i2i? ii?2 BM7HM2M+2 Q7 Qm" "2+Q;MBx2  KQ/2H /Q2bMdi B
2 KKBM; /Bbi M+2 K2i B+X

J2i B+ J2 M| JBM J t

a KTH2@G2p2HyAkeky XRIRyX9y 8
am#D2+ i@ G2p2MXRRYyXye#gXjj
0B+iBKb aTQQ72/a&xNmMKiV Ry

—

h #H&2X®?Qrb i? iQm ™ ;2M2° iQ"  +?B2p2b ?B;? a_ ; BMbii?2 > KKBWN
QH/X KQM; jR2p Hm i2/ bm#D2+ib- Qp2  k8W Q7 bTQQ72/ BK ;2b 1
rBi? KmMHiIBTH2 ii +F2 b bm++2bb7mHHV BKT2'bQM iBM; jy@jjW Q7
DQ Biv pQiBM;X



UVaKTH2@G2p2H a_ /Bbi B#¥miBQMam#D2+i@G2p2H a_ /Bbi B#miE

6B;m 2 8XRy, .Bbi B#miBQM Q7 ii +F bm++2bb "~ i2b U a_V + Qb
PT2M1.akyRN / i b2iX a KTH2@H2p2H a_ K2 bm'2b i?2 T'QTQ iB(
BK :2bX am#D2+i@H2p2H a_ "2TQ'ibi?2 T2 +2Mi ;2 Q7 pB+iBK B/2
bm++22/b BM K DQ'BivQ7i B HbX

8XjXj .Bb+mbbBQM

h?2 PT2M1.akyRN “2bmHib "2p2 Hi? i Qm" ii +F TBT2HBM2 T2'7Q"
/2> r?Bi2@#Qt +QM/BiBQMb- +?B2pBM; T2 72+i bm#D2+i@H2p2H
i? i r?2M i?2 ;2M2° iQ  Bb QTiBKBx2/ /B 2+iHv ; BMbi i?2 +H bbB7
bTQQ72/ BK ;2b + M KBKB+ "2 H B/2MiBiB2b- 2p2M rBi?BM i?2 +? H
'2/QK BMbX h?2b2 +QM/BiBQMb BM+HmM/2 T “iB H2v2HB/ Q++HmbE
+? M;2b-r?B+?r2°2 #b2Mi BM * aA X

>Qr2p2'- i?2 #H +F@#Qt "2bmHib "2p2 H bB;MB7B+ Mi /'QT BM T
bi'QM:2 i? M * aA > KKBM; /Bbi M+2 "2bmHib-i?2 p2  :2bTQQ7 b
KBM; /Bbi M+2 r b keXkW i i?2 b KTH2 H2p2H M/ kyXNW i i?2 bm
T "Biv mM/2'b+Q 2b F2v BMbB;?i, r?BH2 Qm" ;2M2" iQ  + M QTiBK
bi'm;:H2b iQ ;2M2" HBx2 iQ #BM 'v@+Q/2@# b2/ K i+?22bi? ir2°2 M
+2bbX > KKBM; /Bbi M+2 QT2  i2b mM/2° 7mM/ K2Mi HHv /B772 2\
PT2M1.akyRNGb MQBbB2 /i BMi'Q/m+2b KQ 2 bB;MB7B+ Mip "B :



K FBM: bTQQ7BM: bm++2bb BM+QMbBbi2MiX

> KKBM; /Bbi M+2 "2HB2b QM 7mM/ K2Mi HHv /B772 2Mi K i+?BM
B2 - Q77@ tBb BK ;2°v BM PT2M1.akyRN BMi'Q/m+2b ;"2 i2  p "B ;
iBQM- K FBM; bTQQ7BM; bm++2bb BM+QMbBbi2MiX LQi #Hv- i?2
PT2M1.akyRNBM i?Bb 2p Hm iBQM UyX9RV Bb +QMbB/2" #Hv KQ 2"
B+ HHv "2+QKK2M/2/BM i?2 HBi2  im 2 U "QmM/ yXj3V-r?B+? K v ?
bb?QrMH i2°BM Qm  KBt2/@/QK BM 2tT2 ' BK2Mib-r?2M i?2 > KKBI
iQ yXj3-bTQQ7BM; bm++2bb > i2b/2+2 b2 7m i?2° M/ #2ii2° HB:M

7 B M/BMRBX

L2p2 i?2H2bb- i?Bb H2p2H Q7 bm++2bb b?QmH/ MQi #2 /I BbKBbb2/>
b2p2° H ii +F2 b biBHH K M ;2/iQ bTQQ7 jy jjWw Q7 pB+8BBb pB K
6B;m8XRYX h?2b2 "2bmHib bm;;2bii? i r?2M i?2 K i+?2 Bib2H7 Bb m
HB;M2/ bTQQ72/ BK ;2b + M #vT bb "2+Q;MBiBQM- T iB+mH “Hv E
_i?270i? M "27H2+iBM; i?2 ;2M2° HBx iBQM Q7 i?2 br T KQ/2H- i?BI
Qmi/ i2/ K i+?2 b BM mM+QMbi> BM2/ 0o_ 2MpB QMK2MibX

6m i?2 ' KQ 2-Qm  +QMi" biBp2 "2+Q:MBx2 7 BH2/iQ ;2M2" HBx2 27
i2Qm:?i?2/ i b2i BM+Hm/2b ?B:? pQHMK2 Q7 BK ;2b-i?2 "2H iBp?2
M/ HBKBi2/ BMi® @bm#D2+i /Bp2 bBiv '2/m+2i?2 2772+iBp2M2bb G
BM7Q +2bi?2 mM/2 bi M/BM:i? i +QMi’ biBp2 K2i?Q/b "2[mB 2 H "::
b2ib iQ bm++22/ BM #BQK2i B+ "2+Q:MBiBQM i bFbX

h?2b2 7BM/BM:b KQiBp i2 Qm  M2ti b2i Q7 2tT2 BK2Mib- r?B+? 2tTH
#Qi? * aA M/ PT2M1l.akyRN + M BKT Qp2 bTQQ7BM; T2 ' 7Q K M+2
M "BQb M/ 2M? M+2 ;2M2° HBxXx iBQM iQ 2MiB 2Hv M2r/ i b2ib bm+?



8X9 *aA Y PT2M1l.akyRN

hQ 2p Hm i2r?2i?2 BM+ 2 bBM;/ i b2i/Bp2 bBiv+ MBKT Qp2;2M2
ii +Fb-r2i° BMQm 7TmHHTBT2HBM2 QM +QK#BM2// ib2i +QKTQb?2
h?Bb b2imT HHQrbmbiQ 2tTHQ 2 ?2Qr KQ/2Hb i* BM2/ QM #Qi? i /B
;2b M/ o_@+ Tim 2/ BK ;2 v T2 7Q KBM #Qi? b22M M/ mMb22M /
T 2pBQmb 2tT2 BK2Mib-i?Bb b2imT BMi ' Q/m+2b KQ'2 +? HH2M;B
/IQK BM b?B7ib BM BK ;2 [m HBivX

hQ i +FH2 i?Bb- r2 /QTi +QMi’ biBp2 H2 "MBM; bi> i2;v 7Q° Qm"
MMB7B2/ 2K#2//BM; bT +2 i? i + M bT M #Qi? /QK BMbX h?Bb b2
KmHIiB@/QK BM "2+Q;MBx2  i° BM2/ rBi? AM7QL*1 HQbb BKT Qp:
+H bbB7B+ iBQM@# b2/ TT Q +?2bX

q2 #2:BM #v 2p Hm iBM; ii +F bm++2bb > i2b QM BM@/QK BM b KTF
PT2M1.akyRNX h?2M-r2 bb2bb;2M2° HBx iBQMiQ M 2MiB 2HvmM
AMi?Bb 2p Hm iBQM- PT2M1.akyky Bb mMb22M iQ #Qi? i?2 "2+Q;:MB:

G biHv-r2/Q > KKBM: /Bbi M+22p Hm iBQM QM * aA /i 7Qi?Q°Q
#Qtb+2M "BQX >2°2-r2[m MiB7vr?2i?2 i?2BM7HM2M+2 Q7 Qm" +(
QM > KKBM: /Bbi M+2 K2i'B+ mMb22M iQ i?2 KQ/2Hb /m BM; i BMI

8X9XR *QMi’ biBp2 2+Q;MBx2"

hQ Qp2 +QK2 i?2 HBKBi iBQMb Q7 +H bbB7B+ iBQM@# b2/ 2+Q;MB
+ Qbb@/QK BM 2p Hm iBQM b2iiBM;b-r2i° BM /QK BM@;2M2" HB:
i biBp2 H2 "MBM:X aT2+B7B+ HHv-r2 mb2 i?2 AM7QL*1 HQbb iQ H:
BK :2b 7°QKi?2b K2BM/BpB/m H+Hmbi2 +HQb2iQ:2i?2 -r?BH2i?



"2 Tmb?2/ T "iX

6Q i BMBM;-r2 +QK#BM2 b KTH2b 7 QK #Qi? * aA M/ PT2M1.akyl
"2T°2b2Mi iBQM Q7 i° /BiBQM H M2 "@BM7" "2/ B 'Bb BK ;2b M/ o_G@
+QK#BM2/ i° BMBM; b2i- r2 "2b2'p2 /BbDQBMi bm#b2i Q7 BM/BpE
2p Hm iBQM iQ 2Mbm 2 7 B K2 bm 2K2Mi Q7 ;2M2" HBx iBQMX

g2 2p Hm i2 i?Bb "2+Q;MBx2 mM/2 i? 22 +QM/BiBQMb,

CgBi?BM@.QK BM, * 4A Hm iBQM QM * aA i2bi bm#D2+ib mMb?2
i BMBM; X

CgBi?BM@.QK BM, PT2M11pkHRINIBQM QM PT2M1.akyRN i2bi bm#

C* Qbb@.QK BM, PT2M1.Jakyky iBQM QM i?2 2MiB 2HVv mMb22M P"
/ i b2iiQ bb2bb + Qbb@/ i b2i;2M2° HBx iBQMX

gBi?BM /QK BM, * aA

6QHHQrBM; bBKBH " 2p Hm iBQM T QiQ+QH b T 2pBQmb A/2MiBi\
Tmi2 bBKBH "Biv /Bbi ' B#miBQMb #2ir22M BK ;2b 7°QK mMb22M BM/
b2iX a?QrM BM¥BR® 2?2 RNd * aA bm#D2+ib i? i r2°2 mMb22M #v
Q7 i?Bb "2+Q:MBx2 - i?2 KQ/2H +?B2p2b M 11 _ p Hm2 Q7 jXj3W r
NdX33WX g2 b2i i?2 QTiBK H i? 2b?QH/ 7Q  r?Bi2@#Qt rBi?BM /Ql
# b2/ Q7 T B rBb2 +H bbB7B+ iBQM ++m > +vX

h?Bb "2bmHi ?B;?HB;?ib i? i- 2p2M r?2M i BM2/ DQBMiHv QM KBt
PT2M1l.akyRNV-i?2 +QMi biBp27 K2rQ FBb+ T #H2 Q7 T 2b2 pBl
QMi  /BiBQM HM2 "@BM7 "2/ B BbBK ;2bX h?2iB;?ib2T ~ iBQM #
/IBbi " B#miBQMb bm;;2bibi? i +QMi~ biBp2H2 MBM; bm++2bb7mHHv



6B:m 2 8XRR, .Bbi'B#miBQM Q7 *QbBM2 aBKBH "Bivp Hm2b 7 QK E
* aA bm#D2+ibX jy b K2@+H bb M/ /B772'2Mi@+H bb +QKT “BbQ
2Mbm 2 2T 2b2Mi iBp2 /Bbi'B#miBQMX h?Bb ;" T? BM/B+ i2b HQ
b K2@+H bb /B772 2Mi@+H bb /Bbi B#miBQMb-rBi? HQr11_ " i2
Qm> "2+Q:MBx2  KQ/2H T2 7Q Kb r2HH QM mMb22M * aA BM/BpB/m

r’BH2 ;2M2° HBxBM; + Qbb /QK BM b?B7ibX

gBi?BM /QK BM, PT2M1.akyRN

g2 MQr 2p Hm i2 i?2 +QMi" biBp2 "2+Q:MBx2" QM jR ?2H/@Qmi PT
r2°2 2t+HmM/2/ 7°QK i’ BMBM;X BXRA?M BO BB;m?B2p2b M 1[m H 1
_i2U11_V Q7 RjXd9W M/ M ++m > +v Q7 3eXkeWX g?BH2 T2 7Q"}
iQ * aA - i?2 +QMi" biBp2 KQ/2H K BMi BMb +H2 K “;BM #2ir22M
T B'b/2bTBi2 i?2;°2 i2  pBbm Hp 'B #BHBivBMo_@+ Tim 2/ /i X



6B;m 2 8XRk, .Bbi'B#miBQM Q7 *QbBM2 aBKBH 'Biv p Hm2b Q7 BI
PT2M1.akyRN bm#D2+ibX jy b K2@+H bb M/ /B772 2Mi@+H bb +QK
2 i2/iQ 2Mbm' 2 2T 2b2Mi iBp2 /Bbi'B#miBQMX h?2 "2H iBp2Hv
i? ii?2 2+Q;MBx2  + M/B772 2MiB i2 #2ir22M ;2MmBM2 M/ BKTQb

bBKBH "Bivi? 2b?QH/ 7Q  r?Bi2@#Qt ii +Fb BM i?Bb /QK BM iQ yX:

**Qbb@.QK BM, PT2M1.akyky

hQ i2bi i?2 ;2M2° HBx iBQM Q7 Qm  +QMi > biBp2 "2+Q:MBx2" #2vQ
2p Hm i2 Bib T2'7Q K M+2 QM PT2M1.akykyX h?Bbo_/ i b2i BMi Q
HB;?iBM; +QM/BiBQMb mMb22M BM i?2 Qi?2" / 8XRPHOQMBR iZbmHi
i? 1i?72 KQ/2H K BMi BMb bi'QM; B/2MiBivb2T * iBQM /2bTBi2i?2/Q
11 Q7 3X9dW M/ M Qp2  HH ++m’ +v Q7 NRXeRW-rBi? +H2 b2






	Titlepage
	Abstract
	General Audience Abstract
	Acknowledgements
	List of Figures
	List of Tables
	Introduction
	Motivation and Background
	Problem Statement
	Research Questions
	Thesis Organization

	Threat Model
	Context
	Adversary Capabilities and Assumptions
	Threat Implications

	Background
	AR/VR Biometrics
	Limitations of Existing VR Authentication Methods
	Related Work on Iris Biometrics in AR/VR

	Iris Spoofing
	Physical Presentation Attacks
	Digital Presentation Attacks

	Attacks on ML Models

	Methodology
	Iris Leakage Attacks
	Dataset
	Fine-tuning
	Iris Extraction
	GIRIST Recognition Software
	Results

	Iris Swapping via GAN-Based Identity Transfer
	Iris Recognizers
	Generator Architecture Design
	Training Objectives and Loss Functions
	Training Setup
	Evaluation Metrics

	Datasets
	CASIA
	OpenEDS 2019
	OpenEDS 2020
	Neon Dataset


	Results
	Neon
	CASIA
	Identity Recognition Performance
	Swap-Based Attack Evaluation
	Discussion

	OpenEDS2019
	Identity Recognition Performance
	Swap-Based Attack Evaluation
	Discussion

	CASIA + OpenEDS2019
	Contrastive Recognizer
	Swap-Based Attack Evaluation
	Discussion


	Conclusions
	Summary of Findings
	Limitations
	Future Work

	Bibliography

