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Abstract

The human voice is rich in ways the written word struggles to capture. Yes, speech can be transcribed,
lifelessly representing in letters what is expressive while in sound. If in many cases this “simplified” trans-
lation between mediums is not an issue for readers, typographic modulation of writing is a technological
tool able to support those cases where these gaps between how expressive speech is versus how flat ty-
pography renders it indeed present challenges to readers. These cases include children struggling to be-
come fluent readers, immigrants unable to discern the written sounds of a foreign language, deaf viewers
for whom emotional nuance in movies is lost by how flatly closed-captions render speech, etc. In this
context, our work proposes a new model for modulating typography based on the processing of acoustic
measures in speech with the timed transcription of its syllables. We use prosodic features such as syllabic
magnitude, pitch, and duration to visually modulate typographic attributes such as font-weight, baseline
shift, letter-spacing, etc. In this work, we describe how we investigated and developed this audio-visual
translation model, presenting the results of three perceptual experiments. In the first, we evaluated a ver-
sion of the model inspired by a review of similar works from other authors. Unclear results painted the
design-space as more complex than originally envisioned, showing a need for dissecting the model in its
constituent parts. We did so in experiment #2, where strong preferences emerged for specific matches be-
tween acoustic measures and typographic modulations. We used these as inputs for a novel audio-visual
translation model, which we evaluated in a third experiment. The new model allowed participants to
discriminate between similarly sounding utterances, which they did in 65% of their attempts. This model
showed robust enough results for it to be used in the development and research of real-world applications,

and its performance can serve as a baseline with which to compare future models.
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Typography, Affective Computing, Prosody, Human-Computer Interaction, Audiovisual Communication



Resumo

A voz humana é rica em maneiras que a palavra escrita dificilmente consegue capturar. A fala pode ser
transcrita mas, tipicamente, a escrita captura de maneira mondtona aquilo que, na voz, é expressivo.
Ainda que em muitos casos essa traducdo “simplificada” entre meios nio aparenta trazer em si proble-
mas para leitores, a modulacgio tipografica da escrita é uma ferramenta tecnolégica capaz de apoiar os
casos onde essa lacuna entre expressdo na voz e monotonia na tipografia de fato imponha desafios aos
leitores. Esses casos sdo variados, e podem incluir criangas que penam para tornar-se leitoras fluentes,
imigrantes que ndo conseguem discernir os sons escritos em uma lingua estrangeira, espectadores surdos
para quem as nuances afetivas de um filme se perdem na maneira com que as closed-captions achatam
as variacoes vocais, etc. Nesse contexto, o presente trabalho propde um modelo inédito de modulagéo
da tipografia a partir do processamento do sinal acustico da fala junto a transcricdo temporalizada de
suas silabas. Nisso, sdo usadas medidas prosédicas como magnitude, pitch, e duracéo silabica para modu-
lar visualmente atributos tipograficos como espessura de fonte, deslocamento vertical na linha de base,
letter-spacing, etc. Este documento descreve o processo de investigacdo e desenvolvimento desse modelo
de traducdo audiovisual, apresentando os resultados de trés experimentos perceptuais. No primeiro expe-
rimento, avaliou-se uma versdo do modelo inspirada em uma revisio de trabalhos semelhantes de outros
autores. Resultados pouco claros apontaram a complexidade do problema e indicaram a necessidade de
dissecar o modelo em suas partes constituintes. O segundo experimento explorou as preferéncias fortes
por associacdes especificas entre certas medidas acusticas e modulagdes tipograficas. Os resultados desse
experimento foram utilizados para desenvolver um novo modelo de traducédo audiovisual, que foi avaliado
em um terceiro experimento. Nesse experimento, os participantes foram capazes de identificar a expres-
sividade na fala em 65% de suas tentativas. Esse modelo apresentou resultados robustos o suficiente para
que possa ser usado no desenvolvimento e pesquisa de aplicacdes baseadas em cenarios reais, e seu forte

desempenho pode servir como uma linha de base contra a qual futuros modelos possam ser comparados.

PALAVRAS-CHAVE

Tipografia, Computagdo Afetiva, Prosddia, Intera¢do Humano-Computador, Comunicagdo Audiovisual



21

2.2

2.3

2.4

2.5

2.6

2.7

2.8

31

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

41

4.2

4.3

4.4

4.5

4.6

5.1

5.2

5.3

5.4

5.5

5.6

5.7

6.1

List of Figures

Codex Vaticanus . . . . . . . ... .. 26
The Phonotype typeface expanded phonetic expression for the Dutch language . . . . . . . .. . .. 29
The Speechant prosodic annotationsystem . . . . . . . ... ... 30
Tara Rosenberger-Shankar’s animated prosodicfont . . . . . .. ... ... ... ... .. ... .. 30
vDTD’s three axes of typographic modulation . . . . .. .. ... ... ... ... ... . .0, 31
Modulated typography from Castro et al's Mdquinade Ouver . . . . . . . . ... ... ... ... ... 31
How points in a glyph shift position when values in an axischange . . . . . ... .. ... ... .. 33
Two-dimensional axis changes in avariablefont . . . . ... ... ... ... ... ... ... ... 34
Font-weight and letter width typographic modulation examples . . . . . . ... ... ... ... .. 39
Baseline shift typographic modulation example . . . . . . . ... ..o o000 o000 39
Glyph height typographic modulation example . . . . . . .. ... ... ... .00 00000 40
Historic example of a reverse-contrast typeface specimen . . . . . . .. ... ... ... ... ... 40
Slant typographic modulationexample . . . . ... .. ... o000 0000000 40
Example of speech-modulated typography as used in the experiment . . . . . .. ... .. ... .. 41
Photo from experiment #1 showing a participant sortingcards . . . . . ... .. ... ... .. ... 44
Distribution of the sum of edit distances for real-life participants . . . . . .. ... ... ... ... 45
Distribution of the sum of the edit distances for real-life and simulated participants . . . . . . . .. 47
Instances of speech-modulated typography with only one modulation . . . . .. ... ... ... .. 49
Informal melody notation which inspired the baseline shift modulation . . . . . . . ... ... ... 50
Screenshot of experiment #2’s online platform’s interface . . . . . . . ... ... ... ... ... .. 51
Correlation between font-weight’s performance and average magnitude per utterance . . . . . . . . 55
Correlation between baseline shift’s performance and average magnitude per utterance . . . . . . . 56
Four typographic modulations echoing the same prosodic feature . . . . . . . .. ... .. ... .. 58
Diagram of the speech-modulated typography model . . . . . . . . ... ... ... .00 60
Chart showing mix between local and global normalizations . . . . . . . ... ... ... ... ... 62
Example of the effects of the three normalizations: local, globaland mixed. . . . . . . ... ... .. 63
Chart showing how prosodic values are dampened when squaredorcubed . . . . . . . . . ... .. 63
Speech-modulated typography applied to a stanza and rendered as a staticimage . . . . . ... .. 64
Praat interface screenshot . . . . . . . ..o 67
Screenshots of speech-modulated closed-captions changingintime . . . . . . ... ... ... ... 73
Screenshot of Adobe Audition’s multi-track interface . . . . . . . ... ... 00000000 77



6.2
6.3
6.4
6.5
Al
A2
A3
A4
B
B.2
B.3
B.4
B.5
B.6
B.7
B.8
B.9
B.10
B.11
B.12
B13
B.14
B.15
B.16
B.17
B.18
B.19
B.20
Ci1
C.2
C3
c.4
EJ
E.2
E.3
E.4

Screenshot of the interface of one round in the static-typography version of the experiment . . . . . 78

Performances of participants who did the static-image based experiment . . . . . . .. .. ... .. 79
Performances of participants who did the animated closed-captions experiment . . . . . . . . . .. 80
Chart comparing the performance distributions between both versions of the experiment . . . . . . 82
Six instances of the Filha... phrase, as used in experiment#1. . . . . . .. ... ... ... ... ... 94
Six instances of the Passarinho... phrase, as used in experiment #1. . . . . . . .. .. ... ... ... 95
Six instances of the Lilo... phrase, as used in experiment#1. . . . . . . . . ... ... ... ... .. 96
Six instances of the Vocé... phrase, asused in experiment#1. . . . . . ... ... ... ... .. ... 97
Four ways to represent an angry utterance’s amplitude. . . . . . . ... ... 000000 98
Four ways to represent a happy utterance’s amplitude. . . . . . ... ... ..o 00000 98
Four ways to represent a neutral utterance’s amplitude. . . . . . . . ... ... 000000 99
Four ways to represent a sad utterance’s amplitude. . . . . . . . ... ..o 000000000 99
Four ways to represent a surprised utterance’s amplitude. . . . . . ... ... ... o000 99
Four ways to represent an angry utterance’s amplitude. . . . . . . ... ..o 00000 99
Four ways to represent a happy utterance’s amplitude. . . . . . . ... ... ... 0000 100
Four ways to represent a neutral utterance’s amplitude. . . . . . . .. ... ..o 0000000 100
Four ways to represent a sad utterance’s amplitude. . . . . . . .. ..o 00000000 100
Four ways to represent a surprised utterance’s amplitude. . . . . . . ... ... 000000 101
Four ways to represent an angry utterance’s pitch. . . . . . .. .. ..o 00000000 101
Four ways to represent a happy utterance’spitch. . . . . .. ... ... ... 000000000 101
Four ways to represent a neutral utterance’s pitch. . . . . .. ... ... .00 0000000 101
Four ways to represent a sad utterance’spitch. . . . . . . ... ... 00000000 102
Four ways to represent a surprised utterance’spitch. . . . . . . ... ..o 0000000000 102
Four ways to represent an angry utterance’s pitch. . . . . . . ... ... 00000000000 102
Four ways to represent a happy utterance’spitch. . . . . ... ... ... 000000 102
Four ways to represent a neutral utterance’spitch. . . . . . ... ..o o000 00000000 103
Four ways to represent a sad utterance’spitch. . . . . . . .. ... ..o o000 0000000 103
Four ways to represent a surprised utterance’s pitch. . . . . . . ... ... 000000000 103
Two typographic instances for poetic readings of Trés Prenuincios, III. . . . . . . . .. ... .. ... 105
Two typographic instances for poetic readings of Sucubo. . . . . . . . ... ..o 105
Two typographic instances for poetic readings of Dez sonetéides mancos, VI. . . . . . . . .. ... .. 106
Two typographic instances for poetic readings of Trés tercinas, I. . . . . . . . . ... ... ... ... 107
Hoursspentin2o17.. . . . . . . . . . . ... e 113
Hoursspentin2018.. . . . . . . . ... ... 113
Hoursspentin2o1g.. . . . . . . . . . . ... 14

Hoursspentin2o2o. . . . . . . . . . . . L L 114



21

31

41

5.1

Ci1

C.2

List of Tables

Summary of how different authors approached closing the gaps between speech and text . . . . . . 32
Average rate of correctly placed cards per emotion perphrase . . . . . .. ... 00000 44
Participant’s preferences for each typographic modulation per emotion per prosodic feature . . . . . 54
Four-letter codes specifying typographic modulations in the WebVTTfile . . . . . . ... ... ... 69
Links for all speech-modulated closed-captions used in experiment#3. . . . . . ... ... ... .. 104

Which image or video was shown in each round of experiment #3? . . . . .. ... ... ... ... 104



1.2
1.21
1.2.2

1.3

2.1

211

2.2
2.21
2.3
2.4

2.5

3.1
311
31.2
3.2

3.21

Contents

“AMPNAGRAGAHUADEE . . . . 6
CORRAUSE . . ... 7
BAGHIN . . 8
SKERNETKGORAE . . L 9
SKEENESUSBAE . . . 11
DENAGBSND . . 16
Objectives . . . . . . . . . 18
Research questions . . . . . . . . . .. 18
Hypotheses . . . . . . . . . . 19
Publications . . . . . . . ... 19
Peer-reviewed conference papers . . . . . . ... 19
Conference posters . . . . . . . . . 19
How this workis organized . . . . . . . . .. ... .. ... Lo 20
-leadlagda 3adaA . .. 21
How prosody modelsspeech . . . . . . ... ... 21
Acoustic and psychoacoustic features . . . . .. ..o 0oL 22
Prosody andits functions . . . . . ... ..o 23
Readingand prosody . . . . . . .. .. ... 26
Phonetic and prosodic representation systems . . . . . ... ..o 28
Modulated typography . . . . . . ... 30
Variablefonts . . . . . . . ... 32
Concludingremarks . . . . . ... . 34
$Up Aa kpiad AHUNEKNDA FANH A20AKDG £nadag HINAGGUEAA 2ANGAURGA . . . . . .. .. .. . .. .. 36
A first version of our speech-modulated typography model . . . . . . . ... ... ... ... ... 36
Extractingprosody . . . . . .. ... 37
Representing prosody typographically . . . . . ... .. ..o 000000000 39
Method . . . . . . . . 40

Thespeechcorpus . . . . .. . .. .. ... 40



3.2.2
3.2.3
3.3
3.3
3.3.2
3.4

3.5

4.
4.2
4.2
4.2.2
4.2.3
4.3
4.31
4.3.2
4.4
4.41
4.4.2
4.4.3

4.5

5.1
511
51.2

5.2

Card-sorting . . . . . . . . .. 41

How the evaluation sessions were organized . . . . . . ... ... ... ... ... ......... 43
Results . . . . . . .. 43
Card-sortingresults . . . . . . . ... 43
Interviews . . . . . ... 44
Discussion . . . . . . . . ... 46
Conclusion . . . . . . . .. 48
DNA ARA hldskaknipat niikd NANENAKA Faliegdak Akeg ANGAUNGKE HUNAGSIZNDE . . . . . ... . . .. 49
Generative algorithm . . . . . . .. ..o 49
Method . . . . . . .. 50
Paired comparison . . . . . ..o 50
Combinatorial explosion . . . . .. .. ... 51
The experiment’s online platform . . . . . ... ... .. ... ... 00 00 Lo 52
Results . . . . . . .. 53
Consistency between emotions and participants’ preferences . . . . . ... ... .. ... ... .. 54
Open-ended comments . . . . . .. .. ... 56
Discussion . . . . . . . . .. 57
What about the typographic modulations? . . . . . ... ... 000000000 57
What underlying mechanisms guided participants’ preferences? . . . . . . .. ... ... ... .. 58
Shortcomings . . . . . . . ... 59
Conclusion . . . . . . . .. 59
5ga - NA&G UpA U nkGNg kHuncarvapalisk\p egadaNe . . . . . . 60
Themodel . . . . . . . .o 61
Extraction and processingof prosody . . . . . . ... ..o oL 61
Modulation of typography . . . . . . . ... 64
Pilot implementation of themodel . . . . . . . . . .. ..o 65
Measuring prosody . . . . . . ... 66
Encoding speech-modulated closed-captions . . . . . . ... ... ... 00000000 67
Rendering the speech-modulated closed-captions . . . . . . ... ... ... ... ... ...... 70
Concludingremarks . . . . . . .. .. .. 72
$Up naNENAASA kpiaddaA BNH £naddgy HNAGGUEAA 2AONGAURGA . . . . . ... ... 74
Method . . . . . . .. 74
Creatingaspeechcorpus . . . . . . . . ... ... 75
The experiment’s online platform . . . . . . . ... ... ... .. 00 00 o 78
Results . . . . . . . o 79
How frequently did participants chose the right choice? . . . . . .. ... ... .. ... ... ... 79

Likertscale . . . . . . . . e 80



6.3

6.4

71
7.2
7.2
7.2.2

7.2.3

Open-ended comments . . . . . . . . .. ..o 80

Discussion . . . . . . . .. 81
Conclusion . . . . . . . . 82
SNDAGEIND . . . . o 83
Main contributions . . . . . . . ... 84
Futurework . . . . . . . . 85
Automation . . . . ... 85
Designexplorations . . . . . . . ... 85
Effects of Speech-Modulated Typography . . . . ... . ... ... ... ... ... ... . ..... 86
#eNGAUNGA . . . . . . 87
""AnapAka SUAME GfAAKp Aanddkroape .. . 94
"AnapAka s HUGAE GRAA KD danadkrbape . . . 98
""AnapAka c *HUGAE K AAGNE OFAA kp aanaddkruape . . . 104
""ANaPAKa b INAHE GEAAKp danadkruape . ... 108

\\\\\\\

"RnapAka e SOANDNGNGANE agkE AafAUARY . . . . . . . . ... 112



Moseby smiled and pointed at the paper. “This paper tells the story of Adam.”

“How can a paper tell a story?”

“It is an art that we Europeans know. When a man speaks, we make
marks on the paper. When another man looks at the paper later, he sees
the marks and knows what sounds the first man made. In that way the
second man can hear what the first man said.”

Jijingi remembered something his father had told him about old Gbegba,
who was the most skilled in bushcraft. “Where you or I would see noth-
ing but undisturbed grass, he can see that a leopard had killed a cane rat
at that spot and carried it off,” his father said. Gbegba was able to look at
the ground and know what had happened even though he had not been
present. This art of the Europeans must be similar: those who were skilled
in interpreting the marks could hear a story even if they hadn’t been there

when it was told.

()

The paper version of the story was curiously disappointing. Jijingi re-
membered that when he had first learned about writing, he'd imagined it
would enable him to see a storytelling performance as vividly as if he were
there. But writing didn’t do that. When Kokwa told the story, he didn’t
merely use words; he used the sound of his voice, the movement of his
hands, the light in his eyes. He told you the story with his whole body, and
you understood it the same way. None of that was captured on paper; only
the bare words could be written down. And reading just the words gave
you only a hint of the experience of listening to Kokwa himself, as if one
were licking the pot in which okra had been cooked instead of eating the

okra itself.

The truth of fact, the truth of feeling. (Chiang, 2019)
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Chapter 1

Introduction

You talkin’ to me?
You talkin’ to me?

You talkin’ to me?

Chances are that, as you read these lines, your inner voice inflects each
word as Robert de Niro did in his famous Taxi Driver monologue, emphasiz-
ing a different word at each pass. That we can articulate our voices in many
different ways is a mundane observation, but note that despite the many
ways we can sound these words, their typographic representation would
always be the same.

Sure, we can use italics, bolds, uppercase variants, etc, but typography
is, by definition even, composed as a set of letter shapes that remain un-
changed throughout a text, as if each glyph was created from the same
mold — and, when the printing press was invented, that is exactly what
they were. Digital typography does not work the same way as punch cut
letters once did but, in the sense that it shapes a flat reading of a text, things
have not changed much. Letters shape words, but in so doing give little to
no indication of ~ow these words could be made to sound.

Not that they necessarily should. Typography is a clear success, espe-
cially in its digital incarnations. We have, readily available and at the touch
of a finger, sophisticated typesetting engines. They automatically com-
pose text with a finesse that, in a not so distant past, would have demanded
whole workshops of skilled artisans to replicate. We casually and without
a second thought use these systems daily for communication, information,
entertainment, etc. They work, not despite how alphabets simplify spoken
language, but maybe precisely because of it.

And yet, a gap exists between how richly expressive speech can be and

how flat its textual representation usually is. It is differently felt depending

16
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5HVHDUFK ,QSXW ORGXODWLRQ/\SRJUDSKLFPDSSLQJV5DWH RI BURSRVHG
WHFKQLTXH VRXQGEW\SRJUDSK\ FKDQJH DSSOLFDWLRQV

%HVVHPDQVULWHUOV 0DQXDOO\ Y4 % ODJQLWXGH E )RQW'EHEUKWH /LWHUDF\
HW DO LQWHQWY GHVLJQHG WHiW: 3SLWFK E/HWWHU KHLJKW DQG HGXFDWLRQ
%DVHOLQH VKLIW
Ya % 'XUDWLRQ E/HWWHU ZLGWK

I9HUEDHQHQ@UHYLRXV &XVWRP $GGLWLRQDO VHW RI JO\ISKFWUWR/' H /HDUQLQJ RI
NQRZOHGJHMBHIDFH GLVFULPLQDWH GLIITHUHQW IRUHLJQ
ODQJXDJH SKRQHPHVY UHSUHVHQWHG E\WKH ODQJXDJHV

VDPH OHWWHU

GRV 5HLVY 3UHYLRXV 0DQXDOO\ Y2 % 'XUDWLRQ E 6\OODEQWAMBDFHQIHDUQLQJ RI
NQRZOHGJHGRIVLIQHG WHIW2 IRWDWLRQ VIVWHP RYHUOD\ WRRUHLJQ

D ODQJXDJH UHSUHVHQW SLWFK FRQWRXU ODQJXDJHV
5RVHQEHUJHHUFRUGHG $OJRULWKPLEDRODJIQLWXGHE )RQWARRQNMLQXRXV ([SUHVVLYH
DQG ODF1IHIDXGLR PRGHOOHG % % 3LWFKE9HUWLFDO DQG WH[W PHVVDJLQJ

W\SHIDFH KRUL]JRQWDO VWUHWFKLQJ
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DXGLR PRGHOOHG WKLFNQHVV OHDUQLQJ
W\A\SHIDFH Yo % 3LWFK E +RULJRQWDO VWURNH VXEWLWOHYV
WKLFNQHVYV WH[WLQJ HWF

Y4 % 'XUDWLRQ E /HWWHU ZLGWK

&DVWUR HWS5BIBRUGHG $OJRULWKPLED® ODJQLWXGH E)RQW 'EMEUKWH IRROVLIQ RI SRVWHU
D DXGLR PRGXODWLRQ@RY 3LWFK E)RQW VL]HY %» DQG % QG YLGHR
W\SRJUDSKLPF4 2 3DXVHV EHWZHHQ ZRRQGWLQXRXOWWLIDFWYV
SDUDPHWHUMWE :RUG VSDFLQJ IRU Y. %2DQG
Ya % 'XUDWLRQ E /HWWHH,UHSHWLWLRQ

2XU DSSURDBFHKERUGHG $OJRULWKPLED® ODIJQLWXGH E )RQW &RIQWH W XR XV 6SHHFK
ILQDO PRGBRGLR PRGXODWLRQ@RY. 3LWFKE %DVHOLQH VKLIW PRGXODWHG
W\SRJUDSKLP4 % 'XUDWLRQ E 7UDFNLQJDQG FORVHG FDSWLRQV
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Y2 Yo 2 £EC YZUENIE %O«ng O7% 21%EZCAYEEL £14«°1E£¢C « »WEA
VEVYVAE 72 BBOWWIA G « Vs ANE>VBENEL Y 72 (OZTNTEL £« H g AZe«0ly A
CEAG «¥ ¢ YENZ«EPA «1 OWBE (OZLOEN«lf 772 ¢« £ £ »2%72"%7>
UABLETAZ«,«g %8 i ©OFE 2»»%°7{0 « >>6mx<ﬁAg@2Y£t%‘§E®]E%ﬁ%W/*€ﬁ1é%¢
AYViECOY o ©%¢ T°A f« «i % 2%E %uf¢ 09% OOA a2 ShATT2ZYIEY: |21 %5 0O%
COAIM©OYs ZNeEY%L1Ze«AETA ZiifE»i«l ©2¢ ¢OLEVBEATTIYE (OFL°iiZ¥
oo HATTZYTES 00 OLE («1£01 ; OL L OLY:

£¢ ¢OEZ»»72%EL; a7« TAVBECOOAY »WEACAY Z»»%%72{0 (° YLE» EY.
i Z99£¢ 0°% ¢ OFf £EA» % 74«1 %a 21 EA GARDHE»O«j °CATZ¢«Ol 1
ALY «i2Y %O«oi «t ATTZYNEY «% AWEC 23/4z“ij«ln’.w@'f/ORﬂQ%Vﬁ%V&LRQlo
«E¥ o »O»ANZ7Ys Yo7zA«f«Zl 30173 -é’4£@«%°A/2ZB/AZDlG>?%VEHG7« A E
«lC«jZ¢«®l i ©72¢ 2% 2V «li A« «AE BESYEYELLZ¢«°1%0 %« {© YZYEY
YEZ»Y%O «¥«l” OCATZ¢e«Ol (0 «liTACE « ¢ OF ¢ £%¢
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zO1¢j T -z10°Mp

0i0 »7%EOAZCEVUIAZGE »7% ¢ «j«»2 ¥ ¢ ©°A ©¢ £72]0 ¢ A»° % 7»0«j
ANZ2e«PLA2% 7% 72 %ESYBENELLZ«l%aE£7i0 »%°%C«jafZsAE AL |V
EA»EYr« £1¢ AOEWE ¢ OEA ACATEC YEZYTE ¢° %7l ¢ @OE«Y »Y%hEREBELES
AZ% 10, 60 i YBEZEZL2YHOTAGE %iZ2NE A« © »Y%EREWBLEL£EH 10 ¢£4 £Y
»Eij«8ai iYaifV«Z YA Y%720EY (OF «1e 72 «YTE YUAZT«e Ao 30 £
Y NENYaXZCEYaAZLE 2 OAY AEYE¢ (° E72Y%AVE (OFL BENZi«AE »%%
CA»O 75O« CCATZL«O W g VLEL G © 2772« Y (OEC,OFLEY ¢ OWBEE £
A°ATCEC YEBOY% «¢ ¢°YE [ONELACEL»7«%ECZ 72« ¥ (OFEC;OFLEY ¢ ©O%E

EANEC (OFf Yunff | TLADOAVENAL £2i0 A ¢ £% 72 EVYE
7%« EC A @72 ClafElELy £ 05«1 ZCE L OF, 2T%°O©ZALf AEY%A ¢«
»1O0YOC«i»Z2¢ £ 1% 2NM°A«L G OF L£2¢£C %21 «17"% ¢°YE 2129AAEC
CACC« ' aEYEL, TELYEYs 19, OLqAACANCAEYEZYNE (° E£7%AW%E (OF »f
JZYiECPR £70© (;A>>°"1/22»©«i§°¢AﬂZ¢«°1Z 7« % ¢ £2i© £ %°¢«°l «¢ ACAT
ZIMCA AL (O OB WNBETZLE ¢OEYE »E£E%E%Y 7LiEX Aci© C«lafhEly »10Y,

10, OLY% A% CY «a oY% «1¥e 72 iE 72 «AELYAGGEVBIYiEAZY "£1E£% 7Y/
COZ19, OLEY% Y «¢ APCATEC YE» UV« YTE ¢° EZ2Y%AVE «8»7% ¢ «<ija«»2t Y
0l AL« ©¢ ¢ YE»YEVEL « ¥ J°ACEY: »%°%CC«iaEZ  AY%EYs 1oZ;
E«AEC ¢ ©72¢ ¢ O« APCATNC YE»VE[«HETA GOEL (Z%E 2% A% »HLEAOA
»0«ls£¢ ¢° 1« £ELEA»EY« £1¢ 60 O°AEALEY, ©OL£%E AE A°ATC ©OZAE «14
CELy E£7%A%EY BOY ; ©OFL »E£% 1Y 71 £°0£70°0 ;OFf 00AY ( A»0 L7 x»(
L&Y 777« % £EZiO A G £V iE T«A«t AN Z CYHE»VE[«HEALCEY Va2
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yLJ i 6FUHHQVKRW RI

KRZ H[SHULPHQW 6V RQOLQH
SODWIRUPOV LQWHUIDFH SUHYV
DXGLR XWWHUDQFHV DQG WZR
FRUUHVSRQGLQJPRGXODWHG
W\I\SRJUDSK\ FKRLFHV $ FKRLF
FRXOG RQO\EH VHOHFWHG DIV
WKH DXGLR ZDV SOD\HG DW
OHDVW RQFH 7KHWUDQVODW
WLWOHRYHU WKH DXGLR SOD\
UHDGV 6:KLFK LPDJH EHWWHU
FRUUHVSRQGV WR WKH DXGLR

COENE »72¢ (E£% 1Y% AEE »EYE«ALC

E°» ¢ E£C nZ@YC | ﬂ'-?ﬂ@ﬂﬂ}&«,El(‘,iﬂ CEV« ! AOEWELIEZ|©
BOALE »2Y ¢ «ij«»2ly Y APCATC YEEA»OYEC (OO0LE ZACO Ay s £EW%Z21iE 21¢ ¢
Y2 iEHCa U»ELE{O OCANZEC (A»° L Z»0OA YO, 0 CEY%AESG 0¥ ;O
) s OF %72 £»%°¥%°C«i0EZ  AVBEYAG £2{© OZA«  A%UECZ C«lafBhELy ¢
OCATZo«® mi £ OZA«I T« ELEC (¢ OFE ZAC«® »72% ¢ «ja»Zle ¥ A°,
AO«i© %0 (OF (A %» ¢ «O ¥ AZ% «¢ ¥ % ¢ Z2CEVAAZE LE»YBEYEL 7 ¢ «OL
AYBEBOYs 72 % i YEELY©0 %0 ( ©OF ¢ £¥%¢ -

Yo £1OA O »2Y i «i«» 2 e Y AEVE EA»OUEC (02T »°%%cYTE A»° " Yzy
00l 7 "« AELTAGEYZI{E nlho PACE C«¥aghaYAi«l0on ; OFL«Y »YhEfEaflhE
COEYE £V £ ¥%¢7¢e«¥é<iZTTA Y« 1«8i2l¢ XAIIEY Yz oY «1C«!OEYE
BOAY, "«AELO9% ¢ «°1¥ O« ¥ AYC E« OLEY% ZNT1°AAY (°%EG-LECAY, °¢,
KeY e A»° 1750« O« EYa AEVE « o A « AE ESYEYEL 76«1 %a »)
«lC«jZ¢e«Ol s @72¢ ¢OFEZ»»%°7i{© 2% 72A0°TE %O°ANCYE BEIYNESIECS

T YOUuz»t0©z3¢e-39°0Mq

O Y«l«l" (OEBOAY ¢ A»° % 7»0«j °CATZ¢«° % "ZAE A¥Y YaA»ZaYoal’y
©7¢C ¢° AT¢«»T«EC YA ¢ OF %A E Of «PUSM»FAYLOLE YES»WBEVEL «17 2
Yao PLiROVELE »%°%C«j 0EZ AYE 21¢ ( OF no A SSHLPREYL PEURIAL A3
1A Y£1/ o o 1 1+ 3, o ZKHUH SURVRGLF SDUDPHWHU
> 2 . »Z(f 2« 4 FDQEHDVVXPHG WR KDYH
Il - - N Fa Yy o . OLWWOH YDULDWLRQ FRXOGI

—~ = I E |: IEL)Z((]‘/Z((]‘ ?/4
E (I B WKLV H[SHULPHQW DV D VRUW

2%72¢0LEY% « »Y72i¢«ilN ¢E%¢ Yafi ¢« m «a £7j ORRIILROF WD B H aKH iy
CAC EE£7{©00 L OF 00 »2«Y«l % ¢OFf ¢E£%¢ AOA{ﬂé”SHF%H%fDEWL@S 53PN

) HOHQFHV'WR €H FORVH Wi
O Y, »T«Ei26«O1% O2C (O VEBOALE OF «%¥%AESEHABDEcideTe ACA
NEZ¥%¢ « »72i¢ L O°AC«ALEYYE ¢ OF »72«Y« ¥ ACATC YE
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CiY%s OUS » ¢ u% YC1 QL -"170¢0

1%, ¢£72¢°0 ; OL BPAY O« " «12 » 0% 2%BPI ZRE 12Y%Y%O°AEC (OL % ¢° ¢/
1% Ya37 -2 2«7 32N kBHEE » C1E 21Ya8 Y437 ENE AL pY 2

OU"Té %OiZiN, < FARBEGOCE %zZ» -~ AJYL %©uB AL

AEVE TEo; Aci©B+0 »Z«Yal Y

CiYe OUE» ¢ UY YCLTE - 29°0i{© £¢Z»Yal¢©

Yy ¢ OFf %u»E£ij«8-i UAYHE Ca»OQ%Z2YEY AL j©O°%UE AE0CALG ;©72¢ ¢ OF
£EV27¢E 60 %Yol («lEZ% (% %ENZe«®l%a 0 gYELALEEL £7%A%EY 0
71¢ CA%Z¢«°1 0% £7i© %UATTIZYTE ACO«TE AZTALER PO »«©21¢ 7271«
OBECKAEYLTEL 0 O T«IEZY P%YEZ¢«Ol- £ OAYY%E CAEC LY €
CAYZ¢«%l »%030C0«| BEZLAYE Y«lif «i¥ (A»° " %7»0«i °CATZ¢«1%
%0 EAO©Z¢ Yaw , « 2% EAEL «0 «LAEY%GEC-CALZ «jA«i© 271« ACEWY

AEAEBETEn; A« © 6Bl »Z2«Yal Y

CiYa OUE » ¢ u% YCLIEC T»OTpe

Y% AE ©ZC «l¢ VAMADERIZE Y221 £ AL (P %« CEBEC ©Z¢ £,°¢«°1Y

Ace© N ¢ TEAZY «Z ¢« «t G OFLE«Ya »%0%0C«i»2¢ ¢ £% 1% Ya©°ANC YE £
COEAACATNC "E1EY% 7L Y« «T2% 1°° «1" ¥U»ELE{© _ CCATZLEC ¢A»° Yz
Yo 2 iEVa Ac¢ © LEA Y% 2T 20¢C 72,97 G OF  HETAEY O1¥%«CEV«l  ZAEWZF
«AECAZDAESALDLE CAEC YO, O REZY% 7218 C% " A¥g Ag o EY%ZLiEY «2 Y04 C
»OWI%EY «¢O© ¢(O«¥s AEALEWETED; Aci© 600 »Z«Y%«l Y,

"CC¢-ClO CU»MOTUZOUE -3Z»ETL”

CEj«Va«OL AZY [ 2C0£ ©Z¢ « ¥%¢E£E72C00 EA» N« 2NN » 2% ¢ «j«»Z2ie ¥ ¢
YT£i°, Y«l26«®1¥% ALEACANC CES-1E 7L ZCEVAAZE ¢ EYag CAYZ w01 21¢
LA YEY% Ca»7«%«l™ ¥ @2¢ 2»2%¢«ju»zle ACATC °LZAE%Z"E YEZYTE
ZYEVAAAZTEY ¢« £ ©O«¥%©Z2C 7 iNEZY% C«¥ZCAZL 72 E «t ¢©2¢ 2% ¢©
u »7««l " Y »EYe » 7Y ij«»2ty CE{BEZYVEC AL ACATCLELC 2L «AE£Y
LA YEBL OO »7%h«i«»Zle¥e®iCPAEY 29 »° %Y« YTE»Z2«Y« % ¢ AZ% 1L
EALEY: 7% AE0OALC (©2¢ 20 0EY% 7% Y«A«l™ 2 000 »2«%«t % 2 A 0AYs
Yoo 2% ¢ « »O¥«l” (00 Y ET 7Y%V« OF "WBIANZY« e A s OF EA»EY

O«¥% AZ¥»TZ211EC Y0, G OLE Y 2% e 2% 210 M« ¢ EY¢ 1%« CEYVral”
«»Z oY AEBE 7 291 ., £ ¢% YAL Z2iT«i ZAZA0%° 72YZ721¢01«l”  ©OF ¢ £°
AECES-1E£C ©2¢ 7 7°°°C ¢ E£E¥%¢ CA%Zi «PLACANC YE «1 ;OFL 71 "EYELALES
71¢ 00 ,« A EY ©O«¥% |Z2,£0%°, 2»%°: % A»E ALY %«1%0 ; ©OF ¢(£%¢ A
Af 0PALC B0 »Z2«Yul” YofE7¥OLZYTA j© a0 Z2YTE ¢°%72 ma«o AE C«¥jCA
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EAEVaYac AETA- (O %EVBAZL«AE + «TAGEYBOY (£ «1 ¥ Yo Aje «0lY,
0+ =301%°oATcBO EOLCYa»ELY |0 »72%«¥l AO«iO© YEE £CZ2CEVLAZGE

£CcACEC (OFLE 000 »Z2«Y%h«l " % «l (AOYZ2¢iOFLEYs °W% (OFE §-Y%¥¢ »2%
ZAOOTE APANCAC £ OL BO »Z2« Y« ¥ " BIWAH7¢E£C YO ;OL £EAY%Zi¢E
0% s OF %E[°C »«¢i©AZYUANEC «{E££72i0 ¢£%¢ ©2¢°1TA GO %O°ALE
»21/2(-,«i«»21<; ACATCOLTAYE£A»°%EC (202 00 2T »°%%c«YTE »Z«lh

iCALs £ 00Ys » 7% ¢ «j«» 2l YW «lag«ZT«lE»i«¢ ACEZLC £EAELLAZY

OLGA ¢ OFf {O°«iE£°0 »2«¥h«l " % YA, ZT%° OLE«HLBEEY, AELE ¥71¢° «A:
ZYEA GEYa Y2V EC

OF ¢E£¥%¢ «¢YaEn (P15 ABWERLELQDER RzxHLd- 72 AEDFRMELR YT P H-O
1.1/0 A 01 '0?/ ££.© G’QA “-g %%? % £IUDPHZRUN LWV VRXUFH FRGF
«ls%BOCA ¢ « te 4 » io_, qze i;(]:» & G %» S bfiERH UG D 3DW
6«1 6-72 A«CECLOCA OF ¢ £¥%¢ ACATC ACYs” pih- 21 «100%% £¢ jOLIED
oY%, ,0-2%« »TECE °"Y%ZiI»0«ju®Ve 2% «1" 7iZ¢Efq i FRWaddotd%krE Hiu
EAOD OFE »72% ¢ «ju»zly 1°1£°00 AQ«j© AEfYsEf YWEDYUQASURMRE L F FHOOW XDH ¥azH
CEVae «oYaEa ZYDYVadOR AL W8 «TAYLO® «1” 50O 1/20A1¢@/ PRYRHWHEIDV,WASRIUDSKL
0" 1/ © 1/ 1 3/ 1/ 1 37 A£1/£ © GXODWLRQV EXW UDWJ(lHU
» 2Z2»0«ij»Z«ax 4 »Z2YV2 i «j«»? A 2 E ¢ ZDQI?FFRXQ\%V?!ID% » g%/\;,
iCATCo» ¢« ZNTA%ELC AV (O, £1¢ 4°1A©«|©£Av£é4éwawm§(m@ﬁAFAzl

AO«i© T« £ OFL %EY¢ °n ¢©£ CEV¢ AEYE 7101l KURMIK WISRIUDSK ZKLFK
ZH ZURWH KDG HFKRHV LQ D
FRPPRQ H[SUHVVLYH UHVRXUF

01/, 3 o
¢ /4 » XVHG LQ FRPLF ERRN OHWWHU

2% e «i«» 2 e AEVE BLE [ VLAEET G OBOA O E 72« « A2« ¥ YELE ¢
CEL Y «lOPAY CE»ZYa¢ £1¢ 210 « A« 726« % »°%gE£C0 Acgoflh 1 40©:
«K»Z iV ©Z2¢ O »NECEC COF ¢£%¢ 08 AEVBEOE 79£ +0e 27£ BOALC
O72¢YZiOLET° % CE VELV YL O« OFLEYs L E£% %°a72"f£ 00 AEWBE YELAES
00 AEZY% Y 0 YELAEELELDO+ 21¢C B0 AELEZY%Ys 00 YELAEEL DO 2¢O AEZY
+e©7C B0°% WBEALEZYs O«Y¢A A »iY%i«i«»2le ¥ Y% £¢C ,OF ¢
,°¢Aﬂ2¢«°13/4"£1£1/22¢',£¢ A((C',@,Z L« ACE 21C 00 »2% ¢ «jw»2ly ¥ Y%zl £
"EL1EY% T EC A © »«gi©

©F£ 06 B00 (%, »2%«¥% 1% AL E£7%A%EC " ZAEAY ¢ OF 71 «1” %O°AL «!
YIE OFf ©OZAL C«A«CEC «¢ «t g AP "HOA»Y, OLE n0h £7i0© °a (OF A »%°Y
BEZ7 AVBEY 7i0 Y%BOA «AEVaAY (OF Y71 «1 0% £7{0O £ %°¢ «° A« © »;
2 EY% %0 »Y%EOEWBELEROL EZ{O (A»° 72O« ,PCANZ¢i«°t HOOAL «L E£7C
O£ 0072¢ £72i0 (£ %O°AY ¢ OF ,YOALCEC-»EW%EL 72 E°0 s« £% ¢©7¢
6OZ¢ W»Ei«8ai ¢ A»° Y%h7»0«i °CATZ¢«tAZ% %O©CALZ 72« % 21A %0 ¢
COWBEE °PCATZ¢« ¥ «¢ AZ¥% (O°NELYA»Z2Yi«i«»2le ¥

«LiEEZiOE %« L Z»»E£E7% Y% ¢ A«iE PLiE£E B £7{0 £EA¢Y%Zi¢EC »%0%0
0fE7¢AV%E AL O« O« ©eEC «IYTAELE (OUE (£1T1% ¢ ©Z¢ »0«ly (0 ¢ O©F C
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5DQNLQJV IRUPDJQLWXGHDV UHSUHVHQWHG SURVRGLFEEGBWXBI®DUWLFLSDQWV0 SU

HPRWLRQ IRQW ZHLIJIKWHWWHU ZLGWKODQW EDVHOLQHVK|:|IL{/\|/_1QF|_|UDQNLQJVIRUHDFK

SURVRGLF IHDWXUH HDFK RI
DQJHU WKH VXE WDEOHV SHU HPRWI
KDSSLQHVYV HDFK URZ DQG SHU W\SR
QHXWUDO _ JUDSKLF PRGXODWLRQ HDFK

VDGQHVV FROXPQ *UD\ WLQWHG FHOO

VXUSULVH_ GLFDWH WKH KLJKHVW SHUIRU

5DQNLQJVIRUSLWFKDV UHSUHVHQWHG SURVRGLF IWNDB/RIUBSKLF PRGXODWLRQ IR

HPRWLRQ IRQW ZHLJKWHWWHU ZLGWKODQW EDVHOLQHVKWIWWHPRWLRQDQGSURVRGL

IHDWXUH ,I WKH FHOO LV LQ E.
poinu [

WKDW W\SRJUDSKLF PRGXODW
KDSSLQHVYV _ KDV WKH KLJKHVW SHUIRUPDQ
QHXWUDO I IRUWKDW HPRWLRQ FRQVLGH!

VDGQHVV ERWK SURVRGLF IHDWXUHYV
VXUSULVH

»EY%EOYs 71 O N« CEV«l  ZNNALCEYBIYIES YE»YBEYEL «1" 7 "«AELE
«l¥%¢ZYiE 1T E“WYs «¢iOWYalUe »£%0°% 71 E «%U YTAEVYE[ZAWE «¢ «¥
L"EWYs 27l ACEWY4 U0 O »UEREWELIEAZYL O« O« ©f£C n°Y% ; OF
CEVZLIE "ELEY 7 EC A« © 27« ACE  All«l” « ¥ C«¥g%a YA« 4 O
©« _YEFAEZ» AZTALECn OWBE;O©210 0+ «1C«j2¢&M" % 07 « &% 21% ALY
«1C«¥e «t"AcHOZYTE RO, Y%71¢° (O« £V

%o 707168°L, AL« ©¢ 2 C YZHET«IE OQ«uy AEYE ¢ OFf ¢ A»° % 7»0«
ANZ¢«® % Aci© OE YEYe CAEY%ZN T »E% Y 21 £% °1y Af« ©¢ jZ»¢
LXi«» 2L YaW » VLEREBEL £ uY s OFf UAYVe» Yo« %f 21¢ 21 £ £ %6 «°1% A
VEY»Ei ¢ «AETA (OFE 7"« ACEZIC »« O »%°¥%°C«jufZ¢ ALEYs Z%E
(2 £EOAL L% 00 ©7»»« EYaz2iC %Z2CEYYs «1 YO, 0 [2%EY YoE»YEY,
»«ei© TZl¢ ACL " E£1E£UL 70 »EREBLELIECL{E AOLEY «¢ AZY AY4EC (0 E»Y
2L ACE «t G OELEAWBZT E O¢ «Ot

TpHeO©°» ¢ AYC»¥#CCpuC T»Ou°Z | - 21»© ©-Zu»°M -1¢CE£¢L

«e© (OFLE %71 «l" ¥ «i AZ¥%»°%Y«YTE (°  E2YAY%E «u»72Y% ¢ «ja»Zly Y
AEWE (° %« £y AORY [HQEALT TETANE, A»° 1L 7»O«i °CA
N12¢6«®13 YoEY»01C (02 Wf 210« «leE£Yoan»lhE 7 «®1%n »%03,0¢A

£¢ A% %1%« CEY, 0% «1%¢ 21 ©CAnCly A£« " ©¢ %2V EC 2% 72 Y%E»Y
L«O10n 7T« ACE (77«17 «1 g OHYPEN LV EA ADEAA 17
YE» 2% 7¢ETA ¥ 21" %A ©Z»»A LEAYZY %z2¢ 721¢ %AV »Y%«HECE °f
ZYiEVa AEVLE YEY»Ej«AETA a6 66 00 +0 Z1C GUe °% (OFf %
VaELo£LiEZ21C %2, ££ . °0«° % YA A%«l 0%l AL« ©¢ (O YBE»YEVELE
©2C »£% 0% 71i£%°0 YEN»E|,«AETA Gbe 60 +0s 006 21C UG-
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e © (EPRZICUENCELIE 21 EVaWH »7¢ £%1°0 Q« © »YEREWKELE 0O B
A« ©¢ «¥aYEEZ¢EC YA Ao AZTTAC«HZn»E72% % a%Vh s ©OFf uAYa»Y
Z2»£%a%% 71iE£%a (0, 72 '« ACE-@BLALBYO,HLCp - « L
AE"E¢ +0,, 2" ¢ ACE-71¢ 200 ,»«¢|O-

O« «Li%1l%« Y ELiAYVE»EZ Y« YETO «2; QLY YfL £LiEYs 1 .0OF
Vfle£LiEY 0% «1¥%¢ 720 AOELA¥N«Y YZUEN«IE %O«ay 2% »Y%O°A«EY,
EVELIEY AZY%«EC a0 g0 %00

©O«¥ (2N19% 0°Y BLENZ,«l” (OEVE »£%00Ys 71iE£%10; L1EENYZY«TA ¢
Y»0lC«l” £ %« YA « ¥eEZC (O£72i0 YBE®WBC«" WY ¥U»Ej«8aj»l
CEVYYy EVECAELERWAYLE »«i© YA «1¥%¢£72¢°0 s OF C«fje AZTAEY
% &° . EZVaAVE 771« i ACEAE »YVBEQEY Y ECACERLE ¢ Yo "«AEL YA
Y 71C% 00 7 Yaxn i VORP, 82 % F°AC Ay ¢ £17 #PPRR WF@ME’K“ZH“KH
ZAKCEY unEio %z %217 E :©217 VaA«E £V OLE zngQQ(DFééigU%ng L%%L\gvg %04
AZTAEY AO«i© j° £ A« ©°A ¢ £/ FOFABEE Yo, «® L Wi B 3 vy
CAEELYC O AZTALES « % (2% ETAALi©Z21"E¢ YA 00 «13%¢21iEf [©217£3
Y£¢A££1¢©£3/4»£2'£1/221¢(;©£,<<11/2°>>©°1£ 27«1« 2 OV E YEYa««E

5

¢ 4 « 2« i©z a <l g 2£ %20« A « Vs ¢
©28 AOEL! [°1%«CEY%« [OZ1 £% «1 ( OFL LEO%C«l” £E1A YO £1

yLJ i +RZHDFK VHQ
WHQFHOV DYH @I DH X H
PDSSHG DJDLQVW IRQW ZHLJK
SHUIRUPDQFH ZKHQ XVHG WR
UHSUHVHQW SLWFK

L« POABRE BENZLEEZiO AL L EVENEWVEZAEWELE
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OF (9 %« ¥ ELiA%a  OFL eEVATN Y «lC«i2¢EC (©Z¢ «¢ «Ya«lCEEC »TZ/
Yo VoAi¢ ZH»ELEiO©  PCANZiEC (A»° " U7Z»0OA °CET ¢©7¢ «L¢ A «AETA
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3 78 A3 AT L 1 3, £1; 5 661 0 5 KRR YDV MEDROG
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3/41121(,<<374»1T2A3/4«VﬂA¢',©£ﬂ£2%¢£A»1/2£3/43/4«A£°»¢«°1°0¢©£0°A1/2

ZCEVIAZGE ©OC«jE nOlh 7 010;010A3, ;01£ 0 AO« £

yLJ i 7KH IRXU W\SRJUDSKLF
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«l"% 00 »1030C0«j BEZ ABEYsZ1C A»° Y750« OCATZ «°1% Y»fij«§-
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CEZTNA«e© Af¢« _T«lf oEAe ZY1EE£CEC BOY 7 PA«l™ « Z"£(°L¢EA¢
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Ly B EAOAY I AEY Y« i o0 OAY 2 %% ©, AE©Z2¢ 10, Z7C£ (O«¥ ¢«
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0g j013,40171, 790 %°ALCY E£EL£AELEL AZTTA%EZT«AEC ;©2¢ YACLTAEALY
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T1°i29 »% %% C«j CALZ «i¥0«i¥«, £C«Z¢ETA %UAY%YBOALC«L ATTZY

¢ APCATC Z29%° « 19 E O°A «1¥U»EELE{© £7i0 »%¥%C«jofZiAVE «¥ 10
i ECAEC «1CEELCEL  TA L0 O1L£ 710, ©F£HL YA %Z7Zi0£Y% «l ¢ OFf«ls YLE
O, OEY% «1 72 "«AELA¢EVZYIE YO¥OCA 7% ¥t nfE%EL; TEALETY O Y]

€ COLEY (OY%OA O (OE C!afVELiENUYELALEEL « o Y AZTAEY « £72]0 %A



&DOX¥ GH/DFHUGD 3DWDFD 3DXOD 'RUQKRIHU 3DUR &RVWD

071 i ©%OA © ¢ OLE« Y 2YYOTACE AZTAEY OB EAZ »TE (OFL %z £ %A
<O Vo E T RWHRE LA E , ETA YO £l i CAMMLYE» £V E«<AEC 2
«l719«%A £1A«YO £1; AOEWE 2N «¢ ¥ %A% Y%OALC«L" UANTZYNEY 2ZY
T°AC %°%°C«| £I0E (¢ 2%E cOAY»EYEAEC 2% ¢ ©OF [°L¢ % 72%¢ 21C «
EZVAVEY 272« Y (OFL "ELEVITYZi C%o» %0 s ©OFf Ay o £EY%ZLE

10; OfLY% A°Y%CYs AL O©Z2¢C ¢°8-1¢C2AZA 0% AZTAEY (O YoE¥ -£i¢ 10¢ 019
KL E1H« o AYV%ENZo«AE 60 ¢ ©OFf AOCTE ZAC«® 2% ¢ OEA C«t »YHLEACAYTA
COEA»Z7«WEC 2772« ¢ ¢OFLE«Yo«, £C«Z2¢E1E« OY°Y%Y O« E{OEY ¢ C
2%YBDBOEY | Yo« YEH 00Y% ¢« YhOA¢ O, 2 2TA%«Y <« ¥U»ELE{© Ay ¢ £Y%:
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