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Nazev bakalarské prace:

Expertni systém pro uréovani dominantni projevované emoce z hlasu

Nazev bakalarské prace anglicky:

Expert System for Determining the Dominant Expressed Emotion from the Voice

Pokyny pro vypracovani:

Cilem prace je navrh expertniho systému pro identifikaci dominantni projevované emoce z hlasu mluvéiho. Navrzeny
systém bude schopen urcovat pfislusnost hlasem projevované emoce k jedné ze Sesti sledovanych kategorii vychazejicich
z teorie zakladnich emoci [4] a vyuzivanych v sou€asnych validovanych datasetech. V ramci prace bude dale simulaci
otestovana presnost systému pfi analyze hlasu z VHF/UHF vysilacek.

Student v rdmci prace analyzuje a pouzije dostupné relevantni validované datasety (EmoDB, RAVDESS, CREMA-D) a
metody pro hodnoceni hlasu. Vybranou metodu nasledné implementuje a na zakladé experiment(i navrhne jeji parametry
pro klasifikaci. Student otestuje pfesnost systému pro jiné slovni fraze nez ty, které byly soucasti trénovaci a validacni
mnoziny.

Hlavni ukoly:

1) Analyzujte dostupné validované datasety EmoDB, RAVDESS a CREMA-D.

2) Navrhnéte metodu analyzy hlasu vcetné jeji architektury, augmentace dat a pripadné extrakce pfiznaku.

3) Na zakladé experimentl navrhnéte parametry vytvofreného systému a srovnejte jeho pfesnost s jinymi state-of-art
feSenimi.

4) Otestujte a zhodnotte pfesnost systému pro jiné slovni fraze nez ty, které jsou soucasti trénovaci a validaéni mnoziny.
5) Simulaci omezenim frekvenéniho pasma a pfidanim umeélého Sumu otestujte a zhodnotte presnost systému pfi analyze
hlasu z VHF/UHF vysilacek.

6) V jazyce Python implementujte aplikaci pro demonstraci navrzeného systému.
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Kapitola 2
Metody FeSeni rozpoznavani emoci z hlasu
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I 2.1 Metoda podpiirnych vektori
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"2FmM 2MiMQ p bipv- Fi2 € /QF€°2 pv?H2/ i XxT +Qp i Xx€EpBbHQbLIB p/
PpVvbFvimDQ /HQmM?Q/Q#y p i b2X GahJ bQiy biQDQ x p2HFWK 9bTy+7
iB+FO?Q TU2FH /m i2tim M2#Q p Q#H biRFuU2pQ/m u2iB M i2tiX (
EQMPQHMIMQ M2m QMQpl bQiy Db QX\Q PT2OMB bAFimh L2QH MEQRF Q @
FETQM QT FXT" +Qp i HQFEHMQ FQMi2ti- Fi2'w b2 pvbFvimD2 p2 pbi
pPXQ Fm-D FQDbQmM TUQFH /pxQ vp Q# €xFmX aQ# T +mD2 TQm>
/| iv- M2/QF€°2 XxT" +Qp i b2Fp2M+2 @ bi "€/ i -Fi2’ € T"QH bQiQ M2
/| i- Fi2>€ TuB H MQpy M D2DQ pbimTX EQMpPpQHMIMQ bQiy /Qb€?Hv
bi'QDQp0?Q pB/yMQ-D FQ D2 /2i2F+2 Q#D2Fii M2#RjR2DB+? FH bB}

mMiQuUB IHEMIF@{2/HB 2tT2 ' BK2Mivb /i b2i2Ka 011 B M M2m QMQ,
SUB i2biQp€EMQ 2Fm 2MiMQ M2m QMQpl bQiy /Qb€?HB Tu2bMQbiB
HmIiMQ M2m QMQpl bQiy p F /Qb€?HB Ti2bMQbiB§ Mmp&IQIm ~ 3j-e
MiQUB TuB TQM™BiQ 2Fm 2MiMQ M2m QMQpd bQiy Tu2bMQbi "~ eN
RYy " NyWM miQ bFOGK /i b2imp2 T MyHbFOK D xv+2X
wmp2/2Mw+? IHEMFi- Fi2 G b"QpM€p DQ D2/MQiHBpO K2iQ/v FH bE
M2DH2T Q+? pwbH2/Fi /Qb ?mDQ T €py M2m QMQpl bQiyX _Qx/QH ¢
iQK "2Fm 2MiMQ bQiy TQmM "BiQK FQMpPQHMIMQ bQiy D2 KBMBKEHM
x/€-"2 FQMPQHMIMQ bQiy /Qb ?mDQ KQ My H2T Q+? pwbH2/FiX S C
bimTm xpQHBH K2iQ/m FQMpPQHMIMQ+?2 M2m QMQpw+? bQiQ- Fi2 0 /
F TBiQH2X
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L2m " QMQp€ bQ# D2 KQ/2H bHQ"2Mw x MyFQHBF px€D2KMy FQKT iB
T'QTQD2M0 x b2#QmX hviQ p bipv Ki"2K2 bFH€/ i x b2#2 Q#/Q#MY- [
piFQbiFVvG1l: XE "/€xiy+?2iQ p ' bi2pi> Mb7Q KmD2/i M bKvbHmMTI
i +B/ iX IQK ?2HQmM#YyDB TQxQ mD2K2 /i p bQiB-iQK pQ+2 b2 HB Q ¢
iQK pQ+2 BM7Q ' KmDQ Q pwbhH2/Fm- "2bTX (i2 2MQ / MO 9HQ?vX

L Q# €xpPmKi"2K2 pB/yi KQ/2H M2m QMQpl bQiy- Fi2 € b2 bFHE/€
L pbimTm KQ/2Hm D2 Q# €x2F- M Fi2 0K D2 M Th M€ iQbHB+2 9X
Q# €x2F xT° +mD2X . i - Fi2 € x p bipv pvbimTmDQ DbQm DBbiwK x
BM7Q K +2- Fi2 0 M2DbQm /iH2"BiG T°'Q FQM2IiMG "QxTQXxME€MQ iQb!
Q# €XFmX EQMF OiMy M 2T 2x2Mi +B / i- Fi2 € pvbimTmDQ x T pN\
b2 x/i° xMBHvV M TUQFH / 2?2 Mv iQbHB+2 9X hiQ /i T°QD/Qm /Q M€
_2T°2x2Mi +2 TQbH2/MQ {ip id p bipvm " D2TQ" /Qp Mw pwbH2/2FX S
pwbhimTm Ry T"QKYyMMw+?- D2DB+?" FiBp +2 xM IQ IQbHB+B- Fi2 € #
D2 xM€xQ 'MyM FiBp +2 m 9- +Q" xM iQ- "2 bQ# bT €pMy "QxTQxM
Q# €xFmX
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bQiQ- Fi2 0 xT  +Qp€p DQ /QHIQ BM7Q K +2X aQH M2m QMQpw+? b
iy+?2iQ M2m QMiX JMQ?0 TQmM"Qp MO T'BM+BTv p bQiQ+? Hx2 H2 pv
M2m QMmX



JQiIBp +Q T'Q pvipQi2MQ K i2K iB+F0?Q KQ/2HmMm M2m QMm #vH M
;B+FWM2m QMX hviQ M2m " QMv ipQUQ M2 pQpQmbQmbi pm M TuX b
M2m QM pvT /€- D2 IXKQ#FEEFSM b2 x2 ii2+?2 ?H pMQ+? [€biQ @ /2M/ |
tQMmX
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S'Q pvipQiUi2MQ K i2K iB+F0?Q KQ/2Hm M2m QMm DbQm /iH2"Bild M
.2/"Biv DbQm bTQD2Mv ixpX bvM Th2KB b Qbi iMQKB M2m QMvX aF"
[2M/"Biv D2 bp€/yM /Q iyH M2m QMmX o iyH2 M2m " QMm b2 M +?€x(
pv?2Q/MQiQ TuQ+?2QxQ BM7Q K +2X ov?Q/MQ+2MQ Q/TQpQ/€ DBbi
FiBp +2 b2 T F QUQbF ' x2 tQM/Q/ H Q+? M2m QMiX

SUB TQ?H2/m M D2/2M M2m QM Hx2 i2/v TQp "Qp i/2M/"Biv x phbin
KiB+FQm 7mMF+BX tQM2K b2 QUQ pwbH2/2F K i2K iB+FO 7TmMF+2
Fi22a DbQm M TQD2MVv M tQMEHMQ x FQMIi2MQX

L Q# €xjKXnb2 M +?2€xQ b+?0K K i2K iB+F0?Q KQ/2Hm M2m QMmX h
P2FiQ m pbimTi UM2#Q i FO pbidXT M Q/Mm? XTily@MIPpiYimTi D2 pvME€bQ#2
TUQbHM MQ@X p€?2QMiBbmxmDQ pbimTiK "ixMQm /iH2"BiQbiX SQFmM/ M
M2MQ /iIH2"BiwT Q Qx?Q/QpEMQ M2m QMmM-T FD2p€? iQ?QiQ pbim
0€°2M0 pbimTv DbQm T F b2ii2MvX owbH2/2F bmKv T F|bimTmD2 /QC
>Q/MQiv FiBp IMQ 7TmMF+2 Q/TQpQ/ DQ FiBp +B/ MIA® M2m QMm-
h2M T F Ki"2 #wi TU2/€M/Q/ H Q p bipv M2m QMQpl bQiyX
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S " K2i"2K-Fi2wKM2m QMQpQm bQ# miQK2-DbQm T €py xKQMy M
i OMQPEMQ bQiy D2 M DQii FQpQm FQK#BM +B p 2+?p ?-Fi2 € MEK |
T 2/BF+BX #v+?QK KQ?HB KyuBi Fp HBim pwbH2/Fm- Fi2 " wD2 M pw
X plbiixpX xi’€iQpQm 7mMF+B UHQbb 7mM+iBQMVX obimT2K xi €iQp
MQpla bQiy TQ™ /IQp Mw pwbH2/2F-Fi2 wTQbQiB +?+2K2X owbimT2K
bF|"2-Fi2 0 "2T°2x2MimD2-D FKQ+ D2 T 2/BF+2 px/€H2M Q/ bT €pN
wi €iQpl bF|"2 bB i FO Ki"2K2 Tu2/bi pBi D FQ DBbiQm T2M HBx +B |
UTIiMQmMV T 2/BF+BX SQFmM/ xKyMQK?2 p€?v- m/yHEK2 MQpQm T 2/B
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bQiy- Ki"2K2 "Qx?Q/MQmi Q iQK- x/ xKyM p ? #vH T QbTYy M€X C20@
M2~ Tu2/ xKYyMQm p ?-i FpwbH2/FvbQiyDbQm ?Q" Q- T QiQD2?Q"
p ?X

C FKBH2 KEK2 M pbimTmbQiy MyD FE€/ i -i FD2xT" +mD2T pMQ p
pwbH2/Fv/ H Qp bipy- i/XL FQM+B bQiy KEK2 pvipQu2MQm T 2/BF-
Xi ' €imbQiyX SUBIiQKIiQ T Q+2bm T Q+?2€XxQ pbimTMQ /i +2HQmM bQiC
T QT ; +2X SUB /QTuU2/M0O T QT ; +B bB mMFHE/€K2 pwTQIi2iMQ ;> 7 K |
M/ /ivT QbimTmDQ+QKB bQiQX

S'QiIQ"2 xi €iQpE€ TMMF+2 M #wp€ TQmMx2 M2Xx€TQ Mw+? ?2Q/MQi- M
M2DH2T Q M i ' OMQpPEMQ bQiyX S'QiQ Hx2 M i"OMQpPEMQ bQiy TQ?!
T Q#HOK- F/v ?H2/€K2 KBMBKmMK xi €iQpld TmMF+2X #v+?2QK #VvHB b
i F- #v+?QK /Qb€?HB K2M Q xi €iv- KmbQK2 bTQIiQi i ;> /IB2Mi xi €i
M2Dpyi Q?Q “ibimVX S'Q+2bm pwTQIlim ;> /B2Mim b2 UQF€ xTyiM€ -
iQK- "2 D/2K2 p QT IMGK bKy™'m pwTQIi2iMQ?Q ;> 7m @ p2 bKy'm Q/
M2m QMiK D2DB+? p ?€KX SUBTQbimTmpwTQI2iMQK ;> 72K bTQIiQi
mxHmM pwTQIi2iMQ?Q ;> 7mX hQK xQbF€K2 ;> /B2Mi xi ' €iQpld 7TmMF+2
p ?€+? pbQiBX

C2HBFQ" M2m ' QMQp0 bQiy KQ?Qm KQi KBHBQMvV T ~ K2i'i-i F M I
Xi €iQp0 bQiy D2 T> FiB+Fv M2KQ"M0OX S'QiQ b2 M x [€iFm i 'GMQpE€I
+B HBxmDQ p€?v ME€E?Q/MyX LEDH2/MYy b2 T ' Qp2/2 /IQTuU2/M€ XxTVyiM
iBK HBXx€iQ U H;Q ' BiKmb KYyMQ+Q p€?vV xKYyMQ TUQbHMmM My p€?v i
p QT IMOK bKy ™ m ;> /B2MimX hQKiQ F'QF2K b2 TiB#HQ QK2 F MyD
iBKmpT ' QbiQ mp ?X SQi0 T°Qp2/2K2/ H QBi2° +Bmi2MQ @ M [i2M
T°QT ; +2- i/X

L Q# €XKM®2 b+?20K pw 2TQTb Mw+?2 T Q+2biX . QM2m QMQpl bQiy
pbimTmDQ /i -Fi2 "€ DBKBT QD/QmX owbimT2K x TQbH2/MQ p bipv I
T 2/BF+2 pbiQmTQ /Q xi €iQpd 7TmMF+2 bTQH2IMy b2 bFmi2iMwK +QF
P E€iQ xi€iQpd bF!"2X wTyiMQm T QT ; +Q b2 bTQIQi€ ;> /B2Mi QT
"Qx?Q/M2-D F xKyMBi p€?vX
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M ?€pFvb MQi +Q- QD FQm 2KQ+B b2 D2/M€X SH iQ x€b / - "2 b2
bQiy M2QpyumD2 M i"GMQp +Q+?/ i2+?X aQ# D2 b+?QTM€ bB K2KQ " (
F/Iv#v /Q HQ Fi2biQpEMQ bQiy M i"GMQp +Q+?/ i2+?-Tu2bMQbi bQiy
M2~ TUi2bMQbi M [/ i2+?- x2 Fi2 w+? b2 M2miBH X S°QiQ +2HQm KMC
"Qx/YHQK2 M iGMQp +Q p HB/ IMQ/ i b2iXL x€FH /yi"GMQp +Q?Q
bpl p€?v TQKQ+Qp HB/ IMQ?Q/ i b2imKi"2K2 Qi2biQp i Ti2bMQbib
"Qx/YHBi p TQKY m 3y, ky p2 T'QbTy+? i'GMQp +Q?Q /i b2imX

S’QiQ°2 H2Bi"GMQp +Q/ i b2i Q#b ?mD2 Q# QpbFi KMQ bipQ / i-
/Q QT2 IMQ T KyiBX S'QiQ b2 bQ# i"GMmD2 TQ K Hw+? /EpF€+? U/
/' i T FQ#b ?mD2 MYyFQHBF /2bQi2F ~biQp2F D2/MQiHBpw+? pxQ Fi
M p2HBFQbiB D2/MQiHBp(i?Q pxQ ' Fm p2HBFQbiB QT2 iIMQ T KVyiB
h"GMQp +Q # i+?2 xQbF€K2i F-"2 ME?Q/My x KQ+?€EK2 i"OMQp +Q / i
M D2/MQiHBpO # i+?2X h"OMQpPEMQ bQiy T'Q#Q?€ TQ D2/MQiHBpw+
Q/TQpQ/€ KQ/B}F +B p ? T'QF "/Qm x /IQbimTMw+? /[€p2FX 1TQ+? C
XT +Qp€EMQ p 2+?2 /QbimTMw+? i 'OMQp +Q+? / iX
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FiBp IMQ 7TmMF+2 DbQm p K i2K iB+FOK KQ/2Hm M2m QMm /iH2 "Bil
TQI2iMQ?2Q ;> 7m M2HBM2 "BimX E/v#v+?QK KYyHB pwTQIi2iMQ ;> 7 b
M2€ MQ+? QT2 +Q UHBM2€ MQ+? FQK#BM +Q p2FiQ mp ? b p2FiQ"
KQ?H M miBi TQmx2 HBM2€ ' MQ i° Mb7Q K +2 pbimTMQ+? / iX S Qb
D2 p FTUQHB K Hw T'QiB T°QbiQ m p 2+? KQ"Mw+? i° Mb7Q K +Q
X pE/QK2 FiBp IMQ 7TmMF+B- Fi2 € D2 M2HBM2€ MQX

FiBp IMQ 7TmMF+2 K DQ “ixM@ pH biMQbiB- MyFi2 0 b2 TQm "Qp DQ
P bipE+? bQiy-DBMOb2TQm " Qp DQ p2 pwbimTMQ p bipyX L2DIi biyDE
DbQm TQTbEMv p MEDH2/ mMDQ+QK b2xM Km,
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GBM2€ MQ FiBp IMQ7mMF+2 b2 TQm " QpE TQmMx2 p2 pwhimTMQ p

“2:°2bMQ+? 9HQ?- F/v pwbimT2K D2 MyD FO TQ" /Qp MO IQbHQ @

pBiQbiBX C2DQ M2pw?Q/ D2- "2 /2'Bp +2 HBM2€ MQ TmMF+2 D2 F

FiBp IMQ 7mMF+Q i2/v M2xKyMQ ;> /B2Mi xi €iQpli 7TmMF+2- T QiQ |

pH biMQbiBM Q M2m QMQpl bQiyX
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aB:KQB/ b2 D FQ FiBp IMQ 7TmMF+2 TOM "Qp€ #y"My m M2m QMi
FIv: 02 QK2 #BM€ "MQ FH bB}F +B UTUBUO x2MQ F D2/MQ x2 /pQm il
b2 TQ?v#mDQ K2xBy R-+Q" 2T ' 2x2MimD2 T p/yTQ/Q#MQbi- "2 ¢
/ MOiUQ/vX SUBTQM "BiQ bB;KQB/VKi"2pxMBFMQmi T Q#HOK KBx21
/IQbi M2K2 /QF DMQ Q#H biBbB;KQB/v-T Fb2 QFQHQ ?Q/MQi bB;k
FQMbi iMQ 7TmMF+2 D2DQ /2°Bp +2 b2 #HQ"Q F MmMH2X SiUB xTyiMi
MMHQPE€ /2°Bp +2 xTibQ#Q- "2 b2 B ;” /B2Mi xi €iQpd TmMF+2 #m/zZ
T'QiQ TU2bi€peE miBiX
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aQ7iK t D2 xQ#2+MyM€ bB;KQB/ /Q pQ+2 /IBK2MxQX SQmM " Qp€ b2
FH bB}F +B/QD2/MUXxpQ+2 M2 /pQmiluQ/XoTQbH2/MQ p bipyD2T
KEK2i0Q/XowbimTF “/0?2Q M2m QMM X TQbH2/MQ p bipv 2T 2x2Mi
"2 pbimTMQ /i T iluQ T €py F/ MO iuQ/yX aQmi2i FiBp +Q p 2+2 |
p bipvb2bQ7iK t2K D2 RX C2 DBbiQi - "2 pbimTMQ /i T itQ /Q D2/

aQ7iK tT'QB@iQmiiQ/m x L pvTQIQi€K2 TQ/H2 MEDH2/mMDQ+Q?
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h M;2Mb 2vT2 #QHB+Fw b2 TQm"Qp€ Q#/Q#My D FQ bB:KQB/ X ow

TMMF+2 D2- "2 pbimTMQ /i p QFQHQ Y X? m# x +?2Qp€EX L QT F pQ
/'t MK TmD2/Q QFQHQ @R M2#Q RX
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_2Gl x M;HB+F0?Q _2+iB}2/ GBM2 " IMBi D21 biQ TQm "Qp M€ F
bF viw+? p bip€+? M2m QMQp0 bQiyX ow?Q/ QT QiBi M;2Miy D2 p
TMMF+2X ST Q FH /MO pbimTMQ ?Q/MQivD2 7TmMF+2 HBM2€ MQ b
H2 TQFmM//Q FiBp IMQ7mMF+2pbiQmTQ M2FH /M€ ?2Q/MQi -T FD
M2m " QMm MmHQpwX h FQpwiQ M2m QM b2 p bQiB +?Qp€ D FQ K ip
D2HBFQ" /2'Bp +2 p M2FH /MG i€biB _2GI D2 MmHQPpP£€X
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G2 Fv_2GID2Q#/Q# _2GIl- H2?2Q/MQivp M2FH /MG i€biBDbQm p\
FQ2}+B2Mi2KX .QFV iQKm K€ 7TmMF+2 TQ/Q#MQa pH biMQbiB D FQ _
pvi2 2M T Q#HOK b pvKQ €MQK M2m QMiX
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TOM Qp Mw+? xi €iQpw+? 7TmMF+QX
Bi%l —¢cOA61; aad0alB m
J1D2bit2/MQ #bQHMIMQ +?v# UGR xi €i VX STiKy"M€ #bQH
TOQM "QpeE T ' Q "2;°2bMQ 9HQ?vX J 1 T°Q FH bB}F +B /Q L iiQ/ D2 /:
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“E/2( D2 MQiQp M€ ?Q/MQiKPD MM ZhBF +2 X
Bi% Il ]a0%aje aa04aI1B] m

C2i FO XMEKE TQ/ ME€xp2K bit2/MQ Fp /" iB+F€ +?2v# UGK xi €i
bi2DMy D FQ J 1- H2 QT QiB MQ D2 p2HKB +BiHBpE M QmiHB2"
TQ" /Qp MO ituQ/vQ/ T 2/BF+2X W€ Qp28D2JalKiMypwTQi2iMy M
Jal D2 /2}MQp€M pxi ?2K,
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NE/2( D2 MQiQp M€ ?2Q/MQIiHPD M ZABF +2X

40¢cp 17404

1MiQTB2 D2 7vxBFEHMQ p2HBIBM TQTBbmDQ+Q +? QiBIMQbi |
* Qbb@2Mi"QTVv UFUQ " QpE 2Mi'QTB2V TQTBbmD2 "Qx/QH K2xB /p!
"Ox/§H2MQKBX JBMBK HBx +2 FUQ Qpd 2Mi*QTB2 i2/v Q/TQpQ/£
T p/yTQ/Q#MQbiIMQ+? "Qx/yH2MQX EUQ"Qp€ 2Mi*QTB2 D2 /2}MQ

1UT- [V " MPH

E/2T [DbQm T p/yTQ/Q#MQbiMQ "Qx/YyH2MQX

oM2m QMQpw+? bQiQ+? b2 pvm™Qp DQ/p /'m?v xi €iQpw+? 7mN
S'PMQK x MB+? D2 #BME€ " MQ FUQ " Qp€ 2Mi'QTB2-Fi2 € b2 mTH idm
itQ/ D2 FQKT iB#BHMQ TQmx2 b2 bB;KQB/Qm D FQ pwbimTMQ F
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ivVTI2K D2 F i2;Q ' B+F€ FiQ " Qp€ 2Mi"QTB2- Fi2 € D2 FQKT iB#BHM
E i2;Q'B+F€ FiQ " Qp€ 2Mi'"QTB2 b2 pvm "Qp€ TiUB FH bB}F +B /Q I
iiQ/X E i2;Q " B+FE€ FUQ Qp€ 2Mi'QTB2 b2 pvTQIiQi€ TQ/H2 MEbH2/

(0]
G 7 (MPH K
.

SUB FH bB}F +B /Q#AMAQLDRFmM/ pbimTMQ /i M2T itQ /QB@il it
R-TQFmM/M QT F/ i /Q/ M0 iugD2 BT2/EFQ2 bQiyX

C FDb2KDB" xKQMBH-/BK2Mx2 T QbiQ mp ? D2 TUQHB p2HFE€ M i
KBMBKmMK M2#Q M HB QTiBK M HViB+FvXwiQ?QiQ /ipQ/mb2 QTiE
Fim HBx +Q p ? Qpyu2MQK T QbTy MQbiB D2DB+? Fim HBx +2X
K HBX€iQ X SQ pvipQu2MQ D2/MQ/m+?0 Tu2/bi pv- D F b2 TQ?v#n
bHOQM " Q QXFREWRF wmF xmD2 ;" 7xi €iQp0d7mMF+2 px€pBbHQbiIiB M

IBK2MXxBQME€HMQ p€?vX EUBpFm ;> 7m U?Q/MQiv 7TmMF+2V p Fp T
bTQIQi iX WMEK2 TQmx2 ?2Q/MQim 7mMF+2 T°Q Fim€HMQ M bi p2
TmMF+2X

I-3S jAiéé> 7 xi €iQpu 7TmMF+2 p x€EpBbHQbIB M M bi p2MQ p€?v

ME€bH2/mMDQ+Q QTiBK HBx IMQ H;Q BiKREIXbQm b QpM€Mv p IHEM
$8% e jlTejc—ill

L2DD2/MQ/m Q QTiBK HBx iIMQ H;Q 'BiKmb b2 M xwp€ ;> /B2Mi
bTQIQpeE p TQbmMm p ?2 p QT IMOK bKy ™ m ;> /B2MimX :* /B2Mi /2t
T > K2i°@ H2 "MBM; " i2X G2 "MBM; " i2 FEHmMD2 p2HBFQbi TQb
P2HBFQbIiB ;> /B2MimX C2biHB" 2 Fiyp GOMIQ Wi i HhRAMQDER R DRE? v,

Ay, £ Ao K Ay,

E/2k D2 H2 "MBM; D22i €iQp€ 7TmMF+2X
L bi p2MQ H2 "MBM; i2 D2 F m+BEHMQX SQFm/ #m/2 H2 "MBM;
FQMp2 ;2M+2 F KBMBKmM p2HKBXRRK LHO UG #@Xx2@®HB TUQHB p2!

éi



-85S jAié@ Hw H2 "MBM; ~ i2 1-4S jAi"é®2HFw H2 "MBM; " i2

Ki“2 M bi i Qb+BH +2 M / HQFEHMQK KBMBK2K M2#Q 9THMGO Tu2
Fi2 ' 0?7Q DbK2 b2 #HQXBWB D @KEXQEFQ Ki"2 M bi i bBim +2-"2b2p
/Qbi MQmM/Q KQbi -F/2D2;  /B2Mixi €iQp0d7mMF+2i0KyuMmHQp!
/2b+2Mib2biQKM2mKQ pvTQuU€/ i M iy+?2iQ "QpBME€+?2 M bi p2MC
b2 H;Q ' BiKmb i biQ TQm " QpE€ T°Q bpQDB D2/MQ/m+?2Qbi “v+?2HQ

SipQ/MQ ;> /IB2Mi /2b+2Mi TQIQi€ b iQK- "2 xi €iQpQm 7mMF+B L
p 2+?M iOMQp +Q/ i X1 biQiQM2MQ KQ"MQO FpiHB p2HBFQbIiB i’
Xx2MQbiB QT2  iIMQ T KyiBX S'QiQ pxMBFHvV /py KQ/B}F +2X S pM
> /B2Mi .2b+2Mi Ua:.V- Fi2w Fim HBxmD2 p€?v TuB F "/OK T i+
PXQ Fm +2HQM bQIiQX .QFVIiQKM FQMp2 ;2M+2 F QTiBKm M2MQ T
HGKm /i b2imX . " m?Qm KQ/B}F +Q D2 JBMB@" i+? :~ /IB2Mi .2b+2|
FOQKT QKBb K2xB TipQ/MQK H;Q BiK2K a:.X Fim HBx +2p ?2 b2 T
+2Q/m m IBi0?Q KMQ bipQ /i @ /€EpFv- # i+?22X

L Q# €xiXKRD2 xXMEXQ MyMw k@. T°QbiQ p ? bp bi2pMB+2KB xi-
0€?2v KEK2 M bi p2M0O p TQIi€i2i2MQK #Q/y BT2FX SQFm/ TQm~
/2b+2Mi b Fim HBx +Q p? TQ T i+?2Q/m p 2+? /[ i- #m/2K2 F QTiB!
TQ KQ/'O TUQK+2X SQFmM/ TQm"BD2K2 a:.- #m/2 FQMp2 ;2M+2 T
+? QiIB+F€ @ 2 p2M0O BTFv xM€xQ 3mDQ Bi2  +2 a:.X w2H2MQ
T +QK JBMB@" i+?2X hvTB+Fv b2 bM "QK2 xpQHBi +Q M2DpVyi Q
FQMp2 ' ;2M+2 #vH +Q M2H2T QX

1-45 {A1°8'SQ QpMEMQ F'QFi QTiBK HBX€iQ i:  /B2Mi.2b+2Mi UKQ/U2V- a
JBMB@" i+? UXx2H2MyV TuB ?H2/€MQ QTiBK

éi



AN
BOE;ITOE
JQK2MimK D2 pvH2T 2MQK ;" /B2Mi /2b+2Mim Q ixpX b2i'p IMQ
PXMBF H;Q BiKm #vH 7vxBFEHMQ b2i'p iIMQbiX
L Q# €xPMRPbQmM p€?2v xXME€XQ MyMv F m?2K- MBFQHBp #Q/2K |
Qb2X JQ?HB #v+?QK bB Tu2/bi pBi- "2i2MiQ F-m? D2 iyH2bQ- Fi2"
bKy 2K F KBMBKm 7TmMF+2X E/v#v i2MiQ F-m? KyH MyD FQm ?K(
p HQFEHMQK KBMBKmM /QFv bpd ?v#MQbiB M2x bi pBH Tu2D2H
SQFm/ #vp M 2K bpyiy TibQ#BH B Q/TQ Qp€ bQH - T F #v b2 iyH:
M 2K ; HQ#€HMQK KBMBKmX
S'QiQ b2 p H;Q BiKm JQK2MimK pvbFvimD2 /" m?w pQHBi2HMw
H2 "MBM;  i2V-Fi2’wKD2b2i'p iIMQbi UKQK2MimKVX Fim HBx +
MQK M FIim€HMQK ;" /B2Mim xi €iQpd 7TmMF+2- H2 i FOM ?2v#M
[77Q x Tu2/+?2QxQ+? Bi2™ +QX
JOQK2MIimK /QF€°2 272FiBpMy TU2FQM€p i TH i2 m KyHF€ HQF%
2 ;2M+2 D2 Q#2+My "v+?H2D Q b K2M QKB Qb+BH +2KB M2" m :
*%ail” 171 %A-0a 1E
L2pw?Q/ Tu2/+?2QxQ+? XKQMyMw+? QTiBK HBx€iQ i D2- "2 Kmk
D2DB+? T~ K2i'vX SQFm/ DbQm xpQH2Mv T iMy- M2/QD/2 F TQ"
AF/viT  K2i'vxpQHQK2 p?Q/My-DbQm TQ +2HQmM /Q#m QTiBK H
"EIQM+QX SQFM/ b2 #HQ QK2 FQTiBKm-i F#v+?QK BMimBiBpMy A
b K2M QK H2 "MBM; " i2KX S'QiQ #vHv pvpBMmiv / TiBpMQ QTiBk
[ 7 /- _JaT QT M2#Q [/ KU / TiBp2 JQK2Mi 1biBK iBQMVX o0 x€peE
XKyM€+7? xi €iv TuB Fim HBx +B p ? b Kv KYyMQ bpd T ° K2i'vX 8b
HQbi FQMp2 ;2M+2 / TiBpMQ+? QTiBK HBx€iQ i T FiB+Fv M2MQ
M bi p2MQ D2DB+? T ~ K2i'iX / TiBpMQ QTiBK HBX€iQ v p2 pyi I
Y /B2Mi .2b+2Mi M2#Q JQK2MimK-DbQm p F pwTQIi2iMy M€ QIiMi

i"é xaci c¢11¢9

6mHHvV +QMM2+i2/ D2 p bip - p2 Fi270d KEF "/wM2m QM iQHBF pbin
Ti2/+?2QxQ p bipv- TuBI2K™M F “/w pwbimT Ti2/+?2QxQ p bipvD2 M
pbimT M2m QMmX wD2/MQ/m 2My Hx2 uQ+B- "2 F "/w M2m QM D2 I
Tu2/+?2QxQ p bipvX

6MHHY +QMM2+i2/ p bip b2 TQmM " QpE€ D FQ D2/M x TQbH2/MQ+7? |
2QT QiBFQMPQHMIMQ p bipy M2mKQ 272FiBpMy pv?H2/€p i TUQXI

"m?w /ipQ/ D2 KMQ bipQ p ?X E/v#v+?QK KyHB pbhimTMQ i2MxQ" /

pbimTMQ 7mHHvV +QMM2+i2/ p bip #v Q#b ?Qp H Ryyy M2m QMi-

p bip p bQiB pvipQiUQ R8yyyy p ?X h2/v R8yyyy miBi2HMw+? T ~ K
KMQ?QX

ite e:0l OAOG™IY aci %o

EQMPQHMIMQ p bip mKQ 272FiBpMy M DQi pxQ v- Fi2 Gt b2 p2 pbim
hviQ pxQ v DbQm pH biMy TuQxM Fv- Fi2 0 F}/mDQ pH biMQbi- TQ/
EQMpQHM+2 b2 TQM " Qp€ D FQ pbimTMQ p ' bip TuB FH bB}F +B Q4%
FQMPQHMIMQ pbimTMQ p bip /2i2FQp iitu2# ?° MvX

EQMpPQHMIMQ p bip M pbimTMQ /i THBFmD2 /BbF (iMQ FQMpQ

Q#b ?mDQ+Q pE?2vX EQMPQHMIMQ p bipv KQ?2Qm #wi D2/MQ M2#Q
b 2mDQ m'iBid KMQ bipQ }Hii UD2/MQiHBpw+? F2'M2HiIiV @ T°'Q Q

ei



"2 T°'pMQ }Hi" /2i2FmD2 M TUuQFH / pQ/Q " QpM0 ?° Mv /"m?w }Hi *
E2"M2H K€ m iBiw "QxKy  p2 bi2DM0 /BK2MxB D FQ pbimTMQ /i X o°
T//IBM; @ /QTHMYyMQ QF  Di/ im'iBiQm ?2Q/MQiQmX S //BM; b2 pvr
X +?QpEMQ "QxKy i pbimTm pwbimTm FQMpQHMIMQ p bipvX SQbl
bi'B/2- Fi2 'w UQF€- Q FQHBF b2 KE KUQ"F F2 " M2HmM TQbQmp iX

P# €x2%¥R@®F xmD2-D FT' +mD2 FQMpQHMIMQ p bip X JQ/2HQpE
#vb2/ H +? > Fi2'BxQp iD FQk@. FQMpQHmMIMQ p bip bD€/ 2K Q
JHi"2K- #2x T //IBM;mX EQMpQHMIMQ p bip M2D/iQp pv#2 2 pbimT
pPQHM+B b F2 " M2H2K Up ? KBV pwbH2/2F x TQ 2 M TuQbHmM MQm
#V+?QK TU2/TQFHE/ HB bi'B/2 R-T F #v b2 KQ/ w {ip2 2+ p2 pbimT
MmH Q D2/2M bHQmMT2+ /QT" p TQbimT #v b2 xQT FQp HX h FiQ |
FQMPQHMIMQ p bipvX

1-48 (A1’éS"BM+BT xT> +QpEMQ/ ip FQMpQHMIMQ p bipy

i"é’1 B% VOOA
J tSQQHBM;Qp€ p'bip D2 /'m?2K bm#b KTHBM;Qpd Ub/ ' m"Qp +QV
M2Q#b ?mD2 "€/M0 miQ+Q b2 T > K2i'v- bHQM " Q TQmx2 F2 xK2M 2
[ iX o’bip Q#b ?mD2 D€/°Q- Fi2 0 b2 TQ?2v#mD2 TQ pbimTMQ+? /
FOQOMPQHMIMQ DE€/'"Qp FQMPQHMIMQ p bipyX Ax/2 D2 MmiMQO M bi p
"QxKy  D€/° Dbi'B/2X C€/°Q TQil x2 pbimTMQ+? TUQxM Fi- Fi2 0 T
M2Dpyi Q T p2FMR/E& €x2F

I1-34S (A1’éS ' BM+BT xT® +QpEMQ / ipJ tSQQHBM;Qpl p bipy

.QFV J tSQQHBM;m xK2M QK2 Q#D2K / i p bQiB M€bH2/mDQ+Q ¢
K2M Q KMQ bipQ miQ+Q+? b2 T ~ K2i'iX .Q DBbild KQvb2iQK xH2T
D2HBFQ " b2 x ?2Q/Q M2/iH2"Bi€/ i Uxm iBid Q#H biB b2 pv#2 2 TQr
bHQpv- D2biHB"2 D2 /2i2FQp€M TuQxM F b pvbQFQmM ?2Q/MQiQm M
M€bH2/mMDQ+Q J tSQQHBM; x DBbiQ- "2 M2Xx€H2 Q- F/2 Ti2bMy p J
I2i12FQp€MX



| ité’i a0a0oi

QTQmiD2/ H Qp'bipQm-Fi2 € M2Q#b ?mD2 miQ+Q b2 T ~ K2i vX
iBpmD2 m iBiw TQi2i bpw+?2 pbimTiX IMQ bipQ xM2?2Q/MQ+2M0 BM7
p bipvX *?2+2K2@HB xH2T Bi pv?H2/€pEMQ Q#2+Mw+? pxi ?i p2 pbil
TQOQmMx2 K2KQ ' QpPpEMQ i"GMQp +Q+? / i-/"QTQmi FiQKm Ki"2 TQKQ+
bQiy DBbiw/ ' m? mKmX .QFViIiQKmbQ# M2#m/2 iQHBF +BiHBpE M K
[ 12+?X

| ié'T %T—+COAE

"i+?LQ K p bip i FOM2Q#b ?mD2 miQ+Q b2 T >~ K2i'v-bHQmM " Q F MC
?2Q/MQiv bi M/ "/MQ Q/+?VHFv /[€pFv / i p FQMF OiMQ [€biB bQiyX
MQ K HBxQp M€ pbimTMQ /i /Qb ?mDQp M2m QMQpw+? bQiQ+? H:
M2MQ 'K HBxQp M€X . i TQ T i+?2Q/m i€biQ bQiy p F MQ K HBxQp
STQIQD2p?Q/MOITOM Qi " i+?2LQ KX LQ K HBx +2 TQK€?€ F KBx2M
;7 /IB2Mim- iQK TE/2K TQKE€?€ B F2 xTyiMO T QT ; +B +?2v#v /Q ?HQn

B i vao-Ace

0TU2/+?2QxQ I€biBT €+2Db2K XxKQMBH MyFi2 0 T Q#HOKv-M Fi2'0Q
+?2VHMOX STQ#HOK KBx2MQ ;° /B2Mim x TiQIBMQ iQ-"2b2 M2#m/Qn
MHQ " 2M0O ?HM#QFQ p bQiBX L QT F TUB 2tTHQ/QpEMQ ;> /B2Mim K
[ 1Qpu?Q ivim- p2 Fi2 0K D2 mMmHQ"2M€ FiBp +2X owbH2/2F bQiy i F
pi2HMwX oxMBF M2#Q /ibH2/Fv iy+?2iQ T Q#HGOKi Hx2 pw> xMy QK2Xx
FiBp IMQ+? 7TmMF+Q M2#Q " i+?LQ K2KX

Ep HBim mi2MQ bQiy Ki"2K2 bH2/Qp i MYyFQHBF xTibQ#vX C2/MQ
MQDbiB p x€EpBbHQDbIBM [ b2 @ "2bTXi'GMQp +Q2TQ 2X Si2bMQbiQ
"2 T p2F #m/2 FH bB}FQPEM /Q bT €pMO iuQ/vX .Q; 7mb2F 2bHQ .
i"OMQp +Q+? p HB/ IMQ+?/ iX SQ/H2 px€D2KM0O TQHQ?v iy+?2iQ Fi
MQmi-D F T Q#Q?€ mi2MQX *QH2K D2 /Qb€?MQmi +Q M2Dpv Q Ti
i"GMQp +Q+? 1/ i2+?X

C2biHB" 2 /Qb ?mD2K2 pvbQFO Tu2bMQbiB M i"GMQp +Q+?/ i2+?-
MQ+?- /Q+?€xQ FTiu2mi2MQ bQiy UQp2 }iiBM;mVX E D2pm TUBbTQ
bE?HE “+?2Bi2Fim> bQiy M2#Q TUQHB /HQmM?€/Q# mi2MQX #v+?Q
Ki"2K2 TUuB/ i ."QTQmi- TUuQT /My J tSQQH p bipv- xK2M Bi M2m QM
[Q#m I "OMQPEMQ bQiy M2#Q "Qx QuUBiI/ i b2iX . i b2i D2 KQ"M0 "Qx
K2Mi +Q /i b2imX

C2biHB"2 /Qb ?mD2K2 MQxF(O Ti2bMQbiB M p HB/ iIMQ+? B i GM!
M2/Qmi2MQ bQiy UmM/2 }iiBM;VX “+?Bi2Fim°> D2 TUiQHB KYyHFE€ |
#HOKm M2#Q i'GMQp HB DbK2 bQ# F'€iIFQm /Q#mX aQ# M2MQ b+?Q
pbimTMQ+?2 / i2+? [ biQ M27mM;mD2 MB M i'GMQp +QK /i b2imX

éod



-8 jAi"éi> 7TU2bMQbiB p xEpBbHQbIBM TQIim2TQ+? xME€xQ §mDQ+Q Q
Qp2'}iiBM:m /yHQ+Q i€ v- F/v D2 M2DH2T Q Tu2 m Bi mi2MQ

. H QT Q#HUOK- b2 Fi2"wK b2 Ki"2K2 TQiwF i- D2 M2pvp€"2Mw / i L
bB- "2 #v+?QK FH bB}FQp HB /Q /pQm iuQ/ "X oi'GMQp +QK /i b.
TQIi2i pxQ FiiuQ/v "p TQKYy ' m R,RyX aQ# #v b2 M miBH FH bB}F
iatQ/v"-M2x€EpBbH2 M pbimTMQ+?/ i2+?-D2HBFQ"FH bB}F +2/Q il
/IQ#MYD Q- QT ' QiB TiUBU x2MQ pbimTm /QitiQ/v X h2MiQ T'Q#HUK K
XTibQ#vX C2/MQK xTibQ#2K D2 x 2 MmiQ / i x KBMQ BiMy x biQmT:
D2/M0 2TQ 2-i F #vb2 TQIlivpxQ FiD2/MQiHBpw+? iuQ/ p D2/MQ 2°
WK XTibQ#2K- Fi2 w#vH TQmM ' BipiGiQT €+B-D2 TQKYy Qpl "Qxp€’
TMMF+2 T°Q D2/MQiHBpG iiQ/vX o mp2/2MOK TUQFH /m #v+?2QK ?2Q
T QiuQ/m xpyi BHB Ryt ?2Q/MQim xi €iQpad 7mMF+2 T Q idQ/m " #\

P#2+My b2 bM "QK2 /Qb€?MQmi +Q M2DH2T Q ;2M2° HBx +2 T 2.
M2DKOMYy K2KQ Qp H TUuQxM FvpvbFvimDQ+Qb2pi OMQp +Q+7?2/ i
M miBH Q#2+MObTQDBIQbiBp TUQxM +Q+?2-Fi2 0 p2/QmF2bT €p)
M2KmbQ #wi /Q#02 T i M€ MBx; 7mTu2bMQbiB FH bB}F +2X L T
2KQ+Q b2bQ#/QDBbi0KQ 'vmMIiQ +2HO pyiv- MBFQHBpPp TQmx2 2KQ +2
bQiy H2T Q M pVyi€+? pvbFvimDQ+Q+? b2 p /i b2im- M2 M pyi€+?
Q#b "2Mv M2#VvHVX

B0 6-Eili%—;

m;K2Mi +2 D2 mKyHGO "Qx Qi2MQ / i b2im- x 9i2H2K Tu2/2DBiQ Ti
p +Q+? / i2+?2X S°Q Tu2/bi pm mp2/m TGQFH / M2m " QMQpd bQiy- Fi
Q# €xFiX SQFmM/ b2 bQ# #m/2 miBi TQmx2 M [/ i2+2 (2 ' p2Mw+? mi- |
X2XME€p i mi DBMw+? # "2pX #v+?QK "Qx QUBHB / i b2i- M2TQiu2#
7QiQ;  }2 miXai iIQME€ /i b2i 'Qx QUBiQivb KiQ# €xFv-Fi2 0K I
# "pvX

SUB m;K2Mi +B M2bKQ /QDQi F2 xi €iy BM7Q 'K +2- Fi2 € D2 FHQI
F2 xKyMy itdQ/v-/Q Fi2 0/ i FH bB}FmD2K2X o TUQFH /mb miv b2
M2xKYyMBH Q#D2Fi M Q# €xFm-bi2DMy i FD2 IHQpYyF b+?2QTMw ~Qx
MiQX STQIQ Hx2 i FQpQm m;K2Mi +B TQm ™ QiX

énf



m;K2Mi +B xpmFQpw+? M ? €p2F Hx2 "2 HBxQp i D2DB+? x mKyM
bmM2K M ? €pFv p2 7°'2Fp2MIiMQ Q#H biB M2#Q TQbmM2K M ? €pF\
TQbmMmpi bQpd Q#H biB b2 x [€i2FM 2?2 €pFvTQbmM2 pxMBFHQ K
bi2DMO M ? €pFvUQT2 +2 'QHH @ TQ/Q#MYy D FQ #vM ? €pF #vH
TQQIQIBRHBVX (
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