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;/-!E,0+,-3)<!4(+&!VE4W!DRDR!c!DRDL!)'!)&!),'!G!0*!9-+0!%:!%F-0+,)%&.!+&*!,/-!%BS-<,)8-!/+'!&%A!B--&!
<+'<+*-*!*%A&!,%!;)-0!MMM!%:!,/-!',+::)&3!(-8-('!:%0!+<,)%&#!?+</!',+::!1-1B-0!/+*!,%!*-()8-0!,)1-JB%@&*!
I-9!F-0:%01+&<-!)&*)<+,%0'!Vk4M'W.!+&*!0-'F-<,)8-!>YH'!+,!,/-!;)-0!MM!(-8-(!1%&),%0-*!,/-!F-0:%01+&<-!
%:!-+</!',+::#!

;/-!)1F+<,!%:!$YZMHJ"i!+::-<,-*!,/-!F0+<,)<+(!+FF()<+,)%&!%:!,/-!',0+,-3)<!:0+1-A%0Il!/%A-8-0.!1@</!
F0%30-''!A+'!1+*-!,%A+0*'!+</)-8)&3!1+S%0!%BS-<,)8-'#!4-0:%01+&<-!+''-''1-&,!A+'!&%,!-::-<,)8-(9!
0%((-*!%@,!*@-!,%!+!(+<I!%:!>C!<+F+<),9!,%!%F-0+,)%&+()2-!+<,)%&!F(+&'!:%0!-+</!H-F+0,1-&,#!;/)'!(-*!,%!
$%@&<)(!+FF0%8+(!%:!,/-!0-',0@<,@0-!+,!,/-!?O-<@,)8-!K+&+3-1-&,!]-8-(.!A/-0-!,/-!?O-<@,)8-!H)0-<,%0!
>C!F%'),)%&!A+'!<0-+,-*!,%!-',+B()'/!,/-!:@&<,)%&!%:!-::-<,)8-!F-0:%01+&<-!1+&+3-1-&,!+&*!+FF0+)'+(!
'9',-1!%:!-+</!',+::!+3+)&',!F0%30-''!,%A+0*'!+</)-8)&3!,/-!%BS-<,)8-'!%:!,/-!E,0+,-3)<!4(+&#
;/-!E4!DRDRJDRDL!/+'!'-8-&!V_W!*%1+)&'!VF)((+0'W#!>%A-8-0.!3)8-&!,/-!0-',0@<,@0-!1-&,)%&-*!+B%8-.!
,/-!:@&<,)%&'!%:!,/-!C-3)',0+0!F%'),)%&!)'!&%A!:%<@'-*!%&!E;7H?5;E!%&(9#!M,!A+'.!,/-0-:%0-.!&-<-''+09!
,%!<0-+,-!+!&-A!*%1+)&#!;/-0-:%0-.!,/-!E,0+,-3)<!4(+&!&%A!/+'!H%1+)&!5%#!h!:%<@')&3!%&!E;7H?5;E#
;/-!3%+(!%:!H%1+)&!h!)'!,%!-',+B()'/!+!<%&*@<)8-!',@*9!+&*!()8)&3!-&8)0%&1-&,!:%0!+((!',@*-&,'!/-0-!+,!
7&),-</#! E%1-! +**),)%&+(! *@,)-'! )&<(@*-! F0%8)*)&3! +<<%11%*+,)%&! '-08)<-'! +&*! )&:%01+,)%&! %&!
-1F(%91-&,!%FF%0,@&),)-'!:%0!',@*-&,'#

K-+&A/)(-.!F0%30-''!/+'!@&*%@B,-*(9!B--&!1+*-!)&!+</)-8)&3!I-9!%BS-<,)8-'!@&*-0!+<+*-1)<!-O<-(J
(-&<-#!$0),)<+(!0-U@)0-1-&,'!:%0!+*8+&<)&3!,/-!-&3)&--0)&3!+<<0-*),+,)%&!F0%<-''!/+8-!B--&!1-,#!;/-!
$/+0,-0-*! 40+<,)<)&3! =<<%@&,+&,'! V$4=W! 456.! /+8-! +30--*! ,%! +'')',! A),/! +<<0-*),+,)%&! %:! ,/-!
a@')&-''!E,@*)-'!<%@0'-'!,%!)&*@',09!',+&*+0*'#!=0</),-<,@0-!+&*!$%&',0@<,)%&!K+&+3-1-&,!<%@0'-'!
/+8-!+(0-+*9!B--&!B-&</1+0I-*!A),/!,/-!=@',0+(+')+&!=0</),-<,@0-!E</%%('!=''%<)+,)%&!V==E=W!')&<-!
DRRhJDRRi.!+&*!&%A.!)&!,/-!F0%<-''!%:!+<<0-*),+,)%&#!
;/-!=30)<@(,@0-!H-F+0,1-&,!/+'!'@<<-'':@((9!+::)()+,-*!A),/!,/-!=@',0+()+&!M&',),@,-!%:!=30)<@(,@0+()','.!
U@+():9)&3! ,/-!<%@0'-'! ,%!/+8-!B--&!B-&</1+0I-*! ,%!=@',0+()+&!E,+&*+0*'#!a-&</1+0I)&3!%:!%,/-0!
<%@0'-'!A)((!B-!+!,)1-JB%@&*!k4M'!:%0!,/-!H-F+0,1-&,'!)&!DRDD#

;/-!?O-<@,)8-!K+&+3-1-&,!*-<)')%&! ,%! )&8-',!khRR.RRR#RR! )&,%! 0-'-+0</! )'! 0-+()2)&3! ,/-!B-&-:),'#!
7&),-</!4%',30+*@+,-!E</%%(!/+'!-OF+&*-*!,%!+FF0%O)1+,-(9!"_R!',@*-&,'!A),/!"T!4/H'!)&<0-+')&3!
,/-!0-'-+0</!F%0,:%()%#!]-<,@0-0'!+&*!40%:-''%0'!+()I-.!A/)(-!'@F-08)')&3!',@*-&,'.!/+8-!B--&!F@B()')&3!
F+F-0'!)&!F--0J0-8)-A-*!S%@0&+('!%&!+&!+8-0+3-!%:!iR!F+F-0'!F-0!9-+0!')&<-!DRDR#!;/)'!)'!+!B0-+IJ
,/0%@3/! :%0!7&),-</!+'!8-09! :-A!F+F-0'!/+8-!B--&!F@B()'/-*! )&!F+',!9-+0'#!;/)'!/+'!3)8-&! 0)'-! ,%!
7&),-</!B-)&3!,/-!,%F!7&)8-0'),9!)&!456!+&*!)&!,/-!,%F!DRm!%:!@&)8-0'),)-'!3(%B+((9.!+'!7&)0+&I'!M&<#!
=!F%'),)8-!)1F+<,!%:!$YZMHJ"i!A+'!,/-!-',+B()'/1-&,!%:!,/-!Y&()&-!$%@0'-!H-()8-09!e%0I)&3!
$%11),,--.!A/)</!B-3+&!F0-F+0+,)%&'!:%0!/+0*A+0-!+&*!'%:,A+0-'!,%!*-()8-0!7&),-</!<%@0'-'!%&()&-!,%!
0-1%,-!',@*-&,'!',+0,)&3!DRDD#

;/-!:@&*)&3!F%'),)%&!%:!,/-!7&)8-0'),9!/+'!30%A&!:0%1!',0-&3,/!,%!',0-&3,/#!;/-!1+)&,-&+&<-!%:!,/-!
7&),-</! +)()&3! )&:0+',0@<,@0-! )'! F0%30-'')&3! '+,)':+<,%0)(9#! E,@*-&,! *%01),%0)-'! /+8-! B--&! 3)8-&! +!
:+<-():,#!7&),-</!/+'!&%A!B--&!+<<%0*-*!+&%,/-0!9-+0!%:!@&U@+():)-*!+@*),'.!B0)&3)&3!,/-!,%,+(!9-+0'!,%!
:%@0!VLW#![)&+&<)+(!0-F%0,'!)&*)<+,-!,/+,!7&),-</!/+'!<%1F(-,-*!,/-!:)&+&<)+(!9-+0!DRD"!A),/!+&!
+330-3+,-*!%F-0+,)&3!'@0F(@'!%:!k"R!1)(()%&#!;/-!?O-<@,)8-!K+&+3-1-&,!A)((!@'-!F+0,'!%:!,/-'-!:@&*'!
,%!+**0-''!,/-!)11-*)+,-!*-1+&*!:%0!/%@')&3.!',@*-&,!*%01),%09.!+&*!%,/-0!)&:0+',0@<,@0-#!4+0,!%:!,/-!
:@&*!A+'!@'-*!,%!F+9!+!%&-J%::!B%&@'!,%!+((!7&)8-0'),9!',+::!+'!+!,%I-&!%:!+FF0-<)+,)%&!:%0!'@<<-'':@((9!
<%1F(-,)&3!,/-!+<+*-1)<!9-+0!+1)*',!,/-!*)'0@F,)%&!*@-!,%!$YZMHJ"i#
E,@*-&,!&@1B-0'!<%&,)&@-*!,%!0)'-!)&!DRD"#!7&),-</!/+*!+!,%,+(!%:!&-+0(9!GRRR!',@*-&,'!%&!,/-!1+)&!
<+1F@'#!;/-!/)3/!&@1B-0!A+'! 0-+()2-*!A),/! ,/-!+'')',+&<-! :0%1! ,/-!6%8-0&1-&,!>?]4!F0%30+1#!
K+&9!',@*-&,'!A/%!<%@(*!&%,!+::%0*!'</%%(!:--'!'@<<-'':@((9!'-<@0-*!,/-!>?]4!(%+&!+&*!-&0%((-*!,%!
',@*9#!=((!',@*-&,!+<<%11%*+,)%&!'F+<-!%&!<+1F@'!/+'!B--&!:@((9!%<<@F)-*.!+&*!'@B1)'')%&'!/+8-!
B--&!1+*-!,%!,/-!6%8-0&1-&,Q'!4M4!:@&*!:%0!1%0-!*%01),%0)-'#!;/-!&-A!E,@*-&,!H)&)&3!>+((!
<%&',0@<,)%&!/+'!B-3@&!+&*!A)((!B-!<%1F(-,-*!+&*!:@((9!%F-0+,)%&+(!:%0!E-1-',-0!".!DRDG#

Z)<-!$/+&<-((%0Q'!Y8-08)-A

=''%<)+,-!40%:-''%0!Y0+!C-&+3)!Y]!4/H
Z)<-!$/+&<-((%0!

Y



!

!"#$%&'#()*+,-".#/

0#.%*+12".%//,&*

3&,*0#.%*+12".%///,&*
4.25%6#.

3,'(*7&25-2(%*8.1,,/ 9%2"*,:*;"<#"%%&#"<

4<&#.-/(-&%*
9%=2&(6%"(

4==/#%5*31)'#.'*
9%=2&(6%"(

4==/#%5*8.#%".%'*
9%=2&(6%"(

4&.1#(%.(-&%*>*

?2"2<%6%"(*
9%=2&(6%"(**

@-'#"%''*8(-5#%'*
9%=2&(6%"(

+#$#/*;"<#"%%&#"<*
9%=2&(6%"(*

+,66-"#.2 ,"*>*
9%$%/,=6%"(*8(-5#%'*

9%=2&(6%"(*

;/%.(&#.2/*>
+,66-"#.2 ,"
;"<#"%%&#"<*
9%=2&(6%"(***

A,&%'(&)*9%=2&(6%"(
?2(1%62 .'*>*

+,6=-(%&*8.#%".%*
9%=2&(6%"(*

?%.12"#.2/
*;"<#"%%&#"<*
9%=2&(6%"(**

?#"#"<*;"<#"%%&#"<*
9%=2&(6%"(*

8-&$%)#"<*7B8*>
*C2"5*8(-5#%'*
9%=2&(6%"(***

+%"(&2/*D%2.1#"<*
A2.#/# %'

9%=2&(6%"(*,:*E=%"*
>

9#'(2"(*C%2&"#"<**

30+*456#"#'(&2 ,"

@-#/5#"<*>*7&,-"5'
8%.-&#()*>*
A#&%*8%&$#.%'

8(,&%'*>*D&2"'=,&( !"#,"*@,2&5

3&,F%.('*E .%* 3/2""#"<*E .%*

@-&'2&*

@,,G'1,=

H%<#'(&2&

4.25%6#.*>*8(-5%"(*
456#"#'(&2 ,"*

8%&$#.%'
+,-".#/*8%.&%(&#2(%

I-62"*H%',-&.%*>*
H%<#'(&)

8(-5%"(*8-==,&(*>*
A2.#/# %'*8%&$#.%'

C#J&2&#2"

B":,&62 ,"*2"5*
+,66-"#.2 ,"*

D%.1",/,<)*8%&$#.%'
B"(%&"2/*4-5#(

3-J/#.*H%/2 ,"'*E .%

3&#" "<*8%&$#.%'

3,&(*?,&%'J)*E .%

9%=-()*0#.%*
+12".%///,&*

C2%*!"#(%.1*
8.1,,/*,:*K-&'#"<*

@-/,/,*!"#$%&'#()*
+,//%<%

D#6J%&*>*A,&%'(&)*
+,//%<% ?%5#.2/*8%&$#.%'

4===&,=&#2(%*D%1",/,<)*
:,&*+,66-"#()*

9%$%/,=6%"(*B"' (-(%
@#,*D%.1*+%"(%&

8#6J-*!"#(%.1*
82(%/#(%**!"#$%&'#()

3K7*;"$#&,"6%"(2/*
H%'%2&.1*>*

?2"2<%6%"(*+%"(%&

C%<2/*E .%

"#$%&'(% )&%*!+,#-.,-#/!

Z



K-1B-0'!%:!,/-!7&)8-0'),9!$%@&<)(!

"#!!!!$/+&<-((%0!
D#!!!!40%!$/+&<-((%0!
G#!!!!Z)<-!$/+&<-((%0
L#!!!!H-F@,9!Z)<-!$/+&<-((%0
T#!!!!40%!Z)<-!$/+&<-((%0J=<+*-1)<
^#!!!!40%!Z)<-!$/+&<-((%0J4(+&&)&3!+&*!H-8-(%F1-&,
_#!!!!40%!Z)<-!$/+&<-((%0J=*1)&)',0+,)%&
h#!!!!C-3)',0+0
i#!!!!a@0'+0
"R#!!7&)8-0'),9!])B0+0)+&

"#!!!!!!!!H+1-!d-+&!k-I-*%.!$EK.!YE,d.!Ya?!V$/+&<-((%0W
D#!!!!!!!!K0!E+1!k%)1.!]]a.!Ya?!V40%J$/+&<-((%0W
G#!!!!!!!!H0!Y0+!C-&+3).!Y]!VZ)<-!$/+&<-((%0W
L#!!!!!!!!H0!6+09!E+()!VH-F@,9!Z)<-!$/+&<-((%0W
T#!!!!!!!!40%:#![0+&I!60)::)&!VZ)<-!$/+&<-((%0!7456W
^#!!!!!!!!40%:!;%1!YIF@(!V40%:-''-0)+(!C-FW
_#!!!!!!!!40%:#!6+0)B+!H+&B+0%!V40%:-''-0)+(!C-FW
h#!!!!!!!!H0!E@S%9!k@1+0Jd+&+!VE-&)%0!=<+*-1)<!C-FW
i!!!!!!!!!K0!4+@(!M'+&!V5%&J=<+*-1)<-!C-FW
"R#!!!!!!K0!K)</+-(!4-+0'%&!VK)&)',-0)+(!5%1)&--W
""#!!!!!!K0!e+)(9%!K+F)'%!VK)&)',-0)+(!5%1)&--W
"D#!!!!!!K0!d%/&!a90&-!V$%@&<)(!5%1)&--W
"G#!!!!!!E)0!5+3%0+!a%3+&!V$%@&<)(!5%1)&--W
"L#!!!!!!K0'!=&&+!e)'')&I!V$%@&<)(!5%1)&--W
"T#!!!!!!K0#!d%'-(),%!K+0<%'!V$%@&<)(!5%1)&--W
"^#!!!!!!H0#!=@3@',)&-!K%'/)!V40%!Z)<-!$/+&<-((%0!V=<+*-1)<WW!!!
"_#!!!!!!40%#!k+@(!6-&+!V40%!Z)<-!$/+&<-((%0!V=*1)&)',0+,)%&WW!!!!
"h#!!!!!!K0!?()2+/!k+F1+!VECE!40-')*-&,!!!!!
"i#!!!!!!K'!$/0)',9!?F-+!VECE!Z)<-!40-')*-&,W!!!!
DR#!!!!!!K0'!Z-0%&)<+!;/%1+'!VC-3)',0+0J!M&!+,,-&*+&<-W!!!!!!
D"#!!!!!!K0!H)0+8)+1!;/+01+0+S!Va@0'+0J!M&!+,,-&*+&<-W!!!!!!
DD#!!!!!!K0!5-,/%&!K)():+(+!V?O-<@,)8-!Y::)<-0J!M&!+,,-&*+&<-W!!!!!!
!!!!!!!

[

456!7&)8-0'),9!%:!;-</&%(%39!Y03+&)2+,)%&+(!E,0@<,@0-

;/-!4567%;!Y03+&)2+,)%&+(!E,0@<,@0-!%:!,/-!7&)8-0'),9!)'!*-0)8-*!:0%1!,/-!456!7&)8-0'),9!%:!;-</&%(%39!
=<,.!"ih^.!,/-!7&)8-0'),9!E,+,@,-'!VB9J(+A'W!+&*!,/-!7&)8-0'),9!E,+::!?',+B()'/1-&,#!;/-!7&)8-0'),9!$%@&<)(!
1-1B-0'/)F!)'!-',+B()'/-*!@&*-0!E-<,)%&!i!%:!,/-!7&)8-0'),9!=<,#!;/-!$%@&<)(!)'!1+*-!@F!%:!Dh!1-1B-0'!
:0%1! 8+0)%@'! 0-F0-'-&,+,)%&'! )&<(@*)&3! 1-1B-0'! %:! 4+0()+1-&,'.! ,/-! >)3/-0! ?*@<+,)%&! K)&)',-0! +&*!
H-F+0,1-&,.!,/-!@&)8-0'),)-'!+&*!,/-!<)8)(!'%<)-,9#
;/-!E-&)%0!?O-<@,)8-!K+&+3-1-&,.!+0-!)*-&,):)-*!+'!,/-!Y::)<-0'!%:!,/-!7&)8-0'),9!@&*-0!E-<,)%&!DT!%:!
,/-!7&)8-0'),9!=<,!+&*!,/-!7&)8-0'),9!E,+,@,-'!5%#!"N"iiT#

;/-!Y::)<-0'!%:!,/-!7&)8-0'),9!+0-!,/-l

7&*-0!,/-!Y::)<-0'!%:!,/-!7&)8-0'),9.!,/-0-!+0-!"G!=<+*-1)<!H-F+0,1-&,'!+&*!+B%@,!DR!&%&J=<+*-1)<!*-F+0,J
1-&,'!+&*!'-<,)%&'!+&*!@&),'!,/+,!'@FF%0,'!,/-!%::)<-0'!%:!,/-!7&)8-0'),9!)&!)1F(-1-&,)&3!,/-!7&)8-0'),9Q'!F@0F%'-!
%:!-',+B()'/1-&,.!)&<(@*)&3!,/-!7&)8-0'),9Q'!8)')%&'!+&*!1)'')%&'#;/-!+<+*-1)<!+&*!&%&J+<+*-1)<!*-F+0,1-&,'.!
'-<,)%&'!+&*!@&),'!+0-!*-0)8-*!:0%1!,/-!7&)8-0'),9Q'!E,+::!?',+B()'/1-&,!V-',+B()'/-*!F%'),)%&'W!+'!+FF0%8-*!B9!
,/-!5+,)%&+(!H-F+0,1-&,!%:!4-0'%&&-(!K+&+3-1-&,#!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
=,,+</-*!)'!,/-!)((@',0+,)%&!%:!,/-!Y03+&)2+,)%&+(!E,0@<,@0-#



+E
!
K
+B
C

8D4K9BK7*+E??BDD;;
*EA*+E!K+BC*

ABK4K+;*4K9*7;K;H4C*
3!H3E8;8*+E??BDD;;*

D;K9;H8*@E4H9*+E??BDD;;

?4LEH*3HEL;+D8*+E??BDD;;

?BKEH*MEHN8*8!@*+E??BDD;;

IE!8KB7*+E??BDD;;

3HEL;+D8*8D;;HBK7*+E??BDD;;

!KBEK*@E4H9*

8D!9;KD*4K9*+E??!KBDO
*8;H0B+;*+E??BDD;;*

?;9B+4C*8;H0B+;8*?4K47;?;KD*
+E??BDD;;

84C4HB;8*4K9*+EK9BDBEK8*EA*
8;H0B+;*+E??BDD;;

0B+;*+I4K+;CCEHP8*+E??BDD;;

CE+4CBQ4DBEK*4K9*K4DBEK4C
*8D4AA*9;0;CE3?;KD*+E??BDD;;*

8D4AABK7*+E??BDD;;* L!KBEH*8D4AA*8!@*+E??BDD;;

8;+!HBDO*+E??BDD;;

+4?3!8*3C4KKBK7*4K9*
@;4!DBAB+4DBEK*+E??BDD;;

8D4AA*8D4K9BK7*9B8+B3CBK4HO*
+E??BDD;;

IEKEH4HO*4M4H98*
+E??BDD;;

8D4AA*433;4C8*+E??BDD;;

8D!9;KD8**433;4C8*
+E??BDD;;*EA*+E!K+BC*

433HE3HB4D;*D;+IKECE7O*4K9*
+E??!KBDO*9;0;CE3?;KD*@E4H9*

EA*?4K47;?;KD*

?48D;H*3C4K*+E??BDD;;

!

!

!

!

!

!

!

9H4
E@*+B

?;94+4

3E8D*7H49!4D;*8D!9B;8R
*H;8;4H+I*4K9*BKKE04DBEK

*+E??BDD;;*

D;4+IBK7*4K9*C;4HKBK7*
+E??BDD;;

NKEMC;97;*9B88;?BK4DBEK*4K9*
;SD;HK4DBEK4C*;K747;?;KD*

+E??BDD;;

;S4?BK4DBEK8*+E??BDD;;

49?B88BEK8*+E??BDD;;

!K9;H7H49!4D;*+E!H8;8*
+E??BDD;;

4+49;?B+*T!4CBDO*488!H4K+;*
D;4?

8D!9;KD*4+49;?B+*433;4C8*
+E??BDD;;

4+49;?B+*;DIB+8*4K9*BKD;7HBDO*
+E??BDD;;

!

!

!

!

!

0)1/#&%&./!+,#-.,-#/!

\



DEPARTMENT OF AGRICULTURE

!
;/-! H-F+0,1-&,! %:! =30)<@(,@0-! %::-0'! +! '<)-&<-JB+'-*!
+30)<@(,@0-!<@00)<@(@1!:%0!@&*-030+*@+,-!+&*!F%',30+*@J
+,-! *-30--! F0%30+1'! B-')*-'! <%&*@<,)&3! B+')<! +&*!
+FF()-*!+30)<@(,@0-!0-'-+0</!+&*!*)''-1)&+,)&3!0-(-8+&,!
)&:%01+,)%&! ,%! ,/-! <%11@&),9#! ;/-! H-F+0,1-&,Q'!
:@&<,)%&'!+0-!3@)*-*!B9!+!8)')%&X!`=!F0-1)-0!+30)<@(,@0+(!
'</%%(! F0%8)*)&3! /)3/J<(+''! +30)<@(,@0+(! -*@<+,)%&! ,%!
-1F%A-0! 30+*@+,-'! ,%! B-! )&&%8+,)8-! '<)-&,)','.! -O,-&J
')%&)','.! -&,0-F0-&-@0'.! +&*! F%()<9!1+I-0'! :%0! '@',+)&J
+B(-!+30)<@(,@0-!+&*!<%11@&),9!*-8-(%F1-&,#b

ST! &:J6=B5:!%9@89JB>

;/-! H-F+0,1-&,! %::-0'! ,A%! @&*-030+*@+,-! F0%30+1'#!
;/-!a+</-(%0!%:!E<)-&<-! )&!=30)<@(,@0-! na#E<#V=3Wo! )'!+!
:@((J,)1-.!%&J<+1F@'.!:%@0J9-+0!',@*9!F0%30+1.!A/)(-!,/-!
a+</-(%0!%:!=30)<@(,@0-!+&*!C@0+(!H-8-(%F1-&,!Va#=3#!\!
C#H#W! )'! +! :(-O)B(-! +&*! *)',+&<-! 1%*-! +*1)&)',-0-*!
F0%30+1#!;/-!H-F+0,1-&,!+('%!%::-0'!,/0--!F%',30+*@+,-!
*-30--!F0%30+1'.! ,/-!K+',-0!%:!E<)-&<-! )&!=30)<@(,@0-!
nK#E<#V=3Wo.!K+',-0!%:!4/)(%'%F/9!VK#4/)(#W.!+&*!H%<,%0!
%:!4/)(%'%F/9!V4/HW#!;/-!K#E<#V=3W!F0%30+1!<%1B)&-'!
<%@0'-A%0I!+&*!0-'-+0</.!A/)(-!4/H!+&*!K#4/)(#!',@*9!
F0%30+1'!+0-!0-'-+0</!%&(9!*-30--'#!;/-!,%,+(!&@1B-0!
%:! ',@*-&,'! -&0%((-*! )&! ,/-! a#E<#V=3W! +&*! a=CH!
F0%30+1'!)&!DRD"!A-0-!"hG.!A),/!"L^!+&*!G_!',@*-&,'.!
0-'F-<,)8-(9#! M&! DRD".! D_! 30+*@+,-*! A),/! a#E<#V=3#W.!
A/)(-! a=CH! ',@*-&,'! A-0-! '</-*@(-*! ,%! 30+*@+,-! )&!
DRDD#! ;/-! F%',30+*@+,-! -&0%(1-&,'! ',+&*! +,! D"!
',@*-&,'.!%:!A/)</!G!+0-!)&!4/H.!L!)&!K#!4/)(#.!+&*!"L!)&!
K#E<#!V=3W!F0%30+1'#!M&!DRD".!T!',@*-&,'!30+*@+,-*!A),/!
K+',-0'!*-30--'!VD!K4/)('!+&*!G!KE<'W#!!!
;/-!<@00)<@(+!%:!%@0!F0%30+1'!+0-!0-8)-A-*!0-3@(+0(9!,%!
B-!+B(-!,%!*-()8-0!@FJ,%J*+,-!+&*!0-(-8+&,!)&:%01+,)%&!,%!
',@*-&,'#!='!+&!%&3%)&3!-O-0<)'-.!,/-!9-+0!:%@0!<@00)<@J
(@1!%:!a#E<#! V=3#W!A+'! 0-8)-A-*! )&! ,/-! 0-F%0,)&3! 9-+0.!
+&*!+!0-:0-'/-*!<@00)<@(@1!A+'!+FF0%8-*!:%0!)1F(-1-&J
,+,)%&!)&!DRDD#!;/-!DRD"!+<+*-1)<!9-+0!<%&<(@*-*!A),/!
<%1F(-,)&3!,/-!a#E<#V=3#W!<@00)<@(@1!0-8)-A#

PT! .CJAA578!J76!+7A9J>C94:C49=

;/-!H-F+0,1-&,!/+'!"T!U@+():)-*!+<+*-1)<!',+::.!""!A),/!
4/H'.! +&*! +! A-+(,/! %:! ,-+</)&3! +&*! 0-'-+0</! -OF-0)J
-&<-#! $@00-&,(9.! %&-! ',+::! 1-1B-0! )'! %&! ',@*9! (-+8-!
F@0'@)&3!+!4/H!+,!,/-!p@--&'(+&*!7&)8-0'),9!%:!;-</&%(J
%39.!=@',0+()+#!E,+::!1-1B-0'!@'-!+!8+0)-,9!%:!]-+0&)&3!
K+&+3-1-&,! E9',-1'! :%0! <(+''0%%1! +&*! *)',+&<-!
,-+</)&3! 1%*-'.! +&*! ,/-! *-F+0,1-&,! %::-0'! +! 0%B@',!
<@00)<@(@1#!=((!<(+''0%%1'!F0%8)*-!+@*)%J8)'@+(!+)*'!:%0!
-::-<,)8-!*-()8-09!%:!<(+''0%%1!,-+</)&3#!=&&@+(!F0%<@0-J
1-&,!%:!3(+''A+0-.!0-J',%<I)&3!%:!</-1)<+('.!+&*!1+)&,-J
&+&<-! %:! (+B! -U@)F1-&,! /+'! -&'@0-*! '@::)<)-&,! 'I)((!
*-8-(%F1-&,! )&!',@*-&,'!,/0%@3/!(+B!'-'')%&'#!C-<0@),J
1-&,! ,%! :)((! 8+<+&,! F%'),)%&'! :%0! +<+*-1)<! ',+::! +&*! +!
[+01!K+&+3-0!A+'!)&),)+,-*.!+&*!,/-!H-F+0,1-&,!/%F-'!
,/+,!'@<<-'':@(!<+&*)*+,-'!A)((! ,+I-!@F!+FF%)&,1-&,'!)&!
DRDD#!K+S%0!:+<-():,!A%0I!',+0,-*!,%!1--,!,/-!<%&*),)%&'!
:%0!B-&</J1+0I)&3!%:! ,/-!+30)<@(,@0-!F0%30+1'.!F+0,)<@J
(+0(9!%&!,/-!@&*-030+*@+,-!<(+''0%%1'.!(+B%0+,%0)-'.!+&*!
',+::! %::)<-'#! C-:@0B)'/1-&,! :%0! ,/-! E4ME=CH! %::)<-'!
',+0,-*!+&*!A+'!%&3%)&3!A/)(-!,/-!7=E]!(+B%0+,%09!A+'!
<%1F(-,-*!+&*!(+@&</-*!)&!5%8-1B-0!DRD"#!!!!!!!!

SQ



              

UT! -=>=J9:G!&:C5F5C5=>

C-'-+0</! A%0I! )&! ,/-! H-F+0,1-&,! )'! +)1-*! +,! @&*-0J
',+&*)&3! B)%F/9')<+(.! '%<)+(! +&*! 1+0I-,)&3! )''@-'!
<%&',0+)&)&3! <0%F! +&*! +&)1+(! F0%*@<,)%&! )&! 456.!
'@',+)&+B(-!+&)1+(!+&*!<0%F!F0%*@<,)%&!+,!&+,)%&+(!+&*!
,0+&'J&+,)%&+(! (-8-('.! +&*! *-8-(%F)&3! ,-</&%(%3)-'! :%0!
,/-!F0%<-'')&3!!<0%F!F0%*@<,)%&#!C-'-+0</!)'!@&*-0,+I-&!
B9! :)&+(! 9-+0! ',@*-&,'.! F%',30+*@+,-! ',@*-&,'.! +&*!
+<+*-1)<!',+::#!M&!DRD".!Gi!,/)0*!+&*!Di!:%@0,/!V:)&+(W!9-+0!
',@*-&,'! @&*-0,%%I! '@F-08)'-*! 0-'-+0</! A%0I! :%0! ,/-!
'@BS-<,'! =6G"DN=6GDD! +&*! =6LRGN=6LRL! 'F-<)+(!
F0%S-<,! MNMM.! 0-'F-<,)8-(9#! ;/-'-! ',@*-&,'! A%0I-*! %&!
F0%B(-1'! 0-(+,)&3! ,%! <0%F! F0%,-<,)%&.! '%<)%J-<%&%1)<'.!
<0%F! )1F0%8-1-&,.! <0%F! F0%*@<,)%&N1+&+3-1-&,.!
-&8)0%&1-&,+(! 1+&+3-1-&,.! +&*! +&)1+(! F0%*@<,)%&#!
C-'-+0</!,%F)<'!%:!,/-!F%',30+*@+,-!',@*-&,'!+0-!/)3/(9!
0-(-8+&,! ,%!1--,! ,/-! 0-U@)0-1-&,'!%:! ,/-!',+I-/%(*-0'.!
+&*!'-8-0+(!%:! ,/-!F%',30+*@+,-'!+0-! S%)&,(9!'@F-08)'-*!
B9!',+::!:0%1!0-'-+0</!)&',),@,)%&'!+&*!<%11%*),9!)&*@'J
,0)-'!-#3#!5+,)%&+(!=30)<@(,@0-!C-'-+0</!M&',),@,-!V5=CMW.!
5-A! a0),+)&! 4+(1! Y)(! ])1),-*! V5a4Y]W.! C+1@J=30)!
M&*@',0)-'!],*! VC=M]W.!+&*!Y)(!4+(1!C-'-+0</!=''%<)+J
,)%&! VY4C=W#! H-F+0,1-&,+(! ',+::! 1-1B-0'! '%(-(9! %0! )&!
<%((+B%0+,)%&!A),/!F%',30+*@+,-!',@*-&,'!/+8-!F@B()'/-*!
"T!F--0J0-8)-A-*!S%@0&+(!+0,)<(-'!)&!DRD"l!+!:-A!1%0-!+0-!
<@00-&,(9!)&!,/-!F0-''#!H0#!C%&&)-!H%,+%&+!)'!,/-!<%@&,09!
(-+*-0! %&! ,/-! =$M=C! EA--,! 4%,+,%! $0%F! 40%,-<,)%&!
F0%S-<,! V)&! <%((+B%0+,)%&!A),/! $/+0(-'! E,@0,! ! 7&)8-0'),9.!
7&)8-0'),9!%:!E%@,/-0&!p@--&'(+&*.!5+,)%&+(!=30)<@(,@0-!
C-'-+0</!M&',),@,-!n5=CMo.!+&*!,/-![0-'/!40%*@<-!H-8-(J
%F1-&,!=3-&<9! n[4H=oW#! [)-(*! ,0)+('! :%0! ,/-'-! F0%S-<,'!
/+8-! B--&! '-,! @F! )&! *)::-0-&,! '),-'! )&! ,/-! ?+',-0&!
>)3/(+&*'!+&*!,/-!K%0%B-!40%8)&<-'.!+&*!*+,+!3+,/-0J
)&3!)'!%&3%)&3#!H0#!4+,0)<I!K)</+-(!A%&!+!0-'-+0</!30+&,!
:0%1! ,/-! 456! E<)-&<-! +&*! ;-</&%(%39! E-<0-,+0)+,!
V456E;EW! ,%! <%&*@<,! 0-'-+0</! %&! ,/-! +30%&%1)<!
+'F-<,'! %:! 'A--,! F%,+,%-'! )&! ,/-! >)3/(+&*'! 0-3)%&! %:!
456#!!!

RT! +764>C95J<!-=<JC5@7>G5;

;/-!H-F+0,1-&,!<%&')*-0'!+<,)8-!+<+*-1)<!+&*!F0%:-'J
')%&+(!0-(+,)%&'/)F!,%!-O,-0&+(!)&',),@,)%&'!+&*!)&*@',0)-'!
+'!+&!)1F%0,+&,!()&I+3-!,/+,!A%@(*!:+<)(),+,-!B-&-:),'!%&!
I&%A(-*3-.!'I)(('.!+&*!'-08)<-'#!M&!DRD".!,/-!H-F+0,1-&,!
-',+B()'/-*! &-A! %0! 1+)&,+)&-*! <%&,+<,'! A),/! '-8-0+(!
&+,)%&+(! +&*! )&,-0&+,)%&+(! %03+&)2+,)%&'! )&<(@*)&3! ,/-!
=@',0+()+&! M&',),@,-! %:! =30)<@(,@0+()','! V=M=W.! =@',0+()+&!
$%@&<)(! %:! H-+&'! %:! =30)<@(,@0-! V=$H=W.! E@FF%0,! :%0!
C@0+(!?&,0-F0-&-@0'/)F.!M&8-',1-&,!+&*!;0+*-!)&!4+F@+!
5-A!6@)&-+! VE;C?M;W.! Y@,'F+&! 456! VY]=KW.! =$M=J
CN$EMCY.!60%A456!],*.!+&*!M&&%8+,)8-!=30%!M&*@',0)-'!
VM=MW#!;/-!H-F+0,1-&,Q'! ()&I+3-!,%!,/-!-O,-0&+(!&+,)%&+(!
%03+&)2+,)%&'! )'! +('%! +<,)8-(9! 1+)&,+)&-*! ,/0%@3/! ,/-!
-&3+3-1-&,!%:!%@0!',@*-&,'!A/%!3%!%&!+&!+&&@+(!PM&*@'J
,0)+(! ;0+)&)&3Q! V)&! ,/-! &-A! <@00)<@(@1! )'! <+((-*! Pe%0I!
M&,-30+,-*!]-+0&)&3! J!eM]QW#!7&:%0,@&+,-(9.! )&!DRD".!A-!
<%@(*! &%,! '-<@0-! F(+<-1-&,'! :%0! ',@*-&,'! ,%! @&*-03%!
eM]!*@-!,%!)''@-'!+''%<)+,-*!A),/!$YZMHJ"i#!!!!!!!!!!

VT! 2@BB475CD!$78J8=B=7C

;/-! E%@,/! 4+<):)<! M&',),@,-! :%0! E@',+)&+B(-! =30)<@(,@0-!
+&*! C@0+(! H-8-(%F1-&,! VE4ME=CHW! )'! ,/-! <%&*@),!
,/0%@3/!A/)</! ,/-!H-F+0,1-&,! </+&&-('! ),'! <%11@&),9!
%@,0-+</!+<,)8),)-'#!E4ME=CH!/+'!&-3%,)+,-*!+&*!*%&-!
B+'-()&-N'),@+,)%&+(! +''-''1-&,'! ,%! ',0+,-3)<+((9! -',+BJ
()'/! PC-'%@0<-! $-&,-0'Q! +0%@&*! ,/-! <%@&,09#! E%1-! %:!
,/-'-! (%<+,)%&'! )&<(@*-! >+1+0+! 8)((+3-.! Y0%! 40%8)&<-l!
k@()! 6+F.! d)A+I+! 40%8)&<-l! k+F+0)! 8)((+3-.! $-&,0+(!
40%8)&<-.! +&*! k-&*+(-! +0-+.! E%@,/-0&! >)3/(+&*'!
40%8)&<-#!;/-!H-F+0,1-&,!)&,-&*'!,%!-O,-&*!),'!'-(-<,)%&!
,%!/+8-!+!:+)0!<%8-0+3-!%:!,/-!:%@0!0-3)%&'!%:!,/)'!<%@&,09#!
;/-! 7&)8-0'),9! -''-&,)+((9! 0-<%3&)2-'! E4ME=CHQ'!
)&8%(8-1-&,!)&!,/-!<%11@&),9!*-8-(%F1-&,!F(+&!,/0%@3/!
),'!',0+,-3)<!3%+(.!:0%1!`E,0+,-3)<!H%1+)&!_b!)&!,/-!`E,0+J
,-3)<! 4(+&! DRDRJDRDL.! ,/+,.! `E4ME=CH! A)((! B-! ,/-!
F(+,:%01!,%!0%((%@,!+30)<@(,@0+(!*-8-(%F1-&,!F0%30+1'!,%!
,/-! <%11@&),)-'#b! ='! +! <%11),1-&,! ,%! ,/)'! 3%+(.! ,/-!
7&)8-0'),9! 3+8-! E4ME=CH! ,/-! '@1! %:! k"RR.RRR#RR! )&!
DRD"#!!!!!!

SS



   
       

DEPARTMENT OF APPLIED PHYSICS 

!M,!)'!,/-!H-F+0,1-&,Q'!A)'/!,/+,!'@::)<)-&,!U@+():)-*!4/9'J
)<'!30+*@+,-'!+0-!+8+)(+B(-! ,%! ,+I-!@F!+((! ,/-!F%'),)%&'!
,/+,!0-U@)0-!4/9')<)',!)&!+((!+0-+'!%:!,/-!<%@&,09f'!F@B()<.!
3%8-0&1-&,! +&*! F0)8+,-! '-<,%0'#! [@0,/-01%0-.! /+8)&3!
F0%*@<-*!1+0I-,+B(-!30+*@+,-'.!,/-!H-F+0,1-&,!/%F-'!
,%!'--!'%1-!30+*@+,-'!,+I-!@F!<+0--0'!B%,/!A),/)&!,/-!
<%@&,09!+&*!+B0%+*#
;/-! :)8-J9-+0! ',0+,-3)<! 4(+&! VDR"^! c! DRDRW! :%0! ,/-!
H-F+0,1-&,! %:! =FF()-*! 4/9')<'! +,! 456! 7&)8-0'),9! %:!
;-</&%(%39!A+'!*-8-(%F-*!+'!+!0-'@(,!%:!,/-!<%0F%0+,-!
',0+,-3)<!F(+&!:%0!,/-!7&)8-0'),9#!='!+!0-'@(,.! ,/-!8)')%&.!
1)'')%&.!+&*!<%0-!8+(@-'!%:!,/-!H-F+0,1-&,!A+'!',0+,-3)J
<+((9!+()3&-*!A),/!,/-!8)')%&.!1)'')%&.!+&*!<%0-!8+(@-'!%:!
,/-! 7&)8-0'),9Q'! 8)')%&! DRGR! +&*! ,/-! 6%8-0&1-&,! %:!
4+F@+!5-A!6@)&-+Q'!Z)')%&!DRTR#!!
;/-!H-F+0,1-&,f'!1+)&! %BS-<,)8-! )'! ,%! F0%*@<-! 30+*@J
+,-'!%:! )&,-0&+,)%&+(!',+&*+0*'!A/%!<+&!B-!1+0I-,+B(-!
B%,/!(%<+((9!+&*!)&,-0&+,)%&+((9#!;/-!H-F+0,1-&,!A)'/-'!
,/+,!,/-!30+*@+,-'!+0-!%:!/)3/!U@+(),9!B%,/!-,/)<+((9!+&*!
1%0+((9.! ',%<I-*! A),/! +&+(9,)<+(! 'I)(('! ,%! +FF(9! +,! +&9!
(-8-(.! )&<(@*)&3! -&,0-F0-&-@0'/)F.! ,%! <0-+,-! A-+(,/! ,%!
+((-8)+,-!F%8-0,9#
;%! 1--,! ,/-! /)3/! ',+&*+0*'! %:! U@+(),9! 30+*@+,-'.! ,/-!
*-F+0,1-&,! F(+&&-*! ,%! *-8-(%F! /@1+&! 0-'%@0<-'! +&*!
@F30+*-! -O)',)&3! :+<)(),)-'! ,%! ,/-! )&,-0&+,)%&+(! (-8-(!
,/0%@3/!)&',),@,)%&+(!+<<0-*),+,)%&#!;/-0-:%0-.!*-'F),-!,/-!
')2-! %:! ,/-! H-F+0,1-&,.! ,/-! +<+*-1)<! +<,)8),)-'! %:! ,/-!
H-F+0,1-&,!+0-!-OF-<,-*!,%!F0%*@<-!30+*@+,-'!%:!-O<-(J
(-&,!%@,F@,#!a%,/!,/-!',+::!+&*!',@*-&,'!+0-!-OF-<,-*!,%!
:--(!'+,)':)-*!A),/!,/-!(-8-(!%:!+<+*-1)<!+</)-8-1-&,'!)&!
+((!+0-+'!%:!+<,)8),9!A),/)&!,/-!*-F+0,1-&,!+&*!,/-!7&)8-0J
'),9!+'!+!A/%(-#!

ST!!.CJAA578

=0%@&*! DR"T.! A/-&! ,/-! ',0+,-3)<! 4(+&! A+'! :)0',!
)&,0%*@<-*.! A-! /+*! %&(9! +! :-A! ]-<,@0-0'! A),/! &%! 4%',!
60+*@+,-!F0%30+1'#!;/-0-:%0-.!A-!F(+&&-*!,%!0-<0@),!,/-!
1%',! U@+():)-*! =<+*-1)<! E,+::! +&*! )1F0%8-! +((! %,/-0!
+0-+'! %:! +<+*-1)<! -O<-((-&<-.! '@</! +'! $@00)<@(@1!
*-8-(%F1-&,.!0@&&)&3!46!F0%30+1'.!+&*!1+&9!1%0-#
M&! DR"^!H-F+0,1-&,! 0-<0@),-*! T! &-A!]-<,@0-0'!A),/! +((!
4/H'l!+!<%@F(-!%:!,/-1!+0-!40%:-''%0'#![0%1!,/-0-!%&.!
A-!/+8-! ,0+)&-*!+&*!0-<0@),-*!]-<,@0-0'!+&*!;-</&)<+(!
',+::!,%!:)((!@F!'%1-!%:!,/-!8+<+&<)-'#!;/-!()',!%:!=<+*-1)<!
E,+::!)'X
>-+*!%:!,/-!*-F+0,1-&,X!
!H0#6+B0)-(!=&*@A+&
!"#$%&&#"&'(! !!!!!!! !!!!!!
40%:!K+&%S!K@I/%F+*/9+9
)&&#*+,-%(!"#$%&&#"&'(((!!!!
H0#![-()O!4-0-)0+
!H0#!H+F'9!Y(+,%&+
.%/+#"(0%*-1"%"&'(!! !!!!!
H0#!K%/+1+*!=()
H0#!Z-(@'+19!E-&,/)(I@1+0
0%*-1"%"&'(!!!!!!!!!!!!!!!!!!!!!!!!!!
H0#!H+8)*!k%(I%1+
K0#!E@+1-!=1F+&+!VE,@*9)&3!:%0!4/H!c!$%11%&A-+(,/!
'</%(+0'/)FW
!K0#!K)</+-(!6+%1+!!!VE,@*9)&3!:%0!4/H.7&),-</W
!K0#!k-&'%&!;%&&9!!!!!!V=FF%)&,-*!,/)'!9-+0W
!!
!

SP



])',!%:!;-</&)<+(!Y::)<-0'
"#K0#!k-&&9!K)</+-(!!!!!VaE<!)&!aE=4.!!7&),-</W!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!E,@*9)&3!:%0!K4/)(
D#!K0#!K+,/-A!e+)1B%!VKE<!\!aE<!)&!aE=4.!7&),-</W
G#!K0#!e)(()+1!4)-(!!!!!!!!!VaE<!)&!aE=4.!7&),-</W
L#!K0#!E)1-%&!M:@!!!!!!!!!!VaE<!)&!aE=4.!7&),-</W
T#!K0#!a-&'%&!H-I'%&!V;-</&)<+(!$%((-3-!30+*@+,-W
q>+8)&3! ,/-%0-,)<+(! B+<I30%@&*.! ,/-'-! ;-</&)<+(!
Y::)<-0'! F-0:%01-*! /)3/-0! ,/+&! %,/-0! ,-</&)<+(! <%((-3-!
30+*@+,-'#!;/-9!-8-&!/-(F!,/-!+<+*-1)<!',+::!B9!,-+</J
)&3!(+B%0+,%09!<(+''-'!+&*!*%)&3!0-'-+0</#

PT!'76=989J64JC=!%9@89JB

;/-! 456! 7&)8-0'),9! %:! ;-</&%(%39! V4567Y;W! /+'!
B-<%1-! +! *@+(! 1%*-! @&)8-0'),9! +'! ),! -1B+0I'! ),'!
+<+*-1)<! F0%30+1'! ,%! B-! %::-0-*! ,/0%@3/! YF-&! +&*!
H)',+&<-!]-+0&)&3!+'!A-((!+'!?J]-+0&)&3.!@')&3!+!B(-&*J
-*! 1%*-! %:! ',@*9! +&*! *-()8-09! +'! A-((! +'! ,0+*),)%&+(!
%&J<+1F@'!1%*-!')&<-!),'! )&<-F,)%&!)&!"iiG#!4567Y;!
A)((! -&'@0-! ,/+,! F+0),9! )'!1+)&,+)&-*! B-,A--&! ',@*-&,'!
',@*9)&3!%&J<+1F@'!+&*!-O,-0&+(!1%*-'!A),/)&!,/-!()1),'!
%:!0-'%@0<-!<%&',0+)&,'#
;/-!E,0+,-3)<!4(+&!+&*!,/-!+'F)0+,)%&'!%:!,/-!*-F+0,1-&,!
%:!=FF()-*!4/9')<'!B0%+*!F%()<)-'!+0-!,%

r!C+)'-!,/-!U@+(),9!%:!,-+</)&3.!(-+0&)&3!+&*!,%!:+<)(),+,-!
,/-!<%&8-03-&<-!%:!%&J<+1F@'!+&*!%::J<+1F@'!,-+</)&3!
+&*!(-+0&)&3!1%*-'!B9!F0%1%,)&3!+&*!:+<)(),+,)&3!,/-!@'-!
%:!0-(-8+&,.!)&,-0+<,)8-!,-</&%(%3)-'!+&*!1-,/%*%(%3)-'
r!K+)&,+)&!+&!+<,)8-!F0%30+1!%:!0-'-+0</!)&,%!+(,-0&+,)8-!
1%*-'!%:!,-+</)&3!+&*!(-+0&)&3!)&!/)3/-0!-*@<+,)%&
r! 4@B()'/! +&*! *)''-1)&+,-! 0-'-+0</! 0-'@(,'! +&*! )*-+'!
+B%@,! -O,-0&+(! ',@*)-'.! %&()&-! ',@*)-'.! +&*! [(-O)B(-!
]-+0&)&3!)&!3-&-0+(
r! 40%1%,-! +&*! F+0,)<)F+,-! )&! $%&'@(,+&<9! ,/0%@3/!
<%11-0<)+(! +<,)8),)-'! B9! ,/-! *-F+0,1-&,! +&*! )1F+0,!
I&%A(-*3-!,%!',@*-&,'!A/%!<+&!3%!)&,%!-&,0-F0-&-@0'/)F

e),/!'@FF%0,!:0%1!,/-!<-&,0+(!+*1)&)',0+,)%&.!,/-!=FF()-*!
4/9')<'!H-F+0,1-&,!/+'!+((!,/-!0-U@)0-*!',@*9!1+,-0)+('!
+&*!'@FF%0,!'-08)<-'!:%0!+((!<%@0'-!F0%30+1'!)&!*)::-0-&,!
1%*-'! %:! ',@*9! ,/+,! +0-! %:! ,/-! /)3/-',! F-*+3%3)<+(!
U@+(),9!+&*!-::-<,)8-&-''#

=FF()-*!4/9')<'!H-F+0,1-&,!<@00-&,(9!%::-0'! ,/-!:%((%AJ
)&3!@&*-030+*@+,-!F0%30+1'X

r!a+</-(%0!%:!E<)-&<-!)&!=FF()-*!4/9')<'!A),/!?(-<,0%&)<'!!!!!!!!!!
+&*!M&',0@1-&,+,)%&
r!a+</-(%0!%:!?&3)&--0)&3!)&!a)%1-*)<+(!?&3)&--0)&3

a+'-*! %&! 0-3)',0+,)%&! :)3@0-'! )&! ,/-! (+',! ,A%! +<+*-1)<!
'</%%(!9-+0'! VDRDR!+&*!DRD"W.! ,/-!F%,-&,)+(!%:!=FF()-*!
4/9')<'!+&*!a)%1-*)<+(!?&3)&--0)&3! )&! ,/-!7&)8-0'),9Q'!
<%@0'-! F0%30+1'! /+8-! )&<0-+'-*! )&! +&&@+(! 30%A,/! )&!
',@*-&,'Q! +FF()<+,)%&! ,%! ,+I-! 4/9')<'! +&*! a)%1-*)<+(!
?&3)&--0)&3!+'!,/-)0!:)0',!</%)<-!:%0!+!@&)8-0'),9!
U@+():)<+,)%&#

;/-!&@1B-0!%:! ',@*-&,'!A/%!30+*@+,-*! )&! ,/-!=FF()-*!
4/9')<'!F0%30+1'!+0-!3)8-&!B-(%A#

r!;/-!&@1B-0!%:!30+*@+,-'!F-0!9-+0!)'!+0%@&*!,A-&,9!VDRW!
,%! ,/)0,9! VGRW! ',@*-&,'#! ;/)'! &@1B-0! <%@(*! )&<0-+'-! ):!
:+<)(),)-'!+0-!)1F0%8-*!+&*!1%0-!+<+*-1)<!',+::!F%'),)%&'!
+0-!<0-+,-*#
r!;+B(-!%:!1+(-!+&*! :-1+(-!',@*-&,'!A/%!30+*@+,-*! )&!!!!!
,/-!F+',!:-A!9-+0'

UT!%@>C89J64JC=!%9@89JB

;/-!4%',30+*@+,-!F0%30+1'!)&!,/-!*-F+0,1-&,!+0-#
r!K+',-0!%:!E<)-&<-!+&*!K4/)(!)&!=FF()-*!4/9')<'!VKE<!\!
K4/)(W
r! K+',-0! %:! ;-</&%(%39! )&! ?OF(%0+,)%&! 6-%F/9')<'!
VK;?$>W
e-!/+8-!U@+():)-*!',+::!)&!,/-!*-F+0,1-&,!A/%!+0-!<%11),J
,-*! ,%! -::-<,)8-(9! ,-+</)&3! %@0! 46! ',@*-&,'! )&! B%,/!
F0%30+1'#!
e-! <@00-&,(9! /+8-! :)8-! VTW! 4%',! 60+*@+,-! E,@*-&,'! :%0!
=FF()-*!4/9')<'!+&*!K+',-0!%:!;-</&%(%39!)&!?OF(%0+,)%&!
6-%F/9')<'!A),/!+,!%&-!F%)&,!^!6=4!E</%(+0'/)F!+&*!%&-!
',@*-&,! :0%1! %8-0'-+'! A/%! <+1-! +&*! ',@*)-*! )&! ,/-!
*-F+0,1-&,! @&*-0! p@--&! ?()2+B-,/! E</%(+0'/)F#! M&! ,/)'!
9-+0f'!(+',!30+*@+,)%&!&)&-!ViW!',@*-&,'!30+*@+,-*!A),/!46!
U@+():)<+,)%&'!)&!B%,/!KE<!)&!=FF()-*!4/9')<'!+&*!K;?$>!
)&!?OF(%0+,)%&!6-%F/9')<'#

RT!24995:4<4B!]=F=<@;B=7C!

+W!e-!/+8-!0-8)-A-*!%@0!-O)',)&3!=FF()-*!4/9')<'!!*-30--!
F0%30+1!)&,%!L!'@BS-<,'!F-0!'-1-',-0!@F!,%!,/-!:)&+(!9-+0#
!
BW!e-!/+8-!+('%!0-8)-A-*!+&*!)&,0%*@<-*!,/-!a)%1-*)<+(!
?&3)&--0)&3!F0%30+1#!e-!',+0,-*!A),/!+!:-A!',@*-&,'!:%0!
,/-!:)0',!)&,+I-!,/0--!9-+0'!+3%.!+&*!&%A!,/-9!+0-!)&,%!,/-!!
,/)0*!9-+0#!5-O,!9-+0!,/-'-!',@*-&,'!A)((!*%!,/-)0!:)&+(!9-+0!
)&!,/-!a)%1-*)<+(!?&3)&--0)&3!F0%30+1#

VT!-=>=J9:G!%4N<5:JC5@7!

e-! /+8-! 0-+()2-*! ,/+,! 1%',! p@+():)-*! ]-<,@0-0'! (-+8-!
A/-&! ,/-9! :)&*! ,/+,! ,/-9! <+&&%,! *%! 0-'-+0</#! [%0! ,/+,!
0-+'%&.!e-! /+8-! '-,! @F! +! :-A! 0-'-+0</! :+<)(),)-'! )&! ,/-!
*-F+0,1-&,! :%0!*)::-0-&,! 0-'-+0</!+0-+'#!e),/!%@0! ()1),-*!
0-'%@0<-'.! ,/-! :%((%A)&3! 0-'-+0</!30%@F'!/+8-!B--&! '-,!
@F#

SU



)8W!?&-039!60%@F
?&-039!30%@F'!<%&')',!%:!*)::-0-&,!+FF()<+,)%&'!%0!%,/-0!
30%@F'! ,/+,! <+&! 3-&-0+,-! -&-039.! '@</! +'! 3-%,/-01+(.!
A/)</!)'!)&!,/-!+0-+!%:!,/-!6-%F/9')<'!30%@F#!E%!A-!/+8-!
6-%,/-01+(.! /9*0%.! '%(+0.! A)&*.! +&*! %,/-0! +FF()<+,)%&'!
,/+,! 3-&-0+,-! -&-039#! E?CM! <%1-'! @&*-0! ,/)'! 30%@F!
A/)</#

8W!?(-<,0%&)<'
K%',!=<+*-1)<!E,+::!+0-! )&! ,/-! :)-(*!%:!?(-<,0%&)<'.!+&*!
,/-9!*%!0-'-+0</!+&*!F0%S-<,'!A),/!B%,/!46!+&*!:)&+(!9-+0!
@&*-030+*@+,-! ',@*-&,'#! ;/-!$)0<@),! B%+0*! /-0-! '/%A'!
,/-!,9F-!%:!<%1F%&-&,!@'-*!)&!,/)'!30%@F#

8)W!?&8)0%&1-&,+(!4/9')<'!60%@F
E,+::! 1-1B-0'! A%0I)&3! )&! 8+0)%@'! 30%@F'! +('%! /+8-!
-&8)0%&1-&,+(J0-(+,-*! F0%S-<,'! %0! 0-'-+0</! ,/+,! :+((! )&,%!
,/)'!30%@F!V?3.!5@<(-+0!4/9')<'!',@*9)&3!0+*%&!A),/)&!,/-!
<),9!B@)(*)&3'W#!Y&-!%:!%@0!;-</&)<+(!E,+::!)'!*%)&3!/)'!46!
',@*)-'!@&*-0!,/-!-&8)0%&1-&,+(!',@*9!30%@F#

8))W! E%1-! %:! ,/-'-! 30%@F'! F@B()'/-*! '%1-! F+F-0'! )&!
M&,-0&+,)%&+(! d%@0&+('! +&*! /%F-*! ,%! *%! 1%0-#! K%',! %:!
,/-'-! F@B()<+,)%&'! /+8-! B--&! 0-F%0,-*! )&! ,/-! 0-'-+0</!
0-F%0,!9-+0(9#

YT!2@7>4<CJ7:D!J76!+7:@B=!*=7=9JC5@7

;/-!*-F+0,1-&,!/+'!,/-!F%,-&,)+(!,%!*%!+!(%,!%:!<%&'@(,+&J
<)-'!@')&3!8+0)%@'!'I)(('!+&*!I&%A(-*3-#

)W!!;/-!H-F+0,1-&,!)'!0-',0)<,-*!B9!0-'%@0<-'!,%!*%!+!1%0-!
! -O,-&')8-! '<+(-! F0%S-<,! '@</! +'! ?OF(%0+,)%&! :%0! +&! ?]!
V?OF(%0+,)%&! ])<-&'-W#!e-! /+8-! A0),,-&! ,%! '%1-! %:! ,/-!
40%8)&<)+(! 6%8-0&1-&,'! ,%! '@FF%0,! @'! B@9! -U@)F1-&,!
A/)</!A-!<+&!@'-!,%!*%!,/-!-OF(%0+,)%&!)&!,/-)0!40%8)&<J
-'#;/-9!/+8-!'/%A&!4%'),)8-!0-'F%&'-'!+&*!!!!/%F-!,/-9!
A)((!!0-,@0&!,%!@'#!

))W!e-! +('%! F(+&! ,%! B@)(*! '%(+0! 0-:0)3-0+,%0'! ,/0%@3/! %@0!
'I)(('!B@,!+0-!',)((!'--I)&3!:)&+&<)+(!'@FF%0,#!

)))W!e/-&!7&)8-0'),9!A+&,-*!,%!<%&,0+<,!$$;Z!<+1-0+'!:%0!
!'-<@0),9!F@0F%'-'!%&!<+1F@'.!A-!'@B1),,-*!%@0!F0%F%'+(!
!,%!,/-!7&)8-0'),9.!+&*!,/-!7&)8-0'),9!+A+0*-*!,/-!<%&,0+<,!
! ,%! ,/-!H-F+0,1-&,!%@,!%:!%,/-0!B)**-0'#='!+! 0-'@(,.! ,/-!
$$;Z! A+'! )&',+((-*! %&! <+1F@'! B9! ,/-! H-F+0,1-&,! +,!
'%1-!<%',#!;/-!F0%S-<,!<%','!+B%@,!k_T.RRR#RR!1+)&(9!%&!
,/-!-U@)F1-&,#

)8W!e-! S@',! )&',+((-*! (+',!A--I!,/-! (+,-',!-U@)F1-&,.! ,/-!
',+,-J%:J,/-J+0,! -U@)F1-&,.! ,/-! /)3/! F@0),9! 6-01+&)@1!
4J;9F-!H-,-<,%0!V>46-W.!A),/!),'!+<<-''%0)-'!+&*!(+,-',!
'%:,A+0-!+8+)(+B(-!%&!,/-!1+0I-,#!;/-!-U@)F1-&,!A)((!B-!
@'-*! ,%! ,-',! '+1F(-'! :0%1! '%()*.! ()U@)*.! +&*! F%A*-0!
-OF%'-*!,%!0+*)%+<,)8-!'%@0<-'#!M,!A)((!+('%!B-!@'-:@(!:%0!
,/-!<%@&,09!)&!,-01'!%:!,-',)&3!0+*)+,)%&!(-8-('!)&!+&9!:%%*!
),-1'.! 0)8-0! '%@0<-'.! '-+A+,-0.! 0--:'.! '%)(.! 0%<I'.! +&*!
'-*)1-&,'! )&! ,/-!+0-+'! ,/+,!/+8-!1)&)&3!+<,)8),)-'#!;/)'!
-U@)F1-&,! )'! ,/-! (+,-',!+&*!-&/+&<-'! ,/-!H-F+0,1-&,Q'!
0-'-+0</!*0)8-!+&*!4%',30+*@+,-!',@*)-'#!=F+0,!:0%1!,/-!
>46-.! ,/-0-! +0-! +('%! '-8-0+(! 0+*)+,)%&! *-,-<,%0'! ,%!
1-+'@0-!B+<I30%@&*!-&8)0%&1-&,+(!0+*)+,)%&#!!

[)3@0-!"!'/%A'!,/-!
+W!6+11+!
C+9!EF-<,0%1-,-0!B9!!!
!5+MV;(W!+&*
BW!C+*%&!*-,-<,%0

)W!?OF(%0+,)%&!6-%F/9')<'!60%@F
J! e-! /+8-! %B,+)&-*! 60+8),9! *+,+! :%0! +((! %:! 456! :0%1!
[0+&<-.!
JE)3&-*!+&!KY=!A),/!KC=!+&*!,%!A%0I!<%((+B%0+,)8-(9!
Je-!F@0</+'-*!6-%'%:,!'%:,A+0-!A/)</!<+&!B-!@'-*! ,%!!
F0%<-''!*+,+
J46!',@*-&,'!+&*!',+::!+0-!A%0I)&3!)&!,/)'!30%@F.!1+I)&3!
@'-!%:!,/-!*+,+!+&*!KY=

))W!$%&*-&'-*!K+,,-0N5+&%,-</&%(%39!60%@F
e-!/+8-!B%@3/,! '%1-!-U@)F1-&,!+&*!</-1)<+('! ,%!*%!
0-'-+0</!)&!,/)'!:)-(*#!=,!,/-!1%1-&,.!%&-!30+*@+,-*!A),/!
+!1+',-0Q'!*-30--#!=!4/H!',@*-&,!+&*!+!K+',-0Q'!',@*-&,!
+0-! !A%0I)&3!A),/! ,/-! 30%@F#!e-!/+8-! F@B()'/-*! +! :-A!
F+F-0'!)&!)&,-0&+,)%&+(!S%@0&+('!:0%1!,/)'!!0-'-+0</!30%@F#!!!!!!!!!!!!!

)))W!5@<(-+0!4/9')<'!60%@F
e-!/+8-!B%@3/,!%&-!%:!,/-!B-',!-U@)F1-&,!V6+11+!C+9!
EF-<,0%1-,-0! B9! 5+MV;(WW.! A/)</! )'! B-)&3! @'-*! :%0!
0-'-+0</!&%A#!;A%!%:!%@0!',+::!1-1B-0'!@'-!,/-!-U@)FJ
1-&,!,%!',@*9!:%0!,/-)0!4/H!F0%30+1#!Y&-!@'-*!,/-!-U@)FJ
1-&,!,%!:)&*!0+*)+,)%&!3)8-&!%::!B9!K)&)&3!$%1F+&)-'.!+&*!
,/-!%,/-0! ',@*9! :%0! ,/-! 0+*)+,)%&!3)8-&!%::! )&! ,%A&'!+&*!
<),)-'#!Y:! ,/-! ,A%.!%&-!F+''-*!+A+9.!+&*! ,/-!%,/-0! S@',!
30+*@+,-*! A),/! 4/H! *-30--! )&! d@&-! DRDD#! ;A%! 46!
',@*-&,'! 30+*@+,-*! A),/! K+',-0Q'! *-30--! @')&3! ,/)'!
-U@)F1-&,#

SR



!M,!)'!,/-!5+,)%&+(!C+*)%(%3)<+(!]+B%0+,%09!A/-0-!+((!
6%8-0&1-&,!+&*!F0)8+,-!'-<,%0'!@')&3!0+*)%+<,)8-!
'%@0<-'!A)((!'-&*!,/-)0!1+,-0)+('!:%0!0+*)+,)%&!
-OF%'@0-!1-+'@0-1-&,'!+,!'%1-!<%',#!

[)3@0-!"X!E/%A'!V+.!B.!<W!>)3/!4@0),9!6-01+&)@1!
H-,-<,%0!V>46-HW.!A/)</!*-,-<,'!3+11+!0+9'!)&!
:%%*.!A+,-0.!'%)(.!'-+A+,-0.!0--:'.!0%<I'.!+&*!
+&9,/)&3!)&!,/-!:%01!%:!V()U@)*.!'%()*.!F%A*-0!:%01W!
c!A),/!+((!),'!+<<-''%0)-'#

ZT!&>>=C!MJ7J8=B=7C^!

)W!e-!/+8-!0-&%8+,-*!,A%!<(+''0%%1'!)&,%!,/-!
1@(,)1-*)+!0%%1!A),/!=)0!$%&*),)%&-0!)&',+((-*#!
e-!/%F-*!,%!<%&8-0,!+((!%@0!<(+''0%%1'!)&,%!
1@(,)1-*)+!0%%1'!A),/!+&!)&,-0&-,!<%&&-<,)%&#

))W!=((!J9-+0!(+B%0+,%09!-U@)F1-&,!)'!B%@3/,!
!!!&-A!+&*!',@*-&,'!@'-!),!:%0!+((!:)0',J9-+0!<(+''-'#!

)))W!C%%:!;%F!E%(+0!:%0!=FF()-*!4/9')<'!*-F+0,1-&,#
!!!!!;/-!*-F+0,1-&,!%:!=FF()-*!4/9')<'!)'!3)8-&!
!!!!!+&%,/-0!F0%S-<,!,%!B@)(*!+!C%%:!;%F!E%(+0!F0%S-<,!
!!!!!,%!F%A-0!,/-!H-F+0,1-&,!%:!=FF()-*!4/9')<'#
!!!!!=((!,/-!*-')3&!+&*!F0-F+0+,)%&'!/+8-!B--&!1+*-!
!!!!!B@,!A+),)&3!:%0!+FF0%8+(!%:!E,0@<,@0+(!*-')3&!B9!
!!!!!E,0@<,@0+(!?&3)&--0'!+&*!F0%B+B(9!a@)(*)&3!a%+0*#

8)W!e-!+0-!+('%!B@)(*)&3!+!'-)'1)<!',+,)%&!,%!1-+'@0-!,/-
!0-3)%&f'!'-)'1)<!+<,)8),9#!;/-!0-<%0*)&3'!A)((!/-(F!+''-''
!C)'I!=''-''1-&,!+0%@&*!,/-!]+-!+0-+!+&*!!K+0I/+1![+@(,#

)8W!e-!+0-!&%A!3(+*!,%!+&&%@&<-!,/+,!,/-!5+,)%&+(!
!!!!!H%')1-,09!
]+B%0+,%09!A/)</!!6%8-0&1-&,!+FF0%8-*!%:!4+F@+!5-A!
6@)&-+! )'! :)&+((9! '-,@F! +,! =FF()-*! 4/9')<'! *-F+0,1-&,#!
;/-!5+,)%&+(!]+B%0+,%09!A)((!1%&),%0!+&*!0-3@(+,-!0+*)%J
+<,)8-!'%@0<-'!)&!,/-!<%@&,09#!M,!A)((!+('%!B-!,/-!0-'-+0</!
$-&,0-! :%0! 0+*)+,)%&! B+'-()&-! ',@*9! +&*! %,/-0! 0-'-+0</!
0-(+,-*! ,%! 0+*)+,)%&! )&! ,/-! <%@&,09#! =B%@,! k"#D! 1)(()%&!
A%0,/!%:!-U@)F1-&,!F@0</+'-*!B9!,/-!M&,-0&+,)%&+(!=,%1)<!
?&-039!=3-&<9!VM=?=W#!;/-!(+,-',!',+,-J%:J,/-J+0,!-U@)FJ
1-&,! A+'! )&',+((-*! (+',! A--I.! T,/! %:! d@(9.! DRDD! +,! ,/-!
=FF()-*!4/9')<'!*-F+0,1-&,#!

8W!;/-!?s;?5EMY5!%:!,/-!=FF()-*!4/9')<'!H-F+0,1-&,!+,!
+!<%',!%:!k"#T!1)(()%&.!A/)</!/+'!L!0%%1'!:@&*-*!B9!,/-!
5+,)%&+(! M&',),@,-!%:!E,+&*+0*!+&*!M&*@',0)+(!;-</&%(%39!
V5MEM;W!A%0,/!+B%@,!k_RR.RRR#RR!F(@'!+&%,/-0!k"!1)(()%&!
:0%1!456!7&)8-0'),9!%:!;-</&%(%39.!A/)</!A)((!,+I-!F(+<-!
+&9,)1-!,/)'!9-+0#!a-(%A!)'!,/-!*-')3&!%:!,/-!B@)(*)&3#

(a)

(b)

(c)

SV

!



SY

[T!14C49=!%<J7

Y@,!%:!'%!1+&9!,/)&3'!)&!1)&*.!:%@0!,/)&3'!,/+,!&--*-*!,%!B-!*%&-!A),/%@,!*-(+9#!;/-'-!+0-X!
)W!!!!!!=:,-0!<%1F(-,)&3!,/-!?O,-&')%&!%:!,/-!a@)(*)&3.!%&-!0%%1!A)((!B-!+'')3&-*!`M&*@',0)+(!;0+)&)&3!$-&,-0b#!=((!
)&*@',0)+(!-U@)F1-&,!A)((!B-!)&',+((-*.!+&*!,/-!,0+)&)&3!%:!',@*-&,'!+&*!-1F(%9--'!:0%1!,/-!)&*@',09!!A)((!B-!F+0,!%:!
<%&'@(,+&<)-'#!;/)'!A)((!+('%!/-(F!%@0!30+*@+,-'!3-,!*)0-<,!-1F(%91-&,!A),/!)&*@',0)+(!I&%A(-*3-#

))W! ! ! ! !Y&<-!,/-!M&*@',0)+(!;0+)&)&3!$-&,-0!0@&'.! ,/-!H-F+0,1-&,!A)((!+FF(9!:%0!=<<0-*),+,)%&!A),/!,/-!=@',0+()+&!
M&',),@,-!%:!4/9')<'!V=M4W#!E%.!/+8)&3!U@+():)-*!]-<,@0-0'.!46!',@*-&,'.!C-'-+0</!0@&&)&3!'1%%,/(9.!+&*!M&*@',0)+(!
-U@)F1-&,!+0-!'-,!@F.!,/-!aE=4!F0%30+1!)'!'-,!,%!3%!:%0!=<<0-*),+,)%&#

)))W!!!!e/-&!H%')1-,09!]+B%0+,%09!)'!'-,!@F#!e-!/+8-!4(+&!,%!*%!+!(%,!%:!0-'-+0</!,/0%@3/%@,!,/-!<%@&,09!)&!,/-!
+0-+'!%:!0+*)+,)%&!+&*!'+:-,9#!e-!A)((!*%!+!B+'-()&-!',@*9.!+&*!+&9%&-!@')&3!0+*)%+<,)8-!'%@0<-'!A)((!B-!',@*)-*!
+&*!B@)(*!,/-!I&%A(-*3-!B+&I!)&!,/+,!:)-(*!:%0!,/-!<%@&,09#!M=?=!)'!(%%I)&3!@F%&!@'!,%!B-!,/-!(-+*-0!)&!,/)'!:)-(*!
,/0%@3/%@,!,/-!)'(+&*!&+,)%&'!,/0%@3/%@,!,/-!F+<):)<#

)8W!!!!4/9')<'!?*@<+,)%&!)'!8-09!F%%0!)&!,/-!<%@&,09#!='!+!0-'@(,.!,/-!:)0',J9-+0!',@*-&,'!A-!'-(-<,!+0-!A-+I!)&!4/9'J
)<'#;/-0-:%0-.!A-!/+8-!<%1-!@F!A),/!,/-!)*-+!,%!',+0,!+!&-A!K+',-0Q'!F0%30+1!)&!4/9')<'!?*@<+,)%&#M&!,/)'.!A-!
F(+&&-*! ,%! 3-,! >)3/! E</%%(! ;-+</-0'! ,%! <%1-! :%0! +! K+',-0Q'! F0%30+1.! A/-0-! 4/9')<'.! K+,/-1+,)<'.! +&*!
?(-<,0%&)<'!A),/!%&-!%0!!,A%!'@BS-<,'!)&!?*@<+,)%&!,/0%@3/!;]K7#!e/-&!<%1F(-,-*.!,/-'-!30+*@+,-'!A)((!3%!B+<I!
+&*!)1F0%8-!,/-)0!,-+</)&3!)&!,/%'-!'@BS-<,'!A-!,-+</#!;/)'!A)((!')3&):)<+&,(9!)1F0%8-!,/-!4/9')<'!?*@<+,)%&!)&!+((!
'-<%&*+09!E</%%('.!;-</&)<+(!<%((-3-'.!+&*!+&9A/-0-!%@0!30+*@+,-'!+0-!'-,,(-*#

8W!!!!;/-0-!1+9!B-!&-A!+&*!-O<),)&3!)*-+'.!+&*!,/)&3'!1+9!<%1-!@F!A/)</!<+&!B-!<%&')*-0-*!)&!,/-!:@,@0-#!a@,.!
,/-!),-1'!()',-*!+B%8-!<+&!B-!)1F(-1-&,-*!)11-*)+,-(9!:%0!,/-!*-F+0,1-&,!,%!B-!0%B@',!)&!),'!%F-0+,)%&#

\T!2@7:<4>5@7^

M&! <%&<(@')%&.! ',0+,-3)<+((9.! ,/-!H-F+0,1-&,!A)((! 0-+</!"RRm!%:! ,/-! ',0+,-3)<!4(+&!A/-&!+((! ),'! %BS-<,)8-'! +0-!
0-+</-*#!;/)'!)&<(@*-'!,/-!:@,@0-!4(+&!+&*!+!B),!%:!F-0:-<,)%&!)&!),'!-O)',)&3!%F-0+,)%&#!
[0%1!%@0!-OF-0)-&<-.!A-!&--*!',0%&3.!',-+*9!+&*!:%<@'-*!(-+*-0'/)F!,%!I--F!F@'/)&3!,%!1--,!%@0!%BS-<,)8-'!+&*!
3-,!,/-!S%B!*%&-!,%!1+)&,+)&!+!',0%&3!*-F+0,1-&,!)&!,/)'!)&',),@,)%&#!



DEPARTMENT OF APPLIED SCIENCES

;/-!=FF()-*!E<)-&<-'!H-F+0,1-&,! )'!@&)U@-!B-<+@'-! ),!
%::-0'!,A%!*)::-0-&,!+&*!'-F+0+,-!*-30--!F0%30+1'!)&!%&-!
H-F+0,1-&,!a@)(*)&3#!;/)'!<0-+,-'!+&!%FF%0,@&),9!:%0!%@0!
',@*-&,'!,%!:%01!+!(+',)&3!&-,A%0I!%:!:0)-&*'!)&!,A%!8-09!
*)::-0-&,!9-,!0-(+,-*!:)-(*'!%:!F0+<,)<-#
;/-!H-F+0,1-&,!)'!<%11),,-*!,%!,0+)&)&3!',@*-&,'!+,!
@&*-030+*@+,-!+&*!30+*@+,-!(-8-('!%:!,/-!/)3/-',!U@+(),9#!
Y@0! 8)')%&! )'! `;%! B-<%1-! +! U@+(),9! *-F+0,1-&,! ,/+,!
F0%*@<-'!)&,-((-<,@+(!1+&F%A-0!:%0!4+F@+!5-A!6@)&-+Q'!
*-8-(%F1-&,!+&*!'@',-&+&<-b#!Y@0!1)'')%&!)'!`;%!:%<@'!
%&!/)3/J<(+''!,-+</)&3!+&*!U@+(),9!0-'-+0</.!<%&,)&@%@'(9!
',0)8-! ,%! F0%*@<-! :@,@0-! (-+*-0'! 0)</! )&! )&,-(()3-&<-! +&*!
)&&%8+,)%&'! )&! ,/-! :)-(*! %:! =FF()-*!$/-1)',09! +&*! [%%*!
;-</&%(%39!+&*!')1@(,+&-%@'(9!<%&<-&,0+,-!%&!',0-&3,/J
-&)&3!+&*!-&()3/,-&)&3!,/-!<%11@&),9#b
Y@0! ,%,+(! )&,+I-! )'!^R!',@*-&,'!F-0!9-+0! VGR!',@*-&,'! )&!
-+</!F0%30+1W#! M&!DRD".!GD!',@*-&,'! )&! ,%,+(!30+*@+,-*#!
=(,/%@3/.!,/-!H-F+0,1-&,Q'!-1F(%9+B(-!0+,-!)'!+1%&3!,/-!
/)3/-',!)&!,/-!7&)8-0'),9.!+B%@,!iRm!%:!%@0!',@*-&,'!:)&*!
-1F(%91-&,!A),/)&!')O! V^W!1%&,/'!+:,-0!<%1F(-,)&3! ,/-)0!
*-30--!F0%30+1'#
!
ST!!&:J6=B5:!%9@89JB>

7&*-030+*@+,-!*-30--!F0%30+1'!%::-0-*!+0-!a+</-(%0!%:!
E<)-&<-!)&!=FF()-*!$/-1)',09!+&*!a+</-(%0!%:!E<)-&<-!)&!
[%%*! ;-</&%(%39#! ;A%! <%1F(-,-(9! *)::-0-&,! *-30--!
F0%30+1'#! ;/)'! <0-+,-'! B@*3-,+09! <%&',0+)&,'! B-<+@'-!
,/-!<@00)<@(@1'!+0-!8-09!*)::-0-&,.!'%!,/-!&--*'!:%0!(+B%0+J
,%09!+&*!F0+<,)<+(!<(+''-'!+&*!)&',0@1-&,'!+&*!-U@)F1-&,!
*%!*)::-0#!M&!,/-!1)*',!%:!,/-'-!<%&',0+)&,'.!,/-!',+::!+&*!
,/-!',@*-&,'!:0%1!B%,/!F0%30+1'!A%0I!,%3-,/-0!/+01%&)J
%@'(9!,%!+</)-8-!,/-!8)')%&!+&*!1)'')%&!%:!,/-!H-F+0,1-&,!
+&*!,/-!7&)8-0'),9!+'!+!A/%(-#!
Y@0! <%@0'-'! +0-! 0-8)'-*! F-0)%*)<+((9! ,%! I--F! ,/-1!
<@00-&,#!
e-!/+8-!I-9!',+I-/%(*-0'!+&*!+&!M&*@',0)+(!=*8)'%09!
$%11),,--!A/%!<%&,0)B@,-!,%!<@00)<@(@1!0-8)-A!+&*!
*-8-(%F1-&,#!]+',!0-8)-A!A+'!<%1F(-,-*!)&!,/-!F0-8)%@'!
9-+0! A),/! ,/-! F0)1+09! F@0F%'-! %:! +()3&)&3! ,/-! E@BS-<,!
]-+0&)&3!Y@,<%1-'!A),/!,/-!40%30+1!Y@,<%1-'.!3%8-0&J
1-&,! -OF-<,+,)%&'.! ,/-! 5+,)%&+(! p@+():)<+,)%&'! [0+1-J
A%0I.?O,-0&+(! ',+&*+0*'.! 40%:-'')%&+(! +<<0-*),+,)%&!
0-U@)0-1-&,'! +&*! ,/-! 7&)8-0'),9Q'! 8)')%&.! 1)'')%&! +&*!
30+*@+,-!+,,0)B@,-'#!
M,!A+'!+('%!,%!B0)&3!,/-!<@00)<@(@1!@F!,%!,/-!)&,-0&+,)%&+(!
F0%:-'')%&+(!',+&*+0*'!<%1F+0+B(-!,%!,/%'-!%:!%,/-0!
7&)8-0'),)-'!+0%@&*!,/-!3(%B-!+&*!,%!)&<(@*-!,/-!<@00-&,!
+&*!&-A!*-8-(%F1-&,'! )&!,/-!B0%+*-0!+0-+!%:! ,/-![%%*!
+&*!=30)<@(,@0-!'-<,%0!+&*!,/-!+0-+'!%:!=FF()-*!$/-1)'J
,09#
;/-!H-F+0,1-&,!<%&,)&@-'!,%!1%B)()2-!),'!0-'%@0<-'!,%!
)1F+0,!/)3/JU@+(),9!,/0%@3/F@,!%:!),'!30+*@+,-'#!>-&<-.!+!
',0+,-39!)'!)&!F(+<-!,%!<%&,)&@-!,%!+*%F,!+&*!@'-!,/-!B-',!
,-+</)&3!F0+<,)<-'!,%!1+)&,+)&!U@+(),9#!;/)'!/+'!0-:(-<,-*!
A-((! )&! ,/-! =<+*-1)<! p@+(),9! =''-''1-&,! V=p=;W!
-O-0<)'-! B9! ,/-! 7&)8-0'),9! )&! A/)</! ,/-! H-F+0,1-&,! %:!
=FF()-*!E<)-&<-'!/+'!B--&!)&!,/-!,%F!,/0--!%:!,/-!,/)0,--&!
V"GW!+<+*-1)<!*-F+0,1-&,'!:%0!,/-!(+',!,/0--!9-+0'#

SZ



 

V+W!a+</-(%0!%:!E<)-&<-!)&![%%*!;-</&%(%39#
!!
;/-!a+</-(%0!%:!E<)-&<-!)&![%%*!;-</&%(%39!)'!,/-!%&(9!
:%%*! '<)-&<-! +&*! :%%*! ,-</&%(%39J0-(+,-*! *-30--!
F0%30+1!)&!,/-!E%@,/!4+<):)<!0-3)%&!+F+0,!:0%1!=@',0+()+!
+&*!5-A!t-+(+&*#!;/-!F0%30+1!/+'!B--&!B-&</1+0I-*!
A),/!,/-![%%*!E<)-&<-!+&*!;-</&%(%39!F0%30+1!%::-0-*!
B9! ,/-! 7&)8-0'),9! %:! 5-A! E%@,/! e+(-'! V75EeW#! ;/-!
'-<,)%&!/+'!B--&!+**0-'')&3!,/-!0-<%11-&*+,)%&'!3)8-&!
*@0)&3! ,/-! B-&</1+0I)&3#! ;/-! :%%*! ,-</&%(%39! '-<,)%&!
/+'!+('%!B--&!<%&')*-0)&3!,/-!+<<0-*),+,)%&!0-U@)0-1-&,'!
:%0! F0%:-'')%&+(! B%*)-'.! -'F-<)+((9! ,/-! M&,-0&+,)%&+(!
M&',),@,-!%:![%%*!E<)-&<-!+&*!;-</&%(%39!VM[E;W#!
[%%*!;-</&%(%39!)&8%(8-'!,/-!+FF()<+,)%&!%:!'<)-&<-!+&*!
-&3)&--0)&3!I&%A(-*3-.!B-3)&&)&3!A),/!,/-!F%',J/+08-',!
/+&*()&3!%:!F(+&,!+&*!+&)1+(JB+'-*!0+A!1+,-0)+('!,/0%@3/!
,%!,/-!1+&@:+<,@0)&3.!',%0+3-.!+&*!*)',0)B@,)%&!%:!8+0)-,9.!
<%&8-&)-&,.!U@+(),9.!+&*!&@,0),)%@'!:%%*!F0%*@<,'#!!!
M,!+('%!)&<(@*-'!,/-!<%&8-0')%&!%:!F(+&,N+&)1+(JB+'-*!0+A!
1+,-0)+('! )&,%! <%'1-,)<.! ,/-0+F-@,)<.! +&*! 1-*)<)&+(!
F0%*@<,'#!;/-!:)-(*!%:![%%*!;-</&%(%39!)&<(@*-'X!
r![%%*!?&3)&--0)&3!
r![%%*!$/-1)',09!
r![%%*!K)<0%B)%(%39!
r![%%*!5@,0),)%&
r!?&,0-F0-&-@0)+(!E,@*)-'!
r![%%*!40%<-'')&3!
r!p@+(),9!=''@0+&<-!+&*![%%*!E+:-,9!
r![%%*!C-3@(+,%09![@&<,)%&#

VBW!a+</-(%0!%:!E<)-&<-!)&!=FF()-*!$/-1)',09

6-&-0+(!$/-1)',09.!K+,/-1+,)<'.!a)%(%39.!4/9')<'.!+&*!
]+&3@+3-! +0-! ',@*)-*! )&! ,/-! :)0',! 9-+0#! E-<%&*! j-+0!
=FF()-*!$/-1)',09!1+S%0(9!-1F/+')2-'!:@0,/-0!</-1)',09l!
=&+(9,)<+(.! M&%03+&)<.! Y03+&)<.! +&*! 4/9')<+(! $/-1)',09!
+0-! -1F/+')2-*#! E,@*-&,'! +('%! ,+I-! <%@0'-'! )&!K+,/-J
1+,)<'.! ]+&3@+3-.! +&*! =FF()<+,)%&'! %:! $%1F@,)&3! )&!
=FF()-*!E<)-&<-'#!;/-0-!)'!+!30-+,-0!'F-<)+()2+,)%&!)&!,/-!
:)&+(! ,A%!9-+0'!A),/!+&!-1F/+')'!%&!+&+(9,)<+(!1-,/%*'!
+&*!,-</&)U@-'.!0-U@)0)&3!',@*-&,'!,%!'F-&*!1@</!,)1-!)&!
A-((J-U@)FF-*!(+B%0+,%0)-'!+&*!)&',0@1-&,+(! (+B%0+,%0)-'!
+<U@)0)&3!'I)(('!-''-&,)+(!:%0!-OF-0)1-&,+(!'<)-&<-#!M&!,/-!
:%@0,/! 9-+0.! ,/-! <%@0'-! )&<(@*-'! =*8+&<-! $/-1)',09!
,%F)<'!)&!=&+(9,)<+(!+&*!?&8)0%&1-&,+(!$/-1)',09#
;/-!=FF()-*!$/-1)',09!'-<,)%&!/+'!B--&!<%&')*-0)&3!,/-!
+<<0-*),+,)%&!0-U@)0-1-&,'!B9!F0%:-'')%&+(!B%*)-'.!
-'F-<)+((9!,/+,!%:!,/-!C%9+(!E%<)-,9!%:!$/-1)',09#

V<W!4%',30+*@+,-!F0%30+1'!%::-0-*!B9!,/-!H-F+0,1-&,

;/-! H-F+0,1-&,! %::-0'! +! K+',-0Q'! %:! 4/)(%'%F/9! )&!
=FF()-*! $/-1)',09! +&*!K+',-0Q'! %:! 4/)(%'%F/9! )&! [%%*!
;-</&%(%39!+&*!H%<,%0!%:!4/)(%'%F/9!)&!H%<,%0!%:!4/)(%'J
%F/9!)&!=FF()-*!$/-1)',09!+&*![%%*!;-</&%(%39!0-'F-<J
,)8-(9#! M&!DRD".!A-!30+*@+,-*!%&-! :-1+(-!4/H! V=FF()-*!
$/-1)',09W!+&*!"!K4/)(!V[%%*!;-</&%(%39W#!$@00-&,(9.!A-!
/+8-!,/0--!&+,)%&+(!',+::!:%0!4/H!',@*)-'.!D!)&!,/-!<%@&,09!
+&*! "! )&! =@',0+()+#!e-! /+8-! '-8-&! V^W!K4/)(! ',@*-&,'.!
A/)</!)&<(@*-'!%&-!&+,)%&+(!',+::!1-1B-0#
;/-!H-F+0,1-&,!-&<%@0+3-'!/)3/JU@+(),9!&--*JB+'-*!%0!
)1F+<,! 0-'-+0</! +,! @&*-030+*@+,-! +&*! F%',30+*@+,-!
(-8-('!+&*!<%&,)&@-'!,%!F0%*@<-!+0%@&*!D!F@B()<+,)%&'!F-0!
9-+0#!M&!+**),)%&.!,/-!H-F+0,1-&,.!)&!()&-!A),/!,/-!7&)8-0')J
,9!+&*! ,/-!&+,)%&+(! 8)')%&.! ',0)8-'! ,%!*-()8-0!/)3/JU@+(),9!
30+*@+,-'!+,!/)3/-0!*-30--!(-8-(!+'!A-((#
!!

PT!.CJAA578!J76!57A9J>C94:C49=

E,+::)&3! )&<(@*-'! B%,/! ,/-! +<+*-1)<! +&*! ,/-! ,-</&)<+(!
',+::! +'! A-((! +'! ,/-! '@FF%0,! ',+::#! K%',! %:! ,/-! <@00-&,!
,-+</)&3! ',+::! /+8-! F%',30+*@+,-! U@+():)<+,)%&'! +,!
K+',-0f'!+&*!4/H!(-8-('!:0%1!@&)8-0'),)-'!+B0%+*#!E%1-!
%:!,/-1!+('%!/+8-!)&*@',0)+(!-OF-0)-&<-'!B%,/!A),/)&!,/-!
<%@&,09! +&*! %8-0'-+'#! ;/-! [%%*! ;-</&%(%39! F0%30+1!
/+'!T!,-+</)&3!',+::.!+&*!,/-!=FF()-*!$/-1)',09!F0%30+1!
/+'!T! (-<,@0-0'#!E%1-!%:!%@0!K4/)(!',@*-&,'!+('%!+'')',!
+<+*-1)<'!+'!,-+</)&3!+'')',+&,'!+&*!,@,%0'#!M&!+**),)%&.!
A-!/+8-!+B%@,!L!F+0,J,)1-!,@,%0'!,/+,!+'')',!A),/!(+B%0+,%J
09NF0+<,)<+(!<(+''-'!+&*!1+0I)&3#
;/-!H-F+0,1-&,!/+'!D!</-1)<+(!(+B%0+,%0)-'.!+!1)<0%B)%(J
%39!(+B.!+!</-1)<+(! )&',0@1-&,+,)%&!(+B.!+!:%%*!+&+(9')'!
(+B%0+,%09.!D!(-<,@0-!0%%1'.!+&*!%::)<-'!:%0!+<+*-1)<!+&*!
,-</&)<+(! ',+::#! 5-O,! ,%! ,/-! 1+)&! B@)(*)&3! )'! ,/-! [%%*!
40%<-'')&3! 4)(%,! 4(+&,.! A/)</! /%@'-'! ,/-! &-<-''+09!
)&',0@1-&,'!+&*!-U@)F1-&,!,/+,!)'!@'-*!:%0!:%%*!-&3)&--0J
)&3! +&*! F0%<-'')&3! +'! A-((! +'! F0%*@<,! *-8-(%F1-&,!
F0+<,)<+(!<(+''-'!+&*!0-(+,-*!0-'-+0</#!
5+,)%&+(![%%*!;-',)&3!+&*!K%&),%0)&3!$-&,0-! V5[;K$W!
A+'!-',+B()'/-*!)&!F+0,&-0'/)F!A),/!,/-!5+,)%&+(![)'/-0)-'!
=@,/%0),9! +&*! )'! +,,+</-*! ,%! ,/-! H-F+0,1-&,! +&*! A)((!
B-<%1-!%:!30-+,!B-&-:),! ,%! ,/-!',@*-&,'!+&*!',+::!%:! ,/-!
H-F+0,1-&,! %&<-! ),! B-<%1-'! "RRm! %F-0+,)%&+(! +:,-0!
+<<0-*),+,)%&#!M,!A)((!-(-8+,-!,/-!0-'-+0</!<+F+<),9!%:!,/-!
',+::! +&*! ',@*-&,'! +&*! -U@)F! ,/-1!A),/! ,/-! I&%A(-*3-!
+&*! -OF-0,)'-! %&! '%1-! %:! ,/-! &-A-',! ,-</&%(%3)-'! )&!
+&+(9,)<+(!)&',0@1-&,+,)%&!+&*!-U@)F1-&,!+'!A-((!+'!/)3/!
U@+(),9!'I)(('!+&*!-OF-0)-&<-!)&!1)<0%B)%(%39.!:%%*!+&+(9J
')'!+&*!+!0+&3-!%:!</-1)<+(!+&+(9'-'#

UT!%J9C7=9>G5;H!:@<<JN@9JC5@7>H!J76!:@7>4<CJC5@7

;/-!H-F+0,1-&,!)'!A-((!<%&&-<,-*!,%!3%8-0&1-&,!*-F+0,J
1-&,'.!:%%*.!+30)<@(,@0-.!</-1)<+(.!+&*!1)&)&3!)&*@',0)-'!
,/0%@3/!0-'-+0</.!'/%0,!<%@0'-'.!+&*!<%&'@(,+&<)-'#!;/)'!
F+0,&-0'/)F!/+'!/-(F-*!,/-!H-F+0,1-&,!+&*!7&)8-0'),9!+'!
+!A/%(-!)&!1+&9!A+9'#![%0!-O+1F(-.!),!/+'!0-:(-<,-*!A-((!
)&! %@0! 30+*@+,-'f! -1F(%91-&,! ',+,@'! +&*! )&! '-<@0)&3!
)&*@',0)+(!,0+)&)&3!+,,+</1-&,'!:%0!%@0!,/)0*J9-+0!',@*-&,'#!
;/-! -',+B()'/1-&,! %:! ,/-! 5+,)%&+(! [%%*! ;-',)&3! +&*!
K%&),%0)&3! $-&,0-! V5[;K$W! )&! F+0,&-0'/)F! A),/! ,/-!
5+,)%&+(![)'/-0)-'!=@,/%0),9!+&*!,/)'!F+0,&-0'/)F!)'!%&3%J
)&3#;/-0-!)'!%&3%)&3!F+0,&-0'/)F!B-,A--&!:%%*!)&*@',0)-'!
+&*!%,/-0!+30%J)&*@',0)-'!+'!A-((!%,/-0!',+,@,%09!%03+&)2+J
,)%&'!+&*!<%11@&),9!30%@F'!%&!1+,,-0'! 0-(+,-*! ,%! :%%*!
+&*! +30%J<%11%*),)-'! %0! </-1)',09! 0-(+,-*! +0-+'! )&!
A/)</!%@0!',+::!+&*!',@*-&,'!+0-!-&3+3-*#

S[



V+W!$%((+B%0+,)&3!F+0,&-0'!)&!0-'-+0</!)&!DRD"
!H+8)*!;)1)!)'!+!<%((+B%0+,)&3!F+0,&-0!)&!+!4M7C5!F0%S-<,!
B-,A--&! 7&)! %:! 5-A! $+(-*%&)+.! d+1-'! $%%I! 7&)! +&*!
456!7&),-</! %&! B)%</-1)<+(! -O+1)&+,)%&! %:! ]-+8-'! %:!
6-&@'! 'F-<)-'! s-&,/%',-1%&! +'! +! 3%%*! '%@0<-! %:!
B)%(%3)<+((9! +<,)8-! 8%(+,)(-! %)(#! H0#! a+,/@(+! <%((+B%0+,-'!
A),/!%,/-0!4+<):)<!M'(+&*!7&)8-0'),)-'!%&!,/-!+''-''1-&,!
+&*! *-8-(%F1-&,! %:! &+,)%&+(!A+,-0! U@+(),9! ',+&*+0*'! )&!
Z+&@+,@#!

VBW!E/%0,!$-0,):)<+,-!$%@0'-'!%::-0-*!)&!,/-!H-F+0,1-&,
[%%*!E+:-,9!$%@0'-X!
E<)-&<-!\!=FF()<+,)%&!;0+)&)&3X!
[+01!,%!,/-![%0I
;/)'!)'!+!F%F@(+0!'/%0,!<%@0'-!%::-0-*!,%!:%%*!+&*!+(()-*!
)&*@',0)-'#! ;/-! <%@0'-! /+'! B--&! 0@&&)&3! :%0! :)8-! 9-+0'!
&%A.!+&*!/+'!'@<<-'':@((9!()&I-*!F(+9-0'!)&!,/-!:%%*!+&*!
+(()-*!)&*@',0)-'.!0-3@(+,%09!B%*)-'!'@</!+'!5=pM=.!5[=.!
>-+(,/!H-F+0,1-&,.!+&*!M$$$.!+&*!+<+*-1)<!)&',),@,)%&'!
'@</!+'!@&)8-0'),)-'!+&*!'-<%&*+09!'</%%('#!
;/-!'/%0,!<%@0'-!0@&'!:%0!GJT!*+9'!F-0!(-8-(.!B-3)&&)&3!+,!
,/-! (-8-(! M.! +((! ,/-! A+9! ,%! (-8-(! MMM.! +&*! )'! )&,-&*-*! :%0!
F-0'%&&-(! )&! ,/-!:%%*!+&*!+(()-*! )&*@',0)-'.! :%%*!'-08)<-!
-',+B()'/1-&,'.! 0-3@(+,%09!B%*)-'.!+&*!-*@<+,)%&!+3-&J
<)-'#;/)'!'/%0,!<%@0'-! )'!0@&!-8-09!'-1-',-0!B0-+I!A),/!
B-,A--&!"RJDR!F+0,)<)F+&,'!+,,-&*)&3!,/-!*)::-0-&,!(-8-('!
-+</!,)1-#

RT!2@7>4<CJC5@7!>=9F5:=>

;/-!H-F+0,1-&,!<%&,)&@-'!,%!%::-0!<%&'@(,+,)%&!'-08)<-'!
F0)1+0)(9!)&!,/-!(+B%0+,%09!+&+(9'-'!)&!1)<0%B)%(%39.!:%%*!
+&+(9'-'.!+&*!</-1)<+(!+&+(9')'#!;/-!/+'!+!3%%*!&@1B-0!
%:! )&*@',09! F+0,&-0'! A/%! /+8-! <%&')',-&,(9! @'-*! %@0!
'-08)<-'!%8-0!,/-!9-+0'#
Y&<-! ,/-! 5[;K$! )'! :@((9! +<<0-*),-*! +&*! +FF0%F0)+,-(9!
',+::-*.! A-! A%@(*! B-! -OF-<,)&3! ,-',)&3! :%0! %03+&)<!
<%&,+1)&+&,'.! '@</! +'! F-0')',-&,! %03+&)<! F%((@,+&,'!
V4Y4'W.!F%(9<9<()<!+0%1+,)<!/9*0%<+0B%&'!V4=>W.!*)%O)&'!
+&*! *)%O)&J()I-! <%1F%@&*'.! F%(9</(%0)&+,-*! B)F/-&9('!
V4$a'W! +&*! F-',)<)*-! 0-')*@-'.! +&*! ,-',)&3! :%0! 1-,+(!
<%&,+1)&+&,'!)&!A+,-0.!:%%*N:--*'!+&*!B)%(%3)<+(!1+,-0)J
+('#

VT!!-=>=J9:GH!+77@FJC5@7H!J76!=7C9=;9=7=49>G5;

;/-!H-F+0,1-&,!%::-0'!K+',-0Q'!%:!4/)(%'%F/9!+&*!H%<,%0!
%:!4/)(%'%F/9!)&!=FF()-*!$/-1)',09!+&*![%%*!;-</&%(%39!
F0%30+1'#!C-<-&,(9!A-!/+8-!/+*!+! (%,!%:! )&,-0-',! )&!%@0!
K4/)(!+&*!4/H!F0%30+1'!:0%1!,/-!:%%*!+&*!=30%J)&*@'J
,0)-'! +'! A-((! +'! ,/-! -&8)0%&1-&,+(! +&*! ,/-! 1-*)<)&+(!
</-1)',09! +0-+'#! $@00-&,(9! VDRD"W.! A-! /+8-! ^! K4/)(!
',@*-&,'! %&! <+1F@'.! %&-! %:! A/)</! )'! +! &+,)%&+(! ',+::!
1-1B-0#!e-!/+8-!G!4/H!',@*-&,'.!+((!&+,)%&+(!(-<,@0-0'.!
D! +,! 7&),-</! +&*! "! +,! 7p.! =@',0+()+#! e-! +('%! /+8-! +!
1-1B-0! %:! %@0! ',+::! *%)&3! K+',-0'! B9! <%@0'-! A%0I! )&!
M&*)+#!e-!/+8-!L!1%0-!K4/)(!',@*-&,'!,%!S%)&!&-O,!9-+0#!
;/-!H-F+0,1-&,!-&<%@0+3-'!/)3/JU@+(),9!&--*JB+'-*!%0!
)1F+<,!0-'-+0</!+,!@&*-030+*@+,-!+&*!F%',30+*@+,-!
(-8-('!+&*!<%&,)&@-'!,%!F0%*@<-!+0%@&*!D!F@B()<+,)%&'!F-0!
9-+0#!;/-!H-F+0,1-&,.!)&!I--F)&3!A),/!,/-!7&)8-0'),9!+&*!
,/-!&+,)%&+(!8)')%&.!',0)8-'! ,%!*-()8-0!/)3/JU@+(),9!30+*@J
+,-'!+,!/)3/-0!*-30--!(-8-('!+'!A-((#

"!,%&&-!<+F+<),9!E%(+0!H09-0!c!B@(B!%&)%&!
*09)&3!)&!6-1B%(3.!E)1B@!40%8)&<-#!
a@)(,!B9!C-)((9!5)3%!:%0![4H=#
[4H=!40%S-<,

E%1-!:+01-0'!+&*!<%%F-0+,)8-'!:%0!8+&)((+.!<%<%+.!+&*!
<%::--!+0-!+(0-+*9!@')&3!,/-'-!'%(+0!*09-0'!+&*!'--)&3!
,/-!B-&-:),'.!+&*!1+&9!%,/-0'!,/0%@3/%@,!456!/+8-!
+'I-*!:%0!),#

;/-! +<+*-1)<! ',+::! 1-1B-0'! -&3+3-! )&! 0-'-+0</! +&*!
<%&'@(,+,)%&! +<,)8),)-'! 0-(+,-*! ,%! ,/-)0! 'F-<):)<! +0-+'! %:!
'F-<)+()2+,)%&'.!+&*! )&,-0-',-*!F0%'F-<,)8-!',@*-&,'!+0-!
-&<%@0+3-*!,%!<%&,+<,!,/-!H-F+0,1-&,!:%0!*-,+)('#!=F+0,!
:0%1!,-+</)&3!+&*!<%&'@(,+&<9.!0-'-+0</.!M&&%8+,)%&!+&*!
-&,0-F0-&-@0'/)F! )'! +('%! F0)%0),9! +0-+! %:! )&,-0-',#! d%)&,!
)&*@',09J*-F+0,1-&,!0-'-+0</!+<,)8),)-'!/+8-!'--&!'%1-!
+*+F,+B(-!)&&%8+,)8-!'%(@,)%&'!,%!+**0-''!F0%B(-1'!)&!,/-!
)&*@',09!+&*!<%11@&),9#
a-(%A!+0-!,A%!<@00-&,!)1F+<,!0-'-+0</!F0%S-<,'!(-*!B9!K0#!
C-)((9!5)3%.!,/-!/-+*!%:!,/-![%%*!;-</&%(%39!'-<,)%&.!
%,/!+0-!+,!,/-!)1F(-1-&,+,)%&!',+3-#!;/-'-!F0%S-<,'!+0-!
+**0-'')&3! ,/-!0-+(J():-!F0%B(-1'!+::-<,)&3! ,/-!-8-09*+9!
4+F@+!5-A!6@)&-+&'!+&*!/-(F)&3!,%!0+)'-!,/-!',+&*+0*!%:!
()8)&3! %:! %@0! F-%F(-l! ,/)'! )'! A/+,! A-! -&<%@0+3-! %@0!
',@*-&,'!,%!*%#

S\



DEPARTMENT OF ARCHITECTURE AND 
CONSTRUCTION MANAGEMENT

+7C9@64:C5@7

e/)(-!-1B0+<)&3!'A--F)&3!0-3)%&+(!+&*!3(%B+(!</+&3-'!
)&! -*@<+,)%&! *-()8-09! 1%*-('.! ,0)33-0)&3! 0-+()3&1-&,'.!
:%03)&3! F+0,&-0'/)F'! +1%&3! 3(%B+(! F0%:-'')%&+(! B%*)-'!
+&*!<%1F-,-&<9!+,,0)B@,-'!%:!%@0!30+*@+,-'#!;/-!=0</)J
,-<,@0-! +&*! $%&',0@<,)%&! K+&+3-1-&,! ?*@<+,)%&+(!
*-()8-09!)&!,/-!456!/+'!8-&,@0-*!)&,%!*-8-(%F)&3!+!PB0+&*!
%:!30+*@+,-'Q!,/+,!/+8-!,/-!'+889!+&*!+B)(),9!,%!<@',%1)2-!
,/-!+FF()<+,)%&!%:!,-</&%(%39!,0+&':-0!,%!,/-!1+''-'!)&!
,/-!0-1%,-!+&*!0@0+(!'-<,%0#!;/-!)&,0%*@<,)%&!%:!<%@0'-'!
+&*!<@00)<@(+!,/+,!'F-<):)<+((9!+**0-''-'!K@(,)*)'<)F()&+09!
40%:-'')%&+(! ?&3+3-1-&,! )'! F0%S-<,! *-')3&.! *-8-(%FJ
1-&,.! +&*!*-()8-09! )&,%! ,/-!C@0+(!E-<,%0! %:!456!+'!+&!
)&,-30+(!F+0,!%:!,/-!&-A!K+',-0f'!*-30--!<@00)<@(@1#!
;/-! H-F+0,1-&,! /+'! (+)*! *%A&! ,/-! :%@&*+,)%&!
')&<-"ii_N"iih! :%0! -O,-0&+(! B-&</1+0I)&3#! ;/)'! )'! +!
<%&,)&@%@'!F0%<-''!.!A)((!<%&,)&@-!%8-0!1+&9!9-+0'#
5-8-0,/-(-''.!,/)'!1@',!1-+&)&3:@((9!,)-!)&!A),/!,/-!+B)(),9!
,%!*-()8-0!,%!,/-!&--*'!+&*!*-1+&*'!%:!,/-!456!<%&,-O,#!
;/)'!/+'!<%1F-(()&3(9!*-1+&*-*!0-,/)&I)&3!+&*!0-'-,,)&3!
+0</),-<,@0-!+&*!<%&',0@<,)%&!1+&+3-1-&,!-*@<+,)%&! )&!
456! ,%! -&+B(-! 30+*@+,-! 0-(-8+&<-.! <%1F-,-&<9! +&*!
:),&-''! +,! %F,)1+(! <%1F-,),)8-! F(+<)&3.! )&J<%@&,09! +&*!
+B0%+*#!;/-!0-,/)&I)&3!+('%!/)3/()3/,'!,/-!@&)U@-&-''!%:!
<%&,-O,@+(! =0</),-<,@0-! +&*! $%&',0@<,)%&! 1+&+3-1-&,!
%::-0)&3!)&!,/-!=@',0+(+')+&!C-3)%&#
;/)'!A/%(-!F0%<-''!A)((!,+I-!,)1-.!B@,!-8-09!'1+((!',-F!)'!
&%A!B-)&3!,+I-&.!<%11-&<)&3!DRDR!,%!F0%*@<-!0-(-8+&,!
+&*!<%1F-,-&,!30+*@+,-'!B9!DRDL#

ST!"G=!9=L,+.+0(+(*!J76!9=LM+..+0(+(*

;/-!+B%8-!C-,/)&I)&3NC-J'<%F)&3!)'!+*+F,-*!+'!+!<%&,)&J
@%@'! F0%<-''! B-<+@'-! %:! ,/-! '/):,)&3! </+((-&3-'! +&*!
@&0-1),,)&3!</+&3-'!,/+,!+0-!B-)&3!1+*-!)&!,/-!<%&',0@<J
,)%&! )&*@',09! +&*! ,/-! F+0,)<)F+,)%&! %:! )&,-0&+,)%&+(!
F0-'-&<-! )&! ,/-! <%&',0@<,)%&! +&*! *-8-(%F1-&,! F/+'-'#!
;/-0-!)'!+('%!,/-!&--*!:%0!<@00)<@(@1!+&*!',+::)&3!<+F+B)()J
,9! ,%!'9&<!A),/! ,/-! )&-8),+B(-!*9&+1)<'!%:! ,-</&%(%3)<+(!
+*8+&<-!+&*!)&F@,!)&!,+&*-1!A),/!M&*@',09JML!+&*!
?*@<+,)%&J?L!*-0)8+,)8-'!+&*.!(-+*)&3!,%!M&*@',09JMT!+&*!
?*@<,)%&J?T!F/+')&3!A),/!=M!+&*!MY;!)&,-0F/+'-'!,%A+0*!
,%,+(! *)3),+()2-*! F0%*@<,)%&! +&*! *-()8-09!1+I-'! '/):,)&3J!
</+&3-'!%:,-&!@&<%1:%0,+B(-!+&*!*-1+&*)&3#!E9&</0%J
&)2-*!F/+')&3!)'!*-1+&*)&3l!&%&-,/-(-''.!%&-!)'!<+0-:@(!
,%!&%,!&-3+,-!A/+,!/+'!B--&!3+)&-*!B@,!,%!+**!8+(@-!,%!
A/+,!)'!<@00-&,!+&*!,/+,!A/)</!A)((!-&+B(-!30-+,-0!1-+&J
)&3! +&*! F@0F%'-! ,%! B-! <%1F+,)B(-! )&! ,/-! )&,-0&+,)%&+(!
)&,-0+<,)8-!-*@<+,)%&!+'!+&!)&',),@,)%&!+&*!,/-!F0%:-'')%&J
+(!<%1F+,)B)(),9!%:!%@0!30+*@+,-'#!;/)'!)'!*%&-!A/)(',!
-1B0+<)&3!,/-!&--*!,%!-&+B(-!U@+(),9!1+&F%A-0!+,!<0-*)J
B(-! ',+&*)&3.! <%1F+,)B)(),9.! +<<0-*),+,)%&.! 1-1B-0'/)F.!
+&*! <%((+B%0+,)8-! F+0,&-0'/)F'! A),/! %,/-0! =@',0+(+')+&!
E</%%('!+&*!%,/-0!F+0,&-0!+::)()+,)%&'!'@</!+'!$==.!=M=.!
+&*!7M=#!
!

PQ



 

PS

PT!"=J:G578!J76!24995:4<4B

=:,-0!+!1+S%0!P'@03)<+(!0-:),,)&3Q!)&!DR"h!+&*!0-*-')3&)&3!,%!<@',%1)2-!,/+,!)*-+(!30+*@+,-l!:%0!+&!%F,)1@1!1+0I-,+B)()J
,9!%@,<%1-#!;/-!,0+*),)%&+(!:)8-J9-+0!@&*-030+*@+,-!*-()8-09!)'!&%A!B-)&3!F/+'-*!%@,!B9!DRDG#!;/-!&-A!GuD!)&!,/-!
+0</),-<,@0-! F0%30+1! +&*! Lu"! )&! ,/-! $%&',0@<,)%&! K+&+3-1-&,! F0%30+1! A-0-! F/+'-*! )&! )&! DRDR! +&*! /+8-!
F0%30-''-*!A),/!-O<-((-&,!F-0:%01+&<-!%@,<%1-'!)&!+((!,/-!9-+0'#!;/-!GJ9-+0!F0%30+1!,-01)&+,-'!)&!DRDD.!A/)(-!,/-!
LJ9-+0!$%&',0@<,)%&!K+&+3-1-&,!F0%30+1!,-01)&+,-'!)&!DRDG#!;/-!F-0:%01+&<-!-OF-<,+,)%&!/+'!B--&!-O<-F,)%&+(!
+,!^Tm!%&!+8-0+3-#!;/-!<0%''J%8-0!<%&,)&@),9!)&,%!,/-!K+',-0!40%30+1'!)'!F(+&&-*!:%0!DRDG!'@BS-<,!,%!:%01+(!+FF0%8J
+(!)&!,/-!@&)8-0'),9!F0%<-''#!;/-!TJ9-+0!0-,0%:),!A),/!@&*-030+*@+,-!+&*!F%',30+*@+,-!+,,+)&1-&,!A),/)&!,/-!:)8-!9-+0'!
B9! ,/-!GuD!+&*!Lu"!*-()8-09!A),/)&! ,/-!B-&</1+0I-*! V4565p[!+&*!=@',0+()+&!=p[! :%0!+<<0-*),+,)%&!F@0F%'-'W!
U@+(),9!+''@0+&<-!:0+1-A%0I'!)'!+!B)3!F(@'!B@,!+A+),'!,-',)&3!)&!,/-!)&*@',09!)&!,/-!&-O,!:-A!9-+0'!:%0!456#!5-8-0,/-J
(-''.!),!/+'!B--&!'@<<-'':@(!)&!=@',0+()+!+&*!5-A!t-+(+&*#
!
UT!*9J64JC=!1==6NJ:_!

60+*@+,-! :--*B+<I! +&*! :+<@(,9! 1-1B-0'/)F! )&! ,/-! F0%:-'')%&+(! B%+0*'! +&*! <%11),,--'! V456M=.! 456MYa.! \!
456aY=W!<%&')',-&,(9!-8+(@+,-!30+*@+,-!F-0:%01+&<-!+&*!,/-)0!V$4HW!+''-''1-&,!+,!,/-!A%0IF(+<-#!;/-!H-F+0,J
1-&,+(!F0-'-&<-!)&!,/-!M&*@',09!a%+0*'!+&*!M&*@',09!$%@&<)(!-&+B(-'!<%&,)&@%@'!*)'<@'')%&!+&*!*)+(%3!)&!)1F0%8)&3!
+&*!*-8-(%F)&3!,/-!)*-+(!+&*!)&*@',09J0-+*9!30+*@+,-!)&!,/-!:@((!TJ9-+0!-*@<+,)%&!F0%<-''#!;/-!*9&+1)<'!%:!,-</&%J
(%3)<+(! )&&%8+,)%&!)'!3)8)&3!B%%',-*!F0%F@(')%&!)&!F0%*@<,)%&.!)&,-0+<,)&3!F0%:-'')%&+(!<%1F-,-&<-.!+&*!-O</+&3-#!
;/)'!/+'!</+&3-*!,/-!,0+*),)%&+(!1+I-@F!%:!F0%S-<,!*-')3&J*-8-(%F1-&,!+&*!*-()8-09#!;/-!P<%1F@,-0J</)FQ!/+'!&%A!
F0%1F,-*!F0%1)&-&<-!:%0!F%0,+B)(),9N1%B)(),9!+&*!'1+0,!F0%:-'')%&+(!<%&*@<,N%@,F@,.!+&*!A),/!-,/)<+(!+A+0-&-''!%:!
'%<)%J<@(,@0+(.!+&*!-&8)0%&1-&,+((9!<%&'<)%@'!+&*!A),/)&!-<%&%1)<!:(-O)B)(),9!+&*!:-+')B)(),9#!;/)'.!)'!,/-!-F),%1-!%:!
,/-!5?s;!6C=H7=;?.!+&,)<)F+,-*!%@,!%:!,/-!&-A!F0%30+1'#!e-!+0-!+!'1+((!'</%%(!B@,!/+8-!,/-!/-+0,!,%!*-()8-0!A),/!
,+<,!+&*!F0%:-'')%&+(!<%1F-,-&<-#!
!
RT!!157J<!/=J9!%9@O=:C!N=7:GBJ9_=6!C@!+764>C9D!$E;=:CJC5@7

[)&+(!9-+0!0-'-+0</!F0%S-<,'!+0-!*-')3&-*!,%!+**0-''!:@&*+1-&,+(!)''@-'!-OF-0)-&<-*!)&!,/-!456!a@)(*)&3!+&*!&%A!
,/-! 30-+,-0! $%&',0@<,)%&! M&*@',09! +&*! ,/-! <0-+,)8-! )1F@('-! )&! *-8-(%F)&3N:)&*)&3! '%(@,)%&'! :%0! ,/-'-! )''@-'#! =!
0-'-+0</!0-F%0,!)'!F0-'-&,-*!+'!+&!+''-''1-&,!B9!+((!',@*-&,'#!;/-!+0</),-<,@0-!',@*-&,'!,+I-!,/)'!0-F%0,!:@0,/-0!)&,%!
+!<+F',%&-!PH-')3&!;/-')'Q!F0%*@<,)%&!)&!'-8-0+(!*-8-(%F1-&,!'<-&+0)%'!c!B%,/!@0B+&!+&*!0@0+(#!;/-!a@)(*)&3!+&*!
$%&',0@<,)%&! K+&+3-1-&,! ',@*-&,'! *%! 0-+(! F0%S-<,! *-8-(%F1-&,! ')1@(+,)%&! +&*! *-8-(%F1-&,! %@,<%1-'#! ;/-!
1+',-0f'!F0%30+1'!+0-!*-')3&-*!,%!-(-8+,-!30+*@+,-!-OF-<,+,)%&'!,%!1-+&)&3:@((9!*%8-,+)(J)&!,/-!A%0I:%0<-!0-+*9!,%!
B-!A%0IJ0-+*9!B@,!-U@)FF-*!A),/!,/-!,%%('!%:!,/-!,0+*-!%&!,/-!S%B#!
!
VT!-=>=J9:G!J76!%4N<5:JC5@7

C-'-+0</!+&*!H-8-(%F1-&,!/+*!(),,(-!+<,)8),9!)&!,/-!H-F+0,1-&,!)&!DRDRNDRD"!*@-!,%!/-+89!(%+*J'/+0)&3!+&*!)&+*-J
U@+,-!VLDmW!',+::)&3!(-8-(#!E-8-0+(!F0%*@<,!0-'-+0</!A%0I!<%11-&<-*!)&!DR"_N"h.!B@,!,/)'!*)*!&%,!<%&,)&@-!*@-!,%!
,)1-!+&*!F%%0!:@&*)&3#!K@</!'<%F-!A+'!3)8-&!,%!,/-!@&*-030+*@+,-!:)&+(!9-+0!F0%S-<,'!,%!-&+B(-!U@+(),9!30+*@+,-'#!
;/)'!/+'!F0%8)*-*!1@</!'+,)':+<,)%&!A),/!,/-!"RRm!-1F(%91-&,!B9!+((!,/-!30+*@+,-'!')&<-!DR"h#!
!
YT!!2@7>4<CJ7:D

;/-0-!)'!8+',!F%,-&,)+(!+&*!F%'')B)(),9!)&!,/-!H-F+0,1-&,!A),/!)&*@',09!<%1F-,-&,.!()<-&'-*.!+&*!0-3)',-0-*!<+F+B)(),9!
)&! ,/-! :+<@(,9!1-1B-0'/)F#!>%A-8-0.! ,/-0-!A+'!8-09! (),,(-!+<,)8),9! )&!<%&'@(,+&<9!A%0I! )&!DRDRNDRD"!<%1F+0-*! ,%!
F0-8)%@'!9-+0'#

ZT!2@BB475CDX+764>C9D!$78J8=B=7C

$%11@&),9! -&3+3-1-&,! )'! <%&*@<,-*! ,/0%@3/! <%11@&),9! *-')3&! F0%S-<,'.! +&*! :)&+(! 9-+0! <+F',%&-! F0%S-<,'! +0-!
<+00)-*! %@,! )&!1+S%0! +'')3&1-&,'! -8-09! '-1-',-0#! E,+::!A-0-! -&3+3-*! )&! +! &@1B-0! %:! )&*@',09! <%11),,--'! +&*!
a%+0*'#! V5+,)%&+(! 4%(9,-</&)<! $%@&<)(.! 5CM! $%@&<)(.! 456M=.! 456MYa.! aY=456.! +&*! 75M;?$>! <%11@&),9!
30%@F'N%03+&)2+,)%&'#

[T!.CJAA578!`4J<5CDX`4J<5A5:JC5@7!%9@89=>>

E,+::)&3!/+'!B--&!+!')3&):)<+&,!</+((-&3-!:%0!'-8-0+(!9-+0'#!;/-!H-F+0,1-&,!)'!1+I)&3!,/-!-::%0,!,%!/+8-!',+::!%&!,/-!
*-<I!-+</!+<+*-1)<!9-+0#!=!',+::!/+'!<%1F(-,-*!/)'!4/H!',@*)-'!+,!p@--&'(+&*!7&)8-0'),9!%:!;-</&%(%39!Vp7;W!)&!
DRD".!A/)(-!+&%,/-0!/+'!<%11-&<-*!/)'!4/H!',@*)-'!+,!p7;#!Y&-!/+'!<%1F(-,-*!/)'!K+',-0f'!',@*)-'!+,!75C?#!
5-A!',+::)&3!)'!/)3/(9!+&,)<)F+,-*!)&!DRDG#



DEPARTMENT OF BUSINESS STUDIES

;/-!H-F+0,1-&,!%:!a@')&-''!E,@*)-'!VHaEW!)'!,/-!(+03-',!
H-F+0,1-&,!%:!,/-!,/)0,--&!+<+*-1)<!H-F+0,1-&,'!+,!,/-!
@&)8-0'),9.!A),/!1%0-!,/+&!_RR!@&*-030+*@+,-!+&*!F%',30+*@J
+,-!-&0%(1-&,'!-+</!9-+0#!M,!)'!+!1@(,)*)'<)F()&+09!H-F+0,1-&,!
A),/! +! F0%8-&! ,0+<I! 0-<%0*! %:! F0%*@<)&3! &+,)%&+(.!4+<):)<JC-J
3)%&.! +&*! )&,-0&+,)%&+(! (-+*-0'#! Y@0! +(@1&)! /+8-! (-*! 456Q'!
)&*@',0)+(!+&*!3%8-0&1-&,+(!'-<,%0'!:%0!*-<+*-'#

ST!,5>5@7!.CJC=B=7C

Y@0!8)')%&! )'! ,%!*-8-(%F! ,/-!H-F+0,1-&,!%:!a@')&-''!E,@*)-'!
)&,%!,/-!1%',!)&&%8+,)8-.!-&,0-F0-&-@0)+(.!+&*!',@*-&,J<-&,-0-*!
H-F+0,1-&,!%:! ,/-!4567%;! )&! ,/-!E%@,/!4+<):)<! 0-3)%&#!Y@0!
1)'')%&! )'! ,%! F@0'@-! &+,)%&+(! +&*! )&,-0&+,)%&+(! -O<-((-&<-! )&!
,-+</)&3.! (-+0&)&3.! 0-'-+0</.! +&*! <%11@&),9! -&3+3-1-&,! )&!
=<<%@&,)&3.!=FF()-*!?<%&%1)<'.!?&,0-F0-&-@0'/)F.!M&:%01+,)%&!
;-</&%(%39.!+&*!K+&+3-1-&,#

PT!%9@89JB>

H-F+0,1-&,!%:!a@')&-''!E,@*)-'!%::-0'!:%@0!1+)&!@&*-030+*@J
+,-! F0%30+1'! )&! =<<%@&,)&3.! =FF()-*! ?<%&%1)<'.! a@')&-''!
K+&+3-1-&,.!+&*!M&:%01+,)%&!;-</&%(%39.!3)8)&3!',@*-&,'!+&!
%F,)%&! ,%!+FF(9!*)0-<,(9! ,%!-+</!',0-+1#!;/-!',0-+1'!F0%8)*-!
%@0! ',@*-&,'! ,/-! -+'-! ,%! B@)(*! B0)*3-'! B-,A--&! I&%A(-*3-.!
'I)((.!+&*!F0+<,)<-#!M,!+('%!%::-0'!F%',30+*@+,-!F0%30+1'.!)&<(@*J
)&3! +! 4/H! )&! M&:%01+,)%&! ;-</&%(%39.! =FF()-*! ?<%&%1)<'.!
[)&+&<-!+&*!a+&I)&3.!+&*!+!K+',-0Q'!%:!4/)(%'%F/9!)&!M&:%01+J
,)%&!;-</&%(%39.!
?<%&%1)<'.![)&+&<-.!+&*!a+&I)&3#!M,!+('%!%::-0'!+!K+',-0Q'!)&!
a@')&-''!=*1)&)',0+,)%&! VKa=W! +&*! +&!?O-<@,)8-!K+',-0'! )&!
a@')&-''!=*1)&)',0+,)%&!V?Ka=W!F0%30+1#!

UT!-=:=7C!$>CJN<5>GB=7C!@A!(JC5@7J<!$7C9=;9=7=49>G5;!J76!
.M$!+77@FJC5@7!J76!+7:4NJC5@7!2=7C9=T

;/-!H-F+0,1-&,!/+'!0-<-&,(9!-',+B()'/-*!+!5+,)%&+(!
?&,0-F0-&-@0'/)F!+&*!EK?!M&&%8+,)%&!+&*!M&<@B+,)%&!$-&,0-#!
;/-!:%<@'!%:!,/-!$-&,0-!)'!,%!<+F,@0-!,/-!6%8456!8)')%&!+&*!
3%+('!DRGR!,%! )&<0-+'-!1%0-!EK?'!)&!4+F@+!5-A!6@)&-+#! M,!
(%%I'!+,!:%@0!1+)&!%BS-<,)8-'l!EK?!)&<@B+,)%&.!M&&%8+,)%&!+&*!
,0+)&)&3.!K-&,%0)&3!+&*!a@')&-''!K%*-(!*-8-(%F1-&,!+&*!'/%0,!
<%@0'-! ,0+)&)&3#!;/-!$-&,0-! )'! )&! ),'! )&),)+(! ',+3-'!%:!*-8-(%FJ
1-&,!
+&*!A+'!-OF-<,-*!,%!0%((!%@,!),'!F0%30+1'!B9!-+0(9!DRD"#!
>%A-8-0.! ,/)'! /+'! &%,! -8-&,@+,-*! *@-! ,%! ,/-! )&<@1B-&,! &%,!
F-0:%01)&3!,%!-OF-<,+,)%&#!a-<+@'-!%:!,/)'.!HaE!)'!-OF-<,-*!,%!
:)((! ,/-! F%'),)%&! %:!$-&,0-!H)0-<,%0!A),/! +! :@((J,)1-! ',+::! )&! ,/-!
:%0-'--+B(-!:@,@0-#
;/-!H-F+0,1-&,!+('%!/+'!+!0-'-+0</!<-&,0-!:%0!B)3J*+,+!+&+(9,J
)<'! +&*! )&,-(()3-&,! '9',-1'#! M&! +**),)%&.! ),! )'! B@)(*)&3! +!
456c$/)&+!$-&,0-!%:!a@')&-''!E,@*)-'!+&*!+!456J=@',0+()+!
$-&,0-!%:!6%8-0&+&<-!+&*!4%()<9!H-8-(%F1-&,#!;/-!$-&,0-!)'!
/-+*-*!B9!40%:-''%0!t/+%/+%!E@&!V4/HW!A/%!/+'!F@B()'/-*!
-O,-&')8-(9.! )1F0%8)&3! ,/-! H-F+0,1-&,! %:! B@')&-''! ',@*)-'!
0-'-+0</!F0%:)(-#

PP



RT!14C49=!%9@89JB>!'76=9!]=F=<@;B=7C

;/-!H-F+0,1-&,!%:!a@')&-''!E,@*)-'!)'!*-8-(%F)&3!%,/-0!
<%1F0-/-&')8-!F%',30+*@+,-!F0%30+1'.!)&<(@*)&3!+&!>%&%@0'
)&!=FF()-*!?<%&%1)<'!+&*!4%',30+*@+,-!*)F(%1+'!+&*!
K+',-0Q'!+&*!4/H!F0%30+1'!)&!=<<%@&,)&3!+&*!K+&+3-1-&,#!
;/-!F0%30+1'!+0-!<@00-&,(9!+)1)&3!,%!*0)8-!8+0)%@'!+'F-<,'!%:!
&+,)%&+(!',0+,-3)<!8)')%&'!+&*!*-8-(%F1-&,!-::%0,'!%:!,/-!
7&)8-0'),9!+&*!,/-!6%8-0&1-&,!%:!4+F@+!5-A!6@)&-+.!+'!A-((!
+'!0-3)%&+(!+&*!3(%B+(!<%1F-,),)8-&-''.!)&&%8+,)%&.!+&*!
-&,0-F0-&-@0'/)F!)&!+&!)&<0-+')&3(9!<%1F(-O!B@')&-''!
-&8)0%&1-&,#

VT!%9@A=>>5@7J<!&:J6=B5:!.CJAA

;/-!:+<@(,9!)'!',+::-*!B9!+!*-*)<+,-*.!&+,)%&+((9!+&*!)&,-0&+,)%&J
+((9!0-<%3&)2-*!,-+1!%:!+<+*-1)<'!A/%'-!,-+</)&3!)'!)&&%8+J
,)%&!+&*!-&,0-F0-&-@0'/)F!*0)8-&!+&*!'@FF%0,-*!B9!,/-)0!+<,)8-!
)&8%(8-1-&,! )&! 0-(-8+&,! )&*@',0)-'! +&*! F0%:-'')%&+(! +''%<)+J
,)%&'#!=((!%@0!+<+*-1)<!',+::!/+8-!U@+():)<+,)%&'!:0%1!0-F@,+B(-!
7&)8-0'),)-'!)&!=@',0+()+.!7E=.!7k.!$/)&+.!+&*!%,/-0!@&)8-0')J
,)-'!A%0(*A)*-#
[%((%A)&3!,/-!@&)8-0'),9Q'!+<<0-*),+,)%&!0-U@)0-1-&,'.!1%',!
%:! %@0! ',+::! /+8-! +! 1)&)1@1! %:! +! 1+',-0Q'! U@+():)<+,)%&! %0!
+B%8-#!Y@0!+)1!+'!+!H-F+0,1-&,!)'!,%!'--!9%@&3!&+,)%&+(!
+<+*-1)<!',+::!30+*@+,)&3!A),/!4/H'!)&!,/-)0!0-'F-<,)8-!'F-<)+(J
,)-'!,%!(-+*!)&!F0%8)*)&3!+<+*-1)<!(-+*-0'/)F#!E%!:+0.!A-!/+8-!
%&-! &+,)%&+(! ',+::! A/%! 30+*@+,-*! A),/! 4/H! )&! ?<%&%1)<'!
VDRDRW!+&*!,A%!1+',-0Q'!*-30--'!:0%1!0-F@,+B(-!@&)8-0'),)-'!)&!
=@',0+()+#
!
YT!-=>=J9:G!J76!2@7>4<CJ7:5=>

;/-!:+<@(,9!F@0'@-'!-O<-((-&<-!)&!,-+</)&3N(-+0&)&3.!0-'-+0</.!
<%&'@(,+&<9.!+&*!<%11@&),9!'-08)<-!'@FF%0,-*!B9! )&&%8+,)8-!
+&*!)&,-0+<,)8-!B(-&*-*!,-</&%(%3)-'#!=<+*-1)<!',+::!/+8-!+&!
-',+B()'/-*!0-'-+0</!0-<%0*!A),/!+!<%11),1-&,!,%!<%&*@<,)&3!
<%1F-,),)8-!0-'-+0</!A),/!+!&+,)%&+(!+&*!)&,-0&+,)%&+(!0-F@,+J
,)%&#![%0!,/-!F+',!')O,--&!9-+0'.!,/-!H-F+0,1-&,!/+'!<%&*@<,-*!
8+0)%@'!'/%0,J,-01!,+)(%0-*!,0+)&)&3!+&*!<%&'@(,+&<)-'!:%0!B%,/!
,/-! F0)8+,-! +&*! F@B()<! '-<,%0'#! ;/)'! %@,0-+</! F+0,&-0'/)F! )'!
<%&,)&@)&3!@&*-0!,/-!&-A!B0+&*!&+1-.!
`;/-!5+,)%&+(!?&,0-F0-&-@0'/)F!+&*!EK?!M&<@B+,)%&!+&*!
M&&%8+,)%&!$-&,0-b#

ZT!.C46=7C!3=J97578!AJ:5<5C5=>

;/-!H-F+0,1-&,!/+'!B--&!<%11),,-*!,%!F0%8)*)&3!%@0!
',@*-&,'! A),/! -O<-((-&,! -*@<+,)%&! %FF%0,@&),)-'! @')&3!
',+,-J%:J,/-J+0,! M$;! ,-</&%(%39!+&*!-U@)F1-&,#!$@00-&,(9.! ,/-!
H-F+0,1-&,!)'!,0+&':%01)&3!+&*!)1F0%8)&3!),'!)&:0+',0@<,@0-'!,%!
1--,!,/-!-OF-<,+,)%&'!%:!F0%8)*)&3!(-<,@0-'!%&()&-#!H@-!,%!,/-!
$YZMHJ"i! F+&*-1)<.! +((! %@0! F0%30+1'! +0-! B-)&3! *-()8-0-*!
,/0%@3/!%&()&-!1%*-'.!@')&3!6%%3(-!$(+''0%%1!+&*!K%%*(-#!
;/)'!A)((!B-!+!&-A!+FF0%+</!3%)&3!:%0A+0*#!

[T!.JC=<<5C=!2JB;4>!&::@47C578!]5;<@BJ!%9@89JB

;/)'!)'!+&%,/-0!0-<-&,!1)(-',%&-!+</)-8-1-&,!)&!,/-!-',+B()'/J
1-&,!%:!+!'+,-((),-!<+1F@'!+,!E)1B@!40%8)&<-#!;/-!$-&,0-!A+'!
-',+B()'/-*!)&!DR"h!A),/!/-0!:)0',!)&,+I-!%:!*)F(%1+!F0%30+1!)&!
=<<%@&,)&3#!;/)'!A+'!,/-!:)0',!%:!),'!I)&*!:%0!,/-!H-F+0,1-&,!,%!
-OF+&*! %@,! %:! ]+-#! M,'! )&+@3@0+(! 30+*@+,)%&! %:! /-0! F)%&--0!
',@*-&,'!A+'!<%&*@<,-*!+,! ,/-!-&*!%:! ,/-!9-+0#!;/-!H-F+0,J
1-&,!/)3/(9!+FF0-<)+,-'!+&*!,/+&I'!,/-!<%11),,-*!',+::!:%0!,/-!
'@<<-'':@(! *-8-(%F1-&,! %:! <%@0'-!1%*@(-'.! %&J'),-! (-<,@0-'.!
+&*!<%1F(-,)%&!%:!,/-!F0%30+1#!
!
\T!$7C9=;9=7=49>G5;!"9J57578!J76!%J9C7=9>G5;!K5CG!
*<@NJ<!#J76@78!'75F=9>5CDH!.@4CG!a@9=J!

;/-!H-F+0,1-&,!/+'!-1B+0I-*!%&!B@)(*)&3!)&,-0&+,)%&+(!
F+0,&-0'/)F'!')&<-!),!A+'!:)0',!-',+B()'/-*#!M,!/+'!0-<-&,(9!
F+0,&-0-*!A),/!6(%B+(!>+&*%&3!7&)8-0'),9! ,%! ,0+)&!1%0-! ,/+&!
:%0,9!4+F@+!5-A!6@)&-+&!EK?!%A&-0'! %&! -&,0-F0-&-@0'/)F!
1)&*'-,!+&*!*-')3&!,/)&I)&3#!;/-!F+0,)<)F+&,'!/)3/(9!+FF0-<)+,J
-*! ,/-! ,0+)&)&3.! +&*! ,/-! H-F+0,1-&,! +<I&%A(-*3-*! +&*!
,/+&I-*!,/-!6(%B+(!>+&*%&3!7&)8-0'),9!:%0!,/)'!30-+,!)&),)+,)8-#
;/-!H-F+0,1-&,!)&8),-'!+((!',+I-/%(*-0'!,%!S%)&!@'!)&!B@)(*)&3!
%@0!&+,)%&!,/0%@3/!/@1+&!0-'%@0<-!*-8-(%F1-&,!+&*!<0-+,)&3!
1%0-!-&,0-F0-&-@0)+(!1)&*'-,'#!
!
!SQT!-=>=J9:G!J76!%4N<5:JC5@7

HaE!/+'!+!<%(%0:@(!0-'-+0</!+&*!F@B()<+,)%&'!<@(,@0-!,/0%@3/!
40%:-''%0! E@&.! 40%:-''%0! 6--,/+.! +&*! 40%:-''%0! ;/%1+'#!
>%A-8-0.!,/-0-!)'!+!(%,!%:!0%%1!:%0!)1F0%8-1-&,.!-'F-<)+((9!:%0!
&+,)%&+(!+<+*-1)<!',+::#

!

PU



DEPARTMENT OF CIVIL ENGINEERING

;/-!H-F+0,1-&,!%:!$)8)(!?&3)&--0)&3!%::-0'!+!:%@0J9-+0!@&*-030+*@+,-!*-30--!V76W!F0%30+1.!+!,A%J9-+0!F%',30+*@+,-!F0%30+1!
-),/-0!B9!<%@0'-A%0I!%0!0-'-+0</.!+&*!4/H!F0%30+1!A),/)&!,/-!<+1F@'#!;/-!76!F0%30+1!)&!,/-!9-+0!DRD"!A+'!),'!,/)0*!9-+0!%:!
,/-!+<<0-*),+,)%&!F0%<-''!,%!,/-!e+'/)&3,%&!=<<%0*!+<<0-*),)&3!B%*9!,/0%@3/!?&3)&--0'!=@',0+()+#!;/-!F%',30+*@+,-!F0%30+1'!
%::-0-*!B9!<%@0'-!A%0I!)&!,/-!H-F+0,1-&,!+0-!K+',-0!%:!?&3)&--0)&3!)&!$)8)(!+&*!K+',-0!%:!E<)-&<-!)&!E%()*!e+',-!\!C-'%@0<-!
K+&+3-1-&,#!;/-!H-F+0,1-&,!<%&,+)&'!A-((J-U@)FF-*!(+B%0+,%0)-'!+&*!)'!1%*-0&)2)&3!A),/!,/-!(+,-',!-U@)F1-&,!+&*!'%:,A+0-#
;/-!H-F+0,1-&,!/+*!h!J,)1-!+<+*-1)<!',+::!VD!A),/!4/H'.!D!*%)&3!F+0,J,)1-!4/H.!D!A),/!K+',-0f'!H-30--!+&*!D!*%)&3!K4/)(W!
+&*!T!F+0,J,)1-!:+<@(,9!1-1B-0'#!M&!+**),)%&.!,/-0-!A-0-!D!F+0,J,)1-!4/H.!L!KE<!)&!E%()*!e+',-!\!C-'%@0<-!K+&+3-1-&,!
40%30+1'.!!D!K?&3!V$)8)(!?&3)&--0)&3W!40%30+1!+&*!"iR!VLh!9-+0!".!TD!9-+0!D.!TG!9-+0!G.!G_!9-+0!LW!@&*-030+*@+,-!',@*-&,'#

PR



ST!&:G5=F=B=7C>T

2+3(45%(6#/%(0,/%(0%,"/+/7(8%/-"%9(

K+0I/+1!$@(8-0,'!],*!)'!,/-!(-+*)&3!1+&@:+<,@0-0!+&*!
'@FF()-0! ,%! ,/-! $)8)(! ?&3)&--0)&3! $%11@&),9! )&! 4+F@+!
5-A!6@)&-+!<%&',0@<,-*!%&-!',%0-9!B@)(*)&3!+,!,/-!<%',!
%:!k"TR.RRR#RR!)&!,/-!$)8)(!?&3)&--0)&3!H-F+0,1-&,!+&*!
*%&+,-*! ),! ,%! ,/-!H-F+0,1-&,! %&! ,/-!DT,/!%:!5%8-1B-0!
DRD"#! ;/-! B@)(*)&3! A+'! -U@)FF-*! A),/! +)0! <%&*),)%&)&3!
+&*!,+B(-'!+&*!)'!0-+*)(9!+8+)(+B(-!:%0!',@*-&,'!,%!@'-!)&!
DRDD#

2++3(:/-%"/,-+#/,;(</;+/%(=1%&-(0%*-1"%(.%"+%&

M&!%0*-0!,%!-O,-&*!',@*-&,'f!-OF%'@0-!,%!0-<-&,!*-8-(%FJ
1-&,'!)&!$)8)(!?&3)&--0)&3.!,/-!>%H!H0#!C#!E@B0+1+&9+1!
/+'!)&),)+,-*!+&!M&,-0&+,)%&+(!%&()&-!3@-',!(-<,@0-!'-0)-'.!
<%11-&<)&3!)&!DRD".!A),/!,/-!+FF0%8+(!%:!,/-!E</%%(!%:!
?&3)&--0)&3#!;/-!:%((%A)&3!(-<,@0-'!A-0-!%03+&)2-*#

"#! `=0,):)<)+(! M&,-(()3-&<-! )&! $)8)(! ?&3)&--0)&3b! B9! H0#!
4)9@'/! E+1@).! H-F+0,1-&,! %:! $)8)(! ?&3)&--0)&3.5M;!
4+,&+.!M&*)+.!%&!Di,/!E-F,-1B-0!DRD".!G!,%!L!4K#

D#!!`e+',-!a)%0-:)&-0)-'!:%0!a)%:@-('!+&*!a)%</-1)<+('b!B9!
H0#!E#!Z-&I+,+!K%/+&.!$EMCJM&*)+&!M&',),@,-!%:!$/-1)<+(!
;-</&%(%39! V$EMCJMM$;W.! >9*-0+B+*.! M&*)+.%&! L,/!
Y<,%B-0!DRD".!G!,%!L!4K#

2+++3(:/-%"/,-+#/,;(>?*%;;%/*%()@,"A&

;/-!$)8)(!?&3)&--0)&3!E,@*-&,'!A%&!M&,-0&+,)%&+(!?O<-(J
(-&<-! =A+0*'! :0%1! =$M6E! V=@',0+(+')+! $/+F,-0! %:! ,/-!
M&,-0&+,)%&+(!6-%'9&,/-,)<!E%<)-,9W#
!
"#!;/-!:)0',!+A+0*--!A+'!K'#!=&&+30+<-!=&)'.!+!G0*J9-+0!
!:-1+(-!',@*-&,!)&!DRD"#!!>-0!0-'-+0</!F0%S-<,!,),(-*!v7'-!
%:!6-%B+3!:%0!7&),-</f'!E-A+3-!E9',-1v!+&*!A+'!'@F-0J
8)'-*!B9!H0#!K)02)!a-,+'%(%#

D#! ! ;/-! '-<%&*! +A+0*--! A+'! K0#! K%'-'! a%I%! A),/!
0-'-+0</! ,),(-*X! v6-%1+,-0)+('! ,%! 0-<(+)1! ,/-! '/%0-! %:!
a@'+1+&3!E+(+1+@+!]]6.!K%0%B-!40%8)&<-#!C-'-+0</!
)'!=7H!wG.RRR!VK0!a%I%!/+'!0-<-)8-*!,/-!:)0',!,0+&</-!%:!
46k!G.Ti_W#

2+B3(:/A%?%A(C#1"/,;(!1D;+*,-+#/&(DE(-5%(F%G,"-H%/-

"#! ! E@B0+1+&9+1.!C#! E%()*!A+',-!1+&+3-1-&,! )&! ]+-!!!!
<),9.!4+F@+!5-A!6@)&-+#!!d%@0&+(!%:!E%()*!e+',-!;-</J
&%(%39!+&*!K+&+3-1-&,.!L_VDW.!G_"JGhD.!!!!DRD"#

D#!!e)(()-!H%+-1%.!E+/)(!H/)1+&.!=(-O+&*-0!a%0%8'I)'.!
e-&(+&!t/+&3.!E@1-*/+!a/+,.!E0)'/,)!d+)F@0)+.!\!K)02)!
a-,+'%(%#!=''-''1-&,!%:!1@&)<)F+(!'%()*!A+',-!1+&+3-J
1-&,! '9',-1! )&! ]+-! $),9.! 4+F@+! 5-A! 6@)&-+! )&! ,/-!
<%&,-O,!%:!'@',+)&+B(-!*-8-(%F1-&,#!?&8)0%&1-&,.!H-8-(J
%F1-&,!+&*!E@',+)&+B)(),9.!DG.!"hTRic"hTGi.!DRD"#

2B3((F%B%;#GH%/-&(#$(0,D&
!
!;/-!H-F+0,1-&,!/+'!0-<-)8-*!,/-!(+03-!B@(I!%:!),'
! (+B%0+,%09! -U@)F1-&,! :%0! +((! 9-+0'#! E%1-! )'! )&! ,/-!
F0%<-''!%:!B-)&3!<%11)'')%&-*#!

M&! +**),)%&.! +! &-A! B%+,! :%0! ,-+</)&3! +&*! 0-'-+0</!A+'!
(+@&</-*!%&!GR,/!5%8-1B-0!DRD"!+&*!&+1-*!+:,-0! ,/-!
A):-!%:!%@,3%)&3!4Z$!=<+*-1)<.!H0#!=@3@',)&-!K%'/)#

2B+3((:/-%"/,-+#/,;(8#;;,D#",-+#/(@+-5(:0<I.46>:4(!J=
!
;/-!,0+)&)&3!)'!)&,-&*-*!,%!F0%8)*-!$+F+<),9!H-8-(%F1-&,!
%:! M]YJE;C?M;! VM&,-0&+,)%&+(! ]+B%@0! Y03+&)2+,)%&! J!
E@FF%0,! ;%! C@0+(! ?&,0-F0-&-@0'/)F.! M&8-',1-&,.! +&*!
;0+*-W.! 456! ',+I-/%(*-0'! +1%@&,)&3! ,%! 46kiT^.iLT.!
A/)</!)'!)&!()&-!A),/!,/-!8)')%&!,%!30%A!A%0(*J<(+''!,-</&%J
<0+,'!:%0!,/-!0-+(!A%0(*#
!!
-=>=J9:G!*9J7C

H0#!C-8+&@0@!E@B0+1+&9+1.!>%H!%:!$)8)(!?&3)&--0)&3!
H-F+0,1-&,Q'!K4/)(!',@*-&,!K'#!?',/-0!;@A-9%!/+'!B--&!
+A+0*-*!V46kGR.RRRW!kM;?!60+&,!:@&*-*!B9!,/-!
H-F+0,1-&,!%:!>)3/-0!?*@<+,)%&.!C-'-+0</!+&*!;-</&%(J
%39.!4+F@+!5-A!6@)&-+.!)&!,/-!9-+0!DRD"#!>-0!0-'-+0</!
,%F)<!)',),(-*!`6-&-0+,)%&!%:!1-,/+&-!,/0%@3/!<%J*)3-',)%&!
%:!<%::--!F@(F!+&*!F%@(,09!1+&@0-b#!

2B++3(.-,$$(K1,;+$+*,-+#/&

"#!K'!60+<-!e+&,-F-!'@B1),,-*!/-0!K4/)(!,/-')'!,),(-*X!
>-+(,/!K%&),%0)&3!%:!E,--(!6)0*-0!a0)*3-X!
=!$+'-!E,@*9!%:!a@,)B+1!+&*!a@1B@!a0)*3-!%:!]+-!$),9!
,%!,/-!46!H-+&Q'!%::)<-#

D#!K0!$/0)',%F/-0!k%B+(!+&*!K0!K@00+9!k%&2+&3!+0-! )&!
,/-)0!:)0',!9-+0!%:!4/H!E,@*)-'#

2B+++3(8#/&1;-,/*E(@#"L&

;/-! ,-</&)<+(!',+::! )&! ,/-!H-F+0,1-&,!+0-!/)3/(9!-OF-0)J
-&<-*!)&!:)-(*A%0I!+&*!(+B%0+,%09!A%0I#![%0!-O+1F(-.!,/-!
',0@<,@0-'!(+B%0+,%09!-+0&-*!kD^.!__LNJ!)&!,/-!9-+0!DRD"!
B9! F0%8)*)&3! ,-',)&3! :+<)(),)-'! ,%! 75! $Y5E;C7$;MY5.!
H=M! 5M44Y5! $Y5E;C7$;MY5.! $C$6.! =]Z=! ?56MJ
5??CM56.!+&*!a=C]Ye!M5H7E;CM?E!];H!<%1F+&)-'#!
E)1)(+0(9.!%,/-0!(+B'!+('%!-+0&-*!+!'@B',+&,)+(!+1%@&,#

2+?3(M+%;A(B+&+-&

M&!%0*-0!,%!3)8-!0-+(JA%0(*!-OF-0)-&<-!,%!,/-!',@*-&,'.!,/-!
H-F+0,1-&,!/+'!+00+&3-*!:)-(*!,0)F'!:%0!$)8)(!?&3)&--0)&3!
',@*-&,'!,%!5+*2+B!+)0F%0,!)&!Y<,%B-0.!DRD"#

PV



DEPARTMENT OF COMMUNICATION 
AND DEVELOPMENT STUDIES 

=:,-0!+!</+((-&3)&3!',+0,!+1)*',!,/-!F0-8+)()&3!,/0-+,'!:0%1!
)''@-'!0-(+,-*!,%!$YZMHJ"i.!,/-!$HE!H-F+0,1-&,.!@&()I-!
)&!DRDR.!-&*-*!),'!+<+*-1)<!F0%30+1'!A-((!)&!DRD".!-8-&!
A),/%@,! 19! F0-'-&<-! V+'! M! A+'! %&! ')<I! (-+8-! *@-! ,%!
$YZMHJ"i!)&:-<,)%&!)&!,/-!'-<%&*!/+(:!%:!'-1-',-0!,A%W#!
=((! ,/-! )1F%0,+&,! +*1)&)',0+,)8-! +&*! '@FF%0,! '-08)<-'!
:@&<,)%&-*!,%!,/-!-OF-<,+,)%&'!%:!,/-!7&)8-0'),9!@&*-0!,/-!
*-*)<+,-*!(-+*-0'/)F!%:!,/-!H-F@,9!>-+*!%:!H-F+0,1-&,.!
K0'!]@<9!K+)&%.!+&*!+B(9!'@FF%0,-*!B9!,/-!'-&)%0!',+::!)&
,/-! H-F+0,1-&,! )&<(@*)&3! 40%:! ?0)<! 6)(*-0.! H0! C+</-(!
=)'%()JY0+I-.!K0!d%'/@+!k@0)!+&*!%,/-0'#
?+0(9!)&!DRD".!,/-!H-F+0,1-&,!(%',!,A%!%:!),'!'-&)%0!+&*!
(%&3J'-08)&3!1-1B-0'!%:!',+::.!%&-!F+''-*!%&!D"![-B0@J
+09! V(+,-!K+09!=)')W.!+&*! ,/-!%,/-0!A+'! :%0<-*! ,%! 0-')3&!
*@-! ,%! '-8-0-!/-+(,/! <%&*),)%&'! )&!=F0)(! V53+A+-!K),)%.!
A/%!F+''-*!+A+9!%&(9!"D!1%&,/'!(+,-0!%&!i!=F0)(.!DRDDW#

ST!"=J:G578!J76!3=J97578!&:C5F5C5=>!@A!CG=!
]=;J9CB=7C!

;/-! ,-+</)&3! +&*! (-+0&)&3! +<,)8),)-'! %:! ,/-! H-F+0,1-&,!
<%&,)&@-*!@&*-0!5-A!5%01+(!$YZMHJ"i!F0%,%<%('! 0)3/,!
:0%1!,/-!B-3)&&)&3!%:! ,/-! :)0',!'-1-',-0!+&*! ,/0%@3/%@,!
,/-!'-<%&*!'-1-',-0!%:!,/-!9-+0#!Y&()&-!,-+</)&3!B-<+1-!
,/-!',+&*+0*!1%*-!%:!F0-F+0+,)%&!+&*!*-()8-09!%:!(-''%&'.!
A),/!6%%3(-!$(+''0%%1!B-)&3!,/-!1+)&!F(+,:%01!@'-*!B9!
,/-!,-+</)&3!',+::!:%0!B%,/!@&*-030+*@+,-!+&*!F%',30+*@J
+,-!F0%30+1'##!>%A-8-0.!,/-0-!A-0-!'F%0+*)<!F-0)%*'!%:!
<%&,+<,!A),/!'1+((J30%@F!<(+''-'!+&*!'-1)&+0'!+00+&3-*!
B9!)&*)8)*@+(!',+::#

40%30-'')8-!+''-''1-&,!*%&-!B9!,/-!H-F+0,1-&,!,%A+0*!
,/-! -&*! %:! '-1-',-0! %&-! %&! ,/-!5-A!5%01+(! F0%,%<%(J
,-+</)&3! +00+&3-1-&,'! )&*)<+,-*! 1)O-*! 0-+<,)%&'! +&*!
:--*B+<I! :0%1! ',+::! +&*! ',@*-&,'#! ;/-0-:%0-.! %&3%)&3!
1%&),%0)&3! +&*! -8+(@+,)%&! A-0-! *%&-! B9! ,/-! H-F+0,J
1-&,Q'! $YZMHJ"i! %8-0'--0! VH0! Y0+I-W! ,%! :+<)(),+,-! ,/-!
'1%%,/!:(%A!%:! ),'!,-+</)&3!+&*!(-+0&)&3!+<,)8),)-'!@&*-0!
,/-'-!0-',0)<,)%&'#
$%@F(-*! A),/! ',@*-&,'Q! F0%,-','! +&*! *-1+&*'.! ,/-!
H-F+0,1-&,! 0-'F%&*-*! B9! +((%A)&3! <%&,+<,! <(+''-'! ,%!
0-'@1-!A--I(9!*@0)&3! ,/-!'-<%&*!'-1-',-0!%:!DRD".! )&!
<%1F()+&<-!A),/! ,/-!5-A!5%01+(! F0%,%<%('#;-+</)&3! )&!
,/-! H-F+0,1-&,Q'! 4%',30+*@+,-! F0%30+1!A+'!1)&)1+((9!
+::-<,-*!*@-!,%!'1+((!<(+''-'#!H@-!,%!<+F+<),9!<%&',0+)&,'!
F-0,+)&)&3!,%!'@F-08)')%&V%&(9!,A%!4/HJ/%(*)&3!',+::W.!,/-!
H-F+0,1-&,!/+*!%F,-*! ,%! 0-*@<-! ),'!&@1B-0!%:! )&,+I-'.!
1+)&(9!:%0!,/-!K$E!+&*!K#4/)(#!F0%30+1'#!a-<+@'-!%:!,/)'!
'/%0,+3-! %:! U@+():)-*! ',+::.! ,/-! H-F+0,1-&,! ,%%I! %&! +!
8)3%0%@'!*0)8-!,%!-1F(%9!,/0--!'-&)%0!',+::!)&!DRD"!,%!:)((!
,/+,!3+F#!E%!:+0.!%&-!+FF%)&,1-&,!/+'!B--&!1+*-!V=''%J
<)+,-!40%:-''%0!H0!E,-8-&!e)&*@%W.!+&*!,A%!+0-!'/%0,()',J
-*!+&*!+A+),)&3!)&,-08)-A'!VE-&)%0!]-<,@0-0!+&*!40%:-'J
'%0)+(!F%'),)%&'W#!
;/-'-! &-A! +FF%)&,1-&,'! A)((! -&+B(-! ,/-! H-F+0,1-&,!
,%)&<0-+'-!),'!)&,+I-'!:%0!B%,/!,/-!K+',-0Q'!+&*!4/H!',@*9!
F0%30+1'!)&!DRDG!+&*!%&A+0*'#
;/-!H-F+0,1-&,!<%&,)&@-*!),'!-O,-0&+(!,-+</)&3!+<,)8),)-'!
+,!,/-!E7E7!<+1F@'!B9!<%1F(-,)&3!+&*!*-()8-0)&3!<%@0'-!
1%*@(-'! :%0! ,/-! '-<%&*J9-+0! ',@*-&,'! )&! ,/-! H)F(%1+!
F0%30+1#!;/-!:)0',!30+*@+,)%&!%<<@00-*!)&!H-<-1B-0!DRDR!
A/-&!,-&!V"RW!F)%&--0!',@*-&,'!0-<-)8-*!,/-)0!H)F(%1+!)&!
$%11@&)<+,)%&!+&*!H-8-(%F1-&,!E,@*)-'#!
;/-!30+*@+,)%&!:%0!,/-!'-<%&*!<%/%0,!VDRD"W!A+'!*-:-00-*!
*@-!,%!$YZMHJ"i!0-',0)<,)%&'#!5-8-0,/-(-''.!,/-9!-8-&,@J
+((9! 30+*@+,-*! A),/! ,/-! 1+)&! <+1F@'! ',@*-&,'! +,! ,/-!
;+0+I+! <+1F@'! )&! d@&-! ,/)'! 9-+0! VDRDDW#! ;/+,!A+'! ,/-!
:)0',!,)1-!',@*-&,'!:0%1!,/-!E7E7!<+1F@'!30+*@+,-*!+,!
,/-!1+)&!<+1F@'#Y&<-!+3+)&.!,/-!$HE!H-F+0,1-&,!A+'!
</%'-&!,%!S%)&!,/-!%,/-0!,/0--!4567%;!+<+*-1)<!*-F+0,J
1-&,'!,%!F)(%,!,/-!Y&()&-!?*@<+,)%&!40%30+11-!)&!DRDD!
:%0!5%&JE</%%(!]-+8-0'!+<0%''!,/-!<%@&,09#!X!E,+::!,-+</J
)&3!,/-!:)0',!9-+0.!'-1-',-0!%&-!'@BS-<,'!',+0,-*!F0%*@<J
)&3!,/-)0!0-'F-<,)8-!<%@0'-!1%*@(-'!,%A+0*'!,/-!'-<%&*!
/+(:!%:!'-1-',-0! ,A%.!DRD"#!V;/-!Y]?4!<%11-&<-*!%&!
DT!K+9!DRDD!+&*!)'!&%A!-&0%(()&3!',@*-&,'!:%0!DRDG#W
;/-!$HE!H-F+0,1-&,!+('%!<%1F(-,-*!+&*!'@B1),,-*! ),'!
:)&+(! E@BS-<,! EF-<):)<+,)%&'! VEEW! ,%! ,/-! 76$$! :%0! ,/-!
:%@0,/J9-+0!'@BS-<,'!@&*-0!,/-!0-',0@<,@0-*!:%@0!'@BS-<,'!
F-0! '-1-',-0! +00+&3-1-&,'#! ;/)'! 9-+0! VDRDDW! '+A! ,/-!
<%11-&<-1-&,! %:! ,/-! :@((! @&*-030+*@+,-! *-30--!
F0%30+1!:0%1!9-+0'!%&-!,%!:%@0#!
!

PY



   

d%
@0
&+
(!=
0,)
<(
-'
X

e0%&*)1).!6#!VDRDRJDRD"W#!=!E-08)<-!$-&,0-!
H-8-(%F1-&,!K%*-(!:%0!4+F@+!5-A!6@)&-+!c!
$+'<+*)&3!$%11@&)<+,)%&!6+F'!+&*!4+,/A+9'!:%0!
?�<)-&,!H-()8-09!%:!E-08)<-'!+,!,/-!e+0*!]-8-(.!d$HEX!
d%@0&+(!%:!$%11@&)<+,)%&!+&*!H-8-(%F1-&,!E,@*)-'.
!ZMMJZMMMX!"^RJ__#

4+@(.!E#!VDRDRJDRD"W#!;/-!?1-03)&3!%:!+!5-A!;0-&*!
%:!e+0:+0-!)&!?&3+!40%8)&<-!%:!4+F@+!5-A!6@)&-+#!
d$HEX!d%@0&+(!%:!$%11@&)<+,)%&!+&*!H-8-(%F1-&,!
E,@*)-'.!ZMMJZMMMX!hhJii#!e/)(-!*+,-*!DRDR.!,/-!+0,)<(-!A+'!
F@B()'/-*!)&!DRD"#

5@0@.!;#E#.!6)(*-0.!?#!\!;)&*).!K#!=#!VDRDRJDRD"W#!
Y&()&-!]-+0&)&3!+&*!M&',),@,)%&+(!E@FF%0,!
?OF-0)-&<-'!7&*-0!$YZMHJ"i!+,!4567Y;.!4+F@+!5-A!
6@)&-+.!d$HEX!d%@0&+(!%:!$%11@&)<+,)%&!+&*!
H-8-(%F1-&,!E,@*)-'.!ZMMJZMMMX!"RiJ"^#

K+)&%.!]#!E+0.!]#!\!!K+)&%#!K#!VDRDRW#!!?�-<,)8-&-''!
%:!M&:%01+,)%&!H-()8-09!;/0%@3/!,/-!=kMENCH!
=30)<@(,@0-!?O,-&')%&!K%*-(X!=!40-()1)&+09!$+'-!E,@*9!
)&!C)<-![+01)&3!E9',-1'!)&!;A%!H)',0)<,'!%:!,/-!K%0%B-!
40%8)&<-#!5)@3)&)!=30)'+)-&'.!""X!"!J!^#

6)(*-0.!?#!VDRD"W#!M'!=FF()-*!>@1+&!d@',)<-!4%'')B(-!
)&!+!K-0),%<0+<9x!=!$%1F+0)'%&N$%&,0+',!%:!=&'A-0'!
:0%1!C+A('!+&*!4-0-(1+&.!)&!`dY>5!C=e]E!c!"RR!*-!

\!K#!6#!4+&+),W#!a@</+0-',X!!?*),@0+!=<+*-1)-)!C%1y&-!
VFF#!DGJGDW#

6)(*-0.!?#!VDRD"W#!M'!,/-!4+',!+!40%(%3@-x!$%&',0@)&3!
[@,@0-!4%'')B)(),)-'!+1)*',!40-'-&,!4-0*),)%&'!)&!+!
$%&,)&@)&3!;)1-!%:!$0)')'#!]%3%'!7&)8-0'+(),9!K-&,+(),9!
?*@<+,)%&!5%8-(,9X!4/)(%'%F/9!\!>@1+&)',)<!E<)-&<-'.!
iV"WX!^LJhD#!/,,F'XNN*%)#%03N"R#"h^^DN(@1-&F/'Ni#"NTh

=80+1.!E#!\!6)(*-0.!?#!VDRD"W#!=&+(%3@-!>@1+&'![+<)&3!
M&<0-+')&3!;/0-+,'!)&!+!H)3),+(!K+''!6(%B+(![@,@0-X!
K%*-(()&3!4%()<9!?O</+&3-!C-'F%&'-'!)&!,/-!?7!EF+<-!,%!
=</)-8-!E@',+)&+B(-!M&,-30+,)8-!H-8-(%F1-&,#!C%1+&)+&!
d%@0&+(!%:!4%(),)<+(!E<)-&<-!+&*!M&,-0&+,)%&+(!C-(+,)%&'.!
sZMMM!VDWX!^ich_#

=1B-(9-.!M#.![%+(-#![.!\!H9-0#!K#!!VDRD"W!?*@<+,-*!
j%@&3!e%1-&!+&*!,/-!$/+((-&3-'!%:!C-)&,-30+,)%&!)&!
C@0+(!Z)((+3-'!%:!4+F@+!5-A!6@)&-+#!H)0-<,)%&'X!=!d%@0&+(!
%:!?*@<+,)%&!E,@*)-'.!GT!VDWX!T_J^i#

=)').!K#!k#!!!VDRDRJDRD"W#!?�-<,)8-!E,0+,-3)<!
K+&+3-1-&,X!!$+,+(9',!:%0!Y03+&)2+,)%&+(!?�<)-&<9!+&*!
=<<%@&,+B)(),9!)&!?*@<+,)%&+(!)&',),@,)%&'!)&!4+F@+!5-A!
6@)&-+.!d$HEX!d%@0&+(!%:!$%11@&)<+,)%&!+&*!
H-8-(%F1-&,!E,@*)-'.!ZMMJZMMMX!"DiJTi#

PT! *9J64JC=! 1==6NJ:_! A9@B! +764>C9D! %J9C7=9>! J76!
.CJ_=G@<6=9>
!
H@-! ,%! 8+0)%@'! 0-+'%&'.! )&<(@*)&3! ,/-! 0-',0)<,)%&'!
)1F%'-*! &+,)%&A)*-! %&! F@B()<! 3+,/-0)&3'! <+@'-*! B9!
$YZMHJ"i.!,/-0-!A-0-!&%!1--,)&3'!:%0!,/-!$HE!M&*@',09!
=*8)'%09!$%11),,--! )&!DRD"#!>%A-8-0.! ,/-!H-F+0,1-&,!
F(+&'!,%!/+8-!%&-!)&!DRDD!):!,/-!0-',0)<,)%&'!+0-!():,-*#[%0J
1-0!30+*@+,-'!%:!$HE!+0-!&%A!<%1)&3!%&!B%+0*!,%!F+0,)<J
)F+,-!)&!,/-!H-F+0,1-&,Q'!M&*@',0)+(!V40%:-'')%&+(W!;0+)&J
)&3! :)-(*! +,,+</1-&,! F0%30+1'#! ;/-9! +0-! 0-F0-'-&,)&3!
,/-)0!-1F(%9-0'!B9!)&8%(8)&3!)&!,/-!*-')3&)&3!%:!:)-(*A%0I!
F(+&'!,/+,!+0-!,+)(%0-*!:%0!%@0!',@*-&,'f!,0+)&)&3!&--*'#

UT!.G@9C!2@49>=!@7!)@9_;<J:=!.JA=CD!b!-5>_!
!!!!!MJ7J8=B=7C

=:,-0!),!A+'!'@'F-&*-*!*@-!,%!$YZMHJ"i!)&!DRDR.!1+&9!
1%0-! F0%:-'')%&+('! +0-! '/%A)&3! )&,-0-',! )&! ,/-! H-F+0,J
1-&,Q'! '/%0,! <%@0'-! %&! e%0I! 4(+<-! E+:-,9! +&*! C)'I!
K+&+3-1-&,#! ;/-! :)0',! ,0+)&)&3! <%11-&<-*! )&! -+0(9!
H-<-1B-0!DRD".!+&*!Di!F+0,)<)F+&,'!30+*@+,-*!+:,-0!,A%!
A--I'!%:! ,0+)&)&3!A),/!,/-)0!]-8-('!Y&-!,%!;/0--!$-0,):)J
<+,-'#! H@-! ,%! /)3/! *-1+&*.! ,/-! '/%0,! <%@0'-! A)((! &%A!
<%&,)&@-! %&! +! 0-3@(+0! B+')'! +'! )&! ,/-! F+',! :0%1! DRDD!
%&A+0*'#!
!
RT!157J<!/=J9!%9@O=:C>!-=<=FJ7C!C@!%9@64:578!
!!!!!$B;<@DJN<=!*9J64JC=>
!
a%,/! %@0! :)&+(! 9-+0! VL,/! 9-+0W! @&*-030+*@+,-! +&*!
F%',J30+*@+,-!VK+',-0'!+&*!4/HW!',@*-&,'!+0-!0-U@)0-*!
,%! <%1F(-,-! 0-'-+0</! F0%S-<,'! ,%! F0-'-&,! '-1)&+0'! +&*!
'@B1),!0-F%0,'!+'!F+0,!%:!,/-)0!0-'F-<,)8-!',@*9!F0%30+1'#!
K+&9! %:! %@0! :)&+(J9-+0! @&*-030+*@+,-! ',@*-&,'! :%@&*!
-1F(%91-&,!*@0)&3!,/-)0!M&*@',0)+(!;0+)&)&3!-OF-0)-&<-'!
+&*!,/@'!S%)&-*!,/-!A%0I:%0<-!0)3/,!+:,-0!30+*@+,)%&#!
VY&-! -O+1F(-! )&!1)&*! )'!K0!$()&,%&!5+)F+%.! -1F(%9-*!
A/)(-!*%)&3!/)'!M;!A),/!,/-!5+,)%&+(!6+1)&3!$%&,0%(!a%+0*!
n56$ao! (+',! 9-+0! +&*! ,/-&! S%)&-*! ,/-1! -+0(9! ,/)'! 9-+0!
+:,-0!<%1F(-,)&3!/)'!',@*)-'#WY8-0!,/-!(+',!:-A!9-+0'.!%@0!
,%F!K$E!30+*@+,-'!+('%!/+8-!3+)&-*!-1F(%91-&,!)&!,/-!
H-F+0,1-&,! +'! F+0,J,)1-! ,@,%0'! %8-0! ,/-! 9-+0'! +:,-0!
<%1F(-,)&3!,/-)0!',@*)-'#

VT!#58G<58GC>!@A!04C9=J:G!J76!-=>=J9:G!&:C5F5C5=>!ND
!!!!!&:J6=B5:!.CJAA
!
>)3/()3/,'!%:!',+::!%@,0-+</!+&*!0-'-+0</!+<,)8),)-'!:%0!
DRD"!)&<(@*-*X

=#!Y&3%)&3!$%11@&),9!4+0,&-0'/)F!40%S-<,'

a%,/! ',+::! +&*! ',@*-&,'! +0-! -&3+3-*! )&! <%11@&),9!
%@,0-+</! +&*N%0! <%&'@(,+&<9! F0%30+1'! +'! F+0,! %:! ,/-!
<%@0'-! 0-U@)0-1-&,'! +'! A-((! +'! ,/0%@3/! +<+*-1)<!
)&,-0-','#!=,!,/-!B-3)&&)&3!%:!DRD".!,/-!H-F+0,1-&,!1-,!
A),/!+&!)&*@',09!F+0,&-0!V5+,)%&+(!6+1)&3!$%&,0%(!a%+0*W!
)&!4%0,!K%0-'B9!,%!0-8)-A!,/-!M&*@',0)+(!;0+)&)&3!-&3+3-J
1-&,! %:! %@0! :)&+(! 9-+0! ',@*-&,'! @&*-0! ,/-!KY=! ')3&-*!
B-,A--&!4567%;!+&*!56$a!)&!DR"i#

PZ



E</%(+0(9!40-'-&,+,)%&'X

=80+1.!E#!\!6)(*-0.!?#!VDRD"W#
M'!,/-!4@0'@),!%:!e-((Ja-)&3!
+&*!>+FF)&-''!4%'')B(-!)&!
Y03+&)2+,)%&'!7&*-0!E,0-''
!7')&3!,/-!>9B0)*!
$%11@&)<+,)%&![%01+,x!
M&,-0&+,)%&+(!<%&:-0-&<-!
$YKK75M$=;MY5!ZE!
>jaCMHMt=;MY5#!]E4!7&),.!
[+<@(,9!%:!?<%&%1)<'!+&*!
a@')&-''!=*1)&)',0+,)%&.b!
=(-O+&*0@!M%+&!$@2+b!
7&)8-0'),9!%:!M+ ).!C%1+&)+.!
"G!5%8-1B-0!
V%&()&-!F+0,)<)F+,)%&W#

6)(*-0.!?#!VDRD"W#!M'!=FF()-*!
>@1+&!d@',)<-!4%'')B(-!)&!
+!K-0),%<0+<9x!=!
$%1F+0)'%&N$%&,0+',!%:!
=&'A-0'!:0%1!C+A('!+&*!
4-0-(1+&#!;0)B@,-!
$%((%U@)@1!,%!d%/&!C+A('X!
;/-!M&',),@,-!%:!4/)(%'%F/9!
+&*!4'9</%(%39!
`$%&',+&,)&!C *@(-'<@J
K%,0@b!%:!,/-!C%1+&)+&!
=<+*-19.!H-F+0,1-&,!%:!
?F)',-1%(%39!+&*!?,/)<'.!
a@</+0-',.!"RJ""!E-F,-1B-0
!V%&()&-!F+0,)<)F+,)%&W#

6)(*-0.!?#!VDRD"W#!4(-&+09!
EF--</!;),(-z!M'!,/-!4+',!+!
40%(%3@-x!$%&',0@)&3!
[@,@0-!4%'')B)(),)-'!+1)*',!
40-'-&,!4-0*),)%&'!)&!+!
$%&,)&@)&3!;)1-!%:!$0)')'#!
e%0(*!]@1-&!$%&30-''!
DRD".!M+').!C%1+&)+.!K+9!
D^JGR!V%&()&-!F+0,)<)F+,)%&W#!
/,,F'XNN(@1-&<%&:-0-&<-#
<%1NA(<DRD"NF(-&+09J
'F-+I-0'N-0)<J3)(*-0J
F+F@+J&-AJ3@)&-+N!

5@0@.!;#E#.!6)(*-0.!?#!\!;)&*).!
K#!=#!VDRD"W#!Y&()&-!
]-+0&)&3!+&*!M&',),@,)%&+(!
E@FF%0,!?OF-0)-&<-'!
7&*-0!$YZMHJ"i!+,!
4567Y;.!4+0+((-(!0-3@(+0!
8)0,@+(!'-'')%&!{!4DR.!
e%0(*!]@1-&!$%&30-''!
DRD".!M+').!C%1+&)+.!K+9!
D^JGR#
/,,F'XNNAAA#:+<-B%%I#<%1N
A+,</N()8-Nx0-:|A+,</}
F-01+()&I\8|
"i"hLDLT^"LhDDT

 
 

M&!K+9!DRD".!$HE!H-F+0,1-&,!S%)&-*!,/-!H-F+0,1-&,!%:!
=30)<@(,@0-!,%!+,,-&*!+!30%@&*JB0-+I)&3!<-0-1%&9!)&!%&-!
%:!%@0!',+::!1-1B-0Q'!8)((+3-!V>+1+0+!Z)((+3-W!+,!k%I%*+!
)&!Y0%!40%8)&<-!,%!-',+B()'/!,/-!Z)((+3-Q'!$%11@&),9!
;0+&':%01+,)%&!$-&,0-#!;/-!$-&,0-!A)((!B-<%1-!+!8-&@-!
:%0!B%,/!',+::!+&*!',@*-&,'!V%@0!M;!',@*-&,'W!,%!()8-!A),/!
,/-!F-%F(-.!<%&*@<,!0-'-+0</.!+&*!+'')',!,/-!<%11@&),9!
)&! 8+0)%@'! +<,)8),)-'#! Y@0! :)0',! B+,</! %:! '-8-&! J9-+0!
',@*-&,'!A/%!<%1F(-,-*!,/-)0!M;!+&*!0-,@0&-*!,/)'!'-1-'J
,-0!V'-1-',-0!".!DRDDW#!;/-9!+0-!,/-!F)%&--0'!%:!,/)'!:)0',!
+00+&3-*!<%11@&),9!%@,0-+</!F0%30+1!B-,A--&!+!0@0+(!
8)((+3-!+&*! ,/-!$HE!H-F+0,1-&,#!E)1)(+0!+00+&3-1-&,'!
+0-!B-)&3!F(+&&-*!A),/!%,/-0!<%11@&),)-'.!A),/!)&),)+(!
*)'<@'')%&'!+(0-+*9!<%11-&<-*!A),/!,/-!e+0*!$%@&<)(J
(%0! %:! ]+@I+&%! Z)((+3-! &-+0! E+(+1+@+! )&! K%0%B-!
40%8)&<-#
;/-!$HE!H-F+0,1-&,!<%&,)&@-'!),'!<%%F-0+,)%&!A),/!,/-!
e-'(-9+&!a)B(-!$%((-3-!Vea$W!)&!K,!>+3-&.!:%<@')&3!%&!
*-8-(%F)&3! ,/-! V?&3()'/J]+&3@+3-W! =<+*-1)<! e0),)&3!
EI)(('! %:! ,/-%(%3)<+(! )&',0@<,%0'! +,! ea$! +&*! F+0,&-0!
,/-%(%3)<+(! '</%%('.! )&<(@*)&3! $/0)',)+&! 7&)%&! a)B(-!
$%((-3-! V$7a$W.! $/0)',)+&! ]-+*-0'! ;0+)&)&3! $%((-3-!
V$];$W! +&*! %,/-0'#! 40%:-''%0! ?0)<!6)(*-0.!H0! =)'%()JY0J
+I-.!+&*!C@,/!K%I+!/+8-!B--&!)&8%(8-*!)&!,/)'!F0%30+1!
:0%1!,/-!B-3)&&)&3.!A/)</!',+0,-*!)&!DRDR!+'!+!<%&8-0'+J
,)%&!B-,A--&!1)'')%&+09!$/-0)!+&*!H%&![(%9*!+'I)&3!:%0!
'F-<)+()',! -OF-0,)'-! )&! *-8-(%F)&3! ,/-! F0%30+1#! ;/-!
H-F+0,1-&,!)'!-&3+3-*!+&*!<%11),,-*!,%!<%&,)&@)&3!,/)'!
F0%S-<,! +'! F+0,! %:! ),'! <%11@&),9! %@,0-+</!+&*!*-8-(%FJ
1-&,! 1)'')%&.! +&*! ,0@','! ,/+,! '%@&*.! +FF()<+B(-! +<,)%&!
0-'-+0</!<+&!B-!3-&-0+,-*!B9!),#

40%:-''%0!?0)<!6)(*-0!VC)3/,W.!)'!F0-'-&,(9!,/-!%&(9
-OF+,0)+,-!<%((-+3@-!)&!,/-!$HE!H-F+0,1-&,#!>-!
8)'),-*!,/-!k%0-+&!M&',),@,-!%:!$0)1)&%(%39!VkM$W!)&!
d+&@+09!DR"^#!4)<,@0-*!A),/!/)1!)'!H0#!E-%&3Jd)&!
j-%&!%:!kM$!V]-:,W!+&*!40%:-''%0!a)+IJ$/@(!]--!
V$-&,0-W!%:!k9%&33)!7&)8-0'),9!VA/%!'-08-'!%&!,/-!
d$HE!?*),%0)+(!!=*8)'%09!a%+0*W

cT!-=>=J9:G!&:C5F5C5=>
!$65C=6!d@497J<^

6)(*-0.!?#!\!$)%<%)J4%F.!K#.!-,!+(#!!VDRDRJDRD"W#!d$HEX!
d%@0&+(!%:!$%11@&)<+,)%&!+&*!H-8-(%F1-&,!E,@*)-'.!
ZMMJZMMM!VFF#!8J"h"W!MEE5!"iiDJ"GDD#!4@B()'/-*!)&!<%%F-0J
+,)%&! A),/! 75?E$Y! $/+)0! )&! p@+(),9! K+&+3-1-&,! %:!
>)3/-0! ?*@<+,)%&! +&*! ]):-(%&3! ]-+0&)&3.`]@<)+&! a(+3+b!
7&)8-0'),9!%:!E)B)@.!C%1+&)+#

YT!+7C=97JC5@7J<!c=7:GBJ9_578!@A!'76=989J64JC=!
!!!!!&:J6=B5:!%9@89JBB=
!
M&!DRD".!,/-!H-F+0,1-&,!'@B1),,-*!),'-(:!,%!+&!)&,-0&+,)%&J
+(! B-&</1+0I)&3! -O-0<)'-! %:! ),'! 0-8)'-*! @&*-030+*@+,-!
+<+*-1)<! F0%30+1.! @&*-0,+I-&! B9!40%:!H0!>+B)(#! E)(8)+!
[(%0-+!%:!,/-!]@<)+&!a(+3+!7&)8-0'),9!%:!C%1+&)+#!=!:@((9!
-OF-0)-&<-*! +@*),%0! %:! @&)8-0'),9! +<+*-1)<! F0%30+1'.!
40%:-''%0! [(%0-+! '@B1),,-*! /-0! 0-F%0,! %&! ,/)'! -O-0<)'-.!
`40%F%'-*!K-+'@0-'!,%!M&<0-+'-!,/-!=**-*!Z+(@-!%:!,/-!
$%11@&)<+,)%&!+&*!H-8-(%F1-&,!a=!E,@*9!40%30+1!+,!
4567%;.b!,%!H-F+0,1-&,!+&*!7&)8-0'),9!1+&+3-1-&,!%&!
h![-B0@+09!DRDD#!e-!+0-!&%A!)&!*)'<@'')%&!A),/!/-0!+&*!
,/-!E?K;!%&!0-,+)&)&3!/-0!'-08)<-'!<%&,)&@)&3(9!,%!)1F(-J
1-&,!,/-!0-<%11-&*+,)%&'!%:!,/)'!B-&</1+0I)&3!0-F%0,#
!
ZT!2@7:<4>5@7

Y8-0+((.!DRD"!A+'!+!9-+0!)&!A/)</!,/-!H-F+0,1-&,!<+1-!
%@,!:0%1!@&*-0!,/-!'/+*%A!%:!,/-!$YZMHJ"i!F+&*-1)<!)&!
3%%*!'/+F-.!&%,!(%')&3!1%1-&,@1!)&!B%,/!-O,-&*)&3!,/-!
'<%F-!+&*!0-:)&)&3!,/-!U@+(),9!%:!%@0!,-+</)&3.!0-'-+0</.!
+&*!%@,0-+</!F0%:)(-#!M!+1!F0%@*!%:!A/+,.!,%3-,/-0.!%@0!
H-F+0,1-&,!A+'!+B(-!,%!+<<%1F()'/#!
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DEPARTMENT OF ELECTRICAL AND 
COMMUNICATION ENGINEERING

?(-<,0)<+(!+&*!$%11@&)<+,)%&!?&3)&--0)&3!%:!,/-!456!
7&)8-0'),9! %:! ;-</&%(%39! ,-+</-'! <%@0'-'! )&! F%A-0!
'9',-1'.! 0-&-A+B(-!-&-039.!F0%<-''!<%&,0%(!+&*! )&',0@J
1-&,+,)%&'.! 0+*)%! <%11@&)<+,)%&.! +&*! )&:%01+,)%&! +&*!
<%11@&)<+,)%&!,-</&%(%39#!?(-<,0)<+(!+&*!<%11@&)<+,)%&!
-&3)&--0'! *-')3&! F%A-0! 3-&-0+,)%&'! +&*! '@B',+,)%&'.!
,0+&'1)'')%&!()&-'.!*)',0)B@,)%&!()&-'.!<%1F@,-0!&-,A%0I'.!
+&*! <%11@&)<+,)%&! &-,A%0I'#! 4%A-0! +&*! $%11@&)<+J
,)%&!+0-!,A%!<0),)<+(!)&:0+',0@<,@0-'!+F+0,!:0%1!,/-!,0+&'F%0,!
'9',-1'.!A/)</!+0-!,/-!():-B(%%*!%:!,/-!&+,)%&+(!-<%&%19#!
?(-<,0%&'! +&*! -(-<,0%1+3&-,)<! A+8-'! +0-! ,/-! &-08-!
'9',-1'! %:! ,/-! -(-<,0)<+(! +&*! <%11@&)<+,)%&'! A%0(*#!
?(-<,0)<+(! -&3)&--0'! *-')3&! &-,A%0I! )&:0+',0@<,@0-'! ,/+,!
I--F!,/-!-(-<,0%&'!:(%A)&3!:0%1!,/-!/)3/(+&*'!,%!,/-!<%+',!
,%!'@FF(9!F%A-0#!
$%11@&)<+,)%&!-&3)&--0'!*-')3&!,/-!&-,A%0I!)&:0+',0@<J
,@0-'.!'@</!+'!A)0-(-''!,-</&%(%39.!A/)</!+0-!,/-!
'%@0<-! %:! -(-<,0%1+3&-,)<! A+8-'! ,/+,! I--F! )&:%01+,)%&!
B-)&3! F0%<-''-*! :%0! ,0+&'1)'')%&! ,%! )&,-0+<,! )&! ,/-! 0-+(!
A%0(*#!e/-&! 9%@! ,@&-! 9%@0! 0+*)%.! A+,</! ;Z.! '-&*! ,-O,!
1-''+3-'! %&! 1%B)(-! F/%&-'.! %0! <%%I! )&! +! 1)<0%A+8-!
%8-&.!9%@!+0-!@')&3!-(-<,0%1+3&-,)<!-&-039#!j%@!*-F-&*!
%&!,/)'!-&-039!-8-09!/%@0!%:!-8-09!*+9!:0%1!9%@0!1%B)(-!
F/%&-'.! +&*! ,-(-8)')%&'! :%0! <%11@&)<+,)%&'! +&*! -&,-0J
,+)&1-&,#!e/+,!A%@(*! ,/-!A%0(*!B-!A),/%@,!-(-<,0%1+3J
&-,)<! A+8-'! +&*! ,/-! -(-<,0%&'! ,/+,! :(%A! ,/0%@3/! ,/-!
-(-<,0)<+(! &-,A%0I'x! M,! A)((! B-! +! </+%,)<! A%0(*! A),/! &%!
+)0<0+:,! ,%! :(9.! &%! '/)F'! ,%! %F-0+,-.! &%! F%A-0.! +&*! &%!
<%11@&)<+,)%&'#!
;/-!H-F+0,1-&,!%:!?(-<,0)<+(!+&*!$%11@&)<+,)%&!
?&3)&--0)&3!<%&')','!%:!h!:@((J,)1-!+<+*-1)<'.!i!'-+'%&+(!
+<+*-1)<! ',+::.! %&-! %&()&-! 40%:-''%0.! +&*! "R! ,-</&)<+(!
+&*! +*1)&)',0+,)8-! ',+::#! =B%@,! DRR! @&*-030+*@+,-!
',@*-&,'.!i!F%',30+*@+,-!',@*-&,'!-&0%((-*!)&!K#!?&3#!B9!
<%@0'-!A%0I!+&*!K4/)(!F0%30+1'.!+&*!+&%,/-0!T!<+&*)J
*+,-'!-&0%((-*!)&!4/H!',@*)-'#!

ST!"=J:G578!J76!3=J97578

;/-! @&*-030+*@+,-! F0%30+1! <%8-0'! 1+,/-1+,)<'! +&*!
F/9')<'!)&!+**),)%&!,%!,/-!<%0-!<@00)<@(@1!)&!-),/-0!F%A-0!
-&3)&--0)&3!%0!<%11@&)<+,)%&!-&3)&--0)&3!+&*!%,/-0!
0-U@)0-*!-(-<,)8-'#!;/-!F0%30+1!-&+B(-'!',@*-&,'!,%!
'F-<)+()2-!)&!%&-!%:!,/-!:%((%A)&3!1+S%0'X!$%11@&)<+,)%&!
+&*!4%A-0!?&3)&--0)&3#!;/-!<%@0'-'!+0-!!+<<0-*),-*!B9!
?&3)&--0'!=@',0+()+!V?=W!+,!]-8-(!h!/%&%0'!*-30--.!A/)</!
/+'!30+&,-*!40%8)')%&+(!=<<0-*),+,)%&#!$%@0'-!'@BS-<,'!
*-8-(%F-*!+&*!1+FF-*!,%!?=!E,+3-!"!$%1F-,-&<9!
E,+&*+0*'! +&*! ,/-! 456! 5+,)%&+(! p@+(),9! [0+1-A%0I!
]-8-(!h#!;/-!$%1F-,-&<)-'!+&*!?(-1-&,'!%:!$%1F-,-&<9!
0-F0-'-&,! ,/-!F0%:-'')%&f'!-OF0-'')%&!%:! ,/-!I&%A(-*3-!
+&*! 'I)((! B+'-.! -&3)&--0)&3! +FF()<+,)%&! +B)(),)-'.! +&*!
F0%:-'')%&+(! 'I)(('.! 8+(@-'.! +&*! +,,),@*-'! ,/+,! 1@',! B-!
*-1%&',0+,-*! +,! ,/-! F%)&,! %:! -&,09! ,%! F0+<,)<-#! ;/-!
0-U@)0-1-&,'! %:! ?=! )&<(@*-! ,/-! :%((%A)&3! -(-1-&,'! %:!
<%1F-,-&<9X

V)W!!$%1F0-/-&')8-.!,/-%09JB+'-*!@&*-0',+&*)&3!%:!,/-!
!!!!!!!@&*-0F)&&)&3!&+,@0+(!+&*!F/9')<+(!'<)-&<-'!+&*!,/-!
!!!!!!!-&3)&--0)&3!:@&*+1-&,+('!+FF()<+B(-!,%!,/-!
!!!!!!!-&3)&--0)&3!*)'<)F()&-#

P\



V))W!!$%&<-F,@+(!@&*-0',+&*)&3!%:!1+,/-1+,)<'.!&@1-0)<+(!
+&+(9')'.!',+,)',)<'.!+&*!<%1F@,-0!+&*!)&:%01+,)%&!'<)-&<J
-'!A/)</!@&*-0F)&!,/-!-&3)&--0)&3!*)'<)F()&-#

V)))W!!M&J*-F,/!@&*-0',+&*)&3!%:!'F-<)+()',!B%*)-'!%:!I&%A(!
-*3-!A),/)&!,/-!-&3)&--0)&3!*)'<)F()&-#!

V)8W! H)'<-0&1-&,! %:! I&%A(-*3-! *-8-(%F1-&,! +&*!
0-'-+0</!*)0-<,)%&'!A),/)&!,/-!-&3)&--0)&3!*)'<)F()&-#

V8W!k&%A(-*3-!%:!-&3)&--0)&3!*-')3&!F0+<,)<-!+&*!<%&,-OJ
,@+(!:+<,%0'!)1F+<,)&3!,/-!-&3)&--0)&3!*)'<)F()&-#

V8)W! 7&*-0',+&*)&3! %:! ,/-! '<%F-.! F0)&<)F(-'.! &%01'.!
+<<%@&,+B)(),)-'!+&*!B%@&*'!%:!'@',+)&+B(-!-&3)&--0)&3!
F0+<,)<-!)&!,/-!'F-<):)<!*)'<)F()&-#
!!!!
;/-!?$?!H-F+0,1-&,!/+'!@&*-03%&-!8)3%0%@'!<%@0'-!
0-',0@<,@0-!+()3&-*!,%!1--,!,/-!?=!E,+3-!"!$%1F-,-&<9!
E,+&*+0*'#!Y,/-0!0-U@)0-1-&,'!%:!+<<0-*),+,)%&!)&<(@*-!
:@0&)'/)&3! +((! (+B%0+,%09! -U@)F1-&,#='! +! 0-'@(,.! ,/-!
H-F+0,1-&,!B%+','!%:!,/-!(+,-',!',+,-J%:J,/-J+0,!(+B%0+,%09!
:+<)(),)-'!)&!B%,/!,/-!4%A-0!+&*!$%11@&)<+,)%&'!',0-+1'#
M&! ,/-! :)&+(! 9-+0! %:! ,/-)0! ',@*)-'.! ',@*-&,'! @&*-0,+I-!
0-'-+0</!F0%S-<,'!%&!8+0)%@'!,%F)<'!)&!?(-<,0)<+(!?&3)&--0J
)&3#!;/-!',@*-&,'!'/%A!,/-)0!)&3-&@),9!+&*!)&&%8+,)%&!)&!
0-'-+0</)&3!8+0)%@'!,%F)<'.!B@)(*)&3!F0%,%,9F-'.!@&*-0,+IJ
)&3! *-')3&! +&*! ')1@(+,)%&!1%*-('.! +&*! F0-'-&,)&3! ,/-)0!
A%0I! +,! ,/-! -&*! %:! ,/-! +<+*-1)<! 9-+0#! ;/-! 0-'-+0</!!
F0%S-<,'! +0-! *-')3&-*! ,%! ,0)33-0! ',@*-&,'f! -&3)&--0)&3!
<@0)%'),9!+&*!:)&*!&-A!!!1-,/%*%(%3)-'!!,%!:%',-0!!)&&%8+J
,)8-!!*-')3&!!,/+,!!-1F(%9!!,/-!!'9&-03)',)<!!-::-<,!!B-,A--&!!
*-')3&!!+&*!!)&&%8+,)%&!!+'!,/-!I-9!,%!F0%1%,)&3!-&3)&--0J
)&3!)&3-&@),9#!

PT!!-=>=J9:G!J76!%4N<5:JC5@7>

;/-! F%',30+*@+,-! 0-'-+0</! +<,)8),)-'! +0-! %&3%)&3.! A),/!
:%@0!VLW!<+&*)*+,-'!&%A!-&0%((-*!)&!,/-!4/H!F0%30+1'!+&*!
i!<+&*)*+,-'!@&*-0,+I)&3!K+',-0f'!*-30--'#!Y&-!%:! ,/-!
I-9! F0)%0),9! )'! ,/-! )1F(-1-&,+,)%&! +&*! '@',+)&+B)(),9! %:!
',+::)&3#!;/-!?(-<,0)<+(!?&3)&--0)&3!H-F+0,1-&,!F(+&'!,%!
/+8-!+B%@,!_Rm!%:!,/-!:@((!+<+*-1)<!<+0*-0!,%!B-!:)((-*!B9!
&+,)%&+(! ',+::!1-1B-0'#! ;/-!H-F+0,1-&,! )'! :%<@'-*! %&!
,/-!&-O,!"R!9-+0'!,%!/+8-!+!1)&)1@1!%:!iR!m!%:!&+,)%&+(!
4/H!*-30--!/%(*-0'!A/%!A)((! B-!+B(-! ,%!A%0I! ,%3-,/-0.!
3)8)&3! ')3&):)<+&,! 0-'-+0</! (-+*-0'/)F! )&! ,/-! 3(%B+(!
'<-&+0)%#!

;/-!1+S%0!0-'-+0</!+0-+'!@&*-0,+I-&!+,!,/-!F%',30+*@J
+,-!(-8-(!+0-X

V)W! ?(-<,0)<!4%A-0!E9',-1'.!
V))W! C-&-A+B(-!?(-<,0)<!?&-039!E%@0<-'.!+&*
V)))W! !=*8+&<-*!e)0-(-''!;-</&%(%39#

$<=:C95:!%@K=9!.D>C=B>

;/-!?$?!H-F+0,1-&,! /+'!1+*-! ')3&):)<+&,! F0%30-''! )&!
-(-<,0)<!F%A-0!'9',-1'!)&!)&,-0J*)'<)F()&+09!+0-+'.!)&<(@*J
)&3!A)0-(-''!,-</&%(%39!+FF()-*!,%!F%A-0!'9',-1!1%&),%0J
)&3.! 0-&-A+B(-!-&-039!3-&-0+,%0'!'@</!+'!1)<0%J/9*0%J
-(-<,0)<!3-&-0+,%0'!+&*!H$!30)*'.!+&*!F%A-0!'9',-1!30)*!
-O,-&')%&! )&8%(8)&3! ,/-! =$! F%A-0! 30)*! +&*! 0-&-A+B(-!
-(-<,0)<!-&-039!3-&-0+,%0'#!!

;/-!A%0I!/+'!B--&!F@B()'/-*!!!)&!+!S%@0&+(#!K%0-%8-0.!
,/-!?$?!H-F+0,1-&,!0-<-)8-*!+!F+0,)+(!30+&,!:0%1!,/-!
7&)8-0'),9!:%0!+!K+S%0!M&,-0*)'<)F()&+09!C-'-+0</!40%S-<,#!
[@0,/-0.!?$?!H-F+0,1-&,! )'! (%%I)&3!+,! ,/-!%8-0+((!456!
30)*!:0%1!,/-!F-0'F-<,)8-!%:!'9',-1'!0-()+B)(),9!+&*!<%&,)&J
3-&<9!%:!,/-!C+1@.!4YK.!+&*!6+2-((-!-(-<,0)<),9!30)*'!)&!
456#
;/-!A%0I!A)((!+('%!<%&')*-0!,/-!'9',-1!F-0:%01+&<-!:0%1!
,/-! 0-()+B)(),9! +&*! '@',+)&+B)(),9! F-0'F-<,)8-! A),/! 30)*!
)&,-0<%&&-<,)%&!%:!0-&-A+B(-!-&-039!'9',-1'!,%!,/-!1+)&!
F%A-0!30)*'#

-=7=KJN<=!$<=:C95:!$7=98D!.@49:=>

=! A%0I)&3! F)<%J/9*0%-(-<,0)<! 3-&-0+,%0! A+'! *-')3&-*.!
)&',+((-*.! +&*!<%&,0%((-*#!;/-!A%0I!B--&!F@B()'/-*! )&!+!
S%@0&+(#!=!0-(+,-*!F@B()'/-*!A%0I!A+'!%&!+!<%1F+0+,)8-!
',@*9!%:!!A+9'!,%!<%&&-<,!*)',0)B@,-*!'%(+0!F+&-('!'@FF(9J
)&3! -(-<,0)<),9! ,%! +! 8)((+3-!A),/! <(@',-0-*! (%+*'#! [@0,/-0.!
0-'-+0</!%&!/9B0)*)2)&3!+&*!<%&,0%(!%:!8+0)%@'!0-&-A+B(-!
-&-039! ,-</&%(%3)-'! )&! 1)<0%30)*! '9',-1'! :%0! 0-1%,-!
<%11@&),)-'! )'! B-)&3! @&*-0,+I-&! )&! ,/-!H-F+0,1-&,! B9!
K4/)(!',@*-&,'#

&6FJ7:=6!)59=<=>>!"=:G7@<@8D!J76!+2"

=*8+&<-*! A)0-(-''! ,-</&%(%39! A%0I! /+'! *-8-(%F-*!
'-8-0+(! F%A-0:@(! +&*! &-A! '%:,A+0-! ,%%('! :%0! B-+1!
<%&,0%(()&3!)&!L6!+&*!T6.!^6!A)0-(-''!'9',-1'#!e%0I!%&!
',@*9)&3!+&*!)1F0%8)&3!,/-!A)0-(-''!'9',-1'!)&!]+-!$),9!
+&*!%&!,/-!7&)8-0'),9!<+1F@'!)'!@&*-0A+9.!+'!A-((!+'!,/-!
*-')3&!%:!B-,,-0!*+,+!<+F+<),9!+&*!'F--*!+,!-<%&%1)<+(!
<%','!+&*!,/-!F%'')B(-!@'-!%:!,/-!T6!'9',-1!,%!0-F(+<-!
,/-! F0-'-&,! '9',-1#! K%0-%8-0.! 0-'-+0</! %&! ,/-! 4%0,!
K%0-'B9!d+<I'%&!+)0F%0,!+)0<0+:,!,%!<%&,0%(!,%A-0!<%11@J
&)<+,)%&!+&*!')3&+()&3!'9',-1'! )'!@&*-0A+9.!F+0,)<@(+0(9!
+**0-'')&3!')3&+(!3(),</-'!%0!)&,-00@F,)%&'#!

M&! DRD".! ?$?! ',+::! 1-1B-0'! F@B()'/-*! "L! 0-:-0--*!
S%@0&+(! F+F-0'! +&*! ,A%! '-F+0+,-! ,-O,B%%I! </+F,-0'#! M,!
1@',!B-!&%,-*!,/+,.!)&!'-8-0+(!'@BJ*)'<)F()&-'!%:!?(-<,0)<+(!
+&*! $%11@&)<+,)%&! ?&3)&--0)&3.! <%&:-0-&<-! F@B()<+J
,)%&'!+0-!+!F0)8)(-3-*!1-+&'!%:!:+',!*)''-1)&+,)%&!+&*!+0-!
'%1-,)1-'! 0-3+0*-*! +'! S%@0&+(! F@B()<+,)%&'#! K%',! %:!
,/%'-!F@B()<+,)%&'!+0-!*%&-! )&!<%((+B%0+,)%&!A),/!'@F-0J
8)'-*! 30+*@+,-! ',@*-&,'! +&*! +! 40%:-''%0'! )&! ?$?#!
[@0,/-0.! '-8-0+(! &+,)%&+(! ',+::! 1-1B-0'! %:! ,/-! H-F+0,J
1-&,!/+8-!<%&,0)B@,-*!,%!8+0)%@'!</+F,-0'!%:!,/-!:%((%A)&3!
B%%I'X

V)W!4#!C#!4!>%%(-.!E1+0,!=&,-&&+'!+&*!?(-<,0%1+3&-,)<!
E)3&+(!40%<-'')&3!)&!=*8+&<-*!e)0-(-''!;-</&%(%39X!
A),/!=0,):)<)+(!M&,-(()3-&<-!=FF()<+,)%&!+&*!$%*)&3.!C)8-0!
4@B()'/-0'.!5%8#!DRDR#!MEa5J"GX!i_hh__RDDDR^h#

V))W!4#!C#!4!>%%(-!+&*!E#>#!>%%(-.!])3/,&)&3!?&3)&--0)&3X!
4/9')<'.!$%1F@,-0JB+'-*!;-',JB-*.!40%,-<,)%&!%:!60%@&*!
+&*! =)0B%0&-! E9',-1'.! EF0)&3-0! Z-0(+3! 6Ka>.! [-B!
DRDD#!MEa5X!i_hGRGRiL_D_i#

UQ



UT!2@BB475CD!04C9=J:G

?$?!',+::!1-1B-0'!0-1+)&!',0%&3(9!)&8%(8-*!)&!<%11@&)J
,9!%@,0-+</.!A/-0-!',+::!1-1B-0'!+&*!',@*-&,'!@&*-0,+I-!
%@,0-+</!F0%30+1'!%&!-&-039!+&*!<%11@&)<+,)%&!+<<-'J
')B)(),9!)&!0-1%,-!<%11@&),)-'#!E%1-!<%11@&),9!%@,0-+</!
A%0I! )&<(@*-*! :-+')B(9! ',@*)-'! %:! 0-&-A+B(-! -&-039!
'9',-1'! '@</! +'! F/%,%8%(,+)<! '9',-1'! *-')3&! +&*!
1)<0%J/9*0%-(-<,0)<! F%A-0! *-')3&#! [@0,/-0.! ,/-! H-F+0,J
1-&,! A+'! -&3+3-*! )&! '</%%(! )&,-0&-,! <%&&-<,)8),9! ,%!
-1F%A-0!,-+</-0'!+&*!',@*-&,'!,%!+<<-''!%&()&-!(-+0&)&3!
1+,-0)+('#!;/-!<%11@&),9!%@,0-+</!F0%30+1!)'!%&3%)&3!)&!
-1F%A-0)&3!0@0+(!+&*!:0+31-&,-*!<%11@&),)-'!,%!+<<-''!
-(-<,0)<),9! +&*! )&,-0&-,! '-08)<-'#! ?(-<,0)<+(! ?&3)&--0)&3!
=(,-0&+,-!4+,/JA+9!40%30+1
='! ,/-! 4+F@+! 5-A! 6@)&-+! 7&)8-0'),9! %:! ;-</&%(%39Q'!
8)')%&!)'!,%!`60%A!e%0(*J$(+''!;-</&%<0+,'!:%0!,/-!C-+(!
e%0(*b! +<<%0*)&3! ,%! ),'! E,0+,-3)<! 4(+&! DRDRJDRDL.! ,/-!
H-F+0,1-&,!%:!?(-<,0)<+(!+&*!$%11@&)<+,)%&'!?&3)&--0J
)&3!/+'!-',+B()'/-*!+!*)F(%1+!)&!?(-<,0)<+(!?&3)&--0)&3!+'!
+&!+(,-0&+,-!F+,/A+9!:%0!',@*-&,'!,%!3+)&!)&*@',09!<-0,):)-*!
U@+():)<+,)%&'!,/+,!A)((!B-!0-<%3&)2-*!3(%B+((9#!??J=44!
V?(-<,0)<+(!?&3)&--0)&3!c!=(,-0&+,)8-!4+,/A+9'!40%30+1W!
)'!,/-!H-F+0,1-&,Q'!/%1-J,+)(%0-*!F0%30+1!*-8-(%F-*!,%!
+**0-''! ,/-! F0%B(-1'! %:! )&<0-+'-*! *0%FJ%@,! 0+,-'! )&!
'-<%&*+09!'</%%('!+&*!)&<0-+'-*!@&-1F(%91-&,#!M&*@'J
,09J<-0,):)-*!,0+)&)&3!F0%30+1'!:%01!,/-!/-+0,!%:!,/-!?$?!
H-F+0,1-&,Q'! *-8-(%F1-&,!1%*-(.! A/)</! )'! :%<@'-*! %&!
*-8-(%F)&3! `F-%F(-! 'I)(('#b! ;/-! ,A%! )&*@',09! <-0,):)-*!
F0%30+1'!,/+,!+0-!<@00-&,(9!/%',-*!)&!,/-!H-F+0,1-&,!+0-
!
V)W!$)'<%!<-0,):)-*!,0+)&)&3!F0%30+1!+&*!
V))W!,/-!>@+A-)J<-0,):)-*!,0+)&)&3!F0%30+1#![@0,/-0.!,/-!
H-F+0,1-&,!)'!)&!,/-!F0%<-''!%:!0-3)',-0)&3!+!,/)0*!+(,-0&+J
,)8-!F+,/A+9!F0%30+1!,/0%@3/!$),9!+&*!6@)(*'!%:!]%&*%&#!

;/-!H-F+0,1-&,!',+0,-*!,/-!??J=44!)&!K+0</!DRD"!A),/!
),'!:)0',!B+,</!%:!_R!',@*-&,'!-&0%((-*!)&!,/-!F0%30+1#!;/-!
??J=44! F0%30+1! )'! :%<@'-*! +&*! ! +()3&-*! ,%! ,/-! S%B!
1+0I-,!A),/! )&*)8)*@+('Q!*-')0-!,%!'-<@0-!0%B@',!-1F(%9J
1-&,!%FF%0,@&),)-'!,%!1--,!-1F(%9-0'f!'F-<)+()2-*!
I&%A(-*3-! +&*! 'I)(('! &--*'#! ;/0%@3/! ,/-! ??J=44.! ,/-!
H-F+0,1-&,!%:!?$?!)'!&%,!S@',!F0%8)*)&3!+&!-*@<+,)%&!B@,!
():-(%&3! 'I)(('! +&*! <+0--0! %FF%0,@&),)-'! )&! +**0-'')&3!
B0%+*JB+'-*! A%0I:%0<-! 3+F'.! -'F-<)+((9! )&! ?(-<,0%,-</J
&%(%39.! )&<(@*)&3! ,/-! -1-03)&3! +0-+'! %:! C-&-A+B(-!
?&-039! +&*! M&:%01+,)%&! $%11@&)<+,)%&'! ;-</&%(%39!
VM$;W#! ='! 'I)(('! +0-! +! :%01! %:! <@00-&<9! )&! ,/-! A%0I)&3!
A%0(*.!,/-!H-F+0,1-&,!',0%&3(9!:%<@'-'!%&!)&*@',09J<-0,)J
:)-*!*)F(%1+'!,%!-1F%A-0!*)F(%1+!30+*@+,-'!,%!+,,+)&!,/-!
,-</&)<+(! 'I)(('! :%0! ,/-! &+,)%&+(! +&*! 3(%B+(! S%B!1+0I-,'#!
;/@'.!)1F0%8)&3!,/-!U@+(),9!%:!-*@<+,)%&!+&*!'I)(('!*-8-(J
%F1-&,! )'! 1%0-! 0-'F%&')8-! ,%! -<%&%1)<! 30%A,/! )&!
-()1)&+,)&3! F%8-0,9! B9! 0-*@<)&3! ,/-! <%',! %:! ()8)&3! :%0!
(%AJ)&<%1-!-+0&-0'!+&*!A%0I)&3J<(+''!<),)2-&'#!

M5<=>C@7=>

V)W!!?$?!H-F+0,1-&,!A)((!B-!30+*@+,)&3!L!K4/)(!
<+&*)*+,-'! )&! DRDD#! =((! <+&*)*+,-'! /+8-! '@<<-'':@((9!
F+''-*! ,/-)0! ,/-')'!-O+1)&+,)%&! 0-U@)0-1-&,'! ,%!30+*@J
+,-#
V))W!!?$?!H-F+0,1-&,!',+::!1-1B-0'!/+8-!<%&,0)B@,-*!,%!
!8+0)%@'!</+F,-0'!%:!,A%!,-O,B%%I'!F@B()'/-*!)&,-0&+,)%&J
+((9#

US



DEPARTMENT OF FORESTRY

M&,0%*@<,)%&

=&%,/-0!+<+*-1)<!9-+0!)'!%8-0.!+&*!A-!+FF0-<)+,-!+((!%@0!',+I-/%(*-0'!+&*!F+0,&-0'.!-'F-<)+((9!',@*-&,'.!
,/-)0!F+0-&,'.!+&*!'F%&'%0'.!:%0!+((!,/-!'@FF%0,!0-&*-0-*!H7CM56!,/-!DRD"!+<+*-1)<!9-+0#!M,!)'!+&%,/-0!9-+0!
()8)&3!+&*!(-+0&)&3!+B%@,!,/-!$YZMH!"i!F+&*-1)<!A/-0-',+::!+&*!',@*-&,'!/+8-!,%!<%F-!A),/!&-A!',0+,-3)-'!
+&*!+FF0%+</-'!,%!(-+0&)&3.!,0+)&)&3.!+&*!0-'-+0</#!$%1F(-,)&3!,/)'!+<+*-1)<!9-+0!'@<<-'':@((9!)'!+!'@<<-''!
',%09!A-!+((!<+&!+FF0-<)+,-!+&*!'/+0-#
;/-![%0-',09!H-F+0,1-&,Q'!1)'')%&!)'!,%!F0%*@<-!F0%:-'')%&+('.!B%,/!1-&!+&*!A%1-&l!A),/!'<)-&,):)<!+&*
!,-</&)<+(!F0%*@<,)%&!'I)(('!+&*!-OF-0,)'-!&--*-*!,%!1+&+3-!4+F@+!5-A!6@)&-+Q'!:%0-',!0-'%@0<-'
!'@',+)&+B(9!A/)(-!,+)(%0)&3!,/-!<@00)<@(+!,%!1--,!0-3)%&+(!+&*!3(%B+(!S%B!1+0I-,!0-U@)0-1-&,'#!
Y@0!,-+</)&3!+&*!,0+)&)&3!F/)(%'%F/9!)'!,/+,!+!A-((J1+&+3-*!:%0-',!)'!+&!+''-,!,%!(%<+(.!&+,)%&+(.!+&*!0-3)%&+(!
-<%&%1)-'!:%0!<@00-&,!+&*!:@,@0-!3-&-0+,)%&'#!;/-!-''-&<-!+&*!0-(-8+&<-!%:!,/)'!F/)(%'%F/9!+0-!&%,!%&(9!8+()*!
B@,!,)1-(-''!,%%#
;/-![%0-',09!H-F+0,1-&,!/+'!B--&!,0+)&)&3!F0%:-'')%&+(!:%0-',-0'!:%0!456!+&*!,/-!0-3)%&!+,!,/-!a+</-(%0Q'!
H-30--!(-8-(!')&<-!"i_D.!A),/!,/-!:)0',!30+*@+,-'!)&!"i_^#!;%!*+,-.!%@0!30+*@+,-'!+0-!-1F(%9-*!+'!'<)-&,)','.!
+*1)&)',0+,%0'.!+&*!1+&+3-0'!)&!,/-!F@B()<!+&*!F0)8+,-!'-<,%0'.!56Y'.!+&*!$aY'!(%<+((9!+&*!A),/)&!,/-!=')+!
4+<):)<!C-3)%&#!Y,/-0'!B-<%1-!-&,0-F0-&-@0'!+&*!<%11@&),9!(-+*-0'!'-08)&3!8+0)%@'!0%(-'!,/0%@3/%@,!,/-!
4+<):)<!0-3)%&#!='!A-!,+I-!F0)*-!)&!%@0!0)</!/)',%09.!%@0!8)')%&!)'!,%!',0)8-!:%0!)1F0%8-*!,0+)&)&3.!,-+</)&3.!+&*
!0-'-+0</!',+&*+0*'!,/0%@3/!)&,-0&+,)%&+(!+<<0-*),+,)%&!)&!,/-!&-+0!:@,@0-#

UP



'76=989J64JC=!:@49>=>!J76!-=F5>=6!:4995:4<J

;/-!H-F+0,1-&,!/+'!,A%!<+1F@'-'.!,/-!;+0+I+!$+1F@'!
+&*!,/-!a@(%(%!7&)8-0'),9!$%((-3-!$+1F@'!%::-0)&3!B%,/!
a+</-(%0! )&! [%0-',09! E<)-&<-! +&*! H)F(%1+! )&! [%0-',09!
F0%30+1'#!;/-!a+</-(%0Q'!*-30--!)'!+!:%@0J9-+0!F0%30+1!
F+0,)+((9! ,+@3/,!%&!B%,/!<+1F@'-'.!A/)(-! ,/-! ,/0--J9-+0!
H)F(%1+!F0%30+1!)'!,+@3/,!%&!a@(%(%!7&)8-0'),9!$+1F@'#!
;/-! <@00)<@(+! :%0! ,/-! ,A%! F0%30+1'! -1F/+')2-! :%0-',!
1+&+3-1-&,.! -&8)0%&1-&,+(! F0%,-<,)%&.! +&*! 1@(,)JF@0J
F%'-!:%0-',!0-'%@0<-!'@08-9'.!)&<(@*)&3!A%%*!,-</&%(%39!
+&*!:%0-',JF-%F(-!)&,-0+<,)%&'#!!;/-!<%@0'-!A%0I!+0-!
<%1F(-1-&,-*!A),/!:)-(*!,0)F!<%1F%&-&,'!,%!'@00%@&*)&3!
:%0-',! +0-+'.! :%0-',! )&*@',0)-'.! +&*! <%11@&),)-'! )&!
K%0%B-!40%8)&<-#!;/-!a+</-(%0Q'!*-30--!F0%30+1!+('%!
0-U@)0-'! ',@*-&,'! ,%! <%1F(-,-! ^R! *+9'! %:! F0%:-'')%&+(!
A%0I!-OF-0)-&<-!%&!,/-)0!)&),)+,)8-'!*@0)&3!,/-!/%()*+9'#
;/)'!)'!,/-!,/)0*!9-+0!%:!)1F(-1-&,)&3!,/-!0-8)'-*!a+</-J
(%0Q'! *-30--! <@00)<@(+.! A/-0-B9! 1+&9! %:! ,/-! '@BS-<,'!
,+@3/,!)&!,/-!F+',!+0-!<%&*-&'-*!)&,%!:%@0!1+)&!'@BS-<,'!
F-0!'-1-',-0!A/)(-!)&<0-+')&3!,-+</)&3!/%@0'!F-0!A--I!,%!
')O! V^W#! ;/)'! 0-8)-A! A+'! *%&-! %&! +((! <%@0'-'! +,! 456!
7&)8-0'),9!%:!;-</&%(%39!,%!B-!%&!F+0!A),/!,/-!</+&3)&3!
,0-&*'!%:!/)3/-0!(-+0&)&3!+&*!,-+</)&3!)&!,/-!0-3)%&!+&*!
:+<)(),+,-!+!F+,/A+9!,%!+<<0-*),+,)%&#!
;/-!H-F+0,1-&,!)'!-O<),-*!+'!),!A)((!F0%*@<-!,/-!:)0',!B+,</!
%:!30+*@+,-'!@&*-0!,/-!&-A!<@00)<@(+!&-O,!,/-!9-+0!DRDD#

%@>C89J64JC=!%9@89JB>

;/-!F%',30+*@+,-!F0%30+1'!<%&')',!%:!KE<.!K4/)(.!+&*!
4/H! )&! [%0-',09! :%0! +! *@0+,)%&! %:! ,A%! 9-+0'! :%0! -+</!
K+',-0'Q! H-30--! +&*! ,/0--! 9-+0'! :%0! 4/H! ',@*)-'#! ;/-!
4/H!',@*)-'!+0-!*-F-&*-&,!%&!,/-!+8+)(+B)(),9!%:!'@F-08)J
'%0'!+,!,/-!1%1-&,#!E)&<-!DR"L.!+B%@,!:%@0!%&!+8-0+3-!
F%',30+*@+,-! ',@*-&,'! /+8-! 30+*@+,-*.! A),/! D! 1%0-!
K4/)(! ',@*-&,'! ,%! '@B1),! ,/-)0! ,/-')'! )&! 5%8-1B-0! +&*!
30+*@+,-! )&! DRDD#! ;/-0-! /+'! B--&! +&! )&<0-+'-! )&! ,/-!
&@1B-0! %:! ',@*-&,'! )&,-0-',-*! )&! *%)&3! 4%',30+*@+,-!
',@*)-'!)&!0-<-&,!9-+0'#

]=;J9CB=7C!>CJAA!J76!"9J57578

;/-0-!+0-!"L!<@00-&,!:@((J,)1-!:+<@(,9!1-1B-0'!,-+</)&3!
%&!B%,/!<+1F@'-'.!+&*!,A%!%:! ,/-!:+<@(,9!1-1B-0'!+0-!
<@00-&,(9!@&*-0,+I)&3! ,/-)0!4/H!',@*)-'!+B0%+*!+&*!+0-!
-OF-<,-*!,%!S%)&!,/-!H-F+0,1-&,!+'!-+0(9!+'!DRDD#!Y&-!%:!
%@0!,-</&)<+(!',+::!A)((!30+*@+,-!A),/!KE<!)&!E%()*!e+',-!
\!C-'%@0<-!K+&+3-1-&,!VEeCKW!)&!DRDD#![)8-!:+<@(,9!
1-1B-0'!/+8-!<%1F(-,-*!,/-)0!4%',30+*@+,-!$-0,):)<+,-!
)&! >)3/-0! ]-+0&)&3! +&*! ;-+</)&3! ,/)'! 9-+0! +&*! +0-!
-OF-<,-*!,%!30+*@+,-!-+0(9!&-O,!9-+0#!

;/-! H-F+0,1-&,! )'! +('%! @F30+*)&3! ,/-! U@+():)<+,)%&'! %:!
+*1)&)',0+,)%&!%::)<-0'!A/-0-!+!:-1+(-!+*1)&)',0+,)%&!',+::!
)'!@&*-0,+I)&3!/-0!H)F(%1+!)&!a@')&-''!K+&+3-1-&,!+,!
,/-!]+-!4%(9,-</&)<+(!)&',),@,)%&#

-=>=J9:GH! :@7>4<CJ7:DH! J76! >CJ_=G@<6=9! =78J8=L
B=7C>

;/-!H-F+0,1-&,Q'!-&3+3-1-&,!)&!0-'-+0</.!<%&'@(,+&<9.!
+&*!<%11@&),9!*-8-(%F1-&,!F0%S-<,'!,/)'!9-+0!/+'!B--&!
+::-<,-*!B9! ,/-!$YZMH!"i!F+&*-1)<.!/%A-8-0.! ,/0%@3/!
:)&+(! 9-+0! ',@*-&,! F0%S-<,'! +&*! :)-(*! ,0)F'.! -&3+3-1-&,!
A),/! ',+I-/%(*-0'! A+'! 1+)&,+)&-*#! [%@0! ',@*-&,'! +0-!
<@00-&,(9! *%)&3! ,/-)0! 0-'-+0</! F0%S-<,'! A),/! K+0I/+1!
Z+((-9!a)%1+''!],*.!A/)(-! :-A!%,/-0'!+0-!-&3+3-*!A),/!
:%0-',!)&*@',0)-'!+&*!<%11@&),)-'!+0%@&*!]+-!<),9#!
M&!E-F,-1B-0.! ,/-! :)&+(! 9-+0! ',@*-&,'! +('%! @&*-0,%%I! +!
:)-(*! ,0)F! ,%! ?+',-0&! >)3/(+&*'! 40%8)&<-! ,%! 8)'),! ,0--!
:+01-0'! +&*! (%<+(! :%0-',! F0%*@<,! )&*@',0)-'.! )&! A/)</!
0-'-+0</!+&*! ,0+)&)&3!+0-+'!A-0-! )*-&,):)-*! :%0!F%,-&,)+(!
:@,@0-! -&3+3-1-&,'#! ;/-! M&'-<,! [+01)&3! +&*! ;0+*)&3!
=3-&<9.! +! 7&)8-0'),9Q'! B@')&-''! +01! /%@'-*! +,! %@0!
H-F+0,1-&,.!)'!<@00-&,(9!<0-+,)&3!&-,A%0I'!A),/!<%11@&)J
,)-'! +0%@&*! ,/-! <%@&,09! ,%! F0%1%,-! <%11@&),9! F+0,&-0J
'/)F!F0%30+1'#
='!F+0,!%:!,/-!&-A(9!0-8)'-*!<@00)<@(+.!,/-!H-F+0,1-&,!/+'!
B--&! )&! 0-3@(+0! <%&,+<,! A),/! +! <%@F(-! %:! )&*@',0)-'! ,%!
-&3+3-!%@0!',@*-&,'!*@0)&3!,/-!DRDR!/%()*+9'!+'!F+0,!%:!
,/-)0!)&*@',0)+(!-OF-0)-&<-#!K+&9!<%1F+&)-'!/+8-!)&*)<+,J
-*! :+8%0+B(-! 0-'F%&'-'.! )&<(@*)&3! ,/-! 5+,)%&+(! [%0-',!
E-08)<-.!456![%0-',!40%*@<,!],*.!+&*!%,/-0'!+0%@&*!,/-!
<%@&,09#!;/-!H-F+0,1-&,!)'!<@00-&,(9!A%0I)&3!%&!+&!KY7!
A),/! 456! [%0-',! =@,/%0),9! ,%! :+<)(),+,-! ,/-! ^R! *+9'! %:!
F0%:-'')%&+(!A%0I!-OF-0)-&<-!:%0!%@0!',@*-&,'#

2@789JC4<JC@9D!J76!2@B;<5B=7CJ9D!B=>>J8=>

;/-! H-F+0,1-&,! A)'/-'! ,%! <%&30+,@(+,-! ,/-! :%((%A)&3!
',+::l
q!K0#!$/+0(-'! [-0)A%I! /+'! <%1F(-,-*! /)'!KE<! )&! E%()*!
e+',-!\!C-'%@0<-!K+&+3-1-&,!+&*!A)((!30+*@+,-!&-O,!
9-+0!)&!DRDD#!

q!!K0#!]%@)'!Z-)'+1).!K0#!a-&'%&!6@'+1%.!K0#!Y(%!6-B)+.!
K0#!k%&)-(! =()'.! +&*!K'#!40)'<)(+!K-&)&!A/%! <%1F(-,-*!
,/-)0! 4%',30+*@+,-! $-0,):)<+,-! )&! >)3/-0! ]-+0&)&3! +&*!
;-+</)&3!,/)'!9-+0!+&*!A)((!30+*@+,-!)&!DRDD

[)&+((9.!A-!-O,-&*!%@0!+FF0-<)+,)%&!,%!+((!%@0!',+I-/%(*-0'!
+&*! F+0,&-0'! A/%! /+8-! '@FF%0,-*! @'! ,%! <%1F(-,-! ,/)'!
+<+*-1)<!9-+0!DRD"#!

UU



DEPARTMENT OF MATHEMATICS 
AND COMPUTER SCIENCE

;/-!H-F+0,1-&,!%::-0'!,A%!:%@0J9-+0!a+</-(%0!%:!E<)-&<-!
*-30--! F0%30+1'#! Y&-! )&! $%1F@,-0! E<)-&<-! +&*! ,/-!
%,/-0!)&!=FF()-*!K+,/-1+,)<'!+&*!F0%8)*-'!'-08)<-'!:%0!+((!
%,/-0! +<+*-1)<! H-F+0,1-&,'#! ;/)'! '-08)<-! ,%! %,/-0!
H-F+0,1-&,'!)&8%(8-'!,/-!,-+</)&3!%:!'F-<):)<+((9!,+)(%0-*!
M$;!+&*!1+,/-1+,)<'!'@BS-<,'#!;/-!&-A!=FF()-*!K+,/-J
1+,)<'!F0%30+1!A)((!',+0,!,/-!&-O,!9-+0.!DRDD.!A),/!),'!:)0',!
)&,+I-!%:!+B%@,!DT!',@*-&,'#
Y@0!1)'')%&!)'!,%!F0%*@<-!U@+(),9!30+*@+,-'!)&!<%1F@,-0!
'<)-&<-!+&*!+FF()-*!1+,/-1+,)<'!A),/!',+&*+0*'!<%1F+J
0+B(-!A),/!%,/-0!0-3)%&+(!@&)8-0'),)-'.!+'!A-((!+'!F0%8)*-!
'@),+B(-!+&*!0-(-8+&,!'-08)<-!'@BS-<,'!,%!1--,!,/-!0-U@)0-J
1-&,'!%:!%,/-0!+<+*-1)<!F0%30+1'#!

ST!"=J:G578!&:C5F5C5=>

;/-!H-F+0,1-&,!0-8)'-*!),'!<%1F@,-0!'<)-&<-!'@BS-<,'!,%!
+*/-0-!,%!,/-!0-U@)0-1-&,'!%:!,/-!-&3)&--0)&3!F0%30+1'!
+<<0-*),+,)%&! F0%<-''!4567%;! )'! <@00-&,(9! @&*-03%)&3#!
;/-!&-A!<@00)<@(@1!/+'!:%@0!'@BS-<,'!F-0!'-1-',-0.!+&*!
-+</!'@BS-<,!A)((!/+8-!+!')OJ/%@0!<%&,+<,!,)1-!F-0!A--I#!=!
,%,+(!%:!GD!'@BS-<,'!-&+B(-'!,/-!',@*-&,'!,%!<%8-0!+((!+0-+'!
%:! $%1F@,-0! E<)-&<-'.! )&<(@*)&3! M$;.! 5-,A%0I)&3.!
H+,+B+'-'.!40%30+11)&3.!YF-0+,)&3!E9',-1'.!E%:,A+0-!
?&3)&--0)&3.! +&*! =0,):)<)+(! M&,-(()3-&<-#! ;/)'! 3)8-'! %@0!
',@*-&,'!,/-!+*8+&,+3-!%:!B-)&3!)&,0%*@<-*!,%!+((!+0-+'!%:!
<%1F@,-0!'<)-&<-!B-:%0-!-&,-0)&3!+&!)&*@',09!A/-0-!,/-9!
A)((!B-3)&!,%!'F-<)+()2-#
;/-! &-A! +FF()-*! 1+,/-1+,)<'! F0%30+1! )'! ,+)(%0-*! ,%!
F0%*@<-!30+*@+,-'!)&!,/-!/)3/-0!-*@<+,)%&!'-<,%0!A),/!+!
'%()*! 30%@&*)&3! )&!1+,/-1+,)<'! +&*! ,/-! +B)(),9! ,%! '%(8-!
)&*@',09JB+'-*! F0%B(-1'! )&! E,+,)',)<'.! C-()+B)(),9.!
E<)-&<-.! ;-</&%(%39.! +&*! ?&3)&--0)&3! B9! *-8-(%F)&3!
,/-)0! 1+,/-1+,)<+(! +&*! <%1F@,)&3! 'I)(('! ,/0%@3/!
+*8+&<-*! <%1F@,)&3! +)*'! A),/! +FF0%F0)+,-! ,/-%0-,)<+(!
B+'-#;/-!1+,/-1+,)<'!'-08)<-!'@BS-<,'!/+8-!+('%!@&*-0J
3%&-!+!(%,!%:!</+&3-'#!K%',!%:!,/-!%,/-0!H-F+0,1-&,'!,/+,!
H-F+0,1-&,+(!',+::! ,-+</-'!/+8-!F0-:-00-*! ,%! ,0)1!*%A&!
%&! ,/-! &@1B-0! %:!1+,/-1+,)<'! '@BS-<,'! B9! <%1F+<,)&3!
,/-!'9((+B@'-'#!;/)'!%:,-&!1-+&'!,A%!'@BS-<,'!)&!+!9-+0!
+0-! <%1B)&-*! +&*! ,+@3/,! )&! %&-! '-1-',-0#! ;/)'! /+'!
*-<0-+'-*!,/-!&@1B-0!%:!'@BS-<,'!,/-!H-F+0,1-&,!,-+</J
-'!F-0!H-F+0,1-&,.!B@,! ,/-!<%&,-&,'!+0-!1%0-!<%1F+<,!
+&*!0)3%0%@'#;/-!<@00-&,!',+::!F0%:)(-!)&<(@*-'!:)8-!4/H'.!
,-&! K+',-0'.! +&*! ')O! a+</-(%0Q'! *-30--! /%(*-0'#! M&!
+**),)%&.!,/-!H-F+0,1-&,!-&3+3-'!,/0--!,%!:)8-!F+0,J,)1J
-0'!-+</!'-1-',-0!,%!1+I-!%@0!F0%30+1'!%F-0+,)%&+(#!='!
+!0-'@(,.!',+::!+0-!3-&-0+((9!8-09!<%11),,-*!+&*!<%1F-J
,-&,#

PT!*9J64JC=!1==6NJ:_!A9@B!+764>C9D

;/-!H-F+0,1-&,!/+'!0-<-)8-*!<+(('!')&<-!,/-!9-+0!B-:%0-!
:0%1!Y)(!E-+0</.!456[K.!5+':@&*.!1+S%0!B+&I'.!1+S%0!
,-(<%! <%1F+&)-'.! +&*! %,/-0! <%1F+&)-'! )&,-0-',-*! )&!
-&3+3)&3!%@0!:0-'/!30+*@+,-'#!;/-!*-1+&*!:%0!$%1F@,-0!
'<)-&,)','!)'!)&<0-+')&3!A),/!,/-!0)'-!)&!&-A!,-</&%(%3)<+(!
*-8-(%F1-&,'!+0%@&*!,/-!3(%B-#!j-,.!,/-!H-F+0,1-&,!/+'!
&%,! 0-<-)8-*! +&9! A0),,-&! +<I&%A(-*31-&,! %:! ),'! 0-<-&,!
30+*@+,-'Q! F-0:%01+&<-'! )&! ,/-! )&*@',09.! B@,! A-! /+8-!
0-<-)8-*!8-0B+(!:--*B+<I#!

UR



V[%0! -O+1F(-.! A-! /+8-! /-+0*! :+8%0+B(-! 0-F%0,'! %:! %@0!
30+*@+,-'!A%0I)&3!)&!,/-!B+&I)&3!)&*@',09#W!!!
e-!I&%A!*)::-0-&,!)&*@',0)-'!A)((!0-U@)0-!*)::-0-&,!'I)(('.!'%!
,/-!H-F+0,1-&,!+)1'!,%!F0%8)*-!,/-!B+')<'!:%0!),'!',@*-&,'!
,%!B-!+*+F,+B(-!B-:%0-!-&,-0)&3!,/-!S%B!1+0I-,#!EF-<)+(J
)2-*!,0+)&)&3!)&!8+0)-*!)&*@',0)-'!)'!&-<-''+09!B-<+@'-!%:!
,/-!*)8-0'),9!+&*!<%&',+&,!-8%(@,)%&!%:!,-</&%(%39#
;/-!1+,/-1+,)<'! F0%8)*-*! ,%! %,/-0! *)'<)F()&-'! -&'@0-'!
,/+,!,/-!30+*@+,-!/+'!'@::)<)-&,!1+,/-1+,)<'!I&%A(-*3-!
:%0!(%3)<+(!0-+'%&)&3.!)*-&,):)<+,)%&!%:!+FF0%F0)+,-!1+,/-J
1+,)<+(!,%%('!:%0!F0%B(-1J'%(8)&3.!+&*!<%1F-,-&,!<%1F@J
,+,)%&! +B)(),9#! ;/-! >%HQ'! 8)'),! ,%! k@,@B@! Y)(! +&*! 6+'!
F0%S-<,! '),-! )&! VDR"iW! 3+8-! /)1! ,/-! %FF%0,@&),9! ,%!1--,!
+&*! ,+(I! A),/! 30+*@+,-'! :0%1! %,/-0! *)'<)F()&-'! A/-0-!
1+,/-1+,)<'!/+'!B--&!+! 8),+(! )&30-*)-&,! )&! ,/-)0! F-0:%0J
1+&<-!+,!,/-!A%0IF(+<-#!

UT!157J<!/=J9!;9@O=:C>

Y@0!',@*-&,!F0%S-<,'!1+)&(9!<%8-0!,/-!+0-+'!%:!*+,+B+'-'.!
F0%30+11)&3.! +&*! &-,A%0I)&3#! E,@*-&,'! ! <+&! <0-+,-! +!
*+,+B+'-!,%!',%0-!)&:%01+,)%&#!;/-9!,/-&!A0),-!F0%30+1'!
,%!F0%<-''!+&*!0-,0)-8-!,/-'-!*+,+!:0%1!+!*+,+B+'-#!;/-&!
,/-9!B@)(*!+!A-B'),-!,/0%@3/!A/)</!%&-!<+&!+<<-''!,/-'-!
*+,+#!;/-!A-B'),-!A)((!<%&,+)&!)<%&'!,/+,!%&-!<()<I'.!+&*!),!
+@,%1+,-'!+!F0%30+1!,%!0-,0)-8-!,/-!*+,+.!F0%<-''!),.!+&*!
*)'F(+9'!,/-!*+,+!:%0!@'-#!;/)'!F0%<-*@0-!/+'!B--&!@'-*!
)&!1+&9!+FF()<+,)%&'.!'@</!+'!%0*-0)&3!+&*!B@9)&3!),-1'!
%&()&-.!0-3)',-0)&3!%&()&-.!@')&3!%::)<-!:)()&3!'9',-1'.!-,<#!
[%0! -O+1F(-.! %&-! ',@*-&,! *)*! +! F0%S-<,! %&! ,/-! KZM]!
'9',-1#! >-! <0-+,-*! +! A-B! )&,-0:+<-! :%0! 1%,%0! 8-/)<(-!
%A&-0'! ,%! @F*+,-! ,/-)0! )&:%01+,)%&! %&! ,/-! '9',-1! +&*!
'-&*!+(-0,'!,%!8-/)<(-!%A&-0'!A/-&!,/-)0!)&'@0+&<-!<%8-0!
)'!+B%@,!,%!-OF)0-#!

RT!-=>=J9:G!J76!G58G<58GC>!@A!;4N<5:JC5@7>

Y@0!0-'-+0</!+0-+'!)&!K+,/-1+,)<'!*-F-&*!%&!,/-!',+::!
<%1F%'),)%&#!Y@0!1+)&!+0-+'!+0-!,%F%(%3)<+(!30%@F'!+&*!
0)&3'.!1+,/-1+,)<+(!1%*-(()&3!+&*!*)::-0-&,)+(!-U@+,)%&'.!
',+,)',)<'.! +&*! *)'<0-,-! 1+,/-1+,)<'#! M&! $%1F@,-0J
E<)-&<-.!<@00-&,!)&,-0-','!)&<(@*-!*+,+B+'-!'9',-1'!+&*!
B@)(*)&3! <%1F@,-0! +FF'! ,/+,! <+&! ',%0-.! F0%<-''.! +&*!
0-,0)-8-!*+,+#!40%:-''%0.!K)/+)(!70'@(.!A+'!+&!+((J'-+'%&!
A0),-0!+&*!<%&,)&@-'!,%!<%&,0)B@,-!%&-!F+F-0!-+</!9-+0!:%0!
F@B()<+,)%&!)&!*)',)&3@)'/-*!S%@0&+('#!40%:-''%0!70'@(!A)((!
0-,)0-!)&!DRD"!+&*!(-+8-!,/-!H-F+0,1-&,.!/%A-8-0.!/-!)'!
'@F-08)')&3! +! 4/H! <+&*)*+,-! K0! d%/&! ]+&,+.! +&*! +!
K+',-0Q'!<+&*)*+,-!K0!=(%)'!e-1)&#!K0#!K)0%@!)'!%@0!%&(9!
<%1F@,-0!'<)-&<-!',+::!@&*-0,+I)&3!4/H!',@*)-'.!+&*!/)'!
0-'-+0</!)'!%&!,/-!+FF()<+,)%&!%:!M$;!)&!=30)<@(,@0-#!
K0!a%+2!=&*0-A'!A)((!B-!30+*@+,)&3!A),/!K4/)(!)&!K+,/-J
1+,)<'! +&*! A)((! B-! 3)8-&! +! <%&,0+<,! %&<-! ,/-! -O,-0&+(!
-O+1)&-0! +<<-F,'! /)'! ,/-')'#!K0!4@9! +&*!K0! ;+/)-!A)((!
0-,@0&! :0%1! M&*)+! )&! d@&-! DRDD! +:,-0! <%1F(-,)&3! ,/-)0!
K4/)('!)&!<%1F@,-0!'<)-&<-!+&*!1+,/-1+,)<'.!0-'F-<,)8-J
(9#;/0--!%,/-0!',+::!VK0#!=B@2%.!K0#!;%1.!+&*!K0#!=&30+W!
+0-! <@00-&,(9! -&0%((-*! )&! ,/-! K+',-0! %:! 4/)(%'%F/9!
F0%30+1!+,!4567%;#
;A%!%,/-0'!VK0#!5-0),!+&*!K0#!;+/)-W!/+8-!')&<-!30+*@+,J
-*! A),/! 4%',! 60+*@+,-! $-0,):)<+,-'! )&! E,@*-&,J$-&,0-*!
;-+</)&3!%::-0-*!B9!;]K7#!K0!4-,-0!>-(-B)! )'!<@00-&,(9!
@&*-0,+I)&3! ,/-! 4%',! 60+*@+,-! $-0,):)<+,-'! )&!
E,@*-&,J$-&,0-*!;-+</)&3!%::-0-*!B9!;]K7#!!

VT!2@BB475CD!J76!+764>C9D!$78J8=B=7C

;/-! H-F+0,1-&,! )'! )&8%(8-*! )&! ! A0),)&3! H-F+0,1-&,! %:!
YF-&!+&*!H)',+&,!]-+0&)&3!VHYH]W!K+,/-1+,)<'!-O+1'!
-+</! '-1-',-0.! 4567%;Q'! &%&J'</%%(! (-+8-0! -&,09!
-O+1)&+,)%&'!-+</!9-+0.!+&*!,/-!456!60+*-!"D!&+,)%&+(!
-O+1)&+,)%&'!-+</!9-+0#
;/-! H-F+0,1-&,! ',+::! /+8-! B--&! -&3+3-*! )&! ,@,%0)&3!
K+,/'!+&*!M$;!<%@0'-'!:%0!7&),-</Q'!E+,-((),-!$+1F@'!)&!
E)1B@!40%8)&<-#
;/-!H-F+0,1-&,Q'!-&3+3-1-&,!)&!,/-!)&*@',09!'%!:+0!/+'!
B--&!A),/!=$M=C!,/0%@3/!K-(B%@0&-!7&)8-0'),9!,%!B@)(*!+!
*+,+B+'-! %:! :%0-',! *+,+#! ;/)'! /+'! B--&! <%1F(-,-*#! M,'!
'-<%&*! -&3+3-1-&,.! A/)</! )'! ',)((! )&! F0%30-''.! )'! A),/!
[=Y!,/0%@3/!5=CM!)&!B@)(*)&3!+&!+FF!,%!<%((-<,!+&*!',%0-!
)&:%01+,)%&!+&*!,/-&!',+,)',)<+((9!)&,-0F0-,!,/-!*+,+!(+,-0#

YT!2@7>4<CJC5@7
!
,EK=E!]-+0&)&3!K+&+3-1-&,!E9',-1!/+'!B--&!)&,-30+,J
-*! A),/! ,/-! 1+)&! ',@*-&,! 0-<%0*'! '9',-1! :%0! ',@*-&,!
1+0I'!)&!'-1-',-0!"!,/)'!9-+0#!=!1%*@(-!A+'!<0-+,-*!:%0!
,EK=E! ,%! B-! )&,-30+,-*! A),/! ,/-! 1+)&! ',@*-&,! 0-<%0*'!
'9',-1#!e),/)&! ,/-!4567%;.! ,/-!H-F+0,1-&,!<%&,)&@-'!
,%!F0%8)*-!',+,)',)<+(!'@FF%0,!,%!0-'-+0</!+<,)8),)-'!:%0!',+::!
+&*!',@*-&,'#!;/-!H-F+0,1-&,!/+'!+('%!+'')',-*!'-<,)%&'!
%:! ,/-!@&)8-0'),9!A),/!*-8-(%F)&3!F+<I+3-'!'@</!+'! ,/-!
A+,-0JB)(()&3! '9',-1! :%0! 4567%;#! ;/-! '9',-1! )'! ',)((!
@&*-0!<%&')*-0+,)%&!B9!,/-!'-&)%0!1+&+3-1-&,#
;-</&)<+(!,0+)&)&3!)'!+('%!F0%8)*-*!,%!F-0'%&&-(!)&!,/-!M$;!
)&*@',09.! :%<@')&3!%&!'%:,A+0-!*-')3&!+&*!*-8-(%F1-&,!
A),/!<@,,)&3J-*3-!,-</&%(%3)-'#!

ZT!0CG=9!&:G5=F=B=7C>

;/)'!9-+0!VDRD"W.!,/-!,'K=E!'9',-1!*-8-(%F-0!VK0!5-0),W!
A+'!+'I-*!,%!/-(F!A),/!,/-!',@*-&,!0-<%0*'!:%0!'-1-',-0!
%&-#!>-!+<<%1F()'/-*!,/-!,+'I!)&!G!A--I'!A),/!+((!*-F+0,J
1-&,! ',@*-&,! 0-<%0*'! '@<<-'':@((9! -&,-0-*! )&,%! ,/-!
',@*-&,Q'!0-<%0*'!*+,+B+'-#!;/-!'9',-1!)'!/%1-J30%A&.!
+&*! +((! ,-</&)<+(! +&*! +*1)&)',0+,)8-! )''@-'! <+&! B-!
/+&*(-*!(%<+((9#
;/-!H-F+0,1-&,!/+'!),'!+''-''1-&,!'9',-1!+FF()<+,)%&!
V<+((-*! ,'K=EW! ,/+,! ',%0-'.! F0%<-''-'.! +&*! 0-,0)-8-'! ),'!
+''-''1-&,!0-<%0*'!:%0!8+0)%@'!7&)8-0'),9!0-U@)0-1-&,'#!
M,!/+'!B--&!,0+)(-*!:%0!:)8-!9-+0'!+&*!/+'!A%0I-*!A-((!:%0!
,/-! H-F+0,1-&,#! ;/-! H-F+0,1-&,! +('%! /-(*! 0-3@(+0!
'-1)&+0'!%&!+!A)*-!0+&3-!%:!,%F)<'#!;/)'!9-+0f'!F0-'-&,+J
,)%&'! ! ,+03-,-*! ,/-@&)8-0'),9f'!-::%0,'! )&!%&()&-! ,-+</)&3#!
;/@'.!F0-'-&,+,)%&'!A-0-!%&X

"#! 7&)"R! '9',-1! 30+*)&3! F0%<-''! B9! E,@*-&,! C-<%0*'!!!
;-+1#
D#!7F*+,-'!%&!,EK=E!]-+0&)&3!K+&+3-1-&,!E9',-1!B9!!!!
]-&2!5-0),#!
G#!H)'<@'')%&!%:! &-A!K+,/-1+,)<'!+&*!$E!E9((+B@'!B9!
,/-!H-F+0,1-&,!E9((+B@'!;-+1#
L#!7')&3!K+,/-1+,)<+!=FF()<+,)%&!;%%('!B9!H0!K%/'-&#

;/-!F0-'-&,+,)%&'!A-0-!)&!F+0,'l!()',-*!+0-!,/-!,%F)<'.!B@,!
,/-9!A-0-!B0%I-&!)&,%!'-0)-'!:%0!-+</!,%F)<#![%0!-O+1F(-.
! ,/-! 7&)"R! F0-'-&,+,)%&! /+*! G! F+0,'! F0-'-&,-*! %8-0! G!
A--I'#

UV
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;/-!H-F+0,1-&,!%:!K-</+&)<+(!?&3)&--0)&3!VH-F,#!K-</!
?&33#W!+,!4+F@+!5-A!6@)&-+!7&)8-0'),9!%:!;-</&%(%39!
V4567Y;W! /+'! B--&! %::-0)&3! U@+(),9! @&*-030+*@+,-!
-*@<+,)%&! ,/0%@3/!',@*-&,J<-&,-0-*! ,-+</)&3!+&*! (-+0&J
)&3#!;/-!H-F+0,1-&,!+('%!/+'!B--&!*-()8-0)&3!F%',30+*@J
+,-!+&*!4/#H#!F0%30+1'!%8-0!,/-!9-+0'#! M&!+**),)%&.! ,/-!
H-F+0,1-&,! /+'! <%&,)&@%@'(9! <%((+B%0+,-*!A),/! )&*@',09!
+&*!*-8-(%F-*!()&I+3-'!A),/!)&,-0&+,)%&+(!)&',),@,)%&'!+&*!
F+0,&-0'#!$@00-&,(9.! ,/-!H-F+0,1-&,! )'! )&! ,/-!F0%<-''!%:!
<0-+,)&3! +! F+0,&-0'/)F! A),/! ,/-! 7&)8-0'),9! %:! K+(+9')+!
4-0()'#!;%!'@FF%0,!),'!'@',+)&+B(-!30%A,/.!,/-!H-F+0,1-&,!
:%((%A'!,/-!',0+,-3)<!F(+&!:%0!DRDRJDRDL!*-8-(%F-*!B9!,/-!
7&)8-0'),9#!
=&! %F-0+,)%&+(! +&*! '@<<-'')%&! F(+&'! /+8-! +('%! B--&!
F0-F+0-*!B+'-*!%&!,/)'!',0+,-3)<!F(+&#!;/-!H-F+0,1-&,!)'!
+('%! -&3+3-*! A),/! ,/-! <%11@&),)-'! )&! 456! ,%! *-()8-0!
F0%S-<,'! :%0! 1@,@+(! A)&JA)&! '),@+,)%&'! +&*! B-&-:),'#!
E,@*-&,'! +0-! +('%! -&<%@0+3-*! ,%! +()3&! ,/-! %BS-<,)8-! %:!
,/-)0!:)&+(!9-+0!F0%S-<,'!,%!'%(8-!,/-!'%<)%J-&8)0%&1-&,+(!
F0%B(-1'! %:! 456#;/-! H-F+0,1-&,! %:! K-</+&)<+(!
?&3)&--0)&3! /+'! 0-<-&,(9! 3%,! ),'! LJ9-+0'! a+</-(%0Q'!
*-30--! F0%30+1! F0%8)')%&+((9! +<<0-*),-*! B9! ?&3)&--0'!
=@',0+()+#!M&!<%1F()+&<-!A),/!+<<0-*),+,)%&!3@)*-()&-'.!,/-!
H-F+0,1-&,!!)&,0%*@<-*!+!&-A!'9((+B@'!DR"i#

ST!"=J:G578!24995:4<J

;/-!H-F+0,1-&,!/+'!+*%F,-*! ,/-!F%()<9! )&),)+,-*!B9! ,/-!
4567Y;! ,%! 3-,! ),'! -&3)&--0)&3! F0%30+1! +<<0-*),-*! B9!
?&3)&--0'! =@',0+()+#! M&! ,/)'! F0%<-''.! ,/-! H-F+0,1-&,!
)*-&,):)-*! ,/-! 0-U@)0-1-&,'! :%0! 0-*-')3&)&3! ,/-! <%@0'-!
',0@<,@0-!,/0%@3/!,/-!+'')',+&<-!%:!,/-!-O,-0&+(!+<<0-*),+J
,)%&!+*8)'-0!+&*!)&F@,'!:0%1!,/-!)&*@',09#!='!+!0-'@(,.!,/-!
0-8)'-*!<@00)<@(+!F0-'<0)B-!+&!%::-0)&3!%:!:%@0!'@BS-<,'!F-0!
'-1-',-0#! M,!<%&<-&,0+,-'!%&! ,/-! :%((%A)&3! :)-(*!%:!',@*9!
H-')3&! %:! K+&@:+<,@0)&3.! ;/-01%J[(@)*'.! K+,-0)+('.!
K-</+,0%&)<'.!+&*!C-&-A+B(-!?&-039#[-A!&-A!-(-<,)8-!
'@BS-<,'!A-0-!+('%!F0%F%'-*!B+'-*!%&! )&*@',0)+(! )&F@,'!
+&*!'%<)-,+(!&--*'#!;/-!&-A!<%@0'-!',0@<,@0-!)'!+(0-+*9!
)1F(-1-&,-*! )&! DR"i! :%0! ,/-! :)0',! 9-+0.! DRDR! :%0! ,/-!
'-<%&*!9-+0.!DRD"!:%0!,/-!,/)0*!9-+0.!+&*!,/-!:)&+(!0%((%@,!
)&! DRDD! :%0! ,/-! :%@0,/! 9-+0#! e-! +0-! 1%*-0&)2)&3! %@0!
(+B%0+,%0)-'!+&*!3-,,)&3!,/-1!-U@)FF-*!A),/!&-A!,9F-'!%:!
1+</)&-09!,%!F0%8)*-!+*-U@+,-!(+B%0+,%09!-OF-0)-&<-!,%!
+((!,/-!LJ9-+0!',@*-&,'!*@0)&3!,/)'!+<<0-*),+,)%&!F0%<-''#

PT!"=J:G578!=E;=95=7:=

;/-! <@00-&,! +<+*-1)<! ',+::! %:! ,/-! H-F+0,1-&,! )'!
<%1F0)'-*! %:! +! B+(+&<-*! F%%(! %:! :+<@(,)-'! <%1F0)')&3!
9%@&3.!1)**(-J(-8-(.!+&*!-OF-0)-&<-*!:+<@(,9!1-1B-0'#!
4%''-'')&3! &+,)%&+(! +&*! -OF+,0)+,-'! A),/! -O<-((-&,!
+<+*-1)<!+&*!0-'-+0</!B+<I30%@&*'!:0%1!+((!1+S%0!+0-+'!
%:!1-</+&)<+(!-&3)&--0)&3!)'!%&-!%:!,/-!1+S%0!',0-&3,/'!%:!
,/-!H-F+0,1-&,#!;/-!H-F+0,1-&,!)'!-&<%@0+3)&3!),'!
a+</-(%0Q'!',@*-&,'!,%!F@0'@-!/)3/-0!',@*)-'!,%!*-8-(%F!
,/-!&+,)%&+(!A%0I:%0<-!)&!,/-!H-F+0,1-&,#

UT!*9J64JC=!1==6NJ:_

;/-! <%@0'-'! %::-0-*N,+@3/,! )&! K-</+&)<+(! ?&3)&--0)&3!
+0-!,+)(%0-*!,%!<%&:%01!,%!)&*@',09!',+&*+0*'!+&*!0-U@)0-J
1-&,'#;/-!<%@0'-'!+0-!*-')3&-*!,%!-&+B(-!%@0!30+*@+,-'!
,%! +*+F,! +&*! -::-<,)8-(9! 1),)3+,-! ,/-! 0-+(! </+((-&3-'!
-&<%@&,-0-*!B9!,/-!)&*@',0)-'!%F-0+,)&3!)&!456!+&*!%,/-0!
F+0,'!%:!,/-!A%0(*#Y&-!%:!,/-!1+&9!</+((-&3-'!30+*@+,-'!
:+<-!)'!<%00-<,(9!+FF(9)&3!,/-!I&%A(-*3-!3+)&-*!)&!<(+''!
+&*!,0+&'(+,)&3!),!)&,%!F0+<,)<+(!+FF()<+,)%&'!)&!,/-!)&*@',09#!
;/-!+B%8-!</+((-&3-!<+&!B-!1-,!8)+!,/-!&-A!)&),)+,)8-!%:!
)&*@',09! 8)'),'.! )&8),)&3! 3@-',! 'F-+I-0'.! )&,0%*@<)&3!
<+F',%&-! F0%S-<,'! )&! ,/-! :)&+(! 9-+0.! +&*! @')&3! ,/-!
F0%B(-1JB+'-*! (-+0&)&3! +FF0%+</#! e-! /+8-! 0-<-)8-*!
-O<-((-&,! :--*B+<I! :0%1! %@0! )&*@',0)+(! F+0,&-0'! %&! %@0!
30+*@+,-'Q! F-0:%01+&<-! A/%! +0-! -1F(%9-*! )&! 1+&9!
)&*@',0)-'! +<0%''! ,/-! <%@&,09.! -'F-<)+((9! )&! K)&)&3! +&*!
4-,0%(-@1! )&*@',0)-'#!K+&9!%:!%@0! 0-<-&,!30+*@+,-'!+0-!
-1F(%9-*!B9!M&*@',0)-'!+<0%''!,/-!<%@&,09#
;/-! :%((%A)&3! 1-1B-0'! :0%1! ,/-! )&*@',09! 8)'),-*! ,/-!
H-F+0,1-&,!+'!3@-',!'F-+I-0'!+&*!+0-!+'!:%((%A'X

"#!4+<):)<!$0+&-'!\!?&3)&--0)&3!])1),-*!JJ!K0#!E+1!=(-!!!
+&*!K0#!k+&+@!M%B@&+!8)'),-*!,/-!H-F+0,1-&,#!
D#!KC=!c!K)&)&3!C-'%@0<-!=@,/%0),9!V456!K)&-!M&'F-<J
,%0WJJJK0#!]+8-!K)</+-(!+&*!=&*0-A!Y&3@3(%!8)'),-*!,/-!
H-F+0,1-&,#
G#!M?456!a%+0*!K-1B-0'!Z)'),%0'JJJH0#!d%/&!K))&!\!K0'#!
?*-+!a%@0+3+.!B%,/!a%+0*!K-1B-0'.!8)'),-*!,/-!H-F+0,J
1-&,#

UY



Guest Speakers: Mr Lave Michael (PNG Chief Mines Inspector) & Andrew Onguglo 
(PNG Mines Inspector) with MESSA students and Mech Eng HoD Dr Shoeb Ahmed Syed.

RT!157J<!%9@O=:C>!J76!-=<=FJ7C!%9=;J9JC5@7!@A!$B;<@DL
JN<=!*9J64JC=>

E,@*-&,'! +0-! 3)8-&! /+&*'J%&! ,0+)&)&3! ,/0%@3/! F0%S-<,'!
+&*! 30%@F! A%0I! ,%! -U@)F! ,/-1! ,%! /+&*(-! A%0IF(+<-!
</+((-&3-'#!Y@0!',@*-&,'!+0-!+((%<+,-*!:)&+(!9-+0!F0%S-<,'!
)&! ,/-! :)0',! '-1-',-0! %:! ,/-)0! :%@0,/! 9-+0#! ;/-! F0%S-<,!
+((%<+,)%&'! +0-! B+'-*! %&! ,/-)0! </%)<-! +&*! *-')3&-*! ,%!
*-8-(%F! +&+(9,)<+(.! *-<)')%&J1+I)&3.! +&*! C\H! 'I)(('! +'!
-1F(%9-0'!0-U@)0-#!M&!DRD".!,A%!%:!,/-!:)&+(!9-+0!',@*-&,!
F0%S-<,! +0-! :0%1! ,/-! 1)&)&3! )&*@',09#! ;/-! Y;K]! /+'!
0-U@-',-*! ',@*-&,'! ,%! (%%I! +,! +! F0%B(-1+,)<! <%&8-9%0!
,0+&':-0! </@,-! *-')3&#!5-A<0-',!K)&)&3! /+'! </+((-&3-*!
',@*-&,'!,%!(%%I!+,!,/-!K)((!;/0@',!a-+0)&3!:+)(@0-#

VT!-=>=J9:G!J76!%4N<5:JC5@7>

Y@0!',+::!)'!+<,)8-(9!-&3+3-*!)&!0-'-+0</!)&!,/-)0!+0-+!%:!
'F-<)+(,)-'!+&*! )&,-0-',#! M&!DRD".! ,/-! :%((%A)&3! 0-'-+0</!
A+'!<+00)-*!%@,!)&!,/-!H-F+0,1-&,#

;%,+(!5@1B-0!%:!4@B()<+,)%&'!)&!DRD"X!!! DR
%! M&!M&,-0&+,)%&+(!d%@0&+('X!! !!!!!!!!!!!!!!"i
%! =,!M&,-0&+,)%&+(!$%&:-0-&<-'X!! "
%! a%%I!$/+F,-0'X!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!"
%! 4+,-&,'X!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!D

=!:-A!%:!%@0!',+::!+0-!+FF%)&,-*!+'!-O,-0&+(!-O+1)&-0'!:%0!
46!+&*!4/#H#!,/-')'!B9!'-8-0+(!:%0-)3&!7&)8-0'),)-'#!;/-!
+<+*-1)<!',+::!/+'!:)(-*!:%0!+!<%@F(-!%:!F+,-&,'!)&!DRD"#

YT!2@BB475CD!J76! +764>C9D!$78J8=B=7CL2@7>4<CJ7L
:5=>

;A%! +<+*-1)<! ',+::! 1-1B-0'! '-08-! %&! ,/-! ;-</&)<+(!
Z%<+,)%&+(! ?*@<+,)%&! \! ;0+)&)&3! V;Z?;W! $%11),,--! ,%!
0-8)-A! ,-0,)+09! )&',),@,)%&'! )&! <%1F()+&<-! ,%! 1--,! ,/-!
4565p[#!Y&-!%:!,/-!+<+*-1)<!',+::!)'!,/-!-(-<,-*!$/+)0!
%:! ,/-!K-</+&)<+(!e%0I)&3!60%@F!A),/!5MEM;.! B+'-*! )&!
4%0,!K%0-'B9#!;/-!',+::!1-1B-0!)'!+('%!%&!,/-!5+,)%&+(!
4%(9,-</&)<! M&',),@,-!=<+*-1)<!a%+0*!V54MW!4+F@+!5-A!
6@)&-+.!B+'-*!)&!]+-#

ZT!.CJAA!%@>CL*9J64JC=!.C465=>!]=F=<@;B=7C

;A%!+<+*-1)<!',+::!1-1B-0'.!K0#!a0)+&!5QH0-(+&!V456!
75M;?$>W! +&*! d+<I! a! k/+((+/(-! V;/-! 7&)8-0'),9! %:!
E9*&-9.!=@',0+()+W.!+0-! )&! ,/-! :)&+(!',+3-'!%:! ,/-)0!4/#H#!
,/-')'#

[T!2@789JC4<JC@9D!J76!2@B;<5B=7CJ9D!B=>>J8=>

;/-! H-F+0,1-&,! A)'/-'! ,%! <%&30+,@(+,-! %@0! +<+*-1)<J
',+::!H0#!E,-8-!k%0%I+&!=(-'.! :%0! <%1F(-,)&3! !/)'!4/#H#!
:0%1!=7;.!5t.!)&!H-<-1B-0!DRD"#![)&+((9.!A-!-O,-&*!%@0!
+FF0-<)+,)%&! ,%! +((! %@0! ',+I-/%(*-0'! +&*! F+0,&-0'! A/%!
/+8-!'@FF%0,-*!@'!,%!<%1F(-,-!,/)'!+<+*-1)<!9-+0#!;/-!
H-F+0,1-&,!(%%I'!:%0A+0*!,%!1%0-!+&*!)1F0%8-*!<%((+B%J
0+,)%&'!+&*!F+0,&-0'/)F'!)&!DRDD#

UZ

e)&*!;@&&-(

C-:0)3-0+,)%&!7&),

E,-+1!;@0B)&-!A),/!E,-+1!6-&-0+,%0

[0--!+*![%0<-*!Z)B0+,)%&'

6@-',!EF-+I-0'X!K0!E+1!=(-!VYF-0+,)%&'!K+&+3-0W!
\!K0!k+&+@!M%B@&+!VK-</+&)<+(!?&3)&--0!c
!'F-<)+()',!A),/!a%)(-0'W



DEPARTMENT OF MINING ENGINEERING

U[

Y@0!K)'')%&!)'!,%!F0%*@<-!U@+(),9!-1F(%9+B(-!30+*@+,-'!:%0!,/-!1)&)&3!+&*!0-'%@0<-'!)&*@',09!A/%!+0-!<%1F-,-&,!
-&3)&--0'! )&! ,/-!*-')3&)&3!+&*!-O,0+<,)&3!456Q'!&+,@0+(! 0-'%@0<-'#! DRD"!/+'!B--&!+&%,/-0! 30-+,! 9-+0! :%0! %@0!
H-F+0,1-&,#!;/-!H-F+0,1-&,!/+'!<%&,)&@-*!,%!F0%30-''!)&!,/-!I-9!+0-+'!%:!),'!1+)&!',0+,-3)<!F)((+0'#!4+0,)<@(+0(9l
r!;-+</)&3!+&*!$@00)<@(@1!H-8-(%F1-&,
r!60+*@+,-![--*a+<I!VM&*@',09!+&*!60+*@+,-'W
r!M&*@',09!?&3+3-1-&,!+&*!4+0,&-0'/)F
r!M&*@',09Ja+'-*!C-+(!])8-![)&+(!j-+0!40%S-<,
r!C-'-+0</!+&*!C-'-+0</!+&*!4@B()<+,)%&
r!$%&'@(,+&<9!+&*!E/%0,!$%@0'-'

ST!"=J:G578!J76!24995:4<4B!]=F=<@;B=7C

;/-!H-F+0,1-&,!%::-0'!,A%!VDW!*-30--!F0%30+1'X!
+!a+</-(%0! )&!K)&)&3!?&3)&--0)&3!+&*!+!a+</-(%0!%:!K)&-0+(!40%<-''!?&3)&--0)&3#!H-F+0,1-&,+(!',+::!1-1B-0'!
/+8-!+330-'')8-(9!F+0,)<)F+,-*!)&!*-8-(%F)&3!,/-!<@00)<@(@1!,%!@F30+*-!:0%1!,/-!%(*!'9',-1!,%!,/-!&-A!+<<0-*),+,)%&!
0-U@)0-1-&,'!%:!:%@0!VLW!'@BS-<,'!F-0!'-1-',-0#!M,!/+'!B--&!</+((-&3)&3!:0%1!,/-!',+0,l!/%A-8-0.!',+::!/+'!@&*-0J
',%%*!,/-!&--*!,%!0-8)'-.!)1F0%8-.!+&*!@F30+*-!,/-!'9((+B@'!,%!1--,!,/-!+<<0-*),+,)%&!0-U@)0-1-&,'#!K%',!)1F%0J
,+&,(9.!,/-!0-8)-A!%:!),'!'9((+B@'!)'!%&3%)&3!,%!1--,!,/-!+<<0-*),+,)%&!0-U@)0-1-&,'#!$%&,)&@%@'!)1F0%8-1-&,!%:!%@0!
F0%30+1'!0-U@)0-'!1%0-!<%1F0-/-&')8-!',+I-/%(*-0!)&F@,.!-'F-<)+((9!:0%1!,/-!)&*@',09.!+(@1&)!.!+&*!,/-!F@B()<!+,!
(+03-#!>-&<-.!',+::!+0-!A%0I)&3!<(%'-(9!A),/!,/-!',+I-/%(*-0'!,%!+</)-8-!,/+,!3%+(#!



[)3@0-!G#!Yk!;-*)!K)&)&3!M&*@',0)+(!;0+)&)&3

[)3@0-!L#!>%',)&3!,/-!T,/!456!5+,)%&+(!=((@8)+(!
K)&)&3!$%&8-&,)%&!\!;0+*-!E/%A!/-0-!)&!75M;?$>#!

[)3@0-!T#!H-8-(%F)&3!K)&-0+(!C-'%@0<-'!+&*!C-'-08-!
?',)1+,)%&!$%*-!:%0!456!E1+((!E<+(-!K)&)&3!E-<,%0

M&!DRD".!A-!0-8)-A-*!+&*!'@B1),,-*!,/-!:)&+(!'9((+B@'!:%0!
%@0!D!F0%30+1'.!+&*!),!A+'!+FF0%8-*!:%0!)1F(-1-&,+,)%&!
)&! DRDD#! ?::-<,)8-(9.! ,/)'! B0)&3'! @'! ,%! ,/-! -&*! %:! ,/-!
'9((+B@'!0-8)-A!:%0!%@0!D!*-30--!F0%30+1'#='!F+0,!%:!,/-!
&-A! '9((+B@'.! ,/-! H-F+0,1-&,! +330-'')8-(9! *-8)'-*!
F0+<,)<+(.! :)-(*A%0I.!+&*! (+B%0+,%09! ,-',!A%0I! ,%!+</)-8-!
,/-! (-+0&)&3! %@,<%1-'#! 5%,+B(-! +</)-8-1-&,! )&<(@*-'!
0%<I! *0)(()&3! +'! F+0,! %:! ,/-! CY$k! [C=$K?5;=;MY5!
V[)3#"W!+&*!+((@8)+(!1)&)&3!*0-*3)&3!+'!F+0,!%:!KM5?C=]E!
?56M5??CM56!+&*!KM5M56!;?$>5Y]Y6j!V[)3#!DW#
e-!+('%!@'-!)&*@',09!'+1F(-'.!F+0,)<@(+0(9.!kiD!K)&-.!:%0!
')2)&3! +&*! :(%,+,)%&! A%0I! +'! F+0,! %:! %@0! '9((+B@'! +&*!
F0%8)*-! 0-'@(,'! +&*! :--*B+<I! ,%! kiD! :%0! ,/-)0! %&3%)&3!
1)&-!1)(()&3!+&*!F(+&,!-OF+&')%&!F0%S-<,#

PT!*9J64JC=!1==6NJ:_!e+764>C9D!J76!*9J64JC=>f

e-!<%&,)&@-!,%!0-<-)8-!F%'),)8-!:--*B+<I!:0%1!,/-!M&*@'J
,09! :%0! B%,/! K)&)&3! +&*! K)&-0+(! 40%<-''! -&3)&--0)&3!
30+*@+,-'!F-0:%01+&<-!)&!,/-!M&*@',09#!e-!/+8-!0-<-)8-*!
+&!-O<-((-&,!:--*B+<I!:0%1!,/-!)&*@',09!%&!%@0!30+*@+,-'Q!
F-0:%01+&<-!A/%!+0-!-1F(%9-*!)&!,/-!K)&)&3!+&*!4-,0%J
(-@1! )&*@',09#! =! 0-<-&,! '@08-9! +&*! :--*B+<I! :0%1! ,/-!
kiD!1)&-!'/%A-*!,/+,!+((!1)&-!-&3)&--0'!,%!1)&-!'@F-0J
)&,-&*-&,'!+0-!%@0!30+*@+,-'#!M&!+FF0-<)+,)%&!%:!,/+,.!,/-!
kiD! K)&-! ])1),-*! /+'! *%&+,-*! +&%,/-0! k^R.RRR! ,%!
'@FF%0,! ,/-! H-F+0,1-&,! ,%! <%&,)&@-! F0%*@<)&3! U@+(),9!
30+*@+,-'#!M&!DRDR.!kiD!K)&-!*%&+,-*!kTR.RRR#
M&!DRD".!%@0!',@*-&,'!VK)&)&3!+&*!K)&-0+(!40%<-''!30+*@J
+,-'W!*)*!8-09!A-((!'-<@0)&3!30+*@+,-!F%'),)%&'!)&K)&)&3.!
Y)(.!+&*!6+'! )&*@',0)-'#!=!8)'),!B9!?OO%&K%B)(!1+*-!B9!
%@0! 8-09! %A&! +(@1&)! A),/! ,/-! ,-+1! %:! -&3)&--0'!1+*-!
8-09! F%'),)8-! <%11-&,'! +&*! 0-1+0I'! %&! %@0! 30+*@+,-'!
+&*!(%%I-*!:%0A+0*!,%!0-<0@),)&3!1%0-!30+*@+,-'!:0%1!%@0!
H-F+0,1-&,#e-! F(+<-*! T! %:! %@0! K)&)&3! -&3)&--0)&3!
',@*-&,'!:%0!)&*@',0)+(!,0+)&)&3!)&!YI!;-*)!+&*!T!',@*-&,'!
+,! ])/)0! 6%(*! K)&-.! +&*! L! +,! ,/-! kiD! 1)&-#! E,@*-&,'f!
F-0:%01+&<-'!A-0-!0+,-*!+'!%@,',+&*)&3#
!

!UT!+764>C9D!$78J8=B=7C!J76!%J9C7=9>G5;

;/-! H-F+0,1-&,! ,%! 30%A! +&*! -OF+&*! %&! ),'! )&*@',09!
-&3+3-1-&,! +&*! F+0,&-0'/)F#!YI!;-*)!K)&)&3! <+1-!%&!
B%+0*!)&!DRD"!:%0!,/-!:)0',!,)1-!+:,-0!+!(%&3!A/)(-!+&*!,%%I!
T! ',@*-&,'! :%0! )&*@',0)+(! ,0+)&)&3#! ;/-'-! ',@*-&,'! A-0-!
-&3+3-*!:%0!1%0-!,/+&!-)3/,!A--I'#!e/)(-!J'),-.!'%1-!%:!
,/-'-!',@*-&,'!A-0-!%::-0-*!30+*@+,-!*-8-(%F1-&,!
F0%30+1'!B+'-*!%&!,/-)0!F-0:%01+&<-#M&!DRD".!%@0!J,-01!
F+0,&-0'.!K)&-0+(!C-'%@0<-'!=@,/%0),9! VKC=W! +&*!456!
7&)8-0'),9! %:! ;-</&%(%39.! <%((+B%0+,-*! +&*! /%)',-*! ,/-!
T,/!456!5+,)%&+(!=((@8)+(!K)&)&3!$%&8-&,)%&!+&*!;0+*-!
E/%A!/-0-+,!456!7&)8-0'),9!%:!;-</&%(%39#!;/-!<%&8-&J
,)%&!A+'!+!30-+,!'@<<-''#!;/-!<%&8-&,)%&!'/%A!F+0,)<)J
F+&,'.! (+&*! %A&-0'.! <%11-0<)+(! B+&I'.! )&8-',%0'.! +&*!
1%',! )1F%0,+&,(9.! ,/-! )&8%(8-1-&,! %:! %@0! %A&! K)&)&3!
?&3)&--0)&3!',+::!+&*!',@*-&,'!+''%<)+,)%&!:@((9!F+0,)<)F+,J
)&3!)&!,/-!G!*+9'!<%&8-&,)%&!/-0-!)&!75M;?$>#

M&! DRD".! ,/-! H-F+0,1-&,! B-&-:),,-*! 30-+,(9! :0%1! ,/-!
%@,<%1-! %:! /%)',)&3! ,/-! T,/! =((@8)+(!K)&)&3! $%&8-&,)%&!
/-0-! )&!7&),-</#!;/-!H-F+0,1-&,!A+'!3)8-&!+!kLRR.RR!
A%0,/!%:!,/-!F0%S-<,#!;/-!F0%S-<,!)'!,%!*-8-(%F!+&!+((@8)+(!
1)&)&3! %0-! 0-'%@0<-'! -8+(@+,)%&! ',+&*+0*! ,/+,! <+&! B-!
@'-*!)&!,/-!+((@8)+(!1)&)&3!)&*@',09!)&!456!,%!+'')',!,/-!
*-8-(%F-0'! +&*! ,/-! (+&*! %A&-0'! )&! '-<@0)&3! :@&*)&3! ,%!
*-8-(%F!,/-)0!0-'%@0<-'#!;/-!F0%S-<,!/+'!G!F/+'-'#
4/+'-! "! )&<(@*-'! ,0+)&)&3! +&*! @FJ'I)(()&3! A%0I! %:! ),'!
A%0I:%0<-! A%0,/! kLRR.RR#! 4/+'-! D! )&8%(8-'! :)-(*A%0I.!
'+1F()&3.!+&*!*-8-(%F)&3!,/-!0-'%@0<-'!-8+(@+,)%&!<%*-!
A/)</! )'! A%0,/! k_RR.RRR#! ;/-! :)&+(! F/+'-! G! )&8%(8-'!
+<,@+(! ',+&*+0*)2+,)%&! +&*! F)(%,! F0%S-<,'! ,%! 8+()*+,-! ,/-!
-8+(@+,)%&!',+&*+0*'!+&*!)'!A%0,/!kD.RRR.RRR#RR#

RT!+764>C9DLcJ>=6!-=J<!35F=!157J<!/=J9!%9@O=:C

;/-!H-F+0,1-&,!<%&,)&@-'!,%!3+)&!1%1-&,@1!)&!-&3+3J
)&3!A),/!,/-!)&*@',09#!;/)'!9-+0.!DRD"!,/-!H-F+0,1-&,!/+'!
0-<-)8-*!"R! ()8-! )&*@',09JB+'-*! :)&+(! 9-+0! F0%S-<,'#!kiD!
1)&-! /+'! 3)8-&! T! %:! ,/-)0! F0%B(-1'! ,%! %@0! :)&+(! 9-+0!
',@*-&,'!,%!A%0I!%&!+'!,/-)0!:)&+(!9-+0!0-'-+0</!F0%S-<,#!
;/-!,%F)<'!)&<(@*-l
L#!;+)()&3!H+1!H-')3&
T#!7&*-030%@&*!K)&-!Z-&,)(+,)%&!-::)<)-&<9
^#!H-,-01)&+,)%&!%:!a@(I!H-&'),9!%:!kiD!Y0-
_#![(%,+,)%&
h#!=(,-0&+,)8-!K)&)&3!K-,/%*
[%0! ,/-! :)0',! ,)1-.!Y0)<+!?OF(%')8-'! <%&*@<,-*! %&-! *+9!
)&,-&')8-! <%@0'-! %&! ?OF(%')8-'! +&*! a(+',)&3! +&*! 3+8-!
<-0,):)<+,-'!,%!%@0!,/)0*!9-+0!K)&)&3!-&3)&--0)&3!',@*-&,'#!
M&!+**),)%&.!Y0)<+!-OF(%')8-'!+('%!!+((%A-*!%@0!',@*-&,'!,%!
F+0,)<)F+,-!)&!F(+&,!'),-!8)'),'!/-0-!)&!]+-#

U\



[)3@0-!^#!Y0)<+!?OF(%')8-'!
%&-J*+9!)&,-&')8-!,0+)&)&3!
<%@0'-!:%((%A-*!B9!+A+0*)&3

[)3@0-!"#!C%<I!H0)(()&3!]+B%0+,%09!
<%&*@<,-*!B9!%@0!G0*!9-+0'

[)3@0-!D#!>9*0+@()<!E@<,)%&!H0-*3-!

K)&)&3!+&*!K)&-0+(!40%<-'')&3!
',@*-&,'

RQ

VT!2@7>4<CJ7:5=>!J76!.G@9C!2@49>=>

Y::-0)&3!'/%0,!<%@0'-'.!F0%8)*)&3!F0%:-'')%&+(!+*8)<-.!+&*!
-&3+3)&3! A),/! )&*@',09! +&*! -O,-0&+(! F+0,&-0'! ,/0%@3/!
<%&'@(,+&<9! )'! 3+)&)&3! 0-<%3&),)%&! ,/)'! 9-+0! DRD"#! ;/-!
H-F+0,1-&,!<%&,)&@-'!,%!<%&*@<,!'-8-0+(!'/%0,!<%@0'-'!:%0!
,/-! )&*@',09! +'! F+0,! %:! ),'! %&3%)&3! '-08)<-! ,%! )&*@',09!
-1F(%9--'Q!F0%:-'')%&+(!*-8-(%F1-&,!&--*'#!='!+! 0-'@(,.!
,/-! H-F+0,1-&,! 0)'-*! %8-0! k"TR.RRR#RR#! E%1-! %:! ,/-'-!
<%@0'-'!A-0-!<%&*@<,-*!+,! ,/-!0-U@-',!%:! ,/-! )&*@',09!+'!
,/-9!'--!,/-!&--*!,%!@F'I)((!,/-)0!A%0I:%0<-#!;/)'!9-+0.!,/-!
H-F+0,1-&,!/+'!<%&*@<,-*!,/-!:%((%A)&3!'/%0,!<%@0'-'X!

r!Y<<@F+,)%&+(!>-+(,/!+&*!E+:-,9!?&3)&--0)&3
r!6-%1-</+&)<'!+&*!E,0@<,@0+(!?&3)&--0)&3!6-%(%39!J"!
r!K)&-0+(!?<%&%1)<'!c!;-</&%J?<%&%1)<!H-<)')%&!1+I)&3.!
!![)&+&<)+(!?8+(@+,)%&.!M&8-',1-&,!=&+(9')'.!;+O+,)%&.!
!!C%9+(,9!+&*!4%()<9



DEPARTMENT OF SURVEYING AND LAND STUDIES

;/-! H-F+0,1-&,! %:! E@08-9)&3! +&*! ]+&*! E,@*)-'! %::-0'!
1+&9! '@BS-<,'.! A/)</! <%@(*! B-! B0%+*(9! *-'<0)B-*! +'! ,/-!
<%((-<,)%&.!<%((+,)%&.!+&+(9')'.!)&,-0F0-,+,)%&.!+&*!+FF()<+,)%&!
%:!'F+,)+(!+&*!-<%&%1)<!*+,+!+''%<)+,-*!A),/!,/-!(+&*.!+&*!
F0%*@<,)%&!(+&*!F0%:-'')%&+('!,/0%@3/!,/0--!@&*-030+*@+,-!
<%@0'-'.! A/)</! +0-! E@08-9)&3.! 6-%30+F/)<+(! M&:%01+,)%&!
E<)-&<-V6MEW! +&*! 40%F-0,9! E,@*)-'! VF0%F-0,9! 8+(@+,)%&.!
F0%F-0,9!1+&+3-1-&,.!+&*!(+&*!+*1)&)',0+,)%&W#
;/-!H-F+0,1-&,!-1F/+')2-'!,/-!+FF()<+,)%&!%:!,-</&%(%39!
:%0! (+&*! F0%:-'')%&+('! )&! ,/-! '@',+)&+B(-! *-8-(%F1-&,! %:!
456#!
=<<%0*)&3(9.! (+&*!F0%:-'')%&+('!+0-!3)8-&!B0%+*!-OF%'@0-!
,%! ,/-! ',+,-J%:J,/-J+0,! ,-</&%(%39.! -#3#.! 0-<-&,! *-8-(%FJ
1-&,'! )&! ,/-! :)-(*! %:! C-1%,-! E-&')&3! VCEW.! 6-%30+F/)<!
M&:%01+,)%&! E9',-1! V6MEW.! 6(%B+(! 5+8)3+,)%&! E+,-((),-!
E-08)<-'!V65EEW.!@'-!%:!,/-!(+,-',!;%,+(!E,+,)%&'.!*0%&-'.!
+&*!+(()-*! )1F(-1-&,'!%:! ,/-!*)3),+(!-0+! )&!,/-)0!0-'F-<,)8-!
*)'<)F()&-'#![)3@0-'!"JL!'/%A!/%A!%@0!,A%!&-A(9!+<U@)0-*!
*0%&-'!A-0-!*-()8-0-*!+&*!'-,!@F!:%0!@'-#;/-!H-F+0,1-&,!
/+'! 3%%*! :+<)(),)-'.! )&<(@*)&3! +! <%1F0-/-&')8-! *)3),+(!
1+FF)&3.! 3-%30+F/)<! )&:%01+,)%&! '9',-1'! +&*! 0-1%,-!
'-&')&3! (+B%0+,%09.! ',+,-J%:J,/-J+0,! 3(%B+(! F%'),)%&)&3!
'9',-1'!,-</&%(%39!+&*!'%:,A+0-.!+!<+0,%30+F/)<!F0%<-')&3!
(+B%0+,%09! +&*! +@,%1+,-*! '@08-9)&3! '9',-1'.! +&*! ,/-!
,0+*),)%&+(N&%01+(! '@08-9)&3! +&*! 1+FF)&3! :+<)(),)-'#! ;/-!
H-F+0,1-&,!/+'!,/0--!0-(+,-*!+<+*-1)<!'-<,)%&'.!&+1-(9X
!
!ST!.49F=D578!.=:C5@7

;/-! E@08-9)&3! E-<,)%&Q'! K)'')%&! E,+,-1-&,! ',0)8-'! ,%!
F0%*@<-!A%0(*J<(+''! <%1F-,),)8-! 30+*@+,-'!A),/! )&J*-F,/J
I&%A(-*3-! +&*! +*-U@+,-! 1%,%0! 'I)(('! )&! +((! +'F-<,'! %:!
'@08-9)&3!,-</&)U@-'!0-(-8+&,!,%!,/-!F0%:-'')%&!+&*!+(()-*!
:)-(*!%:!6-%1+,)<'#!e-!+('%!',0)8-!,%!-&/+&<-!,/-!-O)',)&3!
<+F+B)(),)-'!%:!,/-!E-<,)%&Q'!F0%:-'')%&+(!-OF-0,)'-!,/0%@3/!
F%',30+*@+,-!',@*)-'!+&*!+FF()-*!0-'-+0</!)&!,/-!-1-03)&3!
',+,-J%:J,/-J+0,!,-</&%(%3)-'#
>-&<-.!,/-!E-<,)%&!0-<%3&)2-'!,/-!')3&):)<+&<-!%:!-1B0+)&3!
-1-03)&3! '@08-9)&3! +&*!1+FF)&3! ,-</&%(%3)-'.! )&<(@*)&3!
65EE.!=@,%1+,-*!E@08-9)&3!+&*!K+FF)&3!E9',-1'.!+&*!
4/%,%30+11-,09NC-1%,-!E-&')&3NH0%&-'#

!eJf!"=J:G578!b!24995:4<J9!&:C5F5C5=>
$@00-&,(9.!,/-0-!+0-!""i!0-3)',-0-*.!:@((J,)1-!',@*-&,'!)&!,/-!
E-<,)%&#!;/-!E-<,)%&Q'!-::%0,'!,%!0-<0@),!,-+</)&3!',+::!/+8-!
B--&!:@,)(-!*@-!,%!F%%0!0-1@&-0+,)%&'!+&*!',0)&3-&,!@&)8-0J
'),9! 0-U@)0-1-&,'.! F+0,)<@(+0(9! :%0! <%1F-,-&,! +&*! -OF-0)J
-&<-*! <),)2-&! '@08-9%0'#! M&! +**),)%&.! ,/-! E-<,)%&! (%',! +!
40%:-''%0! +&*! ,A%! (-<,@0-0'! ,/0%@3/! 0-')3&+,)%&'.! ,A%!
E-&)%0!]-<,@0-0'!*@-!,%!*-+,/'.!+&*!%&-!,/0%@3/!
&%&J<%&,0+<,!0-&-A+(#!

M&! DR"^.! ,/-! E-<,)%&! -1B+0I-*! %&! +! ,0+)&)&3! '</-1-! ,%!
0-,+)&!%@0!$%@&<)(!K-*+(()','!+&*!30+*@+,-'!/+8)&3!H-30--!
A),/!K-0),! @&*-0! ,/-!@&)8-0'),9Q'!6=4!F0%30+1#!C-<-&,(9.!
,/-!E-<,)%&!A+'!:%0,@&+,-!,%!0-<0@),!,/-!:%01-0!$/)-:!K)&)&3!
E@08-9%0! :%0!>+01%&9!6%(*!+'!4;Y.!+&*!+&!-OF-0)-&<-*!
$+*+',0+(!E@08-9%0!+'!E;YD#!

RS



;/-!E-<,)%&Q'!+*8-0,)'-1-&,'!:%0!+&!=''%<)+,-!40%:-''%0!
+&*! +! 40%:-''%0! )&! d@&-! DRDR! +0-! ',)((! F-&*)&3#! ;/-!
E-<,)%&!&--*'!+!'-&)%0!+<+*-1)<!+,!,/-!(-8-(!%:!+&!=''%J
<)+,-! 40%:-''%0! %0! 40%:-''%0! ,%! F0%8)*-! +<+*-1)<! +&*!
0-'-+0</!(-+*-0'/)F#!K%',!',+::!/+8-!+!1+',-0Q'!*-30--.!
+&*! ,/-! )&*)8)*@+(! (-8-(!%:!F0%:-'')%&+(N)&*@',0)+(!-OF-0)J
-&<-! 0+&3-'! :0%1! ,/0--! ,%! LR! 9-+0'#! ;/-! %(*! <%@0'-!
Va+</-(%0! %:! ;-</&%(%39! )&! E@08-9)&3W! +&*! ,/-! &-A!
<%@0'-!Va+</-(%0!%:!E@08-9)&3W!'9((+B)!+0-!B-)&3!,+@3/,!+'!
F+0+((-(!F0%30+1'#

Nf!*9J64JC=!1==6NJ:_
!
e-!<%&,)&@%@'(9!0-<-)8-!F%'),)8-!30+*@+,-!:--*B+<I#!Y@0!
:%01-0!30+*@+,-'!%<<@F9!1%',!'-&)%0!'@08-9)&3!F%'),)%&'!
)&! ,/-! F@B()<! +&*! F0)8+,-! '-<,%0'! )&! 456#! ])I-A)'-.! +((!
F0+<,)<)&3!'@08-9%0'!+0-!:%01-0!30+*@+,-'!+&*!%@0!:%01-0!
30+*@+,-'! %<<@F9! +(1%',! +((! ,/-!$/)-:!K)&)&3!E@08-9%0!
F%'),)%&'#!M&!,/-!(+',!"R!9-+0'.!%@0!30+*@+,-'!/+8-!B--&!
-1F(%9-*!+'!1)&)&3!'@08-9%0'!)&!1)&-'!+<0%''!=@',0+()+#!
Y8-0!DR!%:!%@0!30+*@+,-'!<@00-&,(9!A%0I!)&!*)::-0-&,!1)&-'!
)&!=@',0+()+#

!e:f!-=>=J9:G!ND!.C46=7C>!J76!.CJAA!J76!%4N<5:JC5@7>

=((!@&*-030+*@+,-!+&*!F%',30+*@+,-!',@*-&,'!'@B1),!+&*!
*-:-&*! +! *)''-0,+,)%&! +&*N%0! ,/-')'! 0-'F-<,)8-(9! )&! ,/-)0!
:)&+(! 9-+0.! A),/! *@-! <%1F()+&<-! A),/! ,/-! 7&)8-0'),9Q'!
F(+3)+0)'1!F%()<9#!Y&(9!+!:-A!)&*)8)*@+(!',+::!)&!,/-!E-<,)%&!
/+8-!<%&*@<,-*!0-'-+0</!+&*!F@B()'/-*!F+F-0'#!;/-0-J
:%0-.!,/-!+FF%)&,1-&,!%:!+!40%:-''%0!%0!=''%<)+,-!40%:-'J
'%0!A),/!+!F0%8-&! ,0+<I! 0-<%0*! )&! 0-'-+0</!+&*!F@B()<+J
,)%&'! )'! '--&! +'! +! ')&-! U@+! &%&! :%0! )1F0%8-*! 0-'-+0</!
F-0:%01+&<-#

6f!2@7>4<CJ7:5=>!J76!04C9=J:G

M&!DR"i.! ,/-!E-<,)%&!A%0I-*!A),/! ,/-!H-:-&<-![%0<-! ,%!
-',+B()'/!64E!<%&,0%('!+&*!'@08-9!,/-!+0-+!:%0!,/-!&-A!
+019!B+00+<I'! )&!E%@,/-0&!>)3/(+&*!40%8)&<-#!Y8-0! ,/-!
9-+0'.!K0#!5+8@+!k+F)!/+'!B--&!-&3+3-*!B9!,/-!40%S-<,!
Y::)<-!)&!'-,,)&3!%@,!'),-'!:%0!&-A!/%@')&3!F0%S-<,'!)&<(@*J
)&3!,/-!EH=!C-')*-&,)+(!$%((-3-!+,!4567%;#
E@08-9!<+1F'!:%0!a;ECNG!+&*!a;ECNL!+0-!F(+&&-*!+&*!
<%&*@<,-*!9-+0(9!,%!B-&-:),!30%@F'!+&*!)&*)8)*@+('!)&!,/-!
<%11@&),9!A/%!+0-!A)(()&3! ,%!<%((+B%0+,-!+&*!A%0I!A),/!
,/-!E-<,)%&#!

PT!*=@89J;G5:!+7A@9BJC5@7!.:5=7:=!e*+.:5f!.=:C5@7

;/-!K)'')%&!E,+,-1-&,! :%0! ,/-!6ME!E-<,)%&! :%<@'-'!%&!
,/-!<%((-<,)%&.!',%0+3-.!0-,0)-8+(.!+&+(9')'.!+&*!1%*-(()&3!
%:! 3-%30+F/)<+(! *+,+##! =,! ,/-! '+1-! ,)1-.! $+0,%30+F/9!
'F-<)+()2-'! )&! ,/-! B-',! A+9! ,%! 8)'@+()2-! +&*! F0-'-&,!
)&:%01+,)%&#! ;/-! ,A%! *)'<)F()&-'! +0-! <(%'-(9! 0-(+,-*! ,%!
%,/-0!*)'<)F()&-'!()I-!'@08-9)&3.!3-%*-'9.!F/%,%30+11-J
,09.! +&*! 0-1%,-! '-&')&3.!A/)</! <%&<-&,0+,-!%&!A+9'! ,%!
1-+'@0-! +<<@0+,-(9! +&*! <%((-<,! )&:%01+,)%&! +B%@,!
:-+,@0-'!%&!,/-!?+0,/Q'!'@0:+<-#!
;%3-,/-0.!,/-'-!:)-(*'!<%&',),@,-!,/-!/)3/J,-</!1+FF)&3!
'<)-&<-'.!3-%30+F/)<!)&:%01+,)%&!'<)-&<-.!%0!,/-!'<)-&<-!
%:!+&+(9')'!%:!'F+,)+(!*+,+#!

2,3(4%,*5+/7(N(81""+*1;,"()*-+B+-+%&

E%1-!%:!,/-!&@1-0%@'!+<,)8),)-'!,/+,!,/-!E-<,)%&!<+00)-'!
%@,!)&<(@*-X

r! !Z)'@+()2)&3!+&*!-::-<,)8-(9!*)'F(+9)&3! <%1F(-O! 'F+,)+(!
+&*!'%<)%J-<%&%1)<!)&,-00-(+,)%&'/)F'#!e-!+0-!)&8%(8-*!)&!
*-')3&)&3.!F0%*@<)&3.!+&*!@')&3!1+F'l!</+0,'!:0%1!F/9')J
<+(.! -<%&%1)<.! '%<)+(.! +&*! %,/-0! *+,+! '@FF()-*! :0%1!
'@08-9'.!<-&'@'.!0-1%,-!'-&')&3.!+&*!-O)',)&3!1+F'#

r!!$%&*@<,)&3!0-'-+0</!,%!)1F0%8-!,/-!1+FF)&3!F0%<-''!
+&*! *-8-(%F'! 1%0-! -::)<)-&,! A+9'! %:! 0-F0-'-&,)&33-%J
30+F/)<+(! :-+,@0-'.!<0-+,)&3!+&*!',%0)&3!<%1F(-O!'F+,)+(!
%BS-<,'.!+&*!/+&*()&3!:-+,@0-'!,/+,!</+&3-!%8-0!,)1-#

!

RP



2D3(8#/&1;-,/*+%&
!
$%&'@(,+&<)-'!@&*-0,+I-&!B9!,/-!6ME!E-<,)%&
)&<(@*-.! +1%&3! %,/-0'X! E@),+B(-! 0)<-! :+01)&3! +0-+'! )&!
-&,)0-!4+F@+!5-A!6@)&-+! V'F%&'%0-*! B9!;0@I+)! M&*@'J
,0)-'! ],*#Wl! $()1+,-! ',@*)-'N<()1+,-! </+&3-! 1%*-(()&3NJ
,-1FJ0+)&:+((! )&,-0F%(+,)%&! B9! 6MEl! ?OF(%0)&3! 1+0I-,!
+<<-'')B)(),9! %:! +30)<@(,@0+(! F0%*@<-! V)&! +''%<)+,)%&!A),/!
5=CMWl! C)<-! '@),+B)(),9! 1+FF)&3! :%0! K%0%B-! F0%8)&<-!
@')&3! CE! N6MEl! 40%*@<,)%&! %:! +! ,%@0)',! 1+F! V:%0! ,/-!
;%@0)'1! H-8-(%F1-&,! $%0F%0+,)%&Wl! 7'-! %:! C-1%,-!
E-&')&3! ,%! '@08-9! <%::--! F(%,'! )&! ?+',-0&! >)3/(+&*'!
40%8)&<-l!$%+',+(!1%&),%0)&3!+&*!1+FF)&3l!+&*!$0-+,)%&!
%:!+!3-%30+F/)<!*+,+B+'-!%:!(+&*!,-&@0-'!V:%0!?+',!5-A!
a0),+)&!40%8)&<-W#

2*3(81""+*1;1H(,/A(.-,$$+/7
!
;/-!)1F(-1-&,+,)%&!%:!+!F/+'-*!&-A!<@00)<@(@1!',0@<,@0-!
%:!:%@0!'@BS-<,'!F-0!'-1-',-0!/+'!B--&!<%1F(-,-*!:%0!:)0',!
+&*! '-<%&*J9-+0! F0%30+1'.! A/)(-! j-+0! ,/0--! )'! &%A! )&!
F0%<-''#!;/-!:+<@(,9!',0-&3,/'!<%1F0)'-!,/0--!/%(*-0'!%:!
4/H'.)&<(@*)&3! ,A%! =''%<)+,-! 40%:-''%0'.! +&*! :)8-!
K+',-0Q'!*-30--!/%(*-0'.!)&<(@*)&3!,A%!A/%!+0-!+B%@,!,%!
<%1F(-,-!,/-)0!4/H!F0%30+1'#
;/-0-! +0-! "R"! :@((J,)1-! a6ME! ',@*-&,'! +&*! Gh!
*)',+&<-J1%*-! a6?K! ',@*-&,'#! ;/-! KE<! CEN6ME!
F0%30+1! V*)',+&<-! 1%*-W! <@00-&,(9! /+'! &%! -&0%((-*!
',@*-&,'.! B@,! +*1)'')%&'! +0-! B-)&3! F0%<-''-*! :%0! ,/-!
j-+0!DRD"#!;/)0,--&!',@*-&,'!A-0-!-()3)B(-!:%0!H)F(%1+NJ
H-30--! +A+0*'! )&! 6-%1+,)<'! )&! DRDR#! M&! +**),)%&.! ,/-!
KE<!VHYH]W!CENN6ME!F0%30+1!,/+,!',+0,-*! )&!DR"G!/+'!
30+*@+,-*!DT!',@*-&,'#

2A3(6%&%,"*5()*-+B+-+%&(,/A(!1D;+*,-+#/&

=((!:)&+(!9-+0!a6ME!+&*!a6?K!',@*-&,'!1@',!<+009!%@,!+!
'@F-08)'-*!0-'-+0</!F0%S-<,#!;/-!E-<,)%&!/+'!30+*@+,-*!
,A%! )&J/%@'-!4/H!30+*@+,-'! V$+,/9!k%(%+! )&!DR"i!+&*!
d%-()!Z+0%!)&!DRDRW#![)8-!KE<!+&*!%&-!K4/)(!<%1F(-,)%&'!
+0-!-OF-<,-*!)&!DRDR.!A/)(-!,A%!H-F+0,1-&,+(!',+::!1-1J
B-0'!+&*!,A%!-O,-0&+(!',@*-&,'!+0-!<@00-&,(9!0-3)',-0-*!:%0!
4/H! ',@*)-'#! ;/-! H-F+0,1-&,Q'! 0-'-+0</! +<,)8),)-'!
0-8%(8-! +0%@&*! ,/-! F)8%,! (+&*! +&*! +(()-*! 0-'%@0<-'Q!
%F,)1@1!@,)()2+,)%&.!1+&+3-1-&,!+&*!8+(@+,)%&.!<()1+,-!
',@*)-'.! H)'+',-0! C)'I! C-*@<,)%&.! +&*! H)'+',-0! C)'I!
K+&+3-1-&,#!
;/-! H-F+0,1-&,! )'! +<,)8-(9! )&8%(8-*! )&! 0-'-+0</! +&*!
F@B()<+,)%&'.! +'! )&*)<+,-*! %&! ,/-!A-B'),-! VE--! F@B()<+J
,)%&'! @&*-0! 4567%;! C-'-+0</! C-F%0,! +,! AAA#@&)J
,-</#+<#F3W#!=<+*-1)<!',+::!+('%!+,,-&*!(%<+(!+&*!)&,-0&+J
,)%&+(!<%&:-0-&<-'!:0%1!,)1-!,%!,)1-#

UT!%9@;=9CD!.C465=>!.=:C5@7

40%F-0,9! E,@*)-'! E-<,)%&! +)1'! ,%! ,+I-! +! F0%+<,)8-! +&*!
',0+,-3)<! +FF0%+</! ,%! :@((9! )&,-30+,-! +((! +'F-<,'! %:! 0-+(!
F0%F-0,9!,%!-&+B(-!,/-!30+*@+,-'!,%!,+I-!%&!,/-!</+((-&3J
-'! )&! ,/-! 1+0I-,! %:! ,/)'! <%@&,09.! %,/-0! E%@,/! 4+<):)<!
&+,)%&'.!+&*!,/-!3(%B+(!F0%F-0,9!1+0I-,.!+&*!,%!F0-F+0-!
',@*-&,'!:%0!+!8+0)-,9!%:!8%<+,)%&'!A),/!)&,-0-','!<-&,0-*!
%&!0-+(!F0%F-0,9#!

2,3(4%,*5+/7(N(81""+*1;,"()*-+B+-+%&

;/-!E-<,)%&!@&*-0,+I-'!,/-!:%((%A)&3!+'!F+0,!%:!),'!,-+</J
)&3! +<,)8),)-'! +,! ,/-! @&*-030+*@+,-! +&*! F%',30+*@+,-!
(-8-('X!

r!Z+(@+,)%&!c!]+&*!+&*!F0%F-0,9!8+(@+,)%&'!:%0!+''-'')&3!
1+0I-,! 8+(@-! VKZW.! ',+,@,%09! 8+(@+,)%&.! <%1F-&'+,)%&!
+''-''1-&,'.!8+(@+,)%&'!:%0!)&*-1&),9N)&'@0+&<-.!:)&+<)+(!
)&8-',1-&,!+&+(9')'.!+&*!%,/-0'#

r!]+&*!*-8-(%F1-&,!+&*!F0%F-0,9!1+&+3-1-&,!c!:%<@'J
)&3! %&! ,/-! *-8-(%F1-&,! F0%<-''.! (-+'-! 1+&+3-1-&,.!
0-F+)0'.! F0%F-0,9! -<%&%1)<'.! +&*! F(+&&)&3! A),/! %,/-0!
+'F-<,'!%:!F/9')<+(!+&*!:)&+&<)+(!1+&+3-1-&,#

r! ]+&*!=*1)&)',0+,)%&!c!?&3+3-'! )&! <+009)&3!%@,!E%<)+(!
K+FF)&3.!]+&*!M&8-',)3+,)%&'.!M]6!F0%<-''-'.!+&*!@')&3!
,/-!]+&*!=*1)&)',0+,)%&!40%<-''-'!,%!:%01+()2-!,/-1#

;/-!E-<,)%&!,/0%@3/!H)',+&<-!]-+0&)&3!VHYH]W!0-<-&,(9!
)&,0%*@<-*! +! 1+',-0Q'! *-30--! F0%30+1! )&! 70B+&! \!
C-3)%&+(! 4(+&&)&3! :+<)(),+,-*! B9!40%:#! a+B+0)&*-.!A/)</!
<%11-&<-*! )&!DR"i#! M,! )'!+!8-09!*-1+&*)&3!<%@0'-! :%0!
4/9')<+(!4(+&&-0'!)&!,/-!(+&*!+&*!F0%F-0,9!F0%:-'')%&#!='!
,/-!<%@0'-!)'!-OF-<,-*!,%!B-!8)+B(-!A),/!&%!*)0-<,!:@&*)&3!
B9!,/-!3%8-0&1-&,.!A-!/+8-!%B'-08-*!,/+,!,/-!/)3/!,@),)%&!
:--'!</+03-*!,%!,/-!F+0,)<)F+,)&3!',@*-&,'!+0-!&%,!+::%0*J
+B(-!,%!F%%0!',@*-&,'#!;/-0-:%0-.!A-!+0-!&%A!(%%I)&3!+,!
A+9'!,%!0-',0@<,@0-!,/-!-&,)0-!F0%30+1!,/0%@3/!=<+*-1)<!
a%+0*!+FF0%8+(!,%!1+I-!),!+::%0*+B(-!+&*!'@',+)&+B(-!+'!
'%%&!+'!F%'')B(-#!!
Y@0!F%',30+*@+,-!F0%30+1!)&!40%F-0,9!E,@*)-'!/+'!B--&!
0-S@8-&+,-*!+:,-0!B-)&3!*%<)(-!:%0!+!A/)(-#!;/-!*-30--!%:!
K+',-0Q'!)&!40%F-0,9!E,@*)-'!VK4/)(W!B9!0-'-+0</!)'!%&3%J
)&3! +&*! +8+)('! :%0! F0%'F-<,)8-! ',@*-&,'#! ;/-! 40%F-0,9!
E-<,)%&! <%1F0)'-'! I&%A(-*3-+B(-! :+<@(,)-'! A),/! 8+',!
)&*@',09! +&*! ,-+</)&3! -OF-0)-&<-! <@,,)&3! +<0%''! ,/-!
<%11%&! +0-+'! %:! 40%F-0,9! H-8-(%F1-&,.! Z+(@+,)%&.!
Z)+B)(),9! =&+(9')'.! 40%F-0,9! K+&+3-1-&,! +&*! ]+&*!
=*1)&)',0+,)%&#! $@00-&,(9.! ,/-0-! +0-! "D"! 0-3)',-0-*!
:@((J,)1-!',@*-&,'!)&!,/-!E-<,)%&#;/-0-!+0-!-)3/,!:@((J,)1-!
:+<@(,9.! )&<(@*)&3!,A%!4/H!/%(*-0'.!:)8-!K+',-0Q'!*-30--!
/%(*-0'.!+&*!+!4/H!',@*-&,!%&!',@*9! (-+8-! )&!=@',0+()+#!
;/-! -)3/,! :+<@(,9! 1-1B-0'! /+8-! -OF-0,)'-! )&! ,-+</)&3!
Z+(@+,)%&.!70B+&!\!C-3)%&+(!4(+&&)&3.!40%F-0,9!K+&+3-J
1-&,.! 40%F-0,9! H-8-(%F1-&,.! Z)+B)(),9! =&+(9')'.! Z+(@+J
,)%&.!+&*!]+&*!=*1)&)',0+,)%&#

2D3(0+/L&(@+-5(:/A1&-"EO(=",A1,-%(>HG;#EH%/-O(
(((((,/A((M%%D,*L

=B%@,!+!U@+0,-0!%:!%@0!30+*@+,-'!:)&*!)11-*)+,-!-1F(%9J
1-&,!+:,-0!30+*@+,)&3!+,!,/-!-&*!%:!-+</!9-+0#!H@-!,%!,/-!
<@00-&,!</+%,)<!$YZMHJ"i!*)(-11+.!A-!/+8-!-OF-0)-&<-*!
'%1-!</+((-&3-'!A),/! :)O)&3!',@*-&,'! :%0! )&*@',0)+(!A%0I!
-OF-0)-&<-.! F+0,)<@(+0(9! )&! DRD"#! ;/-! E-<,)%&! -&S%9'!
',0%&3!<%((+B%0+,)%&!A),/!,/-!)&*@',09!,/0%@3/!,/-!'@FF%0,!
%:!%@0!$%@0'-!=*8)'%09!$%11),,--.!A/)</!1--,'!B)J+&&@J
+((9!

2*3(6%&%,"*5()*-+B+-+%&(,/A(!1D;+*,-+#/&

Y@0! :+<@(,)-'!+0-! )&<0-+')&3(9!-OF+&*)&3! ,/-)0! 0-'-+0</J
+&*! F@B()<+,)%&'! F0%:)(-'! )&! (%<+(! +&*! )&,-0&+,)%&+(!
F--0J0-8)-A-*! S%@0&+('#! E,+::! +('%! +,,-&*! (%<+(! +&*!
)&,-0&+,)%&+(! <%&:-0-&<-'! +&*! A%0I'/%F'! +'! %FF%0,@&)J
,)-'! +0)'-! VE--! HE]E! C-'-+0</! C-F%0,'! %&! 7&),-</!
e-B'),-W#

RU



DEPARTMENT OF OPEN 
AND DISTANCE LEARNING

"=J:G578!J76!3=J97578!]49578!CG=!2@F56LS\!%J76=BL
5:

;/-!H-F+0,1-&,!%:!YF-&!+&*!H)',+&<-!]-+0&)&3!VHYH]W!
0-<%3&)2-'!,/+,!-*@<+,)%&!)'!+!:@&*+1-&,+(!/@1+&!0)3/,!
+&*! +! :%0<-! :%0! '@',+)&+B(-! *-8-(%F1-&,! +&*! F-+<-#! M,!
-1F%A-0'!F-%F(-!A),/!,/-!I&%A(-*3-.!'I)(('.!+&*!8+(@-'!
,%! ()8-! )&!*)3&),9.!B@)(*! ,/-)0! ()8-'!+&*!<%&,0)B@,-! ,%! ,/-)0!
'%<)-,)-'#!=(,/%@3/!,/)'!)'!+!,0@)'1.!,/-!/)',%0)<!*)'0@F,)%&!
<+@'-*!B9!$%8)*J"i!)&!,/-!9-+0!DRD"!1+*-!),!*)::)<@(,!:%0!
4567%;! ,%! '1%%,/(9! -O-<@,-! ),'! +3-&*+! ,%A+0*'! ,/)'!
&%B(-!<+@'-#!e),/!$%8)*J"i!)&!,/-!F)<,@0-.!+</)-8)&3!,/-!
*-')0-*!,-+</)&3!+&*!(-+0&)&3!%@,<%1-'!*-1+&*-*!&-A!
)&',0@<,)%&+(! +FF0%+</-'.! @&)U@-! ,-+</)&3! +&*! (-+0&)&3!
<@(,@0-.!+&*!+!*)::-0-&,!1-&,+(),9!+&*!+,,),@*-#!$%3&)2+&,!
%:!,/)'!0-+(),9.!,/-!4567%;.!,/0%@3/!,/-!HYH].!M$;'.!+&*!
;]K7.!</+1F)%&-*!,/-!)&,-30+,)%&!%:!,-</&%(%39!)&,%!,/-!
<%&8-&,)%&+(! (-+0&)&3!F0%<-''-'!)&!F0-F+0+,)%&!:%0!1%0-!
,/0-+,-&)&3! ,)1-'#! M,!A+'!+!')3&):)<+&,!B0-+I,/0%@3/.! :%0!
(-+0&)&3! <%&,)&@-*! &%01+((9! :%0! ,/-! 0-3@(+0! ',@*-&,'!
)00-'F-<,)8-! %:! ,/-! (%<I*%A&'! +&*! :0-U@-&,! (-+0&)&3!
'@'F-&')%&'!B9!,/-!3%8-0&1-&,#
!
07<57=!3=J97578!A@9!+7:9=J>=6!&::=>>
!
=,!,/-!:%0-:0%&,!%:!I)<I)&3!%::!,/)'!1+S%0!'/):,!)&!(-+0&)&3!)'!
,/-!HYH].!A/%'-!*-')0+B(-!,+03-,!)'!,%!)&<0-+'-!+<<-''!
,%! U@+(),9! -*@<+,)%&! :%0! +((! *-'-08)&3! &+,)%&+('#! ;/-!
<@00-&,!*-1%30+F/)<!,0-&*'.!,/-!0)')&3!*-1+&*!:%0!-*@<+J
,)%&.! ! +&*! ,/-! <%@&,09f'! '%<)+(.! ,-</&%(%3)<+(.! +&*!
-<%&%1)<! *9&+1)<'! /+8-! S%)&,(9! -O-0,-*! F0-''@0-! %&!
>)3/-0! ?*@<+,)%&! V>?W! )&! *-1+&*! :%0! +FF0%F0)+,-!
'%(@,)%&'#!a-<+@'-!%:! ,/)'!0-+(),9.! ,/-!4567%;.! ,/0%@3/!
HYH]!/+'!-O,-0&+()2-*!'%1-!%:! ),'!+<+*-1)<!F0%30+1'!
V-#3#.!a+</-(%0!%:!a@')&-''!=*1)&)',0+,)%&!)&!=<<%@&,+&J
<9.! a+</-(%0! %:! a@')&-''! =*1)&)',0+,)%&! )&! =FF()-*!
?<%&%1)<'.!a+</-(%0!%:!a@')&-''!=*1)&)',0+,)%&!)&!

M&:%01+,)%&!;-</&%(%39.!a+</-(%0!%:!a@')&-''!=*1)&),0+J
,)%&!)&!K+&+3-1-&,.!a+</-(%0!%:!=0,'!)&!$%11@&)<+,)%&!
:%0!H-8-(%F1-&,.!+&*!a+</-(%0!%:!40%F-0,9!E,@*)-'W#!
;/-!)&,-&,)%&!)'!,%!0-'F%&*!,%!,/-!3%8-0&1-&,f'!*)0-<,)8-J
%:! )&<0-+')&3! '</%%(J(-+8-0'f! )&,+I-! B9! "Tm.! +&*! +('%!
1--,! ,/-! )&<0-+')&3! *-1+&*! :%0! >?! %:! ,/-! &%&J'</%%(!
(-+8-0'!+&*!%,/-0!<+,-3%0)-'! ()I-!-1F(%9--'!A/%! :)&*! ),!
/+0*! ,%!F@0'@-!@&)8-0'),9!-*@<+,)%&! )&!F-0'%&!+&*!%&!+!
0-3@(+0!B+')'#!
;/-! ,-+</)&3! +&*! (-+0&)&3! -&3+3-1-&,'! )&! ,/-'-!
+<+*-1)<!',0-+1'!+0-!-O<(@')8-(9!*%&-!%&()&-.!+)*-*!B9!
(-+0&)&3!1+&+3-1-&,!'9',-1'.!'@</!+'!K%%*(-.!6%%3(-!
$(+''0%%1.!K%%*(-!40%<,%0.!+&*!%,/-0!e-BJB+'-*!8)*-%!
<%&:-0-&<)&3! ,%%('.! '@</! +'! t%%1.! 6%%3(-! 1--,.! +&*!
$)'<%!e-B-O#! ;/-! -&0%(1-&,! )'! ',)((! (%A.! B@,! 3)8-&! ,/-!
(-8-(!%:!<%11),1-&,!*-1%&',0+,-*!B9!E?K!)&!'@FF%0,)&3!
%&()&-!-*@<+,)%&.!,/-!'I9!)'!,/-!()1),#
!
.C9=78CG=7578!"=J:G578!b!3=J97578!$E;=95=7:=>

;/-!H-F+0,1-&,!)'!0-'%(@,-!)&!),'!<%11),1-&,!,%!',0-&3,/J
-&)&3!,-+</)&3!+&*!(-+0&)&3!F0%<-''-'#!E-8-0+(!*-8-(%FJ
1-&,'! )&! ,/)'! 0-3+0*! /+8-! B--&! %B'-08-*! ,/@'l! +!
A-((J3@)*-*!<@00)<@(@1!0-8)-A!F0%<-''!:%0!,/-!K+,0)<@(+J
,)%&! 40%30+1.!1%*@(-! 0-8)-A.! *-')3&! +&*! *-8-(%F1-&,!
@&*-0,+I)&3'.! +<,)8-! F-*+3%39! ,0+)&)&3.! ,/-! )&<(@')%&! %:!
<0-+,)8-!+&*!+<,)%&JB+'-*!(-+0&)&3!1%*-('!)&!,/-!,-+</)&3!
F0%<-''.! ,0+)&)&3! %&! 0-'-+0</J3@)*-*! ,-+</)&3! +&*!
(-+0)&3.!+&*!)&,-30+,)%&!%:!,-</&%(%39!)&!,/-!,-+</)&3!+&*!
(-+0&)&3!F0%<-''!+'!+!',0+,-39!,%!)&<0-+'-!-::)<)-&<9!+&*!
+<<-''#!e-!+0-!<%3&)2+&,!,/+,!0-'-+0</.!*)'<%8-09.!+&*!
+<<-''!,%!&-A!I&%A(-*3-!+0-!+,!,/-!/-+0,!%:!+!A%0(*J<(+''!
-*@<+,)%&#! M&! ,/)'! 0-3+0*.! ,/-! H-F+0,1-&,! )'! '-,! %@,! ,%!
8-&,@0-! )&,%! *)',+&<-! -*@<+,)%&! 0-'-+0</! A%0I'! +'! +!
',0+,-39!,%!%F-&!@F!RR



%@0!'</%(+0'/)F!'F+<-!,%!,/-!0-',!%:!,/-!A%0(*!+&*!:%',-0!+!
8)B0+&,! <%11@&),9! %:! 0-3)%&+((9! +&*! )&,-0&+,)%&+((9!
+<<(+)1-*!'</%(+0'#
!!!!
.C9=78CG=7578!%J9C7=9>G5;!K5CG!(]@$

]%%I)&3!:@0,/-0!+:)-(*.!HYH]!)'!F@0'@)&3!F+0,&-0'/)F'!,%!
<0-+,-! +&*! -OF(%0-! &-A! %FF%0,@&),)-'.! '@</! +'! ,/-!
F+0,&-0'/)F! A),/! ,/-! 5+,)%&+(! H-F+0,1-&,! %:! ?*@<+,)%&!
V5H%?W!,%!%::-0!&-A!*)',+&<-JB+'-*!+<+*-1)<!F0%30+1'!
:%0!,-+</-0'!)&!'<)-&<-!V4/9')<'.!a)%(%39.!+&*!$/-1)',09W.!
K+,/-1+,)<'.! +&*! M&:%01+,)%&!;-</&%(%39#!;/-! <@00)<@J
(@1!*-')3&!+&*!*-8-(%F1-&,!F0%<-''!:%0!,/-'-!F0%30+1'!
)'!@&*-0A+9!+&*!,/-!<%11-&<-1-&,!*+,-!1+9B-!DRDG#!
=8+)(+B(-! 0-F%0,'! )&*)<+,-! ,/+,!1%',! ,-+</-0'! :%0!30+*-'!
""! +&*! "D! )&! '<)-&<-.! 1+,/-1+,)<'! +&*! )&:%01+,)%&!
,-</&%(%39!/+8-!I&%A(-*3-!+&*!'I)((!3+F'#!M3&%0)&3!,/)'!
F0%B(-1!1+9!B-!+!*+@&,)&3!-&,-0F0)'-!,/+,!1+9!+*8-0'-(9!
+::-<,!,/-!<+()B0-!%:!'</%%(!(-+8-0'!F0%*@<-*!-+</!9-+0#!
;/)'!;-+</-0!E@FF%0,!H-8-(%F1-&,!40%S-<,!)'!)&,-&*-*!,%!
-U@)F!,-+</-0'!A),/!,/-!&-<-''+09!'I)(('.!I&%A(-*3-.!+&*!
+,,),@*-! ,/+,! +0-! *-')0+B(-! )&! ',0-&3,/-&)&3! ,/-! F0-J@&)J
8-'),9!(-+0&)&3!F0%<-''-'#
!
(=K!.C46D!2=7C9=>!A@9!MJC95:4<JC5@7!%9@89JB

='!+!0-'F%&'-!<+((! ,%!0-+</!%@,!,%!8+0)%@'!<+,-3%0)-'!%:!
*)'+*8+&,+3-*!(-+0&-0'.!HYH]!-O,-&*-*!),'!F0-'-&<-!)&!
DRD"!B9!+FF0%8)&3!:)8-!1%0-!',@*9!<-&,0-'!:%0!K+,0)<@(+J
,)%&!40%30+1#!;/-9!)&<(@*-l!E%@,/-0&!>)3/(+&*'!;-+</J
-0'!$%((-3-!+::)()+,-.!E-F)I!K+,0)<@(+,)%&!$-&,0-!:0+&</)'-.!
H0-3-0/+::-&! ;Z?;! E-<%&*+09J+::)()+,-.! a%@3+)&8)((-!
;-</&)<+(! $%((-3-J+::)()+,-.! M&',),@,-! %:! $%&,)&@)&3! +&*!
[(-O)B(-!?*@<+,)%&!6%0%I+J:0+&</)'-.!!Z+&)1%!E-<%&*+09!
E</%%(!+::)()+,-.!]+)+3+1!=FF0%F0)+,-!;-</&%(%39!$-&,0-!
V]=;$WJ:0+&</)'-.! K)&! $%11@&),9! ?*@<+,)%&! H-8-(%J
1-&,! E-08)<-'J:0+&</)'-.! 4%F%&*-,,+! E,@*9! $-&,0-!
J[0+&</)'-.! E%@,/! ?+',! K+,0)<@(+,)%&! $-&,0-J:0+&</)'-.!
+&*!6+2-(![0+&</)'-!E,@*9!$-&,0-J:0+&</)'-#!

%@<5:D!]@:4B=7CJC5@7!J76!%9@:=649=>

e%0IF(+<-!F%()<)-'!'-,!B%@&*+0)-'!+&*!3@)*-()&-'.!'/+F-!
/@1+&! B-/+8)%0.! +&*! *-1+&*! +! *)'<)F()&-*! <+@'-! %:!
+<,)%&!+,!,/-!A%0IF(+<-#!M&!()3/,!%:!,/)'.!,/-!H-F+0,1-&,!%:!
YF-&! +&*! H)',+&<-! ]-+0&)&3! /+'! *-8-(%F-*! '-8-0+(!
F%()<)-'! ,%! 3@)*-! +&*! )&:%01! *-<)')%&J1+I)&3#! ;/-9!
)&<(@*-l!
;/-! $-0,):)<+,)%&! +&*! 40%<-*@0-! 4%()<9.! ;/-! 4+91-&,!
4%()<9! :%0! H)',+&<-!K%*-! +&*! C-')*-&,)+(.! ;/-! ;-+</J
)&3J]-+0&)&3! \! =''-''1-&,! 4%()<9.! +&*! ,/-! H-:-00+(.!
e),/*0+A!\!C-:@&*!4%()<9#!

+B;<=B=7CJC5@7!%<J7!A@9!]0]3!PQPQLPQPR

d@',! ()I-! DRDR.! DRD"! *-1+&*-*! +! &-A! ',9(-! %:! *%)&3!
,/)&3'! )&! ,/-! H-F+0,1-&,#! =&! M1F(-1-&,+,)%&! 4(+&!
+FF-+()&3!,%!,/-!E,0+,-3)<!4(+&!%:!7&),-</!DRDRJDRDL!A+'!!
)1F(-1-&,-*!A),/!1-+'@0+B(-!+&*!+,,+)&+B(-!I-9!F-0:%0J
1+&<-!)&*)<+,%0'!,%!,0+<I!F0%30-''#!;/)'!4(+&!+()3&'!),'-(:!
,%!,/-!&+,)%&+(!+&*!3(%B+(!,0-&*'!)&!+<+*-1)+!A/)(-!,%&)&3!
*%A&! ,/-! 7&)8-0'),9f'! 4/)(%'%F/9.! Z)')%&.! +&*! K)'')%&!
',+,-1-&,'#!M,!:@0,/-0!F0%8)*-'!+!<(-+0!F+,/!A),/!,0+<-+B(-!
)&*)<+,%0'! :%0! ,/-! H-F+0,1-&,! ,%! :%((%A! )&! ),'! U@-',! :%0!
-O<-((-&<-!+&*!0-(-8+&<-#

;%!0-'F%&*!,%!,/-!&--*!:%0!</+&3-.!,/-!4(+&!,+I-'!',%<I!
%:!,/-!',0-&3,/.!A-+I&-''-'.!%FF%0,@&),)-'.!+&*!,/0-+,'!
+::-<,)&3! ,/-! H-F+0,1-&,! *)0-<,(9! +&*N%0! )&*)0-<,(9#! ;/)'!
4(+&!+('%!<%&,+)&'!+!C)'I!=''-''1-&,!+&*!K)&)1)2+,)%&!
4(+&!A/)</!F(+9'!+!8),+(!0%(-!)&!+(-0,)&3!,/-!)1F(-1-&,-0'!
%:!,/-!F%'')B(-!0)'I'!+&*!/%A!,%!1)&)1)2-!,/-1!V<%&8-0,J
)&3!,/0-+,'!)&,%!%FF%0,@&),)-'W!:%0!B-,,-0!0-'@(,'#
!!!!
2@7:<4>5@7

;/-!H-F+0,1-&,!%:!YF-&!+&*!H)',+&<-!]-+0&)&3!)'!*-,-0J
1)&-*!,%!@F30+*-!),'!B0+&*!&+1-!,%!,/-!-OF-<,-*!*-')0-*!
(-8-('! +'! +! <%1F-,),)8-! ',0+,-39! ,%! I--F! +:(%+,! +&*!
0-(-8+&,!)&!'%<)-,9#!;/-!H-F+0,1-&,!/+'!F@,!!A+',-J:0--!
%F-0+,)%&+(! F0%<-''-'.! ',-F! B9! ',-F! </+&3-'! )&! ,/-!
1%*@'! %F-0+&*).! +&*! +! 0-'@(,J%0)-&,-*! 1%,)8+,)&3!
+FF0%+</!+)1)&3!,%!0-<%3&)2-!',+::!A),/!'F-<)+(!,+(-&,'!)&!
-&3)&--0)&3! )&&%8+,)%&'! +&*! )&),)+,)8-'#! ;%! ,/)'! -&*.! M!
,/+&I! ,/-! +(@1&).! ',@*-&,'.! ',+::.! F+0,&-0'.! <%11@&),9.!
+&*! ,/-! E-&)%0! ?O-<@,)8-! K+&+3-1-&,! ;-+1! :%0! ,/-!
'@FF%0,!+<<%0*-*!,%!HYH]!9-+0!)&!+&*!9-+0!%@,#!

RV



POSTGRADUATE SCHOOL

;/-!456!7&)8-0'),9!%:!;-</&%(%39!V4567%;W!)'!,/-!%&(9!
,-</&%(%3)<+(! 7&)8-0'),9! )&! 456! +&*! ,/-! E%@,/! 4+<):)<!
M'(+&*! $%@&,0)-'.! B-')*-'! =@',0+()+! +&*! 5-A! t-+(+&*#!
a-<+@'-!%:! ,/)'!@&)U@-&-''.! ,/-!4567%;! )'!1)&*:@(! %:!
/-0! 'F-<)+(! 0-'F%&')B)(),9! ,%! F0%*@<-! F%',30+*@+,-'! ,%!
:@(:)((! 456! +&*! E%@,/! 4+<):)<! M'(+&*! $%@&,0)-'f! /@1+&!
0-'%@0<-'!*-1+&*'#!=<<%0*)&3(9.! ,/-!4567%;!0-1+)&'!
<%11),,-*! ,%! F0%1%,)&3! +! &+,)%&+((9! +&*! )&,-0&+,)%&+((9!
<%1F-,),)8-! 4%',30+*@+,-! F0%30+1! +&*! )&&%8+,)8-!
0-'-+0</! ,%A+0*! 'I)((-*!A%0I:%0<-! *-8-(%F1-&,! )&!456!
:%0!'@',+)&+B(-!*-8-(%F1-&,!+<0%''!,/-!'-<,%0'.!)&<(@*)&3!
+<+*-1)+#!;/-!4%',30+*@+,-!F0%30+1'!%:!,/-!7&)8-0'),9!
+0-!F(+9)&3!+!<0),)<+(!0%(-!)&!,/)'!0-3+0*!B9!F0%*@<)&3!TTG!
30+*@+&*'.!)&<(@*)&3!DL!4/H'.!')&<-!),'!)&<-F,)%&#!M&!()3/,!
%:! ,/-! 4567%;! E,0+,-3)<! 4(+&! DRDR! c! DRDL.! ,/-! 46!
E</%%(! +()3&-*! ),'! F0%30+1'! ,/0%@3/! ,/-! +<+*-1)<!
*-F+0,1-&,'#!
;/-! 46! E</%%(! )'! <%11),,-*! ,%! *)8-0'):9)&3! ,/-! 46!
F0%30+1'!,%!F0%8)*-!1%0-!</%)<-'!,%!,/-!',@*-&,'!B+'-*!
%&! ,/-! <%@&,09f'! &--*'! +&*! +<<-''! ,/0%@3/! *)',+&<-!
+&*N%0! /9B0)*! 1%*-(! F0%30+1! %::-0)&3'#! $@00-&,(9.! DR!
4/H.!GL!K+',-0'.!G!46!H)F(%1+.!+&*!D!46!$-0,):)<+,-.!
)&<(@*)&3! G! K+',-0f'! F0%30+1'! )&! *)',+&<-! 1%*-.! +0-!
+8+)(+B(-#!;/-!7&)8-0'),9!)'!)&!,/-!F0%<-''!%:!)&,0%*@<)&3!
1%0-!F0%30+1'! )&! ,/-!*)',+&<-!+&*N%0!/9B0)*!1%*-#! ! M&!
DRD".! LR! ',@*-&,'! 30+*@+,-*!A),/! 8+0)%@'!46!*-30--'.!
)&<(@*)&3!G!4/H'#;/)'!)'!,/-!(+03-',!4/H!<%/%0,!,%!30+*@J
+,-! )&! +! ')&3(-! +<+*-1)<! 9-+0#! ! ! ;/-! 30+*@+&*'! +('%!
)&<(@*-! ,/-! F)%&--0)&3! 30%@F! %:! :)8-! ',@*-&,'! :0%1! ,/-!
=FF()-*!4/9')<'!H-F+0,1-&,!)&!,/-!K+',-0!%:!;-</&%(%39!
)&!?OF(%0+,)%&!6-%F/9')<'!F0%30+1#!=((!,/-!46!',@*-&,'!
+0-!456!&+,)%&+('.! -O<-F,!%&-!',@*-&,! :0%1![)S).! @&*-0!
,/-!a@)(*)&3!7&)8-0'),9!])&I'!:%0!=<,)%&!Va7]=W.!'</%(+0J
'/)F!@&*-0!,/-!?7J:@&*-*!F0%S-<,'l!+&*!%&-!:0%1!5)3-0)+.!
=:0)<+.! A/%! 30+*@+,-*! A),/! +! K+',-0! %:! ?&3)&--0)&3! )&!
K-</+&)<+(!?&3)&--0)&3#!
>-!A+'!+!'</%(+0!%:!,/-!p@--&!?()2+B-,/!$%11%&A-+(,/!
E</%(+0'/)F'! F0%30+1! %:! ,/-! =''%<)+,)%&'! %:! ,/-!
$%11%&A-+(,/! 7&)8-0'),)-'! V=$7W#! ;/-! F0-'-&<-! %:!
',@*-&,'! :0%1! *)::-0-&,! F+0,'! %:! ,/-! A%0(*! F0%8)*-'! ,/-!
',@*-&,'!,/-!%FF%0,@&),9!,%!(-+0&!:0%1!-+</!%,/-0!B-9%&*!
<(+''0%%1!,-+</)&3!,%!-&0)</!,/-)0!<@(,@0-#!;/-!4567%;!
)'!+!F0%@*!1-1B-0!%:!=$7#!$Y56C=;7]=;MY5E!,%!+((!
,/-!30+*@+&*'.!+&*!A-!+0-!F0%@*!%:!,/-1#
H@-!,%!3(%B+()2+,)%&.!,/-!0+F)*!</+&3-'!)&!,-</&%(%3)-'.!
+&*!<%1F-,),)%&.!,/-!F%',30+*@+,-!',@*)-'NF0%30+1!+,!,/-!
7&)8-0'),9! )'! +! &-<-''),9.! &%,! +! (@O@09#! 4%',30+*@+,-!
-*@<+,)%&!+&*! )&&%8+,)8-! 0-'-+0</!+0-! ,/-!1%',! <0@<)+(!
+FF0%+</-'!,%!0-1+)&!+,!,/-!,%F!%:!I&%A(-*3-!-8%(@,)%&!
+&*!+<<-(-0+,-*!,-</&%(%3)<+(!</+&3-#!=*8+&<-*!I&%A(J
-*3-.! )&&%8+,)8-! +&*! <@,,)&3J-*3-! ,-</&%(%3)-'.! +&*!
'I)(('! +0-! <0),)<+(! -(-1-&,'! %:! +! <%@&,09f'! '@',+)&+B(-!
-<%&%1)<! 30%A,/#! ;/-! 7&)8-0'),9! )&,-&*'! ,%! B-! ,/-!
,-</&%(%3)<+(! I&%A(-*3-! /@B! ,%! '-08-! ,/-! &+,)%&! :%0!
'@',+)&+B(-!&+,)%&+(!*-8-(%F1-&,#!

;/-!F%',30+*@+,-!',@*)-'.!0-'-+0</.!+&*!)&&%8+,)%&'!3%!
/+&*!)&!/+&*#!e),/%@,!0-'-+0</.!,/-0-!A)((!B-!&%!)&&%8+J
,)%&! +&*.! @(,)1+,-(9.! &%! &+,)%&+(! *-8-(%F1-&,#! Y&! ,/-!
%,/-0! /+&*.! A),/! 0-'-+0</! +&*! )&&%8+,)%&.! ,/-! <%@&,09!
A%@(*!/+8-!+!<%1F-,),)8-!+*8+&,+3-!%8-0!%,/-0!&+,)%&'#!

RY



;%! B-,,-0! <%%0*)&+,-! ,/-! %@,<%1-'! %:! 46! ',@*)-'.!
0-'-+0</.! )&&%8+,)%&.! +&*! F@B()<+,)%&'.! 4%',30+*@+,-!
$%11),,--.! C-'-+0</.! +&*! 4@B()<+,)%&! <%11),,--'! +0-!
1-03-*! )&,%! +! ')&3(-! <%11),,--.! ,/-! 4%',30+*@+,-!
E,@*)-'.!C-'-+0</!+&*!M&&%8+,)%&!$%11),,--!V4EC\M$W#!
;/-!4EC\M$!/+*!&-A!,-01'!%:!0-:-0-&<-!V;YC'W!,/+,!+0-!
,+03-,-*!+&*!0%B@',!,%!:@(:)((!,/-!%BS-<,)8-'!%:!,/-!E,0+,-3)<!
4(+&! ,%! B@)(*! 'I)((-*! /@1+&! <+F+<),9.! -1F%A-0! ,/-!
9%@,/'.!0-*@<)&3!,/-!3-&*-0!3+F!,%!+</)-8-!Z)')%&!DRTR!
,%!<0-+,-!+!'1+0,.!A)'-.!:+)0.!/-+(,/9.!+&*!/+FF9!'%<)-,9#!
M&!DRD".!,/-!7&)8-0'),9!+((%<+,-*!kTR_.RRR!,%!,/-!4EC\M$!
,%!'@FF%0,!',+::!+&*!',@*-&,'f!0-'-+0</.!<%&:-0-&<-!+,,-&J
*+&<-.! -,<#! ;/)'! B@*3-,! A+'! LLm! /)3/-0! ,/+&! DRDR.!
*-1%&',0+,)&3!F0%1)'-'!,%!'@FF%0,!46!',@*)-'.!0-'-+0</.!
+&*! )&&%8+,)%&! ,%! B-<%1-! +! ,-</&%(%3)<+(! I&%A(-*3-!
/@B#!;/-!@&)8-0'),9!+<+*-1)<!',+::!+&*!',@*-&,'!+0-!8-09!
F0%+<,)8-!,%!+,,0+<,!:@&*!:0%1!%@,')*-!'%@0<-'#
M&! DRD".! 40%:-''%0! t/+%/+%! E@&.! H-F+0,1-&,! %:!
a@')&-''!E,@*)-'.!H0!4+,0)<I!K)</+-(.!=30)<@(,@0-!H-F+0,J
1-&,.!+&*!?',/-0!;@A-9%!H@S+1B).!+&!K4/)(!',@*-&,!+,!
,/-!=FF()-*!E<)-&<-'!H-F+0,1-&,!A-0-!0-<)F)-&,'!%:!,/-!
0-'-+0</! :@&*)&3! :0%1!,/-!456!C-'-+0</.!E<)-&<-!+&*!
;-</&%(%39!E-<0-,+0)+,#
C-+()2)&3!,/-!)1F%0,+&<-!%:!)&&%8+,)%&!+&*!-&,0-F0-&-@0J
'/)F! )&! '@',+)&+B(-! '%<)+(! *-8-(%F1-&,.! ,/-! 4EC\M$!
<%&',),@,-*!+!'@BJ<%11),,--!%&!M&&%8+,)%&!,%X

)#! $%&*@<,! +! ,/%0%@3/! B+'-()&-! 0-8)-A! +&*! 0-F%0,! ,/-!
<@00-&,!',+,-!%:!0-'-+0</!+&*!)&&%8+,)%&.

))#! H-8-(%F! +&! )&',),@,)%&+(! 0-3)',-0! +&*! )&8-&,%09! %:! +((!
F+,-&,'.!<%F90)3/,'.!+&*!&%,+0)-'!%&!0-'-+0</!+&*!)&&%8+J
,)%&.!+&*

)))#! H-8-(%F! +! 0%+*! 1+F! +&*! ',0+,-3)<! :0+1-A%0I! :%0!
<@,,)&3J-*3-! 0-'-+0</! +&*! )&&%8+,)%&.! +&*! +! F(+&! :%0!
(-8-0+3)&3!,/)'!,%!F0%8)*-!'%(@,)%&'!:%0!'%<)-,9#

C-'-+0</!F@B()<+,)%&'!+0-!%:!)11-&'-!8+(@-!,%!,/-!<+0--0!
%:! +<+*-1)<'#! ;%! +<<-(-0+,-! +<+*-1)<! F@B()<+,)%&'.!
F+0,)<@(+0(9! :%0! -&<%@0+3)&3! 9%@&3! +<+*-1)<'.! ,/-!
=<+*-1)<!a%+0*!+FF0%8-*!,/-!)&,0%*@<,)%&!%:!+!1@(,)*)'<)J
F()&+09!)&J/%@'-!+<+*-1)<!S%@0&+(#!;/)'!A)((!%F-0+,-!@&*-0!
+&! -*),%0)+(! B%+0*! +(%&3')*-! ,/-! %,/-0! *-F+0,1-&,+(!
S%@0&+('#!M&!DRD".!',+::!+&*!',@*-&,'!F@B()'/-*!hi!F--0J0-J
8)-A-*! S%@0&+(! +0,)<(-'.! '-8-0+(! B%%INB%%I! </+F,-0'.!
<%&:-0-&<-!F0-'-&,+,)%&'.!+&*!%,/-0!F@B()<+,)%&'#!

;/-!46!40%30+1!A+'!:@0,/-0!)&8)3%0+,-*!')&<-!DRRT!A),/!
,/-! )&,0%*@<,)%&! %:! ,/-!60+*@+,-!='')',+&,'/)F!40%30+1!
V6=4W! E</%(+0'/)F! E</-1-! ,%! +,,0+<,! /)3/(9! ,+(-&,-*!
',@*-&,'! ,%! <%&,)&@-! ,/-)0! ',@*)-'! +,! ,/-! 1+',-0f'! +&*!
*%<,%0+(!(-8-('.!+&*!,/-!&@1B-0'!<%&')',-&,(9!)&<0-+'-*#!
M&!DRD".!"T!6=4!'</%(+0'/)F'!A-0-!+A+0*-*!,%!K+',-0Q'!
',@*-&,'#! ;A-(8-! V"DW! K+',-0Q'! ',@*-&,'! A-0-! +('%!
'@<<-'':@(! )&! '-<@0)&3! (%+&! ,/0%@3/! >)3/-0! ?*@<+,)%&!
]%+&! 40%30+1! V>?]4W#! ;/-! >?]4! F0%30+1! <%@(*! B-!
)&',0@1-&,+(! )&! ',0-&3,/-&! F%',30+*@+,-! ',@*)-'! +&*!
0-'-+0</#!

;/-! 4%',30+*@+,-! E</%%(! /+'! B--&! %03+&)2)&3! ,/-!
=&&@+(! 4%',30+*@+,-! C-'-+0</! E-1)&+0! ')&<-! DR""! ,%!
'/%A<+'-!46!',@*)-'!+&*!0-'-+0</!<+F+B)(),)-'.!<%11@J
&)<+,)%&! +&*! F0-'-&,+,)%&! 'I)(('.! +&*! *)''-1)&+,)%&! %:!
0-'-+0</!:)&*)&3'!,%!,/-!B0%+*-0!<%11@&),9.!+!/+((1+0I!%:!
,/-!4567%;#!7&:%0,@&+,-(9.!*@-!,%!$YZMHJ"i.! )&!DRD".!
&%! 0-'-+0</! '-1)&+0! A+'! %03+&)2-*.! /%A-8-0.! -+</!
=<+*-1)<! H-F+0,1-&,! %::-0)&3! ,/-! 46! F0%30+1'!
%03+&)2-*!,/-!0-'-+0</!'-1)&+0!+,!,/-!H-F+0,1-&,!(-8-(#!!
!
='!+!F+0,!%:!)&,-0&+,)%&+()2+,)%&.!;/-!4567%;!)'!+!F+0,&-0!
,%!,/-!7&)8-0'),9!%:!Z+((+*%()*.!EF+)&.!+&*!,/-!7&)8-0'),9!%:!
4%0,%.! 4%0,@3+(.! @&*-0! ,/-! ?7J:@&*-*! 40%S-<,! ?C=EJ
K7EJ4(@'#!;/-!4567%;!+('%!/+'!B)(+,-0+(!+30--1-&,'!
A),/!'-8-0+(!@&)8-0'),)-'!)&!=@',0+()+.!M&*)+.!d+F+&.!$/)&+.!
[)S).!C%1+&)+.!+&*!$2-</!C-F@B()<!:%0!',+::N',@*-&,!1%B)(J
),9#!
!
! RZ



 INFORMATION & COMMUNICATION 
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;/-!H-F+0,1-&,!%:! M&:%01+,)%&!\!$%11@&)<+,)%&!;-</J
&%(%39!E-08)<-'!VM$;EW!%:!456!7&)8-0'),9!%:!;-</&%(%39!
)'!+!@&),!@&*-0!,/-!Z)<-!$/+&<-((%0Q'!H-F+0,1-&,#!M,!/+'!
B)3!*0-+1'!+&*!+!8)')%&!0-U@)0)&3!@&()1),-*!-&,/@')+'1!,%!
+**0-''! </+((-&3-'! +&*! :%',-0! )&&%8+,)%&#! ;/-! ,-+1.!
,/-0-:%0-.! (-+*'! ,/-! ,0+&':%01+,)%&! %:! 4567%;! )&,%! +&!
M$;J-&+B(-*! @&)8-0'),9! ,/0%@3/! ,-</&%(%39J(-8-0+3-*!
'-08)<-! *-()8-09.! F0%1%,)&3! '-08)<-! -O<-((-&<-#!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
;/-!*-F+0,1-&,!',0)8-'!,%!F0%8)*-!+&!-&8)0%&1-&,!<%&*@J
<)8-!,%!+*1)&)',0+,)%&.!(-+0&)&3.!,-+</)&3.!+&*!0-'-+0</!)&!
,/-! ,A-&,9J:)0',! <-&,@09#! =B%8-! +((.! ,/-! *-F+0,1-&,!
B-()-8-'!)&!,-+1A%0I!,%!*-()8-0!8+(@-!+&*!-O<-((-&<-!,%!+((!
<@',%1-0'#

,5>5@7

;/-! M$;E! H-F+0,1-&,! A)((! F0%8)*-! +! :-+,@0-J0)</.!
)&,-30+-*.!'@FF%0,+B(-.!+&*!'-<@0-!,-</&%(%3)<+(!-&8)0%&J
1-&,!3)8)&3!',+::!+&*!',@*-&,'!'-+1(-''.!+&9! ,)1-.!+&9!
F(+<-.! +<<-''! ,%! ,/-! M&:%01+,)%&! ;-</&%(%39! 0-'%@0<-'!
,/+,!'@FF%0,!+&*!-&/+&<-!,/-)0!+<,)8),)-'#

M5>>5@7

;%! %::-0! /)3/JU@+(),9! M$;E! '9',-1'! +&*! '-08)<-'! ,/+,!
'@FF%0,! ,-+</)&3.! (-+0&)&3.! 0-'-+0</.!+&*!+*1)&)',0+,)%&!
,/0%@3/!/)3/(9!'I)((-*!+&*!1%,)8+,-*!',+::#

*456578!%957:5;<=>

;/-!M$;E!H-F+0,1-&,!)'!<%11),,-*!,%!,/-!:%((%A)&3!'-,!%:!
3@)*)&3!F0)&<)F(-'

r!;/-! M$;E!H-F+0,1-&,! 0-<%3&)2-'! ,/-!',0+,-3)<! )1F%0J
,+&<-!%:!)&:%01+,)%&!,-</&%(%39!+&*!)'!F0-F+0-*!,%!)&8-',!
)&!,/-!<%&,)&@+(!*-8-(%F1-&,!%:!),'!M;!0-'%@0<-'

r!;/-! M$;E!H-F+0,1-&,!',0)8-'! :%0! <%&,)&@%@'! )1F0%8-J
1-&,! )&! ,/-!+0-+!%:! <%11@&)<+,)%&!\!*-8-(%F'!F%()<)-'!
+&*!',0+,-3)-'!,/+,!A)((!3%8-0&!,/-!@'-!%:!M;!+&*!F0%8)*-!
*)0-<,)%&!%&!,/-!'@FF%0,!%:!M;!0-'%@0<-'

r!;/-!M$;E!H-F+0,1-&,!'--'!8+(@-!:%0!1%&-9!+'!+&-'J
'-&,)+(!<%&')*-0+,)%&!)&!+((!M;!)&8-',1-&,'!+&*!A)((!'--I!,%!
,+I-!+*8+&,+3-!%:!-<%&%1)-'!%:!'<+(-!+&*!'%(@,)%&'!,/+,!
0-*@<-!%8-0+((!'@FF%0,!<%','!A/-0-8-0!F%'')B(-

r!;/-!M$;E!H-F+0,1-&,!A)((!)1F(-1-&,!)&*@',09',+&*+0*'.!
B-',!F0+<,)<-'.!+&*!'@FF%0,+B(-!'%(@,)%&'

r! ;/-! 7&)8-0'),9! A)((! F0%1%,-! +&! M$;! E-08)<-! -,/%'!
'@FF%0,-*!B9!,/-!1%',!+FF0%F0)+,-!,-</&%(%39!

R[



'-08)<-! *-()8-09.! F0%1%,)&3! '-08)<-! -O<-((-&<-#!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

MJO@9!2GJ78=>!57!CG=!+2".

M&!DRD".!4567%;!K+&+3-1-&,!+FF%)&,-*!+!&-A!H)0-<,%0!
%:!M$;E.!C@''-((!H-I+!>=C=H=.!:0%1!,/-!456!7&)8-0'),9!
%:!5+,@0+(!C-'%@0<-'!+&*!?&8)0%&1-&,!V45675C?W#!
K0! >+0+*+! A+'! +('%! ,/-! ,-+1! (-+*-0! %:! 75M"R! +:,-0!
40%Z$! V=<+*-1)<W.! H0! =@3@',)&-! K%'/)! 0-,)0-*#! M&!
+**),)%&.!M$;!K+&+3-0!a)((!;%1%&!0-<-)8-*!+!'</%(+0'/)F!
:%0!/)'!4/H!',@*9!)&!M&*)+!+&*!(-:,!*@,9!)&!d@(9#
!
&:G5=F=B=7C>!A@9!PQPS

;/-0-!+0-! '-8-0+(! +</)-8-1-&,'! ! ,/)'! 9-+0.! *-'F),-! ,/-!
(+<I!%:!/@1+&!0-'%@0<-'!+&*!$%8)*J"i!0-',0)<,)%&'#!;/)'!
9-+0!A+'!!</+((-&3)&3!,%!)1F0%8-!'-08)<-!:%0!',@*-&,'!+&*!
',+::.!B@,!%&(9!!+!:-A!1)(-',%&-'!A-0-!+</)-8-*#!a-(%A.!)'!
+!'@11+09!%:!%@0!+</)-8-1-&,'!)&!DRD"#

-=6476J7:D!+7C=97=C!.=9F5:=!e.;==6:J>Cf

M&',+((+,)%&!E7E7!$+1F@'!M&,-0&-,

r!75M"R!)1F(-1-&,+,)%&!+&*!ECENYCE!'9',-1!%F-0+,)%&
r!M1F0%8-!H)3)<-(!+&*!;-()I%1Na1%B)(-!<%8-0+3-
r!=,,-&*)&3!5+,)%&+(!M$;!'@11),!+&*!F0-'-&,+,)%&!F+F-0!
VY&()&-W! E,+0,! ,%! 0-8)-A! #F3! *%1+)&! F%()<9! 40%8)*)&3!
]+F,%F'!:%0!=((!5-A!C-3)',-0-*!E,@*-&,'!M1F(-1-&,+,)%&!
%:!]=5!7F30+*)&3!40%S-<,!V4/+'-!D#"WC-'%@0<-!V>C!+&*!
[)&+&<-W!1+&+3-1-&,!40-F+0)&3!:%0!Y&()&-!?*@<+,)%&!)&!
DRDD

%9@N<=B>!J76!2GJ<<=78=>!=7:@47C=9=6!J76!-=:@BL
B=76JC5@7>!A@9!5B;9@F=B=7C

M&!DRD".!A-!/+8-!'-8-0+(!*)::)<@(,)-'!+&*!</+((-&3-'#
!
q!$%&,)&@-'!4%A-0!40%B(-1
q!40)1+09!M&,-0&-,!])&I!VH+,+<%!Y46e![)B0-W!<@,!%::!+&*!
!!!()1),-*!+<<-''!%:!e)[)!=<<-''!4%)&,
q!>C!K+&+3-1-&,!V)$/0)'W!+&*!E,+::!;0+)&)&3
q! -]-+0&)&3! V]-+0&)&3! K+&+3-1-&,! E9',-1X! ]KE.!!
K%%*(-.!+&*!6%%3(-!$(+''0%%1W
q! E,@*-&,! K+&+3-1-&,! E9',-1! V75M"RW! ?00%0! ,A)<-.!
Y&()&-!C-3)',0+,)%&!+&*!K?C!?00%0'!V=''-''1-&,W

)JD!A@9KJ96

5-O,!9-+0!VDRDDW.!A-!&--*!,%!:)O!,/-!40)1+09!M&,-0&-,!])&I!
A),/!+!0-*@&*+&<9!<%&&-<,)%&!:)0',.!,/-&!,+03-,!,%!)&<0-+'-!
,/-! a+&*A)*,/! :0%1! ,/-! <@00-&,! DRRKBF'! ,%! TRRKBF'#!
]=5!7F30+*-!40%S-<,!V4/+'-!DW!1@',!<%1F(-,-!-+0(9!&-O,!
9-+0! +&*! 1%8-! :%0A+0*! ,%! 4/+'-G.! A/)</! <%8-0'! +((!
E,@*-&,'! H%01),%0)-'! +&*! E,+::! C-')*-&<-'! A),/! [)B0-!
$+B(-! +&*! e)[)! =<<-''! 4%)&,#! e),/! M$;E! %F-0+,)%&!
'1%%,/(9.!A-!&--*!,%!0-<0@),!1%0-!U@+():)-*!9%@&3!A%1-&!
+&*!,-+1!(-+*-0'!@&*-0!%@0!*-F+0,1-&,#

c468=C!e-=F=74=!J76!$E;=7>=>f

$@00-&,(9.! ,/-! M$;E!*-F+0,1-&,! )'!+!<%',)&3!<-&,0-#!e-!
'F-&,!+!(%,!%:!1%&-9!%&!M&,-0&-,!<%&&-<,)%&V'W#!=('%.!A-!
F@0</+'-*! '%1-! <+F),+(! ),-1'.! E,@*-&,! ]+F,%F'.! +&*!
%,/-0!%F-0+,)%&+(!<%','.!1%0-!,/+&!+!:-A!1)(()%&!k)&+!A-!
'F-&*!-8-09!9-+0#!M&!,/-!:@,@0-.!A-!A)((!1+I-!1%0-!

0-8-&@-.! F0)1+0)(9! :0%1! H5E! V#F3! *%1+)&W! +&*! ?E7!
V?(-<,0)<+(!E-08)<-!7&),W#!=,!,/)'!1%1-&,.!+((!M$;!0-(+,)8-!
6?! V6-&-0+(! ?OF-&'-'W! %0*-0'! 1@',! B-! -&*%0'-*! B9!
H)0-<,%0.! M$;E#! >%A-8-0.! ,)((.! :0%1! &-O,! 9-+0.! A-! A)((!
)&,0%*@<-! M$;! ),-1'! ,%!$-&,0+(!40%<@0-1-&,!4%()<9! +&*!
F@0</+'-! ),-1'! ()I-!H-'I,%F!4$.!74E.! (+F,%F'.!40)&,-0.!
40%S-<,%0.!+&*!%,/-0! M$;! ),-1'!B9! ,/-! M$;E!*-F+0,1-&,!
+&*!*)',0)B@,-!,/-1!,%!,/-!+<+*-1)<!+&*!'@FF%0,!*-F+0,J
1-&,'#
M&,-0&-,! a)((.! )&<(@*)&3! >%H'! $76! 4%',F+)*.! E,@*-&,!
H+,+.!)'!,/-!/)3/-',!+1%@&,!A-!'F-&*!-8-09!9-+0#!VY8-0!
k"#D1)(! :0%1!=F0)(!DRD"!,%!H-<-1B-0!DRD"W#!;/)'! )'! ,/-!
*-,+)('! %:! F+91-&,! :%0! -+</! '-08)<-! F0%8)*-0! B9! -+</!
1%&,/#!!!
M&!DRD".!A-!'F-&,+! (%,!%:! ,)1-!+&*!1%&-9!VkLT.^GR#LRW!
:%0!@F30+*)&3!,/-!]=5!40%S-<,!V4/+'-!MMW!:%0!,/-!:%((%A)&3!
=<+*-1)<!H-F+0,1-&,V'W#

H-F+0,1-&,!%:!a@')&-''!E,@*)-'!VHaEW
H-F+0,1-&,!%:!=0</),-<,@0-!\!$%&',0@<,)%&!K+&+3-1-&,
H-F+0,1-&,!%:!E@08-9)&3!+&*!]+&*!E,@*)-'
H-F+0,1-&,!%:!$%11@&)<+,)%&!:%0!H-8-(%F1-&,!E,@*)-'!!
H-F+0,1-&,!%:!=30)<@(,@0-

#4BJ7!-=>@49:=>

7&*-0!,/-!M$;E!E,+::!-',+B()'/1-&,.!A-!/+8-!GRO!-',+BJ
()'/-*! F-01+&-&,! F%'),)%&'#! M&!=F0)(! DRD".!A-!%<<@F)-*!
DLO! 4-01+&-&,! E,+::! +&*! GO! ;-1F%0+09! ',+::! F%'),)%&J
'A),/! +! +! ,%,+(! &@1B-0! %:! D_#! TO! 4-01+&-&,! E,+::!
F%'),)%&V'W! +0-! 8+<+&,.! DO! F%'),)%&'!+0-!1%8-*! ,%! %,/-0!
*-F+0,1-&,'!V40%S-<,!%::)<-!+&*!Z$Q'!%::)<-W#a9!,/-!-&*!%:!
DRD".!,/-!',+::!&@1B-0!A+'!0-*@<-*!,%!,%!DLO!B-<+@'-!%:!
0-,)0-1-&,.!0-')3&+,)%&!%&!F-0'%&+(!30%@&*!+&*!*-+,/!*@-!
,%!*@-! ,%!')<I&-''#!e-!+0-! )&! ,/-!F0%<-''!%:! 0-8)-A)&3!!
M$;E! ',+::)&3! ',0@<,@0-.! '%! ,/+,! )&! DRDD! A-! <+&! 0-<0@),!
:0-'/.!9%@&3!+&*!-&-03-,)<!7&),-</!30+*@+,-!,%!,/-!M$;E!
*-F+0,1-&,#!

+B;J:C!%9@O=:C!+2".!57!PQPP

M&!DRDD.!A-!/+8-!,%!)1F(-1-&,!1+&9!M$;J0-(+,-*!)1F+<,J
F0%S-<,V'W!+'!B-(%AX!

r! =<+*-1)<! H-F+0,1-&,V'W.! ]=5! 7F30+*-! 40%S-<,!
V4/+'-D#D!,%!D#TW
r!H)3)<-(!L6!;%A-0!M&',+((+,)%&
r!YCENECE!+&*!75M"R!1)30+,)%&!+&*!)1F(-1-&,+,)%&
r!5-A!k%/+!])B0+09!E-08-0
r!Y&()&-!?*@<+,)%&!(+@&</)&3!M&,-0&-,!+<<-''!:%0!k@&*)+J
A+!VE7E7W!<+1F@'
r!#F3!*%1+)&!F%()<9!0-8)-A!+&*!*%!1%0-!1+0I-,)&3
r!40-F+0-!:%0!,/-!&-A!YF-&!$+1F@'!V4%0,!K%0-'B9W!
r!E-,!@F!+&!M$;!EK?!M&<@B+,%0!>@B
r!]+B!4$!0-F(+<-1-&,

2@7:<4>5@7

e-!+<I&%A(-*3-*!7&)8-0'),9!1+&+3-1-&,!0-<0@),-*!+&*!
+FF%)&,-*!+!&-A!H)0-<,%0#!M,!A+'!+!0)3/,!1%8-!,%!(-+*!,/-!
M$;EJ0-(+,-*! +<,)8),)-'#! ! M$;E! )'! ,/-! -&3)&-! 0%%1! %:!
+<+*-1)<!+&*!'-08)<-!+<,)8),)-'!%:!,/-!@&)8-0'),9#!e-!',)((!
/+8-! %@,',+&*)&3! F0%S-<,'! ,%! 'F--*! @F! ,/-! F0%<-''! ,%!
*-()8-0!+!B-,,-0!?*@<+,)%&!A),/!M$;!;-</&%(%3)-'#!

!
R\



RESEARCH CENTRES 



UNITECH BIOTECHNOLOGY CENTRE

$g$2'"+,$!.'MM&-/

;/)'! 0-F%0,! <%8-0'! 0-'-+0</! +&*! *-8-(%F1-&,! A%0I! )&!1%*-0&! B)%,-</&%(%39! ,/+,! )'! B-)&3! @&*-0,+I-&! +,! ,/-!75M;?$>!
a)%,-</&%(%39!$-&,0-! V7a$W#!;/-!$-&,0-!+)1'! ,%!@'-!B)%,-</&%(%39! ,%%('! ,%!-&/+&<-!+30)<@(,@0+(!F0%*@<,)%&! ,%!+((-8)+,-!
F%8-0,9!+&*!)1F0%8-!()8-()/%%*'!)&!4+F@+!5-A!6@)&-+!V456W#!;/-!(+B%0+,%09!:+<)(),)-'!+0-!+('%!@'-*!:%0!@&*-030+*@+,-!+&*!
F%',30+*@+,-!,-+</)&3!+&*!0-'-+0</#!;/-!0-'-+0</!+&*!*-8-(%F1-&,!%BS-<,)8-'.!<@00-&,!+&*!F%,-&,)+(!0-'-+0</.!+&*!*-8-(%FJ
1-&,+(!%FF%0,@&),)-'!+0-!%@,()&-*#!$%((+B%0+,)%&'!B-,A--&!=<+*-1)<!H-F+0,1-&,'!+&*!C-'-+0</!$-&,0-'!%:!,/-!456!7&)8-0J
'),9! %:! ;-</&%(%39! V4567%;W! +&*! %,/-0! 3%8-0&1-&,! H-F+0,1-&,'! +&*! M&',),@,)%&'! )&! 0-'-+0</! +&*! &+,)%&+(! )''@-'! +0-!
/)3/()3/,-*#!;/-!7a$!;-</&)<+(!=*8)'%09!$%11),,--!V7;=$W!A+'!*0+A&!:%0!*-()B-0+,)%&!)&!,/-!:)0',!7;=$!1--,)&3!)&!DR"L#!
5@1-0%@'!</+((-&3-'!,/+,!'/%@(*!%,/-0A)'-!3)8-!7a$!+!<%1F-,),)8-!-*3-!)&!0-'-+0</!+&*!*-8-(%F1-&,!+&*!'-(:J'@',-&+&<-!
+0-!+<I&%A(-*3-*#!;/-9!+0-!F)8%,+(!)&!'-,,)&3!,/-!)1F-,@'!,%!8-&,@0-!)&,%!<%((+B%0+,)8-!C\H!F0%S-<,'!A),/!8+0)%@'!',+I-/%(*J
-0'!'@</!+'! ,/-![0-'/!40%*@<-!H-8-(%F1-&,!=3-&<9!+&*! ,/-!+''%<)+,-*!0-8-&@-!3-&-0+,)%&!+<,)8),)-'.! ! ,/-!456!$%<%+!
a%+0*.!,/-!k%I%&+'!M&*+',0)!k%F%0-'-&.!+&*!,/-!YI!;-*)!H-8-(%F1-&,![%@&*+,)%&.!,%!&+1-!+!:-A#

ST!!%-$&Mc3$

;/-!75M;?$>!a)%,-</&%(%39!$-&,0-! V7a$W!A+'! !-',+(J
)'/-*!B9!,/-!$%@&<)(!%:!,/-!4+F@+!5-A!6@)&-+!V456W7&)J
8-0'),9!%:!;-</&%(%39!V4567%;W!)&!"ii_!)&!0-<%3&),)%&!%:!
,/-!)11-&'-!0%(-!,/+,!1%*-0&!B)%,-</&%(%39!<%@(*!F(+9!)&!
<%&,0)B@,)&3!,%!&+,)%&+(!*-8-(%F1-&,#!;/-!7a$!)'!/%@'-*!
)&!,/-!=30)<@(,@0-!H-F+0,1-&,!%:! ,/-!4567%;#!=*1)&)'J
,0+,)8-(9.! ,/-!7a$! )'! 3%8-0&-*!B9!+!;-</&)<+(!=*8)'%09!
$%11),,--! V7a$;=$W.+&*! )'!1+&+3-*!B9! ,/-!H)0-<,%0.!
A/%! 0-F%0,'! *)0-<,(9! ,%! ,/-!>-+*! %:! =30)<@(,@0-!H-F+0,J
1-&,!+&*!,/-!H-F@,9!Z)<-!$/+&<-((%0#!
;/-! :%<@'! %:! ,/-! 7a$! )'! %&! 1%*-0&! B)%,-</&%(%39#!
a)%,-</&%(%39!)'!+!B0%+*!,-01!:%0!+!30%@F!%:!,-</&%(%3)-'!
B+'-*! %&! +FF(9)&3! B)%(%3)<+(! F0%<-''-'#! M,! /+'! *)8-0'-!
+FF()<+,)%&'! )&! 1-*)<)&-.! +30)<@(,@0-.! :%%*! F0%<-'')&3.!
1+&@:+<,@0)&3.! +&*! -&8)0%&1-&,+(! 1+&+3-1-&,#! ;/-!
,-01! v1%*-0&! B)%,-</&%(%39v! )'! @'-*! ,%! *)',)&3@)'/!
0-<-&,.0-'-+0</JB+'-*!+<,)8),)-'! :0%1! ,0+*),)%&+(! :-01-&J
,+,)%&! ,-</&%(%3)-'! '@</! +'! B0-+*.! </--'-.! %0! B--0!
1+I)&3.!+&*!+&)1+(!+&*!F(+&,!B0--*)&3.!A/)</!A-0-!,/-!
:)0',! -O+1F(-'! %:! B)%,-</&%(%39#! K%*-0&! B)%,-</&%(%39!
)&<(@*-'! +! 0+&3-! %:! ,-</&)U@-'! :0%1! 0-<%1B)&+&,! H5=!
,-</&%(%39.!1%(-<@(+0!+&*!<-((@(+0!B)%(%39.!B)%</-1)',09.!
+&*! )11@&%(%39! ,%! )&:%01+,)%&! ,-</&%(%39#! 6-&-!
,-</&%(%39!)'!+!'F-<):)<!'@B'-,!%:!B)%,-</&%(%39!B+'-*!%&!
,/-! 1+&)F@(+,)%&! +&*! 1%*):)<+,)%&! Vv0-<%1B)&+,)%&vW! %:!
,/-!3-&-,)<!1+,-0)+(!%:! ()8)&3!%03+&)'1'! ,%!*-8-(%F!&-A!
</+0+<,-0)',)<'.!F0%<-''-'.!+&*!F0%*@<,'#a)%,-</&%(%39!)'!
+!F%A-0:@(!-&+B()&3!,-</&%(%39!A),/!+FF()<+,)%&'!,/+,!<+&!
0-8%(@,)%&)2-!1+&9!)&*@',09!'-<,%0'.!)&<(@*)&3!+30)<@(,@0-.!
:%0-',09.!:)'/)&3.!F/+01+<-@,)<+('!+&*!/-+(,/.!</-1)<+('.!
,-O,)(-'.! :%%*! F0%<-'')&3.! -&8)0%&1-&,+(! )&*@',0)-'.!
-&-039.!+&*!1)&)&3#

PT!!,+.+0(

=&!+FF0%F0)+,-!8)')%&!:%0!,/-!7a$!,/+,!-&<%1F+''-'!,/-!
&+,)%&Q'!<@00-&,!*-8-(%F1-&,+(! )''@-'! )&! ,/-!:+<-!%:! ,/-!
</+&3)&3!<()1+,-!)'!`,%!B-!(-+*-0'!)&!,/-!@'-!%:!+30)<@(,@0J
+(!B)%,-</&%(%39!,%!)1F0%8-!()8-()/%%*'b#

UT!M+..+0(

;/-! 7a$! ',0)8-'! ,%! +<<%1F()'/! /)3/JU@+(),9! 0-'-+0</.!
,0+)&)&3.! +&*! *-8-(%F1-&,! %@,<%1-'! A),/! +&! -&,0-F0-J
&-@0)+(!</+0+<,-0)',)<! ,/+,!-1F/+')2-'! ,/-!+FF()<+,)%&!%:!
+30)<@(,@0+(!B)%,-</&%(%39!)&!+**0-'')&3!)''@-'!+''%<)+,J
-*!A),/! :%%*!+&*! ()8-',%<I!F0%*@<,)%&.! :%0-',09.!+&*! ,/-!
-&8)0%&1-&,!)&!456#

RT!0-*&(+.&"+0(&3!."-'2"'-$

;/-! 75M;?$>! a)%,-</&%(%39! $-&,0-! V7a$W! A+'!
-',+()'/-*! B9! ,/-! $%@&<)(! %:! ,/-! 4+F@+! 5-A! 6@)&-+!
V456W! 7&)8-0'),9! %:! ;-</&%(%39! V4567%;W! )&! "ii_! )&!
0-<%3&),)%&!%:!,/-!)11-&'-!0%(-!,/+,!1%*-0&!B)%,-</&%(%J
39!<%@(*!F(+9!)&!<%&,0)B@,)&3!,%!&+,)%&+(!*-8-(%F1-&,#!;/-!
7a$!)'!+!$-&,0-!)'!/%@'-*!)&!,/-!=30)<@(,@0-!H-F+0,1-&,!
%:!,/-!4567%;#!=*1)&)',0+,)8-(9.!,/-!7a$!)'!3%8-0&-*!B9!
+! ;-</&)<+(! =*8)'%09! $%11),,--! V7a$;=$W.! +&*! )'!
1+&+3-*!B9!,/-!H)0-<,%0.!A/%!0-F%0,'!*)0-<,(9!,%!,/-!>-+*!
%:!=30)<@(,@0-!H-F+0,1-&,!+&*!,/-!H-F@,9!Z)<-!
$/+&<-((%0#

VT! "#$! 'c2! "$2#(+2&3! &],+.0-/! 20MM+""$$!
e'c2"&2f

='! +! ,-</&)<+(! +*8)'%09! <%11),,--.! ,/-! 7a$;=$!
<%1F0)-'!0-(-8+&,!@&)8-0'),9!%::)<)+('.!$-&,0-!+&*!H-F+0,J
1-&,+(! 0-F0-'-&,+,)8-'.! +&*! 0-F0-'-&,+,)8-'! :0%1!
0-(-8+&,!3%8-0&1-&,!*-F+0,1-&,'!+&*!)&',),@,)%&'!
V;+B(-!"W#
!

YT!%$-.0(($3

;/-!<@00-&,!',+::!*)0-<,(9!-&3+3-*!+,!,/-!7a$!)&<(@*-!,/-!
=N!H)0-<,%0.!+!E-&)%0!;-</&)<+(!Y::)<-0.!+&*!%,/-0!H-F+0,J
1-&,+(!',+::!+&*!F%',30+*@+,-!',@*-&,'!V;+B(-!DW#

VS



ZT!!."-&"$*+2!0cd$2"+,$.

;/-! ',0+,-3)<! %BS-<,)8-'! ,/+,! ,/-! 7a$! +)1'! ,%! +</)-8-!
+0-X

)W!!;0+&':-0!+&*!*-8-(%F!<@,,)&3J-*3-!B)%,-</&%(%3)-'#

))W!!40%8)*-!+&!-&8)0%&1-&,!,/+,!-&<%@0+3-'!<0-+,)8),9!+&*!!!
)&8-',1-&,!)&!,/-!:)-(*!%:!B)%,-</&%(%39#

)))W!!H)0-<,!+FF()<+,)%&'!%:!B)%,-</&%(%39!,%!+</)-8-!/-+(,/!
+&*!:%%*!'+:-,9#

)8W!!7'-!B)%,-</&%(%39!,%!+</)-8-!:%%*!+&*!/-+(,/!'-<@0,9#

8W!!!40%,-<,!,/-!-&8)0%&1-&,+(!0-'%@0<-'!%:!456!B9!
*-8-%F)&3! +FF0%F0)+,-! B)%,-</&%(%39! +FF()<+,)%&'! +&*!
F0%*@<,'#

8)W!E,0-&3,/-&!,/-!0-(+,)%&'/)F!B-,A--&!,/-!B)%,-</&%(%39!
F0%30+1!+&*!'%<)-,9#

[T!!.%$2+1+2!0cd$2"+,$.

)W!!;%!:+<)(),+,-!/)3/!U@+(),9!/@1+&!*-8-(%F1-&,!)&!,/-!:)-(*!
%:! B)%,-</&%(%39! +,! @&*-030+*@+,-.! F%',30+*@+,-.! '/%0,!
<%@0'-'.!+&*!%&J,/-JS%B!,0+)&)&3!(-8-('l

))W! ! ;%! :+<)(),+,-! /)3/! U@+(),9! 0-'-+0</! +&*! F0%8)*-! +!!
<%&*@<)8-!-&8)0%&1-&,! :%0! )&',),@,)%&+(! <%((+B%0+,)%&'! )&!
,/-!:)-(*'!%:!1)<0%B)+(.!+30)<@(,@0+(.!:%0-',09.!)&*@',0)+(!+&*!
-&8)0%&1-&,+(!B)%,-</&%(%39l

)))W! ! ;%!F0%8)*-!U@+(),9! '<)-&,):)<! +*8)'%09! '@FF%0,! ,%! ,/-!
4567;.! +&*! ,/-! 3%8-0&1-&,! %:! 456! %&! )''@-'! +B%@,!
B)%,-</&%(%39!+&*!B)%J'+:-,9l!+&*

)8W!!;%!F0%1%,-!+&*!<0-+,-!+A+0-&-''!%&!B)%,-</&%(%39!
)''@-'! B9! /%',)&3! 8)'),'! :%0! )&,-0-',-*! )&*)8)*@+('! %0!
30%@F'!+&*!<+009)&3!%@,!-*@<+,)%&+(!F0%30+1'.!-'F-<)+((9!
*@0)&3!'</%%(!8)'),'#

\T!!1&2+3+"+$.!&"!'c2

)W!4]=5;!;MEE7?!$7];7C?!E?$;MY5

;/)'! '-<,)%&! %:! ,/-! (+B! <+&! :+<)(),+,-! B+')<! F(+&,! ,)''@-!
<@(,@0-! ',@*)-'.! )&<(@*)&3! 1)<0%JF0%F+3+,)%&.! <(%&+(!
F0%*@<,)%&.! 1@,+,)%&! ',@*)-'.! '@FF%0,! F(+&,! B0--*)&3!
0-'-+0</! )&! '<0--&)&3! :%0! ,%(-0+&<-'! ,%! -&8)0%&1-&,+(!
</+((-&3-'.!-1B09%!0-'<@-.!+&*!*)/+F(%)*!F0%*@<,)%&#

))W!!4]=5;!4>jEMY]Y6j!E?$;MY5!
;/)'!F(+&,!F/9')%(%39!(+B!<+&!:+<)(),+,-!B+')<!F/9')%(%3)<+(!
',@*)-'#!M,!/%@'-'!-''-&,)+(!-U@)F1-&,!/-(F:@(!)&!1-+'@0J
)&3! (-+:! +0-+.! A+,-0! F0-''@0-.! ()3/,! )&,-&'),9.! -,<#! M&!
+**),)%&.!+!F(+&,!30%A,/!</+1B-0!)'!B-)&3!:)O-*!:%0!@'-!)&!
<%&,0%((-*!-&8)0%&1-&,!',@*)-'#

)))W!!KM$CYaMY]Y6j!E?$;MY5
=((! ',@*)-'! %&! 3-&-0+(! 1)<0%B-'! +&*! ,/%'-! +''%<)+,-*!
A),/!F(+&,'!+0-!<%&*@<,-*!)&!,/)'!'-<,)%&!%:!,/-!(+B#!M,!<+&!
:+<)(),+,-! 1)<0%B)+(! <@(,@0-'! V)&<@B+,%0'W.! -OF-0)1-&,'.!
+&*!1%(-<@(+0!',@*)-'#

)8W!?5;YKY]Y6j!E?$;MY5
=((! ',@*)-'! %&! +! 3-&-0+(! )&'-<,! +0-! <%&*@<,-*! )&! ,/)'!
'-<,)%&!%:! ,/-! (+B#! M,!/+'! ,/-!<+F+<),9! ,%! :+<)(),+,-! )&'-<,!
0-+0)&3.!-OF-0)1-&,'.!+&*!1%(-<@(+0!',@*)-'#

8W!$Y5;=M5K?5;J"!E?$;MY5
;/)'!'-<,)%&!)'!+!B)%'+:-,9!(-8-(J"!:+<)(),9#!M,!/+'!,/-!<+F+<J
),9! ,%! @&*-0,+I-! B+')<! &@<(-)<! +<)*! VH5=NC5=W! +''+9'!
)&8%(8-*! )&! 3-&%,9F)&3.! *)'-+'-! *)+3&%')'.! F+,-0&),9!
,-',)&3.!3-&-!,0+&':%01+,)%&!V3-&-!,-</&%(%39W.!+&*!3-&-!
-OF0-'')%&!+&+(9')'#!

;/-! 1%',! )1F%0,+&,! -U@)F1-&,! 0-U@)0-*! ,%! @&*-0,+I-!
,/-'-!1%(-<@(+0!,+'I'!)&<(@*-l!
,/-01%<9<(-0! %0! F%(91-0+'-! </+)&! 0-+<,)%&! 1+</)&-.!
-(-<,0%F/%0-')'! +FF+0+,@'.! 3-(! *%<@1-&,+,)%&! '9',-1!
+&*! +<<-''%09! <%1F@,-0! V9-,! ,%! +<U@)0-W.! B)%J'+:-,9!
<+B)&-,! V9-,! ,%! +<U@)0-W.! :@1-! /%%*! V9-,! ,%! +<U@)0-W.!
?&291-!()&I-*!)11@&%'%0B+&,!+''+9!0-+*-0!+&*!+<<-'J
'%09!<%1F@,-0!V9-,!,%!B-!+<U@)0-*W.!JDR~$!:0--2-0'.!JhR~$!
[0--2-0!V:+@(,9!F%A-0W!+&*!)&<@B+,%0'#

!8)W![=$M]M;j!C?5YZ=;MY5!=;!7a$
;/-!0-&%8+,)%&!A%0I.!F+0,)<@(+0(9!:%0!<-)()&3!0-F(+<-1-&,!
+&*!F+)&,)&3!%:!+((!A+(('!+&*! ,/-!-O,-0)%0!A+((!/+'!B--&!
'<%F-*!+&*!)'!F-&*)&3!,/-!-&3+3-1-&,!%:!,/-!<%&,0+,%0'#

8))W!5?e!?p7M4K?5;
;/-!$-&,0-!+<U@)0-*!+!&-A!=@,%<(+8-!+&*!+&!)&<@B+,%0!
,/0%@3/! ,/-! '@FF%0,! %:! ,/-! =$M=C! EA--,F%,+,%!e--8)(!
F0%S-<,!/-+*-*!B9!H0#!C%&&)-!H%,+%&+#

SQT!!1$&.+c3$!-$.$&-2#!&-$&.

)W!!=30)<@(,@0-

!!!!!!!!!!+W!H)'-+'-!*)+3&%',)<'!VF(+&,!+&*!+&)1+(W
!!!!!!!!!!BW!4+,/%3-&J,-',-*!F(+&,!F0%*@<,)%&
!!!!!!!!!!<W!6-&%,9F)&3!+&*!6-&-!*)'<%8-09
!!!!!!!!!!*W!a)%*)8-0'),9!+''-''1-&,!VF(+&,!+&*!+&)1+(W
!!!!!!!!!!-W!6-01F(+'1!<%&'-08+,)%&
!!!!!!!!!!!:W!6-&-,)<!1+&)F@(+,)%&!VF(+&,W

))W!![%0-',09

!!!!!!!!!+W!$(%&+(!F0%F+3+,)%&
!!!!!!!!!BW!H)'-+'-!*)+3&%',)<'
!!!!!!!!!<W!a)%*)8-0'),9!+''-''1-&,
!!!!!!!!!*W!6-&%,9F)&3!+&*!6-&-!*)'<%8-09#

SST!!1+(&(2+&3!."&"'.

E)&<-!,/-!,-01)&+,)%&!%:!,/-!KY=!A),/!,/-!Y;H[!)&!DR"h.!
+&*! ,/-! (+',! :@&*)&3! 0-<-)8-*! :0%1! ,/-! H-F+0,1-&,! %:!
4@B()<!?&,-0F0)'-! +&*! ,/-![4H=.! &%! %,/-0! '@FF%0,!A+'!
-',+B()'/-*.!(-+*)&3!,%!,/-!+<<%@&,!3%)&3!)&,%!,/-!0-*#
!
;/)'!A+'!%8-0<%1-!B9!'@FF%0,!:0%1!,A%!'%@0<-'X!

)W!!M&<%1-!3-&-0+,-*!)&!DRD"X
q!$%&'@(,+&<9!%&!?+',!E-F)I!40%8)&<-!Z+&)((+!H)'-+'-!
!!!'@08-9!A),/![=YJE;C?M;!40%30+1!!!!J! kDD.!RRR#

))W!M&,-0&+(JE@FF%0,!:@&*)&3!DRD"X
q!;/-!Z)<-!$/+&<-((%0.!=N!40%:#!Y0+!C-&+3)!<%11),,-*!
k"RR.!RRR!,%!*0)8-!C\H!)&!+30)<@(,@0+(!B)%,-</&%(%39#

SPT! 2'--$("! -$.$&-2#! &(]! ]$,$30%M$("!
&2"+,+"+$.

[+<-*!A),/!)11-*)+,-!</+((-&3-'.!-'F-<)+((9!'@00%@&*)&3!
+<<0-*),+,)%&! %:! ,/-! (+B%0+,%09.! ',+::)&3.! +&*! -''-&,)+(!
-U@)F1-&,'.!,/-!$-&,0-!)'!,+I)&3!+!F0%+<,)8-!+FF0%+</!,%!
+**0-'')&3! ,/-'-! )''@-'!A/)(-! F-0:%01)&3! ),'!1+&*+,-*!
0%(-#!

VP



[)3#!"#!4%,+,%!F(+&,(-,!
30%A)&3!)&!8)+('!+&*!
1)<0%,@B-0'!F0%*@<-*!
)&!+<%&)<+(!:(+'I#

**

[)3#!D#!=!'+1F(-!%:!
F+,/%3-&!)'%(+,-*
!:0%1!*)'-+'-*!
8+&)((+!B-+&'#

;/-! <@00-&,! +&*! F0%F%'-*! 0-'-+0</! \! *-8-(%F1-&,!
VC\HW!%FF%0,@&),)-'!:%0!,/-!7a$!V+&*!F%,-&,)+(!<%11-0J
<)+(!%FF%0,@&),)-'W!<%8-0!+!B0%+*!0+&3-!%:!+0-+'.)&<(@*)&3!
F(+&,! *)'-+'-! *)+3&%',)<'! +&*! B)%*)8-0'),9! +''-''1-&,!
@')&3! H5=JB+'-*! ,-</&)U@-'.! F+,/%3-&J,-',-*! F(+&,!
F0%*@<,)%&.!<(%&+(!:%0-',09.!+&*!3-&-!*)'<%8-09#
;/-!$-&,0-Q'!+<,)8),)-'!,%!*+,-!<+&!B-!<+,-3%0)'-*!)&,%!,/-!
:%((%A)&3!+0-+'X

+W!M&*@',09J%0)-&,-*!0-'-+0</!+&*!*-8-(%F1-&,
BW!E,@*-&,!0-'-+0</!F0%S-<,'
<W!Y,/-0!0-'-+0</!',@*)-'
*W!5+,)%&+(!F+0,)<)F+,)%&!)&!B)%,-</&%(%39J0-(+,-*!)''@-'

+W!M&*@',09J%0)-&,-*!0-'-+0</!+&*!*-8-(%F1-&,

)W! =! <%((+B%0+,)8-! C\H! F0%S-<,! %&! ,/-! `H-8-(%F1-&,! %:!
-+3(-A%%*! )&! ,/-!e-',-0&!40%8)&<-!J!YI!;-*)!H-8-(%FJ
1-&,! [%@&*+,)%&! VY;H[W#! 40%F%'-*! B@*3-,X!
kGLG.RRR#RR#

?OF-<,-*!%@,<%1-'X
q! M*-&,):)<+,)%&! %:! :@&3+(! 'F-<)-'! )&:-<,)&3! -+3(-A%%*!
'F-<)-'!)&!456

q!H-8-(%F!:@&3+(!!)&%<@(@1!F+<I+3-'!:%0!<%11-0<)+()2+J
,)%&

q! $%&,0)B@,-! ,%A+0*'! *)8-0'):9)&3! )&<%1-! 3-&-0+,)%&!
'%@0<-'!:%0!,/-!0@0+(!F%F@(+<-.!+&*

q! H)'<%@0+3-! /+08-',)&3! :0%1! ,/-! A)(*! ,%! <%&'-08-! ,/)'!
-&*+&3-0-*!'F-<)-'#

)))W! 4%,+,%! F(+&,(-,! F0%*@<,)%&! c!4%,+,%!E--*!E</-1-!c!
[0-'/!40%*@<-!H-8-(%F1-&,!=3-&<9#

q!E,@*)-'!%&!1)<0%,@B-0!F0%*@<,)%&!)&!8),0%!V[)3#!"W!/+8-!
B--&!<%&*@<,-*!A),/!)&),)+(!:@&*)&3!%:!kTR.!RRR!B9![4H=#

q!;/)'!F0%S-<,!A)((!B-!0-8)-A-*!,/)'!9-+0!:%0!<%&,)&@+,)%&!
!!!!)&,%!DRDG#!

)8W!6-&-,)<!a+0<%*)&3!%:!,/-!"h!<%<%+!/9B0)*'!0-(-+'-*!B9!
456!$%<%+!a%+0*!V456$a#!40%F%'-*!B@*3-,X!kGR.!RRR#

?OF-<,-*!%@,<%1-'X
q! ?',+B()'/! ,/-! 3-&-,)<! )*-&,),9! %:! ,/-! '-(-<,-*! <%<%+!
/9B0)*'

q!?&+B(-!456$a!,%!0-3)',-0!,/-)0!/9B0)*'#

8W! $(%&+(! F0%F+3+,)%&! %:! <%<%&@,#! ;/)'! A+'! %&-! %:! ,/-!
F0%F%'-*! +0-+'! )*-&,):)-*! B9! ,/-! k%I%&+'! M&*+',0)!
k%F%0-')&!VkMkW!KY7!')3&-*!)&!DRD"#!40-()1)&+09!',@*)-'!
+0-!@&*-0A+9!+&*!+A+),)&3!+!<+((!:0%1!kMk#

8)W!?+',!E-F)I!Z+&)((+!*)'-+'-!'@08-9!c!7&*-0!,/-!+@'F)<-!
%:!,/-![=YJE;C?M;!40%30+1.!+!'@08-9!%:!8+&)((+!*)'-+'-'!
V[)3#! DW! )&:-<,)&3! 8+&)((+! F(+&,+,)%&'! A+'! <%&*@<,-*! )&!
,/0--!1+S%0!8+&)((+!30%A)&3!+0-+'!%:!K+F0)I.!e%'-0+.!+&*!
H0-I)I)-0.!A),/! ,/-! :@&*)&3!%:!kDD.RRR!B9![=Y!E;C?M;!
40%30+1#!

BW!E,@*-&,!0-'-+0</!F0%S-<,'

40%1)')&3!0-'-+0</!F0%S-<,'!<%&*@<,-*!B9!',@*-&,'!V[)3#!
GW! +0-! B-)&3! <%&*@<,-*! +,! ,/-! 7a$! (+B%0+,%09! A),/!
<%11-0<)+(!F%,-&,)+('!0+&3)&3!:0%1!F%,-&,)+(!
B)%JF-',)<)*-'!,%!3-&-,)<+((9!1%*):)-*!F(+&,'!V;+B(-!GW#!
;/-'-!',@*-&,!F0%S-<,'!+0-!'@FF%0,-*!B9!8+0)%@'!)&',),@J
,)%&'!+&*!*%&%0!+3-&<)-'.!)&<(@*)&3!,/-!7&)8-0'),9Q'!
60+*@+,-! ='')',+&<-! 40%30+1! +&*! <%((+B%0+,)&3! ',+I-J
/%(*-0'#

VU



[)3#!G#!E,@*-&,'!<%&*@<,)&3!1%(-<@(+0!(+B!-OF-0)1-&,'#

<W!Y,/-0!0-'-+0</!',@*)-'

Y,/-0! F0%1)')&3! 0-'-+0</! ',@*)-'! )&),)+,-*! B9! 7a$!
)&<(@*-X

)W!!456!e)(*!0)<-!3-01F(+'1!<%((-<,)%&#![):,--&!+<<-')%&'!
%:! Y092+! +&*! ]--0')+! 'FF#! +0-! <@00-&,(9! 1+)&,+)&-*! )&!
<-0+1)<! F%,'#! =! 0-<-&,! <%((-<,)%&! A+'! <%&*@<,-*! A),/!
0-'-+0</-0'! :0%1! >)0%'+I)! 7&)8-0'),9! )&! K+*+&3!
40%8)&<-.A/-0-!'-8-0+(!A)(*!0)<-!A-0-!<%((-<,-*#

))W!E<0--&)&3!:%0!)&'-<,!0-')',+&<-!)&!(%<+(!<%0&#!!=!F%F@(J
,)%&!%:!DG!)&B0-*!()&-'!)'!B-)&3!1%&),%0-*!:%0!,/-!3-&-,)<!
',@*9!%:!,/-!%B'-08-*!0-')',+&<-'#

SUT!!+MM$]+&"$!2#&33$(*$.!1&2+(*!'c2

;/-!)11-*)+,-!</+((-&3-'!:+<)&3!,/-!7a$!)&<(@*-l

)W=<<0-*),+,)%&!%:!,/-!(+B%0+,%09l

))W!]+<I!%:!',+::!VC-'-+0</!+&*!,-</&)<+(W!)&!<-0,+)&!:)-(*'!
%:! B)%,-</&%(%39l! ])1),-*! :@&*)&3! '@FF%0,! +&*! '--*!!
1%&-9!,%!-',+B()'/!<%11-0<)+(!F0%S-<,'l

)))W!]+<I!%:!-U@)F1-&,!+&*!%,/-0!:+<)(),)-'#!E-8-0+(!-U@)FJ
1-&,! +&*! <%1F@,-0! '%:,A+0-! V;+B(-! LW! +0-! @03-&,(9!
&--*-*!,%!3)8-!,/-!7a$!),'!)&*-F-&*-&<-!!+&*!<%1F-,)J
,)8-!-*3-!)&!B)%,-</&%(%39!0-'-+0</!+&*!*-8-(%F1-&,#

)8W!C-&%8+,)%&!V:@&*-*W!%:!,/-!E)0!d@()@'!$/+&!a@)(*)&3!A)((!
B-!1+*-! ,%! )1F0%8)'-! ,/-! <@00-&,! '-,@F! ,%! <+,-0! :%0! +&!
)&<@B+,)%&! 0%%1! +&*! ',+::! %::)<-! 'F+<-'! +&*! A%0I)&3!
B-&</-'!+&*!'/-(8-'l!+&*!

VR



8W!H-8-(%F1-&,!%:!0-'-+0</!F0%F%'+('!+&*!
!!!!,0+)&)&3!F0%30+1'#

SRT!2033&c0-&"+0(.!0(!2'--$("!
!!!!!!!-$.$&-2#!&2"+,+"+$.

;/-!&@1-0%@'!0-'-+0</-0'!:0%1!8+0)%@'!+<+*-1)<!
H-F+0,1-&,'! 4567%;.! +&*! %,/-0! <%((+B%0+,)&3! )&',),@J
,)%&'!+0-!)&8%(8-*!)&!,/-!'-8-0+(!)*-&,):)-*!0-'-+0</!+0-+'!
V;+B(-!LW#!E@</!<%((+B%0+,%0'!)&<(@*-X

)W!!!!!=30)<@(,@0-!H-F+0,1-&,.!4567%;l
))W!!!![%0-',09!H-F+0,1-&,.!4567%;l
)))W!!!K)&)&3!?&3)&--0)&3!H-F+0,1-&,.!4567%;l
)8W!!!5+,)%&+(!=30)<@(,@0+(!C-'-+0</!M&',),@,-!V5=CMWl!
8W!!!![0-'/!40%*@<-!H-8-(%F1-&,!=3-&<9l!
8)W!!!YI!;-*)!H-8-(%F1-&,![%@&*+,)%&!VY;H[Wl!+&*
8))W!!456!$%<%+!a%+0*!V456$aW
8)))W!!a)&+,+&3!C-'-+0</!$-&,0-!VaC$W
)OW!!!k%I%&+'!M&*+',0)!k%F%0-')&!VkMkW#
OW!!!!>)0%'+I)!7&)8-0'),9.!d+F+&#

SVT!M&d0-!M+3$."0($!10-!PQPP

)W!!E@B1)'')%&!%:!,/-!7a$!E,0+,-39!,%!,/-!Z)<-!!
!!!!$/+&<-(%0Q'!$%11),,--#

))W! !$%1F(-,-!0-&%8+,)%&!%:! ,/-! (+B%0+,%09! )&!F0-F+0+,)%&!!
:%0!+<<0-*),+,)%&#

)))W!!E@B1)'')%&!%:!+!:@&*)&3!F0%F%'+(!:%0!(+B%0+,%09!-U@)FJ
1-&,! ,%! ,/-! E-<0-,+09! %:! ,/-! 4@B()<! ?&,-0F0)'-! H-F+0,J
1-&,!+'!)&8),-*#

)8W!![)&+()2-!,/-!KY=!+&*!F0%F%'+(!:%0!<%((+B%0+,)%&!A),/!
Y;H[! %&! ,/-! <%((+B%0+,)8-! F+0,&-0'/)F! %&! *-8-(%F)&3!
-+3(-A%%*!)&!e-',-0&!40%8)&<-#

8W!!4+0,)<)F+,-!)&!*-8-(%F)&3!<%((+B%0+,)%&!A),/!$%0,-8+!c!
+!'@B')*)+09!%:!H%AJH@4%&,#!

8)W! !$%&,)&@-!0-&%8+,)%&!%:! ,/-! (+B%0+,%09! )&!F0-F+0+,)%&!
:%0!+<<0-*),+,)%&#

8))W! !C-8)-A! ,/-!KY=! :%0! ,/-!-O,-&')%&!%:! <%((+B%0+,)%&!
A),/! ,/-! [0-'/! 40%*@<-! H-8-(%F1-&,! =3-&<9! %&! ),'!
F%,+,%!'--*!'</-1-#

8)))W! ! [)&+()2-! <%((+B%0+,)%&'! A),/! kMk! +&*! 456$a! %&!
<%<%&@,!<(%&+(!F0%F+3+,)%&!+&*!3-&-,)<!B+0<%*)&3!%:!,/-!
<%<%+!/9B0)*'.!0-'F-<,)8-(9#

SYT! !%&-"+2+%&"+0(!&"!"#$!(&"+0(&3X! +("$-(&L
"+0(&3!3$,$3

)W!!=(,-0&+,-![%<+(!4%)&,!:%0!6-&-,)<!K%*):)-*!Y03+&)'1'!
V6KYW! M''@-'! :%0! 456! ,/0%@3/! ,/-! H-F+0,1-&,! %:!
=30)<@(,@0-! +&*! ])8-',%<I! ,%! ,/-! [%%*! +&*! =30)<@(,@0-!
Y03+&)'+,)%&!c!;#!YIF@(

))W!!5+,)%&+(!a)%J'+:-,9!$%11),,--!,/0%@3/!,/-!H-F+01-&,!
%:!?&8)0%&1-&,!+&*!$%&'-08+,)%&!c!%&!,/-!'+:-!/+&*()&3!
%:!6KY'!+&*!F0%*@<,'!,/-0-%:!!c;#!YIF@(.!K#!K+)&%#

)))W!!M7$5!EE$!$0%F!e)(*!C-(+,)8-'!EF-<)+()',!60%@F!
!!!!!!VK-1B-0.!DRD"JDRDTW!c!;#!YIF@(#

)8W!!5)@3)&)!a)%,-</&%(%39!5-,A%0I
!!!!!!Va%+0*!K-1B-0.!DRDRJW!J!;#!YIF@(

SZT!!20MM$-2+&3!&2"+,+"+$.

;/-!$-&,0-!/+'!,/-!,-</&)<+(!<+F+<),9!,%!<%&*@<,!'%@&*!
<%&'@(,+&<)-'#! Y@0! :)0',! F0%*@<,! )'! +! 0+&3-! %:! :@&3+(!
)&%<(@1! :%0! +3+0A%%*!F0%*@<,)%&! ,%! '@FF%0,! -+3(-A%%*!
<@(,)8+,)%&!)&!,/-!<%@&,09#!M,!A)((!B-!<%11-0<)+((9!0%((-*!%@,!
)&!DRDD#

S[T!!20(23'.+0(

;/-!$-&,0-!)'!:%<@'-*!%&!,@0&)&3!,/-!</+((-&3-'!),!:+<-'!
)&,%! 1)(-',%&-'! ,/+,! &--*! ,%! B-! +</)-8-*! )&! DRDD! +&*!
%&A+0*'.!,%!B-!+</)-8-*!)&!DRDD!+&*!%&A+0*'.!+&*!:@((9!
-U@)FF)&3!,/-!(+B%0+,%09!)&!,/-!F0%<-''!,%A+0*'!*-8-(%FJ
)&3! +&! -&+B()&3! $-&,0-! %:! 4567;#! =! $-&,0-! ,/+,! <+&!
-&+B(-!@'!`,%!B-!(-+*-0'
)&!,/-!@'-!%:!+30)<@(,@0+(!B)%,-</&%(%39!,%!)1F0%8-!
()8-()/%%*'b!)&!456#

VV



SOUTH PACIFIC INSTITUTE OF SUSTAINABLE 
AGRICULTURE AND RURAL DEVELOPMENT (SPISARD) 

c95=A!57C9@64:C5@7
!
;/-!E%@,/!4+<):)<!M&',),@,-!%:!E@',+)&+B(-!=30)<@(,@0-!+&*!
C@0+(! H-8-(%F1-&,! VE4ME=CHW! /+'! B--&! %F-0+,)&3! :%0!
+(1%',! "h! 9-+0'#! [%0! ,/-! (+',! _! 9-+0'.! E4ME=CH! A+'!
@&+B(-! ,%! <%&*@<,! 0-'-+0</! +&*! %@,0-+</! +<,)8),)-'.!
F0)1+0)(9! *@-! ,%! (+<I! %:! :@&*)&3! +&*!$%8)*J"i! )1F%'-*!
0-',0)<,)%&'#! ;/)'! 9-+0! VDRD"W.! ,/-! Z)<-J$/+&<-((%0!
,/0%@3/!,/-!7&)8-0'),9!+((%<+,-*!k"RR.!RRR#RR!,%!
E4ME=CH! ,%! <+009! %@,! ),'! %@,0-+</! +<,)8),)-'#! e),/! ,/)'!
:@&*)&3.! '-8-0+(! E4ME=CH! F0%30+1! +<,)8),)-'! A-0-!
<%&*@<,-*.!+'!/)3/()3/,-*!B-(%A#

ST!&:C5F5C5=>!2@764:C=6

"#"#!40-()1)&+09!YB'-08+,)%&'

;A%! VDW! F0-()1)&+09! %B'-08+,)%&'! A-0-! <%&*@<,-*! ,%!
)*-&,):9!,/-!,0+)&)&3!&--*'!%:!,/-!,+03-,!F%F@(+,)%&'!)&!k@()!
6+F.! d)A+I+! 40%8)&<-.! k%1F0).! ?+',-0&! >)3/(+&*'!
40%8)&<-.!+&*!k+F+0)!Z)((+3-!)&!$-&,0+(!40%8)&<-#
!
"#"#"#!!k@()!6+F!Z)((+3-!

5%! F0-()1)&+09! %B'-08+,)%&!A+'! <%&*@<,-*! +,! k@()! 6+F!
B-:%0-! ,/-! ():-! 'I)((! ,0+)&)&3!A+'!<%&*@<+,-*#! !>%A-8-0.!
,/-!)&:%01+,)%&!F0-'-&,-*!A+'!<%((-<,-*!,/0%@3/!%B'-08+J
,)%&!A/-&!,/-!%::)<-0'!A-0-!%&!,/-!30%@&*!,%!*-()8-0!,/-!
,0+)&)&3#!k@()!6+F!)'!'),@+,-*!+,!,/-!B%0*-0!%:!d)A+I+!+&*!
e-',-0&!>)3/(+&*'!40%8)&<-#!;/-!8)((+3-!/+'!-*@<+,)%&!
:+<)(),)-'! V-(-1-&,+09! '</%%(! ,%! /)3/! '</%%(W.! +! </@0</.!
+<<-''!,%!-(-<,0)<),9!+&*!A+,-0!:0%1!',0-+1'.!+&*!30%@&*J
A+,-0#!Z)((+3-0'!-+0&! ,/-)0! )&<%1-! :0%1!<%::--!+&*! :%%*!
3+0*-&'.!-'F-<)+((9!'A--,!F%,+,%-'#
!!
"#"#D#!!k%1F0)!Z)((+3-
!
;/-!k%1F0)!+0-+!)&!,/-!?>4!)'!&%,%0)%@'!:%0!(+AJ+&*J%0J
*-0!F0%B(-1'#!='!+!0-'@(,.!E4ME=CH!:-(,!,/-!&--*!,%!0-+</!
%@,!,%!,/)'!F+0,)<@(+0!<%11@&),9!A),/!,/-!+&,)<)F+,)%&!,/+,!
,/-! F0-'-&<-! %:! ,/-! 7&)8-0'),9! %:! ;-</&%(%39! )&! ,/-!
<%11@&),9!,/0%@3/!E4ME=CHf'!%@,0-+</!F0%30+1!A%@(*!
-8%I-!+!'-&'-!%:!8+(@-!+&*!)&<(@')%&!+1%&3!,/-!)&/+B)J
,+&,'!%:!,/)'!<%11@&),9#!=!B+'-()&-!',@*9!A+'!<%&*@<,-*!
,%!)*-&,):9!<%11@&),9!,0+)&)&3!&--*'.!0-'%@0<-!+8+)(+B)()J
,9.! +&*! -',+B()'/)&3! +! A%0I)&3! <%11),,--#! H@-! ,%!
$%8)*J"i! 0-',0)<,)%&'! )&! DRD".! E4ME=CH!A+'! @&+B(-! ,%!
<%&*@<,!&--*JB+'-*!,0+)&)&3!)&!,/-!+0-+#
!
"#"#G#! k+F+0)!Z)((+3-!

;/-! '-<%&*! F0-()1)&+09! %B'-08+,)%&! A+'! <%&*@<,-*! )&!
k+F+0)!8)((+3-.!$-&,0+(!40%8)&<-#!;/)'!B+'-()&-!',@*9!A+'!
<%&*@<,-*!,%!)*-&,):9!,/-!F%,-&,)+(!:%0!<%<%+!*-8-(%F1-&,.!
+&*!-',+B()'/!<%<%+!*-8-(%F1-&,!0-U@)0-1-&,'!+&*!%,/-0!
+''%<)+,-*! &--*'! 0-3+0*)&3! ,/-! *-8-(%F1-&,! %:! <%<%+!
:+01)&3!)&!k+F+0)#

VY



=#!40-J,0+)&)&3!-8+(@+,)%&!
G#"#"#!?O,-&,!%:!I&%A(-*3-!%&!,0+)&)&3!'@BS-<,'#

r!!=(1%',!"RR!F-0<-&,!%:!,/-!F+0,)<)F+&,'!/+*!&%!F0-8)%@'!
!!!!,0+)&)&3!)&!',%<I!:--*!1+I)&3.!'%+F!1+I)&3!VB+,/!+&*!*)'/!
!!!!'%+FW.!:(%0+(!+00+&3-1-&,.!+&*!*0+F-09#!!

G#"#G#!4+0,)<)F+&,'f!-OF-<,+,)%&'!:%0!,/-!,0+)&)&3#

a#!4%',J,0+)&)&3!-8+(@+,)%&!
G#"#L#!4+0,)<)F+&,'f!%F)&)%&!%&!,/-!*-()8-09!%:!,0+)&)&3!'@BS-<,'#!

"#D#!!;0+)&)&3!=<,)8),)-'!
;A%!VDW!,0+)&)&3!A-0-!<%&*@<,-*.!%&-!+,!k@()!6+F.!d)A+I+!
40%8)&<-.! +&*! ,/-! %,/-0! +,! k+F+0).! $-&,0+(! 40%8)&<-.! )&!
DRD"#!=(,/%@3/!E4ME=CH!F(+&&-*!,%!0@&!')O!V^W!,0+)&)&3!
+&&@+((9.! ),! <%&*@<,-*!%&(9! ,A%! ,0+)&)&3#!;/)'!/+FF-&-*!
B-<+@'-!1-1B-0'!%:! ,/-!E4ME=CH!,-+1!A-0-!+('%!,/-!
,-+</)&3!',+::!%:! ,/-!=30)<@(,@0-!H-F+0,1-&,#!;/-9!A-0-!
,)-*! @F! A),/! ,-+</)&3! 0-'F%&')B)(),)-'! A),/! (),,(-! ,)1-! ,%!
<%1F(-,-!,/-!F(+&&-*!,0+)&)&3!F0%30+1'#

"#D#"#!!k@()!6+F!]):-!EI)((!;0+)&)&3!
;/-!]):-!EI)((!;0+)&)&3!)&!k@()!6+F!A+'!<%&*@<,-*!)&!d@(9!
DRD"#!=B%@,!"DR!F+0,)<)F+&,'!+,,-&*-*! ,/-! ,0+)&)&3#!;/-!
;0+)&)&3!A+'!%&!',%<I! :--*!1+I)&3.!'%+F!1+I)&3.! :(%0+(!
+00+&3-1-&,'.!+&*!*0+F-!*-<%0+,)%&#

"#D#D#!!k+F+0)!$%<%+!5@0'-09!;0+)&)&3!!
;/-! k+F+0)! $%<%+! 5@0'-09! ;0+)&)&3! A+'! <%&*@<,-*! )&!
H-<-1B-0! DRD"#! =B%@,! ^i! F+0,)<)F+&,'! +,,-&*-*! ,/-!
,0+)&)&3#! ;/-! ;0+)&)&3! A+'! %&! <%<%+! &@0'-09! +&*! '%+F!
1+I)&3#! ;/-! ;0+)&)&3! F+0,)<)F+&,'! +<I&%A(-*3-*! ,/-!
)&),)+,)8-!%:!k+F+0)!H-8-(%F1-&,!$%0F%0+,)%&!)&!)&,0%*@<J
)&3!+&*!*-8-(%F)&3!<%<%+!:+01)&3!)&!,/-!+0-+#

"#G#!!M&:0+',0@<,@0-!H-8-(%F1-&,!
=!C-'%@0<-!$-&,0-!)'!<@00-&,(9!B-)&3!B@)(,!)&!4%F%&*-,,+.!
Y0%!40%8)&<-.!B9!,/-!F-%F(-!%:!k%I%*+!]]6!Ve+0*!"LW#!
;/-! <%11@&),9! :@&*-*! +&*! B@)(,! ,/-! C-'%@0<-! $-&,0-#!
;/)'! 0-:(-<,'! ,/-! <%11@&),9f'! *-')0-! :%0! </+&3-#! ;%!
1%,)8+,-! <%&,)&@-*! F+0,)<)F+,)%&.! E4ME=CH! +'')',-*!
:@&*)&3! 0%%:)&3! )0%&'! :%0! ,/-! B@)(*)&3#! ;/-! C-'%@0<-!
$-&,0-! )'! ()I-(9! ,%!B-!<%1F(-,-*! )&!DRDD!+&*!%F-&-*! )&!
Y<,%B-0!%:!,/-!'+1-!9-+0#
!
"#L#!!=30)<@(,@0-!H-8-(%F1-&,!
M&! ,/-! '+1-! F-0)%*.! <%<%+! *-8-(%F1-&,! F0%S-<,'! /+8-!
B--&!',+0,-*!)&!k+F+0)!$-&,0+(!40%8)&<-#!;/-!F0%S-<,!A)((!
+'')',! /%@'-/%(*'! )&! k+F+0)! )&! '-,,)&3! @F! ,/-)0! <%<%+!
B(%<I'#!;/-!F0%S-<,!)'!:+<)(),+,-*!B9!E4ME=CH!+&*!k+F+0)!
H-8-(%F1-&,!$%0F%0+,)%&!VkH$W#

PT!!"9J57578!$FJ<4JC5@7
!
D#"#!!k@()!6+F!]):-!EI)((!;0+)&)&3!
40-J!+&*!F%',J,0+)&)&3!-8+(@+,)%&'!A-0-!<%&*@<,-*!B-:%0-!
+&*!+:,-0!,/-!,0+)&)&3#!=!:%((%AJ@F!',@*9!)'!9-,!,%!B-!@&*-0J
,+I-&#!E@08-9'!A-0-!<%&*@<,-*!*@0)&3!+&*!+:,-0!30+*@+J
,)%&!,%!3-,!F+0,)<)F+&,'f!:--*B+<I!%&!,/-!,0+)&)&3#!

5)&-,9J:)8-!F-0<-&,! V""h!F+0,)<)F+&,'W!F+0,)<)F+,-*! )&! ,/-!
F0-J,0+)&)&3! -8+(@+,)%&! '@08-9.! A/)(-! i^!m! V""i! F+0,)<)J
F+&,'W!F+0,)<)F+,-*!)&!,/-!F%',J,0+)&)&3!-8+(@+,)%&!'@08-9#
!!
!r!!=(1%',!"RR!m!%:!,/-!F+0,)<)F+&,'!*)*!&%,!I&%A!+B%@,!!!!
',%<I! :--*!1+I)&3.! '%+F!1+I)&3! VB+,/! +&*! *)'/! '%+FW.!
:(%0+(!+00+&3-1-&,.!+&*!*0+F-09#!
!
r!!?(-8-&!F-0<-&,!%:!,/-!F+0,)<)F+&,'!/+*!1%*-0+,-!I&%A(J
-*3-! +B%@,! ,/-! :(%0+(! +00+&3-1-&,#! ;/-'-! F+0,)<)F+&,'!
A-0-!F0)1+0)(9!A%1-&!A/%!+<,)8-(9!F+0,)<)F+,-*!)&!</@0</!
*-<%0+,)%&'!)&!F0-F+0+,)%&!:%0!</@0</!3+,/-0)&3'#!

r!K%',!F+0,)<)F+&,'!A-0-!)&,-0-',-*!)&!(-+0&)&3!+B%@,!%&-!
,0+)&)&3!'@BS-<,!%0!+!<%1B)&+,)%&!%:!,/-!,0+)&)&3!+<<%0*)&3!
,%!,/-)0!)&,-0-','!+&*!/%A!,/-9!F-0<-)8-!,/-!,0+)&)&3!A)((!%0!
A)((!&%,!'-08-!,/-1#!
!
r![0%1!,/-!,+B(-!+B%8-.!,/-!/)3/-',!&@1B-0!%:!F+0,)<F+&,'!
VGR! mW! -0-! )&,-0-',-*! )&! +((! :%@0! ,0+)&)&3! '@BS-<,'!
V)#-#.',%<I! :--*.! '%+F.! :(%0+(! +00+&3-1-&,.! +&*!*0+F-09W.!
DD! m! A-0-! )&,-0-',-*! )&! E,%<I:--*.! +&*! "h! m! A-0-!
)&,-0-',-*!)&!E,%<I:--*!+&*!'%+F#

VZ



r!;/-!1+S%0),9!%:!,/-!F+0,)<)F+&,'!:%@&*!',%<I!:--*!1+I)&3!
Vhh!mW.!B+,/!'%+F! V_^!mW.!+&*!*)'/!'%+F! ViD!mW! ,%!B-!
')1F(-!+&*!-+'9!,%!@&*-0',+&*#!
r!;/-!0-'@(,'!A-0-!-OF-<,-*!B-<+@'-!9%@f0-!S@',!1-+'@0J
)&3!)&30-*)-&,'!+&*!1)O)&3!,/-1!@F.!+&*!!9%@f0-!*%&-#!
r!=(1%',!TR!m!:%@&*!,/-!*-()8-09!%:!:(%0+(!+00+&3-1-&,'!
')1F(-!+&*!-+'9!,%!@&*-0',+&*!+&*!GR!m!c!GG!m!:%@&*!),!
1%*-0+,-#! E%1-! :%@&*! ),! /+0*! ,%! <%1F0-/-&*! :(%0+(!
+00+&3-1-&,!+&*!*0+F-09#!;/%'-!A/%!:%@&*!),!*)::)<@(,!,%!
@&*-0',+&*! ,/-! ,0+)&)&3! 1+)&(9! A-0-! 1+(-! F+0,)<)F+&,'#!
;/-!1)'')&3!*+,+!A-0-!:0%1!F0)1+0)(9!1+(-!F+0,)<)F+&,'.!
+'!%B'-08-*!)&!,/-)0!(+<I!%:!)&,-0-',!)&!,/-!'@BS-<,#
r!=((! ,0+)&)&3!0-U@)0-*!+1F(-!,)1-!:%0!F+0,)<)F+&,'!,%!:@((9!!
@&*-0',+&*

G#"#T#! 4+0,)<)F+&,'f! %F)&)%&! %&! ,/-! @'-:@(&-''! %:! ,/-!
,0+)&)&3
!

r!;/-!1+S%0),9!%:!,/-!F+0,)<)F+&,'!:%@&*!,/-!,0+)&)&3!,%!B-!
8-09!@'-:@(

r!!;/-!1)'')&3!*+,+!A-0-!:0%1!1+(-!F+0,)<)F+&,'!A/%!A-0-!
&%,!)&,-0-',-*!)&!:(%0+(!+00+&3-1-&,!+&*!*0+F-09!,0+)&)&3#

G#"#^#!4+0,)<)F+&,'f!%F)&)%&!%&!,/-!,)1)&3!%:!,/-!,0+)&)&3!!

r;/-!1+S%0),9!%:!,/-!F+0,)<)F+&,'!,/)&I!,/+,!,/-!,)1-!,+I-&!
,%!*-()8-0!,/-!,0+)&)&3!A+'!3%%*#G#"#_#!4+0,)<)F+&,'f!(-8-(!
%:!<%&:)*-&<-!)&!F@,,)&3!,%!F0+<,)<-!A/+,!,/-9!(-+0&-*

;+B(-!T#!4+0,)<)F+&,'Q!<%&:)*-&<-!(-8-(!V&!|""iW

r! ;/-!1+S%0),9! %:! ,/-! F+0,)<)F+&,'! A-0-! <%&:)*-&,! +B%@,!
F@,,)&3!,%!F0+<,)<-!A/+,!,/-9!/+*!(-+0&-*#!

r! =! '1+((! &@1B-0! %:! ,/-! F+0,)<)F+&,'! A-0-! &%,! -&,)0-(9!
<%&:)*-&,!+B%@,!F0+<,)<)&3!A/+,!,/-9!/+*!(-+0&-*#!

r!E-8-&,9J,A%!F-0<-&,!%:!,/-!F+0,)<)F+&,'!A-0-!:@((9'+,)'J
:)-*! A),/! ,/-! ,0+)&)&3.! A/)(-! ""! m! A-0-! 1%*-0+,-(9!
'+,)':)-*!
r!Y&(9!+!'1+((!&@1B-0!%:!F+0,)<)F+&,'!A-0-!&%,!'+,)':)-*!
!!!A),/!,/-!,0+)&)&3

=#!40-J,0+)&)&3!-8+(@+,)%&
G#D#"#!?O,-&,!%:!I&%A(-*3-!%&!,0+)&)&3!'@BS-<,'#!

=((!%:!,/-!F+0,)<)F+&,'!*)*&f,!/+8-!+&9!I&%A(-*3-!%:!'%+F!
1+I)&3! %0! <%<%+! &@0'-09#! 7&*-0',+&*+B(9.! <%<%+! )'! +!
&-A!<0%F!,/+,!A+'!)&,0%*@<-*!,%!,/-!<%11@&),9#!

r!;/-!1+S%0),9!VGR!mW!%:!,/-!F+0,)<)F+&,'!*)*!&%,!)&*)<+,-!
A/+,!%,/-0!,0+)&)&3!,/-9!A%@(*!B-!)&,-0-',-*!)&!F+0,)<)F+,J
)&3!)&#!
r!;A-&,9J-)3/,!F-0<-&,!%:!,/-!F+0,)<)F+&,'!)&*)<+,-*!,/-9!
A%@(*! B-! )&,-0-',-*! )&! (-+0&)&3! /%1-! -<%&%1)<'!
'I)(('#;/-'-!F+0,)<)F+&,'!A-0-!F0)1+0)(9!A%1-&!+&*!'%1-!
1-&#!
r!E%1-!A-0-!)&,-0-',-*!)&!0-<-)8)&3!,0+)&)&3!)&!<0%F!V"G!mW!
+&*! +&)1+(! V"L! mW! F0%*@<,)%&#! M,! A+'! &%,-*! ,/+,! +((!
,0+)&)&3!F+0,)<)F+&,'!:0%1!k@*S)F!A-0-!:)'/!:+01-0'#!;/-9!
A-0-! )&),)+((9! )&:%01-*! ,/+,! ,/-! ,0+)&)&3! A+'! %&! :)'/!
:+01)&3#! >%A-8-0.! ,/-9! A-0-! F(-+'-*! ,%! +,,-&*! ,/-!
,0+)&)&3!+&*!/%F-*!,/+,!')1)(+0!,0+)&)&3!A%@(*!B-!<%&*@<,J
-*!%&!:)'/!:+01)&3#

D#D#!!k+F+0)!$%<%+!5@0'-09!;0+)&)&3
!
])I-!,/-!():-!'I)((!,0+)&)&3!<%&*@<,-*!)&!k@()!6+F.!F0-J!+&*!
F%',J,0+)&)&3!-8+(@+,)%&'!A-0-!<%&*@<,-*!B-:%0-!+&*!+:,-0!
,/-! ,0+)&)&3#! >%A-8-0.! +! :%((%AJ@F! ',@*9! )'! 9-,! ,%! B-!
<%&*@<,-*!,%!*-,-01)&-! ):! ,/-!F+0,)<)F+&,'!+0-!F@,,)&3!,%!
F0+<,)<-!,/-!I&%A(-*3-!+&*!'I)(('!,/-9!+<U@)0-*!:0%1!,/-!
,0+)&)&3.! -'F-<)+((9! )&! '%+F! 1+I)&3#! [%0! ,/-! <%<%+!
&@0'-09.!),!)'!+&,)<)F+,-*!,/+,!+((!,/-!F+0,)<)F+&,'!A)((!)1F(-J
1-&,!A/+,!,/-9!(-+0&-*!+'!,/-9!+((!A%0I!,%3-,/-0!,%!-',+BJ
()'/! ,/-! <%<%+! &@0'-09.! A/)</! A)((! '@FF(9! ,/-! &--*-*!
'--*()&3'!,%!F(+&,!)&!,/-)0!<%<%+!B(%<I'#!
!

V[



G#D#D#!40-8)%@'!,0+)&)&3!%&!,0+)&)&3!'@BS-<,'!
5%&-!%:!,/-!F+0,)<)F+&,'!+,,-&*-*!F0-8)%@'!'%+FJ1+I)&3!
,0+)&)&3!+&*!<%<%+!&@0'-09!,0+)&)&3#!

G#D#^#!4+0,)<)F+&,'f!%F)&)%&!%&!,/-!,)1)&3!%:!,/-!,0+)&)&3!
;/-!1+S%0),9!%:!,/-!:+01-0'!',+,-*!,/+,!,/-!,)1-!,+I-&!
,%!*-()8-0!,/-!,0+)&)&3!A+'!3%%*#!

G#D#_#!4+0,)<)F+&,'f!%F)&)%&!%&!A/-,/-0!,/-!,0+)&)&3!
1-,!,/-)0!-OF-<,+,)%&'!%0!&%,!E)&<-!,/-!,0+)&)&3!A+'!')1F(-!
+&*!-+'9!,%!@&*-0',+&*.!,/-!F+0,)<)F+&,'!',+,-*!,/+,!),!1-,!
,/-)0!-OF-<,+,)%&'#!;/-9!A-0-!/+FF9!,/+,!,/-9!(-+0&-*!/%A!
,%!:)((!F%(9!B+3'!A),/!'%)(!+&*!()&-!,/-1!@F!)&!0%A'#!
;/-9!A-0-!+('%!/+FF9!,/-9!(-+0&-*!/%A!,%!1+I-!'%+F#

G#D#h#!=</)-8-1-&,!%:!;0+)&)&3!YBS-<,)8-'!
=!/@&*0-*!F-0<-&,!%:!,/-!F+0,)<)F+&,'!',+,-*!,/+,!,/-9!/+*!
+</)-8-*!,/-!%BS-<,)8-'!%:!<%<%!&@0'-09!,0+)&)&3.!+&*!i"!m!
'+)*!,/-!'+1-!:%0!'%+FJ1+I)&3!,0+)&)&3#!!

G#D#i#!4+0,)<)F+&,'f!%,/-0!,0+)&)&3!&--*'!
;/-!:%((%A)&3!,+B(-!'/%A'!,0+)&)&3!&--*'!)&*)<+,-*!B9!
F+0,)<)F+&,'!A/%!+,,-&*-*!<%<%+!&@0'-09!,0+)&)&3#!;/-!,A%!
F0)1+09!,0+)&)&3&--*'!)&*)<+,-*!A-0-!'--*!3-01)&+,)%&
+&*!<%<%+!B(%<I!-',+B()'/1-&,#!;/)'!*+,+!)&*)<+,-'!,/+,!,/-!
F+0,)<)F+&,'!+0-!-+3-0!,%!3-,!,/-!<%<%+!F0%S-<,!0@&&)&3#!

;+B(-!^#!;0+)&)&3!&--*'!+'!)&*)<+,-*!B9!F+0,)<)F+&,'!
A/%!+,,-&*-*!<%<%+!&@0'-09!,0+)&)&3#!

G#D#G#!4+0,)<)F+&,'f!-OF-<,+,)%&'!:%0!,/-!,0+)&)&3#
=((! %:! ,/-! F+0,)<)F+&,'f! -OF-<,+,)%&! A+'! ,%! (-+0&! +B%@,!
<%<%+!+&*!I&%A!/%A!,%!30%A!<%<%+#

a#!4%',J,0+)&)&3!-8+(@+,)%&
!
G#D#L#! 4+0,)<)F+&,'f! %F)&)%&! %&! ,/-! *-()8-09! %:! ,0+)&)&3!
'@BS-<,'#!

;/-!1+S%0),9!%:!,/-!F+0,)<)F+&,'!',+,-*!,/+,!B%,/!F)-<-'!%:!
,0+)&)&3!A-0-!-+'9!,%!@&*-0',+&*#!

[)3@0-! _#! 60+F/! '/%A)&3! F+0,)<)F+&,'f! %F)&)%&'! %&! ,/-!
*-()8-09!%:!,/-!,0+)&)&3#
!
G#D#T#! 4+0,)<)F+&,'f! %F)&)%&! %&! ,/-! @'-:@(&-''! %:! ,/-!
,0+)&)&3

K%',! %:! ,/-! :+01-0'! ',+,-*! ,/+,! B%,/! F)-<-'! %:! ,0+)&)&3!
A-0-!8-09!@'-:@(#!$%<%+!&@0'-09!,0+)&)&3!A+'!<%&*@<,-*!
,%! F0-F+0-! ,/-! F+0,)<)F+&,'! :%0! -',+B()'/)&3! ,/-! <%<%+!
&@0'-09! )&!K-),/-!8)((+3-#;/-!'%+FJ1+I)&3! ,0+)&)&3!A+'!
+('%!&%,-*!,%!B-!B-&-:)<)+(!B-<+@'-!%&-!%:!,/-!1%',!B+')<!
&--*'! +1%&3! ,/-! F+0,)<)F+&,'! )'! '%+F#! E%+F! )'! @'-*!
-OF()<),(9!:%0!(+@&*09#!>%A-8-0.!,/-!,0+)&-0!%&(9!F0-F+0-*!
,0+)&)&3!1+,-0)+(!:%0!B+,/!'%+F#!=,!,/-!-&*!%:!,/-!,0+)&)&3.!
,/-! F+0,)<)F+&,'! 0-U@-',-*! ,0+)&)&3! )&! (+@&*09! '%+F!
1+I)&3!+&*!F%A*-0#!
!
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UT!157J7:5J<!-=;@9C
!
M&!=F0)(!DRD".!,/-!7&)8-0'),9!+((%<+,-*!k"RR.!RRR#RR!,%!
E4ME=CH#!;/-!:%((%A)&3!,+B(-!'/%A'!,/-!B0-+IJ@F!%:!
,/-!k"RR.!RRR#RR#!!

RT!2@7:<4>5@7

![)&+((9.!A-!')&<-0-(9!+<I&%A(-*3-!,/-!7&)8-0'),9f'!
:@&*)&3!'@FF%0,!*-<)')%&!!,%!E4ME=CHf'!%@,0-+</!
F0%30+1'#!!;/)'!)'!%&-!%:!,/-!1%',!)1F%0,+&,!
F0%30+1'!%:!4567%;!,%!/-(F!,/-!0@0+(!F-%F(-!,%!
)1F0%8-!,/-)0!():-!',9(-'#!

YQ



APPROPRIATE TECHNOLOGY & 
COMMUNITY DEVELOPMENT INSTITUTE

a+<I30%@&*

;/-!=FF0%F0)+,-!;-</&%(%39!\!$%11@&),9!H-8-(%F1-&,!M&',),@,-!V=;$HMW!A+'!)&),)+((9!
-',+B()'/-*! )&! "i_h! A),/)&! ,/-! 4+F@+! 5-A! 6@)&-+! 7&)8-0'),9! %:! ;-</&%(%39! +'! +!
'-(:J'@FF%0,)&3!<%11@&),9!'-08)<-J%0)-&,-*!+&*!,-</&)<+(!<%&'@(,)&3!@&),#!
M&! ),'! -+0(9! 9-+0'.! ),! A+'! I&%A&! +'! ,/-! =FF0%F0)+,-! ;-</&%(%39! H-8-(%F1-&,! 7&),#!
V=;H7W!+&*!(+,-0!</+&3-*!,%!+&!)&',),@,-!V=;$HMW!)&!"ih"#!M,!A+'!-&3+3-*!)&!*-8-(%F)&3!
+&*!+*%F,)&3!&-A!,-</&%(%3)-'!,%!)1F0%8-!,/-!U@+(),9!%:!():-!A),/)&!456!<%11@&),)-'#

M&!<%&'@(,+,)%&!+&*!<%((+B%0+,)%&!A),/!3%8-0&1-&,!)&',),@,)%&'.!&%&J3%8-0&1-&,!
%03+&)2+,)%&'.! <%11@&),9! 30%@F'.! +&*! *%&%0! +3-&<)-'.! ),! <+00)-'! %@,! 0-'-+0</! +&*!
*-8-(%F1-&,!%&!'@),+B(-!,%%('!+&*!,-</&)U@-'!,%!+**0-''!0@0+(!*-8-(%F1-&,!&--*'#!
M,! +('%! *)''-1)&+,-'! )&:%01+,)%&! %&! *-8-(%F)&3! ,-</&%(%3)-'! ,%! <%11@&),)-'! +&*!
%03+&)2+,)%&'!B%,/!A),/)&!+&*!%@,')*-!%:!4+F@+!5-A!6@)&-+#!!
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=&!-&3)&--0!,-',)&3!
+!0+1!F@1F!

a0)<IJ1+I)&3!,0+)&)&3!+,!a@)1%!d+)(

,5>5@7>H!M5>>5@7>H!J76!,J<4=>

=;$HMQ'!Z)')%&!)'!,%!B-!+!(-+*)&3!)&',),@,-!)&!,/-!<%@&,09.!
F0%8)*)&3!)&&%8+,)8-!<%11@&),9!*-8-(%F1-&,!'-08)<-'!,%!
(%<+(!<%11@&),)-'!)&!4+F@+!5-A!6@)&-+#!Y@0!K)'')%&!)'!
,%! /-(F! )1F0%8-! ,/-! ()8-()/%%*'! %:! <%11@&),)-'! ,/0%@3/!
0-'-+0</.!*-8-(%F1-&,.!+FF()<+,)%&.!+&*!*)''-1)&+,)%&!%:!
,-</&%(%39! +&*! )&:%01+,)%&#! ! =;$HMQ'! <%0-! 8+(@-'! +0-!
'-08)<-!,%!,/-!<%11@&),9.!+&*!)&!F+0,)<@(+0.!,/%'-!<%11@J
&),)-'!(-''!'-08)<-*!B9!,/-!3%8-0&1-&,!+&*!)&!0-1%,-!0@0+(!
+0-+'#!=;$HM!+('%!8+(@-'!,/-!+FF()<+,)%&!+&*!'/+0)&3!%:!
+FF0%F0)+,-! 'I)(('! +&*! I&%A(-*3-! ,/0%@3/! ,0+)&)&3! +&*!
,-</&%(%39!+&*!)&:%01+,)%&!*)''-1)&+,)%&,%!+**0-''!,/-!
&--*'!%:!,/-!(%<+(!<%11@&),)-'#

"G=!+7>C5C4C=H!CG=9=A@9=H!J5B>!C@^

"#!?&<%@0+3-!+&*!+'')',!0@0+(!*-8-(%F1-&,!)&!4+F@+!5-A!
6@)&-+!)&!+!<@(,@0+((9!'-&'),)8-!+&*!!'@',+)&+B(-!1+&&-0l

D#!$%&*@<,!0-'-+0</!+&*!*-8-(%F1-&,!)&,%!,-</&%(%3)-'!!
+&*!,%%('!,/+,!<+&!B-!+*+F,-*!,%!)1F0%8-!,/-!()8)&3!<%&*)J
,)%&'!%:!<%11@&),)-'!)&!4+F@+!5-A!6@)&-+l!

G#!H)''-1)&+,-! )&:%01+,)%&! %&! +FF0%F0)+,-! ,-</&%(%3)-'!
+&*! 3-&-0+(! *-8-(%F1-&,! )''@-'! ,/0%@3/! F@B()<+,)%&'!
+&*!%,/-0!1-*)+#

L#!Y::-0! ,0+)&)&3!,%! (%<+(!<%11@&),)-'!+&*!!*-8-(%F1-&,!
A%0I-0'#

$%&')',-&,! A),/! ,/-! 1)'')%&! +&*! Z)')%&! %:! ,/-! 456!
7&)8-0'),9!%:!;-</&%(%39.!=;$HM!)'!:%<@'-*!%&!:)8-!A%0I!
F0%30+1!+0-+'!<%8-0)&3!=FF0%F0)+,-!;-</&%(%39.!H%A&J
',0-+1!+&*![%%*!40%<-'')&3.!?&-039.!e+,-0!E@FF(9.!+&*!
$%11@&),9!H-8-(%F1-&,!M&:%01+,)%&#

&"2]+!(=K!c45<6578!J76!.CJAA578

Y@0!&-A!B@)(*)&3!/+'!B--&!:@((9!%<<@F)-*!B9!',+::!')&<-!
,/-! ,/)0*!U@+0,-0!%:!DRD"#!E%1-!<%00-<,)8-!1+)&,-&+&<-!
A+'! *%&-! %&! ,/-! 0%%:)&3.! A+(('.! +&*! :(%%0'#! ;/-! Z)<-!
$/+&<-((%0f'! %::)<-! F0%8)*-*! -O,0+! :@&*)&3! :%0! ,/-!
F@0</+'-!+&*!)&',+((+,)%&!%:!+)0!<%&*),)%&-0'!)&!,/-!%::)<-'#
=,! ,/-! -&*! %:! DRD".! H)0-<,%0!K0! =&*0-A! 4@9Q'! ,-01! %:!
-1F(%91-&,! A),/! =;$HM! -&*-*#! ;/-! E-<0-,+09N=*1)&!
%::)<-0!+('%!0-')3&-*!-+0()-0!)&!,/-!(+',!U@+0,-0!%:!,/-!9-+0#!
;/-!F%'),)%&!%:!E-<0-,+09!+&*!=*1)&!Y::)<-0!/+8-!B--&!
:)((-*#!Z+<+&<)-'!&%A!-O)',! :%0!+!U@+():)-*!H)0-<,%0N?&3)J
&--0! +&*! +&! ?&-039! ?&3)&--0! A/%! )'! +<U@+)&,-*! A),/!
:+<-,'!%:!F%A-0!/+0&-'')&3!+&*!-&-039!'9',-1'#

%9@89JB!&:C5F5C5=>!57!PQPS

5=CM!6+()F!5@,!H-F@(F-0!+&*!5@,<0+<I-0

;/-!:%01-0!*)0-<,%0.!K0!=&*0-A!4@9!*-')3&-*!+&*!B@)(,!+!
6+()F!&@,!*-F@(F)&3!1+</)&-!+,!,/-!=;$HMQ'!A%0I'/%F#!
=:,-0! '-8-0+(! ,0)+('! +&*! 1%*):)<+,)%&'.! ,/-! *-8)<-! A+'!
F0-'-&,-*!,%!5=CM!%::)<)+('!%&!,/-!Dh,/!%:!d@(9!DRD"#!;/-!
1+</)&-! A+'! (+,-0! '/)FF-*! ,%! 5=CM! k-0+8+,! ?5a! )&!
5%8-1B-0!DRD"#

$/+0<%+(!k)(&

=!</+0<%+(!k)(&!B@)(,!)&!DRRR!B9!=;$HM!:%0!+!(%<+(!</+0<%+(!
1+I-0!/+*!*-,-0)%0+,-*!,%!+&!@&@'+B(-!',+,-#!;/-!YA&-0!
0-U@-',-*! ,/-! I)(&f'! *0+A)&3! '%! /-! <%@(*! '--I! <%',)&3!
:0%1!+!:+B0)<+,%0!A),/!,/-!:+<)(),)-'!,%!B@)(*!+&%,/-0!%&-!,%!
-&+B(-!/)1!,%!0-',+0,!/)'!EK?!B@')&-''!+3+)&#

!

C+1!4@1F!;-</&%(%39

;/-!0+1!F@1F!)'!+&!-::-<,)8-!,-</&%(%39!9-,!,%!B-!@,)()2-*!
:@((9! )&! <%11@&),)-'!A),/! +B@&*+&,! 0@&&)&3!A+,-0#!C+1!
F@1F!0-'-+0</!+&*!F0%S-<,'!/+8-!B--&!<+00)-*!%@,!)&!,/-!
F+',!B9!=;$HM.!$)8)(!+&*!K-</+&)<+(!?&3)&--0)&3!H-F+0,J
1-&,'#!;/-!=FF0%F0)+,-!;-</&%(%39!F0%30+1!)'!0-8)'),)&3!
,/-! 0+1! F@1F! ,-</&%(%39! B-<+@'-! %:! ,/-! &--*! :%0!
'@',+)&+B(-! (%AJ<%',! ,-</&%(%39! ,/+,! <+&! B-! B@)(,!
+&*1+&+3-*!B9!0@0+(!<%11@&),)-'#!!=;$HM!+&*!,/-!$)8)(!
?&3)&--0)&3!*-F+0,1-&,!+0-!!<+009)&3!%@,!+!F-0:%01+&<-!
,-',!%&!+&!)1F%0,-*!B)((+B%&3!0+1!F@1F!A),/!+!(%<+((9!B@)(,!
%&-#! C-'@(,'! '/%A-*! ,/+,! ,/-! (%<+((9! 1+*-! 0+1! F@1F!
0-U@)0-*!'%1-!+*S@',1-&,'!%&!,/-!0)3!<%1F%&-&,#!!!!!!!!!

a)%'+&*![)(,0+,)%&!7&),

a)%'+&*!:)(,-0!*-')3&!/+'!B--&!*)''-1)&+,-*!'@<<-'':@((9!
)&!1+&9!F+0,'!%:!=')+&!+&*!=:0)<+&!<%@&,0)-'#!>%A-8-0.!
8-09!(),,(-!0-'-+0</!/+'!B--&!*%&-!)&!456#!
;/-!=FF0%F0)+,-!;-</&%(%39!F0%30+1!F(+&'!,%!:+B0)<+,-!+!
1%@(*!,%!1+I-!,/-!B)%'+&*!:)(,-0#!.!;/-!)&),)+(!B@*3-,!:%0!
,/-!<%&',0@<,)%&.!/+'!B--&!1+*-.!+&*!),!A)((!B-!F+0,!%:!,/-!
7&)8-0'),9Q'!<%11@&),9J:@&*-*!F0%S-<,#

a0)<I!K%@(*!K+I)&3

a0)<I! 1%@(*! 1+I)&3! +&*! *)''-1)&+,)&3! )&:%01+,)%&! %&!
B0)<I!1+I)&3! /+'! B--&! +&! %&3%)&3! +<,)8),9#! ;/-!a@)1%!
$%00-<,)%&+(!E-08)<-'!/+*!B--&!-&3+3)&3!=;$HM'!E1+((!
M&*@',0)-'!-&3)&--0!,%!0@&!,0+)&)&3!:%0!A%@(*JB-!0-(-+'-*!
F0)'%&-0'!+,!,/-!a@)1%!d+)(#!
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=!k+F(+&!4)<%!/9*0%!,@0B)&-!@'-*!+,!6%B+*)<

])+)')&3!A),/!5@I&@I!<%11@&),9!

[+'-@!K)<0%!>9*0%!F0%30+1

[+'-@!K)<0%J/9*0%!40%S-<,! (%<+,-*! )&![)&</+:-&!*)',0)<,.!
K%0%B-!40%8)&<-!A-&,!,/0%@3/!0-/+B)(),+,)%&!A%0I!%&!,/-!
,0+&':%01-0#!4%A-0!A+'!0-',%0-*!,%!,/-![+'-@!<%11@&)J
,9#

75H4!E?CMN;?CM!?+',!E-F)I!40%8)&<-!?&-039!40%S-<,

E-8-&! '),-'! /+8-! B--&! +<<-F,-*.! +&*! +! ;%C! )'! B-)&3!
*0+A&!@F!:%0!,/-!<%&',0@<,)%&!%:!,/-'-!F0%S-<,'#

6%B+*)<I!4)<%!>9*0%!M&',+((+,)%&!+&*!;-',)&3

6%B+*)<I!$%11@&),9!)'!(%<+,-*!)&!,/-!5+A+-B!H)',0)<,!)&!
K%0%B-!40%8)&<-!!!=!DIe!4)<%!!>9*0%!,@0B)&-!A+'!,-',-*!
:%0!3-&-0+,)&3!()3/,)&3!:%0!+!:+1)(9#![@0,/-0!,-',)&3!)'!%&3%J
)&3#! [@&*)&3! %:! ,/)'! F0%S-<,! A+'! F0%8)*-*! ,/0%@3/! ,/-!
7&)8-0'),9Q'!<%11@&),9!:@&*)&3#!

=DKZ!E%(+!H-')3&
!
;/)'! F0%S-<,! )'! B-)&3! <+00)-*! %@,! ,/0%@3/! E?CM! :%0! K4!
K+0@#!;/-!F0%F%'+(!A+'!'@B1),,-*!)&!Y<,%B-0!DRD"#

Y,/-0!E,@*)-'

r!>9*0%![-+')B)(),9!E,@*9!)&!>-&3+&%:).!?>4#!
=! B@*3-,!A+'! '@B1),,-*! :%0! ,/-! ',@*9.! B@,! :@&*)&3! /+'!
B--&!F-&*)&3#

r!]+I-!;0)'!!>9*0%!E,@*9!
[@&*)&3!A+'!0-<-)8-*.!+&*!+!'@08-9!A+'!<%&*@<-,*!!+,!
,/-!(+I-!%&!,/-!Dh,/!Y<,%B-0.!DRD"#

r!a@'@!>9*0%!E,@*9!C-F%0,!
=! 0-F%0,! A+'! F0-F+0-*! +&*! '@B1),,-*! ,%! ,/-! K%0%B-!
40%8)&<)+(! 6%8-0&1-&,! =*1)&)',0+,%0! +&*! )'! F-&*)&3!
F0-'-&,+,)%&#

;/-!F0%30+1!-&3)&--0!A+'!)&8%(8-*!)&!,/-!-O,-0&+(!'@F-0J
8)')%&! %:! K-</+&)<+(! +&*! $)8)(! ?&3)&--0)&3! ',@*-&,'! )&!
E-F,-1B-0! +&*!Y<,%B-0.! 0-'F-<,)8-(9#! ?&-039! 40%30+1!
'-&)%0!-&3)&--0!K0!5%'+0-!K+)I+!/+'!B--&!+A+0*-*!+&!
?&3)&--0)&3! =@',0+()+&! =A+0*! E</%(+0'/)F! )&! DRDD#! >-!
A)((! B-!+,,-&*)&3! d+1-'!$%%I!7&)8-0'),9! ,%! *%!/)'!4/H!!
',@*9! )&! K-</+&)<+(! -&3)&--0)&3#! 7&*-0! ,/)'! +A+0*.! +!
F0%F%'+(! )'! '@B1),,-*! ,%! ! '-,@F! +&! ?&-039! +'')1)(+,)%&!
(+B%0+,%09!+,!7&),-</!=!F+F-0!,),(-*!`M1F(-1-&,)&3!60+8)J
,+,)%&+(! Z%0,-O! >9*0%! 4%A-0! 4(+&,X! =! $+'-! E,@*9.! /+'!
B--&! +<<-F,-*! :%0! F@B()<+,)%&! )&! =@3@',! DRD"! )&! ,/-!
EF0)&3-0!d%@0&+(.!+!d%@0&+(!F@B()<+,)%&!%:!,/-!M&',),@,-!%:!
?&3)&--0)&3!J!M&*)+

e+,-0!E@FF(9!+&*!E+&),+,)%&
!
;/)'! ! e=E>! F0%30+1! ,%! )1F0%8-! <%11@&),9! ():-! B9!
B@)(*)&3! +&*! )1F0%8)&3! A+,-0! '@FF(9! +&*! '+&),+,)%&!
:+<)(),)-'!)&!<%11@&),)-'!,/0%@3/!,-</&)<+(!+'')',+&<-!+&*!
,0+)&)&3!F0%8)')%&'#
Y8-0!,/-!9-+0'.!=;$HM!/+'!B--&!)&8%(8-*!)&!1+&9!A+,-0!
'@FF(9!F0%S-<,'!)&!1+&9!F+0,'!%:!,/-!<%@&,09#!$%11@&),9!
A+,-0!'9',-1'!,/+,!/+8-!B--&!)&8-',)3+,-*!+&*!)&',+((-*!
)&<(@*-*! '/+((%A!A+,-0!A-(('! 30%@&*!A+,-0.! *--F!A-(('.!
'@0:+<-!A+,-0! )&,+I-.! 30+8),9! :--*!A+,-0! '@FF()-'.! '%(+0!
F@1F'.!/9*0+@()<'!0+1!F@1F'.!0+)&!A+,-0!/+08-',)&3!+&*!
<%&',0@<,)%&!%:![-00%J!<-1-&,!,+&I'#
M&!DRD"!,/-!F0%30+1!-&3)&--0!A+'!)&8%(8-*!)&!:-+')B)(),9!
',@*)-'!%:!:%@0!(%<+,)%&'!+0%@&*!K%0%B-!40%8)&<-!+&*!%&-!
)&!=B+@!H)',0)<,!)&!,/-!$-&,0+(!40%8)&<-.!A/)</!A+'!:@&*-*!
B9! ,/-! @&)8-0'),9! <%11@&),9! :@&*)&3#! ;/-! ',@*)-'! )&!
K%0%B-!)&<(@*-!e+1F+0!40)1+09!E</%%(!A+,-0!:+<)(),9!)&!
,/-!>@%&!H)',0)<,#!M&!+**),)%&.!+!0-'<%F)&3!%:!,/-!K+0I/+1!
Z+((-9!>)3/!E</%%(!A+,-0!:+<)(),)-'!+&*!,/-!5@I&@I!e+,-0!
E@FF(9! '9',-1! )&! E+(+1+@+! )&! ,/-! >@%&! 6@(:! H)',0)<,.!
;/-'-! F0%S-<,! A+'! :@&*-*! B9! ,/-! K%0%B-! 40%8)&<)+(!
6%8-0&1-&,#!

;/-!E+3@F! <%11@&),9!A+,-0! '@FF(9! )&! ,/-!K@2)&3! /+'!
B--&!,-1F%0+((9!F@,!%&!/%(*!*@-!,%!A+&)&3!)&,-0-',!B9!,/-!
(-+*-0!A/%!)&',)3+,-*!,/-!F0%S-<,#

]@K7>C9=JB!b!1@@6!%9@:=>>578!%9@89JBB=

r! E%+F! K+I)&3X! ;/-! F0%30+1! %::)<-0! A+'! )&8%(8-*! )&!
<%&*@<,)&3!'%+F!1+I)&3!,0+)&)&3!A%0I'/%F!)&!j+A+'%0%!
e-A+I! )&! d@&-! DRD"#! =! :%((%AJ@F! 0-:(-<,)%&! A%0I'/%F!
A+'!<+00)-*!%@,! )&!5%8-1B-0#!;/-!F0%30+1!A+'!:@&*-*!
B9!e+,-0!=)*!456!:%0!,/-!e-A+I!$%@&<)(!%:!e%1-&#!;/-!
,0+)&)&3!+()3&'!A),/!,/-!<%&<-F,!%:!F-0'%&+(!/93)-&-!+&*!
<(-+&()&-''! +1)*',! ,/-!$%8)*! %@,B0-+I#! ! !K%0-! ,/+&! TR!
A%1-&! +&*! 9%@,/'.! )&<(@*)&3! 1+(-'.! +,,-&*-*! ,/-!
,0+)&)&3#!!!=F+0,!:0%1!1+I)&3!'%+F!@')&3!,/-!<%(*!F0%<-''!
1-,/%*.! ,/-9! +('%! 1+*-! /+)0! <0-+1.! ,%%,/F+',-.! +&*!
*)'/A+'/)&3! <(-+&-0'#! ! ! ! ;/-! ,0+)&)&3!A+'! -O,-&*-*! ,%!
,/0--!%,/-0!<%11@&),)-'!)&!,/-!E%e%1!!+0-+!<(%'-!,%!,/-!
B%0*-0!%:!e-',!E-F)I

YU



4+0,)<)F+&,'!+,!,/-!'%+F!1+I)&3!,0+)&)&3

r!a+I)&3!,0+)&)&3!/+'!B--&!F%F@(+0!
+1%&3!A%1-&!+&*!9%@,/!30%@F'!
+0%@&*!]+-!@0B+&!+&*!'@B@0B+&!+0-+'#!
M,!/+'!/-(F-*!F0%8)*-!8+0)-,)-'!%:!B+I-*!
3%%*'!:%0!:+1)()-'!+&*!/-(F'!,/-1!)&!,/-!
)&:%01+(!'-<,%0!)&<%1-!3-&-0+,)%&!+<,)8),)-'#

YR



r!H%A&',0-+1!F0%<-'')&3!%:!;@01-0)<!
!!!4%A*-0.!Z)03)&!$%<%&@,!Y)(.!+&*!+!
!!!8+0)-,9!%:!5%&)!40%*@<,'!/+'!B--&!
!!!%&3%)&3

H)'F(+9-*!+0-!'%1-!F0%*@<,'!F0%*@<-*!+&*!
!!!!'%(*!+,!=;$HM'![%%*!$-&,0-#!;/-'-!)&<(@*-!
!!!:0-'/!5%&)!d@)<-.!5%&)!5@,0+*H0)&I.!5%&)!
!!!E--*!4%A*-0.!;@01-0)<!F%A*-0.!Z)03)&!
!!!$%<%&@,!Y)(!+&*!5%&)!'%+F##!!!!!!!!!!!!!!

YV

$%11@&),9!H-8-(%F1-&,!M&:%01+,)%&!40%30+1
!
E+(-'!%:!])I()I!a@I!+&*!E+8-!5+!K-I)1!A-0-!%&3%)&3!B@,!+,!+!'(%A!F+<-!<%1F+0-*!,%!F0-8)%@'!9-+0'#!=A+0-&-''!
A)((!B-!<+00)-*!)&!'</%%('!+&*!<%11@&),)-'!%&!,/-!@'-:@(&-''!%:!,/-!)&:%01+,)%&!F0%*@<-*!)&!,/-!B%%I'#!
;/-!?&3()'/!+&*!4)*3)&!8-0')%&'!+0-!8+(@+B(-!0-'%@0<-!B%%I'!:%0!<%11@&),9!():-!+&*!*-8-(%F1-&,!F0%S-<,'#



YY

AGRICULTURE FARM

M&,0%*@<,)%&

;/-! :+01! )'!%&-!%:! ,/-!F)((+0'!%:! ,/-!H-F+0,1-&,!%:!=30)<@(,@0-!
+&*!/+'!+!(+&*!+0-+!%:!Gi!/-<,+0-'#!;/-!1+)&!:@&<,)%&'!+0-!,%!
F0%8)*-!F/9')<+(!+&*!:)&+&<)+(!*+,+!%&!8+0)%@'!:+01)&3!+<,)8),)-'!
:%0!,-+</)&3.!*-1%&',0+,)%&.!+&*!0-'-+0</.!1+,-0)+('!V-#3#.!(+&*.!
<0%F'.! ()8-',%<I.! 1+</)&-09W! :%0! *-1%&',0+,)%&! +&*! F0+<,)<+(!
,0+)&)&3! )&! +30)<@(,@0+(! ,-</&)U@-'.! :+<)(),)-'! :%0! 0-'-+0</! +&*!
*-8-(%F1-&,!A%0I!B9!,/-!7&)8-0'),9!',+::!+&*!',@*-&,'.!+&*!,/-!
%FF%0,@&),9! :%0! ,/-! ',@*-&,'! ,%! /+8-! +&! +<,)8-! +&*! )&,)1+,-!
+''%<)+,)%&!%8-0!+!F-0)%*!%:!,)1-!A),/!+!:+01)&3!'),@+,)%&#!
E,+::)&3!+&*!%F-0+,)%&'!
=!K+&+3-0!1+&+3-'!+((!,/-!:+01!%F-0+,)%&'!A),/!,/-!'@FF%0,!%:!
+&! +*1)&! <(-0I.! ,/0--! ,-</&)<+(! %::)<-0'! V()8-',%<I.! <0%F.! +&*!
0-'-+0</!+&*!,-+</)&3W.!+&*!DR!:)-(*!',+::#!Y@,!%:!,/-'-.!,/-0-!)'!
+! *0)8-0.! +! <+0F-&,-0.! +&*! +! 1-</+&)<.! +&*! ,/-! 0-',! +0-! :)-(*!
A%0I-0'#! ;/-! :+01! /+'! ,A%! 1+)&! '-<,)%&'! c! ,-+</)&3! +&*!
0-'-+0</.! +&*! ,/-! <%11-0<)+(#! K%',! %:! ,/-! ,-+</)&3! +&*!
0-'-+0</! +<,)8),)-'! +0-! <%&*@<,-*! B9! ',+::! +&*! ',@*-&,'! +&*!
<%%0*)&+,-*!B9!+!*-')3&+,-*!:+01!',+::!VC-'-+0</!+&*!H-8-(%FJ
1-&,!Y::)<-0W#!;/-!<%11-0<)+(!'-<,)%&!)&<(@*-'!()8-',%<I!V<+,,(-.!
'/--F.!3%+,'.!F)3'.!*@<I'.! (+9-0!B)0*'.!+&*!1-+,!B)0*'.!0-'F-<J
,)8-(9W!+&*!<0%F'!V+&&@+(!+&*!F-0-&&)+(!<0%F'W#!=((! ,/-!'-<,)%&'!
+0-!1+&+3-*!B9!+!,-</&)<+(!%::)<-0.!+&*!,/-!3-&-0+(!(+B%0!:%0<-!)'!
@'-*!:%0!,/-!0-'F-<,)8-!F0%*@<,)%&!+<,)8),)-'#!!!!!!

M&:0+',0@<,@0-!!

;/-! :+01! :+<)(),)-'! )&<(@*-! +&! %::)<-! <%1F(-O! ,/+,! /%@'-'! ,/-!
%::)<-'!%:!,/-!,-</&)<+(!%::)<-0'!+&*!,/-!:+01!+*1)&#!;/-!()8-',%<I!
'-<,)%&!/+'!+!&@1B-0!%:!'/-*'X!/%3!B0--*-0!+&*!A-+&-0.! ,A%!
B0%)(-0!F0%*@<,)%&.!+!(+9-0!B)0*.!+&*!*@<I#!M&!+**),)%&.!,/-0-!)'!+!
:--*! ',%0+3-! :+<)(),9.! '(+@3/,-0! '/-*.! +&*! +&! +&)1+(! :--*! 1)((!
V&-A(9!B@)(,!+&*!9-,!,%!B-!<%11)'')%&-*W#!;/-!()8-',%<I!F0%*@<J
,)%&! +&*! 1+&+3-1-&,! '9',-1! )'! '@FF%0,-*! B9! +! &@1B-0! %:!
F+**%<I'! :-&<-*! ,%! '-F+0+,-! ,/-! ',%<I)&3! 0+,-'#! ;/-! <0%F!
'-<,)%&!/+'!"h!/+!%:!(+&*!@&*-0!<0%F.!+!<%<%+!&@0'-09!<+F+B(-!%:!
/%(*)&3!G!RRR!'--*()&3'!+,!+&9%&-!,)1-.!<%<%+!B-+&!:-01-&,)&3!
+&*! *09)&3! :+<)(),)-'.! +&*! :+<)(),)-'! :%0! 0+)')&3! '--*()&3'! %:! :)-(*!
<0%F'#!;/)'!'-<,)%&!+'!<%<%+!B(%<I'.!%)(!F+(1.! 0@BB-0.! <%<%&@,!
+&*! 8+&)((+#! ;/-'-! :+<)(),)-'! +0-! %F-&! ,%! ',@*-&,! +&*! ',+::!
0-'-+0</.!,0+)&)&3!+&*!-O,-&')%&.!+&*!*-1%&',0+,)%&!,%!',@*-&,'.!
,/-!F@B()<.!+&*!:+01-0'#!M&!+**),)%&.!,A%!',+::!/%@'-'.!D!O!DRRR!
1-+,!B)0*!'/-*'.!+&*!0-&%8+,)%&!%:!,/-!'(+@3/,-0!'/-*!/+8-!B--&!
'@B1),,-*!+'!4M4!40%S-<,'#!!!!!!!



[+01!40%*@<,)8),9!!

;/-! :+01! /+'! ,/-! F%,-&,)+(! ,%! 3-&-0+,-! )&<%1-! F0%8)*-*!
1+&+3-*!A-((#!>%A-8-0.!+!DR"T!+@*),!0-F%0,!'/%A-*!;/)'!A+'!
,/-! 0-'@(,! %:! '+(-'! B-)&3! <%&*@<,-*! B9! +&9%&-! -8-09! *+9!
+&9A/-0-! +&*! A+'! &%,! F0%F-0(9! <%%0*)&+,-*.! +''%<)+,-*! A),/!
</0%&)<!+B'-&,--)'1!:0%1!A%0I#!E,+E,+0,)&3!-+0(9!DR"^.!<%00-<J
,)8-! 1-+'@0-'! A-0-! ,+I-&.! +&*! '-8-0+(! ',+::! )1F()<+,-*! A-0-!
,-01)&+,-*.!%,/-0'!*)'<)F()&-*!%0! )&,-0&+((9!,0+&':-00-*#!=!'+(-'J
1+&!A+'!+FF%)&,-*.!+&*!'+(-'!+0-!%&(9!+((%A-*!,%!B-!*%&-!%&!
;@-'*+9!+&*!;/@0'*+9!-+</!A--I#!;/)&3'!,%!B-!'%(*!%&!;@-'J
*+9!+0-!*%<@1-&,-*!+&*!F0)<-*!%&!K%&*+9l!')1)(+0(9.!,/-!'+1-!
)'!*%&-!:%0!;/@0'*+9Q'!'+(-'#!;/-!'+(-'1+&!F0%*@<-'!+!A--IQ'!
'+(-'! 0-F%0,! %&! [0)*+9#! M&! -+0(9! DR"_.! ,/-! :+01! +<<%@&,! A+'!
<(-+0-*.! +&*! -&*! %:! ,/+,! 9-+0! 1+*-! ),'! :)0',! F0%:),! %:! %8-0!
kTR.RRR#RR.! +&*! ')&<-! ,/-&.! A+'! 1+I)&3! +! F0%:),#! K%0-! ,/+&!
kTRR.RRR#RR! A+'! 3-&-0+,-*! )&! ,/-! (+',! :)8-! 9-+0'#! 40@*-&,!
1+&+3-1-&,!%:!',+::!+,,-&*+&<-!B9!+!A+9!%:!I--F)&3!+!(%3B%%I!
0-'@(,-*!)&!)&<0-+'-*!F0%*@<,)8),9!+&*!0-*@<-*!+B'-&,--)'1#!;/-!
:+01!B%%I!)'!)&!%0*-0!A),/!+!F%'),)8-!B+(+&<-!'/--,!-+</!9-+0#!!!!!!!!!!!

C-'-+0</!+&*!;0+)&)&3!

;/-!:+01!<%&*@<,'!),'!0-'-+0</!:%0!*-8-(%F1-&,!)&!()8-',%<I!+&*!
<0%F!F0%*@<,)%&!+&*! )'!%&3%)&3#!=((! ',+::! +&*!',@*-&,! 0-'-+0</!
+0-!<%&*@<,-*!%&!,/-!:+01.!)&<(@*)&3!<(+''!F0+<,)<+('#!?+</!9-+0.!
1%0-! ,/+&! "RR! F0+<,)<+('! 0-(+,-*! ,%! @&*-030+*@+,-! <(+''-'.!
F0%S-<,'.! +&*! 8)'),'#! 4%',30+*@+,-! ',@*-&,'! *%! 1%',! %:! ,/-)0!
',@*)-'! %&! ,/-! :+01#! ;/-! F@B()<),9! %:! 0-'-+0</! +&*! ,0+)&)&3!
)&<(@*-'!,/-!30+*@+,)%&!%:!+((!,/-!',@*-&,'!)&8%(8-*!+&*!F@B()<+J
,)%&'!)&!(%A!,%!1-*)@1J)1F+<,!S%@0&+('#!!!!

?O,-&')%&!+&*!$%11@&),9!E-08)<-'!

;/-!F0%8)')%&!%:!-O,-&')%&!'-08)<-'!,%!,/-!A)*-0!<%11@&),9!)'!+!
1+&*+,%09! :@&<,)%&! %:! ,/-! :+01#! ;/-! :+01! <%&*@<,'! ,0+)&)&3! )&!
B+')<!()8-',%<I!+&*!<0%F!/@'B+&*09!%&J'),-!+&*!+0%@&*!,/-!<%@&J
,09#! e)*-(9! 0-U@-',-*! ,0+)&)&3! )'! )&! <%<%+! F0%*@<,)%&! 0-(+,-*!
+<,)8),)-'! +&*! ()8-',%<I! F0%*@<,)%&#! ='! F+0,! %:! ),'! -O,-&')%&!
'-08)<-'.! ,/-! :+01! F+0,)<)F+,-'! )&! +&&@+(! +30)<@(,@0+(! '/%A'.!
'-1)&+0'.!+&*!:)-(*!*+9'.!'@</!+'!K%0%B-!=30)<@(,@0-!E/%A!+&*!
5=CM!:)-(*!*+9#!M&!+**),)%&.!,/-!:+01!%F-&'!),'!*%%0'!,%!,/-!F@B()<!
*@0)&3!-8-&,'!()I-!$+0--0![+)0!+&*!YF-&!H+9.!A/-0-!'-<%&*+09.!
/)3/.!+&*!F0)1+09!'</%%(!',@*-&,'!+0-!+((%A-*!,%!8)'),! ,/-!:+01!
+&*!3-,!+!3()1F'-!%:!A/+,!)'!*%&-!)&!()8-',%<I!+&*!<0%F!F0%*@<J
,)%&#!?8-&!I)&*-03+0,-&!</)(*0-&!8)'),!,/-!:+01!A),/!,/-)0!,-+</-0'!
*@0)&3!,/-)0!:)-(*!-O<@0')%&'#!!!!

[@,@0-!4(+&'!:%0!H-8-(%F1-&,!

;/-! :+01! /+'! ,/-! F%,-&,)+(! ,%! 3-&-0+,-! )&<%1-! ')3&):)<+&,(9! ):!
+FF0%F0)+,-(9! 1+&+3-*! +&*! ',+::! F0%*@<,)8),9! )'! -&/+&<-*!
,/0%@3/!0-<0@),1-&,!+&*!,0+)&)&3#!C-<-&,(9.!,A%!,-</&)<+(!%::)<-0'!
A-0-!0-<0@),-*!+&*!@&*-0!F0%B+,)%&!:%0!0-'-+0</.!*-8-(%F1-&,.!
+&*!<0%F!F0%*@<,)%&#!E)O!1%0-!+**),)%&+(!:)-(*!',+::!A-0-!0-<0@),J
-*.! )&!+**),)%&! ,%!h!%(*-0!',+::#!K+&+3)&3! ,/-'-!',+::! ',0-&3,/'!
+&*!@,)()2)&3!,/-1!)'!)1F%0,+&,#!;/-!&-A(9!B@)(,!+&)1+(!:--*!1)((!
&--*'!,%!B-!<%11)'')%&-*!+&*!%F-0+,-**!,%!1+I-!:--*!:%0!:+01!
@'-!+&*!'-((!,%!:+01-0'#!;/-0-!)'!+!*-1+&*!:%0!<+,,(-.!3%+,.!+&*!
'/--F!1-+,.!+&*!,%!1--,!,/-'-.!+!&@1B-0!%:!:--*(%,'!&--*!,%!B-!
B@)(,!%&!,/-!-O<-''!(+&*!,/+,!)'!+8+)(+B(-#!;/-0-!)'!-&%@3/!(+&*!
:%0! @'-! ,%! 30%A! +&&@+(! +&*! -+'9J,%J30%A! <0%F'.! -&%@3/! :%0!
-8-09%&-.!)&<(@*)&3!,/-!',@*-&,!1-''#!=!4M4!40%S-<,!%:!GR.!RRR!
'--*()&3!<+F+<),9!&@0'-09!A+'!'@B1),,-*.!+&*!,/+,!F(+&!)'!@&*-0J
A+9#!!!!!!

YZ



157J7:5J<!MJ7J8=B=7C^

[)&+&<-!)'!,/-!!B+<IB%&-!:%0!,/-!'@<<-''!%:!,/-!%03+&)2+,)%&#!
7&),-</Q'![)&+&<)+(!K+&+3-1-&,!)'!*%)&3!-O<-F,)%&+((9!A-((!
@&*-0! ,/-! *)0-<,)%&! %:! ,/-! [)&+&<-! +&*! 6-&-0+(J4@0F%'-'!
$%11),,--!+&*!,/-!3%+(!'-,!)&!,/-!$%@&<)(!F-0!E,0+,-39#!Y@0!
[)&+&<)+(!E,0+,-39!)'!`[)&+&<)+(!E@',+)&+B)(),9#!;/-!K+&+3-J
1-&,!/+'!-',+B()'/-*!+&!-::-<,)8-!)&,-0&+(!<%&,0%(!'9',-1!,%!
/+8-!B-,,-0! ! :)&+&<)+(!F%'),)%&!%:! ,/-!7&)8-0'),9#!;/-!+&&@+(!
:)&+&<)+(! F(+&.! B@*3-,.! +&*! ,+03-,! /+8-! B--&! '-,! +&*!
+FF0%8-*! B9! ,/-! $%@&<)(! :%0! '1%%,/! :(%A! %:! %F-0+,)%&'#!
7&),-</!F%()<)-'!!3@)*-!,/-!K+&+3-1-&,!+&*!a@0'+09!,-+1!,%!
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