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C+3*3-(1(3%ED<Y&B=DDO060, <#'=ABDH# 708 #A&:8,<*#\a#B0;;#:,1=6 ,#<5H#aa"



C+33G@5AHG"#0*# 00¥8'5B# <%&<#',(&<0/,# ?:06,# 566=:9# B%, # <%,# :,;&<05'9%07?#
7,<B,,'#708,#927; @#&' 1#<%,#<%:,9%5 F8H8<%0,#5:0(0'#&'1#1,9<0'&<05'#&:,&#9&<09D0,9

D (8> 08§l (G B ( F%,#<%:,9%5;1#/8D GH Q- 1#D) (1) #
%0(%; @R <#<5H@'&A06H# 708 #< &I AR 1HE<H#B,:<8&0'H; 56 4B Yo, #708,#9=27, @#
L O <% # A&:8 (GHO# =2#D e (1) #B0;:# 0'6:, &8/ 1#<%, :, D5: #% % 57&70; HE@H

D=;D0;;0'(#,(&<0/,#?:06,#65'18%(5 (1) " 1™ (¢)#B0;;#1=6, "£B%,#708,#9=27,@#0'#

<%, #A&:808BDDO6O@EE.: (, *#<%,#,(&<0/,#?:06,#65'10805 H# 54 ,#9&<09DRAO1 #*
<%,#7?:5?759\a# 96%,A,#1,D0', 1#0'#IBB¢; #:,1=6 ,#<5#88"

099,'<0&;; @BBH<@7?,945D#7,%&/05=#6%& ' (, DB 9888 H9#&1574M #09#<%,#
6%&'(,#5D#<:&/,;#AS 1, *#<%&<HOFHRBGIOHE &/, #AS1 #=9, BB=;1#9 #7108 1 #

, 1#<% H< BR<#<Y%,#='1,:9=77; @HAVHEK %, #5' #09#<% , #6%&'(,#5D#H< &/, ;#? 8K Y% *#<%&<#09
<%,#,L09<0'(#708 #BH9H£ 9, #&'5<%, #?&<VYoH#H&'1#, 1#<% #<:0?#&<H<%,H#="1,:9=??, @H#4F$"#
Q5:#,L&A?; *#O'#QO(=*#51 ,#)#09#<% ,#5:0(0'#'51 #&'1#'51 #Y#09#<%,#1,9<0'&<05#'51,"#
Q5:#<%,&/,;;,: 9#BYEEI=&;, @88, #7=9#D .5A#' 51 #)#<S#EOHEYHE HI#&15?%HD6 B
AO0(%6€80559,#6%H6; #D:5A#' 51 #)#<5#'51 #-#80 [#8&8 #7=9#D . 5A#'51 #-#<S#"F1 #Y

&% %, #:,B&: 1#D %8 <0/,#?:06 ¥6%,A, A0(%<#5DD9, 016<90, 1, <. &:&/,;#109=<0;0<@"#
ROAQ;&:; @584 &'#,L09<0'(#708,#=9, . #D:5A#'51 #)#<5#'51,#Y*#%,N9% ,#A0(%<#?&:8#<%,#7C
&<#'B1 #-#&'1#<%,'#B&;8#5:#<&8 #7=9#D:5A#'51 #-#<6#'51 #Y*#0D#:,B&: 1#D:5A#",(&<0/
?:06,# 65=;8BDD9,<# <%,# &11,1# 109FSQ%@H #%,9,# <&/, # 7,%&0%&'(,9#
A,'<05',1#&75/ #6&'#65'<:07=<B1%,#708,#,;56 & <UFH %/ 09# 6 &0 8D Bt #& T ; #

<B,1=6,# <%,# 5?,:&<05'##839¢# 708,# :,;56&£08Y4&6%0,/, % ,&;HO0AH,;56 &<05'#
<%:5=(%#<:&/,;;,:9>#975'<&'BE&DH , % &/05=:#65=;1#&;95#0A?:5/ #<% #, /,;#5D#9,:/06,*#
&'1#<%FRY (#',B#=9,:9#&'1#0'6:,&9,#:,/,'=,"#

-

oversupply undersupply normal
#

QO(=:,#F 19=2, P &<BO<YoH#<%:, #54,9

C+3*3-(1(3%'0'1,:# \a*# D5:#<%,#D0:9<#<@?,#5D#7,%& /0B #EIBRYFHD SAH#

'5'" H@6;0'(# AS1,# <5# 6@6;0'(#ASL# 708,# BO;# &<# ;,&9H#KBF=9,.94CD# <%, #
A&LOA=Aa#/&;= #0890, <# <S# 7 #'5<#(:,&<,:#<%&'# aatt DR(KHD, D& #:,/,'=, #
65=:1#78#<&0' 1

C+33Q@L, . #\a*#0D#&#<.&/,;;, #6YdB&(.&/,;#A51, *£0,N9% #BOSB&<&# 708, #D:5A#
&'#5/,:9=77;0,18 &65&'H#="1,:9=77,0,18 ,&B%,: #1,A&'1#09#,&: (,: #<%&'#O=?7?; @"#4%, *#
&5<%,:#=9, #BU;#&7; #<Bh #<%09# tBF /0, #&6 91 HK % 09# 6094708 ,#B0; #7 ,#
=9, 1#78)<#,; &8854.&/,;;,. 9" EDH<Y% #<:&/,;;,#9 ,YBINGD,H0'&B' HB@6;0'(#<:&/,#
AS51, *#<97 @8 #9%& . B(H06,15?,.&<5:#&6%0R HB#DE&:#'=,"# CIN61, HOBO<@W#
566=:8D:5A# g@-I*#<%,# D& . f#=# DS5:#YHDO:9<# <0BE0UPRB<# BHHI6%,A#

| gy (£)-[ @y (£)— e (1) ]/ @y (£) IHBYO0; #9,#9,65'L# <DBH5BHAH ( 4,0, J# C'H
<%09# 68B9&Y# <5<&#10:6<# D& # :/'=# 68&# T# :BO<<# &9#
G S ) O oS ) HODR gt <904 DR A<

7,#?590<0#"
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C+3*3-(1(3%'0'1,:#\a*# D5:#<%,#9,65'1#<@7? #5D#7,%&/050LBYB&, (<& [7&<B0
&1[=9<A,'&AL: #=9,:9B5=;1#719,./, 1#&'1#?590<@) & #.,/,'= #BO;;#7 #57<&0BD« %#
'1,:<%,:,99 #9A&;;, #&AS="<#HEWX: #: /[ '=, "#

C+33C@, #\a*#0D#&#<:&/,]1,801, 9#<@H &' (,#7?&%H0,NIBHIOB0<6%#D : SAHLA#H
BO<®#E90<0/,#7:06,8284%#BO&sA/, #:06,#4%,8.0(0'&;B&: #.,/,'=, 9% "#40 #

| B# <:0?7# &D<, :# 6%8& BF#: 14272, @,(&<0/, #?2:060'(-4B%06%A, &'O# <Y&<0,# ' B#
1,9<0'&<05'#89#9=77;0,1"# C'# <% 00HEROE708 #BO0;:# 7 #=9, 1#7 @# &'5<%, #=9, #B0<Yo#
2590<0/,#?:0@,' 1HAS: #=9,:0B5=;1# 719,/, 1# &IB5A?&: 1#B0<Y%# ad%, #' B# D& #

L= 09 g522+g£;i(t)-{% 51?‘ 2) (t)} wFO | (& ! o ( fr#B# %l #
th.1

s # ()3 B ) &BE( )/ YE() <HDIO<H 09 8IOHML " KU

D&:#.,/,'=, #B5=;1#7 #?590<0/,*# IOEHDH, 090#<%& #5:0(0' & #D&: #. it=,"

F#9,<# 3D;;=9<:&<B/.&A?;,9% BO<%# <%:,,# 96,800590/,'# <BHAS'9<:&<#<%, #
,DD,6<0/,", 99#5D#RDH#E65A?&:, 1#<5#<:&10<05'&;#aa#96%,A #& 1 HBARSBUH 200 #
5:0(0'&#<:&/,#AS0'#<%:, #96, & BEFH&IE'1, #aa*#B%, . #<:&/,;;, #<.&/,;9#D.5A#
'51,#)#<5#'51,#Y#?28&990'(#'51,# -# &9# 9%5B'# 0'# QO(=:,# Y"#ABA LHO9<&<#9# 5D
5/,:9=??,@BR60;BL,#-#="1,.9=??, @#&'1#'51 # Y#'5.A&BB#;0'898% &K% #9&A #
109<&'@D'#<%:,,#96,'&:089%:,,#9<:&<,(0,9# & #(@D5:#<%:, #96, & ¥BQal H J#

5, ?:,9,'<#<%,#96, & . BBO&<#<%,#B%5; #',<B5:8#09##0, H@B0<%#D:, #BHa#h
-J#09#<%&<#;0'8#65",6<0'(#'51,#)#&'1#'51 #-#09#="1, . #QaBBY GBI ="1, #

aa #\a#l)HI#09#<%E&<#;0'8#65",6<0'(#'51, A 09#="1, MaB%0;,#<%,#:,9<#,0'8#
09#9<0;;#="1,.#a%0#0(%;BFI07; #<:&1;80905%'1,:#10DD,:,'<#?.06Q€#&<,(0,9#

&, #,09<, 1#0'HA& TR B AHAR T, #O#H65=;1#7 #65'6;=1, 1 #<HIL B IH#6 & "5<#&6%0,/ ,#
708,#:,;56&<05'#B%MHRI& 1#\a #) HI&: #&T; #<5#15#8b,#7,%&/05&H=9<A,'#
0'#R6,'&:05#H ,;5'( FK5#<%,#9,65'1 #6808, (0", "1 &<%#6%&'(0'(*#BRO, & 059#
[H&'1#ME.??; @#ASDB0<6% ML ' #R6,'&:05#H<%,#5:0(0'&;#<:&/,;#A51 #09#B& ;80" (#D:5A#
'51,#)#<5#'51,#8%," Qa#(BBD,1D:5A# 51 #)#<5#'51 #-*#<.&/,, &M 5<#,08,; <5
6%559<5#=9708,# &9 <%, @#',, 1# <BE<&DD5#K 09=<0;0k&HB@6;,"#E5B,/,*# 0D#
L<:&#: B&:1H#09#(0/,*#<:&/,;;,.9#A& @Q#B@EBOD . SAH# 51 #HH<SH 51 #-#&9#<% #.,B&: 1#
AO0(%<#5DBIo@t#&11,1#109=<0;0<@#D:5A#=90'(#708, "H##Pl J/BSE#HaDD,6<Cf,
<%&'#B) HHY I#& 1#@pHIO '#<,. AQHS DH& << &B&D [# 9K SHO @ 6;, #&' 1#<%=9#&6%0,/0'(#
&#AS: #&;8&'6,1#:,;56&<0FHC'#. &<@\a#&'1#Qa#65=;1#10:,6<, @#&<<EAZHBIH
=9,:9#0'H#&HI%5:<#<0A #&'1#0'10:,6<; @#:,1=6,#<%,#&1/,:<09,A,'<#659<"#20<%#<% ,#%=(,#'=£
5D#=9,:9*#&'60;;&: @#: =%, #<%&'#D&: #:,/,'= #6&-#,',.&<,1"#0",08,#7,,5B8H
659<#7?:06,*#D:, #7:06,#&'1#',(&<0/,#7?:06,#%&/,#%0(%; @# ;08:D%0BD1LH &H #<H
<%,#9,:/06,#7,6&=9 #%=A&'9# &<=:&;;@#D,&:#5D#;599"#Q:, #?:06,#&'1#',(&<0/,#?:06,#B0;;#5
- &1H#<5HE&' @#;599#B%0;,#7,;5B#659<#7?:06,#9<0;;#% & &#:098#5D#;599"#

4&7;,#-#0(%; @BEO07; #<:&/1#0&/05#"1,:#10DD,:,'<#?:060'(#9<:&</0,9
R6,'&:05¢ aal5:0(0'&;# Qaf) HH 3t Qa#tIHI# \a#l) HI#
708, H H # 708, H H #
S5:#HT708,/"H#7=94¥# 5:#708, W 7=9:H¥#

F# 708 HH# 708, ) H#
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S5:#708,#B&;8#Y# 5:#708,##B&;8H#V#

B&;8"H Fr# B&;8"H FY#
1# B&8"HH# B&;8"H FY#
S:#708,"H Fr# 5:#708,"HH#B &, 8##
T=9"H HY# T=9"H H#
M¢ T=9"H Y 7=9"H HY#
S:#708,"H Fr# S#708, W T7=9#4V#

FC&L.H+&2/F(~ 1(5(1$™

1&9,1# 5'# <% # &99=ARIBE<H# <%, # <. &L FNVQ@# 5'# ,&6%# ;0'8# 09# 0'1,?,'1,'<*# <%, #
(,',:&;09,1#?&<%#<:&/,#109=<0;0<@#65=; 1#7 #6&;6=;&<,1#7 @H#I=AAO'(#="#<%,#65::,975"1(
;0'8#109=<0 D#DH0I#?&IFIB;, SBI"

4 & ' %)"(Zo%(' Srofo)a T EN(Op S U NS #10kH | Y3
Q5:#,&6%#,0'8*#<%,#,0'8#<.&/,,#109=<0;0<@#0'6;=1,94<%:, #65A?5",'<O*#<:&/,;#<0A,*#A5' <&
659<#& 1#65AD5: <1 B985AD5'#4.&/,#<0A #65'909<9#5D#B&; 80" (#<0A,*#6 @ 6;0'(#<0A,*#
0'H,%06; #<0A #&'1#B&GKOA,"#M5'901,:0'(#<%,#B P8k &6%#65A?5',' Uitk 0'8#
<:&/,:#109=<0;0<@#65=;1#7 #,L?#99, 1#&I"

4 & ()= () $U () () |_J
BY,: #/ , H#  &1IH# | B HBO(N<HI&EA<HOH . K, =I'H#

C'#&#A=;<0A51&;#',<BBB#0#65'901,:&<08¥bB 65A70', 1#<:&/,;# A51 *#<%,. #&: #
<%:, #<@7?,9#5D#<:&9B,0'8="0'(#;0'8 I#<:&'9D, #,0/8'1#&66,99#,08e="0'(#
;0'8%H0'6;=1 #B&;8# ;0'FH# 08#,0'8%H& 1# 7=9# ;0B5:#0A?;0D06&<05'# ?7=25%,#
A5 <&:@#659<#5'#708,#&' 1#7=9#,0'89#09#A5/, 1#<5#<%,#65",6<, ##&66,99#,0'8"#

_")#R&:8#0'8H08<0;0k@

a,1,9<:0&'# B&;89# 5'# <%, # B&;8# ;0'8# BDOWHEED,6<,1##b6&0, # AS51,9"# 4% #
0'<,:&6<05'#5D#006<05'#7?,1,9<:0&'#D;5B#58#88:83#09#65'901,:,1"#4: &/, # LA
B&;80'(#09#6&;6=; &<, 1H&HEOIHWEAH-UUY J"#4%, . #09# S5#AS', <& @Q#O659<#5'#B&;8#,0'8"#
M5ADS:<#,599865AD5:5#B&;8#,0'8#09#10:,6<; @#:,;&<,1#<5#<% #<:&/,;#<0A,"#4%=9*#<%:,,
65A7?5",'<9#0'#B&;8#,0'8#109=<0;0@DHE&#A#HD"

! ! Xpatk (t ) R Ik (t ) h
T =t, A - ~ Vi, el  HATH
# walk (t) to,wa[k + walk |:x‘l;alk (t) + Vi;a/k (t):| |: Bl :| s sbypo b € walk

walk
BY%,:,#1, #&'1#] #,2:,9,'<# <% # <B5# 10:,6<05'0# 5H'@BH  *#B.  *o WRI#I B
P&:&A, <, IH<EHT #6&;07.&<,1#B0<%#579#/,1#1&<&"

# G‘lmlk (t) =0,VieL ,# |bJ
# Clelk (t) = ﬂ'nwalk]zialk (t ) ’ Vie Lwalk# JoN =
_"-#]08,#,0'8108<0;0x@
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ROAQ;&:; @*#6@6;09<9# 15#'5<#9%&:,#<%,#708,#,0'8#RB6&8# 7’1995 (0¥ %, #
0'<,:&6<05'#5BH#TN6<05'#6@6;09<#D;5B#5'#708,#;0'8#09#&,;95#65'901,:, 1#0'#<% ,#<:&/,;#<0A
6&;6=;&<05"#4%,#A5' <& @QIBERI=A, 1#<FHT R |'<B'H#<%#9=77, @#&'1#1,A&'1#
0'<,:&6<08&<# <% # 1,7&:<=.# <O0A*# &'1# '5<# .,;,/&'<# BO<%# <%, # <&/, # <OA,"# 4%=9*# <O
A5, <&:@#659<#5'#708,BRBHK.&'ID, ::, IK5#<%,#65",6<,1#&66,99#,0'8"#FI#6@6,;0'(#

09# &# %=1R&B,:, 1#<:&/,;# A51,*#65AD5:<#;599#5'# 708 3O OO @# :,, &<,1# <5# <%, #
<:&/,;#<0A,"#4%," " #<%,#<%:, #65A?5','<9#0'#708,#,0'8#109=<0,0<@#&: . #(0/,'#7@"

: 0 $ & () HCsel() %"

- = k. S AN : "% '%" % | H IVE
#H .#$( ) " I"#$ ) .#$,(‘&{;$(,)+ ;;( ))+ ~}(c +!f)#$ Z_ 0 /0 "He
# Gliike (t) =Oa! 7 Lbike# |Z,J#
# Cliike( ) Ay bzke( )’VZ €Ly # )UJ

_"Y#]=9#,0808<0;0x@

]79#9,:/06,#09# &99=A,1B858B#9<:06<; @#<%,#:="0'(#<OA,#5'#<0A,<&7;,*#B%06%# 09#'5<#
&DD,6<,1#7 @#5<%,:#A51,9CGHEBO6&<#&#D;&<#D&: #<068&2D 0, M #BE #AS/, #
<%,#A5',<&:@#659<#5'# 7=9#,0'8# <5#<%,#65",6<,1# &66,99#,0'8"#],901,9#<% # <:&/,;# <0A
?&99,'(,:9# A&@#D,,;#10965AD5:<#5'# <%, # 7=9# 1= #<5#<%,#6:5B1,1#,'/0:5'A,'<# 0'# ? ,&8#
?,:051"#4%,*#<%,#<%:, #65A?5','<O#0'#7=9#,0'8#109=<0;0<@#65=;1#7 #54&0', 1#&9#D5;,5

4 % ( = 18"V €! .t 1))

4 Gy (1)=0,VI € L, # 1) - 3
!

# Cllms ( ) ﬂ“nbus bus ( )+ |:V})L(t)i| vz € Lbus# I) Y‘]#
bus ™ bus

B%,: #D, #9#7=9#6&?&60<IDHBIHB&?&60<@#BB#;0'8#
_" #4:&'9D, #,6808<0;0x@

4:&/,#<0A#5'#<:&'9D,:#,0'8#0'6;=1,9#<:&'9D, #B&;80'(#<0A #&'1#<:&'9D, #B&0<0'(#<0A,"#
4:&'9D, #B&;80'(#<0A,#09#&?7?:5L0A&S,; @#,G=&;#<5#<%,#:&<05#5D#<:&'9D,:#B&;80'(#109
<5#<%,#8&/,:&(,#B&;80'(#97?,,1"#4:&'9D, #B&O<MEHDBH ,1#5"; @#D5:#< BBAH#

B&;8# 5:# 708,# ,0'8# <5# 7=9# ,0'8*# B%06%# 09# ,G=&# <5# %&;D# 5D# 7=9# %,&1B&@"# 49
A5 <&:@#659<#5'#<:&'9D, #,0'8"#M5ADS5:<#;599#5'#<:&'9D, :#;0'8#09#1,601,1#7 @#<% #<:&
B&;80'(#<0A,"#4% #<%:, #65A?5",'<O#0'#<:&'9D,:#;0'8#109=<0;0< @#&D%, ISBH9, 1 #&9#

# Tni,m' (t) m,m'’ 9vm m € M le Ltlamfel I) _‘]#
# Gm ' ( ) O Vm m EM ZELtmnsfe; I) TH
) L R) = A & IV e I e # 1) b

_"T#F66,99#,888<0,0@
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4:&/,;#<0A #5'#&66,99#,0'8#09#P, . 5#0D#<%,#&66,99#,0'8#09#65",6<,1#<5#B&,;8#5:#708 #,
&'1#,G=&;# <5# % &, BHTER# %,&1B&@# OD# <% ,# &66,99# ;0'8# 09# 65",6<,1# <5# 7=9# ,0'8";
+5' <& @#659<#5'# &66,99#,0'8#65=;1#7 # 708 #:,'<&#D, #5# 7=9#D&: #659<"# 4%, # 09#
65ADS5:<#,599#5'#&66,99#,0'8"#4%,#<%:, #65A?5','<O#0'#&66,99#,0'8#109=<0,0< @#&: #,L?:,9
&9 5BI%

4 T ()=T'"(¢),' ! L # 1) cH

4 Gl (6)=¢"G) (¢),VleL, # 1) Vo

4 C,(1)=0,vleL, # l) 2
B%.., T =T =" "I =H /2%

108,#:,'<&;#D,[#5;;5B9#<@'&A06#?:060%80, ABY%066&H 7 #,L.?:,99, 14838, 5B
s VP (1) =0
®S[7‘ike) (t)_@shike (f) D bite (t) > (p'bike ([)
GR t)= nfzg £)- bike th,1 \v/ bike th,2 # I_UJ{_—#
i e (1)=) 285 (1) { oy () | e () <oy (o)

th.1

g otherwise

E,..*#B%,'#708,#9=??,@#09#P,.5*#&#7?:5%070<0/,, @#,&:(,#/&,=#5D#659<#D5:#=90'(# 708
0A?59,1"# 09#8Bt9<&'€5,DD060, <#<5#:,?:,9,'<#65'<:&9<#?:,D,:,'6,#D:5A# ,(&<0/,#?:06,"#
F665:10'(#<5#<%,#<%,5: @#5D#,599#&/,:905"*#B%,'#?,5?; #D&6 ,#<%,#9&A #&AS5="<#5D#(&
&'1#;599,9*#,599,9#&: ,#A5: #0'<5 5% &#(&0'9"#4%,#109=<0;0< @#<%&<#65A,9#D:5A#,599,9
09#-"T#<0A,9#5D#<%,#=<0;0< @#BY.5PC(BE DAL 00" A&' *#)ZZ-Iit

HE3#/5"&%#&5,3+(1.""
T @'&A06#=9,:#,G=0;07:0=A#?.4607; #

F665:10'(#<BO9=A?<0¥##B,#65'901,36,&99,9#5D#<:&/,;;,:9#B0<%#10DD ¥ <#/&;=,
SD#<0AL %, #1@'&A06#=9,:#,G=0;07:0=A#6B 810N’ 1 #8&5#, & 6%0#6 BB UH#, & 6%0#
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