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OPTIMAL SPATIAL AND TEMPORAL DEMAND SIDE MANAGEME  NT IN A POWER
SYSTEM WITH L ARGE PENETRATION OF RENEWABLE ENERGY SOURCES

Abstract:

The subject of the doctoral disservatiisoptimal spatial and tempordemand side managemeit
a power system withlarge penetration of renewable energy sourtas. man contrbutionsof the
dissertation are:

1. An algorithm and a mathematical model have been developed to optimize spatial and

2.

3.

temporal demand sidemanagementin order to minimize lossesni the transmissin and
distribution network and to improve voltage pitefs in consume buses In the existing
literature demand side managemaesitseen as a resource for increasingcttreeation between
consumption and pradtion from RES,with ultimate goalto reducethe dependency of the
system on fossil fuel power plan In his way only the time dimension oflemand side
management is considered, that is, the network model and the spatial dispecsiosuafiption
and podwction renewable energy oarces are negleted. The dissertation presents the
methodology for detenining the optmal spatial and temporalemand sidananagementn
conditions of high degree sénewable energy sourcpsoduction. The proposed methodojog

in addition to the time awdinate ofdemand sidemanagement, also takes into account the
network model, as wellas information on the location of consumption and production from
renewable energyosirces which introducesthe optimization problem a timéimension. The
input paramedrs of the defiad optimization problem aréoad forecast divided intaleferrdle
andnon deferrablgart, production forecast from renewable energy sources as well as data on
the networkmodel. The forecasts adefinedfor the rext day. The defined prdém is a very
complex nonlinear optimization problem with maeguality and inguality constraints The
solution to the defined problem was obtained using an algodthraloped using Interior Point
Method. The proposed methaddenonstrated by the exangbf transmissio and distribution
networks. Also, the results were ifexd by the example of a real distribution network in Banat.
From the obtained analyzes it cam ¢oncluded that optimal spatial and tempdehand side
managment can further reducgystem losses dnmprove voltage conditions. The dissertation
also andyzes tle impac¢ of an error in the forecast of RES production on the benefits of the
proposed modology. The results obtained show that the forecast ke relatively small
effect on the benef obtained

An algorithm and a mathematical model haveeen deeglopedto optimize the spatial and
temporal demand sidemanagement and production managentenf conventional power
plants in order to minimize theatal costs in the power syste As part of tlis dissertation
contribution, an algorithm for optimapatial and tenporal demand sidemanagement was
developed in order to minimize the total costsha power system. This algorithm analyzes the
costs ofgeneration otonventional poweplants and presits an objective function in a defined
problem, while théhourly power @nsumption and production from conventional power plants
are considered as unknowariables In this way, greater independence of systenik tigh
penetration of irdrmittent renewdle energysources from conventional power plants is
achieved. Ithas ado been shown that the implementation of this methodology can reduce the
daily operating costs of convémrial power plants. The results oipid show that with optimal
spatial and teoraldemand sidemanagement, net consumption diagraneswventianal power

plant production and voltage diagrams are aligned, thus bringing them closer to ideal weather
profiles

A methodology has been developedincrease the available gecity for the ntegration of
renewable energy sources in distributiontmerks tirough spatial and temporademand side
managementOne of the contributions of the dissertation is an algorfthmoptimal spatial and

Vi



temporaldemand side management whosmain role is tosolve theviolatonsthat arise in
systems with large REBroducton. Nangly, with the increase in production frorenewable
energy sourcegproblems such as overvoltagesyersepower flows and section overloadan
occur in the system. lsuch situationsit is either forbidden to continue installimgnewable
energysource9r it is necessy to conduct powecurtailmentwhen the definedonstraintsare
violated. The paper presents optimal spatial and temgerafnd sidemanagement whogask

is to mange consumption instead alrtailing productionfrom renewable eergy surces
which can increasthe exportof electricity fromrenewable energyosircesinto the electricity
market and address awiplations The resuts are demonstrated lthe exarple ofa distribution
network. Also, the proposed methodologgs verfied by the example of a real distribution
network in Banat. Thalissertationshows that the proposed methodology can significantly
increase the cagity of the electricitypower system for geaterrenewable energy sources
participation, especiallyhen cmsiderng the combination oflemand sidenanagement with
production curtailmentf renewable energy sources.

4. A methodology has been developed andmeamatical models have beeproposed to inceas
transit transmission capacity and security of engrgyansit through a power system with a
high degree of penetration of renewable energy sources defferable load The dissertation
presents the algorithnof optimal spatial and tempal demand sidemanagement for
optimization of transmission systems. dnfreemarketenvironment, the transmission system
operator must ensure the secure execution of contracted transactions and the transport of
electricity béween remote areas while méeg the nl secuity principle. Demand side
management is one of thesoairceghat atransmission system operator can use. With optimal
spatial and temporal demand sidemanagement, the system operator receives additional
resoucesthat can enable it to anease the transssioncapacity of the system, while meeting
all secuity congraints The proposed methodology uses, in addition to the consumption and
production diagrams fromenewable energyosirces input data on contraad dectricity transits
through the analyzetransmission network, as Wels restrictions on maxinnu powerthat can
flow through thelines. In order to enable optimization problems to be solved more quickly,
guadratic programming is usedThe results are demonstrated by the example geal
transmssion netvork in Serbia. The obtained results show that optimal spatial and temporal
demand sidenanagement provides additional resources for increasirtgatisenission capacity
of the system while meeting tlsecurityprinciples

5. The conept of optimal patial and tempord management of theslectricity prices in power
systems with renewable energy sources and indireddferrable loadconsumption has been
dewloped In this analysis, a methodology for using indirdetnand sidenanagemenas a
resource d optimize the stée of the system is presented. In this way, optimal spatial and
temporal dynamic tariffing is achieved. The aim of the presented methodsltmgetermine
how in eachbusof the system electricity pricgiagramsfor the next day shouldbe formed n
orderto have an optimal systestate Price diagrams are formed wikiourly resolution. The
optimal state of the system is the state of trstesgwithout violationswith minimal electricity
import costs. This methodology alsatroduces a pee elasicity matrix to model the impact of
price changes in one hour on changes in consumption in another hour. The results obtained
show that the optimadpaial and temporal dynamic tariffing can reduce tosts of both the
consumes and utility.

Key words:

Renewal# Energy Sources Smart Grids, Spatial and Temporal Demand Side Management
ElectricalPowerLossesEnergyMarket DynamicPricing;
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g ez@dD(4.1)H jdvde"] ts e o jdizi€lzl] © s efdep, UYdd@E@EBctcOdzd Y O
Iff © ° Jd Pt sctcOded YP© OO fidsiix f 1P ° © o jCIsts
dzj fals d 7 sUAzdZE to 1§ to t8 dF)j da’dePeud) HzP W f dzd ts ¢ to Ozl dudEPd @dzts |
d &30 ¢ i d 30 dumdizthy) flzjoftdsiL dzOIlsd = € S dzls o tsdzdzth 220 §f O Rjc @d tho df Ao
M 4 ud " Odzdzd MdekIUO" ° j H dzOUd dzj

L HJ W ded fip O J tSfdzEdRklz J CEEth) deydd MBBHEY 56
" H dz dZ4@5) 1 (4.8):

x=[P U 0], (4.5)
P=[p, B, .. P .. P B, (4.6)
u=[u, U, .. U .. U, Ul, (4.7)
o=[0, ¢ ... O . ... 0-=o0 (4.8)

1 @ dd3H Ols ‘d3jj tcthHiPffos H ¢ 5 o<icd® ‘L .dz0O § @ wi) @.6gT (4.8),
PHiWddedh i o] St MdEfEd Uzys S U, fcj H ko’ jRilstte
dzf slzOIls i) G dzd» o 6] H de§ IS dzts alzOdf {5 ¢z@® dzd L dpfdeisiddds ©
Yo w@ttkzec O GdERts@ ff shda ettt @ ¢ ifggo Iste PV j tdsj jdzls dzf e ® s G
U,=0. v so s’ d,0dzddedsuyls Sulggizlists f 2O °> OF jh ¢ HtRls ks j L O
otc j dijCdffdzls j tse1 O dzj H dgOc Oyl L
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4 4431 tod dsgre-0

sOCfid BPhERsstds J otj dj &Nt kfft@s hOk jzs d
e L sdzkz ) £PsIPdas] @ 4 2dzjj jdzOf, e YJ BBz feaeBC d o zfhhigOe * O
) O IshgzizO ¢ bt jczstiiz’ . g B dzj f 51 ADSESY hAOES B o i
i1 BB disH] dsOWiej WOkdE OL PisHE )] Mdz0 T jfPs)s to

P=gFf-FF B-B . PP PP PPE (4.9)

L J H dzOA], dzdW s te A3 EKOAsZISA{ QY edif IfB o ° | dets H®BYHzicdin g P& s
feils@ls §  @c¢ GldESs) Miz0 de@s d § § ®H WO H Gz ‘1o ististize ® dzO
C 5 dzo j dzy qf @ deddeiigz®[ rifo j € oo Sy dimyflsd dzj debdzlsd o j
e oo dsd, o4& ts (s tnjl ARz GIE] Bosh ¢ | ) AL Hip@h) 420 d
b 80d o gaj HIotd jffos 9t j). o3 p®o BeE cOBE T 615  fde d'CjOL @O
4 dB7.1 06kt BEPC WIAds s S Ol ®mOsElzz § 6o’ diEic
f EHD] SYOE OfEdR d o ¢ J dajek JOE@EEE :

PL =P +PP ™ i=1,2,..,m1t=1,2,..,24 (4.10)

VU " JHABI0] &Y o] HinlEEE] & IOPE d Hj Y dadjfih iz Isfgdr
ot j H daSHEs® d o SEKS Ytz MOBEE™ ™ fioy Hls0o * @ j § GG
P h W dddei f EOIsizlz o toj H dztsfls ISARjSE # to Qe k] Offtz f
fydee® © ) j Helrs todej 20 dzOL d Is tizth § B'Og O] flzbr0 o€, QP O
BOdsdiyd dz s L dapdscdClz’ § € Is d % @ 020 Mgt i3i * § Hd20 Y d dets o3

P= gplG _ F{ief _ Pl"lon—def FISS _ Egef _ Fjon—def P _Ff _rP)n—def TE- (411)

) 5B EisOalg H jodgd Ud ZPEB s H jdWDdsaf o j SIstste  dzj f 5L
% J S iIsdoe dzd A daQdfj @Rtz dZP0 B o @tgsl, 2,..,n, 0 jsSUS MOH oy
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24 j zpdgiffdedas o OC dsy fpozndgOde” © Mtcj H ¢ k& o fig Gl sdp@Yj € Is
| Gndz@ dz  dzGy oY @ iy § Isdp i L dzObsafdzts o OdZAZ0 fhiuesZj  fif izn €
Yo ftletsc dagWjj iz dis | B 5L IS5 € GBlkackzdd j € Iststo.

L HAdi@Qdds Y Isd BdL Oyd sdatsdy g Ystiz® & dq i j sddise]  d dzq
H gzo dzds d ajif] teiddff dz H dzjtof dpde @fls dls teas M (S uisdaadis de@ dzdzd jb9@ GE.
) ospdii3d dgff LOy sdb B dind dglaBss §  fikje d o ©dp @t s B dgj Bs
B3d dzod B3q PGS § J LBFE LY dijlz § tsdai B st fpls JAGBL, Q¢ &5
Kz f 20 d d)teEsbE] Pt § @OO° 65 to 5 ipltic tftaz] MABSY
Hj ¥ defl] ©ShOsty "KtOd Odgs Gapdz(P12),  fugiddill Mz cyls to sfd® J
fesd Lo’ ] @@5) Oazedzd ud dzj :

minW,,=ming § P, @t. (4.12

t=1i=1

vV HEZOMDidE b B COd dgHS ) O dzO dzd o o B @M t fig H B)EO
oy dzdo 58 Q@ADL zts Gzl .

[ JjtcOls &t S s ozd jj dEsEiz0 dzdzdRE GOz dz Oo d ) j betign  fjsEO @ j
ftosdL otsH ¢ j de@fjrqsit@ing dapr @ls dztsady] fiy dAS87k OMmtgklssc O,
SB° jC WdzozRAId O OC & O okl Baftckh dzge§  toPjsiEen s adsh C s
fBopsH §z) Wiy | dzjztc cOfdeQoiziuinyl @) s J dizfy dSlo30 dzdzs Odiged H Mls
CdH 2O WL 8ts diff te d ax kg dstig) H is OB SO W d Iy §f tejSds o @z wsERH dzd
Jaseofdgd Ldaj L kyetstlk

24 n

minCostss mrg 8a @& ) br F£O«. (4.13)

t=1 k %

L Y SQdlE g dz) Bl didzd ) O dzjsmpEEED(312) d (4.13), fftsy
dzj S & dzd S B C BP0 ‘| @ dZD0 sHEDE EO Y § dzjs o kO ¢ O § P
b s taFABTS o ' O° O BeEr@lgd toly sdzsded & tefid@ou 6 o i3
yotdds 0@, a3 L @Ffd j &[] totizp WP Y - 5 HHAEN  did @BIs e QO @4 ¢ ©
“jH&ZOS tH&YJ P S tse O O S tsexigo] OF: 3  y AYLIFO viq S P
g z zdf{ifOls®§ OdePetRGPE © OMY j C SO  Hpdadaa
Et 1)24)0[|Z o@RO AL yoitftdlz., n), &M W fﬁ]ﬂddﬁm H J <D @) H
4.14);

P.- a Uy, d)Ji,t C"QGi,k QOSQM - Qi) + By éin(Qi,t - Q1)) =0. (4.14)
k=1

HJG, d B, ftej HMIsOo WO Clas daw z € tshi@dAinzOdilitizdf d (i.k) BO g j
G a3 1) G atzapO

] stojjmdz@ugO IstsBtfo ed O Wpdz@ & jfided MOIsd i * SO F®J
LWeOdd Ud © O IsdfuO OdgdH dfBeUflifitls of © ) o D Stelts jelDjoAls &2
HJ W dded fOlssd dte @ ittty 26 @ ¢ d fdgoete j W™, [oddsfyj Wt di3d to ®N
" dHds Uy @ge® b diEY usC j e Mt jH RS F§ dzO Hdzj o cC
ftotsdL o sHeEP O APl detf —dH Bdz] C IstcOEOH Qddge@fz § tesdL o tsH J
Jdzj eds@tH tso | Gizj ¥ ddfetileiged H s dits] dadd @ojtBiids chOs
fig 5§ J tcOlsd o dedh d fldaassL Cotdp wlz] f6 cdf * i te 5§ dzP B lsiref Gncllat dzd
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a® " d MY dzOls d o d s gflsothj to Gl dsausqitydzlzj dzj 6 d [ BOdgdds d 4§ O
" d Hdz0C s IO fygesid)  Edty ezgizd § &

24
Vvihydro _ a F?:ydrocu - 0 ) (415)
t=1

v HIB U] @45), PY™ f o] refii@h 2 MOlsciiz  fyea®dijtdii $ Is o d ydzd
d° 4 o dzO izt ff ey 2 yo Sz OBl 6d Ulididzdgs HO

J dmic
Dt =1h.

ststedh & jigse d DG f s to RiAdHRY B Bj dzf O BOC e ) BO
fslstesh &) jBS 2§ dz0 f  feind{dz® ¢ SSO@BBIjMIs 02 O Sk dlz o
J deg th'dg 3 T100 daREH jdide'y i f shid P L O@REYIO O Isc
“ j H dzOC 5 )6 st j. Qi O stz 1§ @O y @ ey

Vvideferrable_ g Rief GD: =0. (4 16)
t=1

L AR (4AE), W f e HNlsOe? O ECE @D j df' s 2
Y teilzi=1,é ,n, Dt =1h.

1 0 f tls fHzjdadd dizd y suf G e tissdz] @z) s B S HHlzW d dzd M Ols d
sty C B O dz H GC sPOJ MEsiEE tcys Cgo sUsRild §tod &0k ud
Ctsdzo j day d ts dzO dzda® HpED o df tedEHOE jgodgif dswif|§ © L O di3d dzad 30O dz
BOgRdez MdzOc s cpd k) Kk Oy daizl7) . tclhlsts O, dzj s - SH
dH Y ddisQ sq fjee si"sjodadiH dalz@ii®d L O Mo O(EH..yd sy Hisy J
HJWddad MOIsd (4.18)H dzOy d dzts d3

Fi)G,min ¢ FI);B ¢E)G,max , (4.17)

um™eu, @™ (4.18)

L JHAzQfwzd .18, 4 jfladf MO o] H O *jidefiysd@dlssdz®l ¢ @y dL ©
o ®C o BaGBY. 5 L ¢ dzO oftkSdf) g j HiElftc jioOlz Zd S & MOKEd L O
f cdss h O StEs o j

42 jEHzsEd LO ] 5Pbdd dsdsc fdgdse dzj

4o di3J s OLIO BHjs(df dze § JeBasEs 2 i d I ieHG BYd:Is
Ctgo | dzQdztlzge  Jd3d o ts HR) [Pl to d o3 Isstssitg dinSies sCdzeo § dzyddsitizOlsias H O,
i3d dzd 30O dzdz@s  o%udgide HiEEME deC WS tg " Pl @ls d o dzd &3  ffsta tfyye) ®) s o3
sOyc¢j sk ©Cjs detedcefSlsaffdzj SWygfden dgo € d. ez Mt OHHY ] HaKzOtc O
d3 Is 88 Eknsda O tsdg[B, Interior Point Methal [90,91] , ffswme. dzj ftsgH dgte d -
B ssHPz@GE B B § dOdbicdis @lodes § tsyj fif® fE®Ps ] s tojh j ¢
J L OGIsdis juiRgafizjs sdfj Leddd CfiAds rdzj dz0 JRiz® Gf OEz@daPy j ¢ O
Iy © de¢ wifnisod .

mi ] B sEsHdOLCds] bl (@dBBT O udlsoOsEdMC 21
toj " fzyd? 2sdi@e jOsth O dzdzts ¢ to j M jDulfglz kO fPartcdle G®asm
Optimization (PSO [92], ¢ Ots dgs & gfc e JIB| O[]  d3y Js Bifjlas iBPH lsBsdnd@] L
ftotcPBPC d dzOJ dstipieodzs deQQYd @ 2 ftetsBdzj 3 MOPY BctcO
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dzj * Q&lE . tdz@Qde j KJIstH Y c@RdactOH] Bf EG S dgj j ¥ Zdz
Is 4 B 56 @ds s ¢ Qe Izife dzts ' < A Hs@fte jj Hsdilz® 'tsjf digf d3 frLls@pd |20

g dd. 1 te] d3jj @S Eppdg| hdaflig L s 5 HOS Iswdidn d fd  dHYL slads B
fdmeé BEe J dddftes " j 5 usBlE&pOd o O didits 1 j so B {ifwcddzO:
ts o3Py detf  § o & g2} Ko O dachoOfipRY(dz@ @Y ts Is 15 g3edad Js A dsawss 3G

E flssts 5 dnterior Point Methal © dzd tés@i3

421t jh O O° § s dxcizdfs ary & dzls B Saddyefizts d3

1ddziffls O dze F @6 BiEE MO zOSAdE]lS Qdgizd ~ d3fL O ds il O
od " § § Gdpddindz d3j Is BASDA.YstR d Mo d o PlemEL didp O dzOH ) 55
fte] Igte O &G dide ¢ 6O dg diPje dztsdiM IS @b tets dzh © CUY@H B Q WS d¥dEATD dzO
dzd) B € e ts dz0< d  BOQYHEEAdz © izOdsdf G5 dz@" O tsojdzty H i s O
d ®d bk Qds® use ddf S Y " g Bis @ O fits i Is td@@Hs &l
Bets  § BB Mis N EMPO® ¢ OHA? || sdGtsdky§ tzf D H Qlzj Bsckz<j
di fldf@ls et ciz < ¢ s dgafd O o ji S O d A deFO ¢ Bt
C&e d @gOPitso O defsj # Y st e W @) dzO' B 5°Azg sE" d
f) dzlZ \OQIP Btte € t5 a3 QMR ek dzO Ledfs *tEP j ¢ §  (dRCEstE] dfj lbet] ts O
[ sdzls Pasd @BOd @)j,< dgj SwssL  f GEProaASSssts i ofge j
i t6 dBYID®E® s W t6j M j ¢ k2.

L dzORISEOMBO Y | e Y@ G B dfj gRY O Isdnt df dS telfiir3
1 d ¢ OBD jaff L o 57 dz@f WD Al 5 3 de’udfs dtnf drdEiEz O fipls ) @EEEG O
S d dgEar o te] HugsTds i Qs OFf il dyf dzd  @EHTEEY d Wiied §
CJ @ ls Y df dallizdieOE] 3 s § O A sk PO dzg Bjdes d BSH SOy
otcj HAdzBfnlsdf) O O ISHE O, tcj IS SMis DO O HO W dzjslsthTe d Is &30
i e ®datfOC M d d30 dzedgisizodt] ‘H jdz

maxf (X, X,,...,X,) - (4.19

1 OH OISO Cts emtg ag il  fz@iEA )] dedpis @ idfE’dXpX,,...x, L © €5 ]
Wiz dzQets fofis]  dsPR@daialz | H dasytls . " e @Y T jO4 d S ] i bacEabs Gff
N d odfsSlsO d &30 dzdiLi SOPO tE O © sk s 1 dzts ) Is tgjtz§) dz BhESH 55 dzts i ls
t@ds " O &dl Jd.BEmipfjdesdyls s 0.Mmp. s dizbPulz Mo OC O H f eisd
X, Xp0eenXy B JO Iditgel  folz@iupdats @GCidOB o5 dz H ° J H d dg§ | Jf gz y J d
dzdf o dpd d = H J A idadd aizfiptly o €zlz . UrzQ0O ® jo g3HafdsiNdzY § L O
L Ols O dzdeis Bz’ B9 OC Hwek Mmj Clo Patzzts IsHaep digf o fo H ozt frids
HiWddedh gz Csoj@dad] " @ tod b d3YQsiddf 5 B dztzsOy d N2 j 51 g® d
tcOd dd s P OEHIsd ¢ OBO®IS B BOC $ H  6izs o | daddsigH ditizfighs jedts © ©
HY ddzg jdz C g Bdzd Is

(@)X, XD, x® = F(xxO, XD, (4.20

2):x@ X2 X - = (6@ X, X2, (4.21)

(N) =M™ xS x® = (XM XYL x Y (4.22)
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R g Q@ dzdig § H Batifix,,...x, M 15 Hzig jj 'dAgOt o iy @Ztsdzd 1o @ jiHfirls df
Lz oy@ O] Mo dE&djwOwOO ff @EdyjddS sds@ Eap ftH dzts  otcf d ls[d
¢ tsH d s QF ftc Sz’ d.8 dshisesdy Otgcz@® dlg] st BB ZAEOH d Is
OdzQaddtc 'p tiz" § B 6 dzCtests NG O MW XGE dz° g ak..x, HOB
5¢ 160 dzd Uy “IRFEBO dzdzs] H dat® MR, X ... x™ | BOC f5q B dadkets f d
XXX € s te Ok ditstsiifdz dzfg @< § M d SK@ Qlez@ ek
f & d5j dz?ndDm, @, .Dx .| Ol de f toskigsdPidpe LS by Ode Qufs:®° € &5

max min

X, =% "X 4 (4.23)

o OGE' HEERZOY] YO WRSH j dzdlsd GulH O ON@&EH Isd R
Biejp O fpjJ Q@ edd Bez@f g tots. JORB @D dgdh ts to ] JefijH d dzfls o § dzO
fd ¢ oJ dapf Hp ez® Cds” @ jBGded " 5 J H dpd® ds Gy A alzodz d dzlz
C© jJHAOS O < dp tBZH gigz’ @

|, =log, X,. (4.24)

s O Mg v BEB@EOW] W dded Mids ®O ¢ S@O8E dO
fd Wayld H Bz dzj MacQ ¥ @O dzfp @@l ™]. waEdsk] fidz0 59 O
dZQdd d ¥tz “tizte G g, x, O tHm K dlzj oL jjdatn.l, 0 6" §f
if @ J MoOKpiEaydmiz £ jeliphbel by dide §tod fUFBE® j
Mo ®C sk ™ ¢ 5 dfE d2OR SN 5V 0] H d daliPlssej jdzPls iPC Pt tgi*hi
W zWayf ¢ Oz OMRdsIO Wi § ¢

| =1+, +...+]. (4.25

1 O¢C BliAs  2j9 dpszhdizisgjte ojO f G dzO Y d Hdl dzC YL Bz
Mo OCHS ‘K destao Ot ndsde® ¢ tsU36¢ =B PAHC © of dzjslsM T tswl®,L dH
Hs BB Gsodfnj dzj @O degly fJ Is fipdetsdndzd  ff Joof Eezifftp] " dh J
feO< '8y M O° 0 Mm¢ Eff@sh] j deddO] Mdf dHdz:

T 1Moy @ § sfist? &@s JdZ0Q M@  § ] § d @tz jxz dz
Gdé @fz’. [io teCedf MW T @ dgfleDHfipy OB §EGOH d dzt P Is * .
ftoddzd ¢ 5@ O3 ¢ fs A By GO0 dijdL slzb d dzf  Cits 3§ 6 a@ dz’
lde | dzlz ©dEE pdp  ©.J [ttOfls iz § O O] figlgd isd2@3. d

T { Misdthdz Bstyts o dgShaln 5B g5 @ j df j dzisls i9Us) to d9° 0eeds ° d -
g "jgosayd v@dpdos s 2 fidde Gjz B @OyJ"

T rimf smists 2O dsdeldd i d dzlaj th fdds & BHS jd , "CijH dftietz.
| @ dA4HGs o i dzd S WiEE€ @t o | @y ddaj dzC d H d
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vdddn Stodd oS g ] @y daj o0 j Hq dz§ § jEEEdBERHC S OdH st d s O

Vi COPISEds< " EOWOLdYP O j B Sdz jaOded § & ®g  OBs ¢ Iz
fs° Oo ddsd BdEF®G A @ L C ©Y haft hsdf & ds8 Ot o jCeZj ISRl © O dzO
Ho joH ddgt Biglsittd dzCd d@IECO Iz

T vCteh BOF el * j HKilzj 51O yahdsiditskzS Y d *© jy O dxpQafividdiz O8 ) j
SQCPe ] iRc®WOL sBO e 1OEEd stscdo i dhEFdasto0”
histg LiMe3fi teends ) jfdp (¢ alziddzC jr tafid 5 MJ Ctolg dzaidwlzCy d dz
g M J, ds @™ 8Oy dz Hifs] deigediif dekdgd5 "y O
qozitisiie O Is ¢ & dpBOAD ‘s odzOyd dz. ZC t6h 5O O

1 v ¢ WO djLtsts & €3] HCISjO YHSEB 5 0 @ls 5 H dZgjO dAnf&i B teefy Ak
hists M s Hdgfiplg M J WShead OO et Haaiy IS Oy S etso B do d dgP U d oz
EChids OF O ° 4§ dBOl  dzO

1 vdd stodsdz 2 € o NilCASHj colsl § O L BSOS Gc @ dBE dzd L O
BEoQ Oz MibBENCs@H] fBL dydi g @0 Mmj Idhdzj M Is
q dthLsfrﬁmtmr ©o | H UM HHdEA 7 . JaffOm dz o d dsjotts s d § O
ECtch ®OF

4 d45) ) EShds O ' 1 dzj s O P S, [IS
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4 d46) od dj @ O tefsdp B o) SOYS[ ECh sOf O

w4471 tod 3] Rdafe d3dzticd ISEOFIP

ssHEChB®BOJ Bdldes BEdOMdEY sz FPOBE tsHdIls]? O
it sH ISR ditcB MIE Ozt tcFHX 5 Mpj <O o j £BGo Risxg@Iodgz f H O
CO0dgd " § H d uzCol@iORzQ dAR A <dz C §  f to d eadeti ddg gldech SH s C
h s jdz0@ BEzPdd dEBgHs@ yJ s @ fotse dimjadfitc OB dzO 9 toj H d
Wz dz€ y § G5jcH e dgtseaff &@d s 1 ~eddiz @ filrls j de tisadfds < B d tRo@Uas d&s@ M j
stecOdgd L ' | dgOK Bfftqagdtge tedflc Istc | < jsa& B | Hyb lddfis igsdzO° € ts5°
d@ bz ohbtg R Uplzlz oj Yz dob@a@B® i B’ d L@SHJIS,
tcOLEaz O [jo Ofzfplasfij H j Aoz tofffiten, § OH O  fjsid “xid otsg dztz MBGs t6
f Otztc O Lk g tt Pefv Hyigtld iz s H dats MisfefO] @U@ fjez&o d Ists
ftod ¢ OsLzGoidzOea L B BBEHPIRCOL BdzER PoPh  is @FO@ i 1OH M
i oSt gL BB oM tfHIs | E ®h IsOH jjhofigffds o j totso ®is deti® SHKIO H O
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oj sl 8 PO ( § o) SushBIEHEE | dzj Is S dO dals@ls jdtist) P Oy O d3
f todffid I

XPOMO30M 1 = rand(1) |:> f (XPOMO30M 1) = 245
[:> [:> POAMTE/b 1 = XPOMO30M 2 \
XPOMO30M 2 = rand(2) I::} f (XPOMO30M 2) = 324
XPOMO30M 3 = rand(3) I::) f (XPOMO30M 3) = 425 /v
|:> TYPHWP |:> POAMTE/b 2 = XPOMO3OM 3
£(3)>F(4)?
XPOMO30M 4 = rand(4) l::} f (XPOMO30M 4) = 125

4 48R dzlz s tc B g ¢ O GAR) G Qs z[1]

1 OGzas 2B O @gz0 " My d @Gize@yld  J.tcd ey § < 200020 Mls O
My 57 dd @3 jedgsdoud®d H Sfd@gsa) | fias g dzj s ¢ ohp) CCoghddisd@yd * § M
azOyd " <J L Qjadadsly , ' 33 ey O § BE @ sjdHs RO (57 ]
O] wsOads it FOHAEOL o  * tHEEYE | dfGz s OWP  EJOWhfisded ¢ &
dejf s plzded” jlg O s MJ danSp ddapo j &8 L@Om. z
Mz yo“ I rngf S®" @r 2O j< o dzsdfiL Bd@igdddis O @F Bl O < §
dg MISOL 3 d3e 8 fsls @ird * | i) BYHds]jRO  FO 1sHO) WiEdr@iE tnjh d e d
f 5f @y ¢ J deffAir) € B0 ¢ 5dz fls o) O tidf QOIS dp JBH g S o) QliEss <oty
md SHAEYEEE Bjlzy Jo @ikl Oy OO dgsdzlg A i ME dez i Mdas ~ ©
St EMBEES< Wrandf @O ud = O " fui zf) Aftpisgt] b deed dEs
0 MilfwQBO®Ezd e tzA9E cd ¢ QL Ads Jiz3xy® " ggasc .6 § dzO

o d49f BsQd ‘D 155 [lldzlz

1@ sdze Ml st dsff dafClsff) d3Ols j tod = Qi deCt@n Juole do®tzdic "jgf ofn §

H§ M daogtse togefls dfte s d3j dz’ dkoxd.nx, d tSHtik g tdy W Hazfin®
f(X %) M@ Haflj D@ Isffdgls d 620 ° b fifdifidsojicad’ sdls O , § siskz§ OF
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