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The role of free zones in stimulating trade
Case study of the free zone in Misurata ,Libya
(2000- 2020 AD)
Mohamed Abdulhadi Algubbi
Abstract:

The study aims to identify the free zone in the Libyan city
of Misrata and its role in activating the internal and external trade
movement for Libya .The importance of the study stems from the
importance of the city itself and its role in activating the commercial
movementAnd the sources that dealt with the issue of free zones in
general ,and the analytical approach was adopted in analyzing some
economic indicators of the free zone in Misurata according to the data
of the movement of economic activity in it.The results showed that the
free zone in Misurata ,since its inception ,still has more commercial
activity than any other activity ,such as the activity of export industries.
Keywords: free zones ,trade ,free zone in Misrata ,Libya.

: dwouddl
dusds JSLiw dwiaYl GULeYls poo,8)l 3 ,b e dusladyl dwidl Jo e doly ud)
Al OLalidl Lgele w50 Y dpatt)) Jogat) dusS aiz Y1 ot ) HUY) Cgasls
3o sl glssl e g oS 8y ol UL elis] 8,58 ¢35, a8y . Juditwll § dosladly
Il &S, Ja 559 (s UMt (o g5 -l Lalg)l dyoladyl Loyl UNs (s SLaBYl
& @olozwl blsdll Jw=is § Laygsg 4l ¢ JBY) dwwiiy vzl w il 8oL3s sslewl

edsdly elially gyLo) pliadll

Ll pag 8yodl dilarl) elish ol i & Jssul J) L Dgd Ces Glowl 0da US
LSyez lslach 8y ol Gblikl mias Eoo « SLIL Looladyl Glaall g o § doslual
G Cmd Codl lia sl 05 gay dumlid] 85laal] GRS paws § polus @] Oleliels
- iV a8l 5539 seull B)led barsis § Ll pag 8,0l ddhill deslus
: ol dlSdie

Jlomsdl Ly )81 by o i) Lgisdy 48 « oaes §lri @894 @ Lo O o8
L) Jbaly ¢ ity 8915 gVl ol s a3 « gy 891 8L 80 oy Olsiiiye (i
dahall of V] iy 391 85La)l Sl 05 1900 41,8 adshb Jolws Jawgill ool ,oxdl As
Olycakl &80 1855 (0 020l &sLeadl ol C¥ase § dald Loyl 305 b L5 pag 8,04
33lsa 8335 @ L3l pag 8,d) dilaill deslue d8,me Jtamy « el (e uelus Ll ol LiSly

02023 pliy--1444 8,31l salaa -Jgll 222!l - &x8 ubill Cilwlyall - ojléll dlao ‘




il damme (S3LgH e dasna |

s oW gudl DL e USs ygusdl 3ylod e Aol

$ 8)lodl] 8S,> bariS § Dl pag 8y0d) dihil) deslus oz 50 Lol

$ puiite §led plhad +Lis] & &l pag ,md) dalaill Cuanlo Jo.2
2 Cunud| dumad

bl SLad¥l (s Layily 8,0l 3bULl pllas dpeal s Eoodl lie dpanl oSS
Lalin g3y HUT e diliy OF oS Lo plbaddl e slsuly ddde play] s e elddy
IO
: Gl Alanl

3)loadl 45,0 a5 & Lanygdg d5|pag 8y ol Lahaill Ao Byl J) Coomdl Guy
0ia ples J] 6985 Of oSkl s -1 deslssd] s GByslly « dsBgill 2 8Lbly wlShls
8yodl ddlaill § Lo ¥ Ly ) Slodislly Lyde db9,ab) 55-dllg pls IS 3-bUL
o1 Lgdlaal 3-des 099 Js-o5 -l ldsll odoa Ly dolss -l &b STl Ol gs 451 pag
Ll e il
: udl y29sd

i) pacs Lo ol Lad & Olde bus &5l pag 8yodl dahill dolgs : JoVl go,-all
dls <2010 g o W3las] dke dile o Lo s dolasd¥l Slauled] Hlyatuly 3Lyl
02011 L dte goladl 50w pus

55 o patin $yled pllas sLid] § 45l pag 8ol dihill ples gy : QLI (2,400
o) Jadasalls 858501 8)l0Ylg dwlaYl L)

il ) dalys Oslwly Jdowtll ool gill s Codl i § Coldl sl
L) Ty ¢ Coomdl § dog bl AS bl dalsrbl gl blatwly SULI Jodos § aelw
Layshs 2385 Sy Ll pag 8yl ddbaill 8Las 3 gl gegall sl 03 g 5-dsl
: 9l Qlalidl pggae

o sl dalzsl) Sl pilly « 8ol dibarall Suoxd iy 25 s 3Ll Il pud
Gy Léls « 8yodl Lol Touod Ly 5 gy b blsdl § 8,m] 3L Jasdl Gslud ol
Jeslay Jeasdl s Lyl g ) &S mnd] Sloodaidlly Olel 21 ol dalaib) sgaod Tayuos
- G A s9us sl diwlos 5-Sabl oo Il bLA) OYLat (s 51 8yl dalail

Bl s Ohlably &slskl @ Las Gl gblbh Lyl 8,md) 3 bl 85 Lud (08
Lol 039 « gl Loy« 23V A8y § Jtaiy « M) Szl § ol dSpazdl 481
ol died Ulsal (o930 dols Oleg i dalBl Lalsls ¢ pady « Ugall ddas ylb| § Ladlas]s
soball Gl gy 2l & - Veddol 0l8) sl Lgldll L bl s i ¢ ESidos ol dibg

n 02023 pyliy- 21444 8,31 saloa -Jgdll aasll - axdpdaill cilulyall <o jléll dlao




(32020 — 2000 ) Ll — 45 uaad 3 pond| Adbad| Al dualyd 3)lonid| AS p datlicl (18 3 o Gald) 9

GbULI O Ll 83LL) § p1984 Ll 32 68 053l DMt (s Byndl GbLL] dnwhe (o
eoladl 48 m b5 ol oluy seuwss duow dp3Y LSLekl @) s 552 (0 8y
sy« Laele L5 psaly (oSl gsar sligiul 3ol o @ratlly pysiall OLS
iibgll 2y s slyob Ll Lo § 8,od) 3BUL Gysdy . PedShobl gols LyilSs miladl
2l oo L] I bl gdss ¥ Cumy §nz oluo Lihin 5y 8)g—uwng S0 xe
)l sty dyyLadl dabis ol dsladyl sg-illy kil Lydls 33 Yo dSpazdl pgull
oo 8Lass Olilastl 00 @azs Lad] LIl zldly slg bl s dslio Sllas ol 2] 0Ses
ol & By by Vb, ol 3blial)l dalsdl Luwshl plal dgegikl OV sl wly <52l
byl Lab Gleass dy)ledy duslio daisl Lys polis dbsas Ladsis Ololuor Lk
O 5569 « £1993 1355105 § $35-L 93-12 03 s 5l pgaybl 50 34 J] 25 Slg-Ll & 83yls I
dhis 5l sUas 5l slise e 0yl 285 51 Glise by ells 5T jlhas s Gl (o] ot
& pmeaitlly g i) iy U of el « LSz of LS « 8, ol dalaih) Catads 18] « dyslio
byl plabl gadu oo Lo Y ¢ Lagle giad d0lhall 5T & 3lukl dabgll IILYI Jlowe
el 8, ol dahill O pas § dde Bylsall ey . Pedpagasd] dalwll SloMo duw)leg
8yodl Lahailly « dbgll LSpacdl dguodl J51s @iy plwll dbloxe (2)Y1 o0 doluwe e
Oleibly gladl Ll o Lads « S5 5l $mmm slive 3l & J25 ol yoles LI &
Js13 ) golsdl s B35kl gl L) godsss ) dpolell LSpazd] OlslyoW Lgslias] 0o
SI0ylsS o 1) Y] Olouiibly @l ALl s pyuy s dass Y Ll odag « ddgull
o g -l USs 03l 51 8yl dabaiall Lylled] wis Lydle s b slgw ool Bgaal]
Vlgle ool dslio dilises of dkSiis Olikes
A uladl Lansgas & L1l Dol @b (s s52» Lash 8ol 3bULI By LS
g5 ¥ 2V odag « Lade gy Wb« o 88 (S acdl 0ol 513 § L] souss LyiSUs
L JWls duslially dolot] Lllasly $dmis Lo suills 4o paadly Lo3lyiadly dSpam] 39-al
iz Yls 3l Il xaay L @l Il dals sy o5 Ll 8] « zlsd] bl o
dunisl) Jiws ey &gl Bylenall Trpmm 33 €S9 « S Lol Lylsb) ST Tanotd Lagd bzl
S5 g3l sl puts & ddeliy Lolguls ddgl) dyoladyl OLadel lwe s dyslany)
EB309 ¢ 3sihatl] § ddwy pudw pliss 5o Lgorlos Glagia 3 blll odg) 3o LU lia
dlelsy Llooy OLLby Lilies « 48 Oleg sing « poiiwd) 38ut0 Jlo s « Slion @i
s pa s iUl o Le Bl i mo s . Vi ikl OISy outlly EYLaiU dews
a3y Byodl 3Ll Slblas yelasy gl : Lyaa] Glwl Sus ] 8,01 GbULI psgde sy
f sl sy JLadbs c ous s Ao IS dslozzVls dolad¥ly dewlewdl Lgdlual ¢ 555
olsilly Ol ) ] oy Jms « 8,00) 3bliol) Jols aoly popis s SLisl Ilin oS5

02023 pliy--1444 8,31l salaa -Jgll 222!l - &x8 ubill Cilwlyall - ojléll dlao m




! dene (Salgl e e

s e L gaze Cosdy doy Toaoes Loy =5 @i b il 8ym) 3bUL) e Conls 2l
po-be skl 3yl Cyel) daidl ugme Jslog. 8ol GbULI S5l Ly dasl) aclsally
Lo3Lad¥l dahilb Lyt ud ) 8,0l dihill oo deawdll Jlagwl L3 a8, ol 3 UL
s ain Loyos « 3blibl glssl Calisnd pogibl uegius OF § agmbl oo L 3 8,241
7 JUIB wazd) plhall e OYYS 5lp)
: daladd)

Dolols Ll ke sumd e sLad of 0l8] of dolus iss
: doliadd |

gl OIS da sl 3w 8, o) ddhill 48 aass i) pladl of pwlwl (s
COledsg dcluog 8)los o golaidll
s &l

Jasl g 3Ledl dyolad¥l SLiol) dabaill golsilly dedll d5)lhe dahill Jsls dy ol
B oo bLad drpb o Cowlisd 38150 oiitaal) pid Coo o Lyf Gl a bl Jools Ly
g ibsSS Ay ymdl 0dia L8 Uls oY mane $9 . Oladsdlly sl ells S el of (aibss
Lz oo P dihaill J21s pula k) bl dsub 2 g8los Gl Glaall oo dloe oy
Lol gl Oladaill Gl ,=s LaMs oo Cisass JSaT suce Ly) 8,001 3bULI OLs gy
GbULl Joudl il Chog = Like pasy 02, o logdy « GbLLI 0l poghe uyuos Joo
Oleliall Laass HSe B J) 8 e oo Ololuws s plas 3blier Lel 8,0l dyolazy)
Peddlaally o2l et ding Sl s 5o Oleliall i Josiy « aatll dgookl
dol e oW dwie VI i) Qe Y] Gugs Gblior Lish Lol Joasl] dobaio Lgdys3s.
ol Ga s Jling . Veduadily LI 58lssd) ass s d3laiwdl DMs e elUdg ¢ poradl)
Ll 48,105 Lud Syo 3blior Lasl e (9usd) dsliall dpial) ol ool dalaid
Sluwlew IS 5 & pyaal Olelio sLisY daY Olhliwd Gis 4] Bugis « gl sl
Lol (GLSS9¥1) el 8ylol) Basibl ooVl doliie Lgdysis . Vol wdl 85-done dols
=29 « 35 e 5 slin o -8l FBUL 0 by Le Liles wger IS § 3-blo»
YVl dhwgll Slailly aladl slg bl olyiwl gas Y « gylsdd 3bULI ods L] ;s
3By 5368 LB g . P dSpazdl pyanl) 3BULI 0da Slelio Lazliss 3l Slusbly
2t dahill sda @ Buolstll mlud) S« Aol o ul3) o s52r Lyl e 8y ol dabail]
Il b dolsdl pgully Gs-dedl dIIS « bl (3L § Ly Jsasthl &Spezdl pou)ll dmols
Lid U3 s pide iy Jling . Vedloedl dobal 441N LB, d=ols pt (48
B4 dlang Al 039us §hsr lomer Lyl 8yl dihial) Basuill ool dnbail sLasyl
093 &S pexd] d9usdl Houe il g dwold)l mlud) 5S¢ Coo ¢ ylood] dbias By b (o

n 02023 pyliy- 21444 8,31 saloa -Jgdll aasll - axdpdaill cilulyall <o jléll dlao




(2020 — 2000 ) Lecd — &3l juaey 5 youdl Adtaid) &bl Aul y §ylonil] ASyo datdils b 3 pd) GaLd) 59

g 05 0ol By b o Lglsss zig ) el s Lo 8)50l) of Gg-donl) g 5iasd
o glsYl Calie oo @bl Olg « Sholall &8l of Godiod @dss o 090 g9yl Lasy
Loyl dabail) shys By 55 Vel Byb o Lyzgys mie ) el sbidiwly « gyledl )
Lo slis gmad SIS slgas ¢ Lo &g dsils (2)Y1 5 5520 Loy 8yl d il &y loYl g lld
5l ssw) dmbl Lyl Ldliedl 035> plin] ooy « &gl Sgas oy L ol oylsn
Bty Lood Aol Ll iul Lds « Lalell 381,LL Lajaazds Laslus] oy Soles (pols 52lo
88 « oLl Toluzal LS az 8, ol dhatl] yuss « Lglsls gyl é Of oz ) d 2390
Aol g pa LS« dulead) S il dgeg oo dibgll Solud) dmols Lyl V] LS ne dsjme
po—y 3l @8 Joo Vg iz Vg ddoxl) JlgaVl o9, 8yl dhaill Jsls dolsdl Oilsg il
Lo o Jo LS « sl Js1s ] 8yodl dihaill d9u> Lozl e V) Lad @l s 48,0
@yl i) Lydgss s doy pall ol dsoldl dubgll gl s Olyolall

posil dle 3 ath uosh Loy d gy Y 4T Londly gug g2yl lie Ms s
6> Lolas¥l Glooll @ of gl Sladaiall of Joul dalzsdl Olsy il § 8,0l dalail)
e Gl Gl oy 381ss Il o a oM o SUs. usladVly Oligll -8 e Lol
el Co e ous e Dgo US g, 080 Lab Glually 3ot OYlowe $9 dalsdl et
slheY Uslowe oy lod s O 55 o Lo s Telng . dpagbiidlly LslozeVls dyoladyl
Ayl aelsilly polisll oo susg dalell Guwdl g38ly s 8, ol ddhaial) Jol i oy,
8yl GBULL Lavdgzg 8y9 0 s blll Bl s Lanydlss el

s Dsall oda sg> Jls @y  dacall gl (o)l o e o 8, L il
08 9o Ugyey Lidliiz Touomd 05505 « Lata 0yl of doy ol ol &yl slg Landdlie
selsh) delas] ot ¢ §yazdl pliodl Bymy Lo liag « il aldl @ 48 andl o JBYI &y
pios « dapal) ddgul) dLlSU Libooll Bolwl) @t Twliwg « allay 33 dols d3gils
cdo wasdly dslually 4 yloa) da sVl uouss

aass bl puds @ LaiSUs « gLl Tolusel Spacdl ol (o ds 8yl dahailld
8-l dsab) Jsls pLsS Ul Sleg piol) duillyg « diboll 8ol Latols Lulols Luliw
i « b8 & Syandl Lol 5o Lol dwlead) d9usdl gyls dalih oS o LS Jalsd
oLl 8,0l d ikl pg 39 . 8, ol 3Lkl Hlettwdly G leill polsdl §g ! 3as (e SLad
gl 2w -l dslsdl dasd) jLb) § ddpall dsall dsluzly Lysladl Blu sl §bo
- Laddos )
: 9)d) Glalid) JIKi

09  ss—asll ;o oo 8,0l 3 bliall dalixl) Hsally JSE o dnasll bl agd
8yordl ULl Sliaud § B il 8ol 3B o) Galadl syl oyl IS

02023 pliy- 1444 83Tl saloa -Jgdll aazll - axdplaill iLulyall 4o jléll dlao m




il damme (S3LgH e dasna |

JeB Il Bla oW Lk ou s s dihia JS duylé sidl bLadl degiy Lrubal Lasy
Stz Iy &sloatll bladl Ladde Clity 3blie dligd ¢ 3bUbl odo dald] elys (o Lyhuios
Slobl dopses Olikes Lagd Jous g rsliall bLad) ladgu §5-515 « sadally Slpadl s
o S5 ElssT adsus 51 bl dling « gl Lajppias (o, ziall Lall Olewin J)
8yl 3bULl Ladsl Ll Lalsdl JS Y (pys $)9,pa)) e dszy L liag « d iVl
2 Y@ U ode Jiemsy
+ 8ol ey L] Blalic] : Yo

o oyl ol Jsls Bals iy doLukl 859u o dilate o 8yl dylocl] dlail
e 5w e dny B 0955 (i 93 Gt Jads Lydgus ddhaie @ sl slhe of cline
B39 e st 0353 =2l bl me Bloxlly < Sutia st osloatll SYo Ll Lad 05539
Joii uig Jy Bduome dilate oo Laydl pashy Vs juadl) e J] Bugls « dogauns
19 elwShly S 1Y) Busibl LY i 835kl LS Al dgull ooddd] (s @wsl Bl
8y2b oo o) Jugudy yoadll Solely JAU) g dojlexdd) 8,0l Gblial) gudyl bLaI
8ole] Bugius -l Lasd) B3lels Cidsally g yoall 55,08 pudll dnie Sipisls « 5T )
o255l bl Lyde s 8,odl dojload] dahills elddys. dgble) Bloudl gilad) jos
oo 8ole] prw Ly . Lle Lalglts ooty 31 milad) oo il 8ole]y gy il Glilass
Loloatll 09—l LSyl pgwylly Sl w5l oo Gl gylsdl) ddhaial) 85)gt bl @l
Lats 0,3 0955 ol ol dpsloetll Bl § 3Lkl odo pdame uolss’”. Lle 5,5V
Gy § ] Bugy U ¢ dantl] Joudb dolsd) by ol dosload] 3bUL G Il g0 LS
Lslo] Tso Laile s 3Ll o dassy « yyaaill dgershl gl §iazdl padecly zlul)
Lateolny ol § Jadios 85 Lalels o5 ) lbladdl o Y] « dgloel] Blg-ull 5o Lagrss
P 3V @ ey Sl Bue Ly acdad] Coledl § 8ol dosleatl) ddlarl) s a8y lecdl
) ¢ gl ool 301 ol

& S o yoed) dyslead] bkl ol Ll s ol (5lshly 8ymdl ddbail] 853
Ll Lausd 331509 O3l e Sty dmuly Lo yon dolune o d355h (& o sline 5o
LSynz poy ol Slpd ol @83 095 Ly 8oLl gilad) 5555 50 Leud Lyia Bugll OS5
OIS Olbladl ¢ glwdl (o353 « @Sladl J&5 § Cousdl pasll § ¢l o paasus . Lede
19 &bl odia S5l masds iy S5 of Glawiall §Sg Caony « ol g yLol] @llal]
Coo o LalaST skl Ly gty 1 dgall Joiidd Ulol polodl Csgll & 8,0d) dabaill azés
G (e @ISy ] dlead) 51, kg 8,0l Blally diolwdl Olaibly Galaall elis] oy
Lo Ll OMalsb) gz ¥ o elie Mol ode § pull sy « dpull puss 3
LSyl paul o1 L3l pall OIS ol 1,8 COlS slgw

n ©2023 pli;- 21444 4;alll saloa -Jodll anell - dxdubill cilalyadl -,on.E's.Il&bp




(32020 — 2000 ) Ll — 45 uaad 3 pond| Adbad| Al dualyd 3)lonid| AS p datlicl (18 3 o Gald) 9

: dagndl (lodls 8l Glalid!

Lasd 05535 ddlke 05-S35 Ohlabl Js1s Lazals] oty doLuubl 80owe 3blis 29
Bale] J-8 iSy9 gensd 5l e ooe s Olidas puyls Blols « Lyis poiss z5lad)
bl siia Jos1s dalill Glelially miladl Al e pyuw) @55 Ys . Laydais lyios
Lagsd) gilad) gls) Oldes 3bULI 0da & o5 ubs « ;uatl 3oLy bl Lulul sy
olhg 8,0l dahill wssy « OlsgsSIYly dugalls Ladsdl VYN i gadl 3osb (s g iy
W g ol i (s Jlie doadl b Jsadl ogils
: 91 oyl

gy pzsiy « g)lotll golhall OId 8, ol 3-bULl gl (e g 953 8yodl 3Lkl yss
OLdasdl (e « o y2illy Goeddl Sguce gdss 3bUbl odag . 8yl doloct] ULl 3,54
Ciatad dlas ol 2] 55y glod) oo Olis ATy pasd LlSe] o35l Oleosiud § Aol
@ el L586] dling « Laalssy giladl §1,8] s cadawll dlasy Oleibly @lodl syl
Bo-asdly powll Sl sy sVl 990 kbl Lkl OLS, ool e ol 0525 Dl
O Ll 8, sl Lehl ppalad¥l sl sdl By sy . SLS,A Al ot Al § 4Syazdl
3Lkl 03 0935 « Blesgiwall goLadyl plailly dagye Lilse s deditun « Ldlyier 4w
SIS 835l Oolewiall g 3eall Oleas § ot i g Olowiad] S oo polo M) dogide
8yloatll §blis s « Olgiw pund ] picad] g3 o3al) 8yacibl 87l p5l5Ss « dydall
g Lzl B)laat] 3-blis O LS« B3uamme y8 (50 353 Lad 0955 (dls Lyl
Legite Olplasy pLll o) gro—udy gouly Uiy gl § B padly ool OLS] lpmasiwd
3Ll 0dns « Jarudl Jgoally pModl lbes § pasnis ol Lkl Of oo § Tuer
- Ol I B e godeize sMS5 By s swdy ¢ Olucwhe Llawsd 3ol il
: S o gus Ll

Sl g3l 552l ol § daasis Ly)led b0 $blie LSyeadl 8,2l s
oSl § ¢l ¢ asdl ISl Glase § of WLl of doyyod] Golskl & B3le @259 « § ezl
LSyazdl pouyll g sasdl (93 ppele gldly giladl (o, oot oy ( Slal) dS,> Uzl
Lyoal) Spsall 8yl 3L 0ds OF osdlaBYl s 33,8 $ym9 - S doslod] 39l
G55 =l 55zl Skl Joudl s sl wly ST sLadVl s 35S dpanl OIS Cond
S Je e bl ods 3805 Ce Mo Pl U1 528 bl TS YL

8o 3-bliaS Léls Laylael oSg ¥ &Syandl b ,2libl 0L 557§, 6o nm &
50 LS L Syaz dmb I3 LS G Lgede Ladlgll ds o5 ) Olelasyl Of S
Jsd « ALSU @l e a0 085 Olelael el oY « ulad] 8, ol 3bULI § JLadl
Lelisy) Laylaal ag 5 &Spendl p ,olikl oda § deldl aludl of g dUb e Jds pos

02023 pliy--1444 8,31l salaa -Jgll 222!l - &x8 ubill Cilwlyall - ojléll dlao m




il damme (S3LgH e dasna |

Clod ol § Camdy 2l ol O Jsdll Sk . ,olill sde )ls dile o Lg &5)lae
Ta pla dals 122 &Syamdl psull ol Olanbl O yim Win S pell uyiisSI8 ¢ i)
O s gleudl 391 ad gadl a1 e A5 ,aY) Busuil) L)l ) ColeYl plwd) (il
2ol lUds £1930 diw yolall (o ,a¥l Golal Jus 1988 diw & ddde Teliyg « legdul
A Sesdl b okl glusY
2 (a3 idl) ouand] §yln Gdalive

8yamabl Dol s Lallans) LT 436 dgs sol,Y 8mlsl) @ilad] ss o3l byles
e Laals iy UL &l Bloat] C¥lows gal (e B3l 0dia usiy « B3ygiuck] dsl ]
ey J5 e Bupue Gles e el s gty Lb d8Lo] ¢ Lalisdl Blsud) J) milad) 4o
ol sLadyl e 85I 5553 8 S wlSa dod ] 635 I Yl IS B
0= 5 O3le a8 « LSpamdl 4 Slsall & seemll Bylod 3 blis 5 S,amy < dauall Lsall
g die doy s d8lin Ly Cd ) ddgull 7 yt009 i sy « 2, Hg) Lavs L]
- Lddsrs glo-£libs obly Luaadls
: 80 ducliualdl Glalid) : Lald

8)loatl loang dsolamd¥l dpaidll Glodl (o (ISl inos e Byodl dasliall $bULI s
Leluall Olag) Lyadds mslas <Lish Lyd jasy) 3ble Lyl 3blll ol )iy . delially
Oldosl Jois a8y GhUL 03 (536 Lysrig -l CMegat)) (o Sl adl) ddexbly dizY)
53 o gzl ol Uugoall Oliles elUd & Lg & yage O ely =Y ddlaill § dusluall
Ll Ldonl) Olely 21 JUoSitwl dsy okl gt ol Laio €3 2 aono 9l Lanpyiad ol o5
8yl dseliall SULI ] Layguy gt 8,0l dsliall §ILbl o oasd] Olagll § azss .ddsully
P J 0dy) s o by « dalsl) dsliall 3 blibly Gluwbl 3blio Jls bl
2 gtuadld &yl duslivad] Glalid)

Lt Olioxdliwl Susd d o O 8yl dsliall 3 bUL oo g ol e 54l O]
OLb wds Ly ims o el 08 oo Ol s INbg . daeall ool S8 e
Olzidl jmias gondc) dgzan Olulw gudgr dwldl Jgudl dd o 1S ploial 3529 Jaog)
Ll Jod § Lol « yoatl) 8yodl dsliall 3bULl elis) 8,58 Lyis M oo liag dusliall
g5l e o ddhie Jgl diio g3l pladl Jgadl odia Coumel o « s 55 4005
oo Saol jynaill 8, ol dsliall dahil) yusis ™. 01959 diw lapl 0gils ddhie s
Aol Jsudl 6535 Lgud Cdye ol 8ol 5lsbl pdimo Ly o -l ol Joolpo i e
s Jsmasd! PMs (e @by Lastl) o) Alwy sty 451 8yodl 3L o g sl e &
Jooa Glyslall § 85l 315 Sunue deas 00,8 3log Il wsh) wdos LoVl Ol
Leluiz¥l duald))l 3oty LaslaBl (peadl porls « dewdls ST Oloiig dpizY) Glo-udl

n ©2023 pli;- 21444 4;alll saloa -Jodll anell - dxdubill cilalyadl -,on.E's.Il&bp




(32020 — 2000 ) Ll — 45 uaad 3 pond| Adbad| Al dualyd 3)lonid| AS p datlicl (18 3 o Gald) 9

Ll oo 25 daasis Lelo dahie Lyl iaill b, ol dsliall Lahill B, s, Lydblsh
Syodl dyledl dhaill 5)lie Lws Cyas g 05 09 « sall LSpendl gusdl 5L Lol
8Laxl] 0955 Ls Cau olgoms o slive Jols arlotyg Summa Jlong Jasiys maly St siiins
< kadl Bugy eluall Loyl Lulol Lad 5555 < 358 G9ums dogaun 2olsd] blsdl gs
& 30)siwl) dhwgll gllly Loyl Olosliwey &gl dlsbl dyseed Slousdl GLabl 59359
sda s s Az O -Ss Uloly « juaall dgzge dly Olamia ] golsdl g (&)
ol dahilly s « Soluall LSyamdl psall Lyie @83 O bo iy dlnd] Bgald SLoeiil
Mgl 0o OL8 poasll Lo« pptol] Dspw mo o peiiwdl Ldod Mgl o JolSia
-8yl lsm dygeuas (9SS
: oluwdd! Glolie

Tot JBY lgad] Buslue Bugy 3bULbl ode olis « jliiwl 3bls Layl Gauds
Oz Ly ST dolsdl b gll Obleiiwdl og—asdby Ohliwdl dwiy Lol &Sy
UL 55,39 Loslamdl 8uS1)1 3bUbl § Sleg e dal] (e lymin iy « LoVl Oyl
LisloizYly Lysladyl dolul Yo dog bl JSLakl 8ue (o Cadsall Buyy deadill Jgu)
g sl e Sluoiul 03 U8y « dsedal) Togo Tog Lol Yoo 3bULI oda uusiy « Ly
Joudl ptaml golad¥l ol e ) Gl 5o Lo gocd donitiS 8, ol 3bULI 5
Balod] A gilaNls dsalaid] uslsdlly 3okl Ly yIsYl Olsl,oVls sgdll Lyiag 655Ul dusliall
Gblial) Lasdl SV oo sloiiad) Glolie sumis . dsii,bl Lo o)l OlalsoVls Lad @Il
oy JSiing By JsY Oyl 088 ¢ Lo adie oy § 8y9-batkl Jou Lyisye 1 8,0
Uoslazdl 5uS1Jl g bUbl § ddhis s 433 GLasT Lowie iles] § 1980 diw yads §
Gble s Clsyg . 01977 diw die Lgd Ol Gl Sloall dmas Aty ) o & piaodl slgas
& Ohlokiwdl Ly poiass ) 5819l Sy « duslialls dojload] da 531 o g ie Oluwbhl
gieg dol, 35yl Olely oV Ci i 39 ddionb) Lam bl e doaw il Oleliacyl @ 3bUll s
L8009 Busatl] SLYSIS Lyiengsl ) Jsadl § Jaog) Lo iy « CMgwitl] 3o s goze
e Aol diia LL gy Lol @b O 539 21986 diw Al § dieen i g3l ksl g
s bl 3 ble of Sluwdll bl goiody . $bULL oy Ol cled Ol
e 3bULl oda pais Ys ¢ Sluwdbl oo xSl Cloy pols plas s apdtwd dols JSLa
sladyl Gilss]y dusd & 1S 595 Ly 6,51 A sl Ja s axg Lélg hadd & poanll da a5Vl
- ol Bl 558 dzsll p Lyl S § Lg b
: dumadad] § ol duslival! Glolid|

Lol 8ysay oty 3 OB Gle () dals) 8, ol dsliall 3 bULI Guys
Oleabl § paass (3l dsluall O a1 eiSs « oYl Jlad] § soshilly ool Slualsy

02023 pliy--1444 8,31l salaa -Jgll 222!l - &x8 ubill Cilwlyall - ojléll dlao m




B iy « Bparhl Ll Ohlall OIS Dbl pasiwd G-y gi,bl -z sleSall sgiudl OIS
el (4 aSys « Olsalodl ol dolid] OIS il of dagSodl La| 3Ll 0da Bylog sLiss] s
 mshlly Eodl Olialsd TS Tolszal ass 3l OIS ,801 clas] s Lyd Giall 5 81odl
Laoldl Jgadly dale dhay (Ll 9o US oty £ 9090 dsle dbay Liz oSl £ 90903
oo Lals Lol « Lo gJgiSll ¢ 5-b90 dpeal b 0l Ol ool sl < dols dday
illy slally solaidll pudl § Ldlodl ddasd) 8yl « dpold] Jgadl ] dauizb] Jgu|
0 5T Colo g dasldl Joudls coilo e devdzhl Jsudl oo
2 8)d| duwoind] Glalid|
¢ 8yl o] 3 bliag 8,0l b pall 3bULI s S s J) 8,0l dpousd) 3bUL) owdiis
Blodl bl 3 Lads sy Ooliameud] L IS5 & pall 3Ll § Jtazbly JsYl g 50l 5y aid
e sl e JULls & pa bl pliail) LSl Olazsall Lasgs « Bylall Joysuss LU
Sozg) dge IS US ¢ s Bylas yoabg Jgudl g JLanYls Jsludl § sl pusdy o3
LaSlie Jlssl (u95) L) lias due bliad Lise gblbl ods juisiy . 8,0 48 pae Fble
sl pas & (@2l 0,81 o LSl adie IMs Lad mwsdl 59 « Gosis pé oolns]
L Adle 8ya-8 Ly VA 35150 Y] Cdses Le Olesus
: 9 )dl (ol Glolio .2
Byl AU 5STLL 85 a8 Symndl pald] 3blie § Jazbly (LI g o) Ay Lol
s llbolss g gnml dpg pall SLalVlg dpadaid] p3lsUl (e JST 3bLLI 0de g Vg
HLsY s § 8, ol onald] 3blie paasy . a Ll Jsls &l da 231 Lyl mass
rSI LI 5 SWIL aelgSy « ddledy ds g dals &y pu pilives ) s ol 8, SU1 doll
g3 ¥ §bla o 8ol olll §-bling. (bl &ys5:59 0l 5-Spe § 8o52ghl LS
Layblie &y 32,b s ddladVl Oblidl jasy dped (s CBoll (s § oy 48,0
: 8ol ddladd] IS
i lzing dadil] Ol sty 5 3l5od) omog Ao g 3 byodl Lthatl] i JISS (oS
IS5 JSs s o dwlodl dnd) B JISS § ey 85l Sl odn (553 aBg « Lyslss]
J=ai5g 8 len st B JISS 03 0555 O ey « 4Syazdl pouyll e slasdl § iy o
- ieabl o) Jesls el ol GaJSS plassl @
: IS 0dgd g dudlid! laldid! (B9
: Gl D1 | RIS 1
39550 s Ao ol ygine ol Lusle o slyw Laelgsl Calisng duwludl dod) ;355
ol b Al L) sy L) 8adlell LoiaV) Sluwsl] Lie s JLlyg dahil
Gyb o dsdlall 381,y dwludl ddl 4365 s imyg. ol ddhaill oug 55 kil &Y

n ©2023 pli;- 21444 4;alll saloa -Jodll anell - dxdubill cilalyadl -,on.E's.Il&bp




(2020 — 2000 ) Lecd — &3l juaey 5 youdl Adtaid) &bl Aul y §ylonil] ASyo datdils b 3 pd) GaLd) 59

sl Jug—act) Idg ¢ slezi ) aodl gLkl , allae oo Layds Jlall Slawsy S olges
Y. kel bl

e Al 0dn sy Ll danall dsul plye (o Latings dosd dsliall S Lal
@ Loy9 ) ISLaal odon Jtawiy « cole Y (o peitiunel) diudly &0 )5 palls demuz i) Olsly2Y)
Olaasdl g I3 peg OVl Jauly oLy 48015 sLbl 5dg39 zoilabl sLid (21,31 zlad d s
oz pattwal) 285 ol gL 05 Uidoxa 5425 O Ly 5-Sg Oly-ably (@513 diatllys « 5,2
¢ Byazme b Oyles bt Lymwas 655V CMugwctlly Sliably dewlal) dodl B IS sy
k] § 8yaiiul] AU 3ylgold dn ikl Olpdd] OF 53353 JyS @oladyl , 13 dgog oad
& el 1Y90 Ogedo 40 ] 25 oy Lo alSE (511 (e 5 LS UL Tue Al oz 8,00
dalod)) &) B IS sty oliall plaseud) OIS GLAN GBS Olus 935 1982 di
8yodl 3bULl (e dwlu] diay dlasd) LAl polic o dmdl gakl § @,V Mg utlly
8310] Lyouds Ll Glousd] Wlgs J] A3LaYL 6,231 Slslu¥ls Slylewdl dhaulsy dasd Of U]
. gy 8yl dalail
: dudLl) Lalpllg 3dlgad| dalss.2

e gLVl Colos sall s Jie Lgslgil colall oo OlelieY) mane Jois
& 97ibl 8L 853 Jlgb of dalzie Ol 3l pall bl COlS clgw Lapds OIS ily Olyslall
GLebl LBY 8t WSlody SVl diob ol 8yad (o3, 3 Jie Jmygetl] Mg WIS Jamils
e dome 8,0l 3 olial) 834501 8yloYls. dblss yaiiwdl Lad polaiw Il Olaibly gslably
) Lynal glel Bus (s 3315odl plbas §9Syg « Ollodiad) dais § 4IRS 81T 5 31gaudl ol
2 S pand| 3ol

o bl I JgVlg dsliall Olazkiwlly AoVl slg bl Sloyled paiudl elaell Eor
353 oo slas¥l b u =g ¢ &Syer pow) &l s Oldlall sLas] ISy & Syazdl po)
0555 a8y « bl § 8yl 3bUl mnz o Lale Ui &S 0zl pgw)ly ,oatlly ol
- Lanyshaiy 8, ol (UL et al § 580l 1o el 48y « diime 854) of Léls clacyl lia
: e Juiad| 3310l

o ol Lslially L)l oY1 s Lg )l 5o Gradl of S sLiacdl ag
Laio dpolly Logas Jgadly « ddgd JS o3ums L Lisy d3glans Olyd) dahilly sluall bl
S IS dpn o Olandss eoain ddg (o pekiad) o J2Y Lyt Lood (udliss (ogasll
LIkl soo] dw pall Olelael odia Jidy . 35T ol Olsiw pice (] Juas Of oS 854) 352 of
Ohleziadl Qlaii ) Cowlid] g5kl gLl dob] Joslss 448 Ll § gL =l Ll
Olog ptin i Bugy Lagads oo doast dapall sl o 138 01 Y] ¢ 8,0l 3 bolioll d iVl
235 Wby OlelaeYl odn dad (o JU& @) oYl ¢ 5,51 3blig dliny Loy Lyslel iz

02023 pliy- 1444 83Tl saloa -Jgdll aazll - axdplaill iLulyall 4o jléll dlao m




il damme (S3LgH e dasna |

& Lola 55 sl dy pall 38055l U553 Y 085, 6,591 Lkl danl poa o lasdy LgndlSs (e
&l e Oles il mosd O ils oo Lilse (e doads L T8 jlodiad) ¢-lie s
09, Gapal) aldl § Lislazzls Dolasl Lys Cod bl YLl

vanast LoV Oluwshl Las, b Lo pally Lyie LIW slow 5-8lsmdl 0dcn Calisd o)
Laelsil 5-8lsodl el ls yues el hiyg ¢ ddeall Joudl OLliel Al 3yls b oo 5550 ISt
LoV Oluwiall plodl 3o,k e of ol Oldas § elsw « Joadl 0de Lylaos (4 JISS
$9539. dahill § sLadl s Lasliz] 095 Lambyls Ladlsal (usdy i 8,m) UL uzlsil
Al 8] o § ikl Jsadl dzs @ Ladodl g Loy plassl J) bz 531500 oda
Bblll 0 gy daiill Sluwiall Lyoads 1l &yl by i) & ot Lyd 8,0 JoY Ol
JLls sl goius s Ll ddasd ple plus Lyis ooty L il 58192l CSB 3]s
& Lade gs dsull Cole oo U35 Jié Lt sLaely dlUSs « gl odog) LU 3)ls bl (plass!
iime Lsloizly dwlws Laolad) Ohlael s5b s e 095 Lads dg pall Jvassy (oy8
o =l Ollokiadl 385 581sm) e ls (e Licy a1 Y] ¢ paimall dwnd )l Blua¥l o5 &
Ollodal Gy dsliall il g s L8 Loolamdyl gLos¥l mMo| § sslud of ls
T ) )iyl yuess . d paad] Oleg ikl g a5 (] 8LV « donizl) LirgleiSall I
Lo pall @ ol o I e Joditl) dolis (g5 (3, Suce dlis (LS dan pall Olelasyl Coley
8ole] of Al 2y g5 bl Bl o sV Slgiadl § daiodk) Slausdl LLlES Jte
o 35S Lelgsl Lanall Lsl pié 43 SVl pass . Lol § mwsdl @ gLVl bkl
B3atll eVl oo OF dio S mag ¢ i) Lokt Lyl Llilly -81goul
3STTh90 sl w8 dy 2l 3815l pe 5,51 dalse Slin O sy Ty « Lolel) sgu s La)
9 Lanal) Dgall U] LoV Shlett ¥l 385 el al siey gz s 1,3l
2 8y ddlaid] dudlpeg s AL 3

842 Jl ol Losi & )lasl duas s SIS 8, o) duolad¥l dahill oL Joall - Sg
2 ¢ g2l ) Lihiie (e suailly ByIY) s 4880 Ltgl) b « Lo plge Jo3
Aahill & o paiiadly SloY) e gliad ooas dte Blols dols dhal of do)les 48,8 5555
Lo uzgy 5 SJg « bl § 8yoll (3 bULI A81S dd Jiid gl] phas OYI i dzgy Vo
8y ol dahil) blas s dsslibly B1aYls 81090 pody 613) Slaz dlio 0550 Of (e 3L

AUB e 2y 9f Dlorzdl BI0IS diime Byl u g O S Byodl ddhaill s us OF
oudos Jod e (95 U3 bLeT suce sl 8,0dl dahill yuwsd ¢ ,-aY) i dise S 4548
) sy ¢ AL e S3ime pas b ol Gl Ll Lslog o Jazs g BylaYl
sl § S Al 0550 o < dald] A9, kL any 6518 ez 0929 8ol dahil
dolsdl Olsly2 Y IS 3Lasdl s Sy « golsdlly edail) Gudas L8l oo 4SE (e S

n ©2023 pli;- 21444 4;alll saloa -Jodll anell - dxdubill cilalyadl -,on.E's.Il&bp




(2020 — 2000 ) Lecd — &3l juaey 5 youdl Adtaid) &bl Aul y §ylonil] ASyo datdils b 3 pd) GaLd) 59

Ul Bgy20 50 LSy . Loy Lluall Jloels dalzskl S 0adl OlslyoVls Guwli] 3g-d2)
(o)) alindl ¢ Aliall oo Jeasdl 5les] 1 sl A3 Bus g loiiwl g9 s JSI sy
eyl Ol

858l 548 o3l alindl Lol « 9 i nll Ly promk] IS oasd Ll Loy
WY Gl sl gstdl IS Slesdl Gldhie woalys « doasd) 5les] Lyt ot -1 docie)]]
3Ll by B 500 g9 ikl dumsd 50 g9 2 bl B5] e (25 ¢ g9 bl Lad] Jos O
o 1Y 3lgedl ome CIR G gy Y Byodl dbatal) ol 3Lgedl LS poasd] es™. L3I
SbUb O slael s LaSle 3l d i) ISy dadlls doolll LlolsieY T lasdl 8513)
wsail dzg s 8loYl ol Lelall Luylobly pracns loos § saz oLiamdl pliss JS55 8,00
Baseill Lol dwclly JLodl 50 LS Sl Al s o )l sl dima Ly
LSS

LS el Uil g Alkius At 3oub s polsd] ] Doy 32 Lomd L
Jlawl Lisbl dahil) Jslu suslgts Lols Oluwies Bylasy sliiws ol 3] Lysd Lo
c oY o el

Codido 48 Jitwe Jlaz L] Cosid -l 8ysdl G bULI O doyyead] Col ails
sl L3le] ) 905 SlolasVl J5105 OV puwd] Jlome 3 TS Tolos

5,01 0dgy po s dapal] dsull O 8y call dbhiall Lerladl 4B, 3ley Lo Ll
Ladlowal) Lz 9,59 LaJozd & 9 8yl 3L Jsls @l U9l Euo (3o 8,0l 3L e
Cdo3ladyl el Sliles § lpalisiul 5, Akls 4 dsi ] OIsoY oa w Ll $odo s
OhacsdlS dgull s> Lalohiss lyalasiul py ol gl Jg5 Olidas § oSoadl s Wi
Slomls 5-zlsodl gdsy danall Lsill pg 5 Al Laie  dimliad] gl g, o1 Uto
po—s ol Lagle oiad) @ladly 3lon o Sromdl gl mid 8,201 3 b Joor
L3805 @80 ws dalisll @l Lahils oo 5 &Spaz ddlie dlin 5SS O s dSpax
+sdatl sl sl Slidesy s b slgw Lade Olisc
2 8yl Slalid] Zl2d ] (5985 el Juoload]

YL s Lz Blacaly B, b dgzlsl dals Gels 8, ol 3 bLLI 8,58
L] JSYI 2 yloxt) 8yl 3-bUbl bow ¥ 8y o) 3blbl o uus gyl &yals iyl
5058 dauizkl Jsadl § sl 35T Lauss ) Oluwsl] 3bliog dsliall 8, =1 3 blLlg
Boor bl Blaall 3 dios § Laslsil Caliseg 3bUbl ode plagy « deasd] 8yl 3blblg Ligysls
e Lol e ddwlihy dLolSah s game sy diwlul dslgs Buse As Cadgn Ly
OMagatlly 381921y Lol (s ds gazmn 18539 ded] JadasedS 8yl 3 bUL) Lo Lanydss
OlelaeYls zylsdl J] gLVl dseds Jlsedl Gusd) dSyo dyoS (o pelticanel) puds ) 591

02023 pliy- 1444 83Tl saloa -Jgdll aazll - axdplaill iLulyall 4o jléll dlao m




il damme (S3LgH e dasna |

Y Ladog 5-8l9adly Lalphl oda sasis « dbl3gyll Olsly2¥1 s asdly Lyl e dow pall
bl JLEL) 5865 6,V Slasdbl 3o degazme o dNS 8y ol ddhaill plowd 5SS
Ly il @ 35b1 5lal ] d3Lo) « iz b wdl Gisd pais ool 05 g3lad¥ly
GbUbl oda Jsls dalill Oles bl Blaal ze Cipall Ll Lokl Blaall bLsl iss
813V plag pss S 1ol Slaz Slouly 8ol Fhliall paglly Gage] dhssl (e SLid
Llgatl Ololamdl awl 8 Jysé olas 3ol g 8y odl ddhaill bLas e BlaYls
llasy el
2 8 odl Glalidl cliiilg lasdasn @ Jo3| wdlal

izl § Aol o)ls Ul pao Laorge oiy « Bpatachy dalaih dals Ay 5 o s
Lasezsis ko5 o « S)lg bl odn s wly dtss Ly sb ayios 03 « Sl adss
L 4alS5 8Ly Sousbl Biall § Blaall g s e uslud il goill s Las3sis

Lozl 948  4d o Sowdly Jubiwd] As Sl wl) doxer s dliwg Jadased] sz 1y
Beliod 355 L so-aY) Ol ys oo Bpstl) ) Jo8l 5Ll Lo o 31 sl
O e Bun

3V pamd polis Sus 8ymdl BbULl elad]y Jadass (aidns
: gal.n.‘ié:ﬂg b | | s 1.1

05 ¥ 93 dwlead) dalssl) sl Eor ¢ iV JLL iy s Josle ol i
bl deys Jalssll ode Losie & 3Ly duwial Oyl olesl e 55l § a0 Dlgrwd)
Jloy amy Hitwsy JLsd (Lads G518 ol 0525 zo Luia¥l glog¥l sl dul JLls gulowll
¢ a9 Aopuey 08585 5wl s 04845 didwus3 Olslyz] ol s O yaiiwdbly JosYl
pis 08 Sl Leg « Logé CYleioly dpie¥l Ohlekiwdl il (e puSan dJd US
O oV Ohlezadl pls Ww puSizn G )i

gl adly Syl 0deg) Hdmall a Ll jo L8@ dewlwd! ORI dzads o LS
O] et g. deie VI Olyloiwd) JLas) § oS ) dulead) Jslgl] o s Ly
pusy b, ol dihill s Laall uldl § Ol of gulew gl o 155 3529 pae ¢ Y gulid)
IS8« OlagSonl) zo ) pslly At SLlaoYly Cg,mdly Jeasdl O] YL 3529
00955 29,09 Il plall golamd¥l bladl e dulw HUT ] Loloze § 6055 lelidll odn
i gl addl @ dalell gLog¥l izl OY Lol Lapder pus of dahill oyls J) Jlsadl
0, oLl i & Jlsa¥l oden okl s oaunidy eplsel s OLL o paiiad
99; Ll kg s Bus 3995 (0 9 M usliwasd| sl S| Ghrdes 9

-l (e duseiin diby dde dagSe 929 -

65 858 (e dlugiul pasy oSl pllas ©LS -

s 0ilo)y doecs dagSodl e il o181 Gl -

n ©2023 pli;- 21444 4;alll saloa -Jodll anell - dxdubill cilalyadl -,on.E's.Il&bp




(2020 — 2000 ) Lecd — &3l juaey 5 youdl Adtaid) &bl Aul y §ylonil] ASyo datdils b 3 pd) GaLd) 59

Ohloziwdl dzss § eyl H9al sly a8 LBVl i Wl §-lei L Lol
oz gl e yslaidl Jalss Sue s dimVl Ohlaziwl OYLED| i3s3 « daYl
Spadl ymwy « Lyslély LaselSs 4o idly dumudall 0jlg Ll 5855 saes « 3yt ukl d Ll 35l
Llalebls « b)) Olyleiwb L55EkL iVl Olyloiwd dewdlid] 3g-dlly « 43L5 gdos
Yozl iboll SLadM V4 usli] 85-dlls « el bladl e pLidsVl doag « L pall
a8 §pas plaig dsei dslaiiul 00,8 0529 & $olaidVl sl Wl dtans Y. douds
Sty Slsdl slyaial J) A8L5] ¢ cmwlid s o pllaiy dxdly Lyolamdl Slulw 35299
Slblis ¢hd L0l dowslgl] Sl 1l g e Cicabl Jldl Josls golamdyl blLail) daladll
) By5alls Sl il ode G a il oLl JiShs « LYl Ohlett s polsdl gladll
ol izl ekt acal) (555 Ol « 330Labls yblkl aisd galt] U5 & Les Loyl ul oo
Jls ool 83Ls50 Laylodil Bolsly of SIS ST 13] Lahaed -l ddlall L)Y Joygos & doaldl
O, w551 g s slash o g it
Olelomly SLLRSY Sgas e Lyis Gy 18 L psedad] 8,0l (s uodl Gz LS
ol 39 ¢ 8ol dbail] Jsls Lalll Oleg bl e Lalame & 135 01 OLaNly Jlss
85L339 ddoeh] dosl) L5121 g9l (pLassly « asSed] BLAYI pads SLhaY) db ]
Boudl @ LosLabl Gosb oo slell e Bua sl LB Gls « 8,3 dgs (e )2l
SR NY
Jsadl @ dalal) 8, ol GbUbl o @ 8),Sabl OlaloasVls SLIhoY) sdas ool ubs
okl Lgzell dsluall Sleg idl pasy & OLLRSI Sgas ] Sluswll ;15T & Ll
plblas asy J) wol
2 8 Qlalid! liis) Jud dudo ) Colulyud!.2
08 i et Sluhall gos dsgaze doss Lo uly § 8y dlaie ol sLis] llay
Loolamd) dihie 1oy dhas gz oy O LS « Cicabl w il g, 1) 8, SaI L8Me gia dodos
Libie sLiY gaz dos blss gdg ails s dly in) Jgiz Sdome galiyy 3-89 8,
t o b Oluhll ods galy 8,
& 8yl dahill Lol (0,8 Le B, =l (] Bugs « 8y ol Lahill dwlyd —
Lkl LoBY u L) dols CowsYl GbUL aguss o) dablisl) Lyl o JBYI
(dedyl s 3,
ZLYI UMl ] 69385 ) o) BLAST Bugy ISy « dpoladVl oylg Ll dulys —
il adl § eliall of sl
2298 S ) sl o, 8 el s Bpsill Bugy ¢ bl Blga¥l dulyd —
desls L4 Olslually dslaByl syls bl dsubyg pedsy dublsdl JLU Bls—l & Ly

02023 pliy- 1444 83Tl saloa -Jgdll aazll - axdplaill iLulyall 4o jléll dlao m




il damme (S3LgH e dasna |

JS ¢ dime dolie s doladl dasdl sloce] o HLbYI s §o. byl sLasyl
L sl slas] s & Oyl ods Jazdy  Laal ) 85l w g Lyin Aoy
40 3 sLamdYl dasdl 3as Lslieg « dudladyl Lasd) s « Loladyl
: 301 Glolid! lavdain.3
Joadl el s s “VAsladyl el 3-dos § @oladyl hhsdl calud
Aols dydladl s 255 639,580 (s ol W89 « 43141 Ladylsh BLayl 093 Ladlas] I
Oloazdly 3yls Ll 485 L oy ddlgiie Ay phay 8,od] ULl goo Joslsed] pusg dpeizl
 Lazely
e 39 ¢ ploadl Lyl oSS i 8ymudl 3Ll oLit] § dsedsl] Jo-oYl gls] oot
Lahill dblo)g « Spendl JlLl doolsdl 5-SlVly 3Lt o-Slel Jie 3SWYI uuss J3s
2395 83975 o Oloasdl waes ISy« gaYl e Blasdly B Oliles § o Soald 5wl
o LyiSE g9 & Byodl dihill G955 e BIaY 8542 0655 Oly duslazz¥l Oloasdl 431
- s Vggw SISO dahil) dousg Lsslie
& Bugudl Olawsdl ezl § lgely O SLahyl slacel gombl e oo LS
Oles il dddtwlly Lol Glolusl go Olalus) Guss Y oo Wit we Lahil) dolue
25 dl Bpall OlSiy CYLasly oLy 4S5 sbe e doalsdl 38LL 5 @21 o o ddhaill
da iVl due gy mo dalaiktl 331,k LéMe i U] a5 01 839,00 ] ASLEYL « 331, e el
AL ol dhwgis ol dads delio slyw Lislio sl dpeds ol ujles SOl O] Ly puylosiw )
AW 3, S, e gl Cogon golo-il pars o1 Ol s WS ] 8L
L3 5 Skely « Lydlylezs Jidl Olalesy okl Ohlwdl Olelas) )laedl e § b ols
O sl LS loeiVly (5Ll Laga dewlio slpa s Ololus dahil) Jlsas Olg o UanW
Ciolgslls 40,391 oo dahail) oo BLadl) milall Lylesd 5l itV (o pliow dahill blod
LoV Ohletiad] 5o J3hl ©ie @ ety I aldl e e 1 03 ey . o))
Sleiial e o jaitad) mesd @il @ loziadl gLl s 5855 Jof e dgedl Jiog O
Eor e oL gy Laloiiiwly o-allgals 8yaliel] s Oosing B 3 poitiack] 918 Yl ¢ 4y gl
@, o) dadly dulikl 5Lzl (0,8 pass
: 8yl ddlaiall @IS adgll jli>lg claisl.4
sl Jusle combs  Lapshis Lamlos 1S Lol 8,1 ddlaill z8oe jLas oy
Sl Lahill § opiles stn satal &)y o peiiwdl O3 § Lol Tgo dalill g3
oYl oy s Sy G 555§l @850 OIS 8yaudl ddhaibl (955 Of wé
O JaoMhls « dpledl by asl) Yome 0955 O i « I3l s dpuslly LVl Gesiboglly
S oy Lalol e ol 0l Glacall 3o § 6,50 Lolos Ciio B, ol 3 bL sy

n 02023 pyliy- 21444 8,31 saloa -Jgdll aasll - axdpdaill cilulyall <o jléll dlao



(2020 — 2000 ) Lecd — &3l juaey 5 youdl Adtaid) &bl Aul y §ylonil] ASyo datdils b 3 pd) GaLd) 59

OIS« dblsll dieal 4 (1S s Laes39 8yodl dilask] dnl s s @3okl sl g ]
Dol ol dymdl olobl ol Jgudl e dosusdl o Jas 3 ) A5l solall of Olyskl dsls
49; \ganl @lladl b 83! Blolid! allge jli>Y lgulc obylaio Loy lliag
8yodl 3blal) duill dols Lblsd) Lol bghas oo s e dahill 45 of -
3yl s 0955 O (i « g LoYls I¥lgad) 55156 Loladl Jgmu i dplontl
zLsl Sk of Labil) Glowil Il 3She e 2l 23541 95509 duslec
cdahill Loy Sldesd! § pasiwto G gLV Olojliwes dls-Ll
095509 « 6y Lol dlibly Olylabls GHlshiS (*45)d0,8 45,0 Gblie 3529 —
AU3g Lad 8yslabl Olylall of & yoedl ¢ olehl sl 8, ol 3 Ul s of JLadVl (o
355 pdes Al § Lal ¢ sl (o Lol oty Lot il Slalsdl LT (Y
omd Ol)Uably &y ymed) &lskl Js1s 8y ol 3 blal) dapdll 52l Slolusag o SWYI
&3 Ol oz Mol 0§ « Ollably ¢olskl el o S Lo 81 0555 of Joadll
& LIl 8eliS) Eor o dblall Ololohl s 3y dSds s 8y0d] 3L
Lo Loyl ol Lyt A1) slgw J831 45,0 o giutd dous)
ISy 8yodl d ikl @350 e 0yl ASLaMly ALl VLAYl Slods p 855 —
83900 I A8LAYL « IS5 J 8Ly ggan dhaill Sleg e J LasY Lade Jgud
- Olylby (hw 283 Jie ol bl 8 il Jlall Silwg ndgs
sl oo dthill &850 e 0y Al 0-Sel LS dewlall didl Gleg s 135 -
Ll @ AVl ms ¢ G3LL e IS ety B paldl OSby Bybs il <Ly eSs
 (*46)dLslS 331,09 Oloss 3o Lo Loty oS LuklS 6551 Gloas 5895 8)9 00
1 Lo B SU1 LSl EBLST OIS 3Bl (o oyl 8,0l dalaih) 2 85 of -
Loy® 0555 Lo do ] gkl Jbosdll Olsazs 55150 0929 Jloio) Lo Wl
cddhill 2890 30
Caio o dilaill Lazald) Gugruldl Licliall da 539 e sh mo @3kl pedlyy O -
&35kl 0553 O ol ddudsdl Oleliall Ulo 88 LB 5l dauds Olelio LS
&35kl 0550 O elyd dLad Oleluall Ul § Lol « &gl Glsbl e wyalls
-yl skl o -8l
dysblls o2l Silmr Eumr (0 4N Sy @30kl i sl § 3Vl o LS -
0553 Ols « slbl gmaing ) E s dupmashall Lo W) 0g ¢ HLaeYls Lo s
Y o ygatlly dudls pa, ) Jlosl sly] o JU 1is Limeids (ggiun @35k
(47). slael 5 5B e Waad Sleg ikl JLarwy Lahill slus] IS m a5y
Sl o o) ) Dolos Bloal s 8y ol dhaiel) Ll @8kl (oylsy VI —

02023 pliy- 1444 83Tl saloa -Jgdll aazll - axdplaill iLulyall 4o jléll dlao m




il damme (S3LgH e dasna |

2t Oles ikl pasd cgluyl pole e oo ud ) 5UasYI ind oo Eaony
8L Laslydl 0955 slasSs il Ooleg il Lols Ll dsliall Lysldes g
255kl 0955 Ol o ALl 0da (88 « LaJ Syslenhl utbly 3bULI s duslug
(48). A=) Al 3USI 15 3bULl oe Bamg 456 3blie § HLusbl
. ddoe CO5 3] Aoy dewS JI Silalsd] pdgs —
Lasle Lalal) duabl 33150 e Lols) L 8,0l il elis) JSiid Vi oo LS —
= O i gl deloazVls duoladVl olodl gz o9 Bybs sLoySs sl oo
- Oleg il e S 58 J) Bl Ot gwgd ol dols <L 48 dame cLid]
: chuuad) wlald dolad] Blaal £9pid] Blanai Elicg plrwwdl sue.5
Oles bl sl peul gd9 § pall wldl plas o 8,0 ddhis ol plaos asis
Cddlaa] 3dss I
g0l s 0 Slogabs Lslual Layl et wall Of ol OF capal] aldl s sy LS
Lot oty 3ls « (8yod) dihaill §) il aldl o8] & allgal sl ul 3ossb s L)
O Gz by b By ol a L) Blacal 3o bains @ asdss il ayll s Us—and!
Jbs ol g8kl Ly OIS 8yo) dlaak) slsd] dsmdny 3-bey Lo Lo g okl § -89
Ladlit 0555 Y 0y « raoledl plsll ] dpls] JoolS et g9 bl 1 dess 055 Oly i)
Ll Olidhatg glat La Lytas - dblall Sloudl ¢ Cwirll all Jsls Lslil) Ooleg il
O ¢ dd9,l s 55V uly e Jlodl Ay Calss S Lo lod] ASYI g Lyolad))
L8Lak dad 0I5 9553 Oy « Jlomsll s 1S S Juseds ) ddhill dolall leg ill ol
Ols iy Sgls Gleg bl odos oo gty ¥ Ol ] 3]« dbas Ol s dszssy Ll
odce gl ald) mdyg . Sdiach Layshs Olsdss) dewlly Ll guuly Coils LaJ 05553
Y LI o Y polsdl gkl OV « dhaill § Joasl) Logliabl da 35Y1 Lsgi dolsd] b i)
ST 585y 31 OIS Lty jeitiad) OY ¢ domyy oidass Loy ddlanly dsdlas §sdoy
O 2T cole e Lilly « Coile o domp bl dslaiiadl oy 2l e 5
parie Gl 3Ll gy « By ol 3blibl & lediadl Ge bl i st Lo Lol
DI oLl e 3ST o
2 O 19 (o 9! ¢l peidly dilaciuns D11
Oaloxbly ol el sl opatsdl oo sus eyl elait wl ot d iyl 0l o s
La3Lis] 5,5k Lahaibl ;s dysllall Olaglably SULJI A5 eadyss @ 8,odl GblLl §
ez Jso eyl L 8me gy el by Laydgs s Jasiw 3l Sloasdly Lyl
Jte 490 Olotarg Blar ol  Lad , Jatlly Lgalhars (3l Slousdly dsdgrll Oolylod
L0 ol dsluall Lpail) Susuil) oYl dslaie

n 02023 pyliy- 21444 8,31 saloa -Jgdll aasll - axdpdaill cilulyall <o jléll dlao




(32020 — 2000 ) Ll — 45 uaad 3 pond| Adbad| Al dualyd 3)lonid| AS p datlicl (18 3 o Gald) 9

2 6331 8 yd) Glolidl w i 3>31.2

ald aie yatt ) Olalodl Ll s by ol dahaill byls) ploal Caly E
ol § dSelw e dalisdl Joolssdl 535 Gue d8ymag « 6,V 8, ol 3bULI § sl
L3t gahl 8yodl dihilly dBLES paslas OIS 8, o dihie g ASTauss oty ale Teliyg
Jslsmll o Loty Aolew] O asy doaill Olossd] A JISS s 31 dulys o5 JLall
. b Bsu ol
: Jes ¥l JI2 59 (3 sadiciunsd | dlsld'0.3

slasly doghl 0dgy Ognsdw 5l 3,81 Cyyuy 8yl ddhaill Bl pois v
Iz 55,8 oSWY dabazis dilase OhLj ) g <l Lol dysa sl dzwlly SUluwd!
8L23) oot masil] mag pmtazles oSl § lhus 8lisd Lie zo CALls syl JlosY)
ALlas @S § Yl Jsls . dd paiblaiwl oBY (yseall QL s 8 e Bysil) d sl
OLWIs S5 ,e1 Buseill SL¥g)l Jite Lible doais¥ Olylokiadl 8yamall doud) 5ST oyl
CoYl pae § Olaslell 6,855 Los Bolatull o Sg9 « Lavpeg ISy Lu,dg Liillay 39 Lillls
O Js-)l 5S¢ 1aans ™ Ohlaiiad] Qi § sgbadl dSlsh 3950V Gagacdl LA plaseiul (0
byl G bl plos § 8,550 Jslsll ol oo s 8y ol 3blial) Goswtll dilas

Lsmling Juiis e 48,30 81900 Al LSl gll asl (e s Ll o) OF LoS
g« loelss] ol gy Jd ddhaill Jools sl wdl gl dsles TSy « 8, ol ddlatl
ez dyaet) ISy bl Bl § G peiial] Jgsng Oloales] asass dwal ] 555
C:gally 38155015 LIhL JlamsYl Ulorys o o] iy y=5 3] d3LoYb « dsdoill Ol yloiudl
- o=t) Lahatl] lgoiaiw ) 55

Jol bl & L pods ) dudygadll ddasd] fos Ja 8 pa 23 ¥ 8, ol ddhuil) 8yl0L8
29 @ o9zl el J] SIS usy ,oYl e gl Léls « 8yl ddlail) sLis) Jod JoYI
Olaglse s goio8 OlusSy Jods dlacs] Late ¢S § dsats Collul Jling . 8, ol dahiol
s yeiiab] Lassha OF 0-Se Olylusdial 31 s e Algws Loy Liway 5550 dogo
bl sy ddl2g3edll somall Lyews s ge « dpoladVl Lyglserg dahill § Hlekiwdl go,8
ey Joatotkl yetiadl ;05 Cil ol dwludl Sloglakl d3IS 3lymls  dahibl flas pbss
- dalailly dalaibl d3aud] pSlslls oled Ll
:8)od1 Glolid| deld] (e ddwall Joud! Cdluai

Glaal Gubios () mlht Lyl Laesld) § 8y dahaie sLis] dacall Jsadl 5,85 Lodis
Ololadyl o Lasldll 8 3Lkl dpie¥l Olilokia] Cle s o5 JS I8 Joos (48 « Boasia
o2Jb mtan)l aaB Lgdlaal 3oty Ly) geaad 0l Loyl (e Eammd iy g « Lot
- Joudl ody) dolik) Z LYl Jslge 413 s

02023 pliy--1444 8,31l salaa -Jgll 222!l - &x8 ubill Cilwlyall - ojléll dlao m




il damme (S3LgH e dasna |

Il Js—osl) dle s 8y ol 3 bULI sLs3] § 6,5 Lails dapal) dall) Jga ) &l
isdnd] GV el s )8 CleVl Glalatbly Ulse¥ gusy cler Gsbo s Aol
- daldl Lyslolassy

18yl 3BULL Loz IS s s5 Loy ISLs (e onssd Lislio daaiiabl Jgad Lal
Loyl dibe D] o] mwss 3osb oo douill suogll IS5 § dbhokl OLadsd] §ubos
Lwiol) 3855 Ls 13y « o)l A A 035 gl lacul pagdins dSuie pramu Lo 909
s, Lbloll Blsadl s dumeil il Lumds Joddl U] Js-osll JLbs Gsdl @ Thus Ladse
Ligabl Jsadl ods -3 s dossd Olosliwl sLadll dows O 8,0l G- bUL slis] ols
aaill §dods Lz Ohletiwd) clo J] Gugs dsll) Jsudls. clow doo s ( peiituckly
O poiwk) oLl Gl wY dgogbl dmoe il yolabl oo degame @b Gk os lds
Lo 3aaotl) pol=lblS ¢ 3l odgy Hleiiwdl ot Lo 04iSslin s Js—asdl =Y ColzYl
Coed ColS dwizY Olawll OL8 dolalls « gl . Lol ddl dusgig AWy dpg pall
- gl A Sy g8sbl HLaslS duse bl dahill § lpewls by b o

Jelal aoady Sl Loleodl UV eobass g8l dbog i Lulul o Bluall ode
Weo gad] Slaxdlioul OLs elliys « Jgadl odg) bl slam¥l Jis 3l Olygmall oo
Slyslall s ducaisebl dewsl il « Jussd of Lade Lol oIS Gipiald ald) I3 e 3Litlls
b eyl Oliass & glew¥l dol oe elIds Gloyls I INo] Lol iwl dowe Clo
Buoly 3uhiod s po i dawall Jsall Jod oo byl G blill eLis] dulew OLS ple JS s,
O LI Glaa¥l g dsgame 3o AST of

daldly dysloazYly daslaidyl dpaidly bl dylodly duioVl JlgeYl (ugd) muzds -
- el Odlgwctlly 381,415 dwled) id) 2yl

- Y aBl 3ylgey Olyslall gze 83b3s @olead] Jaldl &Sy B3 -

Sl Holae meSs bl sladYl o)lge peu) Susus yolas 4855 -

. dvde Oluss Jlso) -

i Jeos g0y8 sl] -

8,857k o] L3k IMital -

-] Sl gslie Cdzrg Jauoedl @ud8Y) diais -

(OYLai¥ly Jadl Sleus — Gyluasg dgi — ddle Gleds) Olodsdl 8ylod bacis -
o=V dabaie Comdg aBs. 8ymdl FbUL G Oloasd] g g5l i e Clhll S5y e
8yl 3bliall Lsnl Y Glaall 48 5l Ysue @SLL 0yl (s 1985 diw § Basil]
0. o

n 02023 pyliy- 21444 8,31 saloa -Jgdll aasll - axdpdaill cilulyall <o jléll dlao




(2020 — 2000 ) Lecd — &3l juaey 5 youdl Adtaid) &bl Aul y §ylonil] ASyo datdils b 3 pd) GaLd) 59

- AoV Ol jslas slow) .1
- das 0y dly).2
- 8yhill Lz glgSilly uzYl JUI oy i3
Bads Ulylge wlusS|4
- doedl slaid¥ly 8,0l ULl Oleluo oy sl dlo).5
Lel ¢ Lkl Bloudl @ Jogsal) slasd¥l dtgs & 590 8yodl 3bliad) O ol Ui LS5
GbUbl odie e slozell of « 8, ol 3l elis) Jd slaidVl § ddsls Olaodo] JNs oo
Calzss Blaall oda douss Of ,SUL juedly. Lblsdl Blewdl § sladdl lis Jgsul 3151
ds-m liias « aly JSo dag ) Olosalally pasSlasdl HLas¥l 3 sV sy ;53 uly 5s
£ 3ied ¢ Jsudl odes 8 e sl Luslady) dowlwl)
- Olsby dugizdl b)ysS Ao zenadl ddas e -
ol o 356 Pdmall dasll e Jgasd) -
cwgll Vo Aol 46 LogleiSHl e Jsasd! —
- yihly sty peldlly SOy Al dlo sl Lseia) JSLad dlowad) -
&S gige o LJgull dyyleatd] S (o Busdng e dumdy § Joul —
- 8yg8lsiwg
Skl y855 e Basludl Jslsmll gao] ums 8y o0l 3blibl 9L Gew Lo e Telus
ol ey 2V sl s dale Loy bt @ i) Cowlil)
£ 3V § 8ymdl BbULI Blual jas oSes
: Dlpolal! dweid b dedlud!
Sl oo alised § 8yl GBULI L) diucd )l Bluca¥l ool asl Bugll s usds
aitiod o) ploal Lus Td50 ,odatl) Lsliall &, ol 3-bULL dusluall Olyslall xisis
gadl doye It o s 5L oy « izl Ohliiwdl Qie & 8,odl 3-bUL
Byonll Lalaill Ly 58 1 s latlly dpeisl] Ao oy « el a L) Ly g 3 dpoisl] oo
Olyslia) dowdl dwadl 8,2l . 8, ol Lalailly Cavall d Ll ddaodl g, tall J) 45l
LA L) Ol oty gl Sl ddlly 8ol 3L
telual] Wil duslivall Sljoladl o> / ddlaiel dusliuall &lyoladl
cOlyslall dwss IS G Lyt ol SLwS s do33 OF dusld) Jsudl 38 sbs
Joadl odem 8ol ul J) d8L5] « i)l dddas) Loyl ddloaul I Slashl 5w LaiSe ellisg
it e gty boS ¢ bl Bloadl § udlill e Lysyads duboll Lytelio 3eLiS a8y (s
R ey LS « Luzls) ASY Lyoladyl Olelhadll § Hlziwdl (0,8 s d0larwdl OlyoLall
ZLoYl Olyg 8 (e Balarwdl (] 3582 b duibgll Olotiall Busuz Blawl psd s SlysLlall

02023 pliy- 1444 83Tl saloa -Jgdll aazll - axdplaill iLulyall 4o jléll dlao m




il damme (S3LgH e dasna |

w3l 558 s Coot 3dsus Le LI wlysliall 3505 of Jsdll S eldng . 1Sl
daad Loz bs] ds gy sy « 8sLiS ST L] Gyb pluswl jyaatll Olslo Jsles eldiys
¢ ookl g 55 ) smdatll § gwsdl 3509 « dblel Bl § dwdlll dgelss §
Jemdy gkl iy g ¢ dpinV gludl (s pgdbs e i oSkl Jo-5 gLl OY
Cieabl ol § Loolady) el s mdy @il oVl ¢ dpinYl Olowil) adin) BSLakl 50
8l yt HUT Ll uogs Loolamd¥l selasdl @3y oo doaldl 88001 L5V J) L8LoYLs.
J8 e B3latully dmls Olygds Ghiod § LUV odis Jtatis ¢ odadll glhd Lok udl
LS « dpizly ddons Bunsiz Olilokiwd 5815 Hpnanl] glhad 54 JMs gl « LizgloiSal
ol of Shysball 850 o-Sg eI L8LaYL « L5 Olsbuall U gewstd yo,-all p LS
Olasll ol dpall d8yell (e Guyb os slyw  LrsloSall L83 & las fwos § dlaiy
et s giss ¢ L8Lo] Olileiwl s by 8- ALl dslgwl] Jelis.ddloul I
LS Ohslall dluas Ol LSy « 0 sdll g3l] Jusd glisy) J] ¢35 loos Ll &¥lgz s
a8 s 8yadll ;8935 eI bjds. doslan¥l Ll s Loloo) Loyl o
094 dzydg bl sLad¥l Ulo e a8sn maatl) dolen] HUT sleg] Y elIs ldyolaidyl
s oy iy Latt)) dalg GlEgml bus Ilin Of Co « dmall Latt)) Al dssis
Ay oY beLisly Al d8,mll (as Lyoal o Ly Uslo Slamy] s doasy O Capdll a Ll
ol Glyslall o Sg GlBssbl oda dI3] uey « Ladlanl 3o § dodladyl Lwluul Jsds
Ay pyd « Jos ol gLyl ] §955 8 « dolad¥l dpeidl dglas & Laslonl Thss sl
Jsadl § 8,0l 3 bl Glyolio 8eliS @30 dold] Slel,2¥l pasy o ledsslaiadly 5LVl
67 3ol
Ads « Lol sl § 8yol 3bUbl el id] die 839 50 dosd dwladl il pdgs —
e Loy dasVl Olylaadl s
O pakianald Olodsdl 5o G L9,blg 85 LASUL jeas O d ¥ 8yl dihail) 8yl5) —
Az badass Sgog Cillany Wby ¢ 3lse Mo Bl plag pludll me yad CB9 G
doyn Lia dyglhs digylly « ddle dudgldsy doyylo] Olhud , 8539 &, ol Lilaiall
el eoddeill (g gis sLES| ge (3le= Oly ao ¥ A3 Loyl ds g 0V <85S
Jes aBgn elId (Y ¢ By ol Lahill sLicY Ll by b gdy 0-Sg ¥ dsle Lhayg
il L8y &) Lald] Judl oo s 0950 admly « Luols] dilas IS5 als IS s, b
83lzatl) Busethl oYl dalite Slubyd o] Ladasds « 8yodl Gblial) dwllll leliall HLas]
. dYL (SLSSeY1) deutlls
e By « Jsul Lddsis &) Joadl pedls Jasll L4 gl Slides jLasl -
sl Lgyad =8y =e Sl L8 nadl Olelio

n 02023 pyliy- 21444 8,31 saloa -Jgdll aasll - axdpdaill cilulyall <o jléll dlao




(2020 — 2000 ) Lecd — &3l juaey 5 youdl Adtaid) &bl Aul y §ylonil] ASyo datdils b 3 pd) GaLd) 59

Ezeis « o 00350 G dhawglly L5V Lasltie e Joass Olelio daB] -
L ool oy gl 38 ) Slsluall
s duz )] Bl muss A3ek gians Gleluay plazayl -
JU Jpws s « 8yl (3 UL Ly o5 ) Jgudl & Ladss oz paSlas dliag
JLl ool S Olelio slas] ] Las plsdl slg bl ] 81859 oomodl) 8yt Jsal) il
el Sls bl e Hud BT plaseal go ¢ g i dly sl
sLaiudl 5-Sg 8yl 3bULI @ Hleiwl dieV O E) g (p9lds sl o] sy
®: LW bLadl § LaSiis sustll ¢ Sl sao] Ly b Sloosy
Shleziwdl & 0,855 Czlsl ozl d pall Olslasdl Bang by b prpds —
NP EBRERY|
3yl d5l5s] gang « golsl) JLL (s 2 lus¥I dsses 8] sas gwdss —
A e O
- dpyally dualsdl] ol By ¢ Oedome (s yd s Aol -
- 0Ly 29, All dulew predsiy « JAUN BT ads —
+Ls545U9 sLLly plsdl Slg Ll sleal g LolSe] Gung « JsoYl oys8S dilSo] s —
e 5y Olalsg dasws @l Bl L5y < gl ...
L 58e]s utsll Bus prrdgiy ¢ 398 glis Gigue usie Gladll plaisl xuogs -
Cadol at peladl
S Byud ibgll SLadW dwdliall 8)u il 23) § Lpoladyl dwlwll Comes 135
Byl 3bULl § s s gLl g9,8 A3 G5 USS bl sladyl <oy Jasl by
obss @bl 3, ol 3bULl ool LS Ayl 3ol ddo 8ymdl 3Ll e il LISy
Lahil) gyls O IS & Buane dewlel Ly S5rw zaatll Llas plov oY c dudls slio
elos BMs (os. 8y ol 3L gylsg Jsls 1S 5B OIS Olyss cllan liag « 8, =l
Jui i) Ggims @89 « iz V) CMasl] dlpas 83Ls5 o-Sg Ladlaal £ oLy § 8yl 3bUL
OS¢ Jiag « dyoladyl Ll dslus $dlabdl JolsS Lad] Ly 13] dols Hs2Yl sgiumey
o Las ) Bluca¥l g oLaslgzs dyolamdyl duledly il glin g 3 OIS 13] dznls
byodl 3blLl Lylo
: du )] &)l Qo auuwigny dutuad] dload] pdgd
s I3 O slsw dioYl CM el e Jg—aol Lals Tju—as 8, ol ddhail) u s
33kls olaally GLibls 2l seel Jolisy Jeasll pass Slads Jite Olads aal 3o,k
Loy sLslly eLs 48015 elly J-aully dowl,od) Joslieg g ,atlls o i) Gloas Jolies dalisll
Slobl sl 5 G b o ol Byl ddlarll dols pll (9955 O 5-Sg =) 6,2V Clsusd] o

02023 pliy- 1444 83Tl saloa -Jgdll aazll - axdplaill iLulyall 4o jléll dlao m




il damme (S3LgH e dasna |

Lokl Lsliall Gleg dll oo dsgame po i il dalisd) dumlwdl Olojliwdly 4591
Oleg i § dizVly dabell dlalall a0 degdull SLs,Llg 5521 J) L3l « Lyl
s L a0l py ] (o Olbgailly ¢ acall a L1 Josls Ly3lis] oty g 8,0l 3 bLLI
Oly—gzd] glssT n nSU) s Clball 8105 s Sldgedibly ¢ g piall sLasyl IS sLyal
Aakisd) dolewdl Olowlly

95 dl sl dis sLsd 15550 vat) 8,0l ddhail] J] 8l Sylenl] i g LS
clsliall Jo bl pa s § lgelasial of Labsoxy pludlly &JsY1 sls Ll sl wl LISy « bl
s dacall Jsadl Joasis @, oyly bl ods maias Jolye g £ST 5T dlope bt gt los
alel) gedt] dglills 8yodl Ul Buerlszll SIS gy Lo Jalg sy men i3
$olaidVl gl g dizVl Slebiall glaw¥l dwsd Gl L0 LS gk IS
8yodl dalaill 2850 555, oxkl Byl o Ll b 5933 dhill Gluwie Coo « bl
3 slgsl (o sy 4sS Caall a Ll sLamy oVl u il dluas 53005 § xS 5B
Lihill g 350 O 15] Logass « 8,0l GbUll Ly el ol LI s bl JL3] o0 w55
Lyio pgilolas) el i GbULl el 99,mlell sasal; Lol C¥Lolsell husio 3550 & 8,0
O Lglzey Lo lapb O53lds &35S gisn sline § 8odl ddhall jluakl 285kl & J=y
8ol § Akl 3SIL oo Olnim Loyl J) d3LYL ¢ ddsll yloal] § dblsll 3SokI poa
sl s BIS5 0 W dpoy e bl wll) 3oy La O LS calyl) diolaly Aol
cdgbsll sl Lol T3 IS 23 Ll iVl Jls oYl (ugdy Sloyly (s dasilll dguizYl
oS Ciwabl Ll Lsall C:asd] 4863 8,0l dahill BUas Jls dalall Olylekiwdl 0igd
elal iy Loms « dmyledl Bls—ll § Lploid Lyme wis &l « LI ] Lyogad ws JsYI
Uas 33055 JLlbs sosaatll Blsl § Jssal) 5 ST SLIS] oYl ol Capall oLl
s loma ysat)) e dool) dmall ESasd] o Laaeas 8Ls5 ] U3 s055 « Olyslall
O dzliod La s Jgmaml) a ) 51,801 ;080 iy @89 gyl slasdl J) bl slasdl
Ol Js Bl 5Sg s ®. dpent)) Lias) oyl Lzl Slacably Aol JI @bl o Lol
SbUL dmls g3l glewdl joudl s S Us LS uly ol § ooVl ol dloas ol LS
Baind § oolud Lislazzly yolamsl GLulSsl o dis ooy Log JLJI &3 sLamdl § 8,
8yl GBULI e Jtal IS S3laial (s Joass Jgudl (s dsmer Lo iy czonizmal) dald )l
BB 0n sy oLl gy Lyzless ol Sl (e dsdgill CulSh] 3205 oo
Sl Ol J) oo dapall Joadl 918 Lsall ¥l s Jgamd) Eodl ol s
oY Oluwsbl Lados ) dpusd) Lo o S|
: a3 paa 821 ddlaid

dihie JslS £2000 diwd (495) 03y sly3gdl pulomn 51,y 451 pag 8yl dalail ol
s iz Yl JlsaVl w933 Luiboll JloaVl usd) memiis dosdl) ol T « Lued & 8,

n ©2023 pli;- 21444 4;alll saloa -Jodll anell - dxdubill cilalyadl -,on.E's.Il&bp




(2020 — 2000 ) Lecd — &3l juaey 5 youdl Adtaid) &bl Aul y §ylonil] ASyo datdils b 3 pd) GaLd) 59

e ddsll s @ 3sl (] d8Lo] « L3l pag 8, ol dahaill § dleiiwdl Oleg bl eLis)
o2 ) gl e 1S Lo Lyllo Lanlamg Ollodiwll] mee 239 o3 5Lb] § GLEWYI
Ohlekiwd gexiay 3425 Ul Glsdll Hlice] Lol e logmw ¥ dosy sl L) fpnmss ]
JiSs ol OUlally g pall Slslasyls Lk s dosasd) OISl olsill s ik
93 Oy d3pslas ol ALl sty saiiwll JLL) asals pucs § dliazlly o okl Bs-do
Gyhll auss J] 8L < ddlw Olgiw & 03laso] 03 0958 ol et s gulsdll ode plS o
gl YL § bl Bl L) Ll Sl dsgslal)
e 952006 diud (32) 635 sly3sl ulone iy L3l pag 8yodl dibill ol acls
Hlsal) ASI Y S8 @y O il yondl D31 pae sline Aol ;LS4 (3500) gl Lo
ez iy 1 pag 8y ol dilaill ] dlolyag d88lye A3 sLidl 1 d s Joi o3 i
dahaill sLis] g9 s nimg . sLishh ool dmago go « 02006 diwd (33) 03 sly3s I
Lahil) s9de yad S39->obl OlyLas)l LSle g 3559 dalell dmarhl Jloesl s 4] pag 8,4
8yslall Olsy sl 339 Yole Langms OlyLastl odea dle yaygmt) Lapdll Olsl, Yl 3LsSI @o
. pgazll
: B L (o « Lghibnd (o] (i LAl Lgd Aol ey §yd) ddlaidly
s o Gy Ldysgad] Oliaslly dalisd) gl Ollasy sosll Bled gunds =
Lzl Bloall Sl )ladl ol Olaual Lady Laztags of psladl Lo 5
LAl
LSzl 398l 0 8y Aty § Dslaiitul Oleg e dsBY JlgoYl w93y Qe —
soditwl) o dS5id) dodall 3800 Les 09olall dsumbl Jaslgall Tass du sl
- bl sLanls
Buacazel) dpdilly ddygoed! Oleliall dal] UM e ddymbly dcdtll obgiy Jis —
Leluog dwas buel 315 U] ¢35 Le duy,3Vls diloekl Slalsd] JMiiul s
- bl sLadyl e easdly @ leed) UsLall ,shs § palus Leg 8)saie
b=y g S O i) s doasll Gladtwly L 81T HeSuw 8y dLihis 549 —
L3l pag byodl dahill § Ladgesg « Oleluall Cilise § dushll gLy 8yl OIdg
ey At Bl w ALl Olclio sl dmunss SOl clyw Olelio LBL
L0 ol § dale (oS I dubgll polisl) d8,=lly dudil) Jisg o shiy
doisll 552539 8yl ddlailld ¢ dabgll polisdl alal Copyuilly Joasl LT s —
Blowy « dabgll polisll dewlin Jos (0,8 Bhoiw Lyy bl OB oo

02023 pliy- 1444 83Tl saloa -Jgdll aazll - axdplaill iLulyall 4o jléll dlao m




il damme (S3LgH e dasna |

- 8ysarl) Jeasdl Collaly Oluid] Susl e oo pid) dwlio L2
gl dBhilly doasdl 8 5le sb9 8le iy sy 058w dasdll go,-8 Slzls
O yetiadl ¢ (g1 Budll Coolo ¢ gyl Skl colo ¢ dalsd] LssS)1 Comlo) dahal
3 imag « 8yl dalaill J s dalYl og) Hoom Y dadaill Colsy pitl) Ly 8,o0l) d btk
sLad¥l Jmdt) 8-S 00,8 ;801 Lo 909 ol Lahaill g)ls (sSiw paidames p-4iol]
35li> 0dag « Lzlw gyl gled] OsSuw 8yodl dalaill gl i]g « 4lelad A3 b
IS g gl JS (58 8yl ddlatl] (o 85l ) O e Jsadl (s dusll § 835250
8l s 05w ] gl 948 deg e Litd 8,0l Llaral) GLs Lois yoiitakld « Lyodl o
BV Gulisy Galadlly inlall ) glisws « aslelusly dsilay sl id Olow s Lay Jdi
i« Bluoel) dalatll lsilly haolgall A81S5 p5lh 543 a Ll J 515 03529 diey « gl ..
o=Vlg Budi=ll) Laie Bl Jgou ¥ Oilsdme puns 090 sus 488 8, ol dalaikl Ll
Lad 0ol Jsz0 Y deuedy Olodme 0 (dalsdl deddly dvally dtndl Lyloog b
a5 ) e dailly oledl) gols OsSiud aldl Jls Lal 8y dihite yoiss 48 IS lusy
e § gl Sl
Ulgsdl n goLamdl 390,0 Ghoiw dahibl 9L o yudlly Joasdl GLET b ] d8LSYL
LSy by B335 § paludy sosdl 8Le0 gods Lyl e d8LEYL < 8,5LAI ns ol 8Ll
a8 OIS pupuli s oLl pladl] g i) oy Jlome Bl Lanls < gylostl dolat
. Lyl Blg—ad Lsloniio ;nais Luslio Oles i
: Bylostll 8y hand § Laygos &) pag 8,0l dibail
e ) Lal] Jgadl @ 8ymd) Gl dald) @l uol L3 Blaall @ Loly o LS
el Gl d86 doxdliiwl (] 51l 508 dgogie delio Ll o Jgolls JLEDYI &
ol Guglls ¢ il uldl pyls dogs O au Y Jels 3T Ly 0555 o Oilyalall 830359
B o s Ly po9 ASyez dolns Laygos LISl gem 8ol §bULI dlolze sl)s
Ldos dgady ¢ O aiiak) Jow (255 43 ) 353lswlly Sedll 45| 5 At @ JBI
G 1 698 3 Yl ¢ gyl J) T 8,0 Lapaas Bals] o Lymaaly gl Syl
Wil Ge ddsl dpas 3303 § dedludkl 03 sy « Olyolall 3slu)g ddle d8las dosd

- 2l

“ 02023 pyliy- 21444 8,31 saloa -Jgdll aasll - axdpdaill cilulyall <o jléll dlao




(32020 — 2000 ) Ll — 45 uaad 3 pond| Adbad| Al dualyd 3)lonid| AS p datlicl (18 3 o Gald) 9

8yl ddhilly gsleedl bliddl S, (G - 1) 03y Jodsdly (- 1) 08y Jgasdl pdsag
: £2020-2006 o 3540l SN &) pag

(1) 63 dsaz

&5l pag Syl ddhailly )loadl] blidl S,

£2013-2006 (0 541 SN

2013 2012 2011 2010 2009 2008 2007 2006 ol ()
1,451 1,244 408 1,805 2,031 1,253 1,160 1,042 3dlg b | 1
Sbgls
219,462 146,670 | 31,563 | 125,100 125,592 94,857 62,118 64,637 dgoin | 2
(TEUs)
Sl
225,929 159,634 | 30339 | 130,779 133,723 99,096 64,712 63,432 déyde 3
(TEUs)
Fhay
1,550,916.183 | 1,293,117 | 477,589 | 3,263,715 | 3,327,172 | 2,092,733 | 1,682,006 | 1,299,004 | -\b)de a0 | 4
(e
]
32,789 68,929 63,481 | 291,077 244,679 434,609 | 832463 | 604137 | digoie | 5
(ge ob)
Bla
1,088,039.447 | 504,621 0 1,153,822 | 702,108.320 | 500,390 | 705275 | 478,846 | sb)c o)l | 6
(sse
500,134 305,873 | 35,532 90,496 47,049 66,049 14,335 28,088 bl | 7
201,543 253224 | 26473 33,726 46,356 13,035 41,355 28,442 Slybeas 8

095201 8)15] « L1 pag 8yl Lahatll B31) Lgi 89 I Sloslebl o dazme SULs : jumal
. 2020 < LU

02023 pliy- 1444 83Tl saloa -Jgdll aazll - axdplaill iLulyall 4o jléll dlao




il damme (S3LgH e dasna |

(@ -2) 63 Jou=
&l pag byod) dalaidly Soled) blid) &,
£2020-2014 e S8 >

2020 2019 2018 2017 2016 2015 2014 ol [ul)
989 1,119 848 784 947 933 1,249 33yls (yhew 1
6,756 6,317 4,359 4,810 8,772 6,228 9,644 Al Sl
. P
185,306 226,019 126,883 103,529 116,750 142,540 160,473 syl (TEUs)
B aaOlslo
189,777 198,544 145,209 105,636 124,450 150,379 172,349 3
(TEUs)
617,352.018 | 2465515384 | 568,797.007 | 370432.524 | 1,033,001.962 | 1,057,606.690 | 1443,697.448 4
(5o
104,581.828 | 212,555.445 | 115472.045 | 225869.746 | 228854821 | 965469.314 98,622,179 5
(5o
ob) el gilas
703,883.965 | 880,370.408 | 392,619910 | 471,813.410 | 831816696 | 901,438.877 699,826.192 6
(e
219,178 698,493 242,740 407,561 481,769 501,511 470,152 Sl 7
139,803 273,222 147,298 86,431 57,899 72,072 113,539 Sl 8

09521 B3] « 51 pag 8yl Lahcll 8ls] Lysds -l Olaslsll s dmaze OLLy 1 yical
- £2020 « L JU)

51 pag 8,0l dihill elie ] 835l éwldl suce § 85Ls5 el O opdoasdl (e ity
ooy g, Ladslia 03 ) goiladl GlaeS oly JLdls « (22009-2006) 854l s
d183sls 1 il sace ol Lyl a2 « Olyludly @3lsLls (Gomedl) all 2 5lay iy
LI L)V Loecs £2009 dius Lplhoe Caissi] 02010 diws N &5l pag 8y0dl ddhaill slise
S 3T e Caisly ;olnd 17 Sl 02011 diw § 2lazo¥l § Spaiwly « Ll
18055 Dlesls Jad) glhad e Wlw (Sl 0ysus liag ddhibl sl Jsls daasll 4318
Ssiun § omauss b O sz oo (oag. dilailly aasd] blidll § st 2l OS]
LY glogVl & syt wl s O juty boo (£2014-2012) 5.8l JMs Sloyls Iy Olyolall
e Llow) puSil 03900 Mg &3l pag 8, 0] dalaik] 8315] Jd oo Landlss] o3 Olelyo] dons
G Jus iy Olyslally Olaylsdl $siue oty g ,81lly ol § ddiazbl Asbll Jlos]
Lahill 505 Js39." leall JoLl 45,0 Jap iy s § Candlw L3l pag 8yl dlarll of
LpczY OMasll e BIS3 0 5Ms dpoy bl 3258 3l Oleg eall dols Llis L5 pag 8,
L iibgll sylsal) Lale Ty US_id 0y9ums liang « iz ¥l Jls oYl sy Glly s Lol

n 02023 liy- 01444 83Tl saloa - Jgdll aasll - axdgbill ciluljall -0 jlll dlao




(32020 — 2000 ) Ll — 45 uaad 3 pond| Adbad| Al dualyd 3)lonid| AS p datlicl (18 3 o Gald) 9

It &5l pag 8,0 Lahatll Lolsd] Oloylg s Slyslall ye s (2) 03y Jsdod] pdss
: £2020-2014 (3o 854l

(2) 3 Jou=
(2020-2014) Olgiad) M Bl pag 8,0) dalazl) Slaylgg Slyslo gk
&)t joxml] dgluaak] Sloyledl | chstall | Sl

11.841- 0.103 127.078 115.237 2014
11.648 0.08 38.293 49,941 2015
9.831- 0.12 33.924 24.093 2016
0.109 0.03 1.666 1.775 2017
11.853 0.51 11.412 23.265 2018
68.477 0.34 30.850 99.327 2019
55.196 0.03 12.997 68.193 2020

- £2020 ¢ Lozl Byl5] ¢ Bl pag 8ymdl dilarkl ULy « Bylelly oLadl 8)l59 1 yhall
Ol s L3l pag 8y odl dahill Slaylstl § 3003 el O gty Jgazdl o
8yl Lahail) s sl dglas § dais A5, dlle o s Juoy lias (2016 « 2014)
Blo—¥l 3 L85 Lol iadl LysBsl Lysme dolszll 83)5-kl Olgzdl s 1S Sus Jsos &5l pag
&J3s (p2020 < 2019 < 2018 2017 « 2015) Olgiwd) NS OlysLall glas)) Lal oMLl s «
33 &l pag 8,0l bkl delall Sleg bl OF J) sdo bos « Sholall oo @ 80L30 Aot
& 8yl 3L do] Blaal eal asl juimy liag « gsled! Oldl gy orwss § Canlu
dol oo gLy Ohslall L G,k gs Olegdull Ol nwss § denludl g oy Lud
LaisS wler ] ¢ oyl plsdl e 348L dolig 8yl GbLibl Siles i O slaisly youad
A3g dblell Goudl Ololooly 340 Le el Ll g dosleall § L3101 d5g,b) 3425
Oles i donlus 455 dzg O] Goledl Oliebly Olegdabl Ol § sl Cigiss Jol (s
- Leloylss Lailyslo oo Gydll IS e $slad] Oyl gy onwss § 45| pag 8, ol d ikl
Lalaibl 5L Jsall 55 (2) 08y Jsazdl & Bodmrdl 8l ells J3ss SUL) oda goa
sl s § g 3silly Wbl IS_all o5y b 55 Late Bugiall Coio L5 pag 8,0
Dl e diidos e gl Cooye g3) @l Bugll 525 « o)l Glegdab) Ol o
odce d_dlani Leg elidyl dope § Glegidl pass 055 S oy ady « 8y odl 3 bULI <L)
Ol3gze Lo O LS « Jlomal Il 5551 (21,88 dlely Slgdly Olush syl e &Ll

 Lgie ,Siig Olslall dpest) Lytsdlae s w551

sl OLISY I3 d8Mes)l OISE1 LB e dblell dudlibl 3o 0L —
AL Blgud) ] pradl Glus s ddodl Blgull plozayl -

02023 pliy--1444 8,31l salaa -Jgll 222!l - &x8 ubill Cilwlyall - ojléll dlao m




il damme (S3LgH e dasna |

- odall go wusdl U8 e ddl=ll jolsbly Guglabl pldVl pas —
Ol s L3l pag 8yl dabaill Oleg s oile (e ol e Slpaiul Of s Yy —
Ohloziadl ez i3 dwlwr aalll SLaB¥l Gty Lgled e ) Blacall 5,00 ws
ool $giudly 3oy b Oholall L 509 8ol 3bUL slis]y izl
o &5l pag 8y ol ddhill § da sV e obasdl L& OF ) €IS gois
Cidyges dsbio dh sl Couds (52358) dpeasy doysles daasl
douite LizgleiSS Qe IS (0 elIdg LizgloiSall J815S 8, ol 3 bUL) Josd LS
Epuod] o lgiSlly oty o-all ssiume @8y J] B LS « Ly L] bl plaseuls
Bolar bl duloel) Shlatiad) Coile J) 35 dathl LogleiSall Luslal) Ollaiwd) muoin d3s
- Lot dadl) Bylsbl ods e
Oleg idl sae ol s A5 pag 8y ol ddbaill dolill Gleg il J) Ly L 1313
TS Toae O U] i Loos € 5983 Ogslo e Ladle (il asp Y &l pag 8ol dlailly dalal
ebius s S ] doaitl] LarglgiSall JLso] e delud Y oz I3 Loy il 0dn o
5l pag 8yl Lhill Saolgibl Gles duall grdss (3) o5y dsaodl 39 - 88 Jlgal us3)
 £2020-2014 o b7 all JNs Lalisd) bl oYLl Lab
(3) 68 Jsaz
blaal Baag &5 pag 8,od) dihaill Oleg b

2020 2019 | 2018 | 2017 | 2016 2015 2014 ol Olgiwd!
12 12 10 8 8 8 8 9.9[.«.60
17 15 15 15 15 15 17 @)lga
18 18 16 14 13 14 14 GRS
47 45 41 37 36 37 39 Ql.o.v}ll

- £2020 bzl B315] « &) pag 8yl dalaikl SULy « ylelly sladyl &ylis ¢ ykall
cOloasdl Lads 8)loatll 5o slial)l CI bladdl Ol pdn Joasdl i I oe
sl Byl § WMiialy sLiglly &30 pag 8ol dbil) BLSY sy ¢ aiws glis) § -3
doeluall mylak) g daBob) Dlgmll e gl Wlse 3o myLikl sda ol 995
oLl b &1 pag 8, ol dalaill Js1s dalall Oleg bl Of podty ddoll i s
o aball L) oo ) a5 o bW A Goiuns @3y § diudos Wbkl Ha Bl
Olicwsd ol Olwass JLsob Cwld LoV &bl Oleg didl O oI oy « Gleg ikl el
ABLL Ll Oleliall @ Lg,mbl OV oo Gust CVT plaswl @ Clié Loyl LigleiSs &

n 02023 liy- 01444 83Tl saloa - Jgdll aasll - axdgbill ciluljall -0 jlll dlao




(32020 — 2000 ) Ll — 45 uaad 3 pond| Adbad| Al dualyd 3)lonid| AS p datlicl (18 3 o Gald) 9

sis s 1ol 1S ao ) Ui 85 btd LizglsiSs e Olsg il 0ds mlad Ls 0 V1 ¢
Sty Oles i) 0dn ps i O @35kl e uds « Liploro] dizgis Bl Laoles Sleg il
ABLL) Olegibly dh 253 Loty dudlibl § Bobll lyudt) o dtod i LirglgiSl oda
8 daaY) ol Ll clgw

Lo ) Lz gloiSl ysht) ead ¥ dpizV djloiiad) Sleg ikl Lol of LS
Lol Lgdlual Lyzeas Hudy I § Losladyl JSLadl dodlee § donluwll Guy Lyme
Cllal pasus d)leziall Gleg bl asd « 5-San Wl 5 ST s Jsasdl § Jies -ls
bl plazul bgll sLad¥l 033 Lo o o & « JLLI Gl plaseal) 4448 dmglgiSS
doplunll Ldoel] dlolell uM Joos (058 slony dlalell ul) pluse )l dacS drgleiSS
Ll Leal OIS ogleiSly ralsl johadl ddes SO 135 . L & Al dS i Jo &
s JoV Ayl 285 Y S Adgtun OIS « dbalid] LslozzVlg dolaByl dwd) 3dos §
s ¢ oz sliSally alsdl ysatll ddas OF elIS Uil of L O lgw ot wll 33l
L) 9955 OF s JLdls « Lgldlazas Laslad Ly ¢ o lid] o8l ggiuws 23) § polous
§ Lal 550 « ol paized] B, b s 365 LiosloiSs dulow oy § o (ud 1S 590
L)) 3io0 § polud doglsiSs dags Slasy LU Slsy il jlio]y Sluwsbl dol)
o dlazodbl Ll o ;S0 G « Lusbl e e oUW 4,45 4S55s. dleladl doslazdyl
b Lo d0ls ¢ il oLl § dslanyl g, ball e (aBg5 8,00l 3bLLL 3uzlsill Gleg il
0950 o8 « bl Los OIS il ma Jelatl) Lalags sotun s ddoe O3 dlin 553
gleo] 158 ¢l Ggas OVl Ulodl odia § Jelas BGsuwy « LirglgSilly 48 ,mall J &5 Jlin
- DCipal) a L) ESaalul dewslil Lk &
2 ol puanas 8| ddladdly dddod| alal !

O 85l IMs dddorl) 45l pag 8yodl ddlatkly Cilsl ¥l a8 by JLil Jsuedl
: ?2020 —= 2010

(4) 635 Jsuz

&) prg 8yl dalarlly didesl) Shsl Yl Jloz]

£2020 (> 2010 (e d58)) M=

e DS okl doyd)

Jdbal L) Olaly) Szl Sl | Sl
93,456,803.393 89,226,282.267 4,230,521.126 2010
23,273,997.480 20,917,120.525 2,356,876.955 2011
114,664,067.902 109,484,267.859 5,179,800.043 2012
143,988,705.755 139,409,285.380 4,579,420.375 2013

02023 pliy--1444 8,31l salaa -Jgll 222!l - &x8 ubill Cilwlyall - ojléll dlao m




il damme (S3LgH e dasna |

Jlez) KINRN M| Szl Slolp] | Slgdl
115,827,201.854 113,115,724.421 2,711,477.433 2014
85,935,451.980 84,324,943.061 1,610,508.919 2015
77,253,753.120 76,713,351.721 540,401.399 2016
82,674,720.909 81,374,502.629 1,300,218.280 2017
104,954,860.788 103,613,951.285 1,340,909.503 2018
163,675,757.133 162,121,809.208 1,553,947.925 2019
140,114,923.522 138,577,208.136 1,537,715.386 2020

1,145,820,243.836 1,118,878,446.492 26,941,797.344 Jdladl

82020 « Ologlebly 3353l gud « Bl pag 8,1 dahaill By1] Byloxdlly sLazdVl Byl3s 1 juabl
8yodl dlatl) § ysaly (wss Jlin O Bald) Jsasdl e ol dostinwn O S Lo
93,456,803.393 2L #2010 dinw didod) &3 pag 8yod) dlaikl Ol o] Jloo] gl Coo < 1 pag
oLid Ogsle 143,988,705.755 alee #2013 diw Slol ¥l Yoz 2 oo & ¢ (mad HLS O9sdo
sy s « o 5L 134 4yl (2013-2010) 858 odee I el V95 S OF s
Lo L) Clioly Larws Lydlaal 3dos Glug Lasldl fowss 40l pag 8ysdl dabill of Gls 45
<2014 Olgiud! I Olsl¥l plass) a oM oo lyblis dulw § Ly -l Lmall
oSl OYlere § sl i iy gulad) 53l LIS a5 Slasl dows ¢ddg 22016 < 2015
dseds L) 428lSg Jgogll Lagmog dujlshl Gs—ll 59,209 plz¥l Olgiuay s gliSly duds))]
il ] 830301 0de 55539 2019 ¢ 2018 « 2017 Slgidl IS Csdhyl Ololu¥l oF Y ¢
Lo 0925 Ol s 4S5 liag « 8508l oda IMs s “PAslaid¥ly dwlud! glogVl
dpoladyl Laitl] dglos § polisl] poal oo sotmy Ly 8l mtess dpslably 4wl
o Lyl ddme Sgiucg sLi5Ylg osdll sl din §-loy Lo slow OYLl] 436 §
Lahill dalall mylidl zlody Ol (pbsly Gz 8yl LS, b 53 ja s leid
skl dpassy Lasygsy Clyslall dmidy ooVl o ddl o wSlel daiy Gleny Logd ol 8,00
Olsdly Ohlabl ey dyued) OLudilly LizolgiSll diig i duss 10,8 Sl 4o i)
8yodl dhaikl bl plwl Jle &5 Olysl) saidl 83U 35 dansddYl duaidly 4o,loYly Ll

Ly dasd] 3bULL
sl |yl

o5& Lauill § 53kl Olusydll domo Lzl Emll dslo Bl Jdodl] eg-6 e
PO

3o dolgs &1 pag 8ol dahill O & pasln gdly JoWI po,mill dono (e ASTI
Lo s dsola¥l Olulad! et wly gslad¥l il pas Loyl Olids dus plas

02023 liy- 01444 83Tl saloa - Jgdll aasll - axdgbill ciluljall -0 jlll dlao




(2020 — 2000 ) Lecd — &3l juaey 5 youdl Adtaid) &bl Aul y §ylonil] ASyo datdils b 3 pd) GaLd) 59

< £2020 > p2011 diw e ol 38w pace s ¢ £2010 diw Loly o dde o
aSTy Codl 858 U &3 pag by ol ddlail) Jolie Olygdaly Glusiuwe § g=eadly Jolild
i il i golaly g3LaidVl il Ologia Ll 8510 -y b ddhill ode of
. olsdl Lids
bLis eLad] § 43l pag 8,0l dahill plos 0L gletll gL gl Ao S LS
Laslol oy ¥ « amdl Jadaseally Bused) dewludl Lad) 5 355 g oy puiite G)les
O Eomdl bl o Ll s L gl ol g Slasey Léls Ja 88 431001 Lyailasy
Sl gLl dagny das bl Joolg=ll (e dsgaze p 850 sy blsll § 8y dihis ol ples
Baoly 8,0 3o ¥ Olagill eds Gl el me ¢ ratbglly CloV o et ) Giad (S
ey o g Lgdidos 5-Sg dewlpad] 83LY1 05855 15] 089
s duamibd|
Olwlyds S s molibl Lg3hd Olaglee s Coudl B0l Jdody dwlys s
O s e B Belly dilad) OhLsl d8lo] Laydy ,)lisy lelias]y GLikyy OYLisy
< o3l UYL &5l pag 8,0l ikl Byl0] 5 Lnalll ByLoxtlly SLasd¥l 85159 plosubl LAy
: AW Oleogdly il ] Codl Joogs
3 et it |
o3 deloazYly doslamyl SISl pa s Jo  Lale Tyss 8ynd) 3olibl Cosls 1
gl gy 35 3l & ) Sls¥ ol asd Eor AL U (il el
) i) Ldymb] Lalell gao¥l Olagaly dolibl o)l Ll plasiul eliS dals3)
WSl 8oLy J) d8LaYL « - 8dll bus hdss JLilg Ly Sunie doas (0,8 oleuly
LorgJoiSall g « Al sbolibl daasss Olyslall 35535 o d Wit e
62010 & ) 451 pag 8y ol L ahtll oL i) 5yl s Busabl 354l J) el 2
bLadl 13Ys 8, baxll Loolamdyl Lyslaal 3ao0 b 451 pag byl Lahtll ol a3
630 $3 Y ¢ & paadl Olebuall blLaS ;1 blas ¢l oo ST Ly oslel
eulShls @8ULI (o 1 3S 55ab 1B U] Laydlas mo O3l dslssd] s degomma ]
s dslg=dl &L 3,0 e Jwy « 5 pag 8,0l ddlaial) daghl dosladyl
Slylyally lsil] LS pue o 31 pag 8,00l Labatal) L il LIMEL Y] o i -
O3 ikl 485 G881 8y ey d_Bleteg byad Glis § Layluoly Ly ddlerll
8y—odl dahill 48l OId Olged] o Slolamsyl Jslus J) dsLayl Lgd
ISLakl (e anpusll oo 02013 diud (611) 03y 1,81 O ) 8,LaY1 yu 29 A pag
Ladygo Couody colodl lie § 45 pag 8y odl dihibl Cogaly ) Ologmally
03,01 pody pace e Aol ALl elas Yl goLas dy 039 dde SOl Los T3S
. Al ody) ddadull

02023 pliy- 1444 83Tl saloa -Jgdll aazll - axdplaill iLulyall 4o jléll dlao m




il damme (S3LgH e dasna |

oo ol (o 45l pag 8yl d bl (o SwS § do) dwlewd) 8313Y1 4855 pue —
sy 8yl GBI oty 5lpatwly o3 3l ddsall Glatarlly shesdl Oloogs
lsd)
OlS 8 cole e 381,k OlelasYl Lolsdl Sleg il iias § wasll el J) -
wisll P Oleg bl ol das Oliles Lad] Saial Oly omw ) OY5LAL
A shill ode yas s JoVI
Ohleziadl Gle Bus 34b55 § Cellall Sl &) pag 8yodl dahill o b.3
S gz g« adides dol s ddlill OLasl Gl dwd)ll Glaall a ol 5oy
b5 § Comen Ll Y] dgilally dusm ) Coilgadly Laalel 3ss Gl Bus)
Ladde Jasat) OlsloYls Olsylgtls Slyslall 15,0 4] ,dadl 3ylow] 45,
delw los Hloiiwl WSlges skl e 8yims Cilol] 431 pag 850l Lahaihl Codde .4
Sl e Ly ysbatlly sl ez 3 § ol 31 Y lovelLits] o JIS3 dbasss e
ST @blie J] Lzl gyladl duo 8y als (e SV Olsiadl § Lud GLss 5
Dol slediadll 513 e W 535 @) (ol S8l pue ]z Mo
Lygmo IS USs bos &1 pag 8,0l ddhial) LlelSie UL, busl 5525 pus.6
ol 858 oS s ol Slaglall s Jsmasd] G 4L
5035 Gl Ll § 8yl G BULN (e By L5l pag 8ol ddbarll Ly Js-dl -Sie
sy Laylss O ¢ 51 3blin § 5855 Y Ul Olill pasy 5529 @ Lzl il Lysdss
¢ edlad¥ly golewldl 5la )l pue dlog ibsll slad¥l Lyie Glsd -l JSLaLl ,3lidg
Szl e wSlell gLasyy Sy Ly )lin Jloz] § Bylanall gdly Blead] g)lin izl
Joesy b dabaill odie elsd] olay 3 el babasdll T LS « Lad 8, bliskl dud (plasi¥s Ly
LI ylokl 5355 pucs Lasil oo sy 8,0) oLkl plow Ul (9335 -l dalgsll xdes s
& L5l pag By ol dhill 909 dpan] Gololy « dihill odg) dewladl ol JbSawy Loy
L & 8yl 3 UL Byluio Joos Lylse L oY) i
: Solbmagad|
Oslo e B0lucd] Gugyadl desly 8ymdl 3bolial) doe Wl ddgul] Lyload] dowlys.1
Oylotll (09 « 431 pag 8y ol Ltk Hlws dimsd & L oLl Jgadl s
Jto Lal 3 Oz Jso & Laald] o3 il LS 8,0l 3-blial) doa W sl
o Bl 368 pion — dpgianll LyysS — 8y53liin)
Jos9 &30 pag 8, ol Ll el dosll sliall blidl g &5 8y9,5.2
Lyolasd¥l oyl bl s 5 S pls oos ) dumml il Ol s ds gaza
et del e gratll § yls bl ode Il L 5k]

n 02023 pyliy- 21444 8,31 saloa -Jgdll aasll - axdpdaill cilulyall <o jléll dlao




(2020 — 2000 ) Liscd — 43l puaed 3yt Aabaill Al duslya 3ylonil) A4Sy dailich B 5ol Gl 593

Byl Lbaill Jls Lgzold] g,k da 20Vl ds g5 Jgo doedly dhy dus5.3
451 pag 8yod] dihaik ylo] clhae] byg 5 ma « ddgull dslell dbasdl yLb| § 45l pag
Do il ol Il Slsmall e Clsal) L8801 ds by Olodall JalS
3 Ulou] oSy Lo Mooy wgend] Gty Clgll g 090 Joasl) diitl) oo
- bl sLam¥l e d Loz

5 Byodl 3blikly sletadl odatty (oLl s sl sl jlyhn wl e Jasll 4
Tao S el Ly iV et ) pl) Josod Sl sl 3 Césasal 855 Y
ol s 825 M dde Jos 8y Bl outy Y sl s OIS 1315
slet¥l ikl 63 ges « et Kie 3 4881 by et adkl Jomeny €IS 015 ¢ 5l
LAl e ) Lol ety 2T 90 § Lapleziwd il

02023 pliy- 1444 83Tl saloa -Jgdll aazll - axdplaill iLulyall 4o jléll dlao




il damme (S3LgH e dasna |

sinelogd!
Loaill) ¢ Loy 8ymmdl FbUb 8)l0]9 utals (s dilihos dlyd « 85k v 09l (1)
10 oo < (p1977 ¢ &yl Jgu dsmale « dloYl pglsll du y=l)
£20 (o ¢ (p2010 ¢ Sl 513 1 §3,Y)) « 8yl BbUI § sl « Bglas ewl dess (2)
S (e A s dwlyd « & ysadl A=)l o ypgazdly Byol 3 blial) dslsd Akl (3)
dsolz 1 doyloyl podsll dp y=ll dabatll) ¢ gygmud] 3 sl Jdadll § 8pmmdl FDLLI B)l5)9
.6 0o < (p1977 < &y ,=ll Joall
£1994/10/17 g3l 94-320 63y SIosd pyuupe « dm )] dbolygul] &y il Ly yspacdd]  (4)
- 14-13 (o < 21994 ¢ 67 3ol « (duomuy)) B ,2d1) 8] (3 bLLL (ols-
ondomall pude ol w5 @9 oo 2,88« duyll pae doyspes 8ymdl 3bULI (5)
-1 o« p1978 diw LU Slwled) gud ¢ LodlaBdYl Go5-ally LW esdll
17 4o < (p1976 ¢ delall & pabl 4531 2 8,0M@)) 8podl FbU) ¢ ool wue W )8 (6)
dsole « dsliall Ohlotiwd) daweis § 8ol dsliall jmdadl 3blo H98 ¢ wpd dle (7)
.25 oo ¢ p1992 « BLol] S « & yuS_Y)
(8) World Economic Processing Zones Associationd o] sduad Gbld dublell dokaitl
www.Wepza.org
(9) www.albankaldawli.org/mna/arabicWeb.nsf/DosByUnid/Opendocument
www.ILO.org . dJsul Jesll delaie 2894(10)
(11) www.un.org/arabic/publications/ourlives/unido.htm
(12) www.un.org/arabic/publications/ourlives/unctad.htm
149 (0« £1973 ¢« &S0zl dalas¥l auiSy Jrrwcd ol ABWEYI (13)
32 0o « 1991 « JuS9y « bgysl § 8ymdl GLULI « Busill 0aYl dabail dlasyl dixlll (14)
www.un.org/arabic/esa/progareas/stats.html
8=l 3bUL) 8yloly s e dlalSie dwlyd ¢ doyloYl pod=ll dp =l dolaill el s (15)
-8-7 0 01977 diww c dumw 330 8,2l (3 b Ul 8)l5] 9 0dail g 8905 « Ayl JouJby
43 0 0)Sd Baw goye « Olydlall daais § 8ymd) FbULI 595 ¢ esdll Jaihsl ugse (16)
il Byl 1o Glas) 1l ¢ Olwlawg OS5 Joud) sladVl )l ol gl e Je(17)
L410 (o « (2007 « 2353l
SVl &S 1 Hloes) Gmaaatlly dos ol s i diaitlly Slyead) ¢ (5,515 Oluge dase (18)
.157-148 o < (p1989 &y )lsYl pgtslly
www.shannonireland.com |uJ | 8,sd) dalail) H¢3Ls (19)
23 ules K 3lwsSs Bobeleg O simsll Lo ysaz s IS oii Sl diats (20)
cdabilb ddeld 3SY) 8, ol 3 bl

“ 02023 pyliy- 21444 8,31 saloa -Jgdll aasll - axdpdaill cilulyall <o jléll dlao



http://www.ILO.org
http://www.un.org/arabic/publications/ourlives/unido.htm
http://www.un.org/arabic/publications/ourlives/unctad.htm
http://www.shannonireland.com

(2020 — 2000 ) Lecd — &3l juaey 5 youdl Adtaid) &bl Aul y §ylonil] ASyo datdils b 3 pd) GaLd) 59

- 0,53 Bew =50 « www.shannonireland.com Juiy) 8,21 ddlaill (g3Li (21)

0 < 0,53 Bew m2ye ¢ A ¥ Olyloiwll dslad¥ UV« dgye dg-abll de 455(22)
. 443

lgsl 5099) Lasismn ) Bylabl s Sue 4 Ja s @Boe 451 e By JUUI 55,0 (23)
Cdaids p dslusls dumub Lo @95 ol LeSle

0 < 055D Bew moye ¢ A Olylotiwll dslad¥ UV« dgye dg-aill w455 (24)
.92

gze ¢ dsliall Ollokiudl dpais § 8yl dsliall jmyuadl Gblis 595 « -agd GLa3(25)
. 61-58 4o < 0,53 Faw

Lalyd sl guoiia) dp pall 38195y Al Ol « damme G Oldey(26)
o1 8, aldll) pas #1989 diud 230 63y 9-3lalls p1998 diud 8 038y (el o 4,lae
.54 g0 < (p1998 ¢ dy y=ll dagl)

Tide U g dw pall OlslasYly 5-819od) ooy Jordod ¢ i) dao] dd) sl (27)
1o (p1997 c Lol gl s 1 8, 0ldll) LaddlSSy Lauslgs puldl

cglaa¥) oS : dyyuSal) Joud slediadly Jloel OLsslamd) ¢ Caod o pdll ae (28)
. 526 oo (#2001

Byl dyloYl dpeil) dpyll Labaill Oilygdite « Sileg ikl @iy 8y13) « sl @ss (29)
. 304&13 o « 52003

(p2002 ¢ i) 8, alall Sl : 8,0ldll) dpeitl) Jadase) bl « Cdalll as wasl 5L (30)
.187

¢ @S pas 3Spe st Lo)lie Lwlys iz Y Oljlekiwdl] ¢ 0=l jo (-dlaas(31)
102 o < 0,3 Few g2 0

s e oloxsll o3

10 (0 < 0,3 Baw gz ye « dnizV) Olylokiadl) duw pall dlolzdl « Jobl dus ud] -
Joudl § iz ¥l Ulg—o¥) g3y Wliciz) § dsw sl dwlead) 593 ¢ gz o))l g —

:29 o < p1982 ¢ 8, alll dmol> ¢ Go-dodl AS ¢ 0ly98> Al « gl § 8ISV

gze « iz Ohleziadl dlolze gLy Joadl elad) dolsy¥l aslsdll  Bloeds ol ) (32)
.8 0 ¢ 0,Sd Buw

deslssll el s Byl 5L sl Ly o8 Sygadl dladl Slahyall gos] Cows (33)
Joo53 ol JasYl Loy e Olie o ily Lozl Ohlaziadl 3805 0 Sos -l
Ohlati ) @30 wpios § Uolssdl ol iy Cipall a Ll ol sLamadl O J] Lad
LolE gk ablie dosmy doplal Joudl sl doal 0dn § dome 351 489 « iz Yl

02023 pliy- 1444 83Tl saloa -Jgdll aazll - axdplaill iLulyall 4o jléll dlao “



http://www.shannonireland.com

il damme (S3LgH e dasna |

ShE O ] Slahll gs Lays Cologis « g ookl puds Joo s 458 09533
59 < Lasd slatradl 51,8 350l § guladl Jalsl) aosd Liall Joudls golatdVly gold]
S5 09> ddhin § sl 8 o3Lssl ase yaiiwdl Lade 553 -l Jslssll ool
Jsadlls duleadl Lol o Slelpally OLelzdl oo Tamy Lislally oaVl , 355
. Lolady Lol s 8yolally M wlly

0,53 Gaw @ yo ¢ i) guodid) L pall 3819l dogilil] GUledl] ¢ 3odo (le) (34)
.38 p

8)loedl &S 1 8, aldll) Cadlwlly doy adt] goLadll Ja sl 9,25 Jusl L) (35)
. 78-76 o « (1986 « Hsl=dls

Loyl Blgudl Jgid ddlin Ciud 13] da Yl a3 Ledis o 31033 Y a8 dewslid] ¥ (36)
I a8l 3= Ldsls dpols Loyl O] Coo « Ly s 5l =5 Olelyol
§ lgadlio sly] Bliial) audl 5S,LL 325 dmls dpols dwdlid) Loty  BLsial)
315l (e 48 o Lo sl (yeunh OIS 18] Tadlis a Ll zmy w39« ol Blgdl
sl e 058 clals SN 03lo] 0Ly oS e bt sy ISs « A il dusmshal]
plasswl o dl el doo 1 o d odlsd] s DloYl § e Lo &bl dpaié
Lo IS el ¢ 5 0)ls b 0dia plasei ) Jddl sgius J] Js—osl Jloxs dd Sy § 03)l5
Log « 8y l3lon] o) i 0B OIS 13| i gl of Joal) JB 09,51 al=dy
GUS] s glis 90 L 0,575 ;oY1 Il § po-Sowe ddoell g, Jall § prseia O -Sg
Ao Gilya3y

Ciad jleti ) el 80ylg ) Ao pall Lolibly ilelacyl 490 « Glowdw Ldy dome (37)
103 (o < p1981 Jo ) « 384 du =l ¢ polsbl pa o« daw =l Il jaslgd)l

0 « (82000 « OLSW & oSl 550+ &y yusSalll) ddlb) Slwlboad! ¢ ddl e aol>(38)
. 233-232

t e sloxedl @3

L egdl8YI Hladl s pulylb) ddgudl dyaddl edadly dysladyl SN « ool pludl uos O3Le-

.52 o « (p2007 ¢ piills deldall

Lalsdl &y pall syl s 8,0l CI LR (s dh) dumlid] Osa ] &l « $5 50y (39)
.395 o« (?1978 ¢ gl_*&U

ilwlew - Lgsl as - Lgngado 1 dusladY) dwiddl ¢ 09, 515 dwoxe 3 5)) duse A oo (40)
180 o  (p2000  « dmalad) Hlal: &y uS)

daS13 8505 edioad] Sl 80103 Lad oy dslos Lsl dpslaatd¥l daiill B, 5 (41)

Ol 54 Jume 5 5 ST83L 31 0die 3853 Gy oyl (s 858 s Bpaiiung domy g

“ 02023 pyliy- 21444 8,31 saloa -Jgdll aasll - axdpdaill cilulyall <o jléll dlao




(32020 — 2000 ) Ll — 45 uaad 3 pond| Adbad| Al dualyd 3)lonid| AS p datlicl (18 3 o Gald) 9

s g 55 35 Lol Ladymy oo Jling « Lueloiz¥ls Lup Yl Olaasd) 5895 me
A gislly AWl Sl Sldlate IS LW 585y $)1s] el 2] of i Josdy dzdslan of

129 0 < 0,55 Gaw @0 « 32l UL e dulys ¢ dyyloYl pslell dy sl dolaill slys (42)

24 10 0,53 G @2 y0 ¢ pan § Hloiul guandcd duw pall 8l9mdl ¢ Jho eulod] due didas (43)

gz < dslial) Ollekiudl dpeis § 8yl dsluall jmaadl Gblio 595 « agd (lys (44)
.53 4o < 6,50 Few

o & yomdl ol Lo d )l 8,0l dilail) @85 ] duoshl SMLolshl 3yl duss oz Lin (45)
slise e (il @5 O ddlask ] golsdl (e sl dilask] J) o) d15 (e slgw dgadl
21l C¥Lolshl Bs ge By J3d g 5T S92

WL Gleg il Olsols ColoYl lelel sy Bl GLIK] xds3 sz Cos ¥ (46)
Sl pled Joalse ooal oo Llsll Sotadl GIb Goliall oo sus 55 295 aall
Cals Eo oLl e § a1l ool e Jaid ] aiss « el ULy oyt wl
M sl Slgiue A3 Cwlily 85gees oS L Loy  dLolS duSw diyue oL iy
oY o e uel) oW Ldusbl Obgtuse

-30-26 (0 < 0,55 Baw @20 y5dl GbULI (s Lulyd < dyyloYl plell duy el dabail) ol s (47)

Aoyl dwlyd Aoz yl5d) Byloed) s Lo 3Ty 8ymnd] Solibl ¢ oy ploYl polsll dyy yll dnbaill (48)
13 00 ¢ 1972 Ly lo¥l Sl 5 S0 ¢ gyl Jgud) dmale

Lol dgurgig iz Y lotiwd) g it § dw pall ddolall 135 « ol B U asl(49)
£ 222 4o p1984 « Has Y el ¢ Joud) §9al Ly pall

gz Atz 539 G2V Hledul) o iS5 § dan pall dlolebl 593 ¢ Gl B8 das] (50)
238 40 < 0,53 Few

Lasiy sl § Taz 1S 595 (sussdl) dsluall il busall oY) dabail o5 7 (51)
Ll wisll &y S Cald udd ¢yt dsliall 8, o bl dolsg 3, ol 3bULI
Sy ekl dumdliwl zLadly ud Lol Jgudl o il dzgy (2L O, e
dess paso ld Joud) el Buslus Lalatkl oda Cowids « dcliall Lyilysle dws
Lolarh) Coals U3 ) L3LaYLs « Loyl e @blibl ells daBY dayWI ggasd] Slulyd
Clezdl Jolis dwall Jgal) dpsldyy) sl Csdgg ylsdl § 3-bUL) odg) zo9 L
Labaill oda of ptelly ¢ jyaaill dsliall 8, ol §blall ddlly dggilally dpedadl
iy dalarll BI5] Coos Jeasy « plall Lusliall jnadl Gble ddaly puewly Coold
L clae¥l Joudb ual) dsliall 8, od) §-blal) do oYy daall Olola,l

www.albayan.co.ae/albayan : 39 5IYI Oldl =844 (52)

Loyl ShLaYl e 3o < ozt o, 4) 3o SIY o] o B3la & Olgisy JLio (35)
. (’2000/05/12 ¢ dasuih)

O 155 dsalo Uors « yodl Gbolial) LA dSHg uSIgall daldod dulys « (9,575 &y (54)

02023 pliy--1444 8,31l salaa -Jgll 222!l - &x8 ubill Cilwlyall - ojléll dlao m



http://www.albayan.co.ae/albayan

il damme (S3LgH e dasna |

Sl ¢ (27) ol ¢ dsgildlly duolady) pglell Al ¢ il Ggod) 5 Sluwlyul
185 (o « 2005 ¢ 3-dod « (4)

(55) Peter Warr , Export processing Zones , The economic of enclave manufacturing

reseach observer , World Bank ,1989 , P26 .

s Ladye 0555 ono @ Losd Lale bl 055 dpiad dlas 0 dumall dlasdl] ¥(56)
Laile gdue ()30 @ S il §_9.§ sbaid) Old g dole dusall dloxll 729 b g9
ezl 0da (2ye 0553 e & Lathslo sl dnsetd Ll Lazlas e lball 05 S5 «
. T.”\Hu Tbgd._fzn

Sz Lo Taly & mall Llgs Slousdly gladl 0od g 9ama s Bylus sl 3ll V(57)
A BYly dpdladyl Olelhill ggiwe sy duslaBYl Olu gl gros 8 (s Ly=ls)

cdg =l dagill Hls k8 aldll) 8yodl Gblbly ymdad SLoslamdl  gWl ) o (58)
. 201 o « (<=2000

tdeeldl Joll § paad] Olulew eloisYlg goladYl (ul=ll (59)

(60) www.un.org/arabic/ecosoc. UNCTAD Export Policies in Developing Countries . P 2

s dol) sl e Olewisd! 3ousatl O, 5T dulys (61)

(62) www.un.org/arabic/ga/subsidiary.shtml /United Nations The Impact of Multinational

. P38

2227 4o < 0,5 Gew g ye « Byl 3blibly puad) ObslaBdl ¢ (ol () Mo (63)

dewlyd oo dowlid) M) OLdlasd) dweis § 2y8d) Jmgadl 59 ¢ Cawgy damme ool ) (64)
w0« p1984 ¢ juad Gre dsole « Ssdall A L) pas A y9anzy dols bl
. 424

< £2006 divd (32) 085 slyiodl pudemo 5,8 G-zl U] g 520l 5SCg dpoldd] (s 34 (65)
)l SLadyl Byl3s) dsld] 451 pag 8ymdl ddhail] odas Sols] Lo

< £2006 diwd (33) 08 sly3edl pudzme )8 3oxle ] g5zl S Jolid] e 954 (66)
ol yeg aidle A8y gymnd] Al pan sl dgms J85 oldo

< £2007 did (366) 035 sy)s ! pudee 5,3 Godo ] £ 52yl St dpoldd] 0 434 (67)
dale) st Jlosl o g5 dn slael Glio

- B g 8yl dalaill Byloly (Wogane 2o £2020 syle ,ad UM Caoldl Lalyo] CMLLEL (68)

bgll sladVl o Oledsdly gl JLES) g 8ol 3 bULI Sleg i g leadll JoLul “(69)
o sl

(70) www.un.org/arabic/publications/ourlives/unctad.htm.

Ol dusd ;- ailly s dgs Y gulid! 530wl 853 Gus e Byl S ¥ (71)
Sl ;893 gae s IVl 5 Sg LS ¢ Bouowe dgn) 858 UM Lad ool st

- 33w 858 UM ddladl) (oledl) dwlnd) 8oL posd IS (o eSSy goLaidY

n 02023 pyliy- 21444 8,31 saloa -Jgdll aasll - axdpdaill cilulyall <o jléll dlao



http://www.un.org/arabic/ecosoc
http://www.un.org/arabic/ga/subsidiary.shtml
http://www.un.org/arabic/publications/ourlives/unctad.htm

(2020 — 2000 ) Liscd — 43l puaed 3yt Aabaill Al duslya 3ylonil) A4Sy dailich B 5ol Gl 593

s&2sdle yokadl
- £2010 ¢ SN )15 ¢ 53,1« 8ymdl BbULI § sl « Bglas ewl dess (1)
Loball « L dgus 8yodl 3bUbI 8)lo]s odas (e dblowe dwlyd ¢ e, b) dmw 39l (2)
1977 ¢ gyl Jgud) dsola < doploYl pgdsll do y=)
oS e Asln dalyd « & pgad) Ayl Ay ysecly By ol 3 boliol) dals dunshl (3)
dsale 1 doyloY) podsll oyl dadaill) ¢ ool 3=l ;- hadll § 8,2l 3L 8ylo]g
(p1977 < A=l Jou
£1994/10/17 gy slty 94-320 08y SIS pyupe « dus il dboligll & Shiodl &y ysgacddl (4)
- 21994 ¢ 67 dusl « (deomuyl) 80 y2d)) 8yl 3 ULL (pols
odomall pads ol dumw j3 @b oo 8 < Aoyl pa e dojsgess 8yl GbULI (5)
- 01978 diw AU Olabed) oud ¢ dlamd¥) Ho3-idly zLiW sdll
- (p1976 c delall & pabl 4531 : 8,0@l) 8yodl UL « Goo ) due 0,3 (6)
dzol>  deliall Olyleii ) duess § 8=l dcliall joaadl Gble 599 « o8 dlgs (7)
01992  Byloatl LS ¢ &y yuS_uyl
(8) World Economic Processing Zones Associationd, =J| ,saad! 3 bl bl dolatl
www.Wepza.org
(9) www.albankaldawli.org/mna/arabicWeb.nsf/DosByUnid/Opendocument
www.ILO.org . dJsul Jesll delaie z844(10)
(11) www.un.org/arabic/publications/ourlives/unctad.htm
01973 ¢ &S0zl dabasY) BewSs Jrcunct) ddgll 43LYI(12)
- p1991 ¢ JuS33 ¢ Lol § 8yl FbULI ¢ Basill @a¥l dalail ddlacyl dizelll (13)
(14) www.un.org/arabic/esa/progareas/stats.html
8yodl Glkl 8yloy edass (o d Lol dwlyd ¢ doyloYl pgdsll &gyl dalarh] ¢l ns(15)
1977 diw ¢ dumw yg 8yl 3 bULI 8)lo]s odaS Jgo 890 < d =l Jgudly
- Oholall deis § 8,5d) SbULL 59 ¢ osdll Jadasall ug=e (16)
il By s 1 0lis) 1 ¢ Olawliwy Sy bas Joudl sLadl ¢yl 5 ol et ase e (17)
- (§2007 « zy353lls
SladYl IS : glee) Fadadlly do o) o aatly ol « 99,5y Olusge dame (18)
- (p1989 ¢ d,loYl pglslly
www.shannonireland.com 14 ) 8,=d] dalibl ¢5Ls (19)
AoVl Olyleiza Lolady) BV « oy dgadll dus ds33(20)
- deeluall Olyleiadl 4w § 8yodl dusluall pawadl @bl 590 « agd QL3 (21)

02023 pliy- 1444 83Tl saloa -Jgdll aazll - axdplaill iLulyall 4o jléll dlao m



http://www.ILO.org
http://www.un.org/arabic/publications/ourlives/unctad.htm
http://www.shannonireland.com

il damme (S3LgH e dasna |

Lalys Ol g s L pall 5 8lsadly dislall SULeall « dame Godo olas (22)
o1 8, aldll) pas #1989 diud 230 63y H9-3lalls p1998 diud 8 038y (el G 4;lae
(p1998 « dy y=)l dagl

pide Jds g dopg pall Olslasly 5 8l5edl opudily doudoss « el doasl apdl sl (23)
(p1997 ¢ dg =)l Al ls 1 8, aldll) LaadSSs Laslys pol )

(p2001 ¢ plail duSn : dyyuSall) Jowdl slozally JosYI Olsladl « aod ool Ml s (24)

8yl ¢ doy,lo¥l dpaial) Ay ) dalarll Olygiiin « Gleg k] oodiSy 8lo] ¢ yad g (25)
. (:2003

(p2002 ¢ picll 3,0l s : 8,0)1) dail) Jaghsed) (ol « Cagalll ws aasl 3Ls)(26)

- @8l pas Sy dyded dlie dulyd dwizY) Ohlezil « iyl 3o Lahuas (27)

oV Olyleiza & pall dlelsbl « Jgbl due ueud! (28)

Jsal ¢ LizYl JlgoYl pusdy Oliniz] G dw pall dalead) 535 « gdo Gaoyll i (29)
01982 3, lall dzolz « Godimdl dS ¢ 0ly5S> D) « sadll § 5LV

- &Y Olylozadl dlalze olag Joudl i) oLyl aslsdll « Bloxs gunly] (30)

bz g o pall Blemdly doglal Gbledll « gio Olasy (31)

8yloetll LS 1 8, aldll) Cudludlg dy il goladyl b dasall « g, 2Ty Jusll Ly (32)
- (p1986 « pslsls

oaSledll Ldiad Hlaiwdl poleds 83yls ) daw pall Llsbly Cilelaeyl 588 « Glowdw Loy dasxa (33)
- p1981 U p] 384 susll ¢ polsbl pas cdp =l LU

- (p2000 « QLSY &y 08l 3Sye ¢ &y yasSall) dJUl Sloaleadl ¢ dumbl s aal>(34)

Sl Gallyb) & Joul dyaiil e dadly dyoladyl L8V « ool sl as 03la (35)
- (p2007 ¢ iy dslhll d_g35YI

Lalel &y pall dsgll s 8, alil) CIW FLll e Ay dumylsdl sl Al « 5 (305 (36)
(p1978 « LLSW

laslwliw — Ll la5 — Lgngghe : dodlamdV¥l dwidll ¢ 99,515 dme 35wl de daoxa (37)
- (p2000 ¢ dyzolzdl Hladl : &y yasS )

-8yl BbLLl oo dulys « dyyloY) polell duysdl dabaill ol (38)

- e &l gl dup pall Blemdl ¢ i edodl dis diac (39)

dsliall Ohlad) & § 8ymdl dsliall jaadl 3blis 593 « ea8 (g3 (40)

-8yl BbULI e dulys « dyyloY) polell du ysdl dabaill ol (41)

dylde dwlys duzsled] ylexdll s Laly 8ymdl GbULI  dopsyloY) pglsll do y=ll dalaill (42)
p1972 ¢ Ao yIoYl Sl 5S)e ¢ do =l Jgul dsale

“ 02023 pyliy- 21444 8,31 saloa -Jgdll aasll - axdpdaill cilulyall <o jléll dlao




(2020 — 2000 ) Liscd — 43l puaed 3yt Aabaill Al duslya 3ylonil) A4Sy dailich B 5ol Gl 593

bl 4 gurgiy sz Hloki ] game 55 G d pall dlalzll 593 ¢ Gl B8 aasl(43)
01984 ¢ (5= )Y el ¢ Jga ) (55l dy pall
www.albayan.co.ae/albayan : 9V oLl z8g (44)
dp =)l OhlaYl e o « sl po,a) GoASIY Gr9—wcd] s Bolawdl & Olg—imy JL s (45)
. §=2000/05/12 ¢ ddsul]
O i3 dmale dore « 8yodl b liall L JSIg WS lgal) dddos dwlyd ¢ 39,-5T8 B 6 s (46)
(4) susl ¢ (27) o=l ¢ Lo g3ldlly duoladY) polel) dwdu « dualsell Sgond] 9 Slulyul)
- 62005 ¢ 3-ded
(47) Peter Warr , Export processing Zones , The economic of enclave manufacturing re-
seach observer , World Bank ,1989 .
(p2000 ¢ &yl dagdl Hls = 3,alall) 8yadl Bblibly puad] Sbolaml ¢ (ol (o) 3o (48)
t dld) Jgdl @ el Olulew eloizly goladl) pul=ll (49)
(50) www.un.org/arabic/ecosoc. UNCTAD Export Policies in Developing Countries .
s dwldl Jowl e Olewisd S5usat) IS8 5T dulys (51)
(52) www.un.org/arabic/ga/subsidiary.shtml /United Nations The Impact of Multinational .
(35) www.un.org/arabic/publications/ourlives/unctad.htm.
dwlyd go doold) N SLoslad)l dass § ol doged] 599 ¢ Chwgy dome ol ] (54)
$1984 ¢ uas (ye dmale ¢ Byhnd) S Lyl pae dyysgaze dools Ak
L3l pag 8ol ddhill o dass Sole] oLty « £2006 diud (32) 08) shyisl putoe 5),-3(55)
) sladyl 83t d sl
L3S gy D3l pan sliwe s 5 0Lty « £2006 did (33) 08 i) putoe 5),-8(56)
. dl>lpeg 4 8850
Aol dsail) JlosT (e g9 0 lizsl Ol « 22007 diud (366) (635 1))l pulzea )1,3(57)
- B pag 8yl dabaill Bylsly Wodane @ p2020 syl ,ad UM Caoldl Lol o] CMLLER (58)

02023 pliy- 1444 83Tl saloa -Jgdll aazll - axdplaill iLulyall 4o jléll dlao



http://www.albayan.co.ae/albayan
http://www.un.org/arabic/ecosoc
http://www.un.org/arabic/ga/subsidiary.shtml
http://www.un.org/arabic/publications/ourlives/unctad.htm

S| U ot S| (o ittt | il e 0 |

(1000 ] by (e s et 33
(2021 - 2010)

Olaglat) CZ:L’\LB.’S‘Q Sguladl ‘a‘g.l.c a.gs-,\éL;.a . & s
Aoyl glally S o]yl dnols et cudll 0Dyl et gt |
spadrduid |

e dymbl BLaSY GUL ge ol Gl plasial JI Eomdl liia Gug
9 Wbl o 8,S0e LBy Slogsd ol,2¥ (o, b dolol HlesVl ST d8ym09 (90, OMerws
it OL plasuls Lasldl] plse¥l @ @atl gl HLis) L5 § el pilis xd53
O plasiwly dwlytll ozg ,SUL Jilos Jugad G Jass 3l ol S
O S e gamma US> o IMELM E LB Suide L3pme BLiaSls gl yiiiul s Joss
GBSl ] L3Lo) bkl yt g3loilly Ldiekl d3pmbl GLiStul § dsluw Eo. SUL
HLasy Ol JS) ddyme o delud 8508 GULy delsd § 839290 Sunus OL8Ney delgd
982 Lo e 2,41 8 5Ll e Sy BN 3, b Jadl ddyma Js Jasdly g Ol
0= G ¢ o pzllly dled] Rog)l gkl Comdl my 95 (920 b  OLds)) dws Jdaw
Lpdys 05 009 Lamoss Ledaaiy Laslus]s dBlAl Ollerun dolsdl Glaglably SUL zss
Gl 05 el 0ygy BLESYI e 138 grd5é Lid SLil graabl dsis o3 gos dLallos
Osatty LY e olab] edine 5 92.53% duelesd] 483 COlS Eo 51yl 8y draylos
A5 & iyl caadls SIS Yozl oo Dl 1944 glabl sae by S pg byl LYyl
Lo Lbye FSYI i yasdl Gl 9L gl debiall 3blbly LAY e glpl 84S
diw (46-37) o Lo 2 & Qb o
il B! Ol dsius, @bl Gloglell, Gl tdorliall SlolsI)

02023 pliy- 21444 8531l saloa - Joll 222l - dxigbill Cibuljall -ojléll dlao




20212010 ( p glo y31 - 33401 ladiiuwe Al Auudy3) ! (o puu CBLES ua B LT Gt CILCEd Al

The use of data mining techniques in the detection of breast cancer
Case Study ( Alzara Hospital-Khartoum )
2010- 2021
Morshed Ibrahim Talib Mustafa
Abstract:

This research aims to use data mining techniques to explore
knowledge from patients’ records and to know the ages most affected
by the disease in order to conduct early preventive examinations of the
disease and provide results that contribute to reducing the spread of
breast cancer in the coming years and The use of modern data mining
techniques that facilitate data analysis. The study is concerned with
the use of techniques that extract and discover useful and independent
knowledge through a large group of data. It helps in exploring hidden
knowledge and unexpected models, in addition to exploring new rules
and relationships that exist in rules. Large data helps to know the most
causes of the spread of breast cancer and work to know the best methods
of prevention and reduce the spread of the disease, which leads to a
reduction in the mortality rate for patients, and the research follows
the descriptive, analytical and experimental approach, where data and
information related to monitoring records are collected, prepared,
classified and tabulated. Then display and analyze it, and then adopt
the constructivist approach to build a model capable of discovery in
an effective way. The decision tree algorithm was applied, where the
accuracy of the algorithm was 92.53%, and most of the patients were
females belonging to the state of Khartoum, where the number of
infected people reached 1944 cases out of the total number of cases, and
the main reason for this is the large number of communication network
towers and industrial areas, the conclusion is that the age groups most
susceptible to breast cancer are what Between (3746-) years. Keywords:
data, information, knowledge, data warehouses, prospecting .
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The impact of Availability Ingredients of The ControlOn The
Performance In The Insurance Companies
(Shikan Health Insurance Company, an applied case study)
(2015- 2021AD)
Dr.Mutaz Mohamed Sorkty Mohamed
Abstract:

The study aimed to know the impact of administrative control on
the performance of workers in insurance companies and the modern
means and methods used in implementing administrative control and to
identify the availability of elements of administrative control in insurance
companies in Sudan. Applying to the two Islamic insurance companies
and Shikan Insurance. The main problem of the study was to reveal
the availability of the elements of administrative control in insurance
companies in Sudan, and its impact on the performance of employees,
which leads to achieving the objectives of these service organizations
through the research tools used.The importance of this scientific study
lies in being one of the studies that examined the reality of administrative
control in insurance companies in Sudan and its relationship to the
performance of employees, an attempt to address a vital administrative
issue that affects the lives of companies and organizations. The elements
of administrative control in Sudanese insurance companies, which are
divided into two branches: (characteristics of the performance appraisal
process, the variety of control methods used) and the performance of
employees.The study relied on the descriptive-analytical approach in
conducting it through the available sources in the secondary sources,
and conducting interviews with the senior management of the
Islamic Insurance Company and Shikan Insurance Company, and the
questionnaire directed to employees and the SPSS program. It provides
the elements of administrative control and the performance of the
employees, and it has clarified that the diversity of the control methods
used positively affects the development of the employees’ performance.
Keywords:Ingredientsofthecontrol<Employeeperformance«Performance
measurementandevaluation¢<Insurancecompanies.
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Abstract.

This study aims to diagnose Parkinson’s disease using ma-
chine learning, five different classification techniques were applied
to dataset obtained from UCI Machine Learning Repository.We
conducted five experiments, using tow class perceptron, tow class
decicion forest , tow class boosted decicion tree , tow class support
vector machine and tow class decicion Jungle, The boosted deci-
cion tree technique achieved the best results, as the classification
accuracy was 89.7 While the perceptron ranked last with the worst
result with 75.9 accuracy The paper also discussed the reasons for
the superiority of algorithms over others, at the end of the project,
we created a web page and it was linked to the classification model
so that the data could be entered and the diagnosis would be made
directly.

General Terms :Parkinson Disease,Artificial Neural Net-
works,DecicionForest , Boosted DecicionTree, Support Vector
Machine .

Keywords: Parkinson’s disease diagnosis,Dataminig, Ensemble
methods.
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1.Introduction

Parkinson’s disease is a progressive disorder that affects the
nervous system and affects movement. Symptoms begin gradual-
ly, sometimes with tremors that may not be noticed in one hand,
and then worsen over time. Although tremors are common, the
disorder causes stiffness and slows down , To this day, there is no
cure for the late stages of the disease, but it is easier to control the
symptoms in its early stages if it diagnosed early, Therefore, there
is an urgent need to discover and diagnose this disease in its early
stages, as it is mysterious and invisible ,The computer made a very
big breakthrough in the field of diagnosing complex diseases)I(
,In recent decades, machine learning has made a fundamental shift
in diagnosing diseases in general, and complex and mysterious
diseases in particular , As there are a large number of academic
and non-academic centers and institutions collected huge patient
dataand this data was made freely available to researchers, With
the development day after day, the computer, along with various
other sciences, such as applied mathematics and dataminigcontrib-
uted to the diagnosis of a very large number of complex diseas-
es such as Parkinson’s disease, Alzheimer’s disease And cancer,
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Where researchers have developed a number of techniques and
methods to diagnose problems in general and are used by doctors
with technical support from computer expert.

The main contributions of this study are as follows We used
three optimized methods against two traditional methods without
any improvement. The experiment demonstrated the superiority
of the improved methods in classifying a complex disease such as
Parkinson compared to the unimproved methods. We also created
a web page to enter the disease data and the case will be diagnosed
immediately.

This paper organized as follow: In Section 1, rntroductio and
related , Material and methods is explained in Section 2, the exper-
imental design is described in detail and The experimental results
and a discussion are presented in Section 3. Finally, Section 4 cona
cludes the paper.
2.Related Works

In the last few decades, the research about algorithms en-
hancement has been increased extremely specially with algorithms
that make classification in the medical filed because the great need
for accurate results. Here we will survey a related works in Parkin-
son Disease classification using different Al Techniques.

In (2) this work Dr. R. Geetha Ramani and G. Sivagami
maked a survey of dataming techniques to classify Parkinson Dis-
ease. This study was a comparative study to classify healthy and
people with Parkinson Disease, they applied the feature relevance
on the training dataset and they used Various Feature selection al-
gorithm , the classification algorithm is used as a black box to find
the best subset of attributes. They got the dataset for the disease
from UCI , The training dataset comprises of 197 instances with
22 characteristic features. Thet compared between following algo-
rithms : Binary Logistic Regression , ID3, C4.5, Classification and
regression Tree, K- Nearest Neighbor , Random Tree (Rnd Tree) ,
Partial Least Square Regression and Support Vector Machine. The
main goal was to know the algorithm with highest accuracy . after
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perform the experiment . we found that The Random Tree Algo-
rithm classifies the Parkinson Disease dataset accurately and pro-
vides the 100% with zero error rate. In )3(AnchanaKhemphila and
Veera Boonjing used the Multi-Layer Perceptron (MLP) with-
Back-Propagation learning algorithm and the feature selection al-
gorithm to classify the presence of Parkinson disease ,the also took
dataset from the University of California at Irvine (UCI) machine
learning repository . In this study, the number of attributes has
been reduced from 22 to 16 attrbutes , they used Weka tool v3.6.6
, the problem was the inputs are continuous real numbers ,they
slove that by by partitioning the range of values into a finite num-
ber of subsets , they removed innecessary features by using use
Information gain filter which do not need to take from patients ,
this study show that feature selection contribute to increase effi-
ciency of computation and classification accuracy and simplise the
complexity by reduce data. Firstly they used ANN without infor-
mation gain based on feature selection function , in this case accu-
racy was 80.769% , after using information gain based on feature
selection function the accuracy increased up to 83% , so we deduct
that using information gain based on feature selection function
with ANN contribute to enhance the classification process ,In )4(
K. Witt, A. Nithsman and G. Deuschl worked on the advanced
Parkinsion Disease by Intact artificial grammar learning this case
study was conducted on patients with cerebellar degeneration and
advanced Parkinson’s disease , 21 Parkinson’s disease (9 women
and 12 men) , 10 patients with cerebellar degeneration (CD) and
15 control subjects were tested on artificial grammar learning , The
mean age of PD patients was 58.3 years , in the time of experimen-
tation all patients were stable obtaining anti-parkinsonian medica-
tion . The artificial grammar learning test originally described as
a paper-and-pencil test was used in a computer adopted version ,
In the training phase of the artificial grammar learning task , con-
trols were able to repeat 96.67% of the letter strings in the correct
order , The mean for CD patients is 58.39%(S.E.M.: 2.44%); the
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mean for all PD patients is 61.48% . this experimentation show
that patients with cerebellar degeneration were less successful in
reproducing the letter strings during the training phase of the task
While patients with Parkinson’s were doing their best in this ex-
periment .in )5( they tried to discriminate PD subjects from healthy
and test the accuracy of novel algorithms , those algorithms ap-
plied on speech signals as data set. These data was received from
The National Center for Voice and Speech (NCVS) , dataset con-
sist of 43 samples (17 females and 26 males , 10 healthy controls
and 33 PWP) , persons in this case study had age range of 46 to 72
years. signal to noise ratio (SNR) was used to estimate measures
quantifies noise . they used four feature selection algorithms to
make dysphonia measures , those four feature selection applied
with stasticalclassifer like random forests and support vector ma-
chines to map these feature subsets to a binary classification. this
study aimed to analyze the speech signals ,also compute jitter and
shimmer of features , The motivation for these features is that the
vocal fold vibration pattern is periodic pattern is considerably dis-
turbed in pathological cases whereas nearly periodic in healthy
voices, in this study the proposed dysphonia measures which have
not been previously used in this application (as auther said) , all
the dysphonia measures in this study were computed anew using
the algorithms described in “Nonlinear speech analysis algorithms
mapped to a standard metric achieve clinically useful quantifica-
tion of average Parkinson®s disease symptom severity” , they used
used nonlinear SVMs for mapping features to the response , with
the best results reporting approximately 93% classification accura-
cy on a subset of 22 features and they Proved that they can achieve
almost 99% accuracy using 10 dysphonia measures .in )6( this pa-
per compared different types of classification methods for for ef-
fective diagnosis of Parkinson disease , Where they were looking
for the most effective way to diagnose this serious disease and dis-
tinguish the healthy people from the affected , they were applied
four classification methods for this purpose, These methods are
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respectively Neural Networks, DMneural, Regression and Deci-
sion Tree , they used SAS Enterprise programe to conduct data
pre-processing and they used SAS Enterprise Miner 5.2 program
to analyze and recognize the PD by combining several classifica-
tion methods with model comparison node , the PD database com-
posed of 23 columns and 197 rows , The data is in ASCIICSV
format, The dataset was divided into two categories training data-
set and testing dataset , They did not specify the source of the
evidence (dataset) in this paper, This Experiment shows that The
backpropagation learning algorithm has been used in the feed-for-
ward, single hidden layer neural network with 10 nerounintial
weights were randomly selected , after conduct the Experiment we
see that neural network is best classifier its obtainedhigher classi-
fication score and gained 92.9 classification accuracy while Re-
gression gained 88.6 classification accuracy and DMNeural classi-
fier and Decision tree classifier gained 84.3 classification
accuracy.  In)7( Hui-Ling Chen , Chang-Cheng Huang and Su-
Jing Wang have established an effective diagnostic system for Par-
kinson’s disease , they used fuzzyk-nearest neighbor approach
(FKNN) for detection of this dangerous dieses , But before that
they compared (FKNN) with support vector machines (SVM)
based approaches , the aim of this study was to improve accuracy
for detection of Parkinson’s disease So it can be said that it is a
comparative study before everything , the PD data set was taken
from from UCI machine learning repository , the data set is a re-
sults of various medical tests carried out on a patient and com-
posed of a range of biomedical voice measurements from 31 peo-
ple, 23 with PD thos people have ages ranged from 46 to 85 years
, the data set had no missing values , The proposed diagnosis sys-
tem work in tow stages ,in the first stage they used PCA approach
to Exclude the redundant features and thus enhancefurther the
classification performance , in the second stage they run the FKN-
Nmodel wich start training on the training set , finally the optimal
FKNN model Will be used to conduct the classification task ,
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This model can simply be summarized as follows , parkinsion data
set is normalized by scaling to range 0 and 1 then they conduct the
features reductions to reduce feature space after that the divided
the data set into training data set and test data set( each timeone of
the 10 subsets is used as the test set and the remaining 9 subsetsare
used as a training set) using 10-fold cross validation to find the
optimal parameter combination (k,m) that making up the FKNN
model , the 10-fold CV was used to evaluate the classification
accuracy, After the experiment a comparison was made between
FKNN model and prominent support vector machine (SVM)
classifier In order to validate the superiority of the proposed
FKNN-based diagnosis system , FKNN classifier was implement-
ed on an Intel Quad-Core Xeon 2.0 GHz CPU using MATLAB
language under Windows Server 2003 environment , The compar-
ison result was in favor of proposed FKNN-based diagnosis sys-
tem wichgaind best classification accuracy 96.07% while SVM
classifier gaind accuracy 93.47 , This experiment also compared
the result with a number of methods in previous studies , for ex-
ample Parallel NN gaind accuracy 91.20 , Gravitational searchal-
gorithm + OPF gained accuracy 84.01 , Particle swarm optimiza-
tion + OPF gained accuracy 73.53 , Fuzzy entropy measures +
similarity gained accuracy 85.03 , ANN gained accuracy 92 , Im-
proved mRVMs gained accuracy 89.47 , Pre-selection filter + Ex-
haustive search + SVM gained accuracy 91.4 and Dirichlet pro-
cess mixtures gaind accuracy 87.7.

3.Material and methods

2.1Parkinson Disease

Since the case study in this research is the diagnosis of Par-
kinson’s disease, so we will briefly review some information about
the disease , Most of us at one time or another have noticed our
hands tremble when we are holding a drink, or our teeth chatter
when it is very cold out, Sometimes though a small tremor is one
of the first signs of Parkinson’s disease. Parkinson’s disease is a
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chronic, progressive, movement disorder that affects muscle con-
trol and balance. These symptoms gradually worsen over time,
and generally other secondary symptoms start to occur, Parkin-
son’s disease is caused by a gradual deterioration in the function
of nerve cells, or neurons, located in a specific area of your brain.
Your brain contains millions of neurons, which process and trans-
mit information. It receives information via neurons from all parts
of your body, processes it, and then sends out instructions to other
parts of your body to produce specific actions. The information
travels along neurons as electrical impulses. When a nerve impulse
reaches the junction between two neurons, a chemical neurotrans-
mitter is released that stimulates the impulse in the next neuron so
that it continues on to its destination. The primary symptoms of
Parkinson’s are related to movement, and vary from one person to
the next. Sometimes at the onset of Parkinson’s, you may not even
be aware that you have any symptoms. Gradually though, and usu-
ally over a period of years, symptoms do become noticeable, and
are often of three distinct types: tremors , bradykinesia and rigidity
)8( ,Parkinson’s disease can be diagnosed in many ways , One of
these ways 1s Vocal Tests through sounds which may be letters
(sustained vowels ) or words or even sentences Which is common
or by testing the movement of walking through sensors placed in
a certain way in the feet and then recorded this observation data
as happened in one of the papers discussed in the previous chapter
, Or by brain images which are filmed by CT scan radiation but
what is rare is treated with this type of data because it is inaccurate.

2.2 Artificial Neural Network

Artificial neural network (AAN) is a model that simulates the
natural neural network, which takes the same principle of work,
it is a complex mathematical algorithm rather not subject to fixed
laws, As is well known the human brain can be described as a bio-
logical neural network, Brain consists of a dense tangled group of
neurons. Each nerve cell, called a neuron .the human brain consist
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of 10 million neurons and 60 trillion complexity of an engagement
point (nervous) to each other. Since the biological neural network
consists of the cell body (soma), Dendrites (inputs), axon (out-
puts) and synapses. Soma collects the signals which receives from
Dendrites. Dendrites are sensors that receives signals from another
nervous cells, these signals will be sent via Axon through synaps-
es. Synapses is a point that connects axon to the rest of the neurons
Artificial neural network 1s a simulation of real neural network, we
can say it’s a program that processes data like (a part of) the ner-
vous system. Its learns from examples like the brain, this process
of learning called “training”. Where the network is training and
each time the weights are adjusted until reaching the optimal solu-
tion. Simply neuron receives many signals as inputs and then do-
ing some processors and then automatically send the signals that
have been processed to the next neuron as outputs. These outputs
are or may be the ultimate solution,to calculate the output neu-
ron, it uses a function called activation functions. These functions
are sign function, step function, sigmoid function and linear func-
tion[9].

2.3DecicionForest algorithm

Random Decision Forests is a learning method used for Clas-
sification and regression tasks , this algorithm works on building
many decision treesDuring the training process,the prediction pro-
cess is improved as each decision tree performs the prediction pro-
cess based on the given historical data , a large number of trees are
being created to form the tree forest and tree predictions are com-
bined,this algorithm is usually used for economic forecasts as well
as forecasting weather conditions and forecasting bank profits and
losses , The idea of creating a decision tree is very simple. Let’s
explain an example of how to create a single decision tree , Imag-
ine that we have a set of data that we want to separate based on
its characteristics. For example 110000 , if we have the following
statement and we want to specify the red color that is underlined
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by a line , The tree will be as follows :
i1 000000

Yes l Is red? l No
110 0 0 0 O
l
Yes l Is underlined? l No
1 @ 0

Fig 1:Simple Decision Tree Example

As shown in the picture above, the data will first be isolated based
on the red color, so the red color was placed in the left branch and
the blue color in the right branch. In the next step, the isolation was
done by the characteristic of the line under the letter, so the data
underneath the line in a branch and the other in another branch
simply became This simple tree is able to isolate data according
to these two characteristics,decicion Forest algorithm operate as
an ensemble (“use multiple learning algorithms to obtain better
predictive performance than could be obtained from any of the
constituent learning algorithms alone”))11()10(.

2.4Boosted Decicion Tree

A decision tree takes a set of input features and splits input
data recursively based on those features , The data is split based on
a value of one of the input features at each node (interior nodes)
and evry node has Terminal nodes called (Leaves),Trees can be
built with branches splitting into many sub-branches, The upgrade
process (Boosting) is a method ofcombining weak trees into a
powerful and stable classifier by combining many learners with
fixed error rate, with the goal of improving the prediction process
, There are many different ways of iteratively adding learners to
minimize a loss function such as AdaBoost , Gradient Boosting
and XGBoost, the accuracy of the algorithm is improved by fitting
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the previous trees But that might be alead to less coverage risk
, The idea of the algorithm can be summarized in the following
steps :

Step 1 : Train classifier C1 on N events

Step 2 : Train C2 on new N-sample, half of which misclassified
by Cl1

Step 3 : Build C3 on events where Cland C2disagree

Step 4 : Boosted classifier: MajorityVote (C1,C2,C3).

Boosting Decicion Tree is also type of ensemble method, It should
be noted that the Boosting process differs from “Bagging “ | it
used when our goal is to reduce the variance of a decision tree by
creating several subsets of data from training sample chosen ran-
domly with replacemen .)13)(12(

2.5Binary support vector machine

SVM is a linear algorithm that separates or isolates two types
of data through a line at a level(Decicion line) and performs clas-
sification by finding the hyperplane that maximizes the margin be-
tween the two classes See figure no 2 :

Xz
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Fig 2: Possible hyperplanes

The algorithm looks for a line that gives biggest value to the mar-
ginwith maximum distance between data points of both classes ,
The higher the margin distance, the greater the confidence in sep-
arating future data , hyperplanes ideally deals with two types of
data (two class) and it draws a line and cannot deal with a third
type of data, svm performs classification , regression and cluster-
ing tasks ,Svm algorithm can be described in the following steps :
1. Define an optimal hyperplane (maximize margin)
2. Extendthe above definition for non-linearly separable problems.
3. Map data to high dimensional space where it is easier to classify
with linear decision surfaces.
“ However, there are situations where a nonlinear region
can separate the groups more efficiently SVM handles this
by using a kernel function (nonlinear) to map the data into a
different space where a hyperplane (linear) cannot be used to
do the separation “ )15)(14).

2.6Decision Jungle
Decision Jungle Algorithm is a development of Decision For-
est algorithmor recent extension to decision forests ,It can be said
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in a nutshell its Basically a faster, lower memory decision tree ,
as there are some limitations in Decision Forest algorithm that the
number of nodes will increase exponentially with depthBecause
memory is a limited resource, the rapid growth of trees limits its
depthand that definitely affects accuracy , Unlike traditional deci-
sion trees that allow only one path per node, the decision Jungle
outgrow this limitation by allowing multiple paths from the root to
each leaf, decision jungle consists of an ensemble of decision di-
rected acyclic graphs (DAGs), during training the node is split and
the node is merged by reducing the same objective function and
require less memory while considerably improving generalization
, Although this is at the expense of training time, by allowing tree
branches to merge, this leads to better generalization performance
than a decision tree, This improved algorithm is more used with
multi-class classification.

2.7Dataset Description

The dataset was created by Max Little of the University of
Oxford)16(, in collaboration with the National Centre for Voice
and Speech, Denver, Colorado, who recorded the speech signals.
The original study published the feature extraction methods for
general voice disorders. This dataset is composed of a range of
biomedical voice measurements from 31 people, 23 with Parkin-
son’s disease (PD). Each column in the table is a particular voice
measure, and each row corresponds one of 195 voice recording
from these individuals (“name” column). The main aim of the data
1s to discriminate healthy people from those with PD, according
to “status” column which is set to 0 for healthy and 1 for PD. The
data is in ASCII CSV format. The rows of the CSV file contain an
instance corresponding to one voice recording. There are around
six recordings per patient, the name of the patient is identified in
the first column, The following table shows the attributes)18( , see
table no 1
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Attribute Description
ASCIl subject name and record-
Name .
ing number
MDVP Fo(Hz) - Average vocal funda-

mental frequency

(MDVP:Fhi(Hz

Maximum vocal fundamental
frequency

(MDVP:Flo(Hz

Flo(Hz) - Minimum vocal fun-
damental frequency

MDVP lJitter(%),MDVP:Jit-
ter(Abs),MDVP:RAP,MDVP:P-
- PQ,Jitter:DDP

Several measures of variation
in fundamental frequency

MDVP

Shimmer,MDVP:Shimmer(d-
B),Shimmer:APQ3,Shim-
mer:APQ5,MDVP:APQ,Shim-
mer:DDA - Several measures of
variation in amplitude

NHR,HNR

Two measures of ratio of noise
to tonal components in the
voice

status

Health status of the subject
(one) - Parkinson’s, (zero) —
healthy

RPDE,D2

Two nonlinear dynamical com-
plexity measures

DFA

Signal fractal scaling exponent

spreadl,spread2,PPE

Three nonlinear measures of
fundamental frequency varia-
tion

Table 1: Attribute information
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4.Classification Model

The classification model reads Parkinson’s disease dataset
wich described in the previous paragraph, The next step nor-
malizes the data to eliminate data distortions and make them
balanced,Then the model divides the data into training data by
80%, and this is common, and test data by 20% , Then the train-
ing process is conducted accordlng to the chosen classifier with
the train model , after the training process is over, the success
of the process is tested using test data using a Score Model ,
Finally, the results of the training and testing process are sum-
marized using the evaluation model , See figure no 3.

Parkimszon Dataset

Mormalize Data

fpllt Data

Tramds Test data
l
Classifier !_.. Tram Model
4! w
Score Model |
¥
Evalnate Model

Fig3 :classification Model

3.1Results & Discussion

In this paragraph, we will explain the results of carrying out
the experiment above using the five methods of the paperusing
Microsoft Azure Machine Learning Studio, where the results were
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as follows:
1. Tow-class perceptron :
True positive | False positive True negative |False nega-
tive
32 4 10 12
Accuracy Precision Recall F1 score
10.759 0.889 0.762 0.821 |
ROC Recall Precision

2. Tow-class decicion forest

. False posi- . False nega-
True positive tive True negative tive
31 6 0 2
Accuracy Precision Recall F1 score
0.846 0.838 1.000 0.912
ROC Recall Precizion

Y
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3. tow-class boosteddecicion tree

True positive False positive | True negative False negative
29 2 L] 2
Accuracy Precision Recall F1 score
0.E07 0935 0935 0.935
Tme Posshive /falee postive Rate Recall Precision

—

T positive Talse positive | Truc negative False negative
27 3 5 4
Accuracy Precision Recall F1 score
0.E21 0000 0871 0885
ROC Reall Precission

5 tow-class deccon Jumgle

True positive False positive | True negative False negative
29 3 5 2
Accuracy Precision Recall F1 score
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DAY) 0906 0935 0921
ROC Rerall Precssion

R PO R

Through the five experiments, we notice the superiority of boosted
decicion treealgorithm , as it achieved the highest classification
accuracy, reaching approximately 90%, decicion Jungle algorithm
ranked second Strictly very good classification accuracyreached
87%, decicion forest algorithm ranked third with classification
accuracy not relatively bad reached 84.6% while support vectors
machine ranked fourthwith Not good classification accuracy com-
pared to the first three reached 82%, Finally The PerceptronNeu-
ralNetwork achieved the worst score with classification accuracy
reached 76% as the worst result score among the five methods.
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3.2Web service :
A web service
has been created

and linked to the o e o 1 s S
classification model Enter data to predict

, the patient will e

enter the data and get |

immediate results see F:WM

figure no 4. T

MDVP-FLO(HZ}
:

MDVPJITTER(ZE)

Fig 4: web service snapshot

4Conclusion and future work

It 1s noted through the results above that the superiority of
the improved algorithms and this is very normal thing and expect-
ed, Whereas, the decicion forest algorithm is an improvement and
development of the regular decision tree , Likewise the decision
jungle algorithm is a development of the decision forest algorithm,
so it result was better than decision forest , also the improved
decision tree was the best result because it came after a series of
improvements and uses Ensemble While both support vectors ma-
chine and Perceptron achieved unsatisfactory resultsBecause they
were used without an optimized model, Therefore, we find that the
researchers have done studies to develop the work of perceptron
by obtaining the best values for the structure of the neural network
by obtaining the hyperparameter, which is obtained by hybridizing
some algorithms with each other
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ABSTRAC:

The scientific study aims to identify the advanced treatment
system of modern sewage plants that treat wastewater with ad-
vanced high-efficiency biofilms in wastewater treatment systems.
Which is so that the treated water is suitable for safe irrigation pur-
poses and its importance in knowing the quality of the treated wa-
ter and its properties for reuse in irrigation of gardens in university
housing and neighboring sickles and to benefit from the improved
organic fertilizer resulting from the treatment for agriculture.Fail-
ure to follow up on changing the membranes led to problems in
the production of odors and foul gases, and reduced the efficiency
of treatment. The research adopted the method of collecting in-
formation in field uniforms, taking different pictures showing the
stages of treatment, the shape of the incoming and outgoing water,
and how the compressors work, and making a questionnaire for
the residents of the area about the station, and collecting previous
reports and readings of the treated water at the station at the start of
its operation and personal interviews, and using the station design
plans and analyzing that information analysis program Statistics.
The conclusion of the study is that the membrane treatment system
1s one of the advanced systems with high efficiency in wastewater
treatment, and that the plant operates at its beginning according
to the specifications and standards of wastewater, but the lack of
follow-up in changing the membranes according to the method of
operation decreased efficiency.The treated water has become unfit
for irrigation purposes, which necessitates changing the compres-
sors in order for the system to return to its previous state
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1/ Introduction] ) )

Sinnar University complete its faculties in various fields and
departments. Thus, the National Student Welfare Fund established
the university cities of the martyrs and Osama bin Zaid and re-
placed the septic and well system with the establishment of a sew-
age plant, which is located in the Bunyan neighborhood north of
Sinnar city to treat water and use it to irrigate gardens and sickles,

to_end of the environmental impacts resulting from sewage. The
station was established in January 2008, with a design capacity

of 500 m3/day, the cost of the project is two billion nine hundred,
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the owner of the project, the National Student Welfare Fund, a
biological treatment system with active sludge (advanced biofilm
treatment (membrane strips))It is the last stage of biological treat-
ment (advanced treatment), in which pollutants, toxic substances
and any abnormally high levels of suspended organic matter are
removed. Such treatments are used in the case of recycling sew-
age water for agricultural use, charging groundwater reserves, and
using the resulting water in cooling and industry. It also performs
the final sedimentation tank and filtration at the same time, which
distinguishes it from other advanced treatment systems. When it
reaches the water, by any method, it treats it, and this has an effect
on the membranes, which reduces their lifespan, and the water has
reached a lower degree of purity, which is better than being turbid.
As shown in the picture below. The membrane does not need final
sedimentation tanks, and it performs all the roles and tasks of the
sedimentation tanks, and drains the treated water to the irrigation
tank and returns the sediment (sludge) to the tanks.A rectangular
tank detailed into three slices of biofilms, each slice treats 5 m3 in
the cycle, and it is connected to iron pipes that raise the water from
the aeration tank to the reactor, and pipes that supply air to the
slides tanks in a direction opposite to the direction of water with-
drawal in order to prevent sticking of suspended materials to the
wall of the membrane reactor, and that Air ensures that bacteria in-
teract with suspended organic matter. The slides are made of very
fine materials that can be materials (cellulose tonsils, polymers,
plastics, and others). In this tank, there is a sensitive device for
measuring total solids, connected to a coil that works automatical-
ly, and when its reading exceeds 10 mg, the coil is opened and the
total suspended materials are returned to the collection tank. Thus,
we can call the plant with a combined system between treatment
with active sludge and membranes (bio-membrane reactor). Then
the treated water is withdrawn to the last part of the membrane
reactor equipped with a weighted chlorine injection belt through a
sensitive device at a ratio of (5-10) mg in the tube connected to the
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filter and then cleared to the irrigation tank.

by P. Quevauviller, O. Thomas and A. van der Beken,
Wastewater Quality Monitoring and Treatment EditedC 2006
John Wiley & Sons, Ltd. ISBN: 0-471-49929-3,
2/ GENRAL Objectives
To study the performance of a wastewater treatment and to sug-
gest improvements for preventing adverse effects of treatment
Plant, on the surrounding environment.
3 / Specific Objectives:-

- To assess the current status of a wastewater treatment plant
(quality and quantity)

- To assess the quality of treatment wastewater and its use in
irrigation

- To Improve the current situation and future expansion of the
station to keep pace with the number of users

- Sludge treatment of the current sludge treatment processes

- Environmental effects of the station treatment plant on the sur-
rounding environment.

4/ RESEARCH PROBLEM: -

- Wastewater treatment plant for the student hostels of sinnar
University was over loaded and treated effluent is not comput-
able with the Standard specification for treatment of irrigation
of farm.

- The sewage system of the station works with a tertiary treat-
ment system with a rectangular bio membrane filter of plastic
material. It is necessary to regularly change it at least every five
years, therefore, this is one of it is biggest problems.

- The membrane reactor works on the biological treatment sys-
tem of wastewater through the active sludge with compressed
air, this process requires operating skills by engineers and tech-
nicians of different levels.

- Lack of periodic maintenance of the station with the qualified
personnel
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5.Material and Method

1. General information was collected from the station from
the project management, including the core capacity of
the station and the map of the station, in addition to the
basic information.

2. Doing a number of field visits to the station and its
annexes, taking different pictures at different times and
comparing them to find out the causes of malfunctions
and change the quality of the treated water in the station
to study its current status.

3. Taking the operational data of the station, which includes
the amount of treated water entering and leaving the
station at the start of operation and before stopping, as
well as taking a reading ( (BOD, COD, TSS,PH)

4. A questionnaire was made for the station and included
the residents of the neighborhood about the station and
government and private facilities, and accordingly the
questionnaire was analyzed by SPSS programs

5. Studying of environmental impact by interviews through

questionnaire.
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The locatom of the SINNAR Umversity sabon for advanced treatment
{membrane), taken on 10202022
¥/ MBE sewage water treatment machine -

I / /A

ﬂ!l“he location of the SINNAR University station for advanced
treatment (membrane), taken on 10/29/2022
) s—all 32 1) (U—JJ"‘“"J\) A_oasid) A allaall Jb_ua_&abuuciy
22022/10/29
2/ MBR sewage water treatment machine :-

2)(10
Figure (1) A picture of a slice of membrane taken on 6/11/2019.
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The adjacent picture is three slices of membrane taken in January
2013 from the sewage treatment plant at Sennar University.

5 sbaall 3y sall 22019/11/6 3253k (1 aaall A1 115 ) gam (1) JSE)
Coyall slse &allae ddane (30 2013/ by 38353k (g s 3l 5 450
i daalay ol

FIGURE (1) Membrane Bioreactor (MBR) treatment wastewa-
ter advanced technology (  Filtration)

Membrane Bioreactor (MBR) is a advanced technology devel-
oped since the end of 20th century which realized the efficient
combination of membrane separation technology with biologi-
cal technology. The membrane separation technology replaces
the traditional active sludge method and the normal filter unit,
its strong separation ability can make the SS turbidity near to
be zero, therefore greatly expands the scope of application of
waste water recycling.

:Quantity | '

Add to Basket

Brand:BETTER
Code:8421299090
. Product Description
Product Description

MBR

t Description

Membrane Bioreactor (MBR) is a kind of advanced technolo-
gy developed sin
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cethe end of 20™ century which realized the efficient combinatio
n of membrane separation technology with biological technology
the membrane separation technology

replaces the traditional active sludge method and the normal fil-
ter unit, its  strong separation ability can make the SS turbidiS
ty near to be zero. Hydraulic retention time (HRT) sludge age (S

RT) is completely separated, the outlet water is good and stabl
e in quality, it can be reused without the third level treatment. Du
e to the high security and economic and effective water, it greatly
expands the scope of application of waste water recycling.

| Technological Process:

Sewage — Grille — Regulating pond — MBR Bio-

reactor — Discharge ( reuse)
l1. Temperature: 5° C~45°C, aver-

age membrane aperture 0.10 pm.

2. PH: 2~12, membrane thickness: 40um.

3. Outlet water turbidity : <1 NTU , outlet water SS < 1mg/L.

4. Membrane area: 8m?, advised gas-water ratio: 25:1~30:1.

5. Operating pressure: -0.01 ~ -0.03Mpa

1. Pendashteh A.R., Fakhru’l-Razi A., Madaeni S.S., Abdul-

lah L.C., Abidin Z.Z., Biak D.R.A. Membrane foulants charac-

terization in a membrane bioreactor (MBR) treating hypersaline

oily wastewater. Chem. Eng. J. 2011;168:140-150. doi: 10.1016/j.

cej.2010.12.053. - DOI

Membrane standard specifications table taken from the website

info(@sigmadafclarifiers.com

+34 972 22 34 81Request for quotation-Customer accessen

Table(1) Information technical

2023 pliy- 1444 831l saloa -Jgdll aazll - axdplaill ilulyall 4oLl dlao m




Arafa Kamal aldeen Mohamed Ibrahim-Dr.Mohamed Ahmed Adam Khadam

Hab/equi. Capacidad ~ Membrana N°médulos  Potencia Dimensiones
(m’/dia) (m) (kwh) )
SMBR40-1 Hasta 130 20 40 1 10 X 23%23
SMBR60-1 Hasta 200 30 60 1 12 KL aND3
SMBR40-2 Hasta 260 40 80 2 14 9x23x23
SMBR60-2 Hasta 400 60 120 2 16 2323
SMBR80-2 (* Hasta 550 80 160 2 20 11x23x2.3
SMBR100-2()  Hasta 700 100 200 2 30 11x23x2.3
Ratios disefio: 20 lts/m/h (*) No incluyen homogeneizador
150 Itsthab
5/Fetures

1. Because of the high-efficiency solid-liquid separation, it can ef-
ficiently remove the SS, colloidal material and dead mi-
crobe in the

sewage, no need sedimentation tank, or fil-
ter device, nor other solid-liquid separation device.
2. The MBR can make the biomass in biolog-
ical treatment unit maintain high concentra-
tion, thus highly improve the volume loading.
Meanwhile, the high efficient membrane separa-
tion can shorten the HRT. The device 1s with a com-
pact structure and small space occupation.
3. MBR can filter out bacteria, part of the harm-
ful material such as virus, it can obviously save dos-
ing disinfection dosage, greatly improve the
quality of the output water and reduce the operat-
ing cost and widen the scope of application of water.
4, Due to the strong interception func-
tion of MBR, it can keep the microbe in the reac-
tor to avoid the loss of all kinds of microbe groups, which is g-
ood for the growth of the bacteria (such as the nitrifying bacte-
ria), at the same time, it can lengthen the residence time of diffi-
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cult

degradablemacromolecule organics to improve the decompo-
sition so as to make  the metabolic system process smoothly. T
he system has a strong impact resistance and wide suitability.
5. It can realize the completely separa-
tion of HRT and SRT. By the extended aeration, it can con-
sume the organics, it can theoretically achieve
the effect of no excess sludge emissions, thus re-
duce the surplus sludge treatmentcosts significantly.
6.The unique mode of operation makes the mem-
brane surface no blocking, and the cleaning inter-
val time is long. The way to clean the membrane is
eay, since the membrane module can be separate-
ly cleaned, thus, the maintenance is convenience and simple.
7. The module design make the machine flex-
ible, it 1s easy to expand the volume.

B &Sucking pump

1M Grille Py
= — e
BHAR a_ll?glu%\}
EWAZE e 2] AR
Al MWF CFEHH.TgE!
R g .
— s
1 bR
: — : Water tank
= e BEDEES
Bezulating tank i )
Anaeroh:fc tank i
Reﬁlﬁ%ump

FIGURE(2) MBR sewage water treatment machine
operation cost. Previous: Dissolved Air Floatation Machine
(DAF)Next: Packaged Sewage Treatment PlantTop of Form
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Bottom of Form
Top of Form
Bottom of Form
Top of Form
Bottom of Form
Sd BetterSd BetterSd BetterShare Links
BetteAddr ess: Guanh ai road #1137,

Zhu cheng city , Shandong province, China
Post Code: 26 2200
“ Tel: (+00 86) 0536-6085153
Fax: (+00 86) 0536-6073577
Mobile: + 00 86) 13356363253

= E-mail:sales@better-ept.comQuBottom of Form

Copyright © 2014 Shandong Better Environmental Protection
Technology Co., Ltd All rights reserved. Site Map top
6/MBR is a kind of new technology for waste wa-
ter treatment by combining membrane separa-
tion technique with activated sludge method. It can
be used for municipal sewage and industrial waste wa-
ter treatment and substitute for secondary sedi-
mentation tank in removing suspended particles,
so as to increase nitrogen remov-
al rate and organics degradation rate.
As a waste water treatment system features sim-
ple operation, high automation and mod-
ular design, it also has below advantages:
% Save 50% occupying area compared with traditional system.
% Relative high MLSS value ( < 15g/
Land long residuetime for sludge(< 60days).
% Stable producing water quality for different inlet water.
% Less sludge residue reduces cost for sludge treatment.
% Low energy consumption, simple cleaning and low operation
( Shandong Better Environmental Protection Technology Co.,
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Ltd

Address: Guanhai road #1137, Zhucheng city, Shandong
province, China

Zip: 262200

Tel: (+00 86) 0536-6085153
Email:_sales@better-ept.com

Mobile: +00 86 13356363253 (Christine)

3/results of the research paper
Al-Shahdeen and Osama bin Zaid station was designed with
a maximum number of 4,000 students, with a water treatment
capacity of 500 m3/day, and bio-oxygen consumed before
treatment 500 mg/liter and after treatment (5-10) mg/liter and
bio-oxygen consumed before treatment 1000 mg/liter after
treatment.(50-80), total solids (1-9) mg/L and pH (5.5-7.5)a bi-
ological treatment system with active sludge (advanced biofilm
treatment (membrane strips)).

1/This include the previous monitoring of waste water qual-

ity during 2013m

1/ BODS consumed before treatment( 450)mg/l and after treat-

ment (5)mg/l , and COD consumed before treatment (800)mg/1

after treatment (50)mg/l, total solids(1)mg/l, and PH(5.5).

2/ the treatment efficiency of the plant is (98%).

2/this is the data obtained during the study period of the

research in 2019m

1/ BODS consumed before treatment (500)mg/I and after treat-

ment (155)mg/1 , and COD consumed before treatment (1000)

mg/l ,after treatment (350)mg/l, total solid (10)mg/l, and PH

(8.5).

the treatment efficiency of the plant is (69%).

3/Operation building The parts of the operating station building

aredivided according to the treatment stages as follows:

1/ Pretreatment of wastewater (physical treatment), including:

1/ Lifting Station
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(1)- (2) ;
2/6/11/2019 (& Jbw dadls Adasdd xaeaaill (pn pa (10 33 5Al(]) 3 soall
£2022/10/19 8 (a sall il 33 32l (2) 3 sall sPhoto (1) taken from
the collection basin of Sennar University station on 11/6/2019 AD
and photo (2) taken for the same basin on 10/19/2022 AD

FIGURE (3) Primary Settling( lift tank and pump)after and
before station stops

It is a square tank with dimensions (3.4 x 3.4 x 4) m equipped with
an electric drum to operate submersible pumps, connected with
a control room to operate the electricity of the station.the station
has completely stopped working, and all departments have been
removed from the various faculties of the university.

1-2/ Screen’s

1-3/ Sand and gravel stone basins

1-4 / Oil and fat storage tanks

2/ Primary treatment

2-1/ Primary sedimentation (Buffer tank )

2-2/ Anoxic tank

2)(10
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Photo (1) taken from the Sennar University station for the mixing

basin 2019 AD Photo (2) taken for the same basin 19/10/2022 AD
after the station stopped

FIGURE4) Oxygen Uptake ( Aeration tank of activated sludge
sewage treatment plant)(after and before station stops)

It is a rectangular tanks of dimensions (4.55 x 9.8 m), a depth of 4
m, with a network of perforated square-shaped plastic pipes con-
nected to the pipelines of the oxygen line generated by air pumping
motors.Failure of submersible pumps that raise sewage water in-
side the tank, Sedimentation of an amount of agglomerated sludge
at the bottom of the tank , Water arrives from the lifting station
with an external connector cartridge that tilts all parts of the station
to reduce the amount of excess flow from the lifting station.

3/ Secondary treatment (biological)

3-1/ Aeration tank

MBRANE PROCESSES FOR WASTEWATER TREAT-
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(D). 2)
daals ddana (40 22022/19/10 3353k 45 530 (g (1) B sal)
J—s s 42019 835-3ka (2) b s—ally dtonal) CiBgi day Ui
dtas )
Photo (1) of the ventilation basin taken on 19/10/2022
AD from the Sennar University station after the station
stopped, and Photo (2) taken on 2019 AD during the sta-
tion's operation

FIGURE(5)Aeration tanksDisable the waste water
pumps that lift to the ducts and pumps( after and before
station stops)

It is a rectangular tank of dimensions (4.55 x 9.8 m), a depth of 4
m, with a network of perforated square-shaped plastic pipes con-
nected to the pipelines of the oxygen line generated by air pump-
ing motors.

Blockage of the perforated pipe network with sludge that trans-
fers air to the

parts of the tank as a result of the increase in sludge in the tank
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and the inability to drain it due to the breakage of the conveyor
line.2 Khopkar, S.M. (2004). Environmental Pollution Monitoring
And Control. New Delhi: New Age International. p. 299. ISBN 978-
81-224-1507-0

3-2/ The treated membrane tank (filtration) advanced treatment

324 J\.\.&na_z..a\;a_la;.a‘\_\d_naﬂ‘_rﬁ\ u)_.an 31_}.42\;11;.‘3 u_)).m.d\ u\JA
22013 3 sall

Membrane tank for wastewater treatment in which the Sennar Uni-
versity station operates, photo taken in 2013

FIGURE(6) membrane Aeration tank of activated sludge sew-
age treatment plant

Algae growth in membranes biofilms , The presence of a quantity
of water inside covered by the sewage , Blockage of pipes carrying
water from the ventilation basin to the membranes

3-3/ Chlorine disinfection tank Chemical treatment

3-4/ irrigation tank

3-5/ Discharged sludge tank
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4/ control room

5/ Oxygen generating room
6/ Electricity generator room
7/ room for station wors

0 cl
Grit chamber

T

Screening

Grit Effluent

Bar Screen primary clarifier secondary clonfler
Influent
_B P Aeration tank chlarin|
| — —B Tank
6

\ Belt p
press [~

Dewateingr Sludge

Anoerobic Digester

Wastewater Plant Included physical And Biological Processes

FIGURE(7) secondary treatment plan (wastewater plant in-
cluded physical and

biological processes » Tchobanoglous, George, Burton, Frank-
lin L.; Stensel, H. David; Metcalf & Eddy, Inc. (2003). Waste-
water Engineering: Treatment and Reuse (4th ed.). McGraw-
Hill. ISBN 978-0-07-112250-4
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/questionnaire4

sl Al S el dl) | ilaal) Jodatl) meli i) Jdal
i s auall i yal) A haalAnalysis of the questionnaire
using the statistical analysis program for the residents of the
neighborhood adjacent to the sewage station. Sennar Univer-

sity

A Table (1-4) showing the population harm from the presence of
the station

1/ Does the presence of a sewage plant near your residence affect
your health in terms of odor

(;umula- Valid Per- Fre-
tive Per- cent Percent quency
cent
50.6 50.6 50.0 40| sakmdlgl Valid
65.8 15.2 15.0 12 T8
74.7 8.9 8.8 7| sadasdl 51y
82.3 7.6 7.5 6 Ulaa
100.0 17.7 17.5 14 o8 51y
100.0 98.8 79 Total
13 1 System Mi.s S-
ing
100.0 80 Total
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Figure (1-4)
Percentage of population damage from the smell of the station
The above table and chart demonstrates the participants
point of view who takes part in the questionnaire about the Item
“do you suffer from the unpleasant odor that comes from the sew-
age station nearby “: 50.0% say strongly agree, 15% say agree, 8.8
say strongly disagree, 7.5 % say neutral and say 17.5% disagree.
Table (4-2) shows the benefit from the station for residents of the
surrounding area
Do you agree if there is an opportunity to connect the bathrooms
of your home or interest to the station?

Cumula-
tive Per-| Valid Per- Fre-
cent cent| Percent quency
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28.2 28.2 27.5 22| sadasdlsl  Valid
59.0 30.8 30.0 24 @)
76.9 17.9 17.5 14] sadgsl 51
85.9 9.0 8.8 7 e
98.7 12.8 12.5 10 Gl sl

100.0 97.5 78 Total

2.5 2| System| Missing
100.0 80 Total
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Figure (2-4) Percentage of individuals wishing to have their bath-
rooms connected to the station

The above table and chart demonstrates the participants’ point of
view who takes part in the questionnaire about the Item “if you get
chance to connect your bath and toilet to the sewage station pipes
do you agree?”17.5% say strongly agree, 30.0% say agree, 8.8%

2023 pliy- 1444 831l saloa -Jgdll aazll - axdplaill ilulyall 4oLl dlao m




Arafa Kamal aldeen Mohamed Ibrahim-Dr.Mohamed Ahmed Adam Khadam

say strongly disagree, 8.8% say neutral and say 12.5% disagree.
Table (2-4) shows the number of individuals who wish to use or-
ganic fertilizers

If there is a processed organic fertilizer provided by the sewage
station, would you agree to use it for your garden trees?

Cumula-
tive Per-| Valid Per- Fre-
cent cent| Percent quency
16.7 16.7 16.3 13 saksdlsl - Valid
57.7 41.0 40.0 32 @il
71.8 14.1 13.8 11 sadadl 5y
79.5 7.7 7.5 6 Al
100.0 20.5 20.0 16 G851y
100.0 97.5 78 Total
25 5 System Mi-ss-
Iing
100.0 80 Total |

131 iy oI uald E a9 a8 IR Cignie ards Iduauad 1duar s od Ciglid £ dome Mas It

40

30

Frequency
3
1

10

0 T T T T T
[y [ O sl s ol I sl
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Figure - (3-4) Percentage of individuals who agree to use organic
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The above table and chart demonstrates the participants’ point of
view who takes part in the questionnaire about the Item “if you get
chance to connect your bath and toilet to the sewage station pipes
do you agree? “16.3% say strongly agree, 40.0% say agree, 13.8%
say strongly disagree, 7.5% say neutral and say 20.0% disagree.

Table (2-4) shows the number of individuals who wish to irrigate

trees with sewage water

If there is a garden in front of your house, do we agree to see its
Lord from the station?

Cumula- Valid Per- Fre-
tive Per- cent Percent quency
cent
19.0 19.0 18.8 15 saduadl o) Valid
57.0 38.0 37.5 30 G
68.4 11.4 11.3 9 Baiad) oY
73.4 5.1 5.0 4 STENS
100.0 26.6 26.3 21 G851y
100.0 08.8 79 Total
13 1 System Mi.ss-
ing
100.0 80 Total

Figure (3-4) Percentage of individuals agreeing to irrigate trees
from the treated water
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Figure (3-4) Percentage of individuals agreeing to irrigate trees
from the treated water

The above table and chart demonstrates the participants’
point of view who takes part in the questionnaire about the Item
if there is a garden in front of your house do you agree to be wa-
tered from the sewage station?”’18.8% say strongly agree, 37.5%
say agree, 11.3% say strongly disagree, 5.0% say neutral and say
26.3% disagree.

4/ RESULTS AND DISCUSSION

3.0.1 /National students welfare fund station with a
wastewater treatment capacity 500m3/day.

1/Data Collection

4.1.2/This include the previous monitoring of waste water
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quality during 2013m

1/ BODS5 consumed before treatment( 450)mg/l and after treat-
ment (5)mg/l , and COD consumed before treatment (800)mg/1
after treatment (50)mg/l, total solids(1)mg/l, and PH(5.5).

2/ the treatment efficiency of the plant is (98%).

3.02 /this is the data obtained during the study peri-

od of the research in 2019m

1/ BODS consumed before treatment (500)mg/1 and after treat-
ment (155)mg/1 , and COD consumed before treatment (1000)
mg/l ,after treatment (350)mg/l, total solid (10)mg/l, and PH
(8.5).

2/ the treatment efficiency of the plant is (69%).

Table (4.1) date comparison of waste water quality during
(2013-2019)m.

parameter [ UNIT | In/2013m | Out/2013m | In/2019m | Out/2019m
BOD5 mg/l 450 5 500 155
COD mg/l 800 50 1000 350
T.SS mg/l - 1 - 10
PH - 5.5 - 8.5

BOD5=Biological Oxygen Demand, COD = Chemical oxygen
demand T.SS = Total Suspended Solids ,PH = Hydrogen ion
concentration

% the treatment efficiency of the plant is (98%). Of
the station during 2013m and BODS = 5mg/l is suitable for
migration  pups.

% the treatment efficiency of the plant is (69%),0f the station
before it stops and BODS the effluent was 155mg/l which is of out
and the range for imagining green areas.

2/questionnaire

< There are foul odors coming out of the station, which
transmitted to the residents of the area and are affected by asthma
and allergy sufferers.

< IF there is an opportunity to connect the neighborhoods
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bathrooms to sewage station, they don’t mind.

< Some people are using organic compost from plants, trees,
and home gardens

5/ Conclusion

5.1.1/ The original plant capacity was 500m3/d .The plant was
over loaded due to the expansion of hostel (up to 750m3/d) .
5.1.2 / The quality of the effluent for irrigation during the start of
operation of the plant was (BODS5) = (5)mg/I and later after over
loading was (BODS) = (155)mg/1

5.1.3 /The units of the plant that need rehabilitation :- lifting pump
, membrane , sludge spare parts should be made available in or-
der to have sustainable operation of the plant.

5.1.5 / No skill technicians or engineering are available for opera-
tion and maintenance of the plant in operated and maintained by
causal laborers .

5.1.6 / The questionnaire questions reveal that some adverse ef-
fect on the environment of the residents surrounding the treat-
ment plant. But odors, insets are some of the adverse effect
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Sennar University operational plan
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Abstract:

Resistance methods were used as an aid to sitting water
supply boreholes, and geoelectrical methods were applied to draw the
cross sections of resistivity underground in the Abyei Region and around
it. At Baggara Basin, the target of the study is to use the resistivity data
and interpret geoelectrical soundings to study the aquifer conditions for
hydrogeological purposes. So, in order to determine the thickness of
the geologic layers and the distinction between soft-rock sandy aquifers
and clayey material by electrical sounding measurement, the study
area is covered by measurements of about 68 points of vertical electric
sounding (VES). The locations of all VES points have been fixed by
GPS. All measurements were taken with the SAS-1000 terrameter from
ABEM (Sweden). The soundings were performed using the symmetrical
Schlumberger electrode arrangements with a maximum half-separation of
AB/2 =900 —1000 m. This is generally adequate for a penetration depth
of more than 300 m in the study area. The quantitative interpretation of
the VES curves is performed using a computer program (IPI2 WIN). In
this study, a model for each field curve is proposed based on the type
of curve and its resistivity variation. Interpretation of these soundings
indicates that the thickness of the sediments in the area ranges from a
few meters in the north, northeast, and southwest to 400 m, in which the
drilled boreholes (e.g., Gulei and Dayer wells) are located. Furthermore,
zones with high yield potential have been determined in this research
based on the resistivity data. The formation factor ranges from 1 to 6,
with an average of 3 being used to classify the three facies. (from fine to
medium to coarse).

Keywords: vertical electrical sounding; geoelectric section; description
of the thickness of the geologic layers and the excellence between soft-
rock sandy aquifers and clayey material.
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Introduction:

Geo-electrical methods are applied to map the resistivity
structure of the underground and hydrogeological systems because
they enable, for example, distinguishing between fresh and
saltwater based on the electrical resistivity of rock and fluid content.
The resistivity of coarse-grained, well-consolidated sandstone
saturated with fresh water is higher than that of unconsolidated silt
of the same porosity saturated with the same water. (1). Through

2023 pliy- 1444 831l saloa -Jgdll aazll - axdplaill ilulyall 4oLl dlao m




Mohamed Babo Elawad Hassaballa-Dr.Adam Khalifa Mohammed -Dr.Mohamed Adam ginay

the Vertical Sounding Curve, all VES curves are found to depict
somewhat deep and multi-layered earth, with typically dropping
types for the intermediate strata. To indicate rising resistivity
values, most curves have a propensity to climb near the end of
the maximum separation. The average resistivity of the region is
low (5-50 m). The most prevalent varieties are QHA and KQQ
2(). since all curves indicate the existence of thick sediments,
no basement trends are expected. It is known how the presence
of groundwater affects the resistivity of the water-bearing strata.
But in this study, locating resistivity zones that are connected to
the existence of high-quality groundwater is the main goal of the
sounding technique.

Materials and methods:

Site description and geology:

The study areas are located in West Kordofan State and at sites
in East Darfur State and the Republic of South Sudan. between
latitudes 9° 00 and 12° 00 N and longitudes 23° 00 and 30° 00 E.
The study area and the surrounding districts have recently gained
political and economic importance as they include reasonable
hydrocarbon discoveries and potential. In addition to the livestock
wealth and agricultural as well as forestry potential, many unpaved
roads can be followed to different towns and villages in the area.
And the annual rainfall ranges between 300 and 700 mm per year
on average (3). The area is characterized by a savanna climate
ranging from poor in the north to rich in the southern parts. The
land in the study area is rich and fertile. General geology and
hydrogeology setting: Generally, the topography of the area is
flat, with topographic elevations ranging from more than 450 m
(A.M.S.L.) in the north to about 430 to 380 m southward. The slope
of the area trends south. The geological units are the superficial
deposits and Umm Ruwaba formation, the Nubian sandstone, and
the basement complex (4).
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Figure (1) Location Map of the Study area.

Materials and Methods:

The idea of equivalence, which implies that a measured
sounding curve is related to multiple physically equivalent models
that may differ greatly, is fundamental to the modeling and
understanding of vertical electric sounding curves. According to
its interpretation, there is relatively high resistivity, recent sand,
clay, and clayey sands on top of a layer of relatively low resistivity,
superficial dryness, and recent sand in the area.

Geoelectrical resistivity surveys:

For examining the groundwater in the area, geoelectrical
resistivity techniques are a popular and effective geophysical
exploration method. The research region is measured at around
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24 vertical electric sounding locations (VES). To the north,
south, and center of the area being researched, three profiles
were constructed (Fig. 2). C C, AA, and B B These diverse
cross-sections provide crucial information on the thickness of
distinct aquifers. All available geological information, including
lithological log descriptions of the boreholes, was used to generate
these geoelectrical sections. The resistivity values serve as the
foundation for the geological explanation. Curve-type analysis,
statistical evaluation of the resistivity values of certain geological
formations, and reconnaissance-style observations can all have
an impact. The resistivities and thicknesses of the strata, as well
as the sounding curves of the profiles, were determined from the
interpretation of the geoelectrical section data in the research
region (Fig. 2).

s A o

Figure (2): A geological map and profiles of the geoelectrical
sections.
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Source: Water resources Assessment and Development
project in Sudan (WADS).April 1989.

Interpretation of vertical electrical sounding (VES):

A computer program, such as the IPI2WIN version software, is
used to do the quantitative interpretation of the VES curves. In this
work, amodel is put forth for each field curve depending on the type
of curve and the resistivity fluctuation of the curve. A theoretical
curve is created by the program on iteration computers based on an
input model, and it is adjusted repeatedly until it closely resembles
the field curve. The possibility of thin blind zones and the common
occurrence of equivalence and anisotropy in multi-layered soils
serve as general limitations on the quantitative interpretation
approach.(5) This refers to the fact that, unless proper control or
calibration using borehole information is applied, different models
can be explained by the same curve. The identified hydrogeological
units, such as the Um Ruwaba formation and superficial deposits
that are covered by the investigated region, are taken into
consideration when classifying the vertical electrical sounding
(VES) readings (6). The variations in resistivity are attributed to
the formation. The results of the geoelectrical section in the study
area were interpreted depending on the values of resistivities and
thicknesses of layers and the sounding curves of the profiles (Fig.
2) (7). Are presented as follows:

[.Geoelectric section along profile AA™:

The geoelectric section passes along three boreholes and
includes VES numbers 39, 38, 86, 5, 78, 80, and 71 from the
Shagadi in the southwest to Debbab Sharq town in the northeast
direction of the investigated area. This section is constructed from
different formations. The upper part of the section shows two
layers consisting of superficial deposits and sandy clay, which are
present between the points of VES 38-86 and Nibeig Borehole.
The other part of the section with various resistivity values ranges
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from 5 to 20 ohms, while the thickness of these deposits ranges
from 25 to 125 m, respectively. The lower part of the top layer
shows sand, medium to fine, which has a resistivity ranging from
15 to 30 ohm.m. The thickness of this layer is about 225 m. It was
found that the last layer is sandy clay with a medium resistance of
about 13 ohms, up to a depth of 325 meters, as in the Nibeig well.

I1. Geoelectric section along profile B-B":

The two-type layer section was carried out between the Siheib
borehole and Mashaga village, which is limited between points 33,
37,35, and 42 and four boreholes. The first zone layers mixed with
the superficial deposits composed of clay, sandy clay, and medium
sand. The resistance of these layers ranges from 5 to 10 ohm.m,
and the thickness reaches about 140 m.

IIT Geoelectric section along profile C-C’:

The geoelectric section extended between seven points of
the VES (85, 47, 61, 86, 5, 78, and 80) and the Um Khair, Sitaib
borehole between Dahlob southwest and Sitaib northeast. The first
layer is mixed with the superficial deposits composed of sand and
clay with sand lenses. The resistivity of this layer ranges from 13
to 20 ohm.m. The thickness of the deposit is increasing from the
northwest to the center and exceeds three hundred seventy-five
meters in the Magbool borehole.
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Logging of Geophysical Wells:

These measurements are made by lowering different types
of probes into a borehole and electrically transmitting data in the
form of either analog or digital signals to the surface, where they
are recorded as a function of depth or distance along the borehole.
The measurements are related to the physical and chemical
properties of the rocks surrounding the borehole, the properties of
the fluid saturating the pore spaces in the formation, the properties
of the fluid in the borehole, the construction of the well, or some
combination of these factors.(8).
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Electrical Logging Interpretation:

The interpretation is based on empirical formulae that
connect a porous formation’s real resistivity to its lithological
characteristics, the interstitial water’s resistivity, and the amounts
of water in the pores (9). Lithological determination is frequently
performed by computer programs. To establish the following
correlations between the various stratigraphic units in this region:

I, Siheib:

The static water level is measured at a depth of 44 m (Fig
3). According to electrical logs, the borehole is divided into three
zones: the upper and second zones are made up of sand and a
little clay and gravel, and the lower zones are made up of clay.
Monitoring with gamma rays is used to measure the location of
rock formations where clay minerals are formed, as clay minerals
have great capabilities in the field of positive ion exchange, leading
to a rise in their values that exceed 50. At the positive potential,
there is an increase in the resistivity that exceeds 30 ohm.m. The
second zone is made up of a sand layer mixed with a few clayey
layers. These layers are separated by two aquifers (the upper and
second), and the lower zone that is composed of clay indicates the
dry zone.

I1. Kala;:

At this site, the results of electrical logs are divided into three
zones. The upper zones are characterized by sand, and the second
zone is made up of sandy clay. The resistivity of the formations
in this zone shows an increase that reaches 25 ohms. The lower
zone 1s covered by sticky clay, which reduces resistance values
to 5 ohm.m. The static water level is measured at a depth of 44 m
(Fig 4).

[I1.Radyia Majak:

In this borehole, a few clayey grains of sand and gravelly
sands are presented in the lithological log. Sand is dominated
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by facies observed at different levels and separated by a clayey-
gravelly sand layer. The static water level is recorded at 77 m
(Fig 4). Depending on the electrical logs of the borehole and the
resistivity of these zones, it is about 20 to 25 ohm.m. According
to the interpretation of lithology and electrical logs, the third zone
can be delineated as an aquifer.

IV. Um Khair:

The lithological log in this borehole shows that sand and a
few lenses of clay are present. The measured static water level is
48m (Fig 4). The formations in this zone exhibit an increase in
resistivity that approaches 50 ohm.m. By using reference lithology
and electrical logs, the last section, which extends from the well’s
end to a depth of 575 feet, is regarded as the major reservoir.

V.Magbool:

The static water level is measured at a depth of 44 m (Fig
4). At this site, the results of electrical logs are divided into three
zones. The upper zones are characterized by sand, and the second
zone is made up of sandy clay. The resistivity of the formations in
this zone shows an average that reaches 15 ohm.m. The lower zone
is covered by sticky clay, which shows a decrease in the resistivity
values of 5 ohm.m.

VI1.Debab Sharg:

At these sites, different horizons, little sand, and sticky clay
are observed in the electrical logs. The logs reflect alternative
and intercalated sand and clay layers in the different zones. This
borehole is penetrated by three superficial deposit formations: the
Um Ruwaba formation, sticky clay, and sandstone. Digging depths
have reached 1,000 ft. These layers are characterized by a low
resistivity of about 8 ohm.m compared with the other layers in this
zone. Moreover, decreased resistivity may be attributed to saline
water. (Fig 4).
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Dedab sharags
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Figure (4) Geophysical well logging

Formation Factor Determinations by Well Logging Resistivity:

It is possible to take advantage of the aquifer resistance
obtained from the electrical well logging in order to find the
water resistance in the geological formation and then benefit from
the electrical conductivity values obtained from the laboratory
analysis. A summary of these techniques is found in “The Art of
Ancient Log Analysis,” compiled by the Society of Professional
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Well Log Analysts (1979). These values seem more suitable to
be used as they are new to the site, and the measurements show
that there may be local differences in groundwater resistance.
In this work, a number of sites in the study area were used for
electrical monitoring operations, and their electrical conductivity
was measured. For laboratory samples, electrical conductivity
measurements proved to be good. And the equation below can be

used:
Formation factor (Fa) =Aquifer Resistivity)(Logging)
.......... (1)
Water Resistivity
Water Resistivity = 10.000 (Factor)  .......... (2)

Electrical conductivity (Lab)

The process begins with the SP log, which is used to determine
the formation water resistivity (Rw), indications of lithology;
next, the gamma ray log is introduced because of its use for the
determination of porous zones. The porosity logs (acoustic and
density) and that for the determination of the formation resistivity
factor (Fa). All the above-mentioned coefficients were found in the
field and in the laboratory using the above-mentioned equation,
and the results were monitored as shown in the table below for the
aquifers in the study area, upper and lower.

Aq'ulfel'r Electrical | Water For- Lithology
Resistivi- . ma- Upper
) Conduc- | Resis- | . .
Location | ty (Q2-m) tivity(us/ | tivit tion Aquifer-
(Log- Cm)yL';b ((Q_I-‘g factor | depth(50-140
(ging ((Fa (m
Dayer .
North 46 720 13.8 3 medium
KalagiEl-| 5, 690 145 | 3.5 | medium
dood
Majak 47 457 21.88 | 2.1 medium
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Aquifer | b trical | Water | LOF Lithology
Resistivi- .| ma- Upper
) Conduc- | Resis- | . '
Location | ty (Q2-m) tivity(us/ | tivit tion Aquifer-
(Log- Cm)yLib ( (Q_r-‘; factor | depth(50-140
(ging ((Fa (m
Suhiab 76 500 20 3.8 coarse
Almag- 17 650 | 1538 | 1.1 Fine
bool
Alasker 21 594 16.8 1.7 Fine
Tafaha 40 684 14.6 2.7 medium
DETEIOR- 25 450 222 | 1.14 Fine
loya
Gulei 74 796 12.6 | 5.87 coarse
Um khair 87 541 1848 | 4.7 coarse
Abuliaza' 23 320 | 3125 1 Fine
Angoal 93 549 18.2 5 coarse
Malam 52 514 19.45 | 2.67 medium
Moglad 39 533 18.76 | 2.1 Fine
Al dibab 24 240 41.66 1 Fine
s - 60 660 | 15.15 | 3.9 | medium
mash
U.garnjak 103 400 25 4.12 coarse

In the study area, the Upper Aquiferdepth (50-140 m):
In the study area, the lower aquifer depth (152400- m):

Location Aquifer | Electrical | Water | For- Lithology
Resistiv- | Conduc- | Resis- | mation Lower Aquifer-
ity (QQ-m) | tivity(us/ | tivity | factor depth(152-400

(Log- | cm)Lab | (Q-m | ((Fa (m
(ging
Dayer North 20 720 13.8 1.4 Fine
KalagiEldood 38 690 14.5 2.6 medium
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Majak 35 457 21.88 | 1.59 Fine
Suhiab 44 500 20 22 medium
Almagbool 21 650 15.38 1.5 Fine
Alasker 18 594 16.8 1.1 Fine
Tafaha 45 684 14.6 3 medium
Dambaloya 31 450 222 1.4 Fine
Gulei 67 796 12.6 53 coarse
Um khair 05 541 18.48 54 coarse
Abugazala 24 320 31.25 1 Fine
Angoal 63 549 18.2 3.46 coarse
Malam 55 514 19.45 29 medium
Talatat 24 520 19.23 1.2 Fine
Moglad 51 533 18.76 2.7 medium
Al dibab 25 240 41.66 1 Fine
U. gomash 65 660 15.15 3.7 medium
U.garnjak 55 400 25 2.1 medium
Upper Aquifer- Lithology Descrip-|  Formation factor
(depth(50-140 m tion ((Fa
Fine -1.51
Medium -3.52
Course -6 4
Lower Aquifer- Lithology Descrip-|  Formation factor
depth(152-400 tion ((Fa
(m
Fine -1.51
Medium -3.52
Course -6 5

The Relationship between Water Resistivity and Quality:

In situ water-quality measurements concerning various
ions and dissolved solids concentrations have been closely
approximated using open-hole borehole geophysical logs. Analyses
have revealed a strong relationship between water resistivity (as
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determined by logs) and dominant ion concentrations in granular
formations sampled from a wide range of water quality. It was
found that water resistivity was accurately determined by cross-
plotting saturated formation resistivity (Ro), obtained from normal
or lateral resistivity logs, against formation bulk porosity from
neutron, density, or acoustic velocity logs (10). It was found that
the resistivity of water is directly determined by the concentration
of dissolved salts that are found in the water (11). If there is an
ample amount of dissolved salts in the water, the water will have
low resistivity. The opposite is also true. But there usually exists a
strong correlation between water resistivity and ion concentration
for the major ions present within a particular mass type (calcium
carbonate, sodium chloride, etc.). Considering these investigations
of formation factors and calculations of water resistivity in the
study area.

Conclusion:

Through the geo-electrical models, the above ranges of
resistivity are used to construct geo-electrical sections for each
site. However, the main features in the study area of the interpreted
models can be summarized as follows:

- The bulk of the sedimentary section is composed of low-
resistivity sediments, generally clays or sands saturated with
brackish water. The thickness of these sediments amounts to more
than 200 meters.

- Medium resistivity horizons at upper levels are generally
attributed to saturated coarse sands. These sandy bodies may be
from upper perched aquifers which are generally discontinuous.

- Most of the VES curves and well logging charts indicate a
relative rise in resistivity at a depth generally greater than 200 m.
This is demonstrated clearly by several curves that represent the
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top of a higher resistivity zone generally formed of sands saturated
with freshwater. This resembles the target zone for this study.

v Based on all the findings made in the interpretation
of the VES data and well logging and lithology, the thickness and
values of resistivity of the aquifers indicate the medium potential
for groundwater. Conclusively, the study area has a high potential
for groundwater development.

Recommendations:

To improve the lifestyle in the study area, the main
recommendation is to avoid water of low quality and not enough
quantity. There are some recommendations for future groundwater
studies for the study area.

1. From geophysical studies and borehole data, the study

area is suitable for deep groundwater drilling.

2. Construct an effective network of observation wells to
conduct proper pumping tests and hence estimate reliable
aquifer parameters.

3. Water harvesting through the construction of dams and
hafirs in main wadis, e.g. (Regaba ez Zaraga-Gulei area-
Wadi Alghala) the area and the establishment of a pipeline
network in the area adjacent to the surface water resource.

4. The geophysical logging should be carried out in the
boreholes to demarcate the saturated layers and their water
quality.

5. To obtain more accurate and reliable results, computer
technology and the latest software for groundwater
research are recommended.

6. Detail hydro geological studies should be conducted
(especially in the southern part of the study area) to
estimate the water budget and to design a proper water
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management system in the study area, Therefore, we
recommend making modelling the amount of pumping
increases, and this depends on the urban and industrial
development because the study area depends on direct
pumping from the aquifer.

7. The economic activity can be changed from a mobile
pastoral system to a stable agricultural system by replacing
crops with high water needs with others that use less
water for irrigation due to the availability of surface and
groundwater resources in the area.
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Abstract
We present and follow the method of Optimal Orlicz
domains in Sobolev embeddings into Marcinkiewicz spaces

[20] for determining whether there exists a largest Orlicz L* ()
LA(Q) satisfying the Sobolev embedding W™LA()) < Y (Q)
WmLA(Q) < V()

whereY ()Y (1) stands for an arbitrary so-called

Marcinkiewicz endpoint space. The tool developed enables us
to investigate the optimality of Orlicz domain spaces in Sobolev

embeddings and also in Sobolev trace embeddings on domains ()
Qin RZ*9RE+) with various regularity.
Keywords: Optimal Orlicz domains , Sobolev embedding ,

Orlicz space , Marcinkiewicz
Spaces
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1. Introduction and main results

For a given Banach function space Y ()Y (), we study the
question whether there exists an optimal(i.e. largest) Orlicz

space L4(Q)LA(Q) satisfying the embedding W™LA()) < Y (Q),
WmLA(Q) < Y(Q), where Q0 stands for a bounded domain in
Re* e > —2R?*9 e > —2and W™LAQW™LA(Q) s
an Orlicz-Sobolev space. By optimality we mean that the space
LA(Q)LA(Y) cannot be replaced by any strictly bigger Orlicz
space, i.e., every embedding of an Orlicz-Sobolev space to Y ({1)
Y(Q) factorizes through the space W™LA(Q)W™LA(().

In general setting of rearrangement-invariant (r.1.) Banach function
spaces, such questions were investigated using the method of
reducing the Sobolev embeddings to the boundedness of an

appropriate modification of the weighted Hardy operator.In the
setting of r.i. spaces, the optimal domain and the optimal target
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spaces are then explicitly described ( see [10,11,16,17]).
However, for certain specific applications such as to the solution
of partial differential equastions, it is often useful to investigate
the optimality of spaces in Sobolev-type embeddings restricted to
the context of Orlicz spaces. This creates a difficult and important
problem that has been studied by several authors( see e.g. [3-
6,8,10,12,13]). In particular, the situation is significantly different
than in the broader sense of r.i. spaces.

Consider, for instance, the well-known classical Sobolev
embedding

WiLe(Q) & LA (Q W (Q) & LT+ (),
where D<e<2e0 <e<2¢ (l+e) = (—252:3”1)

(1+¢€) = (@)and Q0 has a Lipschitz boundary.Both

the spaces L**<(Q)L**=(() and L9 (L9 (Q) that appear
in this embedding are clearly optimal in the context of Lebesgue
spaces, the former as the domain and the latter as the range.
It turns out that they are optimal even in the broader context of
Orlicz spaces, but that is a deeper observation and more difficult

to prove. The optimality of the range space L2+ (QL1+9)" ()
follows from a general result of A.Cianchi [3].On the other hand,

the optimality of the domain space L1*<(Q)L1*€(()) has not been
known so far and will follow from our more general statement
below (Example 5.2)).

In the limiting case when € = Oe = 0, the situation is different

and more interesting, First, if we fix the domain space L**<(()),

1+E

L?*=(()), then there is no optimal range Lebesgue space L« ({1)

1+E 1+E

L« (Q)) that would render the embedding WLt *2€(Q) & L« (),
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1+€
WILtt2e(Q) & L« (), true, because it holds for every € < oo,
€ < o0, but not for € = oo.e = oo, This discrepancy was remedied
in the 1960s by a clever use of special Orlicz spaces of an
exponential type. In particular, by now classic results of N.S.
Trudinger,S.I.Pokhozhaev, and V.I.Yudovich (see[25,27]), one has

W1L1+z.«_=(ﬁ] S exp L[1+EE}" (ﬂ)JW1L1+EE(ﬂ] S exp L(1+EE};(ﬁ]J

1+2¢ 1+2¢

where (1 + 2¢)' = - (14+2¢e) = — Now, both the domain

space L1*2€(Q)L1*2€(Q) and the range space exp L1+29'(Q)

exp 12+29° () are Orlicz spaces, and therefore we may ask,
again, about their optimality. It turns out that, while the target
space is the optimal (that means smallest) Orlicz space that
renders this Sobolev embedding true (this was originally proved
by J.A.Hempel ,G.R. Morris and N.S.Trudinger in [13]and it also
follows from a general result of A.Cianchi [3], the domain space is
not.Rather surprisingly, it can even be shown that such an optimal
Orlicz domain space does not exist at all. More precisely, given an

Orlicz space LA(Q)LA(Q) such that WIA(Q) & exp L2+29 ()
WIIA(Q) < exp LY +2¢)' (), there always exists another Orlicz
space LB(Q),L5(Q), strictly bigger than L4(Q)L4()) such that

W1LB(Q) o exp L1429 (Q)WLLE(Q) & exp L2+29'(Q). This
result was shown in [23].

It is clear from the examples that even the very existence of
an optimal Orlicz partner (either range or domain) is highly
nontrivial and very interesting. However, the question of existence
(and, possibly, characterization) of an optimal Orlicz domain
partner, is of interest also in a more general situation when
the given target space is not necessarily an Orlicz space. For
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14ey*
£

instance, one has the embedding W1I*5() & L( )’”E[ﬁ],

1+ey*
Wirt+e(Q) - L) 1) (see e.g[14, 19-22]) in which the
target space is a usual two-parameter Lorentz space. Moreover,

it is known that L+ 1+(Q)L1+"1+€() i5 the optimal r.i.
range space in this embedding and the space L1*€(Q)L**<(Q) is
the optimal r.i. domain space(see [11] or [10]). Therefore, L1*< ()

L**=(Q) is automatically also the optimal Orlicz space in this
embedding.

On the other hand, when we start with the space L= (€1)L= ({1) at the
position of this range space,then, again, as A.Cianchi and L.Pick
showed in [7], an optimal Orlicz space does not exist at all. This
situation resembles the above-mentioned embedding in which the

target was the space exp L™ +2¢)' () exp L1 +28)' (). Apart from
these two very particular cases the question of the existence of an
optimal Orlicz space has been open.

The general question of optimality among the Orlicz spaces has
already been studied (see [3,4,8-10,12]) however, all those papers
focus on the optimality of target spaces.In the case of range ,it
turns out the answer is always affirmative, and, furthermore, an
explicit description of the optimal Orlicz space is available.The
situation is however dramatically different when the target space is
fixed and the optimality of the domain space is in question.
Optimal Orliczdomains in Sobolev embeddings into Marcinkiewicz
spaces [20] study this question in the special case when the target
space is chosen from the class of the so-called Marcinkiewicz
endpoint spaces. This is not as restrictive as it may seem since
the most customary cases including those given by the previous
examples are covered .

An 1mportant ingredient of our approach is the use of known

n 02023 pyliy- 1444 8,31 saloa -Jgdll aasll - axdpdaill cilulyall <o jléll dlao




Various Characterizations of Optimal Orlicz domains in Sobolev embeddings into Marcinkiewicz spaces

reduction theorems (see [10, Theorems 6.1 and 6.4]) and [9,
Theoerm 1.3]. This method will enable us to circumvent working
with Sobolev spaces to consider instead the boundedness of
operator

Hllf,_fzjj-(l—ej ::J Z}}(l—e](l—f)‘fd(l—e), 0<e<l,
] 1+e

in one dimension. Here D<e<ll=se<m,

1 1 . .
D<e<l0=e<o, and € = € = E .Then, by using various

special cases of (1—¢€)(1—e)and (1+ €)(1+ e)we obtain
applications not only to Sobolev embeddings but also to the trace
Sobolev embeddings of different orders and on various domains in

RI*2€R1*2€ at once.

Now we are in a position to state our main result which gives a
complete characterization of when the optimal Orlicz domain
exists, and also its explicit description. Simply put, to a given

Marcinkiewicz endpoint space M(€)) M(l) we construct an

“optimal Orlicz candidate L% (Q) L? (1) interms ofthe fundamental
function. We exploit the fact that to a given fundamental function
there always exists a uniquely defined Orlicz space. Next, we test

whether the embedding W™LE(Q)) & M(QW™LE(Q) - M(0)

holds. If so, then we show that LB (Q))LZ (1) is the optimal Orlicz
domain.Otherwise,we can prove that an optimal Orlicz domain
does not exist at all. The general result reads as follows (see [20]).

Theorem A Let0=e<1,e=200=e<1,e=0

, €= %E = %and letM(0,1)M(0,1) be a Marcinkiewicz

endpoint  space  with a  fundamental  functiongg
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satisfying SuPocees @ (1 — ) ) (- ) F = o

SUPpee<1 @ ([1 - E)l_‘ts) (1—€)™ = oo,

Let X(0,1)X(0,1) be the Ilargest ri. space satisfying
Hi*¢:=X(0,1) - M(0,1)H}*s:= X(0,1) - M(0,1). Denote
by LE(Q)LF(Q) the Orlicz space having the same fundamental

function as the space X(0,1).X(0,1).Then the following statements
are equivalent.

(i)  There exists a largest Orlicz space L*(Q)L4(Q) satisfying
the relation H{¥5:L4(0,1) — M(0,1); H{*£:L#(0,1) — M(0,1);
iy HEELP01) » MODHEELE(0,1) > M(O,1);

iy L2010 SX(0,1L°(0,1) < X(0,1);

i) A—=€:LF(01) = I°(0,1),

(1—€),_.:L5(0,1) — LB(0,1), where

(1—e),_(1—€),_. is the operator given by
Y((A-e)f)d-e)=(1-e)" sup,. 2 2(1 - ) f (1 —e),
Y((A-e)yof;)(1—€):=(1—e)Fsup,__ aZ-a7f(1-e),

0<e<1;

(v)  there exists some e=0e=0 such that

2+ Bl1-¢) Ble®+3e+2)
J; —(—; d(l—e) s ————,
(1-e) € (Z2+e)e
J-z+r.- E[l—i}ﬂ d(l— ){: Ble® +3}E__+J-E},
+E

0 < E < ®,0<e<om, Moreover if BB satisfies the A,A,
condition, then each of the conditions(i)-(v) is equivalent to the
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following statement:

(vi) there exists some e=0e=0 such

B(24e)

-1
By (I tHe)e

that lim,____., sup

B(2+€)
Ble?+3e+2)
Note that the condition on ¢ causes no loss of generality, since

otherwise

HI*S:1*(0,1) - M(0,1).H{*5:L*(0,1) — M(0,1). The details
are discussed in Remark 3.7.

The proof of Theorem A relies on the next result of independent
interest, which provides us with a reduction theorem for Orlicz
and Marcinkiewicz spaces (see [20]).

lim,___. sup < (1+ E)__E

Theorem B Let 0=e< l,Eéiﬂi:E{i l,Eziand let
L4(0,1)L#(0,1) be an Orlicz space with a Young function A
A and M(0,1)M(0,1)be a Marcinkiewicz endpoint space with a

fundamental  function ¢ gsatisfying

SUPpwe=q @ ([2 + E)m) (1—€)F = oo,

SUP35ex1 @ ((2 + E}iﬁ) (1—€)"=o. Then the relation
H{Z:14(0,1) — M(0,1)H;*:14(0,1) — M(0,1) holds if and
only if there exists € > 0C >0 such that

jﬁ A(l__[if}d(l—fjEB(C(ZJrf), 0<e<oo,
1 (1—e) « (24+¢€)e

where B B is a Young function described in Theorem A and A

Aand BB are complementary Young functions to AA and BB
respectively.
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Our final principal result describes the fundamental function of the
optimal r.i. domain space (see [20]).

Theorem ClD=e< 1,1’.—'2%. 0=e< 1,EE§.Suppose
that M(0,1)M(0,1) is the Marcinkiewicz endpoint space with a
fundamental function ¢ @. Then the fundamental function @y
@y of the largest r.i. space X(0,1)X(0,1)having the property
H{*£:X(0,1) - M(0,1)H{*::X(0,1) - M(0,1)  satisfies

¢hﬂ—fkrﬂ—f)mp@(U—Eﬁ%)ﬂ—erﬂ 0<e<l.

D=e<1

The paper is structured as follows. In Section 2 we collect all
the necessary basic background material. In Section 3 we prove
Theorem B and Theorem C. In Section 4 we prove Theorem A.
Finally, Section 5 contains various applications and examples of
the main result.

2. Function spaces

ByAsBA=Band A= BA = B wemeanthat A < (CBA < (B
and A = CBA = CB, respectively, where CC is a positive constant
independent of the appropriate quantites involved in A A and B
B.We shall writeA = BA = B when both of the estimates A < B

A < Band A = BA = B are satisfied. We shall use the convention
um=0E=0&m=0E=nmmf=ni=u

When XX and YV are Banach spaces, we say that XX is embedded
into YY, and write X @YX oV, if X©SYX SV and there
exists a positive constant CC, such that "Ef’f}"r = CE",G"X

"Ejﬂ'"y = CE"}}"Xfor every f; € X.f; € X. We say that a linear
operator TT defined on XX with values in YV is bounded if there
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exists a constant € > 0C > 0 such that "Ejf}"}, = CZ",G"X

IZ; 5, = CE[|S I, for every f; € Xf; € X. We write T: X — ¥
T:X — Y in this case.

We say that a function G:[0,00) — (0,90)G:[0,00) — (0,c0)
satisfies the A,A, condition at infinity if there exist € > —1
€>—1andT =0T = 0suchthat G(4+2e)< (1 +€)G(2+€)
G(4+2e)=(1+e)G(2+¢€) for every 24+ €e=T24+€=T.
We will use only A, A, condition at infinity, hence we shall shortly
say A, A, condition and write G € A,.G € A,.

For a nonnegative functions f;f; we shall write fuz f; <o

fuz f; <o when there exists some ¢ > Oc > 0 such that the

integral f;z ,Gfucz f; converges. By integral we always mean the
Lebesgue integral.

2.1 Rearrangement-invariant spaces

We recall definitions and some basic facts concerning the
rearrangement-invariant spaces, which we will need in the
following text. We shall not prove well-known results, all proofs
and futher details can be found in C. Bennett and R.Sharpley [1].

Suppose 00 is a domain in R2*29 R1+29) et M(Q)M(Q) be
a class of real-valued measurable functions on Q) and M * ()
M*(Q) the class of nonnegative functions in M (€)).M (0).
Given f; € Mf; € M we define its nonincreasing rearrangement
on (0,|])(0,]|Q]) as

Z,:j.*u +e)=if{A>0us; D<1+e}, 0=e<lql,
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where Uy ¢ 13 ¢, 1s the distribution function of f; f;, i.e.,
usy, @)= |{xe Q,Z|,:;.(x)| >a].2>0,

where the |-| || s$tands for the Lebesgue measure. The

Hardy average f:,—“ f:,—“ is defined on (0,|]QD(0,|Q2]) as
LA+ =—f,Lf (1-edl-e), 0<e<|ql.

T (A+e= if:”z fr(l—ed(l—e), 0=e<|Ql
Let f;,g; € M*(Q).f;,g; € M (). Then we have the Hardy-
Littlewood inequality

0l
jz,g(xjgj(xjdxgj Z,g*(1+ejg;(1+e)d(1+ej.
[} 0

When E € OF € () is measurable, we denote by yz¥z the
characteristic function of EE. A simple function is afinite sum
24 XE_,-,E i XE;, where 4; # 04; # 0 is a real number and
E; € QF; © Q has finite measure for every index jj.
DenotebyIItheinterval(0,1).(0,1).Amapping p: M *(I) — [0, 0]
p: M*(I) = [0,00] is called a rearrangement-invariant (r.i.)
Banach function norm on M *(I)M *(I) if for all

fir 95 fas2e(1+ 26 € N) in M (D),
[ G fas20(1+2e € N)in M*(I), for all constants a =0

a = 0 and for every measurable subset E E of I I, the following
properties hold:

(P1) p(f)=0ef=0p(f)=0of=0 a.e.;
plaf) = ap(f;); (f; + ;) = p(f;) +(9;);
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p(af;) = ap(f;); p(f; + ;) = p(f;) + p(g;);

(P2) 0<f <g,0<f <g; ae implies p(f;)=<p(g;);
p(f;) = p(g;);

(P3) 0<fu+20 1,0 = fas20 1F; a.c. implies
p(firsza) T o(f)io(fasza) T o(f);

(P4) p(x;) < oo;p(x;) < oo;

(PS) [ Zf, ) dx = p(f):f, Tf; 0 dx = p(f);

P6) p(f;) = p(f)o(f;) = p(f):

The associate norm of an r.i. norm pp is another such norm p'p’
defined as

Plg)= sup j Y g,(+Of 1+ d(1+e)f,g, €MD)

p(f;
It obeys the principle of Duality; that is p" == (p')" = p.
pn' — (p:]: = p.

Furthermore, the Holder inequality
1 r
L2 A+eg+edd+ep(f)e'(g;)

[3f A +eg,+ed+ep(f)e (g,)holds for every
f,9; € M*(D.f;, g, € M*(D).

Given the r.i. norm p,p, the corresponding rearrangement-invariant
Banach function space or, for short, r.1. space, is the collection

L, () = {f, € 3D, p(I5 ) < =)
L.(D={f e M, p(|f]) < olendowed with the norm
DIl o =pUsD.  feL,m
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Next, given a bounded domain Q) and Ra+2¢) Rl+2e) o define
the r.1. space

L,(Q) = {,g. € M(Q),p (Z;}*((l + e)|n|)) < m}

with X|f] =p(Xf(A+elal), f €L,(.

Ly
S5, = p(E5 (A +OIA)), €L,
If p,p, and p,p, are two ri. norms, then L, () S L, (Q)
L, () <L, (Qimplies L, (0) < L, (DL, (O) < L, (Q). Let

@ @ be nonnegative function defined on the interval [0,c0) [0,00)
CIf

i) ¢A+e)=09(l+e)=0iff e=—le=—1,
(i1) @(1+ €)p(1l + €) is nondecreasing on (0,o0)(0,o0),

Mis nonincreasing on (0,c0)(0,0),
111) 1+e 1+e
then g @ is said to be quasiconcave. We also say that a function
@¢ defined on bounded interval [0,R],[0,R],for R € (0,c0)
R € (0,00), is quasiconcave if the continuation by constant value
@(R)@(R) is quasiconcave on [0,20)[0,00).

The fundamental function of an r.i. norm p p on M *(I)M * (1) is
defined by

(1 +6)=p(Xo1+0) 1+e€1g,(0)=0.

The fundamental function is quasiconcave on [0,1)

[0,1), continuous except perhaps at the origin and

satisfies p,(1+e)py(1+e)=1+¢ 1+e€l

p,(1+e)py(1+e)=1+¢ 1+e€l
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Quasiconcave functions need not be concave, however, every
r.1. space can be equivalently renormed so that its fundamental

function is concave. Let @ be a concave function. We define the

Lorentz endpoint space A, () A,(Q) by the function norm
o, (1) = [ 5+, 4), €MD),

where d, d, stands for the Lebesgue-Stieltjes measure associated
with @.¢. We define the Marcinkiewicz endpoint space M,,(€2)

M, (Q) by the function norm
pu,(f;) = sup fr(l+e)p+e), f€M*().

—1<e<0

The endpoint spaces A, (A, (1) and M, (DM, (1) arer.i. spaces
with the fundamental function @.¢. If X(Q) X(Q) is an r.i. space
with the fundamental function ¢,¢, then A,(Q) = X < M, ().
A,() = X = M, (Q).

In other words, A, (DA ,(Q) and M, ()M, (Q) are respectively
the smallest and the largest r.i. spaces having the fundamental
function equivalent to . ¢. The associate space of a Lorentz
endpoint space A, /A, is the Marcinkiewicz endpoint space My, My,
whereboth @@ andynpareconcaveand (1 +e)(l+e)=1+¢
w(l+e)P(l+e)=1+€e onll. If |Q] <ol < oo,
then for every ri. space X(Q)L*(Q) o X(O)o L(Q).
X(OOL=() = X(Q) < L.

Assume either 0 =e<=owl <e<ow . The Lorentz space
[re1r2e) () 1+e1+26) () s defined by the functional
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P1+e1426) (}3) = Pl1426) ((1 + E)ZEZHE“EU + E)), = M=),

Pl1+e1+26) (ﬂ) = P(1+26) ((1 + E]ZEZHE“,G*U + E)):ﬂ- € M*(I),

where
1

1 1+2¢
(1+e) " d(1+e , 0<e< oo,
P{1+ze}(fr'): (ju Zﬁ( ) ( ))
ess sup f;(1+e), =10,

—1=<e=0

Stands for the Banach function norm of the Lebesgue space

LY*=(0).L***(Q).The functional p(y 4 2¢.1+€) P(142¢.14¢) iSaBanach

function norm if and only if 0 < € < 10 < € < 1. However, for

0 <€e<9,p(1426146)0 <E <0, P(1420146) can
be equivalently replaced by Banach function norm

Pl1+2e1+€) U}) = P1+e) ((1 + EJZEZﬂEﬂf}“ (1+ E])

P1+2e1+€) (f_-;) = P1+e) ((1 + E)ZEZHEﬂ,ﬂ-‘* (1+ E])

The fundamental function of the norm pisc116) Plasze11e)
satisfies

q0:'17'li1+zs,1+|s}' (1 + E) = (1 + E:}mf 0<e<l

ql!:'F-"Iiu.+2||.=,u.+r='}' [:1 + EJ = (1 + EJH! 0<e<L

Thespaces [(+2e1) (ﬁ:}L{1+EE,1} () and [(1+2ze) (ﬂ:}L{1+EE,m} (Q)
are equal to the Lorentz and Marcinkiewicz endpoint spaces A, ()
A, (Wand M, (M, (Q), respectively, with
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o(1+6)=(1+e)mmp(l+e) = (1+e)mm If the first
parameter is fixed, then the Lorentz spaces are nested, i.e., we have

L[1+E_.1+E} (ﬂ] [ L[1+E,1+2.E} (ﬁjL[1+E_.1+E} (ﬂ:} 3 L[1+E,1+1'-'.E]' (ﬂ:}

whenever 0 <e<o0,0 <€ < oo,

2.2.0rlicz spaces

We also need to know defenitions and all the basic facts about
Young functions and Orlicz Spaces. All of these can be found
for instanc in the book by L. Pick, A. Kufner, O. John and S.
Fucik [24].We shall say that A is a Young function if there

exists a function a:[0,0) — [0,00)a:[0,00) = [0,22) such

that Al+e)=["

0
A(l+e) = quEa(l —e)d(l—€), —1<e<om,

and a a has the following properties:

(i) a(l—e)>0a(l—e)=0 for e>1, a(0)=0;
e>1, a(0)=0;

(i) aa is right-continuous;

a(l—e)d(l—e€), —1<=e< oo,

(i) @ais nondecreasing;
iv) lim,___..a(l —¢e)=oolim,___._a(l —¢€)=oo.

very Young function is  continuous, nonnegative,
strictly increasing, convex on [0,00)[0,20)  and

All+e) ..

satisfies lim +—— = lim i
1+&—0 1+e 1+e—wo A[1+E:|'

1+¢

. Al1+e) .
lim,, o+ . = lim
Furthermore, one has
A(e?+2e+ D= (1+e)A(1+€), 0= e = —1,

Ale?+2e+1)=(1+e)A(1+€),0=€e=—-1, a n d

1+¢ .
1+e=2 4(146)
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A(e?+2e+ 1) = (1+e)A(1+€),0 < € < oo, e=—1.

Moreover AUre)alire) is increasing on (1,o0)(1,o0) and we have

. 1+¢ 1+¢
the estimates
A(l+e)=a(l+e)(l+e)=24A(1+€),-1<e< o,
For a Young function AA and a domain 0 € RO+2¢) g c RO+2e)
the Orlicz space L* = L4(Q)L* = LA(Q) is the collection of all

functionsf; € M(Q)f; € M(Q) for which there exists a 1 >0

A>0 such thatf A (E@) dx < .| A (E@) dx < oo,

The Orlicz space L*(Q) L#(Q)) is endowed with the Luxemburg
norm

E fil| =inf 13"0,] A E—l'f}(ﬂl dx <1¢.
- 0 - A
I A I

The complementary function A4 is a Young function AA is given
by

A(l+e) =sup.,((1—€e?)—A(1—¢)), —1=€ <o,
A(l+e) =sup.,((1—€)—A(l—¢)), —1<e <o,
The complementary function A4 is a Young function as well
and the complementary function of A4 is once more AA. For any

Young function AA and its complementary function AA there is
the relation
14 e<A M (14+)A M (1+e)=2(l4+e),-1<e <

14 e<A 1 (14+)A M (14+e)=2(14+€),—1 <€ < oo
With the help of the complementary function we can define an
alternative Orlicz norm on an Orlicz space by
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where the supremum is taken over all functions g; € M (Q)
g, EM (1) such that

J,ZA (gj(x]) dx=1.[ XA (gj(x]) dx < 1.The Luxemburg
and Orlicz norms are equivalent, namely,

DAl =DMl =2 ) M1l
7ol T ;

When LA(Q)LA(Q) is an Orlicz space endowed with the

Luxemburg norm, then the associate space LA (Q)LA(Q) with the
Orlicz norm. In particular, the sharp Holder inequality for Orlicz

spaces has the form [, 2|f; (0 g;(0)|dx < E",G"LA E”ﬂ”(b;i)

2l 0g = 25 25
The Orliczspaces L4 (L4 (isanr.i. spaceand || yg|[ 4 = A_i;(l]

1=
xella = A_i% for every measurable E € QFE < () of positive

measure, thus, 6 a bounded domain 01,0, the fundamental function
for the Luxemburg norm is

1
@LA(1+E)=—1, 1+e€l, ¢@4(0)=0.
4~ (7a)

|2

An Orlicz space LA(I)LA(I) with fundamental function @¢
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coincides with the Marcinkiewicz endpoint space M, (IDM,, (I) if
and only if there exists & € (0,1)é € (0,1) such that

fIA (6A‘1 (ﬁle)) d(l+e) <o (2.1)

(see also [18]).

For |Q1] < o0,|Q}] < oo, the inclusion relation between Orlicz
spaces is governed by inequalities involving the corresponding

Young functions.If AA and BB are Young functions then
LA(0) & LF(Q)LA(Q) & LE(Q) if and only if there exist ¢ > 0
c>0and T = 0T = 0 such that

B(l+e)<A(c(1+¢€), 1+e=T,
B(l+e)< A(c[l + E)), 1+ € =T, which we denote by B < A
B<Aor A=BA>=B. If both A<BA<B and A=BA>=HB
hold, we say thatddand BB are equivalent and write 4 =~ B.
A~ B. When |Q] < o0,|Q] < oo, the inclusion L*(Q)) S LF(Q)

L4 () € LB () isproperifand onlyif lim, ... supﬂaillif}] =0

B(1+e)
Ala+e))
for every A = 0. 4 = 0. In such case we write B << AB << A or

A==BA==B. IfA=<=BA=<Bord<=<BA=<=<B8

thend > BA > B or A == B A == B, respectively.
3.Proofs of Theorems B and C.

lim, ... sup

Lemma 3.1. Let A4 be a Young function and let £& be a nonzero
real number. Assuming
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JA(I —e)(1- e]%‘ld(l —e) <o, (3.1)

we define

E:(1+€)= |§|-1(1+.;)“§JA(1— )1 —Ef‘ld(l —¢), —1<e<om,

]

such E¢ Er is an increasing mapping of (0,20)(0,0)onto itself.

Moreover, if R € (0,00], R € (0,02], then the following relations
hold.

"(1 + E)EX[U,EI}(]' + EJ ||LA{I],R} =

= ae(OR),E>0,  (32)
5 (3)
£ \a
I
1
-1
E (E)
If, in addition, € € (0,R)e € (0,R) and if & < 0& < 0 then
I+ a1+ )| g 2 [+ He 1+ 6] oy, @ € (OR—€).34)

1A+ @ A+ 6| a .y = ,a € (0,00, <0. (3.3)

1#(0.R)
Proof. Assume (3.1). By change of variables 1 — € — (1 — €?)
1—e+— (1—€?) we have

Ex(l+¢€)= |.§|—1J A(1-€e))(1- E)%_ld(l —€), —l<e<o,

0

hence E¢ E¢ is increasing. By definition of the Luxemburg norm,
we have

. ¢ ((+e)
"(1+E]EX[DJQ}(1+E]||LA{&R}=lnf[ﬂ} G,f A( — |di+e <1y
0

Next, by change of variables we get for & << 0 < 0
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”(I-I-E)EXM) l+e¢ ||

LA (0.R)
1 g

. X7 1,
=1nfﬂ)0,?f All-e)(l-€)f d(l+e)=1
0

B A P
=1n },GEI_—E_I—G).
¢ \a

This proves the part (3.2).The proof of the relation (3.3) can be
done in an analogous way and we omit it. It remains to prove the
(3.4). Clearly,

|| (14¢€) f;[f(m}(HE)"
+E)||

by the monotonicity of the norm. On the
other hand, we have by the triangle inequality

|| (14¢€) X(am}(l-l-f]"A _||(1+E)EXH}(1+E || +||(1+E)'fm}m)(l+
14(0,00)

> ||(1 +e) Yen L+ E)"LA(M} = ||(1 +e) Yer (L

LA (0,e0)

A(0.8)

Alor)
)”L"'(ﬂco}
[0+ ¥ piae (14 6,y < N+ O paa L+ | s 1+ e (14

E)”L“'(ﬂ,m}.

Using (3.3), the term ||(1 + €)% Yre) (1 + E)”LA[H )

r* RS )
||(1 + E)‘f;{mm}[l + E}”LA[W} equals [Ty, () Since &< 0.

& < 0. Thanks to the assumptions, this quarftity is finite, say
(14+€)(1+€). The term

Q@+ X (1 +O)|ag A+ O Xam X+

1S
IA(0.R)
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a decreasing function of the variable aa, positive on (0,R)(0,R)
and vanishing at RR. Hence for every
€ € (0,R)e € (0, R)there exists a constant C €

such that1 + € < C"(l + E)‘EX(QJR}(l + E]"

4(0.r)
l+e= t‘_'.'"[l + E]"rx(mﬁ}(l + E)"LA[H,R}’ a € (0,R—e).

a € (0,R—€).For those aa we conclude that
|1+ ) Ko 1+ )| agy oy = €+ D1+ xm (1 +6))

4(0,R).

Lemma3.2.let0=e<1l,e=1,¢ Eiﬂie«::: l,e=1,¢ E%

and let ¢ ¢ be a quasiconcave function on (0,1).(0,1). We define
P(1+6) =146 sup g1 —¢€)(1—e)"*9 0 < e < 1,9(0) = 0.
1

E}E}ﬂ

Then @(l1+e)p(l+e€) and @ ([1 + E)ﬁ) (14 ¢)1-9

@ ((1 + E}E) (1+e)*¢  are quasiconcave.
Proof. Since @ 1s nondecreasing , we have for every 0 < € < 1,

0<e<1,
P(1—¢€) = (1-e)1* sup (1 + 2¢)
1

D{E{E

= (1—g)ltee) sup ¢(1+ 2¢) sup (1—¢) el
1

Qege= max{1+2r_=,1—f}{1—f{1
2

=(1- E)—E(HE} sup (0(1 +2¢) min[(l _ EJ—E(1+E:}] (1+ 2(__.)—5(1+f}}
1

U{E{E
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1 — € —E(1+E}

- 1+ 2€) mi

B————
D{E{E

hence @ @ is nondecreasing. Next, by definition, we have

p(l—¢
pl-¢) (1—€)*9-1 qup g(1—€)(1- €)1 0 <e < Lo(l+2¢)
1

1-¢
E}E}ﬂ

The function (1 — €)& *e=1(1 — ¢)=e"+e-1) i nonincreasing
since the exponent (e — e + 1 )(e? — € + 1 )is nonnegative by

the assumptions of the lemma. Hence gu-cgl-o isnonincreasing

1-¢ 1-€

on (0,1).(0,1). The function ¢ ((1 — E]ﬁ) (1—e)t—

1
6((1—E]E) (1—€)*° is increasing as a composition of
nondecreasing functions multiplied by increasing function

(1+6) 9 (1+6)% 9. Next the expression
1
3 -om) -
1—¢

1
= sup (o((l - E)E) 1-6)"9 0<e<1,
1

E}E}ﬂ

is nonincreasing. The rest is trivial.
Lemma 3.3. Let uu be a quasiconcave, right continuous at
origin and Sstrictly increasing function on [0,1) [0,1) such that

u(l +E} u(l +E} .

= 0.lim =
1+ 1+e—0 1+

Then there exists a Young function BB such that

limy o+

the  fundamental  function of the  Orlicz  space
L5(0,1)L5(0,1) is equivalent to wuwuon [0,1)[0,1)
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Moreover B 1(1+E)""’(1+E]u( ) D<e<om,

B (l+¢e) =~ (1+E)u( ) D<e<om,
where B B is the complementary Young function to BB.
Proof. We can assume without loss of generality that u(1) = 1.
u(1) = 1. Then by continuity of uu we have u(0,1) = (0,1).
u(0,1) = (0,1). Let usldeﬁne
b(1+€) =41+ eu? (
1—¢€,

0 < e <o,

Ve

a n d B(1+ej_f1”b(1+ejd(1+e) —l<e<o

B(1+e)= [ “b(l1+e)d(l+e), —l<e<om.
We claim that BB is a Young function.The properties (i) and (i)
from the definition of Young function are clear. Let us prove that b

uf1—e) u(1-¢) .

1-¢ 1-¢

b is nondecreasing.The function

is nonincreasing and

1+e 1+
ul{1-¢e) ut(1-€)

uu itself is increasing, hence
and therefore

1S nonincreasing

1

nondecreasmg on (1 o)(1,o0) and also (tr1v1aJ[1y on [0,1].

i S

[0,1]. It remains to show that lim,, .. b(1+ €)= oo

lim,, ... b(1+¢€)= oo Indeed,
lim b(1+e€)= i L= _ o M4mO
1+e €= 1—LI—I:1:1+H_1 (1—€) 1-e—0* 1—¢
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Now, since BB is a Young function, we have that
B(l—e)=b(1—€?)=B(2—2¢),—1 =€ < .
B(l—e)=b(l—€?)=< B(2—12¢),—1 = € < oo, It follows by

definitionofbbthat B(1 +¢€) < ( ) =B(2+2e)0<e< =
u 1+€
m1+d¢ ﬂBQ+2QU{E{m
Applying t%ﬂ increasing function B~1B1,
we get1+E£B_1(_1;1)£2—2E,
()

1+e£Bﬂ( L_Jﬁz 2€,

0 < e < o,0 <€ < oo, thatis, taking reciprocal values and

1—6H1,1+E£ : =1l4e O0<e<ow
R =)
l—El—}lif,lji ‘,11 =1l4e O0<e<ow
Finally, since Buuu‘liﬁ}lncreasing on (0,1)(0,1)
and u(0,1)= (0,1) u(0,1) = (0,1) this implies
u((1-¢)) 1 _
. = ri(ﬁ) = u((l E)),

ul(1-€)) < 1

*:u((]—e]) € < 1.Hence by the
definition o t e-E ndamental function for the Luxemburg

norm we conclude that @(l—€)=>u(l—e€), 0<e<l.
ps(l—€e)~u(l—e), 0<e<l,
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In addition B~1(1—¢) =~

_l[ ”(I—E)u( )Ufieil

“"[:1—(:'}{1,( ) 0 < € < 1. The proof

Bi(1—-e)~

l':1 £l

is complete.

The following proposition enables us to reduce an embedding to a
Lorentz endpoint spaces only to testing on characteristic functions.
The idea of this statement is based on [2, Theorem 7], where the

Lorentz space LA+&Y(MLA*1(Q) occurs as a target space,
nonethelesss the proof also works for any Lorentz endpoint space.
For the sake of completeness, we show also the proof here (see

[20]).

Proposition 3.4. Let Y(0,1)Y(0,1) be a Banach function space
and A(0,1)A(0,1) be a Lorentz endpoint space over (0,1)(0,1).
Suppose that TT is a sublinear operator mapping A(0,1)A(0,1) to
Y(0,1)Y(0,1) and satisfying

ITeellyo 5y = Mtsllaco.n (3-5)

for every measurable set E € (0,1).E € (0,1). Then

ITZ 5Ny = 200y ITZFl S 2NAN, o, Tor
every  f; € A(0,1).f; € A(0,1).

Proof. Let f;f; be a simple nonnegative functions on (0,1).
(0,1). Thus f;f; can be written as a finite sum f; = 2 Xk
;= » I XE; where 4;4; are positive real numbers and the sets E;
E; are measurable subsets of (0,1)(0,1) satisfying E; S E, < ---.
E, € E;, € Then, as readily seen, we have f;" = 2k XE}.
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=24 Xg;- Let@ ¢ be a fundamental function of A(0,1).
A(0,1).By the definition of the Lorentz norm we have

1 1 !
Z”fj”m,ﬂ ) L fo*dﬂv - L Zﬂjﬁf dp = Zaj L e = le b "“(“}'
j ) !

On account of the sublinearity of TT we have

TE <24 |1, ITEM <24, | and
consequectly by (3. 5) and by axioms (Pl) and (P2) we obtain

"TZ,G"Y[M} <2k | TXE E N "XEJ' "ﬁ[ﬂ,l} - Ellﬂ"ﬁ(u,l}'

172 Al < Zt [T | 520 s [ =205

Now if f;f; is simple but no longer nonnegative, we use the same

for the positive part of f; f; and for the negative part of f; f; .
Suppose that f; f; is an arbitrary functions in A(0,1) A(0,1)and

let(ﬂ-)lﬂf(ﬂ)lﬂf be a sequence of simple integrable functions
converging to f, f,— in A(0,1)A(0,1) Then

||Z f-} 1+EE ||Y( 1)
= . — . .
N ||Z }j 1+2¢ ( 1) ||Z f} 1426 A1),

and T ( jﬂ-)lﬂf T ( f-})1+EE is Cauchy, hence convergent in Y(0,1).
Y(0,1). Since limits are unique in Y(0,1)Y(0,1), it follows that

imT (f;),,, =TfUmT (f) _=Tf and
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||Tsz||m}1}=lim ||TZUI)1+ZE Y(M}Elimzu(muzf ﬁ(&l):Z"’G”Mu,ﬂ

as we wished to show. Next proposition provides the optimal r.i.

range space for the operator Hi*EH{*S and a given r.i. domain
space.The proof can be obtained by simple modification of the

1

proof of [11, Theorem 4.5], wheree =0 e =0 ore = —if_—' =3

and therefore is omitted (see [20 ]).
Proposition3.5.LetX(0,1)X(0,1)beanr.i.space,0 = e <1, e =0

0=e<1, e=0and= %E %.Then
V'(01) = [,5. € M(U,IJ,Z" By = ||Z(H11tg)* f: ||X;m S m}

is an r.i. space, such that the associate space Y(0,1)Y(0,1) is the
smallest space among r.i. spaces rendering H1*£:X(0,1) — Y(0,1)
H{*2:X(0,1) = Y(0,1) true.The construction of the optimal r.i.

domain for Hi*SH{*S and a given r.i. range space is similar to
that in [16, Theorem 3.3], as well as its proof, needing only trivial

modifications. The fact that puy fi = HrHEf; = B is denoted by

fi~hf~h.
Proposition 3.6.Let Y(0,1)Y(0,1) be an r.i. space such that

Y(0,1) *—>L(—E'i1+5}’1)((},1). Y(0,1) *—>L(—E'i1+s}’1]((},1]. Then
X(0,1) = {ﬂ- e 2O, ) [Iflly, = sup IH1hllve.o) < m}
=

is the largest ri. space satisfying Hi*S:X(0,1)— Y(0,1).
H}*€:X(0,1) — Y(0,1).
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Remark 3.7. Now, under the same assumptions on (1 — €)(1 — €)
and (1 + €) (1 + €) as in Proposition 3.5. one can readily calculate

the optimal endpoint estimates

1
Hi*<.[1(0,1) - L=0+97(0,1) (3.6)
a n d
1
Hi*s: [12(0,1) — L=(0,1). (3.7)

The relation (3.6) shows that the assumption in proposition 3.6
cause no loss of generality.
Let us also discuss the assumption on fundamental function

SUPpce<1 @ ([1 + E)E) (1+e) =0

SUPgee<1 P ((1 + E)m) (1+e) =o n
Theorem A and B. If this condition 1s not satisfied,
then Pp(l+e)=C(1+e)19 p<e <,

p(l+e)=C(1+6e)1*9 0<e<l,for some C>0,
€ >0, which is equivalent to L-<+"(0,1) € M,(0,1),

L-e+a(0,1) S M, (0,1), hence, thanks to (3.6) also to
HIS: 11(0,1) — M, (0,).H*: L' (01)— M, (0,1). Since

L*(0,1)L*(0,1) is the largest ri. space, we can see that this
considered assumption cause no relevant restriction to target
spaces.

Proof of Theorem C. We first prove the inequality” ==". Let

(1—€)(1—e€)and (1+ €)(1+ €) be as in the theorem and let
us se
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t Y(l+e)=(1+€)supiaseao® ((1 + E)ﬁ) (1+e)f, 0<e<l.

P(l+e)=(1+€)sUpjareng @ ((1 + E]m) (14+€)5, 0<e<1.
Then, by Lemma 3.2, ¥(1 + €) Y (1 + €) is quasiconcave function
on (0,1)(0,1) and

PY(l+e)=(1+e) "¢ ((1 + e)ﬁ)

Wl +€) = (1+ejl—fqa((1+e);Ts) f o r 0<e<l
,0 < e < 1. We claim that ynp is up to equivalence the smallest
function with this property. Indeed, let n(1 +&e)n(1l +€) be a

quasiconcave function on [0,1)[0,1) and
n1+e)=(1+e)l g (1+E);)

n(1+ej3(1+e)1-fgo((1+ej;)

f o r ,0<e<l. 0 <e< 1. T h e n
— e o NU+e) € «

(0((1+E)1+s)(1+e) . ,0<e<d suplb uqo((l+e)1+s)(l+e)

nl1+e)
Su p—::e>u 1+e !

o((1+eme) 1 +ee < 0<e<lpy,, 01+ 1+ <

1+
(1+E}
Su p—:se}ﬂ 1+e !

D<e<10<e<1.The right hand side of the last

nl1+elnli+el
1

inequality equals by quasiconcavity of n.n. Then

multiplying by (1 + E](l + E] gives that (1 +¢€) = n(l +¢€)
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P(l+e)sn(l+e)for 0<e<1l, 0<e<1l,. Now by

Proposition 3.6 we have

@y(1+€)= sup f( }M(l—e)'fh(l—e]d(l—f)

h~Y(o1+d)

Mi0,1)

1
z[ (1= Y200 (1~ )1~ )
(1+E:}l+£

M(0,1)

= x( 1 )(1 +¢€) Li:m}(l —e)cd(l-¢)

ﬂ,(1+f}1_+5
m(0,1)
2y, \(d+e(+etE-(1+e+)
(u,(1+e}1+s)
m(0,1)

>y, o+ +e) -1+
(1+e)1te
e
M(p,1)
~(1+e) |y 1 (L+e) ~
(1+e)14€
e
mlo.1)
1
a+or<lly,  (+el =+t ((1 + E)m).
(u,[1+e}1+s)
M{o,1)
Hence e, (1+e)=(1+e)cgp ([1 + E):LTE)

oy (1+e)=(1+e) < ([1 + E]l_ﬂ) and by the claim
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P(l+e)T (1 +e)p(l+€) = @(1+€). Let us focus on

. . 1 1
the inequality” =<”. Let 0<e<-0<e<- then

@y(1+€)= sup f( }HE(I—E]_Eh(l—E)d(l—E]

h~Y(o1+é)

Mlo,1)

L2

1
= sup sup f (I-e)*h(1-e€)d(l1-¢) | (1+e€)e(1
(1+2e)17€

h~yip14¢) 05-€<1
+¢)

p(l+e)
= sup sup
h~yigy1+e) 0<e=<1 l+e

1+ 1
J J (1—e)*h(l—e)d(l—e)dr
0 (1+2e)11€

14¢ 1 minj(1-e)1+e14e
= sup sup 4 ]J (l—E]_Eh(l—E)J d(1+26)d(1-¢)
h~¥(o14e) 0<e<1 l+e 0 0

p(1+¢) (J[HE}HE el4e-1
0

=sup su (1-¢) 1+ h(1-¢€)d(1-¢)
Mfgl h”I(nEﬂ} I+e
1
-I-(l-l-E)f (1—6)‘Eh(1—6)d(l—e))
(1+E}l+E
14¢ (1+e)H¥ £ 4e-1
= sup sup a JU (1—€) 1+ d(1-¢)
0<e<l hv g g (1+e)1Te<2(1-€) <1 l+e (1-¢)
2
-I-(l-l-E)f (1—6]‘%‘!(1—6)).
(1+E}l+E
Denote
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V(l4+el-¢€14¢)

14¢€ (146)7¢ e 4e-1
A J( J (1-¢) T d(L-¢)
l+e (1-¢)

2

+(1+e)f

(1—¢)d(1- EJ).
(1+E:}1+E
We split the area over which the supremum is taken into three
disjoint regions namely
Py(l4+€)< sup V(il+e1-¢1+¢)
1
0<1+e<(1+e)ite 0<i-e<(14€)LtE
- sup V(l+el-¢1+¢)
1 1
(1+e)1tecisec(—e)ite(14e) e (14e) c1-e<(14e) e
- sup V(l+el-¢1+¢).
1
(—e)ite<ite<i(14e) 1641
Now
sup V(l+el—¢1+¢)

0<1+e<(1-g)1+e0c1—e<(1+e) 1€

1+ (4e)?¢ re-1
= sup (0(1+:) U( (1—€) 1+¢ d(1—¢)

0<1+e<(1-€)1Fe 1-¢)

1+t (1-¢)
+(1+¢€) (1-e)fd(1 —E))
(1+E}1+E
1 + 3 (1+E)1+E 3
< sup 4 ) U (1+e)F*d(l—e)
2 1+e \Jg
0<1+e<(1-€)1te

+(1+¢€) f _E(l —e)%d(1- E])

o(l1+€)
14¢

S sup (1+e1+ %+ (1+e)(1-e))

0<1+e<(1-€)1+e

< qo((l—e)f?) (1 )+
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=(1- E}lsup © ((1 + E}i) (14+€)7F,

E}E}ﬂ

sup V(l4el-¢1-¢)

1 1
(1-e)itecttex(-e)ite —0<(14e)ttE-14¢

(1+)11€ 2
qo(1+e)f ee-1
1—¢€) e d(1-
Tre (( (1-¢) 1+ d(1-¢)

< sup
(1-e)THectsec(-e)ite 14e)146-(1-¢)
(14e) 1491 (1-¢)
+(1+¢) (1—¢)d(1- 6))
(1+E}l+E

o(1+¢)
l+¢

< s (1-a1+e) = +(1-)(1+e)H7)

(1o ctsec(e)THe
S(1-¢) sup  gl+e)l+e)*
1
(1-g)1FE<1-ec1

S(l-€)sup o ((1 + E)ﬁ) (1+e)*

1
2:'-wf:'-'l]

and
sup Vl+el-¢1-¢)

(-e)1recise<i(1+e) E-021

< su
1p 1+¢

(-e)THe<1+ect

(1-€) 15 d(1-¢)

14e)itéog—¢

o(1+e) (J(HE}HE el+e-1
(

-I-(l-I-E)J (l—f]‘fd(l—e))
(1+e)1te
< swp % ((1-e)(1+e)

(—e)He<14ec

+(1+e)(1-(L+e)H)(1+e)1+)
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@(l+€)
l+¢

< sup (1—e)A+e) =1+ (1-e)(1+e) )

(—e)1te<i+e<t
1

<(l-¢) sup o(1+e)(1+e) 1 < (1-¢) sup qo((l+f)m)(1+f)‘f.

(-e)rteci+et 77€20

F 1 n a 1 1 y
e 1
(OX(I—EJ:E(I—E)SUPE}E}H(O(1+E)(1+E) ,U{E{E.

oy (1—€)s (11— E]supl ol +e)(1+e)c, 0< (_:{:1
Proof of Theorem B. Cons1der the Orlicz space L#(0,1)L* (U 1)
and the Marcinkiewicz space M(0,1)M(0,1) from the assumption
of the theorem.We will prove both implications at one using
only equivalent steps.The $tatement Hi*s:L4(0,1) — M(0,1)
H{*E:14(0,1) - M(0,1) means

f }l+EZgJ(1+E)(1 ) “d(1+€)

Passing to the associate spaces, this by [ 10,Lemma 8.1] the same
as

Mip.1)

= Z"‘gj”LA(ﬂ,l}, gj € M+(U’D'
I

(1- E}1+s
(1—e)-ff Z f(1+e)d(1+e) EZ"’?”wm,ﬂ, f, e M*(0,),

A1) I

whereAA is the complementary Young function to AA.This is
equivalent to

(1- E)L+E
(1-¢) J Zf (L+e)d(1+e) Z",G" EM*(0,1).
Ay
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Indeed, oneimplication followsjustbypassingtoonlynonincreasing

functions with the fact that "Eﬂ" M1

7]
the Hardy-thtewood 1nequa1ity applied to functions f;f; and

M (0,1)
0.1’ and the other holds thanks to

X 1 \,‘

0 [1 E}J_+E (1 _z"l- 14E
U(smg the fa):tt at M'(0,1)M’(0,1)is a Lorentz endpoint space and
passing to the characteristic functions while keeping Proposition
3.4 in mind, th1s is equivalent to

(1- E}1+E
(l—e)‘EJ Yoo (l+e)d(1+e) S oM'(a) a€(0,1). (3.8)
’ A1)

Let us compute the left hand side. Clearly

(1-¢e)1+e
(1- E)_Ef Yoo (l+e)d(l+e)
0 -
*(0,1)
1
= (1 - E)_EX(HJQHE}(I - E) . (1 - E}1+E + (1 - EJ_E:{(aHEJI}(l - E]

cal|
14(0,1)
£ 4e-1
= (1 - E]?X(Mws}(l - E)
*(0,)
+a|| (1—€)ygrre (1 E]"LAM}

-1 -1
We supposethata € (U,Zi_ﬂ),a € @,ZE), since we are interested
only in values of a near zero. We show that the second summand
domainates the first one. Indeed, for any r.i. norm we have
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1= @ d-) 2 a1 - ) presnso 1€
> a(20%) [ yate 0t (1= €| 2 a7 rpareey (1 - €)|

et +e-1

= |[(1—g) 14 "}:(MHE}(I —€)

Therefore we can state that
(l—f}i_J‘l-'E
-7 Jea+i+e
0 -
1)

> (1~ )Y aren(1-6) 5, B9)

At this moment, it is the time for using Lemma 3.1.We need the
part (3.4) with (3.3) foré{ =e >0, R =1 =€ >0,R =1 and

—1 —1

£ =1— 21+eg = 1 — 21+ The assumption (3.1) can be rendered
as satisfied without any loss of generality since the domain is
of finite measure, hence the appropriate Young function can be
redefined on (0,1)(0,1) without any effect to the corresponding
Orlicz space.Note also that we are using the complementary
Young functionA4 instead of AA. Hence we conclude that (3.8)

1s equivalent to

a—EZ—E+1 1
E-1 (a—[1+f}j S ow(a) a€ (012 1+E)- (3.10)

Now we substitute (1 —€) = q~(1+e) (1—¢€) = a~1*¢) and use

the fact that @,y (a)@(a) = a.@, (a)e(a) = a. We get
o((1- e)‘LTs) (l—e)  SEMl-€),—mw<e<2 -1 (311

(- ) (1- SEX(1-0),-w<e<2m-1 @31,
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LetusdefineF(1—€) =9 ([1 —€) 1is) (1—€e)f, 0<e<l,

Fl-e)=3((l-e) =) (1-e, 0<e<l,
where the function @(1 —e)@(l —¢) is taken from Lemma
3.2. We claim that F(1 — €) F(1 — €) is the least nondecreasing

majoran of ¢ ((1— €)= (1 - €)= ((1 —e)me) (1 — ).
Indeed,

P(l—€) = (1—g)=l1+e supz___ @(1+e)(1+ €)1+ p<e<l,

P(1—¢) = (1—e)1%9 gup, (1+e)(1+e)1+ pce<,

hence :

}E}l](o

6((1 - Ejﬁ) (I1-€)=sup,__1¢ ((1 + E]ﬁ) (I1+e)*,0<e<],

7] ((1 — E]ﬁ) (I—€)™=sup,__:¢ ((1 - E]ﬁ) (1+e)F,0<e<,
and the claim follows. Since the function E__E__ 1s strictly
increasing as well as its inverse, we can enlarge the left hand side

of the inequality (3.11) by F(1—€) F(1 — €). Hence we can

equivalently continue by
1

F(l+e)SEl(1—€), —o<e<21#e—1. (3.12)

Now Lemma 3.3comes to play with
u(l—e) =7 ((1—e)re) (L — )™=,

u(l—e)=9 ((1 — E)m) (1—e)'**. By Lemma 32uu is

quasiconcave and strictly increasing on (0,1).(0,1). Next,
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o u(l—e) _ 1 e
1—l.£l—lplu+ﬁ N 1—121—13-1:# lsup ¢ ((1 * E)HE) (1+e)™ =

E}E}D

thanks to the assumption of  the theorem.

Also, wuu 1s right continuous at the origin since
u(1- €)= (1-€e)sups, ;¢ ((1+ )ite ) (1+ €)™ < p(1)(1 - €)',

u(l- €)= (1= )sups, o9 ((1+ ) (L + ) < p(1)(1 - €~
We obtain a Young function BB such that B=*(1—¢€) =~ F(1 — ¢€).
B'(1—¢€)~ F(1—¢€). Theorem C ensures that the space
L5(0,1)L5(0,1) has the same fundamental function as the
optimal r.i. domain X(0,1)X(0,1)in H{*$:L4(0,1) - M(0,1)
H*€:L4(0,1) » M(0,1). Using this and passing to inverse
functions, (3.12) is equivalent to existence of some constant C = 0
C > 0 such that

E..2+e)<B(C2+e))0<e<om,
E..2+e)=B(C2+e€)0<e<ew, w h e r e
c= £z} (25%) > 0.c = E22 (27%) > 0.

This 1s however equivalent to

E..2+e)sB(C2+¢), 0<e< o,
E.(2+e)sB(C2+¢)), 0<e<eo, w h i ¢ h

. . 2 Al1- B
is nothing but Jy e A Ef d(1—e) 5@
(1-e)1-¢ (2+e)-¢
fuzﬁ ﬂ'l_ff d(l—e) EE—(C{ET}), D<e<o0<e<on.
(1—el1i-¢ (2+e)=¢
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Finally observe that the quantities

T 4e 1+E

Jo Al-e)(1—e)-<d(1—e)
IDHEANU —e)(1— E]%d(l —€) and
ff+£ﬂ"{1 —e)(1— E]%d(l —€)

T4e 1+e

fl A(l—e)(1 —€e)=<d(1—¢)
are comparable since ,0 < € < 0,0 < € < oo. One can now
immediately observe that the resulting inequality does not depend

on the behavior of the Young function A4 on the interval (0,1).
(0,1).

Proof of Theorem A. Before proving Theorem A we need several
auxiliary results.

The next theorem is the crucial ingredient in the proof of the main
result and it reveals the constructive approach to the nonextistence
of an optimal Orlicz domain space in appropriate situations (see
[20]).

Theorem 4.1. Let Young functions AA and BE satisfy for
D=e<10=e<1 and some C =>0C >0 the inequality

jmﬂ[l—_? o EB(C(Z +fJ) O<e<om  (41)

1
(1—€)1-€ (24+€)e
If
B(2+¢)
m ——5 = o (4.2)
24e—oo (2 + E)?
and
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-1
(2+€)e ***B(2+¢)
24e—ow pB(EE+3E+2j 1 (

;d(l—e)=o (4.3)

1— E) €

for every € = 0,6 = 0, then there exists a Young functions A, A4,
satisfying A, == AA, == A and

J-z+.s A, (- E}d(l e _{:B(E(E+i_=3]
oa-aE (2+e) €

J-12+.4;-J-'1l[1 E}d[:l ).::B(Lz*'ff]’ WO <e<om 0<e< om,

Proo% fet A4 and B B be the Young functions from the
assumptions. First, we establish an upper bound for AA. Namely,
forr ,0<e<om 0<e<om,

B(2C(1+¢))

(I+e)e

A

—d(l-¢)

JE(HE} A(1-¢)
L (l-e)i=

1+¢) _ (1+€)
zf 4d-e) d(l—e)zA(He)f _d(1-¢)

e (l-e)is e (1-¢)is
A(l-¢)
(L+e)7

Using this, we obtain the existence of ¥ > 0y > 0 such that
¥YB(2€C(1+€)) > A(1 +€),0 <€ < 0. (4.4)

Now we fix this yy and, for every ,0 < € < 00, 0 < € < o0,
we define the set
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All+e) B(2C(1+¢))
1+e — 1+e€ '

Giee) = {U‘ < £ < 09,

Al1-elali-¢)
1-¢ 1-e
(0,0)(0,00) onto itself, the sets are nonempty for every

Since is a nondecreasing mapping from
,0<e<oo.,0<e<oo. Letusdefine T =1, =InfGp o).
T =T(14¢) = INfGg .. Observe that, for ,0<e<oo,
,0<e< oo,

and 0<e< %] Al1-¢) - AlL+e) < }!B(EC[1+E})

1+¢ 1+¢ 1+¢

0<e< ; Ali-e) _ ali+e) < B(2c(1+e))

1+~ 1+¢ 1+e

thanks to the estimate (4.4). Hence T(y,¢) > 1 + €Ty, > 1+ €

All+elall+e)
1+ 1+¢

for every (1+€).(1+ €). Moreover, since

continuous, we have the equality
A()  B(2€(1+e))

,0<e<om, (4.5)

T 1+e€
Let (14 €)(1 + €)be a real number such that € = 0. = 0. Then
. A[:Tl-l-f:] 1+e€
lim sup . = 00, (4.6)
1+e—=co Ti4e A(Z(Ez + 2e + 1])

Indeeed, suppose that there exist e = 0e = 0 and some L > 0
L = 0 such that there is for all ,,

Alz) i 1+e
T Al2(e2+2e+1))

0<e<o,0<e< o, the estimate < L,

Alr) ) 1+e

< L,or equivalently

t Alz(e2+2e+1))
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A(2(e2+ 26+ 1)) - L‘lﬂ

4.
1+e€ T (47)
Now for,e = 0, e = 0 the following holds:
B(C(E2+EE+1}J
e
(2+€)1-¢
£ 42 - £ +2¢ - 2 p(2(e2-1)
J-l( +2e+1) Al1- )d(l— 6) > 1( +2e+1) Al1 fd(l—e]xﬁzﬂ(z 11Jd(1—6]
(1-e)T¢ o -t : (1-oTe
B(C(E2+EE+1}J
(E+E}ﬁ h
242¢+1) All-e 242e+1) Al1-e 2 a2le2-0)
J-l( +2e+1) Al1- )d(l— 6) > 1( +2e+1) A(1- }d(l— )—ﬁ A(z 11Jd(1—6]
(1-e)T¢ o -t : (1-oTe
Z_-I-EA[T ) 1
(by change of variables)= [, 2 (“ ':} —d(l—e¢)
2 T8 (1-g)i-e
2+EA(T ) .
= [z B —d(l—¢)
z T8 (1-e)1-e
(by (4.7)) ~ J-— *B(2c(1-)) 1 d(1—e)
1-¢ [I—E}—E
Z—ﬂﬂ[zch )1
~ [y - — d(1—€e)(by (4.5))
2 € (1—e)-€
ff‘"‘fﬂ[{:[l e)) d(l — ).~ J‘E"‘EB;(C[I E})d(l €).

Afterthechangeofvarlables C(l—€e)—1—¢C(l—€)—1—¢
this contradicts (4.3) for this (1 + €)(1 + €). From estimate (4.6),

we can take an increasing sequence 2 < (2 +€) j< o) =2,

2 <(2+¢€); <oo,j=2,such that
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-— = oo, (4.8)

j== T A(j(2+€);)

where we define 7; = T2+e); T = Tlz+e);- We can also choose this
sequence to ensure T;,; > T; .T;,4 > T; .We claim that without
loss of generality we can assume that 21; < 7;27; < 7; for every

index j = 2.j = 2. Indeed, suppose that there exists a subsequence

j[1+E}j{1+E} in NN such that TI(1+E} = 2Tj{1+£} 'T.f(1+s} = 2Tf(1+s} :
Then

A (Tir.. 4.._-1.) =4 (ZTR.. 4.._-3)‘4 (Tir.. 4..:3) =4 (2'1'],-',_' ey )and

@+eji g ‘:A(E(HE}I(HE}). @+e)j b0 {A(E(Hf}j(m})_ 2 _

A(z(z+e};(l +E}) Ji14e)

A(Tf(1+s}

. . - . 1
TJ(1+E} A(j(1+g}(3+f}j(l+s}) (2 +E}I(1+E} A(-"‘zﬂZ(E+E}1(1+E}J

2_}0

J1+e)

A(rj(m}). (2+e}j(1+s} {A(E(He}j(m}) (Z+E)j(l+s}

TJ(J_+E} A(J(l+£}(2+f}j(l+s}) (E+E}I(l+5} A( - Z(Z-I-E}J(J.'I'E}J

2_}0

£ A(Z(Z+E}jtl+E}J. | 2 _

al2+ey ) Juve

J(14e)
as 1+e—o, 1+€— oo,
which is impossible due to (4.8).

At this moment, we can define a function A, A, by the formula

A(t)-4(2+9))
T - (2+e) (2+E—(2+E]j), (2+¢)
A2+¢), otherwise.

<(2+e);<7,j€N,

40+e)= Al2+e),)+

Obviously, 4; = A4, = A and A;4; 1s a Young function.
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Moreover, for jEN, j=2j€N, j=2,

A(I J-}—A((zﬂ'} _,-) i
4, (20246);) All2ve) = g 249 Az))-a(2+e);) (2+e); _ Alrj)-a 3 (e,
il _ 12t i) ey 2/ \2+e);
A(j(2+e);) AljGa+e);) T oa(jzeey) 1 T oa(zeey) g
A(r j}—A((zﬂ} _J-) )
4,(2024€);) Alz+e);)e e alr))-a(z+e);) (+e);  Alrj)-a J (2+€);
i _ 2te)] j i) e 2/, \2+e);

AU(HE}J-] - AU(Z+E}}'] 2 AU(HE};) o AU(Z+E}_,-] T

) A(TJ-] (248
Tj A[}'[E+E}j]
l i A(‘!‘j] ) [E+E}j . T_j T_j- E T_j

=3 ;. Aljz+e);) (sinced (z) =4 (z )A (z) =4 (z ))’

and the latter tends to infinity as j — ooj — co by (4.8). Therefore

(since  2(2+€),<T2Q2+€);<T) =2

4,(2+e) A4,(2+e)
alaz+e)) alaz+e))
for every A > 2,4 > 2, which is precisely A4; == A.A, == A.

lim,, . sup oolim,, .., sup

It remains to show that A, A, satisfies the condition (4.1) with
AA replaced by A; A, Let 0 < e <000 < e < oo be fixed. We
find jENjEN such that (2+€) =(2+e€); <(2+€).,.
(2+e)=(2+€); <(2+€);,,. Then we have
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JHE Al(l _ EIJ d(l B EJ
to(l-e)te
5JEA“_?du—d
L (1-e)i=

Ti4e

+Z f (A((zmm)

=0 (2+€)14¢

Ary.) - A2+ €)1se)
T4 — (2 + EJ1+E

ngﬁAﬂ_?dﬂ—d

(U—d—@+%ﬁ0——17ﬂﬂ—d
(1-€)i=

(1-e)i<
i
A - AR+ )10 (M ((1-€)-(2+6)4e)
+; T —(246).. L2+E}1+E (- E)ﬁ d(1-¢).

We can follow with estimates of the latter integral. Since € > —1,
e >—1,
we have for 1+ e€N1+e€MN such that 0 =e=<j—1,

D<e<j—1,

e ((1-€)-(24€) 4
J ( 1 el g
(246 14 (1 - EJE
T1+e 1 ® 1 1
< —d(1-¢) < —d(l-¢g)>—.
-1 = 1+e
2+e)1se(1—€)e 2te)ise(1—€)e

This together with the fact that 2(24+€);,. <T;.c
22+ €)14e < Ty4e gives
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[A9 g5z 2D 4004 zz ) 1

(1-e)i-e 1 (1-g)1-e (2+¢ )11:5
Since (4.5) implies Alrygd 1 S }rﬂ[zc[ufj:iﬂ}
Tite {E+E}lisf (2+e) &,
Alryyg) 1 - YB[EC(E+E::1+E} W¢ have by (4.1)
e A (1—e B(C(2+¢ B(2C(2 + ¢
j 1(—1)(1(1 —€) = ((—3) Z (2C( jlﬂ-] .
1 (1 — E)I—E (2 + E) 3 =0 (2 + E)lif

Because the sequence (2 + €);(2 + €) ; could be taken arbitrarily
fast growing, we can assume without loss of generality that

B(C[E-I-__i}] > iE_zlnﬂizc[z+ilil+s} , 2+6),<(2+e) <o,
(2+e)e (z+e) 5
3(c[z+_-.=l}] > iE_zluﬂizc[MiHs} , 2+ e);<@+e) <o,

thiied fo the assumpfoe(d.2).
Adding all the estimates together, we finally obtain that

j +e Al[:l—(_? A1 —e) < B(C(E +i:'3)
1 (1—e€)1-—= (2+€)e

which proves the theorem. The following auxiliary fact is based
on the idea of L’Hdpital’s rule and the proof is very similar to the
proof of the original result, hence we omit it.

Proposition 4.2.Suppose that f;f; and g;g; are real functions
having finite derivatives on some neighborhood of infinity. If

9;(0) = ,;,(x) >, as x - oox - oo, then
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N £,00
e Ry S o)

Theorem 4.3. Let G:(0,00) = (0,00)G:(0,00) — (0,o0) be a

continuous nondecreasing function satisfying A,A, condition.
Then the following are equivalent.

o eesup i SR Ao — e

im,.. Squ[Ez:3E+E} J‘E"E 6[11 - d(1—€)=ooforeverye = 0;
e=>0;

G st TTEER - = o

it~ squ[;E} IE+EG[1 E}d(l —€) = oo;

iii e i“f% =1 lim,_ inf% —1 for

cevery € = 0.e = 0.
Proof. The equivalence (i1)¢<=¢=(i) is trivial, since the quantites
G(2+€)G(2+€) and

G(e?+3e+ 2)G(e? + 3e + 2) are comparable for every fixed
€ = Oe = 0 thanks to the fact that G € A,G € A, .
Let us focus on the implication (iii)=>=>(ii). Let € = 0e = 0 be

fixed and suppose € > —1.e = —1. Then
(e+3e42)

d(l1-e¢

J G(1-¢) (1-¢

1 1-¢

(Ez+3E+2}
a(1-
zf 6(1-e) (1 EJEG(HEJJ
7 —E€ 2

(e2+2e42) d(1-¢)
l1-¢

+e +€

=G(24+¢)log(1+¢).
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Dividing both sides by G(e% + 3e + 2)G(e? + 3e + 2)

with obtain
Glz2+e) 1 (e +3e+2) Gl1—¢€)
lﬂg(:l +e) G(e2+3e+2) ~ Gle? +ae+z}f 1— d(l —€).
Gl2+e) 1 (e +3e+2) 61— e}
log(1 + €) Gle2+3e+2) ~ Gle? +3£+z}f 1- d(1—e).

Taking the limes superior as € — oo — o on both sides of the
inequality, we get

. G(2+¢)
log(1+¢) =log(1+¢) lljg supm
1 (E2+3E+E}G(1_EJ
<li _— d(l-¢)=1
EEES"IJG(EEHHQJL 1 (me=t

where L Lis independent of (1 + €)(1 + €). Sincelog(1 + €). < L

log(1+ €). < L for arbitrary (1 +€),L(1+ €),L has no other
option but to equal infinity.

To prove (i))==(ii1)), let e=0e6=0 be fixed and

dl{1—e)

let us  define  f2+e)=[ T G((2—-1))d=
f2+e) =[TT6((e2-1))d 2

and g2+e)= [ 6 -2
g2+ =["ca-e%

f; and g;g; are continuous and have derivatives,

d(1- E]'

dl{1— E}

Then both ,rj

2
namely }j.’ (2+€) = wg{(z te)= G(z+e}_

2+e ] 2+e
Gl2+e)

= Since (ii) holds, it has
2+€

' _ Gle*+3e+2) .
[ (2+e)= ng[2+e} =
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to be g;(2 + €)e = 00,g;(2 + €)€e = o0, as € — . — 0. Using

Proposition  4.2,we  get

24€
O G(E@+3e+2) . f GE-D) (1 E)
0 < lim me —1< lim inf (1 E)
£ ( +EJ £ j‘ G(l— )
(e +3£+Z}G(1_6Jd(l E _J-Z+EG(1 —E)d(ll —E)
< lim inf= 1-¢ d(ll ) —¢
£ 2+¢ — €
I G(1-¢) 1-¢
(e +3e+2) d(l—e
o G(2+€) Jye GU—EJ—E_E)
< lim inf - A(1l—o) G210
£—oo € - =
fl G (1 — E) ﬁ
Since liminf__ JZJ,E G{(Ej?m 5=20
liminf,. IZJ,E G[[E_J'Z}m =0 it suffices to
1 (e?+3e+2) d{l e)
show that o f“E G(1 —¢€)
= I (e 3ev2) G(1— )d[l is bounded.To this end we use

G(2 +e) “2+€

the fact that GG is nondecreasing and, due to G € A,,G € A,
thereissome ¢ > 0 ¢ = Osuchthat G(e? +3e+ 2) = cG(2 + ¢€)
G(e?+3e+2) = cG(2 +¢) for big (2+ €)(2 + €).For such a
(24+€)(2+€) we have
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1 (e2+3e42) d(1-
f I e
G(2+¢) ree 1-¢
G2 +3e+2) [ ((1-¢)
L — < clog(1l +¢).
6(2+6) LE 1= <clellte)

Proof of Theorem A. The equivalence of (i1) and (v) follows
directly from Theorem B.The condition (v) holds if and only
if (iv) holds thanks to the consequence of [15,Theorem A].In

order to show (i)=>==(v) assume that (v) is not satisfied,

) ) 1 (2+e) gl1—£)

ie., lim,_ ., sup ———— fl p— d(l—¢e)=o
) 1 (2+e) g(1—€)

lim,_ Sup ———— -[1 — d(1—€) = oo, for some

constant € = 0, > 0, where

GR+e)=BR+)2+e)c6(2+e)=BQ+e)2+ €)=,
Now for any Orlicz spacel?(0,1)L#(0,1) satisfying
HIFE:L4(0,1) - M(0,1)H{*5: L4(0,1) — M(0,1) there exists a
constant C,C, such that

j +EA[1—_Eljd[1 —e) = B(CAEZ +_?),0-':: € < o0
1 (1—e)1-e (2+€)e

due to Theorem B. If the function GG is unbounded, then
Theorem 4.1 ensures the existence of a Young function A,
A, such that the space L#:+(0,1)L4+(0,1) is étrictly larger than
L#(0,1)L#(0,1) and still renders the inequality above true, with
possibly different constants. Now again by Theorem B one has

H{tZ:14+(0,1) » M(0,1)H 22 L4+(0,1) » M(0,1) and no

—£

optimalOrlicz domain exists. This contradicts (i).The case when
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the function GG is bounded and hence equivalent to a constant
function, corresponds to the situation when M(0,1) = L*=(0,1).
M(0,1) = L=(0,1). Then no optimal Orlicz domain exists thanks

to a different construction described in [7, Theorem 6.4].This also
contradicts (1).

To prove (iii)==(i) we claim thatL?(0,1)L?(0,1) is among
the Orlicz spaces L*(0,1)L#(0,1) the largest space rendering
HI*E:14(0,1) -» M(0,1).H{*5: L#(0,1) - M(0,1).Indeed et
L#(0,1) L#(0,1) be any of such spaces. By the optimality of X(0,1),

X(0,1),we have L4(0,1) € X(0,1)L4(0,1) € X(0,1) and thus we
have the inequality between appropriate fundamental functions

Px(l—€e)S @, 0<e<ley(l—€)S @, 0<e<l.

Since the space LF(0,1)L%(0,1) is defined in a way that
its fundamental functions coincides with ¢, @,, one gets
that @2 S @a(l—€)pr T @a(l—€) which implies
A(l-e)=B(C(1-€)A(1—€)=B(C(1—¢)) for some
C >0, >0, hence L*(0,1) < L5(0,1)L*4(0,1) < L%(0,1) and
L5(0,1)L5(0,1) is optimal. The equivalence of (ii) and (iii)

follows directly from the definition of the optimal r.i. space, and
the equivalence of (v) and (vi) has already been proved in Theorem
4.3.

Remark 4.4.Note that the proof of the implication (iii)==(i)
does not depend on the target space, so it can be used to prove the
optimality in positive cases for any r.i. target space Y.
5.Examples and applications

5.1. Sobolev embeddings on John domains
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We begin by the easiest case of Sobolev embeddings, namely those
acting on John domains. We will use the reduction theorem from

[10]. Recall that a bounded open set 0 in R1+2&R1+26) jg called
a John domain if there exist a constant ¢ € (0,1)c € (0,1) and a
point x,; € (1x, € () such that for every x € (lx € () there exists a
rectifiable curvew: [0,1] — Q,w: [0,1] — (),parameterized by arc
length, such that @(0) = x, @(l) = x,w(0) = x, @(l) = x, and

dist(w(r), ) < cr,r € [0,1] dist(w(r),d0) < cr,r € [0,1].
We will use the reduction principle for John domains proved in

[10, Theorem 6.1]. It can be read as follows. Let e e M,e = 0
e€EM,e=0 and let m € N.m € M. Assume that () is a John
domain in R®*.R**<. Let || llxe.nll- llxon and Il llyeo .

II. ly(o.1)be rearrangement-invariant function norms. Then the
following assertions are equivalent.

X Hn f;

Z+e

r(0.1) =C E:_J'"}j' "X[ﬂ,l}

(1)  TheHardytypeinequality
1
LHmf;

| =CX J” f; ||X ©.1) holds for some constant CC and
24 (0,1) !

forevery nonnegative f; € X(0,1).f, € X(0,1).

(i) The Sobolev embedding WmX(0) < Y(Q)

WmX(Q) - Y(Q) holds.

Recall that

wmX(Q) =

[u € M (Q),uis m — times weakly differentiable in() and|$’(1+"’}u| €
X(0),e=01,..,m}
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Wm(Q) =
[u € M (Q),uis m — times weakly differentiable in) and|V(1+f)u| €
X(0),e=01,..,m}

Here, V1< uV1+€)y denotes the vector of all (1 + €)(1 + €)-th
order weak derivatives of uu and

Vu=uVu=u. The norm is then  given

b y lleellyyrm ) : = ?1—1||?[1+E}“"xm}

lullyym ) : = ’,_3*':_1||?[1+E}u||xm}. Now, one can select any
r.i. space X(0,1)X(0,1) and seek to find an optimal range space.
Let 00 be a John domain in RZ*¢ me NRZ*Y meN
such that m<24+em<2+¢ and consider the spaces
L**€log!**L(Q)L**€log***L(Q)) or L'**log**<logL(0),e >0
L**clog'*€logL(01),e >0 and 1+ec€Rl+ec€R or e=10

e=0and,e = —1,e = —1.By [10, Theorem 6.12 and Example
6.14] (see also [3, Example 1 and 2]), we have

o e243e42 2 +3e+2

LE‘.+E—m[1+E}lﬂgE+E—’m[1+E}L(ﬂJ! 0=e<2e

exp [2+e-mB+I (), €=0,1 <¢,

mylie)q1+e 2te
WL log™*L(Q) © expexpl2+e-m(Q), €=0, e=1,

L*(Q), e>00re=0, e=1,

and
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e +3e42 e +3e+2

L2+E—m(1+f}lug2+f—m[1+f}lugL[ﬂl0 <e<2e,

Myl+e]~lte 2+€ m(l+e)
W™ L *<log**€logL(Q) < exp(L2+E—mlng+E_mL) ), e=0,

L=(0), 0>¢

and all the targets are optimal among all Orlicz spaces. Let us
investigate the optimal Orlicz domains.

Example 5.1. a) Case
eZ4actz e24actz

Y[ﬁ:] = Lz+s—m(1+s}]ggz+s—m(1+s}L(ﬂ)]|:]. < e < e
eltzetz e2+aetz

Y(Q) = Le+e-mhte]ogzte-mi+el[(()),0 < € < 26 .The space
Y(Q)Y(Q) is not a Marcinkiewicz space, but instead of Y (1)

Y (Q)) we can take the endpoint space M, ()M, (22) with the same
fundamental function as the spac Y (1) Y (),

z+e—mi1+e) e o 5

namely @(1—€) =(1—€) +ae+= logr+e (1—5)
z+e—mi1+e) e ¢ 5

@w(l—€) =(1—€) +aet2 lﬂgHE( ,0<e<l10<e<1.

Now, thanks to reduction pr1n01ple ﬁle problem of Sobolev

embedding is equivalent to the boundedness of the operator Hin_
2+E

Hn .
By Theorem A, the optimal Orlicz domain space exists if and only
if

Hw :17(0,1) = M,(0,1)H = :17(0,1) = M, (0,1) where,
after some calculations, B(1—¢) = (1— e)*log?* (1 —¢€)
B(l—e)=(1—-¢€e)*log'*(1—¢) for large

(14€)(1+€). This is however the same as
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WmL*clog!**L(0) & M{P (wmLH*<log!*cL(0) & qu (1)
which is satisfied since W™L***log***L(Q) & Y () & M, (Q)
WmL*clog?**L(0) = Y(O) < M, (). Hence both domain and

e243ctz eZ43ec4z
rangespaceinW™ L **log? €L (1) & L2+e-mii+e)]ggz+e-mir+aL((])
elt+zetz eltzetz

Wle"‘flﬂgl"‘fL (Q)) & Lz+e-mis+e)]ggz+e-mi1+e(()) are optimal
among Orlicz spaces.
z+e
b) Case V() =exp Lztemiza[(Q) , €=0,1<e€.
2+E

Y(Q) =exp Lzremza[ (1), e=0,1<e.
The Orlicz space Y(Q)Y(l) coincides with the
Marcinkiewicz endpoint space M, ()M, (Q) (cf. (2.1)) where

p(l—e)= l-::g-jr‘z'-‘z‘l’"-“r1 (i)@(l —€) = lﬂg—zfz—3E+1 (i)

1-¢
, 0<e<1, 0<e<1, Again by reduction principle and

Theorem A we compute the Young function B and test the

boundedness of Hi» Hin on the space LZ(0,1)LZ(0,1) or check

z2+e z+eE

the condition using the function
G(l—¢€)= ﬁ(l —€)(1 — g)im—=z+e)

G(1—€)=B(1l—¢e)(1—e)m—zte, We get
Table 1

Application of Theorem A for the operator Hi» Hi» and John
domain (see [20]).

z+e ZH4E
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) 43642 1461 1+€
[2emli+e) ]0g2+f—m(1+f} 1(0), [**log*L(()
0<e<2e
£ 4364l 4364 1+e], 1+€
Lz+f~m(1+e)10gz+f-m(1+f} log (), L"log™*“logl(1)
0<e<2e
24 L1+Elﬂ 1 L ﬂ
exp LZ+E—miE+€jL(ﬂJ €= 0!0 <e g ( )
Lit 14€) g (14€)
eperplisen(l), €=00<e L"*log™*“'logL (1)

He  mll+e)

14€)n o€ 1+e
- (LmlogHE—mL)(ﬂ], [**log*Llog* **logL ()
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G()
2+ l+e  1+¢

(1+ EJm—E+E+Tl(]g €

(1+¢)

24 1+e  14¢

(14 €)m-2¢e"¢ log ¢ lo
g ¢ 108

(1+¢€)

24e-ml2+¢)

log 2+em (1+¢)
loglog(1 + ¢)

mll+e)

log(1 + €)logm-2+¢log

c=0 (1+¢)
I (ﬂ] L1+ZE(Q] 1
2e-miz4e)
G(1+e)=log 2#em (14€)0<e<
zde-mizde)
G(1+e)=log 2#em (14€)0<e< o,
2He-miz4e)
. . plog 2HE- 3
Since hm1+£—hco mfl g 2E+zml(;:i-(51?+ }] = 11
logZ E-miLe)
2He-mizte)
lim,,,.., inf B )y e 021051

BIAIET)
andGG satisfies 16 A, A, condition we conclude that the space
[M*€log™* L(N)[**log™*L(0) is not the largest Orlicz

It

space  rendering  W™LM**log!*eL({)) & expLa+e-miz+e)(())
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Z+eE

WmL*clogt**L({)) & exp Lz+e-mez+e(()) and no such Orlicz
space exists. Just to compare, the space Lf(0,1)LZ(0,1) from

Theorem A is L***log*L(0,1)L***log* L(0,1) which is too large.
These two examples give us the outline how to use our results to
investigate the optimal Orlicz domains. Other cases can be done
in an analogous way and we just present the results (see, Table
1). Observe that the optimal Orlicz domains exist in subcritical

cases, i.e. when 0 < € < 2e,0 < € < 2€, otherwise every Orlicz
domain space can be improved.

1.2. Sobolev embeddings on Maz’ya classes

Our next applications are in Sobolev embeddings on wider family

of subsets so-called Maz’ya classes. Let () be a domain in
R2*¢ ¢ = 0RZ* ¢ = 0,with anormalized Lebesgue measure,
i.e.|Q)| = 1.|Q2] = 1. Define the perimeter of a measurable EE in
OP(E, Q) = H1*9(QNa"E)QP(E, Q) = H 1+ (N E)

where dMEOME denotes the essential boundary of EE. The
isoperimetric function

I5:10,1] = [0,00]I: [0,1] — [0, o] of 20 is then given by

fﬂ(l—e)zinf{P(E,ﬁj,Egﬁ,l—eg|E|5%},0555%
In(1-€) = nf{P(E,0),ES0,1-€e<|E[<3} 0<e<?
and In(1—€)=Ip(-Olp(1—€) =Ia(—€) if -<e<l.

Z<e<1  Given (1—535[(2—;,1](1—.;):5[1 1]

(2+er’
, we denote by F_&n_e the Maz’ya class of all Euclidean
domains 00 in RZ*YRZ*< guch that I,(1 —e)C(1 — e)i—¢
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In(1—e)C(1—e)cfor0=e< %D <e< %for some positive

C.C. The reduction theorem in the class g¢; _ o1 &1_e) [10, Theorem
6.4] takes thefollowing form. Let 24+ e € MN,e = 0,m € N,

2+e€eNe=0meN, and (l—eje[ﬁ,lj
1
A-e€el; 5D
Let | lxco, 1)l llx(0,1) and |l Iy, )|l llya,1) be rearrangement-
invariant function norms. Assume that there exists a constant CC
such that
1> Hor] =c) sl (5.1
¥i{o.1) -
b x(0,1)

for every nonnegative f; € X(0,1)f; € X(0,1). Then the Sobolev
embedding
WmX(Q) < ¥Y(Q)(5.2)

Holds for every (1 € g(;_ o € Z(1_a)-
Conversely, if the Sobolev embedding (5.2) holds for every
() € g1_f) € g(1_¢), then the inequality (5.1) holds. Notice the

main difference between this ststement and reduction principle
for John domains. In the case of John domains the equivalence
of Sobolev embedding and boundedness of Hardy type operator

holds for every single domain (1), while in the Maz’ya classes
01 Q1 has to range among all domains in J_oJd_e)- Let us

mention similar examples for Orlicz spaces. Let mm be an integer

and 1—EE[ },ljl—EE[ 1) such that m(—e¢) <1
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m(—e)<1 and assume,e > 0,e >0 and 1+ eeRl+e€e R
ore=0¢e=0and,e= —1,e = —1.By[10, Theorem 6.12 and
Example 6.14], we have

f ef43e+2 243642
LE+E—m{1+E}lﬂgE+E—’H’E[1+E}L(ﬂ)! 0<e<2¢
2+¢
exp LE+e-mB+e (), e=0,1<k,
WmL1+ElUg1+EL (ﬂ] Oy 24+¢

expexpLz+e-m((1), e=0,e=1,

L*(Q), 0>€ore=0, e=1,

and
e +3e+2 £ 4+3e+2

LE+E—m(1+E}lUgZ+E—m[1+E}lugL(ﬂ)]U' <e<2e,

MIL+E] o 14E 24€ mil+e)
WmL*€log**€logL () < exp (L2+f—mlug2+e~mL) @), e=0

L=(Q), 0>e€,

Moreover, the target spaces are optimal among all Orlicz spaces,

as (1) ranges 1N F(y_e)-Fi1—e)-
Table 2

Application of Theorem A for the operator H,(_Hy_ and
Maz’ya class (see [20]).
r(@) L*(0) 6(0)
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1+¢ 14¢ L1+flog1+fL(m 1 146 q14¢

Ll—m(—f—fz}]og’m(—f—EZJL(ﬂ) (14 E]m['f'leIUgT(l +¢)

1
0<e<—-1
‘ m(-e)

14¢ 14¢ L1+El 1+El L ﬂ 1 1+¢ 14¢
Ll—m(f+fz:}10g1—m(f+fz}logL(Q) Og Og ( ] (]_-l-EJm-"?log e lﬂg(l‘l’f)

1
lse<—-1
e
1 1 ] [M*]oal (0] 1-(24emle)
exp Ll‘(“fjmtfj({!k:@—l eL log -m@ (1+¢)
L 1 logelogl(q)  loglog(l+¢)
Ll—fmifj 0 ) — -
BXp exp @), e o
1 mlete) [0 Llog™*<logL(Wlog(  mle+<’)
exp (Ll‘m(fjlclg1"“(*5j L) () A log™(e-Ulog(1 + ¢)
— 1 1
€= m(e)
12(0) [me) ) 1

Now one can apply Theorem A for the operator Hy o Hy () ina
analogous way as in Example 5.1 to investigate the optimal Orlicz

domains.
As computation shows, in the case 0<e< (1 -1
mi-€
0<e< (1 - 1 the optimality is attained as (1() ranges through
mi-€

Ji-edi1-e)- In the remaining examples there exists some (1)
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in Ja—exJa—e) such that any Orlicz domain space in appropriate
Sobolev embedding can be improved (see Table 2).

5.3. Sobolev trace embeddings

Our last application concerns the Sobolev trace embeddings.An

open set 00 in R{1+EE}R(1+EE}

is said to have the cone property
if there exists a finite cone AA such that each point in Qf) is the
vertex of a finite cone contained in (){) and congruent to AA.

Givenaninteger (1 + €)(1 + €)suchthat2e = € = 0,26 = € = 0,
we denote by 1y, {1 ) the nonempty intersection of 102 with

a (1 + €)(1 + €)-dimensional affine subspace of R1+2€) RO+2¢),
The reduction principle for trace embeddings [9 Theorem 1.3] now

has the following form. Let {){) be a bounded open set with cone
property in R1*2¢) 2¢ = 1. R1*29) 2¢ = 1. Assume that m € N
m € N and

1+e€ N1+ e€N are such that 2e = e = 02e =€ = 0and

m E .M E E. Let ". "X[:]Jl}"' "X[D_.l} al’ld ". "F[ﬂ_.l}"' "}?[DJI}be
rearrangement-invariant function norms. Then the following facts
are equivalent.

1+2E

H5e (2f)

1+2€

(1) The  inequality

=cx5l

vo.1) x(0.1)

1+2€

H5: (2f)

1+z2€

=C E" ’G"x{u,ﬂ holds for some constant C
¥(0.1)

Cand for every nonnegative f; € X(0,1)f; € X(0,1).
(i) The Sobolev trace embedding Tr:W™X(Q) — ¥V(Q,,.)
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Tr:WmX(Q) - Y(Q,,,) holds.

Table 3
e 12
Application of Theorem A for the operator H % H ¥ and domain
with cone property (see [20]). b Lt
() 1(0) G()
€ +2e+1 £ 42641 14e|gglte 142 1te 1t
L1+thma+f}]0g1+szma+f} L(1), [ log™L(0) (1+€)m132e" < log <
0<e<e (14¢)
426+l 42641 1€ gglte 142 14e 14
L1+thma+f}log1+ﬂffma+f} log L(Q)]L log ™“logl(0) (1+€)m-152e"¢ log e
0<e<2e log(1 +¢)
1426 14€] gl 142e-m(2 4e)
exp [F2E Mz () | =0, F*log’L(0) log t+2e-m (14¢)
1 <e
2+e 146, o~ (1+€)
expeplien(l), e=0e=1 [log™*logL (1) loglog(1 +¢)
142¢ mii+e) 14+€) o i+e ml1+e)
exp (L1+zf—mlug1+2f—m L) Qe=0 L"*“log" Llog ™“logl(1) log(1+ €)logm-1+2¢log

(1+¢)
1@ (m L1+Ef (m

Let 00 be a domain in RE*2RU2¢ with cone property,

meNm<1+2emeNm< 14 2¢ and consider again the
spaces

[Melog*eL(Q) L**€log*eL(Q) o r [**€log**logL(Q),e > 0
[**log**logL(0),e>0 and 1+e€R1+€€R or e=0
e=0and > -1e=-1. By[9, Theorem 5.2, Example 5.3

n 02023 pyliy- 1444 8,31 saloa -Jgdll aasll - axdpdaill cilulyall <o jléll dlao




Various Characterizations of Optimal Orlicz domains in Sobolev embeddings into Marcinkiewicz spaces

andExample 5.4] we have
¢ el +2e+1 242641

[1+2e-ml1+e) lﬂg1+ZE—’m(1+E)L(ﬂ . 1,0 <e< e,
1+2¢
Tr: W™ elogh*eL() - exp LIF2e-mE+el (), ), €=0,0<¢,
1+2¢
exp exp Li#2e-m ((),,.), e=0,e =1,
VA (VR 0>e ore=0, 1>¢
and
et +2e41 e2+2e41

[1#2e-m(i+e)]ggl+ae-mli+e) loglg . ), 0<e<2e
et T T !

LM ltE A ltE 142¢ mil+e)
Tr: W™ L**<log**<logL() - exp(me_mlong_mL) 0.), €=0,

L*(Qy,), 0> e,
and the range spaces being optimal in the class of Orlicz spaces.

1tze 1toe
Now, using Theorem A for the operator H %€H %€ , one can
investigate the optimal Orlicz domains. The sitf4tiorns almost the
same as in case of Sobolev embedding and hence we just present
the results (see Table 3). Naturally, the optimality is attained only
in the subcritied cases.
5.4. Extension to other r.i. target spaces
Aswehave seen in Example 5.1 a) in the case when the optimality is
attained one can extend the positive result to other r.1. target spaces.

Let us now look closer on this phenomenon. Let (1 —€) (1 — €)
and (1 + €)(1 + €) be fixed and let L*(0,1)L#(0,1) be an optimal
Orlicz space rendering the relation Hi*S:L4(0,1) — M(0,1)

H*e:L4(0,1) - M(0,1)true, where M(0,1)M(0,1)is a given
Marcinkiewicz endpoint space. We know from Theorem A that
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not every Orlicz space is an optimal domain space, such spaces
are exactly those for which the supremum operator (1 —¢€),_.
(1 —€),_. is bounded on their associate space. However, we
can go the opposite direction. Suppose that L#(0,1)L4(0,1) is a

given Orlicz space such that the operator (1 —¢€),_(1—¢€);_.

is bounded on L4(0,1)L4(0,1). Now thanks to the result of [17],
the operator (1 —€);_.(1 —€),_. is bounded on some r.i. space
X'(0,1)X'(0,1) if and only if the X(0,1)X(0,1) is optimal r.i.
domain space for some r.i. target space . By Proposition 3.5, the

norm of the best r.i. target space, say ¥,;4(0,1)Y,4(0,1), is given by

(1 +.«_=}1+E

IIEﬂII A+e) [ Tf(1-ed(l—e)

{:11}

L“‘[u 1)

(1 +E]J.+E

1950y~ 0+ 0 8500000
The fundamental function of Y,4Y 4 say ¢,p, then satlsﬁ(es (cf.
(3.9)

o(l+e) =1+ E]‘E[“E}EEE((l + E:]_[l"'f})

~ (1+ E:}—E[1+E}A~—1((EE +2e+ 1:}—{1+E})

~ (1+ EJ—E[1+E}A~—1((EE +2e+ 1:}—[1+E}).

Moreover, to the given Orlicz spacel#(0,1)L#(0,1), we are able

to compute the appropriate Marcinkiewicz space M(0,1)M(0,1)
. If we take a look at the proof of Theorem B again, we observe
that in the case of optimality, (3.10) becomes actually equivalence,

therefore the fundamental function of M(0,1)M(0,1)is equivalent
to ¢¢. Consequently, we obtain that the space L4(0,1)L4(0,1) is
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the optimal Orlicz for every r.i. space ¥(0,1)¥(0,1) satisfying
Y,4(0,1) = ¥Y(0,1) € M(0,1)Y,4(0,1) €Y(0,1) € M(0,1).
Example 5.2. Let Q1) be a bounded Lipschitz domain in

R2+¢ e = 0,R?*? e = 0and 0 <=e <20 <e<2. One can

casily observe that (1 —€)_+ (1 —€)_1 isbounded on L1+ (0,1)

1+€ 1+e

LO*9(0,1), where (1+€) ="(1+¢€) = 1_:5 Then the

£

optimal r.i. range space for the operator H', H'. is the Lorentz

space L(1+E}*,(1+E} (D]IJL{1+E}’:J(1+E} (0, 1),1+Ewﬁér;e
2
D<e<26e=0,(14+¢) = 2eTt3erd
2e%43e+1

D<e<26ez=0,(14+€) =

. Its fundamental function

1 1

is equivalent to the power function (1 + €)0+e*(1 + g)r+e*
and therefore, for every fixed ,l1=se=oml<se<ow
,1=€e=w,0=<e=< m, the Lebesgue space L*(Q)L*=(Q) is
the largest Orlicz space which renders the embedding
W1L1+E(ﬁ] N L[1+E}*,EE(H)W1L1+E(Q) N L[1+f}*,25(ﬂ) true.
Similarly, for a given integer 0 < e < 260 < e < 2eand ,,

D =e=<owl <e<o, we obtain that L**¢(Q1)L1*¢(() is the

largest Orlicz space in

eZ+3e+l eZ+3etl
Wi*e(Q) & L - *F(QWHHE(Q) o L - ().
Conclusion
Finally we show that in general setting of rearrangement-invariant
(r.i.) Banach function spaces, such questions were investigated
using the method of reducing the Sobolev embeddings to the
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boundedness of an appropriate modification of the weighted
Hardy operator.In the setting of r.i. spaces, the optimal domain and
the optimal target spaces are then explicitly described. We have
also present some defenitions and all the basic facts about Young
functions and Orlicz Spaces. We use the easiest case of Sobolev
embeddings, namely those acting on John domains. We present
some applications in Sobolev embeddings on wider family of
subsets so-called Maz’ya classes. Our last applications concerns
the Sobolev trace embeddings.
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