Ledkune T2 .2, 30.06. 2026

3@&6%'\'\*'\,\/\(%%-\'0 Ree ook o% e sogemimes i Qdofum we wead
o st fedrincal manedient:

[ Ruiwa: I E is 0 Linike riweker amd £oe 32.%, By is esui-
~volawt- to en wnteowael = V%, (EM),; is an wurewaol,

Siwa Rais s & WrY akuol frogerty, aud ¥3 PLeof IS ow eaSy -
- Qcokam of the dafinilon of dausiby of o ek WR oWk ik to
lotken e Qugerdotion. You Rind o groof in

A. (Tinaley) Sofring R iSopermamelitic guoskow

We ore vour -%iuoﬂ‘a ReQdY o Queve e Rogeriwehiic \weq‘uduk;
oS we o e Lock ok Re ok 5 e UnQue Winiwiver,
even '(M(,Q)Ldil/\% unloounded seis.

eonaus (isogesimelnic, polotan): i€ ES R™ s Lebbesgue weasutebre Weiti
VE\<reo, e

w-t
PE) > nwk e -, Qv

aomd e e.qv.&\na £Rds e & \EABQ_U»\:O Ret towe xeR®
oud Lyo.

poo?: W worde ko saxrel Shkegs.
Stepd (coustroint pnadaw): cousider., foz Vo, Ry(4 W
VA&(V): iwg_{?CEB: Ec By, \E\avzs,

USM% Yo Dirsck Meklod we Qowed i lemwe 4 of Ledure
T ¥t o wininiter E exists.



WR grove Rat B is o bofl. As usuel We cou aswwe E=EC.
C@m Ve T omd  cousider. e Sreimere sywmmetrzel it
nosgect to Vi o€ E, BV As |EY|=IEl amd Jloaw (BV) € Slow (BY,
Aheu 1E°1=V omd (ug o s thousColiau F nesded ) BV ¢ Bg. To by
uninitoliry of B and Steiker mequality  BE) £ RS < £(F)
Wi refels trot B(EY)= PEE),

o, by ok Wy of- Steiver \we.c‘uo‘b\-ca (and e Paviows Leuuna v
Oave thot, ¥ Ve I Yae vt Ey is au mrenvol,

Nowg V' x,ge €, Gk vi=dch oud %= froy, 0 = froyos (4). s
Yy e By omd ER ™ om Whewer => (xyle EY wlere (k) deme-
~fes Re Seguent Wik euSREiuts X oud y. Heuwe € s comven.,

As B is comeex, by ot Gy of 9
Shejuer. mesuskiby e et Rer ‘ €

7oeS™, A eveR s& E=co+E

stepZ: v woub to SRew et E enjpys S\-'lowé Sgwmmet iy Quo-
~qeties by soyivg tuot, U to (Sue) tousadion , i tomcides with
EY on oAy VA

We Rirct cousiden v=€,,TRus, by srep4, E-~ce 1= ESt whick s
wgiout under. re R iau @Awu%—(’»\ 2t TramRaking Ruis sed
W € Jdoes Wb affeck RS, S E- (Celiv ce,€2) {7 SHAR wveriowt
Wik rasgesk to mafleckion thiough et Jwitdaing Wre Tokes
of e md e, , E-(ceeirce, ) is 5o Sfumeric With Resgedt
fo €; Yterakug Ruis Ror Nery cooralinote dirackionm,

F"'- E" (Ce,‘e.| +____+ C-e_“ek\

is sywmebnic Wik nespeck to onemy coondinete &g(w-c-
QQQMQ— ‘évg Qorr.\-\w(m_ F=-F A F s © HauRatan o €, Lo
enory Vel™ 3 dveR si+.FT=doVv+ FY Siuwe Eis OUg i - Sfme -

~treic, Rug s Qossibke ouey & Jdv=o0.



Ywdeed, dypo+ FP= = -Fa—dyw - F°, bur
Fi=fteRiartoer]= {-ter. asboeF]=-E>
T [a-toe B Wi é&)_ﬁf)ﬁ = {2tV eR" \’c‘\<4~'_(‘:_;og,‘ﬂj -
S0 280+ F’=F <> dv=0.Heue, VIcS, Fu ®,

Seg2: oS M THeR2 R owed ek F=F Rov enery Ve ¥, by
Rre. Rogehy of Treiuer Sywweknol, Fis symwelzic Wil Rese-
-~ vo vy Ciygergloue VW WR wow prove Ruok R amgy
Rt Arjming Kuis fojety ® e ol canvered iw e gy,

We Rinsk show Kot xeP=> VY sk =W\, YeF Hudesnd,
ossumivg by Cautadiction Kt 3 sk Y=kl and YE T, Reen
Qof V=Xl e fove Reb Rotos-y, oud s Role)=F We fae
Gt wnida AV & camtredickiom.

'Fiuamaa, Qt Y= SWp fwi. xeFle ©R), fen Te Br . By deRwitiw
of sup, ¥i>0 3 XyeF sk KgI>R-F => 2By © F by Wl we
S::d coove. By couvrxily By €T w0 VI>o Br2FeBr,

F=-8r.

Since Ruis qoeass RaRds Ror 2ueny Wikimizer €, Reu auery
Wwinimi ez i (UWp to o fRansRatian) equivesul~ o e by of
WRuwe_ V = YEplv) = Uk VR

shepy: ‘o&é {’o}‘iug "4 enn%o_ Qumogs , ud by ofroxiwakian ufi
bounded ek (sRe Lecture T .8) step 3 eusunes W vlicl by
of (1) omd e Rhmity of Re bl owony bowded wis,

Assime vow by coutrodidrion Wiok Yore @xishs ou umbounded

WA EeR st O = e’ As () fkds Ko eneny o
byStreinet. iequaliy P(E) < PE®) ¢ PF), So procardivg o3 . stepd
wWR wouRkd obteis Kok B s o bdl whidh is o coubadiciiou.



Z.Q\mh' TsRve WORUUMRAUC ‘we.s{vohvé i zgwe,{-mww

e nowr fuan 1o e guof of Hdl'c conjectune Riouws Wue faper
. NQM&O-Q% wWe Witk grove

Reecnom: £on My2, 3 Guvo St V TeRY Boul wiK OBl
K(EY & cuy SPED

Racoling et WE®):= M__ -1, AE)= Wi \EaBeeoo |
where ’ée Qeyl i, EerE ’ O Y
= Wn .

mmm\dmoﬁ%lsoqw&'\s 2 eloboroliouw of a founerst
4 wWaick is WRRa COMUOR TOriakoual fuoblams, Hhek- is
o napluca 8 condidore uiniumizer wWith an ueegedicolly beifer OMR.

Hn @ ctom semse, ve wwd Wis idea i R quvions oo of e que-
-Uleive cose:
(1) v shocled Raoun o Sob- B
() oo RogRoaces ik With B°, wlidk fos sudlier Rexiweter,
() we ferated fus Kot enery diredion, sbtaiug T wiick is sy@-
-webric \Gt Raspeck to ouezy Rayeengloues;
(i) P ok sudd o F {5 o bok.

24. Rood-wee of Re fusof

The qioof Streokegy to prox ¥e quantitelive ivogeuiweiuic (wesuekly
W& be 1O Reguce @ set € With wewr oud wonr Yuwertc sets wWilk-
—oub increasing (g fo oustauts) e tsoRiwerzic deficil- ok woking
tae Qs%vmwe,\'lu& degevesrate.

We stoct ROAMNVOAiAG Raok, X ok amd 3P ore Solivg inroxiaut, we (ridl
canstder [E1=[Bi=wy , amd B will demore e wamit bod.,

PRS0, 93 g2, W be MUMcent to Sudy AT With "swele
‘sogou we Ftic  dekicil



e (W-Symmelic): o Bore? s Ec® 5 u- Syt e e -
~st {\PJ}‘;=‘ e ! orrlhrogouned diraetious Sk, E i3 sgmmetkic
Witk resgede to RoRckton {udoug Vit kowmely

QOJ'L (EB:E, Vd:\,,_,\/\_

%R Eis U-Symmebzic Uy fo & froukation v SHEL say tout
(U V- Jwwmelzie.

wote: in ¥ Seouel , wleu Re Loveiug o n-SYuwmebic, sexs e wiR
c&\sxuas ossume ek Vi=ey, RUSK g Ty= e;t oud Ry=Ryy.

We coun o&\xsm@ Reducs. o RS we U o Nwokulious ome fRous -
-~ ous.

(Do (exis- S%W\wek-’uc.}-. S Bowel °F BeR" s Qnis-ygwwelzic with
AX1S O-Q— S&MW Qe R ¥V RKRetow sk, =2, RE)=¢.

2.2. Yrofety of V-sywwhektic seAs

We Wi Stozk oWk QueoR by wsticiug Rualr N-Sgmwedoue SeAs o
5 QUthicnlorley Qood cRaSs of AT Yo veuk Ou T Ruey ey
o couremiemt o .

LOOSC&AQ Sqeokiu%, e ORfiwal oS iw CrooudeeQ. Sxgwne iy o,
Rose o e caunrered o We Nigin, Le. Rou AARay W-Sguweruc
sek F (0 wluwe W) i+ URdc

X(F) 5 \F2Bls Ck(®),
Lo Sowme Cyo degauding on e dimensiou.,

2.3. Reduction {o w-symmweiric seAs

Ve Wil thove Qaok <rour ey 3ok B WR com coustuucks 34 U-Sfn-
-mettie Rk B! da Ruok

() & S olx"), APEN £ ¢ §0¢E).



s wilies ot "So%.g%i << %%% -0 coutromg frow loefour e
Soguuiumerzic oo o U-TmmelRic SeAS (ields e Rasuli-
Lo ey gouenal sek,

RSO, Qeou e uantous oiut, i Wi be. Suficent +o foue ot

lE'agl g & 5TCEY.

2.4. Reduckion to 0xis - Symmerreic ses

freom Oy W-Syumerric set €, vR Wik gt ko on DS Sgwmalnic Sek
EY o Schwiertt Sywmetnizotioun.

By Toioagle meguoliby, - Wi be. uiicewt to Ruove Rur RoRouling
o esthvuotes

[E'2 ¥ | £ 130 aus 1E*a 2\ <\ SRGEN.

™ s Q@thw@d% couvenieur Swee Mae $ecoud Mesualil-y essou-
“uhidly raduas tO 8 Oue- diweuTious? fudoRaw (due to 18R Kack
ok ol E¥ oud B v Qxis- Sguwmertia),

e st exhwoke Waswiug Some wenk.



3, @'@Qﬂa O w-Symwetrtic AT

Wo Wi svoud wotking With uniFormly bounded AT (w2 i@ or
oF e end of e Wl Qoo Reh WR con Reduce Yo RGS Case).

|\T 4 We Lt 1Qow et fox sois Symmelzic witth
_/j}\+_, SRk to reflckion -WAM Q euagng(ﬂ&e_’s\‘
l/ e couter of e opfimct oo W K Frooukel
| J osvamm%ug i "Rove' o o

Brow owr o £=Cwm e (o+10y) Wi deucte. o diweuSious? cousieur-
SupCenty Qoo . We cousiaez. Re Qosses

ez { E 2 BeRT: Bonad, (B1= 0], Xogm {Eere. $0C01£S]
Lar §30 aud mﬁmw&a Snel. .

Lowwo 4: bt EecXe omd Qok (oﬁ;‘;;%“" Ror 1$hsn Ouiogomes .
™en

win [ (EAGHB| , xe AV < 25 ul(E).
W« F
pr=oof . Wy o nototions oud teumsRotious we coum ossuwme ot Vj= ey
Define Q’f.._;._{’xe R™. + Xj? o, J:l,—, 'k.S Ye_ Psivve gud we—
-getive quadieuks. By Re Symmelny of € ke wuter of o
R WR ba® n Braamia ARy ok
s i al. Rk
Yudecd, Gk ¢ such o cauter, if Q*
¢ &, feun the powt dofoined
by switdhing e sion of X R (R N
Rirst k-cn?»(-oww\—g Rack e Qo- A L
-Sikive Wi e opwel Lot o Ra- a: €
Rhctoun of &, wlndh euads O T
by Sswugiau.




Then cﬂa.:r:&a Q~3§nﬁ"‘ e (Ro+B)o * wlere Qo-;%;)v(p Witk V=
A
= Q %, wamely o =(0 —/O Riw, — s Tu)- Endeed

w “( w
1> ZaAxg-pi ™= 2 Wyl -2 ) + Ca Ry B\
J= 3o :)=k~\

4 "

POAFTNLENDABRTIEE TR At TR N

'3.':\ 3:&_“

Where we used (ot Ry¢° omd X430 Ler FPY—rhe. Hews,
(Exp-*B)) 0 B e (Ex+B)a .

A%OJ'M |03 ngmek‘rué/ d%uo‘ﬁ'ug B = P48, Brger=Rot B) aud (An\‘\'cins
Rk (B El= 18t 1~ BN €= [El~- | B&ey n El= [EVBIRI| Sives
[Ele= 1B, We Sove

[Ea B | = 1ES BRo |+ | BQRaNEl=2 1E~B
=2+ 2% \(B~ Bege) a Q+| € 2% (E ~ByNa X

2 2% 1 E Bl = 2% LEa B | = 2% X(E)

wiidh concudes Rie ook A

Exc: preove Yok, fon ony J%, Ty ¢ B ortluwogouol Ugperplares
Froiz mtermction is sdwoys ou-ewery. Ju Rasr, e ukersetion

(s ax afue sQay of diwemsion N-%.¥u PWwo, i k= Hhen
the interseckion comsisks of oue powk



4. Reduction o w- sa@d-!uc_ Sets

W Stoek by meducing ourselves, Rrow & Rl VA E fo ok u-
_s%wmme}—m'gc_, ehx E so ter %%QC,%‘

Tonis is dove by cukting E with ou Gy- ~

’?Q)L?QQMQ (Sﬂxg ) Mo two Qm.Q—.ﬁs et ﬁ I

omd E- '(’/\Q.vi\/\% e same voluwme oud E'J_

29 feck OMe O thoumn . This poass tri- o(E)>O oLEY =D
-y cantiots the detiat but woy wek Cou-

Nk Qe Wim . T -
s com b:Siouo\:::?a\aa cms\'de/w\% owdben /1\ o) / N

E
Ougpeniloue oehlogomel to Jn. Tem ok \’J U
Cass- oue of e Rou RAS obtoived by

QR oM IS coutnofes exgummery. W Wil Rau trerote R

o Lwvally dow am W- sgwwok:u‘c_ ek

Wo Lirst veed ¥re &&wu% technico? Tasule. Hore and v Rae RA{ved
W Wil use R vebstiom I== [xe Rhixv-x>0%.

Lewue 2 ; Qivem XTie X, %01 e T ond Qo
D= (2i+ B 7" 0 (e +BYa T, J=vr-
e 3 =g, G= g sS4 F KL in,ei<e Hen
\Rivige i € & IDi2aD,1.

T Loosdu& S@zokkmg, Riis wsuek SO4s Rex %(Vem
N Yo {aff bes Rightly Ruibred U oue
&l glome. Ore. distaur to Ou VHhogouoly Roftied
KJD\ c‘i‘% of Roosk- Riugoly M e augiluee =%
e SWE




Miz e Quwof of Ruwwa 2 is bSed ow o SweRs %Q.uue!ruq& Jo-
~servokion . C'a—‘\ueu twio uMi\rwua Las F,F Witk couters or diskauce
Mro suRcienty swa® , feum M<Cp\RaRl.

%«Ade.ed, W %o motolious oud fnous@otiouns, wr ou Qstume Kot
ﬁ:B-!‘}ae.) G=Btmeq

(B2 6 (= 2(B* e \B-% e NaT* =2 fxeBi: e,

Tus com be 2asity coulmo@ed Saou beQow by Wet i Qust £rolk
oboe loy 2Wut, 05 the st coutmius e cuginder. of bew
wadins ) oud ?M&%&ﬁ- M, = %“,;x@,q\ and s outaived v He
windee of Radius 4 and Qeigltr m, e, B x oM.

1\ R“-‘

Wiks Rai Ccuuubclion s Woke R Rollowing stokouent
Rk 0L Auan Useful wamyy himes in e Segiel,

Thow exisk Cu=d, w, Caz s, aud M,=M, W k. Ror ouy
T\ Od ¥ as ocbove, wilkh M, - cRds taok

c‘\"l< \Fagi< C',(:Lf/\

Wl Ruis Raponke i wind we Re e pwod of lewwe 2. Thuis proog
Wes Vot duiscussed d\u‘ulu% Rockure, o i aued be causideed o La-
- aretative fopic.

Y@%Qa& Lesuna 2): ot = Bex, aumd F2Bex, oud &b+ = T
By ‘(‘o\eé\a\% < su(&'c,amq Swad  digh(x,,3 ), disk e, ) e
Lrus Racrdyy IFin AL, \Fp0 R >,



By Rowmrek 4, Toking ey v ek
\DaD, [ 210 D0 | = (F 2 BIn A2 Gy k=%,

Working oumoRogoumsly with Fiz Brixem) oud F=Brx,, toleing
&‘:Tﬂ-ng\‘l* wWe %ek

\D\AD').\ >/ \(D\AD;)(\&‘\ >/ c(( \K\*W—xr_\.
By $\N'\{'<>QA'\\A% Bie woles of %, oud X, WwWe coulude . B2

W Re wexk nreswer e Reowt Qow o Ross -.%Lquo.%o,u&rm&
4t to one  Symmwetrnic Wl masgeek o TG Wik Sopentmeiic
Zorio of e samwe oeder.
R Riesk Minodmca Some Uotolnon. Criven Ee®S, |Gl ound
Ty & coozdiunoted %\gmeme_ v is easy to fove Kok

3 teR s5 |ErredaTl=1E
namedsy & com cur € Ws o Rouwe el Yo Ty o ok
Rre twio Q/\nl-ﬁ_s Rrove Same_ Weasuw. Vo Quove Ris is selicen)y
o o et ’c»——»\(E*ke,JSnSS‘J\ T coubbuvaus (Exc).
We thew wwute Ej*i= (E+te)n xt,

Lomwma 3. e oxige $=fn), G=Ciluy >0 sk ¥ Ee X g5 frouw
wags E'e {E* o Rj(E*)Y;.,, &

X(B) & S k(EYY, DLCEN) € 250

peoof: b ple T oud pfem Sk i
e
[(eF +ntraE = Wi | (pe®aTritya B)* 1, &

ond dende B;" = (3> B n o, * W cousider. (

y + ) x + " Y
F':l -.:EJ US\)(EJ ) and TS==’B;\°’BJ 1y \/



Stefd: by quolitutive Skaleiily of Rie isoqerumakmic nepualivg (€.
TRreonatt .44 OR LRclune T.4), Siven £my Ok m Lwwa 2, Ran
QuistS fy sk, it BP(E)c Sy = e S RE, 7T ore R oA
waruel distouce  swoRen Rom €.

Andeed, sssame oy couriadiction s to ke £ole = T & se
-qQuamee B, SE 3B — © and (Wikouk Ross of gouewlilyg)
Rr-3oive, WRure R amd §7 O defined o3 okbove R Ty,
%M&h@ (€e)—>O 8o W fo dubseguamcey Eg—> R
for sowe e R" =5 BGERH, BGRr) — B(RY vk Sives ocou-
- fradicthion.

stegz: by camstruckion, A (*F* aTy)=0.
Andeed, ussume Rus is wot fuwe, by Erarause Tz, o8 (Ruw,
.4, T xe PEEagry ShVR =t 25 Buk Rew, by D= Cgongy
steuckure  Haeornou
’/‘,(Be(x)nF’f- 1Y) E:f: BTG *
WO . Roeficunlon U&:.QQAS Rk, Lo 0 SWel eueupy
\(th 0 JTJ+)GB? wol> %y WV\?“, \(Ff 0 37:,"30%‘2‘0\«1{(00“ ?“
Wik couradicks R Sgwmmeky of Ff Ravou s -
By Wis Rock wr lnuediokely wRer Vot
PCE® ) = PCE; 35" )+ BT ) & 2.PKE)
Wik urplies Yaok WIF) ¢ 238 ¥ jatn.
SteRs : we jwve ot Lo (o Raast) eiluer g=t ot 2 W QoRds
\B; & Ry(B;O € K€ amyT L+ 1€ B{TY)

Lgr Some coanshaunl € dependive ou w.



‘3\/«64?.%6, QSSuming b‘-d counhodidion s o be fse, b Tz - 3 -
By Rrwozk 4

|8l a RBEIS O, \ml.
Homee, e comtredickion assuwglion weles Ruot
lEaTil=16 a8+ |6 28| ¢ M 1B 2B\ %\m.

Wordeing ounlogously Keu j=2, 1€2T, [ PG 1, WRuckh togatber
Wity Lewwa 2. Yees<

& (mi+1nl) » (B 2T+ 18aT ) 31 TaTa % SATIving)

wehere E’: s fthe coustout fow Lemwe 2. TRus s o coutradi-
~Chiom -\-e_kiu% k &u@ﬁ:o\'w(—&a Roege .

Stepy: Gb j be e wndex Rox. wlidi e eshuwete of thepd
Ods treue, then

*(€)$ |E & (Bv KB = |E] 4 B |+1€] » RLEI
< [Ef a 81+ | E5a B+ | B a R8BI
<(rR)(CfagflelET2Bj]) = Lafj(\?r:% \®'aCBrplt mﬂé & a(@+pl).

So Roe (o Gosh) edber FjToe Ff7 Soy 7| by Leumma € of Rogh Gac-
- @35 £ is symmeliic wifh rasgede to T

¥ . .t 2
20 (F%y 3 ‘y::;lﬁ, s @)\ > Z-o(E)

uida powes e RosuRt, %

We tencoke Ky lewmwe o dotein sm ?AAV?fO*tAcoQZ.d convamient w-spm-
“we e Lot



