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The enclosed collection of mathematical problems has its origin in a
notebook which was started in Lwow, in Poland in 1935. If I remember
correctly, it was S Banach who suggested keeping track of some of the
problems occupying the group of mathematicians there The mathematical
life was very intense in Lwow Some of us met practically every day,
informally in small groups, at all times of the day to discuss problems of
common interest, communicating to each other the latest work and results.
Apart from the more official meetings of the local sections of the
Mathematical Society (which took place Saturday evenings, almost every
week!), there were frequent informal discussions mostly held in one of the
coffee houses located near the University building - one of them a coffee
house named "Roma" and the other "The Scottish Coffee House". This
explains the name of the collection. A large notebook was purchased by
Banach and deposited with the headwaiter of the Scottish Coffee House,
who, upon demand, would bring it out of some secure hiding place, leave it
at the table, and after the guests departed, return it to its secret location. [...]

S. Ulam, 19358
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Friday 16 December 11


http://www.gap-system.org/~history/Mathematicians/Banach.html
http://www.gap-system.org/~history/Mathematicians/Banach.html
http://www.gap-system.org/~history/Mathematicians/Banach.html
http://www.gap-system.org/~history/Mathematicians/Banach.html

g HTSJFOPV (R32)

Posed by STeimas,
?mjblem £93 1 "The Scol T Book

AT Tk Ted To Ub\“ﬂ be
[STone and Tuﬁey 1949 ]




N HT’SJFOW (RI)

® Posed be Sfefnkaus,
?Po£le\m 199 The ScotTsh Book

o AT TrbuTed To Uan be
[STone and Tuﬁey 1949

* trored £y gQDQQL\) ?UJDlTSLWQO{ nano e n
Morthesis Pdska 1987 (i pofish, Frordated i

2004) A Note on the Ham Sandwich Theorem
Hugo Steinhaus and others
From Mathesis Polska XI, (1938), pp. 26-28.

NOTES
From Topology




H> HTDSJFOPV (RI)

¢ E OSQO{ JDV g‘iﬂefnkgug)
?POJDlQ\“ﬂ 199 ™ The S o1k Book

® EPOVQO[ JD\/ %QDQQL\) ”PUJDlTSL\eal N AN O—f“ e
Mathes's Pdska 19557 (n poish, TromlaTed T
2004)

® @emero\fzea\ To Ré J,Dy
[STone and Tuﬁey 19491




/VLAW gAUDM}(&H Foi_ MﬁASuUij

611/6/\) ol pickE MeasuR g5

/1(///1;/”«//%9( [ md) TME@L
ExsTS A HYPERPLAVE |
So THAT

M, (H+>= %/ﬁ(/&i) 2020 d




Rorsok Uam T heoren

F on everny conlT NUOUS | ma?? M9 Q INGR R”,
there exsTs a ponT x € 0 such That 4

() = & (=)

Con JQQTUPQO\ Ey . Prook £y Rorsuk, 1999




RorskUom Theoren

F or every - on Tinvoss ma??f’mg

JQ N0 — R”, ‘H\QF‘Q e)gfg‘fg O ?QTDJF
x € X such That 8 () =2 (=x)

o cevery con Tirvous MOPPINg Lex = R

o rpodel @d-00) There exisTs o ot
x € 2 sueh JFL\QJF Q ) =0




sing the
Theor

Lectures on Topological Methods
in Combinatorics and Geometry

@ Springer

Friday 16 December 11



D0 oo F ofF HAM-SmDWICH ThM

W/‘/) :f(’éfz"w%()ékd(f O f‘“*”e(’(a(<0°5
h*/“U): f(luvla()ékﬂ(f U4 <—~+046(?0°j




% ORSOK - U‘—A’/I .

,_>
Ty %(” _ M«U) = M-St

cUT




Han Sandwics For Yowr CETS
/4, , AQ}”'/A&L C /N o bisecT i 2
¢

=
A

‘ OPEL
0 ¢ HALFSPACE.

¢ ¢ v}A[/ odD
’ ° o GENERRAL PoS/Tion)

2 0 = Vo d+| PpwTs ok
A FYPERPLALE.




HAm SAvdwicH For Yot CETS

A),AQ)‘-.//‘)&L_C_ /KV(
g
o Q @5




Han Sevdwics Foi Yot SETS

/4,,/}2)...//—}&;_/&4 & SMALL
o (¢) So THRAY
© o,

®© © (©
® ©
Q. fie A- TuPLES
©) ARE. WBLC SEPARATED

[0 TAKE. LIMIT £ —» p




DeEcEvE RATE. Yowr CETS
| 4 PLITURE By
/l) / AQ} /Ai —-C- /K BMBZL ,(r}’%gux)‘/‘
VT

" '
] § X
J ¢ o W
S RLC WBLL SEPARATED
¥ A A Tobies
Ny e STAY WEBLL SEPMATED

Tign SPAP BACKL To oRigMAL fodiTiow




R2 and up

\

* [ o[MaTomsek gfefﬂeﬁ 1994
Same os medion level e onsTrue Toon i Rt
OA*'3 log\ ") i R3
OF=) R
O(DO{‘LQ@D) " Rd




el Se?ar“cffea\

° 1,3 QS J are we\l Se?aﬁafea\ T’JQJQ any
wbse T of The X con be SQ?QPOWLQOL
borm The oThers be Q Lwy?er‘?bme

° gi,gﬁ,...,gal are ue\l 3@/})@@@*60{ TZQQ ﬁH\ o
QJQQ?DQ L\u“ QOFﬂLQTDTnﬂ one. ?OTDT N eo CL\

S‘ST e <0{-i)-Qb7L




el ge?ar“cffea\

* 1,3 Qg J ore ueu SQ?QPQJFQO{ TQ\Q any
SLA>S€7L OQ AH\Q g,o <N £€ 36}>QPQ7L€J
QPO\“W ‘)HL\Q O‘H\QPS £7 @) L\\/?QP?\QDQ

VN

any (o 1,...,@7{), <au=< &o{(, There s a

..-,SO{ o< LJQ“ SQKPQ(\Q‘)“QO{ ‘H\QD Q o
LWPQP?\QDQ TR gr ?QTDJFS OQ A ‘QOP Q\\ °
[BQPQW, Hobard, {eronmo 2005 ]
[STefqersZ oo 2007




el ge?ar“cffea\




Heu SQTPQPQJFQO\

o () RI [Lo MaTomek, gfﬁfg\eﬁ 1994 ]




Heu geﬂpaﬁaﬁea\

o () RI [Lo MaTomek, gfefﬂer“ 1994 ]
e [, \og\"{'gm) n R [gfefg\ﬁﬁg 7~ao 2007 ]




P L | o - _#
Torir o N O covex

se TS

o Chven 0 red ?oT’DJFS Im Le ?OTDJFS, are.
There T olfsjofﬂL COWeEX ?o(ygpns Tha T
QQQL\ QODJFQTD M PQO{ Qﬁol ) Hue ?OfDJFS?

Kapeto & Kopo 17797




L

CQJQQ U | Dﬂ

® P Ton The sirtace and The

?erfmefer“ ot a ?o\yg\om o 9 eéfuT’TLQJD\e

peces, UA(JQTVQWQ, Kanero, Kano, Nakarmra,
Riveralanrpo, | oknaga, Urro a0 9000 ]

%<§




Paor T T os £y S-Qamg




Paor T T os £y S-QQDS

® 3o for any 2 pon T se s [Bespama g,
thﬁ?aﬁfcﬁ, gmoeyfnﬁ 2000 ] [ITLO, UQL\QPQ,
yoj@oyama 0001 [>okar 20091




Paor T T os £y S-QQDS

® 3o for any 2 pon T se s [Bespama g,
thﬁ?aﬁfcﬁ, gmoeyfnﬁ 2000 ] [ITLO, UQL\QPQ,
yoj@oyama 0001 [>okar 20091

* o raned 34oms [geg?amhfmfﬁk, Kf’rﬂﬁ?aﬁfcj@
9003 ]




-~O

ParT

——

(L TONS be J@‘QO@S

¢ [%QPQW § MoTosek 20011 (a 1,@3,..,,@&)

2 meas, 9 meas 4 meas
905 s (1/9.1/9(9/3.1/3) .
9 Qan (L/91/4 1/4) O O
e Q AN (/5 1/51/5 1/5) O O
conv, 4-%ap o o o
5L NO NO NO

¢ [gm@my K MoTasek 2009 4-£an, 9 meas
/14 1/41/4)

¢ [geﬁeg\ 005 % 9%ars 2or 8 meas Ol \OE\Q n)




o

| o] o
HOPQ ON e

E ﬁuﬁLQJD\e 4-?QP7LT7LTOD ok N ?OTDTS be J ><

OfﬂLL\OﬂOﬂQ\ Phes,

£ CfUﬁLQJD\G A -?QNLT’JFTOD ok n ?OTFﬂLS be 9 \°Des><
7%\(‘0(@\ { ?offﬂL Boe RSBuck 1957 ]

Cobuet [Setimon 19791
Ol \og\ ") Q\g\oPTTLLWS [R@y K Sfefﬂeh 200¢ |




V@K’J;?\TC_QJFTODS

® Jedored seTs in R UARJQTVQWQ K fon 1957 ]

* Nechoce Threves




NECKLACE  THIEVES
R Kibps oF Bpads
 , C or (RNTD #PW Mﬁbyﬁ/ﬁéﬁj

So Bovw ThEWES HAvs
SAME. # oF gt K

-\ [GﬁLD%K&K WEST 1935 ]




NECKLACE  THIEVES

COMETINES
MEED kb CuTS

DRt PIECES




MoMenNT C ok VE
C= (e E5 )
o R

ANY [HYPERPCAIME
INTERSECTS 1T

K TIMES




MoMENT CoRVE 1 /}’(k
£ (t,%E5 - )

OWRAP ToE MPECKLACE

ON (T
@) F/wD yAM-SpDWLH £OT

| hLow]




Q* How To DEc(DE. IF
< A HAM -SAL DwicH coT
S oNIROE ]




B> How To DEc(dE  IF

A HAM-SAL DwicH coT
IS ovI®R OCE 7

O %> Lea +)
O.(m loym) LCHIED & STE6RR 95]




Friday 16 December 11



BbuT

WHET IF T REALLY LIKE SESAME SEEDS 7

Friday 16 December 11



.

Bu
WH&T IF T. REALLY LIKE SESAME SEE/D5,7

— PUT' WE G TE— ol THE Posr)i S

Friday 16 December 11



buT

WHET IF T REALLY LIKE SESAME SEEDS 7

—> POT WEIGHTE b THE - PosiS

WHaT (F T ReALLy Dos™ Lk ol ( VES

Friday 16 December 11



buT

WHET IF T REALLY LIKE SESAME SEEDS /

—> POT WEIGHTE o1y THE Posais

WHaT (F T ReAcry Do ‘T Likg. oL ( VES
—> THE WE(6HTS Chr pE  DECATIVE-.

Friday 16 December 11



RESOLTS

Aleo: THe WESHTED HM-Shwict

S COT oF P s o
CARS BE CoMPOTED /N (V1 Loy 1)




RESVLTS

Aleo: THe WESHTED M- SAdicH

W CDT oF D hoors o B
CARS BE CoMPOTED /N (V' Log 1)

THh 3 DEC DiNé IfF THE WESHTED
HAM -SALDWICH €CoT (S DRIR VE-
IS 3SVOM- HARD




DerioTion) ;

ALINE L BisEeTs A
WEIGHTED SET oF PrATs S




1-D

THE WEISHTED ME DiANO
S AT QAN UVEL

a1 a| -1 ¢! 41 -1 -l éf el €1 =1 -1 -}ép.u




Z-D s MEDuD LEVELS

—




_'2,-D s MEDWM LEVELS

e —




EVELS

2-D: Mepuro L




ReD & BLUE MEDIAN LEVELS

INTERSECT (9N e

= HAM-SANDWICH €UT




I OF WTEKSEcr/o»s




T OoF |INTERSECTIONS

—

LEMMA . THE PAR(TY oF

THE NOMBER. oF
IVTERSEc Tivase

= THE. PAR (7Y BF
zlfzq ‘('Zéf‘ZBt ~o o




T OF INTERSECTIONS

=
N3 ’\\"q LEMMA  THe PaRiTy oF
/ THE DOMBER oF

£3 IVTERSEcC TipA>8
a{ v = THE. PAR (7Y BF
. Xyt X, X ¢ ...

bk - 0[;1 &377) ﬁ/,éo./

Friday 16 December 11






PR OG-

D COMPLTE. B 4-PARTITioNs
oF THE LINES 0[%)

Friday 16 December 11



PR v L6

) COMPUTE. B 4-PARTITiols :
oF THE LINES 0(@

@ DeciDeE WHicH QUARTER.
CONTANS A p-8 (CJIUT' 0[914?7\)

@ RemMove. /% of THE LINES
PeoT /NTERSE cTin6 THAT Q@ UARTERA.

Friday 16 December 11



PR OG-

D COMPUTE. B 4-PARTITioNs o(n)
oF TWE LINES

DeCiDE WHICH & UARTER. N Log
@cwmns A H-S coT [ 4(7 )

@ ReMOVE. % of THE LinEs
PBoT INTERSE cTive THAT QUARTER.

=P 0(77 /03 7) I?Léo./




TeM s DEC (DiN6é If THE WESHTED
HAM-SALDCH €T (S DRI VE-
IS 3ASPM- HARD




Ay
L=

NSNS

NS

+
o
sy

'@
)

Friday 16 December 11






@QOO{QSTC_ HQ\“ﬂ SQDG\LJTC_L\

TL\QOPQW:
LIVE = Civen bue and red ?of’(ﬂLS
ég;’f/‘;%r side o ?O\Vﬂoﬂ, There < g
qeodesic shar Tes T ?QJFR
ThaT Ssects both
ST\WU\TQDQOUS\V.

Can e Loond in Ol \og\ &)

n = # of ?OTDJFS Fverices, k= # of rellex verTices
[Bose, Demaine, Ertctson, HrTado, Lacono, Lapgermon,

[ <1 |en, Morin, Overmars, W Tesdes 9009 ]




Por s ?*Torfmg SR
Lwy?emgbmeg

Con e ?QPJFTJF'OOD Rt inTo & reqions wih o/
QO{ ?OTDWFS LJT*L\ d Lwy?eﬁ?laneg 7
[ Cromboum 1760 ]

Mo TraTon.




Par s 3‘7@703 SR
L\ﬂDQMPbﬂQS




Par s 3‘7@703 SR
L\ﬂDQMPbﬂQS

° Ri -~ EO«SV




Por s )*T’Orfmg SR
Lwy?eh?bmeg

° Ri -~ EQSy

¢ RQ: yeS <L\QW‘SQDO{LJIOQL\ QUJF) %‘lﬂOPﬁLL\\“ﬂTQ
protlem posed by [hiard (789, sobed
o £7 . Meg\fa\do 1995




Por s )*T’Orfmg SR
Lwy?eh?bmeg

° Ri ~ EQSy

¢ RQ: >/€S <L\O«\’X)‘SQDO\LJ7QLW QtﬂL) %‘lﬂOPTJFL\\“ﬂTQ
protlem posed by [hiard (789, sobed
o £7 . Meg\fa\do 1995

* R Ves [Yao, PDobkin, Edelstrumer,
PaTerson 19871 Ol \og n)




Par s 3‘7@703 SR
L\ﬂDQMPbﬂQS

o R* 5 OPENI
¢« R:NOM




MoMENT C ok VE
E= (06365 EY)
A

ANY [FYPERPLAME.
INTRERSECTS T

<R TIMES

S0 & LWVFQP?\QDQS NTerec T T < 5 Thmes

>al mosT bl PegoNS ~ave. ?OTDTLS
s 1994 ]




P_ QP‘]L. LJ/ L\V?QP?[QDQS




P_ QP‘]L. LJ/ L\V?QP?[QDQS

* ot s The smolesT dimension A j»
sueh ThaT ] IsTrbo T ons con be

ﬁﬁur?ap‘h‘h@ﬁﬁcl JD>/ %Q LWV?QP?\QDQS?




P_ QP‘]L. LJ/ L\V?QP?[QDQS

* ot s The smolesT dimension A j»
sueh ThaT ] IsTrbo T ons con be

eﬁuf?af“ffffomeal be B L\y?eﬁ?bmeg?
o Jht)=1% Hamsondiaeh Thm




P_ QP‘]L. LJ/ L\V?QP?[QDQS

® [A}L\Oj“ < ﬁ“L\e SmQ\\QS# O{T\WQDSTOD OKQ;J@)

weh Tha™T ] s TrrbuTTons cap be
eﬁuﬁ)QPTﬁLTomea{ be J@ L\\/?QP?\QDQS?

o Jht)=1% Hamsondiaeh Thm
* JL9=9dL3)=9 dL5)>5




P_ QP‘]L_ LJ/ L\V?QP?[QDQS

* ot s The smolesT dimension A »
sueh Tha™ ] IsTrbo T ons con be

cqipor TTToned by & hyperpones!
* J&t)=1% Hamsondich Th
* 1 2=9 413 =53dL5)>5
¢ 499 = 8 [Edelstrmer 19541




P_ QP‘]L. LJ/ Lwy?eﬁ?bmeg

* ot s The smolesT dimension A j»
sueh Tha™ ] IsTrbo T ons con be

cqipor TTToned by & hyperpones!
* J&1)=+% Homrsandiieh Thm)
* A1 9=9d13)=3d15)>5
o 499 = 3 [Edelstrmer 19841
® o>d(iR = (@R [Romes 177¢]




Paor o1 oNMg TR ?O'ODJFS







GEMTF,P\ Pe(NT
N Pon7s PQ [kL




CENTER Po(NT




CentTral Trapsversal T

* Fon any bl mass disTrbuTTons in RY There
exisTs a ot sT ony L\We@bme
QODTQTHT’Dg\ £has > (/dh 1) of The 7 mass
on each Side.

[ Ddrkov 1979
[vaaljevfgg Vrecrica 1990




%AWPQDE\QWQD#S




%AWPQﬂaQWQD%S

* N = SeT of curves (D) or srkaces (8D)

Here: S = bpes, ?\QDGS or Lwy?ef‘?bmes)

¢ APPQDﬂQ\W€D+ A = Pecom?osf’ffom ok
SpOce R inTo comec Ted cels of R4S




Lhe Qr\r“amgememf




V@TlﬂOPT+K\m: LTDQSLJQ € ?




— Oces




t:ﬂWELj¥%iS

U WEK
EPLVEL o)
I

<K

S

[ OWER_
CLOVELDPE




~one

///// > J///W ////




iOﬂe

7 4
/"’

G =
w// ol

<~

Ol ea\g\eg (5 Qzeue, @UTJDQS) lee (785 ]
[ delstromner, ORarke, Setdel 195¢ |




i@ﬂﬁ: %Ha OP'OAH\W?

| -
/////////// o |




%AWT‘QFHQWQFWL: ngor*T’JFme

/////// oy ' 77,
[ [ 1 Y =
_ \\ %




Houl £°ﬂ s The medion
evel (= (VI Hevel)




How B;é (S THE

MED/AL LEVEL. !

0(7)3/") [E&Dos LoVAsz,
Q.(n Log) SIMHoUS | sTRAS /73]




How Bt 15 THE

MEDIAL LEVEL !

0(n7%) [ERDSS , Lovhsz,
0.(n lys N)  SIMMoLs , strAvS /73]

2/2
0( /mg‘ N ) SZ&MERLIDI ’) 5’5]




How Bis 15 THE

MED/IAL LEVEL.

O( 7)3/") [ ERDSS , LovAsz,
Q. (nLogm)  SiMHMoLs, sebys /73]

0( ’ﬂyzf,n ) L PAcH, STEIGER.,

S2emereD! /98]

0(m?)  [Dey /47]




How Bis 15 THE

MEDAL LEVEL !

O(n™%)  [ERDSs, Lovsz,
Q. (nLogm)  SMMoLs, sTRAUS /#3]

2/2
O("™ Gom ) PP e R ) 0T

0(n"®)  Lbey /377




H OﬂO%OﬂQ ’J\DOFH\S

* Hou \Oﬂﬂ <N _HWQV Le?/




H OﬂO%OﬂQ ’J\DOFH\S

* Hou \ODﬂ <N _HWQV Le?/

Q(n3%)  [Srad <1797

Q3 HaTosek 1971
Q%) [Radocic and Toln 20011




MonoTone paThs

|
® Ho lODa cOn TL\QV Le7 @ (n2—(d/\/log n))
[ngOﬂL\ SWWLLX gfﬁrf\ﬁﬁ, gzeﬂe&y 92004 ]

............

..........

............




glo?e Le - e ~h’om

N ?oTnJFS 'n The ?\Qﬁﬁ > Ol?) dfbepenT SlO?@S
SelecT The b spalesT

@ 0
ThelSen reqressIon es TimaTor




" Fhes T The ?\Qﬂﬁ > (o) o Qgeﬁeﬁf vePJF ces




VerTex c@urﬂLT’mﬂ/ PO«DJQTHE\

—=

\v\

COUDT -H\Q DU\W‘EQP OQ VQP_??QQS LJT.H\

x-coordina e < X0




\/Q(rfﬁ)ﬁ C_OUthﬁﬂ/ Pﬂﬂﬁrﬂﬂ




ve
P
e
D
'D

/!




\/Q(rfﬁ)ﬁ C_OUthﬁﬂ/ Pﬂﬂﬁrﬂﬂ

S S




@Tnaﬁy gear“c}w







@Tnaﬁy gear“c}w

® TiokaverTex al rondom

\V‘I'

Y

S




@Tnaﬁy gear“c}w

® TiokaverTex al rondom

® Raonk The vertex ()

\V‘I'

Y

S










@T’rvahy SQO\PQL\

® Efc_ﬁ Q\ veﬂLex QTL Pana{om




@T’rvahy SQO\PQL\

® Efc_ﬁ Q\ veﬂLex QTL Pana{om

® Rapk The verTex ()

—




@T’nar*y SQO\PQL\

¢ Efc_ﬁ Q\ veﬂLex QTL Pana{om

® Rapk The verTex ()

® [?r=% donel
R ok pecuse lef T —

L <k pecuse PTE\LWL

Friday 16 December 11




==l |
Py A

E )CPQQ‘{“QO{ @d@ﬂ D) e urSIoN S*Q?S

> O<n loﬂg m) e)qDecJFeal Jﬁmﬁ




==l |
Py A

E )CPQQ‘{“QO{ @d@ﬂ D) e urSIoN S*Q?S

> O<n loﬂg m) e)qDecJFeal Jﬁmﬁ




gfn@ﬁy SQO\PQL\

==l |
Py A

E )CPQQ‘{HQOl Od@ﬂ D) e urSIoN S*Q?S

* PokaverTex al randon
srcle JFLwe QQWLT’VQ S\QJD
Ol log

> O<m loﬂg m) e)qDecJFeal Jﬁmﬁ




gfn@ﬁy SQO\PQL\

 Pokhavertex al random

eide The QQWLT’VQ S\QJD

Ol log\ ") % é
® Ronk The vertex ()

©<D lOE\ D) =4
/ \

E )CPQQ‘{HQOl Od@ﬂ D) e urSIoN S*Q?S

> O<m loﬂg m) e)qDecJFeal Jﬁmﬁ




@Tnaﬁy gear“c}w

* PokaverTex al randon
srcle AH\Q QQWLT’VQ S\QJD
Ol log

* Rark The vertex () % é

Ol log ") /)'
o [0 = dopel / \

R b recurse e d T

<k pecirse PTE\LﬂL
E )(PQQA?“QOl @d@ﬂ D) PQQUPSTOD S+€?S
-> O<D loﬂg ") ex?ecJFeal JFT’me

Friday 16 December 11



DeTermnsTie!

U Se M QE\TO{O{O)S ?QPQ\’W)Qjﬁf‘Tc SQQPQL\ #O
‘)ﬁPO@SQOW\“ﬂ PQDJQTFH TO SQ\QC_‘)“TODZ

" The PQDJ@TDQ\ ng\orffkm Aol x = x*




C O\W;QPTSOD

\\
= </
472 Vs
(3

27, L) %X' 44 IQ P:J@, Olome,f

RUO PQDJQTDE\ Q‘?ﬁ xX= )('Oj' TQ Pd? ‘?ﬁL\eﬂ (r I ’EQlOZ,J (J)
TJQ >k Then - absove lj.

Friday 16 December 11



Rurnng ranking a1 x=x"

® [ -k COMPONSON = F‘QDJQTDE\ Ol log\ ")

* RQDJQT’DE\ AT =" umes On \og ") COMPANSONS
so (Ul logi ")

* oo muen BT,




Ronk/Sor T USINg
paralel s g ne Tuork

©< ) PRrOCESSONS

(:> O 0O 0000 <:> *

OO OO0O0O00O0OO |t
depth

O 0000000l

t QCL\ ”PPOCQSSOP OlOQS o< C_O\“YYPQPTSOD —

S X i lQQT OQ )a*?




LOOJQ Qﬂf 7LL\6 ‘QTPSAf level

©< ) PRrOCESSONS

QQQQQQQQ

t QQL\ "PPOQQSSOP OKOQS one QO\“TTPQPI SON —

S X i \€£7L OQ ){K—?
SOP_r _HWQ SR

X0 <X <SXG<R3< e < x5< L <X




LOOJQ Qﬂf 7LL\6 ‘QTPSAf level

©< ) PRrOCESSONS

QQQQQQQQ

t QQL\ "PPOQQSSOP OKOQS one QO\“TTPQPI SON —

S X i \€£7L OQ ){K—?
SOP-% _HWQ SRS

X)<XL<XI<R3< < x5 <L <Xy

Can anser talk of Them W Th one Panﬁfma




LOOJQ ng AH\Q ‘Q PS% level

?POQQSSOPS

Q

QQQQQQQ

t QCL\ ”PPOCQSSOP O{OQS one QO\“ITPOP' SON —

S X i lﬁ‘QT OQ x*?

CQO ansher L\Q\Q OJQ .HWQ\“W LJT‘H\ on< PQD{Q'OFH

(X
(X

o4 D) Pomﬁfnﬂg JQOP onNe. \eve[

oo ) levels > Ol o 1)

(op e Torproved To Ol | nlog n)
[Cole Saloe STer qer o emered” 1957 |




- os T and e@gy?




More Todks




< Nefg

e ST oln ?ofrﬂLS
® F Qmﬂy R = Qll SUJDSQ7LS O‘Q g #RQJF G-

conTarned i <ome dib

* NS onnet don (SR)H cvery set
n R ThaT conlaims more Thon € n ’POTFﬂLS

conTams a whess in N




< Nefs

Se T X obn ?OTDJFS
Farity R = ol svbserts of S that are

conTamed i <ome <k

N C > ap € ne T JQOP <SR) TQ cveny se T
n R Tral conlTains more Than € n ?OT’DTLS

conTams a whess in N

Thoe & pe s of stoe U1/ 8)\03@/ e))

Q\LJQVS exisT




< Nefg

Se T X obn ?OTDJFS
F Qmoly R = Q\l SUJDSQTS OQ AN 7LL\Q7L o<

conTomed i <ome L\Q\Q?bﬂﬁ

N C > ap € ne T JQOP <SR) TQ cveny se T
n R Tral conlTains more Than € n ?OT’DTLS

conTams a whess in N

Thoe & pe s of stoe U1/ 8)\03@/ e))

Q\uays exisT




<- Nefs

SeT S of nlpes 1 RY
F mely R = Q\l SUJDSQTS OQ AN 7LL\Q7L

nTersec T some SQﬂWQFﬂL

N C > ap € ne T JQOP <SR) TQ cveny se T
n R That conTams more Than

c N [T}DﬁS QOﬂﬁﬂQ'oﬂS A LJlO_)iDQSS N N

Thoe & pe s of stoe U1/ 8)\03@/ e))

Q\uays exisT




< Nefs

e T ofn LWV?QP?{QDGS S
F mely R = Q\l SUJDSQTS OQ AN 7LL\Q7L

NTersec 1 some Sfm?\e)a

N C > ap € ne T JQOP <SR) TJQ cveny se T
0 R ThaT conTams more Than € n

L\V?ﬁﬁ?\@ﬂﬁg QOD‘#Q'ODS A I/JIOTDQSS N N

The €& peTs of stoe UL/ e)log\@/ ¢))

Q\uays exisT




< Nefs

SeT S b pelements

- Q\“ﬂﬂy R = srbseTs of S of i e
V(- Dimension d

N C > ap € ne T JQOP <SR) TQ cveny se T
0 R ThaT conTams more Than € n

clemen s conTams a winess in N

The €& peTs of soe UL/ e)log\<a\/ ¢))

Q\uays exisT




Qe Tions

NL\OWL S JFLWQ J&>€S7L ?Q(WLTTLTQD OQ N lfneg JDV 8
fhes! 47

For red and Hre seTs of ?OTDJFS) coroc Terze

The <P,£) Lor e Ther s a bpe wTh @ red
?OTFWLS Qmal JD Jblue ?of(ﬂLS ijove.

HQ\“WSQDO{LJTQL\ QLﬂLS n o ?\Qﬂﬁ LJﬁLL\ Q S”PQQO{S.

HOLJ WQW MmeoSNUes con e S?\TJF L\mw\ @) *Pfgmﬂ\e)

eTe.




