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oo0ol1erooopbooboboooo0ooboobooooooDo

* 000000000000 00000000000000000000000000000000000000 R
00000 ROODODODODODO0O0O0O0O0O0DODODDMOODOODODODODOODODODODODODODODODODOODDOODOOO
0000000000000 000000000000000000000000D00000000 ROODODOR
00o00U0oO0oo0o0oo0o@o0o0 QUUoOOoUo0OOoUOo0DOoU0OoO0ODOOOOoOoOOn
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00 1.6. f: R—>ROO0O00OO (degree-invariant) 0 00 =p-000 (=p-homomorphism) O
gobooobooboboooboo

r=ry = f(z)=r f(y)

0000000=,-000 f: R ROOORy O well-defined 000000000000 0=7-
000 fO00000000 [f: Ry R, 0000000000000000000 =000
00000000000 000000000000000000000000 0000000
00000000z~ 2®0000=,-0000000

000000%,-00000 =000 f:R-RO0000000O0O0CO0O000000OO0O

goobgoooo
(Vz €R) = <p f(z) <p zW.

000 20200000 000000000000 1000000000 2+—2M00
¥,-00000 =-00000000000000000000000000000000000
0000000000 100000000000000000 £,-00000000000000
000000000000 00000000000000000000000000000000
(Donald Martin) 0000000000 =-000000000000000000000000O
000000000000000000

1.32 0O00OO0OOO0OOOODOOOOOOO
OO0o0mOd <p-000000000 =-000000000000000

m:{SgRT : (E]CE]RT)(VX >T C) XES}.

O0MOR, 00000 c-00000000D000D0O00I0ODOO (aziom of determinacy)
OO00o00O00ooOoOooooOoooMOOOD e-00D0OO0OO0ODOOCOOOOODOOOOMOOO
000000000 (Martin ultrefilter)y 00 000000000000 00O0ODOOOO 2000
000000000MUO00D0O0000O00O000000000 (Martin measure) 0 00000
oooooooMmooOoooooooM-00000oDoDoOoo0Dooo0oOo0o0oDooooOoog
0O00O00DO0o0DO0oO0OodooO0oOoO0oOoOoooooNy 00000 e-o0OOObOOODbDOO
O00o00oooo Ny Oooooooooooooooo

oood0ooooo0U0oDoo0odU0ODOO0OR,O0000DODODOOOODDOOOOO
ooooooooono f,g: Rpr >R, 00000000 S%DDDDDDDDDDD

f<lg < {xeRyp:f(x)<rg(x)}eM

00000 < 000000000 (Martin order) 00000000000 <, 00000
0000000000000D000000000D00000D00000D000 < 000000
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000000000vO0O0000000000D000 <,-00000000000000000
0oo

00000000 =000 f,g: R-ROODD0O0[f]<%[g)]00000000 f<Y%gOO
0000000000000000002eRO0000f(z)<rg(z)00000000000
000000000000000000000000
000000000000000000000000

00 2 (0O000000). ZF+DC+ADOODODOODOOODOO

1. 000 f: Ry Ry 0MOO0D0DODOOO0OM-O00D00000O00O0O0O
O{xeRr:f(x)>rxteMOnnn

2. m-00000000000 f:Ryr R 0000<LY-0000000000
000000 <Y-0000 1000000000000000000000f0 <%-0
00 e00000fW(x)=f(x) M ooooooooooo fY 0 <%-000 a+1
Dooo

ZF+DC+ADDOODOOODOOOOODOODOOOOONONOODOODOODOODOOODO
000000 10000000000000000000000000000000000000
0000000000000 0000000000000000000000000 100000
000000000000 00000000000000000000000000000000
000000000000 000000000000000000000000000 f(x) <rx
000000000000 00000000000000000000

0100000000000002000000000000000 1.1.3000000000
< -000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000
000000000000 00000000000000000000000000000000
000000000000

00000 2000200000000000000000000000000000000
000000000000000 +4100000000000000000000000000 1
0000000000 000000000000000000000000000000000
r—zY00000000000000 2—2@000...... 000000000000=,-00
00000000O00oon

000000000000 0000000000000000000000000000000
000000000000 00000000000000000000000000000000
0Ooooooood

«100. 0000000000000 O0O Cabal0DODOOOOODOOOODOOOOOOOOOOO
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0000000000000 000000D0DOO0OU0000OL0LO 000000 U0DODDDOOOdOCabaldO
Victoria Delfino 0 0000000197800 50000019800 7000008 OOOOOOD 200
O00000O0oO0ooooo19780000000 Victoria Delfino0 50 0000000000000O0O
0000 40000000000000000DO0OC0CCOO0000O0 5000000 OO0O0UOUUoUOoDOD 14
OODO0OADZADYOD 2000000000000

D000000000000000000000000000000000000000000
000000000001980000000000000000000000000000000
00000000 Victoria Delfino00000000000000000000000000O0
00000000000009000000000000000000000000

000001980 0000000000000000000000000000000000
=,-00000000000000=,-00000000000000000000000000
D000000000000000000000 =-000000000000

000 rx=p,y0000000000000000 0y0000 A0000000000
0000000000 2000000y00000%,000¢%,, 00,000 ¢f,, 0000
000y000000200000 %,000¢5,, 01000}, 00000004000
00 @2, Prsy Prsar Pyse 0000000000 a,b,e,d000000000000000
D0z=ry0000000000040000000000000

00000 =-000000=0000400000000000000000000000
D0000000000000000 =-0000000000000000000000000
0oo

00 1.7. f: R—-ROO0 =p-000 (uniform =p-homomorphism) 00000000 u: Nt —
N‘DOoooooooooo

x=ry via (a,b,c,d) = f(z)=r f(y) via u(a,b,c,d).

00 =-000000000000000 (uniform degree invariant) 00000000000
000000000000 00000000000000000000000O000O000O000O000OA0
000 32000000000

00000000000000000000000000000000000000 (dinfinite
game) 0000000000000 D0000O0D0D0O00000O0O0DOOO (John Steel) 00O
O00000000000000019820000000000000000000000000A0
0000000000 =-0000000000000000000000000000000A0
000000000000 00000000000000O00000000

00 1.8 (00O0o0OoOooo [72]). ZF+DC+ADDOODODOOOOODOOO

e 00 =,-000 fO0DO0OM-000OD 20000 f(z)e L] 0ODOM-000
0020000 f(zx)000 2-0000000 20 =-000000
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e 0000000 2+~ 2! 00M-00000 20000 f(z)¢L[2)00000 =¢-0
000000=Y-000000000000

00000000 z0000000000000000000000000000 2+ z®@i)
D000000 w0000 2-0000000000000000000000000 XN 000
000=Y000000000000000000000000000000000000 =%-0
O, 0000000A,-00000 =y-00043,,,0000000 A}-00000 =%-00
OR,, 000000000000

0000000000 =-00000000000000000000000000D00000
0000000000000000000000 =-00000000000000000000
000000000000000000000000 =-000000000000000000
000000000000000000D0000000

00 3(00000ooD [72). 000 =-0000000 =-0000 =7-000000

00000 =-00000D00OD0ODO0 180DbU0O0O0O0O0ODUOOUOODLOOOODODODOObODO

googo
0bob0ob0 = 0OO00OO00OOn

1988 0 0 O Howard Becker 3] 000 =p,-000000000000 =p,-000000000
00000 (universal set) 0000000000000 0O0O0ODOODO 1900000000000
gbbooobogobuoobbuooboboobooboobuoobbooboooboooboobo
000000000000 0D00000000000000000000 BeckerOOQOOOOO
000000000000000000000000 (William Wadge) 0OD0OOO0O0O00OOOO
gbobooobogoobogn

ooobobooooobobooooobobboooooob0mobobooooobboooon
gboboo™oboobooobooboboobboobooobo@mooboooboobo
gobogbogobooboboobboobooobuoooboobbooboooboon

2 DOOooooooo

21 0O0OOO0OO

211 ODO0OO0OO0OOO
gbbogboooboobbuoobboobbooobuooobuoobbooboooboon
gbooboobooboboobbooboooboboo
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000 (LEM): AV -A
0oOooDoO (DNE): -—A - A
Doooooogoog (DML): —~(AAB) < (0A)V (=B).

000 A0 BUOOODOOOOOOOOOO0O0OO0O0O0O0O0O0O0O0O000000000O00AO B
0¥, 000d00o0odoooooodoooonoooooooooooDg »-00o00x,-000o0
oooX¥,-00o00dddooooobodooooooododo X 0b0000gooooo
oo oooobooooooooao

¥,-000D0000O00O00oo0Ooo00 LPO (limited principle of omniscience) D 000000
000%,-00000000000000000LLPO (lessor limited principle of omniscience) O
000000000%,-00000000000000000000 (Markov’s principle) O 0O O
oo ouooooooa
0do00odoooobooooobooooboooooooooooooooooooooooooa
0000000000000 0000000000000000000000000000LLPO
OLPOO0DOOO0O0O0OO0DOOOODOOCO0OO0O0O0DOODOOO0OO0OOODOOOOOOO0OO0O0

00000000 (LEM), 000000 (DNE), 000000000 (DML OOO00OO00O00
dooddoooodooooon »y,0ooodooooodoooooooooooooooo
do0ooOoddo¥,0ddd00ooO000ooobo0d0ooooOo0ooooboDoooooooo
50000000000D0000OO00ODOO0O, Berardi, O, Kohlenbach 00 00O [I]DDDDD
0do00odooobooooobooooobooooooooooooooooooooooooa
all-or-nothing 0000000000000 O0OO0OOOO0OO0OOOOOOOOO

(Markov Principle)

>1-DNE ¥9-DNE
A1-LEM 21(—L||;c|)—:)|\/| — A2-LEM Yo-LEM —— - ---
AN / /
¥1-DML ——TII;-LEM Yo-DML ——II2-LEM

(LLPO)

05 0OOO00000oo

gbobooboooboobobuoobboobboobuooobuoobbooboooboon
dddoooooooooooobboooboobobobobbbbbbobbobobobobooo
gooooboooboobobooboooboobboobooobooobooonoo

goboobogooboooboobboobooobuoooboobbooboooboon
gbbooboogoboooooboobo

—VrA(x) < Jx—A(z)
ggodooooobobobobobobbbobbtboddddoooooooooobn oo

—VrodriVaodrs...A <=  daxgVridaoVes...—A
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gbooboobogoboobbooboboobooobuooobobooobo
V$0§|Z'1V$23$3...A V EIxOVxlElxgv:rg...—'A (1)

0000000000000 000000000000000000000000000000
0000000000000 0000000000000000000000000000000
0000000000000000000000000000

000000 (1)00...00000000000000000000000000000 ;0
0000000 X000000000000000 (zg,#1,22,...) € XNOOODODODAD XV
0000000000000000000000 (1)00000000000000000000
ooo

VxOEI:mVxQng PN Vm2n3x2n+1Vm2n+23x2n+3 e (:Un)nGN cA

V. dxoVai3dzaVes ... 3xe,Vron113Ton12Vronts - .. (xn)neN Q A (2)

000000000000000000000000 (2)000"0000...00000000
gooooboooboobboobbooboooboobboobbooboooboboobo
gbobooobogoboobboobooobooboobooon

000000000000000000 (2)000000000U0O0O0O00O0O0D0ODOO
0000000000000 00000O000O00DO00DO00D ())OooOoooOOoDOoOoDo
goooobooobooboboobbooboooboobboobboooboooboooboo
0000000 (1)000000000O00O0000000000D000O00O0DO0ODOOOooOo
gbooboggoo

0000000000000 0oooo»,-0000000DO0D0oDOoDOoDooon;-00
0000000000 (1)0o0ooO0o0D00U00D00U0X,-000000000000000OO0
gboboboobogoboobboobobooboooobuoobbooboooboooboobo
oooon

goobooboooboobobooboboobboooboooboobboobboooboOon
gooboobogoboobbuoobboobooooboobbooboooboooboooboo
0000000000000 0 (2)00000000000D0D0D0O0O0DO0ODO0OOOOOOO
oooooboooboooo

212 0O0OO0ODOOO

0000000oOo0oOo0O0ooOo0oOoO0ovODO 30000 20000000000000
gobobooooobobbooobobbbooobobbobooooobobboooobDbboooon
e-00 0000000000000 0000000000D00DO000DOoOoDOooooOoOo

0000000000000 000000000000000000000000000000000000000
goooooooooooobooboooboooooooooooo0ooooooOobObOUbbOoDbOoOoDOoOoD
oooooooooooboooooooooobooboooooooooobobooboooooo
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doooooooooooooooo
Va3bVeVd3e B(a,b, c,d,e)

gooooboooboooooboobbooboboooobg

|100 200 300 400 | oooog
v a c,d B(a,b,c,d,e) 00
3 b e B(a,b,c,d,e) 00

goooobogoobooboooboooboooboooo

Ya3bVeVd3e B(a,b,c,d,e) 00000 <« 000 30000000000

00000000000000000000 (1)00D00D00000O0D0000DO0oDOoooOO
0000 k0000000000 k-O00000000ooooooooooooooo

0(l) < 000 40000000 VOOOO 30000000000(VkeN)

gooooobobobooboboboobbobobobbbooobobbobbobobobboboboboboooobobobon
OO0DOD00O0 1900000000 0Db0DOS 0000 00bO0obO0obD0oDOoDOOOOO
ooooobooobooboboobobooboooboooboobbooobooobooboo
00000000000 Db00ODObO00ObOO00O0bO00O0DbU0O0O0ODbOoOoDObDOOoDObOOoL9s0
goooobogboboooooon

00000000000000000 (2)00000000U00OU0DO0O0O0O0O0O0DODOO
000 k000000000000 00D00DO0O0O0O0O0ODO0O0OO0OD (2)D00D0OO0DOODOD
goobgoooo

100 200 300 400 | Dooo
W ZTo o . (xn)neN cA
3 T x3 (xn)nEN gA

000000000000000O0 (2)00000000000000000V00 30000
0000000000000 0000000000000000

0000000000000 000000000VOO0O00002:000000000000
(21)ke2n 000020 +100 20, 00000000000000000030000002n+1
000000000000 (2k)kezns1 0000204200 24,4, 0000000000000
000000000000000000000000

00 2.1. X" 00000 X-000DO00X°¥OOoo0oo X-0000000000000VO
00 (strategy) 0000 o: XV - X 00OOO0O30000000 7: X°d 5w X0O000O

O0000000D0000000XxNODOOODODOODO0O00O00030000 700000
vboboboboboobobdobobobobdoboboboaobaonod
W i) xTo Tyq

3 x7 = 1(x0) x% = 7(zo, 27, x2) x% = T1(x0, 2], T2, T, x4)
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000004z, 2, Ta,...) = (],25,2F,...) 0000000 #: XN - XNOpOoooooo
00000vVODOOsoO0DO0O06: XN XNOOoOoOoOoooooo

ooo0oo z = (zg,21,...) 0 y = (yo,v1,...) 00000000 2®y = (20, Y1, %1,Y1,-- )
000030000 7000000000VO00 2= (xg,21,...)00000000000000
00000000 z@+(x) 000000000000V O000 ¢o00000OOOOO300
y = (yo,v1,...) 0000000000000000000000 6(y)®y00000000

00 22. 0000 ACc XNOOODOoOOOOOODOD300ODO0O 0 AODOODOOOOO
(winning strategy) 000000 z € XNOO0OODODx@+(r) € ADDDO00O0O0ODOOO00OO
D0OYOOO o0 ADDOODOODODOO0ODDD yeXNOODOOO6(y)®ygADODOD
gooogoao

00000000000 (2)0000000000000000OU0O0O0O000O0D0ODOO
0000000000000 0000000 (aziom of determinacy) 000000000 DO0O
dooooboooobooooo

00 1(00000). XO0ooooooooooo AcxNOgoooo3ooovooooo
000 A0DO0DOO0OO0OO0O0OOooOoOO0

0000000000000 0 ADODODOOO00ODOO0O0OOOO0OOOoOooOoOoOgn
00000000000 00000 (2)000000000000D000O0O0ODOODOOOOOO
000000000O0O00O0000 (2)o0o0o0o0ooo0oDU0oDO0oUOoUOo0OOoOooooo
0000000000000000000000000000O000000000 (2)00000
000000000000000000 (quasi-strategy), 000 0000000000000 OO0O
goboooboobooboobooboobodboobo0obb00 Xbooouoooboooooooo
goobooboboooboobobooboboobboobUooobooboboobbooboon

22 00OO0ODODOO

coooooboboobooboooboobobooboooobooboboobooOoOoobboobooboOooooo
ooooooboooooooobooobbooooooboobbooooDooooDo

221 00O0O0OO

000 d(z,z) < max{d(z,y),d(y,2)} 000000000000 (ultrametricy 000000
0000000000p000 Q, U0 p00000O00DOO0DOOOOOOODOOOOOOOOO
uboobooooooooon

0000000000000 00000000000000 (ultrametrizable space) 000 O
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gboooobogoboobboooboonooboo

0bo0b0oDb <<= ODO0bobobobon

0000000000000 (strongly zero-dimensional) 0 000000000 (large inductive
dimension) 0 0000000000000 DO0OOOOO020000000000000000
oooooooooooono

ooooooooooboboobobobobbbobbodddddoooooooooooooo
ggodoooooboboboboobbboobobobbdddddooooooooooo oo

Uobodl <<= 0O00b0oboobboooboooDbo

0000000000000 00000000000O0 Aooooo ANoooooooooao
000000000000 0000000ADDDODOO00000000ooooooooAN
00000000000000000000000000z,yc ANOOOOD

o— min{n€N:z(n)#y(n)}  if 5 £y
d(z,y) = 0 ifx=y

gobooobobOoooodoobOoooobooooObD obOoUoOobUoUoUooDboDooo
0000000000000 00D000DO00D0D0OD00D00D00D0 Xoooooooao
{0ju{2™”:neN}O0D0000D0O00O0ODO0OO0DO0ODOOODO0ODO0OO0O0ODO0OOO0ODOODO
gbobogoooooobooo

D00D00ooo0o0 ANDOOOOdO00000000000000000000000000
goooooo

obodbibd <= gobooobooboboo
<~ gogboogbboobobooobuoooboobo

AN00000DDO00000D0000000000000 ADODOODODDOOOOODDOOO00
boboboobobobobobobobobobobobobooboobooboooobooooon
ubobobooboboboboboboboboobobooboaon

00000000 f: X —-Y0OO0OOO0OOOO (Lipschitz continuous) 0000000 ¢O0O
oboobooooooooooboooooo

(Va,y € X)) dy (f(2), f(y)) < c-dx(x,y).

0000 ¢c00D000000 (Lipschitz constant) 00000000000 DO0 1000000
0000000000 (non-expansive map) 0000000 (metricmap) DOO0ODOO0O0OO0ODO
0000 100000000000000000 (contraction map) 0000000000000
00000000 X, YOOOoooooooooooooooooooooo 1ooooogoogo
00000000 1/2000000000000000000000O0O00ODOOOOOOOODO
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000000000000 0O000000D 1/2000000000000000000000
gooooobooooooooooOooobooOooboOooDoob oboboboOoobbOoboooo
gooooboog

222 000000
goobooboooboooboobbooboooboooboobboobboooboon
goobogo
00 ADDOD0ODO0O0O0O0ASD ADDO0OOOODOO0OO0O0OD000 c€eA*0000000O
00 (length) O |o| 00000007 = (b);<, 000007 [k=(b;);<x 000000AC0OO
Oo,7eX<“O00000c0 70000 (initial segment) 00000 Cr0000

oCT < o=r1]|0|
AO0OD (tree) 000000 DO0OO0TCAOOOODOOODODOOODOODOOOOO

cC7T and T€eT — oeT.

O000ceA<“0 pe A“000000000000¢Cp000000000000000
0000000000000 CpOO00c=p||o]0000000000 c€ A®00000
[o]={peA¥:0Cp}0000000TCA“D00O (infinite path) 000p e A 00000
p0000000DO0TOO00000000D0007T 0000000000 [7)0000

T]={peA”:(Vnew)p|neT}.

0000000000000 000000000000 AODOOOD AYD000000O00
g0o000o00obO0obO0obO0obOO0bOobOobOOobOOobOOobOOobODOobDOooDOooOooOoooboon

00 23.0000TCA<“000007T|0 A00000000000000000 FC 4%
O0DO00F={c€A<*:Fnlo]#0}0 ADDDDOOOOF =[F] 0000

SOTOUODO0OO0D A0 BOOOODOOOOOOOOe: S—=T00000 (monotone map)
oooooboobobooobooooo

c LT = (o) E (1)
00000000000000000 [¢:C[S]— (700000000000

dom([p]) = {z € [S] : lim |p(z [ n)| = oo}
[Pl(x)(n) =b <= (3s) (z [ 5)(n) =b.

000000000000000000000000000 [¢)(z) =U,e, (@ 1n) 0000
0000000000000000000000000000000000000000000
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00 24. ¢: S—»T000000000[p]: C[S]—[T]0[S)0 G,0000000000
0000000D000G;00000000000000006:C[S]— (700000000
000¢:S—-T00000060=[9)0000

Proof. x € dom([p]) 000000 Vrdmep(z [m) >n000000000000000000 GsOOO
000000000000MO00000 [7]00000e] r] = dom([e))NU{[e]: o € S and 7 C o(c)}
00000000000000000[¢] '[7]0 dom(j¢])) 00000000l 0000000
D=dom(0)0 [S]0 G, 000000000000 0000000 o€ SO00008(c)0 6([c]ND) C
[f]00000000 |o|0D00O00 reTO0O0O0O0OOODOOODOO
|:||:]DDDDDDDDDDDDDDDDDDDDDDDDDDDDznnUnDDDDDDDDDD (Un)
O0000zeDOOO2€lU, 0000200000 [¢]N[S]0 U, 00000000000000000
[(]00000[¢)N[S]CU, 000000000 n<|o|0000000007€T0000000000
goooooo O

gooooboboooboooboooo0ooobobooob0ooboobooboobDobboOon
OcezZODOOOOOOOODODO 2000000000000 DOODDOOOOOODOO

¢:S—T00000000
o] < le(o)] +c.

0000000000000 |o| <|e(e)|00000000 0000000000 |o| < |e(o)]
00000000 0000

000000000000 0000000000000000000000000000000
00000000000000000000000000000000000000 100000
0000000000000000000000000 90 |p(r)|=|rf/+1000000000
000000000000 60 |4(o)|=lc|00000000000000000000000O0O
0000000000000000000000000000000000000’000000
000000000

00 2 (000007, X0ooooooox¥NOoooooooo0oooooooooooo
gobooooobgd RQ(XN)QDDDDDDDDDDDDDDDDDDD

1. 0000000 6: XN - XNpoooooooo xzeXNOOOO (z,0(z)) € ROO
oooo

2.000000n: XN XNOOoOoooooo00xzeX¥0OOOO ((z),z) ¢ ROODO
oooQ

goobgoobooobooboboobboobooobuoooboobboobboooboon
gbooboobogoboobboobobooboooobuoobbooboooboooboobo
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gbobooooboobpbooboobbooboooboboobbooboooboobo
gbooboggoo

223 0O0O0O0O0OO

gD DD B
00000000 (aziom of dependent choice) D00 X 00 C-000000000DO00ODO C-
000000000000 0D000000O0ODCO0ODODO0000NDODOO0NODOoOODOOn
000000000000 TO0000 C-00000 (lea) 0000000 TOO (path)DOOT
O Cc-oooooocoooobooooooboroooboogobooooooo

00 3(000000). XO0OOOODOODODOoO0OX0O0O0ooOoooooooooooooo

0000000000000 (axiom of countable choice) 0D 0D 00D0O0OUODOODOODO

00 4 (000000). DO0ODODOOODOO (An)neNDDDDDHneNAnDDDDDD

goobooboooboobobooboboobboobooobooboboobbooboon
O00000000o0oooo0ooo0OooooonD ZF0000oooooooo

«00. 0000000000000 0000D000U0DA, CNOODOOOOOoooooooooo ZF
Oo0oooooo00o0ZFOoO0O0OOOOUOOODOOOOODODOODODOUOODODOOODOODODOOOOOO
000000 (Ax)nen000D0000ODOODOOD0OCOODOOOOOODOOUOOOOODOODODOODOO
OACA 00000000000 DOLOOD0OD0D0OUODUODUACAJ00D0OO0O0D0DUUODODODDOOUOODODODOO
00moooooo IL-00000000000000000000D0000OWKL, OOOoooooooo
gboobooboobobooboboobobobooboboboboboboboboboobobobon
WKLy, ACA) 0 ATR OO OUOOD0ODOOOO0OODOO ZFODODOOOODODOOUOooooooooooog
gooooooobobobobooboobooboboboobooobooboboboboobobooboOooD
0000000000000 0000 ATRpOODDODODODODODODDODODO0OD0ODO00DDODOO00OooDooooDO
00000000000000000000000000000000%0000000000000000
gooooobooboboon

23 000000000000

gobogobooobooboboobboobooobuoooboobbooboooboon
gboboobogoboobbooboboobooobuoobbooboooboooboobn

* 00000000000 00000000000000000 ROODOOO0O000000000000000000
goooooooooooobooboooboooooooooooo0ooooooOobObOUbbOoDbOoOoDOoOoD
oooooooooooboooooooooooo
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omooooboooooobooboboooobobooooooboboooooobobobooooooboobo
gbboogbogobuoobbuodbbooboooobuoobboobooobooooboobn
goooobooobooboboobobon
gobooboooobooboboobboobooobuoooboobboobboooboon
gbobooobooboobooboooboooDmoobobooboobuobobooboboo
ooooobooobooboboobobooboooboooboobbooobooobooboo
gooooboooboobboobboobooobooboboobbooboooboobo
googoobogoooooo
goboooobooboobmobooboobooboobooobooboobOoboooDbo
goooobooobooboboobbooboooboooboobbooobooobooboo
gboboo™obooboooboobboo™@ooboobobooboooboooboooboo
gbooboobogoboobboobboobooooboo@moboooboobmboooboo
gbboogbogobuoobbuodbbooboooobuoobboobooobooooboobn
gooboobooobooboboobbooboobobuoobobooboooboon

00 2.5. ZFCO00000O0OOOOO0OOO0OOOOO0OOO0OUOOOO0OUOLR)ODOO
gogbogoboobbooboooboooboo

gbobooboooboobboobbooboboobuoooboobbooboooboon
0000000000000 000000 (+e)0D0D0DO0DO0ODOOO0ODOOODODOODODOOD
goooobooobooboboobboobooobooboboobbooboooboobo
goobogo

gbobogboooboobboobboobbooobuoooboobbooboooboon
0000000000000 0000000000000000O00000000O00ZFCOOO
googn

00 2.6 (00000000000 OOO [48). O0O00ODOUOOOOOOODODOOOOOO
ggbbogobobdogobbuooobbooobbooobbooobbooobobooo
good

O0000000000000000000000000000000000000000 ZrCOo
goooobogoboobbooboooboooobuooobooboooboooboooboo
all-or-nothing 0 00 0000000000000 0OO0OO0ODOOOOOO0O0O0OOODODOOD

oooboobobooobooboboooboobboobuooobooboboobbooboon
gbooooboobooboboobbooboobbooboooboo é%—DDDDDDDDDDD
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DAi00000000 4500000 000000000000000000000000O00O0
000000 Ai00DD0D000000O00000000000000000000000 A{0
ooboobobooobooo

«000. 0000000000000000000000000000000000000000000
000000000 RCA,00ODOO0OOOD ATR,OO0ODOD0DASOIDOD Ni-00000000X%Y
00000000000-0000000000000 mOO0000000000 AL-000000000
000r>400000X%-00000000000r00000000000O0O0OOOOOOOOOO0
0000000000 000000000000000000000000000000000000000
0000000000000 00000000000000000ZFCOO0O0ODOO0ODOOOD

gooboobooobooboboobboobboooboooboobboobboooboon
gbooboobogoboobboobbooboooobooobboobboooboooboooboo
gboobooboooboobboobooobuoobboobooobooobooboooboo

oooooobooooobbobooooobobob bbb oobboooooboboooo
gooooboooboobboobboobooobooboboobbooboooboobo
gooboobogoboobbuoobbooboooobuooobbooboooboooboooboo
gdddooooooooooobooooobobbbobbbobbobobbbbbbbbbobbobon
goooobooobooboboobbooboooboooboobbooobooobooboo
gooooboobooobbooboobbooboobbooboobboob0o—0boOobo
gbobooobogbbUdoo b0 —00b00O0bbOODbO0ODDbOO0ODbOOoocOOOnO
gboboobogoboobboobobg

g00o00o00ob00ob00ob0obUobUdbloodDbUODODODODODODODODODODO
000 ZFCO0000000000O0O00O0O00DD ZFRCOODODOODOOODODOODOODOOO
goo

0000000000000 D000O00 Mycielski O Steinhaus O 19620000 [53] 000
O00000obO00bO0o0obO0o0obOU0oOobOboobDoobDOoOoe200b00DOO0ODOODOO
0000000000000 0000000D000D00O00 “smaller universum” 0000000
0000000000000000000000000O0O0OaO*®g

*¥ 00000000000 000D0000000000000000000000000000000000000
goooooooooooboooooooboooboooboboboooboobbboobDOoobDobooDbOoD
0-0000000 (Kripke-Platek set theory) 000 0000000000000 0O0O00O0DOOO (admissible
set)DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDLM?K,HF,HNIDDDDDDDDD
ooo0Jq O Lwlcx+1DDDDDDDDDDDDDDDDDD—DDDDDDDDDDDDDDDDDDDDDDD
gooooooooooooooboooooooooboobooob-ooboobooOobOoOobDobobOobboOoboOoo
gooooooooooooooooobobooooooobDOoooOoooooDOobOOobOoOobooomobooooo
goooooooooooobooboooooooooobooooobooobooooboo

0000000000000 0 “00000”0000 “000000”000000000LR)D00O0O0OO0O
O LopooooooooooooooOoopooooooooOOoOoO0O0OoODOOOOOO0O00OODODODODOOOOO
oooooooooooboooooooooboooobooboooooooooboobobooooooon
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3 dooOooond
31 00000O0OOOoOobooooo

ooooooo 2, 00000000000C0CCCOOOOOO0OOOOOOOOOOOO0O0O
OoooOoooooooo0o0oooooDoOobO0o0000=p-000000000000DO0O0O0OO
000000000000 000000000000D00O00O0O0000000O0O0000000O0
000000000000 0000C0CO000000O00C0CO0O0O0000O000000O0

0000000000 (invariant descriptive set theory) 0000000000000 00OO
ocoobooooOooOoooOoobOOoOoObOUOObOObOObOOOO0OObOOOOOCOOOObOODn
0000000000000 000O0D000000D0O0D0O00DO0 (X,BOOOODDOOODO
(standard Borel space) 000 000X 0000000000000 0O0D0OODBOODOODOODOO
000000000 -00000000000000

00000 1.3000000A,-000000000D000 =x00000000000000
00 =000000000 ROO0OO0O0OOO0O0OO0O0O0O0COOOOO0O0OCOOOO0O0O00O0
ooooOOoOooOoOoOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO0OO0=
ocooooOooooOoooOoOooooOoOoOoboOoOoOoOoOoOCOOOOOOOOOOOOOOOOD
oo0o

O000000000000000O00000000000O0O0O0O0000O0C0O00O00O00000
o00000ooooO0o0o0ooooooOoOoO0OO0O0O0OooOoOOO0OOO0O0bOOOOO0OO0O0O0O0b0O0O0
O00000ooobOOo0o00n

00 3.1 (Feldman-Moore 00 0). 0000000 XOODOOODOOODOOODOOOOODO
00000 XO0OOooooooooooooooooooo

goooboboobooooooobbboobbbbbbbobbobbbobobbobbobobbobbbbon
gobooooooobbobobooooooobobobbbbbbobobobobbbobbbbbbbobbon
gbbooobogobuoobbuoobobooboobobuoobbooboooboooboobn
gobooboooboobboobboobobooboboobbooboo

00 3.2. 0000000 X, YOUOOOO F,FOOD0OOOODODOOO f:X—->Y0OFEOO
FOOOOO (homomorphism) 000000

rBy = f(x)Ff(y)
000000000000000000000000000000000 2By < f(z)Ff(y)

000000 f000000 (Borel reduction) DO0OOFEDDO FOOOOOODOOOOOOO
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O0F<p FOOOODOODOUOOOOOOOODEODO FOOOOOOOOO (Borel bireducible) O
OO00F~p FOOOO

E0 FOOOODOOOOOOOOOOOE-0OO0OOO F-O00000000000000000
00000000000 <p0000000000000000000000
0000000000 X/EOOY/FOOOOODOOOOOOOODOOE < FOOOO
000000 X/EQY/FOOOOOOOOOO0OO000000000000000000000O
00<pO00D000000000 (Borel cardinality) 0000000000000000000O0O
0000 ROOOOOO0 R/QOOOOOOOO0OOOO00ROOOON =x000000000
E={(z,y) eR?:2-ycQ}00000=<p FO00MOOOOOOOOO0OOOOOO0O
00000000000000000000000000000000000000000000
00000000000 0000000000000000000 ZFO00 ZPCO0000000
00000000000000000000000000000000000000000000
00000000000000000000000

00 3.3. 0000000000000 DO0OD0OO EOODO (universal) D00 0000O00OOO
Oo00o0o0oOOoUd0oO0oU0DbOO0 FOOODODOFLpbOODOODOOOODO

gobodoodoboooo0oooUoo0 FOOOOD F-ODOUOOQOODOE-ODOODODOOODODOOO
gbboogbogobuoobbuodbobooboooobuobbooboooboooboboobn
goooobogn

0 34. 0000000000 U0QUOUUODOOODOOODOOOOOOOODOOODOOOOOOOOO
gboooobooboboboooboboboobobobobobbobobobooo

goobgobooboobooobuooobuoobboob =w0000000O0O0O0ODLOODO
0000000000 KechrisOOOODOOOOOOODOODODOOO

00 4 (KechrisOO [10]). =, 0000000000000000

00 0Feldman-Moore 0 0 000000000 OOOOOODODO FPOODOODO GOOOO
0000000000000 0000000FO00 GOOOOODOOOO0ODOOOOOOOOO
000000000000 00000GO0 XO0O0O00ooooooooX o0 G-000oogo
gbooboobogoboobboobobooboooobooobbooboboooboooboooboo
0000000000 GUOUUO0000000D0D0D0D0O0O0O0O0O0O0O0O0O0O00000O0O00O0
gooboobooobooboboobboobboooboooboobboobboooboon

00 3.5. 0000000 XO00OOOOOOOOOOOODO (free000000X0O0O0O0O0ODO
00000000 O0o0OdDOO0o0oOo0OodDOoOooOooO0ooOdbDOoOoOoooDOobOoOooOg FO0OO
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0000000000000 000000000000FEO0O0000O0 (essentially free) 000
gobogo

gbogoboobbogoboooboobbogn

00 3.6. 0000000000000 0OU0OO0OOUUOOUODOUOOUODODOO (weakly
universel) 000000

Thomas DO Popa 00000000000 (Popa’s cocycle superrigidity theorem) 00 O O
Jooodooooooboboobobbboobboodoooooooo

00 3.7 (Thomas [75]). 0000000000 OOOOOOOOOOOOOOO

O00F,, 0000000000000 00DODO0DODO0O0DO00DOO00ODODOOOOODOO
gbooboobogoboobboobbooboooobooobboobboooboooboooboo
0000000000000 00000000000000000ThomasOOO 3.700000
oo0obo0oboooboobobooobooboooboo

000000000000 000000000000000000000000D00D0Kazhdan
gobogoobogboboobooobooboboobbooboooboobboooboon

00 5 (HjorthODO [2)). 00D0O0OD0O0OD0OODOODOOODOOODOOODOODOO

bobobooboboobobobobobobobobobOoboboboboboboonboog
0000000000000000A,-000000 = 0000KechrisOOOO0O=,0000
0000000000000 00O0KechrisD = 0000000000000000CDO0O0O0OO
0000 HjorthOOOOOOOOKechrisOOOOOOOOOOOOOO

ooboooobooboooooboobooouoobobooooobobooooobobooooooboooooon
Dougherty-Kechris [10] D0 0000000000000 KechrisOOODOODODOODODOOO
= 000000000000000000000O00O00O00O0bO0bO0bO0obOobOoDb

000000000 = KechrisOOOO = HjorthOOODO

000000000000 0DO0O000O0ThomasOODO 3.70000000=,00000
oooooooooobooooono

00 3.8 (Thomas [74]). 00000000 O0O0OU0O0O0O0O=,00000000000000
gobooooboooobad
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goboobogoobogoboobboobooobuoooboobbooboooboon
00000000000 000000000D HjerthOODDODDODDODOODODODOOODODOOO
00000000000000000000GEUOOO0O00000000D0DO0OoooooGoOO
gbooboooboobobooboooboobboobboooboo

00 3.9 (Thomas [76]). 00 0O0O0D0OO0ODOOOOOODOOOOO GODOODOOOOO 20
ooobooogn

1. 0000000000000 GooOoOOoOooOOoooOoO0o
2. 0000000000000 OOOOOOOOOOOO

gooboobooobooboboobbo0obboobuoooboobboobboooboOon
goooobooooooooo

00 3.10 (Thomas [74]). 00D 00DOD0DDODO0DDOODODDEODOOODOOOD XODOOODOO
0000000p0 XOOOOOOOODOOOOOODOOOOw-00 1000 E-OC0DCOOO
DyYyCcXOOoOooooFrp |/ YOoOoooooooo

0000000000000 0000000000000000000000DO00O00 (hyper-
finitey 000000000 2000000000000 00O0O0OO0ODODOODOOODOOOOOO
00000000000 0000OCO00000BoykinO JacksonOOOOOOOOOOOOO
0000000000000000000000000 (hyperhyperfinitey 0000000000
gooboobogoboobboobbooboooobuooobboobooobooobooobo
0000000000 BoykinO Jackson 0000000000000 O0O0OOODOODOOOO
gooboobooobooboboobbooboooboooboboobbooboooboobo
gobooobogoobooboboobboobooobuooboboobboooboo

gbooobogboboobboooboobbogn

00 3.11 (Thomas [74]). 00 O0DO0O0O0OOD0OODOODOOOOOOODOOODOODOOOOD
ooooooooooooooooooo

gobooubb=0000000000D0O0O0DOO0ODO0DDOO0ODDOO0ODLDbDOOn
gbooboooboogobooboobooobooooobg

= 0000000000000 =00 =0000000000DO0O0OD0ODOOO

coooooboboooooobobooboooooboobooboooooboooboooooOoooboboOooooo
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gbooboobogoboobboobobooboooobooobbooboooboooboooboo
gbbooggbogoboobobuobbooboboobuooobuoobboobo

32 0000OO0O0ODOODOO0O

0000000 X, YOOOOOOOO G,HOOOoOoOOOo Eé{,E};DDDDDDDDDDD
HDO YDDDDDDDDDDDDDDDDE&“]D E};DDDDDDDD h: X =Y OOODO
0000000000000 0o0o00oooooo0DzeXOgeGOOOOO

g-r=y = a(g,r) h(z) = h(y)

000000 of(g,z) e HOOODODOODOOODOODOOOOOO a:GxX —->HOOOOOOO ¢
00000 G-000000000000 (Borel cocycle) 000000000000 OOOOOO
gbboobogoboobbuodboboobooobuoobbooboboooboooboobn
goooobooobooboboobbooboooboooboobbooobooobooboo
O000000000o0Dooo000000oooo0ooooooo0o0o00o000 u:G—HO
G-00000000O0O0goo Eé{DD EEDDDDDDDD h: X ->YOODOOOO

g =y = ulg) hz)=hy).
00000 AO0O00000O (uniformhomomorphism)DDDDDDDDDDDEDDDDDDD
0000000 w:G—-HOOOOOD

tEXy viag = h(z)ELh(y) via u(g)

gbobogboooboo

000000000000 X0O00O00O000000p={¢ntnen0 XOOODOODOODOO
00000000000 00D00O0000000000000o0oo0ooooooD A, CX0O
O0000¢,: A, - XO000OD0OODODODODOOOOOOOODOOODOOOOOOO0OOO0O0O0O0O0OOO
000 XO0O00OOO0OOO0oOOO0 GooOUOO0ObO G={g4,} 000000000000 o0OO0ODO
000000000 F, 00000000000

zEyy <= (3d,e) [pa(z) =y and @e(y) = z].

00 3.12. 000X O0DOODO YOOOOOOOOODOOO o 00000000OOOOO
O000h: X =Y O (p,) D000DO0O0DO0O0O (uniform homomorphism) 00000000
w:N*->N0O00000

xEyy via (d,e) = h(z)Eyh(y) via u(d,e)

ggboogooggn
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g0ooodbO0O0d00=y 00 =,000000C00DODODOOCODO1000DOODOOO
gbboogbogobuoobbuodbobooboooobuobbooboooboooboboobn
O000000o0b0o0obOO0Oo0b0oobOoOo0obO0o0obO0 38000=,00000000000
gboooobogooobooboboobooobooboboobooobooobooonoo

gboogoobogoboobodooboboooboobbooboboobuooobbooobo

00 3.13. 00O 3.120000 A0O000O0OO0OOO0OOCOOOOOOOOOOOOOOAROOO
00000 (uniform Borel reduction) 0 000 00O

000000000000 0D0O0000000O0 py,pOOODOOODODODODOOODOOOOO
0ddodoobooooooooooobobooooooooooooobo o ooooooooo
(uniform universality) 00 0000000000000

oboboobob0obobd <= Ul = 0OoOodg

20l80000000DO0bOO0O0OO0OO0O0OD0ObOO0OOU0OOODO0OOODODbDODOOUOOOD
000000000oooooooD00UoooooooDOoMarksOOOOOOOOOO

00 6 (MarksOO [47]). O0OO0D0O0O0O0ODOOODOODOOOOOOOOOOOODOOODOO
ggbooooboooobod

0000000000000 000000000000000O000A0Slaman-Steel 0000
Ul0=x00000000000000000DO0O0OOO0ODOOO0ODLO0ODODOODLO0ObLbOOn

MarksOOUOO = KechrisOoogd

Marks 0000000000000 DOO0O0OOO0OOODOO0ODOO0OOODOOODOO MarksO
goobooboooboobboobooboboobboobbooobooo

00 3.14. 00 f: N—NO A?DDDDDDfDDDDD A?DDDDDDDDDDDDDDD
ZOOOOOz,yeZN0DOOO0O0D0D0D000020 yOOOODODODOO (many-one reducible)
ggoooobon A?l:ll:l :-N—->NOOOOOOz=yodOODOOOODOOODOOOOOOODO
z<Zy0000Z=2000002<,y0000

ooobo <, 0K Oob0oboboobobooobooobob 10bbobobooobOooo
=r0=,00000000000000

T<my = z<ry = M <, yb.

ZO0O0ODODOOOOoOoooooZ¥Nooo0oo0000000000000000000=70 Ef%
gboboboobogoboobboobobooboooobuoobbooboooboooboobo
gbobooboobobooboboboboboobooobooon
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00 3.15 (Marks [47]). 2000000000 =, 00000000000003YN000
000000 =3, 000000000000000000

000|Z>30000=2000000000000=r0=20000000000000
00000000000000000=,00 =4 000000000000000000000
0000000 |Z]<201(Z]>300000000000000000000000000 1.3
D00000D00000=,00=24000000000000000000000000000
00000000000000000000000000000000000000
<,-00000000 RZ00000000Z=20000R,000000000%,,-00
O0R,0<,-0000R,0000000000000D000000O0O0OOOOOOOO0
000000000000000000000000R,,, 0000000000000

O0000<,-00R,,0 <7-00R;00000000000000000000O0DOO0
0ORr0000000R, 000000000000000000000R, 000000000
000000000000O0R,O0022°000000000000

0D00000<,-00000 <,-0000000000000000000000000000
00000<,-00000000000000000000000000%,,-00000000
<,-000000000000000000000000000000000000000000
00000000000 =,000000000000000000000 = 00000000
0000000000000000000%:,IY,AY 000 =, 00000000000 ¥,0
! 0 =,-00000000000000000000000000R;,000R, 000000
000000000000000=,000000000000000000000000000
0ooooooo

00 3.16 (Becker [3])). =r 00 = 0000000000000 O0=r00 =,00000
0000000 =5-000000

00000000000 00D0O0O0O000d 2zeROODOD0ODODODODOOCOOOOO00=r00
=y 000000000000DO0000=00 =,0000000000000000

gobooobb=x00 =, 0000000000000 000=00000000000
0oobooobooooooooobooobtd=,00 = 000000000000 DOOOOO
gbboogbogobuoobbuodbbooboooobuoobboobooobooooboobn
oooo0oboooobboo =00 EﬁDDDDDDDDDDDDDDDDDDDDDDDDD
0O00OO000O0DOO0bOO0O0OOo0CO0oOdDO0DOOU0O0ODOOd ZoooooooDOoooooooo
gboogooobogoo
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00 3.17. QUODO0D0000z,ye QNO0O0 c€c ROOODOOODOOO cO000000
<gcppoooo

x <2y = (30 € AY(¢))(Vn € N) z(n) <g yol(n).

DDDDDZDDDDDDDDDDDDgfl’ODDD 3140000000 §£DDDDDDD
DDNDDDDDDI]I]DDI]DDDSE{CDDDDDDDDDDDDDDDDDDDDDDDD
goo

00 3.18. QOODO0D0O=,00 =2 0000000 f,:R—> OV 0000D0fOg
0000000000 (many-one reducible on a cone) 00 000000000000

f<Y g (3ceR) f(z) <2 g(z) for M-ae. xR

gooboobogoooboobooboobboooboob eboobooboboobboooboon
00000000 zeRODO0OO f(zr)0 g(z)00000000000O0OO0OOOOODOOOO
00000000000 000000000000C00000 QUOOUUDOODODoOoOOOOO
0000®0000000 QUO0DO000000000000O “000”0000000000
000000000000 000000000000-Montalban [31]00000000000O0

00 3.19 (Doooo). ADtT 000000000 DO00DO00 QUDOOODO0 2000
gobooooboon

1. =00 E%DDDDDDDDDDDDDDDDDDDDDDDD
2.0000000000000000000000 XO0O QUUOODOOoooooooo
googd

00 (2)0000000000000p00D000p000ODO0O0OD Q0000000
X00D0oo XNOoooOoOoOomMooooooooo0o0oooooo R\QUODODOODODOO
OOOADY, 0000D0000000D000D000D000D0000000000000000000
=r 00 E%DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
gboboobogoboobboobooobuoobbooboooboooboboobo

*0poO0000000000000O000 S,%’CDDEIDDD cOO000O0O0OOOOOOOODOOO0ODOOODOOODO
ooooooooo
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33 0000000000

gbooboooboooboobooboobooobooboobooboobooboobobooo
gooooboooboobboobboobooobooboboobboooboooboooboo
goboooboogoboobobooobooon

331 ODOOOOOO0ODOOO

000000O0ODb 3190000000000 00000000DO0DO0ODO 3.1y0bOobOOoDOOd
0000000000000 00O00 (N, OODOOOOOO 3.170000 ¢=0000000
goooobogoboooooon

f<majg <= 30000 0: NN, VneN, f(n) < g(d(n)).

0000g¢g000000000ygy0000000000000000000000f00000
00000000000000 maj0000000 majorize 1000000000000000
0000000000000 000000000000000000000000000000

00 <me-0 00000000000000000D0D00D000000000 f0g¢000
0000<m-0000000000000000000000000000000000000
000000000 fO0¢O0O0O00O0000O0000O0O00O00 f0¢000000000
f:R->NVDOOOODODOOODOO000O=,00 =, 0000000000000000
0000000000D00000000000000000000 =p00 =4,;0000000
000000000000000D00000 318000000 <Y,,000000000000
0000000000000000000

00000 3.190000000000000000000000000000000000 NN
0000000 NOOOOOOOOOODOOO0OO0O0000000000000NNQgoOoDOON
00000000000000 < 00000

f<ipg < 30000 6:NY 5 NV, vz e NV, f(z) < g(0(x))

goood 3.19DDDDDDDDDDDDDDDD§ZMD <top O OOOOOO0O0O0O0OO
gbbooobogoboobboobbooboooobuoobbooboooboooboobn
ooobooboooboobobooboboobooobo0ooboobboobooobooboo
gooooodooooooooooooooooodil<.,000ooooooaooodn
gbooboobogoboobboobobooboooobooobboobooobooobooobo
gbbooboogoboobboobbuoobboon

000000o0o0o0obO0o0oDb 31900000000 b0o0ob0o0o00obD0oobOoobOooDOd
gooooooOoooOdooooodboogoogoodoogoooboooogoooon “o»
O00”0000000000000C000000D00CO0000D0DODO0O000DODooOoOOOOn
000000000000 0D000D0000000 (computability theory) 00 OO
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332 OOO0O0OOOOOOOOOO

00000000000000000000000000000000000 Appel-Haken O
0000000000000 0O0HalesOOODOOOOOOODOOOODOOOOOOOOOOOO
gbooboobogoboobbuoobbooboooobuoobbooboboooboooboobo
0000000000000 000000000000000000000000000 HalesO
0000 201700000000 0000DOO00ODOOO0OOOO0OOODOOO0ODOOOOOOOODOOOd
gooboobogoboobboobbooboooobooobbooboooboooboooboo
gboooobogoo

g000000000obO0ob00ob00obOoboobOobOobOOobOOoDbOOobOOobO 2000DO0DODO
gboooobogooboobboobbooboooboobobooboboooboo

s 000-00000000: JoooooOoboooooooobobobooooooobooboog
obhboooooissouooobooooooboooooboooboooboooboboooooooDo
ooob190oo0oooboooooobooooooooboooooooOobOOooDOobObOOoDO
Glimm-Effros 0 000000 (Glimm-Effros dichotomy) D 000000000
oobobOoooooboooobooooboooboooobooboooooboobooooooooon
Gimm 0000000000000 000000000000000000000000000
gbboobobooobobooobooboboobtbooobobooobobooboooboboan
gbobogoobobooboooboobooobobooobbooobobooobbooboboOobooon
go0oooooUooooUOoooUooUOoooU0ooOooOoLoUOooCc-Doooooooooo
Mackey 00000000 « 1000000000000 00000GImmOO0O000000O
oooooooo IZ000oooo I3, 00000o0ooo0ooooooooooooggogoo
Effros 0000000000000 O0OOO00OOOOCOOOOOOOOOO F, 0000000
0000000000000 000000000GlImm 000000000000 0O00OO0OEfros
0000 MackeyOOOOOOOOQOOOOO
00000000000 Harrington, Louveau 0 O O Kechris [21] O O Glimm-Effros 0 0 0 O
OoO00oO0oooO00ooOoo0o0ooOooO00ooOooO00oOooO00ooOoOOOU00O0F, 0000
boboboobobobobobobobobobobobobobooboobooooboboon
00000000000-00000000 (Gandy-Harrington topology) 000000000
gbobooboobobobobobobobobobobobobobobooooooboooon
bobobobooboobobobobobobobobobooba
bobo-boboboboboboobooooooobobooboobobobooboboooboonbog
Harrington [22) 00 0000000000000 Siver000O0O0O0OO0O0ODOOOODOODOOO
O000O0Silver 0000000000000 000O00O0O0O0O0O0O0OODOOOOOHarrington
boboboobobobobobobobobobobobOoboboboboboboonog
0000-00000000000000000000Louwveau 000O0ODO (38000000
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00000 O0oooooooDoooo0000o0o0oDoDoo0o0oO0O0OoooOéE=10000
Dellacherie, £ =2 0000 Saint-Raymond, § =3000000000000 (Jean Bourgain)
000000000000 DO0O0ODODOéE =4,5,...0000000000000O00000O00O0
Lowwveau O OO OO0OO0OODOO0OODOOO-0000D000D00O0DOO0ODOODOOODOODOO (OO
0ddd0ddd0O0oboDoOoODOoO000ooobOoDO0dLowean D000 O0O0Q0OoOooOOOOO
Louwveau 00 000000000000 DOO0OODOOODOOODODOOODOOODODOOODOOOOO
0do00ooooobooooobooooobooooooooooooooooooooooooooa
dooooooboooooboooooooga

m000000000000O: 1900000000000 00000O00DO0OO0O0OOOODO
ubobotboboboboboboboboboboboboboboboboboobooon
ocoooooooboooobobooobo 400b000DbbOoO0OoOO00oDObOOoOOOoOoDbODOoDooOOo
oooboooooooboooboooogooosbbobbooooooboobboDbDooDbOoDboOo
gbooooooooon
vbobotbobobobobdbobdobobobobobobobobobobobobd
Oo0oobOobooobO0obOoooooobDOoboooboooOoD9slIooooooooboooboo
oooooooOOoOOO0 MOOOOOOODOOOOOOOOOOOOOOOOOOOOMOOOOO
0000000000000000001996 00 Nabutovsky [54]0000000000000O0
00000000000000ooooo0O0o0O0O MOOOOOOOOOOOOOODOOOOOO
00000000 ey 00000MODOO0 x2000000000000O0000 ¢j,00000
gbooooooon
bobobootbobobobdoboboboboboboboboboboboboboonboa
000000000000 0D0O0O000D0DOODO0000DODOd Nabutovsky O Weinberger
0000000000500000000000000000 MOODOOORiem(M)O MOO
bbooobobooobobooboboooboooobooboboobobooobbooooboboan
Met(M) = Riem(M)/Diff (M) O O O O O Nabutovsky O Weinberger [55] 000000000
obogoboboooobooobboooboboooobooobboobbooobOo0ooboDbon
gbobooboboboboboboboboboboboboobooboobooboooobooooon
oboooooao
0000 X, 000000000000000 (settling ttime) 00000 m: N—-NOOOOO
O00m(r) 000 n0000000000000DO0DOO0ODOO0OOOOOODOOOOOOODOOO
00000000000000000000 (Busy Beaver function) 000000000000
ooooboooooooooobooooooooomoooboooooobooooobooboOooobbooOoo
O0o00o0O0O00OO0O00O000CO0O0OO0O0O0O00000B00
0000000000000 D0O0O0000UU00DD A BOODDAODDODDDOOD BOO
0000000000000 00000000O00000000DOD0O00U0DLDO0O0AD BOO
oooOoOoOoOoOOOO0OO0O0OO0OO0OO0OO0OO0OO0O0OO0OO0OO0OO0 fOOO0OOOOOOOOOO0neNOO
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00000000 fima(n)) <mp(r)0000000000

Nabutovsky 0 Weinberger [55] 00 00000000000000000000000000
0000000000000000000000@MO00000000000000000000
0000000000000 0000000000000000000000000000000
00000000000000000000000000000000000000000000
00000000000000000000000002000000000000000000
000000000000 00000000000000000000000000000000
0Ooo00000O000

s J00000000000OO: OO0 200000000C000000000000000O0O
000000ooo0o0o0oO00oooOoOo0o0oooooOoOoOoOoUoOooooOooOoOoOoOoOoooo
000000000000000000000000000000000000O00000000
ooo

0000000000000 000000 (Vaught conjecture) 0 00000000000
0000000000000 00000O000000O000D00000 Montalban 0 OO
[70,51] 0000000000000 00O0OO0OO0OO0O0OOO0OO0ODOOOO0ODOOODOD
(hyperarithmetic-is-recursive) 0 000 0000000000000 0O0ODO0OOOOOO

O00000oooOoO0oO0o00o0oooOo0oO0ooo0ooooOooO0ooUoOoooooooooon
00000000000 [30], O0-Pauly [33], Gregoriades-O O-Ng 200000000000
0000000000000 0000o0oOO0O000DU0DOoOOoODOOOooOOo

000000000000020000000000 DaviesOO OO0 OO 0O Lutz-Lutz [41]
000000000000000000000000000Lutz-Stull [42,43]00000000
0000000000000000000000000O0O0O

4 OJOogodgd
41 O00DO0ODODOOODO

411 0O00O0O0OOO

00000000000 00oooo0o0000Gs0 0000000000000 00000o0o
gbooboobogoboobboobbooboooobuooobbooboooboooboooboo
gobobbugoobboooobbbbooooooboobooooobobbuoooobboooon
00000000000Gs 000000 F,O00000000000O0ODODOOOOOO

00 4.1. 0000 XO0OOOODOTIooOooooooo-I'={X\A:Ael'}0Trooono
000000 T00000 (seifdual) 000000 =-I'000000000O0O

0O 4.2. D000O0OQOQOOOOOOOOODOOODOOODOOOOOOOO0OO0 ROOODOOOOOODOOO
goboboobooooooooooooobooobooooboobobogbboobobooobooDbbooDbbOoo
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gboogobogbooooboboooboobobooboboobuoooboboooboo

00 4.3. 0000000 X0OODOOOODOOO0OODOODO0 £Y00000000000000
000000, 0 X)0000000000%)0 U, d3000000000000000
00000000000000AY =3)nT,000000000,.,,220000000

0000000000000000000000000000000 (Borel hierarchy) 00000
goooooogbooobooobo

0 44. X0O00D0OO0DO0ODOOOE)=F0009=G;0000000A20000000000
o0n000000oooo

(open sets) (Fo sets)
i &2 o Zon
/ \ / AN NN
AY - AY Al
N N AN S N
(closed sets) (Gs sets) h )

O6 ODODOOO

«[J00. 00000000000 0000D0O00D0ODO000ODOO0O00DODOOO0DOO0OOOODOO
00000000000 000 GsOODOO0O0OD0O00; Gs-000000000D0DO0DO0OO0DODOOO0OO

00 4.5. 0000000 X, YOOOOOOXxYOOOOO X0O00000OODOOOOOO
0000000 £ 000000000000 0000000 X 0000000000
XxY 0O U, 3000000 X00000000000000000 £,00000000
Al=3I NIl 0000XI00000000000 (analytic set) 00000000000
0000000 (coanalytic set) 000000000000 0O00DOO (projective hierarchy) O O
0000000000000000000000000000

04.6. X0O0OOOOOOOODODOO0OO0OO0OO0O0ODO (Suslin’s theorem) 000 A1 0000000000
000000Xi00000000000000000AL 000000000 OE,0 O,000000
oooo

\,/W\ s \M/“\ ,/W\ /o
"'BOI‘G] Al él w+1 T
/\\m/ \1/“\w/ g’ N\
o7 ODO0O0O

cobooooobooooboooobooooboobooboooobOoobOoOobooOoOoooOoboOobooboOooooo
goooooboboooooobobooboooooboooboooooboooboobooooOoooboboOooooo
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00000000000000000000000000%Y0 AY0000O0OOOODOOO0O
000000 00000XY0 AY0000000 (difference hierarchy) 0000000000
0000000000000000000000000000000000000 %0 A%,
oooooooo
0D00000000000000000000000000000000000000000
000000 X100 Al000D0D0O000D0D0D000000000 10 Alooooooo0
00000000000000000000000000000000000000A30000
000000000000000000000000000000019200000000000
000000000000 000000000000000 C-000 ROODODOODOOOOO
0000000 £i0000000000000000000 A}J00000O0O0O0OOO0OOOO

AL Al al
7w Sme

08 ODOOOCOOOOOoOooo

00000 ZPrCO0O0O000ODOOO0O00OODOOO00OD0O0ODOO00O0OOOO0ODOOOOn0
OOo00o0bOOoUoDpOoOoog 0O 00DbOo0oOo0oOoOoUoOooOobObOUbOoUoDobooUDbooO
Oo0ooOooooOoooooboOooboboOo 92000b00oooobooooboobooo

o000 0doobooooooogooob 000 oooooooooboon ooo
0000000 Dooooooboooobooooooooooooooooooooooa
aad

— N. Luzin “Sur les ensembles projectifs de M. Henri Lebesgue” (1925)

gobogobooobooboboobboobooobuooobooboboobboooboon
000000 ZFCOD00O0OD00000000OD0O000000O0O0O000000O “0000”000
gooooboooboobboobbooboooboooboobbooobooobooboo
000000000000 00D0O0OO0 ZFRCOOOO0ODOO00ODO0ODOOO0OO0ODOOOOoOoOo
000 /ZFCOO000000ODOCOO0O00000ODODOCOOOOO0OOODOOOOO

412 0OO0O0ODOO
gbbggbogobuoobbuoobboobooobuooobuoobbooboooboon
gooooboooboobboobbooboooboooboobboooboooboobo
000000000000000000000000000000000DO00 (William Wadge)
000000o00ooo (79 o000
9rooooooooooooooooobbooobo0ooooobOoOoboboOoooOoooOooDoOoo
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gogobooobobobobobobboobbooboobbobbobobbbobbobobobobobobobbbbobobobon
gbboogbogobuoobbuodbbooboooobuoobboobooobooooboobn
oooboobooboboobbooobooboboobobooboo

00 4.7 ([79). X, YOUOOOOOZO0O0OODOOOOOOO X, YOO ZO00O0O f:X—>Z
O0g¢g:Y—->Z00O00O0f0 ¢g000000O0 (continuously reducible)y 0000000000
(Wadge reducibley 000000000000 0: X -YOOOOOOf=gofD0O0OOOO
D00000oooof<wgOOooOQ

00000000000000000000D00000000000000O00000 200
000000000000000000000000000000000000000 2000
f:X—-{0,1}00000000000 f{1}CX0000000000000000000
00 ACX0OOOBCYD?200000000000000000000000000000

000
A<w B <= (30: X -Y 00) A=06"'[B].

obooboboboooboo20b00ooooboobobobooooobobooooboobooboo
googd

00 4.8. 00 ACXDO0O0O0ODO (selfdual) D00D000A<w X\AODODODOOOODOOOO
0000000000000
ACXDO0O00OO <« I'y={BeX:B<y A}00DO0OO

gooboobooobooboboobboobbooobuoooboobboobboooboon
goo

00 4.9 (000000 [79]). ZF+AD+DCOOODOOOABCNNOOODODA <y BO
00 B°<w ADDDOOOOOONNOO 20000000000000000000000
0020000

Proof. R={(z,y) : A(zx)=B(y)} 0000000000000000000 ¢:NY 5 NYQODO
000 (z,0(z) e ROODODODODDDODO n: NN - NYODDDODOO ((z),z) gROODOOOO O
0Onp000000000000000 A(z)=Bof(z)J0D00DDA<y BOOOODOOOOO
00 Aon(z)# B(z) 0000001 -B(z)=Aon(z) 0000B <y ADDODO

O0000000020000000000A<w BOOO B°<y ADDDOOOOOOO
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00000 A<w B°000 B<yp AODOOODOOOOOOOOOOO0OOOO0OOOO0OOO0O
AEW B, AEW BC, ASW B,BC, B,BC SwA
04000000000000000000000000{A,B}00000000 A=w B°O
ogooodgdaoo [

gobogobogooboobbuoobboobobooobuoooboobbooboooboon
0000 4200 BQOOOOOOOODODOOODOUOOOOD0ODO0OODODOO0OO0O0OOoOoooOooOooo
gooboob0 43100000000000000OO0OOOOOOOO

00 4.10 (DOO0ODO-0O00OOO). ZF+AD+DCOOO0O0O0OOOOOONYOO 200
gobogoboobooooboooo

00000000000000000000000000((Ty, TwaceOOODOODDOOODO
O000eU0O0RODOOOOOOOOOO0OOOODOD OODOOODDOODOOOOOOOOO B
000000000000 00000000000000o0 eUUOO00UOOD0DOUOOOOOOO
000000000000 e0000000D0DOooDoOoOoODOoOOon

000 «a0000 (ecofinality)y 00D0L 00 00000000 DO0ODO0ODOO0OOODOODOO B
O000ae<O©O0000000000000,N=-I',000000000000000T,N-T,-
00000000000D0000000000000000000000e<OGLOOOOOO000
ooooodran-r, 000000000000

.\./.\./.\,,,, ./.\./.\,,,, .\./.\,,,,
NN NN N
coﬁnal:ity w coﬁnali‘éy >w

09 0oooooobooboooo

00 4.11. 0000 XO0OOOO0OO T'0000 (separation property) 00000000000
200 rogo rn-rocooCcd0OOCdOO0OOCOO0OOCO0ODOO0ODOUODOUODOUODOODO
ooo

VA, BeT)[ANB=0) = (3CeT'Nn-I')ACC&BNC=10.

0O 4.12. X00OOOOOOOOOOUODOOO XOOOoUoooooooooooo oooouoooooo
goo

O 4.13. e 10IDUDNDOD a<w; 00000W, 00000000
e X0 MN}00000D00
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e (PD)X}, 10}, ,00000000

goboobooobogoboboobboobooobuoooboobobooboooboon
goooobogooboobog

00 4.14. X, Y0O0OOODOOQUOOOOOOOoOoOoOooO0O0O X,YoOo QUuoO f: X —Q
0g¢g:Y—>QO0O0000f0¢g000000O0 (continuously reducible)y 0D 0000000
(Wadge reducible)y 0000000000 f<wg¢gOOODOODOOOO

f<wg <= (F0: X =>Y O0O)VereX) f(z) <g gob(x).

00 ZOOOOO (discrete order), 000 a<z b0 a=0000000000000000
goooooboob 4140000000000 4140000000000DOO

000000002 ={0,1,4}0000000000000 1<001<100000000
o0ooo0o+102,00000000001000000000000B00

00000002, 000000000000000000000000, {0}, {1}, {0,1}, 2; 0
00000000000 XO00oOooorooooooo f: X —-Y 0O -00 (I-measurable)
ooobooboooobooo Ung:ll:ll:ll:ll:lf_l[U]EFDDDDDDDDD

00000000 000000 (closed under continuous substitution) D00 B <y A €T
000 BelO0ODOODUODO0OO0OO0OUOOUOUOODOOODOOOUOOOD AOOODODODAeT OO0
9~lAleTODDOODDOODOODO

00 4.15. 'O00000O00ODOC0OODOODO XOOOOoDoOooooOorocoooboobooo
oooooTr-oo2-0000r-002000000000000000000000O

Proof T-0000 f: X -2, 00000000000A=f'1}0 B=f'{0}00000T00
0000l 0000000000000TN-I00CCX0 A0 BOOODOOOOOOOOODOOOO
xc: X =20 T-0000000000000 f<wxcO00OOOOOOOOOOOODOO
0000000TO00 A BCXO0O0OOOOOO0O0OOOf:X —2,0 A001,B000,0000
004000000000N0000000000000A,B,AUBcl'00000000000 I-000
00000 fO0T-002000¢: X —»2000000000000000006000000 f<gofO
000000000 100000000f(z)€{0,1}000 gof(z)=f(z)00000000goA0 AD
01,BO00000000O0OC=(go#) Y{1}0 A0 BOOOODOOgO I-00000 D=g *{1}
000000000l 00000000000000C=6"'D|0T 000000 O

00 4.16 (Steel [71]). ZF+AD+DCODODO0ODOOTID0OODOOODOODOOODOOODOO
ooooOdrooo -rogoogoooooogoooon

Proof. 00000000000 OODOOOOOOODO
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0O0. (A0,A;)0 TOODODOODOODOOLOODOODOOODOOO (Be,B)OODOD'ODDOOOO -I'OO
0000000000000 0000 nO0OU00O0OnB) CA 00 nBi]CAOOODO

ROODODOOOOOOOOO
(z,y) ¢ R < (y€Bo — z€ Ao) AN (y€ Br = z€ A1)

00 (#,6(z)) e ROODODOOODOOO0AODO0O0O0D000D06(z) € BobUB, 000000006(x) € Bo
000 ¢ A DD0000A(z) e B000 ¢ A, 00000000C =60"1By]0 A DO A, 00
0006(z) e BbUB, 000000COTIN-I000000000 A 0 A, 000000000000
000000000000 (n(x),) ¢ RODODOODO0OO »00000000 (p(z),) ¢ RODDOO
nlBo) C Ao 000 n[B:]C A, D0O0DOO

00000l 000000000000rD -I000000000000000000 (4o, 4:)0 A-O
00000 000000(C,Ch)0 A-000000 -M0000000000000000000000
00 npO0On[d] CCo00 74 CC,00000000000000By,=n"1[Col00 By =n"1[C1]
000D000000(As,Ao), (Ao, BS), (B, A1)00000 A-000000 0000000000000
00000000000000000000000 n,m,n 0000

n0,m,72 000000000000 r€3*0000000000 (25)new 0000002k = 0r(ny(@hi1)
0oooo

O0. {re3“:ap€ AUA} 000 (comeager) 00D DDODO

Proof. 000000000000000{re3”:2,¢ A UA,}0000000003“00000000
0000 ¢e3<000000{res3”:a§ "¢ AUA}O00D000000000OR,7,7.0000
00000 re3“ 00000

CL‘S cAgUA — $8AT =Ns(0) ©No(1) O+ 0O na(\a|)(m6) c Ag U A;.

00D0{r:zf ¢ A)UA}000000000000B,0 Bi000000003% =J,_,{r:af & Bi}
00000000 j00000{r:z,¢B,;}000000000000n,7 000000

r i+1)"r r
ah ¢ By = ™ = i (af) € Ay
0000{r:z, €A UA}00000000000000000000000O000 O

0000000 j00000{re3”:z;€A,;}000000000000000 ¢e3<¥00000
{res3v:a§ "€ A;}000000000n 000000000 -e3*0000000000

~ ~o~
gcg TEA]' — iEg TGAl_J’.

0000{r:2§ "€ A,_;}0000000000000A4;0 4,_,000000000000000
00 O
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Steel 00DDODDOOO (T, [,) 0000000000000 000000O00O0OOOOO
1978 00 Van Wesep [78| 0000000000000 (T, T, 00DDOO0DDO0O0O0O0O00OO
D00000000000000000000000000000 (Ty,-I,)000000000
D000000000O00000

D000000000000000000000000000000000000N, 0000
0D0000000000D0000000000%,00000000000000000000A,
ooOooooon 2,NnI, 0000
0 4.17. I, ={N"} 00 % ={¢}0000%, 000000000, 000000000000100

w1 0000000000000000000000000 (Hausdorff difference hierarchy) 000000
Yo, 0 F,0O00ODOOOOI, 0 GsOODODOOODOOOO

0 4.18. MO0DO00D000000O0000000zMl=200 2t (n+1)=2""""000000DO
0000%,+t»0 20, 00000000,++,0 0%, 000000000000

oooooboooboobobooboboobooobooobooboo

0 4.19. 000w +1000000000 €w,41 =SUup,e,(wi Mn)0000000000000000
000 wOOO0O000O0000000000000000000000000 % 000000
oOooooooox =xnoon =’ 0000

Cwy+1

Cwytwy Cwytwy

goooboboooooobbboooooobob b 0bbb00o0ooobbbboooon
gobogoo

0 4.20. 0 w, 00000000 (Veblen hieararchy) 000000000000 ¢a(y) O +, sup,c,,, O
00 (¢8)s<a 0000 y0000D00000000000¢e 0 1L,wi,w?,wi,..., ¢ w$™? 00000
00000000 ¢10 1,€0,4w,,... 0000

00000000000000 «a00000%s,0)=%2 001, =0l 00000000000
v =sup,,, ¢¢(1) 000000000000000000000000000000IL 00000000
000X, 000000000000

gobooboooooobbooooboboooooobooboooooobbooooobobooo
gboboobogoboobbuoobboobooobuoobbooboboooboooboobn
oooboobooobooboboobbo0oboooboooboobbooobooobooboo
oo ob bbb obobbobobooo
gooboobogooboobboobooobuooboboobooobooooboooboo

42 BQOOO

O0000000000000000000000000*%well-quasi-order) 00 00 0O
wQoOUOUOOOoOoOOooOooOoOooooooooooooooogoooooooooooogoo

*10 Well-quasi-order 00 0000000000000 0000O00O00O00O00O00O0000000000O00O0
oooooooooooboooooooooobooboooooooooobobooboooooo
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0000000000 Robertson-Seymour 00000000000 (graph minor theorem) O O
oo ooooooooooa
doooooobooooobooooobooa

0000000000000 0000000000000U0000000 (Kruskal’s tree
theorem) 000000000000 DOODOOODO0OODOOODOODOOOOOOOOOOOO
0do0oddoobooooobooooboooobodoooooooooooooooooooa
OO00000ooooowQOoOO0oO00oodoooooooooouooooooooon

dobodbooooobouooobooboboooobobooboooooobooooooon
dodododouououoooooooooooododododooooooooooa
001965 0 0 Nash-Williams [56] 000 0000000000000 O0O0OO00OOOOOOOODO
000 (BQO)ODODODOOOONash-Willams 00 0000000000000 00OO0OOOO
0000000000000 0000000000000O0Laver [36)]00BQOOOOOOO
0000000000000 0000D0000000 Fraissé DODODOO0DOD0OODODO

1972000000000000 (3500000000000 00DO0OOOO0ODOOOOODOD
O0000DooooowQOOODOOoDUOoOooooooooDOooDoouoooooooooo
oo ooooooooooa
0000000000000 0000000000000000000000o0ooBQOOOOO
0do00o0dooobooooobooooobooooooooooooooooooooooooooa
doodoooboooooboooboooooboooobooooouoooon

0000000000000 000000000000D0000DO0ONash-Williams OO OO
0do00oddoobooooobooooboooobooooooooooooooooooooa
0000 Pouzet 00D ODOODOODOODOODOODOODOO

000 QUuo0ooooooooooo @-0oooooo

o= J o

aeOrd

00000 Q00 p,qeQ®dU000000N0Op<qU0OOOOO
(Va € dom(p)) p(a) <g qof(a)

0000000 #: dom(p) — dom(¢) 00000000000

00 4.21. 000 QO O000000 (better-quasi-order) 1000 BQO OO0 00O O(QC™, <)
ddddoooooooooobono

OO000OPouwzet 00O OOOOOODOOOOOODODOOOODOOOODODOODOO
gboboobogoboobbooboboooboobbuoobbooboooboon
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D000 =
000000 (BQO) = 0000 (WQO)
oooo =7

Nash-Williams 0000 0000000000000000000000D0000000000
0000D000000000000000000000000000Laver 0000000000
000000000000000000000000000000 Forster [15,59]000000
000000000000000 QUO0D00000000000000n vH(Q)Doooooo
O0DDO0OPH(Q)0 QOODOODOOOODODOOODDOD

Va—:-l(Q) = P+(Va+(Q))
Vii(Q) = | Vih(Q) if A is limit
a<<A
Vi = U Q.
A€eOrd
00000000000000000000000000000000 VOOOOOO0O0oO00O
00000 e-000000000000000000000 Q00 VH(Q)0O00000 e-00
00000000 ¢e Q000000
0000000000 GoOOOOOO0A,BO Q000000000 A,BeV*t(Q)OO
0000000200000001010000000000 Go(4,B)0000O0
I0 100000 Q0000000000000 0000000010 20=A0000000C
010 y=BOOOOOn+100000000010 2, 0000000000 2pyt € 2, O
000z,0000000 2o =2,00001l00000000000

I. A=ux9 e Ty D x2 D ... e Tm =  Tm+1
II: B =1y > oy > Y2 > > UYn = Yn+1

Q-00000000000U0UlIo0oDooOo IlID0DoO000oooUOoDoooUooood
oooo0oooooooooOd lim,z, 000 lim,y, 000000000000 00 G(A,B)
gboooobogboooboooboonooo

000001000 < limz, <g limy,.
n n
0000 Q00 VH(Q)DO0OD0ODOO000O00o000o0o

A<B < Gg(A,B)000000DO0O0NIODODODOODOOD

00 4.22 (Forster [15, 59]). Q0000000000000 Q-00 (VH(Q),<)0000
00000000000
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goboobogoobogoboobboobooobuoooboobbooboooboon
gbboogbogobuoobbuodbbooboooobuoobboobooobooooboobn
goobooboooboobboobboobboooboooboobbooboo

gobooboooobooboboobboobooobuoooboobboobboooboon
0000000000 0o00oo000DoOo0000DOoo0000DoDoo000ooDoOo0OR®»O0
ooooobooobooboboobobooboooboooboobboooboooboooo
gooooboooboobboobbooboooboobboobbooboooboobo
gboooobogbbogoboooboopboon

s 0000000000: OO0ODOQC Forster DOODOO0OOOOOODOOOODOODOOODOO
000000000000000000000000000000Q-00000 AODODOOOO
000000000 GA,B)ODOOODO0LOOLD0OOODDODODOODODODODAQOODOODODOOOD
00000 QUOO0O0DO00O00 e-00000D0D0QUDODDODODO0O0ODOODOODOOOOOO
0 Seqe(A) 000000000

AO00DO00 te(A)000000Seqe(4) D te(ANOODDOO00D0000000 te(A) O
D000D0000000000 te(ANDO0O000000000000Seqe(4) 0 te(A)N 00
goooobogooboobboobbooboooboooboboobboooboooboooboo
gooooobood

000000 V+H(Q)UDOOO A<BOOODDODNDOOO0000D000 limy: Seqe(A4) —
QU limp: Seqe(B) - QUUOOO00000O0DDODO #: Seqe(A) = Seqe(B) DD DDOOOO
020000 lima(z) <g limpof(z) 000000000000 00 limy 0 limp 000000
00000000000000000000000 VY(Q)D0OD000O0DMOOD0O0000D0o0oao
000 QUO0O0000000000o0ooooooooooooooon

gobooboooboobobooboboobbooboooboobboobboooboOon
O00000000000Do0o0o00000000o0oo0oDooo0o00O00000OnSimpson O
gboobooboooboobboobbuoobboon

NYODOOOODOODODOOO0ODOO000O00 se[NVNOOODOO 00000000000
D0s*(n)=s(n+1)0000000 QUOOODOOO0DD0DD ¢: NY—> Q00 Q-0
0 (good Q-array) 00000000 s€ NNOODDOO ¢(s) <g p(s*) 0000000000
Q-000000D0U0DU0DOUO Q-00 (bad Q-array) D0 DD

00 4.23 (Simpson [66]). Q000000000 0000000000000 ¢: [NN— QO
0 Q-00000000000000
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43 00D0O0OOO0ODOO0ODO Ellentuck OO

431 0000000000

0000000000000000000000000000000000000000000
000000 20000000000000000000000000000000000000
000000D0000000000000000000000000000000000A € [w)
000 SCw"00000hoS={hog:g€w"}0000000000000000000O0
0000000000000

00 4.24 (00000000000000). 000 ACw|"0000000 hew*DOODO
O0ho[w"CADD0D0 holw|"NA=0000000

oo0oOopoOoe2s0dodbooopdbobooooob0boooooboUobooDOoooUooo
ooooobooobooboboobobooboooboooboobbooobooobooboo
O000000000000000BQOODDOODOOOOO0DOOODOOOOOOOOoOoOoOn

00 4.25. AC[w¥ 000000 (Ramsey property) DO0ODODO00O00 he [w* 000000
holw]* CAODD holw*NA=000000000000

goboobooobogoboboobboobooobuoooboobobooboooboon

goog
000000 ACw*0000000DOOO

ugdodoooooboboboooboo

ggdodgoooooobobbbobobooobbobobbboddddoooooooooob b
oooooooooboboboobbboobobodddooooooooooooboboooooboooo
gobooobooobbooobboooobobbooob oo b oo boooobbooo
guoodboboooboooobooobtbooobobooobooob oo bbUooo o
0000doooooooooooobobobooboooboodddddoooooooooooooo

000000000000 ONash-WilllamsO0O OO 196500 BQOOOOODOOOOOO [56]
000000000 00D0O0000O0000D0o00000000O0O0nOodNash-Williams
000000000000 200000000000DOO0DODOODODODDOODOODOODOOO
000000000000 00000000Od0ORichard Laver 0 BQO OO0 OO OO Fraissé O
O0000000000O0Nash-Willams 000 00000000000 O0OO0OO0OOOOOOOO
ggooobboooooooobbbooooooooobbb oo bbbooOo o
Dana Scott 000000000

O00000 GalvinOOOOOOODODOOOOODOODODOOOODOOOOOOOOOOOOO

o1



0000000000000 00000000000D000000004Galvin-Prikry 000
[[710000000000000000000O00ODO0O0DO0O0ODO0O0ODO0OODOODOOODOOD
gooooboooboobboobbooboooboooboobboooboooboobo
ZzrCOO0O0ODODOO

00 4.26 (Galvin-Prikry [17]; Silver [65]). 0000000 AC [w]* 00000000000
0000000000 AC[w*0000000000

0000000000000 00o0oO00O0000000000 wOOODOODOOODOOO
D0000000000000000000 0€ w"00000fo(o]={fog:0Cg}00D
000000000 [w*OO0000 Ellentuck OO (Ellentuck topology) 000000 nO00O
000id, 00000 fo[id,]O000O0O00 f0O Ellentuck 000000000000 Ellentuck
0197400000000000000000000O0COO0OOCCOCOO0ElentuckOOOOO
ooooooooon

00 4.27 (Ellentuck [13]). A C [w]* 0 Ellentuck 000 0000000000000000
000 g€ [w]* 0 Ellentuck0 0 golid,] 000000 hOOOODODOO000O0O0O

holid,] CA or holid,JNA=0.

O00AO Ellentuck D00 OD0O0O0OO0O0OO0DDOOO0O0OOO0O0OOOODAOOOOODODOOOO

000000000000 0000000000000000D00 Galvin-PrikeyDOOOOOO
0000000000000 0000000000000000Ellentuck 0000000000
oo0oo0oboooobooooo

000000000000 0OMathiasOOOOOOODODOOOOOD M9)000000O0OO0O
00000000000 ¢: w* — Y O Ellentuck-0 0000 (Ellentuck-Baire measurable)
gbobooboooobod UQYDDDDDQD_l[U]D Ellentuck 0000000000 OODOO
000000000 ¢: w—-Y0OOOOOODOOOD0OO0OD0DOD w0 w 000000000
O0000000000000000000 MathiasOOOOOOOOOOOO

00 4.28 (Mathias [19]). Y DOO0DO0D00000000000 Ellentuck-0 000000
¢:[w*—-YDODOOD0OOO few*O000000¢| folw*ODOO0OOOO
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432 BQOOOODOOO
00 4.29 ([66)). D0ODOO0OODOODOOODOODOOOOODOOODOOODOOODOOODOO

oo0oboobooobooboboobboobboobooobooo

00 4.30 (Simpson [66]). 000 Q0000000000 0000000O

1. Q000ooooooooo

2.0000000 ¢: w*¥—->QU0 Q-00000OO

3. 00000000 ¢: w“—=-QO0 Q-00000DO

4. 000 Ellentuck-0000000 ¢: [w]* —-Q00 Q000000

000 Tl'ooOoO0OOO Elentuck OOOO0OODDODDODODOOODODODODODOOIOoOOOOOOQ
(completely Ramsey) 00000000 0Elentuck 000 4270000000000 0O00DO
0000000000000000000000000 (axiom of Ramsey) 0000000

00 5 (0000000). 00000 AC[w]“ 0 EllentuckDDDD0OODO0OODOODOOOODOOD

00000000000000000 ¢: [w]* - Q0 Ellentuck-0 000000000000
00000000000000000000 ¢: w¥—-Q00 QO00O000O0O0UOODOOOOO
gboboogobogbobuoobbgoobooobuoobbooboooboobbaobo

gooobooooooo-bboooooobobobbbooooobobobobbbooooooon
goboboooobbboooooboboooobobbooooobobboooobDbboooon
00000000 (+e) 0000000000000 0O0O0DO0ODO0O0O0O0OO0ODOODOOOOOO
ooooobogoo

433 000000000
0000000000000000000000000000000000000000000
0000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000D0D00000000000D ZCO0O0ODO0OO0OOOOOOO0O00
Galvin-Prikry 00 0000000000000 00000000000000000000OC0O0
}-0000 II}-CA 00000000 I}-0000 I}-TRy ODODOOO0DO0O0DD0O00DO
0000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000
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DH%—TRODDDDDD ég—DDDDDEIDDDDDDDDDDDDDDDDDDDDDDDDD
00000000000000 (recursively inaccessible ordinal) 00000 O

000000000000 00000000000000000000O0O0OOOOOO ZFCO
DDDDDDDDDDDDDDDDDDDDDDDDDE%—DDDDDDDDDDDDDDDDD
00000000000000000000 0" 00000000000000000000000
Silver 0000000000000 0OODOODOOOOOOOOOO0ODOOO0O000000O00O0OO0
gbooboooboooooooooooo

booooboooboboboobooboobobobobooobooboobobomooong
vbobobdobobdobdoboboboboboboboboboobooboobooooboooon
00000000000000 Victoria-DelfinoO0ODODOO0O0OO0DOOODOOOOOOOOOODO
00000000 WoodinO ADT 000000 DODOOOOOOODODOOOOOOOODOO
D0O00DO0AD=AD'OO0OO0OOO 2000000 Victoria-Delfino 000000000000
DDDAD;AD"'DI:IDIZIEII]EII]EII]EII]DDDDDDDDDDDDDDDDDDDDDDDD
obooooooboooboon

44 BQOOODOODODO

0000 200000000000000000002000000000000000000
00000000000000000000000000000000000000000 4.140
00000000000000000000000000000000000000000000
000000000000000000000000000000000

000000000000000000000020000000000000000000
0000D0D000000000000D00000000 [79)0002000000000000
{T,0,1,1}000000000000000000041500000000000000000
0000000000000000000000000000000000000000000
000000000000 00000000000000000000000000000000
0000O0LéweD Block 0000000000000 000000000000000 €°°0
0D et0000000000000000 [40,6]0

00000000000000000meNODOOOmOOOODOOODOOOO 9000
0000000000000 (2300000000 meNOOOOOmO {0,...,m—1}00
0000000000000000000000000 mO00000000000000000
00000000000000000000000000000000000000000000
000

0000D000000000000000000000 200000000000000000
00000000000000000000000000000000000000000000
0000000000000000000000BQOOOONONO000000O00000000
000BQOOOOODDOOOOOOOOOO
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000 BQOODODUOOUOOODOOODDODOOUOOODOOODOOD1987 O0Ovan Engelen,
Miller, 00O Steel [77]000000000BQO0ODUODOODOOOOODOODOOODOO2014
00 Alexander Block D00 [5] 0000000000000 Block000D000DOOODOODO
goboobogoobooboboobooobooboboobobooboo

441 Martin-Monk OO OO0

200000000000000Martin-Monk 00000000000 000O0O0O0OOOO
000000000000000000000000000van Engelen-Miller-Steel [77] 00O
000o0O00o00000o0000 ZrRCO0OO0OO0O0COO0OQO0OO0DOOOO0O0OOOO0OOOO0
000 Q-00000000000000000000000000O000O00

0000 van Engelen 00 000000000000 OD0O0O van Douwen 000000 O
000000000 Van Douwen 0000000000000 (absolute Borel set), 100000
0000000000000 0000D000000DD00O000D0OD0O00000D0 (rigidD0O0
000000000000000000000000000000000 Van Engelen00000O
O00o000o0000O000o00o0oo0oooooooooo

OO00OBlock )00 000000000O0000O0OODOOO van Engelen-Steel-Miller O O
0000000000000 000000000000 van Engelen 000000000000
O00o00oo0ooooooo

oo 4.31 (AD+). Q000000000000 DooOO0ooOOo0DoDoOU0D -OO0OoO
gobogpobuoobboobboobo

Proof. 00 0000000000000 Q-UOD00D0DO0O0OOODOOODODOOOOOOOOOOOO
ooooobooboobboobuoobbobobooboboboobooboboobOo oo
0000000000Q-00000 (ps)sepyr 009 Zuip 9s» 100000000000000
0 BO000O0BOO0OO0ODOOOOO feBOOOOODOOOOOODOODOOU,O0000
ooboooboboobooobbooobo (f,g)€B2DDDDDf§QgOQDDDDDDDDD
06:U; »U, 000 fof£og000000000:U,»U;0000000000000
00O00(f,g)00000000000000000 6(f,¢) 000000

O00s € [w* 00000008y =500 sp4q = &5 000065 = 8(ps,, ps,,,) 000
Unp=U,, 00D000DODOODOODO O 1 = Z*DDDDDDDDDDDDDDDDDD
©s, LLip Ps,p, 00000065 :Upn — U, 000000000, (0;(x)) £ @s,.,(z) 00
googo

0%

— S S S .
jna1 = 0500500005 Uy = Uj

n:

DoDooooD 2-9+Y 0pono000000n (65:U; - Us)i; 0000000000
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(a;:U—=U;); 0000

U ———— U

05;
0000000000000e00000000000a;00000000000000000
0065, =68,,,,000a =02, 00000000000000000065,,,=0500
00000063, 005, =a, 00000000

*

P (@) = s, (07(a5 1)) £0 Psoin(Anin) = @ (an)

0000000¢(s)=s(af) 0000000000¢: [NN—>QOOO0000D00 O

442 Steel-van Wesep OO OO DO OOOO
200000000000 000000DO000OO000O0DOO0O0O0DOOoOoOoOoDOOoOoOoooOa
ggoooooobooboboobobootbodddoooooooooobbobbbbobooo
000 Steel-van Wesep 00 0000000000000 0O0OO00DOOOO0OO0O0OOOOOOOO
goooooobooboboooooooooboooo0ooboooboooobooooooboooo
gooodooooobobobobobobbbbobboddoguouooooa
0000000000000 bO0DbOo1ooooooooooooDooon

00 4.32 (Louveau and Saint-Raymond [39]). Q000000000000 XOOOOOO
0f:X—->9000000000 (Wadge selfdual) 000000000000 HA: X - XODO
0000000 2zeX 0000 £(6(z) £o f(z) 000000000

00 X00O000o0o0ooéooOOooooooooooooof000O0oOoooOonO
(Lipschitz selfdual) D0 DO 000

gogodbbbooooobooboboooooooooboboboobbbobbbbbobbbbn
00000000000201400 Alexander Block [5] 0 0000000000000 OOODO
O000000000BlockOODO 4320000000000000000200000000
000000000000 00000D0O0O0000O0O0OBlock00DOOO0OOOOOODOOOO
Steel-van Wesep 0000 0000000000000 0O0O0O0OOOOOOOOOOOOOOOO
goobooboooboonoo

g 4.33(AD+). QUi0000000O0UUoOoooDoooooOOoOoUoooooD Q
gobogpoboobbooboooboobbooboooboobboobobo

o6



Proof 00 O00O0OU0DOOO0ODOOOODOOOODOOOOOOODOOOODOOOOODOOOOOO
00000000000000000000D0ODOUO0000 f:U—-QO00000000
dooooboooboooog

e 0000006:U—-UDD00D00D0f(z)<o fly(x))00000
e 0000006:U—-UDD0D0D0D00f(A1(x)) £o f(2)0000O

000000000000 0000000000000000000000000000000
000000000000000R={(z,y): f(y) £o f(x)}000000000000000O
000000(z6(z)) e ROODODODOO0O0D0AODODO0O00000000O0OO0OO0OOOOOOOO
00000 «00000000000000000 @ (z),2)¢ ROODODO0O0O0 6000000
000000606, 0000000 ¢, 00000000000000000 me[NNOO
000000000000000 se[NNOOOODO# 000000000000

6o if n & rng(m)
05 ={ 6, ifnemg(mos)
@5  otherwise.

cooooobobooboooobooboooooboooboo

ns NS ~ NS s
07 i1 =000 ,0---00;.

0006 0000DODOO0O0OO mDDDDDDDDDDéfn(i)m(i_i_l)DDDDDDDDDD
oooooboboooboooobooobooboboobog

évfn(i)ﬁn(i—ﬁ-l) = éfn(z) o 90 o 00 e) 90 BN} 00 o 90 .

m(i+1) —m(i) O

00000006 00000000 2"000000000000000m(1)=14-(n+2)0
000000oooe, 00000000000 0sO0oon 9;(1)7m(i+1)DDDDDDDDDD
0000000 ;000000000000 000000000O00000000O0OOO00
gooboboooooboobooooobobooooobboooooD mnoobbbooobb o

gboooooogboooooooo

O00.000000mO0O0O0OO0sO000O0O00O0O0 < jO0000 6°

| S )y 000000
0o 2770000

0000000000000 00000000000000000000000000000
0000000000000 (83:U; - U;),; 0000000000 (a: V- U;); 00000
000000 200000U,=U000000000000000«;00000000000a;

DDDDDDDDDDDDDDDDDDDDDDDDD@%OQ?:afDDDDDDDDDDDDD

o7



googo

afnos(0)+1

s
«@
mos(1)+1 O‘inosu)

91 '9001‘92'90 01‘92' '90 01‘92'

0000606, 000000 f(ad,0.4y) S0 f(@ha0)4) 000000006, 000000
F(080s1y) 2 f(0204y41) 00000000 >mos(0)000 ¢ =60 0000000 =a;

00000000g: (NN = Q0 g(s) = f(afes0)41) 1000000000

Q(S) = f(afnos(O)Jrl) ZQ f(ainos(l)) ﬁQ Sp(afnos(l)+1) = gp(afnos*(())«kl) = q(S*)
dddgbbbbbobbbbboboboouog

00000000000000000000000m0)=00000000 (m(k))k; 000
0000000000000000000000s04<;0000 63,,,,,,00000000
D000D00000000000 s000000 j000000000000000000000
000 62,4m; 00000000000000000000000000 600000000
0000000000000 4000000000000000000 (00000000000
D0 acUCANDODDODOD @ [¢0000000000000000000 a0000000
00000 ¢0000000000000000 4,00000a(4,000000 40000
0000000000000 0000000000 9000000000 400000 (000

m(j+1)=m(j)+£+1000000000 O

00 f0 A-0000 (A-join-reducible) D0 DD00000 (f)rea D0O00D00f =w @yep Fr
00000000000000000f0 A-0000 (A-join-irreducible) D000000A =N
00000000 «-0000000 ¢-00000000000004330000000

ud 4.34(AD+). QUOoO0oO0o0ooooooooooooooooooUcANoOoOoOoo
00000000 Quoog A000D0o0OoOOd

Proof. 0000000000 DOOOOOOOOODO

00.000 20000 fof(z) £09(x) 00000000 ¢:U, »U;0000000000
0020000 f(z)<ggon(z)00D000007:U; -»U, 0000000

Proof (D0). OO0 neNOOOOOR, ={(z,y): f(x) <ggny)}00000006H00DO
000000 yeU,00000fob(ny) £o g(ny) 0000000 #0ODDOO0000DDOD
0.y 0(ny) 0000000000000 Bn(y),y) € R 00000000 (z,n7.(x)) € Ry O

o8



000D0000000000000000 f(z) <o g(n(z)) 0000000 000000000
0000000 f(x) <g g(n"ny(z)), 000 (x,m,(x)) e R, 00000000 K 00000
oboboobobooobooo O

O00.¢00000000000000g0O00000 A-O00O0O0DOOO

Proof (00). g0000D000OD0O0000O0O0000 A000O00g(0(x)) £o g(x) O
D00000000000000000g(z) <ggon(z) 0000000 7000000000
00000 ANEADDOD gl <Lipg0000 O

00 fO00000000O00000O0O0000 fO000 AD0D0O00OOOCOO0O0O0C0O0O
ooooO

00000000000 g=w f00000¢000000000000000 A-DOCOOO
00@,9x=¢g000000¢g0000 A-0000000000AD000 glx=wg0000
000¢g0000000000000000000000 Steel-van Wesep 000 4.3300000
¢g00000000000000000000000000000000¢000000 A-0O0O
000000000009 =w g|x <wpg000DO

go=/ 00000000 A=A0000 g1 =gola, 0000000g0 =w 91 <wip go 000D
g1=wgo=w fO00000000000000 go=gi1|», 00¢1 =w g2 <rip g1 000000
000000D00000000000000000000 neNODOO gugy <wip 9o 0000
(9»)» 000000000000000000000000000000000000000 O

oo0o0oooooooovuvoooon f:U—-Q9000000iooooooogooooo uo

ooooogg
F(f) =1z €U: () fligm =w f}.

00 4.35. QODO00000OU0UO0ODOOO0OO0ODOOOOO0DOOOOOOoOooOO f:U—Q
gobooooboooboon

/. f0000D0000D0

2. f0o-00000000

3. f0000000 0o-000000 fA<w fO000 P, LO0000000DO0
40000 F(f)oooooo

Proof. (1)=(2): D0 4340000

4)=(3): F(H)UODOF(f)0O00D00VO fllo]<w fO00000D00 0 €U C k<«
dodooooouooooouoooooo fEW®U€Vf[[U]DDDDDDDfDDDDDDD
fllelOOOODOOOO0Q-OU0DOUOOOOOOOOOOOODOODOOODOUOUOODODOOO
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f1[p]0-0000000000-00000000000000000000000000000
000000 fO0e-00000000000000000000000

(3)=(2): 000000

(2)=(4): f0 o-0000000000000000 gy <w fO00000f=w @ycp9r D
0000000000000 A00000 f(z) <g @yep92(0(x) 0000000000000
x0000000n0AOD00000(z n)=A0000000 flem <w g <w f0000
000D0z0 f00000000O0D0000O0F(f)000000 O

5 Jddddooooooogd

gooobboooobobobboooooobobobboooooopobDbboooobbog-
000000-0000000 (Lebesgue-Hausdorff-Banach theorem) 000000000000
goboobogoboobboobbooboooobuooobbooboooboooboooboo
DDDDDDDDDD¥?+£—DDDDDDDDDDDfDDDDDDDDDDDDDDDDDDD
goboboooobobobooooobobboooobobboooobobboooobDbbooon
0000 XO00OYOO0OOO f: X—-Y0OOOO 10 (Baire class one) 00000000000

O(fn: X—=>Y)enUOODDODDODODOOODOOOOOOOOOOO
(Vze X) f(x)= lim f,(z).

0000000000 &0 (Baire class §) 0000000000 0O0O0OO0OOOOOOOOO
gbobooboooobog

gbbggbogobuoobbuobboobooobuooobuoobbooboooboon
O0000O0-Montalban OO0 [32]000000000000DO0O0OO0OOO0ODOOODOOODO
goooobogbobooboooboobboobboobooobooboboooboon

00000000 00DoOoo00ooDooO00 QUUDODOUOD éooooooo 200
gboooooooooooooooo

1. 000000000000000000 QUIUO00 E000000D0O0nonoon

2.000000 QUUIODDOO0ODOOU0O0ODOOO0ODODO0ODOOO0DOOOOOOODOO0
gboobooboooboooboobbooboooboobboobobooooDog....., RN
0000000 ¢0ooopooooooooooooo

000000000000000¢E0000000000000000000 (foresty 0000
gbbooobogobuoobbuodbbooboooobuoobboobobooboooboobn
0000000000000000000000000000 2.60 Galvin-Prikey OO0 OO0
00000 260000000000000000000000000ZFCOOOOOOO0O0OO
goooobogn

000D00000000000UCANDODDOUDOOOUCKYOOODODOO
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51 OOO0OO

0000D000000000000000000000000000000000000000

0000000 (well-founded) 0000000000 (forest) 00000000 (7,<)00000
00 teTO0000{seT:s>t}00000000000000000 (tree)0000000
0oooooo

00 5.1. QUO0O0000000Q-000000 (Q-labeled preorder) 00000 A, 000 A
0000 <4000 cs: A—-»Q0000300 A=(A,<4,c4)0000

OO0 5.2 ([23]). Q-000000 A0 BODUDODADO BOOOOO (homomorphism) O 0 O
00200000000 - A—-BOOODOOOO

1. h 0000000000000 2<4y000 h(z)<ph(y) 0000
2. h0000D0000000000¢u(z) <gep(h(z))0000

O000AQ00 BO0O00DO0O0OODOOOUODAL,BOOODODDOOOODOOOO (homo-
morphic preorder) 0 0 OO

ubbodbooobbooobobooobooobboooboooboboooooooobooa
OO0Nash-Willlams 000 000000000000000O0 (homeomorphic embedding order)
O0000Nash-Willlams 00 000000000000000000000OOLaver [37]000
boboboobobobobobobobobobobobOoboboboboboboonog

000000 QUO0O0OD0O0O0OUTree(Q)UUOODDDOOOD Q-OOOODOOODOOOO
00000000000000 “Tree(Q) 00000000 Q-0000000D0OOOOOOOO
0000000000000 0000000000OD0O000O000Laver 00000000 QOO
000000000Tree(Q) 0 “Tree(Q) 0000000000000

000000 meNOODODODOmO {0,...,m—1}0000000000D000DO0O0ODOO1
gooogog ég—DDDDDDDEJDEJDDDDDDDDDDDDDDDDDDDDDDDDD
bobobobobobobobobobobobobobooboobooboooooobooooon
oooooooboooooooobooobooboo l1obocooooooboooboboooooooboooon

00 5.3 ([63). 00 200000000000

. NNOOm-000D 10000000000000
20000 m-0000000000000000 YTree(m).

goodgboooooooooooodoooooooooooooobobbbbbbbbb
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goodooooooooooooobobbobbbbbbbbbobobbbooooboobobobboon
0000000000000 00000000000O0UTree(k)DO0DDOODOODDOOOOO
Tree(k)-0 0000000000000 0OODO0OOODOOOD 2000000000000000
oboobooboobob 2000000b00b00obOobDOobOoboOon

00 5.4 ([64). 00 200000000000

. NNOOm-000D 20000000000000
2.0000 Tree(m)-0000000000000000 YTree(Tree(m)).

D00D00D0000 30000000 400000000000000000002
00000 Tree(Tree(m)) 000D D000 D0O00DOODOTree(Tree(m))-0 0 0 00O
Tree(Tree(Tree(m)))-0 000 0000000000000 00000000OO0O00O0O00O0O0O
D0MO00000000000000Oree!(Q) = Tree(Q) 0 O Tree" ™ (Q) = Tree(Tree™(Q))
0000000 YTree" ™ (Q) = YTree(Tree™(Q)) D0 OO O

00 5.5 ([32]). QO0OD0OD0D00D0O0OODNReNDOOODOOODODOODO 200000000
goo

1.NNOO0o 90000 20000000000000
2. 00000 Q-0000000000000O000 “Tree™(Q).

0000000000000 000000000000000000000000000000
000000000000 000000000000000000

00000AY,,0000000000w; 0000000000000 w;™Mn000000
00000000A 000000000 0w, 00000000000000 &,,100000
000000000000000000000000000000000AS 000000000
Dw, 00000 wy, 000000000 €4,40,000000000000000000 4,410
w; 000000000 ey,40, 1000000000000

00000000000 wOOOO0DODO000000000000000000000000
00000000000000000000000000 €4,410 €40, 1000000000
000000000000 «00000000000000000000000wO00OOO0O0
0000000000000000000

0000000000000 000000000000000000000000000000
0000000000000 0000000000000000000000000000000
0000000000000 0000000000000000000000000000000
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gbooboobogoboobboobobooboooobooobbooboooboooboooboo
gbogoboobbgogbogn

52 0O0OOOOOOO

0000 XO0OODO vVvDooOoooD yw: X —=20000000000000000 1000
DDDDDD(Us)seNDD|:||:||:|DDDD;?DDDDDDDDDDDDDDDDDDDDDDDD
000000000000 0xeVOOOOoOOoOooOoooo Us(l‘):ODDDDDDDDDSL‘EV
DDDDDDDDDDUt(QS):1DDDDDDDDDDDDDDDD OO0 10000ooog
00000 o00oo0boOo0ooO0U0 1000oO0o0oO0oUoO0 2000000 oOoOoooOoooo
0]7[1]000000000

DDDDDDDDDH?DDDDD|:|DDDDDDDDDDDDDDDDDDDDDDDDDD
O000do0do0o0ooooooooldo o000 ooo 1oooao
0000000 o00oooOoU0ooO0UdoO 20000000000 OO0O [1]%[0]DDDD

0000000 CO0O0O00D0O0O0OD0O0 xceOOOODODDDODODODOOODOOOODODO Xc(w):()
DXC($):1DDDDDDDDDDDDDDDD o0 1000000000 200000000
D000000D00000000 [0ju(ll000D

DDDDDDDD/DDDDDDD|:||:||:||:||:JDDDDDDDDDDDDDDDDDDDDDD
0000700000000 0O00000O0000 Y 000000000000000000
ooogg
) =Yg, O =Yp-p0, A= Sou-

000000000000000000000000—1—00000000000,0000
00 1,0000000000000000000000300000000003g-pj~p 00
000000000000 10000000000000000000000000000000
000000000AY0000D0DD0000000000000000000000000000
0ooooo

000X)0 OY000000000000000000000000000000000000
0000000000000000000000000000000000000%y00000
0000 [0]7[]000000000000000000000 100000000Y00000
0000 [1)7[0)000000000000000000000 100000000000000
000000

M

5=y 5= S

000000000000000000000000000000000
00000000 %, 0000000000000000000000 [0]7[1]0 [0]ufl]n
(170 000000000000000000000000
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00 5.6. 00 Liee(Q) 000 e QOO00D0000 [q0000 3000000 ~,u,[]0
00000000~ 0200000000 wD00000[]0100000000000000
00 Liee(Q) 00 (term) 000000000000000D00000@MOOMO0OMOO0
0300000000000000000000000000000000000

1. 000000000000

2. 00000 [(00000000

3. (t;);ea0000000000U#¢; 00000000
4.¢t+000000 FOOOOOOOO¢FOOOOOOOO
5.t00000000[¢ 00000000

000D0000000000000000000 Lue(Q) 00000000000 Tree”(Q)
0 Liee(Q)DD00000000D0YTree”(Q) 0 Liree(Q) 00000000000

000Tree™(Q) 000 “Tree™(Q) 0000000000000 »n000000000000O
00000000000000000000 10000000 5000000¢t0 »n00000
[t]0 (n+1)0000000000000000000000Tree™(Q)000 YTree™(Q) 000
00-,00000000000000000000
0000000000000000000000000000000000O0O0O0O000000
00000[¢0¢000000000000000000000000 30000000000
0000000000000000000000040000000 FOO¢t000000000O
0000001 0000000000000000000500000000000000000
000Y,00000000000UD0000000000000000000000U00000
0000000000000000000000000

00 5.7. ZCU 0000000000000 0OODOOOOOOg:Z—-QO0000 §:U—Q
gooooboogoo

Proof. ZO0OOODODOOOUOODODDOOOODODOOOODO p:U —-Z0000000000
p00000 pZ000000000000DO0O0g=gop0000DOOOOO0O0ODOOpOOO
O0¢g<wygOO0O0O000ODODOODOOOO0OgLSwgOODOOOOO
ZO0O000O00O0OO{ontnenCUD ZOOODOOODOODOOOG(n x) =g(o,~2) 000
O00000g=w ¢g0O00000O0DO O

OO0orvodooodoooooodooooooooooooosy0gobooogoooooog
goo
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00 5.8. 00 Te"Tree”(Q)000D00X,-0000000000000D00O0O0DODODOO

1. 00000 [q00000%,-0000000002~¢000000

2. (t)iea000000000000000f:U—»QO0%,,-000000000000
0 (Cien000000f]C;0%,-0000000000000

3.t000000F00000000000O00f:U - Q0 X-p-0000000000
000V CcUuoooooof | (U\V)D %-000000f|VOXe-0000000
oooooo

4.t+0000000000000f:U —» Q0 %y-0000000000000 1000
v:U—UO%-00¢:U—-QO00000f=goy000000000

oooooobooOoooooooooboboOobooooooooDoOOobboOo0oDoOoD 2000
g0o0o00obo0o0o0oo0oob0oOoU0obO0obobOOobOobOobOobD 1Oo0DooUooOUoboUooUobooooo
o000 3diboboooboboobu 1oooboobooboOoboOoLoOobOLoboUobOLoboLUboLobooo
goooo01ooboooo0ooo0oooooboobboooboOo200b0bo0OoOOoUDoOO
oo-ooboo0oboobbooboobbooboboobboooboobboooboobbooboo
00 QUDO0DDOD0000O0OO000D0O000N0N0O0O000DO00DoOoo0O0ooDOoooooDOoo
0oooo00ooOoobooO ¥,-0000000000b0o00bbO ,2000000O0000
ooooooob 1,2, 300000b0o00b 100boooo0oooooboooboooDboO 4
gooboobooobooboboobboobooobuooboboobo

goboobooobooobuoobboobooobuoooboobboobboooboon
godododoooooooooooobbobobobbbbbbbbbbbbbbbbbbbbon
gboobooboobobobobobobobobobobobOoboboOoboOobooooboboon
00000000 40000000000000O0000O0DO0000O000DOO0O0OOOOO0O00Od
00 Luee(Q)-00 0000000000000 DO0ODO0ODO0ODO0ODOOOOO

OO0 5.9. fOX,-00000000D0O0OODOODOfofO Xp-000000000O0OODOOO
gboogoobogboooboobo
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0 5.12. 0000000000 OOO0OOOOOOO
(keurvuunuinyg...)’=(kerning...).
O0. 0000000o0oooooooooooooooooooooo

£(n) = {w [m)alm) ()

(z° I'n) if z(n) =
EIEI[IDDkern(:L‘):xODDDDDDDDDD
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0000000 n<¢00000Limzs(n) =limsz,(n) 00004000000 #,(/)0 s —>oco000
0ooooooo
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gooboooooboobooobob0 1o0obbo0o0oOooOobo0oDbDboOo 100D bOoboooo
O00000000O0obO0oO0ooO0ooO0ooDooOobOooO0obO0ob0ObOO0obOobOoD 1000000
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Oo0ood ¢:U—-00000000000000

U%U

gJ B8

U——U+—U
P P

00 5.19. 00 f:U—-U0000000000000000DOO0VCUDOOODOOfO folO
p-00000000000060:U—-VDOOOODODOOOoooooo
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00000000i(on) = ¢ ~nO000000p((z)) =pz)000000f0000000
pof(i(z)) =po f(z)000O0NOODOOOOOOOO C={z:|z(n)]<n}00 fO0000
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