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0000000000000 000000000000000000000000D00000000 ROODODOR
00o00U0oO0oo0o0oo0o@o0o0 QUUoOOoUo0OOoUOo0DOoU0OoO0ODOOOOoOoOOn
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gbooboobogoboobboobobooboooobooobbooboooboooboooboo
(Donald Martin) 0000000000 =-000000000000000000000O0O0ODO
gdoboobooobooooboooo

132 0OO0DOOOOOOODOOOOOOO
OO0O0MmOd <,-000000000 =-000000000000000

SJT:{SQRT : (HCERT)(VX >T C) XGS}.

O0MOR, 00000 e-000000000000000I00OO (aziom of determinacy)
O00oO0000ooooooooMmMOoUdUid e-0000D0DDOOCCOOOOOOOMOOO
000000000 (Martin ultrafilter)y 00 000000000000 00O0ODOOODO 2000
000000oooMUOU00O0o0oUoooooooooog (Martin measure) 000000
ooooooomoooOoO0oooooMm-00000000000000000000O0O000OO0
Oo0oO00oooo0oO00ooooO0oooooooooNy, 00000 e-000O0DOO0OO0
Oooooooooo Ny, 000000 000ooooooon

0000000000000 0O000oOo0o0o000ORy, 00000000000 OOOOOOO
Oo0o0o0o0oo0o0oOo f,g: Ry Ry 00000000 <4 00000000000

f<]g < {xeRp:f(x)<rgx)}en.

00000 <% 000000000 (Martin ordery 000000000000 <, 00000
000000D000000000000D0D0000000000000000 <%000000
000000000vOOOOOOO0OO0OOO0O00O00 <,-00000000000000000
ooo

00000000 =000 f,g:R—-RO0OO0O0O[f]<Y%[g)00000000 f<%gOO
000000000000000000 xeRO0000 f(z)<rg(x)00000000000
000000000000000000000000

000000000000000000000000

00 2((0000000). ZF+DC+ADODODOOODDOOOO

1. 000 f:Rr >R 0M-O0000D0O00O0O0OM-00000000000OO
O{xeRp:f(x)>rxteMOiOOO

2. m-00000000000 f:Rr R 0000<Y-0000000000
000000 <Y-0000 1000000000000000000000f0 <%.-0
00 «00000fN(x)=f(x) M ooooooooooo fO 0 <%-000 a+1
0000
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ZF+DC+ADDOOOODOOOOODOODODOODOOONOOODOODOODOODOOODO
000000 1000000000000000000000000D0000000000000
0000000000000 0000000000000000000000000 100000
000000000000 00000000000000000000000000000000
D00000000000000000000000000000000000000 f(x) <rx
000000000000 00000000000000000000

0100000000000002000000000000000 1.1.3000000000
<,-000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000
000000000000 00000000000000000000000000000000
000000000000

000002000 200000000000000000000000000000000
O00000000000000 +4100000000000000000000000000 1
0000000000 000000000000000000000000000000000
r—zY00000000000000 2—2@000...... 000000000000=,-00
000000000000

000000000000 0000000000000000000000000000000
00000000000000000000000000000000000000000000
0Ooooooood

«000. 00000000000000 Cabal OO ODDODOOOOODOOOOOOOODODODDOOOO
0000000000 0oooO0000oooOOU000oOoO0000oO0OOo0UOoDooOOOdCabaldO
Victoria Delfino0 0000000197800 50000019800 7000008 OOOOOOO 200
000000000000019780000000 Victoria Delfino0 5000000000000000
0000 40000000ooogooooooooocooOoogoo 500pooooooOoUogoooo 14
OOO0ADZ£ADTOD 2000000000000

0000000000000000000000000000000000000000000
00000000000198000000000000000000000000000000O0
00000000 Victoria Delfino000000000000000000000000OOO0
00000000000009000000000000000000000000

000001980 0000000000000000000000000000000000
=,-00000000000000=-00000000000000000000000000
0000000000000000000000 =-000000000000

000 z=ry000000000000000020y0000 A000000000C
0000000000« 000000y00000 %,000¢%5,, 00,000 ¢F,, 0000
000y000000200000%,000¢,,, 0IL000¢,, 00000004000
00 @y Py Posar Pyse 0000000000 a,b,e,d000000000000000
O0r=ry0000000000040000000000000
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00000 =-000000=,0000 400000000000 00DO00DOOODOOO
gbbooobuogbbuooobbud =-00b00b00bbuogbboobbbooboobn
goo

00 1.7. f: R—=RO00 =p-000 (uniform =p-homomorphism) 00000000 u: N* —
N‘Oopooooooood

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

00 =,-000000000000000 (uniform degree invariant) 0000000000
00000000000000000000000000O00O000000000O00O00000000O0
oob 32000000000

00000000000000000000000000000000000000 (infinite
game) 0000000000 DD0OO0000ODDDOO0O00OO0OOODOOO (John Steel) 00O
ooouoboooooobooobog2booooooooooooobobooooboooooobOgn
0000000000 =-000000000000000O0C0COO0OOO0O0OOCOOOOCO
o00000ooooboo0oOoOoOoooooOobOOoOoOoOoOooOoOOO0O0OO00n

00 1.8 (00000000 [72]). ZF+DC+ADOOOOOOODOOO

e 00 =,-000 fO0D0O0M-00000 20000 f(x) € Lz]0000M-000
0020000 f(zx)000 2-0000000 20 =-000000

e 0000000 22 00M-00000 20000 f(z) ¢ Liz]00000 =p-0
D00000=%-000000000000

00000000 xz0000000000000000000000000000 z — z&1)
D000000 wf 0000 2-0000000000000000000000000 X000
000=}3000000000000000000000000000000000000 =3-0
0N, 0000000A,-00000 =}-000 43,,,0000000 A-00000 =5-00
0N, 000000000000

O000000000 =-0000000000000000000000000000000
D000000000000000000000 =-00000000000000000000
0000000000000 D00000000000 =-000000000000000000
0000000000000000000000000

00 3(0000000 [72). 000 =p-0000000 =p-0000 =Y-000000

00000 =-000000000DOD 180000000000 DOODODOOOOOOOO
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googo
0bobob0 = 0OO0000O0on

1988 00 O Howard Becker [3] 000 =p,-000000000000 =p-000000000
00000 (universal set) 0000000000000 0O0O0ODOODO 1900000000000
ooooobooobooboboobobooboooboooboobbooobooobooboo
O00000000000000000000000000000000 BeckerOOOOOOO
0000000000000 00000000000 (William Wadge) 00000000000
gboobooobogoboon

ooobobooooobobooooobobboooooobobobooooobboooon
gboboo™oboobooobooboboobboobooobomoobooobooboo
gobooobogobooboboobboobooobuoooboobbooboooboon

2 ODOoooooogo
21 0DOOO

211 DODOO0OO0OOOO
gdoobooboo0oboobobooboboobboobooobooboboobbooboon
gobooobooboboobbooboooboboo

000 (LEM): Av-A
000000 (DNE): -—A = A
Doooooooo (DML): =(AAB) < (mA) Vv (-B).

000 A0 BUOODOODOOOOOOOOO0OO0OO0O0O0O0O00O00000000000O00AO B
0¥, 000d0doddoodoooddoooooddooooooooDOo y-00o0o0x,-00oo
oooX,-00oo0dodopooobooooooooo0ooo 00000000 oooo
Odo0oddoobooooobooooboooobooooooooooboooooboooao

¥,-000000000000000 LPO (limited principle of omniscience) 0000000
000%,-0000000000000000O0LLPO (lessor limited principle of omniscience) O
000000000 X,-00000000000000000000 (Markov’s principle) 0 0O O
Oo00odoooboooooboooooboooooooooooooooooooooooooa
doodoooboooooboooobooooboooooooooooooooooooooa
0000000000000 0000000000000000000000000000LLPO
OLPOO0ODOODOOOCUOUOOUOOOODOOOOOOOODODODOOOOOOOOOoOon

Oo00o0oooOo (LEM), 000000 (DNE), 000000000 (ML) ODOOOOOO
do0oddoooodooooono »,0oooooooodoooooooooooooooo
0o0ooOoooo¥;,0ddoooooooooboooooobooooobooooooooo
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50000000000000D0000000, Berardi, 0, Kohlenbach OO OO [I]O000O0
gbboogbogobuoobbuodbobooboooobuobbooboooboooboboobn
all-or-nothing 0000000000000 O0O0OOO0ODOOOOOO0OOO

(Markov Principle)

>1-DNE 32-DNE

A1-LEM 21(T_II;CI)_:)M — As-LEM Yo-LEM —— - - - -
AN / AN /
31-DML ——1II1-LEM Yo-DML ——TII>-LEM

(LLPO)

05 O0OOODODOO0OO

gooboobooobooboboobboobbooobuoooboobboobboooboon
gjodddoooooooooooobobobobooboboboboboobobbbbbbbbobbobboo
gboobooobogooboobboobobooobuoobboobooobooobboobo

odoobooboooboobobooboboobboobooobooboboobbooboon
gooboobooobooooboooo

—VrA(x) < Jx-A(z)
gdoodooooobobobbobobbbobbbbddoooooooooo oo
—VrodriVasdrs...A <  dxgVeidaxsVes...—A
ggodoooooobobobobobbbobobbobobooodgoouooooa
VrodriVaodrs... A VvV FroVaeidzoVrs... A (1)

0000000000000 000000000000000000000000000000
0000000000000 0000000000000000000000000000000
0000000000000000000000000000

000000 (1)00...00000000000000000000000000000 ;0
0000000 X000000000000000 (xg,1,22,...) € XNOOODODOODAD XN

0000000000000 00000O00D (1)D0oDO0D0LO00DO0O0ODOD0ODOOODOOD
goo

V$03$1V.I‘23$3 . Vx2n3x2n+1Vw2n+23x2n+3 c. ('rn)neN cA
V HSCOVl‘lHl‘Q\V/:Eg e E|ZL'2nVl'2n+13:L‘2n+2v."L‘2n+3 e (:En)nEN € A (2)

0000000000000 00000000000 (2)000*0000...00000000
gooboobogoboobboobbooboooobuooobbooboooboooboooboo
gbbogbogbobuoobbogboooobuoobobogn

*0000000000000000000000000000000000000000000000000000
goooooooooooobooboooboooooooooooo0ooooooOobObOUbbOoDbOoOoDOoOoD
oooooooooooboooooooooobooboooooooooobobooboooooo
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000000000000000000 (2)00000000000O000000O0DO0ODO0
Oo00000000U00O00O00o00o0o0ooO0DO0oU0LOULOUOO0 (1))DoOooOooooooo
gooooboooboobboobbooboooboooboobbooobooobooboo
0000000 (1)000000000000000000000D00000O00O0O0O0O0OOooOo
gobogoo

0000000000000 oooo»,-0000000000D000D0D0D0D0000,-00
0000000000 (1) 0000000000000 0Y,-0000000000000000
gooboobogoboobbuoobboobooooboobbooboooboooboooboo
googo

gooboobooobooboboobobo0obboobooobooboboobbooboon
goooobogooboobboobbooboooboobbooboboooboooboooboo
00000000000000 (2)00000000000000D000O0O0DO0OOO0O0OOO
gbbogobogoooooo

212 0OO0OO0OD0OO

0000o0o0o0oOo0oOo0O0ooOo0oO0oO0OvOD 30000 20000000000000
goobooooobobbooobobbbooobobbboooobobboooobDbboooon
e-00 0000000000000 0000000000D00D00000DoooOooooogo
gboogooobooboboooboobo

Va 3bVeVd e B(a,b, c,d,e)

gooooboooboobobooobooboboooobg

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

gbobooobogbboobboobooboboobbooog

Va 3bVeVd3de B(a,b,c,d,e) 00000 < 000 30000000000

O0000000O000000O00DO0oO0OD ()oboooOOoOooOO00ooDOoooO0oDOOoO0ooDOoo
0000 k0000000000 k0000000000000 0000oooooon

0(l) < 000 k0000000VOO0O0030000000000(VkeN)

gogodooobooobobbobobbbobbobbbobbbbbbbbbbbboboobbbbn
0000000 190 0000000000001 00000000DO000O0DDODO0OODDOOO
goooobogoobooboboobboobooobooobboobboobooobooobo
OO00OO00O00O0bOO0bDO0DbD0DO0DOO0O0OC0OOU0O0OO0OObOObDUODODODOnYs0
gboobooboobooboobooboo
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00000000000000000 (2)0000000000O0O0O0O000O0DO0ODOO
000 k000000000000 00D0000O00ODO0OD0O0OOD (2)D00D0O0ODDOODOD
goobgoooo

100 200 300 400 | Dooo
V1| o T e (Zn)nen € A
= I T3 (mn)nEN ¢ A

0000000000000000 (2)00000000000000000V00 30000
00000000000000000000000000000
0000000000000000000000VOO000002x000000000000
(z1)he2n 00002n+100 20, 00000000000000000030000002n+1
000000000000 (2k)kezns1 0000204200 29,4, 00000000000000
0000000000000 00000000000

00 2.1. X" 00000 X-00000X°¥0OoOo0o0o X-0000000000000VO
00 (strategy) 0000 o: X - X 000030000000 7: X°d 5w X0000

000000000000 000XNODDOODODOODOO0O0OD00030000 700000
ooooooooooooobooboooooboooboboobooboooDboo

V| zo 9 T4

3 x7 = 1(x0) x% = 7(zg, 27, x2) x% = T1(x0, 2], T2, T, x4)

0000 0%(xo, 22, 24,...) = (2],23,2%,...) 0000000 #: XN = XNOOoOooo0OoOO
00000VODOODO eDDDD6: XY XNOOOOOOOOOO

00000 x = (xg,21,...) 0 y = (yo,y1,...) 00000000 2dy = (0, Y1, %1,Y1,---)
000030000 7000000000VO0 2= (xg,21,...)00000000000000
D0000000 z9+(x)000000000000VOO0OO0 o 000000000300
y=(yo,vy1,...)000000000000000D0000000 6(y)@y00000000

00 22. 0000 ACcXx¥Y0DOOODOOODOOODDO3000 70 ADODODOOODOO
(winning strategy) 000000 z € XNOOOODx@+(x) € ADDDOO00OODODOOOOO
00OVOOO o0 ADDDOODOODOOD0O0 yeXNO0OOO06(y)®y€ADDODOD
goobogn

00000000000 (2)0000000000000000O0DO0O0O00O0O0DO0DO0
00000000000000000000 (aziom of determinacy) 000000000000
gboooobogooboobog
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00 1 (00000). XO0oOOoooooooooo AcxNOooooo3ooovooooo
000 A0DDODDOOODOOOOOO

0o000oO0ooo0oU00oDoOoO0 ADOODOOO0OO0ODOOO0ODOODO0ODOODOOODOOOOO
0000000000000000 (2)0000000000000000D0O0DO0ODO0O0OOOO0
00000000000000000 (2)000000000000000000O00O00O0OOO0
0000000000000 000000000000LOU0LOU0O00O00O0DO (2)00000
0000000000000 D00000 (quasi-strategy), 00 0000000000000 0O0ODO
0000000000000 0O0o0OdOo0O00O00 Xoooooooooooooodo
gobogbogoobooboboobboobooobuoooboobbooboooboon

22 0O0OO0ODOODOOO

goboobogooboooboobboobooobuoooboobbooboooboon
gbobooboobooboobobobobobobobobobobobobo

221 DOODOO

000 d(z,z) < max{d(z,y),d(y,2)} 000000000000 (ultrametricy 000000
0000000000p000 Q, U0 pl0O0O0O0O0O0DOODOOOOOODOODOOOODOOO
gobooboooooogn

0000000000000 00000000000000 (ultrametrizable space) 00 0 O
ooboooboobobooboboooboooboo

Uobidbl <<= 0DbOOoobooooboo

0000000000000 (strongly zero-dimensional) 0 000000000 (large inductive
dimension) 0 00 0000000000000 0OOOOO0 20000000000000000
gbobooobogooogon

gbboggbogoboobbuoobboobbooobuoobobuoobbooboooboob
goooobooboboobboobboobooboboobbooobooobooobo

Ugoboudl <= 0Dboobooobuoobbogn

0000000000000000000000000 Aooooo ANoooooooooao
0000000000000 000000ADDDDODOODO0000000ooooooooAN
00000000000000000000000000z,yc ANOOOODO

g-min{neN:e(n)#y(M)}  if 5 £y
d(z,y) = 0 ifz=y
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goOoodobobO0oooodoobOOodoobOooooObO obOoUobobUOoOoooDboDoOoOo
00000D00DO00000o0o0o0oO0Do0oDodoooD0o0D XO0oooooooo
{0ju{2™":neN} 00000000 DO0ODO0OOD0ODOOODOO0DOOO0OODOOODO0ODODO
gbobooooooooo

DooDoooooo ANODOOOOdO00000000000000000000000000
gobooooo

0000000 <= U0bboobobooboboo
<~ Jo0o0oobboobooboooboobobooobo

AN00O000D0DO00000D0000000000000 ADODOODODODOOOOOOOO00
000000ooo0o0o0o00ooooOooO0o00ooooOoOO0o0oOooooooOoOooooOooo
00000000000000000000000000O0O0O00

00000000 f: X —-YOOOO0OO0OOO0OO (Lipschitz continuous) 0000000 ¢O0
O000000oooOo0oooooooo

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

0000 ¢c0D0000000 (Lipschitz constant) 0000000000000 1000000
0000000000 (non-expansive map) 0000000 (metric map) 0000000000
0000 100000000000000000 (contraction map) 0000000000000
00000000 X, Yoooooooooooooooooooooooo 1oooo0o0ooo
00000000 1/2000000000000000000000000D00D0DO0DOODOO
0000000000000 000000O0 1/2000000000000000000DODO
oooooobooooooooobooboooobooooobooooooob obooooooobooboOooboooo
gboooaoao

222 000000
0000000000000000000000000000000000000000000
000000
00 ADDDOOO0O0O00A<0 ADDDOOOO0OO0O0O0OO0O000 ce€eA<¢0000000
00 (length) O |¢| 00000007 = (b;);j<, 000007 [ k=(b;);«xr000000A00D0
0o,7eX<“0000000 70000 (initial segment) 0000000 C7r0000

cCT <= o=11]|0|
AO0OD (tree) 000000 DOOO0TCAOOOODOODODOOODOOODOOOOO
cC7t and TeT — oecT.

O00oc€eA<“0 pe A000000000000cCp00000O0O0ODODOOOOO
000000000000 CpO00oc=p|lo|0000000O00OO0 ce ASYO0O0O0OO
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ol]={pe€eA¥:cCp} 0000000 T CAYD0DO0 (infinite path) 00 0Ope A 00000
p00000000D00TOOOOODOOODOOOOTOOOOODOOODOD [T)ODOO

T={pecA”:(Ynew)p|neT}

0000o00000000O000000O000bDO0OD ADDOOOD A*ODDOO0OOO0ODOOD
gooooooboooboooooboooboobooooooobooobobooooboooboOooooooDo

00 2.3. 00007 CA<“000007]0 A“00000000000000000 FC A®
O0000F={ce€A<¥:Fno]#0}0 ADDDOODOOF=[F]000O

SO0TOOO0O0O0D A0 BOUOOOODOOOOOOOOe: S—=T00000 (monotone map)
gboooobooobboooboooboo

c LT = (o) E ()
00000000000000000 [¢:C[S]—[700000000000
dom([p]) = {z € [S] : lim |p(z [ n)| = oo}
[pl(z)(n) =b <= (3s) p(z | 5)(n) =b.

goobbooooobobobbooooobobbooooboobo [go](x):Unewgo(aj[n)DDDD
gobogoobogooboooboobboobooobuoooboobobooboooboon

00 2.4. ¢: S—T0O00000000[g: C[S]—[T)0[S]0 Gs0000000000
0000000000G,00000000000000006:C[S]— (700000000
0006:S—7T00000060=[9)0000

Proof. x € dom([p]) 000000 Vrdme(z [m) >n000000000000000000 GsOOO
000000000000 MODN00D [7]0000ge [ = dom(jg))NU{[o] : o € S and 7 C (o)}
00000000000000000[p }[7]0 dom([¢]) 00000000[p]0000000
D=dom(d) 0 [S]0 GsO000D0O0O0O00DOOO000OOON o€ SO000006(c)0 6([0]ND) C
[f]00000000 |¢|0D0000D0 reTO0000O0O0ODOOOODOO
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDznnUnDDDDDDDDDD (Un)
O000zeDO0O02€eU, 0000200000 [0]N[S]0U,000000000000D0000OO
[()00000[e]N[S]CU, 000000000 n<|o|0000000007eT0000000000
goooooo |

goooobooboooboooboooo0ooobobooobooob0oobooobooDobboOon
OcezZDDOOOOODOOODODO 2000000000000 0O00DO0O00O0O00OODOOO

¢:S—T00000000
o] < (o) +c.
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0000000000000 |o|<|e(o)|00000000 0000000000 |o| < (o)
00000000 0000
0000D000000000000000000000000000000000000000
00000000000000000D000000000000000000000 100000
0000000000000000000000000 90 |p(r)|=|r/+1000000000
000000000000 60|4(e)|=|¢|000000000000000000000000
0000000000000000000000000000000000000’000000
000000000

00 2 (000007, X0ooooooox¥NO0ooooo0oo0o000o0o0ooooooooo
gobooooobdad RQ(XN)QDDDDDDDDDDDDDDDDDDD

1. 0000000 6: XN - XNOooooooooD xzeXNOOOO (z,0(z)) € ROO
0000

2.000000n: XN XNOOoOoooooo00xzeX¥OOOO (n(z),z) ¢ ROODO
000

goboobooobogoboboobboobooobuoooboobobooboooboon
gbbooobogoboobboobbooboooobuoobbooboboooboooboobn
ooooooobobooboqpOOo0ObU0OO0OO0DDbOO0ObDOOO0ObDObDOObODDbDO0ObDbODOODbOODO
goboooo

223 0O0O0OO0ODOO
oo DD DOD DO
00000000 (aziom of dependent choice) D00 X 00 C-000000000000O0O C-
O000000o0oooo00ooooooooobDCO0DOO0O0UOUODODOOOODODOODOOn
000000000000 TOODOOO0OC-00000 (lee)0D00DO0O0OD TOO (path)DOOT
OCc-00oodoocooooooooooooo rooooooooooooag

00 3(000000). XO00O0OD0OO00OO0oO0oXoO0ooooooooooooooooo

0000000000000 (aziom of countable choice) 000000000000 DOOO

00 4(000000). 0000000000 (Ay)een00000]], .yA4, 000000

neN
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0000000000000 0000000000000000000%0000000000000000
gboooooboobobon
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ooooobooobooboboobobooboooboooboobboooboooboooo
gooooboooboobboobboobooobooboboobboooboooboooboo
googoobogoooooo

goboooobooboobmobooboobooboobooobooboobOoboooDbO
gooboobooobooboboobobo0oboooboooboobbooboooboooo
gbooboo™moboobooobooboboo™@ooboooboboobooobooobooonoo
gboboobogoboobboobboobooooboo@moboooboobmboooo
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goobooboooboobobooboboobooboboobobooboooboon
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gobogo

gooboooobooboobooboboboboboboboboboboboboboboobDo
000000000000 00000000000000000O0O00O0000000ZFCOOO
googo

00 2.6 (0000D0ODO0O0ODOOOODOD [48). OODODDODOODODODODOOODOOOODO
ooboobooobobooobobuooobobooobbooobobooobobboooobboo
good

0000000000000 000000000000000000000000o00n0 ZrCo
gooboobogoboobbooboboooboooobuooobboobooobooobooobo
all-or-nothing 0 000 0000000000000 O0OODOOOOOO0O00OODODODOOD

gooboobooobooboboobbo0obboobuoooboobboobboooboOon
O000000000000000000000000000000 Al-000D000000O00O0
DA{00000000 4500000 000000000000000000000000O00O0
000000 Al00D0DD000000O000000D00000000000000000 A{0
goboobooooboog
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00000000000-0000000000000 mOO0O0O0O0000000 AL-000000000
000r>400000X2-00000000000R000000000O0OO00OOOOOOOOOOO
0000000000 00000000000000000000000D0000000000000000
0000000000000 00000000000000000ZFCOOO0ODOOODOOOD

gooboobooobooboboobboobboooboooboobboobboooboon
gooboobogoboobboobbooboooobuoobboobboooboooboooo
gboobooobogooboobboobobooobuoobboobooobooobboobo

ooooooboooogobobobooooobobobobooooobboobboooooboboobooo
gooooboooboobboobbooboooboooboboobboooboooboooboo
gbooboobogoboobboobbooboooobuooobbooboooboooboooboo
gjddoodooooooooboobooooobobbobbbbbboobbbbbbbbbbbobon
goooobooobooboboobbooboooboobboobbooboooboobo
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gbooooboobooboboobooobboobooobooboobobooobo—0boobo
gbboobodgbbUdoeoc b0 —00obuoobboboobbudbibdoeoc g
gdoboobooobooboboobobo

gbobobobobobobobUdUblooUdbUbUODbUODbObDUODbDODODODODODO
000 /ZFCO0000000000OC0O00OC00DD ZFCOODODDOODOOUODOOUODOODOOO
ooo

0000000000000 00000 Mycielski O Steinhaus O 19620000 [53] 000
gboboooboboobobooboooboooboboobooobDOooe200bobobobOobODbDOn
0000000000000 0000000D000D0O00d “smaller universum” 0000000
oobooobooboboobboooboobobooboboooboo

3 doooooo
31 00000OO0OOOoOobOooooo

ooooooOo 2, 000000000 0booooooboooooboobobOooDOoDoboO
gbobobobobooooobooboobobobit=p-00000000000000000
ubotbotboboboboboboboboboboboboboboboobobooboboon
gboboooobooobooboboboboboboboboboboboboboobo

0000000000 (dnvariant descriptive set theory) 0000 000000000000
oodooooooooooobooboboboooboooooobobooboooboooo0oOooooooo
0000000000000 00O000000000UDO00UD (X,B)OUOLODOODOOO
(standard Borel space) 000 000X O00D000D0D00D000D0O0OO0O0ODODBOOOODOOODO
oboboobodobd e-obobobobobobogon

00000 13000000A,-00000000000D0 =x0000000000O000ODO
00 =000000000ROOOO0OOOOOOOO0OOOOOOOOOOODOOOOOOO
gbobOooboobobobooboobooboboobooboooboobooboob00=r
bbooobboooboobobooobobooobboooboooobooooboooboaon
oo

gboobooooboobooboobobobobobobobobobobobobobOobobDo
gbobooboobobobobobobobobobobobobooboobooooooboooon
uboboooobooboooan

00 3.1 (Feldman-Moore 000 ). 0000000 XOOOODOODOODOODOODOOOOO
00000 XO0ODOooooooooooooooooooo

goooboboobooooooobbbobbbbbbobobobobobobobobobobobobobooDobobobon
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gooooooobobbobooooooobbbbbbbbobobbobbbbbbbbbbobbon
gbboogbogobuoobbuodbbooboooobuoobboobooobooooboobn
goobooboooboobboobbooboboooboobboooboo

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

rEy = f(2)Ff(y)

0000000000000 00000000000000000000 2By < f(x)Ff(y)
000000 f000000 (Borel reduction) DO0OOFEDO FOOOOOODOOOODOOO
O0F<p FOUOUOODUOOUOOUOOOOOOODEO FOOOOOOOOO (Borel bireducible) O
O00FE~p FOOOO

E0 FOOOODOOOOOOOOOOOE-0OOOO F-O00000000000000000
00000000000 <p0000000000000000000000
0000000000 X/EOOY/FOOOOODOOOOOOOODOE < FOOOO
000000 X/EQY/FOOOOOOOOOO0OO0O00000000000000000000O
00<p00000000000 (Borel cardinalityy 00000000000000000000
0000 ROOOOOO0 R/QOOOOOOOOO0OOOD0O0ROOODN =x000000000
E={(z,y) eR®:2-ycQ}00000=<p F000DMODOODOOOO0OOOOOODO
00000000000000000000000000000000000000000000
000000000000000000000000000000 ZFO00 ZPCO0000000
0000D0000000000000000000000000000000000000000
00000000000000000000000

00 3.3. 0000000000000 0O0D0OO EOODO (universal) D0O000000O0O0O
oo0oOo0boo00oo0o0DbOO0 FOOODODOFLpbPOODOOOOOODO

gobooodoboooooobooUoo0 FOOOO F-ODOUOOQOODE-ODOODODOOODODOOO
gbobooboobobobobobobobobobobobOobOoboOobooboooobobooon
goooobogn

0 34. 00000000O0O0OUQUOUUODODOODOOODOOOOOOOODOOODODDOOOOOOOO
gbooooooboobobooboooboboboobobobobobobobobobooo

gooboboboobooboooboobbuoobboob =00000000O0O0DOODO
0000000000 KechrisOOOODOOOOOOODOODOOO

00 4 (Kechris OO [10]). =, 0000000000000000
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00 0Feldman-Moore 0 0 000000000 OODOOOODOOO FPOODOODO GOOOO
00000000000000000000FOO0 GOOOOOOOOOOOOOODOOODOOOD
000000000000 00000G0 XO0O00O00ooooooooXxX oo G-00ooogo
gbobooobogooboobboobboobooooboobboobboooboooboooboo
0000000000 000000000 00O0U00ooOO00ooOOoUoDoOoOUoOoooogo
gooooboooboobobooboboobbooobooobooboboobboooboOon

00 3.5. 0000000 XO00OOOODOODODOOOOOOO (free000000X0O0O0O0O0ODO
00000000 00oO0oD0o0oo0oO0D0ooooO0oDdDOOoO0ooOOoDOoooDOooDO FODOO
0000000000000 000000000000FEO0O0O000O0 (essentially free) 000
gobogo

gboooobogbboooboooboobobogo

00 3.6. 0000000000000 0O00OO0O0OO0O0O0OOOOOUOOOOODOO (weakly
universal) 000000

Thomas D O0Popa 00000000000 (Popa’s cocycle superrigidity theorem) 00 O O
000doooooooooobobbooboooooooooooad

00 3.7 (Thomas [75]). OO0DOO0DO0OO0ODO0OODOOOOOOOODOOODOOO

O00F,, 0000000000000 00DDO0D0ODO0O00O00DO00DODO0O00O000DO0g
gooooboooboobboobboobooobooboboobbooboooboobo
0000000000000 00000000000o00000d00ThomasOOO 3.700000
gboboobogoboobboobobooboobobao

0000000000000 0000DO0D0DO0D0D000000000D00OD0O0D0Kazghdan
goooobooboboobbooobooboboobboobooboboobboooboOon

00 5 (HjorthOO [2)). 0O0ODO0OD0OOO0OOOOOODOOOOOOOOOOOOOO

uboboboobooboobobobobobobobobobobobobobobobonoog
0000000000000000A,-000000 = 0000KechrisOOOOO=,0000
0000000000000 00O0KechrisOD = 0000000000000000DO00O0O0O0O
0000 HjorthOOOOOOODOKechrisOOOOOOOOOOOOOO

oobooooooboooooboboooooboboooooboboooooboboooooobooooon
Dougherty-Kechris [10] 00 0000000000000 KechrisOOOOOODOOOOOOO
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=r00000bobooobooboboobbooboooboobDboobboooboooDo

000000000 = KechrisOOOO = HjorthOOOO

00000000000000000000ThomasOOO 3.70000000=00000
oooooooooobooooono

00 3.8 (Thomas [74]). 00O0O0O0O0O0OO0O0OU0O0OU0O=,00000000000000
obobobobobobo

goboboooobooboobobobobobobobobobobobobobobobOooDo
000000000000 000000000 HjorthOOODDODOOOODOODOODOODOOO
O0000000000ooooooo0o0o0O0@EOOOO0O000000oooooooooGoOO
gboboooboobbooboooboobbooboboooboo

00 3.9 (Thomas [70]). OO 0OO0D0OODOODOOODOOOOOO GOOODOODOOO 20
oooooobog

1. 0000000000000 GOOO0OOO0O0O0OoOooon
2.G0000000D000O0O000000O0OODOOOOOO

gobooboooobooboboobboobooobuoooboobboobboooboon
gboooobogobooooo

00 3.10 (Thomas [74]). 0000000 ODO0DDODO0DDECODOODOOD XO0DOOODOO
00o0o00o0oOpD XOOODOOOOOOODOOODODOODOp-0O0 1000 P-OODOOOO
ODYCXOOOoooFE|YDOOOooooooo

0000000000000 0000000000000000D0O0oOOooDoOOOg (hyper-
finite) 000000000 ZOOOOOOODOOOOOODODODODOODOODOOODODOODOO
0000000000000 000000000BoykinO JacksonO0OOOOOOOOOOOO
0000000000000 000000000000 (hyperhyperfinitey 0000000000
gbooboobobobobobobobobOobobOobobDOobDOoboDoboobooboobobooo
0000000000BoykinO Jackson 000 0000000000000 0OOOOOOOODO
goooobogooboobboobbooboooboooboboobbooboooboobo
gbooboobogobooboboobboobooobuoobboobboooboo

gbobooboboobobobobobobooobogoo
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00 3.11 (Thomas [74]). 00 O0DO0O0O0OODOODOODOOOODOOODOOODOOOOOODO
oobooobooboboobboobo

gobooobb=0000000000D0O0O0ODOO0ODODDOO0ODDOO0ODDbDOOn
gboooobogboboobooobooonooa

= 0000000000000=00 =x00000000000000DO0OO

gbbooogbogobuoobbuoobbooboooobuoobboobooobooooboobn
gooboobooobooboboobbooboooboooboboobbooboooboobo
gboobooboogoboobobuoobbooboboooboooboobobooobo

32 000O0OO0O0ODOODOOO

0000000 X,YOOOOOOOO G,HOOOOOOO Eg,E};DDDDDDDDDDD
HDO YDDDDDDDDDDDDDDDDEC);(DD E};DDDDDDDD h: X -YDOOODO
0000000000000 0o0o000ooooDo0DzeXOgeG@OOOOO

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

000000 a(g,2) c HOODOODOODOOODOO0OO000 a:GxX - HOOODOOOO ¢
00000 G-000000000000 (Borel cocycle) 000000000000000000
00000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000
00000000000000000000000000000000000000 u:G—HD
G-0000000000000 EX¥00 EL00000000 A X—-Y0O0OOO0OOO

g-x=y = u(g) h(z)=h(y).

00000 AO0O00000O (uniformhomomorphz’sm)DDDDDDDDDDDEDDDDDDD
0000000 uw:G—HOOOOOO

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

gobooboogoobog

000000000000X 0000000000 0w={pntnend XOOODDOOOOOO
0000000000000 D00O0O0000000000000D0D000D0D00n00 A, €CX0O
O000¢p,: 4, - X0000D0D000OO0O0DO0OO0D0O00000000000O0O00OO00O0O0
000 XO0O00O0OOO00OO0ooO0ooO Gooooo0 G={y,}000000000000 0000
00oo000oo000 E, 00000000000

rEyy <~ (3d,e) [pa(z) =y and e (y) = z].
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00 3.12. 000X O0OOYOOOOODODOOODOD o, 0000000OCODOODODO
O000AR: X =Y O (p,p) DO0OO0DOO0OOO (uniform homomorphism) D0 O O00O00O0O
w: N> - N*000000

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

gobooooooon

ooboooobuidtd=x00 =000000000DOOOODDOO l10ODODDOOODOO
gbbooobogoboobboobbooboooobuoobbooboooboooboobn
0000000o0b0o0obOO0OobObO0o0obOO0ObObO0OO0bO0 38000=,000000000D00
goooobooobooboboobooobooboboobobooobooobooonoo

gboogobogoboooobooobooboboobooboobuooboboooo

00 3.13. 00 3.120000 A0000000000000000OODODOOOCOOOOAROOO
00000 (uniform Borel reduction) D0 0000

00000000000 00D0O00000000 e,y 0000000000 OODOOOO
0ddddooboooooooooooboboooooooooo@mooobo o ooooooooo
(uniform universality) 00 0000000000000

gooboobogobidl <= 00 = 0oo

2080 0000000000000 OO0OO0OODOOODOOODOOODOODODODDODODOD
0000000000000 00000000D00000MarksODODOOOOOOOO

00 6 MarksOO [47]). O00O0O0O0O0O0OO0OO0OO0O0OO0O0OO0OO0O0OOO0OOO0OOOOOOOODOOO
gogbooobooobod

00000000000000000000000000000000Slaman-Steel 00 00
O0=0000000000D0000000DOO0O0OO00O0ODODOO0ObLDO0O0ObDDbDOODbO0ObDDbOOn

MarksOOOO = KechrisOOQOGQd

Marks 0000000000 OCOO00OOODOO0OOOOOOO0OODOOOO0O0O MarksO
gooooboooboobbooboobobooboboobooobooo

00 3.14. 00 f: N—NO A?DDDDDDfDDDDD A?DDDDDDDDDDDDDDD
ZOODOOOz,yeZN0DOOO0O0DD0D0O00020 yOOOODODOOO (many-one reducible)
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O000D0000 AY00#:N—-NOOOODOOz=yodODOODOOODODOOO0ODOOOO0O0O
r<Zy0000Z=2000002<,y0000

ooobo <, 0 << 0O0b00ob0b00obobo0ooboo0obOob 10b0obobooobOooo
=r0=,00000000000000

t<my = z<py = M <, yb.

zOoOoOoOooooooooooZ¥N0oo0o00000000000000000000=70 Eﬁl
goobooboooboobboobbooboooboooboboobbooboooboobo
gooboobooobooobobooboboobooboooog

00 3.15 (Marks [47]). 2000000000 =, 00000000000003YN000
000000 =3 000000000000000000

000|Z|>30000=2000000000000=,0=20000000000000
D0000000000000000=,00 =2 000000000000000000000
0000000 |Z]<201(Z>300000000000000000000000000 1.3
D00000000D00=,00 =2000000000000000000000000000
00000000000000000000000000000000000000
<,-00000000RZ00000000Z=20000R,000000000%,,-00
00 R, 0 <p,-0000Rr000000000000000000O0D0O00O0DODOOOOO
000000000000000000000000R,, 0000000000000

0000<,-00R,,0 <,-00 R 0000000000000000000000O00O00
0ORr0000000R, 0000000000000 00000000R, 000000000
0000000000000R,0022°000000000000

000000<,-00000 <,-0000000000000000000000000000
00000<Z,-00000000000000000000000000%,,-00000000
<,-000000000000000000000000000000000000000000
00000000000 =,000000000000000000000 = 00000000
0000000000000000000%:,1I¢,A 000 =, 00000000000 %0
I} 0 =r-00000000000000000000000000R,000 R, 000000
000000000000 000=,000000000000000000000000000
0ooooooo

00 3.16 (Becker [3]). =r 00 =, 00000000000000=,00 =,00000
0000000 =%-000000
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00000000000 00DDO0o0ODO000dzeROODOD0ODOODODOOCODO0O0O0O00=00
=r000000000000DO000D0=00 =,0000000000000000

goobooubb=x00 =, 0000000000000 000=00000000000
oooboooboooboboobobooobtd=,00 =x0000000DO0O0OO0ODODODOOOO
gbobooboobobobobobobobobobobobOobOoboOooobooooboooon
dooooboooobbodg =00 E,ZnDDDDDDDDDDDDDDDDDDDDDDDDD
g0oOo0oOo0obOO0bOoO0OOo0o00oOodDO0DOOU0O0DODd ZoOooUoo4ODbDOoooooooo
gboooobogoo

OO0 3.17. QUOO000000z,yeQVNO0O0 ceROODODOOOODODODO ¢cODODDODODOO
<2cpopoond

<2y = (30 € A(c))(Vn € N) z(n) <g yob(n).

DDDDDZDDDDDDDDDDDDgf{ODDD 3140000000 §£DDDDDDD
DDNDDDDDDDDDDDDDDSI,\;’CDDDDDDDDDDDDDDDDDDDDDDDD
goo

OO0 3.18. QUOO0O0OOOO=,00 =2 0000000 f,g:R—»OV00000fOyg
0000000000 (many-one reducible on a cone) 00 000000000000

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

gooboobogooboobbuooboboooboob eboobooboboobbooboOon
00000000 zeRO0D0O0 f(zr) D g(x)0000000DO0O0OO0ODOODOOOOOODO
0000000000000000000000000000 QUO0O00D0O0O0OoDooooOO
000O0* 0000000 QUOONO0DO0D00000000000 “000”’0000000000
000000000000 0000000U0D00O0O-Montalban [31]00000000000O0

00 3.19 (Do0Dooo). ADTOO0ODODODO0ODODOOOO0OODO QUOOOODD 2000
goboooboon

1. =00 57%DDDDDDDDDDDDDDDDDDDDDDDD
2.0000000000000000000000 XO0O QUUUOooooooooo

*0oOo0O00O0DO00000O00O000 S,%’CDDEIDDD cOO000O0O0OOOOOOOODOOO0ODOOODOOODO
ooooooooo
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I 00000

00 (2)0000000000000p00000p000ODO0O0OD Q00000000
X0000o XNooooooomoooooooooooooooo R\QUOOOODOO
OOOADY, 00000000000 000D000D0O00D00000000000OODOOnOd
=rQ00 E%DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
gboboogobogoboooboobooobuooobooboooboooboooboo

33 0000000000

gobobbooooooobobooooobbboooobooboooooobbbooooobobooo
ooooobooobooboboobobooboooboooboobboooboooboooo
goboooboooobooboboobooon

331 O0OOO0O0OOODOOO

00000000 3.19000000000000bOO000Oo00o0oon 3Arooooooag
00000000000 U0oU0oO0o0 (N,)OODO0OOUOoOOo 3.170000 ¢=0000000
gbobogobogbbgoobogn

f<majg < 30000 0:N—=N, YneN, f(n) <g(f(n)).

0000g¢g000000000¢0000000000000000000000f00000
00000000000000 maj0000000 majorize 0000000000000000
0000000000000 000000000000000000000000000000

00 <me-000000000000000000D000000000000 f0g¢000
0000<m-0000000000000000000000000000000000O000
000000000 fO0g¢OO0O00O000O0O00O00OOOD0O0 fO0¢000000000
£:R->NNDOOOODODOOODO000O0=,00 =,,0000000000000000
000000000000000000000000000000 =r00 =4,;0000000
00000000000000000000 318000000 <Y,,000000000000
0000000000000000000

00000 3.190000000000000000000000000000000000 NN
0000000 NOOOOOOOOOOOOOO0OO0000000000000 NNOoOooOON
00000000000000 <, 00000

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

gbodod 3.19DDDDDDDDDDDDDDDD§ZW.D <opO0O0O0O00O0000000
coooooboboooooobobooboooooboobooboooooboooboooooOoooboboOooooo
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gbooboobogoboobboobobooboooobooobbooboooboooboooboo
gooooodooooooooooooodoioiodil<,.,, Uooooooodooodn
gooooboooboobboobbooboooboooboobbooobooobooboo
goboobooobooboboobbooboboon

gbooooobooboob s 9yooooobooobuooboobooboooboDooboooDog
0000000000000 0000oo0oooooooooooooooooooooon “»
0O0”’00000000000000000000DOO0DOO00DOO00DODO0DOoO0ODOOoODOOOd
00000000000000000000000 (computability theory) 000 O

332 0O00000OO0OO0OOOOOOOO

O00000000000000000000000000000000000 Appel-Haken O
0000000000000 00HalesOOODODOOOOO0ODODOOOOOOOODOOOOOOO
gbbooogbogobuoobbuoobbooboooobuoobboobooobooooboobn
0000000000000 000000000000000000000000000O HalesO
0000 2017000000000 OOO0ODOO0ODOOOOCOOOOODOOODOOOObOOODOOO
gbooboobogoboobbuoobbooboooobuoobbooboboooboooboobo
ooooobogoo

goobooboboboboboboboobobobUobobOUobUobO 20b0D0ooDOooDOoODO
gbobgoobogoobooboboobbooobooobuoobboobboooboo

s000-00000000: Joooooboobooooooooboboooooobooobooog
000000019 ooooooooooooooboooooooooooboooboooboobooDo
opooooooooooboogooooooobooooobboooooobDOoooooD
Glimm-Effros 0000000 (Glimm-Effros dichotomy) 0000000000

oobobooooobooooboouooobooooboooboobooooobooboooooboobooooon
Gimm 0000000000000 000000000000000000000000000
gboooobooobobooooboobboobbooobooobobooboooobobOoon
gbObogoobboooboooboobooobobooobboooobooobboooobooobooaon
oo0oooooUooooUOoooOooUoooUoooooUooCc-Doooooooooo
Mackey 00000000 « 1000000000000 00000GImmO0000000O
gooooooo IZ0oooooo IZ, 000000000000 oooooocooogoogoo

Effros0 0000000000000 OO00O0O0OOCOOOOOOOOO F, 0000000
0000000000000 000000000GlImmO0000000000000000OEffros
0000 MackeyOOOOOOOOOOOOO

00000000000 Harrington, Louveau 0 O O Kechris [21] O O Glimm-Effros 0 0 0 O
ooo0ooooo0oooOoo0oooooboOooooOo00oODOO00oOOO0O0O0bO0F, 0000
vbobobdobobobdobobobobobobobobobobobooboooobooon
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00000000000-00000000 (Gandy-Harrington topology) 0000000000
ggooogooobobobbooobobobobbbdddooooooooooobbbbobooboobooo
00o0oooooooobooobbbooboo0oogoooooo

gooo-oobobobobbbotbddooooooooooboooooggooooobobooooono
Harrington [22) 00 0000000000000 SilveeDOOO0O0ODO0OOO0ODOOOOODOOO
O000OSilver000O00D00OO0OOO0O00O000O0OO0ODODOOOOOOOOOOOOOOHarrington
Jooodooooooobobooobobobbbobobooddddoooooooooooooon

0000-00000000000000000000OLouvean 0D D OO [38]000000
0000000 ooooooDoooo0000o0ooDDoo0o0O0O0OOOE=10000
Dellacherie, £ =2 0000 Saint-Raymond, { =3000000000000 (Jean Bourgain)
O00000000000D00O000¢=4,5,... 00000000000000000O00OO
Lowweau OO0 O0D0O0OO0DO0OO0DOO-0000D00DO0OO0DOODOODOOODOODOO (OO
0000000000000 000000000000Louwvean 000000000 OO0OODO
Louveau OO0 00 O0O0O00O0D0DOOO0DOOODOOODOOODODOOODOOODODOOODOOOOO
ggooooooboboboboboobbobobobbdddooooooooooobooboobooooooo
gdoodooooobobobobobobooooo

mJ0000000000C0O: 19%000000000000DO0O0O00O0ODODOOOOODODOO
vbobobdobobobdobdoboboboboboboboboboobooboooobooon
O0ooo0Oooooooooooo 4000000000000 0O0DODODOOCOODOO0O0O0OO
ooboooooooooobooooooosbboobbooboooboboobboobDooDoOoDono
gbooooooooon

gboobooooboobooboobobobobobobobobobobobobobOobOobDo
Oo0oob0o0o0oobDO0obOoo0ooooobDOobooooooD9s1ooooooooobooonono
oooooooooo MOOOOOOOOOOOOOOOOOODOOODOOOOOMOOOOO
000000000000000000199 00 Nabutovsky [54]000000000000O0O0O
gooooooooooOooooooO0oooo MOODODOODOOODOOOOODOOOOO
00000000 ¢y 00000MOOO0 20000000000000000¢j,00000
obooooooon

vbobobobobobobdbdobdbobdobobobobobaobaobaoboaboanbod
000000000000 0DO0OO000D0ODOODO0000DODOO Nabutovsky O Weinberger
0000000000500000000000000000 MOODOOORiem(M)O MOO
ubbodoobobooobboobobooobboooobooboboobobooobbooooboboan
Met(M) = Riem(M)/Diff (M) O O O O O Nabutovsky O Weinberger [55] 000000000
gbObogoobOoboooobooobboooboboooobooobboooboboooboooboon
bobobooboboboboboboboboboboboobobooboobooooboooon
gbooooodao
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0000 X, 000000000000000 (settling time) 00000 m: N—-NOOOOO
O00m(n)000n0000000000000000O0O000OOO00OODOO0OOOO0OOOO
00000000000000000000 (Busy Beaver function) 000000000000
O000000o00oooooooodobooomoooooooooooooooooooooo
o0000oooooo0ooooooooooooooooooooon

000000000000000D000D00000 A BOOODAOOOODOOOD BOO
000000000000 00000000O00000000O0000O0000AO BOO
000000000000000000000000 fO0000000O00000O0neNOO
00oooo0ooo0g f(ma(n)) <me(n)00O00D00O00OO

Nabutovsky O Weinberger 55| 0000000000000000D00000DOO00O0DOOO
ooooooooooOOOOOOOOOOOOOOCOOOOOOOOOOOOOOOOOOOO
dOo00o0ooooooooooooooooooooooooOoooooooooooooooon
ogooooooooooooooooooooooooooooooooooooooooooon
Oo000000000000000000000000 2000000000000000000
O00000oooo0o0o0oooooooo0oooooooooooooooooooooooon
oooooooooo

s J00000000000O0: OO0 20000000000C00000000O000O0O0OO
o0o000oooobo0ooooooobooO0oOoOoooooOOO0oOoOoOoboooOobOO0O0OOOoOoooon
000000000000 00000000000000O00O0O00000O0O0O00O0O0000000O0
000

OO00O0ooooooooooooooog (Vaught conjecturey 00D ODOO0OOOOOOO
00000000000000000000000000000000 Montalban 0 OO
[0,51]000000000000000O00O0000O0O0O0O0O0O0DOO0OO0ODO0OOOOD
(hyperarithmetic-is-recursive) 0 000 0000000000000 0O0ODO0OOOOOO

o0o0000oooooboOoOoOoOoooooOOoO0OOOoOoOooboOoOOO0OOOOObOOOOOOO00n
00000000000 [30], 00-Pauly [33], Gregoriades-0 O-Ng [20]0 000000000
0000000000000 00O000O00000000C000000000

000000000000020000000000 DaviesJOODO0OD OO Lutz-Lutz [11]
0000000000000 00000000D000000Lutz-Stull [42, 43100000000
000000000000 00000000000B0O0O0
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4 O00OOoOd
41 O0O0O0ODOODOOOO

411 DO0OOODOO
000000000000000000000Gs000000000000000000000
oooooboooboobobooboboobooobooboboobbooobooobooboo
goobooooobboooobobbbooooobobbooooobobboooobboooon
00000000000 Gs00000O0 F,00000000000O0OoooooOoO

00 4.1. 0000 XOO0OODOO rooooooooo-I'={X\A:Ael'}0Troooog
000000 Troo0oOU (selfdual) DOODDOOON=-I'00000000O0OO

0 4.2. 00000000 0OCOOO00OO0OO0OOOU0OODOOOO0DODOOOOODO ROODUOODOUOOUODODOO
gboobooboobooboooooboboboobobobobobobooboboboboboboDbOon

goooobooboboobboobooboboobobooboooboboooboo

00 4.3. 0000000 X00ODOOOODOOOODOODOO £Y00000000000000
000000 X,0000000000%50 Uz, AO3000000000000000
00000000000000AY=X)n0,000000000,.,, 220000000
0000000000000000000000000000000 (Borel hierarchy) 00000
D000000000O0o0oo0oon

0 44. X0OODOOOOOOOOOE)=F000Y=Gs0000000A%0000000000
Sonloooooooood

(open sets) (Fs sets)
N2 Nw Nw 1
7 \ / AN / \ /TN
AO - AO
~ w+1
\HO/ \HO/ \HO/ \],.;__:[8)—‘,-1/
(closed sets) (Gs sets)

06 00000

«J00. J0000D0OCO0ODOCO0ODOOO0OO0ODOOO0OODOO0OOOOO0ODOOOUOODOOUOODOOOO
0000000000000 0 GsOUOOOOOUOO; Ge-00OD0O0DDUDOOOOOODUOUOOODODOOOO

00 4.5. 0000000 X, YOOOOOOXxYOOOOO X0O0000O0OOOOOOO
0000000 £ 000000000000 0000000 X 0000000000
XxY0O U, 3000000 X0000O0OO00O000000000 00000000
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Al=3NIl0000XI00000000000 (analyticset) 000000100000
0000000 (coanalytic set) 00 0000000000000 OO (projective hierarchy) O O
D000000000000000000000000000

0 4.6. XO00OOOOOOODODOOOODODODOOOO (Suslin’stheorem)DDDé}DDDDDDDDDD

O00000X{00000000000000000ALDDO0O0DOODODOE,0 O, 000000
oooo

N /Na\ S \ /* \ BN
-~ Borel = Al Cal AL,
Val \HO/ \Hl/ \Hl/ N
O7 0000

0000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000
0000000000000 0000000000000XY0 AJo000O0O0O00O0O0O00O
0000000 0000XY0 AY0000000 (difference hierarchy) 0000000000
0000000000000000000000000000000000000 20 A%,
0ooooooo

000000000000000000000000000000000000000000
000000 10 Al000D0D0000D00D000000000 $i0 Aloooooooo
00000000000000000000000000000000000000AY00O0
000000000000000000000000000000019200000000000
000000000000000000000000000 C-000 RO0O0DOD0O0DDOO0O
D000000 £10000000000000000000 Al000D00DO0OOO0O00O0

Ta Zi 25
NN e ST
a4 !

o8 Oboooooooooon

00000 ZPrCO0O0O000ODOOO0O00O0ODOOO00OD0O0ODOO00OD0OOOO0OODOOOOn0
obobooooboooo 1e00booboboboboobobooboboobobooobOobnoo
go0oOoOoobooOooooobooobobOo 19200b0b000oooobogooboooo

ooooobO oobooboobooooobooboo0 bob bobobOooboOooOooobobO ogoo
ooboooobo boobooobooooooobooooooooooooobOOoOobOOoOoDboOooon
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go
— N. Luzin “Sur les ensembles projectifs de M. Henri Lebesgue” (1925)

gbobooboooboobbuoobboobboobuoooboobbooboooboon
000000 ZFCO0O0O000000OODODOCOOOOOO00OOO0OOOO “oco00O0”000
goooobooobooboboobbooboooboobboobbooobooobooonoo
0000000 000ooo0oDooo ZFRCOOODOO0ODOO0ODO0ODOOO0OO0ODOOOODOOO0
000 ZFCODOO0O0O0000000000000000000000000O00000

412 0O0O0O0OO
gobogobogooboobbuoobboobobooobuoooboobbooboooboon
ooooobooobooboboobobooboooboooboobbooobooobooboo
000000000000000000000000000000000000 (William Wadge)
0000000000 (790000
vroooooooooooooooobbooobo0ooOOoUoDoOOobDboOobooOobooOoOoDoo
ooobobobobobobobobobobobobobobobobobobobobobobobobobobobobobobobobbboboboboboo
gboooobogooboobboobbooboooboooboboobboooboooboooboo
gbobooobogoobooboooboobbooboboooboo

00 4.7 ([79). X, YOOOODODOZ0O0OOOOODOOOOD X, YOO Z000 f: X —>Z
Og:Y—>Z0OO0OOOOfO ¢gOO0O0OO00ODOO (continuously reducibley D0 DO O00O000O0
(Wadge reducible)y 000000000000 #: X Y OOOOOOf=gof000O0ODODO
O00o0oooooo f<wgOoono

0000000000000 00000000000000000000000000 200
0000000000000 00000000000000000000000000 2000
f:X—{0,1}00000000000 f11}CX0000000000000000000
00 ACXOO0OBCYOD200000000000000000000000000000O

00O
A<wB < (30: X -Y 00O) A=0'B].

ooooooobooboop20000000000O000O00O0bOObObOODbOOobObOODOO
good

00 48. 00 ACXOOOOO (selfduc) DODO0ODA<yw X\AODOODODOODOODOO
gboobooooooooon

ACXOO0O0O0O0O <= I'y={BeX:B<yw A}OOooooQ
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goboobogoobogoboobboobooobuoooboobbooboooboon
goo

00 4.9 (00D00O0DO [79]). ZF+AD+DCOODODODABCNNOOOODA <y BO
00 B°<yw ADDDOOOOOOONYOOD 20000000000000000000000
0020000

Proof. R={(z,y): A(x) =B(y)}0000000000000000000 §:NY —-NYOQO
000 (x,0(x)) e RODODODDOODODO n: NN = NYODOOOO (n(x),r) gRODOOO0O 0
Onp000000000000000 A(z)=Bof(z)J0D000A<y BOOOOOOOO
00 Aon(zr) # B(x) 0000001 —B(z)=Aon(x)0000B <y ADOOO
000000000 20000000000A<w BOOO BS<y ADDOODOODOOO
00000 A<w B°000 B<y ADDODODOODODOODOOOOOOODOODOOOOO

AEW B, AEW BC, ASW B,BC, B,Bc SwA
04000000000000000000000000{A,B}00000O000 A=w B°O
gooodggoo O

gbobogobogoboobbuoobboobobooobuoooboobbooboooboon
0000 4200 BQOOOOODOOODODOODODOUODODOOD0OD0ODDODOOO00O0O0O0O0O0O0OO00O00O
000000 4310000000000000O000OOOO0OOO

00 4.10 (00000-000000). ZF+AD+DCOOOOODDODOOOONYDD 200
goboooboobooooboooo

0000000000000 0oooooooooood Ty, TweceOOODOODDOOOO
0000 00RODODDOODODOODODOODOOODODOOOD O00OODOODDODODOOO0OOO ©
000000000000 000000000000000 eUODOODOODOOOOODOO
O00000000ooooo0O e00o0ooO0ooooooooooOogo

000 «a0000 (ecofinalityy 00D0L00 00000000 DO0ODO0ODOOOOODOODOO B
O000a<OGO0000000C0O0CO0OOr,N-I',O0OODODOOODOOOOOOOONN-
0000000000000 00000000000000000000e<®GLDO0O0O0O0O00
ooooodryan-lr, 000000000000

00 4.11. 0000 XOOOOOO T'0000 (separation property) 00000000000
200 rogo rn—-rocooCccO0OOCfOO0OOOO0OOCOO0ODOO0ODOODOODOODOODO
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.\./.\./.\,,,, ./.\./.\,,,, .\./.\,,,,
NN NN SN
coﬁnal:ity w coﬁnali‘éy >w

09 0ooooooboobooo

oo
(VA,BET)[ANB=0 = (3CeTN-T)ACC&BNC =)

0O 4.12. X00OOOOUOOOOOOUODOOUO XOOOUoooooooooooo oooouoooooo
gog

O 4.13. e 0ID0UDNDD a<w; 00D000N, 00000000
e X0 MW}00000DODO
e (PD)X}, 10}, ,00000000

goboobogoobooboboobboobooobuoooboobboobboooboon
gboooobogoobooboo

00 4.14. X, Y0OOOOOOQUOOOOOOOOOoOooOO0OO0 X,YoOo QUoO f: X —Q
0g¢g:Y—>QO0O0000f0¢g000000O0 (continuously reducible)y 0D 0000000
(Wadge reducible) 0000000000 f<ywg¢gOOODOODOOOO

f<wg <= (F0: X =Y 0O0O)VreX) f(z) <g gob(x).

00 ZOO0OOOO (discrete order), 000 a<z b0 a=0000000000000000
goooooboob 4140000000000 4140000000000DDOO

000000002 ={0,1,4}00000000000001<001<100000000
00oo0oO0o0102,00000000001000000000000CB00

00000002, 000000000000000000000000, {0}, {1}, {0,1}, 2; 0
00000000000 XO00oooorooooooo 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 BelO0ODO0OODUODO0OO0OOOOUOOODOOODOOOOOOD AOOODODODAeTOODO
0~lAleTODDOODDOODOODO

00 4.15. 'O00000O0O0ODOOOC0OODO0OD XOOOOooDOooooOorocoooboobooo
ooooor-oo2-0000r-002000000000000000000000O
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Proof. T-0000 f: X -2, 00000000000A=f'{1}0 B=f'{0}00000T00
0000l 0000000000000l N-I00CCX0O AQO BOOODODOOOOOOOOOOO
xc: X —20-0000000000000 f<w xcO0O0OOOOOOOOOOODOOO
O000000TO00 ABCXUOO0OOOOODODOOOOf:X—2:0 A001,B000,0000
004000000000 0000000000000A,B,AUBcl'00000000000 I-000
00000 fO0T-002000¢:X—200000000000000000600000 f<go6O
000000000 100000000f(z)€{0,1}000 gof(z)=f(z)00000000go00 AD
01,BO000000000O0OC=(go#) Y{1}0 AD BOOOODOOgO I-00000 D=g *{1}
000000000l o0000ooooooo0OoC=6"'D)0T 000000 O

00 4.16 (Steel [71]). ZF+AD+DCODODO0OOOTIOD0OO0DOOODOODOOODOOODOO
ooooOorooo -rogoogoooooogooooon

Proof. 000000000000 ODOOOOOOODO

0O0. (Ap,A;)0 TOODODOODOOOOOODOODOODOOO (Be,B)OODOD'ODDOOOO -I'OO
0000000000000 0000O nO0OUO0OO0OnB) CA 0O nBilCAODOODO

ROOOOOOOOOOOO
(z,y) ¢ R < (y€ By — z€ A) A (Y€ B1 — z€ A).

00 (z,6(x)) e RODOOOODOD #O0000D000060(z) e BbUB 000000006(z) € Bo
000 2¢€ A DD00D00A(z) e B000 ¢ A, 00000000C =60"1By]0 A D A, 00
0006(z) e BpbUB, 000000COTIN-I'000000000 A 0 A, 000000000000
000000000000 (p(x),z) ¢ ROODODODDDO0O0 nO00000000 (n(z),z) ¢ ROOOOO
nBo] C Ao 000 n[B:1]C A 000000

00000l 000000000000T 0 -I000000000000000000 (A, A:1)0 A-D
00000 000000(C,C1)0 A-000000 -'0000000000000000000000
00 n00n[4)) CCo00 4] CC,00000000000000By=n"[Co]00 B1 =n *[Ci]
000000000(As, Ao, (Ao, BS),(BS, A1) 00000 A-000000T000000000O0000O
00000000000000000000000 no,m,7: 0000

no[A1] C Ao, no[Ao] C A1,
m[Ao] € Ao, m[BG] C A,
n2(Bi] € Ao,  m2[A1] C Al

n0,m,72 000000000000 +€3“0000000000 (25)new 00000 02] = 0ty (Thi)
oooo

O0. {re3“:ap€AUA} 000 (comeager) 10D DODO

Proof. 000000000000000{re3*:zj¢ A UA}00000000O03* 00000000
0000 ce3<“000000{re3“:zf "¢ A UA}0000000000000n0,n,7.0000
00000 re3*00000

xh € AU AL = 2§ " =1y ©Me(1) O O Mooy (o) € Ao U Ax.
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D0D00{r:zf ¢ A)UA}000000000000B,0 Bi000000003% =J,_,{r:af ¢ B:}
00000000 j00000{r:z,¢B,;}000000000000n,7 000000

r i+1)7 r
ah ¢ By = a§ V" = nja(xh) € Ay

000O0{r:ah € AUA}OD000000000000000000000000 O
0000000 j00000{re3“:a}e A,}000000000000000 ¢€3<*00000
{re3“:2§ "€ A;}000000000n 000000000 »e3*0000000000

o0 r

ISAT S Aj — Iy € Alfj.

0000{r:2§ "€ A,_;,}0000000000000A4,0 A, ,000000000000000
oo O

Steel 00000000 (T, ,) 00000000000000000000000000
1978 00 Van Wesep [78] 0000000000000 (Te,~[,) 0000000000000
000000000000000000000000000000 (T,,-T,)000000000
000000000000000

00000000000000000000000000000000000001, 0000
000000000000000000000%,00000000000000000000A,
00000000 SN, 0000

0 4.17. I, = {NV} 0D Sy ={f} 0000, 000000000, 0000000000001 00
w1 0000000000000 000000000000 (Hausdorff difference hierarchy) 000000
Yo, 0 F,O0O0ODOOOOooIL, 0 GsOOOooooooog

0 4.18. MO0DO00DO00OO00D00O0O0O00000zMl=200 2t (n+1)=2""""0000000O
000010 20, 0000000M,,++-,0 OY,, 000000000000

goooobooobooboboobboobooobuooboboobo

0 4.19. 000w +1000000000 €wy41 =SUp,c (w1 Mn) 000000000000000O0
000 wO00O0O0D0O000O0000D000D00000000000000D000 & 0xl00000
ooooooooy =xnoon =’ 0000

Ewy+1

Cwy 4wy Cwy 4wy

goooobobooooooobboooooobbbwv0b0bDbOO00o0oobobbbO0o0oOoon
gobogoo

0 4.20. 0 w, 00000000 (Veblen hieararchy) 000000000000 ¢(y) O +, sup,c,,, J
00 (¢8)s<a 0000 y000000000000000¢e 0 1L,w,w?,wi,..., 0wy wf™? 00000
00000000 ¢1 0 1,6w;4wy,... 0000

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

ocobooboooooobooOoobooboobooobOobooooobOoOoboOooOoOobOobobooobOOooOobo
goooooboboooooobooboobooooboobooobooobooboooboooooOoooboboOooooo
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gbooboobogoboobboobobooboooobooobbooboooboooboooboo
oo obbbbbbbbboo
gooboobooobooboboobbooboooboobobooobooobooobo

42 BQOOO

DDDDDDDDDDDDDDDDDDDDDDDDDD*S(well—quasz’—order)DDDIZID
wQOOUODOOOOOOUOooOoOooooOooooooodooooooooooooooooog
0000000000 Robertson-Seymour 00000000000 (graph minor theorem) O O
oo oooooooooa
0doooooobooooobooooobooa

00000000000 0000000000000000000000 (Kruskal’s tree
theorem) 000000000000 DOODOOODOOODOOOOOOOOOOOOOOOOO
oo ooooooooooa
O00000ooooowQOoOO0o00oodoooooooooooooooogooon

dobdboodooooooooboobooboboobooboobooboooooooooooa
dodododooououoooooooooooooodooooooooooooooa
001965 0 0 Nash-Williams [56)] 000 0000000000000 O0O0OO00OOOOOODOODO
000 (BQO)ODODODOODOONash-Willams 00 000000000000000DO0O0DOOOO
0000000000000 0000000000000O00Laver [36)]00BQO0OOOOO0O
0000000000000 0000D00D00000 Fraissé DODOD0DODOODODO

1972000000000000 (3500000000000 0O0ODO0OOOODOOOOODOD
000000000 owQOOODOOoDU0odoUooUooooDOOdooouooooDoOooooo
doodoooboooooboooboboooodooboooooooooooooooooa
0000000000000 000000000000000000000000BQOOOOO
Oo00odoooboooooboooooboooooooooooooooooooooooooa
doooooobooooobooooooooboooobooooooooon

0000000000000 000000000000D000D0O0ONash-Williams OO OO
oooboobooobooboboobobooboooboooboobbooobboooboooo
0000 Pouzet 00O ODOOOODOOOODOODOODOO

000 QUuooo0o0o0ooooooO @-0oooooo

ord . _ a
o hLe

00000 Q-00 p,ge Q400000000 Op<¢q0O00000

(Va € dom(p)) p(a) <o gob(a)

*8 Well-quasi-order 000 0000000000000 0O0O000000OO00OO00OO0OOOOODOOOOOOO
oooooooooooboooooooooobooboooooooooobobooboooooo
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0000000 #: dom(p) — dom(¢) 00000000000

00 4.21. 000 QOOO0DOODO (better-quasi-order) 1000 BQO D OO DO OQC™, <)
dddoooooooooobono

OO0O0OPouwzet 0ODOOOOOOODODOOOOODODOOOODOOOODODOODOO
gboboooobooboobobobobobobobobobobobobuoboobo

D000
000000 (BQO) = 0000 (WQO)
oooo =7

Nash-Williams 000 000000000000000000000000000000O0O000
0000000000000000000000000000000Laver 0000000000
000000000000000000000000000000 Forster [15,59] 000000
000000000000000 QUO0D00000000000000 vVH(Q)Doooooo
O0DO0OPH(Q)D QOODOODDOOOODODODOOODDOD

Vi (@ =29
Vi (Q) =PH(V Q)
Vii(Q) = | Vi"(Q) if A is limit
a<A
vie) = |J vHQ.
A€eOrd
0000000000000 0000000000DO00000O0O00 Vooooooooo
00000 e-00000000000O00O0ODOODOODOOO Q-O00 V*(Q)DDDDDD e-00
O000oo0oooOgeQOOOoooOg
0000000000 GoOOOOODODA,BO Q-0UOO0O0O0O0O0OO A,B€V+(Q)DD
000000020 000000 I0II00000D0DO0O000 GQ(A,B)DDDDD
I0 100000 Q-0000000000000 0000000010 2p=A0000000
OIl0 yy=BOOOOO+100000000010 2,0000000000 Zp41 €2, O
000z, 0000000 2,41 =2, 00001II000000000C0CO

I. A=ux e Ty D x2 D ... > Tm =  Tm+1
II: B = Yo > Y1 > Y2 = - = Yn = Yn+1

Q-000000000ooDO0UloooooOo IIo0Doo000oooooDoooooooo
oooo0oooooooood lim,z, 000 lim,y, 000000000000 00O G(A,B)
gboboogoboobbooboooboobobg

0000011000 < limz, <g limy,.
n n
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0000 Q00 VH(Q)DO0OD0DOO000O0000o0o0o

A<B < Gg(A,B)000000DOO00IIODOO0ODOOODOOD

00 4.22 (Forster [15, 59]). QOO000000000000 Q-00 (VH(Q),<)0000
00000000000

goobooboboooboooboooboobbooobooobooboboobbooboon
gooooboooboobboobboobooobooboboobbooboooboobo
gbobgooboogoobooboboobbooobooobuoobboobboooboo

gbobogbogooboobboobboobobooobuoooboobbooboooboon
000D00DO000o00Oo0oO0d0oO0oD00oDO00ooO0oDOo0o0ooU0oDoo0oOooORrR»OO
goooobogooboobboobbooboooboooboboobboooboooboooboo
gooboobogoboobboobbooboooobuooobboobooobooooboooboo
gbogoboobobgobooobuoobbogn

" 0000000000: 00000 Forstee 00000000000000000000000
000000000000000000000000000000Q-00000 A0O0O0O0O0O
000000000 G(4,B)0000000000000000000A00000000O0O
00000 QOOO000000 e0000000QOOND000000000000000000O
0 Seq.(A)000D000OO0

ADDD000D te(A)000000Seqc(A) 0 tc(ANODDOO0DO0O00000000 te(4) O
00000000000000 te(AND00D000000000000Seqe(4)0 te(A)NOD
00000000000000000000000000000000000000000000
0Oooooooo

000000 VHQ)DOOO00 A<BOOODOOODOOOO0O00000DO lima: Seqe(A) —
Q0 limp: Seq.(B) - QOO000D00000D00 0: Seqe(A) — Seq.(B) D0 O00O0D000
020000 lima(z) <glimpof(z) 00 000000000000 limy 0 limp 000000
00000000000000000000000 VH(Q) 000000 MONo0nooondo
000 QOOD00000000000000000000000000
0000000000000000000000000000000000000000000
00000000000000000000000000000000000000 O0Simpson O
0000000000000000000000000
NNOOODODOOOOOOOOOODOOOD se[NNOOOOO s*00000000000
OO0s*(n)=s(n+1)0000000 QOOO000000000000 ¢: [NN— QOO Q-0
0 (good Q-array) 00000000 se [NNODODDODO ¢(s) <o ¢(s*) 0000000000
0-000000000000000 Q-00 (bad Q-array) D000
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00 4.23 (Simpson [66]). QO O0O00000000000000000000 ¢: [NN— QO
0 Q-00000000000000

43 ODO0ODOO0OO0O0OODOODOO Ellentuck 00O

431 0000000000

0000000000000000000000000000000000000000000
000000 20000000000000000000000000000000000000
00000000000000000000000000000000000000004A € [w]*
000 SClw"00000hoS={hog:ge[w?}000000000000000000O0O
0000000000000

00 4.24 (00000000000000). 000 ACw|"0000000 hew®OOOO
O0ho[w® CADDDO holw®NA=0000000

000000192800 0000000000000000O000DOO0O0DOO0ODOOODOOODOO
gooooboooboobboobbooboooboobboobbooboooboobo
O00000000ooooooooBQOODODOOODOOOODODOODOOOOOOOODOODOO

00 4.25. AC [w|* 000000 (Ramsey property) 00000000 hew* 000000
holw]* CADOD holwl*NA=000000000000

gbobogobogoboobbuoobboobobooobuoooboobbooboooboon

good
000000 ACw0OD0OD0OO0OOOOOO

gboooooooooooooooo
gooboobooobooboboobbo0obboobuoooboobboobboooboOon
gooboobogoboobbuoobbooboooobuooobbooboooboooboooboo
oo oooobobbbbbobbobbbbbbbobbobboon
ooobooooooobobooobobbobobbbbbbobobbbobobbbobobobobobobobobobooo
gooboobooobooboboobboobbooobuoooboobboobboooboon
000000000000 ONash-Williams OO 00196500 BQOOOOODOODOOOO [56]
000000000000 DDODO0O0O00000000000D000D0DODOD0DODOONash-Williams
o0000o00o00O0obO0 200000000000 DOO0ODO0ODOODODODOOOObOOOOO
0000000000000 00000000O0Richard Laver 0 BQOOOODODOO Fraissé O
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O000000000D0O0Nash-Willlams 000 00000000000 OO0OOOODOOCOOOO
ggooobbtoooooouoobbbooodoooooobbbbooooobbbboooo
Dana Scott 00O OO0 OO0O

O0D000D0 GalvinOOOOOODODOOOOOOODOOOODODOOODOOOOOOoOoooOo
0000000000000 000000000D0O0000000OdO0Galvin-Prikey 00O
[[71000000000000000000O00DO00DO0O0DO0O0ODO0ODODOODOOODOOD
oooooooooobobooobbboobbdddoooooooooooooobooooooon
ZFCOOO0O0O00O0

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

00000000000 00000D0000000000000 wvOOOODOODOODOO
D0000000000000000000 0€ w"00000Ffo(o]={fog:0Cg}00D
000000000 [w*00000 Ellentuck 00 (Ellentuck topology) 000000 nO 0O
000id, 00000 fol[id,]O000O0O0O0 f0O Ellentuck 0000000 DO0OOOO Ellentuck
01974 0000000000000000000000D00000000O0Ellentuck 00000
gooooboogn

00 4.27 (Ellentuck [13]). A C [w]* O Ellentuck 000 0000000000000000
000 g€ [w]* 0 Ellentuck0 0 golid,)] 000000 hOOOOD0DD0O000O0OO

holid,] CA or holid,JNA=0.

O00AO EllentuckD0OD0OD0D0D00000000000000AOOOODOOOOOO

000000000000 0000000000000000D00 Galvin-PrikeyDOOOOOO
0000000000000 0000000D00000000OOElentuck 0000000000
oooo0obooooboobooo

000000000000 O0MathiasO0OOOO0OO0OOOOOOOO 490000000000
00000000000 ¢: w* — Y O Ellentuck-0 0000 (Ellentuck-Baire measurable)
0000000000000 CYODO0000¢ HU]O Ellentuck 00000000000000
000000000 ¢: w—-Y0OOOOOODOOODOO0ODOD w0 w 000000000
O0000000000000000000 MathiasOOOOOQOOQOOGOGQOGQOoO

o1



00 4.28 (Mathias [19]). Y 0000000000000 00 Ellentuck-0 000000
¢:[w*—>YOD00O0D00 few 000000 folw*0000000

432 BQOOODOOOO
00 4.29 ([66])). 00000000 OD0OD0ODOODOUOUOOOOOOOOOOOOOOO

gboboobooobooboboobboobboooboooboon

00 4.30 (Simpson [66]). 000 QOO0O00000000000000O0O

1. QUuoooooooooo

2.0000000 ¢: w¥—-QO0O Q-000DOOO

3. 00000000 ¢: w“—-Q0O0 Q-00000DO

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

000 T'ooooOoD Elentuck OOOO0OO0OO0ODO0OO0OO0O0OO0O0OO0DOO0DOOOTODODOODODOO
(completely Ramsey) DO 00000 O0OElentuck 000 4270007 00000000000
gddbodooooododouoobonoobooooo (axiomofRamsey)DDDDDl:ll:l

00 5(0000000). 00000 AC [w]“0 Ellentuck00DOD00DO00DO0ODOODOO

00000000000000000 ¢: [w]Y - Q0 Ellentuck-0000000000000
0000000000000 0000000 ¢: w*—=9Q00 Q0000000 D0ODOOOO
goooobooobooboboobboobooboboobbooboooboboooboo

gogoooboooooooo-boboooooobobobbbboooooboobobbooooooon
gobbogoobbbooooobobboooobobbooooooboobboooobbboooon
00000000 (+e) 00000000000 0ODODOO0ODOO0OOOOOOODOOOOODOOD
gooooboogoo

433 «0000000ODO
gooboobooobooboboobboobboobooobooboboobbooboon

googoobooooboobboobbooobooboboobobooobooobooobo
gobooooboobooboobooboboboobooboobooboboobobDbb

0000000000000 000000000D00000D ZCOOODODODOODODOOOODO
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Galvin-Prikry 00 0 000000000000000000000O000O0O00OOO00OOO0O0
M-0000 [}-CA) 00000000 I}-0000 i-TRyOOODODDOOO000DD0O

0000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000
0I-TRyOODDODOO AY-0000000000000000000000000000000
00000000000000 (recursively inaccessible ordinal) D000 0O

000000000000000000000000000000000000000 ZFCO
0000000000000000000000000X-00000000000000000
00000000000000000000 0 00000000000000000000000
Siver 00 000000000000000D0O000O0DODOO00ODOOO0O0OODOO0OOOOO
00000000000000000

0000000000000000000000000000000000000M0000
00000000000000000000000000000000000000000000
00000000000000 Victoria-Delfino0000000000000000000000O
00000000 WoodinO ADT 0000 DOOCOOODOOOOOODOOOODOOOOOOO
D00O0OAD=ADTOO0000D0 2000000 Victoria-Delfino 000000000000
DU00DAD < ADTOO0DO0DOOOO0DO0DO0DON0DO0D0N0DN0DN000N0DN00N0N0nO
D00000000ooon

44 BQOOOODODOO

oo0db 200000000000 000000DbO02000000000D0OO0ODODODO
O000O000bOO00oDOo00oDbOoOO00obooO00oDOoO00oDOoOOooOoOoOoOOODoOOD 4140
gboboboobogoboobboobobooboooobuoobbooboooboooboobo
ooooobooobooboboobobooboooboooboooboo

oo0obo0obObo0oooobobO0oooobobooo2b00000bobOo0oooDboooooDboOog
0000000000000000000000000 [79)00020000000000000
{T,0,1,1.}0000000000000O00O0OOOO 41500000000000000000
oo obbobobbbbbbbobobobobobbbbobobobobobooo
gboooobogooboobboobbooboooboooboboobboooboooboooboo
000O0OLéweD Block 0000000000000 O000O0O0O0O00000000 €970
0et0000000000ononooon [4o,6]0

O00o0O00oo0oO0o0ooO0ooDod0 meNOOOO mODOOOOOOOODOO9DOO
0000000000000 (2300000000 meNOODODUOmMDO {0,...,m—1}y00
goboboooobbobooobobooooobbbod m-O00DbOOOO0O0O0ODLDDOOOO0ODDOO
oooboobooobooboboobobooboooboooboobboooboooboooboo
goo
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go0oo0o0obOo0oU0oboOoboOoOoUobOoO0U0DOoUbD 2000000 DOOU0DO0ODOOODOOO
gbbooogbogobuoobbuoobbooboooobuoobboobooobooooboobn
0000000000000000000000 BQOOODODOoOooooooooooooooo
O00BQOODOODOOOODOOOOOODO

000 BQOODODUOOUOOODCOOODDOODOOUOOODOOODOOD1987 00O van Engelen,
Miller, 00O Steel [77]000000000BQOODOO0ODOODOOOOOOOOOODO2014
00 Alexander Block D00 [5] 000000000000 O0Block000D0OO0ODOOODOOODO
goboobogoobooboboobooboboobbooboboooboo

4.4.1 Martin-Monk OO O OO

200000000000000Martin-Monk 00000000000 O000O0O0OOOOO
000000000000000000000000000van Engelen-Miller-Steel [77] 00O
00000000000 00000 ZFRCO0O00D0O000QUDOD0O0D0O0ODO0D0O00OO0
000 Q-00000000000000000000000000000O00

0000 van Engelen 00 000000000000 OD0O0O van Douwen 0000000
000000000 Van Douwen 0000000000000 (absolute Borel set), 000000
0000000000000 0D0000000000OD00O0O0DODO0OODO0DO (rgidD0OD0
000000000000000000000000000000000 Van Engelen00000O
O0o000oo0o00o0o00oo0o0oo0oooooooooo

O00OBlock ()0 00000000 0D0DOOOODOOOODO van Engelen-Steel-Miller O O
000000000 000000000000C000D vanEngelen 000000000000
O0o00ooooooooo

oo 4.31 (AD+). Q000000000000 DOO0U0oOoOoU0DoOOUD -OOoOoO
obobobobobobobobobo

Proof 0000000 OCO00O0O0OO0ODOD Q-000000CO0O000OOOODOOOOOOOOOO
gboooobooboobboobuoobobooboobboobooboooDboobg oo
0000000000Q-00000 (ps)eepy 00 s ZLip 9s- 000000000000000
0 BO0000O0BOO0OO0ODOOOOO feBOOOOODOOOOOOODOOOOU,O0000
oobooboboobooobbooobo (f,g)€B2DDDDDf§QgOQDDDDDDDDD
06:U; »U,000 fol#ogOOD0D0OODDNA:U,—»U;0000000000000
0000(f,¢) 00000000000000000 §(f,¢) 000000

O00s € w* 00000008y =500 sp41 =5, 00006 = 0(ps,,¢s,,,) 000
Uu,=U,, 00000000000000 95+1ZQZ*DDDDDDDDDDDDDDDDDD

n

©s, LLip Ps,p, 00000065 :Upy — U, 000000000, (05(x)) £ @s,.(z) 00
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googo

01 =0;00 10005 Upp1 = Uj

J n

DOooooooo 29+ opoo00000ono (0:U; - U)ix; 0000000000
(O[?ZU—)UJ')]‘DDDD

UjTUi
0000000000000 00000000000e;00000000000000000
006;,=68,,,,000a =02, 00000000000000000065,,,=0500
00000063, 005, =0, 00000000

*

s, (@) = s, (07,(a5 1)) £0 Psoin(Angn) = @y (ar)

0000000g(s)=s(af) 0000000000¢: [NN—>QOO000000 O

442 Steel-van Wesep OO OO DO OOOO
200 0000000000000 0O0DLD00O0DbOO00o0DODbO0oOooDbOoOooooDbOOoOooooOa
ggodooooboboboboooboboobbodddoooooooooobbbbbbbbooo
OO0 Steel-van Wesep D0 0000000000000 O0OO0OOO0ODOOOOOO0OOOOOOOO
gobbooooboobboooobboooboboooobb oo ooobooogoboboooo
ggodogooooboboboboobbbobobboddouuouooooa
0000000000000 bOobOooooooooooooooooDoon

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

00 X00OOoOooooooedoOODOUOOOODODOOOoDOoOofO000oooooOOng
(Lipschitz selfdual) 0000000

dooobbooooooboOooboODoo0oo0ooooobbobobobobobobobobooooDobobobon
00000000000201400 Alexander Block [5] 0 0000000000000 OOODO
O000000000OBlockOODO 4320000000000000000200000000
000000000000 00D000DOOO00O0O0ooOOdBlock00DOOO0OOOODOODODOOO
Steel-van Wesep 00000 0000000000000 OOO0O0OOOOOOOOOOOOOO
gbooooboooboooo
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oo 4.33(AD+). QUuUi0O00000OU0U0UUUDO0ooDDoooOOoOoOoOoUOOUooOooooD Q9
goboopoboobbooboooboobboobboooboobboobobo

Proof 0000000000 DOOOOODOOODOOOOOOODOOOODOOOOODOOOOOO
000000000ooooooooooooooovUvoogon f:U—-QO00u0pnouoooo
gboogobogoboobog

e 000000 6:U—-UD0D00D00f(z)<g f(fo(z)) 00000
e 0000OD6,:U—-UDDD0D0D0 f(6i(x) £o f(z)0DDODOD

0000000000000000000000000000000000000000000
000000000000000R={(z,y): f(y) £o f(x)}000000000000000
000000(z6(z)) e ROODODODOO0DO0D A00000000000000O0O0O0O0OOO0O
00000 -00000000000000000 (f(z),2)¢ ROODODOOO0O 000000
000000606 0000000 ¢ 00000000000000000 me[NNOO
000000000000000 s€[NNOOOOO#; 000000000000

0o if n & rng(m)
03 ={06, ifne rng(m o s)
05  otherwise.

oooboobboooboobobooobooboboobog

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

0006 00000000000 mOOOoOoooooono g8

, ) gooboooooo
m(i),m(i+1)
gooboobooobooooboobooboboobooboooog

9;<i%m<i+1) = éfn(i) 0fpobgoby---06y0by.

m(i+1) —m(i) O

00000006 00000000 2"000000000000000m(1)=4-(n+2)0
000000oooe, 0000000000 0sOooon 9;(1)7m(i+1)DDDDDDDDDD
0000000 0000000000000 000D0D0D00DD0D0DODOOOODOD
gooobobooooooboobooooobobooooobbooooo nOooobbboooob o

gbooooooobooobooooo

DD.DDDDDD7nDDDDDsDDDDDDDDDi<jDDDD§&“MﬁDDDDDD
00290000

000000000000000000000000000000000000000000
0000000000000 (63:U; - U;),; 0000000000 (a: V- U;); 00000
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bobbooo~0000U,=U0000000000000000;00000000000¢;
DDDDDDDDDDDDDDDDDDDDDDDDDHEOCM?:afDDDDDDDDDDDDD
googn

s
o Xmos(0)+1

s
mos(1l)+1

5 . S . . .
91 90 or 92 00 or 92 90 or 92

0000606, 000000 f(adany) <o f(@hy04) 000000006, 000000
F(@8001) £ F(@5041)41) 00000000 >mos(0)000 6 =6;; 0000000 = af
00000000 NN = Q0 ¢(s) = f(},0.0),,) 0000000000

*

q(s) = f(afnos(O)—l-l) Ego) f(afnos(l)) pJa) @(afnos(l)ﬂ) = (p(afnos*(())—i-l) =q(s").
ddddqOObObObObObbOoooooog

D000D0000000000000000000m0)=00000000 (m(k))k; 000
D000000000000000000000 s0i<0000 65,,,,;,00000000
0000D00000000000 s000000 j000000000000000000000
000 62,4m; 00000000000000000000000000 6’ 00000000
0000000000000 4000000000000000000 (00000000000
00 aeUCANDODOOD @ |¢0000000000000000000 0000000
00000 ¢00000000000000004,00000a4,000000 0000
0000000000000 0000000000 % 000000000 400000 ¢000

m(j+1)=m(j)+¢+1000000000 O

00 fOA-D000 (A-join-reducible) 00000000 (fa)aea D0O0000f =w @Dycp fr
00000000000000000 f0 A-0000 (A-join-irreducible)y CODODODODOA =N
00000000 ¢-000000D0 e-00000D0O0O0O0O0O0O0DO 4330000000

od 4.34(AD+). QUO00O00DD0O0O0ODooOooooooooUcAYNoDOoDOoOn
00000000 QUIUOD A-0D0000OoOoO

Proof. 0000000 DOOOOOOOOOODODO

00.000 20000 fof(z) £og(x) 00000000 ¢:U, »U;0000000000
0020000 f(z)<ggon(zx)00000007:U; »U, 0000000
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Proof (00). D00 neNOOOOOR, ={(z,y) : f(z) <gglny)} 00000006000
000000 y€eU, 00000 f06(ny) £o g(ny) 0000000 9000000000000
0,:y > 0(ny) 0000000000000 Bn(y),y) ¢ R 00000000 (2,7.(z)) € Ry O
D0D00DD00D0000000000 f(z) <o ¢(n(z) 0000000 n0D00D00DO
00 nO0D0000 f(z) <o g(n"nn(z)), 000 (z,7.(2z)) € R, 00000000 5, 00000
oobooboooobooo O

O0.¢0000000000O0000g0O00000 A-OO00O0ODOO

Proof (0D0). g00000D000O0D0O00000O00000 A000OD0Og(A(x)) Lo g(x) O
000000000000000000¢g(z) <ggon(z) 0000000 7000000000
00000 AN€EADOOD gl <Lipg0000 O

00 fO0000000C0O0000C0CO0O0000 fO000 AD0D0O0OO0OOCOOO0O0OO0COO0O
ooooO

00000000000 g=w f00000¢000000000000000 A-DOCOOO
00@,9x=¢g000000¢g0000 A-0000000000AD000glx=wg0O000
000¢gO0000000000000000000000 Steel-van Wesep 000 4.3300000
¢0000000000000000000000000000000O0¢000000 A-0O00O
00000000000 g=w g|x <wpgO00D0D

go= 00000000 A=A0000 g1 =gola, 0000000go =w 91 <wip o 000D
g1=w g =w fO00000000000000 go=g1|», 00¢1 =w g2 <rip g1 000000
000000000000000000000000007neNODOOO gny1 <wip 9o 0000
(9»)»000000000000000000000000000000000000000 O

O0000o00ooooouUoooo f:U—-90000000000000000000 U0

oooogogdg
F(f) =1z €U: () fligm) =w f}-

00 4.35. QU 0000000 0000000000000 00OO0OODOODOO00 f:U—Q
oobooooboooboon

1. 000000000

2. f0¢-00000000

3. f000O0O0 o-000000 fL<w fO00@,., 0000000000
4. 0000 F(f)oooooo

Proof. (1)=(2): 00 4340000
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(4)=(3): F(f/)OOOOF(f)000O0O0O0OVO fl[o]<w fO0DD000000 0 €U Cr<Y
D00D000000000000000 f=w @, f10]0000000f0000000
f1[r/]00000000Q-00000000000000000000000000000000
f1[p]0-0000000000¢-00000000000000000000000000000
000000 fO0e-00000000000000000000000

(3)=(2): 000000

(2)=(4): f0 ¢o-0000000000000000 gy <w fO00000f=w @ycp9r 0
D000D000000000 400000 f(z) <g @yep92(0(z) 0000000000000
x0000000n0AODO0D0000(z n)= 0000000 flpm <w g <w f0000
0000z0 fO00000000O0D00000F(f)000000 O

5 000uoooobooooon

gbooboobooboooboobooooooboooboooboobooboobobooDbOoo-
000000-0000000 (Lebesgue-Hausdorff-Banach theorem) 000000000000
gbooobogoboobboobbooboooobooobbooboboooboooboooboo
DDDDDDDDDD;?Jrg—DDDDDDDDDDDfDDDDDDDDDDDDDDDDDDD
ooobooooobobooooobobboooobobbooooobboooobobbooon
0000 XO00YOO0OOO f: X—>Y0OOOO 10 (Baire classone) 00000000000

O(fn: X—>Y)enO0OODDODODODDOOOOOOOOOOOOOO

(Ve e X) f(x)= lim f,(z).

n—o0
0000000000 €0 (Baireclass ) 00000000000 DO0O0ODO0O0OOO0ODOOO
gbobogbooooboog
gobogobogoboobbuoobbooboboobuoooboobbooboooboon
O0000O0-Montalban OO0 [32]000000000000DO0OODO0OOOODOOODOOODO
goooobooboboobbooobooboboobbooboooboobboooboon
000000000 0DooO0ooDoooO0n0 QUIUDOooOoOonD éoouoooo 200
gbooooboobbooobogoboo

1. 000000C00000000D0O000 QUODOD ¢0DpDooooooooon

2.000000 QUUUODDODDODODODODOOOODOODODODOOODOOOOODOODODOOOO
gooboobobooobooboboobboobooobooboboobboooog......, EEN
0000000 ¢00ooooooooooooooo

000000000000000¢E0000000000000000000 (foresty0O OO
gbooboobogoboobbuoobbooboooobuoobboobboooboooboobo
0000000000000000000000000000 260 Galvin-Prikry DOO D000
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00000 26000000000000000000000000O0ZFCOOOOOOOO0OO
gboooobogn
000000000oooooUC«xNODODUOOOOoUCxk¥ 000000

51 OOO0OO

000000000000 0000000000000000000000000000000
0000000 (well-founded 0000000000 (forest) 00000000 (T,<)00000
00teTO0000{seT:s>t}00000000000000000 (tree)0000000
ooooooo

00 5.1. QOO00000000Q-000000 (Q-labeled preorder) 00000 A, 000 A
0000 <x000¢a:A— Q0000300 A=(A,<4,c4)0000

00 5.2 ([23). Q-000000 A0 BODODODODDADO BOODOOO (homomorphism) O 0 O
00200000000 h: A—-BOOODOOOO

1. h 0000000000000 2<4y000 h(z)<ph(y) 0000
2. h0O0OD0D000000000D0¢u(x) <gep(h(z))0000

O000AQ00 BO0O00DD0OODOO0OOUODAL,BOOODODDODDOOODOOOO (homo-
morphic preorder) 0 0 OO

goodoboooooobooobooooooooooooooooooooDobobooboo
OO0ONash-Willlams 000 0000000000000000 (homeomorphic embedding order)
O000Nash-Willlams 00 000000000000000000000OOLaver [37]000
gooboobooobooboboobboobooobuoooboobbooboooboon

000000 QUO0O0OD0O0O0O0Tree(Q)UUOUDDDOOOD Q-OO00ODOOODOOOO
00000000000000 “Tree(Q) 00000000 Q-00000000000O0ODODOO
00000000000 0000000000000000000Laver00000O0O0OO0 QOO
000000000 Tree(Q) 0 “Tree(Q) 0000000000000

000000 meNOOOOOmO {0,...,m—1}000000000000O0O0OOOO 1
oooogooo ég—DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
goobooboooboobboobbooboooboobboobbooboooboobo
goobooobooboooobobobobo looobobobOobobobobobubo

00 5.3 ([63)). 00 200000000000

/. NNOOmwm-00OD 10000000000000
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2. 0000 m-0000000000000000 Y“Tree(m).

bbb boooooDoboboon
gododooooooogooobooboobbbbbbbbbbbobbbbooooobobobobboboon
0000000000000 0000000000000Tree(k) 00000 D0D0O0OODOOOOO
Tree(k)-0 000000000 O0O0OO0O0O0OOODOOOOOD 200000000000O000O0
0000000000 2000000000000 DO0O0O0OOO

00 5.4 ([64). 00 200000000000

. NNOom-000020000000000000
2.0000 Tree(m)-000000000000000O0Q “Tree(Tree(m)).

000000000 30000000 400000000000000000002
00000 Tree(Tree(m)) 0000000000 O000O0O0 O Tree(Tree(m))-0 00 O O
Tree(Tree(Tree(m)))-0 000 0000000000000 00000000OO00O0OO0O0O0O
O00MO0000000000000 Oree’(Q) = Tree(Q) 00 Tree™ ™ (Q) = Tree(Tree™(Q))
0000000 YTree" ™ (Q) = Tree(Tree™(Q)) 0O O O O

00 5.5 ([32]). QUODODOD0O0O0O0OODReNOOODOODODOOOOO 200000000
goo

1.NYOO0O Q0000 »-0000000000000
2.0000n0 Q-0000000000000000 “Tree™(Q).

0000000000000 000000000000000000000000000000
000000000000000000000000000000

00000AY,,0000000000w;, 0000000000000 w;™Mn000000
0000D0D000A 000000000 0w, 00000000000000 &,,4:00000
000000000000000000000000000000000AY 000000000
Dw; 00000 wy 000000000 €4,4,,000000000000000000 e,,41 0
w; 000000000 ey,40, 1000000000000

00000000000 wOOOO0OOO000O0000000000000000000000
00000000000000000000000000 €4,410 €40, 1000000000
000000000000 «00000000000000000000000w0000000
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gboboobogoobooboboonboobg

gbbggbogobuoobbuoobboobooobuooobuoobbooboooboon
gooooboooboobboobbooboooboooboobboooboooboobo
gbooboobogoboobboobbooboooobooobboobboooboooboooboo
gbooboobogoboobboobobooboooobuoobbooboooboooboobo
ooooobooobooobooon

52 0O0OO0O0OOOOO

0000 XO0O0O0O0 VOO0O0O0O yw:X—20000000000000000 1000
000000 (v,)een 0000000000 00000000000000000000000
0000000000000zeVOOO00000000 v(z)=0000000000z€V
0000000000 w(z)=10000000000000000000 100000000
00000 000000000000 100000000000 20000000000000
071000000000

0000000000 00000000000000000000000000000000
0000000000D00000010000000000000000000000 10000
0000000 000000000000 20000000000000 [1]7[0]0000

0000000 CO000000000 x¢OOOOOO0O00000000000 xe(z) =0
0 xe(z)=10000000000000000001000000000200000000
0000000000000000 [0ju[l]jo0no

00000000/0000000000000000000000D000000000000
0000 T7TO000000000000000000 2, 000000000000000000

googon
2} = Spp, T =Sp-p, AL = Sou-

000000000000000000000000—1—-00000000000,0000
00 1,0000000000000000000000300000000003g-pj~p 00
000000000000 10000000000000000000000000000000
000000D000AYD00000D0000D000000000000000000000000
afiufalulufls

000XJ0Ny000000000000000000000000000000000000
0000000000000000000000000000000000000%Y00000
0000 [07?[1]000000000000000000000 100000000y00000
0000 [1])7[0)000000000000000000000 100000000000000
affslaluls

™M

5=~y 9= S

goboooobooboobooooobooboobooooboooboboobooOoooDooo
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00000000 %, 0000000000000000000000 [0]7[1]0 [0jul]O
(170 00000000000000000000000O0

00 5.6. 00 Liee(Q) 000 e QOO0O0D000O [000O0 3000000 ~,u,[]0
00000000~ 0200000000 w000000[]0100000000000000
00 Liee(Q) 00 (term) 00000000000000000000MOOMOOMO0O0
0300000000000000000000000000000000000

1. 000000000000

2. 00000 [(00000000

3. (t;);ea0000000000U¢; 00000000
4.¢+000000 FOOOODOOOO¢FOOOOODOOO
5.¢t00000000F00000000

0000000000000000000000 Lye(Q) 010000000000 Tree”(Q)
0 Liree(Q) 0000000000 YTree?(Q) 0 Liree(Q) 00000000000

000Tree™(Q) 000 “Tree™(Q) 0000000000000 »n000000000000
00000000000000000000 10000000 5000000¢t0 00000
[t]0 (n+1)0000000000000000000000Tree™(Q)000 YTree™(Q) 000
00-,00000000000000000000
0000000000000000000000000000000000000000000
000000 ¢000000000000000000000000 30000000000
0000000000000000000000040000000 FOO¢t000000000O
0000001 0000000000000000000500000000000000000
000y, 00000000000UO0000000000000000000000U00000
0000000000000000000000000

00 5.7. ZCU0O0D0DO0D0O0OOOOOOOOOODOOOOODOg:Z—-Q0O000 ¢:U— Q
goooooboogoo

Proof ZOOOOOOODOUOOOODOOOOOOOOOOO p:U »Z0000000000
p00000p|Z00000000000000§=gopO0000000000000p000
0§<wg¢gOOOD0D0D00000000000g<wg¢000000O
Z00000000{ou}nenCUD Z0000000000000§(n"2)=g(o,"2z)000
000000g=w ¢00000000 O

goovdoooooboodoodOoooooogooOoooosyogboogoogoooog
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goo

00 5.8. 00 T e Tree”(Q)000D00X,-0000000000000D0O0O0ODDOOO

1. 00000 [q00000%,-0000000002~¢000000

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

3.t000000F00000O0000O00O0f:U > Q0 X-p-0000000000
000 VCcUuoooooof | (U\V)D S-000000f|VOXe-0000000
oooooo

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

ocoooooboOooooooooobboOobooooooooDoDboOobboOo0oDoOoD 2000
g00o00o0o0o0o0o0oo0o0oo0obOobobO0obOOobOobOobD 10000 0ooOUooOooOooOooDOoo
o000 30bobooobobobuo 1oL oUoooLUOoUobOUoboUboLobooo
go0oOod0100obo0oo0ooo0oooooobooboUoooOo2000b00OoOOoUODoOO
go-0obooboboobobobobobobobobobobobobobobobbbobooo
00 QDO00000000O0000D0000N0N0O000N0DO000DOoo0O0ooDOoooooDoo
go00oo00ooOOo0oboog ¥-0000000000b0C000bb00 1,20000000000
ooooooob 1,2, 300b000bo00b 100bo0oo0ooooobobooboboooDboO 4
gboobooboooboobobooboboobooobuoooboooboo

gooboobooobooboboobboobbooobuoooboobboobboooboon
gdodooooooooooooobbobobbbbbbbobbobbbbbbbbbbbobon
gbboobogobuoobbgobbooboooobuoobbooboooboooboobn
00000000 40000000000000D0000D0000O000DOO00O0OOO0O000
00 Luee(Q)-00 0000000000000 DO0ODO0ODO0ODOODOOOO

OO0 5.9. fOX,-00000 60000000000 fof0 Xp-00000000000O0OO0O
gooooboogboooboooo

000X, 0000 Yp-0000000000000B, 0000000 (00000000
goo

00 5.10. SO TO Lyee(Q)UODOD¢E>10000000000000000O0ODOODOODOO

1. $6,%0 CB,000 Yg-r CB 000D
2. 87 CB: 000 Sy C Biye 0O0OD
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O000000¢00000000n0 1+¢=¢00000000000000000000O0O
gboogobogoboobobooboooboobobuoobboooo

53 X000

00 5.11. T0 L4ee(Q) 00000000 f:NY 5 Q0 Sp-00 (Sp-complete) D00 f O
>,-000000000 Sp-00 ¢: NN Q0000 g<w f000000000

OO000o00¥,-0000000000000000000000O0 ¢g00DODO0000 x+—gq
0¥Y,-00000000000000000000f,0 %,-000000000

g(n"z) = fu(z)

00000000000 g0 %,,.,-0000000000000000000000000000
000000000 %-p-00000 $,-00000000000000000 53200000
(f.g)— f"¢g0000000000f0 %,-000 g0 Xp-00000 f7g0 Sp-00000
0ooooo
D000Y,y-00000000%,y-0000%,-0000001000000000000%-
D000000000%-00000000100000000000000000000000
D0D000000000010000000000000000000000000 10000
000000D00000000000002000000000000000000000000
A000000000000000000000000000000000000000000

531 000000000 10000

00000000000 000000yYJO000000000000000000000000
000000000000 00000000000000000000000000000000
0000000000000000000000000000000000 U=0uly00000
0000000000000 {fzrel:220}:0e€U}000000000000O0O0OO0O
0000000000000000007-0000000000000000000000000
0000000000000000000000000000000000000 (specialization
order) 00000000000000000000

r<sy <= cl(z) Ccl(y).

00000UD0D000000000UD000000000000000000000 U000
00000000000000000000000000000000000000000000
000000000000000000000 00000000 O0000000 0000000
0000000000000

0000000 ¢ AODDDDODOOOOOA,=AU{,}000000000000U, = AN
000000000000D000004:U - U,0000000000000 (kerning) OO
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ken: U, » U0 2z € U, 000000000000000000000000000000
p=kernoi 000000000000 Okern(x) 000 2°0000

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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