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F
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R
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g�aFTBX� �XZ[B]#aLo�[\]�dSY�V�]#T�kKX
≡R
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X8c

X
g8cSd�aU]#k

R0

h�]_g�V#XZr}xSaF]GkK]ng�c'g8aLp"kBRFV�i Y'g8T\RLo©XZ[BdS]#[5XZc
2ω

uÈ½¾]#k
f : 2ω → Xh�]Wg@ �XZ[\]�a�[\]�dSYSVGkKRUXZc§X8b

≡R0

� kKP�]W]�i YSRLj�g8aU]�cSV#]W[B]#ayg�kBRFX8c�d�]�[BRLjZ]�d�b�[BXZr
R0

� kKX
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É5]#f'cS]�°
xRy ↔ xEy ∨ ∃a∃b(xEf(a) ∧ yEf(b) ∧ aR0b).OvPS]�c

R
RFTzg8c'g8aLp"kBRFV�g8cSd�V�XZc¢kHg8RUcST

E
u�½¾]Gk

X0
h�]

{x | ∃a(xEf(a))}
g8cSd

X1 =
X \ X0

u¾á5X8kB]@kKPSg�kJb�X8[
x, y ∈ X0

^`RLkKP
x(R \ E)y

g8cSd{g8c¢p
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^`RLkKP
xEf(a)g�cSd

yEf(b)
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|�IKM$M�¼ ð ×¡RU[BT\k�^�]�RUc kB[BX"dSYSV#]�g�xSg8[\kBRFV�Y�ayg8[JV#XZrtx�aF]#kB]�g8cSg8aUp kBRFV}i Y'g�TBRLo©XZ[Bd�]�[

≤max

�
g�cSd�kKPS]#c�YST\]�RLkQkKX¥TBP�X
^ÝkKPSg�klg¥V�]#[\kKg8RFc�½;:�� RFT`g8aUTBX¥V#XZr}xSaF]GkK]8u

�©b
s, t

g8[\]zf'cSRLkK]zTB]#i"Y�]�cSV�]�T`b�[\XZr
ω
X8b¾kKPS]�TKg�rt]zaF]�c��8kKP � kBPS]�c�^�]�^`[\RUkB]

s ≤ tRL�
s(i) ≤ t(i)

b�X8[�g8aUa
i < |s|

g8cSd
s + t

b�XZ[WkKPS]}TB]#i"Y�]�cSV�]�X�bvaF]#cS�8kKP
|s|

^`PSXZT\]
j!g8aFY�]Wg�k

i
RUT
s(i) + t(i)

u�×'XZ[�g8c ptTB]#k
X
� g :<IK?H? XZc

X
RFTvgnTBY�hSTB]GklX8b

X<ω
V#aFXZT\]�d

Y�cSdS]#[J[B]�T�kK[\RFV#kBRFXZc�u��©b
T

RFTWg�kK[\]�]@XZc
X × ω

kKPS]#cm^�]¥TBg$p¤kKP'g!k
T

RFT 4�M!I�»}687 RL�
^QPS]�cS]GjZ]�[

(u, s)
h�]#aFXZcS�8T�kKX

T
g�cSd

s ≤ t
kKPS]#c

(u, t)
h�]#aFXZc��ZT�kKX

T
u�×'XZ[

s ∈ ω<ωT\]#k
T (s) = {u ∈ X<ω | |u| = |s| ∧ (u, s) ∈ T}

u·OvP"YSTWb�XZ[Wc�XZ[Brtg8a
T

^�]¥PSg$jZ]
s ≤ t→ T (s) ⊆ T (t)
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� b�YScSVGkKRFX8c

f : ω<ω → ω<ω
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z ï (x|n, y|n, z|n) ∈ S
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687y7
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S
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(u, v, t)
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kBPS]�xS[BX!¨\]#V#kKRUXZc�X8b
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u��©b2^�]
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T1 = {(u, v, t) | ∃s ≤ t(u, v, s) ∈ T0}
kKPS]#c
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RUT`cSXZ[Brtg8a¾g8c�d�^�]�PSg$jZ]JkKP'g�k
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RUT`g8aFT\X@kKPS]JxS[\X�¨\]#V#kBRFXZc�X8b
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u � aUTBX � RUb0^�]JaF]Gk
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OQPS]#c
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kBPS]`V�XZr}x'g8VGkKcS]#TBT�X8b
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� ^�]`V�g8c¥f'cSd�gJT\YShSTB]#i Y']�cSV�]
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g�cSd}b�X8[
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X8b
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T\YSV�PmkKPSg�k
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l → ∞
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h�[Kg8cSVHP�kKP�[BXZYS�8P

T2
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u � T
z0 = x

g�cSd
zn = y

� h p§kK[Kg8c�TBRUkBRUj"RLk�p�^�]
�8]#k

xRy
� g8T`dS]#TBRU[B]#d·u

O0X�V�PS]#V�® ª RFRE¬ � aF]#k (u, v, s) ∈ S
g8cSd

t ≥ s
u¾OQPS]tV�g8TB]}X8b

(∅, ∅, ∅)
RFTWkK[\RUj"Ryg�a<u

Ù XeT\YSxSx�XZT\]
u = u′ ∗ i

�
v = v′ ∗ j

�
s = n ∗ s′

g8cSd
t = m ∗ t′

� ^`RUkKP
n ≤ mg�cSd

s′ ≤ t′
u � T
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RUT�cSXZ[\r�g8a¯^�]�g8aUTBX�PSg$jZ]

(u, v, n ∗ t′) ∈ S
� ^`RLkKP�kKP�]tTKg8r}]

^QRUkKc�]�TBT\]�T
(ui)i≤n

u � aUTBX � YSTBRUcS��xS[BXZx�]#[\k�p ª RURFRF¬QX8b T2

^�]_V�g8ce[B]#x�]�g�k�kBPS]n^`RUkBcS]�T\T
u0 (m− n)

kBRFr}]�T�kKX¥�Z]#kQ^`RUkKc�]�TB]#T`b�XZ[
(u, v,m ∗ t′) ∈ S

� g8TQdS]�T\RF[B]#d·u
ª RURFRF¬�b�XZaFaUX$^`T_b�[BXZr ª RFRy¬ng8cSdµkBPS]�b�g8VGk}kBP'g�k}RLb

|u| = |s|
g�cSd

s(0) = 0
kKPS]#c

(u, u, s) ∈ S
u

×¡RUc'g8aUaLp � kBX¤VHPS]�VH® ª RUj�¬ � aF]Gk u = u′ ∗ i
�
v = v′ ∗ j

�
w = w′ ∗ k

�
s = n ∗ s′g�cSd

t = m ∗ t′
TBg�kKRUT\bEp

(u, v, s) ∈ S
g8cSd

(v, w, t) ∈ S
u¡ �p ª RURE¬z^�]§g8aUTBX¤P'g�jZ]

(u, v, n∗(s′+ t′)) ∈ S
g�cSd

(v, w,m∗(s′+ t′)) ∈ S
� g8T¯^`RUkBcS]�T\TB]#dth p_TKg�p

(ui)i≤n

�
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(vj)j≤m

uZ �Y�k�kBPS]�c
(ui)i<n∗(vj)j≤m

RFT¯gz^`RUkBcS]�T\T�kBP'g�k
(u,w, (n+m)∗(s′+t′)) ∈

S
� g8T`dS]#TBRU[B]#d·u
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ª ½2]#r}r�g Ô)� ¬

á5X$^ ^�]�TBP�X
^ kKP'g�kvg8c p�g8c'g�aUp kKRUV5i Y'g8T\RLo�X8[BdS]#[
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S
h�]`kBPS]QkK[B]#]5g�TBTBX"V#Ryg�kB]�d¥kKX

R
h¢p@kBPS]`aF]�r}rtgWg8c�dtd�]#f'cS]

f : 2ω → Th¢p
f(x) = Sx = {(u, s) ∈ (2 × ω)<ω | (u, x ¹ |u|, s) ∈ S}.

OvPS]QkK[B]#]
Sx

RUT�cSX8[Brtg8aSg8T
S
RFT#u8Ê{]`VHPS]#V�®nkKP'g!k

f
RUT¯kKP�]`dS]#TBRU[B]�d} �XZ[B]#aS[B]#dSYSV#kBRFXZc�u

Ù YSxSx�XZT\]@f'[BT�kWkKP'g�k
Sx ≤max S

y
� ^`RLkKcS]#TBT\]�d�h p¤kBPS]¥½¾RFxST\V�P�RUkK�_rtg8x

ϕ : ω<ω →
ω<ω

u2OQP�]�c{kKPS]}T\]�i YS]�cSV�]�T
ϕ(0k)

�
k ∈ ω

� ]G�"kK]#cSd�]�g8VHP�X8kBPS]�[�g8c�d{PS]�cSV#]thSYSRFaUd
T\XZr}]

a ∈ ωω
uS �p�xS[\XZx�]�[�k�p ª RURFRy¬ � b�XZ[vg8aFa k � (x|k, 0k) ∈ Sx

� PS]#cSV�]
(x|k, ϕ(0k)) ∈

Sy
u Ù X

(x, y, a)
RFT`g@hS[Kg�cSV�P�kKPS[\XZYS�8P

S
g8cSd�h¢p ª Ry¬ � xRy u��XZc¢jZ]�[BT\]�aLp � TBY�xSx�XZTB]

xRy
g8cSdÝaU]#k

a
h�]�TBYSVHPÝkKP'g!k

(x, y, a)
RUT�gqh�[Kg8cSVHP

kBPS[BX8YS�ZP
S
u!Éz]Gf'cS]

ϕ : ω<ω → ω<ω
h¢p
ϕ(s) = s+(a ¹ |s|)

u
OQP�]�rtg8x
ϕ
RFT2V�aU]�g�[BaUp

½¾RUxSTBVHPSRLkK�8u � aFT\X � RLb
s ∈ 2k

g8c�d
u
RUT�TBYSVHP§kKP'g!k

(u, s) ∈ Sx
^�]W�8]#k

(u, x|k, s) ∈ Sg�cSd
(x|k, y|k, a|k) ∈ S

u¾¿5]#cSV�]¥h pex�[BXZx�]#[\k�p ª RLj�¬zX8b S � (u, y|k, ϕ(s)) ∈ S
g8cSd

(u, ϕ(s)) ∈ Sy
u Ù X

ϕ
^`RUkBcS]�T\TB]#T

Sx ≤max S
y
� g8T`d�]�TBRU[B]#d·u
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×¡RUc'g8aUaLpJ^�]` �XZ[\]�aÖo�[B]#dSYSV#]
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kKXWg�x'g8[�kKRUV�YSaFg8[¡½;:J� � c'g�rt]#aUp � kKP�]Q]#r@h�]#dSd'g
o
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V#XZcSc�]�V#kB]�d � g8V#p"V#aFRFV�hSRUc'g8[�p�[B]�aFg�kKRUXZcST#u�×¡RL��TBXZr}]nRUc!¨\]�VGkKRUXZc

θ
X�b

2<ω
RFc¢kKX

ω
TBY�V�P

kBP'g�k
|s| ≤ |t|

RUrtx�aURU]�T
θ(s) ≤ θ(t)

uÈ×'X8[5]�g8VHP
T ∈ T

^�]_d�]�TBV#[BRUh�]�kKPS]�V�XZr_hSRUc'g!o
kBXZ[BRFg8aÈkB[B]#]
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u
×¡RU[BT\kn^�]�g�dSd � b�X8[_]�g8VHP
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Ê

Ð8;FN�6$´8IH?H?¥M!4
X ð
|�IKM$M�¼ ð Ê{]lrtg$p¥g�TBTBY�rt]`kKP'g!k

X
RFT
E
o©RFc¢j�g8[BRFg8c¢k � g8T�RLb

E
g8c�d

Ê
g8�Z[B]#]lXZc

X
kKPS]#c

kBPS]#pnr_YST\k�g8aFT\XJg��Z[B]#]vXZc
[X]E

u � T
X

RFT¯g�cSXZc�]�r}x�k�p�TBYShST\]#k�X8b
H
�
X

RFT¯g�xS[\XZx�]�[
T\YShST\]#kWX8b

[X]Ê
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∼ ẋlEẋr ð
|�IKM$M�¼ ð O�X�TB]�]lkBP'g�k
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ẋlEẋr ­ kBP"YST xEz PSX8aFdST¯b�XZ[�]GjZ]�[�p

P 2|E
o��Z]#cS]#[BRFVQxSg8RF[

(x, z) ∈
X × Z

u
Û 7L68;E» ð �©b x, y ∈ X

g8[\]
P
o©�Z]#cS]�[\RFVWX
jZ]#[

M
g8cSd

xÊy
kBPS]�c

xEy
u

�WRUj8]�c�kKPS]���ayg8RUr � RUkJb�XZaUaFX$^`TWkKPSg�k
Ê
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