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ࡦ `ʞȣƁʉǩȴȣ o��ü ǩɻ ƌƟ˨ȣƟƌ Œɻ Ǉȴȋȋȴʿɻࡱ

ࡦ üǞƟ ˨ɫɻʉ ǩȣɠʞʉ ǩɻ ŒȋǊȴɫǩʉǞȝ �
ࡦ üǞƟ ɻƟƁȴȣƌ ǩȣɠʞʉ ǩɻ ɻʉɫǩȣǊ ˀ
ࡦ o��ü(�, ˀ) = ߾ ǩǇ � ǞŒȋʉɻ ȴȣ ǩȣɠʞʉ ˀ
ࡦ o��ü(�, ˀ) = ߽ ǩǇ � ƟȣʉƟɫɻ ǩȣ˨ȣǩʉƟ ȋȴȴɠ ȴȣ
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ࡦ �ȋǊȴɫǩʉǞȝ Ǉȴɫ o��ü ʿǩȋȋ ǞƟȋɠ ʉȴ ƌƟɻǩǊȣ ŷʞǊ࢙ǇɫƟƟ
ɻȴǇʉ Œȣƌࢍ ǞŒɫƌʿŒɫƟࢎ

ࡦ �ȋǊȴɫǩʉǞȝ Ǉȴɫ o��ü ʿǩȋȋ ࢎˈƟʻƟȣʉʞŒȋȋࢍ ɻȴȋʻƟ ȝŒȣˈ
ȝŒʉǞƟȝŒʉǩƁŒȋ ɠɫȴŷȋƟȝɻ
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ࡦ ´ƌƌ ɠƟɫǇƟƁʉ ȣʞȝŷƟɫ
ࡦ . . .
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0

Every even number l 2
can be written as a surf of two primes

h p P2

If Conjistune This is tune for every n Elo's

Then A runs fore Alg A
If Cenj isfalse for n 4 to L h is even

Then A halts If h f pit P2 for any P Pach

HALT A if it tells me then HALT
than A halts conj isfalse otherwise conj is tune
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whatever n you start with

f n
12 if n is even you get to 1

if his odd Time th 1020

12 36 3 710 75 716 28 7

y 2 I
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+ȋƟŒɫȋ ࡪ̍ ƟʻƟɫˈ ǇʞȣƁʉǩȴȣ ƁŒȣ ŷƟ
ƁȴȝɠʞʉƟƌ ǊǩʻƟȣ ɻʞǇ˨ƁǩƟȣʉ ʉǩȝƟ



DˇƁƟɠʉ ʉǞǩɻ ǩɻ ȣȴʉ ʉɫʞƟ



o˺ΉϫͮΗ͞ ͮϡ ċΗ̭̺̤̭ͮ˺̜Ή̺
Assume there is alg H that solves Halting Problem

infiniteloop

A does.AT 5
PI tf

H

what does H H1 do

H I
ar

H'CH Runs Halt
a

I 5 one Assumption wa

C ace 1 H H1 halts H'CH infiniteloop wrong
Case 2 H ti infinite loop H halts µ dig It for HAL



H P
b HCl
if b 0

while True

else

Lereturny
H doesn't exist because

H CH cannot halt or run

forever

H cannot exist



æ̺Γ˺Ϙ΄ϡ

ࡦ DŒɻˈ ʉȴ ɻȴȋʻƟ Ǉȴɫ ȴȣƟ ǩȣɠʞʉ Œȣƌ ȴȣƟ ŒȋǊȴɫǩʉǞȝ

ࡦ #ʞʉ ǩȝɠȴɻɻǩŷȋƟ ʉȴ ɻȴȋʻƟ Ǉȴɫ Œȋȋ ǩȣɠʞʉɻ Œȣƌ
ŒȋǊȴɫǩʉǞȝɻ

ࡦ æƟɻʞȋʉ Ǟȴȋƌɻ Ǉȴɫ Œȋȋ ƁȴȝɠʞʉŒʉǩȴȣŒȋ ȝȴƌƟȋɻ

ࡦ �ȋȋ ȣȴȣ࢙ʉɫǩʻǩŒȋ ɠɫȴɠƟɫʉǩƟɻ ȴǇ ŒȋǊȴɫǩʉǞȝɻ ŒɫƟ
ʞȣƌƟƁǩƌŒŷȋƟ

For one fixed A one fixed x

It's easy to decide if
ACA halts or not

AlgOne always outputs halts

Alg Two always outputs
in f loop



æ̺Γ˺Ϙ΄ϡ

ࡦ DŒɻˈ ʉȴ ɻȴȋʻƟ Ǉȴɫ ȴȣƟ ǩȣɠʞʉ Œȣƌ ȴȣƟ ŒȋǊȴɫǩʉǞȝ

ࡦ #ʞʉ ǩȝɠȴɻɻǩŷȋƟ ʉȴ ɻȴȋʻƟ Ǉȴɫ Œȋȋ ǩȣɠʞʉɻ Œȣƌ
ŒȋǊȴɫǩʉǞȝɻ

ࡦ æƟɻʞȋʉ Ǟȴȋƌɻ Ǉȴɫ Œȋȋ ƁȴȝɠʞʉŒʉǩȴȣŒȋ ȝȴƌƟȋɻ

ࡦ �ȋȋ ȣȴȣ࢙ʉɫǩʻǩŒȋ ɠɫȴɠƟɫʉǩƟɻ ȴǇ ŒȋǊȴɫǩʉǞȝɻ ŒɫƟ
ʞȣƌƟƁǩƌŒŷȋƟ



æ̺Γ˺Ϙ΄ϡ

ࡦ DŒɻˈ ʉȴ ɻȴȋʻƟ Ǉȴɫ ȴȣƟ ǩȣɠʞʉ Œȣƌ ȴȣƟ ŒȋǊȴɫǩʉǞȝ

ࡦ #ʞʉ ǩȝɠȴɻɻǩŷȋƟ ʉȴ ɻȴȋʻƟ Ǉȴɫ Œȋȋ ǩȣɠʞʉɻ Œȣƌ
ŒȋǊȴɫǩʉǞȝɻ

ࡦ æƟɻʞȋʉ Ǟȴȋƌɻ Ǉȴɫ Œȋȋ ƁȴȝɠʞʉŒʉǩȴȣŒȋ ȝȴƌƟȋɻ

ࡦ �ȋȋ ȣȴȣ࢙ʉɫǩʻǩŒȋ ɠɫȴɠƟɫʉǩƟɻ ȴǇ ŒȋǊȴɫǩʉǞȝɻ ŒɫƟ
ʞȣƌƟƁǩƌŒŷȋƟ



æ̺Γ˺Ϙ΄ϡ

ࡦ DŒɻˈ ʉȴ ɻȴȋʻƟ Ǉȴɫ ȴȣƟ ǩȣɠʞʉ Œȣƌ ȴȣƟ ŒȋǊȴɫǩʉǞȝ

ࡦ #ʞʉ ǩȝɠȴɻɻǩŷȋƟ ʉȴ ɻȴȋʻƟ Ǉȴɫ Œȋȋ ǩȣɠʞʉɻ Œȣƌ
ŒȋǊȴɫǩʉǞȝɻ

ࡦ æƟɻʞȋʉ Ǟȴȋƌɻ Ǉȴɫ Œȋȋ ƁȴȝɠʞʉŒʉǩȴȣŒȋ ȝȴƌƟȋɻ

ࡦ �ȋȋ ȣȴȣ࢙ʉɫǩʻǩŒȋ ɠɫȴɠƟɫʉǩƟɻ ȴǇ ŒȋǊȴɫǩʉǞȝɻ ŒɫƟ
ʞȣƌƟƁǩƌŒŷȋƟ

it's undecidable
to understand

if they always outputs
the same value

if Aug even outputs 0



+ȴȝɠǩȋƟɫ



+ΧΓϑͮΉ̺Ϙ

ࡦ üŒȅƟɻ

ࡦ ðʉɫǩȣǊ � ƌƟɻƁɫǩŷǩȣǊ ŒȋǊȴɫǩʉǞȝ
ࡦ ðʉɫǩȣǊ ˀ ƌƟɻƁɫǩŷǩȣǊ ŒȋǊȴɫǩʉǞȝࢪɻ ǩȣɠʞʉ

ࡦ ´ʞʉɠʞʉɻ �(ˀ)

ࡦ +ȴȝɠǩȋƟɫ ǩʉɻƟȋǇ ǩɻ Œȣ ŒȋǊȴɫǩʉǞȝࡪ ʉȴȴ࡭



+ΧΓϑͮΉ̺Ϙ

ࡦ üŒȅƟɻ
ࡦ ðʉɫǩȣǊ � ƌƟɻƁɫǩŷǩȣǊ ŒȋǊȴɫǩʉǞȝ
ࡦ ðʉɫǩȣǊ ˀ ƌƟɻƁɫǩŷǩȣǊ ŒȋǊȴɫǩʉǞȝࢪɻ ǩȣɠʞʉ

ࡦ ´ʞʉɠʞʉɻ �(ˀ)

ࡦ +ȴȝɠǩȋƟɫ ǩʉɻƟȋǇ ǩɻ Œȣ ŒȋǊȴɫǩʉǞȝࡪ ʉȴȴ࡭



+ΧΓϑͮΉ̺Ϙ

ࡦ üŒȅƟɻ
ࡦ ðʉɫǩȣǊ � ƌƟɻƁɫǩŷǩȣǊ ŒȋǊȴɫǩʉǞȝ
ࡦ ðʉɫǩȣǊ ˀ ƌƟɻƁɫǩŷǩȣǊ ŒȋǊȴɫǩʉǞȝࢪɻ ǩȣɠʞʉ

ࡦ ´ʞʉɠʞʉɻ �(ˀ)

ࡦ +ȴȝɠǩȋƟɫ ǩʉɻƟȋǇ ǩɻ Œȣ ŒȋǊȴɫǩʉǞȝࡪ ʉȴȴ࡭



+ΧΓϑͮΉ̺Ϙ

ࡦ üŒȅƟɻ
ࡦ ðʉɫǩȣǊ � ƌƟɻƁɫǩŷǩȣǊ ŒȋǊȴɫǩʉǞȝ
ࡦ ðʉɫǩȣǊ ˀ ƌƟɻƁɫǩŷǩȣǊ ŒȋǊȴɫǩʉǞȝࢪɻ ǩȣɠʞʉ

ࡦ ´ʞʉɠʞʉɻ �(ˀ)

ࡦ +ȴȝɠǩȋƟɫ ǩʉɻƟȋǇ ǩɻ Œȣ ŒȋǊȴɫǩʉǞȝࡪ ʉȴȴ࡭ is a string too



ċΗ̭̺̤̭ͮ˺̜Ή̺ ßϘΧ̜Ή̺Γ

ࡦ `ʞȣƁʉǩȴȣ �ƌǩŒǊ(ˀ) ǩɻ ƌƟ˨ȣƟƌ Œɻ Ǉȴȋȋȴʿɻ

ࡦ xǇ ʉǞƟ ŒȋǊȴɫǩʉǞȝ ˀ ȴȣ ǩȣɠʞʉ ˀ ȴʞʉɠʞʉɻ ࡪ߾ ʉǞƟȣ
�ƌǩŒǊ(ˀ) = ߽

ࡦ xǇ ʉǞƟ ŒȋǊȴɫǩʉǞȝ ˀ ȴȣ ǩȣɠʞʉ ˀ ȴʞʉɠʞʉɻ ȴʉǞƟɫ
ʻŒȋʞƟ ȴɫ ȣƟʻƟɫ ǞŒȋʉɻࡪ ʉǞƟȣ �ƌǩŒǊ(ˀ) = ߾

Un computable



ċΗ̭̺̤̭ͮ˺̜Ή̺ ßϘΧ̜Ή̺Γ

ࡦ `ʞȣƁʉǩȴȣ �ƌǩŒǊ(ˀ) ǩɻ ƌƟ˨ȣƟƌ Œɻ Ǉȴȋȋȴʿɻ

ࡦ xǇ ʉǞƟ ŒȋǊȴɫǩʉǞȝ ˀ ȴȣ ǩȣɠʞʉ ˀ ȴʞʉɠʞʉɻ ࡪ߾ ʉǞƟȣ
�ƌǩŒǊ(ˀ) = ߽

ࡦ xǇ ʉǞƟ ŒȋǊȴɫǩʉǞȝ ˀ ȴȣ ǩȣɠʞʉ ˀ ȴʞʉɠʞʉɻ ȴʉǞƟɫ
ʻŒȋʞƟ ȴɫ ȣƟʻƟɫ ǞŒȋʉɻࡪ ʉǞƟȣ �ƌǩŒǊ(ˀ) = ߾



ċΗ̭̺̤̭ͮ˺̜Ή̺ ßϘΧ̜Ή̺Γ

ࡦ `ʞȣƁʉǩȴȣ �ƌǩŒǊ(ˀ) ǩɻ ƌƟ˨ȣƟƌ Œɻ Ǉȴȋȋȴʿɻ

ࡦ xǇ ʉǞƟ ŒȋǊȴɫǩʉǞȝ ˀ ȴȣ ǩȣɠʞʉ ˀ ȴʞʉɠʞʉɻ ࡪ߾ ʉǞƟȣ
�ƌǩŒǊ(ˀ) = ߽

ࡦ xǇ ʉǞƟ ŒȋǊȴɫǩʉǞȝ ˀ ȴȣ ǩȣɠʞʉ ˀ ȴʞʉɠʞʉɻ ȴʉǞƟɫ
ʻŒȋʞƟ ȴɫ ȣƟʻƟɫ ǞŒȋʉɻࡪ ʉǞƟȣ �ƌǩŒǊ(ˀ) = ߾

X ruins fenevens
x outputs 0

xcel outputs cat
xcel doesn't compile



5ͮ˺͞ΧΗ˺ΉͮЬ˺ϫͮΧΗ
Alg
0 I 00 01 10 77 000 001

yurts 0 txPo
g

00 0001
01
70 D

of
i

Aoling O2 D
Runs thumbnever

ACA Ading A contradiction
There is no alg for Adiag



æ̺̭Ϻ̤ϫͮΧΗ ͘ϘΧΓ 5ͮ˺͞ ϫΧ o��ü

ࡦ �ɻɻʞȝƟ ʉǞƟɫƟ Ɵˇǩɻʉɻ Œȣ ŒȋǊȴɫǩʉǞȝ Ǉȴɫ o��ü

ࡦ cǩʻƟȣ ǩȣɠʞʉ ˀࡪ ʿƟ ƁǞƟƁȅ ǩǇ ʉǞƟ ŒȋǊȴɫǩʉǞȝ ˀ ǞŒȋʉɻ
ȴȣ ˀ

ࡦ xǇ ǩʉ ƌȴƟɻȣࢪʉ ǞŒȋʉࡪ ȴʞʉɠʞʉ ߾

ࡦ xǇ ǩʉ ǞŒȋʉɻ Œȣƌ ȴʞʉɠʞʉɻ ࡪ߾ ȴʞʉɠʞʉ ߽

ࡦ xǇ ǩʉ ǞŒȋʉɻ Œȣƌ ȴʞʉɠʞʉɻ ɻȴȝƟʉǞǩȣǊ ƟȋɻƟࡪ ȴʞʉɠʞʉ ߾



æ̺̭Ϻ̤ϫͮΧΗ ͘ϘΧΓ 5ͮ˺͞ ϫΧ o��ü

ࡦ �ɻɻʞȝƟ ʉǞƟɫƟ Ɵˇǩɻʉɻ Œȣ ŒȋǊȴɫǩʉǞȝ Ǉȴɫ o��ü

ࡦ cǩʻƟȣ ǩȣɠʞʉ ˀࡪ ʿƟ ƁǞƟƁȅ ǩǇ ʉǞƟ ŒȋǊȴɫǩʉǞȝ ˀ ǞŒȋʉɻ
ȴȣ ˀ

ࡦ xǇ ǩʉ ƌȴƟɻȣࢪʉ ǞŒȋʉࡪ ȴʞʉɠʞʉ ߾

ࡦ xǇ ǩʉ ǞŒȋʉɻ Œȣƌ ȴʞʉɠʞʉɻ ࡪ߾ ȴʞʉɠʞʉ ߽

ࡦ xǇ ǩʉ ǞŒȋʉɻ Œȣƌ ȴʞʉɠʞʉɻ ɻȴȝƟʉǞǩȣǊ ƟȋɻƟࡪ ȴʞʉɠʞʉ ߾

we already knew that Dieng is undecidable we'll use this
to prove that HALT is undecidable



æ̺̭Ϻ̤ϫͮΧΗ ͘ϘΧΓ 5ͮ˺͞ ϫΧ o��ü

ࡦ �ɻɻʞȝƟ ʉǞƟɫƟ Ɵˇǩɻʉɻ Œȣ ŒȋǊȴɫǩʉǞȝ Ǉȴɫ o��ü

ࡦ cǩʻƟȣ ǩȣɠʞʉ ˀࡪ ʿƟ ƁǞƟƁȅ ǩǇ ʉǞƟ ŒȋǊȴɫǩʉǞȝ ˀ ǞŒȋʉɻ
ȴȣ ˀ

ࡦ xǇ ǩʉ ƌȴƟɻȣࢪʉ ǞŒȋʉࡪ ȴʞʉɠʞʉ ߾

ࡦ xǇ ǩʉ ǞŒȋʉɻ Œȣƌ ȴʞʉɠʞʉɻ ࡪ߾ ȴʞʉɠʞʉ ߽

ࡦ xǇ ǩʉ ǞŒȋʉɻ Œȣƌ ȴʞʉɠʞʉɻ ɻȴȝƟʉǞǩȣǊ ƟȋɻƟࡪ ȴʞʉɠʞʉ ߾

HALIT x x



æ̺̭Ϻ̤ϫͮΧΗ ͘ϘΧΓ 5ͮ˺͞ ϫΧ o��ü

ࡦ �ɻɻʞȝƟ ʉǞƟɫƟ Ɵˇǩɻʉɻ Œȣ ŒȋǊȴɫǩʉǞȝ Ǉȴɫ o��ü

ࡦ cǩʻƟȣ ǩȣɠʞʉ ˀࡪ ʿƟ ƁǞƟƁȅ ǩǇ ʉǞƟ ŒȋǊȴɫǩʉǞȝ ˀ ǞŒȋʉɻ
ȴȣ ˀ

ࡦ xǇ ǩʉ ƌȴƟɻȣࢪʉ ǞŒȋʉࡪ ȴʞʉɠʞʉ ߾

ࡦ xǇ ǩʉ ǞŒȋʉɻ Œȣƌ ȴʞʉɠʞʉɻ ࡪ߾ ȴʞʉɠʞʉ ߽

ࡦ xǇ ǩʉ ǞŒȋʉɻ Œȣƌ ȴʞʉɠʞʉɻ ɻȴȝƟʉǞǩȣǊ ƟȋɻƟࡪ ȴʞʉɠʞʉ ߾

Adiag x L



æ̺̭Ϻ̤ϫͮΧΗ ͘ϘΧΓ 5ͮ˺͞ ϫΧ o��ü

ࡦ �ɻɻʞȝƟ ʉǞƟɫƟ Ɵˇǩɻʉɻ Œȣ ŒȋǊȴɫǩʉǞȝ Ǉȴɫ o��ü

ࡦ cǩʻƟȣ ǩȣɠʞʉ ˀࡪ ʿƟ ƁǞƟƁȅ ǩǇ ʉǞƟ ŒȋǊȴɫǩʉǞȝ ˀ ǞŒȋʉɻ
ȴȣ ˀ

ࡦ xǇ ǩʉ ƌȴƟɻȣࢪʉ ǞŒȋʉࡪ ȴʞʉɠʞʉ ߾

ࡦ xǇ ǩʉ ǞŒȋʉɻ Œȣƌ ȴʞʉɠʞʉɻ ࡪ߾ ȴʞʉɠʞʉ ߽

ࡦ xǇ ǩʉ ǞŒȋʉɻ Œȣƌ ȴʞʉɠʞʉɻ ɻȴȝƟʉǞǩȣǊ ƟȋɻƟࡪ ȴʞʉɠʞʉ ߾

Adiag x O



Adiag1 7 1


