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What does that even mean?

Theorem

Determining the outcome of a game of Magic: The Gathering in which all
remaining moves are forced 1s undecidable.

Magic: The Gathering is Turing Complete Thomas Blédsius



What does that even mean?

Theorem
Determining the outcome of a game of Magic: The Gathering in which all

remaining moves are forced is undecidable.

General plan

m create game state where every move is forced by the game rules
= remaining moves simulate a universal TM with arbitrary input
m first player (Alice) wins if and only if TM halts
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What does that even mean?

Theorem
Determining the outcome of a game of Magic: The Gathering in which all

remaining moves are forced is undecidable.

General plan

m create game state where every move is forced by the game rules
= remaining moves simulate a universal TM with arbitrary input
m first player (Alice) wins if and only if TM halts

= deciding whether Alice wins is as hard has the halting problem
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L / * * *
Rogozhin’s Universal Turing machine & > o &
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& @‘z’b & efz’b &t
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UTM(2, 18) [Rogozhin, 1996) 1 A § <« 1
| B E — |
s has two states: 1 and 2 1 C S <+« 1
» alphabet of size 18: 1 D A — 1
{A, B,C,D,E,F, G, H, L], K, L, M, N, O, P, R, S} 1 E D <« 1
= Interprets input on the tape as TM and i (F} IiI j i
simulates it T D T
| I F — |
| J I <+~ 1
| K L — 2
| L I — 2
clclc|plals|a|T|R|H|C|C]|C LMo B =2
1 W @) — |
f 1 @) P — |
| P R — 2

1 R halt

1 S cC = 1
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Questions to be answered

Core components
= How to represent the tape?

= How to implement the transition function?
o How does the head read and write symbols on the tape?
o How does the head move left or right?
o How can we represent different states?

Interplay between components

Setup
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Tape

Rdtlung

I

Reanimator . - ~ = O

i\

S
%

‘Creature — Zombie Cleric  ~ * . il *

-

Whenever Rotlung Reanimator or |

} another Cleric is put into a graveyard
from play, put a 2/2 black Zombie ‘
creature token into play.

« - . IllussThomas M. Baxa® = 2,2 |
A £ ™ &0 1993-2Q02 Wizards ofithe Coast, Inc. 164/350 K
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Tape

e <

ZOMBIE

s

T PN BT

Whenever Rotlung Reanimator or

} another Cleric is put into a graveyard
from play, put a 2/2 black Zombie
creature token into play.

0&8/016 17
UMA + EN %> ANNA STEINBAUER

‘.‘ . Illus. Thomas M. Baxa" = 2’2

™ &0 1993-2Q02 Wizards ofithe Coast, Inc. 164/350
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Tape

i\

Roﬂung Reanimator .- - . @ <

\
: ZOMBIE

' Creature — Zombie Cleric = .

ok BAR T L A

Whenever Rotlung Reanimator or
§ another Cleric is put into a gt

from play, put a 2/2 bl

creature token into p

™M & ¢ 2018 Wizards of the Coast

™ &0 1993-2Q02 Wizards ofithe Coast, Inc. 164/350

« -, IllussThomas M. Baxa> « - 2,2

ZOMBIE ZOMBIE ZOMBIE ZOMBIE

ZOMBIE

= = ¥ = e—
il Token Creature — Zombie o) i Token Creature — Zombie o)
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Tape

B e A
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W

Whenever Rotlung Reanimator or

} another Cleric is put into a graveyard
from play, put ¢ black Zombie
creature token into play.

008/ T
UMA « EN > ANNA STEINBAUER ™ & ¢ 2018 Wizards of the Coast

« -, Illus. Thomas M. Baxa> « 2,2

™ &0 1993-2Q02 Wizards ofithe Coast, Inc. 164/350

ZOMBIE

[ Token Creature — Zombie )
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Tape

et o\

' Creature — Zombie Cleric

Whenever Rotlung Reanimator or
} another Cleric is put into a graveyard
# from play, put a 2/2 black Zombie
creature token into play.

« - . Illus. Thomas M. Baxa" i 2,2

™ &0 1993-2Q02 Wizards ofithe Coast, Inc. 164/350

ZOMBIE ZOMBIE
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Tape

‘tlung Reanimator .-~ = @&
§ =5 ‘ e :

Whenever Rotlung Reanimator or i : ‘ [
another Cleric is put into a graveyard 8 e 3
# from play, put a 2/2 black Zombie
creature token into play. A e e [ |
o0s/016 7 h
UMA « EN > ANNA STEINBAUER
© . Illus. Thomas M. Baxa* -« 2/ .
oo ™ &0 1993-2Q02 Wizards ofithe Coast, Inc. 164/350 K !

Aetherborn
Basilisk
Cephalid
Demon

Elf

Faerie
Giant
Harpy

Illusion

There are other creature types

Juggernaut
Kavu
Leviathan
\%\%q
Noggle

Orc
Pegasus

Rhino
N IS
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Tape

Rorlung Reasiiator " . @9 There are other creature types

sy @ Actherborn = Juggernaut
m Basilisk m Kavu
s Cephalid = Leviathan
= Demon = Myr
s —~75e G s FIf = Noggle
SR = Faerie = Orc
iy e s Giant s Pegasus
-y JoeThorizs M Bexe -+ 23 = Harpy = Rhino
m Jllusion = Sliver
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Transition function: reading and writing

Rotlung Reanimator .- - = @O

| e 7 =
i == e =

‘Creature — Zombie Cleric

| Whenever Rotlung Reanimator or
8 another Cleric is put into a graveyard {8
from play, put a 2/2 black Zombie

creature token into play.

. Illus. Thomas M. Baxa* « - 2[2

™ &0 1993-2Q02 Wizards ofithe Coast, Inc. 164/350
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Transition function: reading and writing

2,
60/
&
9
Oy,
Q
2,
@

(S
(04
S
/(&@
e
N og
%

®
» b

el 0 O T >

Change the text of target spell or
permanent by replacing all instances
of one creature type with another.
The new creature type can’t be
Legend or Wall. (This effect doesn’t
end at end of t

Whenever Rotlung Reanimator or

b another Cleric is put into a graveyard @
from play, put a 2/2 black Zombie
creature token into play.

UBRY T R U S

o

HEH}U)HJ

. Illus. Thomas M. Baxa*

™ &0 1993-2Q02 Wizards ofithe Coast, Inc. 164/350
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Transition function: reading and writing

2,
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Change the text of target spell or
permanent by replacing all instances
of one creature type with another.
The new creature type can’t be
Legend or Wall. (This effect doesn’t
end at end of t

Whenever Rotlung Reanimator or

§ another [IlTlllis put into a graveyard {8
from play, put a 2/2 black :
creature token into play.

UBRY T R U S

o

HEH}U)HJ

. Illus. Thomas M. Baxa*

™ &0 1993-2Q02 Wizards ofithe Coast, Inc. 164/350
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Transition function: reading and writing

2,
60/
&
9
Oy,
Q
2,
@

Q
KoY
S,
/(&@
Q
No%
%

(\
D by,

T

‘Creature — Zombie Cleric  ~ * . f# ° |
Change the text of target spjli = =

permanent by replacing all fillnstane &3

of one creature type with a

Whenever Rotlung Reanimator or

§ another [IlTlllis put into a graveyard {8
from play, put a 2/2 black :
creature token into play.

UBRY T R U S

HEH}U)HJ

Change the text of target spell or - G
permanent by replacing all instances §
of one color word with another.

. p . Retrace (You may play this card from
Y fE,‘;‘S;g &S,fﬂfu%;fﬁﬁﬂ S22 Bl -3 your graveyard by discarding a land card
- T M | 1 addition to paying its other costs.)

—=Ralph Horsley
T4 & © 1993-2008 Wizards of the Coast, Ine, 21/180

Magic: The Gathering is Turing Complete Thomas Blédsius



Transition function: reading and writing &

2
60/
&
}0)6
(0%
ob%)

Q
%
Sp
/(&@
Q
%
%

(\
D by,

" Creature

v Bt Elerie

' Change the text of target spjil;
permanent by replacing all
of one creature type with a

The new creature type can’t Change the text of target spell or " G

Fedge?iqir };5 E_‘HR"()T’] 5 eljecid permanent by replacing all instances
Tk e TG of one color word with another.

| Whenever Rotlung Reanimator or
} another [Il¥@llis put into a graveyard -
from play, put a 2/2EgnteBISeeterel

creature token into play.

— T @l > U
il 71 T4
EEEEEEDR

Retrace (You may play this card from
your graveyard by discarding a land card
| 11 addition to paying its other costs.)

. Illus. Thomas M. Baxa*

™ &0 1993-2Q02 Wizards ofithe Coast, Inc. 164/350 2I2

—=Ralph Horsley
T4 & © 1993-2008 Wizards of the Coast, Ine, 21/180
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Transition function: reading and writing

Y
%
2

(\
GQQ'
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@ . g
s
‘g,
c, %
(04
0)0
b@

T

‘Creature — Zombie Cleric  ~ * . f# ° |
Change the text of target spfll = —

permanent by replacing all fillnstane &3

of one creature type with a -

| Whenever Rotlung Reanimator or
} another [Il¥@llis put into a graveyard -

from play, put a 2/2 B 0ISeeteel

— T @l > U
il 71 T4
EEEEEEDR

creature token into play.

Change the text of target spell or - G
permanent by replacing all instances §
of one color word with another.

. p i . Retrace (You may play this card from
Y fE,‘;‘S;g &S,fﬂfu%;fﬁﬁﬂ S22 Bl -3 your graveyard by discarding a land card
- T M | 1 addition to paying its other costs.)

—=Ralph Horsley
T4 & © 1993-2008 Wizards of the Coast, Ine, 21/180
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Transition function: reading and writing &

%
Q
2

Y
%
Op,

Co

" Creature

i e Gl

Change the text of target sp
permanent by replacing all
of one creature type with a

| Whenever Rotlung Reanimator or
} another [Il¥@llis put into a graveyard -
from play, put a 2/2EgnteBISeeterel

creature token into play.

Il T T4
EEEEEEN

Change the text of target spell or
permanent by replacing all instances
of one color word with another.

Retrace (You may play this card from
your graveyard by discarding a land card
| 11 addition to paying its other costs.)

. Illus. Thomas M. Baxa*

™ &0 1993-2Q02 Wizards ofithe Coast, Inc. 164/350 2I2

—=Ralph Horsley
| TN & © 1993-2008 Wizards of the Coast, Ine. 21/180
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Transition function: moving the head (left)
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Transition function: moving the head (left)

- i T V—

)

i When Soul Snuffers enters the ~
@ battlefield, put a -1/-1 counter on each §
M creature. X

B They once sought'to unite with the flame
l of transcendence. Now they seek only to
8 extinguish the lights of others.

n
g

‘._sﬁ'lzgy- ! - 1 SRR A

™ & ©1993-2011 Wizards of the Coast LLC60/88 * ) Y3 )

. y
W W N
N | b
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Transition function: moving the head (left)

- i T V—

)

i When Soul Snuffers enters the ~
@ battlefield, put a -1/-1 counter on each §
M creature. X

B They once sought'to unite with the flame
l of transcendence. Now they seek only to
8 extinguish the lights of others.

n
g

‘._sﬁ'lzgy- ! - 1 SRR A
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Transition function: moving the head (left)

- — E— - - V-

%

Soul Snuffers 2E®

)

-
When Soul Snuffers enters the 5
battlefield, put a -1/-1 counter on each B8
M creature.

They once sought\to unite with the flame
l of transcendence. Now they seek only to
8 extinguish the lights of others.

S —
N P Sy =

—=lzzy

S
s N\
™ & 019932

- - i3 * Mo -~
011 Wizards of the Coast LLC60/88 * ™) WA}

078/320 U

[(CleansingBeam 4 @)

Radiance — Cleansing Beam deals 2

P} damage to target creature and each
other creature that shares a color with it. §

| “Fustice is toothless without punishment.

Righteousness cannot succeed without the
suffering of the guilry.”

N —Razia, Boros archangel

CMA « EN M- PAT LEE

Magic: The Gathering is Turing Complete

™ & © 2017 Wizards of the Coast

215/254 R
BBD « EN % lim MURRAY

Trample

If damage would be dealt to another
creature you control, prevent that damage.
Put a +1/+1 counter on that creature for

s put into a gr

d from
ywhere, shuffle it into its o :

r’s library.
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Transition function: moving the head (left)
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Soul Snuffers 2E®
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When Soul Snuffers enters the 5
battlefield, put a -1/-1 counter on each B8
M creature.

They once sought\to unite with the flame
l of transcendence. Now they seek only to
8 extinguish the lights of others.

S —
N P Sy =
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Radiance — Cleansing Beam deals 2

P} damage to target creature and each
other creature that shares a color with it. §

| “Fustice is toothless without punishment.

Righteousness cannot succeed without the
suffering of the guilry.”

N —Razia, Boros archangel

CMA « EN M- PAT LEE
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Trample

If damage would be dealt to another
creature you control, prevent that damage.
Put a +1/+1 counter on that creature for

s put into a gr
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* 0 4 * >
Transition function: changing state &S E
F P &
F & &
Il E D <«
1 F H — 1
2 E A — 2
K — 1

D
-
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Transition function: changing state & & & F

<
¢ F & &
Rotlung Reanimator . - = @@ Rotlung Reanimaror .~ - = @& .& D x& [ éc"
[..:7% Wee . & &L
O R M S
E D <
1 F H — 1
‘Creature ; Zomb1: 616;10 |~ "Creature :— Zombie Clerl.c E E
8 Whenever an EIf BB Whenever a Faeric § 2 E A < 2
' dies, create a 2/2 § ' dies, create a 2/2 2 F K — 1

white Demon. - ¥ green Harpy.

,m Thonias M. B = R ,Il.l THonas N B B
o N O N Batr - 22 s N unontay N e 8- 02
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Transition function: changing state & & & F

S S
¢ & &L S
dRo'tlung »Rcariirﬁ:g:or B O 1Y) ‘:Ro'tlung »Rcarﬁrﬁa‘;or B O 1Y) &&QJ Cb.b . \.}'@ %‘b’ 4&
| A N A | O 2NN S

i
o
T

® Whenever a Faeric §
' dies, create a 2/2
green Harpy.

B Whenever an EIf
' dies, create a 2/2
white Demon.

O RO e

goliey
>

LT -
O

K

g . Illus. Thomas M. Baxa® « 2[2 « . Illus. Thomas M. Baxa* « 2[2

o ™&© 1993-2Q02 Wizards of the Coast, Inc. 164/350 o™ & 1993-2Q02 Wizards of the Coast, Inc. 164/350

Ro'tlung Reanimator - - -~ @O Ro'tlung Reanimator -~ -~ @O

. Z:;bie Cleric Z:;bie Cleric
B Whenever an Elf &
dies, create a 2/2

white Aetherborn.

8 Whenever a Faerie |
' dies, create a 2/2
green Kavu.

. Illus. Thomas M. Baxa® « - 2[2 "« , Ilus‘Thomas M. Baxa® « - 2[2

o TM&© 1993-2Q02 Wizards ofithe Coast, Inc. 164/350 o™ & 1993-2Q02 Wizards ofithe Coast, Inc. 164/350
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Transition function: changing state

‘Ro'tlun Reanimator .- -~ _ @& ‘Ro'tlun Reanimator .- -~ @O

=L

" Creature — Zombie Cleric

B Whenever an EIf
' dies, create a 2/2
white Demon.

B Whenever a Faerie
' dies, create a 2/2
green Harpy.

. IDllus. Thomas M. Baxa* « - 2[2 "« ., IllussThomas M. Baxa®* « - 2[2
£ ™ & © 1993-2Q02 Wizards ofithe Coast, Inc. 164/350 i » £ ™ & C 1993-2Q02 Wizards ofithe Coas, Inc. 164/350 “

‘Ro'tlun Reanimator - - -~ @O ‘Ro'tlun Reanimator -~ -~ @O

Enchanted creature gains phasing and |
| cannot be blocked except by Walls.

8 Whenever an EIf
' dies, create a 2/2
white Aetherborn.

8 Whenever a Faerie |
' dies, create a 2/2
green Kavu.

“Useful . . . if you can find 1t.” '
—Pashad ibn Asim, Sug’Ata trader K

. Illus. Thomas M. Baxa* > 2[2 | "« , Ilus‘Thomas M. Baxa® « - 2[2 |
L ™IRO 1003-202 Wizards of the Coast, Inc. 164/350 z > L™ &© 1003-202 Wizards of the Coast, Inc. 164/350 4
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Transition function: changing state

Rdtlung Reapimator . - -~ @& | Rdtlung Reanimator .~ - = @O
| 3 | . B o

= S

‘Creature — Zombie Cleric -~ [l *

=

" Creature —

B Whenever an EIf
! dies, createa 2/2 @&
® white Demon.

8 Whenever a Faerie
' dies, create a 2/2
8 green Harpy.

"« . . Illuss Thomas M. Baxa* = 212 "« . . IllussThomas M. Baxa* « 212
o & ™ & € 1993-2Q02 Wizards ofi the Coast, Inc. 164/350 f ‘ » & ™ & 1993-2Q02 Wizards of the Coast, Inc. 164/350 < ‘

Rotlung Reanimator (D1} Rotlung Reanimator (D1
B\ > AN L

./

Creature — Zombie Cleric i

./

Creature — Zombie Cleric B

| Enchanted creature gains phasing and |
| cannot be blocked except by Walls.

Whenever an Elf
dies, create a 2/2
| white Aetherborn.

Whenever a Faerie
dies, create a 2/2
' green Kavu.

| “Useful . . . if you can find it.”
? —Pashad ibn Asim, Sug’Ata trader K

Illus. Thomas M. Baxa 2,2 Illus. Thomas M. Baxa
™ & 1093-2Q02 Wizards o the Coast, Inc. 164/350

™ & 1993-2Q02 Wizards of the Coast, Inc. 164/350 212
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Transition function: changing state F & & &F

Rotlung Reanimator (D1 Rotlung Reanimator (2]

i
o
T\

NN...
Tt
~ >
LT

dlees, cﬂgef, ea _2/2
' green Harpy.

Illus. Thomas M. Baxa Illus. Thomas axa
“\\‘!u \\‘1!1( 5 In 164/35 2I2 “\!u \\‘1!]( L In 164 212

| Enchanted creature gains phasing and

i cannot be blocked except by Walls.
|

”[]\cfll[ . if you can find it.’

i Whenever an EIf SIS Whenever a Faeriec @
| ——Pa\}’md ibn Asim, Suq’Ata trader

' dies, create a 2/2 ¥ dies, create a 2/2
§ white Aetherborn. ¥ green Kavu.

. Illus. Thomas M. Baxa® = 2[2 _* . . Tius.Thomas M. Baxa . 2[2

™ & © 1993-2Q02 Wizards ofithe Coast, Inc. 164/350 ™ & © 1993-2Q02 Wizards ofithe Coast, Inc. 164/350
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Questions to be answered

Core components

= How to represent the tape?

= How to implement the transition function?
o How does the head read and write symbols on the tape?
o How does the head move left or right?
o How can we represent different states?

Interplay between components
= How can players trigger the components?

= How to force players to behave as intended?
= How to win the game (a.k.a. the TM halts)?
= What to do, if we are out of tape?

Setup
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What the players do

Two players: Alice and Bob
= Bob can’t do anything

= Alice repeatedly takes four turns

= she sometimes skips turn 3 to change state (remember: phasing)
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What the players do

Two players: Alice and Bob

= Bob can’t do anything

= Alice repeatedly takes four turns

= she sometimes skips turn 3 to change state (remember: phasing)

Tu?n |

_Infest .

B All creatures get -2/-2 until end of S
| turn.

& It is from Phage that this evil springs, §#
8 ond o her it shall return.”
—Akroma, angelic avenger §

. llus.Ben Thompson™® =« - °
1M & € 1993-2002 Wizards of the Coast, Ing. 157/350
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What the players do

Two players: Alice and Bob
= Bob can’t do anything
= Alice repeatedly takes four turns

= she sometimes skips turn 3 to change state (remember: phasing)

_Infest_ oo e N 1 [T

Turnl  Turn2

W@WW R IR

"Sorcefy e Tala ooae e

B All creatures get -2/-2 until end of

| Radiance — Cleansing Beam deals 2
| turn.

¥ damage to target creature and each

“It 1s from Phage that this evil springs,
and to her it shall return. | “Fustice is toothless without punishment.
—Akroma, angelic avenger 3 Rzg]zrgcwi.ts!zgSS cannot succeed without the
3 K| suffering of the guilry.”
— : | —Razia, Boros archangel
. Illus.Ben Thompson *

1M & 0 1993-2062 Wizards of the Coast, Inc. 157/350

078/320 U ™ & © 2017 Wizards of the Coast
CMA «EN W= PAT LEE
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What the players do

Two players: Alice and Bob

= Bob can’t do anything

= Alice repeatedly takes four turns

= she sometimes skips turn 3 to change state (remember: phasing)

Turn 1 Turn 2

Infest _ D . > 0@@7‘

5
b
il

“Sorcefy Cioomaiat A e e
-

B All creatures get -2/-2 until end of
| turn.

“It is from Phage that r/zz\ euzl springs
and to her it shall return.
—Akroma, angelic avenger §

Illus..Ben Thompson * 2=

™ & © 1993-2002 Wizards ofithe Coast, Inc. 157/350

073/320 u
CMA «EN W= PAT LEE

Magic: The Gathering is Turing Complete

| Radiance — Cleansing Beam deals 2
M damage to target creature and each

| “FJustice 1s toothless without punishment.
ghteousness cannot succeed without the

™ & © 2017 Wizards of the Coast

Turn 3

You win the game if you control a

§ land of each basic land type and a 8
¢ creature of each color.

8 “You can build a perfect machine outr | :

of imperfect parts.”
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What the players do

Two players: Alice and Bob
= Bob can’t do anything

= Alice repeatedly takes four turns

= she sometimes skips turn 3 to change state (remember: phasing)

Turn 1 Turn 2

Infest
£ »’— A

-

3 W’Wﬂkw~m DR IR AN

);é
i)

B All creatures get -2/-2 until end of
| turn.

| — Cleansing Beam deals 2
¥ damage to target creature and each

“It 1s from Phage that this evil springs,

and to her it shall return.
—Akroma, angelic avenger { ghrgousngsg cannot succeed without the

| suffering of the guilry.”

| —Razia, Boros archangel

M& i€ 2(\] 7 Wizards of the Coast

» - dllue.Ben Thompson™> =  * %= |
sod 8 M & ) 1993-2Q02 Wizards of the Coast, Inc. 157/350 v e
CMA « EN Jo PAT LEE
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You win the game if you control a

8 land of each basic land type and a |

creature of each color.

“You can build a perfecz machine our 8

of imperfect parts.”

' —Urza

When Soul Snuffers enters the
battlefield, put a -1/-1 counter on each
creature.

A

Bl 7hey once sought to unite with the flame
Bl of transcendence. Now they seek only to
B extinguish the lights of others.

B

ol B - o oy 1- B 3
<ty VIF I VA
™ & ©1993:2011 Wizards ol‘\hc ConsLLLC 88~ SN N "\:
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Forcing Alice to cast spells

At the beginning of each player’s
upkeep, that player reveals a card at
random from his or her hand. If it’s

a land card, the player puts it onto

the battlefield. Otherwise, the player §&#
casts it without paying its mana cost %
if abl

=201 0 Wizgrds*ofithie Goase L LE A .

(controlled by Bob)
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Forcing Alice to cast spells

Enchantment — Aura B

e

i At the beginning of each player

4 upkeep, that player reveals a card at
| random from his or her hand. If it’s
| a land card, the player puts it onto

4 the battlefield. Otherwise, the player

4l casts it without paying its mana cost

Enchant player

| If a card would be put into enchanted

| player’s graveyard from anywhere,
instead that card is revealed and put |

| on the bottom of that player’s library. |

Ewery life ends, but life itself never does.

Zoltan Beros & Gabor Szikszai
1993-2D08 Wizards of the Coast, Inc. 243/301

(controlled by Bob)
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Forcing Alice to cast spells

Dread of Night * 1 V"' ¢ &

Dread of—Nig]';t' o e ey

| Enchantment

ey

Enchantment — Aura 25

—

¥} At the beginning of each player
| upkeep, that player reveals a card at
| random from his or her hand. If it’
| a land card, the player puts it onto
4 the battlefield. Otherwise, the playe
casts it without paying its mana cos
if able.

Enchant player

§ If a card would be put into enchanted
i} player’s graveyard from anywhere,

B All white creatures get -1/-1. <

§ “These moonless, foreign skies keep me
; : L 1n thrall. Dark whispers echo n the
instead that card is revealed and put < P

4 .- v T ) ."' 22
on the bottom of that player’s library. | Tl night, and I cannot r G
s Yoo | o —Selenia, dark angel §

Ewery life ends, but life itself never does. e :
- " Tllas RichardiThomas =~ & & . %

Itan Beros & Gabor Szikszai % €1997 Wikards of the Coast jues & o .
~2D08 Wizards of the Coast; Inc. 243/301

Chippy.

(controlled byv Bob)
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Changing the state by skipping turn 3

 Mesmeric Orb

Ro'tlung Reanimator .- ~ _ O

ey

Creature —— Zomb:e Clerlc g m .|

T

[
Whenever Xathrid Necromancer or Whenever a permanent becomes i
another Human creature you control B untapped, that permanent’s controller |
dies, put a 2/2 black Zombie creature g8 puts the top card of his or her library |
token onto the battlefield tapped. . into his or her graveyard. '

Whenever Rotlung Reanimator or
B another Cleric is put into a graveyard

| from play, put a 2/2 black Zombie
creature token into play.

“My commands shall echo forever in 3 A step in one direction is two steps away
their dusty skulls.” { from another.

. ‘. 2 : Illus. Thomas M. Ba S 2,2

o e -
™ & © 1993-2Q02 Wizards ofthe Coast, Inc. 164/350 g-—ﬂPMaClEJ ‘Kuciara Bty ™ \‘u“? t‘-{*;. ——<-David Martin

™ & © 2013 Wizards of the Codst 123249 A 2 ™ &4 19932003 Wizards of the Coast, Ing. 204/306

(controlled by Alice)
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Forcing Alice to pick the right target

]e 7

et U

f'"
i

Radiance — Cleansing Beam deals 2 Trample

Pl damage to target creature and each

| R If damage would be dealt to another
| other creature that shares a color with it.

creature you control, prevent that damage.
.. sl g ; : Put a +1/+1 counter on that creature for
| “Fustice 1s toothless without punishment. mage prevented this way

| Righteousness cannor succeed without the T i
| suffering of the guilry.”

M —Razia, Boros archangel

(§ When Vigor is put into a grav
i anywhere, shuffle it into its owner’s library.

078/320 U ™ & ¢ 2017 Wizards of the Coast 215/254 R

CMA « EN ¥ PAT LEE BBD * EN % lim MURRAY ™ & (© 2018 Wizards of the Coast
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Forcing Alice to pick the right target

protecting Bob’s

creatures

| Privileged Position 2 Ex s )

( ®x can be paid with either & or %#.)
Other permanents you control can’t

be the targets of spells or abilities
| your opponents control.

sty Ine. 251/306

Magic: The Gathering is Turing Complete

protecting Alice’s creatures

Enchantment

As Steely Resolve comes into play,
choose a creature type.

Creatures of the chosen type can’t be
the targets of spells or abilities.

No one in Wirewood understands what is
happening. They just know it’s unnarral—
and coming from Krosa.

Tllus. Greg S

™ & © 1993-2002 Wizards of the Inc. 286/350

Olivia Voldaren

| Legendary Creature — Vampire &
Flying
1 @: Olivia Voldaren deals 1 damage to
another target creature. That creature
becomes a Vampire in addition to its other
types. Put a +1/+1 counter on Olivia
Voldaren.
3 ®®: Gain control of target Vampire for as
long as you control Olivia Voldaren.

177/249 M
MM3 « EN ¥ ERiC DESCHAMPS

™ & © 2017 Wizards of the Coast

Thomas Bléasius



Forcing Alice to pick the right target

protecting Bob’s

creatures

| Privileged Position 2 Ex s )

( ®x can be paid with either & or %#.)
Other permanents you control can’t

be the targets of spells or abilities
| your opponents control.

sty Ine. 251/306

controller:

Magic: The Gathering is Turing Complete

protecting Alice’s creatures

Enchantment

As Steely Resolve comes into play,
choose a creature type.

Creatures of the chosen type can’t be
the targets of spells or abilities.

No one in Wirewood understands what is
happening. They just know it’s unnarral—
and coming from Krosa.

Tllus. Greg S

™ & © 1993-2002 Wizards of the Inc. 286/350

Olivia Voldaren

| Legendary Creature — Vampire &
Flying
1 @: Olivia Voldaren deals 1 damage to
another target creature. That creature
becomes a Vampire in addition to its other
types. Put a +1/+1 counter on Olivia
Voldaren.
3 ®®: Gain control of target Vampire for as
long as you control Olivia Voldaren.

177/249 M
MM3 « EN ¥ ERiC DESCHAMPS

™ & © 2017 Wizards of the Coast

only legal target:
newest creature

Enchant creature
You control enchanted creature.

Whenever a creature enters the
battlefield under an opponent’s
control, attach Illusory Gains to
that creature.

| g Na .
059/264 R ‘@. ™ & © 2015 Wizards of the Coast
DTK *« EN ® KEV WALKER

Thomas Bléasius



Keeping your engine alive

! Trample

| If damage would be dealt to another

eature you control, prevent that damage.

ut a +1/+1 counter on that creature for
| each 1 damage prevented this

| When Vigor is put into a gra

215/254 R
BBD * EN % )iM MURRAY

™ & @ 2018 Wizards of the Coast

Target permanent becomes the
% color(s) of your choice. Costs to
| | tap, maintain, or use an ability of
| | that permanent remain unchanged.

Magic: The Gathering is Turing Complete

BB o PR o e 9 - Wi 0 o DIANE N T AT I SO PO W W o A

l( Fungus Sliver 3&)

Hed

I RO AR . <Y T T R RN S

RERG o AR e DA L A SRR

Creature — Fungus Sliver

All Slivers have “Whenever this creature

is dealt damage, put a +1/+1 counter on
it.” (The damage is dealt before the counter is
put on.)

“When a shwer of this breed enters the hive, the
others claw each other in frenzied fits, thereby
ensuring theiwr rapid growth.”

—Rukarumel, field journal

Thomas Bléasius



Locking everything else down

| Blazing Archo

Flying

 Skip your draw phase. | B8 Islands do not untap during their
i Creatures can’t attack you.

Whenever you play a card, draw controllers” untap phases.

a card. | “One day we shall walk where once

During your discard phase, choose & was water.”
and discard all but two cards. —FEladamri, Lord of Leaves

“Through the haze of battle I saw the glint
of sun on golden mane, the sheen of glory
clad 1 mail, and I dropped my sword and
wept at the idiocy of war.”

—Dravin, Gruul deserter

Illus. Terese Nielsen
1997 Wizards of the Coast, Inc.

Illus. Phil Foglio

41997 Wizards of the Coast. Inc.

058/351 R L & A
€16 « EN o ZOLTAN BOROS & GABOR SZIKSZAI "™ & ¢ 2016 Wizards of the Coast

(controlled by Bob) (controlled by Alice) (controlled by both)
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ou win the game if you control a
#| land of each basic land type and a
i creature of each color.

You can build a perfect machine o
imperfect parts.”’
Urza
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| Lands you control are every basic land
| type in addition to their other types.

You win the game if you control a
land of each basic land type and a
creature of each color. :

“You can build a perfect machine out

| of imperfect parts.”

. —Urza

Target permanent becomes the
color(s) of your choice. Costs to

" tap, maintain, or use an ability of %
that permanent remain unchanged. {#

Magic: The Gathering is Turing Complete Thomas Blédsius



" Creature — Zombie Cleric

& Whenever a Rhino 8
dies, create a 2/2
blue Assassin.

S TseThoras ML Bax = 212

™ & ¢ 1993-2Q02 Wizards of the Coast, Inc. 164/350

Magic: The Gathering is Turing Complete

| You win the game if you control a
| land of each basic land type and a
creature of each color.

| “You can build a perfect machine out &

of imperfect parts.”’

—U za

Enchantment

| Lands you control are every basic land
| type in addition to their other types.

n times of portent, the land sculpts itself in

| accordance with the sigils burned on the sky

color(s) of your choice. Costs to
| tap, maintain, or use an ability of
| that permanent remain unchanged. |

b (white, black, red, green) |

Thomas Bléasius




Out of tape exception
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Out of tape exception
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Out of tape exception

g Whenever a Rat  SEER Whenever a Rat
¥ dies, create a 2/2 SEEE dics, create a 2/2
8 white Rat. . # black Cephalid.

. Illus. Thomas M. Baxa® =« - N ,Il.l Thomas M. Baxa® «+ -
us. Thomas axe 2,2 : : us. Thomas axe 2,2

™ & 1993-2002 Wizards of the Coast, Inc. 164/350 ™ & 1993-2002 Wizards of the Coast, Inc. 164/350

(controlled by Bob) (controlled by Alice)
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Out of tape exception

‘Ro-tlung Reanimator .~ - = @ | ‘Ro-tlung Reanimator .~ -~ _ @O

Creature —— Zombre Clerlc : e : Creature — Zomble Clerlc

g Whenever a Rat  SEER Whenever a Rat
¥ dies, create a 2/2 SEEE dics, create a 2/2
8 white Rat. SR black Cephalid.

o ~Il.l Thontas M.B 3 A ,Il.l T homia LB T
g USZ-:’G_\((L)H:JE:‘S&C axawzsn 2I2 ] - iy ui:)u_\'i?a:m:m(‘ axa(wzsn 2I2 i

(controlled by Bob) (controlled by Alice)
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Out of tape exception

g Whenever a Rat  SEER Whenever a Rat
¥ dies, create a 2/2 SEEE dics, create a 2/2
8 white Rat. . # black Cephalid.

. Illus. Thomas M. Baxa® =« - N ,Il.l Thomas M. Baxa® «+ -
us. Thomas axe 2,2 : : us. Thomas axe 2,2

™ & 1993-2002 Wizards of the Coast, Inc. 164/350 ™ & 1993-2002 Wizards of the Coast, Inc. 164/350

(controlled by Bob) (controlled by Alice)
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Out of tape exception

Ro-tlung Reanimator . -

s
A

g Whenever a Rat  SEER Whenever a Rat
¥ dies, create a 2/2 SEEE dics, create a 2/2
8 white Rat. . # black Cephalid.

. Illus. Thomas M. Baxa® =« - N ,Il.l Thomas M. Baxa® «+ -
us. Thomas axe 2,2 : : us. Thomas axe 2,2

™ & 1993-2002 Wizards of the Coast, Inc. 164/350 ™ & 1993-2002 Wizards of the Coast, Inc. 164/350

(controlled by Bob) (controlled by Alice)
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Out of tape exception

Ro'tlung Reanimator . -

& - 3 i As Shared Triumph comes into
: Whenever a Rat  § : Whenever a Rat | play, choose a creature type.

Creatures of the chosen type get

# dies, create a 2/2  § ¥ dies, create a 2/2  § heriars (Rat)
: Wh]te Rat, s : blaCk Cephahd X “Win together, die alone.”

» © . Ius’Thomas M. Baxa® « -
x T

212 « ;. Illus'Thomas M. Baxa* « -
™ & 1993-2Q02 Wizards of the Coast, Inc. 164/350 ( M & I

™ & 1993-2002 Wizards of the Coast, Inc. 164/350 2I2

(controlled by Bob) (controlled by Alice)

Magic: The Gathering is Turing Complete

Thomas Bléasius



Out of tape exception

Ro'tlung Reanimator .- - = O Ro-tlung Reanimator . - - = O

R Whenever a Rat 8
! dies, create a 2/2
black Cephalid.

8 Whenever a Rat
' dies, create a 2/2
white Rat.

. Illus. Thomas M. Baxa® 212

™ & 1993-2002 Wizards of the Coast, Inc. 164/350

. Illus. Thomas M. Baxa® = 212

™ & 1993-2002 Wizards of the Coast, Inc. 164/350

(controlled by Bob) (controlled by Alice)

Magic: The Gathering is Turing Complete

As Shared Triumph comes into
play, choose a creature type.

Creatures of the chosen type get

+1/+1. (Rat)

“Win together, die alone.”

Dread ofN‘lght‘ P v 5 €

Dread of Night e . ()

Enchantment = ° LR

. black
E All white creatures get -1/-1.

“These moonless, foreign skies keep me
| thrall. Dark whispers echo in the  §

S night, and I cannot resist.”
Ik :
Fprg | o —Selenia, dark angel §

Illas. Richard Thomas .

* ©1997 Wizards of the Coast, Jag
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Out of tape exception

& ) 5 Y As Shared Triumph comes into
: Whenever a Rat  § : Whenever a Rat | play, choose a creature type.

Creatures of the chosen type get

! dies, create a 2/2 S dics, create a 2/2  § ++1 (Rat)
Whlte Rat. . < blaCk Cephahd X “Win together, die alone.”

. Illus. Thomas M. Baxa* . Illus. Thomas M. Baxa*

™ & 1993-2002 Wizards of the Coast, Inc. 164/350 2I2 » ™ & 1993-2002 Wizards of the Coast, Inc. 164/350 2I2

(controlled by Bob) (controlled by Alice)
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Dread ofN‘lght‘ P v 5 €

Dread of Night e . ()

. black
E All white creatures get -1/-1.

“These moonless, foreign skies keep me

| thrall. Dark whispers echo in the  §
night, and I cannot resist.”

—Selenia, dark angel §

Illas. Richard Thomas

* ©1997 Wizards of the Coast, Jag
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Questions to be answered

Core components

= How to represent the tape?

= How to implement the transition function?
o How does the head read and write symbols on the tape?
o How does the head move left or right?
o How can we represent different states?

Interplay between components

s How can players trigger the components?

= How to force players to behave as intended?

= How to win the game (a.k.a. the TM halts)?

= What to do, if we are out of tape?

Setup

s How can one player set up the initial game state?

m Can I do that at a tournament?

Magic: The Gathering is Turing Complete
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R - Vertragliches
- Algo1-Tutor:in 1 1es -
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Bewerben
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E Algol-Tutor:in. Wenn 4x480€ = 1920€ auf |
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Questions to be answered

Core components

= How to represent the tape?

= How to implement the transition function?
o How does the head read and write symbols on the tape?
o How does the head move left or right?
o How can we represent different states?

Interplay between components

s How can players trigger the components?

= How to force players to behave as intended?

= How to win the game (a.k.a. the TM halts)?

= What to do, if we are out of tape?

Setup

s How can one player set up the initial game state?

m Can I do that at a tournament?
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Setup: gett

BATTLEFIELD

ing startet

colorless

&: Add two colorless mana to your
mana pool. Ancient Tomb deals 2
damage to you.

There is no glory to be gained in the

kingdom of the dead.
—Vec tomb mscription

olorless mana to your |
. Ancient Tomb deals 2

HAND

| Thes no glory to be gained in the
kingdom of the dead.

m Monolith does not untap during

ce Lotus Petal: Add one mana
color to your mana pool.
d to imagine,” mused Hanna,
stroking the petal, “such a lovely flower
inspiring

225/269 U
TPRYEN. R APRILLED

Magic: The Gathering is Turing Complete

o, S ice Lotus Petal: Add one mana
of any color to your mana pool.

¥ rd to imagine,” mused Hanna,
stroking the petal, “such a lovely flower
nspiring s o

225/269 U
TPRAEN. R APRILLED
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Setup: getting startet

BATTLEFIELD

| ®: Add two colorless mana to 3
mana pool. Ancient Tomb deals
| damage to you.

&c tomb inscription

MANA

‘ &: Add two colorless mana to your
| mana pool. Ancient Tomb deals 2
damage to you.

| There is no glory to be gained in the

kingdom of the dead.
—Vec tomb mscription

Grim Monolith does not untap dur
our untap phase.

$:Add three color

pool. i

HAND

225/269 U
TPRYEN. R APRILLED
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dd one mana

X
lor to your mana pool.

rd to imagin
stroking the pei
inspiring such

225/269 U
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mused Hanna,
wch a lovely flower
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Setup: getting startet

BATTLEFIELD

Jusouy ‘Jood BUBW

S
=
]
oy
8
&
I
S

MANA

ki

&: Add two colorless mana to your
mana pool. Ancient Tomb deals 2
damage to you.

| There is no glory to be gained in the

dom of the dead.
—Vec tomb mscription

Grim Monolith does not untap duri
our untap phase.
©: Add three color

HAND

225/269 U
TPRYEN. R APRILLED
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.

1‘1 to imagin
stroking the pei
inspiring such

225/269 U
TPRAEN. R APRILLED

Enchant artif:

| l-nLhdnlc‘  ar
st

mused Hanna,
wch a lovely flower
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. I white blue
Setup: getting startet 2 --

black green

MANA

BATTLEFIELD

Grim Monolith does not untap during
your untap phase.

&: Add three colorless mana to your mana
pool. Play this ability as a mana source.

4 : Untap Grim Mon

Sury
>

Y1 ur paurns 2q 01 £.4015 ou St 240y T,
‘nok 01 agewrep

op 2y1 Jo wop:
7 S[eap quIoT, Judmouy ‘jood euew |-

P

home.

MOA 01 BUBUI SSIIO[0D OM] PPY

uoudriosus

Q Lmus Petal (TLotus Petal 0) ' 100 Staff of Domination
| 3 : S - .

[

|

it
Tl WA

m Monolith does not untap during
our untap phase.

HAND

e lorl i ice Lotus Petal: Add one mana 8 Sacrifice Lotus Petal: Add one mana |
dd thresigplotles Manadonnins color to your mana pool. [ of any color to your mana pool.
& ¢ nount of man: ap target creature.

d to imagine, ” mus 1Humzu, 1 i “ rd to imagine,” mused Hanna,
\ o tivate to less

roking the petal, Ch vely flower stroking the 1, “such a lovely f
Part pr a inspiring such g inspiring such g

4: Vﬂ[ap G

T2 W

225/269 U ©2015 W 225/269 U
TPRYEN. R APRILLED TPRAEN. R APRILLED
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Setup: getting startet

BATTLEFIELD

T
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3
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=
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3
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<
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=
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‘nok 01 agewrep

2 S[eap quiof 1usrouy ‘jood eueu |

Grim Monolith does not untap during
your untap phase;

INOA 01 BUBW SSI[IO[0D OM1 PPV &

MANA

white

colorless

black d

Grim Monolith dc
your untap phase.

t untap during

&: Add three colorless mana to your mana
pool. Play this ability as a mana source.

4 : Untap Grim Mono

it

Tl WA
D T

HAND

> Lotus Pet: dd one mana
1r mana pool.

d to imagin d Hanna,
vking the petal, a lot

225/269 U
TPRYEN. R APRILLED
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Setup: getting startet

BATTLEFIELD

a0 ]

‘nok 01 agewrep

7 S[B9P quIOT, Iudmouy ‘Jood BuBW

Grim Monolith does not untap during
your untap ph

INOA 01 BUBUI SSIMO[0D OM] PP

Part prison, part home.

Y1 ur paurns 2q 01 £1015

hipp:
s o o oy

¢, Sacrifice Lotus Petal: Add one mana
of any color to your mana pool.

“Hard to imagine,” mused Hanna,
stroking the petal, “such a lovely flower
mspiring such greed.”

225/269 U ™ & © 2015 Wizards of the Coast
TPR+ EN %> APRIL LEE

HAND

ce Lotus Petal: Add one mana
1r mana pool.

d to imagin d Hanna,
stroking the petal, a lot

225/269 U
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R I white blue
Setup: getting startet --

Artifact )

BATTLEFIELD

¢, Sacrifice Lotus Petal: Add one mana
of any color to your mana pool.

“Hard to imagine,” mused Hanna,
stroking the petal, “such a lovely flower

5

‘ mspiring such greed.’

im Monolith do
your untap ph

225/26
PR EN
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o
o
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HAND

Enchant artifact
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creature.
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Setup: getting startet

BATTLEFIELD
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colorless [RWiTs blue
2

S Artifact ()

¢, Sacrifice Lotus Petal: Add one mana
of any color to your mana pool.

“Hard to imagine,” mused Hanna,
| stroking the petal, “such a lovely flower
‘ mspiring such greed.”

225/269 U ™ & © 2015 Wizards of the Coast
TPR+ EN %> APRIL LEE

HAND
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Setup: getting startet

BATTLEFIELD

not untap during
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colorless blue
2

\\¢
{ Enchant artifact

Enchanted artifact’s activated abilities
cost 2 less to activate. This effect
can’t reduce the amount of mana an
ability costs to activate to less than
one mana.

HAND
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Setup: getting startet

BATTLEFIELD

not untap during
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\\¢
{ Enchant artifact

Enchanted artifact’s activated abilities
cost 2 less to activate. This effect
can’t reduce the amount of mana an
ability costs to activate to less than
one mana.

HAND
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R I white blue
Setup: getting startet --

BATTLEFIELD

Grim Monolith does not untap during
your untap phase.

&: Add three colorless mana to r mana
pool. Play this ability as a mana source.

4 : Untap Grim Monolith.
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R I white blue
Setup: getting startet 3 --

BATTLEFIELD

8! Grim Monolith does not untap during
your untap phase.

&: Add three colorless mana to your mana
pool. Play this ability as a mana source.

4 : Untap Grim Monolith.

Part prison, part home.
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R I white blue
Setup: getting startet 4 --

BATTLEFIELD

8! Grim Monolith does not untap during
your untap phase.

&: Add three colorless mana to your mana
pool. Play this ability as a mana source.

4 : Untap Grim Monolith.

Part prison, part home.
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R I white blue
Setup: getting startet 2 --

BATTLEFIELD

Grim Monolith does not untap during
your untap phase.

&: Add three colorless mana to r mana
pool. Play this ability as a mana source.

4 : Untap Grim Monolith.
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colorless [RWiTs blue
n

black d green

Setup: getting startet

MANA

BATTLEFIELD

Grim Monolith does not untap during
your untap phase.

&: Add three colorless mana to r mana
pool. Play this ability as a mana source.

4 : Untap Grim Monolith.
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im Monolith do
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Pa ] wrt home.
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Setup: getting startet

BATTLEFIELD

Grim Monolith does not untap during
ur untap phase

n

MANA

black red

(| Staff of Domination 3 )
) 2 B a R

7/

1: Untap Staff of Domination.
2, ®:You gain 1 life.

3, ©: Untap target creature.

4, ©:Tap target creature.
5, @: Draw a card.

Ben Thomp

& ©1993-2004 Wiz

HAND
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Setup: getting startet

BATTLEFIELD

Grim Monolith does not untap during
ur untap phase

Staff of Domination 3

colorless [RWiTs blue
n

black red green

MANA

((Staff of Domination ;

5 4 SR TN

1: Untap Staff of Domination.
2, ®:You gain 1 life.

3, ©: Untap target creature.
4, ©:Tap target creature.

5, @: Draw a card.

Ben Thomp

©1993-2004- Wiz e Loast, Inc. 1567165
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Setup: getting startet

BATTLEFIELD

15 0u S1 2491 T
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29 01 10y,
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rim Monolith does not untap during
your untap phase.

@®:Add thr ol
pool. Play this abil

4: Untap Grim Monolith.

Part prison, part home.

1: Untap Staff of Domination.
2, @:You gain 1 life.
3, @: Untap target creature.
p target creature.
5, @: Draw a card.

———*Ben Thompson

MANA

colorless
n

black

white

red

blue

green

1: Untap Staff of Domination.

2, ®:You gain 1 life.

3, ©: Untap target creature.
4, ©:Tap target creature.

5, ®: Draw a card.

—==Ben Thompson

1993-2004- Wi

st Inc. 156165

HAND
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Add one man
pool. n a creature token i
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n Vigor is put i
vhere, shuffle it

| Enchant artifact

| Enchante
cost
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ap target
5, @: Draw a ca
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|| damage to you.

| There is no
| kingdom of

B (ouspeia |

Enchantment eact
Skip your draw
‘Whenever you
a card.

During your dis|
and discard all

o, Sacrifice Lotus
of any color to you
“Hard to imagine,”

oking the petal,

Tllus. Phil Foglio
1907 Wizand o the Coss, Ine 4567280 U
TPRYEN. X APRIL LEE

‘Enchantment

Islands do not untap during their
controllers’ untap phases.

“One day we shall walk where once
was water.”
adamri, Lord of Leaves

lus. Terese Nielsen
1997 Wizand of the Coust, T
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Setup: getting startet

BATTLEFIELD
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Grim Monolith does not untap during

your untap phase

dd thr ol
. Play this abil

: Untap Grim Monolith.

Part prison, part home.

1: Untap Staff of Domination.
2, @:You gain 1 life.

3, @: Untap target creature.
4, @:Tap target creature.

5, @: Draw a card.

———*Ben Thompson

Gemstone Array 4

: Put a charge counter on Gemstone
Arra
Remove a charge counter from Gemstone
Array: Add one mana of any color to your
mana pool.
it reflects the suns’ lig ide, it

ol

colorless blue

green

-Ittoku
1993-2004 Wi

W3

Inc. 124/165
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: Put a charge cou
Arra;
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Array: Add one mar
mana pool.

Quuside, it reflects the
harvests the suns’ pow
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Setup: getting startet
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Grim Monolith does not untap during

your untap phase

dd thr ol
. Play this abil

: Untap Grim Monolith.

Part prison, part home.

1: Untap Staff of Domination.
2, @:You gain 1 life.

3, @: Untap target creature.
4, @:Tap target creature.

5, @: Draw a card.

———*Ben Thompson

Gemstone Array 4

: Put a charge counter on Gemstone
Arra
Remove a charge counter from Gemstone
Array: Add one mana of any color to your
mana pool.
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. I white blue
Setup: getting startet g | 7

<
Z
; black

Creature — Zomﬁie Cleric M

Whenever Rotlung Reanimator or

# another Cleric is put into a graveyard 8
from play, put a 2/2 black Zombie
creature token into play.

Illus. Thomas M. Baxa* «

™ &© 1993-2002 Wizards of the Coast, Inc. 164/350

BATTLEFIELD

Sury

“pvap Yyl Jo uiop:

211 w1 pawns 2q 01 K405 o St 242Y T,
‘o4 031 98ewep ||

7 S[B9P quIOT, Iudmouy ‘Jood BuBW ‘f

Artifact

2

5rim Monolith does not untap during

: Put a charge counter on Gemstone
your untap phase g

1: Untap Staff of Domination. e
d hree colorl 2, ©:You gain 1 life. Remove a charge counter from Gemstone
. Play this abil 3, @: Untap target creature. Array: Add one mana of any color to your

: Untap Grim Monolith. mana pool.
4, @:Tap target creature.

INOA 01 BUBUI SSIMO[0D OM] PPY i

Part prison, part home. reflects the suns’lis ide, it

5, @: Draw a card. arvests 1 s’ po

UOUFLIISUL qUIO]

-~ Ben Thompson : ok g Ittoku
— L - ST 5710932004 Wi

Blazing Archon

i

Enchantment

HAND
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: Put a charge cou :
Arra Whenever
Remove a charge co| anothy % i Ot ! eI c ol ;
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Setup: reusing cards

Stolen Identity o0

1 ¢ ¢:Target permanent becomes
an artifact in addition to its other
types.

3 ¢ : Gain control of target artifact.

3. Put target card from a graveyard
on the bottom of its owner’s library.

| do, put this card
| resolve

: . ? | of the Reito Mines were said to light
oller may cast a copy of the In the blur berween meral and flesh, A 1 the way of lost souls =
encoded card without paying its mana cost.) § Memnarch found madness. - L s S CaaR e

[F = )

04;/2&9 u ™ & © 2015 Wizards of the Coast
TPR + EN ¥ ToM WANERSTRAND

|

> Carl Critchlow

—= Clint Cearley d
& ©:1993-2010 Wizards of the Coast LLC 112/150

™M&©2013W of the Coast
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Setup: creating the tape

As Riptide Replicator comes into play,
choose a color and a creature type.
Riptide Replicator comes into play with
X charge counters on it.

4, @: Put an X/X creature token of the
chosen color and type into play, where X
is the number of charge counters on

' Rlpndc Reph(.ator

I]ius. Doug Chaffee

Gty My ‘L‘ 199%20{)2 leards of ﬂ'u.‘ Coafs:, Inc. 309}’350
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Setup: cleaning up

Target artifact, creature, or land
Target player gains control of target | phases out.
permanent you control.

“Can you prepare for the unexpected?

| No, you cannot. You can prepare only
to be su sed.
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Setup: cleaning up

Target player gains control of target
permanent you control.

Campus pranksters initiate new students
with the old “beeble bomb” routine.

Magic: The Gathering is Turing Complete

“Can you prepare for the unexpected? |
| No, you cannot. You can prepare only
| to be surprised.”

rn Liberated

. Target player exiles a card from their hand.

. Exile target permanent.

I\‘T Restart the game, leaving in exile all non-Aura
’gw : permanent cards exiled with Karn Liberated.

Then put those cards onto the battlefield under

& your control.
\f
005/254 M ﬂ”

UMA « EN &= JasoN CHAN ™ & 7 2018 Wizards of the Coast

-
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Conclusion

Theorem

Determining the outcome of a game of Magic: The Gathering in which all
remaining moves are forced is undecidable.

Note
m a player can set up the corresponding game state in the first turn

= with a tournament legal deck (in the Legacy format)
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Conclusion
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Determining the outcome of a game of Magic: The Gathering in which all
remaining moves are forced is undecidable.

Note
m a player can set up the corresponding game state in the first turn

= with a tournament legal deck (in the Legacy format)

Related fun facts
s deciding whether a game action (blocking) is legal 1s coNP-complete
'Chatterjee and [bsen-Jensen, 2016|
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Conclusion

Theorem

Determining the outcome of a game of Magic: The Gathering in which all
remaining moves are forced is undecidable.

Note
m a player can set up the corresponding game state in the first turn

= with a tournament legal deck (in the Legacy format)

Related fun facts
s deciding whether a game action (blocking) is legal 1s coNP-complete
'Chatterjee and [bsen-Jensen, 2016|

» the mate-in-z problem is A hard Biderman, 2020|
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