
Magic games can produce some pretty high numbers. There are lots of ways to go infinite and
reach numbers as high as you want, but you don’t have to go infinite to get enormous results.

But how many cards does it take to pull that off? For this challenge, we’ll take a look at five
damage targets, each time aiming to find the minimum cards needed to hit the target, and to
pick ones that will get as high as possible.

The rules:

● Start with an otherwise Vintage-legal deck of as few cards as we need to hit the target. If
it’s less than 7, we don’t lose from our starting hand forcing us to draw from an empty
library. After starting hands, all normal rules apply.

● The game only lasts one turn. Any sort of extra turn effects will not change that.
(Presumably, we’ll want to go first, so the turn is ours rather than the opponent’s.)

● Randomness can play out however we want. This includes starting hands, cards drawn,
die rolls, etc. The results can be as unlikely as we want, as long as they’re possible.

● The opponent has a deck of the same size, consisting of nothing but Wastes. (And with
the same starting-hand rules.) They’ll never concede the game, but if they’re offered any
other choice, they’ll act in whatever way will minimize our score.

● Both players start with 20 life, and all normal game-ending conditions apply. If we hit the
opponent hard enough that they lose the game, we can’t keep hitting them afterward, so
if we want to get them far into negative life, we’ll probably need to do it all at once.

● Decks are scored based on how much they can reduce the opponent’s life total in the
allotted time, as long as there’s an upper bound. If, for any integer N, the deck could
reduce the opponent’s life by that much or more, the deck is disqualified and gets a
score of 0. Otherwise, the score is 20 minus X, where X is the opponent’s final life total
after we’ve played the deck in accordance with the previous rules. Only the final life total
matters, not how we get there.

If you’re interested in more background on the decks here, they’re all from the MTG Salvation
limited-card challenge thread here. In addition, many of the strategies here are based on
techniques developed in the main Turn 1 maximum finite damage thread.

With all that in mind, let’s begin!

Challenge #1: Win the Game

Our first goal: Deal at least 20 damage to win the game on the first turn. Simple enough.

https://www.mtgsalvation.com/forums/magic-fundamentals/magic-general/827241-to-grahams-number-and-beyond-massive-finite-damage
https://www.mtgsalvation.com/forums/magic-fundamentals/magic-general/615089-most-turn-1-damage-in-a-deck-with-no-infinite


1. Black Lotus
2. Channel
3. Reality Smasher
4. Wine of Blood and Iron

To start, we’ll play Black Lotus, sacrifice it for three green mana, and use two of that to play
Channel. A powerful opener, and one we’ll see again.

Using Channel, pay all 19 life we can spare, bringing our total mana to 20. Spend 5 to play
Reality Smasher, and 3 to play Wine of Blood and Iron. That leaves 12 mana, enough to
activate Wine of Blood and Iron three times.

The first activation doubles Reality Smasher’s power from 5 to 10. The second makes it 20, the
third makes it 40. Go to combat, swing for 40 damage.

Cards: 4
Score: 40

A quick, clean win. But these numbers are ones you might see in a relatively normal game. With
more cards, we can do much more.



Say, speaking of doubling…

Challenge #2: A Million Damage

A much loftier goal, but one we can manage with just a single additional card. To ease into
things, we’ll look at two versions, both with five cards but different choices for the last one.

1. Black Lotus
2. Show and Tell
3. Omniscience
4. Devilish Valet
5. Storm Herd

Once again, open with Black Lotus, but this time sacrifice it for blue mana to play Show and Tell.
Which in turn lets us play Omniscience, making our remaining cards free.

Next, play Devilish Valet, followed by our final card.



For the Storm Herd version, we get 20 Pegasus tokens. Each one causes Davilish Valet’s power
to double, from 1 to 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048, 4096, 8192, 16384, 32768,
65536, 131072, 262144, 524288, and finally 1,048,576.

There’s our million damage. But using a different final card lets us do even better.

5. Sparkcaster

Sparkcaster can return itself to our hand, letting us keep playing it to double Devilish Valet’s
power even more times. Many similar cards would go infinite, but Sparkcaster’s second ability
provides a constraint.

Every time we play it, it deals 1 damage to a player - either the opponent or ourselves. Each
player starts with with 20 life, so we can play it 38 times without ending the game, dealing 19
damage to each player in the process. That raises Valet’s power to 2^38 - over 274 billion - and
gives us a total score of 2^38 + 19.

Cards: 5
Score: 274,877,906,963

That’s the last time we’ll be able to write out our final damage in full.

Challenge #3: Googolplex

Time for the real shenanigans to start.



1. Black Lotus
2. Channel
3. Chromatic Orrery
4. Mondrak, Glory Dominus
5. Ratadrabik of Urborg
6. Twinflame

Like in the first challenge, we’ll open with Black Lotus and Channel, then spend 19 life to put us
at 20 mana. This time, we have some more complicated costs involved, so we’ll follow that by
spending 7 mana to play Chromatic Orrery, which lets us spend the rest of our mana on
whatever we want. It also taps for 5 mana, putting us at 18.

Spend 8 mana to play Mondrak and Ratadrabik. Then spend 5 mana to play Twinflame,
targeting both of them.

Twinflame would normally create one token copy of each, but Mondrak doubles that to two, so
we end up with three of each of our legends. The legend rule kicks in, and we immediately have
to give up two of them. For each one, we’ll choose the originals since they don’t have haste,
plus one of the tokens.



All of these deaths happen simultaneously, so all three Ratadrabiks see them happen.
Ratadrabik doesn’t trigger on its own death, so the two Ratadrabik deaths only cause two
Ratadrabik triggers each for a total of four, but the Mondrak deaths cause three, for a total of
six.

Each Ratadrabik trigger creates a copy of the creature that died, doubled for each Mondrak we
have. The resulting tokens aren’t legendary, so they won’t die to the legend rule anymore, but
that also means we can’t get more Ratadrabik triggers out of them. The tokens do retain haste if
the legendary creature that died was a Twinflame token, since Twinflame includes haste in its
initial definition of the tokens.

We’ll let the six Ratadrabik>Mondrak triggers resolve first, starting with the ones from the
original Mondrak that didn’t have haste.

1. 2^1 is 2. Create two Mondrak tokens, for a total of three.
2. 2^3 is 8. Create eight Mondrak tokens, for a total of eleven.
3. 2^11 is 2048. Create 2048 Mondrak tokens, for a total of 2059.
4. 2^2059 is…



Okay, this is getting unsustainable. We’ve jumped to a number higher than googol, and we’re
not slowing down from here. Let’s shift our perspective.

The fourth trigger creates 2^2059 tokens. Technically, this gives us a total of 2059+2^2059, but
we can round that down to just 2^2059 because the difference is so far from being significant at
this point.

The fifth trigger creates 2^2^2059 tokens. Incidentally, we can also approximate this as 2^(6.61
x 10^619), which is a bit more than 10^10^619. Googolplex is 10^10^100, so we’ve already
passed our goal!

But we’re still not finished. The sixth and final Ratadrabik>Mondrak trigger resolves, giving us
2^2^2^2059 tokens.

This is getting to be a lot of 2s. Multiplication is repeated addition, exponentiation is repeated
multiplication, and we’re doing repeated exponentiation, but there’s a word for that: Tetration.



In tetration, we can write 2^^N to represent 2^2^2^...2, where N is the number of 2s present. 2^2
is 4, 2^2^2 is 16, and 2^2^2^2 is 65536, so we’ll round 2059 down to 16 and call our result
2^2^2^2^2^2, or 2^^6. That’s a pretty big underestimate of our actual number of tokens, but
we’re working with numbers so big that more precision isn’t very practical.

With over 2^^6 Mondraks, our token production is doubled 2^^6 times, and doubling something
2^^6 times is the same as multiplying it by 2^^7. So when we resolve the four
Ratadrabik>Ratadrabik triggers, each one gives us 2^^7 Ratadrabiks, for a total of… still 2^^7.
Regular multiplication is too small for us to notice it anymore.

We could attack with 2^^7 hasted Ratadrabiks, and get our greater-than-googolplex damage.
But there’s one more thing we can do.

In addition to all the nonlegendary tokens created from the Ratadrabik triggers, we still have two
legendary tokens, the ones that survived the legend rule earlier. We also have 5 mana left,
which is more than enough. Spend 3 of it to activate one of our Mondraks, sacrificing those two
tokens.

Sacrificing a legendary Mondrak gives us 2^^7 Ratadrabik triggers, and sacrificing a legendary
Ratadrabik does the same thing. In addition, since these were tokens created from Twinflame,
they have haste, and therefore the resulting copies will also have haste.

6 Ratadrabik>Mondrak triggers got us to 2^^6 Mondraks. 2^^7 Ratadrabik>Mondrak triggers
gets us to 2^^2^^7 Mondraks. Then we can resolve the Ratadrabik>Ratadrabik triggers, for over
2^^2^^7 hasted Ratadrabiks.

Go to combat, swing with everything that has haste. 2^^6 is bigger than googolplex, 2^^7 is
bigger still, and 2^^2^^7 is far bigger than either of those, so we’ve gone well past our target.

Cards: 6
Score: 2^^2^^7

Let’s keep going.

Challenge #4: Graham’s Number

Tetration is an extremely powerful operation, but even higher-order operations are possible.
Repeated tetration is called pentation, and uses a third arrow (2^^^N).

With additional layers of recursion, you can add even more arrows. The well-known 2015
megacombo used 60 cards to reach 407 arrows worth of damage on the first turn, by stacking

https://www.soniccenter.org/sm/mtg/megacombo.html
https://www.soniccenter.org/sm/mtg/megacombo.html


up a huge chain of operations that each allow for many repetitions of every operation before
them.

But current strategies can do even better.

1. Black Lotus
2. Show and Tell
3. Bolas’s Citadel
4. Boulderbranch Golem



5. Saw in Half
6. Inverter of Truth
7. Unstable Shapeshifter
8. Life of the Party

This deck is even stranger. What’s going on here?

This time we’ll start by taking two mulligans, to start with 5 cards in hand and 3 in our library. For
this deck, cards in the library are often easier to access.

Play Black Lotus, sacrifice it for blue mana, and play Show and Tell, using it to bring out Bolas’s
Citadel. Then spend 7 life to play Boulderbranch Golem from the top of our library,
unprototyped, so it shows up with 6 power and gives us back 6 life, putting us at 19.

(We could get an equivalent start by replacing Show and Tell with Mishra’s Workshop, using it
alongside Black Lotus to cast Bolas’s Citadel directly. This would be safer against an opponent
with an unknown deck, but would also mean adding a second high-end Reserved List card.)

Spend 3 life to play Saw in Half from the library, turning the 6/5 Golem into two 3/3 tokens. Each
one gives us 3 life, so we go to 22.

Spend another 4 life (now 18) to play Inverter of Truth from the library. This exiles our
now-empty library, and returns Black Lotus, Show and Tell, Saw in Half, and the original
Boulderbranch Golem from our graveyard to our new library.

Replay Black Lotus for free, then replay Boulderbranch Golem (18-7+6=17). Replay Saw in Half
(14 life), now targeting Inverter of Truth, to make two Inverters and get two Inverter triggers.
Resolving the first trigger exiles Show and Tell from the library and puts back Saw and Inverter.

Before the second trigger resolves, sacrifice Black Lotus for three blue mana, and replay Saw
from library to split the nontoken Boulderbranch into two 3/3 Golems (14-3+6=17). The second
trigger exiles the original Inverter and shuffles back Black Lotus, Saw, and Boulderbranch.



We’ll go through this same process a second time. Replay Lotus and Boulderbranch (16 life),
play Saw on an Inverter (13 life), use one Inverter trigger to play Saw on Boulderbranch (16 life),
then sacrifice Lotus for another three mana and use the second Inverter trigger to reshuffle
everything. We’ve traded 1 life for 3 mana.

With 6 mana now, we can play Unstable Shapeshifter from hand. Replay Lotus and
Boulderbranch from the library (15 life), causing Unstable Shapeshifter to become a copy of the
6/5 Golem, while keeping its copy ability.

Play Saw>Inverter again (12 life), getting two Inverter triggers, as well as two triggers of
Unstable Shapeshifter trying to copy the smaller Inverters. Have the two Inverter triggers resolve
first. The first puts back Saw, letting us replay it (9 life) on the Shapeshifter that is currently a 6/5
golem, turning it into two 3/3 Shapeshifter-Golems (15 life). The second puts back Black Lotus,
Saw, and Unstable Shapeshifter, in that order, preparing us to start another loop. (Then the
Shapeshifter triggers resolve, trying to turn the original Shapeshifter into an Inverter, but nothing
happens since that Shapeshifter is gone by now.)

From here, replay Black Lotus one last time, then do another pair of Saw casts: once on an
Inverter, once on the original Boulderbranch. As always, we get back the 6 life we spent and
move Saw back to our library for each time we’ve played it, so the net effect is just to move
Boulderbranch back from the battlefield to the library. We’ve also gotten a few more tokens, and
because we left the original Unstable Shapeshifter card in our library, it’s exiled now.

Let’s review the current situation:

● On the battlefield, we have Black Lotus, Bolas’s Citadel, two Unstable Shapeshifter
tokens each copying a 3/3 Boulderbranch Golem, eight regular 3/3 Boulderbranch
Golem tokens, and five Inverter of Truth tokens. (Sizes of the Inverter tokens may vary
depending on the choice of targets, and it’s not going to matter anyway. They won’t be
attacking.)

● Boulderbranch Golem and Saw in Half are in our library, while we’ve exiled Show and
Tell and the original cards for Inverter of Truth and Unstable Shapeshifter. Our graveyard
is empty.

● We have one card left in hand, and two mana in our mana pool.
● We’re at 15 life, which is our main resource right now. Moving Boulderbranch Golem

from our library to the battlefield requires spending 7 life and gives back 6 life, for a net
cost of 1 life, but once we hit 7 life, we won’t be able to start the process anymore.

● Playing Saw twice, on an Inverter and a 6/5 Golem, gives back all the life it costs and
ends up with Saw back in the library. We can do this freely to move the original
Boulderbranch back to our library when necessary, or to turn a 6/5 Shapeshifter-Golem
into two smaller Shapeshifter-Golems.

● Playing the original Boulderbranch from our library (at a cost of 1 life) gives each of our
current Shapeshifters triggers to become 6/5 Shapeshifter-Golems, which we can in turn



target with Saw to increase our Shapeshifter count (without any further net decrease in
life). By stacking the triggers properly, we have each of them resolve only when we’re
ready to play Saw on the resulting Shapeshifter-Golem in question, so we don’t miss the
chance by having it turn into something else.

● While we’re working our way through a batch of 6/5 Shapeshifter-Golem triggers, any
new Shapeshifters created won’t have such a trigger, so we can let those become
Inverters and then target those with Saw when we need to target an Inverter. This further
increases our total Shapeshifter count, which is our primary output.

Now we can start doing this properly.

Play Boulderbranch from library (14 life), giving copy triggers to both Shapeshifters. When the
first resolves, turning it into a 6/5 Shapeshifter-Golem, use Saw to split it into two
Shapeshifter-Golems. Do the same thing with the second one, in the process allowing the
previous two Shapeshifters to become Inverters. This results in two Shapeshifter-Inverters and
two 3/3 Shapeshifter-Golems, for a total of four Shapeshifters.

To repeat the loop, play Saw on a Shapeshifter-Inverter (5 Shapeshifters) and the original
Boulderbranch, then replay Boulderbranch (13 life) for another round of 6/5 copy triggers - now
five of them. We don’t want to destroy any of the Shapeshifters waiting for one of those, so we’ll
start by using a regular Inverter to split the first one (6 Shapeshifters). From there, in order to
start turning new Shapeshifters into Inverters, we’ll need to use a regular Inverter to split the
second one as well (7 Shapeshifters). After that, we can start using the Saw pairs on both a
Shapeshifter-Inverter and a 6/5 Shapeshifter-Golem, so the remaining three each increase our
Shapeshifter count by two (13 Shapeshifters).

This loop cost 1 life and brought our Shapeshifter count from 4 to 13. More generally, each time
we do this, it will take us from N Shapeshifters to 3N+1. Therefore:

● Going to 12 life puts us at 40 Shapeshifters.
● Going to 11 life puts us at 121 Shapeshifters.
● Going to 10 life puts us at 364 Shapeshifters.
● Going to 9 life puts us at 1093 Shapeshifters.
● Going to 8 life puts us at 3280 Shapeshifters.
● Going to 7 life puts us at 9841 Shapeshifters.

This has been a lot of work to reach an unusually normal number, but we do have one last card
in hand.



Sacrifice Black Lotus for three red mana. Combined with our mana from earlier, we have
enough to play Life of the Party. This turns all 9841 Shapeshifters into copies of it. (It also gives
the opponent a Life of the Party token.)

Go to combat, attack wth all 9842 of them. They all get triggers to increase their power based
on the number of creatures we control, and we’ll set the original’s trigger to resolve last.

Before any of the triggers resolve, play Saw on an Inverter, and this time allow the
Shapeshifters to become Inverters, then use the second Saw play on the original Boulderbranch
Golem so all the Shapeshifters become 3/3 Shapeshifter-Golems. But they still have attack
triggers on the stack, and now, we’ll allow the first one to resolve.

At this point, we have 9841 Shapeshifter-Golems, 1 Life of the Party, 24 non-Shapeshifter
Golem tokens, and 22 Inverters. So the first attack trigger increases its Shapeshifter-Golem’s
power by 9888, making its stats 9891/3.

Saw in Half defines the tokens it creates based on the current stats of the creature it targets. So
playing Saw on a 9891/3 Shapeshifter-Golem creates a pair of 4946/2 Shapeshifter-Golems,
causing us to gain 9892 life, and creating triggers to turn all of our Shapeshifters into 4946/2
Shapeshifter-Golems. Another Saw can turn one of those 4946/2 Shapeshifters into a pair of
2473/1s - but this is where we have to be careful, since we want to keep the other one at 4946
for now, so we’ll always put its copy triggers on the bottom of the stack and make sure to avoid
letting them resolve until we’ve made proper use of that 4946 Shapeshifter as well.

In the meantime, we continue the process. 2473 becomes 1237, then 619, 310, 155, 78, 39, 20,
10, 5, and finally 3. In the meantime, we keep stacking the triggers to delay the ones that would
turn larger Shapeshifter-Golems into smaller ones. Like before, 3-power Golems are the
smallest we can make while still rebouping the 6 life spent on the double Saw round - but this
time, we’ve accumulated a whole lot of additional life. Specifically, we’ve gained
(4946+2473+1237+619+310+155+78+39+20+10+5+3)*2=19790 life, while spending 6*12=72
life between the 12 Saw pairs, and we went in with 7 life so we end up at 19725 life.



A Saw round on a smaller Shapeshifter-Golem costs a net of 2-4 life, but we can now afford to
do that several thousand times. We can also start allowing the new, smaller Shapeshifters to
become Shapeshifter-Inverters again, further increasing the Shapeshifter production rate. Once
we’ve spent as much life as we can afford this way, we’ll continue.

Playing Saw on a 10/1 Shapeshifter-Golem turns all of our new Shapeshifters into 5/1s. That’s
big enough to gain the needed 3 life when split, so this lets us repeat the strategy from earlier to
triple our number of small Shapeshifters.

Playing Saw on a 20/1 Shapeshifter turns all the new ones into 10/1s. With N small
Shapeshifters, this lets us triple our number of small Shapeshifters N times, getting us to 3^N.
We’re doing exponentiation, now.

Playing Saw on a 39/1 Shapeshifter turns the new ones into 20/1s, letting us exponentiate N
times. Now we’re at 3^^N, for tetration.

Each higher power tier lets us reuse all our new Shapeshifters at the tier below it, adding
another layer of recursion and putting us at a higher-order operation. Therefore:

● 78 power reaches 3^^^N
● 155 power reaches 3^^^^N
● 310 power reaches 3^^^^^N
● 619 power reaches 3^^^^^^N
● 1237 power reaches 3^^^^^^^N
● 2473 power reaches 3^^^^^^^^N
● 4946 power reaches 3^^^^^^^^^N

We only made two 4946/1 Shapeshifter-Golems and we had to use one of them to get started,
so the other provides us a single iteration of this chain. We can never use smaller Shapeshifters
to make larger ones, which keeps the chain finite, even as the number of smaller Shapeshifters
produced by each larger one grows more and more unfathomable. To get full use out of the
larger Shapeshifters, we’ll always wait to use them until we work our way through all the smaller
ones, and avoid letting them resolve any more copy triggers before we’ve used them.

To assess the total number of Shapeshifters created in the 9-arrow round from the 4946-power
Shapeshifter, we can start with 3^^^^^^^^^2 (equivalent to the 8-arrow 3^^^^^^^^3) and
increment a single time, to 3^^^^^^^^^3. That constitutes the lower bound for the number of
Shapeshifters we’ve created. Like in the previous strategy, we have to round down to keep
things manageable.

That’s the first attack trigger. Resolving the second one gives the next attacking Shapeshifter
3^^^^^^^^^3 power.



Once again, we get a layer of recursion for each time we can halve the attacker’s power before
reaching small numbers, a function of the power’s base-2 logarithm. But this time, that power -
and therefore the number of layers and arrows - is enormous. Logarithms, like multiplication and
division, aren’t even noticeable at this point: we’ve already rounded down by far larger amounts.

The 2015 megacombo reached 407 arrows. The second attack trigger gets us to 3^^^^^^^^^3
arrows, dwarfing that by an unfathomable scale. And the number represented by all those
arrows will become the number of arrows we get from the third trigger.

Ultimately, each round gives an output roughly following the Ackermann Function, where the
input number determines the number of arrows in the output. We can express the second
trigger’s output as F{w}(3^^^^^^^^^3), which means the third trigger’s output is in turn
F{w}(F{w}(3^^^^^^^^^3)).

Once again, this will become unsustainable, as we have a lot of triggers to work through. But we
can write N successive applications of F{w}, starting with F{w}(N), as F{w+1}(N).

This operation - repeatedly taking an input N, and outputting a result with N arrows - is the
premise of Graham’s Number:

The first number in Graham’s sequence, g1, is 3^^^^3. That’s between the input and output of
the first attack trigger, so we can round our first output down to g1. By the same token, we can
do lowball estimates of our second output as g2, our third as g3, etc. After 64 attack triggers,
we’ll pass Graham’s Number, g64.

We started this process by attacking with 9841 Shapeshifters, plus the original Life of the Party.
The final attack trigger, from the original, will translate our final number of creatures into
damage. The opponent can block with their own token, but it’s a 0/1, and Life of the Party has
trample.

As a result, the attacking Shapeshifters allow us to repeat this process 9841 times. The first
trigger falls short of F{w}(9841), but afterward we can surpass it, giving us a final damage of
over F{w+1}(9840).

https://en.wikipedia.org/wiki/Ackermann_function
https://en.wikipedia.org/wiki/Graham%27s_number


Cards: 8
Score: F{w+1}(9840)

One more challenge left.

Challenge #5: Turing Complete

Ackermann combos are powerful, and while Saw in Half is the easiest way to set one up, it’s not
the only one. We can build on them by adding more layers of recursion on top, or even chaining
consecutive Ackermann stages together.

But there’s an even stronger option available. By building a sufficiently large Turing machine, we
can run programs that increase their output more dramatically than even Ackermann stages.



1. Black Lotus
2. Channel
3. Vessel of Endless Rest
4. Precursor Golem
5. Replication Technique
6. Audacious Swap
7. Coat of Arms
8. Bishop of Wings
9. Artificial Evolution



10. Comeuppance
11. Arcbond
12. Dralnu’s Crusade
13. Scrambleverse
14. Soulblast

This is the biggest and most complicated of the decks here. See if you can make any guesses
about what to expect.

Ready? Let’s take it from the top.

Start with Black Lotus and Channel. Like before, we can spend 19 life to reach 20 mana,
although we’ll have some left over.

Spend 8 mana to play Vessel of Endless Rest and Precursor Golem. Vessel returns one of the
previous cards to our library - it won’t matter which. Precursor Golem comes with two regular 3/3
golem tokens.

Tap Vessel for blue mana and play Replication Technique, targeting Vessel. We’ll copy it with
Demonstrate, which also lets the opponent copy it, but they don’t have anything to copy. The
Demonstrate copy makes a second Precursor, which makes another pair of regular golems.

If we’d had the original Technique spell target one of our golems, we’d trigger Precursor’s ability,
copying it for all of them. But we want to make a Vessel token that can tuck back Technique,
and we can’t do that with a copy, since then we’d get the Vessel before the original Technique
hits the graveyard. So we’re forced to use the main Technique on Vessel and the Demonstrate
copy on Precursor, and the copy doesn’t trigger Precursor since it wasn’t cast. We’ll keep having
to do it this way most of the times we replay Technique.

Use the new Vessel to tuck Technique, then tap it for red mana to play Audacious Swap. Target
a regular golem, getting two Precursor triggers that will copy it for each other golem. But first,
we’ll use its Casualty ability, sacrificing one of the regular golems to copy Audacious Swap. With
the copy, shuffle back Vessel, letting us play a random card from our library. Due to perfect luck,
the card we’ll flip is Technique.

Vessel is in our library, so this is the one time we get to point the main Technique at a golem.
This gets two Precursor triggers of its own, but before resolving them, we can use Demonstrate
to make another Precursor copy.

At this point, we have three Precursors and five regular golems, one of which has Technique
pointed at it. Resolve the first Precursor trigger to copy three Precursors and four golems - the
Precursors come with another six regular golems of their own, for a total of 6 Precursors and 15
regular. Then resolve the second Precursor and the original Technique, copying all of the
resulting creatures to reach 12 Precursors and 42 regular golems.



Next, resolve the first Precursor-Swap trigger. We won’t get one for the golem targeted by the
main Swap, but we do get copies for the others. This gives us 53 Swaps to use for this step.

Resolve one Swap, giving up a golem token to shuffle our library and flip Vessel from the top.
Use it to tuck Technique so we’ll be able to continue playing it. Then use three more Swaps to
play Coat of Arms, Bishop of Wings, and Dralnu’s Crusade. 49 left.

Next, we need to make some copies. We’ll replay Replication Technique 29 times, each time
using the main cast to copy a Vessel that will put Technique back into the library, while using
Demonstrate to make 24 copies of Bishop of Wings, 3 copies of Dralnu’s Crusade, and 2 copies
of Precursor Golem. Each Precursor comes with two regular golems, so we have 6 golems that
don’t have Swaps pointed at them, as well as 25 Bishops, 4 Crusades, and 20 remaining
Swaps.

These Bishops and Crusades will form the backbone of our program, but for it to work properly,
we’ll need more variety. Play Artificial Evolution from the library, targeting a Dralnu’s Crusade to
change a creature type listed on it, and replace “Goblins” with “Humans”. Then use Replication
Technique to make two Vessels, putting back both Technique and Artificial Evolution, and replay
Evolution on the same Crusade to replace “Zombies” with “Golems”. It now says “all Humans
are Golems”, meaning our Bishops are included in Precursor’s spell-copying effect. 17 Swaps
left.

We’ll leave one Crusade on “all Goblins are Zombies” and repeat this process on the other two.
It doesn’t really matter what creature types we pick, as long as we aren’t using them elsewhere.
Let’s say one becomes “all Vampires are Warriors” and the other becomes “all Horrors are
Druids”. This requires playing Artificial Evolution four times and therefore playing Replication
Technique four times to get it back to the library, so we’ve got 9 Swaps left.

We still need to edit the Bishops, but this step is easier. Use Technique to get back Artificial
Evolution, then play Artificial Evolution targeting one of the regular golems, causing all the
Precursors to trigger. This lets us apply multiple instances of Artificial Evolution to each of our
golems, including the Bishops, to rearrange all the types on each of them, or at least as many
as we need to. 7 Swaps left.

As for what to change them to, we’re aiming for the construction outlined here by Iijil, or an
equivalent. Which means it’s time to talk about what all of this will actually accomplish.

https://github.com/Iijil1/MTGPrograms/blob/main/Examples/hexation.mtg.txt


With a lot of hacked Bishops, we’re able to generate a lot of tokens of specific creature types.
Thanks to Coat of Arms, each of those creatures gets a stat boost based on the number of
others with the same type, and in particular, a boost to their toughness. This is important
because we generate tokens when the existing creatures die, and we need to control when that
happens.

Our primary damage source is Arcbond+Comeuppance. By putting Arcbond on a creature and
then dealing damage to it, it deals that much damage to all the other creatures, as well as each
player. Meanwhile, playing Comeuppance means that every time the creature hits us, we can
redirect that damage back to itself, causing it to get another Arcbond trigger. This will continue
until the Arcbonded creature dies, and we want to make that take a very long time.

Now, we’ve established how we keep the Arcbond damage from killing ourselves. But how do
we keep the opponent alive? Also, what’s the initial damage source, and what keeps this from
going infinite?

The answers are in the final pair of cards:



It would be easy to set up a couple copies of Bishop of Wings to keep churning out tokens
forever, making a loop that never stops on its own. But in order to turn that into an infinite score,
we’d need a way to translate that unbounded loop into unbounded damage, and this deck is
built to have no way of doing that. The only way for us to start this chain of Arcbond triggers is to
use Scrambleverse to move any relevant creatures to the opponent’s side of the field, then use
Soulblast to sacrifice one or more expendable creatures we’ve left on our own side to damage
the Arcbond creature. This ensures that, while our machine is running, we don’t have any
Bishops on our own field.

If we did control the Bishops, we would be able to control whether the Bishop triggers or the
damage triggers would resolve first, allowing us to end the program by delaying the triggers that
create the tokens needed to keep the Arcbonded creature alive. But because the Bishops are
under the opponents’ control while the damage triggers are under our control, the Bishop
triggers must go on the stack second and resolve first.

We also don’t have any opportunities to play an instant to interrupt the program, since we need
to play all our instants before starting the program, and we have no way to get them back to our
hand. We have to replay them with Audacious Swap, which only lets us play the spells at the
exact moment a Swap resolves, and any Swaps we’ve queued up before starting the program
won’t resolve until after the program finishes. So the only way for us to get out of the program
and reach the point where we can translate its output to damage is to build a program that will
end on its own.

Having the creatures under the opponent’s control also takes care of the matter of the
opponent’s life total, since they keep gaining life from Bishop of Wings triggers, faster than
Arcbond will take it away. But we’ll be able to do even more damage at the end.

Now, let’s look at the specific program we’re writing:

● Startup:
○ Bishop (Boar Boar) with Boar to Kavu
○ Vanilla (Boar)



● Output:
○ 4x Vanilla (Drake)
○ Bishop (Kavu Drake) with Drake to Golem

● Input:
○ 2x Vanilla (Kavu)

● Input Heartbeat:
○ Vanilla (Crab)
○ Bishop (Kavu Horror) with Crab to Crab
○ Bishop (Kavu Horror) with Crab to Kavu
○ 2x Bishop (Kavu Horror) with Crab to Drake

● Part-Flooding Clock 4:
○ Dralnu’s Crusade (Horrors are Druids)
○ Vanilla (Horror)
○ Bishop (Kavu Horror) with Horror to Horror
○ Bishop (Kavu Horror) with Horror to Crab
○ Bishop (Kavu Horror) with Druid to Druid

● Heartbeat for Clock 4:
○ Bishop (Kavu Horror) with Frog to Frog
○ Bishop (Kavu Horror) with with Frog to Druid

● Part-Flooding Clock 3:
○ Dralnu’s Crusade (Vampires are Warriors)
○ Vanilla (Vampire)
○ Bishop (Kavu Horror) with Vampire to Vampire
○ Bishop (Kavu Horror) with Vampire to Frog
○ Bishop (Kavu Horror) with Warrior to Warrior

● Heartbeat for Clock 3:
○ Bishop (Kavu Horror) with Ape to Ape
○ Bishop (Kavu Horror) with Ape to Warrior

● Part-Flooding Clock 2:
○ Dralnu’s Crusade (Goblins are Zombies)
○ Vanilla (Goblin)
○ Bishop (Kavu Horror) with Goblin to Goblin
○ Bishop (Kavu Horror) with Goblin to Ape
○ Bishop (Kavu Horror) with Zombie to Zombie

● Heartbeat for Clock 2:
○ Bishop (Kavu Horror) with Cat to Cat
○ Bishop (Kavu Horror) with Cat to Zombie

● Part-Flooding Clock 1:
○ Dralnu’s Crusade (Humans are Golems)
○ Vanilla (Human)
○ Bishop (Kavu Horror) with Human to Human
○ Bishop (Kavu Horror) with Human to Cat
○ 2x Bishop (Kavu Horror) with Golem to Golem



All 25 Bishops are accounted for here, as well as 12 “vanilla” creatures that can either be
Precursors or the tokens they create. At the moment, we have a total of 14 vanillas: 6 new ones
that aren’t being targeted, 7 with the remaining Swap copies, and one with the original Swap.
The original Swap won’t resolve soon enough to matter, so we can have the one with the
original Swap join the 6 new ones in the main part of the program. For the remaining ones being
targeted by Swap copies, the four set to resolve last will need to be Drakes so they can survive
as part of the program’s output, while the other three can be… anything, really, but we’ll call
them Boars.

Resolve the next two Swaps, giving up two Boars to play Arcbond, targeting one of the vanillas
that became a Kavu, and Scrambleverse. Scrambleverse randomly selects a controller for each
creature on the field, and with perfect luck, we’ll have the opponent take control of everything
except the “Boar” Bishop. Note that we still own the tokens that were created under our control,
which is what matters for Audacious Swap. 5 Swaps left.

We do have one card left in hand - Comeuppance, which we can play now. Then resolve the
last Boar Swap, allowing us to play Soulblast.

Soulblast sacrifices all our creatures, which is now a single Bishop. With our other Boars gone,
it’s back down to its normal 1 power, so we can deal 1 damage to a target, and we’ll pick the
Kavu with Arcbond on it. At this point, our chain reaction comes to life.

Arcbond triggers, and the Kavu deals 1 damage to each other creature and each player.
Comeuppance prevents the damage to ourselves, and deals 1 damage back to the Kavu. This
sets off the Kavu’s Arcbond a second time, then a third time.

At the third time, interesting things start to happen. All the creatures now have 3 damage
marked on them - and between Coat of Arms and Dralnu’s Crusade, most of them can survive
that, but the Crab vanilla can’t, since it’s a 3/3 that isn’t receiving any sort of boost. It dies,
triggering the four Bishops keyed to Crabs: one to make a new Crab, one to make a Kavu, and
two to make Drakes. These Kavus and Drakes add toughness to our Bishops and vanillas,
helping to keep them alive. All the new tokens are 1/1s, which is important since it means that
each damage trigger will kill our Crab and repeat this process - for now.

Go to the fourth “tick” of our clock. Once again, we kill a Crab, making a new Crab, a Kavu, and
two Drakes. We also kill the vanilla Vampire, Goblin, and Human, since their respective Dralnu’s
Crusades had made them all 4/4s. The Vampire is also a Warrior, so its death creates a new
Vampire Warrior, a Frog, and a regular Warrior. Similarly, the Goblin (which is also a Zombie)
gives us a new Goblin Zombie, an Ape, and a regular Zombie, while the Human (also a Golem)
gives us a new Human Golem, a Cat, and two regular Golems.

(Note that while I talk about “us” having these creatures, all these creatures are still under the
control of our opponent, since we had to empty our own side of the field. This also means the



opponent is the one gaining life from the Bishop triggers, keeping them from dying to Arcbond
damage. We don’t have to worry about our own life total because of Comeuppance.)

Go to the fifth tick. The creatures that share creature types with others will have enough
toughness from Coat of Arms to survive, but the Crab will do its thing again - and we’ll also kill
the Frog, Ape, and Cat, causing their associated “heartbeat” Bishops to replace them and make
a Druid, Warrior, and Zombie. These “heartbeat” effects will keep repeating each time we kill the
associated creature, which so far is every tick, but it won’t stay that way.

Two more ticks. Each tick gives us a new Warrior and a new Zombie, which gives the old ones
the toughness they need to stay alive, but we’re not getting new Golems. On the seventh tick,
the two regular Golems die. This triggers the associated Bishops, but before they can make
more Golems, the Human Golem’s toughness drops enough that it dies as well. The associated
Bishops create a new Human Golem, another Cat (bringing us to two Cats), and six regular
Golems. This is the “flooding” of this part-flooding clock, the point where it overflows and spills
into the Cat heartbeat clock.

Having a second Cat means they’re both 2/2s, so we’re no longer killing and replacing one Cat
and getting a Zombie at every tick, we’re now killing and replacing two Cats and getting two
Zombies at every second tick. The number of Cats stays constant at two (until the Golem clock
floods again) and we’re still getting an average of one Zombie per tick, but this gap between
heartbeats turns out to be significant.

To understand why, let’s take a full look at the board over the ticks so far, and the next few:



Most of these rows track the number of creatures, but the HP rows show how close those
creatures are to death. Specifically, it’s the toughness of those creatures after applying Coat of
Arms and Dralnu’s Crusade, minus the damage currently marked on them. Different creatures
within a group may have different amounts of damage, but all that matters is the HP of the one
that’s closest to death. When that creature dies, it takes away the bonuses it was granting the
others through Coat of Arms, shrinking them and killing whatever was next closest to death.
Each time, this will ultimately kill all the creatures in that batch. The one group that’s never in
danger is the Drakes, because their numbers grow faster than the damage they take.



When we made the second Cat at tick #7, the Zombie clock had stabilized at 2 HP, because the
first regular Zombie was a 5/5 with 3 damage marked on it. Previously, on each tick, that Zombie
would take 1 damage, then grow by +1/+1 from the creation of a new Zombie. But because the
Cat heartbeat has changed to every other tick, we don’t get new Zombies until tick #9. Before
that tick’s token creation triggers can resolve, that Zombie is a 5/5 with 5 damage, so it dies and
takes all the other Zombies with it. This includes the Goblin Zombie, which dies and creates a
new Goblin Zombie along with a second Ape. This is the Zombie clock’s “flooding” event.

We get a new batch of Zombies, which are no longer at constant HP. They start at 8, drop to 7
on ticks when no new Zombies are created, then go back up to 8 when the Cat heartbeat
resupplies them with more Zombies. This repeats as long as we have two Cats. Eventually - on
tick #14 - the Golem clock will flood again and make a third Cat. When the Cat clock reaches a
three-tick cycle, the Zombie clock starts alternating between 8/7/6. And when we get our fourth
Cat, the Zombie clock’s HP cycle will become 8/7/6/5.

It will take 8 Cats for a big enough gap that the Zombie clock floods again. This will take a while,
since each time a batch of N Golems dies (including one Human Golem), we go up to a total of
2N+1 Golems, which means another 2N+1 ticks until the Golem clock floods again and creates
the next Cat. Which means more time to accumulate Drakes.

In the meantime, the Apes and Warriors go through the same thing. The Warriors had stabilized
at 2 HP, but having a second Ape means the Warriors die at the same time as the pair of Apes
do, causing the Warrior clock to flood and create a second Frog.

The Frogs control the Druid clock, but there isn’t the same immediate effect. The Druids have a
bunch of extra toughness from sharing a creature type with most of the Bishops, so the Druid
clock won’t flood until we have 22 Frogs. When the Druid clock does flood, it creates the
creature type that ends up as our final limiting factor: a Crab.

Once we have multiple Crabs, we’re no longer creating Kavus on every tick, so the Kavu HP
starts to cycle. And the Kavu with Arcbond on it stabilized at 25 HP, so once we have 25 Crabs,
the Arcbond Kavu will die, and the chain reaction will finally end.

But how long will this take? The longer it takes to finish, the more Drakes we get - as long as it
ends eventually, so we can finally make use of them.

In order to get N Cats, we need the Golem clock to flood N times. Each time, it will take over
twice many ticks as the previous time, so N Cats means over 2^N ticks.

In order to get N Apes, we need the Zombie clock to flood N times. Whenever the Zombie clock
floods from reaching X Cats, we must have passed 2^X ticks since we started generating Cats
and Zombies, which means our total Zombie count will have increased to at least 2^X. This
means the next Zombie clock flooding will require 2^2^X ticks, and the one after that will require
2^2^2^X ticks. In other words, N Apes means over 2^^N ticks.



Getting N Frogs requires flooding the Warrior clock N times. This requires repeatedly
accumulating Apes in the same way, so it will take over 2^^^N ticks. And finally, getting N Crabs
requires flooding the Druid clock N times, which requires repeatedly accumulating Frogs, over
the course of 2^^^^N ticks. Each set of clocks constitutes another layer, which gives us another
Knuth arrow.

This means the point when we hit 25 Crabs is after over 2^^^^25 ticks. At this point, all the
non-Bishop Kavus die, including the one with Arcbond on it, causing the chain reaction to stop.
(The Bishops have additional toughness from their other creature types.) We’ve accumulated
over 2^^^^25 Drakes, as the output for our program.

Wait, all that for just 2^^^^25? That’s nothing to us, by now. We could get more than that with
just seven cards. Why go to all that trouble?

The answer, of course, is that we’re still just setting up.

When we cast the original Audacious Swap, we got two Precursor-Swap triggers. Resolving one
of those gave us the 53 Swaps that allowed us to build our first program. But the other one has
stayed on the stack this whole time.

Now that the first program has ended, we can start resolving the rest of the stack. But before we
reach the remaining Precursor-Swap trigger, we need to make sure we can make use of it. The
first problem is that it wants to copy Swap for each Golem on the field, and what we made is a
bunch of Drakes. We also need to make sure the tokens we’re targeting with Swap are tokens
we created under our own control so we’re the ones that own them. Most of the current Drakes
were created under the opponent’s control, so targeting them with Swap would give the Swaps
to the opponent rather than to ourselves.

Fortunately, we saved four Swaps from earlier, turning the creatures they were targeting into
Drakes so they would survive this whole program. It’s time to finally make use of them.

Resolve the first two Swaps, first playing Replication Technique to make two Vessels and tuck
itself and Scrambleverse, then play Scrambleverse. Take control of all the Drakes, including the
Drake Bishop


