


e [1terally 1ts name! sporadically reverting to their initial
gondition once a c¢ertain condition 15 met
e It's of 2 types : Stochastic and Threshold

Constant r0
Time-dependent r(t)

J Space dependent r(x)

No rate:
Space dependent e.g. x=L

Deterministic/Stochastic
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Threshold . . . .
v=1 e It 15 a phenemenon 1n which resetting occurs

RN T when the system meets a certain threshold
SR e Consider the system on your left: N non-

o Tgf fl %f”z Eg interacting searchers in [0,L] each governed

v/ with starting pesition ¥,

_ e We can model this process with the following
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The Idea came from the stochastic nature of the game and the fact that
shakes essentlally reset the position of the player to the start of the
game and ladders act as a shorter path the snake can help you get to
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Numberphile, The Beautiful Math of Snakes and Ladders - Numberphile (2023), YouTube video, https:/mwww.youtube.com/watch?v=nlm07asSUOc



https://www.youtube.com/watch?v=nlm07asSU0c

e For the snake to act as a reset, 1t needs to help reach the
target early.

e The ladder should ke thought of as a tunnel that takes the player
closer to the target in fewer turns (i.e., with less movement).

e For the resetting to have any
significant effect, the effect of
diffusion (here, the randomness
from the dice roll) needs to be
reduced.

e le start with a cne-ladder, cne-
shake game for simplicity.




e Conslder the snakes and ladder given on your

right, we can moedel this game as a 1 searcher g q
game which resets 1ts position at 8 ﬂ;
LT 2
e Instead of time, out unit of measuring becomes A
the number of turns(T), N = 1{only 1 searcher) O LE -

and 1 15 the minimum numbker of turns regquired
to reach the threshold(8)

e the meaning of Qm and q remain the same though the math required to
find them would change. Similarly j,... would represent the
probability of the searcher hitting 8 at T’ instead of density

Numberphile, The Beautiful Math of Snakes and Ladders - Numberphile (2023), YouTube video, https:/www.youtube.com/watch?v=nlm07asSUOc
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QTR(T) - Q(T) + Z jreset (T,) QTR(T - T,)

e We use First Passage Time (MFPT)[mean time taken to reach
absorking state, here 1000] and optimize it the get the optimal
threshold limit,

e To find it say, j(T) is the probakility it reaches Target(1000) at
turn T. 00

e Therefore, the Mean passage time would be E[T| = (T) = ZQTR(T)
T—0

Numberphile, The Beautiful Math of Snakes and Ladders - Numberphile (2023), YouTube video, https:/www.youtube.com/watch?v=nlm07asSUOc
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e As we have a discrete system, our maths to find MFPT becomes
easier. We introduce a transition Matrix M.

Q R
0 1

Numberphile, The Beautiful Math of Snakes and Ladders - Numberphile (2023), YouTube video, https:/www.youtube.com/watch?v=nlm07asSUOc
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e The 1mage you see at your side 1s

2 3 5 6 7 . - 0, 4 and 8 are not their as they

6 e Ve Ve Vg Vg are the ladder start and snake

a1l 1.2 head respectively and 9 1s the

1616161626 target. Now for the next bit, I
/6 /6 /6 /6 heed to define some terms:
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Numberphile, The Beautiful Math of Snakes and Ladders - Numberphile (2023), YouTube video, https:/www.youtube.com/watch?v=nlm07asSUOc
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e Define p(7) = : p—;

AS THE PROCESS IS5 STOCHASTIC AND THE STATE OF THE SEARCHER ONLY

DEPENDS ON ITS PREVIOUS STATE, WE CAN MODEL THIS AS A A MARKOVIAN
PROCESS

e Therefore we can say that Mij — PI‘(ST_H :j | ST — ’L)

p(T'+1) = M p(T)

Numberphile, The Beautiful Math of Snakes and Ladders - Numberphile (2023), YouTube video, https:/www.youtube.com/watch?v=nlm07asSUOc
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e Now as: p(T' + 1) = Qp(T)
e We can write: p(T —1)= Q' 'p(0)
e And as: j(T)=R'p(T -1)

e We can write this as: j(7)=R' Q' 'p(0)

THEREFORE : Q™(T) = » R Q°* 'p(0)
s=T+1

Numberphile, The Beautiful Math of Snakes and Ladders - Numberphile (2023), YouTube video, https:/www.youtube.com/watch?v=nlm07asSUOc
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Hochman, M. (2014). Chutes and ladders. University of Chicago REU.



Hochman, M. (2014). Chutes and ladders. University of Chicago REU.



We ran a simulation of N runs for a game and tried to find
the following.
e ECDOF (Empirical Cumulative Distrikbution Function) is
essentially the fraction of games completed before turn T
e A Mean Turns represents the difference in the mean number
of turns required to complete the game after and hefore

resetting



Completion time distribution ECDF comparison
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ECDF comparison Finish-time distribution
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Where resetting helps (negative = better) —
snake_len=300, ladder len=900 Delta mean vs snake head (ladder start=98)
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Perfect Markov Heatmap (Snake Len=300, Ladder Len=900)
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e Now that we saw that snakes can help 1t reach early, We
tried to find the 1deal snake position for a given snake
and ladder length

e | fixed the ladder length at 900 and snake length at 300
and let 1t run over the matrix with 2000 trials per

setting and 1 ladder and snake step



Optimal Snake Length for Ladder Length 900

=== No Improvement
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Perfect Optimization Curve (Ladder Length 900)
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e Probability of going from 1 — 2 is 1/6, similarly from 1 — 3 is %6 +
YorVe, for 1 — 4 is Y6 + 2+VexV6 + VexVexV6 and so on.

e The running theory is right now, 1 — 5 is the sweet spot hetween
maximum prokakility and the mean numker of turns required to get there,

e The next step 1n the project would be to find an 1deal cost function

that takes inte account koth probability and number of turns g
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