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Theoretically speaking ...

Through simple puzzles let us try to understand some
aspects of Discrete Mathematics and Design of
Algorithms.
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Puzzle 1: Akbar, Birbal and closed rooms

The rules

There are 100 rooms numbered 1 to 100.

There is a room with 100 gold coins in it, say room numbered x.

If room x is opened, then you can take 100 coins.

If room y such that y < x is opened, then you pay 1 gold coin.

If room y such that y > x is opened, then you pay 40 gold coins.

Farmer does not know x.
What is the maximum number of coins he can take home?
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all cells from k + 1 to n are defective.
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A more realistic situation

Detecting defective memory cells

Module A l DORZ 14 ECC-DIAM Module B ) oz ks EGCOMY

In an array of n memory cells, there is a cell k such that
all cells from k + 1 to n are defective.

The processor does not know k.
Every time it accesses a defective cell, it crashes.

Find k with at most 2 system crashes.
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(B —®
ORRO,

Then M = {(dl,Xl)}.
But the maximum matching is {(d1, x2), (d2, x1) }.

Can it always satisfy half of Akbar's requests?

Every edge added in M can leave out at most two edges of the
maximum matching.

Indeed it can!
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Some questions and take back message

Some questions

Can Birbal serve more than 1/2 franction of all the dishes requested
by Akbar?

Beyond what fraction of requests can never be served?

Take back message

To create a company like Google, know your graph theory!
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Akbar, Birbal and the farmer ...

story continues

The rules
There are 100 doors arranged as shown.
Opening each door costs 1 gold coin.
Each door has a hidden number on the inside.

As soon as you find a door such that all its neighboring doors
have numbers smaller than it | will give you 100 gold coins.

What is the maximum number of gold coins farmer can win?
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How much can Birbal help?

Opens each door row-wise from left to right

22/27



How much can Birbal help?

Opens each door row-wise from left to right

The farmer may end up with O coins.

22/27



How much can Birbal help?

Opens each door row-wise from left to right
The farmer may end up with O coins.

The last entry checked by the farmer may be the largest.

22/27



How much can Birbal help?

Opens each door row-wise from left to right
The farmer may end up with O coins.

The last entry checked by the farmer may be the largest.

13

14

15

16

9

10

11

5

6

7

1

2

3

22/27



How much can Birbal help?

Opens each door row-wise from left to right

The farmer may end up with O coins.

The last entry checked by the farmer may be the largest.

Divide and conqure with respect to the middle row

22/27



How much can Birbal help?

Opens each door row-wise from left to right

The farmer may end up with O coins.

The last entry checked by the farmer may be the largest.

Divide and conqure with respect to the middle row

22/27



A simpler situation
Doors arranged in a row (instead of on a grid)
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A simpler situation
Doors arranged in a row (instead of on a grid)

To find a local maxima

Open the middle door and two doors adjacent to it.
If this detects a maxima, then done.
Else say left door has a higher number.

There must be a maxima to the left of the middle door. So recurse.

How many gold coins can we win?
100 — log,(100) ~ 93
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Some questions

Doors arranged on a grid

How many coins can the farmer win?
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Some questions

Doors arranged on a grid
How many coins can the farmer win?

If n? doors are arranged on an n x n grid, then as a function of n,
how many coins can the farmer win?
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More realistic situations

Given a terrain locating water bodies
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More realistic situations

Given a terrain locating water bodies
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The heights denote the numbers in the grid.
Very likely to find water in local minima.

Heat maps of a region

Heat maps of Goa and where to set up your ice cream stall today?
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Thank You!
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