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History

First posed in Foundation Of Computer Science - FOCS 1980

Algorithms & Theory of Computation book has an algorithm( non-
optimal)

Several variations were studied.

My paper, published in Arxiv.org (May 2004 ) — First paper to study the
general variant solution using Dynamic Programming.

https://arxiv.org/abs/cs/0405110

Mathematics Magazine — "The Egg-Drop Numbers’ — Vol. 77. No . 5
(Dec., 2004), pp. 368-372. possible independent study with rigorous
formal proof.

Several sites with solution — Applicability? Not realized, as much!

is ...Borrrrrring...ZZZ77...C Nn{NaN} Anyone? 2



A decelvingly simple Puzzle

= Building with n floors. Given k glass balls, find the lowest floor
from which if you throw, a glass ball breaks. Glass balls being
uniform in physical properties. Let m be minimum number of
tries. Let L be the index of such a floor.

= Variant is Eggs instead of Glass

= Famous CS interview question for k = 2 at Borland- in.the 90s to
join Delphi/Turbo Pascal Group!

* Mathematical Magazine Dec 2004 paper contains rigorous
proof. Title : “ An Egg-drop problem™ !

Yeah! The real puzzle is to Optimize Definitions first,
before running Theorem mills...



Main Result

8n+1-1

sFork=2,m= IS well known.

= Main Result :

Psst : is it Prime? yes Linear...Centauri Prime :-) 4



Proof for k =2

* Proof using simple counting!

*Let {py, p,,p3 ... 0, - DE the final set of floor indices where an
attempt is made. Assuming, L exists and p, = 0.

= Assume the ball did not break until p;_; . Next attempt at p; the
ball breaks. There are m —i attempts left, p; - p,_; — 1 floors
left, 1 ball left. Therefore, m —i =p;, —p;_; — 1

= Note that When p,,, is the last floor, Total no. of floors - which is
simply all the probed floors & floors between them i.e. n =m +
mopi —pi-1 — 1 =m(m+ 1)/2 applying previous eqn.
8n+1-1

From which we get S

Even simpler proof! Run your incomplete paper as
Prompt for ChatGPT LLM!



Proof for any positive k

= Proof using dynamic programming!

= Suppose (p¢, p,, p3 --- P | e the final set of floor indices where an
attempt is made. Assuming, L exists and p, = 0.

= Suppose there exists a function P:Z*X Z* - Z™ s.t.
Pimk)=n>P(m—1,k) and
P(0,i) = 0 = P(i,0)

The maximum value of this function, using dynamic programming
principles of optimal sub-problem, is .

Pmk) =m+ X2 'PG, k-1
( Interesting variationis P(m, k) =m + [[27;"P(i,k—1))

OOPS! ChatGPT completed my paper! | Swear! 6



Proof for any positive k contd...

*So,Plm—1,k) =m—1 + Y"7*Pli,k—1
Subtracting, we have the familiar,
Pmk =1+Pim—-—1,k)+Pim—1,k—1
a non-irreducible Solution is, 7
P(m, k) = Z m
(m, k) 2. ()
No Closed form!

It's close alright!...ChaptGPT completes my paper!
Hmmmm...What Exactly is my Math, Then?




So, for k=2
() =(D)+(3)

Just set this equal to n. Solve for m

m! e m(m-—1) m(m+1)
(m—1)! = G L e S

= n, same as before!

If Kk =m, We have now,

> (== Y () (5)-n+

which means m = log,(n+ 1). Son —» oo,m - log,(n + 1)
The Ubiquitous Binary Search for k = m and above!

Psst : Or Wolfram Alpha solve your polynomial




So, which floors to try?

In the worst case a glass ball will break at a floor ‘before’ the first
floor we try p,... We use that fact to find p;.

pr—Po—1=Pim—1,k—1
=1
sp=1+3i (M)
Then on, p; is dependent on whether the ball broke at the
previous floor tried or not.
4 pi_1+1+ Pm—l,k—l 4
by pi_1+1+Pm—1,k
Floor has a ceiling? May be there is no ceiling, or only

Ceilings. Open , Closed ,Spaces.. sets...\Whatever!
Topological matters!



Examples for k=3, 4, 5

3% WolframAlpha

real roots of (M choose 1) + (M choose 2) + (M choose 3) = 100

3% NATURAL LANGUAGE | fy MATH INPUT

i/5(540+\/291615| Y

32'(

i/a(s«n V91615

Approximate form

v Ste

3% WolframAlpha

real roots of (M choose 1) + (M choose 2) + (M choose 3) + (M choose 4) = 100

¥ NA L LAN [0 MATH INPUT f EXTENDED KEYBOARD  §3% EXA

Input interpretation

solve (‘Y)+[

Results More digits | = Exact forms v Step-by-step solutior

M~ -6.2825

M =~ 7.0382

Psst: Ahem!, I...However have a bunch of eggs & NaNs
©

MATHEMATICAL ASSOCIATION OF AMERICA

#}WolframAlph

‘ real roots of (M choose 1) + (M choose 2) + (M choose 3) + (M choose 4) + (M choose 5) = 100 =] ‘

£ NATURAL LANGUAGE | [g MATH INPUT £ EXTENDED KEYBOARD 4% EXAMPLES 4 UPLOAD 4 RANDOM

Input interpretation

o (13232

Result @ Enlarge % Data @ Customize A Plain Text
M =~ 6.72629

Plot

Number line




Quick look at the Polynomial-in-hand

- m
Z ( j )=n
Jj=1
For Larger n, Note integral coefficients...
We see Diophantine equations, binomial symmetry..
Are there real roots? Is it Solvable?
Not sure for your n or m or k?

Galois Theory applies & attempt to see if there is a solution,
possibly ! Approximate algorithms may work as well..

Oh! I'll throw one & Who wants to catch it from the Gal(

group)? 11



Variations and Extensions

You may know m, k but not n etc. Clearly two entities must be known.

n varies with time or depending on result on a floor you change n (
Network loading )

Continuous scenario. What if height of each floor ‘dx’ is infinitesimal?
Then n — oo. Binary search is the way...

Balls, meaning of ‘glass breaking’ is ‘loosely defined’ for enough
applications.

e.g. ignore some floors if glass breaks f;, f, etc. there are some spare
balls those floors!. Break condition is if > something or less than etc.
Leading to applications...

Catcher in the..., name thy floor! 12



Applications, A lot!
Here is Four more besides Network Loading...

Real Blackhole Event Horizon advance measure...

Data stream with long sequence of Os starting ‘somewhere’ and
Os after.

Malicious ‘Node’, eating Web Crawlers — called Blackholes, in
Byzantine Networks

Minima search in Convex models

One egg better be caught! That will be thrown from a real
Blackhole ©

13
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This One, to be precise, throws Cosmic eggs ©




DataStream with infinite stream of Os

Data stream looks like this..

10111111111110110111..... ..

Algorithm:

Index of Some start bit s that was set is known...and some n’th bit
after is 0. We want to find out the of the Os

We want to set say, n = 100000 Break condition. No more than m
tests/sampling.

Break condition : At p;_, if bitis not set (0) calculate p;. If bit is set
s=p,_1. Calculate p, again. Etc.

........ 000000......000000001..Caught it! 15
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Oh. The Great Eater!
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Learns to eat Machines ©
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Thank You!

Psst: | caught one you know, a bit shakily ! Bye now 18
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