
 

Doubling Method Chrobak Kenyon Survey
Use geometrically increasing estimates on OPT to

produce fragments of ALGO's son

Cow Path Problem
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Given A cow faces a fence infinite in both directions
There is a hole in the fence at an unknown
distance u may be on left or right
Goal Cow needs to find the hole minimizing
the traveled distance

OPT u Optimal offline algo knows exact
distance left right location

Online strategy is tricky

DC Deterministic Cow Algo
idea Gradually increase the explored internal

of the fence
Go do distance to the right
come back to Origin go left for da

go right for dz
continue till the hole is found
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where dk z C U Idk

C R DC 2 IE di tu u
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Worst case when u dy z te

How to choose di's
Additive Multiplicative
large factor small factor

Doubling trick Take di 2

C R I 2 dot dit da
dy z t E
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Many variants
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star graph w paths
Best strategy w 2 doubling

W 3 32 factors di Ej
As w increases di gets smaller

c r E it 2 It at 2ecw 1 thx

Power of randomization

There can two mirroring algo one

starts to left one to right
Choose each W P Yz
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E ALGO I Total cost
on left

Total cost
on right

I 2 1 2 2k 2 I 2 2k 2 67

2k i 2k I re where u 2K Z E

C R E 2k 34 24 22 2k 2 2 E
x y
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so with just one random bit we obtain 7 from 9

In what can u do with a bits of randomness

A more complicated randomized ago
Let 263.591 be son of rent 2 1

Algo chooses some 2 2 where X V 0,17

de 4 2h 4.591 CR
t

random start jump size
j 2



Online Bidding
We face an unknown target u

Online Algo submits a sequence do idk of
bids until one is u

do C d c C da C U Idk

c R may
do dit day

u

IntuitivelyDeterministic Doubling di 22
last bet

a

2 lost in

c R It 2 t 2k
2 u lost in
sum till now

Theorem There is no det algo with C R 4 4 0

for 070
We'll prove it by contradiction

Let cost after i steps
si dot dit di

let y Sig I fordoubling this is 22

As C R I 2 say Kent I i e In u s Intl

Hence Snf E d f UE Cdn dnt

Sn E 2 dnt E a d In by taking u date

Sign a In a snj xn s i f



Now X 272 24 470 I X E V4

Plugging X Yn i we get Yn E Y n n 214

If I 441 m Decreases by a

constant factor

Hence after sufficiently many steps yn 7

yn a Sn C Sn t f contradiction

POWER OF RANDOMIZATION

Select X V 0,17

Bids do ex ay ext k
Random beginning ex
Jumpsize e
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Proof of claim IE din e l

Note for doubling dku 2

Take u e P E ext k cept

P E X k Cp 1 Note K is also a RV
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