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ࡦ ðǩȝʞȋʉŒȣƟȴʞɻȋˈ ǊʞƟɻɻ Ɓȴȋȴɫ ȴǇ ʉǞƟǩɫ ȴʿȣ ǞŒʉ
ȴɫ ɠŒɻɻ



o˺ϫ c˺Γ̺

ࡦ æƟƌ Œȣƌ #ȋʞƟ ǞŒʉɻ ŒɫƟ ɠȋŒƁƟƌ ɫŒȣƌȴȝȋˈ Œȣƌࢍ
ǩȣƌƟɠƟȣƌƟȣʉȋˈࢎ ȴǞ ǊȣȴȝƟɻࢪ ǞƟŒƌɻ

ࡦ DŒƁǞ ǊȣȴȝƟ ɻƟƟɻ Œȋȋ ǞŒʉɻ ƟˇƁƟɠʉ Ǉȴɫ ʉǞƟǩɫ
ȴʿȣ ȴȣƟ

ࡦ £ȴ ƁȴȝȝʞȣǩƁŒʉǩȴȣ࡭

ࡦ ðʉɫŒʉƟǊˈ ɻƟɻɻǩȴȣ ŷƟǇȴɫƟ ʉǞƟ ɻʉŒɫʉ

ࡦ ðǩȝʞȋʉŒȣƟȴʞɻȋˈ ǊʞƟɻɻ Ɓȴȋȴɫ ȴǇ ʉǞƟǩɫ ȴʿȣ ǞŒʉ
ȴɫ ɠŒɻɻ



o˺ϫ c˺Γ̺

ࡦ æƟƌ Œȣƌ #ȋʞƟ ǞŒʉɻ ŒɫƟ ɠȋŒƁƟƌ ɫŒȣƌȴȝȋˈ Œȣƌࢍ
ǩȣƌƟɠƟȣƌƟȣʉȋˈࢎ ȴǞ ǊȣȴȝƟɻࢪ ǞƟŒƌɻ

ࡦ DŒƁǞ ǊȣȴȝƟ ɻƟƟɻ Œȋȋ ǞŒʉɻ ƟˇƁƟɠʉ Ǉȴɫ ʉǞƟǩɫ
ȴʿȣ ȴȣƟ

ࡦ £ȴ ƁȴȝȝʞȣǩƁŒʉǩȴȣ࡭

ࡦ ðʉɫŒʉƟǊˈ ɻƟɻɻǩȴȣ ŷƟǇȴɫƟ ʉǞƟ ɻʉŒɫʉ

ࡦ ðǩȝʞȋʉŒȣƟȴʞɻȋˈ ǊʞƟɻɻ Ɓȴȋȴɫ ȴǇ ʉǞƟǩɫ ȴʿȣ ǞŒʉ
ȴɫ ɠŒɻɻ



o˺ϫ c˺Γ̺

ࡦ æƟƌ Œȣƌ #ȋʞƟ ǞŒʉɻ ŒɫƟ ɠȋŒƁƟƌ ɫŒȣƌȴȝȋˈ Œȣƌࢍ
ǩȣƌƟɠƟȣƌƟȣʉȋˈࢎ ȴǞ ǊȣȴȝƟɻࢪ ǞƟŒƌɻ

ࡦ DŒƁǞ ǊȣȴȝƟ ɻƟƟɻ Œȋȋ ǞŒʉɻ ƟˇƁƟɠʉ Ǉȴɫ ʉǞƟǩɫ
ȴʿȣ ȴȣƟ

ࡦ £ȴ ƁȴȝȝʞȣǩƁŒʉǩȴȣ࡭

ࡦ ðʉɫŒʉƟǊˈ ɻƟɻɻǩȴȣ ŷƟǇȴɫƟ ʉǞƟ ɻʉŒɫʉ

ࡦ ðǩȝʞȋʉŒȣƟȴʞɻȋˈ ǊʞƟɻɻ Ɓȴȋȴɫ ȴǇ ʉǞƟǩɫ ȴʿȣ ǞŒʉ
ȴɫ ɠŒɻɻ



o˺ϫ c˺Γ̺

ࡦ æƟƌ Œȣƌ #ȋʞƟ ǞŒʉɻ ŒɫƟ ɠȋŒƁƟƌ ɫŒȣƌȴȝȋˈ Œȣƌࢍ
ǩȣƌƟɠƟȣƌƟȣʉȋˈࢎ ȴǞ ǊȣȴȝƟɻࢪ ǞƟŒƌɻ

ࡦ DŒƁǞ ǊȣȴȝƟ ɻƟƟɻ Œȋȋ ǞŒʉɻ ƟˇƁƟɠʉ Ǉȴɫ ʉǞƟǩɫ
ȴʿȣ ȴȣƟ

ࡦ £ȴ ƁȴȝȝʞȣǩƁŒʉǩȴȣ࡭

ࡦ ðʉɫŒʉƟǊˈ ɻƟɻɻǩȴȣ ŷƟǇȴɫƟ ʉǞƟ ɻʉŒɫʉ

ࡦ ðǩȝʞȋʉŒȣƟȴʞɻȋˈ ǊʞƟɻɻ Ɓȴȋȴɫ ȴǇ ʉǞƟǩɫ ȴʿȣ ǞŒʉ
ȴɫ ɠŒɻɻ



īͮΗΗͮΗ͞ +ΧΗ̭ͮϫͮΧΗϡ
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All gnomes are released

All gnomes are executed

Max push they'm
released



First Attempt

Avow how w

RED PASS PASS

000 RO W
ooo r w fine new
00 R W

f
i'is

RPP L
RPP L

w p 4 8 112



Better Optimal Strategy

Each genome

PASS
PASS

1 23 wrong guesses
000 L
oooo PPD W
ooo p P W

o o o p p W
ooo p p w6aMnesYnneu600PP.w

O G o p p W
O U O wrong guesses

win w p
68 314

6 connect guesses
6 w neng guesses



EE Ewan

I'll guess
BLUE

his guess is connect

This gregg is wrong a

In enemy stmatege

H conueet H u.me

In naive Stu we evenly spread
U connect and 4 w ng guesses
In opt stn sp 6 connect

guesses coup 6 wiring guesses



Optimality
Assume WIN in 7 cases

ooo C Must have
6 0 O C 7 wrong guesses
00 C dont

0 O O C

FEE

0 G o C case

0 6 0

Contradiction 6 is maximum



Generalizations
011

Input c 50,133

Two strings from 0,133 ane close

if they the same staring on differ
in one position
0 I 0 01 I close
0 l l Cl close

Olloooanemoter
Pick a set of BAD inputs BE

0,133

pnerenuethgef.tl ngfaemeol33ischfeT

to exactly one string f nom B

EI 13 00 0,11
Staring 000 is close 000

Every string in one 1 is close to 000

eyes mini assistant



Given 13 Strategy for 3 gnomes
set they lose only if the inputEB

w Ew Ew
She knows input is

either 007
4 O 7

If none of Theinputs is BAD EB
PASS

Ife mis BAD EB

then she makes the opposite guess

sees 00
Guesses 900



Proof that we lose only in

BAD cases EB

Tin if input d B

B 000 111

input EB
s close 11 I

in DOM WIN
0 7 PASS
on PASS

we win in 8 1131

Prop we win 811318
For tame gnomes 1131 2

we win f 2g



For any of gnomes n

if we have set B s t

every string 0,13
is chose to exactly one

stuing from B
then we have strategic
that wins in all inputs EB

Beit

Every stning from B
s hz

S is chose to s
Se Sz s Sy are chose to S

T.IT YfgIh7Ifszn lBl.Cntll

i i
htt 2K n 2K f
3 22 I 7 23 y

Sach n
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߾߽߽߾߾߽߽
߽߽߾߾߾߾߽
߽߾߽߾߾߽߾
߾߾߾߾߾߾߾

set B for 7 gnomes
You can check enemy 90,137 is close to exactly
one of these 16 strings

1010010
E each of 128 strings from 90,137



If there are 7 gnomes then

they ill lose only in 16 cases

Win 128 16 cases

They win w p 2fI
t Z

n 2 1 gnomes lose in

1131 21
nel

win 2
2

win w p

I I
ne l

Tn
I

E g n 3 Ig
htt 718
n 1023 10231024
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I LOVE
YouYeti

f

v
h

E G ego

oo 9939
i It

i



She decodes because enemy staring

f men 0,133 is close to antigone
encoded message

a
B 000,1113
B puepenty every shrine from 0,133

is close to exactly one string f nom B

I want to encode one of 16 us 4 bits

I just send one of these

Enery gluing from 90,137 is close to only
one of the IG strings

Econ connecting code

Hamming code exists for enemy n K I

7



ċȋŒȝࢪɻ ßɫȴŷȋƟȝ

7



I chose a nun hen from 7 163

You can ash any YESINO questions

guess my number

How many questions do you need

Binary search 4 logan

Ulam's game 7 263

I'll lie c 1 the

Naive strategy
8 Y
ES N
s

EIGIL 9guestions
2 Y
E
El T
El N
El Y



7 questions using Hamming Code l

16 numbers

I

i

1 What's the finest hit of Youn mm hen

mapped
Z 2nd hit

i

7 7th hit

Is t1
Tj

Is your number C 3,47 8,11 12 15,163


