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E(X) y=E(X) + errors
ﬁ
NOTE: Throughout

this talk: errors are
‘adversarial’!

x € {0,1}" X = D(y)
State of art:  |E(X)| = Oeg(n)  Og¢(1) size alphabet
D(y)=x, if (1/2-€) errors
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Aside

® How to compress interactive
communication? - Applications to hardness
amplification.
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Error Correction

First attempt: use code for each round of
communication.

Adversary can corrupt single round
completely, to ruin entire outcome. If

#rounds is W(l), subconstant fraction of
corruption.
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as long
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Our Results
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Jumping Over Errors

Goal: find the red-blue

Party | path despite errors: Party 2
(knows even : (knows odd
transmitted symbols may
edges) edges)

be corrupted.

. Solve this, and you get .

results for every protocol!
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Jumping Over Errors

A T

Plan

|. Solve the problem with huge alphabet
2. Solve the problem with reasonable alphabet
3. Solve the problem with constant sized alphabet




Alphabet: each symbol represents distinct edge (size 2")

Protocol for Party |
A: edges announced by Player |

B: edges announced by Player 2

Repeat: Announce the edge that
extends path in AuB, if such an
edge exists. Else send NULL.
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Protocol for Party |
A: edges announced by Player |

B: edges announced by Player 2

Repeat: Announce the edge that
extends path in AuB, if such an
edge exists. Else send NULL.
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d-ary Tree Codes
[Schulman]

* Edges labeled by symbols from
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e Distance = 1-€ means for
every U,V at same depth
A(a,b) > (1-€) |a]

d = did2...ds
b = bib>...bs
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d-ary Tree Codes

e Distance = 1-€ means for
every U,V
A(a,b) > (1-€) |a]
*  alphabet of size dO(1/¢)
enough!

Using Tree Codes

path to u ANENH&E(
Party | > Party 2

d = did2...ds
b = bib>...bs
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d-ary Tree Codes

e Distance = 1-€ means for
every U,V
A(a,b) > (1-€) |a]

alphabet of size d°(/¢)

enough!
Using Tree Codes
path to u A& HE(
Party | > Party 2
a = a122...38 If v is decoded instead of u,

b = biba...bs :
#errors in last |a|

transmissions must exceed

(1-g)]al/2
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Distance = 1-€, Depth O(n/g).d = 2"
Vertex at depth k = set of at
most k edges.

Protocol for Party |
A: edges announced by Player |

B": decoding of edges

announced by Player 2
Repeat: Send edge that J AN
extends path in AuB’, if PR O ¢
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Distance = 1-€, Depth O(n/g).d = 2"
Vertex at depth k = list of at

most k edges.

Protocol for Party |
A: edges announced by Player |

B": decoding of edges
announced by Player 2

Repeat: Send edge that
extends path in AuB/, if
possible.
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Distance = 1-€, Depth O(n/g).d = 2"
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Distance = 1-€, Depth O(n/g).d = 2"
Vertex at depth k = list of at
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Distance = 1-€, Depth O(n/g).d = 2"
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Distance = 1-g, Depth O(n/€).d = 2" I J Tree C()de

Vertex at depth k = list of at N

most k edges. H
Protocol for Party | ; T
A: edges announced by Player | ) S R 6
B": decoding of edges E T ANINSAT 20 ININZ
announced by Player 2 : QU= IN
Repeat: Send edge that 5 Y B H O O B e
extends path in AuB/, if gojogoyeyvlojoyefoloygeyefulole
possible. OPP O DR LR RS R R BT

Wednesday, January 18, 12



O O §bd

Vertex at depth k = list of at
most k edges.

Distance = 1-g, Depth O(n/€).d = 2" I J Tree C()de

Protocol for Party |
A: edges announced by Player |

B": decoding of edges

announced by Player 2 ' N N IR27 R N IRs2r
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Vertex at depth k = list of at N

most k edges. H
Protocol for Party | ; 73
A: edges announced by Player | o)yofslogeyexeye
B": decoding of edges E . N 4\ I\
announced by Player 2 : NN AN\ ]! lA AN
Repeat: Send edge that 5 Y B H O O B e
extends path in AuB’, if TRR OO0 SO OSSO &
POSSibIe. E L iSe77 1 \."*r. 1 -'3:’.' m N S \"\

Wednesday, January 18, 12



" ’ ‘ ; B’

O O §bd

Distance = 1-g, Depth O(n/€).d = 2" I J Tree COde

Vertex at depth k = list of at N

most k edges. H
Protocol for Party | ; 73
A: edges announced by Player | Jofelogoyeyete
B": decoding of edges E /AN INSAT 40 N
announced by Player 2 : AN IINIBZL AN lA { 5
Repeat: Send edge that 5 Y B H O O B e
extends path in AuB/, if gojogoyeyvlojoyefoloygeyefulole
possible. OPP O DR LR RS R R BT

Wednesday, January 18, 12



" ’ ‘ ; B’

O O §bd

Distance = 1-g, Depth O(n/€).d = 2" I J Tree COde

Vertex at depth k = list of at N

most k edges. H
Protocol for Party | ;
A: edges announced by Player | yofelogeyoyele
B": decoding of edges E NNV Z &N, .
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Distance = 1-g, Depth O(n/€).d = 2" I J Tree COde

Vertex at depth k = list of at N

most k edges. H
Protocol for Party | ; o & ¢
A: edges announced by Player | Jofologoyoyele
B": decoding of edges E AN NS 20 NI
announced by Player 2 : /IN I\ 1/
Repeat: Send edge that 5 @ S H O OO G O @
extends path in AuB’, if PR OO0 S DO O DO ¢
possible. OO O RRY R KRS K KRy
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Distance = 1-€, Depth O(n/g).d = 2"
Vertex at depth k = list of at

most k edges.

Protocol for Party |
A: edges announced by Player |

B": decoding of edges
announced by Player 2

Repeat: Send edge that
extends path in AuB/, if
possible.
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Vertex at depth k = list of at N
most k edges.

Distance = 1-g, Depth O(n/€).d = 2" I J Tree C()de

Protocol for Party | SdoOn

A: edges announced by Player |: PO PR O OO

B’: decoding of edges P AR Rs 7 R
announced by Player 2 NN /I NI AN (INBSZT
Repeat: Send edge that . “ ', l :
extends path in AuB’, if BRSOV OO0 O BO0
possible. ORRP AN 25 5 18 1 R KRy
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Vertex at depth k = list of at N
most k edges.

Distance = 1-g, Depth O(n/€).d = 2" I J Tree COde

Protocol for Party | SdoOn

A: edges announced by Player |: D RPR OO0 E

B’: decoding of edges P AR Rs 7 R
announced by Player 2 /N INRZ /IR NI 2P N2t
Repeat: Send edge that . ’, “
extends path in AuB/, if ooy oY . D P RR &
possible. ORRP AN 25 5 R AR ey
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Vertex at depth k = list of at N
most k edges.
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A: edges announced by Player |: D RPR OO0 E
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Vertex at depth k = list of at N
most k edges.

Distance = 1-g, Depth O(n/€).d = 2" I J Tree COde

Protocol for Party | b ow

A: edges announced by Player |: Joysleygoyoyete

B": decoding of edges P RN RIRRZT
announced by Player 2 NN 7 N 28 NS /1
Repeat: Send edge that : “ ', “ s
extends path in AuB’, if fologoyoyoyoys sy yeys LY |
possible. OR B9 R BT Wi R R R
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Vertex at depth k = list of at N
most k edges.

Distance = 1-g, Depth O(n/€).d = 2" I J Tree COde

Protocol for Party | SdoOn

A: edges announced by Player I DO PR O OO

B’: decoding of edges P RINRAT R
announced by Player 2 AN IINISZT A\ (INIBZT AN(INST T
Repeat: Send edge that Yy TR
extends path in AuB’, if BRGSOV OTD0 O SR ¢
possible. 0O RO QWO L& .
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Open Problems

® Explicitly encodable and decodable Tree
Codes!? (This would make everything
explicit). poly(n) alphabet possible [EKS]

® What if error rate is bounded per party,
not globally?
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