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Communication Complexity

What is the minimum amount of space we can compress the solution of an (approximate)
pattern matching instance?

Solution: Occ(P, T), Occ}(P, T) or Occf (P, T)
Can be modeled through a protocol:

Alice » Bob

One-way protocol

@ Alice receives a @ Alice compresses @ Alice sends @ Bob needs to
PM instance. the input. compressed data to reconstructs the

Text T, Pattern P, Bob. output of the
Threshold k instance.

Set Occt (P, T)

Communication Complexity = “minimum bits to send to Bob”
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Alice needs to send to Bob the set Occ(P, T) = {3,6,9,12}
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PM with edits k3 log(m|X|) [CKW20]
PM with edits k log mlog(m|X|) klog(m/k) [KNW24]
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Alice sends to Bob (at most = k - log m - log(|X|m) bits):
1. A set S of alignments of cost < k of P onto fragments of T. «— What can Bob infer from S?

2. Some additional charactersin P and T.

01234567 8 910111213141516 01234567 8 910111213141516
N AT
ababbabaabb ababbabaabb
0123456738910 0123456738910

.A1 -AZ

1. Bob receives S = {A1, A2}.
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Alice sends to Bob (at most & k - log m - log(|X|m) bits):
1. A set S of alignments of cost < k of P onto fragments of T. <— What can Bob infer from S?
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o
o
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N
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9/13



Alice sends to Bob (at most & k - log m - log(|X|m) bits):
1. A set S of alignments of cost < k of P onto fragments of T. <— What can Bob infer from S?

2. Some additional characters in P and T.

Ts = 2071727324%071727372%71 7%

Ps = 7071727374771 72

1. Bob receives S = { A1, A>}.
2. Bob constructs an inference graph Ggs and looks at the connected components.

3. Constructs Ps and Ts from P and T by only retaining characters in black components.

Ps and Ts are periodic. Period = # of black bomponents.

9/13



Alice sends to Bob (at most & k - log m - log(|X|m) bits):
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Alice sends to Bob (at most & k - log m - log(|X|m) bits):
1. A set S of alignments of cost < k of P onto fragments of T. «— What can Bob infer from S?

2. Some additional charactersin P and T.

Ts 012345678012345678012345678012345678012345

Ps 012345678012345678012345
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Alice sends to Bob (at most & k - log m - log(|X|m) bits):
1. A set S of alignments of cost < k of P onto fragments of T. «— What can Bob infer from S?

2. Some additional charactersin P and T.

Ts 012345678012345678012345678012345678012345

T b01234567820123b4567801232a45678a0123456780122a345
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P 2a0123456780123bb4a56780123a45
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Alice sends to Bob (at most & k - log m - log(|X|m) bits):
1. A set S of alignments of cost < k of P onto fragments of T. «— What can Bob infer from S?

2. Some additional charactersin P and T.

Ts 012345678012345678012345678012345678012345

T boﬁ2345678a0123b456786123aa45678ab12345678h12a345

T0 T1 T2 73 T4
Ps 012345678012345678012345
P 2a20123456780123bb456780123245
70 1 T2
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Alice sends to Bob (at most & k - log m - log(|X|m) bits):
1. A set S of alignments of cost < k of P onto fragments of T. +— What can Bob infer from S?
2. Some additional characters in P and T.
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Alice sends to Bob (at most & k - log m - log(|X|m) bits):
1. A set S of alignments of cost < k of P onto fragments of T.

2. Some additional charactersin P and T.

® Consider an arbitrary fragment T[t..t") such that ED(P, T[t..t')) < k.

t t/
T L L Ll L Ll L L L1 L 1
I ; | | LILILILI | | LILJ l; | | LI n 1
70 | 1 T2 T3, T4 Ts
| |
| |
| |
P T __ —— ———
o m 2
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Alice sends to Bob (at most & k - log m - log(|X|m) bits):
1. A set S of alignments of cost < k of P onto fragments of T.

2. Some additional charactersin P and T.

® Consider an arbitrary fragment T[t..t") such that ED(P, T[t..t')) < k.
® Compute A = period offset.

A /
t — t
T ——+—-—1 —F i - — |
To . T T2 T3, T4 Ts
P H—+ 1+
o m 2
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® Compute A = period offset.

T —HHt

Case A > k (large)
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Alice sends to Bob (at most & k - log m - log(|X|m) bits):
1. A set S of alignments of cost < k of P onto fragments of T.

2. Some additional charactersin P and T.

® Consider an arbitrary fragment T[t..t") such that ED(P, T[t..t')) < k.
® Compute A = period offset.

T —HHt

Case A > k (large) = if X is added to S, the # of black components at least halves.
N.B. We can assume no such alignments exist. ~ Communication cost = O( |S| -k - log(m|X]))
—~—
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® Compute A = period offset.
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Alice sends to Bob (at most ~ k - log m - log(|X|m) bits):
1. A set S of alignments of cost < k of P onto fragments of T.

2 Some additional characters in P and T

® Consider an arbitrary fragment T[t..t") such that ED(P, T[t..t")) < k.
® Compute A = period offset.

T I I

P H—H H—1— H —i1—

encoding cost &~ same cost of what we encoded in 1.
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Alice sends to Bob (at most ~ k - log m - log(|X|m) bits):
1. A set S of alignments of cost < k of P onto fragments of T.

2 Some additional characters in P and T

® Consider an arbitrary fragment T[t..t") such that ED(P, T[t..t")) < k.
® Compute A = period offset.

T

encoding cost &~ same cost of what we encoded in 1.

Case A < k (small) = an optimal alignment P ~» T[t..t') matches characters in the same
uncovered black components.
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Improved Construction (Intuition)

Key intuition:

While adding “uncaptured” alignments, we can do better than adding the whole alignments:
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Improved Construction (Intuition)

Key intuition:
While adding “uncaptured” alignments, we can do better than adding the whole alignments:

When Ps has 2/ period occurrences we can add a subset of the alignment of cost ~ k/2'.

Challenge 1: Now S contains alignments of fragments of P onto fragments on T.
Challenge 2: Arguments become very tricky because some cyclic dependencies.
Challenge 3: For each alignment we send Q(log m) bits, this is a problem when S grows to size w(k).

When this happens we: P and T are periodic in a stronger sense (in the sense of [CKW20]), and that
in such case we can construct S of size 3.
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Thanks!



