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Chain-Letter Petitions

Sent 20 February 2003, retrieved from G.W.B. Presidential Library

∼ 3.5m emails
∼ 170k signers

(Chierichetti, Kleinberg, &
Liben-Nowell 2011)
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Reconstruction

Central Question

Can we reconstruct the propagation tree from signature lists?
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Challenge: Mutations

People are bad at copy-paste.

1 Substitution

Alice
Bob
Carl

−→
Alice
Eve
Carl

2 Insertion

Alice
Bob
Carl

−→
Alice
Bob
Eve
Carl

3 Deletion

Alice
Bob
Carl

−→
Alice
Carl

Character-level:
Carl → Carol, Alice → Alyce

All present in the Iraq War petition
(Liben-Nowell & Kleinberg 2008)
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Reconstruction with Mutations
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Key chain letter features

1 One-ended growth

2 Divergence

3 Mutation with inheritance
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Summary of Contributions

1 Formal definition of chain letter reconstruction problem

2 NP-hardness proof

∗

3 Efficient optimal solution for two lists

4 Fixed-parameter tractable: poly-time algorithm for O(1) lists

∗

5 Fast heuristic for arbitrary number of lists

6 Experimental evaluation on synthetic data

∗ see paper
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Outline

1 Introduction

2 Problem Definition

3 Reconstruction Algorithm

4 Results
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Problem Definition, Informally

DSSSP (Diverging String Sequence Summarization Problem)

Given diverging string sequences:
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Find best summary tree:
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Measuring Representation Accuracy
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Allowed operations:

1 Insert string into x

2 Substitute string

Costs using Levenshtein ED
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Minimizing Redundancy
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Problem Definition, Formally

DSSSP

Given diverging string sequences x1, . . . , xm and node cost λ, find tree T
that minimizes

errλ(T ) =
m∑
i=1

AED(xi , labelseqT (xi ))︸ ︷︷ ︸
loss

+ λ · |T |︸ ︷︷ ︸
regularization
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Two sequences: dynamic programming

Two string sequences x , y ; align xi ... and yj ...

EDG(i , j) = min



EDG(i + 1, j + 1) + λ+ ED(xi , yj) (substitution)
EDG(i , j + 1) + λ+ ED(ε, yj) (insertion)
EDG(i + 1, j) + λ+ ED(xi , ε) (deletion)
λ(|x | − i + 1) + λ(|y | − j + 1) (give up)

substitution insertion deletion give up

xi or yj

align xi+1..., yj+1...

yj

align xi..., yj+1...

xi

align xi+1..., yj...

xi+1

xi+2

.

.

.
x|x|

yj+1

yj+2

.

.

.
y|y|

Theorem

This produces an optimal two-sequence DSSSP solution.
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Algorithm for more sequences

Theorem

DSSSP is NP-hard with an unbounded number of sequences.

Idea: progressive alignment (Feng & Doolittle 1987)

Repeatedly merge pair of sequences that diverges last

Alice 
Carl 
Eve

Alice 
Bob 
Carol 
Dan

Alice 
Bob 
Carl 
Frank

x1 x2 x3

All pairwise EDG 
alignments Alice  

Bob 
Carol 
Dan

Alice  

Carl 
Eve

= 
< 
= 

Alice  
Bob 
Carl 
Frank

Alice  

Carl 
Eve

= 
< 
=

Alice  
Bob 
Carl 
Frank 

Alice  
Bob 
Carol 
Dan

= 
= 
=

x1, x2 x1, x3 x2, x3

Merge prefixes 
of x2, x3

[Alice, Alice] 
[Bob, Bob] 
[Carol, Carl]

Alice 
Carl 
Eve

{x2, x3} x1
Alice  

Carl 
Eve 

[Alice, Alice]  
[Bob, Bob] 
[Carol, Carl] 

= 
> 
=

{x2, x3}, x1

Alice

Bob

Dan

Carl

FrankEve

Use alignments 
to build tree

All pairwise EDG 
alignments

17 / 26



Algorithm for more sequences

Theorem

DSSSP is NP-hard with an unbounded number of sequences.

Idea: progressive alignment (Feng & Doolittle 1987)

Repeatedly merge pair of sequences that diverges last

Alice 
Carl 
Eve

Alice 
Bob 
Carol 
Dan

Alice 
Bob 
Carl 
Frank

x1 x2 x3

All pairwise EDG 
alignments Alice  

Bob 
Carol 
Dan

Alice  

Carl 
Eve

= 
< 
= 

Alice  
Bob 
Carl 
Frank

Alice  

Carl 
Eve

= 
< 
=

Alice  
Bob 
Carl 
Frank 

Alice  
Bob 
Carol 
Dan

= 
= 
=

x1, x2 x1, x3 x2, x3

Merge prefixes 
of x2, x3

[Alice, Alice] 
[Bob, Bob] 
[Carol, Carl]

Alice 
Carl 
Eve

{x2, x3} x1
Alice  

Carl 
Eve 

[Alice, Alice]  
[Bob, Bob] 
[Carol, Carl] 

= 
> 
=

{x2, x3}, x1

Alice

Bob

Dan

Carl

FrankEve

Use alignments 
to build tree

All pairwise EDG 
alignments

17 / 26



Algorithm for more sequences

Theorem

DSSSP is NP-hard with an unbounded number of sequences.

Idea: progressive alignment (Feng & Doolittle 1987)

Repeatedly merge pair of sequences that diverges last

Alice 
Carl 
Eve

Alice 
Bob 
Carol 
Dan

Alice 
Bob 
Carl 
Frank

x1 x2 x3

All pairwise EDG 
alignments Alice  

Bob 
Carol 
Dan

Alice  

Carl 
Eve

= 
< 
= 

Alice  
Bob 
Carl 
Frank

Alice  

Carl 
Eve

= 
< 
=

Alice  
Bob 
Carl 
Frank 

Alice  
Bob 
Carol 
Dan

= 
= 
=

x1, x2 x1, x3 x2, x3

Merge prefixes 
of x2, x3

[Alice, Alice] 
[Bob, Bob] 
[Carol, Carl]

Alice 
Carl 
Eve

{x2, x3} x1
Alice  

Carl 
Eve 

[Alice, Alice]  
[Bob, Bob] 
[Carol, Carl] 

= 
> 
=

{x2, x3}, x1

Alice

Bob

Dan

Carl

FrankEve

Use alignments 
to build tree

All pairwise EDG 
alignments

17 / 26



Algorithm for more sequences

Theorem

DSSSP is NP-hard with an unbounded number of sequences.

Idea: progressive alignment (Feng & Doolittle 1987)

Repeatedly merge pair of sequences that diverges last

Alice 
Carl 
Eve

Alice 
Bob 
Carol 
Dan

Alice 
Bob 
Carl 
Frank

x1 x2 x3

All pairwise EDG 
alignments Alice  

Bob 
Carol 
Dan

Alice  

Carl 
Eve

= 
< 
= 

Alice  
Bob 
Carl 
Frank

Alice  

Carl 
Eve

= 
< 
=

Alice  
Bob 
Carl 
Frank 

Alice  
Bob 
Carol 
Dan

= 
= 
=

x1, x2 x1, x3 x2, x3

Merge prefixes 
of x2, x3

[Alice, Alice] 
[Bob, Bob] 
[Carol, Carl]

Alice 
Carl 
Eve

{x2, x3} x1
Alice  

Carl 
Eve 

[Alice, Alice]  
[Bob, Bob] 
[Carol, Carl] 

= 
> 
=

{x2, x3}, x1

Alice

Bob

Dan

Carl

FrankEve

Use alignments 
to build tree

All pairwise EDG 
alignments

17 / 26



Algorithm for more sequences

Theorem

DSSSP is NP-hard with an unbounded number of sequences.

Idea: progressive alignment (Feng & Doolittle 1987)

Repeatedly merge pair of sequences that diverges last

Alice 
Carl 
Eve

Alice 
Bob 
Carol 
Dan

Alice 
Bob 
Carl 
Frank

x1 x2 x3

All pairwise EDG 
alignments Alice  

Bob 
Carol 
Dan

Alice  

Carl 
Eve

= 
< 
= 

Alice  
Bob 
Carl 
Frank

Alice  

Carl 
Eve

= 
< 
=

Alice  
Bob 
Carl 
Frank 

Alice  
Bob 
Carol 
Dan

= 
= 
=

x1, x2 x1, x3 x2, x3

Merge prefixes 
of x2, x3

[Alice, Alice] 
[Bob, Bob] 
[Carol, Carl]

Alice 
Carl 
Eve

{x2, x3} x1
Alice  

Carl 
Eve 

[Alice, Alice]  
[Bob, Bob] 
[Carol, Carl] 

= 
> 
=

{x2, x3}, x1

Alice

Bob

Dan

Carl

FrankEve

Use alignments 
to build tree

All pairwise EDG 
alignments

17 / 26



Algorithm for more sequences

Theorem

DSSSP is NP-hard with an unbounded number of sequences.

Idea: progressive alignment (Feng & Doolittle 1987)

Repeatedly merge pair of sequences that diverges last

Alice 
Carl 
Eve

Alice 
Bob 
Carol 
Dan

Alice 
Bob 
Carl 
Frank

x1 x2 x3

All pairwise EDG 
alignments Alice  

Bob 
Carol 
Dan

Alice  

Carl 
Eve

= 
< 
= 

Alice  
Bob 
Carl 
Frank

Alice  

Carl 
Eve

= 
< 
=

Alice  
Bob 
Carl 
Frank 

Alice  
Bob 
Carol 
Dan

= 
= 
=

x1, x2 x1, x3 x2, x3

Merge prefixes 
of x2, x3

[Alice, Alice] 
[Bob, Bob] 
[Carol, Carl]

Alice 
Carl 
Eve

{x2, x3} x1
Alice  

Carl 
Eve 

[Alice, Alice]  
[Bob, Bob] 
[Carol, Carl] 

= 
> 
=

{x2, x3}, x1

Alice

Bob

Dan

Carl

FrankEve

Use alignments 
to build tree

All pairwise EDG 
alignments

17 / 26



Algorithm for more sequences

Theorem

DSSSP is NP-hard with an unbounded number of sequences.

Idea: progressive alignment (Feng & Doolittle 1987)

Repeatedly merge pair of sequences that diverges last

Alice 
Carl 
Eve

Alice 
Bob 
Carol 
Dan

Alice 
Bob 
Carl 
Frank

x1 x2 x3

All pairwise EDG 
alignments Alice  

Bob 
Carol 
Dan

Alice  

Carl 
Eve

= 
< 
= 

Alice  
Bob 
Carl 
Frank

Alice  

Carl 
Eve

= 
< 
=

Alice  
Bob 
Carl 
Frank 

Alice  
Bob 
Carol 
Dan

= 
= 
=

x1, x2 x1, x3 x2, x3

Merge prefixes 
of x2, x3

[Alice, Alice] 
[Bob, Bob] 
[Carol, Carl]

Alice 
Carl 
Eve

{x2, x3} x1
Alice  

Carl 
Eve 

[Alice, Alice]  
[Bob, Bob] 
[Carol, Carl] 

= 
> 
=

{x2, x3}, x1

Alice

Bob

Dan

Carl

FrankEve

Use alignments 
to build tree

All pairwise EDG 
alignments

17 / 26



Algorithm details

1 Labeling the final tree

[Alice, Alice, Alice]

[Bob, Bob]

[Carol, Carl, Carl]

[Eve] [Dan] [Frank]

medoid−−−−−→

Alice

Bob

Carl

Eve Dan Frank

median NP-hard
(de la Higuera &
Casacuberta 2000)

2 Generalizing EDG to sequences of lists of strings

Substitution cost for lists A,B:

C(A,B) := (AED error if we merge A,B)− (AED error if we don’t)
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Generating synthetic data

1 Run branching process (Watson & Galton 1875)

2 Label with random strings

3 Simulate noisy propagation down the tree

Alice

Bob

Carl Dan

−→
Alyce
Eve
Carl

Alice
Bo
Dan
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Good performance across a range of node costs

15 sequences, 500 trials
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Larger performance gap with more sequences

100 sequences, 8 trials
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Approximate comparison with true tree

15 sequences, 500 trials
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Takeaways and open questions

Takeaways

1 Chain letter petitions exhibit one-ended growth, divergence, and
mutation: intriguing reconstruction problem

2 NP-hard in general, but dynamic programming solution for two
sequences and poly-time algorithm for O(1) sequences

3 Efficient heuristic for more sequences

Open questions

1 Approximation algorithm: bounding topological error seems hard

2 Efficient algorithms for small λ
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