
Algorithm 1 SpeakEasy2

1: function SpeakEasy2(Adjacency A)
2: R← 10 ▷ Set number of runs to perform
3: P ← List() ▷ Container for possible partitions
4: for i← 1 to R do
5: p← LabelNodes(A)
6: P.append(p)
7: end for
8: P.flatten()
9: p← SelectRepresentativePartition(P )
10: return p
11: end function

12: function LabelNodes(Adjacency A)
13: P ← List()
14: p← InitialLabels(A)
15: merge-p ← false
16: nbubbles ← 0 ▷ Number of times bubble stage run
17: nmerged ← 0 ▷ Number of merged community during last merge phase
18: npartitions ← 5 ▷ Set number of partitions to find
19: t← 1
20: while length(P ) < npartitions do
21: M ← SelectMode(t, merge-p)
22: if M is TYPICAL then
23: p← Typical(A, p)
24: else if M is NURTURE then
25: p← Nurture(A, p)
26: else if M is BUBBLE then
27: p← Bubble(A, p)
28: nbubbles ← nbubbles + 1
29: if nbubbles > 2 then
30: merge-p ← true ▷ Consider merging only after a few initial bubble phases
31: end if
32: else if M is MERGE then
33: nbubbles ← 0
34: p, nmerged ← Merge(A, p)
35: if nmerged = 0 then ▷ Only add partition if stable
36: P.append(p)
37: merge-p ← false ▷ Turn off merging until partition has been bubbled
38: end if
39: end if
40: t← t+ 1
41: end while
42: return P
43: end function

44: function InitialLabels(Adjacency A)
45: P ← Vector(|V (A)|) ▷ Container for random labels

46: nlabels ← ceil
( |V (A)|

100

)
47: for ν ∈ V (A) do
48: if |{υ | (υ, ν) ∈ E(A), υ ̸= ν}| > 0 then ▷ Check if node has incoming connections
49: P [ν]← randint(1, nlabels)
50: end if
51: end for
52: for ν ∈ V (A) do
53: lmax ← max(P )
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54: if |{υ | (υ, ν) ∈ E(A), υ ̸= ν}| = 0 then ▷ Check if node has no incoming connections
55: P [υ]← lmax + 1
56: end if
57: end for
58: return P
59: end function

60: function SelectMode(TimeStep t, Predicate merge-p)
61: if t <= 20 then
62: return TYPICAL
63: end if
64: if merge-p then
65: if TimeSinceLastMerge > 1 and TimeSinceLastBubble > 3 then
66: return MERGE
67: end if
68: else
69: if TimeSinceLastMerge > 2 and TimeSinceLastBubble > 14 then
70: return BUBBLE
71: end if
72: if TimeSinceLastMerge > 1 and TimeSinceLastBubble < 5 then
73: return NURTURE
74: end if
75: end if
76: return TYPICAL ▷ Default to typical mode
77: end function

78: function MostSpecificLabel(Node ν, Adjacency A, Partition P )
79: l′ ← 0 ▷ Holds current best label
80: q ← −∞ ▷ Holds current best label’s specificity
81: for l ∈ {P} do
82: o←

∑
i∈A,i̸=ν

A[i, ν]δ(P [i], l) ▷ Observed sum of neighbors labeled l

83: e←
(∑

i,j∈A,i̸=j
A[i,j]δ(P [i],l)∑

i,j∈A,i̸=j
A[i,j]

)∑
i∈A,i ̸=ν

A[i, ν] ▷ Expected sum of neighbors labeled l

84: if o− e > q then
85: l′ ← l
86: q ← o− e
87: end if
88: end for
89: return l′, q
90: end function

91: function LowestSpecificityLabels(Adjacency A, Partition P , Threshold θ)
92: nupdate ← ceil (θ × |V (A)|)
93: Q← Vector(V (A))
94: N ← Vector(nupdate)
95: for ν ∈ V (A) do
96: , Q[ν]← MostSpecificLabel(ν, A, P )
97: end for
98: for i← 0 to i < nupdate do
99: N [i] = Q.pop(arg minν(Q))
100: end for
101: return N
102: end function

103: function Typical(Adjacency A, Partition P )
104: Pupdated ← P
105: for ν ∈ (V ′ ⊂ V (A)) do ▷ Only update a subset of all nodes (90%)
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106: Pupdated[ν], ← MostSpecificLabel(ν, A, P )
107: end for
108: return Pupdated

109: end function

110: function Nurture(Adjacency A, Partition P )
111: Pupdated ← P
112: N ← LowestSpecificityLabels(A, P , 0.9) ▷ Worst 90% of node labels
113: for ν ∈ N do ▷ Only update poorly labeled nodes
114: Pupdated[ν], ← MostSpecificLabel(ν, A, P )
115: end for
116: return Pupdated

117: end function

118: function Bubble(Adjacency A, Partition P )
119: L← {{ν | ν ∈ V (A), P [ν] = l} | l ∈ {P}} ▷ Sets of nodes in each label
120: Pupdated ← P
121: N ← LowestSpecificityLabels(A, P , 0.9) ▷ Worst 90% of node labels
122: ñ← median({|l| | l ∈ L}) ▷ Median community size
123: for l ∈ L do ▷ Set of nodes in label
124: lmax ← max(Pupdated)
125: if |l| > 4 then ▷ Don’t burst small communities
126: for ν ∈ (l ∩N) do ▷ Low quality nodes in the community

127: Pupdated[ν]← randint
(
1,

|(l∩N)|
ñ

)
+ lmax ▷ Randomly assign to new communities12

128: end for
129: end if
130: end for
131: return Pupdated

132: end function

133: function Merge(Adjacency A, Partition P )
134: L← Vector(|P |) ▷ Container for label that sends most crosstalk to ith label
135: C ← Vector(|P |) ▷ Container for amount of crosstalk sent by label in L
136: Pupdated ← P
137: nmerged ← 0
138: for l ∈ {P} do
139: L[l], C[l]← MaxCrossTalk(A, P , l)
140: end for
141: c̄← mean(C)
142: for l ∈ {P} do
143: if C[l] > c̄, L[l] ∈ {Pupdated} then ▷ Ensure L[l] hasn’t already been merged into l
144: for ν ∈ V (A) do
145: if P [ν] = l then
146: Pupdated[l]← L[l]
147: end if
148: end for
149: nmerged ← nmerged + 1
150: end if
151: end for
152: return Pupdated, nmerged

153: end function
▷ How much nodes in one label heard from nodes in another label

154: function MaxCrosstalk(Adjacency A, Partition P , Label l)
155: l′ ← 0 ▷ Holds current highest crosstalk label

1New communities should be approximately the size of the median community size.
2New communities are split from old communities; nodes can’t end up in a community with a node that was

previously in a different community.
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156: c← −∞ ▷ Holds current highest amount of crosstalk
157: for li ∈ {P}, li ̸= l do
158: o←

∑
i,j∈A,i ̸=j

A[i, j]δ(P [i], li)δ(P [j], l) ▷ Sum of nodes in li that talk to a node in l

159: e←
(∑

i,j∈A,P [i] ̸=P [j]
A[i,j]δ(P [i],li)∑

i,j∈A,P [i] ̸=P [j]
A[i,j]

)∑
i,j∈A,P [i] ̸=P [j]

A[i, j]δ(P [j], l) ▷ Expected talk from li into l

160: if o− e > q then
161: l′ ← l
162: q ← o− e
163: end if
164: end for
165: return l′, c
166: end function

167: function SelectRepresentativePartition(Partitions P )
168: pbest ← 0 ▷ Most representative partition
169: qbest ← 0 ▷ Sum of most representative partition’s NMIs
170: for pi ∈ P do
171: q ←

∑
pj∈P,pj ̸=pi

NMI(pi, pj)

172: if q > qbest then
173: pbest ← pi
174: qbest ← q
175: end if
176: end for
177: return pbest
178: end function
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