
Experiments

Why Group Partition?

Subset Sampling Problem 
Ø Given a set of 𝑛 distinct events 𝑆 = {𝑥!, … , 𝑥"}, in which each event 𝑥# has an 

associated probability 𝑝 𝑥# , a query for the subset sampling problem returns 
a subset 𝑇 ⊆ 𝑆, such that every 𝑥# is independently included in 𝑇 with proba-
bility 𝑝(𝑥#).

Dynamic Subset Sampling Problem 
Ø Insert an event
Ø Delete an event
Ø Modify the probability of an event

Contributions
ü Optimal query time: O 1 + 𝜇
ü Optimal update time: O(1)
ü Great experimental performance
ü Empirical study on Influence 

Maximization

Technique 2: Table Lookup
Technique 1: Group Partition

Optimal Dynamic Subset Sampling: 
Theory and Applications 
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Overview
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𝑝(𝑥!) 𝑝(𝑥#)𝑝(𝑥") 𝑝(𝑥$) 𝑝(𝑥%)

domain set 𝑺

query

sample result 𝑻 ⊆ 𝑺

𝑥!

𝑥$

&
&

𝑝 𝑥& = 𝜇

Each 𝑥& is included in 
𝑇 independently with 
probability 𝑝 𝑥&

Influence spreading under the IC (Independent 
Cascade) model  
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Applications
Ø Dynamic Influence Maximization 
Ø Approximate Graph Propagation 
Ø Computational Epidemiology
Ø Fractional (bipartite) matching
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Ø Trade-off between query time and update time. (𝑛 = 10', 𝜇 = 1)
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Ø Varying 𝜇: query time (s) on distributions with different skewnesses.  (𝑛 = 10()
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Ø Varying 𝑛: update time (s) on distributions 
with different skewnesses.

Ø Competitors
ØDistributions of probabilities
• Normal distribution (skewness as 0)
• Half-normal distribution (skewness below 1)
• Exponential distribution (skewness as 2)
• Log-normal distribution (skewness as 4 )

• Re-scale the range of the random number into [0,1]
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𝑚 elements

multiples of !
)

…
𝑚) rows

𝑚) entries

Ø2*+ < 𝑝 𝑥& ≤ 2*+,!
ØLet 𝑝 = 2*+,! be the upper bound
ØFirst sample each event with 𝑝 as a candidate, then accept it with - .!

-

ØEach event is sampled with probability 𝑝 ⋅ - .!
-

= 𝑝(𝑥&)
ØThe expect number of candidates = 𝑛𝑝 ≤ 2𝜇à It costs 𝑂 1 + 𝜇 time

𝑥! 𝑥" 𝑥# 𝑥$

𝑝(𝑥!) 𝑝(𝑥#)𝑝(𝑥") 𝑝(𝑥$)
domain set S

𝑥' 𝑥( 𝑥/

𝑝(𝑥') 𝑝(𝑥/)𝑝(𝑥()

𝑥# 𝑥'𝑥"𝑥/𝑥! 𝑥$ 𝑥(

𝐺!:
1
2
, 1 𝐺":

1
4
,
1
2

𝐺#:
1
8
,
1
4

𝐺$: 0,
1
8

𝑥( 𝑥) 𝑥* 𝑥+ 𝑥, 𝑥- 𝑥.

𝑝 𝑝𝑝 𝑝 𝑝 𝑝𝑝

ØThe index of the first sample: 𝑖~𝑝 1 − 𝑝 &*!

ØThe geometric distribution is memoryless
ØThe query time =  # of the sampled events

ℎ = 2
𝑖 = 3

Sample this!

ØCreate ( log 𝑛 + 1) groups: 
𝐺!, 𝐺", … , 𝐺0(𝐾 = log 𝑛 + 1)

Ø 𝐺+ = 𝑥& 2*+ < 𝑝 𝑥& ≤ 2*+,! ,
1 ≤ 𝑗 ≤ 𝐾 − 1

Ø 𝐺+ = 𝑥& 𝑝 𝑥& ≤ 2*+,! , 𝑗 = 𝐾
Ø Use GeoSS within each group
Ø Totally costs 𝑂(1 + 𝜇 + log 𝑛)

time

𝐺! 𝐺" 𝐺# 𝐺$
𝑝(𝐺!) 𝑝(𝐺#)𝑝(𝐺") 𝑝(𝐺$)

ØOnly sample the groups with at least one candidate!
ØThe probability that 𝐺+ contains at least one candidate:

𝑝 𝐺+ = 1 − 1 − 2*+,!
|2"|

Ø First sample among the groups with 𝑝 𝐺+ , then 
sample within the sampled groups

ØPartition again!
ØWe add level index to distinguish various subset 

sampling problems 
ØUse Technique 2 to sample the groups at level 1, 

only 𝑂(log log 𝑛) events

𝑥#
! 𝑥$

! 𝑥"
!𝑥!

!

𝐺!
! 𝐺"

!𝐺#
!

𝐺!
(4) 𝐺"

(4)𝐺#
(4) 𝐺$

(4)

Sample each element independently ó Sample one subset

27 entries

111 111 110 110 110 110 … … ……

Ø Obtain a row for sampling! 
Ø Just uniformly select an entry and 

return the subset as the sample result

Deal with dynamic probabilities
Ø Create a lookup row for each 

possible distribution
Ø Store the current row index

Ø 𝑚 must be small enough!

Deal with non-multiples of 𝟏/𝒎
Ø Fill the row with respect to �̅� 𝑥& = )- .!

)
∈

!
)
, … ,)

)
ØAccept the event with �̅� 𝑥& /𝑝(𝑥&)

𝑥! 𝑥$ 𝑥%
0.15 0.2 0.8

�̅�! �̅�$ �̅�%
!
"

!
"

#
"

Let‘s start from a simple case!

Try a more complicated case!

Step 0. Let 𝑝 be the upper bound
Step 1. Currently at the ℎ-th event, 
ℎ = 0 initially
Step 2. Generate 𝑖~𝑝 1 − 𝑝 &*!

Step 3. The next candidate: (𝑖 +
ℎ)-th event, accept it with - .!

-
Step 4. ℎ = 𝑖 + ℎ, repeat Step 2 to 
4 until ℎ > 𝑛

GeoSS

How to 𝑶(𝟏 + 𝝁 + 𝐥𝐨𝐠𝒏) → 𝑶(𝟏 + 𝝁)?

How to sample among the groups?

Example: inserting an event 𝒙
S0. Insert 𝑥 to a group 𝐺6

4 based 
on 𝑝(𝑥)
S1. Recalculate the prob. 𝑝(𝐺6

4 )
S2. Transfer 𝑥6

! from one group to 
another according to 𝑝(𝑥6

! )
(also 𝑝(𝐺6

4 ))
S3. Recalculate the prob. of the 
modified groups at S2

Tips	for	updates

An example with # of events m=3

Ø The sampling  probabilities of subsets

111 111 110 110 110 110 … … ……

Suppose: ‾𝑝 𝑥7 → ‾𝑝′ 𝑥7 , ‾𝑝 𝑥8 → ‾𝑝′ 𝑥8
The new row index:
𝐴9 ‾𝑝 𝑥! , … , ‾𝑝 𝑥)
= 𝐴 ‾𝑝 𝑥! , … , ‾𝑝 𝑥) + 𝑚 ‾𝑝9 𝑥& −𝑚 ‾𝑝 𝑥& 𝑚&*!

+ 𝑚 ‾𝑝9 𝑥+ −𝑚 ‾𝑝 𝑥+ 𝑚+*!

Tips	for	updates

𝐴 ‾𝑝 𝑥( , … , ‾𝑝 𝑥/ = ∑01(/ 𝑚 ‾𝑝 𝑥0 − 1 𝑚02(

Empirical study on Influence Maximization
ØBased on the framework OPIM-C[ICMD’18], replace the subset sampling module with various dynamic subset sampling structures 

and thus obtain a new dynamic IM algorithm for the fully dynamic model.
ØNo algorithms can achieve any meaningful approximation guarantee in the fully dynamic network model. That is, re-running an IM 

algorithm upon each update can achieve the lower bound of the running time.

General Framework
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ØRunning time of dynamic IM algorithms based on various subset sampling structures. 

ØUpdate time of dynamic IM algorithms based on various subset sampling structures. 
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Lookup Table

Level 1: Level 0: 

  

  

Group Partition

sample an entry in the -th row

row index

  

  accept  and reject 

obtain candidates  as indicated by 111

Group Partition

Level 2:  


