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Introduction.

Motivation

Social recommendation of products and services by providing
incentives (viral marketing) is very useful for enlarging the market
share.

Uber, Lyft, Living Social provide incentives to recommend services
and products to friends.

Campaign : Flipkart wants people to adopt and buy using their smart
phone app.

Anyone who persuades friends to install the app gets a discount
coupon.

Providing discounts to everyone may be too costly. Many (like
Dropbox) put a threshold on the incentives.

Solution : Provide referral incentives to only a few individuals that are
capable of spreading the campaign.
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Model

The Problem

Goal : Maximize the number of individuals that download the Flipkart
app, or maximize app downloads (campaign size) for a given cost
budget.

Don’t know the structure of the social network. Have an estimate of
number of friends of a randomly chosen individual (degree
distribution).

After an individual installs the app, the app can find out the exact
number of friends (not their identities).

Incentives increase the chance that an app user refer the app.

Incentives provided after they install the app. The higher the referrals
more the discount (higher cost).
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Model

Campaign Model

Seeds: Core Flipkart buyers that have downloaded the app. Call them
Zealous nodes (randomly chosen).
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Model

Model
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Figure 1: Flow chart denoting the various stages of a node; vi denotes a deter-
ministic threshold of node i, and α1 and α2 are the probability of activation of
the incentivized and non-incentivized nodes, respectively.

2

Assume an uncorrelated and locally treelike network.
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Problem Formulation

Optimization Problem

Compute individuals to be incentivized that minimize average cost for
achieving a given campaign size γ

s(q) : proportion of nodes that have installed the app. sk(q) : nodes
with k neighbors that have installed the app. φ(k) : probability that
k degree node has been incentivized. p(k) : proportion of nodes with
degree k .

min
0≤φ≤1

∑
k≥1

ck · p(k) · φ(k) · sk(q)

Subject to:

s(q) ≥ γ

q =
1

d

∑
k≥1

k · p(k) · φ(k)
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Problem Formulation

Size of the Campaign : Math is complicated

s(q) = g(q, u)|u=uq and sk(q) = gk(q, u)|u=uq where uq is the
solution of the fixed point equation u = g(q, u)

g(q, u) =
∑
k≥1

p(k)
∑
m≥1

pth(m|k)
k∑

k2=0

p̂(k2|k) · P[Xk2 + Yk−k2 ≥ m]

+
∑
k≥1

p(k) · pth(0|k)

gk(q, u) =
∑
m≥1

pth(m|k)
k∑

k2=0

p̂(k2|k) · P[Xk2 + Yk−k2 ≥ m] + pth(0|k)

where Xk2 ∼ Bin(k2, α2u) and Yk−k2 ∼ Bin(k − k2, α1u)
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Results

Main Result

Intuition: Campaign size is an increasing function of proportion of
incentivized nodes.

α2 chance of referring if node has been incentivized. α1 chance of
referring if node has not been incentivized.

Theorem

If α2 > α1, then
∂s(q)
∂q > 0

Theorem

If α2 > α1, then for all k ≥ 1, ∂sk (q)
∂q ≥ 0
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Results

Simplified Optimization Problem

min
0≤φ≤1

∑
k≥1

ck · p(k) · φ(k) · sk(q)

Subject to:

q ≥ qγ

q =
1

d

∑
k≥1

k · p(k) · φ(k)

max
0≤φ≤1

q

Subject to: ∑
k≥1

ck · p(k) · φ(k) · sk(q) ≤ c

q =
1

d

∑
k≥1

k · p(k) · φ(k)
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Results

Real World Networks

 0

 0.75

 1.5

 2.25

 0.324  0.326  0.328  0.33  0.332  0.334  0.336  0.338  0.34

α1=0.2, α2=0.3

Analytical Simulation
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Figure: Analytical and simulated values of average cost vs. γ for Gnutella
network.
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Results

Conclusions

Studied the problem of campaigning in social networks (for marketing
a free or freemium service) by offering incentives for referrals.

Used percolation theory to compute the campaign size and formulate
optimization problems.

Used results from reliability theory that enabled us to solve the
optimization problems with simple algorithms

Showed that analytical results are applicable in real world social
networks
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