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Crowdfunding: Private Provisioning of Public Goods

Crowdfunding Process

1.
2.

4.

Requester posts public project (non-excludable)

Agents arrive & observe (i) target (provision point),
(ii) deadline & (iii) pending amount.

Agents contribute (or not)

Requester executes project or refunds.

Motivation for Mechanism Design

e Agent’s true value for the project is private information.

Strategic agents can freeride (No / Low contribution).
Strategic agents can delay contribution.

Project may not be funded even if everyone values it!
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Mechanism Design: Induce a game such that agents contribute
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the much-loved but tired children's playground at
South Nerwood Lake and Grounds

18%
&

£1,784 £10,078 58
pledged goal days left




Related Work

[Bagnoli & Lipman ‘89] : Provision Point Mechanism

a) Simultaneous move game
b) Multiple Equilibria; Project not funded at several.

[Zubrickas ‘14] : Provision Point Mechanism with Refund
a) Simultaneous move game
b) Set of equilibria at which project is funded.

[Our work] : Provision Point Mechanism with Securities
a) Sequential game
b) Set of subgame perfect equilibria: project funded.
c) Agents contribution proportional to their value
d) Agents contribute as soon as they arrive

[Hanson’03], [Chen & Pennock ‘10] : Prediction Markets

a) Software agents trading securities for predictions.
b) Scoring Rule € - Cost Function
c) Specially suited for thin markets.




Our Work: Intuition

Incentivizes agents to contribute by offering them a bonus greater
than their contribution.

Bonus paid out iff the project is not funded.
Ensures that project is funded at equilibrium.

Novel Idea: Use prediction markets for bonus!




Problem Setup
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Table 1: Key Notation

Symbol Definition
T Time at which fund collection ends
ht Amount that remains to be funded at 7;
hP is the target amount
i €40,1,...,n} | Agentid;: = O refers to the requester
0; € Ry Agent 7’s value for the project
r; € Ry Agent 2’s contribution to the project
a; € (0,71 Time at which agent : arrives at the
platform
t; € lag, T Time at which agent 7 makes a contri-
bution towards the project
Uy = (i, t;) Strategy of agent ¢
Ve Ry Net value for the project
Y € Ry Net contribution for the project
ke {0,1} Project provisioning decision
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Provision Point Mechanism with Securities (PPS)

Prediction Market in Crowdfunding

e Binary Event (At deadline, project funded or not?)
* Positive securities pay S1 if project funded.

Crmsr(q) = bln(exp(gw, /b) + exp(guw, /b))

* Negative securities pay S1 if project is not funded. Co(q) = bln(l+exp(q’ /b))

e Software agent always accepts trades. Cost(rflg)) = Co(q' +7') — Co(q)

* Price determined as the first order derivative of a cost function. L+ exp(£2t)
- ( U+ exp(4) )

Complex Prediction Market in PPS: Issue only Negative securities

e Number of securities issued to an agent depend on . . gt )
e Quantum of his contribution ' = bl (E}:p (? +In(l + EKP{TD) B 1) —1
e Timing of his contribution

e Sponsor* pays out only if project is not funded.

*PPS needs a sponsor to offer a refund bonus



Logarithmic Market Scoring Rule based PPS

Funded Utility

 Monotonically decreases with contribution

Unfunded Utility

 Monotonically increases with contribution

 Monotonically decreases with outstanding

securities (time)
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Key Result: Project gets funded at equilibrium.

If

e Net value of the project > Cost of the project
e be(0, (O-h%/In2)

1+ exp 0ita™
Then x; < Co(#:+q")—Co(qg")=bln ( ( ’ ))

 Projectis funded at Equilibrium L+ CKP(EZ_!]
e Equilibrium is subgame perfect (sequential game)

e Each agent contributes in proportion to his true value

e Each agent contributes as soon as he arrives

e Agents have an incentive to contribute early.




Necessary Conditions on Cost Functions

1. Path Independence Cost(rlq) = C(q +1) — C(a)

2. Continuous & Differentiable po; = 0C(a)/0(qu;) 2 0 Vw; € Q

3. Information Incorporation Cla+2r) = Cla+r) 2 Clq+r) - Cla)
4. No Arbitrage Jw; € Qsuch that C(q + 1) — C(q) > 1 7,
5—Edpresshieness ¥p € A, 3q € BRI 5.t VC(q) = Eump[n(w)]
6. Bounded Loss sup, [max,, (¢..) — C(q)] < o

t_.
Or 1

7. Sufficient Liquidity Vg'i Ve, <h?, Z(r ) > 0= i > 1




Quadratic Scoring Rule based PPS
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