
Participatory Budgeting with 
Cumulative Votes



Model

- projects: P = {p1, . . . , pm}

-  voters: V = {v1, . . . , vn}; v: P→ℝ; vj(p) ≥ 0; ∑p∊P vj(p)=1

- costs: c: P→ℕ

- budget limit: L: ℕ 

- budgeting scenario:  (P, V, c, L)



Greedy algorithms

- Greedy-by-Support (GS): fGS(p) =∑ j∈[n] vj(p). 

- Greedy-by-Support-over-Cost (GSC): fGSC(p) =(1 / c(p)) ∑ j∈[n] (vj(p) ⋅ L/n). 

- Greedy-by-Excess (GE): fGSC(p) =∑ j∈[n] (vj(p) ⋅ L/n) - c(p). 



 Cumulative Single Transferable Vote (CSTV)

- Project-To-Fund Selection Procedure

- Excess Redistribution Procedure

- No-Eligible-Project Procedure

- Inclusive Maximality Postprocedure



Project-To-Fund Selection Procedure 

Pick project to fund with greedy procedure



Excess Redistribution Procedure

- who needs votes to be transferred: tran(p) = {vj | vj (p) > 0 and ∃p’ ∈/ S : vj (p’) > 0} .

- Transfer how much to transfer

- Transfer (1 − γ) · vj (p) votes



No-Eligible-Project Procedure 

- Elimination-with-Transfers (EwT)

- Minimal-Transfers (MT)



 Inclusive Maximality Postprocedure

- Reverse Eliminations (RE)

- Acceptance of Undersupported Projects (AUP).



 Selection of Variants

- EwT (i.e., GE + EwT + RE)

- EwTC (i.e., GSC + EwT + RE)

- MT (i.e., GE + MT + AUP)

- MTC (i.e., GSC + MT + AUP)



Axiomatic Properties 

- Monotonicity Axioms
- Splitting monotonicity

- Merging monotonicity

- Support monotonicity

- Proportional Representation
- Weak Proportional Representation

- Proportional Representation

- Strong Proportional Representation



Splitting monotonicity



Merging monotonicity



Support monotonicity



Weak Proportional Representation



Proportional Representation



Strong Proportional Representation



Experimental Evaluation 



Simulations
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