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Background Model

“An auction with N+1 bidders is better in expected revenue 
than any negotiation with N bidders.” [BK94]

A competitive market is more desirable!

Auction in Social NetworksVickrey Auction

➢A set of N agents;
➢A set of K items;
➢A market 𝐺 = 𝑁 ∪ {𝑠}, 𝐸  with seller s;
➢Agent 𝑖’s type: 𝑡𝑖 = 𝑣𝑖 , 𝑟𝑖 , 𝑣𝑖: valuation, 
𝑟𝑖: neighbor set;
➢Mechanism ℳ = 𝑓, 𝑝
➢Utility function 𝑢𝑖 = 𝑓𝑖 ⋅ 𝑣𝑖 − 𝑝𝑖; 
➢Social Welfare:SWℳ 𝒕 = σ𝑖∈𝑁 𝑓𝑖 ⋅ 𝑣𝑖 ;
➢Revenue: Revℳ 𝒕 = σ𝑖∈𝑁 𝑝𝑖 .  

Axioms for Network Auction IR & SP Network Auction [LHZ20]

➢Individual Rationality (IR): No deficit for 
bidders under truthful bidding.
➢Strategyproofness (SP): Truthfully reporting 
valuation and inviting all the neighbors is the 
dominate strategy.
➢Efficient (EF): Maximizing social welfare.
➢(Weakly) Budget-balanced (WBB): No deficit 
for the seller.

➢Allocation 𝑓 is value-monotone.
➢Let 𝑝𝑖 = 𝑓𝑖 ⋅ Ƹ𝑝𝑖 + 1 − 𝑓𝑖 ⋅ ҧ𝑝𝑖.  Ƹ𝑝𝑖 and ҧ𝑝𝑖 are bid-
independent.
➢For agent 𝑖 𝑤𝑖𝑡ℎ 𝑟𝑖, difference between Ƹ𝑝𝑖 and ҧ𝑝𝑖 is 
the critical value, i.e., Ƹ𝑝𝑖 − ҧ𝑝𝑖 = 𝑣𝑖

∗(𝑟𝑖).

➢ Ƹ𝑝𝑖 and ҧ𝑝𝑖 are invitational-monotonic, i.e., 

∀ 𝑟𝑖
1, 𝑟𝑖

2 ⊆ 𝑟𝑖 , 𝑟𝑖
1 ⊆ 𝑟𝑖

2, Ƹ𝑝𝑖 𝑟𝑖
1 ≥ Ƹ𝑝𝑖 𝑟𝑖

2 , ҧ𝑝𝑖 𝑟𝑖
1 ≥ ҧ𝑝𝑖 𝑟𝑖

2 . 

Our Results

Setting: 0-1 deterministic mechanisms with single-parameterized valuation bidders.
(e.g., Single-item, multi-unit with unit-demand, single-minded, … ) 

Invitational-Depressed Monotonicity (ID-MON)

Let 𝑡𝑖
1 = 𝑣𝑖

1, 𝑟𝑖
1 , 𝑡𝑖

2 = 𝑣𝑖
2, 𝑟𝑖

2 ,  𝑡𝑖
1 ≽𝐷 𝑡𝑖

2 if 𝑣𝑖
1 ≥ 𝑣𝑖

2 and 𝑟𝑖
1 ⊆ 𝑟𝑖

2.

 𝑓 is ID-MON if ∀ 𝑖 ∈ 𝑁, 𝑓𝑖 𝑡𝑖 , 𝒕−𝑖
′ ≥ 𝑓𝑖 𝑡𝑖

′, 𝒕−𝑖
′ , ∀ 𝑡𝑖 ≽𝐷 𝑡𝑖

′.

Given ID-MON allocation 𝑓, let 𝒑∗ = {𝒑𝒊 = 𝒗𝒊
∗ ∅ − 𝟏 − 𝒇𝒊 𝒗𝒊

∗ 𝒓𝒊 )}. 
ℳ = 𝑓, 𝑝∗  is IR and SP and for any IR and SP ℳ′ = 𝑓, 𝑝′ ,

Revℳ 𝒕 ≥ Revℳ′
𝒕 .

Invitational-Promoted Monotonicity (IP-MON)

Let 𝑡𝑖
1 = 𝑣𝑖

1, 𝑟𝑖
1 , 𝑡𝑖

2 = 𝑣𝑖
2, 𝑟𝑖

2 ,  𝑡𝑖
1 ≽𝑃 𝑡𝑖

2 if 𝑣𝑖
1 ≥ 𝑣𝑖

2 and 𝑟𝑖
2 ⊆ 𝑟𝑖

1.

𝑓 is IP-MON if ∀ 𝑖 ∈ 𝑁, 𝑓𝑖 𝑡𝑖 , 𝒕−𝑖
′ ≥ 𝑓𝑖 𝑡𝑖

′, 𝒕−𝑖
′ , ∀ 𝑡𝑖 ≽𝑃 𝑡𝑖

′.
Given IP-MON allocation 𝑓, let 𝒑∗ = {𝒑𝒊 = 𝒇𝒊 ⋅ 𝒗𝒊

∗ 𝒓𝒊 }. 
ℳ = 𝑓, 𝑝∗  is IR and SP and for any IR and SP ℳ′ = 𝑓, 𝑝′ ,

Revℳ 𝒕 ≥ Revℳ′
𝒕 .

(i). IR & SP mechanisms boil down to find ID/IP-MON allocation. 
(ii). Revenue-maximization payment is solvable in polynomial time.
(iii). All existing IR and SP mechanisms satisfy ID or IP-MON.

Truthful-report market

D misreports ∅
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ℳ Market Winner Payment

DNA-MU

truthful B, F, C
𝑝𝐵 = 0,

𝑝𝐹 = 5, 𝑝𝐶 = 4

misreport A, B, D
𝑝A = 4,

𝑝B = 0, 𝑝D = 6

DNA-
MU-R

truthful B, F, C
𝑝𝐵 = 0,

𝑝𝐹 = 4, 𝑝𝐶 = 1

misreport A, B, F
𝑝A = 4,

𝑝𝐵 = 0, 𝑝𝐹 = 4
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