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Motivation Main Result | Set Cover Function Randomized Protocols
Objective: Maximize Social Welfare in . Let S = {51, .., Sk} be a collection of subsets of [m] \ munication comblexity oroblem
Combinatorial Markets Open prob_lem [I_:e|06]. Can we get better than 1/2 Define fo(T) = min{ |I| : T SU;c; S;) ew co unication complexity proble
: oo approximation with subexponential i.e. minimum number of sets in S needed to cover T’ EXIST-EAR-SETS: \‘
Markets with 2 sub-additive agents ST :
o : communication R S —

Communication complexity model 3 i Alice and Bob get sets S}, ..., SX, SZ, ..., SK
P—— SCIRCIRC] o "
= Main result: No protocol (deterministic or 1 | = Return 1 if exists i, such that [S; N Sp| < 2
e randomized, truthful or non-truthful) guarantees [Sz QO | | O 0t for all i ‘SiASi ‘ <9
Research agenda better than %2 -approximation for two subadditive — — rToralit, (D489 = Y

what approximation to optimal social welfare can be bidders

achieved with polynomial communication More precisely: Modified Set Cover Claim: EXIST-FAR-SETS requires exponential

communication.

:rietst?;ii r?g?? between truthful and non-truthful - (1/2+¢)-approximation requires exp(m) rm<ez N (Csmzaz [ raysen
. communication | | | f5(T) = ¢/2 fo(T) < £/2 £(T) > 212 6efinition: X =Xy X LY = (Vs YV} is
Model « (1/2+w(1/log m))-approximation requires v y . -
superpoly(m) communication FAT) = £(T) ) = £ (T T = 22 t-compatible if:
m indivisible items » (1/2+0(1/log m))-approximation in poly(m) S5 ) | gm-pm ) | s@=z * |Xi| = IYi| == + 1foralli
2 agents ( W and > ) with subadditive valuation communication « Foralli Either |X; nY;| < 2 or | X;AY;| < 2
functions f,, fz: 2™ = R, . (1/2+0(1/10g k))-approximation in poly(m) {-sparse: £ sets are needed to cover [m]. e X,Y are £-sparse |
a-Approximation: communication for MPH-k N subadditive Extremely convenient property (ECP): * ForeverysetS < [m] of size< £/2
. . . 4 L — icti j-S C YX. Y.
— Find X (efficiently) such that fs (T) + fs(T) = £forall T ‘\eXISt LIS & XY
falX) + fp(X) = a - opt Of independent interest: new type of subadditive Reduction from Equality
non-X0OS valuations Claim: EXIST-FAR-SETS with inputs that satisfy the £-
¥>» Approximation is Trivial ibili i i
> APP S is £-independent ﬂ‘ T ={T, ..., Ty} is £-sparse ggmr&a::]t;gt\ilozroperty, requires exponential
B Previous Results whenever Ty € {5y, 51k Main theorem: ‘approximating welfare is at least as hard
> 9. Al 4 Bob send nput:a =% as solving EXIST-FAR-SETS with inputs that satisfy the £-
rotocol 2: Alice an ob sen fA([m]),fB([m]) y compatibility property
allocate all items to the player with the Communication 17/18 3/4 3/4 1/2 Create a collection
higher value hardness [DV13] [DNSO5]  [DNSO5] [NS06] A={Sla; = 1}; U {S5;|a; = 0},
Alice’s valuation is f | construct fit References
. . \ - - S .-yg - -
Protocol 3: the same as Protocol 2, but charges the ComToliglccc?ltlon [1;//1107] [in/ges] 1/2 1/2 Find approximate optimal thetsabme way [Fei06] On Maximizing Welfare when Utility Functions
. . . : . 4—/_ rt. - . - - ‘
winner a price of min(f,(|m)), fg(Im])) G allocation X —_ W.T are Subadditive. Uriel Feige, STOC “06.
if (X)) + f£(X) > £ return [LLNO1] Combinatorial Auctions with Decreasing
v Truthfutl corlnm. 1/2 1/2 1/2 1/2 no; otherwise yes - Marginal Utilities. Benny Lehmann, Daniel Lehmann,
Valuation Types Protaco and Noam Nisan, EC “01.
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Dobzinski, Jan Vondrak, SODA °13.
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Corollaries of Main Result

- ) N Corollary 1: no separation between truthful and non- a=> l (F\V/10] The Submodular Welfare Problem with
ross ubmodular ubadditive - - . 2
demand | substitute ) SUPMedular] Xos ) subaddit valuations truthful mechanisms for 2 subadditive bidders l Exists i: S; € A,S; € B; Demand Queries. Uriel Feige, Jan Vondrak, TOC ¢10.
Y, [DNSO05] Approximation Algorithms for Combinatorial
fa = Iz l (ECP) Auctions with Complement-Free Bidders. Shahar
y tr= . . . . ‘
Corollary 2: price of anarchy of simple mechanisms for § (Ecp) fa(S) + f5(S) =24 -1 Dobzinski, Noam Nisan, Michael Schapira, STOC “05
y 00 [INS06] Exponential Communication Inefficiency of
A . . . X X — ’ -
Submodular [ SET=v(x[S)2v(x]|T) ] two subadditive bidders is 1/2; JaX) + 15 (%) = £ l - Demand Queries. Noam Nisan, llya Segal, TARK ¢05.
i.e., simultaneous first-price auction is the best simple l f,f(X) + fée(X) > ¢ [Roul4] Barriers to Near-Optimal Equilibria. Tim
XOS [Maximum over additive functions * auction (follows by [Rou14]) output yes l Roughgarden, FOCS *14.
Subadditive [ v(S) + v(T) = v(SUT) ] K / \ output no /
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