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Decentralized Optimization Alternative Multi-PfD Formulations

¢ B-connected graph: Analysis of DSGD-GD also
works on time-varying graph.

¢ Decentralized learning uses networked
agents to solve an optimization problem
cooperatively, e.g., consensus-seeking.

¢ Motivating Example: learning from

.. Multi-agent Gaussian Mean Estimation:
clinical data.

o Setup: n = 2b-agent right graph.
o Quadratic Loss: 4(0;; Z)) = (0; — Z;)?/2.

Local Performativity

o This work (left): Heter. + locally influenced distributions with consensus among agents. T _ 9
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© Supervised learning: static + i.i.d. data. o [Narang et al., 2022] (middle): Heter. + globally influenced distributions D;(04, - - - , 8,). Local Slls_t”bu“on D'(H') N(Z’ t+ €0i,0 )’
¢ Decision can cause distribution shift. o [Piliouras and Yu, 2022] (right): Homo. + globally influenced distribution D(04, - - - , 8,). where Z; is the mean value to be estimated.

o Multi-PS sol. 87 =37 . Z/[n(1 — €.)], if 0 <

¢ Performative Prediction: data distri- :
bution depends on decision variables. Main Results € = €avg < 1.

Goal of Agent i: min performative risk o Al. /(0; z) is p-strongly convex. A2. /(0; z) has L-Lipschitz gradient. s ror B Consensus Error cxpected Risk
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o Greedy Deploy [Mendler-Diinner, 2020]: = _5‘?355?01\1:
o Sampling: Zy1 ~ Dj(0k) Proposition 1: Existence and Uniqueness of 6™ e N N

o SGD: Opi1 = Ok — Vi1 VUOk; Zisr), Multi-PfD admits a unique fixed point 8> = M(0">) if and only if o Proposition 1 v (left) when €,,, < 1 converge,

o Ife; < /L, Oy converges to performative  Cavg -— 1/n) €6 <p/L | o (right) when €,,, > 1, diverge.
o Theorem 1 v (left) |0t]? decays at O(1/t)
o (middle) ||©f||* decays at O(1/t?%).
o (dash-dotted) agent i (¢; = 1.01) disconnects and

stable point: o Consensus improved robustness to sensitive local distribution shifts.
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Ups = argmingega Bzp(o,9) L0 £)]. Decentralized SGD-Greedy Deployment (DSGD-GD)
o What if ¢; > ;1/L? Cooperation |

Zit+1 ~ Di(07) | HI?H — ijl Wjef — Ye11 VL(O;; Zitﬂ)a performs greedy deployment individually, its per-
Multi-agent Performative Prediction ’ formative risk diverges_
Goal of MultioPfD: find 3 commor Theorem 1: Under some mild assumptions. Let ¢,,, < (1f5)L, 1 C s.t. Reference | N
o at aPS|2 < - i) | L0%d) o o o Perdomo, J"uan, et al. Performat/\./e preff/c.t/on., |ICML 2020.
decision vector for avg. loss. 0 -0 < 1y (1 2 ) T oTipPeag 1t T Rt o Mendler-Diinner, et al. Stochastic optimization for perfor-
min %27:1 "32,-~D,-(9,-) [g(gl.; Zi)] _ ﬁgent—’ FIMon mative prediction NeurlPS 2020.
0,cRY, i=1,...,n lzf_v n HH? B EtHQ < (1 B B)t (06?2 ¢ Narang, A., Faulkner, E., Drusvyatskiy, D., Fazel, M., and
s.t. 0,=0;, V (7,/) € E. n £—i=1"= {1 | 2) T Ratliff, L. J. (2022). Multiplayer performative prediction:
J where 0 is a parameter to be determined, 11 == 1 — (1 + 5)€anL. Learning in decision-dependent games. In AISTATS.
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