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Online Convex Optimization (OCO)

• Online Learning: interactive game between learner and environment
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• Regret: learner’s excess loss compared to best offline model in hindsight



Online eXp-concave Optimization (OXO)

Yi-Han Wang (Nanjing University, China) LightONS:  A Simple, Optimal and Efficient Algorithm for Online Exp-Concave Optimization 4

• Many Applications:

• Minimax Regret:

• Rich Structures:

linear / logistic regression

portfolio selection

LQR control

…

local geometry of losses (e.g., local norms)

[Kivinen, Warmuth, COLT'99]



• Newton-style update with

Hessian-like matrix

• Mahalanobis projection

Online Newton Step (ONS)
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ONS

[Hazan, Kalai, Kale, Agarwal, COLT'06]
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Online Newton Step (ONS)
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ONS

[Hazan, Kalai, Kale, Agarwal, COLT'06]
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• Computational Challenge:

even for very simple domains, including 

the unit ball, each Mahalanobis projection

costs              arithmetic operations.

*                      when exploiting fast matrix multiplication.



A COLT'13 Open Problem

Consider Stochastic eXp-concave Optimization (SXO).

• With online-to-batch conversion (O2BC),

ONS incurs runtime                .

Is it possible to perform any better?
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[Koren, COLT'13]



Partial Answer:  OQNS

• OQNS achieves minimax optimal regret

• OQNS reduces runtime to                                                  for the unit ball
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[Mhammedi and Gatmiry, COLT'23]

Key Steps of Online Quasi-Newton Steps (OQNS)

circumvent Mahalanobis projections with log barrier

Critical Issue: OQNS is not “ONS-like” (does not apply to downstream results

where ONS is backbone)!



Our Result
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LightONS enjoys all favorable properties:

① optimal regret

② reduced runtime

③ “ONS-like”
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LightONS.Core
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LightONS.Core only 1 line different from ONS:

• deferred projection

reduces projection count to



Improper Learning Issue
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However, LightONS.Core regret is improper (“unfair”):

Critical Issue: improper learning may reduce the intrinsic difficulty of OXO.

Example: for logistic regression, proper regret                        , improper regret                          .

[Hazan, Koren, Levy, COLT'14; Foster, Kale, Luo, Mohri, Sridharan, COLT'18]



LightONS
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LightONS only 2 lines different from ONS:

• deferred projection

reduces projection count to

• domain conversion

makes LightONS proper learning



Domain Conversion

• Run LightONS.Core on surrogate loss from parameter-free online learning

• Euclidean projection gives proper decisions:
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[Cutkosky and Orabona, COLT'18; Cutkosky, ICML'20]

Computationally Cheap: only            extra time per round

Euclidean projection is much cheaper than Mahalanobis projections

Caveat:  



Domain Conversion

Fortunately, we prove that  
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[Cutkosky and Orabona, COLT'18; Cutkosky, ICML'20]

Thus, LightONS shares the analysis with ONS



Answering COLT'13 Open Problem

• Consider Stochastic eXp-concave Optimization (SXO).

• With online-to-batch conversion (O2BC),

ONS incurs runtime                .

Is it possible to perform any better?

•  
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[Koren, COLT'13]



LightONS
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LightONS only 2 lines different from ONS:

• deferred projection

reduces projection count to

• domain conversion

makes LightONS proper learning

• Both are “orthogonal” to ONS

LightONS is “ONS-like”



LightONS is “ONS-Like”
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[Cutkosky and Orabona, COLT'18]

[Zhang, Xu, Zhao, Sugiyama, NeurIPS'25]

[Luo, Agarwal, Cesa-Bianchi, Langford, NIPS'16]



Conclusion

• For Online eXp-concave Optimization (OXO), Online Newton Step (ONS)

achieves minimax optimal regret, but suffers long runtime even for simple 

domains due to Mahalanobis projections.

• LightONS preserves ONS's regret (even constants) and greatly reduces runtime.

• For Stochastic eXp-concave Optimization (SXO), with online-to-batch conversion,

LightONS reduces runtime, answering a COLT'13 open problem.

• Importantly, LightONS is “ONS-like” and applies to downstream results.

• Gradient-Norm Adaptivity

• Joint Efficient Generalized Linear Bandits

• Memory-Efficient OXO

Yi-Han Wang (Nanjing University, China) LightONS:  A Simple, Optimal and Efficient Algorithm for Online Exp-Concave Optimization 18

Thanks!
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