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			Gradient descent is commonly used to solve optimization problems arising in machine learning, such as training neural networks. Although it seems to be effective for many different neural network training problems, it is unclear if the effectiveness of gradient descent can be explained using existing performance guarantees for the algorithm. We argue that existing analyses of gradient descent rely on assumptions that are too strong to be applicable in the case of multi-layer neural networks. To address this, we propose an algorithm, duality structure gradient descent (DSGD), that is amenable to a non-asymptotic performance analysis, under mild assumptions on the training set and network architecture. The algorithm can be viewed as a form of layer-wise coordinate descent, where at each iteration the algorithm chooses one layer of the network to update. The decision of what layer to update is done in a greedy fashion, based on a rigorous lower bound of the function decrease for each possible choice of layer. In the analysis, we bound the time required to reach approximate stationary points, in both the deterministic and stochastic settings. The convergence is measured in terms of a Finsler geometry that is derived from the network architecture and designed to confirm a Lipschitz-like property on the gradient of the training objective function. Numerical experiments in both the full batch and mini-batch settings suggest that the algorithm is a promising step towards methods for training neural networks that are both rigorous and efficient. 





  Article

  Download

  View Gradient Descent using Duality Structures




		


				
					
			Post navigation

			Nonconvex piecewise linear functions: Advanced formulations and simple modeling tools
Robust Combinatorial Optimization under Budgeted-Ellipsoidal Uncertainty
		
				
			


		
	


	
	
		
Log in








			        
			    









Repository




Author List




Months



Archives
	Select Month
 April 2024  (12)
 March 2024  (29)
 February 2024  (30)
 January 2024  (40)
 December 2023  (28)
 November 2023  (30)
 October 2023  (34)
 September 2023  (31)
 August 2023  (23)
 July 2023  (32)
 June 2023  (35)
 May 2023  (28)
 April 2023  (26)
 March 2023  (39)
 February 2023  (36)
 January 2023  (34)
 December 2022  (30)
 November 2022  (30)
 October 2022  (36)
 September 2022  (24)
 August 2022  (41)
 July 2022  (35)
 June 2022  (29)
 May 2022  (38)
 April 2022  (45)
 March 2022  (43)
 February 2022  (30)
 January 2022  (31)
 December 2021  (45)
 November 2021  (40)
 October 2021  (49)
 September 2021  (37)
 August 2021  (45)
 July 2021  (49)
 June 2021  (45)
 May 2021  (55)
 April 2021  (48)
 March 2021  (44)
 February 2021  (31)
 January 2021  (52)
 December 2020  (43)
 November 2020  (51)
 October 2020  (39)
 September 2020  (49)
 August 2020  (43)
 July 2020  (67)
 June 2020  (55)
 May 2020  (41)
 April 2020  (61)
 March 2020  (58)
 February 2020  (51)
 January 2020  (44)
 December 2019  (45)
 November 2019  (41)
 October 2019  (57)
 September 2019  (39)
 August 2019  (28)
 July 2019  (53)
 June 2019  (32)
 May 2019  (45)
 April 2019  (36)
 March 2019  (44)
 February 2019  (41)
 January 2019  (40)
 December 2018  (45)
 November 2018  (58)
 October 2018  (61)
 September 2018  (32)
 August 2018  (40)
 July 2018  (58)
 June 2018  (47)
 May 2018  (37)
 April 2018  (47)
 March 2018  (50)
 February 2018  (43)
 January 2018  (45)
 December 2017  (42)
 November 2017  (48)
 October 2017  (66)
 September 2017  (45)
 August 2017  (37)
 July 2017  (35)
 June 2017  (56)
 May 2017  (63)
 April 2017  (32)
 March 2017  (54)
 February 2017  (35)
 January 2017  (46)
 December 2016  (39)
 November 2016  (45)
 October 2016  (36)
 September 2016  (48)
 August 2016  (37)
 July 2016  (44)
 June 2016  (52)
 May 2016  (42)
 April 2016  (32)
 March 2016  (40)
 February 2016  (33)
 January 2016  (36)
 December 2015  (36)
 November 2015  (39)
 October 2015  (44)
 September 2015  (51)
 August 2015  (33)
 July 2015  (59)
 June 2015  (44)
 May 2015  (37)
 April 2015  (41)
 March 2015  (52)
 February 2015  (32)
 January 2015  (47)
 December 2014  (35)
 November 2014  (56)
 October 2014  (48)
 September 2014  (40)
 August 2014  (50)
 July 2014  (50)
 June 2014  (36)
 May 2014  (36)
 April 2014  (33)
 March 2014  (39)
 February 2014  (38)
 January 2014  (30)
 December 2013  (37)
 November 2013  (38)
 October 2013  (41)
 September 2013  (34)
 August 2013  (40)
 July 2013  (36)
 June 2013  (35)
 May 2013  (46)
 April 2013  (41)
 March 2013  (17)
 February 2013  (39)
 January 2013  (31)
 December 2012  (26)
 November 2012  (25)
 October 2012  (39)
 September 2012  (28)
 August 2012  (45)
 July 2012  (27)
 June 2012  (27)
 May 2012  (34)
 April 2012  (33)
 March 2012  (36)
 February 2012  (41)
 January 2012  (32)
 December 2011  (39)
 November 2011  (35)
 October 2011  (29)
 September 2011  (46)
 August 2011  (28)
 July 2011  (30)
 June 2011  (34)
 May 2011  (24)
 April 2011  (52)
 March 2011  (30)
 February 2011  (36)
 January 2011  (32)
 December 2010  (34)
 November 2010  (51)
 October 2010  (30)
 September 2010  (27)
 August 2010  (27)
 July 2010  (21)
 June 2010  (30)
 May 2010  (27)
 April 2010  (23)
 March 2010  (28)
 February 2010  (19)
 January 2010  (23)
 December 2009  (28)
 November 2009  (31)
 October 2009  (34)
 September 2009  (24)
 August 2009  (24)
 July 2009  (27)
 June 2009  (29)
 May 2009  (15)
 April 2009  (17)
 March 2009  (26)
 February 2009  (30)
 January 2009  (27)
 December 2008  (20)
 November 2008  (26)
 October 2008  (27)
 September 2008  (24)
 August 2008  (23)
 July 2008  (26)
 June 2008  (28)
 May 2008  (26)
 April 2008  (24)
 March 2008  (24)
 February 2008  (17)
 January 2008  (31)
 December 2007  (15)
 November 2007  (27)
 October 2007  (18)
 September 2007  (31)
 August 2007  (26)
 July 2007  (26)
 June 2007  (36)
 May 2007  (17)
 April 2007  (24)
 March 2007  (26)
 February 2007  (25)
 January 2007  (13)
 December 2006  (20)
 November 2006  (25)
 October 2006  (31)
 September 2006  (19)
 August 2006  (15)
 July 2006  (16)
 June 2006  (15)
 May 2006  (21)
 April 2006  (25)
 March 2006  (18)
 February 2006  (11)
 January 2006  (22)
 December 2005  (19)
 November 2005  (15)
 October 2005  (16)
 September 2005  (20)
 August 2005  (5)
 July 2005  (18)
 June 2005  (26)
 May 2005  (18)
 April 2005  (14)
 March 2005  (31)
 February 2005  (18)
 January 2005  (20)
 December 2004  (29)
 November 2004  (16)
 October 2004  (23)
 September 2004  (14)
 August 2004  (32)
 July 2004  (16)
 June 2004  (14)
 May 2004  (18)
 April 2004  (18)
 March 2004  (17)
 February 2004  (15)
 January 2004  (7)
 December 2003  (22)
 November 2003  (15)
 October 2003  (25)
 September 2003  (26)
 August 2003  (16)
 July 2003  (16)
 June 2003  (14)
 May 2003  (13)
 April 2003  (16)
 March 2003  (13)
 February 2003  (12)
 January 2003  (12)
 December 2002  (16)
 November 2002  (14)
 October 2002  (18)
 September 2002  (15)
 August 2002  (10)
 July 2002  (18)
 June 2002  (12)
 May 2002  (14)
 April 2002  (10)
 March 2002  (13)
 February 2002  (9)
 January 2002  (16)
 December 2001  (13)
 November 2001  (11)
 October 2001  (17)
 September 2001  (7)
 August 2001  (8)
 July 2001  (6)
 June 2001  (16)
 May 2001  (19)
 April 2001  (11)
 March 2001  (18)
 February 2001  (24)
 January 2001  (17)
 December 2000  (6)
 November 2000  (8)
 October 2000  (3)
 September 2000  (1)
 August 2000  (16)










Categories



CategoriesSelect Category
Applications – OR and Management Sciences  (1,655)
   Airline Optimization  (31)
   Finance and Economics  (194)
   Marketing  (15)
   Production and Logistics  (164)
   Scheduling  (226)
   Supply Chain Management  (87)
   Telecommunications  (112)
   Transportation  (324)
   Yield Management  (16)
Applications – Science and Engineering  (1,257)
   Basic Sciences Applications  (82)
   Biomedical Applications  (102)
   Chemical Engineering  (29)
   Civil and Environmental Engineering  (28)
   Control Applications  (147)
   Data-Mining  (157)
   Energy  (56)
   Facility Planning and Design  (80)
   Mechanical Engineering  (44)
   Multidisciplinary Design Optimization  (33)
   Optimization of Systems modeled by PDEs  (63)
   Statistics  (183)
   VLSI layout  (11)
Combinatorial Optimization  (1,268)
   Approximation Algorithms  (163)
   Branch and Cut Algorithms  (203)
   Graphs and Matroids  (147)
   Meta Heuristics  (164)
   Polyhedra  (210)
Complementarity and Variational Inequalities  (273)
Convex and Nonsmooth Optimization  (1,962)
   Convex Optimization  (954)
   Generalized Convexity/Monoticity  (56)
   Nonsmooth Optimization  (596)
Global Optimization  (697)
   Global Optimization Applications  (111)
   Global Optimization Theory  (217)
   Stochastic Approaches  (72)
Infinite Dimensional Optimization  (157)
   Distributed Control  (11)
   Semi-infinite Programming  (64)
Integer Programming  (1,833)
   (Mixed) Integer Linear Programming  (647)
   (Mixed) Integer Nonlinear Programming  (524)
   0-1 Programming  (277)
   Cutting Plane Approaches  (293)
Linear, Cone and Semidefinite Programming  (1,493)
   Cone Programming  (19)
   Linear Programming  (308)
   Second-Order Cone Programming  (114)
   Semi-definite Programming  (597)
Network Optimization  (284)
Nonlinear Optimization  (2,247)
   Bound-constrained Optimization  (84)
   Constrained Nonlinear Optimization  (698)
   Nonlinear Systems and Least-Squares  (111)
   Quadratic Programming  (281)
   Systems governed by Differential Equations Optimization  (125)
   Unconstrained Optimization  (347)
Optimization in Data Science  (62)
   Data Science Algorithms  (13)
   Data Science Applications  (5)
   Data Science Theory  (6)
Optimization Software and Modeling Systems  (397)
   Modeling Languages and Systems  (37)
   Optimization Software Benchmark  (66)
   Optimization Software Design Principles  (41)
   Parallel Algorithms  (124)
   Problem Solving Environments  (22)
Other Topics  (697)
   Dynamic Programming  (186)
   Game Theory  (149)
   Multi-Criteria Optimization  (246)
   Optimization of Simulated Systems  (46)
Robust Optimization  (663)
Stochastic Programming  (1,005)

	
	









Keywords



alternating direction method of multipliers
augmented lagrangian method
bilevel optimization
Branch-and-Bound
branch-and-cut
chance constraints
column generation
combinatorial optimization
complexity
compressed sensing
conic optimization
convex optimization
cutting planes
decomposition
derivative-free optimization
distributionally robust optimization
duality
dynamic programming
first-order methods
global convergence
global optimization
heuristics
integer programming
interior point methods
large-scale optimization
linear programming
machine learning
mixed-integer linear programming
mixed-integer nonlinear programming
mixed-integer programming
multiobjective optimization
nonconvex optimization
nonlinear optimization
nonlinear programming
nonsmooth optimization
optimal control
optimization
proximal point algorithm
quadratic programming
robust optimization
semidefinite programming
stochastic optimization
stochastic programming
trust-region methods
unconstrained optimization



	




	






			
			
								
					© 2024 Optimization Online • Child Theme of  GeneratePress
For feedback or questions, contact optonline@wid.wisc.edu.				

			

		
		



















