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[BNO03] Bertsekas, D. P., Nedić, A., and Ozdaglar, A. E., 2003. Convex
Analysis and Optimization, Athena Scientific, Belmont, MA.

[BOT06] Bertsekas, D. P., Ozdaglar, A. E., and Tseng, P., 2006 “Enhanced
Fritz John Optimality Conditions for Convex Programming,” SIAM J. on
Optimization, Vol. 16, pp. 766-797.

[BPC11] Boyd, S., Parikh, N., Chu, E., Peleato, B., and Eckstein, J., 2011.
Distributed Optimization and Statistical Learning via the Alternating Di-
rection Method of Multipliers, Now Publishers Inc, Boston, MA.

[BPP13] Bhatnagar, S., Prasad, H., and Prashanth, L. A., 2013. Stochas-
tic Recursive Algorithms for Optimization, Lecture Notes in Control and
Information Sciences, Springer, NY.

[BPT97a] Bertsekas, D. P., Polymenakos, L. C., and Tseng, P., 1997. “An
ε-Relaxation Method for Separable Convex Cost Network Flow Problems,”
SIAM J. on Optimization, Vol. 7, pp. 853-870.

[BPT97b] Bertsekas, D. P., Polymenakos, L. C., and Tseng, P., 1997.
“Epsilon-Relaxation and Auction Methods for Separable Convex Cost Net-
work Flow Problems,” in Network Optimization, Pardalos, P. M., Hearn,
D. W., and Hager, W. W., (Eds.), Lecture Notes in Economics and Math-
ematical Systems, Springer-Verlag, NY, pp. 103-126.

[BSL14] Bergmann, R., Steidl, G., Laus, F., and Weinmann, A., 2014.
“Second Order Differences of Cyclic Data and Applications in Variational
Denoising,” arXiv preprint arXiv:1405.5349.

[BSS06] Bazaraa, M. S., Sherali, H. D., and Shetty, C. M., 2006. Nonlinear
Programming: Theory and Algorithms, 3rd Edition, Wiley, NY.

[BST14] Bolte, J., Sabach, S., and Teboulle, M., 2014. “Proximal Alternat-
ing Linearized Minimization for Nonconvex and Nonsmooth Problems,”
Math. Programming, Vol. 146, pp. 1-36.

[BaB88] Barzilai, J., and Borwein, J. M., 1988. “Two Point Step Size Gra-
dient Methods,” IMA J. of Numerical Analysis, Vol. 8, pp. 141-148.

[BaB96] Bauschke, H. H., and Borwein, J. M., 1996. “On Projection Algo-
rithms for Solving Convex Feasibility Problems,” SIAM Review, Vol. 38,
pp. 367-426.



522 References

[BaC11] Bauschke, H. H., and Combettes, P. L., 2011. Convex Analysis
and Monotone Operator Theory in Hilbert Spaces, Springer, NY.

[BaM11] Bach, F., and E. Moulines, E., 2011. “Non-Asymptotic Analysis
of Stochastic Approximation Algorithms for Machine Learning,” Advances
in Neural Information Processing Systems (NIPS 2011).

[BaT85] Balas, E., and Toth, P., 1985. “Branch and Bound Methods,” in
The Traveling Salesman Problem, Lawler, E., Lenstra, J. K., Rinnoy Kan,
A. H. G., and Shmoys, D. B., (Eds.), Wiley, NY, pp. 361-401.

[BaW75] Balinski, M., and Wolfe, P., (Eds.), 1975. Nondifferentiable Opti-
mization, Math. Programming Study 3, North-Holland, Amsterdam.

[Bac14] Bacak, M., 2014. “Computing Medians and Means in Hadamard
Spaces,” arXiv preprint arXiv:1210.2145v3.

[Bau01] Bauschke, H. H., 2001. “Projection Algorithms: Results and Open
Problems,” in Inherently Parallel Algorithms in Feasibility and Optimiza-
tion and their Applications (D. Butnariu, Y. Censor, and S. Reich, eds.),
Elsevier, Amsterdam, Netherlands.

[BeF12] Becker, S., and Fadili, J., 2012. “A Quasi-Newton Proximal Split-
ting Method,” in Advances in Neural Information Processing Systems (NIPS
2012), pp. 2618-2626.

[BeG83] Bertsekas, D. P., and Gafni, E., 1983. “Projected Newton Meth-
ods and Optimization of Multicommodity Flows,” IEEE Trans. Automat.
Control, Vol. AC-28, pp. 1090-1096.

[BeG92] Bertsekas, D. P., and Gallager, R. G., 1992. Data Networks, 2nd
Ed., Prentice-Hall, Englewood Cliffs, NJ.
On line at http://web.mit.edu/dimitrib/www/datanets.html.

[BeL88] Becker, S., and LeCun, Y., 1988. “Improving the Convergence of
Back-Propagation Learning with Second Order Methods,” in Proceedings
of the 1988 Connectionist Models Summer School, San Matteo, CA.

[BeL07] Bengio, Y., and LeCun, Y., 2007. “Scaling Learning Algorithms
Towards AI,” Large-Scale Kernel Machines, Vol. 34, pp. 1-41.

[BeM71] Bertsekas, D. P, and Mitter, S. K., 1971. “Steepest Descent for
Optimization Problems with Nondifferentiable Cost Functionals,” Proc.
5th Annual Princeton Confer. Inform. Sci. Systems, Princeton, NJ, pp.
347-351.

[BeM73] Bertsekas, D. P., and Mitter, S. K., 1973. “A Descent Numerical
Method for Optimization Problems with Nondifferentiable Cost Function-
als,” SIAM J. on Control, Vol. 11, pp. 637-652.

[BeN01] Ben-Tal, A., and Nemirovskii, A., 2001. Lectures on Modern Con-
vex Optimization: Analysis, Algorithms, and Engineering Applications,
SIAM, Philadelphia, PA.

[BeO02] Bertsekas, D. P., Ozdaglar, A. E., 2002. “Pseudonormality and
a Lagrange Multiplier Theory for Constrained Optimization,” J. of Opti-



References 523

mization Theory and Applications, Vol. 114, pp. 287-343.

[BeS82] Bertsekas, D. P., and Sandell, N. R., 1982. “Estimates of the Du-
ality Gap for Large-Scale Separable Nonconvex Optimization Problems,”
Proc. 1982 IEEE Conf. Decision and Control, pp. 782-785.

[BeT88] Bertsekas, D. P., and Tseng, P., 1988. “Relaxation Methods for
Minimum Cost Ordinary and Generalized Network Flow Problems,” Op-
erations Research, Vol. 36, pp. 93-114.

[BeT89a] Bertsekas, D. P., and Tsitsiklis, J. N., 1989. Parallel and Dis-
tributed Computation: Numerical Methods, Prentice-Hall, Englewood Cl-
iffs, NJ; republished by Athena Scientific, Belmont, MA, 1997. On line at
http://web.mit.edu/dimitrib/www/pdc.html.

[BeT89b] Ben-Tal, A., and Teboulle, M., 1989. “A Smoothing Technique for
Nondifferentiable Optimization Problems,” Optimization, Lecture Notes in
Mathematics, Vol. 1405, pp. 1-11.

[BeT91] Bertsekas, D. P., and Tsitsiklis, J. N., 1991. “Some Aspects of
Parallel and Distributed Iterative Algorithms - A Survey,” Automatica,
Vol. 27, pp. 3-21.

[BeT94a] Bertsekas, D. P., and Tseng, P., 1994. “Partial Proximal Mini-
mization Algorithms for Convex Programming,” SIAM J. on Optimization,
Vol. 4, pp. 551-572.

[BeT94b] Bertsekas, D. P., and Tseng, P., 1994. “RELAX-IV: A Faster
Version of the RELAX Code for Solving Minimum Cost Flow Problems,”
Massachusetts Institute of Technology, Laboratory for Information and De-
cision Systems Report LIDS-P-2276, Cambridge, MA.

[BeT96] Bertsekas, D. P., and Tsitsiklis, J. N., 1996. Neuro-Dynamic Pro-
gramming, Athena Scientific, Belmont, MA.

[BeT97] Bertsimas, D., and Tsitsiklis, J. N., 1997. Introduction to Linear
Optimization, Athena Scientific, Belmont, MA.

[BeT00] Bertsekas, D. P., and Tsitsiklis, J. N., 2000. “Gradient Convergence
of Gradient Methods with Errors,” SIAM J. on Optimization, Vol. 36, pp.
627-642.

[BeT03] Beck, A., and Teboulle, M., 2003. “Mirror Descent and Nonlin-
ear Projected Subgradient Methods for Convex Optimization,” Operations
Research Letters, Vol. 31, pp. 167-175.

[BeT09a] Beck, A., and Teboulle, M., 2009. “Fast Gradient-Based Algo-
rithms for Constrained Total Variation Image Denoising and Deblurring
Problems,” IEEE Trans. on Image Processing, Vol. 18, pp. 2419-2434.

[BeT09b] Beck, A., and Teboulle, M., 2009. “A Fast Iterative Shrinkage-
Thresholding Algorithm for Linear Inverse Problems,” SIAM J. on Imaging
Sciences, Vol. 2, pp. 183-202.

[BeT10] Beck, A., and Teboulle, M., 2010. “Gradient-Based Algorithms
with Applications to Signal-Recovery Problems,” in Convex Optimization



524 References

in Signal Processing and Communications (Y. Eldar and D. Palomar, eds.),
Cambridge Univ. Press, pp. 42-88.

[BeT13] Beck, A., and Tetruashvili, L., 2013. “On the Convergence of Block
Coordinate Descent Type Methods,” SIAM J. on Optimization, Vol. 23, pp.
2037-2060.

[BeY09] Bertsekas, D. P., and Yu, H., 2009. “Projected Equation Methods
for Approximate Solution of Large Linear Systems,” J. of Computational
and Applied Mathematics, Vol. 227, pp. 27-50.

[BeY10] Bertsekas, D. P., and Yu, H., 2010. “Asynchronous Distributed
Policy Iteration in Dynamic Programming,” Proc. of Allerton Conf. on
Communication, Control and Computing, Allerton Park, Ill, pp. 1368-1374.

[BeY11] Bertsekas, D. P., and Yu, H., 2011. “A Unifying Polyhedral Ap-
proximation Framework for Convex Optimization,” SIAM J. on Optimiza-
tion, Vol. 21, pp. 333-360.

[BeZ97] Ben-Tal, A., and Zibulevsky, M., 1997. “Penalty/Barrier Multiplier
Methods for Convex Programming Problems,” SIAM J. on Optimization,
Vol. 7, pp. 347-366.

[Ben09] Bengio, Y., 2009. “Learning Deep Architectures for AI,” Founda-
tions and Trends in Machine Learning, Vol. 2, pp. 1-127.

[Ber71] Bertsekas, D. P., 1971. “Control of Uncertain Systems With a Set-
Membership Description of the Uncertainty,” Ph.D. Thesis, Dept. of EECS,
MIT; may be downloaded from
http://web.mit.edu/dimitrib/www/publ.html.

[Ber72] Bertsekas, D. P., 1972. “Stochastic Optimization Problems with
Nondifferentiable Cost Functionals with an Application in Stochastic Pro-
gramming,” Proc. 1972 IEEE Conf. Decision and Control, pp. 555-559.

[Ber73] Bertsekas, D. P., 1973. “Stochastic Optimization Problems with
Nondifferentiable Cost Functionals,” J. of Optimization Theory and Appli-
cations, Vol. 12, pp. 218-231.

[Ber75a] Bertsekas, D. P., 1975. “Necessary and Sufficient Conditions for a
Penalty Method to be Exact,” Math. Programming, Vol. 9, pp. 87-99.

[Ber75b] Bertsekas, D. P., 1975. “Nondifferentiable Optimization via Ap-
proximation,” Math. Programming Study 3, Balinski, M., and Wolfe, P.,
(Eds.), North-Holland, Amsterdam, pp. 1-25.

[Ber75c] Bertsekas, D. P., 1975. “Combined Primal-Dual and Penalty Meth-
ods for Constrained Optimization,” SIAM J. on Control, Vol. 13, pp. 521-
544.

[Ber75d] Bertsekas, D. P., 1975. “On the Method of Multipliers for Convex
Programming,” IEEE Transactions on Aut. Control, Vol. 20, pp. 385-388.

[Ber76a] Bertsekas, D. P., 1976. “On the Goldstein-Levitin-Poljak Gradient
Projection Method,” IEEE Trans. Automat. Control, Vol. 21, pp. 174-184.



References 525

[Ber76b] Bertsekas, D. P., 1976. “Multiplier Methods: A Survey,” Auto-
matica, Vol. 12, pp. 133-145.

[Ber76c] Bertsekas, D. P., 1976. “On Penalty and Multiplier Methods for
Constrained Optimization,” SIAM J. on Control and Optimization, Vol.
14, pp. 216-235.

[Ber77] Bertsekas, D. P., 1977. “Approximation Procedures Based on the
Method of Multipliers,” J. Optimization Theory and Applications, Vol. 23,
pp. 487-510.

[Ber79] Bertsekas, D. P., 1979. “A Distributed Algorithm for the Assign-
ment Problem,” Lab. for Information and Decision Systems Working Paper,
MIT, Cambridge, MA.

[Ber81] Bertsekas, D. P., 1981. “A New Algorithm for the Assignment Prob-
lem,” Mathematical Programming, Vol. 21, pp. 152-171.

[Ber82a] Bertsekas, D. P., 1982. Constrained Optimization and Lagrange
Multiplier Methods, Academic Press, NY; republished in 1996 by Athena
Scientific, Belmont, MA. On line at http://web.mit.edu/dimitrib/www/-
lagrmult.html.

[Ber82b] Bertsekas, D. P., 1982. “Projected Newton Methods for Opti-
mization Problems with Simple Constraints,” SIAM J. on Control and
Optimization, Vol. 20, pp. 221-246.

[Ber82c] Bertsekas, D. P., 1982. “Distributed Dynamic Programming,”
IEEE Trans. Aut. Control, Vol. AC-27, pp. 610-616.

[Ber83] Bertsekas, D. P., 1983. “Distributed Asynchronous Computation of
Fixed Points,” Math. Programming, Vol. 27, pp. 107-120.

[Ber85] Bertsekas, D. P., 1985. “A Unified Framework for Primal-Dual
Methods in Minimum Cost Network Flow Problems,” Mathematical Pro-
gramming, Vol. 32, pp. 125-145.

[Ber91] Bertsekas, D. P., 1991. Linear Network Optimization: Algorithms
and Codes, MIT Press, Cambridge, MA.

[Ber92] Bertsekas, D. P., 1992. “Auction Algorithms for Network Problems:
A Tutorial Introduction,” Computational Optimization and Applications,
Vol. 1, pp. 7-66.

[Ber96] Bertsekas, D. P., 1996. “Incremental Least Squares Methods and
the Extended Kalman Filter,” SIAM J. on Optimization, Vol. 6, pp. 807-
822.

[Ber97] Bertsekas, D. P., 1997. “A New Class of Incremental Gradient
Methods for Least Squares Problems,” SIAM J. on Optimization, Vol. 7,
pp. 913-926.

[Ber98] Bertsekas, D. P., 1998. Network Optimization: Continuous and
Discrete Models, Athena Scientific, Belmont, MA.

[Ber99] Bertsekas, D. P., 1999. Nonlinear Programming: 2nd Edition, Athe-
na Scientific, Belmont, MA.



526 References

[Ber07] Bertsekas, D. P., 2007. Dynamic Programming and Optimal Con-
trol, Vol. I, 3rd Edition, Athena Scientific, Belmont, MA.

[Ber09] Bertsekas, D. P., 2009. Convex Optimization Theory, Athena Sci-
entific, Belmont, MA.

[Ber10a] Bertsekas, D. P., 2010. “Extended Monotropic Programming and
Duality,” Lab. for Information and Decision Systems Report LIDS-P-2692,
MIT, March 2006, Revised in Feb. 2010; a version appeared in J. of Opti-
mization Theory and Applications, Vol. 139, pp. 209-225.

[Ber10b] Bertsekas, D. P., 2010. “Incremental Gradient, Subgradient, and
Proximal Methods for Convex Optimization: A Survey,” Lab. for Informa-
tion and Decision Systems Report LIDS-P-2848, MIT.

[Ber11] Bertsekas, D. P., 2011. “Incremental Proximal Methods for Large
Scale Convex Optimization,” Math. Programming, Vol. 129, pp. 163-195.

[Ber12] Bertsekas, D. P., 2012. Dynamic Programming and Optimal Con-
trol, Vol. II, 4th Edition: Approximate Dynamic Programming, Athena
Scientific, Belmont, MA.

[Ber13] Bertsekas, D. P., 2013. Abstract Dynamic Programming, Athena
Scientific, Belmont, MA.

[BiF07] Bioucas-Dias, J., and Figueiredo, M. A. T., 2007. “A New TwIST:
Two-Step Iterative Shrinkage/Thresholding Algorithms for Image Restora-
tion,” IEEE Trans. Image Processing, Vol. 16, pp. 2992-3004.

[BiL97] Birge, J. R., and Louveaux, 1997. Introduction to Stochastic Pro-
gramming, Springer-Verlag, New York, NY.

[Bis95] Bishop, C. M, 1995. Neural Networks for Pattern Recognition, Ox-
ford Univ. Press, NY.

[BoL00] Borwein, J. M., and Lewis, A. S., 2000. Convex Analysis and
Nonlinear Optimization, Springer-Verlag, NY.

[BoL05] Bottou, L., and LeCun, Y., 2005. “On-Line Learning for Very
Large Datasets,” Applied Stochastic Models in Business and Industry, Vol.
21, pp. 137-151.

[BoS00] Bonnans, J. F., and Shapiro, A., 2000. Perturbation Analysis of
Optimization Problems, Springer-Verlag, NY.

[BoV04] Boyd, S., and Vanderbergue, L., 2004. Convex Optimization, Cam-
bridge Univ. Press, Cambridge, UK.

[Bor08] Borkar, V. S., 2008. Stochastic Approximation: A Dynamical Sys-
tems Viewpoint, Cambridge Univ. Press.

[Bot05] Bottou, L., 2005. “SGD: Stochastic Gradient Descent,”
http://leon.bottou.org/projects/sgd.

[Bot09] Bottou, L., 2009. “Curiously Fast Convergence of Some Stochastic
Gradient Descent Algorithms,” unpublished open problem offered to the
attendance of the SLDS 2009 conference.



References 527

[Bot10] Bottou, L., 2010. “Large-Scale Machine Learning with Stochastic
Gradient Descent,” In Proc. of COMPSTAT 2010, pp. 177-186.

[BrL78] Brezis, H., and Lions, P. L., 1978. “Produits Infinis de Resolvantes,”
Israel J. of Mathematics, Vol. 29, pp. 329-345.

[BrS13] Brown, D. B., and Smith, J. E., 2013. “Information Relaxations,
Duality, and Convex Stochastic Dynamic Programs,” Working Paper, Fuqua
School of Business, Durham, NC, USA.

[Bre73] Brezis, H.,1973. “Operateurs Maximaux Monotones et Semi-Grou-
pes de Contractions Dans les Espaces de Hilbert,” North-Holland, Amster-
dam.

[BuM13] Burachik, R. S., and Majeed, S. N., 2013. “Strong Duality for
Generalized Monotropic Programming in Infinite Dimensions,” J. of Math-
ematical Analysis and Applications, Vol. 400, pp. 541-557.

[BuQ98] Burke, J. V., and Qian, M., 1998. “A Variable Metric Proximal
Point Algorithm for Monotone Operators,” SIAM J. on Control and Opti-
mization, Vol. 37, pp. 353-375.

[Bur91] Burke, J. V., 1991. “An Exact Penalization Viewpoint of Con-
strained Optimization,” SIAM J. on Control and Optimization, Vol. 29,
pp. 968-998.

[CDS01] Chen, S. S., Donoho, D. L., and Saunders, M. A., 2001. “Atomic
Decomposition by Basis Pursuit,” SIAM Review, Vol. 43, pp. 129-159.

[CFM75] Camerini, P. M., Fratta, L., and Maffioli, F., 1975. “On Improving
Relaxation Methods by Modified Gradient Techniques,” Math. Program-
ming Studies, Vol. 3, pp. 26-34.

[CGT00] Conn, A. R., Gould, N. I., and Toint, P. L., 2000. Trust Region
Methods, SIAM, Philadelphia, PA.

[CHY13] Chen, C., He, B., Ye, Y., and Yuan, X., 2013. “The Direct Ex-
tension of ADMM for Multi-Block Convex Minimization Problems is not
Necessarily Convergent,” Optimization Online.

[CPR14] Chouzenoux, E., Pesquet, J. C., and Repetti, A., 2014. “Variable
Metric Forward-Backward Algorithm for Minimizing the Sum of a Differ-
entiable Function and a Convex Function,” J. of Optimization Theory and
Applications, Vol. 162, pp. 107-132.

[CPS92] Cottle, R. W., Pang, J.-S., and Stone, R. E., 1992. The Linear
Complementarity Problem, Academic Press, NY.

[CRP12] Chandrasekaran, V., Recht, B., Parrilo, P. A., and Willsky, A. S.,
2012. “The Convex Geometry of Linear Inverse Problems,” Foundations of
Computational Mathematics, Vol. 12, pp. 805-849.

[CaC68] Canon, M. D., and Cullum, C. D., 1968. “A Tight Upper Bound
on the Rate of Convergence of the Frank-Wolfe Algorithm,” SIAM J. on
Control, Vol. 6, pp. 509-516.

[CaG74] Cantor, D. G., Gerla, M., 1974. “Optimal Routing in Packet



528 References

Switched Computer Networks,” IEEE Trans. on Computing, Vol. C-23,
pp. 1062-1068.

[CaR09] Candés, E. J., and Recht, B., 2009. “Exact Matrix Completion via
Convex Optimization,” Foundations of Computational Math., Vol. 9, pp.
717-772.

[CaT10] Candés, E. J., and Tao, T., 2010. “The Power of Convex Re-
laxation: Near-Optimal Matrix Completion,” IEEE Trans. on Information
Theory, Vol. 56, pp. 2053-2080.

[CeH87] Censor, Y., and Herman, G. T., 1987. “On Some Optimization
Techniques in Image Reconstruction from Projections,” Applied Numer.
Math., Vol. 3, pp. 365-391.

[CeS08] Cegielski, A., and Suchocka, A., 2008. “Relaxed Alternating Pro-
jection Methods,” SIAM J. Optimization, Vol. 19, pp. 1093-1106.

[CeZ92] Censor, Y., and Zenios, S. A., 1992. “The Proximal Minimization
Algorithm with D-Functions,” J. Opt. Theory and Appl., Vol. 73, pp. 451-
464.

[CeZ97] Censor, Y., and Zenios, S. A., 1997. Parallel Optimization: Theory,
Algorithms, and Applications, Oxford Univ. Press, NY.

[ChG59] Cheney, E. W., and Goldstein, A. A., 1959. “Newton’s Method
for Convex Programming and Tchebycheff Approximation,” Numer. Math.,
Vol. I, pp. 253-268.

[ChR97] Chen, G. H., and Rockafellar, R. T., 1997. “Convergence Rates
in Forward–Backward Splitting,” SIAM J. on Optimization, Vol. 7, pp.
421-444.

[ChT93] Chen, G., and Teboulle, M., 1993. “Convergence Analysis of a
Proximal-Like Minimization Algorithm Using Bregman Functions,” SIAM
J. on Optimization, Vol. 3, pp. 538-543.

[ChT94] Chen, G., and Teboulle, M., 1994. “A Proximal-Based Decom-
position Method for Convex Minimization Problems,” Mathematical Pro-
gramming, Vol. 64, pp. 81-101.

[Cha04] Chambolle, A., 2004. “An Algorithm for Total Variation Minimiza-
tion and Applications,” J. of Mathematical Imaging and Vision, Vol. 20,
pp. 89-97.

[Che07] Chen, Y., 2007. “A Smoothing Inexact Newton Method for Min-
imax Problems,” Advances in Theoretical and Applied Mathematics, Vol.
2, pp. 137-143.

[Cla10] Clarkson, K. L., 2010. “Coresets, Sparse Greedy Approximation,
and the Frank-Wolfe Algorithm,” ACM Transactions on Algorithms, Vol.
6, pp. 63.

[CoT13] Couellan, N. P., and Trafalis, T. B., 2013. “On-line SVM Learning
via an Incremental Primal-Dual Technique,” Optimization Methods and
Software, Vol. 28, pp. 256-275.



References 529

[CoV13] Combettes, P. L., and Vu, B. C., 2013. “Variable Metric Quasi-
Fejér Monotonicity,” Nonlinear Analysis: Theory, Methods and Applica-
tions, Vol. 78, pp. 17-31.

[Com01] Combettes, P. L., 2001. “Quasi-Fejérian Analysis of Some Opti-
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A

ADMM 111, 280, 292, 295, 298,
337, 427
Affine function 445
Affine hull 472
Affine set 445
Aggregated gradient method 91, 94,
428
Alternating direction method 111,
280
Analytic center 425
Approximation algorithms 36, 54
Armijo rule 69, 123, 125, 317
Asymptotic sequence 481
Asynchronous computation 33, 104,
376
Asynchronous gradient method 104,
106
Atomic norm 35
Auction algorithm 180, 375
Augmented Lagrangian function 260,
283, 290
Augmented Lagrangian method 109,
115, 120, 261, 294, 326, 337, 362,
384, 389, 430
Averaging of iterates 120, 157, 177

B

Backpropagation 119
Backtracking rule 69, 123
Ball center 426
Barrier function 412
Barrier method 413
Basis 446
Basis pursuit 34, 286
Batching 93
Block coordinate descent 75, 268,
281, 429, 438-442

Bolzano-Weierstrass Theorem 453
Boundary of a set 454
Boundary point 454
Bounded sequence 451, 452
Bounded set 453
Branch-and-bound 7
Bregman distance 388
Bundle methods 110, 187, 272, 295,
385

C

Caratheodory’s Theorem 472
Cartesian product 445
Cauchy sequence 452
Central cutting plane methods 425,
432
Chain rule 142, 513
Classification 29
Closed ball 453
Closed function 469
Closed halfspace 484
Closed set 453
Closed set intersections 481
Closed sphere 453
Closedness under linear transfor-
mations 483
Closedness under vector sums 483
Closure of a function 476
Closure of a set 453
Closure point 453
Co-finite function 411
Coercive function 496
Compact set 453
Complementary slackness 508
Component of a vector 444
Composition of functions 142, 455,
469, 514
Concave closure 502
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Concave function 468
Condition number 60, 122, 315
Conditional gradient method 71, 107,
191, 192, 374
Cone 468
Cone decomposition 219
Cone generated by a set 472, 489,
492
Confusion region 89, 93
Conic duality 14, 19, 23, 511
Conic programming 13, 217, 224,
231, 232, 423, 432, 511
Conjugate Subgradient Theorem 201,
513
Conjugacy Theorem 487
Conjugate direction method 64, 68,
320
Conjugate function 487
Conjugate gradient method 64
Constancy space 480
Constant stepsize rule 56, 59, 69,
153, 304, 349
Constraint aggregation 230
Constraint qualification 507
Continuity 455, 475
Continuous differentiability 141, 172,
457
Contraction mapping 56, 296, 312,
458
Convergent sequence 451, 452
Convex closure 476
Convex combination 472
Convex function 468, 469
Convex hull 472
Convex programming 4, 507
Convex set 468
Convexification of a function 476
Coordinate 444
Coordinate descent method 75, 104,
369, 429, 439-442
Crossing function 499
Cutting plane method 107, 182, 211,
228, 270
Cyclic coordinate descent 76, 370,
376

Cyclic incremental method 84, 96,
166, 343

D

Danskin’s Theorem 146, 172
Dantzig-Wolfe decomposition 107,
111, 229, 295
Decomposition algorithm 7, 77, 289,
363
Decomposition of a convex set 479
Derivative 456
Descent algorithms 54
Descent direction 58, 71
Descent inequality 122, 305
Diagonal dominance 106
Diagonal scaling 63, 101, 333, 338
Differentiability 457
Differentiable convex function 470
Differentiation theorems 457, 458,
513, 514
Dimension of a convex set 472
Dimension of a subspace 446
Dimension of an affine set 472
Diminishing stepsize rule 69, 127,
157, 174, 316, 351
Direct search methods 83
Direction of recession 478
Directional derivative 137, 170-173,
515
Distributed computation 8, 33, 104,
365, 376
Domain 444
Domain one-dimensional 409
Double conjugate 487
Dual cone 14, 511
Dual function 3, 499
Dual pair representation 219
Dual problem 2, 147, 164, 499, 506,
507
Dual proximal algorithm 257, 336,
384
Duality gap estimate 9
Duality theory 2, 498, 505
Dynamic programming 36, 380
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Dynamic stepsize rule 159, 175, 177

E

ε-complementary slackness 180
ε-descent algorithm 83, 396, 400,
431
ε-descent direction 400
ε-relaxation method 375
ε-subdifferential 162, 397
ε-subgradient 162, 164, 169, 180,
397
ε-subgradient method 162, 179
EMP 197, 220, 396, 406
Effective domain 468
Entropic descent 396
Entropy function 383
Entropy minimization algorithm 383
Epigraph 468
Essentially one-dimensional 408
Euclidean norm 450
Eventually constant stepsize rule
308, 334
Exact penalty 39, 45, 365, 369
Existence of dual optimal solutions
503
Existence of optimal solutions 483,
495
Exponential augmented Lagrangian
method 116, 134, 389, 431
Exponential loss 30
Exponential smoothing 116, 134,
391
Extended Kalman filter 103, 120
Extended monotropic programming
83, 197, 220, 229, 396, 406, 431
Extended real number 443
Extended real-valued function 468
Exterior penalty method 110
Extrapolation 63-66, 322, 338, 427,
428
Extreme point 490

F

Farkas’ Lemma 492, 505, 506

Farout region 89
Feasibility problem 34, 283, 429
Feasible direction 71
Feasible direction methods 71
Feasible solution 2, 494
Fejér Convergence Theorem 126, 158,
465
Fejér monotonicity 464
Fenchel duality 10, 510
Fenchel inequality 512
Finitely generated cone 492
Forward-backward algorithm 427
Forward image 445
Frank-Wolfe algorithm 71, 107, 191,
374
Fritz John optimality conditions 6
Full rank 447
Fundamental Theorem of Linear Pro-
gramming 494

G

GPA algorithm 200-202, 229
Gauss-Southwell order 376, 441
Generalized polyhedral approxima-
tion 107, 196, 201, 229
Generalized simplicial decomposi-
tion 209, 229
Generated cone 472, 489, 492
Geometric convergence 57
Global maximum 495
Global minimum 495
Gradient 456
Gradient method 56, 59
Gradient method distributed 104,
106
Gradient method with momentum
63, 92
Gradient projection 73, 82, 136, 302,
374, 385, 396, 427, 434

H

Halfspace 484
Heavy ball method 63, 92
Hessian matrix 457
Hierarchical decomposition 77
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Hinge loss 30
Hyperplane 484
Hyperplane separation 484-487

I

Ill-conditioning 60, 109, 413
Image 445, 446
Improper function 468
Incremental Gauss-Newton method
103, 120
Incremental Newton method 97, 101,
118, 119
Incremental aggregated method 91,
94
Incremental constraint projection
method 102, 365, 429
Incremental gradient method 84, 105,
118, 119, 130-132
Incremental gradient with momen-
tum 92
Incremental method 25, 83, 166,
320
Incremental proximal method 341,
385, 429
Incremental subgradient method 84,
166, 341, 385, 428
Indicator function 487
Inner linearization 107, 182, 188,
194, 296
Infeasible problem 494
Infimum 444
Inner approximation 402
Inner product 444
Instability 186, 191, 269
Integer programming 6
Interior of a set 412, 453
Interior point 453
Interior point method 108, 412, 415,
423, 432
Interpolated iteration 249, 253, 298,
459
Inverse barrier 412
Inverse image 445, 446

J

K

Kaczmarz method 85, 98, 131
Krasnosel’skii-Mann Theorem 252,
285, 300, 459

L

`1-norm 451
`∞-norm 450
LMS method 119
Lagrange multiplier 507
Lagrangian function 3, 507
Lasso problem 27
Least absolute value deviations 27,
288
Least mean squares method 119
Left-continuous function 455
Level set 469
Limit 451
Limit point 451, 453
Limited memory quasi-Newton me-
thod 63, 338
Line minimization 60, 65, 69, 320
Line segment principle 473
Lineality space 479
Linear-conic problems 15, 16
Linear convergence 57
Linear equation 445
Linear function 445
Linear inequality 445
Linear programming 16, 415, 434
Linear programming duality 506
Linear regularity 369
Linear transformation preservation
of closedness 483
Linearly independent vectors 446
Lipschitz continuity 141, 455, 512
Local convergence 68
Local maximum 495
Local minimum 495
Location theory 32
Logarithmic barrier 412, 416
Logistic loss 30
Lower limit 452
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Lower semicontinuous function 455,
469

M

Majorization-maximization algorithm
392
Matrix completion 28, 35
Matrix factorization 30, 373
Max crossing problem 499
Max function 470
Maximal monotone mapping 255
Maximum likelihood 31
Maximum norm 450
Maximum point 444, 495
Mean Value Theorem 457, 458
Merit function 54, 417
Min common problem 499
Min common/max crossing frame-
work 499
Minimax duality 502, 516
Minimax duality gap 9
Minimax duality theorems 516
Minimax equality 12, 516-518
Minimax problems 9, 12, 35, 113,
147, 164, 215, 217
Minimax theory 498, 502, 516
Minimizer 495
Minimum point 444, 495
Minkowski-Weyl Theorem 492
Minkowski-Weyl representation 492
Mirror descent 82, 385, 395
Momentum term 63, 92
Monotone mapping 255
Monotonically nondecreasing sequence
451
Monotonically nonincreasing sequence
451
Monotropic programming 83, 197,
208, 431
Multicommodity flow 38, 193, 217
Multiplier method 109, 261, 267

N

Negative halfspace 484
Neighborhood 453

Nelder-Mead algorithm 83
Nested sequence 481
Network optimization 37, 189, 193,
208, 217, 375
Newton’s method 67, 74, 75, 97,
338, 416, 424
Nonexpansive mapping 57, 249, 459
Nonlinear Farkas’ Lemma 505
Nonmonotonic stepsize rule 70
Nonnegative combination 472
Nonquadratic regularization 242, 294,
382, 393
Nonsingular matrix 447
Nonstationary iteration 57, 461
Nonvertical Hyperplane Theorem
486
Nonvertical hyperplane 486
Norm 450
Norm equivalence 454
Normal cone 145
Normal of a hyperplane 484
Nuclear norm 28, 35
Null step 212
Nullspace 447

O

Open ball 453
Open halfspace 484
Open set 453
Open sphere 453
Optimality conditions 3, 144, 470,
508-511, 514
Orthogonal complement 446
Orthogonal vectors 444
Outer approximation 402
Outer linearization 107, 182, 194
Overrelaxation 253

P

PARTAN 64
Parallel subspace 445
Parallel projections method 76, 438
Parallel tangents method 64
Partitioning 9
Partial cutting plane method 187
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Partial derivative 456
Partial minimization 496
Partial proximal algorithm 297
Partially asynchronous algorithm 105,
377
Penalty method 38, 108, 120, 326
Penalty parameter 38, 40, 109
Perturbation function 501
Polar Cone Theorem 488, 492
Polar cone 488, 491
Polyhedral Proper Separation The-
orem 486
Polyhedral approximation 107, 182,
196, 217, 385
Polyhedral cone 492
Polyhedral function 493
Polyhedral set 468, 489
Positive combination 472
Positive definite matrix 449
Positive halfspace 484
Positive semidefinite matrix 449
Positively homogeneous function 488,
489
Power regularization 393
Predictor-corrector method 421, 432
Primal-dual method 416, 420
Primal function 501
Primal problem 2, 499
Projection Theorem 471
Prolongation Lemma 473
Proper Separation Theorem 486
Proper function 468
Properly separating hyperplane 485,
486
Proximal Newton algorithm 338, 428
Proximal algorithm 80, 110, 120,
234, 293, 307, 374, 384, 393, 439
Proximal cutting plane method 270
Proximal gradient algorithm 82, 112,
133, 330, 336, 385, 428, 436-438
Proximal inner linearization 278
Proximal operator 248, 296
Proximal simplicial decomposition
280
Pythagorean Theorem 450

Q

Quadratic penalty function 39
Quadratic programming 21, 483
Quasi-Newton method 68, 74, 338

R

Randomized coordinate descent 376,
440
Randomized incremental method 84,
86, 131, 344, 353, 429
Range 444
Range space 447
Rank 447
Recession Cone Theorem 478
Recession cone of a function 480
Recession cone of a set 478
Recession direction 478
Recession function 480
Reflection operator 249
Regression 26
Regularization 26-31, 117, 133, 232,
235, 287, 361, 382, 393
Relative boundary 473
Relative boundary point 473
Relative interior 473
Relative interior point 473
Relatively open 473
Relaxation method 375
Reshuffling 96
Restricted simplicial decomposition
192, 204
Retractive sequence 481
Retractive set 482
Right-continuous function 455
Robust optimization 20, 47

S

Saddle Point Theorem 518
Saddle point 498, 517-518
Scaling 61
Schwarz inequality 450
Second order cone programming 17,
49, 50, 230, 423
Second order expansions 458
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Second order method of multipliers
267
Self-dual cone 17
Semidefinite programming 17, 22,
424
Sensitivity 501
Separable problems 7, 289, 362, 405
Separating Hyperplane Theorem 485
Separating hyperplane 485
Sequence definitions 451
Serious step 272
Set intersection theorems 482
Shapley-Folkman Theorem 9
Sharp minimum 80, 176, 179, 242-
244, 436
Shrinkage operation 133, 287, 330,
362
Side constraints 213, 217
Simplicial decomposition method 72,
107, 182, 188, 193, 209, 221, 228-
230, 278, 280, 320
Single commodity network flow 38,
208, 375
Singular matrix 447
Slater condition 8, 505
Smoothing 113, 168, 326, 427
Span 446
Sphere 453
Splitting algorithm 113, 120, 427
Square root of a matrix 450
Stationary iteration 56
Steepest descent direction 59, 128
Steepest descent method 59, 78, 401
Stepsize rules 69, 308, 316
Stochastic Newton method 120
Stochastic approximation 94
Stochastic gradient method 93, 167
Stochastic programming 32
Stochastic subgradient method 93,
167
Strict Separation Theorem 485
Strict local minimum 495
Strictly convex function 468
Strictly separating hyperplane 485
Strong convexity 312, 435, 440, 471

Strong duality 3, 499
Strong monotonicity 296
Subdifferential 136, 141, 143, 146,
167, 171, 511-514
Subgradient 136, 147, 148, 167, 511-
514
Subgradient methods 78, 136, 179
Subsequence 452
Subspace 445
Superlinear convergence 68, 100, 338,
393, 437
Supermartingale Convergence 462-
464
Support function 488
Support vector machine 30, 48
Supporting Hyperplane Theorem 484
Supporting hyperplane 484
Supremum 444
Symmetric matrix 449

T

Theorems of the alternative 52
Tikhonov regularization 111
Total variation denoising 28
Totally asynchronous algorithm 105,
376
Triangle inequality 450
Trust region 70, 296
Two-metric projection method 74,
102, 129, 189, 374

U

Uniform sampling 96, 344
Upper limit 452
Upper semicontinuous function 455,
469

V

Vector sum preservation of closed-
ness 483
Vertical hyperplane 486

W

Weak Duality Theorem 3, 7, 499,
507
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Weber point 32, 52
Weierstrass’ Theorem 456, 495
Weighted sup-norm 380

Y

Z

Zero-sum games 9


