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1. Main characteristic features of water 

resources systems

►Large-sale system due to 1) a large number of decision variables; 2) a

combinatorial number of alternative solutions.

►Mixed-integer bounded decision variables: e.g. in groundwater management,

pumping rates are continuous decision variables and locations of wells are integer

decision variables.

►Constrained optimization with single/ multiple objective(s ), equality and

inequality constraints: 1) physical objectives, e.g. maximizing irrigation releases,

hydropower production, groundwater quality; 2) economic objectives, e.g.

maximizing net returns, minimizing costs, investment in water development; 3)

physical and economic constraints, e;g. reservoir storage, surface water balance,

water supply, demand and costs.

►Uncertainties related to: 1) variability of climate and hydrology e.g. flow

streams, rainfalls and temperatures; 2) water quality e.g. random pollution

transport; 3) imprecision and lack of data; 4) environmental policy, vagueness of

judgment from decision makers (fuzzy character of data and relations) .
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2. Combined algorithms for solving large-

scale mixed-integer programming problems

1. Decomposition-based algorithm (GBD)

Principle: The procedure consists of a master program with interacting

sub-problems. 1) Sub-problems receive a set of simplex multipliers and

apply their solutions to the master program. 2) The master problem

combines this information to compute new duals.

2. Branch-and-bound enumerative algorithm (B&B)

Principle: The procedure consists of two basic operations. 1) at the

branching step the feasible space is partiionned in smaller subsets; 2) at

the bounding step a lower bound (for a minimization problem) is

calculated for each subset.
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►Mixed-integer nonlinear programming

Single objective mixed-integer

nonlinear programming (MINLP) 

[1]

Multiobjective mixed-integer

nonlinear programming (pMINLP) 

[2-3]

Problem: Minimize one objective

function subject to equality and

inequality constraints and bounds

with real and integer design

variables.

Problem: Minimize multiple objective

functions simultaneously subject to

constraints and bounds with real and

integer design variables.

Method: Iterative decomposition-

based algorithm where sub-problems

interact with a master problem.

Method: Iterative decomposition-

based algorithm where sub-problems

interact with a master problem.

Formulation: MINLP problem, ILP 

(master problem), NLP (sub-

problems)

Formulation: pMINLP (parametric)

problem.

Solution: Global optimum Solution: Noninferior solution set
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►GBD algorithm:

● GBD generates an upper bound and a
lower bound of the approximated
solution at each iteration.

● It consists of a sequence of NLP sub-
problems and of a master ILP problem.
NLPs provide upper bounds whereas
mater IP yields a lower bound to the
optimal solution.

● A primal sub-problem corresponds to
the original problem with fixed discrete
variables. It provides information about
the upper bounds and Lagrange
multipliers. The master problem is
derived from nonlinear duality theory
and calculates the next set of lower
bounds.

● The sequence of updated upper
bounds is nonincreasing and that of
lower bounds is nondecreasing. A
convergence is attained after a finite
number of iterations.
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►Illustrative example
(inspired from Li & Sun, 2006)
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3. Real-life application to WRSs
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Thank you for your attention !


