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Propositions

accompanying the PhD thesis

Total variation error bounds for convex
approximations of two-stage mixed-integer

recourse models

by
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Addendum: The integer newsvendor problem in Chapter 5 and its shifted LP-

relaxation approximation can be solved analytically if ω is exponentially dis-

tributed with rate λ. The corresponding total variation error bound implies the

inequality.

9. Off-shore helicopter routing problems are easy to explain. If optimal

solutions to these problems would be just as easy to find, I would not

be talking about them so much.

[6] W. Romeijnders. Off-shore helicopter routing with asymmetric demands and

refueling options. Master’s thesis, University of Groningen, 2011.

10. The less one understands a quantitative model, the stronger one be-

lieves in its quantitative outcomes.

11. Decision problems are only truly interesting if uncertainty is involved.

Chess is the exception to the rule.



reductions may be obtained by postponing preventive maintenance

actions.

[2] B. de Jonge, A.S. Dijkstra, and W. Romeijnders. Cost benefits of postpon-

ing time-based maintenance under lifetime distribution uncertainty. Reliability

Engineering and System Safety, 140:15–21, 2015.

6. Let G = (V,E) be a directed graph in which each node i ∈ V has

a weight wi and cost ci ≥ 0, and let FG denote the set of all graph

closures in G. The budget-constrained graph closure problem, defined

for every budget B > 0 as

(PB) max
S⊂V

{∑
i∈S

wi :
∑
i∈S

ci ≤ B, S ∈ FG

}
,

is to select a graph closure S ⊂ V maximizing the weight
∑

i∈S wi

subject to the budget constraint
∑

i∈S ci ≤ B. The graph of the

optimal weight of PB as a function of B represents the efficient fron-

tier. The optimal solutions S∗(B) of PB corresponding to the ex-

treme points of the concave envelop of this efficient frontier are nested

and can be obtained easily using a sequential linear programming

algorithm. Moreover, within a wide class of problems, the budget-

constrained graph closure problem is the most general one having

these properties.

[3] W. Romeijnders and D.P. Morton. Nestedness in dynamically evolving budget-

constrained combinatorial problems. In preparation.

7. Theorem 2 of [4] asserts that the LP-relaxation QLP of the integer

recourse function Q is strictly smaller than the α∗-approximation Q̂α∗

at those points x ∈ Rn for which Q(x) > 0. This latter condition

should be replaced by Q̂α∗(x) > 0, similar as in [5] and the Erratum

to [4].

[4] M.H. van der Vlerk. Convex approximations for complete integer recourse

models. Mathematical Programming, 99:297–310, 2004.

[5] W. Romeijnders, L. Stougie, and M.H. van der Vlerk. Approximation in

two-stage stochastic integer programming. Surveys in Operations Research and

Management Science, 19:17–33, 2014.

1. Two-stage mixed-integer recourse functions are difficult to minimize

since they are typically non-convex. However, many such functions

allow for a good convex approximation.

Main contribution thesis.

2. Both integer decision variables as well as random parameters are a

source of difficulties for optimization purposes. When combined, how-

ever, the latter may mitigate the difficulties of the former.

M.H. van der Vlerk, personal communication.

3. Let ω be a normally distributed random variable with mean µ and

standard deviation σ, and let ϕ : R �→ R be a periodic function

with period p and finite mean value ν := p−1
∫ p

0
ϕ(x)dx. Then,

Eω[ϕ(ω)] → ν with exponential rate as σ → +∞.

Addendum: For every x ∈ [0, p] the (scaled) packed density pfp(x) = p
∑

k∈Z f(x+

pk) of Definition 4.3 can be interpreted as a mid-point or trapezoidal approxima-

tion of the indefinite integral
∫+∞
−∞ f(y)dy = 1. For pdf f that are infinitely

continuously differentiable and whose derivatives all have vanishing tails, such as

the normal density, the approximation error converges to zero with exponential

rate as p → 0.

4. Forecasting spare parts demand is notoriously difficult, as such de-

mand is typically intermittent and lumpy. In [1] we argue that the

accuracy of these forecasts can be improved by 20% using perfect in-

formation on component repairs. This result is of restricted practical

value, however, since such component repairs are extremely difficult

to forecast as well.

[1] W. Romeijnders, R. Teunter, and W. van Jaarsveld. A two-step method for

forecasting spare parts demand using information on component repairs. Euro-

pean Journal of Operational Research, 220:386–393, 2012.

5. Preventive maintenance is a well-known strategy for curtailing costs

associated with breakdowns of a maintainable unit. However, if the

lifetime distribution of such a unit is uncertain, then substantial cost


