
Title: Heuristi
 solution of the Elementary Short-est Path Problem with Resour
e ConstrainedGroup: Algorithms and OptimizationPrerequest: Videregående AlgoritmikConta
t: David Pisinger pisinger�diku.dkIn the Elementary Shortest Path Problem with Resour
e Constrained (ESP-PRC) a shortest path in a graph G with possible negative edges and 
y
les isto be found. The path must obey a 
ertain set of resour
e 
onstraints. Someexamples of resour
e 
onstraints are: A 
apa
ity resour
e where ea
h node isassigned a weight and the sum of the 
hosen nodes may not ex
eed a global
apa
ity. A time window resour
e where ea
h node 
an only be visited in a 
er-tain time interval. An example of an ESPPRC instan
e 
an be seen in �gure 1.Dror [5℄ has shown that ESPPRC is NP-hard in the strong sense. A des
ription5 
ustomers, 
apa
ity 4, node weight 1 and travel time on edge 1A [2,3℄,2B [3,3℄,2 C [3,5℄,1F [0,6℄,0D [0,2℄,2 E [0,5℄,1Paths:
D → A: end time: 3, 
apa
ity 4

B → C → E: end time: 6, 
apa
ity 4Figure 1: A ESPPRC instan
e exampleof the ESPPRC problem and a exa
t algorithm 
an be found in Feillet et al. [1℄Solution MethodAdaptive Large S
ale Neighborhood Sear
h (ALNS) has su

essfully been usedto solve several variants of the Vehi
le Routing Problem, see Pisinger and Røpke[7℄. The method is iterative and starts with a feasible solution. By using arandom 
ombination of several fast destru
tion and 
onstru
tion heuristi
s itdestroys and rebuilds the solution di�erently in ea
h iteration.
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Resear
h approa
hYour task is to des
ribe the theoreti
 results regarding the ESPPRC as well asthe general ALNS framework. Finally you should 
onstru
t and implement yourown ALNS algorithm for the ESPPRC.There are several instan
es of the ESPPRC with a single 
apa
ity resour
e,as well as instan
es with a single 
apa
ity and a single time window available.So you may restri
t your implementation to these. So you may restri
t yourimplementation to these, but the theory should be as general as possible.
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Title: Exa
t solution of the Elementary ShortestPath Problem with Resour
e ConstrainedGroup: Algorithms and OptimizationPreerequest: Videregående AlgoritmikConta
t: David Pisinger pisinger�diku.dkIn the Elementary Shortest Path Problem with Resour
e Constrained (ESP-PRC) a shortest path in a graph G with possible negative edges and 
y
les isto be found. The path must obey a 
ertain set of resour
e 
onstraints. Someexamples of resour
e 
onstraints are: A 
apa
ity resour
e where ea
h node isassigned a weight and the sum of the 
hosen nodes may not ex
eed a global
apa
ity. A time window resour
e where ea
h node 
an only be visited in a
ertain time interval. An example of an ESPPRC instan
e 
an be seen in �gure2. 5 
ustomers, 
apa
ity 4, node weight 1 and travel time on edge 1A [2,3℄,2B [3,3℄,2 C [3,5℄,1F [0,6℄,0D [0,2℄,2 E [0,5℄,1Paths:
D → A: end time: 3, 
apa
ity 4

B → C → E: end time: 6, 
apa
ity 4Figure 2: A ESPPRC instan
e exampleSolution MethodOne solution method for the ESPPRC is a so 
alled �label setting algorithms�.A label setting algorithm for ESPPRC basi
ally enumerates all possible paths.During the enumeration the di�erent partial path (Labels) are 
ompared andif it 
an be proven some of these are removed. The step of removing labels is
alled dominan
e and is very time 
onsuming.Feillet et al.[1℄ des
ribe how to 
onstru
t a label setting algorithm and Righ-ini and Salani [8℄ proposed a bi-dire
tional algorithm based on this label settingalgorithm. 3



Resear
h approa
hYour task is to des
ribe and implement either the standard label setting algo-rithm or the bi-dire
tional algorithm. Se
ondly you are to 
onsider di�erentways of speeding up the dominan
e. To speed up dominan
e you may 
onsiderdi�erent ways of storing the labels and/or 
onsider various ways of 
al
ulatingupper and lower bounds for the value of any path that may in
lude the partialpath the label represent.You should implement and test the new storing methods and dis
uss thepros and 
ons 
aused by these.There are several instan
es of the ESPPRC with a single 
apa
ity resour
e,as well as instan
es with a single 
apa
ity and a single time window available.So you may restri
t your implementation to these.
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Title: The 
utting sto
k problemGroup: Algorithms and OptimizationPrerequest: Videregående Algoritmik og Introduk-tion til optimeringConta
t: David Pisinger pisinger�diku.dkSeveral materials su
h as paper, textiles and metalli
 are manufa
tured in rollsof large widths 
alled raws. The raws are later 
ut into smaller pie
es (�nals)whi
h are used to manufa
ture a given item. In the 
utting sto
k problem ademand for several �nals is given and the task is to �nd a set of 
uttings thatminimizes the total number of whole raws. On �gure 3 a example of a 
uttingis seen.

Figure 3: A 
utting sto
k exampleSolution methodBran
h and Cut and Pri
e(BCP) is a solution methods used for solving larges
ale optimization problems. The BCP method embeds the Danzig-Wolfe de-
omposition prin
iple (see [2, 9℄) in a bran
h and bound framework. The Danzig-Wolfe de
omposition prin
iple splits an optimization problem into a master and5



a pri
ing problem. For the 
utting-sto
k problem the master problem be
omesan integer optimization problem and the pri
ing problem be
omes a knapsa
kproblem.Resear
h Approa
hYour task is to des
ribe the general Bran
h and Cut and Pri
e theory and thede
omposition of the 
utting sto
k problem. Make an implementation of a BCPalgorithm for the 
utting sto
k problem. Experimentally investigate if it ispossible to use the reoptimization strategy for the knapsa
k problem suggestedby Pisinger and Saidi [4℄ in the BCP algorithm.Alternative to the reoptimization strategy you may also 
onsider how 
utsin the master problem 
an be handle in the pri
ing problem. You task is thento transfer the work of Petersen, Pisinger and Spoorendonk [6℄ to the 
uttingsto
k problem.An implementation of the knapsa
k algorithm with reoptimization is avail-able as well as the open sour
e Bran
h and Pri
e framework COIN.
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Title: Advan
ed algorithms for solving the Short-est Path ProblemGroup: Algorithms and OptimizationPreerequest: Algoritmer og datastrukturer VideregåendeAlgoritmikConta
t: David Pisinger pisinger�diku.dkGiven a graph G(V,E) the well known shortest path problem 
an be solved in
O(E log V )(see CLRS [3℄) when the graph 
ontains no negative edges. In thegeneral 
ase when negative edges exist the problem 
an be solved in O(V E)with the Bellman-Ford algorithm.Resear
h approa
hThe exist several theoreti
 results regarding the shortest path problem with neg-ative edges that improves the running time of the Bellman Ford algorithm. Andthere exist several approa
hes that improves the pra
ti
al running time of the Di-jkstra algorithm. Your task is to make a survey of both the theoreti
al and pra
-ti
al algorithms. You may 
hoose to implement some of the algorithms but thisis not required. Some inspiration 
an be found in Andrew V. Goldbergs le
tureslides from the summer s
hool Path05(http://www.avglab.
om/andrew/pub/path05-slides.pdf)Referen
es[1℄ An exa
t algorithm for the elementary shortest path problem with resour
e
onstraints: Appli
ation to some vehi
le routing problems. Netw., 44(3):216�229, 2004.[2℄ V. Chvatal. Linear Programming. W. H. Freeman and Company, 1983.[3℄ T. H. Cormen, C. E. Leiserson, R. L. Rivest, and C. Stein. Introdu
tion toAlgorithms. Addison, 2001.[4℄ Alima Saidi David Pisinger. Toleran
e analysis for pseudo-polynomial prob-lems. Te
hni
al report, DIKU, 2008. Working paper.[5℄ M. Dror. Note on the 
omplexity of the shortest path models for 
olumngeneration in vrptw. Operations Resear
h 42, pp. 977-979, 1994.[6℄ B. Petersen, D. Pisinger, and S. Spoorendonk. Chvátal-gomory rank-1 
utsused in a dantzig-wolfe de
omposition of the vehi
le routing problem withtime windows. In B. Golden, R. Raghavan, and E. Wasil, editors, TheVehi
le Routing Problem: Latest Advan
es and New Challenges. Springer,2007. forth
oming. 7



[7℄ David Pisinger and Stefan Ropke. A general heuristi
 for vehi
le routingproblems. Comput. Oper. Res., 34(8):2403�2435, 2007.[8℄ G. Righini and M. Salani. Symmetry helps: bounded bi-dire
tional dynami
programming for the elementary shortest path problem with resour
e 
on-straints. Elsevier S
ien
e (submitted), 2004.[9℄ L. A. Wolsey. Integer Programming. A-Wiley-Inters
ien
e Publi
ation, 1998.
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