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Research profile
My main area of research is combinatorial optimization and its applications in chip design. One
of the most famous problems in combinatorial optimization is the traveling salesman problem.
This problem is NP-hard and the best approximation algorithm currently known is due to Christofides from 1976. Recently we were able to exactly estimate the approximation ratio of the
greedy algorithm for the traveling salesman problem. This was an open question for more than
35 years. Moreover we proved that the integrality ratio of the subtour LP for the Traveling Salesman Problem has value at least 4/3 in case of Euclidean instances. This result sheds new light
on the famous 4/3 conjecture for the Traveling Salesman Problem. We also proposed a new algorithm that allows to find exact solutions to large Traveling Salesman Problems up to ten times
faster than the best algorithms so far. Motivated by an application in chip design we designed a
linear time algorithm to pack a set of squares into a rectangle. Our algorithm leaves much less
wasted space than the so far best known algorithm. Moreover we devised exact algorithms for
several problems in chip design, e.g. for packing rectangles into an area minimal rectangle or
for finding netlength minimal placements of macros. In many cases our algorithms are several
orders of magnitudes faster than existing algorithms.
One of the main challenges is to improve on Christofides approximation algorithm from 1976
for the Traveling Salesman Problem. One possible way to attack this problem is to prove the
so called 4/3 conjecture which states that the integrality ratio of the subtour LP is 4/3. Recent
progress that has been made on special cases of this conjecture seems to be promising. We
think that proving the 4/3 conjecture in the special case of Euclidean instances could be a
feasible goal. We recently proved that in this case 4/3 is a lower bound. For Euclidean TSP a
proof of the 4/3 conjecture would not improve on the best known approximation ratio as in this
case even a polynomial time approximation scheme is known. In the area of chip design a main
challenge is to design algorithms that simultaneously optimize several objective functions. Due
to the complexity of such problems one usually iteratively optimizes one objective function after
the other in several rounds. Algorithms that allow to optimize several such objectives functions
in one step would not only improve the running time but also the quality of results.

Research Area KL My main research area is combinatorial optimization with a focus on approximation algorithms, exact algorithms and applications in chip design [6]. The best studied
problems in combinatorial optimization are the traveling salesman problem and the Steiner tree
problem. We contributed several results to both problems. It was a long standing open problem to determine the approximation ratio of the greedy algorithm for the traveling salesman
problem. We completely solve this problem [5]. Moreover, we provide new lower bounds on
the approximation ratio of the nearest neighbor heuristic for euclidean and rectilinear traveling
salesman problems [7]. An open conjecture states that the integrality gap of the subtour LP is
4/3 for the metric traveling salesman problem. It is well known, that 4/3 is a lower bound. We
were able to prove that this lower bound also holds in the special case of the euclidean traveling
salesman problem [8]. We also developed a new approach that speeds up the exact solution
of large traveling salesman problems up to a factor of 10x [9]. For the Steiner tree problem in
graphs we developed a new exact algorithm that is significantly faster than existing algorithms
on many instance classes [3].
Motivated by the placement problem in chip design we studied the problem of packing a set of
rectangles into a rectangular area. We obtained the best known bound on packing squares into
a rectangle [13] and also developed a new algorithm for the rectangle packing problem [12].
This algorithm is able to solve several benchmark problems that were unsolved before.
In chip design we not only have to pack rectangles into a rectangular area but we have to
find a packing that optimizes the total wirelength of such a packing. We proposed new exact
algorithms for solving this problem [11, 4] that for the first time are able to solve instances of
reasonable sizes. We also designed a set of algorithms, called BonnCell, that are able to find
optimum solutions to the Leaf Cell Layout problem in Chip design [10, 1]. These algorithms are
the only existing algorithms for solving this problem exactly and are heavily used in industry.
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