









	
 Home

	 Add Document
	 Sign In
	 Create An Account














[image: PDFKUL.COM]






































	
 Viewer

	
 Transcript
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Abstract. This paper deals with the exact solutions of combinatorial



optimisation problems. We describe a parallel implementation of a Branch and Bound algorithm we complete such software with heuristic schemes and we show results with reference to the well known TSP problem. We evaluate the performance by introducing the concept of implementation eciency that allows to estimate the communication overhead notwithstanding the over{search problem.



1 Introduction Combinatorial Optimisation Problems (COPs) consist in the search of optima for functions of discrete variables many of those belong to the class of NP-hard problems for which the search of the actual optimum could require prohibitive amount of computing time. COP's can be approached via exact techniques such as the Branch and Bound (B&B) algorithm, i.e. a divide-and-conquer strategy. At each iteration step this algorithm selects (according to a selection rule) a sub-problem, computes its lower bound (by supposing, for example, that minimisation problems are considered) and, if this bound is better than the current best solution, the subproblem is split (according to a branching rule) in two or more sub-problems or, if possible, solved otherwise it is skipped. When the list of sub-problems becomes empty, the algorithm terminates. A B&B algorithm, clearly, can easily keep memory of the Best Case Solution (BCS) simply by evaluating, in the case of minimisation problem, the minimum among nodes bounds in the current list this allows to de ne, at each instant, the quality of the running solution. Even using massively parallel computers, however, an exact technique requires, in the worst case, a time that grows exponentially with the input size. For this reason heuristic/stochastic approaches, that nd sub-optimal solutions using well bound amounts of time and of computing power, are widely used. These methods typically converge to local minima and, in general, they do not provide any information about the distance from the actual optimum. In literature there are many examples of application of parallel computers to solve optimisation problems. Parallel versions of exact and/or heuristic techniques have been in fact proposed to improve the speed and the eciency of



classical methods. All these examples show that the e orts have been focused on the possibility of improving each single approach. In a previous paper 1] it has been described a fundamentally new approach to the exact solution of combinatorial optimisation problems on parallel computers, based on the synergistic use of exact and stochastic/heuristic techniques. The basic idea of the Multi{algorithmic Parallel Approach (MPA) 1] was the attempt to gather di erent techniques developed in literature for a certain problem with general purpose approaches in order to reduce the computational time needed to reach the optimal solution. Starting from the informal description of the B&B algorithm, in fact, it should be clear that the availability, during the search process, of sub-optimal good solutions should allow the B&B algorithm to cut branches, so lowering the computing time. In this paper we further work out the original idea proposed in 1] by integrating the MPA with a parallel implementation of a classical B&B algorithm 2] proposed for the well known Traveling Salesman Problem (TSP) this algorithm uses, as bounding function, the O(n3 ) Hungarian solution for the assignment problem. The whole parallel algorithm has been realised using the de facto standard PVM 3] and has been tested on the Meiko CS-2.



2 The Parallel B&B Implementation A B&B algorithm can be implemented in parallel according to two main strategies the rst one (small{grained approach, SGA) is based on the parallelisation of bounds computation by using, for example, SIMD machines. Using the SGA we have that the number of nodes split (branches) is exactly the same both in the sequential case and in the parallel one. Such an approach, on the other hand, is useless when the bound function is simple (say linear in the dimension of the problem). Alternatively and/or concurrently, we can use a coarse{grained approach (CGA), where the search across the solutions tree is parallelised. This paper is focused on the latter strategy, owing to the parallel machine we used (Meiko CS-2). In this case, of course, the number of branches in the sequential case and in the parallel case are likely to be di erent, with the parallel implementation performing, on average, an higher number of branches. This phenomenon (over{searching) is, clearly, as higher as the sequential B&B is ecient and avoids useless paths in the search tree. The B&B we choose can be implemented both using a best in rst out (BIFO) strategy and a last in rst out (LIFO) strategy. The BIFO strategy is, by de nition, not bound in the memory complexity moreover an actual BIFO parallel strategy (where at each iteration each processor selects the node from a global list) needs a lot of communication and sincronization so that it seems not well suited for the distributed memory MIMD parallel machine we are dealing with. For such reasons we used a mixed approach, that can be summarised as follows. We used a master{slave structure. The master reads input data and branches the root problem as there are nodes to be examined they are sent to slaves that can start working. The master branches sub{problems until a node has been sent



to each slave. At this point it becomes idle and its list could be empty as well as could contain some nodes. As soon as a slave nds a solution improving the current one, it sends a message to the master that update the current optimum, output this value and broadcast it to other slaves this allows keeping the over{search as low as possible. When a slave becomes idle since its list is empty, it sends a message to the master if the master list is not empty, a node is sent back to the idle slave. Otherwise, the master broadcast a message to each slave asking for nodes each slave with more than a node in its list send one of these (selected according its complexity) to the master that serves the idle son and will use other nodes for future requests. This strategy allows to have a well balanced load. The parallel algorithm of course terminates when each slave is idle and the master list is empty. In our experiments, each slave acts according a LIFO strategy but it could act according a BIFO strategy. What is worth noting is that, in the latter case, we do not have an actual BIFO parallel B&B since, at each iteration, the nodes are selected having visibility just of the local list. The parallel B&B described has been extended according to the idea suggested in 1]. Namely, we implemented two stochastic solvers (a simulated annealing and two-opt search) whose time duration is controlled via the number of iterations they perform. The slaves running such solvers are not served with nodes from the master when they nish running heuristic solvers they ask for a node and become idle.



3 Results Measuring the performance of a parallel B&B is not a simple task because of the over{search problem. Thus, we decided to distinguish between the implementation eciency (that measures the communication overhead and the achieved load balancing) and the global eciency (that gives an overall idea about the performance of the obtained implementation). As concerns the implementation eciency, this has been obtained by considering the time employed to solve the problem as a linear function of the number of branches. (This clearly introduces an approximation, since nodes at di erent levels in the search tree have di erent complexities as regards the bounding function). Figure 1 shows the di erence between the linear approximation and the actual points for 10 random selected asymmetric problems of dimension 70 and 100, in the sequential case as well as in the parallel case with 12 slaves. The implementation eciency, de ned as the ratio between angular coecients of approximating lines, is reported in tab. 1. These results seem very interesting and are due to the following facts (i) the custom version of PVM on the Meiko CS-2 introduces a negligible overhead,(ii) our choice of implementing an asynchronous parallel B&B allows to have a low number of communications and (iii) our load balancing strategy works very well (see tab. 1)
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Fig. 1. The number of branches vs. the time for problems of dimension 70 (upper) and of dimension 100, in the sequential case (left) and in the parallel one (12 slaves).



Table 2 shows the global eciency when 12 slaves are used, whose average value (0.87) while very interesting is lower than the average implementation eciency for the same case (0.91), due to the over{search problem. To give an idea of the whole performance of our algorithm, we show in gure 2 the results obtained on two classical problems from the TSPLIB archive. In these tests we simulate a real situation, i. e. we guess that X seconds (with, for example, X = 1200) can be used at most to nd the solution (of course this solution, in many cases, does not represent the actual optimum) and we plot as a function of time the Ratio representing the quality of the solution (Ratio=BCS/(current optimum), Ratio= 1 means problem solved). We show the performance of the parallel B&B, as well as the improvement obtained when the parallel B&B is integrated with a simulated annealing (SA) and with a Two-Opt heuristic (TO). It is worth noting in the latter case that we used 12 slaves for the parallel B&B slave 12 (11) performs the SA (the TO) before becoming actually a slave in the parallel B&B.



4 Conclusions We implemented a parallel B&B with a LIFO strategy, that can be simply extended to a local BIFO strategy, the actual BIFO strategy not seeming well suited for the hardware at hand. We showed how results can be improved by integrating into the parallel algorithm heuristic/stochastic methods such an im-



problem branches branches branches branches slave5 slave6 slave7 slave8 1 754 800 811 775 5 280 293 296 300 8 1081 1083 1135 1085



dim: 2 4 8 12 slaves slaves slaves slaves 60 0.91 0.92 0.92 0.88 70 0.98 0.97 0.97 0.99 100 0.95 0.95 0.91 0.87



Table 1. Left: the number of branches performed by some slaves the parallel implementation uses 8 slaves and it is run on random selected asymmetric problems of dimension 100. Right: the implementation eciency for random selected problems as the number of slaves and the input size vary. dimension #1 #2 #3 #4 #5 #6 #7 #8 #9 #10 avg 60 0.74 0.73 0.80 1.06 1.68 3.57 0.56 0.75 0.84 0.84 1.16 70 0.79 0.58 0.63 1.04 0.69 0.82 0.49 0.82 0.87 0.90 0.76 100 0.68 0.78 0.51 0.55 0.78 0.49 0.71 1.52 0.65 0.46 0.71



Table 2. The global eciency on random selected problem as the input size varies. The number of slaves is 12.
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Fig. 2. The Ratio vs. the time using the parallel version of the branch and bound as



the number of slaves varies (1, 6, 12, 24) using the parallel branch and bound (left). The same using 12 slaves and combining the parallel branch and bound with simulated annealing and two-opt (right). The problem are swiss42 (upper) and hk48.



provement is likely to be greater if a local BIFO strategy is used In fact, the BIFO strategy exploits in width the search tree so that the BCS is improved rapidly, while the current optimum not. About the obtained results, we introduced the concept of implementation eciency used to evaluate the communication overhead related to the exchange of global informations and to the load balancing mechanism. We obtained an interesting performance even if we do not have any miraculous solution. The average eciency is less than 1, even if we have, in some cases, a super{eciency. To have a parallel B&B that shows a steady super{eciency it is necessary, in our opinion according to 4] 5], to start from a sequential algorithm that does not optimise its search across the solution tree. As an examples of this common misunderstanding about the problem at hand, we cite 1] the results presented, while still interesting, have been put into the perspective after an improvement of the used B&B. To conclude, the problem related to the portability of the code has to be addressed. The PVM on the Meiko CS-2 does not need the presence of the daemon since, in our implementation, each slaves have to ask for messages at each iteration, this allows to have negligible overhead as a consequence of the fact that the slave interrogates directly the communication hardware. To have good performance on classical platforms, where the slave should interrogate the daemon with a time{consuming operation, we can use the simple solution suggested in 1], where a catcher process is coupled with each slave. The work of the catcher is simply to wait for messages and to communicates with the slave via shared memory.
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