
The dynamic locking heuristic - a new graphpartitioning algorithmAchim G. Ho�mannUniversity of New South WalesSchool of Computer Science and EngineeringP.O. Box 1, Sydney, NSW 2033, AustraliaE-mail: achim@cs.unsw.oz.auAbstractIn layout design �nding e�ciently good solutions tothe hypergraph bipartitioning problem is of great im-portance. This paper introduces a new algorithm,the dynamic locking algorithm, which has empiricallyshown a signi�cant improvement in the partitioningresult compared to known algorithms.1 IntroductionThe problem of graph partitioning occurs in manydomains of signi�cant practical importance and eco-nomic impact. Among them is the design of VLSIchips. Unfortunately, graph bipartitioning has beenproved to be NP-hard [4]. However, fast heuristic al-gorithms for the problem have been developed [6, 3].One of the most popular heuristics among them is theheuristic of Fiduccia & Mattheyses [3] (in short FM)which is a fastened form of the heuristic of Kernighan& Lin [6] (in short KL). Krishnamurthy [7] proposeda class of possible improvements of the FM heuristic.Dunlop and Kernighan [2] developed a sophisticatedapplication of FM for recursively partitioning a circuitinto many parts for the placement problem in circuitdesign. Bui et al. [1] suggested to build clusters ofnodes before bisecting the graph in order to improvethe performance of the Kernighan-Lin heuristic. Thispaper introduces a new hypergraph bipartitioning al-gorithm. The new algorithm, the dynamic locking al-gorithm (in short DLA), has empirically shown a sig-ni�cant improvement in the resulting cutsize over FM.The dynamic locking algorithm has a linear time com-plexity.The paper is organized as follows. The next sectionprovides a more technical treatment of the problem ofhypergraph bipartitioning and of previous work. Sec-tion 3 introduces the new dynamic locking algorithm.In section 4 an empirical comparison of the new algo-

rithm to the FM algorithm is given. Section 5 containsconcluding remarks.2 Previous WorkNetlists can be described as hypergraphs, i.e. graphswhere edges may contain more than two nodes. Thefollowing problem will be called hypergraph biparti-tioning:Given: An undirected hypergraph G = (V;E). Anhyperedge e 2 E is a subset of V .Problem: Find two disjoint, almost equally sizedsubsets V1; V2 of V such that the number of edges thatconnect nodes in di�erent partitions is minimal. Thatis: Find V1; V2 � V , where V1 = (V n V2) ^ (jV1j �jV2j � jV1j+ 1, such that the set of shared netsjfeje 2 E ^ (9n1; n2 2 e ^ n1 2 V1 ^ n2 2 V2gjhas its minimum over all partitions.Thus, the problem of graph bipartitioning, i.e. whereeach edge has only two nodes is a special case of thehypergraph bipartitioning problem as stated above.2.1 The KL heuristicThe Kernighan-Lin heuristic (in short KL) starts froma given initial bipartitioning of the (hyper-)graph andtries to �nd a near-optimal solution by stepwise mod-ifying the initial partitioning. The initial partition-ing may be randomly generated or obtained by othermeans. To improve the initial partitioning it is as-sumed that some nodes are not in their `right' parti-tion. I.e. if these nodes would be in the opposite par-tition, the partitioning would have its optimum. Con-sequently, the Kernighan-Lin heuristic tries to identifyin each partition one of these nodes in order to swapthem. KL's approach to identify a pair of nodes to beswapped is as follows: For each pair of nodes located1



in di�erent partitions KL determines by how manynets the partitioning would improve after swapping.The heuristic chooses that pair of nodes for swappingthat has the highest gain. For n nodes this results in((n2 )2=2) = n28 gain computations for determining thebest pair to be swapped. Therefore, the Kernighan-Lin heuristic has a quadratic time complexity O(n2).After a node has been moved it is not considered foranother swap. This suits the idea of having initiallysome nodes in the `wrong' partition. Once nodes areswapped it is assumed that they moved to their `right'partitions.2.2 The FM heuristicThe Fiduccia-Mattheyses heuristic is in its basic ideavery similar to Kernighan-Lin. The FM heuristic hasfastened KL by abandoning the idea of interchang-ing two nodes in a single step. Instead, Fiducciaand Mattheyses proposed to move a single node ata time [3]. Consequently, only for each single node itsgain for moving to the opposite partition has to becomputed. The node with the highest gain is selectedand moved to the opposite partition. Of course, it hasto be avoided that all nodes are moved to one parti-tion - although the cutsize would have its minimumof0 ! For that purpose FM uses a balancing criterion,which requires both partitions to contain a prespeci-�ed minimal number of nodes. Like KL, FM allowseach node to move only once.Note that nodes with a negative gain for movingmay still be moved to overcome some local optima.After each node has been moved once, the best par-titioning which emerged through the entire movingprocess is determined as the result.Let us call the process the improvement process.The result of the improvement process is then used asthe initial partitioning for further improvement pro-cesses. The entire process terminates, when the im-provement process yields no further improvement anymore.Both algorithms - KL as well as FM - consist of twocascaded loops. The inner loop covers the improve-ment process. The outer loop is called the iterativeimprovement loop and contains the inner loop. I.e.the iterative improvement loop starts with some ini-tial partitioning and feeds the partitioning to the innerloop. The best found partitioning returned from theinner loop is fed back to another run through the innerloop until no further improvement is achieved.3 The new approachTo motivate the new algorithm problems with theknown algorithms are discussed �rst.

3.1 Weaknesses of the KL and FMBoth KL and FM move each node only once throughits inner loop to avoid cycles in moving the nodes. Un-fortunately, this strategy may cause the algorithm tostay in some local optimum. Since, instead of movinga node N back to its original partition if the respec-tive gain indicates that move, KL and FM move othernodes to their opposite partition. See �gure 1. Thismay result in an even worse situation: The gain ofmoving N back to its original partition which mayactually be its `right' partition, may even decreasefor the following run through the inner loop. Thus,the fact that N has been locked during the last runthrough the inner loop, cannot always be compensatedby the following run through the inner loop. Exper-iments have shown that in practice this is unfortu-nately very often a problem.
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AFigure 1: An example where the idea of moving eachnode only once results in a poor partioning result. Theshown sequence of improvement attempts of the initialpartitioning would be produced by the FM algorithmwith a maximum of 4 nodes allowed in each partition.The �lled nodes are not allowed to be moved again.3.2 The dynamic locking algorithmThe dynamic locking algorithm (in short DLA) attacksthe problem discussed above. Basically, DLA allowsto move nodes between partitions back and forth.In order to avoid cycles in moving nodes, DLA locksnodes immediately after they have been moved. Thenodes stay locked as long as there is no promising rea-son that they should be moved again. When a promis-ing reason emerges, then a node will be unlocked andbecomes eligible for another move to its opposite par-tition. A locked node should possibly be moved an-other time if some or even all of its neighbors havebeen moved to the opposite partition. This may in-dicate that the current partition of a node is possiblynot its `right' partition.DLA checks after each move of a node N from parti-tion A to B the topological neighbors of N . All neigh-bors of N are unlocked which are located in partitionA. Thus, a node may be moved from A to B, evenif it had been moved from B to A at an earlier stage.



Figure 2 shows how DLA overcomes the weakness ofFM as illustrated in �gure 1.
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AFigure 2: The shown improvement process would begenerated by the new dynamic locking algorithm.(Only the un�lled nodes are allowed to be moved.)This would solve the problem of FM as shown in theprevious �gure. For this simple hypergraph the KLalgorithm would solve the problem as well by choos-ing the best pair of nodes in opposite partitions forswapping. But the KL strategy does not su�ce forthe general case.DLA avoids an in�nite moving of nodes by imposinga maximum number of moves per node. Experimentshave shown that a maximum number of about 10 ap-pears to be a good balance between achieving a nearoptimal solution and having short runtimes of the al-gorithm.Figure 3 shows the skeleton of the dynamic lockingalgorithm in pseudo code. In order to implement thisstrategy e�ciently each node has a `lock'-
ag associ-ated as well as a counter of the number of moves per-formed so far. The `lock'-
ag is maintained in the pro-cedure `delock all eligible nodes' in the pseudo codeof �gure 3. Like the Fiduccia-Mattheyses algorithm,DLA takes the best solution of one run through itsinner loop as the initial partitioning for the next runthrough the inner loop. The entire process is trieda few times with di�erent randomly generated initialpartitionings.4 Empirical comparisonThe new Dynamic Locking Algorithm has been im-plemented in C and experimentally compared to a Cimplementation of the Fiduccia & Mattheyses [3] algo-rithm. FM has been chosen for comparison because itis known to be much faster than KL and still achievesusually results which are not much worse than the re-sults by KL. The netlists used for the performancecomparisons of DLA and FM contained between 250and 10,000 nodes. The number of nets were the sameas the number of nodes in each case. Each net had be-tween 2 and n pins. n varied between 2 and 10. Thenumber of nodes per net has been equally distributed

/* begin of iterative improvement loop */do /* begin of inner loop */while admissable move is available dodetermine admissable node with highest gain nmove node n from p1 to p2lock node ndelock all neighbors of n in p1update all gainsif (current cutsize < local best cutsize)save current partitioning as local best partitioningendifendwhile/* end of inner loop */if (local best cutsize < best loop cutsize)save local best partitioning as best loop partitioningendifwhile (best loop partition has been improved)/* end of iterative improvement loop */Figure 3: The new Dynamic Locking Algorithm inpseudo code.between 2 and n. All nodes had the same probabilityto be connected by a particular net.In the experimental comparisons DLA achieved upto 35% reduced cutsizes compared to FM for similarruntimes. In the following �gures some of the obtainedresults are plotted. Figure 4 shows the results for hy-pergraphs with 1,000 nodes. The following �gures 5and 6 show the results for hypergraphs with 10,000nodes. The cutsize comparisons in the �gures havebeen done on a basis where the consumed runtimes ofthe two algorithms were kept comparable. I.e. sinceDLA moves each node up to 10 times back and forth itis to be expected that the overall running time for im-proving one initial random partitioning takes roughly10 times as long as FM which moves each node onlyonce (left diagram of �gure 5). Interestingly, the rel-ative performance improvement of DLA compared to
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withFigure 6: Left: Obtained partitionings for 10,000nodes and 10 nodes per net. DLA achieved a 3-5%better result than FM. Right: The consumed com-puting time on a SPARC I (� 12 MIPS) for both al-gorithms for the partitioning of the 1,000 nodes hyper-graph with up to 5 nodes per net. Since the numberof initial random partitionings on the x-axis is in alogarithmic scale the computing time grows roughlylinear. The relation of the required computing time ofthe two algorithms is approximately the same for allother compared problems.FM is almost independent of the number of nodes ina hypergraph. It rather depends strongly on the num-ber of nodes per net. The percentage of cutsize re-duction obtained by DLA compared to FM decreaseswhen the number of pins per net increases. This de-pendency is quiet plausible since the more nets theaverage net contains the more nets will be across thepartitions in the optimal solution. When the relativedi�erence of the number of crossing nets between aninitial random partitioning and the optimal partition-ing decreases, the performance di�erence of approxi-mating algorithms will usually decrease as well.While DLA shows its strongest bene�ts with a cut-number reduction of up to 35%, for 2 nodes per net,DLA still provided for an average number of 6 nodesper net an improvement of 3 to 5% compared to FM.It should be noted that for many applications the aver-age number of nodes per net is rather 3 than 6. Thus,the improvement of DLA compared to FM is likelyto lie between 10% and 20% for many applications inlayout design.

5 Conclusions and future workThis paper introduced the dynamic locking algorithm(DLA), a new algorithm for hypergraph bipartition-ing. DLA has experimentally shown signi�cantly bet-ter results (up to 35%) than the classical algorithm ofFiduccia and Mattheyses.Future research will be concerned with enhancingDLA by initial clustering in order to treat heavilyconnected nodes as a single node in a (hyper-)graph.Also, the dynamic locking algorithm will be general-ized in order to be used for multi-partitioning. Multi-partitioning has been shown to produce superior per-formance for the placement problem in VLSI layoutdesign as opposed to recursive bipartitioning, see e.g.in [5, 8].References[1] T. Bui, C. Heigham, C. Jones, and T. Leighton.Improving the performance of the Kernighan-Linand Simulated Annealing graph bisection algo-rithms. In Proceedings of the 26th Design Automa-tion Conference, pages 775{778, 1989.[2] A. E. Dunlop and B. W. Kernighan. A procedurefor placement of standard-cell VLSI circuits. IEEETransactions on Computer-Aided Design, 1(CAD-4):92{98, January 1985.[3] C. M. Fiduccia and R. M. Mattheyses. A linear-time heuristic for improving network partitions. InProceedings of the 19th Design Automation Con-ference, pages 175{181, 1982.[4] M. R. Garey and D. S. Johnson. Computers andIntractability. Freeman, San Francisco, CA, 1979.[5] A. G. Ho�mann. Towards optimizing global Min-Cut partitioning. In Proceedings of the 2nd Euro-pean Design Automation Conference, pages 167{171. IEEE, 1991.[6] B. W. Kernighan and S. Lin. An e�cient heuristicprocedure for partitioning graphs. Bell SystemsTechnical Journal, 49(2):291{297, February 1970.[7] B. Krishnamurthy. An improved min-cut algo-rithm for partitioning VLSI networks. IEEETransactions on Computers, C-33(5):438{446,May 1984.[8] G. Vijayan. Min-cost partitioning on a tree struc-ture and applications. In Proceedings of the 26thDesign Automation Conference, pages 771{774,1989.


