[3] S.C. Chang and M. Marek-Sado wsk a, \T ec hnology Mapping via ransformations of unc- tion Graphs", Pr c. IEEE ICCD 1992. [4] J. Cong, L. Hagen, and A. Kahng, \Net artitions Yield Better Mo dule artitions," Pr c. CM/IEEE Design utomation Confer enc e, pp. 47-52, Jun. 1992. [5] C.M. Fiduccia and R.M. Mattheyses, \A Linear Time Heuristic for Impro ving Net ork artitions," Pr c. CM/IEEE Design utomation Confer enc e, pp. 171-181, 1982. [6] M. Garey and S. Johnson, \Computers and In tractabilit y: guide to the Theory of NP- completeness," 1979. [7] L. Hagen and A. Kahng, \A New Approac to E�ectiv Circuit Clustering," Pr c. CM/IEEE International Confer enc on Computer-A ide Design, pp. 422-427, No v. 1992. [8] J. Hw ang and A. El Gamal, \Optimal Replication for Min-Cut artitioning," Pr c. CM/IEEE International Confer enc on Computer-A ide Design, pp. 432-435, No v. 1992. [9] R.M. Karp, \F unctional Decomp osition and Switc hing Circuit Design," J. of So c. Ind. Appl. Math. ol. 11, June 1963. [10] C. Kring and A.R. Newton, \A Cell-Replicating Approac to Mincut-Based Circuit arti- tioning," Pr c. CM/IEEE International Confer enc on Computer-A ide Design, pp. 2-5, No v. 1991. [11] Y.T. Lai, M. edram, and S. rudh ula, \BDD based Decomp osition of Logic unctions with Application to FPGA Syn thesis" Pr c. CM/IEEE Design utomation Confer enc e, pp. 642-647, June. 1993. [12] T.T. Hw ang, R.M. Ow ens, and M.J. Irwin, \E�cien tly Computing Comm unication Com- plexit for Multilev el Logic Syn thesis," IEEE an. on Computer-A ide Design, ol. 11, Ma 1992. [13] E.Sen to vic h, K.Singh, L.La agno, C.Mo on, R.Murgai, A.Saldanha, H.Sa j, .Stephan, R.Bra yton, and A.Sangio anni-Vincen telli, \SIS: System for Sequen tial Circuit Syn thesis" Memor andum No. UCB/ERL M92/41, University of California, Berkeley. [14] H.T ouati, H.Sa j, and B.Lin, \Implicit State En umeration of Finite State Mac hines using BDD’s" Pr c. CM/IEEE International Confer enc on Computer-A ide Design, No v. 1990. [15] Y.C. ei and C.K. Cheng, \Ratio Cut artitioning for Hierarc hical Designs," IEEE an. on Computer-A ide Design, ol. 10, July 1991. 11 mo del #in #out #no de #cut Larea Rarea FMcpu OURcpu C1355 41 32 621 31 497 991 1307.8 16.9 30 522 1016 C499 41 32 621 31 519 969 1340.2 29.2 30 555 989 29 1030 538 alu4 14 828 71 767 1527 1761.6 87.5 66 1228 2452 61 1279 2531 58 2362 1181 57 2501 1296 ap ex6 135 99 1010 35 1333 849 1880.4 26.0 34 1400 965 32 1451 996 31 1543 1017 b9 41 21 188 140 206 220.9 2.5 cm152a 11 36 38 31 27.5 0.9 cm 16 80 106 58 80.5 1.9 108 58 comp 32 238 259 273 352.3 5.7 245 287 coun 35 16 191 258 135 216.1 8.4 275 176 exmple2 85 66 486 12 616 316 713.5 17.5 10 676 349 f51m 151 11 236 148 204.1 5.6 10 233 154 k2 45 45 1131 116 981 1929 2391.5 80.3 113 1297 2107 109 1423 2268 ldd 19 115 80 159 128.8 12.4 114 205 cler8 27 17 145 173 100 145.9 4.3 154 191 pm1 16 13 81 85 58 70.7 1.9 rot 135 107 968 48 701 1310 1864.0 30.7 41 741 1319 40 748 1343 term1 34 10 293 14 378 321 462.6 7.0 13 459 384 ttt2 24 21 269 372 258 395.9 7.0 474 332 unreg 36 16 171 154 168 173.6 5.6 vda 17 39 627 73 537 1054 1033.4 19.4 65 1348 674 64 1346 680 x3 135 99 1001 47 1383 778 1823.5 23.2 45 796 1367 44 803 1382 x4 94 71 573 24 397 720 816.4 15.1 23 391 726 22 396 774 21 412 807 able 1: esting Result on Benc hmark 10 similar enco ding and deco ding tec hniques in 11 ]. Exp erimen tal Results ha implemen ted our algorithm and exp erimen ted on MCNC enc hmarks. or eac circuit, �rst run the script script.b ole an pro vided in sis 13 for tec hnology indep enden optimization. Then map eac circuit, using map command in sis, to library consisting of 2-input NAND gate, 2-input NOR gate, and an in erter. guaran tee the graph domain information is exhausted, run FM-metho 500 times for eac of these tec hnology mapp ed circuits, eac time with random initial partition. allo minor area un balances, set the parameter to FM-metho to maximally 1:2 for left-righ ratio. Then run our algorithm iterativ ely switc hing et een logic domain and graph domain. The result is sho wn in able 1. The �rst ro of eac circuit sho ws the original partition result of running FM-metho for 500 times. In this eliev man of them ha ac hiev ed the optimal solution in graph domain. If the partition has impro ed, sho the result starting from the second ro of eac circuit. All those circuits that ha only one ro mean that our algorithm failed to impro the partition generated running FM-metho for 500 times. As can seen in able 1, our algorithm as able to impro the near-optimal solution in graph domain. Those that our algorithms failed to impro ere mostly with small um er of cut lines. In addition, during the approac to the �nal solution, also generate whole sp ectrum of di�eren area-cut tradeo�s for man circuits. fo cus on impro ving cut lines only did not run an area optimization tec hnique in our exp erimen for the �nal and in termediate partitioned blo ks. As men tioned in Section 2.3, there exist fairly large don’t care conditions when syn thesize the eepholes. strongly eliev that, in practice, can reduce the �nal areas of the partitioned blo ks quite easily Conclusion ha prop osed an algorithm that exploits the logic domain information when partitioning is erformed. Our preliminary exp erimen tal results indicate that there exists fairly large im- pro emen space on top of the traditional graph domain metho ds. Man problems in our metho still remain unansw ered, but the general direction of incorp orating logic domain information in to the partitioning problem is undoubtedly orth more researc h. are curren tly dev eloping more tigh tly-coupled algorithms et een the graph domain and the logic domain. Ac kno wledgemen This ork as supp orted the National Science oundation under Gran MP917328 and partially T&T Bell Labs through the MICR program. References [1] M. Beardslee, B. Lin, and A. Sangio anni-Vincen telli, \Comm unication Based Logic arti- tioning," Pr c. IEEE Eur op an Design utomation Confer enc e, pp. 32-37, Sep. 1992. [2] R.E. Bry an t, \Graph-Based Algorithms for Bo olean unction Manipulation," IEEE an. on Computers, ol C-35, no.8, August 1986. Because of space limitation, do not pro vide the details. Running FM-metho 500 times pro vides ery go d, if not optimal, solution in the graph domain. can then fairly in estigate ho uc impro emen space is left in the logic domain. Optimal solutions in graph domain ma not need 500 times to ac hiev ed in man cases. No direct comparison with the FM-metho is in tended. Figure 6: linking no des and linking edges 3.2 Calculation and resyn thesis of eepholes As men tioned in Section 2.3, optimally solving the eephole partitioning problem app ears di�- cult. In this pap er, therefore, do not tak the don’t-cares stated in section 2.3 in to considera- tion. No will presen our heuristic for the eephole partitioning problem. Instead of solving for exact minimized solution, erform passes of indep enden minimization pro cesses. In the �rst pass minimize the set of comm unication lines has to pro vide for (from side to side R); in the second pass minimize the set of comm unication lines has to pro vide for (from side to side L). or simplicit only explain the do minimization from side to side The other direction, from side to side follo ws in similar are giv en the set of functions that fanout to the side ), the set of fanins from the side ), and the set of fanins from the side ). The goal is to �nd the minim um um er of suc that ). This problem has een studied other researc hers ([ 12 ]), here sho an e�cien implemen tation op erating on BDDs need few simple de�nitions to presen our approac h. can view BDD as directed graph Let and or eac construct BDD ordering the ariables in as the top ariables and the ariables in as the lo er ariables. The linking no de in BDD( are p; id and id All the edges that oin to linking no de is called linking dges of the linking no de (see Fig. 6). or eac linking no de in BDD( ), the asso ciated linking function ij is constructed redirecting all the linking edges of linking no de to leaf no de \1" and redirecting all linking edges of other linking no des in BDD( to leaf no de \0". Viewing as ultiple output function as in construct the asso ciated transition relation �j )) (9) Let the um er of linking no des in can pro that, without considering the don’t care conditions stated in Section 2.3, the minimal um er of comm unication lines required from side to side within the eephole is og As stated in Section 3, once the ab transition relation is built and og is obtained, compare og with the original um er of cut edges in the eephole. If og is smaller, kno can implemen the eephole in di�eren where the um er of cut edges will reduced and the eha vior of the eephole, from the viewp oin of the no des outside the eephole, is in tact. If og is larger than the original um er of cut edges, discard this eephole. As to the resyn thesis of the new eephole, follo the use the term BDD to refer to OBDD (reduced, ordered, binary decision diagram) throughout this pap er. Figure 5: Example rules for impro ving partition Num er of fanouts, As men tioned earlier, need to eep the functions of all fanouts in tact. Eac fanout therefore eha es lik constrain in our resyn thesis pro cess. So ould lik to minimize Num er of fanins, do not wish to sp end to uc CPU time doing \large-scale" logic resyn thesis. Therefore, need to limit to some constan so that can build BDDs quic kly Minimal um er of fanins from eac side, and ,: Since there is little can do in logic domain if, for example, fanin from blo has only or ev en zero signal, ould lik to ha and greater than some constan Our cost function of ev aluating eephole is, therefore, mer it peephol cut (7) sub ject to (8) Line in Fig. erforms lo cal impro emen on the qualit of the basic eephole. This lo cal impro emen consists of sev eral rule-based transformations. Fig. depicts some example rules. Rule (i) reduces 1, rule (iii) reduces 1, and rules (ii) and (iv) reduces 1. These rules are simple observ ations and ha the e�ect on impro ving the qualit of eephole, thereb lessen the constrain ts will face later in the eephole resyn thesis stage. Line in Fig. determines if the eephole under consideration is go or not according to the ab cost function. If it is go (satisfying Eq. 8), insert it in to the returned arra Otherwise discard it. The main lo op of our algorithm stops either when exhaust all the no des in the exible zone or, to more e�cien t, when �nd the �rst go eepholes (line 2). The remaining lines in Fig. are self-explanatory In our exp erimen t, are set to 30, 3, 2, and 1, resp ectiv ely In our implemen tation, is set to 5, meaning that only consider go eepholes maximally eliev that if the �rst few \go d" eepholes that ha \big in uences" cannot impro the partition, probably should stop. Algorithm partition(G) 0. generate initial partition on input graph using FM-metho d. 1. while (a go eephole can found) 2. calculate the minim um um er of comm unication lines necessary in 3. if the um er of cut lines in 4. resyn thesize and tec hnology map 5. replace old with new 6. erform FM-metho on the new net ork 7. 8. Figure 3: High lev el description of our algorithm Algorithm ho osing(G) 0. Sort all no des in exible zone according to their cut in uence. 1. 2. while of no des in exible zone && of ret arra elemen 3. eephole basic eephole(no de i) 4. impro basic eephole(p eephole) 5. if (is go d(p eephole)) 6. insert eephole in to ret arra 7. 8. 9. sort(ret arra y) according to cost function of eepholes 9. return (ret arra y) Figure 4: ho osing go eephole searc space (Line 6). switc bac and forth (the while lo op in Line 1) et een logic domain and graph domain in this fashion un til no impro emen can further done. Note that our metho is ery feasible and e�cien ecause only consider small ortion of circuit when are in logic domain. Only when are in graph domain erform global impro emen using FM-metho d. The next subsections explain our metho for Line 1, ho osing go eephole, and for lines and 4, calculating and resyn thesizing the minimal um er of comm unication lines. 3.1 Cho osing go eephole Fig. sho ws our algorithm for ho osing \go d" eephole. This algorithm returns sorted arra of go eepholes. The algorithm �rst sorts all no des in the exible zone according to their cut in uence alue (Line 0). Starting with the no de that \in uences" the most cut edges, form its basic eephole (Line 3). This basic eephole should con tain all the no des that together ha go oten tial of impro ving the cut lines that are included in it. The qualit of eephole is a�ected the follo wing factors. describ them in descending imp ortance. Num er of cut lines, cut The more cut lines are included in eephole, the etter hance to impro the partition. So ould lik to maximize cut Figure 2: Using logic domain information to impro partition 2.4 An example giv simple example to demonstrate the e�ectiv eness of logic domain information. Fig. 2(a) sho ws eephole that con tains four no des. Because of the connections outside the eephole (not sho wn in Fig. 2), there is little can do to impro the curren partition in the graph domain. No resort to logic domain. Using the tec hnique that will describ ed in the subsequen sections, obtain the partition sho wn in Fig. 2(b). As result, the um er of cut lines is reduced from to (2 to inside the eephole), and the eha vior of the whole net ork is in tact. Note that ev en though the function of the whole net ork is the same, the net ork has actually een hanged. This giv es us go opp ortunit to switc bac to the graph domain and explore completely di�eren searc space in the graph domain. This example illustrates the or co op eration et een the logic syn thesis pro cess that uses only logic domain information and the partitioning pro cess that uses only graph domain information, as men tioned in Section 1. Algorithm In this section, describ our algorithm, whic follo ws the same a or as illustrated in the previous example. Fig. sho ws high lev el description. Line in Fig. generates an initial partition using FM-metho Line 1, whic is to describ ed in detail in Section 3.1, pic ks up \go d" eephole. then calculate, inside this selected eephole, the minimal um er of comm unication lines that ha to exist so that the eha vior of the original net ork is in tact. This is done in Line and will explained in Section 3.2. If the calculated minimal um er of comm unication lines is smaller than the original cut lines in the eephole (Line 3), then realize the implemen tation of this minimal um er of comm unication lines resyn thesizing the eephole (Line 4, details also in Section 3.2). After resyn thesizing eephole, the new net ork ecomes di�eren from the original net ork in graph domain (but remains the same in logic domain). In other ords, the graph represen tation of the net ork has een hanged (Line 5). then apply the FM-metho on this new net ork and in fact explore completely di�eren This example is tak en directly from our exp erimen t. The original circuit is the MCNC enc hmark cmb.blif The sis script script.b ole an is applied to erform tec hnology indep enden optimization. Then map cmb.blif using library consisting of 2-input NAND gate, 2-input NOR gate, and an in erter. After running FM metho for 500 times, obtain solution that has cut lines, whic eliev is the optimal solution in graph domain. Using the information of cut in uence, obtain the eephole as sho wn in Fig. 2(a). Using our heuristic to syn thesize the minimal comm unication lines, obtain the result as sho wn in Fig. 2(b). Line and line of Fig. can hanged to an graph domain metho d. of eac ertex in the exible zone indicates the degree of in uence on the cut edges. If ertex in the exible zone has high cut in uence, kno in fact in uences man cut edges and is close to the cut oundary orming the basic eephole for will lo cally impro the qualit of the eephole according to cost function that will describ ed in subsequen sections. Once �nd go eephole the fanin and fanout sets, and will regarded as the primary inputs and primary outputs of In the logic domain, the function erformed in eac can expressed in terms of the no des in Additionally as long as can generate the same function for eac of these s, manipulating and hanging signals in eephole ould not hange the eha vior of the original net ork. 2.2 eephole partitioning problem No prop ose an in teresting ephole artitioning pr oblem de�ned as follo ws. Giv en eephole and an assignmen and of to partitioned blo ks, ask what the minimal um er of comm unication lines that ha to exist et een these blo ks is. Although still seek the same goal of minimal um er of cut lines crossing the cut oundary this new problem is di�eren from con en tional partitioning problem in asp ects. First, here do not care ab out the area balance of the partitioned blo ks implemen tation. This is ecause ha the freedom to ho ose small enough eephole so that the result of the eephole partitioning, as far as area is concerned, do es not a�ect to uc the original partitioning. Second, here do not allo \free" replication of the s. Eac \replication" of signal actually means sending signal from its assigned blo to the complemen ted blo k. Informally the eephole partitioning problem can view ed as problem of signal enco dings and deco dings. rom blo certain information has to enco ded and sen to blo whic has to able to deco de the information and pro duce Similarly from blo certain information has to enco ded and sen to blo whic has to able to deco de the information and pro duce 2.3 Don’t-cares in the eephole partitioning problem can analyze the eephole partitioning problem from the comm unication complexit view- oin t. ast researc (e.g.: 12 ]) on complexit analysis mainly fo cus on solving the follo wing problem. Giv en function ), �nd the minim um so that ), where and form an input partition and are olean functions. One of the ma jor di�culties in this problem is the determination of the partitioning on the input set in to and In the de�nition of our eephole partitioning problem, ho ev er, the input partitioning is actually giv en (as and ). Unfortunately optimally solving the eephole partitioning problem still app ears to di�cult. This is ecause of yp es of don’t-cares: external don’t-cares and the in ternal satis�abilit don’t-cares. The external don’t-cares to the eephole partitioning problem exist ecause of the fact that the signals in or are not indep enden t. These don’t-cares can obtained erforming an image computation op eration 14 for all and in terms of s. The in ternal satis�abilit don’t-cares arise when signal is sen t, sa from side to side, it in tro duces the satis�abilit don’t care on the side. The use of the external and the in ternal satis�abilit don’t-cares can a�ect the result of comm unication lines reduction. It is not clear ho to use these don’t-cares to further reduce comm unication lines. It is also not clear whic should hosen to sen to the complemen ted side and in what order these signal ’s should constructed. The basic problem form ulation in ][ 12 is not suitable for our eephole partitioning problem. are curren tly studying metho ds to optimally solv the problem. In this pap er, therefore, only prop ose heuristic that incorp orates logic domain information in to partitioning and demonstrate the e�ectiv eness of this direction. Figure 1: eephole and the related sets ephole is subset of ertex set excluding PIs and POs. That is, is eephole if The fanin set of eephole are de�ned as, resp ectiv ely p; L; 62 (3) p; 62 (4) and are those ertices that fanin in to the eephole from blo ks and resp ectiv ely The fanout set of eephole are de�ned as, resp ectiv ely p; L; 62 (5) p; 62 (6) and are those ertices in eephole that fanout to blo ks and resp ectiv ely Notice that some no des in eephole ma elong to oth fanout sets, meaning that they fanout to oth blo ks and or eac ertex in the exible zone, the fanin (fanout) one of is the set of all the ertices and edges of the transitiv fanin (fanout) of within the exible zone. urther, the cut in uenc of is the um er of cut edges in the fanin cone or fanout cone of within the exible zone. The asic ephole of ertex in the exible zone is the set of ertices that ha path (undirected) completely within the exible zone to Fig. 1, whic sho ws partial view of an initial cut, illustrates the ab de�nitions. The order zone consists of those no des mark ed with \B". The shaded no des form the exible zone with distance from the order zone. ertices ha di�eren cut in uence. or example, no de has cut edges in its fanin cone and zero cut edges in its fanout cone, hence cut in uence of o. No de has one cut edge in its fanin cone and zero cut edges in its fanout cone, hence cut in uence of one. The dotted line circles the basic eephole of no de This basic eephole has as a; b; u; as as (to ), and as (to ). Informally the order zone con tains all the ertices that ha direct connections to the other side of the partition. The exible zone con tains all the ertices that are \close" to the cut oundary (within giv en distance ). The exible zone is the area where will group certain ertices in to eephole and lo ok in to their functions in the logic domain. The cut in uence In fact, eephole do esn’t ha to exclude POs. de�ne it in this for clarit of presen tation. ould encoun ter when the circuit needs to partitioned. On the other hand, the graph parti- tioning stage partitions the mo deling graph without considering the logic functions erformed in ertices. In other ords, the traditional separation of the logic domain information and the graph domain information actually traded simplicit of mo deling for qualit of partitioning. In this pap er, using the concept of alternative wir es in the logic domain, prop ose ery e�cien metho that is able to preserv lo cal optimal solution in the graph domain while di�eren graph, represen ting the same circuit, is generated. When con en tional graph partitioning tec hnique reac hes lo cal optimal solution, our prop osed tec hnique generates di�eren graph that is logically equiv alen to the original circuit, and that has equal or etter partitioning solution. aking the newly generated graph and the curren partitioning solution, con en tional graph partitioning tec hnique can then con tin ue searc hing for etter solutions on this di�eren graph. Essen tially instead of abiding strict graph mo del (in whic case are not allo ed to hange the graph, as in most existing tec hniques), tak adv an tage of the fact that ertex is free to merge or split with other ertices and that wire is free to replaced its alternativ wires, as long as eep the functionalit correct. the est of our kno wledge, the only studies that utilize logic information in the partitioning problem are 10 ]. In ], the problem of assigning primary inputs (PIs) and primary outputs (POs) to ulti-c hip en vironmen is in estigated. The prop osed metho essen tially tries all com binations of assignmen ts of PIs and POs to giv en ulti-c hip en vironmen t. Calculating the minim um necessary comm unication lines et een the partitioned blo ks for eac assignmen t, the metho can then ho ose the optimal PIs and POs assignmen t. There are eaknesses in this metho d. First, ev en though the metho oids ph ysically exhausting all the com binations of assignmen ts in tegrating all solutions in logic function, the computational cost is uc more exp ensiv than traditional graph domain partitioning. Second, the area estimation for eac partitioned blo is di�cult ecause the prop osed metho starts ev en efore an logic optimization and tec hnology mapping pro cesses. In and 10 ], the authors oid erforming partitioning on graph domain allo wing ertex replication, whic can view ed as restricted op eration on the logic domain information. All of these three approac hes demonstrate the e�ectiv eness of erforming partitioning considering logic domain information. ha implemen ted our tec hnique and com bined it with the ell kno wn Fiduccia-Mattheyses (FM) graph domain partitioning algorithm ]. This com bined algorithm iterativ ely impro es giv en partition switc hing et een logic domain and graph domain. Exp erimen tal results on MCNC enc hmarks generate ery go �nal solutions. The remainder of this pap er is organized as follo ws. Section presen ts our algorithms. Section sho ws our exp erimen tal results. Section concludes this pap er. De�nitions and problem form ulation 2.1 De�nitions com binational circuit is mo deled as directed graph where is the ertex set and is the edge set. Let denote the set of primary inputs and denote the set of primary outputs. The distanc of ertices and denoted dist p; ), is the um er of ertices of the shortest path (undirected) et een and Let L; partition, where and The cut dge are those edges that are \cut" the partition, i.e., p; p; L; or The or der zone is de�ned as p; 62 L; or (1) Giv en constan the exible zone of partition is de�ned as dist p; 62 (2) Note that the exible zone ob viously con tains the order zone. artitioning Com binational Circuits in Graph and Logic Domains Da vid Ihsin Cheng, Shih-Chieh Chang and Malgorzata Marek-Sado wsk Departmen of Electrical and Computer Engineering Univ ersit of California, San ta Barbara, CA 93106 U.S.A Abstract: Cir cuit artitioning is the pr ess of dividing given cir cuit into sub cir cuits. aditional ly, this pr oblem is done by �rst mo deling cir cuit as gr aph (hyp er gr aph) and then artitioning is erforme on the gr aph. Up to now, almost al existing cir cuit artitioning te chniques use only gr aph domain information ([ 15 ]). Mo deling cir cuit artitioning pr oblem as gr aph artitioning pr oblem, in spite of its simplicity, loses optimality. In this ap er, we pr op ose an e�cient metho that lo al ly ombines lo gic domain and gr aph domain information. We �rst erform artitioning using any tr aditional artitioning metho on gr aph domain. Then we try to lo al ly impr ove this initial artition by onsidering the lo gic functions erforme in vertic es that ar ar ound the oundary of the initial artition. We have implemente our lo gic domain metho and ombine our metho with the wel known Fiduc cia-Mattheyses gr aph domain metho d. This ombine algorithm iter atively impr oves given artition by switching etwe en lo gic domain and gr aph domain. Our metho is very fe asible and e�cient ause we only onsider smal ortion of cir cuit when we ar in lo gic domain. Only when we ar in gr aph domain we erform glob al iter ative impr ovement. Exp erimental esults on MCNC ombinational enchmarks gener ate very go �nal solutions. In addition, ause of the switching etwe en lo gic domain and gr aph domain, our metho gener ates set of solutions that have variety of ar as and cut set sizes. In tro duction Circuit partitioning is the pro cess of dividing giv en circuit in to sub circuits. raditionally this problem is done �rst mo deling circuit as graph (h yp ergraph) and then partitioning is erformed on the graph. Graph partitioning problems, for di�eren ob jectiv functions (e.g.: min-cut, minim um ratio cut), are kno wn to NP-complete ([ 15 ]). Man heuristics for graph partitioning problems ha een dev elop ed. use the term gr aph domain to refer to the information concerning only connections among no des, and the term lo gic domain to refer to the information concerning the function erformed eac no de. Almost all existing circuit partitioning tec hniques use only graph domain informa- tion ([ 15 ]). Mo deling circuit partitioning problem as graph partitioning problem, in spite of its simplicit loses optimalit Since eac ertex, whic mo dels gate in giv en circuit, actually erforms some logic function, partitioning on graph unnecessarily giv es up oten tial useful logic domain information. ak the relationship et een logic syn thesis and partitioning as an example. On one hand, the pro cess of area or timing minimization in logic syn thesis uses only logic information without considering the oten tial di�culties the subsequen graph mo del