12 Design d2.547{56[HW] (1989),8artitioning," Ponns.Design d756{767.(1989),[IO] 8ideo-DimensionalTwols," oe enc(1989), Conferutomation1.698{70[KF] ADesignter-InGraphs," alandcuitsSystems Cir on82{83.(1979),[KL] osiumSympforIsolationComputerennessee1991.,[LR] CS{91{126ortSeries-forCircuits," arallelVLSI on(1991), osiumSymp14{17. akesL[R] atereeT," yCom-ofputing ory The(1992). onosium[RS1] SympCMtDisjoinProblem," athsB Ser.ear).app[RS2] (toConjecture," agner’sComb.J.B Ser.ear).app[SS] (toTh.CMOSofCells," unctionalJournal VLSI3{23.(1990),[WHW] 9theout," yans.rDesign d11 References [AHU] AnalysisAlgorithms1974.MA,[BGLR] Reading,,handra-RamacTime," LinearateVLSI on70{73.(1992),[BK] osiumSympwidthatht,h(1990).Netherlands[BL] TheUtrecOneseAlgo-PQ-treerithms," Using ye Scienc9.335{37[DKL] (1976),13and\ExactProblem," outIEEE yLaDesign d79{84.(1987),[FL1] 6idev-Pro," yCM A727{(1988),739. 35the[FL2] ofProb-utationlems," erm PDesign VLSI1.325{34[FL3] (1991),ial-olynom" Algorithms,es Sciencap-(toceed-Pro501{512.)(1989),[HPK] ComputingofOr-forys," Arra10 Conclusions7.eWorFar-linearonersi[BGLR].ofks.tractest-circuits,oftenisOne.toiskcre-futureh.searcself-Betterobstruc-forleastatdoTEST.algorithmaree9 1/2ofofaTEST:esgraphsouty� laossiblefound8 1000 97 97 96 9 1000 12 12 12 10 1000 5 5 5 11 1000 1 1 1 12 1000 0 0 0 � .ng1/3ofofaTEST:esgraphsoutossiblefound8 1000 711 711 707 9 1000 454 455 444 10 1000 221 222 212 11 1000 94 95 85 12 1000 16 17 14 13 1000 6 6 6 14 1000 0 0 0 1/4ofofaTEST:esgraphsoutossiblefound8 1000 928 928 922 9 1000 789 790 773 10 1000 620 624 582 11 1000 449 453 405 12 1000 245 251 215 13 1000 121 125 104 14 1000 36 39 29 15 1000 14 15 11 16 1000 3 3 0 17 1000 0 0 0 8 ResultstalTheseted.pro-ofareksinfoundOnossible.thatassumeout.ygeneratedhrandomat1 eacsize,TEST.topage.nextcomparedare[DKL].of�rstTheforsixoutywhenisself-reduction.duringinputthethatinferconstructdstime!1 usefula7 with graphn series-parallel aummaxim2n of a� has stimes,oftime.linearAlgorithmoutout.yonTESTnot.or�ndtoaccomplishothetationtalid.vobstruc-theewalidvandcompletemost atO es tak( Itn [DKL].y"2 ertprop) oneseane[BL].graphob-(sparser)ewourcase,circuitinputouras6 series-simplegraph parallelG ay saH eW0 .totransformationtheof in graphG ate edito term inH an isif TEST ofG 2 sectionto reducedH eb0 caninofsequencereduce toG needed erationsto op theH of pre�x. aapplying2: as ceu erti vand ofpairv a enin e wH et ben eu w etand b morev or oin w tG length. ofpathh: etcn eeu wetand b ducedv tro inin is 2H t eighx ertew v thirdedges theuw that hand suc awvgraph diateH eterm0 inan. in exist2 othb3: an eeu w etand b 3v t eighin w ofH edge anthen ,u isthereand If Lemmv is therein triangleG some. oftsh: etcsectioninTEST. of2 2transformation4: aH Lemm appropriateif onlyH and ifone,degreein oH w three.th: etcIf Sk ofH Pro eighmoreoneossible. p2 istransformationTheorem: least atG then erties,if onlyH and ifirreducible.ish: etcinsH ce erti. v of2 erbytde-umedges,eci�ctationrepresen5 TESTAlgorithm: Inputgraph simpleG A. Output: if YES,G F.andotherwise.NOcedureproInitialize.0.for egin bertex va h eacin E D,G C, B,do A,graphsunmark( thea of) yanif tains condegree( a ) 2 then t(a eigh0=else ) ertex-wt(a eigh1=for ) ertex-wedge hab eac vin set vG set do t(ab eigh1=1. ) graph . eatrepertex vv degree umin minim aG tifyidenif degree( v ) 1 then delete v if elsedegree( v 2 =then )let w and x of orsv bneighedges thew vand delete oxertex vv theandedge thex wtpresenil tG un alreadyirreducibleorif y emptG is noty nonempthen is asreturn w ES else restore G it. 2step2. to graph . eatrepwhile G ertex vv a tainsdegree 1 do delete v if G ertex vv ed unmark2 degreethen withanmark tains conv let u and w of orsv bneighif o wt(uv eigh edge-wt(w v3 =then )eighoploif the ofedge start theuw to kexists alreadythen bac got(uw eigh edge-w3=else )setedge duceuw troint(uw eigh edge-wmax =f )t(uv eigh edge-wt(w vedges theuv delete and w vertex vv theandil tG un ,irreducibleorif y emptG is y nonempthen is return ES else restore G it. 3step3. to graphs ; ; and . eatrepwhile G ertex vv a tainsdegree 1 do delete v if G ertex vv ed unmark2 degreethen withanmark tains conv let u and w of orsv bneighif o wt(uv eigh edge-w) t t(w v) eigh 3 then oploif the ofedge top theuw to kandexistst(uv eigh edge-w) already t(w vt(v eigh ertex-w) v 3 then if t(uw eigh edge-w) 3 then oploif the oft(uw eigh edge-w3 =then ) topt(uw eigh edge-w= if edge uw t(uw eigh) edge-w 3 then edge theuw duce trot(uw eigh=)min edge-wf set(uv eigh edge-w) and t(w v) eigh t(v eigh ertex-w3 edges theuv delete and w vertex vv theandil tG un ,irreducibleorif y emptG is y nonempthen is return ES else return 4 GML(3)toinceedsewgraph graph forokgraphs lo ; ; and ,ertexearsapppage.next4.2 the Correctnessofofcorrectnessgraph ). a : graph biconnectedH graph aG of minorifonlyH and ifof tG onen. compbiconnectedh: etcoftsG onen. comp biconnected2 oferBsincebiconnected.issection, thisH of rest3 using andks,When ed.solvoutyin ossible,O p if( lan ko-trac2 wthetowhen o.wwhen ew�rstatcapturesgraphsthat(Notets presenO and problem( �xed-parametern the addresseslog also[BK]2 practice.inn tered) encouneim-theirin .) ast Algorithmecisionrep-graphhEacsixforobstructionssixgraphs ; ; ; ; and aregraphsout.yos-plaidethisonothesis.yp4. Algorithm escription Excluding 4 Theseries-parallel.2 solu-practicalsubsethosenobstructionsofee�ectivalgorithms. surprisinglyobtaine ro lem thatproblemergerbof and gatesn usualTheused.siliconnetsofws) = 1 ; 2 :::; n gatesof(columns) set aG to connections= e G 1 G;2 Gthatcolumns,formallya enn giv matrix teger areandof ewto then1,than and s. is onteredofMostmin-cutthe[IO].ortedoutsyan ,O Alternately .( 2 2 optimaltime[DKL].wnummaximt 1 . tro uction in prac-forestrictedyexis-thegeneralTheUnfortu-RS2].[FL3](seepracticalobtaingateusingexample.ypicalourofSectionproblem.toused7,Sectionork.whnical ac groun minortheewgraphs,forbiddenantestingmost atO es tak( obstructionn �xedtime.)thatalgorithmsobstruction.eryob-theobstructionstheheacRa ee o in an , Langston A.and haelicSi urthiramScienceComputerennesseeT1130USA 37996{TN19929,A stract solutionsoptimalillustrate,omatrixgatecom-theis ,tlyaninap-ofalgorithmsouralsoTheydemonstratetsothertodesign.� the Science underoundationt I { 1 the of al tract 0001 { 0{ {1 .