
VedleggA:Cluster

Innlesning

readbench.ld

##addtop

#include<stdio.h>

#include<stdlib.h>

#include<string.h>

#include"datastruct.h"

=�Datastructuretokeepthetransistorsforeachcelluntilwemake

instancesindomains.�=

typedefstruct terminalf

charname[STRLEN];

charplaced;

struct terminal�next;

gTerminal;

typedefstructcellf

charname[STRLEN];

Node� startnode;

Edge� startedge;

Terminal� startterminal;

structcell�next;

gCell;

Cell� startcell=NULL;=�Startoflistofallcells.�=

Cell�currentcell=NULL;=�Themostrecentlyreadcell�=

Node�currentnode=NULL;=�Themostrecentlyreadtransistor�=

Edge�currentedge=NULL;=�Themostrecentlyreadnet�=

Terminal�currentterminal=NULL;=�Themostrecentlyreadterminal�=

charauxname1[STRLEN],auxname2[STRLEN],auxname3[STRLEN],instance[STRLEN];

=�Auxilliaryvariables�=

=�Somefunctionsforoperationsonthecelldatastructure�=
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Cell� InitializeCell(char�name)f

Cell�c=(Cell�)malloc(sizeof(Cell));

if(!c)f

perror("malloc");

exit(1);

g

strcpy(c!name,name);

c!startnode=NULL;

c!startedge=NULL;

c!startterminal=NULL;

c!next=NULL;

returnc;

g

voidInsertCell(Cell�c)f

=� INVARIANT:chasNULLpointerfornext.

Thecellisinsertedatthestartofthelist�=

if(startcell)f

c!next=startcell;

startcell=c;

g

else

startcell=c;

g

Cell�FindCell(char�name,Cell� start)f

Cell�c=start;

intfound=0;

while(c&&!found)f

if(strcmp(c!name,name)==0)found=1;

elsec=c!next;

g

returnc;

g

Terminal� InitializeTerminal(char�name)f

Terminal� t=(Terminal�)malloc(sizeof(Terminal));

if(!t)f

perror("malloc");

exit(1);

g

strcpy(t!name,name);

t!placed='E';=�Eforempty�=

t!next=NULL;

returnt;

g
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voidInsertTerminal(Terminal� t,Terminal�� start)f

=� INVARIANT:thasNULLpointerfornext.

Theterminalisinsertedatthestartofthelist

inacelloradomain.�=

if(�start)f

t!next=�start;

�start=t;

g

else

�start=t;

g

voidCopyTerminals(Terminal�old,Terminal��new)f

Terminal� t1,�t2;

�new=NULL;

t1=old;

while(t1)f

t2=InitializeTerminal(t1!name);

InsertTerminal(t2,new);

t1=t1!next;

g

g

voidAddNamesForTerminals(char�ext,Terminal� start)f

Terminal� t=start;

while(t)f

strcat(t!name,"");

strcat(t!name,ext);

t=t!next;

g

g

voidDeleteTerminals(Terminal� t)f

if(t)

DeleteTerminals(t!next);

else

return;

free(t);

g

voidDeleteCells(Cell�c)f

if(c)f

DeleteNodes(c!startnode);

DeleteEdges(c!startedge);

DeleteTerminals(c!startterminal);

DeleteCells(c!next);

g

else
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return;

free(c);

g

=�Datastructurefordomains.�=

typedefstructdomainf

charname[STRLEN];

Node� startnode;

Edge� startedge;

Terminal� startterminal;

Terminal� startinnerterminal;

structdomain�next;

gDomain;

Domain� startdomain=NULL;=�Startoflistofalldomains.�=

Domain�currentdomain=NULL;=�Themostrecentlyreaddomain�=

Domain� innerdomain=NULL;=�Themostrecentlyreadinnerdomain�=

Domain�workingdomain=NULL;=�Domainunderconstruction�=

Cell�workingcell=NULL;=�Cellunderconstruction�=

intdomain;=� Indicatesifwereadadomainoracell�=

Terminal�auxterm1,�auxterm2;=�Auxilliaries�=

=�Thesewillbeusedwheninstantiatingcells/innerdomains.�=

=�Somefunctionsforoperationsonthedomaindatastructure�=

Domain� InitializeDomain(char�name)f

Domain�d=(Domain�)malloc(sizeof(Domain));

if(!d)f

perror("malloc");

exit(1);

g

strcpy(d!name,name);

d!startnode=NULL;

d!startedge=NULL;

d!startterminal=NULL;

d!startinnerterminal=NULL;

d!next=NULL;

returnd;

g

voidInsertDomain(Domain�d)f

=� INVARIANT:dhasNULLpointerfornext.
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Thedomainisinsertedatthestartofthelist�=

if(startdomain)f

d!next=startdomain;

startdomain=d;

g

else

startdomain=d;

g

Domain�FindDomain(char�name,Domain� start)f

Domain�d=start;

intfound=0;

while(d&&!found)f

if(strcmp(d!name,name)==0)found=1;

elsed=d!next;

g

returnd;

g

voidDeleteDomains(Domain�d)f

if(d)f

DeleteNodes(d!startnode);

DeleteEdges(d!startedge);

DeleteTerminals(d!startterminal);

DeleteTerminals(d!startinnerterminal);

DeleteDomains(d!next);

g

else

return;

free(d);

g

char�MakeName(char�name,char�blockname)f

if(strcmp(name,"vss")==0jj strcmp(name,"gnd")==0)

strcpy(name,"vgnd");

elseif(strcmp(name,"vdd")6=0&&strcmp(name,"vgnd")6=0)f

strcat(name,"");

strcat(name,blockname);

g

returnname;

g

=�Hereisthestartofreadingacell�=

##begincell
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InsertCell(currentcell=InitializeCell(zzs));=� Initializewiththecell

namewehavejustread�=

##termlistcellname

=�Thisisthecellsinterfacetotheothercells/domains,sothesenames

willpossiblychange.Westoretheminalistkeptwitheachcell.

Thecellnameisaddedtothename,tokeeptrackofwhichcellitsfrom.�=

strcpy(auxname1,zzs);

MakeName(auxname1,currentcell!name);

InsertTerminal(InitializeTerminal(auxname1),&(currentcell!startterminal));

=�Aterminalisalsoasignal,sowehavetomakeone.Thenameof

thissignalmaychangecompletelylater.�=

InsertEdge(InitializeEdge(auxname1),&(currentcell!startedge));

##siglistname

=�Asignalisonlyanedge.Thenameissignamecellname.Thismay

beextendedasthecellisencapsulatedfurtherinto(possibly

several)layersofdomains.Someofthebenchmarksputthesame

namebothintermlistandinsiglist,sowehavetocheckthatthe

namedoesnotexistintheedgelist.�=

strcpy(auxname1,zzs);

MakeName(auxname1,currentcell!name);

if(!FindEdge(auxname1,currentcell!startedge))

InsertEdge(InitializeEdge(auxname1),&(currentcell!startedge));

##translistname

=�Atransistorisanodewithlotsofattributes,butwewillread

thislater.Thenameistreatedsimiliarasforsignals.�=

strcpy(auxname1,zzs);

MakeName(auxname1,currentcell!name);

RInsertNode(currentnode=InitializeNode(auxname1,'E'),

&(currentcell!startnode));

##translistsource

strcpy(auxname1,zzs);

MakeName(auxname1,currentcell!name);

if((currentedge=FindEdge(auxname1,currentcell!startedge)))f

currentnode!source=currentedge;
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MakePointerToNode(currentedge,currentnode);

g

else

printf("Readingtranslistfromfile:Node");

printf("%scouldnotfindnet%sfor

source.nn",currentnode!name,zzs);

##translistgate

strcpy(auxname1,zzs);

MakeName(auxname1,currentcell!name);

if((currentedge=FindEdge(auxname1,currentcell!startedge)))f

currentnode!gate=currentedge;

MakePointerToNode(currentedge,currentnode);

g

else

printf("Readfromfile:Node%scouldnotfindnet%sfor

gate.nn",

currentnode!name,zzs);

##translistdrain

strcpy(auxname1,zzs);

MakeName(auxname1,currentcell!name);

if((currentedge=FindEdge(auxname1,currentcell!startedge)))f

currentnode!drain=currentedge;

MakePointerToNode(currentedge,currentnode);

g

else

printf("Readfromfile:Node%scouldnotfindnet%sfor

drain.nn",

currentnode!name,zzs);

##attributetranslistinteger

=� Integerattributeofatransistorhasbeenread.�=

if(strcmp(zzw,"width")==0)

currentnode!width=(double)zzn;

elseif(strcmp(zzw,"length")==0)

currentnode!length=(double)zzn;

##attributetranslistdecimal

=�Decimalattributeofatransistorhasbeenread.�=
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if(strcmp(zzw,"width")==0)

currentnode!width=zzn;

elseif(strcmp(zzw,"length")==0)

currentnode!length=zzn;

##attributetransliststring

=�Stringattributehasbeenread�=

if(strcmp(zzw,"type")==0)

SetType(currentnode,zzs[0]);

##endcell

if(strcmp(zzs,currentcell!name)6=0)

printf("Inconsistencyindata:cellbegin%sendedwith

cellend%s.nn",

currentcell!name,zzs);

=�Wehave�nishedreadingacell�=

=�Hereweareabouttostartreadadomain�=

##begindomain

InsertDomain(currentdomain=InitializeDomain(zzs));

=� Initializewiththedomainnamewehavejustread�=

workingdomain=NULL;=�ThesehavetobeNULL,becausewedothe�=

workingcell=NULL;=� insertion"oneroundlater".�=

##iolistsignal

=�Thisisthedomainsinterfacetotheotherdomains,sothesenames

willpossiblychange.Westoretheminalistkeptwitheachdomain.

Thedomainnameisaddedtothename,tokeeptrackofwhichdomain

itsfrom.�=

strcpy(auxname1,zzs);

MakeName(auxname1,currentdomain!name);

InsertTerminal(currentterminal=InitializeTerminal(auxname1),

&(currentdomain!startterminal));

=�Aterminalisalsoasignal,sowehavetomakeone.

Thenameofthissignalmaychangecompletelylater.�=

InsertEdge(InitializeEdge(auxname1),&(currentdomain!startedge));

124



readbench.ld

##iolisttop

currentterminal!placed='T';

##iolistbottom

currentterminal!placed='B';

##rowgate

=�Wehavereadaninstanceofacelloradomain.�=

=�Firstwemergethestructurewemadefromlastgateintherow,with

therestofthestructureinthedomain.Ifitisthe�rsttime

workingdomainandworkingcellwillbeNULLpointers,sowedonothing.

Thetestondomainistoensurethatwemergethecorrectstructures.�=

if(domain&&workingdomain)

MergeStructures(workingdomain!startnode,workingdomain!startedge,

&(currentdomain!startnode),&(currentdomain!startedge));

elseif(workingcell)

MergeStructures(workingcell!startnode,workingcell!startedge,

&(currentdomain!startnode),&(currentdomain!startedge));

if((innerdomain=FindDomain(zzs1,startdomain)))f

=� Ifitisadomain,wecopyit,instantiateandgettheiolistofthe

domainsincethesenamesareknowntousnow.�=

domain=1;

strcpy(auxname1,zzs1);

strcpy(instance,zzs2);

MakeName(auxname1,zzs2);

workingdomain=InitializeDomain(auxname1);

CopyStructure(innerdomain!startnode,innerdomain!startedge,

&(workingdomain!startnode),&(workingdomain!startedge));

CopyTerminals(innerdomain!startterminal,&(workingdomain!startterminal));

AddNamesForNodes(zzs2,workingdomain!startnode);

AddNamesForEdges(zzs2,workingdomain!startedge);

AddNamesForTerminals(zzs2,workingdomain!startterminal);

CopyTerminals(innerdomain!startterminal,&auxterm1);

=�Wehavetoinsertawholelistofinnerterminals�=

if((currentdomain!startinnerterminal&&auxterm1))f

auxterm2=auxterm1;

while(auxterm2!next)

auxterm2=auxterm2!next;

auxterm2!next=currentdomain!startinnerterminal;

currentdomain!startinnerterminal=auxterm1;

g

else
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currentdomain!startinnerterminal=auxterm1;

g

elseif((currentcell=FindCell(zzs1,startcell)))f

=� Ifitisacellwedoonlythecopyingandinstantiatingpart.�=

domain=0;

strcpy(auxname1,zzs1);

MakeName(auxname1,zzs2);

workingcell=InitializeCell(auxname1);

CopyStructure(currentcell!startnode,currentcell!startedge,

&(workingcell!startnode),&(workingcell!startedge));

CopyTerminals(currentcell!startterminal,&(workingcell!startterminal));

AddNamesForNodes(zzs2,workingcell!startnode);

AddNamesForEdges(zzs2,workingcell!startedge);

AddNamesForTerminals(zzs2,workingcell!startterminal);

auxterm1=workingcell!startterminal;

g

else

printf("Domain%siscalling%s,whichdoesnot

exist.nn",currentdomain!name,zzs1);

##rowsignal

=�Wehavereadoneofthesignalsinthisinstanceandweshall

instantiateitbychangingthecorrespondingnameinthestructure

wehavepreviouslycopied.�=

if(domain)f

strcpy(auxname2,zzs);

MakeName(auxname2,currentdomain!name);

strcpy(auxname3,auxterm1!name);

MakeName(auxname3,instance);

if(ChangeEdgeNames(auxname3,auxname2,workingdomain!startedge))

strcpy(auxterm1!name,auxname2);

else

printf("Failedtosubstitute%sfor%sindomaininstance%s

in%s.nn",

auxname2,auxterm1!name,auxname1,currentdomain!name);

g

elsef

strcpy(auxname2,zzs);

MakeName(auxname2,currentdomain!name);

=� strcpy(auxname3,auxterm1->name);

MakeName(auxname3,instance);�=

if(ChangeEdgeNames(auxterm1!name,auxname2,workingcell!startedge))

strcpy(auxterm1!name,auxname2);

else

printf("Failedtosubstitute%sfor%sincellinstance%s
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in%s.nn",

auxname2,auxterm1!name,auxname1,currentdomain!name);

g

if(auxterm1)

auxterm1=auxterm1!next;

else

printf("Moreactualthanformalparametersin%s.nn",auxname1);

##rowtail

=�Wehavetoinsertthelastelementaswell.�=

if(domain&&workingdomain)

MergeStructures(workingdomain!startnode,workingdomain!startedge,

&(currentdomain!startnode),&(currentdomain!startedge));

elseif(workingcell)

MergeStructures(workingcell!startnode,workingcell!startedge,

&(currentdomain!startnode),&(currentdomain!startedge));

##enddomain

if(strcmp(zzs,currentdomain!name)6=0)

printf("Inconsistency:domainbegin%sendedwithdomain

end%s.nn",

currentdomain!name,zzs);

##addend

voidCleanUp()f

Node�n;

Terminal� t;

Edge�e;

=�Allcellstructuresmaybethrownaway,...�=

DeleteCells(startcell);

=�andnearlyalldomainstructures.�=

if(startdomain==currentdomain)

DeleteDomains(startdomain!next);

else

printf("Internalerror:Nodomainsdeletedduetochangesin

program.nn");

=�Theglobalterminalsmustbeconvertedtonodes�=

t=currentdomain!startterminal;

while(t)f

RInsertNode(n=InitializeNode(t!name,'T'),&(currentdomain!startnode));
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e=FindEdge(t!name,currentdomain!startedge);

n!source=e;

MakePointerToNode(e,n);

n!placed=t!placed;

t=t!next;

g

=�Weinitializetheglobalvariables,...�=

startnode=currentdomain!startnode;

startedge=currentdomain!startedge;

=�anddeletethelastparts�=

DeleteTerminals(currentdomain!startterminal);

DeleteTerminals(currentdomain!startinnerterminal);

free(currentdomain);

=�Edgesconnectedtononodesarefeedthroughsthatwedidntneed,sowe

giveawarninganddeletethem.�=

e=startedge;

while(e)f

if(!e!size)f

printf("WARNING:Deletedfeedthroughedge%s,connectedto0

nodes. nn",

e!name);

RemoveEdge(e,&startedge);

g

e=e!next;

g

=�Somemoreglobalvariablesweshouldinitialize.�=

numberofnodes=CountNodes(startnode);

numberofedges=CountEdges(startedge);

g

128



main.c

Partisjonering

main.c

#include"datastruct.h"

#include"partition.h"

#include"cluster.h"

#include<stdio.h>

#include<stdlib.h>

#include<unistd.h>

externvoidCleanUp();

externintCutValue();

externintMakeFirstPartition();

externintKernighanLin();

#defineNEIGHTRUE

#defineNONEIGHFALSE

voidMakeClusters(Node� startn,Edge� starte,Cluster�� startc)

f

FindDirectlyConnectedNodes(startn,starte,startc,&DiffTest,NONEIGH);

FindDirectlyConnectedNodes(startn,starte,startc,&PolyTest,NONEIGH);

ConnectClusters(startn,starte,startc,NONEIGH);

GrowClusters(startn,starte,startc);

ConnectTerminals(startn,starte,startc);

PrintClusterStatistics(�startc);

printf("nnNumberofP-Ntwinpairs:%dnnnn",numberoftwins);

g

voidMakeClustersWithNeighbours(Node� startn,Edge� starte,

Cluster�� startc)

f

FindPNTwins(startn,starte,startc);

FindDirectlyConnectedNodes(startn,starte,startc,&DiffTest,NEIGH);

FindDirectlyConnectedNodes(startn,starte,startc,&PolyTest,NEIGH);

ConnectClusters(startn,starte,startc,NEIGH);

GrowClusters(startn,starte,startc);

ConnectTerminals(startn,starte,startc);

PrintClusterStatistics(�startc);

printf("nnNumberofP-Ntwinpairs:%dnnnn",numberoftwins);

g

voidClearStructures(Node� startn,Cluster�� startc)

f

DeleteClusters(�startc);

�startc=NULL;
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while(startn)f

startn!cluster=NULL;

startn!partition=-1;

startn!traversed=0;

startn!change=0;

startn=startn!next;

g

g

voidmain()

f

Cluster�startcluster=NULL;

Node�newstartnode=NULL;

Edge�newstartedge=NULL;

intcut,i;

srand((unsignedint)getpid());=� Initializerand()values�=

yyparse();

CleanUp();

PrintStatistics(startnode,startedge);

MakeClustersWithNeighbours(startnode,startedge,&startcluster);

ClearStructures(startnode,&startcluster);

MakeClusters(startnode,startedge,&startcluster);

ClearStructures(startnode,&startcluster);

cut=MakeFirstPartition();

printf("Theinitialcutvaluefortwopartitionsis%dnn",cut);

cut=KernighanLin();

printf("ThecutvalueafterrunningKernighan-Linis%dnnnn",

cut);

g
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datastruct.h

#ifndefDATASTRUCTH

#defineDATASTRUCTH

#defineTRUE1

#defineFALSE0

#defineSTRLEN60

=�Declarationsofnodesandedgesinthisparticularkindofgraphs.

�=

=�Anodehasexactlythreeedges,becauseitissupposedtomimicka

transistor.

�=

=� Inadditionweneedtorepresentterminalsfortheedgeofthechip

asaspecialkindofnodewithonlyoneedge.Notethattheattributes

aresimilartothe�rstattributesofTransistor,sowecanusethesame

struct.Onlythepointersourcewillbeused,sinceaterminalisonly

attachedtoonenet.

�=

typedefstructnodef

charname[STRLEN];

charPNTtype;

structcluster�cluster;

intxpos,ypos;

doublewidth,length;

intpartition;

charplaced;

inttraversed,change;

structedge�source,�gate,�drain;

structnode�next,�previous;

gNode;

=�Anedgeisconnectedtoanotknownnumberofnodessincewearedealing

withhypergraphs.Werepresentthisasalistofedgeelems.

�=

typedefstructedgeelemf

Node�nodeinlist;

structedgeelem�nextelem;

gEdgeElem;

typedefstructedgef

charname[STRLEN];

EdgeElem��rstelem;
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intsize;

structedge�next,�previous;

gEdge;

=�Actualde�nitionaftheglobalvariables.Thestartpoints

forthedoublylinkedlistsofNodesandEdges.

�=

Node�startnode;

Edge�startedge;

intnumberofnodes,numberofedges;

=�Someusefulfuntionsforinitialization,insertion,updatingand

searching.�=

externNode�InitializeNode(char�name,charPNTtype);

externvoidRInsertNode(Node�n,Node�� start);

externEdge�InitializeEdge(char�name);

externvoidInsertEdge(Edge�e,Edge�� start);

externvoidMakePointerToNode(Edge�e,Node�n);

externNode�GetEdgeNode(Edge�e,intnum);

externvoidSetType(Node�n,chart);

externNode�FindNode(char�name,Node� start);

externEdge�FindEdge(char�name,Edge� start);

externintCountNodes(Node� start);

externintCountEdges(Edge� start);

externvoidPrintAllNodes(Node� start);

externvoidPrintAllEdges(Edge� start);

externvoidPrintStatistics(Node� startnode,Edge� startedge);

externvoidCopyStructure(Node�oldnode,Edge�oldedge,Node��newnode,

Edge��newedge);

externvoidMergeStructures(Node� sourcenode,Edge� sourceedge,

Node��destnode,Edge��destedge);

externvoidAddNamesForNodes(char�ext,Node� start);

externvoidAddNamesForEdges(char�ext,Edge� start);

externintChangeEdgeNames(char�old,char�new,Edge� start);

externvoidDeleteNodes(Node�n);

externvoidRemoveEdge(Edge�e,Edge�� start);

externvoidDeleteEdges(Edge�e);

externvoidDeleteStructure(Node�n,Edge�e);

=�Weneedseveralwaystorememberwhichnodeswewanttoassociate

withwhichothernodes,sowemakeageneralnodeliststructure.�=

typedefstructnodelistf

Node�nodepointer;

structnodelist�next;

gNodeList;
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externNodeList�InitializeNodeList(Node�n);

externvoidInsertNodeList(NodeList�nl,NodeList�� start);

externNodeList�FindNodeList(Node�n,NodeList� start);

externvoidDeleteNodeList(NodeList�nl);

#endif
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datastruct.c

#include"datastruct.h"

#include<stdlib.h>

#include<stdio.h>

#include<ctype.h>

#include<string.h>

Node�InitializeNode(char�name,charPNTtype)

f

Node�n=(Node�)malloc(sizeof(Node));

if(!n)f

perror("malloc");

exit(1);

g

strcpy(n!name,name);

n!PNTtype=PNTtype;

n!cluster=NULL;

n!xpos=-10000;

n!ypos=-10000;

n!width=0;

n!length=0;

n!partition=-1;

n!placed='E';

n!traversed=0;

n!change=0;

n!source=NULL;

n!gate=NULL;

n!drain=NULL;

n!next=NULL;

n!previous=NULL;

returnn;

g

voidRInsertNode(Node�n,Node�� start)

f

=� INVARIANT:nhasNULLpointerforpreviousandnext.

Thenodeisinsertedatarandompositioninthelist�=

Node�np;

inti,num=0,pos;

if(!�start)

�start=n;

elsef

for(np=�start;np;np=np!next)

num++;

i=RANDMAX=num;

i� =num;

while((pos=rand())� i)
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continue;

pos%=num;

if(pos==0)f

n!next=�start;

(�start)!previous=n;

�start=n;

gelsef

np=�start;

for(i=0;i<pos-1;i++)

np=np!next;

n!next=np!next;

n!previous=np;

np!next=n;

g

g

g

Edge�InitializeEdge(char�name)

f

Edge�e=(Edge�)malloc(sizeof(Edge));

if(!e)f

perror("malloc");

exit(1);

g

strcpy(e!name,name);

e!�rstelem=NULL;

e!size=0;

e!next=NULL;

e!previous=NULL;

returne;

g

voidInsertEdge(Edge�e,Edge�� start)

f

=� INVARIANT:ehasNULLpointerforpreviousandnext.

Theedgeisinsertedatthestartofthelist�=

if(�start)f

e!next=�start;

(�start)!previous=e;

�start=e;

gelse

�start=e;

g

voidMakePointerToNode(Edge�e,Node�n)

f

=� insertanewedgeeleminthelist

INVARIANT:thelastedgeeleminalistpointstoNULL�=
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EdgeElem�ee=(EdgeElem�)malloc(sizeof(EdgeElem));

if(!ee)f

perror("malloc");

exit(1);

g

ee!nodeinlist=n;

ee!nextelem=e!�rstelem;

e!�rstelem=ee;

e!size+=1;

g

Node�GetEdgeNode(Edge�e,intnum)

f

=�num=0willreturnthe�rstelementinthelist.�=

EdgeElem�el=e!�rstelem;

while(num--)

el=el!nextelem;

returnel!nodeinlist;

g

voidSetType(Node�n,chart)

f

n!PNTtype=(islower(t)?t+'A'-'a':t);

g

Node�FindNode(char�name,Node� start)

f

Node�n=start;

intfound=0;

while(n&&!found)f

if(strcmp(n!name,name)==0)

found=1;

else

n=n!next;

g

returnn;

g

Edge�FindEdge(char�name,Edge� start)

f

Edge�e=start;

intfound=0;

while(e&&!found)f

if(strcmp(e!name,name)==0)

found=1;

else

e=e!next;

g
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returne;

g

intCountNodes(Node� start)

f

Node�n=start;

intnum=0;

while(n)f

num++;

n=n!next;

g

returnnum;

g

intCountEdges(Edge� start)

f

Edge�e=start;

intnum=0;

while(e)f

num++;

e=e!next;

g

returnnum;

g

voidPrintAllNodes(Node� start)

f

Node�n=start;

while(n)f

printf("Node%shastype:%c.nnSize:width:%glength:

%gandpositionx=%dy=%d.nnItbelongstopartition%d.nn",

n!name,n!PNTtype,n!width,n!length,n!xpos,n!ypos,n!partition);

if(n!source)

printf("Sourceis%s.",n!source!name);

if(n!gate)

printf("Gateis%s.",n!gate!name);

if(n!drain)

printf("Drainis%s.",n!drain!name);

printf("nnnn");

n=n!next;

g

g

voidPrintAllEdges(Edge� start)

f

Edge�e=start;

EdgeElem�el;

while(e)f
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printf("Edge%sisconnectedtothese%dnodes:",e!name,

e!size);

el=e!�rstelem;

while(el)f

printf("%s",el!nodeinlist!name);

el=el!nextelem;

g

printf(".nn");

e=e!next;

g

g

voidPrintStatistics(Node� startnode,Edge� startedge)

f

Node�n=startnode;

Edge�e;

EdgeElem�el;

inttotal=0,num=0,i,numT=0,numP=0,numN=0;

inthist[numberofnodes],onlyPnet[numberofnodes];

intonlyNnet[numberofnodes],onlyTnet[numberofnodes];

intPandTnet[numberofnodes],NandTnet[numberofnodes];

intPandNnet[numberofnodes],PandNandTnet[numberofnodes];

inthistn=0,onlyPn=0,onlyNn=0,onlyTn=0,PandTn=0,NandTn=0,

PandNn=0;

intPandNandTn=0;

for(i=0;i<numberofnodes;i++)

hist[i]=onlyPnet[i]=onlyNnet[i]=onlyTnet[i]=PandTnet[i]=

NandTnet[i]=PandNnet[i]=PandNandTnet[i]=0;

for(e=startedge;e;e=e!next)f

if(strcmp(e!name,"vdd")==0)

printf("vdd:%dnodernn",e!size);

if(strcmp(e!name,"vgnd")==0)

printf("vgnd:%dnodernn",e!size);

total+=e!size;

num++;

hist[e!size]++;

numP=numN=numT=0;

for(el=e!�rstelem;el;el=el!nextelem)f

if(el!nodeinlist!PNTtype=='P'&&!numP)

numP++;

if(el!nodeinlist!PNTtype=='N'&&!numN)

numN++;

if(el!nodeinlist!PNTtype=='T'&&!numT)

numT++;

g

if(numP)

if(numN)

if(numT)
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PandNandTnet[e!size]++;

else

PandNnet[e!size]++;

elseif(numT)

PandTnet[e!size]++;

else

onlyPnet[e!size]++;

elseif(numN)

if(numT)f

NandTnet[e!size]++;

gelse

onlyNnet[e!size]++;

elseif(numT)

onlyTnet[e!size]++;

else

printf("Error:Netwithnonodes:%snn",e!name);

g

if(num6=numberofedges)

printf("Internalerror:numberofedges=%dandactual

numbeis%d.nn",

numberofedges,num);

printf("NET-STATISTICSnnnn");

printf("SizeonlyPonlyNonlyTPandTNandTPandNP,NandT

TOTALnn");

for(i=0;i<numberofnodes;i++)

if(hist[i])f

printf("%8d%8d%8d%8d%8d%8d%8d%8d%8dnn",i,onlyPnet[i],

onlyNnet[i],onlyTnet[i],PandTnet[i],NandTnet[i],

PandNnet[i],PandNandTnet[i],hist[i]);

PandNandTn+=PandNandTnet[i];

PandNn+=PandNnet[i];

NandTn+=NandTnet[i];

PandTn+=PandTnet[i];

onlyTn+=onlyTnet[i];

onlyNn+=onlyNnet[i];

onlyPn+=onlyPnet[i];

histn+=hist[i];

g

printf("----------------------------------------------------

--------nn");

printf("SUMMARY:%8d%8d%8d%8d%8d%8d%8d%8dnnnn",onlyPn,onlyNn,

onlyTn,

PandTn,NandTn,PandNn,PandNandTn,histn);

printf("Averagesizeofanetis%g.nnnn",(double)total= (double)

num);

numP=numN=numT=0;
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while(n)f

if(n!PNTtype=='T')

numT++;

elseif(n!PNTtype=='P')

numP++;

elseif(n!PNTtype=='N')

numN++;

else

printf("Internalerror:PrintStatistics:unknownnode

type.nn");

n=n!next;

g

if((numT+numP+numN)6=numberofnodes)

printf("Internalerror:numberofnodes=%dandactual

numberis%d.nn",

numberofnodes,num);

printf("%dterminals+ %dPtransistors+ %dNtransistor=

%dnodes.nnnn",

numT,numP,numN,numberofnodes);

g

voidCopyStructure(Node�oldnode,Edge�oldedge,Node��newnode,

Edge��newedge)

f

Node�n1,�n2;

Edge�e1;

�newnode=NULL;

�newedge=NULL;

=�Copythenodes�rst�=

n1=oldnode;

while(n1)f

n2=InitializeNode(n1!name,n1!PNTtype);

n2!cluster=n1!cluster;

n2!xpos=n1!xpos;

n2!ypos=n1!ypos;

n2!width=n1!width;

n2!length=n1!length;

n2!partition=n1!partition;

n2!placed=n1!placed;

n2!traversed=n1!traversed;

n2!change=n1!change;

RInsertNode(n2,newnode);

n1=n1!next;

g

=�Thencopytheedges�=

e1=oldedge;

while(e1)f

InsertEdge(InitializeEdge(e1!name),newedge);
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e1=e1!next;

g

=�Andlastwecopytheconnectionsbetweennodesandedges�=

n2=�newnode;

while(n2)f

if((n1=FindNode(n2!name,oldnode)))f

if((e1=FindEdge(n1!source!name,�newedge)))f

n2!source=e1;

MakePointerToNode(e1,n2);

gelse

printf("Node%scouldnotfindnet%sfor

source.nn",

n1!name,n1!source!name);

if((e1=FindEdge(n1!gate!name,�newedge)))f

n2!gate=e1;

MakePointerToNode(e1,n2);

gelse

printf("Node%scouldnotfindnet%sforgate.nn",

n1!name,n1!gate!name);

if((e1=FindEdge(n1!drain!name,�newedge)))f

n2!drain=e1;

MakePointerToNode(e1,n2);

gelse

printf("Node%scouldnotfindnet%sfor

drain.nn",

n1!name,n1!drain!name);

gelse

printf("Internalerror,cannotfindnode%sinold

structure.nn",

n2!name);

n2=n2!next;

g

g

voidMergeStructures(Node� sourcenode,Edge� sourceedge,

Node��destnode,Edge��destedge)

f

Node�n1=sourcenode,�n2;

Edge�e1,�e2;

EdgeElem�el1;

=�Putsallnodesintoonebiglist.Wemergenodesfromsourcenode

randomlyintodestnode.�=

if(!�destnode)

�destnode=sourcenode;

else

while(n1)f

n2=n1;

n1=n1!next;
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n2!next=NULL;

n2!previous=NULL;

RInsertNode(n2,destnode);

g

=�Checksifanedgeispresentinbothstructures,andifitisremoves

oneofthemandresolvesallpointerstoandfromnodes.Thenonebig

listiscreated,andwethrowawaytheoldedge.�=

e1=sourceedge;

while(e1)f

if((e2=FindEdge(e1!name,�destedge)))f

el1=e1!�rstelem;

while(el1)f

n1=el1!nodeinlist;

MakePointerToNode(e2,n1);

if(n1!source==e1)

n1!source=e2;

elseif(n1!gate==e1)

n1!gate=e2;

elseif(n1!drain==e1)

n1!drain=e2;

else

printf("Internalerrorindatastructure.nn");

el1=el1!nextelem;

g

e2=e1;

e1=e1!next;

free(e2);

gelsef

e2=e1;

e1=e1!next;

e2!next=NULL;

e2!previous=NULL;

InsertEdge(e2,destedge);

g

g

g

voidAddNamesForNodes(char�ext,Node� start)

f

Node�n=start;

while(n)f

strcat(n!name,"");

strcat(n!name,ext);

n=n!next;

g

g
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voidAddNamesForEdges(char�ext,Edge� start)

f

=�NOTE:Ifthenameis'vdd'or'vgnd'itisnotchanged,because

thesearespecialglobalnames.ThesetestsaredoneinMakeName

whenwedothereading,butwedothemjusttobesure�=

Edge�e=start;

while(e)f

if(strcmp(e!name,"vss")==0jj strcmp(e!name,"gnd")==0)f

strcpy(e!name,"vgnd");

gelseif(strcmp(e!name,"vdd")6=0&&

strcmp(e!name,"vgnd")6=0)f

strcat(e!name,"");

strcat(e!name,ext);

g

e=e!next;

g

g

intChangeEdgeNames(char�old,char�new,Edge� start)

f

Edge�e=start;

intchanged=0;

while(e&&!changed)f

if(strcmp(old,e!name)==0)f

strcpy(e!name,new);

changed=1;

g

e=e!next;

g

returnchanged;

g

voidDeleteNodes(Node�n)

f

if(n)

DeleteNodes(n!next);

else

return;

free(n);

g

voidDeleteEdgeElems(EdgeElem�el)

f

if(el)

DeleteEdgeElems(el!nextelem);

else

return;
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free(el);

g

voidRemoveEdge(Edge�e,Edge�� start)

f

if(e==�start)f

�start=e!next;

(�start)!previous=NULL;

gelsef

e!next!previous=e!previous;

e!previous!next=e!next;

g

free(e);

g

voidDeleteEdges(Edge�e)

f

if(e)f

DeleteEdgeElems(e!�rstelem);

DeleteEdges(e!next);

gelse

return;

free(e);

g

voidDeleteStructure(Node�n,Edge�e)

f

DeleteNodes(n);

DeleteEdges(e);

g

=�Functionstooperateonnodelists.�=

NodeList�InitializeNodeList(Node�n)

f

NodeList�nl=(NodeList�)malloc(sizeof(NodeList));

if(!nl)f

perror("malloc");

exit(1);

g

nl!nodepointer=n;

nl!next=NULL;

returnnl;

g

voidInsertNodeList(NodeList�nl,NodeList�� start)

f

if(�start)f
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nl!next=�start;

�start=nl;

gelse

�start=nl;

g

NodeList�FindNodeList(Node�n,NodeList� start)

f

NodeList�nl=start;

intfound=0;

while(nl&&!found)f

if(nl!nodepointer==n)

found=1;

else

nl=nl!next;

g

returnnl;

g

voidDeleteNodeList(NodeList�nl)

f

if(nl)

DeleteNodeList(nl!next);

else

return;

free(nl);

g
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datastruct.h

#ifndefCLUSTERH

#defineCLUSTERH

#include"datastruct.h"

=�Datastructuretokeepalistof"clusters"{nodesthat�ttogether.�=

#defineMAXCLUSTERSIZE5

#defineNCLUSTERS32

#definePCLUSTERS32

typedefstructclusterf

NodeList�nodes;

intsize;

chartype;

structcluster�sameneigh,�otherneigh;

inttraversed;

structcluster�next;

gCluster;

externCluster�InitializeCluster();

externvoidInsertCluster(Cluster�c,Cluster�� start);

externCluster�FindClusterForNode(Node�n,Cluster� start);

externvoidMergeClusters(Cluster�c1,Cluster�c2,Cluster��c);

externintExternalNets(Cluster�c);

externvoidPrintAllClusters(Cluster�c);

externvoidPrintClusterStatistics(Cluster�c);

externvoidDeleteClusters(Cluster�c);

#endif
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datastruct.c

#include"cluster.h"

#include"datastruct.h"

#include<stdlib.h>

#include<stdio.h>

=�Somefunctionsforoperationsonaclusterstructure.�=

Cluster�InitializeCluster()

f

Cluster�c=(Cluster�)malloc(sizeof(Cluster));

if(!c)f

perror("malloc");

exit(1);

g

c!nodes=NULL;

c!size=0;

c!type='E';

c!sameneigh=NULL;

c!otherneigh=NULL;

c!traversed=FALSE;

c!next=NULL;

returnc;

g

voidInsertCluster(Cluster�c,Cluster�� start)

f

if(�start)f

c!next=�start;

�start=c;

gelse

�start=c;

g

Cluster�FindClusterForNode(Node�n,Cluster� start)

f

Cluster�c=start;

NodeList�nl;

intfound=0;

while(c&&!found)f

nl=c!nodes;

while(nl&&!found)f

if(nl!nodepointer==n)

found=1;

else

nl=nl!next;

g
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if(!found)

c=c!next;

g

returnc;

g

voidMergeClusters(Cluster�c1,Cluster�c2,Cluster��c)

f

NodeList�nl;

nl=c1!nodes;

while(nl!next)f

nl!nodepointer!cluster=c2;

nl=nl!next;

g

nl!nodepointer!cluster=c2;

nl!next=c2!nodes;

c2!nodes=c1!nodes;

c2!size+=c1!size;

if(c2!type=='T')

c2!type=c1!type;

if((�c)==c1)

(�c)=c1!next;

elsef

c2=(�c);

while(c2!next6=c1)

c2=c2!next;

c2!next=c1!next;

g

free(c1);

g

intExternalNets(Cluster�c)

f

Edge�e[numberofedges];

intedges[numberofedges];

NodeList�nlt;

Node�np;

intnedges=0,i,external=0;

for(i=0;i<numberofedges;i++)f

e[i]=NULL;

edges[i]=0;

g

for(nlt=c!nodes;nlt;nlt=nlt!next)f

np=nlt!nodepointer;

for(i=0;i<nedges;i++)

if(np!source==e[i])

break;
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if(i==nedges)

e[nedges++]=np!source;

edges[i]++;

if(np!PNTtype6= 'T')f

for(i=0;i<nedges;i++)

if(np!gate==e[i])

break;

if(i==nedges)

e[nedges++]=np!gate;

edges[i]++;

for(i=0;i<nedges;i++)

if(np!drain==e[i])

break;

if(i==nedges)

e[nedges++]=np!drain;

edges[i]++;

g

g

for(i=0;i<nedges;i++)

if(edges[i]<e[i]!size)

external++;

returnexternal;

g

voidPrintAllClusters(Cluster�c)

f

Cluster�clt=c;

NodeList�nlt;

while(clt)f

nlt=clt!nodes;

printf("Clusterconsistsof");

while(nlt)f

printf("%s",nlt!nodepointer!name);

nlt=nlt!next;

g

printf("nn");

clt=clt!next;

g

g

voidPrintClusterStatistics(Cluster�c)

f

Cluster�clt;

NodeList�nlt;

Node�n;

inttotal=0,num=0,i=0,numT=0,numP=0,numN=0;

inthist[numberofnodes],onlyPnet[numberofnodes],onlyNnet[numberofnodes];
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intPandTnet[numberofnodes],NandTnet[numberofnodes];

intsameneighbourhist[3]=

f0,0,0g;

intotherneighbourhist[3]=

f0,0,0g;

inthistn=0,onlyPn=0,onlyNn=0,PandTn=0,NandTn=0;

Edge�e[numberofedges];

intedges[numberofedges],edgehist[numberofedges];

intnedges,numedges,totaledges=0;

for(i=0;i<numberofnodes;i++)

hist[i]=onlyPnet[i]=onlyNnet[i]=PandTnet[i]=NandTnet[i]=0;

for(i=0;i<numberofedges;i++)

edgehist[i]=0;

for(clt=c;clt;clt=clt!next)f

num=numT=numP=numN=numedges=0;

for(i=0;i<numberofedges;i++)f

e[i]=NULL;

edges[i]=0;

g

nedges=0;

for(nlt=clt!nodes;nlt;nlt=nlt!next)f

num++;

n=nlt!nodepointer;

if(n!PNTtype=='P'&&!numP)

numP++;

if(n!PNTtype=='N'&&!numN)

numN++;

if(n!PNTtype=='T'&&!numT)

numT++;

for(i=0;i<nedges;i++)

if(n!source==e[i])

break;

if(i==nedges)

e[nedges++]=n!source;

edges[i]++;

if(n!PNTtype6= 'T')f

for(i=0;i<nedges;i++)

if(n!gate==e[i])

break;

if(i==nedges)

e[nedges++]=n!gate;

edges[i]++;

for(i=0;i<nedges;i++)

if(n!drain==e[i])

break;
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if(i==nedges)

e[nedges++]=n!drain;

edges[i]++;

g

g

if(numP)f

if(clt!type6= 'P')

printf("Error:ClusterwithPnodesnotoftype

P.nn");

if(numN)

printf("Error:ClusterwithbothPandN

nodes.nn");

elseif(numT)

PandTnet[num]++;

else

onlyPnet[num]++;

gelseif(numN)f

if(clt!type6= 'N')

printf("Error:ClusterwithNnodesnotoftype

N.nn");

if(numT)

NandTnet[num]++;

else

onlyNnet[num]++;

gelseif(numT)f

printf("Error:ClusterwithonlyTnodes.nn");

for(nlt=clt!nodes;nlt;nlt=nlt!next)

printf("ntnt%snn",nlt!nodepointer!source!name);

gelse

printf("Error:Clusterwithnonodes.nn");

total++;

hist[num]++;

if(clt!sameneigh)

sameneighbourhist[1]++;

else

sameneighbourhist[0]++;

if(clt!otherneigh)

otherneighbourhist[1]++;

else

otherneighbourhist[0]++;

for(i=0;i<nedges;i++)

if(e[i]!size>edges[i])

numedges++;

edgehist[numedges]++;

totaledges+=numedges;

g

printf("CLUSTER-STATISTICSnnnn");

printf("SizeonlyPonlyNPandTNandTTOTALnn");
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for(i=0;i<numberofnodes;i++)

if(hist[i])f

printf("%8d%8d%8d%8d%8d%8dnn",i,onlyPnet[i],onlyNnet[i],

PandTnet[i],NandTnet[i],hist[i]);

NandTn+=NandTnet[i];

PandTn+=PandTnet[i];

onlyNn+=onlyNnet[i];

onlyPn+=onlyPnet[i];

histn+=hist[i];

g

printf("----------------------------------------------------

--------nn");

printf("SUMMARY:%8d%8d%8d%8d%8dnnnn",onlyPn,onlyNn,PandTn,NandTn,

histn);

printf("sameneighboursclustersnn");

for(i=0;i�2;i++)

if(sameneighbourhist[i])

printf("%12d%12dnn",i,sameneighbourhist[i]);

printf("nnotherneighboursclustersnn");

for(i=0;i�2;i++)

if(otherneighbourhist[i])

printf("%12d%12dnn",i,otherneighbourhist[i]);

printf("nnexternalnetsclustersnn");

for(i=0;i<numberofedges;i++)

if(edgehist[i])

printf("%12d%12dnn",i,edgehist[i]);

printf("nnTotalnumberofexternalnets:%d.nn",totaledges);

printf("Averagenumberofexternalnetpercluster:%gnn",

(double)totaledges= (double)histn);

g

voidDeleteClusters(Cluster�c)

f

if(c)

DeleteClusters(c!next);

else

return;

free(c);

g
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partition.h

#ifndefPARTITIONH

#definePARTITIONH

#include"datastruct.h"

#include"cluster.h"

externintnumberoftwins;

=�Routinestodotheneighbourclustering.�=

externintDiffTest(Node�n,Edge�e);

externintPolyTest(Node�n,Edge�e);

externvoidFindDirectlyConnectedNodes(Node� sn,Edge� se,Cluster�� retc,

int(�test)(),intneigh);

externvoidFindPNTwins(Node�n,Edge�e,Cluster�� retc);

externvoidConnectClusters(Node�n,Edge�e,Cluster�� retc,intneigh);

externvoidGrowClusters(Node�n,Edge�e,Cluster�� retc);

externvoidConnectTerminals(Node�n,Edge�e,Cluster�� retc);

#endif
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partition.c

#include"partition.h"

#include<stdlib.h>

#include<stdio.h>

#include<unistd.h>

intnumberoftwins=0;

=�The�rstpartofthepartitioningisto�ndconnecteddiffsand

makeclusters(orneighbours)ofthesenodes.Thenwe�nd

connectedpolysandmakeclusters(orneighbours)ofthese

nodes.Weusethesamesubroutineforbothtasks,buthsupplythe

routinewithdifferenttestroutinesforthedifferenttasks�=

=�Thetestroutinefordiffs.�=

intDiffTest(Node�n,Edge�e)

f

return(n!source6=e&&n!drain6=e);

g

=�Thetestroutineforpolys.�=

intPolyTest(Node�n,Edge�e)

f

return(n!gate6=e);

g

voidFindDirectlyConnectedNodes(Node� sn,Edge� se,Cluster�� retc,

int(�conntest)(),intneigh)

f

=�Returnsalistofclusterswhereeachclusterconsistsof

transistorswhichcanbeverytightcoupled,becaucethese

transistorsaretheonlyonesinanetandtheyareallin

diff.Theparameterneighdecidesifweshouldmakeneighbour

relations.�=

Node�n[numberofnodes];

Edge�e;

Cluster�c=�retc,�clt[numberofnodes],�cl;

intni,ci,i,ok,found,val;

chartype='E';

=�Wecheckallthenets(edges).�=

for(e=se;e;e=e!next)f

=�Weareonlyinterestedinnetswithmorethantwoandlessthan

MAXCLUSTERSIZEtransistors.�=

if(e!size�2&&e!size�MAXCLUSTERSIZE)f

for(ni=0;ni<numberofnodes;ni++)f
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n[ni]=NULL;

clt[ni]=NULL;

g

ok=TRUE;

=�We�ndoutifitisaPorNnet(ifitisneitherwewillseeit

later.�=

for(ni=0;ni<e!size;ni++)f

type=GetEdgeNode(e,ni)!PNTtype;

if(type=='P'jj type=='N')

break;

g

if(type6= 'P'&&type6= 'N')f

printf("Internalerror:Netwithno

transistors.nn");

exit(1);

g

for(ni=0;ni<e!size;ni++)f

n[ni]=GetEdgeNode(e,ni);

=�Thetransistorshavetobecoupledcorrectly,sowecallthe

suppliedtestroutine.Inadditionwehavetotestthatthetype

iscorrect.�=

if((�conntest)(n[ni],e)jj

(n[ni]!PNTtype6= type&&n[ni]!PNTtype6= 'T'))f

ok=FALSE;

break;

g

g

=� IfokisTRUE,allthetransistorsareofthesametypeoroftype

terminal,andconnectedthewaywewanted(indifforinpoly).�=

if(ok)f

=�Weidentifyalltheinvolvedclusters.Thesameclustermayshow

upseveraltimesintheclusterarray,butthisdoesnotmatter.�=

ci=0;

for(ni=0;ni<e!size;ni++)

if(n[ni]!cluster)

clt[ci++]=n[ni]!cluster;

for(ni=0;ni<e!size;ni++)f

=�Wecheckifwe�ndaclustertoinsertinto/mergewith.�=

val=(n[ni]!cluster?n[ni]!cluster!size:1);

found=FALSE;

for(ci=0;clt[ci]6=NULL&&!found;ci++)

if(clt[ci]6=n[ni]!cluster&&

clt[ci]!size+val�MAXCLUSTERSIZE)f

found=TRUE;

ci--;

g

if(found)

if(!n[ni]!cluster)f
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=�Wehavefoundaclustertoinsertthesinglenodeinto.�=

InsertNodeList(InitializeNodeList(n[ni]),

&clt[ci]!nodes);

n[ni]!cluster=clt[ci];

if(n[ni]!PNTtype6= 'T')

=�Aterminalcountsinanedgebecausethenetdependsonit,butitwill

notoccupymuchspaceinalayout,sowedonotcountitinacluster�=

clt[ci]!size++;

gelsef

=�Wehavefoundtwoclusterswhicharesmallenoughtobemerged.�=

for(i=0;clt[i]6=n[ni]!cluster;i++);

=� iistheindexoftheclustertodisappear.�=

MergeClusters(clt[i],clt[ci],&c);

for(ci=0;clt[ci];ci++);

clt[i]=clt[ci-1];

clt[ci-1]=NULL;

gelseif(!n[ni]!cluster)f

=�Wedidnot�ndacluster,sowehavetomakeanewclusterwitha

singlenode.�=

cl=InitializeCluster();

cl!nodes=InitializeNodeList(n[ni]);

cl!type=type;

if(n[ni]!PNTtype6= 'T')

=�Wedonotcountterminalsinclusters.�=

cl!size=1;

n[ni]!cluster=cl;

InsertCluster(cl,&c);

for(ci=0;clt[ci];ci++);

clt[ci]=cl;

gelse

=�Thenodeisalreadyinacluster,andwecouldnot�nda

suf�cientlysmallclustertomergeitwith.IfneighisTRUEwe

setupsomeneighbourrelationinstead.�=

if(neigh)f

for(ci=0;clt[ci];ci++)

if(clt[ci]6=n[ni]!cluster&&

clt[ci]!sameneigh==NULL&&

n[ni]!cluster!sameneigh==NULL)f

clt[ci]!sameneigh=n[ni]!cluster;

n[ni]!cluster!sameneigh=clt[ci];

g

g

g

g

g

g

�retc=c;

g
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voidRememberTwins(Node�n1,Node�n2,Cluster��c)

f

=�Makesneighboursoftheclustersthetwonodesbelongto.Ifone

ofthem(orboth)didnotbelongtoacluster,anewclusteris

createdforthenode.Thisclusterwillconsistofthisnodeonly.

Rememberthatwecannotmakeoneclusterofbothnodesbecause

theyareofdifferenttypes.�=

Cluster�c1,�c2;

if((!n1!clusterjj (n1!cluster&&n1!cluster!otherneigh==NULL))&&

(!n2!clusterjj (n2!cluster&&n2!cluster!otherneigh==NULL)))f

if(n1!cluster)

c1=n1!cluster;

elsef

c1=InitializeCluster();

c1!nodes=InitializeNodeList(n1);

c1!type=n1!PNTtype;

if(n1!PNTtype6= 'T')

c1!size=1;

n1!cluster=c1;

InsertCluster(c1,c);

g

if(n2!cluster)

c2=n2!cluster;

elsef

c2=InitializeCluster();

c2!nodes=InitializeNodeList(n2);

c2!type=n2!PNTtype;

if(n2!PNTtype6= 'T')

c2!size=1;

n2!cluster=c2;

InsertCluster(c2,c);

g

c1!otherneigh=c2;

c2!otherneigh=c1;

numberoftwins++;

gelse

printf("Couldnotfindsuitableclustertorememeber.

nn");

g

voidFindPNTwins(Node�n,Edge�e,Cluster�� retc)

f

Edge�follow;

EdgeElem�el;

Node�n1;

while(n)f
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follow=NULL;

if(n!PNTtype6= 'P')f

n=n!next;

continue;

g

if(strcmp(n!source!name,"vdd")==0

jj strcmp(n!source!name,"vgnd")==0)

follow=n!drain;

if(strcmp(n!drain!name,"vdd")==0

jj strcmp(n!drain!name,"vgnd")==0)

follow=n!source;

if(follow&&follow!size>2)f

el=follow!�rstelem;

while(el)f

n1=el!nodeinlist;

if(n1!PNTtype=='N'&&

(n1!source==followjjn1!drain==follow))

if(strcmp(n1!source!name,"vdd")==0jj

strcmp(n1!source!name,"vgnd")==0jj

strcmp(n1!drain!name,"vdd")==0jj

strcmp(n1!drain!name,"vgnd")==0)

RememberTwins(n,n1,retc);

el=el!nextelem;

g

g

n=n!next;

g

g

intConnectionFormulae(Cluster�c1,Cluster�c2,intneigh)

f

NodeList�nlt;

Edge�e[numberofedges];

inti,num=0,commonedges=0,neighbouredges=0;

for(nlt=c1!nodes;nlt;nlt=nlt!next)f

for(i=0;i<num;i++)

if(nlt!nodepointer!source==e[i])

break;

if(i==num)

e[num++]=nlt!nodepointer!source;

if(nlt!nodepointer!PNTtype6= 'T')f

for(i=0;i<num;i++)

if(nlt!nodepointer!gate==e[i])

break;

if(i==num)

e[num++]=nlt!nodepointer!gate;

for(i=0;i<num;i++)

if(nlt!nodepointer!drain==e[i])
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break;

if(i==num)

e[num++]=nlt!nodepointer!drain;

g

g

if(neigh)f

if(c1!sameneigh)

for(nlt=c1!sameneigh!nodes;nlt;nlt=nlt!next)f

for(i=0;i<num;i++)

if(nlt!nodepointer!source==e[i])

break;

if(i==num)

e[num++]=nlt!nodepointer!source;

if(nlt!nodepointer!PNTtype6= 'T')f

for(i=0;i<num;i++)

if(nlt!nodepointer!gate==e[i])

break;

if(i==num)

e[num++]=nlt!nodepointer!gate;

for(i=0;i<num;i++)

if(nlt!nodepointer!drain==e[i])

break;

if(i==num)

e[num++]=nlt!nodepointer!drain;

g

g

if(c1!otherneigh)

for(nlt=c1!otherneigh!nodes;nlt;nlt=nlt!next)f

for(i=0;i<num;i++)

if(nlt!nodepointer!source==e[i])

break;

if(i==num)

e[num++]=nlt!nodepointer!source;

if(nlt!nodepointer!PNTtype6= 'T')f

for(i=0;i<num;i++)

if(nlt!nodepointer!gate==e[i])

break;

if(i==num)

e[num++]=nlt!nodepointer!gate;

for(i=0;i<num;i++)

if(nlt!nodepointer!drain==e[i])

break;

if(i==num)

e[num++]=nlt!nodepointer!drain;

g

g

g

for(nlt=c2!nodes;nlt;nlt=nlt!next)f
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for(i=0;i<num;i++)

if(nlt!nodepointer!source==e[i])f

commonedges++;

break;

g

if(nlt!nodepointer!PNTtype6= 'T')f

for(i=0;i<num;i++)

if(nlt!nodepointer!gate==e[i])f

commonedges++;

break;

g

for(i=0;i<num;i++)

if(nlt!nodepointer!drain==e[i])f

commonedges++;

break;

g

g

g

if(neigh)f

if(c1!sameneigh&&c1!sameneigh==c2!sameneigh)

neighbouredges++;

if(c1!otherneigh&&c1!otherneigh==c2!otherneigh)

neighbouredges++;

return(2�commonedges+neighbouredges);

gelse

return(2�commonedges);

g

voidConnectClustersOfType(Node�n,Edge�e,Cluster�� retc,chartype,

intmaxclusters,intsize,intneigh)

f

=�Smallclusters,fromsizenodesuptoMAXCLUSTERSIZE-size;are

joined.Weareguaranteedtohavefewenoughclusters>= size

afterrunningthisprocedure,butinadditionwemayhavesom

clusterswithfewernodes.Thiswillbehandledlater,ina

subsequentcalltothisprocedure.�=

Cluster�connectcluster[numberofnodes];

intconnectvalue[numberofnodes][numberofnodes];

inti,j,numberofclusters=100000,numberofterminals=0;

intbigclusters=0,maxvalue,merge;

Cluster�c,�best1,�best2;

NodeList�nlt;

Node�np;

while(numberofclusters+bigclusters-numberofterminals

>maxclusters+1)f

best1=best2=NULL;
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maxvalue=-10000;

bigclusters=numberofterminals=0;

for(i=0;i<numberofnodes;i++)f

connectcluster[i]=NULL;

for(j=0;j<numberofnodes;j++)

connectvalue[i][j]=0;

g

i=0;

for(c=�retc;c;c=c!next)

if(c!type==type&&c!size>MAXCLUSTERSIZE-size)

bigclusters++;

elseif(c!type==type&&

c!size� size&&c!size�MAXCLUSTERSIZE-size)

connectcluster[i++]=c;

elseif(c!type=='T'&&

c!size� size&&c!size�MAXCLUSTERSIZE-size)f

connectcluster[i++]=c;

numberofterminals++;

g

numberofclusters=i;

for(i=0;i<numberofclusters;i++)

for(j=0;j< i;j++)f

connectvalue[i][j]=

ConnectionFormulae(connectcluster[i],connectcluster[j],

neigh);

if(connectcluster[i]!type6= 'T'jj

connectcluster[j]!type6= 'T')

if(maxvalue<connectvalue[i][j]&&

connectvalue[i][j]�0)

if(connectcluster[i]!size+connectcluster[j]!size

�MAXCLUSTERSIZE)f

maxvalue=connectvalue[i][j];

best1=connectcluster[i];

best2=connectcluster[j];

merge=TRUE;

gelseif(neigh&&!connectcluster[i]!sameneigh&&

!connectcluster[j]!sameneigh)f

maxvalue=connectvalue[i][j];

best1=connectcluster[i];

best2=connectcluster[j];

merge=FALSE;

g

g

if(numberofclusters+bigclusters>maxclusters)

if(best1)

if(merge)

MergeClusters(best1,best2,retc);
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elsef

best1!sameneigh=best2;

best2!sameneigh=best1;

gelseif(numberofclusters+bigclusters-numberofterminals

>maxclusters)f

printf("Notpossibletojoinenoughclusters.");

printf("Adjustparameters?nn");

exit(1);

g

g

g

voidConnectClusters(Node�n,Edge�e,Cluster�� retc,intneigh)

f

=�WehavetoconnectboththePclustersandtheNclustersofsize2

uptoMAXCLUSTERSIZE-2.�=

ConnectClustersOfType(n,e,retc,'P',PCLUSTERS,2,neigh);

ConnectClustersOfType(n,e,retc,'N',NCLUSTERS,2,neigh);

g

voidMakeSingletonClusters(Node�n,Cluster�� retc)

f

Cluster�c;

while(n)f

if(!n!cluster)f

c=InitializeCluster();

c!nodes=InitializeNodeList(n);

c!type=n!PNTtype;

if(n!PNTtype6= 'T')

c!size=1;

n!cluster=c;

InsertCluster(c,retc);

g

n=n!next;

g

g

voidGrowClusters(Node�n,Edge�e,Cluster�� retc)

f

=�Firstwemakesingletonclustersofsinglenodes.�=

MakeSingletonClusters(n,retc);

=�WehavetoconnectboththePclustersandtheNclusters.�=

ConnectClustersOfType(n,e,retc,'P',PCLUSTERS,1,FALSE);

ConnectClustersOfType(n,e,retc,'N',NCLUSTERS,1,FALSE);

g

voidConnectTerminals(Node�n,Edge�e,Cluster�� retc)

f
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=�Wehavesometerminalsthatarealoneinclusters.Theseclusters

willhave0size.Welocatethemandmergethemwiththecluster

whichtheyhavemostcommonedgeswith.�=

Cluster�c,�best;

EdgeElem�el;

intmaxval,value;

for(c=�retc;c;c=c!next)

if(c!size==0)f

maxval=-10000;

best=NULL;

for(el=c!nodes!nodepointer!source!�rstelem;el;

el=el!nextelem)

if(c6=el!nodeinlist!cluster)f

value=ConnectionFormulae(c,el!nodeinlist!cluster,

FALSE);

if(maxval<value&&value�0)f

maxval=value;

best=el!nodeinlist!cluster;

g

g

if(best)f

MergeClusters(c,best,retc);

gelse

printf("Cannotfindclustertomergeterminal

clusterwith.nn");

g

g
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\KernighanogLin"-algoritmen

kl.c

#include"datastruct.h"

#include<stdlib.h>

#include<stdio.h>

#include<unistd.h>

=�kl-TheKernighan&Linalgorithmforgraphpartitioning.�=

=�Worksdirectlyontheglobalstructure.�=

intglobalcut;

intMakeFirstPartition()

f

=�Justsplittheglobalstructureintotwopartitionsofequalsize.�=

Node�n=startnode;

inti;

for(i=0;i<numberofnodes=2;i++)f

n!partition=0;

n=n!next;

g

while(i++<numberofnodes)f

n!partition=1;

n=n!next;

g

returnglobalcut=CutValue();

g

intCutValue()

f

intpart,crossing=0;

Edge�e=startedge;

EdgeElem�el;

while(e)f

el=e!�rstelem;

part=el!nodeinlist!partition;

el=el!nextelem;

while(el)f

if(part6=el!nodeinlist!partition)f

crossing++;

break;

g

el=el!nextelem;

g

e=e!next;

g
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returncrossing;

g

intGainValue(Node�n,EdgeElem�el,Node�othern)

f

intsame=FALSE,other=FALSE,othernode=FALSE;

while(el)f

if(el!nodeinlist!partition==n!partition&&el!nodeinlist6=n)

same=TRUE;

if(el!nodeinlist!partition6=n!partition)

other=TRUE;

if(el!nodeinlist==othern)

othernode=TRUE;

el=el!nextelem;

g

if(!other)

return-1;

elseif(!same&&!othernode)

return1;

else

return0;

g

intSwapBestPair(Node�� ret0,Node�� ret1)

f

=�Swapsapairintheglobalstructureandmarksthenodesasswapped.

Returns0ifroundisover,eg.ifallnodesalreadyareswapped.

Returnspointerstothenodesthatareswapped,ifany.�=

Node�n0,�n1;

Node�best0=NULL,�best1=NULL;

intmaxgain=-10000,gain;

for(n0=startnode;n0;n0=n0!next)

if(n0!partition==0&&!n0!traversed)

for(n1=startnode;n1;n1=n1!next)

if(n1!partition==1&&!n1!traversed)f

gain=0;

if(n0!source)

gain+=GainValue(n0,n0!source!�rstelem,n1);

if(n0!gate)

gain+=GainValue(n0,n0!gate!�rstelem,n1);

if(n0!drain)

gain+=GainValue(n0,n0!drain!�rstelem,n1);

if(n1!source)

gain+=GainValue(n1,n1!source!�rstelem,n0);

if(n1!gate)
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gain+=GainValue(n1,n1!gate!�rstelem,n0);

if(n1!drain)

gain+=GainValue(n1,n1!drain!�rstelem,n0);

if(maxgain<gain)f

maxgain=gain;

best0=n0;

best1=n1;

g

g

if(best0)f

best0!partition=1;

best1!partition=0;

best0!traversed=TRUE;

best1!traversed=TRUE;

globalcut=globalcut-maxgain;

�ret0=best0;

�ret1=best1;

return1;

gelse

return0;

g

intKernighanLin()

f

Node�n0,�n1;

NodeList�rollback=NULL;=�Eachswapgeneratestwoelements

inthislist.�=

intcut,oldbestcut,bestcut;

globalcut=bestcut=CutValue();

=�Startingaround.�=

dof

oldbestcut=bestcut;

while(SwapBestPair(&n0,&n1))f

cut=globalcut;

if(cut<bestcut)f

bestcut=cut;

DeleteNodeList(rollback);

rollback=NULL;

gelsef

InsertNodeList(InitializeNodeList(n0),&rollback);

InsertNodeList(InitializeNodeList(n1),&rollback);

g

g

while(rollback)f

n0=rollback!nodepointer;

if(n0!partition==0)
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n0!partition=1;

else

n0!partition=0;

rollback=rollback!next;

g

DeleteNodeList(rollback);

rollback=NULL;

globalcut=bestcut;

for(n0=startnode;n0;n0=n0!next)

n0!traversed=FALSE;

gwhile(bestcut<oldbestcut);

returnglobalcut;

g
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main.h

=� -�-C++ -�-$Id:main.h,v1.121991/10/1114:58:47dashExp$�=

#ifndefmainh

#definemainh

==Herefollowsde�nestocustomizeprogram

==De�nePROFILINGtopro�letheprogram,use'gprof./ivcmon.out'

== togeta
atpro�leofwherethetimeintheprogramisused

==#de�nePROFILING

==De�neIVtogetInterViews-interfaceunlessNOIVorPROFILINGisde�ned

#ifndefNOIV

#ifndefPROFILING

#defineIV

#endif=�PROFILING�=

#endif=�NOIV�=

#include<stream.h>

#include<stdlib.h>

==extern"C"f intsystem(constchar�);g

#ifndefNULL

#defineNULL0==Commonconstants...

#endif

#defineFALSE0

#defineTRUE1
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#definemin(x,y)(x<y?x:y)

#definemax(x,y)(x>y?x:y)

typedefintBool;==UseBooltosignalthatitsaBooleanvalue

voidwrapper();==Thisishereforeasydebuging

==ExplanationofDEBUGLVLvalues:

==1-Onlybigmodules,2-Somedetails,3-Lotsofdetail,4-Everything

#ifndefDEBUGLVL

#defineDEBUGLVL100

#endif

==Usage:DEBOUT(111,DV2(x,y));

#defineDEBOUT(num,dtxt)n

if(DEBUGLVL�num)n

cerr�"debug["� FILE �":"� LINE �"]"�dtxt�"nn"

#defineDEBVAR(num,dtxt)n

if(DEBUGLVL�num)n

cerr�"debug["� FILE �":"� LINE �"]"n

�#dtxt�"= "�dtxt�"nn";

#defineDV(v1)#v1�"= "�v1

#defineDV2(v1,v2)#v1�"= "�v1�","�#v2�"= "�v2

#defineDV3(v1,v2,v3)#v1�"= "�v1�","�#v2�"= "�v2n

�","�#v3�"= "�v3

==Usefordebugginglikethis:DODEBUG()fdebuggingcodehere();g

#defineDODEBUG(num)if(num<DEBUGLVL)=�nop�=;else

#ifdefGNUG

#ifndefNDEBUG

==extern"C"voidvolatileexit(int);

#defineassert(ex)fif(!(ex))fcerr�"Assertion-"�#ex�"-failed:

filen""� FILE �"n",line"� LINE �"nn";exit(1);gg

#defineassert(ex)assert(ex)

#else

#defineassert(ex)

#defineassert(ex)
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#defineDEBOUT(num,dtxt)

#defineDEBVAR(num,dtxt)

#defineDV(v1)

#defineDV2(v1,v2)

#defineDV3(v1,v2,v3)

#endif=�NDEBUG�=

#else

#include<assert.h>

#endif=� GNUG �=

== InternErr()can'tbeafunction:wewanttopickup FILE and LINE

#defineInternErr()n

cerr�"Internalerror,n""� FILE �"n",line"� LINE �

"nn"

#endif=� mainh�=
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enum.h

=� -�-C++ -�-$Id:$�=

#ifndefenumh

#defineenumh

#include"main.h"

#defineMAXX10=� themaxGeometrypointshorizontally�=

#defineMAXY10=� themaxGeometrypointsvertically�=

#definePOINTS9=� thenumberofpointsina3x3array�=

#defineNAMELENGTH100=�maxnamelength�=

#defineMAXTERMS8=� themaxnumberofTermsallowed�=

#defineSDCONN10=�maxsourceordrainconnectionstoNets�=

#defineGATECONN10=�maxgateconnectionstoNets�=

#defineIOCONN10=�maxI/OconnectionstoNets�=

enumEltypef

TRANSSLEFT,== transistorsourceleft

TRANSSRIGHT,== transistorsourceright

TRANSSUP,== transistorsourceup

TRANSSDOWN== transistorsourcedown

g;

==@@Converttoanenum

#defineELEMENTS11=�numberofdifferentGeometryelements�=

#defineWIREDIFF4=�wireindiffusion�=

#defineCONTACTDIFFM15=�contactbetweendiffusionandmetal1�=

#defineWIREPOLY6=�wireinpolysilicon�=

#defineCONTACTPOLYM17=�contactbetweenpolysiliconandmetal1�=

#defineVIA8=�contactbetweenmetal1andmetal2�=

#defineWIREM19=�wireinmetal1�=

#defineWIREM210=�wireinmetal2�=

enumDirf ==Direction

NORTH,
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SOUTH,

EAST,

WEST

g;

=� thefollowingde�nitionsareusedinthetechnology�leto

specifylegalityofplacementsaccordingtodesignrules,andto

specifyconnectivityofthedifferentobjectsrelativetooneanother

�=

enumLegalityf

NOEFFECT,==geometryobjectislegaltoplace,nodes

== inthegeometryarenotconnected,and

==can'tbe,withoutfurthergeometryobjects

CONNECTED,== legalplacement,connectednodes

ILLEGAL,== illegalplacementaccordingtodesignrules

CANCONNECT,== legal,nodemayormaynotbeconnected

CONNS,== legal,transistorsourcenodeconnected

CONND,== legal,transistordrainnodeconnected

CONNG,== legal,transistorgatenodeconnected

CONNSDIR,== legal,sourcenodedirectlyconnected

=="between"geometrygridpoints

CONNDDIR,== legal,drainnodedirectlyconnected

CANCONNS,== legal,sourcenodemayormaynotbeconn.

CANCONND,== legal,drainnodemayormaynotbeconn.

CANCONNG== legal,gatenodemayormaynotbeconn.

g;

externintelementconnect[ELEMENTS][ELEMENTS][POINTS];

==@@Shouldreallybeinanother�le?
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externintcolmax;==Actualmax(insteadofMAXX)

externintrowmax;==Actualmax(insteadofMAXY)

externinttransmax;==Numberoftransistorstoplace

#endif=� enumh�=
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pos.h

=� -�-C++ -�-$Id:poselem.h,v1.71991/10/1114:58:50dashExp$�=

#ifndefposh

#defineposh

#include"main.h"

==ThisisthepureabstractclassPos-positions(mustsubclass).

==Usedbytrynext().

classPosf

public:

virtualPos�next()=0;==Nextposition

virtualvoid�rstpos()=0;== Initforiteration

virtualvoidoperator++()=0;== Iterator

virtualintlegalpos()const=0;==Sentenielforiteration.

g;

#endif=� posh�=
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elem.h

=� -�-C++ -�-$Id:poselem.h,v1.71991/10/1114:58:50dashExp$�=

#ifndefelemh

#defineelemh

#include"main.h"

==ThisisthepureabstractclassElem-elements(mustsubclass).

==Usedbytrynext().

classElemf

public:

virtualElem�next()=0;==Nextelement

virtualintmoreelem()const=0;==Sentenielforiteration.

g;

#endif=� elemh�=
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list.h

=� -�-C++ -�-$Id:list.h,v1.21991/08/1201:06:58dashExp$�=

#ifndeflisth

#definelisth

#include"main.h"

#defineACTIVE0x05AF=�bit-patternforvalidListobjects�=

classListf

public:

List();

List(List�);

�List();

intOK();==Checkstherepresentationinvariant

protected:

intid;==Validvalue:ACTIVE,invalid:anythingelse

List�next;==Nextlistobject,orNULL

g;

#endif=� listh�=
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list.cc

=�$Id:list.cc,v1.11991/08/1200:53:42dashExp$�=

#include"main.h"

#include"list.h"

== ����������������������������������������

List::List()

f

id=ACTIVE;==Makethisalegalobject

next=NULL;==Makenextalegalobjecttoo

g

List::List(List� l)

f

id=ACTIVE;==Makethisalegalobject

assert(l==NULLjj l!OK());

next=l;==Makenextalegalobjecttoo

g

List::�List()

f

assert(id==ACTIVE);

id=0;==Makethisanillegalobject

g

==Dosometesttoseeifthislookslikeavalidlist

==Catchessometrivialerrorsthatotherwisewouldbehardto�nd

intList::OK()

f

if(id6=ACTIVE)f

cerr�"Listerror,id= "� id�"nn";

return(FALSE);

g

if(next6=NULL&&next!id6=ACTIVE)f

cerr�"Listerror,next->id= "�next!id�"nn";

return(FALSE);

g
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return(TRUE);

g
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undo.h

=� -�-C++ -�-$Id:backtrack.h,v1.71991/10/1018:11:06dashExp$�=

#ifndefundoh

#defineundoh

#include"main.h"

#include"list.h"

==Theseclassesaredesignedtoreduceprogrammingtime,notprimarilyfor

==executiontimeef�ciency

==Recursivelyupdatingaglobaldatastructuredemandsthatallchangesare

==notedandoldvaluesareresetduringbacktracking.Thereforeallold

==valuesmustbesaved.Onlyafewtypesarehandledsofar,butanytypecan

==besupportedbyoverloading.

=="UndoSaver"mustbede�nedlocallywheneveranew"context"isentered.

==TheSavermustbepassedontoallroutinescallediftheroutinesmay

==changetheglobaldatastructure.

==ExampleofuseoftheSaverinaction:

==

==voidexampleroutine()f

==UndoSaver;

==var1=1;

==Saver[var1]= -1;

== .

== .

==Saver.restore();//var1issetbackto1
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== g

==EachtypeknowntotheUndo-systemmusthaveitsuniquenumber

enumTypetagf

INT,== Int

INTP,== Intpointer,etc

VOIDP,

CHAR

g;

classBind:publicListf

public:

Bind(Bind�,int�);

Bind(Bind�,int� �);

Bind(Bind�,void� �);

Bind(Bind�,char�);

�Bind();

private:

void�var;==pointertovariable

Typetagtypetag;==CHAR,INT,INTP,osv.

unionf

intasint;

int�asintp;

void�asvoidp;

charaschar;

gvalue;

friendclassUndo;

g;

classUndof

public:

Undo();

Undo&operator[](int&);==Rememberaddressandoldvalue

voidoperator=(int);==Newvaluetointpointedtoin�rstobject

Undo&operator[](int�);==Similarlywiththese...

voidoperator=(int�);

Undo&operator[](void�&);
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voidoperator=(void�);

Undo&operator[](char&);

voidoperator=(char);

voidrestore();

private:

Bind�bindings;==Variable-Valuelist

g;

#endif=� undoh�=
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undo.cc

=�$Id:backtrack.cc,v1.91991/10/1018:11:02dashExp$�=

#include"main.h"

#include"undo.h"

== ����������������������������������������

==ConstructorforBind

==Params:next,pointertovariable

Bind::Bind(Bind�n,int�variable)

f

next=n;

var=variable;

value.asint=�variable;

typetag=INT;

DEBOUT(1,"Adresse,Verdi:"� (int)var�","�value.asint);

g

==ConstructorforBind

==Params:next,pointertovariable

Bind::Bind(Bind�n,int� �variable)

f

next=n;

var=variable;

value.asintp=�variable;

typetag=INTP;

g

==ConstructorforBind

==Params:next,pointertovariable

Bind::Bind(Bind�n,void� �variable)

f

next=n;

var=variable;

value.asvoidp=�variable;

typetag=VOIDP;

g
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==ConstructorforBind

==Params:next,pointertovariable

Bind::Bind(Bind�n,char�variable)

f

next=n;

var=variable;

value.aschar=�variable;

typetag=CHAR;

g

==DestructorforBind

Bind::�Bind()

f

DEBOUT(1,"�Bind:Adresse,Verdi:"� (int)var�","�

value.asint);

switch(typetag)f

caseINT:

�((int�)var)=value.asint;

break;

caseINTP:

�((int� �)var)=value.asintp;

break;

caseVOIDP:

�((void� �)var)=value.asvoidp;

break;

caseCHAR:

�((char�)var)=value.aschar;

break;

default:

InternErr();

break;

g

g

== ����������������������������������������

==Constructor

Undo::Undo()

f

bindings=NULL;

g
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==MaybeIshouldhaveamacrotoexpandthese?

#defineUNDOTYPE(Type)n

Undo&Undo::operator[](Type&variable)n

fDEBOUT(1,"[]:Adresse:"� (int)&variable);n

bindings=newBind(bindings,&variable);n

return�this;g n

voidUndo::operator=(Typeexpr)n

fassert(bindings!OK());n

if(bindings!typetag==INT)�((Type�)bindings!var)=expr;n

elsecerr�"Expecteda"�#Type� n

"now.Maybeyouneedanexplisittcast?nn";n

g

== ��� INT:

==Rememberaddressandoldvalueoftheint

Undo&Undo::operator[](int&variable)

f

DEBOUT(1,"[]:Adresse:"� (int)&variable);

bindings=newBind(bindings,&variable);==Putnewobjectinfront

return�this;

g

==Newvaluetointpointedtoin�rstobject

voidUndo::operator=(intexpr)

f

assert(bindings!OK());

if(bindings!typetag==INT)

�((int�)bindings!var)=expr;==Setvariabletovalue

else

cerr�"Expectedanintnow.Maybeyouneedanexplisitt

cast?nn";

g

== ��� INT�:

==OBS:BecauseofanerrorinC++,thisisnotdeclaredas

==operator[](int�&variable),butasoperator[](int�variable)
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==Thismeansthatonehavetopassapointerintheplaceofuse

==Rememberaddressandoldvalueoftheint�

Undo&Undo::operator[](int�variable)

f

DEBOUT(1,"[]:Adresse:"� (int)&variable);

bindings=newBind(bindings,variable);==Putnewobjectinfront

return�this;

g

==Newvaluetoint-pointerpointedtoin�rstobject

voidUndo::operator=(int�expr)

f

assert(bindings!OK());

if(bindings!typetag==INTP)

�((int� �)bindings!var)=expr;==Setvariabletovalue

else

cerr�"Expectedanint� now.Maybeyouneedanexplisitt

cast?nn";

g

== ���VOID�:

==Rememberaddressandoldvalueofthevoid�

Undo&Undo::operator[](void�&variable)

f

bindings=newBind(bindings,&variable);==Putnewobjectinfront

return�this;

g

==Newvaluetovoid-pointerpointedtoin�rstobject

voidUndo::operator=(void�expr)

f

assert(bindings!OK());

if(bindings!typetag==VOIDP)

�((void� �)bindings!var)=expr;==Setvariabletovalue

else

cerr�"Expectedanvoid� now.Maybeyouneedanexplisitt
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cast?nn";

g

== ���CHAR:

==Rememberaddressandoldvalueoftheint�

Undo&Undo::operator[](char&variable)

f

bindings=newBind(bindings,&variable);==Putnewobjectinfront

return�this;

g

==Newvaluetocharpointedtoin�rstobject

voidUndo::operator=(charexpr)

f

assert(bindings!OK());

if(bindings!typetag==CHAR)

�((char�)bindings!var)=expr;==Setvariabletovalue

else

cerr�"Expectedancharnow.Maybeyouneedanexplisitt

cast?nn";

g

==Thisisthegeneralrestoreroutine

voidUndo::restore()

f

Bind� tmp;==TemptoholdBind'ingtobedeleted

intdebugi=0;==Onlyfordebugging

while(bindings6=NULL)f

DODEBUG(2)fdebugi++;g

tmp=bindings;

bindings=(Bind�)bindings!next;

deletetmp;==deleteBindobjectinfront

g

DEBOUT(2,"Irestoreljkka"�debugi�"ganger");

g
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trynext.h

=� -�-C++ -�-$Id:$�=

#ifndeftrynexth

#definetrynexth

#include"main.h"

classPos;

classElem;

externvoidtrynext(Pos&,Elem&,void(�)());

#endif=� trynexth�=
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trynext.cc

=�$Id:$�=

#include"main.h"

#include"trynext.h"

#include"undo.h"

#include"placebounds.h"

#include"pos.h"

#include"elem.h"

externintnumtrynext;

==Loopthroughthetestsintheboundsarray

==ReturnsFALSEimmediatelyifanytestreturnsFALSE,elsereturnTRUE

staticintandtests(Pos&p,Elem&e,Undo&Saver)

f

for(inttst=0;bound[tst]6=NULL;tst++)==Tryallbounds-tests

if(!(�bound[tst])(p,e,Saver))

returnFALSE;

returnTRUE;

g

==ThisthemaindriverroutineintheBranchAndBoundapproach.

== Itisindependantoftheactualdataitoperateson.

==JustcallitwithproperinstansesofElemandPossubclasses.

voidtrynext(Pos&p,Elem&e,void(��nished)())

f

UndoSaver;

for(;p.legalpos();p++)f ==Forallposistions...

numtrynext++;

if(andtests(p,e,Saver))f ==TrynextposifFALSE

if(e.moreelem())==LastElem?

trynext(�p.next(),�e.next(),�nished);== ...thenplacenext

else

�nished();==Allelementsplacedsuccessfully
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g

Saver.restore();==Triedallpositions,removeplacement

g

g
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gpos.h

=� -�-C++ -�-$Id:tpostrans.h,v1.121991/10/1114:58:57dashExp$�=

#ifndefgposh

#definegposh

#include"main.h"

#include"pos.h"

#include"enum.h"

== ��������������������������

==Thisisthegridpositions

classGpos:publicPosf

public:

intx;==xcoordinate

inty;==ycoordinate

Gpos();==Constructor

Gpos(intxx,intyy);==Constructor

Gpos&operator=(constGpos&);

virtualPos�next();==Nextposition

virtualvoid�rstpos();== Initforiteration

virtualvoidoperator++();== Iterator

virtualintlegalpos()const;==Endconditionofiteration

Gpos&northpos();

Gpos&southpos();

Gpos&eastpos();

Gpos&westpos();

g;

== ��������������������������

==Thisisaniteratorforgridpositions=>Gposwithextrastateinfo

==Returnsthe4neighborsinsequence,when++ isusedonobject

classN4pos:publicGposf
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public:

intnn;==Neighbornumber

N4pos(Gpos&);==Constructor

virtualvoidoperator++();== Iteratestonextneighbor

virtualintlpos();==Endconditionofiteration

g;

== ��������������������������

==Thisisaniteratorforgridpositions=>Gposwithextrastateinfo

==Returnsthe8neighborsinsequence,when++ isusedonobject

classN8pos:publicGposf

public:

intnn;==Neighbornumber

N8pos(Gpos&);==Constructor

virtualvoidoperator++();== Iteratestonextneighbor

virtualintlegalpos()const;==Endconditionofiteration

g;

#endif=� gposh�=
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gpos.cc

=�$Id:tpostrans.cc,v1.161991/10/1114:58:53dashExp$�=

#include"main.h"

#include"gpos.h"

#include"vlsi.h"

== ��������������������������

==ConstructorforGrid-positionobjects

Gpos::Gpos()

f

x=1;

y=1;

g

==ConstructorforGrid-positionobjects

Gpos::Gpos(intxx,intyy)

f

x=xx;

y=yy;

g

Gpos&Gpos::operator=(constGpos&other)

f

x=other.x;

y=other.y;

return�this;

g

==NextGposfromthis

Pos�Gpos::next()

f

returnnewGpos();

g

voidGpos::�rstpos()

f

x=1;

y=1;

g
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== IteratorforGpos

voidGpos::operator++()

f

if(colmax�++x)f

x=1;

y++;

g

g

==@@Makethisaoperatorint()?

==Testordertrimmedforeffeciency

intGpos::legalpos()const

f

return(y< rowmax&&0<x&&x<colmax&&0<y);

g

Gpos&Gpos::northpos()

f

Gpos�ret=newGpos();

ret!x=x;

ret!y=y+1;

return(�ret);

g

Gpos&Gpos::southpos()

f

Gpos�ret=newGpos();

ret!x=x;

ret!y=y-1;

return(�ret);

g

Gpos&Gpos::eastpos()

f

Gpos�ret=newGpos();

ret!x=x+1;
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ret!y=y;

return(�ret);

g

Gpos&Gpos::westpos()

f

Gpos�ret=newGpos();

ret!x=x-1;

ret!y=y;

return(�ret);

g

== ��������������������������

==ConstructorforNeighbor-positionobjects

N4pos::N4pos(Gpos&gp)

f

assert(gp.legalpos());

x=gp.x;

y=gp.y-1;

nn=0;

g

==Nextneighbor

voidN4pos::operator++()

f

switch(++nn)f ==Advanceneighbornumber

case1:

x++;

y++;

break;

case2:

x--;

y++;

break;

case3:

x--;

y--;

break;

case4:
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break;

default:

InternErr();

break;

g

g

==Functiontobecalledto�ndoutifwecanendtheiteration

intN4pos::lpos()

f

DEBOUT(1,"Nabo-nummer,Sannhetsverdi(nn< 4):"�nn�","

� (nn<4));

return(nn<4);

g

== ��������������������������

==ConstructorforNeighbor-positionobjects

N8pos::N8pos(Gpos&gp)

f

assert(gp.legalpos());

x=gp.x-1;

y=gp.y-1;

nn=0;

g

==Nextneighbor

voidN8pos::operator++()

f

nn++;==Advanceneighbornumber

if(nn==4)f ==Skipcenterpoint

nn++;

x++;

g

if(nn==3jjnn==6)f

x=x-2;

y++;

g

else

x++;

g
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==Functiontobecalledto�ndoutifwecanendtheiteration

intN8pos::legalpos()const

f

return(nn<9);

g
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tpos.h

=� -�-C++ -�-$Id:tpostrans.h,v1.121991/10/1114:58:57dashExp$�=

#ifndeftposh

#definetposh

#include"main.h"

#include"gpos.h"

#include"enum.h"

== ��������������������������

==Thisisthetransistorpositions

classTpos:publicGposf

public:

Eltypedirection;==Directionoftransistor

Tpos();==Constructor

virtualPos�next();==Nextposition

virtualvoid�rstpos();== Initforiteration

virtualvoidoperator++();== Iterator

intdiffoutsidegrid();==Diddifflandoutsidethegrid

Gpos&sourcepos();

Gpos&drainpos();

Gpos&gate1pos();

Gpos&gate2pos();

g;

#endif=� tpos.h�=
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tpos.cc

=�$Id:tpostrans.cc,v1.161991/10/1114:58:53dashExp$�=

#include"main.h"

#include"tpos.h"

#include"vlsi.h"

== ��������������������������

==ConstructorforTransistor-positionobjects

Tpos::Tpos()

f

direction=0;

g

==NextTposfromthis,Usedinrecursion

Pos�Tpos::next()

f

returnnewTpos();

g

voidTpos::�rstpos()

f

direction=0;

g

== IteratorforTpos

voidTpos::operator++()

f

direction++;

if(4�direction)f

direction=0;

x++;

if(colmax�x)f

x=1;

y++;

g

g

g

== ����������������������������������������
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==ReturnsTRUEifwenowareabouttoplacediffoutsideinternalgridarea,

==elsereturnFALSE

intTpos::diffoutsidegrid()

f

return(x==1&&(direction==TRANSSLEFTjjdirection==TRANSSRIGHT))jj

(x==colmax-1&&(direction==TRANSSLEFTjjdirection==TRANSSRIGHT))

jj

(y==1&&(direction==TRANSSUPjjdirection==TRANSSDOWN))jj

(y==rowmax-1&&(direction==TRANSSUPjjdirection==TRANSSDOWN));

g

Gpos&Tpos::sourcepos()

f

Gpos�ret=newTpos();

ret!x=x;

ret!y=y;

switch(direction)f

caseTRANSSLEFT:

(ret!x)--;

break;

caseTRANSSRIGHT:

(ret!x)++;

break;

caseTRANSSUP:

(ret!y)++;

break;

caseTRANSSDOWN:

(ret!y)--;

break;

default:

InternErr();

g

return(�ret);

g

Gpos&Tpos::drainpos()

f

Gpos�ret=newTpos();

ret!x=x;

ret!y=y;
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switch(direction)f

caseTRANSSLEFT:

(ret!x)++;

break;

caseTRANSSRIGHT:

(ret!x)--;

break;

caseTRANSSUP:

(ret!y)--;

break;

caseTRANSSDOWN:

(ret!y)++;

break;

default:

InternErr();

g

return(�ret);

g

==De�nition:Gate1istheonetotherightwhensourceisaway.

Gpos&Tpos::gate1pos()

f

Gpos�ret=newTpos();

ret!x=x;

ret!y=y;

switch(direction)f

caseTRANSSLEFT:

(ret!y)++;

break;

caseTRANSSRIGHT:

(ret!y)--;

break;

caseTRANSSUP:

(ret!x)++;

break;

caseTRANSSDOWN:

(ret!x)--;

break;

default:

InternErr();

g

return(�ret);
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g

==De�nition:Gate2istheonetotheleftwhensourceisaway.

Gpos&Tpos::gate2pos()

f

Gpos�ret=newTpos();

ret!x=x;

ret!y=y;

switch(direction)f

caseTRANSSLEFT:

(ret!y)--;

break;

caseTRANSSRIGHT:

(ret!y)++;

break;

caseTRANSSUP:

(ret!x)--;

break;

caseTRANSSDOWN:

(ret!x)++;

break;

default:

InternErr();

g

return(�ret);

g
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trans.h

=� -�-C++ -�-$Id:tpostrans.h,v1.121991/10/1114:58:57dashExp$�=

#ifndeftransh

#definetransh

#include"main.h"

#include"elem.h"

#include"enum.h"

classTerminal;==NeededbytheclassTrans

classGpos;

classGeometry;

== ��������������������������

==Thisisthetransistors

classTrans:publicElemf

public:

intident;==Uniqueidenti�erforeachTrans

Geometry�geomp;==Pointertogeometry-point

==Eltypedirection;//@@@Alsodirection.Intogeometry?

Terminal�source;

Terminal�drain;

Terminal�gate;

Trans();==Constructor

Trans(intnr);==Constructor

virtualElem�next();==Nextelement

virtualintmoreelem()const;==Endconditionofiteration

Trans&operator=(constTrans&);

friendintoperator==(constTrans&,constTrans&);

intOK();==Checkstherepresentationinvariant

g;

#endif=� trans.h�=
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trans.cc

=�$Id:tpostrans.cc,v1.161991/10/1114:58:53dashExp$�=

#include"main.h"

#include"trans.h"

#include"vlsi.h"

#include"geometry.h"

== ����������������������������������������

==ConstructorforTransobjects

Trans::Trans()

f

DEBOUT(1,"newTrans()");

ident=0;

geomp=0;

g

==ConstructorforTransobjects

Trans::Trans(intnr)

f

DEBOUT(1,"newTrans("�nr�")");

ident=nr;

geomp=0;

g

==NextTransfromthis

Elem�Trans::next()

f

assert(this!moreelem());

returntransarray[ident+1];

g

intTrans::moreelem()const

f

return(ident6= transmax-1);

g

Trans&Trans::operator=(constTrans&other)

f

ident=other.ident;

return�this;

g
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intoperator==(constTrans&t1,constTrans&t2)

f

return(t1.ident==t2.ident);

g

==Checkstherepresentationinvariant

intTrans::OK()

f

returnTRUE;

g
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io.h

=� -�-C++ -�-$Id:$�=

#ifndefioh

#defineioh

#include"main.h"

#include"enum.h"

classNet;

classTerminal;

== ����������������������������������������

==ClassdescribestheIoconnections

classIof

public:

Net�n;==NetthisIoismemberof

Terminal�term;

intlayer;==WIREM1,...

intdirect;==NORTH,SOUTH,EAST,WEST

intoffset;==Anumber,or'-1'meaning"
oating"

Io(Net�,int,int,int);

intOK();==Checkstherepresentationinvariant

g;

#endif=� ioh�=
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io.cc

=�$Id:$�=

#include"main.h"

#include"io.h"

== ����������������������������������������

Io::Io(Net�netp,intelemnr,intedge,int
oatnum)f

n=netp;

layer=elemnr;

direct=edge;

offset=
oatnum;

g

intIo::OK()f

returnTRUE;

g
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vlsi.h

=� -�-C++ -�-$Id:vlsi.h,v1.191991/10/1114:59:04dashExp$�=

#ifndefvlsih

#definevlsih

#include"main.h"

#include"grid.h"

#include"enum.h"

classNet;==SothatwecanrefertoNet...

classUndo;== ...Undo...

classTrans;== ...andTransfromnowon

externTrans� transarray[1000];==@@@transmax

externNet�netarray[1000];==@@@??

externGridgrid;

externvoidreadnetlist(char� fname);

externvoidwritemightyinput(char� fname,Undo&);

externvoidreadmightyoutput(char� fname,Undo&);

#endif=� vlsih�=
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vlsi.cc

=�$Id:vlsi.cc,v1.151991/10/1114:58:59dashExp$�=

#include"main.h"

#include"vlsi.h"

#include"tpos.h"

#include"trans.h"

#include"geometry.h"

#include"net.h"

#include"io.h"

#include"terminal.h"

#include"undo.h"

#include"placebounds.h"

#include"tech.incl"=�Special,notreallyaheader�le�=

#include<stdio.h>

#include<string.h>

==extern"C"f intstrlen(constchar�);g

intcolmax;==Actualmax(insteadofMAXX)

introwmax;==Actualmax(insteadofMAXY)

inttransmax;==Numberoftransistorstoplace

intmaxnetnr;==Numberofnetsactuallyusedbyin-�le

intionr=0;

Trans� transarray[1000];==@@transmax?

Net�netarray[1000];==@@maxnetnr?

Io� ioarray[1000];==@@maxionr?

Gridgrid;

== setallarraypositionstoNULL

voidinitarrays()

f

for(intx=0;x�1000;x++)f
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transarray[x]=NULL;

netarray[x]=NULL;

g

g

voidreadnetlist(char� fname)

f

�lebuf� f1=new�lebuf();==Filebufusedbytheistreamfrom

intsourcenr;==Net-nrofthesourceTerminalofTrans

intdrainnr;==Net-nrofthedrainTerminal

intgatenr;==Net-nrofthegateTerminal

inttransnr=0;==ThenumberofTransseensofar

intend=FALSE;==

charfc;==

if(f1!open(fname,input)==0)f

cerr�"cannotopeninputfile"� fname�"nn";

exit(1);

g

istreamfrom(f1);

maxnetnr=-1;

for(intline=0;transnr< transmax&&!end&&cin;line++)f

from� fc;

switch(fc)f

case'#':==Skipuntilanother#

from� fc;

while(fc6= '#')f

from� fc;

g

break;

case'@':

end=TRUE;

cerr�"TofewT-linesininputfile"� fname�"to

support"

� transmax�"transistors.nn";

exit(1);

break;
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case'T':

case't':

from� sourcenr�drainnr�gatenr;

maxnetnr=max(sourcenr,maxnetnr);

maxnetnr=max(drainnr,maxnetnr);

maxnetnr=max(gatenr,maxnetnr);

DEBOUT(2,sourcenr�","�drainnr�","�gatenr);

transarray[transnr]=newTrans(transnr);

if(netarray[sourcenr]==NULL)==@@@Makethisaproc?

netarray[sourcenr]=newNet(sourcenr);

transarray[transnr]!source=newTerminal(netarray[sourcenr]);

netarray[sourcenr]!include(transarray[transnr]!source);

transarray[transnr]!source!trans=transarray[transnr];

if(netarray[drainnr]==NULL)==Similarilywithdrain...

netarray[drainnr]=newNet(drainnr);

transarray[transnr]!drain=newTerminal(netarray[drainnr]);

netarray[drainnr]!include(transarray[transnr]!drain);

transarray[transnr]!drain!trans=transarray[transnr];

if(netarray[gatenr]==NULL)==Similarilywithgate...

netarray[gatenr]=newNet(gatenr);

transarray[transnr]!gate=newTerminal(netarray[gatenr]);

netarray[gatenr]!include(transarray[transnr]!gate);

transarray[transnr]!gate!trans=transarray[transnr];

transnr++;

break;

case'N':

case'n':

intnetnr;==TheNet-nrreadwhennamingNets

from�netnr;

if(netarray[netnr]==NULL)

netarray[netnr]=newNet(netnr);

else

maxnetnr=max(netnr,maxnetnr);

from�netarray[netnr]!name;

assert(strlen(netarray[netnr]!name)<NAMELENGTH);

break;

case'C':

case'c':
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intlayer;==Whichlayerthecontactisin

intedge;==Edge:1=north,2=south,3=east,4=west

intoffset;==Anumber,or'-1'meaning"
oating"

from�netnr;

from� layer;

from�edge;

from�offset;

maxnetnr=max(netnr,maxnetnr);

if(netarray[netnr]==NULL)

netarray[netnr]=newNet(netnr);

DEBVAR(1,netarray[netnr]!netindex);

ioarray[ionr]=newIo(netarray[netnr],layer,edge,offset);

ioarray[ionr]!term=newTerminal(netarray[netnr]);

netarray[netnr]!include(ioarray[ionr]!term);

DEBVAR(1,ionr);

DEBVAR(1,ioarray[ionr]!n!netindex);

ionr++;

break;

default:

cerr�"Errorinline"� line�"infile"� fname�"nn";

exit(1);

break;

g

g

f1!close();

deletef1;

DEBOUT(1,"<readnetlist()");

DEBVAR(1,ionr);

assert(maxnetnr<1000);

DODEBUG(111)f

for(intcount=1;count<maxnetnr;count++)

assert(netarray[count]6=0);

g

g

voidwritemightyinput(char� fname,Undo&SC)

f

FILE� f;

Trans� t;

intioright=0;==NumberofIo-connectionstotheright

intioleft=0;==NumberofIo-connectionstotheleft
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if((f=fopen(fname,"w"))==0)f

cerr�"cannotopenoutputfile"� fname�"nn";

exit(1);

g

fprintf(f,"numberofnets%dnn",maxnetnr);

fprintf(f,"rectagoncorners4nn");

fprintf(f,"00nn");

fprintf(f,"%d0nn",colmax);

fprintf(f,"%d%dnn",colmax,rowmax);

fprintf(f,"0%dnn",rowmax);

fprintf(f,"numberofpins%dnn",transmax�3);

for(Gposgp;gp.legalpos();gp++)f ==Really:Gothroughtransarray[]

if(grid[gp].nrelems6=0)f

for(inteli=0;eli<grid[gp].nrelems;eli++)f

if(grid[gp].elements[eli]<4)f ==@@ikkehakonstanther

t=grid[gp].trns;

switch(grid[gp].transdir)f

caseTRANSSLEFT:

placeextrain(gp.eastpos(),WEST,WIREDIFF,SC);

placeextrain(gp.westpos(),EAST,WIREDIFF,SC);

fprintf(f,"%d%d%d1nn",t!source!np!netindex,gp.x-1,gp.y);

fprintf(f,"%d%d%d1nn",t!gate!np!netindex,gp.x,gp.y);

fprintf(f,"%d%d%d1nn",t!drain!np!netindex,gp.x+1,gp.y);

break;

caseTRANSSRIGHT:

placeextrain(gp.eastpos(),WEST,WIREDIFF,SC);

placeextrain(gp.westpos(),EAST,WIREDIFF,SC);

fprintf(f,"%d%d%d1nn",t!drain!np!netindex,gp.x-1,gp.y);

fprintf(f,"%d%d%d1nn",t!gate!np!netindex,gp.x,gp.y);

fprintf(f,"%d%d%d1nn",t!source!np!netindex,gp.x+1,gp.y);

break;

caseTRANSSUP:

placeextrain(gp.northpos(),SOUTH,WIREDIFF,SC);

placeextrain(gp.southpos(),NORTH,WIREDIFF,SC);

fprintf(f,"%d%d%d1nn",t!drain!np!netindex,gp.x,gp.y-1);

fprintf(f,"%d%d%d1nn",t!gate!np!netindex,gp.x,gp.y);

fprintf(f,"%d%d%d1nn",t!source!np!netindex,gp.x,gp.y+1);

break;

caseTRANSSDOWN:

placeextrain(gp.northpos(),SOUTH,WIREDIFF,SC);

placeextrain(gp.southpos(),NORTH,WIREDIFF,SC);

fprintf(f,"%d%d%d1nn",t!source!np!netindex,gp.x,gp.y-1);

212



vlsi.cc

fprintf(f,"%d%d%d1nn",t!gate!np!netindex,gp.x,gp.y);

fprintf(f,"%d%d%d1nn",t!drain!np!netindex,gp.x,gp.y+1);

break;

default:

InternErr();

g

g

else

switch(grid[gp].elements[eli])f

caseWIREDIFF:

fprintf(f,"Wire%d,%dnn",gp.x,gp.y);

break;

default:

InternErr();

g

g

g

g

for(inti=0;i< ionr;i++)f ==CountIo-connections

if(ioarray[i]!direct==WEST)

ioright++;

else

if(ioarray[i]!direct==EAST)

ioleft++;

g

if(0< ioright)f ==DoIo-connectionstotheright

fprintf(f,"rightlist%dnn",ioright);

for(i=0;i< ionr;i++)

if(ioarray[i]!direct==WEST)

fprintf(f,"%d",ioarray[i]!n!netindex);

fprintf(f,"nn");

g

if(0< ioleft)f ==DoIo-connectionstotheleft

fprintf(f,"leftlist%dnn",ioleft);

for(i=0;i< ionr;i++)==TakecareofIo-connections

if(ioarray[i]!direct==EAST)

fprintf(f,"%d",ioarray[i]!n!netindex);

fprintf(f,"nn");

g

fprintf(f,"obstacles%dnn",transmax);==Hack.Shouldreallypatchmighty
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for(gp.�rstpos();gp.legalpos();gp++)f

if(grid[gp].nrelems6=0)f

for(inteli=0;eli<grid[gp].nrelems;eli++)f

if(grid[gp].elements[eli]<4)f ==@@ikkehakonstanther

fprintf(f,"%d%d%d%d2nn",gp.x,gp.y,gp.x,gp.y);

g

g

g

g

fclose(f);

g

voidreadmightyoutput(char� fname,Undo&SC)

f

FILE� f;

chartxt[100];

intnrvias;

intnrwires;

intnetnr;

intx1;

inty1;

intx2;

inty2;

intlayer1;

intlayer2;

intstatus=0;

inti;

Gpos�gp;

if((f=fopen(fname,"r"))==0)f

cerr�"cannotopeninputfile"� fname�"nn";

return;

g

while(status6=EOF&&strcmp("vias",txt)6=0)==Searchtokeyword'vias'

status=fscanf(f,"%s",txt);

if(status6=1)f

cerr�"Inputfile"� fname�"haswrongformat.nn";

cerr�"Keyword'vias'notfound.nn";

system("catmighty.out");

return;
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g

status=fscanf(f,"%dnn",&nrvias);

if(status6=1)f

cerr�"Inputfile"� fname�"haswrongformat.nn";

cerr�"Nonumberfound,expectednumberofvias.nn";

system("catmighty.out");

return;

g

for(;0<nrvias;nrvias--)f ==Readinginthevias

status=fscanf(f,"%d%d%d%d%d",&netnr,&x1,&y1,&layer1,&layer2);

if(status6=5)f

cerr�"Inputfile"� fname�"haswrongformat.nn";

cerr�"Expectedlistofvias,butnonumbersfound.nn";

system("catmighty.out");

return;

g

gp=newGpos(x1,y1);

placevia(�gp,SC);

deletegp;

g

status=fscanf(f,"%s",txt);==Nextshouldbekeyword"wires"

if(status6=1jj strcmp("wires",txt)6=0)f

cerr�"Inputfile"� fname�"haswrongformat.nn";

cerr�"Keyword'wires'notfound.nn";

system("catmighty.out");

return;

g

status=fscanf(f,"%dnn",&nrwires);

if(status6=1)f

cerr�"Inputfile"� fname�"haswrongformat.nn";

cerr�"Nonumberfound,expectednumberofwires.nn";

system("catmighty.out");

return;

g

for(;0<nrwires;nrwires--)f ==Readinginthewires

status=fscanf(f,"%d%d%d%d%d%d",
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&netnr,&x1,&y1,&x2,&y2,&layer1);

if(status6=6)f

cerr�"Inputfile"� fname�"haswrongformat.nn";

cerr�"Expectedlistofwires,butnonumbersfound.nn";

system("catmighty.out");

return;

g

if(x1==0jjx1==colmax)

DEBOUT(111,"wire:"�x1�","�y1);

if(x2==0jjx2==colmax)

DEBOUT(111,"wire:"�x2�","�y2);

== Insertnewdataintogrid

if(x1==x2)==Thelineisvertical

for(i=min(y1,y2);i�max(y1,y2);i++)f

gp=newGpos(x1,i);

if(layer1==1)f

if(grid[�gp].trns==0)== Ifnotranspresent

placem1(�gp,SC);

if(i6=min(y1,y2))f == Ifnotthestartpoint

placeextrain(�gp,SOUTH,WIREM1,SC);

g

if(i6=max(y1,y2))f == Ifnottheendpoint

placeextrain(�gp,NORTH,WIREM1,SC);

g

g

elsef

placem2(�gp,SC);

if(i6=min(y1,y2))f == Ifnotthestartpoint

placeextrain(�gp,SOUTH,WIREM2,SC);

g

if(i6=max(y1,y2))f == Ifnottheendpoint

placeextrain(�gp,NORTH,WIREM2,SC);

g

g

deletegp;

g

else==Thelineishorisontal
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for(i=min(x1,x2);i�max(x1,x2);i++)f

gp=newGpos(i,y1);

if(layer1==1)f

if(grid[�gp].trns==0)== Ifnotranspresent

placem1(�gp,SC);

if(i6=min(x1,x2))f == Ifnotthestartpoint

placeextrain(�gp,WEST,WIREM1,SC);

g

if(i6=max(x1,x2))f == Ifnottheendpoint

placeextrain(�gp,EAST,WIREM1,SC);

g

g

elsef

placem2(�gp,SC);

if(i6=min(x1,x2))f == Ifnotthestartpoint

placeextrain(�gp,WEST,WIREM2,SC);

g

if(i6=max(x1,x2))f == Ifnottheendpoint

placeextrain(�gp,EAST,WIREM2,SC);

g

g

deletegp;

g

g

fclose(f);

g
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ivtrans.h

=� -�-C++ -�-$Id:ivtrans.h,v1.61991/10/0722:33:25dashExp$�=

#ifndefivtransh

#defineivtransh

#include"main.h"

#ifdefIV

#include<InterViews/interactor.h>

==BysubclassingfromInteractorwegetaccesstomuchofInterViews

classIvtrans:publicInteractorf

public:

Ivtrans();

voidRun();

voidivout();

private:

virtualvoidRecon�g();

virtualvoidRedraw(Coord,Coord,Coord,Coord);

virtualvoidResize();

virtualvoidHandle(Event&);

voidDrawTrans(Coord,Coord,int);

voidDrawDiff(Coord,Coord,Bool,Bool,Bool,Bool);

voidDrawPoly(Coord,Coord,Bool,Bool,Bool,Bool);

voidDrawM1(Coord,Coord,Bool,Bool,Bool,Bool);

voidDrawM2(Coord,Coord,Bool,Bool,Bool,Bool);

voidDrawVia(Coord,Coord);

voidDrawDiffM1(Coord,Coord);

voidDrawPolyM1(Coord,Coord);

voidCenterText(char�,Coord,Coord);

voidboardupdate();

voidboardprint();

g;

#endif=� IV�=

#endif=� ivtransh�=
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ivtrans.cc

=�$Id:ivtrans.cc,v1.151991/10/1114:58:40dashExp$�=

#include"main.h"

#ifdefIV

#include"ivtrans.h"

#include"tpos.h"

#include"trans.h"

#include"geometry.h"

#include"vlsi.h"

#include"undo.h"

#include"placebounds.h"

#include"trynext.h"

#include<InterViews/event.h>

#include<InterViews/painter.h>

#include<InterViews/pattern.h>

#include<InterViews/color.h>

#include<InterViews/sensor.h>

#include<InterViews/shape.h>

#include<InterViews/font.h>

#include<InterViews/world.h>

#include<InterViews/X11/Xlib.h>

#include<InterViews/X11/worldrep.h>

#include<stdio.h>

#include<stdlib.h>

constintwidth=500;==Windowsinitialwidth

constintheight=500;==Windowsinitialheight

==Shortnamesoncomplexexprs-valuesarecachedforef�ciency

staticCoordxr;==xradius

staticCoordyr;==yradius

staticCoordxdiam;==xdiameter

staticCoordydiam;==xdiameter

staticintskip=0;==Nrofsolutionstogeneratebeforeshowing
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staticintrefresh=FALSE;==Printthewholeboard,orjustchanges

staticEvent�e;==Eventpeker

staticPattern� stripesL;

staticPattern� stripesR;

staticColor�m1color;

staticColor�m2color;

externintsolvenr;==Numberofsolutionsfound

externIvtrans� ivtrans;

Gridivgrid;

==Thisfunctioniscalledfromtrynext(),andisonlyawrapperfor

== ivtrans->ivout().Itdoesn'tworktohaveapointerdirectly

==becausepointer-to-member-functionareaspecialtypeinC++,

==differentfromnormalpointer-to-function.

voidwrapper()

f

ivtrans!ivout();

g

==Printoutalloftheboard

voidIvtrans::boardprint()

f

charnr[20];==Atleastenoughspaceforwhatweneed

Coordxo,yo;==Shortnamesoncomplexexprs

output!ClearRect(canvas,0,0,xmax,ymax);

for(Gposgp;gp.legalpos();gp++)f

xo=gp.x�xdiam;

yo=gp.y�ydiam;

Geometry&g=grid[gp];
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if(g.nrelems==0)

output!FillCircle(canvas,xo,yo,4);

elsef

Boollayers[ELEMENTS]===Sorttheelementstomakeanicedrawing

fFALSE,FALSE,FALSE,FALSE,FALSE,FALSE,

FALSE,FALSE,FALSE,FALSE,FALSEg;== Initlayers-arrayallFALSE

for(inteli=0;eli<g.nrelems;eli++)==TRUEforpresentelements

layers[g.elements[eli]]=TRUE;

for(inti=0;i<ELEMENTS;i++)f

if(layers[i])f == Ifelementiispresent...

switch(i)f

caseTRANSSLEFT:

caseTRANSSRIGHT:

caseTRANSSUP:

caseTRANSSDOWN:

DrawTrans(xo,yo,g.transdir);

sprintf(nr,"%d",g.trns!ident);==Converttoastring

CenterText(nr,xo,yo);

break;

caseWIREDIFF:

DrawDiff(xo,yo,g.elemdir[NORTH][i],g.elemdir[SOUTH][i],

g.elemdir[EAST][i],g.elemdir[WEST][i]);

break;

caseWIREPOLY:

DrawPoly(xo,yo,g.elemdir[NORTH][i],g.elemdir[SOUTH][i],

g.elemdir[EAST][i],g.elemdir[WEST][i]);

break;

caseWIREM1:

DrawM1(xo,yo,g.elemdir[NORTH][i],g.elemdir[SOUTH][i],

g.elemdir[EAST][i],g.elemdir[WEST][i]);

break;

caseWIREM2:

DrawM2(xo,yo,g.elemdir[NORTH][i],g.elemdir[SOUTH][i],

g.elemdir[EAST][i],g.elemdir[WEST][i]);

break;

caseVIA:

DrawVia(xo,yo);

break;

caseCONTACTDIFFM1:

DrawDiffM1(xo,yo);

break;

caseCONTACTPOLYM1:
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DrawPolyM1(xo,yo);

break;

default:

InternErr();

g

g

g

g

g

sprintf(nr,"Solutionnr:%d",solvenr);==Convertsolvenrtoastring

output!Text(canvas,nr,2,2);

g

==Printouttheboardincrementally.Printonlythingsthathavechanged

voidIvtrans::boardupdate()

f

charnr[20];==Overkill,butwhocares?

for(Gposgp;gp.legalpos();gp++)

if(!(grid[gp]==ivgrid[gp]))f

Coordxo=gp.x�xdiam;==Cachethevalue

Coordyo=gp.y�ydiam;==Cachethevalue

if(grid[gp].nrelems==0)f

output!ClearRect(canvas,xo-xr,yo-yr,xo+xr,yo+yr);

output!FillCircle(canvas,xo,yo,4);

g

elsef

if(ivgrid[gp].nrelems6=0)

output!ClearRect(canvas,xo-xr,yo-yr,xo+xr,yo+yr);

for(inteli=0;eli<grid[gp].nrelems;eli++)f

if(grid[gp].elements[eli]<4)f==@@ikkehakonstanther

DrawTrans(xo,yo,grid[gp].elements[eli]);

sprintf(nr,"%d",grid[gp].trns!ident);==Converttoastring

CenterText(nr,xo,yo);

g

else

switch(grid[gp].elements[eli])f

caseVIA:==@@@Seboardprint

DrawVia(xo,yo);

break;
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default:

InternErr();

g

g

g

ivgrid[gp]=grid[gp];

g

sprintf(nr,"Solutionnr:%d",solvenr);==Convertsolvenrtoastring

output!Text(canvas,nr,2,2);

g

==Drawtextcenteredaround(xcoord,ycoord)

voidIvtrans::CenterText(char� txt,Coordxcoord,Coordycoord)

f

staticFont� fnt=output!GetFont();

staticintfheight2=fnt!Height()=2;

assert(fnt!Valid());

output!Text(canvas,txt,xcoord-fnt!Width(txt)=2,ycoord-fheight2);

g

== ��Sectionwherewedrawthevariouselementtypes��

==Drawatransistor

voidIvtrans::DrawTrans(Coordxo,Coordyo,intdir)

f

if(dir==TRANSSLEFTjjdir==TRANSSRIGHT)f

output!FillRect(canvas,xo-xr�7=10,yo-yr�3=10,xo+xr�7=10,yo+yr�3=10);

output!ClearRect(canvas,xo-xr�2=10,yo-yr�6=10,xo+xr�2=10,yo+yr�6=10);

output!Rect(canvas,xo-xr�2=10,yo-yr�6=10,xo+xr�2=10,yo+yr�6=10);

if(dir==TRANSSLEFT)f

CenterText("S",xo-xr=2,yo);

CenterText("D",xo+xr=2,yo);

g

elsef

CenterText("D",xo-xr=2,yo);

CenterText("S",xo+xr=2,yo);

g

g

elseif(dir==TRANSSUPjjdir==TRANSSDOWN)f

output!FillRect(canvas,xo-xr�3=10,yo-yr�7=10,xo+xr�3=10,yo+yr�7=10);

output!ClearRect(canvas,xo-xr�6=10,yo-yr�2=10,xo+xr�6=10,yo+yr�2=10);
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output!Rect(canvas,xo-xr�6=10,yo-yr�2=10,xo+xr�6=10,yo+yr�2=10);

if(dir==TRANSSDOWN)f

CenterText("S",xo,yo-yr=2);

CenterText("D",xo,yo+yr=2);

g

elsef

CenterText("D",xo,yo-yr=2);

CenterText("S",xo,yo+yr=2);

g

g

elseInternErr();

g

==Drawdiff

voidIvtrans::DrawDiff(Coordxo,Coordyo,Booln,Bools,Boole,Boolw)

f

output!FillRect(canvas,xo-xr=2,yo-yr=2,xo+xr=2,yo+yr=2);

if(n)output!FillRect(canvas,xo-xr=2,yo+yr=2,xo+xr=2,yo+yr);

if(s)output!FillRect(canvas,xo-xr=2,yo-yr,xo+xr=2,yo-yr=2);

if(e)output!FillRect(canvas,xo+xr=2,yo-yr=2,xo+xr,yo+yr=2);

if(w)output!FillRect(canvas,xo-xr,yo-yr=2,xo-xr=2,yo+yr=2);

CenterText("D",xo,yo);

g

==Drawpoly

voidIvtrans::DrawPoly(Coordxo,Coordyo,Booln,Bools,Boole,Boolw)

f

output!ClearRect(canvas,xo-xr=2,yo-yr=2,xo+xr=2,yo+yr=2);

output!Rect(canvas,xo-xr=2,yo-yr=2,xo+xr=2,yo+yr=2);

CenterText("P",xo,yo);

g

==DrawM1

voidIvtrans::DrawM1(Coordxo,Coordyo,Booln,Bools,Boole,Boolw)

f

output!SetPattern(stripesL);

output!SetColors(m1color,nil);

output!FillRect(canvas,xo-xr=2,yo-yr=2,xo+xr=2,yo+yr=2);

if(n)output!FillRect(canvas,xo-xr=2,yo+yr=2,xo+xr=2,yo+yr);

if(s)output!FillRect(canvas,xo-xr=2,yo-yr,xo+xr=2,yo-yr=2);

if(e)output!FillRect(canvas,xo+xr=2,yo-yr=2,xo+xr,yo+yr=2);

if(w)output!FillRect(canvas,xo-xr,yo-yr=2,xo-xr=2,yo+yr=2);

output!SetColors(black,nil);

output!SetPattern(solid);
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CenterText("M1",xo,yo);

g

==DrawM1

voidIvtrans::DrawM2(Coordxo,Coordyo,Booln,Bools,Boole,Boolw)

f

booleanorig�ll;== IV-versionofBool/boolean

orig�ll=output!BgFilled();

output!FillBg(false);

output!SetPattern(stripesR);

output!SetColors(m2color,nil);

==output->FillRect(canvas,xo-xr/4,yo-yr/4,xo+xr/4,yo+yr/4);

output!FillRect(canvas,xo-xr=2,yo-yr=2,xo+xr=2,yo+yr=2);

if(n)output!FillRect(canvas,xo-xr=2,yo+yr=2,xo+xr=2,yo+yr);

if(s)output!FillRect(canvas,xo-xr=2,yo-yr,xo+xr=2,yo-yr=2);

if(e)output!FillRect(canvas,xo+xr=2,yo-yr=2,xo+xr,yo+yr=2);

if(w)output!FillRect(canvas,xo-xr,yo-yr=2,xo-xr=2,yo+yr=2);

output!SetColors(black,nil);

output!SetPattern(solid);

output!FillBg(orig�ll);

CenterText("M2",xo,yo);

g

==DrawaVIAbetweenM1andM2

voidIvtrans::DrawVia(Coordxo,Coordyo)

f

output!SetPattern(darkgray);

output!FillRect(canvas,xo-xr�2=3,yo-yr�2=3,xo+xr�2=3,yo+yr�2=3);

CenterText("VIA",xo,yo);

output!SetPattern(solid);

g

==DrawaVIAbetweenDiffandM1

voidIvtrans::DrawDiffM1(Coordxo,Coordyo)

f

output!SetPattern(darkgray);

output!FillRect(canvas,xo-xr�2=3,yo-yr�2=3,xo+xr�2=3,yo+yr�2=3);

CenterText("D-M1",xo,yo);

output!SetPattern(solid);

g
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==DrawaVIAbetweenPolyandM1

voidIvtrans::DrawPolyM1(Coordxo,Coordyo)

f

output!SetPattern(darkgray);

output!FillRect(canvas,xo-xr�2=3,yo-yr�2=3,xo+xr�2=3,yo+yr�2=3);

CenterText("P-M1",xo,yo);

output!SetPattern(solid);

g

==Readeventsandprinttheboard

voidIvtrans::ivout()

f

solvenr++;==Foundonemoresolution

if(skip>1)

skip--;

elsef

if(refresh)f

boardprint();==Printouttheboard

refresh=FALSE;

g

else

boardupdate();==Printoutchangesonly

skip=0;

dof

Read(�e);==Justhanguntiluserpressesakey/button

e!target!Handle(�e);

gwhile(skip==0);==Exitloopon�rstrealkeypress

g

g

==Readeventsuntiluserwantsasolution

==RestofEvents-handlingisdoneinivout()

voidIvtrans::Run()
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f

ivgrid.init(colmax,rowmax);== Initializegrid

stripesL=newPattern(0x1248);== Interpretedasa4x4bitmap:

==0001=1

==0010=2

==0100=4

==1000=8

stripesL!Reference();

stripesR=newPattern(0x8421);== Interpretedasa4x4bitmap:

==1000=8

==0100=4

==0010=2

==0001=1

stripesR!Reference();

==TheDefaultDepth(display,screennumber)macroreturnsthedepth

== (numberofplanes)ofthedefaultrootwindowforthespeci�ed

== screen.

==TheDefaultScreen(display)macroreturnsthedefaultscreennumber

== referencedintheXOpenDisplayroutine.

if(DefaultDepth(this!GetWorld()!Rep()!display(),

DefaultScreen(this!GetWorld()!Rep()!display()))==1)f

m1color=black;

m2color=black;

g

elsef

m1color=newColor("blue");

m1color!Reference();

m2color=newColor("violet");

m2color!Reference();

g
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e=newEvent();

dof

Read(�e);==Justhanguntiluserpressesakey/button

e!target!Handle(�e);

gwhile(skip==0);==Exitloopon�rstrealkeypress

trynext(�newTpos(),�transarray[0],wrapper);==Thisisit!

== trynext(�newTpos(),�transarray[0],route);//Thisisit!

g

Ivtrans::Ivtrans()

f

output=newPainter();

input=newSensor;

input!Catch(DownEvent);

input!Catch(KeyEvent);

g

voidIvtrans::Recon�g()

f

shape!Rect(width,height);

shape!Rigid(width=2,width�2,height=2,height�2);

g

==Redrawisautomaticallycalledwhenthewindowbecomestop-window.

== (l,b)and(r,t)isboundingcoordinatesofareatoberefreshed

voidIvtrans::Redraw(Coordl,Coordb,Coordr,Coordt)

f

boardprint();==Printouttheboard

xdiam=(Coord)xmax=colmax;==NeededwhenrunningwithoutWindow

ydiam=(Coord)ymax=rowmax;==Manager.WithWMweonlyneedthiscode

== inResize()

xr=xdiam=2;

yr=ydiam=2;

g
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voidIvtrans::Resize()

f

boardprint();==Printouttheboard

xdiam=(Coord)xmax=colmax;==NeededwhenrunningwithoutWindow

ydiam=(Coord)ymax=rowmax;==Manager.WithaWMweonlyneedthis

==codeinResize()

xr=xdiam=2;

yr=ydiam=2;

g

voidIvtrans::Handle(Event&e)

f

switch(e.eventType)f

caseDownEvent:==Userpressedmousebutton

f

switch(e.button)f

caseRIGHTMOUSE:

exit(0);

caseMIDDLEMOUSE:

Undo�SC=newUndo;==Beforerouting

writemightyinput("mighty.in",�SC);

if(system("mighty< mighty.in> mighty.out2> /dev/null")

6=NULL)f

cout�"Noroutingpossible.nn";

g

elsef

readmightyoutput("mighty.out",�SC);==Readindata

boardprint();==Showchanges

refresh=TRUE;

g

SC!restore();==Restoresituationtobeforerouting

deleteSC;

break;

default:skip=1;break;

g

break;
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g

caseKeyEvent:==Userpressedkey

f

if(e.len>0)f

switch(e.keystring[0])f ==Ordinarykey

case'q':

exit(0);

case'w':

Undo�SC=newUndo;==Beforerouting

writemightyinput("mighty.in",�SC);

if(system("mighty< mighty.in> mighty.out2>

/dev/null")6=NULL)f

cout�"Noroutingpossible.nn";

g

elsef

readmightyoutput("mighty.out",�SC);==Readindata

boardprint();==Showchanges

refresh=TRUE;

g

SC!restore();==Restoresituationtobeforerouting

deleteSC;

break;

case'a':skip=10;break;

case's':skip=100;break;

case'd':skip=1000;break;

case'f':skip=10000;break;

case'g':skip=100000;break;

case'h':skip=1000000;break;

default:skip=1;break;

g

g

break;

g

default:InternErr();

g

g

#endif=� IV�=
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placebounds.h

=� -�-C++ -�-$Id:$�=

#ifndefplaceboundsh

#defineplaceboundsh

#include"main.h"

== ��������

classPos;

classElem;

classGpos;

classTpos;

classTrans;

classUndo;

externint(�bound[])(Pos&,Elem&,Undo&);

externvoidplacetrans(Tpos&Tp,Trans&Tr,Undo&SaveChange);

externvoidplacediff(Gpos&Gp,Undo&SaveChange);

externvoidplacepoly(Gpos&Gp,Undo&SaveChange);

externvoidplacem1(Gpos&Gp,Undo&SaveChange);

externvoidplacem2(Gpos&Gp,Undo&SaveChange);

externvoidplacevia(Gpos&Gp,Undo&SaveChange);

externvoidplacem1in(Gpos&Gp,intdir,Undo&SaveChange);

externvoidplaceextrain(Gpos&gp,intdir,intelem,Undo&SaveChange);

#endif=� placeboundsh�=
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placebounds.cc

=�$Id:main.cc,v1.171991/10/1114:58:43dashExp$�=

#include"main.h"

#include"undo.h"

#include"tpos.h"

#include"trans.h"

#include"terminal.h"

#include"grid.h"

#include"net.h"

#include"vlsi.h"

#include"geometry.h"

#include<stdio.h>

==#include"trynext.h"

==#include"placebounds.h"

==Herecomestheroutinestobeputintothebounds-array.Theywill

==becalledinsequenceaslongastheyreturnTRUE.Changesindata

== structuremustbedoneviaUndo&SaveChange.Thatwaytrynext()

==willtakecareofbacktracking.

==CheckifitislegaltoplacethetransonthegridatTp

intcheckbare(Tpos&Tp,Trans&Tr,Undo&SaveChange)

f

inteli;==Elementindex

==Checkthepointwewanttoplace

for(eli=0;eli<grid[Tp].nrelems;eli++)

if(elementconnect[Tp.direction][grid[Tp].elements[eli]][4]==ILLEGAL)

returnFALSE;

returnTRUE;

g

==CheckifitislegaltoplacethetransonthegridatTp

232



placebounds.cc

intcheckdiff(Tpos&Tp,Trans&Tr,Undo&SaveChange)

f

inteli;==Elementindex

==Thisisonlyallowedifthereisalreadyadiffoftherightnodethere

if(Tp.diffoutsidegrid())==checkifdifflandsoutsidegrid

== if(grid(Tp.diffcoord()).elements[WIREDIFF]

==&&(grid(Tp.diffcoord()).netnode[WIREDIFF]!=Tp.diffnode()))

returnFALSE;==@@@Huskg sjekkemotTransistordiffogsg

returnTRUE;

g

==CheckifitislegaltoplacethetransonthegridatTp

intcheckillegal(Tpos&Tp,Trans&Tr,Undo&SaveChange)

f

inteli;==Elementindex

==Checkneighbors

for(N8posnabo(Tp);nabo.legalpos();nabo++)

for(eli=0;eli<grid[Tp].nrelems;eli++)

if(elementconnect[Tp.direction][grid[Tp].elements[eli]][nabo.nn]

==ILLEGAL)

returnFALSE;

returnTRUE;

g

==CheckiftheconnectionstotheneighborsareOK

intconnectivity(Tpos&Tp,Trans&Tr,Undo&SaveChange)

f

for(N8posnabo(Tp);nabo.legalpos();nabo++)==Foreachneighboringpoint

for(inteli=0;eli<grid[nabo].nrelems;eli++)f ==Gothrueachelement

switch(elementconnect[Tp.direction][grid[nabo].elements[eli]][nabo.nn])f

case(CONNS):
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switch(elementconnect[grid[nabo].elements[eli]][Tp.direction][8-nabo.nn])f

case(CONNS):

if(grid[nabo].elements[eli]<4)

if(Tr.source!np6=grid[nabo].trns!source!np)

returnFALSE;

break;

case(CONND):

if(grid[nabo].elements[eli]<4)

if(Tr.source!np6=grid[nabo].trns!drain!np)

returnFALSE;

break;

case(CONNG):

if(grid[nabo].elements[eli]<4)

if(Tr.source!np6=grid[nabo].trns!gate!np)

returnFALSE;

break;

case(CONNECTED):

printf("Errorinconnectivity,noCONNECTED

implementednn");

returnFALSE;

break;

default:InternErr();

returnFALSE;

break;

g

break;

case(CONND):

switch(elementconnect[grid[nabo].elements[eli]][Tp.direction][8-nabo.nn])f

case(CONNS):

if(grid[nabo].elements[eli]<4)

if(Tr.drain!np6=grid[nabo].trns!source!np)

returnFALSE;

break;

case(CONND):

if(grid[nabo].elements[eli]<4)

if(Tr.drain!np6=grid[nabo].trns!drain!np)

returnFALSE;

break;

case(CONNG):

if(grid[nabo].elements[eli]<4)

if(Tr.drain!np6=grid[nabo].trns!gate!np)

returnFALSE;

break;

case(CONNECTED):

printf("Errorinconnectivity,noCONNECTED

implementednn");

returnFALSE;

break;
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default:InternErr();

returnFALSE;

break;

g

break;

case(CONNG):

switch(elementconnect[grid[nabo].elements[eli]][Tp.direction][8-nabo.nn])f

case(CONNS):

if(grid[nabo].elements[eli]<4)

if(Tr.gate!np6=grid[nabo].trns!source!np)

returnFALSE;

break;

case(CONND):

if(grid[nabo].elements[eli]<4)

if(Tr.gate!np6=grid[nabo].trns!drain!np)

returnFALSE;

break;

case(CONNG):

if(grid[nabo].elements[eli]<4)

if(Tr.gate!np6=grid[nabo].trns!gate!np)

returnFALSE;

break;

case(CONNECTED):

printf("Errorinconnectivity,noCONNECTED

implementednn");

returnFALSE;

break;

default:InternErr();

returnFALSE;

break;

g

break;

case(CONNSDIR):

switch(elementconnect[grid[nabo].elements[eli]][Tp.direction][8-nabo.nn])f

case(CONNSDIR):

if(grid[nabo].elements[eli]<4)

if(Tr.source!np6=grid[nabo].trns!source!np)

returnFALSE;

elseif(Tr.source!np!termcount6=2)

returnFALSE;

break;

case(CONNDDIR):

if(grid[nabo].elements[eli]<4)

if(Tr.source!np6=grid[nabo].trns!drain!np)

returnFALSE;

elseif(Tr.source!np!termcount6=2)

returnFALSE;

break;
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default:InternErr();

returnFALSE;

break;

g

break;

case(CONNDDIR):

switch(elementconnect[grid[nabo].elements[eli]][Tp.direction][8-nabo.nn])f

case(CONNSDIR):

if(grid[nabo].elements[eli]<4)

if(Tr.drain!np6=grid[nabo].trns!source!np)

returnFALSE;

elseif(Tr.source!np!termcount6=2)

returnFALSE;

break;

case(CONNDDIR):

if(grid[nabo].elements[eli]<4)

if(Tr.drain!np6=grid[nabo].trns!drain!np)

returnFALSE;

elseif(Tr.source!np!termcount6=2)

returnFALSE;

break;

default:InternErr();

returnFALSE;

break;

g

break;

case(CANCONNS):

printf("Errorinconnectivity,noCANCONNS

implementednn");

returnFALSE;

break;

case(CANCONND):

printf("Errorinconnectivity,noCANCONND

implementednn");

returnFALSE;

break;

case(CANCONNG):

switch(elementconnect[grid[nabo].elements[eli]][Tp.direction][8-nabo.nn])f

case(CANCONNECT):

break;

default:InternErr();

returnFALSE;

break;

g

break;

case(NOEFFECT):

break;

case(ILLEGAL):
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returnFALSE;

break;

default:

printf("Error:type%d,nabo.nn%d,connect%dnn",

Tp.direction,

nabo.nn,

elementconnect[Tp.direction][grid[nabo].elements[eli]][nabo.nn]);

break;

g == switch

g == for(inteli...)

voidplacetrans(Tpos&Tp,Trans&Tr,Undo&SaveChange);

placetrans(Tp,Tr,SaveChange);

return(TRUE);

g

intliberties(Tpos&Tp,Trans&Tr,Undo&SC)

f

return(TRUE);

g

==Declareboundasarrayofpointertofunctionreturningint

==NB:Theseshouldbysortedbyboundingpowerforef�ciency

== int(�bound[])(Pos&,Elem&,Undo&)= f

int(�bound[])(: : :)=f

checkbare,

checkdiff,

checkillegal,

connectivity,

NULLg;

voidplacetrans(Tpos&tp,Trans&tr,Undo&SaveChange)

f

SaveChange[(int�)&grid[tp].elements[grid[tp].nrelems]];

grid[tp].elements[grid[tp].nrelems]=tp.direction;

SaveChange[grid[tp].nrelems];

grid[tp].nrelems=grid[tp].nrelems+1;
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tr.geomp=&grid[tp];

SaveChange[(int�)&grid[tp].trns];

grid[tp].trns=&tr;

SaveChange[grid[tp].transdir]=(int)tp.direction;

g

voidplacediff(Gpos&gp,Undo&SaveChange)

f

SaveChange[grid[gp].elements[grid[gp].nrelems]]=WIREDIFF;

SaveChange[grid[gp].nrelems]=grid[gp].nrelems+1;

g

voidplacepoly(Gpos&gp,Undo&SaveChange)

f

SaveChange[grid[gp].elements[grid[gp].nrelems]]=WIREPOLY;

SaveChange[grid[gp].nrelems]=grid[gp].nrelems+1;

g

voidplacem1(Gpos&gp,Undo&SaveChange)

f

SaveChange[grid[gp].elements[grid[gp].nrelems]]=WIREM1;

SaveChange[grid[gp].nrelems]=grid[gp].nrelems+1;

g

voidplacem2(Gpos&gp,Undo&SaveChange)

f

SaveChange[grid[gp].elements[grid[gp].nrelems]]=WIREM2;

SaveChange[grid[gp].nrelems]=grid[gp].nrelems+1;

g

voidplacevia(Gpos&gp,Undo&SaveChange)

f

SaveChange[grid[gp].elements[grid[gp].nrelems]]=VIA;

SaveChange[grid[gp].nrelems]=grid[gp].nrelems+1;

g

voidplaceextrain(Gpos&gp,intdir,intelem,Undo&SaveChange)

f

SaveChange[grid[gp].elemdir[dir][elem]]=TRUE;

g
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main.cc

=�$Id:main.cc,v1.171991/10/1114:58:43dashExp$�=

#include"main.h"

#include"enum.h"

#include"vlsi.h"

#include"undo.h"

intsolvenr=0;==Numberofsolutionsfound

intnumtrynext=0;

#ifdefIV

#include"ivtrans.h"

#include<InterViews/frame.h>

#include<InterViews/world.h>

staticPropertyDatares[]=f

f"�font","�helvetica-medium-r-normal�14�"g,

fnilg

g;

staticOptionDescopt[]=f

fnilg

g;

Ivtrans�ivtrans;==Makethisvisibleinivtrans

#else

#include"trynext.h"

#include"tpos.h"

#include"trans.h"

==Usefultomaketrynext()callthisfunctionwheneverit�ndsasolution

voidcounter()

f

solvenr++;

g

==Usefultomaketrynext()callthisfunctionwheneverit�ndsasolution

voidrunmighty()

f

Undo�SC=newUndo;==Beforerouting
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writemightyinput("mighty.in",�SC);

if(system("mightymighty.inmighty.out2> /dev/null")6=0)f

cout�"Noroutingpossible.nn";

system("echomighty.out");

gelsef

cout�"Finishedrouting.nn";

solvenr++;

g

g

#endif=� IV�=

==Readanumberfromcommandline(iflongerthanargnum),or

==askforanumberonstdout,andsubsequentlyreaditfromstdin.

intreadintarg(intargnum,char�asktext,intargc,char��argv)

f

intnumber;

if(argnum<argc)

return(atoi(argv[argnum]));==Readnumberfromcommandline...

dof

cout�asktext;

cin.clear();

gwhile(!(cin�number));== ...orfromstdin

returnnumber;

g

==Readastringfromcommandline(iflongerthanargnum),or

== return"input.�l".

char� readstrarg(intargnum,char�asktext,intargc,char��argv)

f

if(argnum<argc)

return((argv[argnum]));==Readstringfromcommandline...

return"input.fil";

g

#ifdefPROFILING

==Compilenormally.
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==Runningprofonresultingmon.outgivestotaltimeineachfunc.

extern"C"intmain();

extern"C"voidetext();

extern"C"voidmonstartup(void��rst,void� last);

extern"C"voidmonitor(void��rst,void� last=0,short�buf=0,

intbufsize=0,intnfuncs=0);

#endif=�PROFILING�=

intmain(intargc,char��argv)

f

#ifdefPROFILING

monstartup(main,etext);==Commencemonitoring.

#endif=�PROFILING�=

#ifdefIV

Frame� frame;

World�world=newWorld("Base",res,opt,argc,argv);

chartmp[20];

#endif=� IV�=

char��lename;

colmax=readintarg(1,"Valueforcolmax?",argc,argv);

assert(0<colmax&&colmax<MAXX);

rowmax=readintarg(2,"Valueforrowmax?",argc,argv);

assert(0< rowmax&&rowmax<MAXY);

transmax=readintarg(3,"Valuefortransmax?",argc,argv);

�lename=readstrarg(4,"Filenamefornetlist?",argc,argv);

readnetlist(�lename);

grid.init(colmax,rowmax);== Initializegrid

#ifdefIV

ivtrans=newIvtrans();

frame=newBorderFrame(ivtrans);

sprintf(tmp,"Cell-(%s)",�lename);

frame!SetName(tmp);

world!Insert(frame);

ivtrans!Run();

#else

trynext(�newTpos(),�transarray[0],counter);==Thisisit!

#endif=� IV�=

cout�numtrynext�"placements"� solvenr�"solutionsnn";
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#ifdefPROFILING

monitor(0);==Stopmonitoringandwritemon.out.

#endif=�PROFILING�=

return(0);

g
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geometry.h

=� -�-C++ -�-$Id:$�=

#ifndefgeometryh

#definegeometryh

#include"main.h"

#include"enum.h"

classGpos;

classTrans;

classNet;

== ����������������������������������������

==EachpointinthegridhasaGeometryobjectwhichdescribesfully

==allgeometricalpropertiesoflayoutassociatedwiththepoint

classGeometryf

public:

Gpos� thispos;==Pointpos.ongrid,lowerleftcorner=0,0

inttransdir;==Directionoftrans

intnrelems;==Nrofelementsinthisgrid-point

intelements[ELEMENTS];==Numbersareelement-nr.Filledtonrelems.

Trans� trns;==Pointertotransistorinx,y,orNULL

Boolelemdir[4][ELEMENTS];== Iselement[i]presentindirection?

Net�netnode[ELEMENTS];=�Netshavingwireorcontactinx,y�=

intmark[ELEMENTS];=�Workspaceforlibertytraversal�=

Geometry();

Geometry(int,int);

�Geometry();

Geometry&operator=(constGeometry&);

friendintoperator==(constGeometry&,constGeometry&);

intOK()const;==Checkstherepresentationinvariant

g;

#endif=� geometryh�=
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geometry.cc

=�$Id:$�=

#include"main.h"

#include"geometry.h"

#include"gpos.h"

== ����������������������������������������

Geometry::Geometry()

f

thispos=newGpos();

trns=NULL;

nrelems=0;

for(inttmp=0;tmp<ELEMENTS;tmp++)f

netnode[tmp]=NULL;

elements[tmp]=FALSE;

elemdir[NORTH][tmp]=FALSE;

elemdir[SOUTH][tmp]=FALSE;

elemdir[EAST][tmp]=FALSE;

elemdir[WEST][tmp]=FALSE;

g

g

Geometry::Geometry(intxx,intyy)

f

thispos=newGpos(xx,yy);

trns=NULL;

nrelems=0;

for(inttmp=0;tmp<ELEMENTS;tmp++)f

netnode[tmp]=NULL;

elements[tmp]=FALSE;

elemdir[NORTH][tmp]=FALSE;

elemdir[SOUTH][tmp]=FALSE;

elemdir[EAST][tmp]=FALSE;

elemdir[WEST][tmp]=FALSE;

g

g

Geometry::�Geometry()

f

deletethispos;

g
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Geometry&Geometry::operator=(constGeometry&other)

f

thispos!x=other.thispos!x;

thispos!y=other.thispos!y;

if(trns6=other.trns)

trns=other.trns;

nrelems=other.nrelems;

for(inttmp=0;tmp<ELEMENTS;tmp++)f

netnode[tmp]=other.netnode[tmp];

elements[tmp]=other.elements[tmp];

elemdir[NORTH][tmp]=other.elemdir[NORTH][tmp];

elemdir[SOUTH][tmp]=other.elemdir[SOUTH][tmp];

elemdir[EAST][tmp]=other.elemdir[EAST][tmp];

elemdir[WEST][tmp]=other.elemdir[WEST][tmp];

mark[tmp]=other.mark[tmp];

g

return�this;

g

==Checkstherepresentationinvariant

intGeometry::OK()const

f

returnTRUE;

g

intoperator==(constGeometry&g1,constGeometry&g2)

f

assert(g1.OK()&&g2.OK());

if(g1.thispos!x6=g2.thispos!x

jjg1.thispos!y6=g2.thispos!y

jjg1.nrelems6=g2.nrelems)

returnFALSE;

for(inttmp=0;tmp<g1.nrelems;tmp++)f

if(g1.netnode[tmp]6=g2.netnode[tmp]

jjg1.mark[tmp]6=g2.mark[tmp]==@@@Trengsdenne?

jjg1.elements[tmp]6=g2.elements[tmp]

jjg1.elemdir[NORTH][tmp]6=g2.elemdir[NORTH][tmp]

jjg1.elemdir[SOUTH][tmp]6=g2.elemdir[SOUTH][tmp]

jjg1.elemdir[EAST][tmp]6=g2.elemdir[EAST][tmp]

jjg1.elemdir[WEST][tmp]6=g2.elemdir[WEST][tmp])

returnFALSE;

g
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returnTRUE;

g
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grid.h

=� -�-C++ -�-$Id:$�=

#ifndefgridh

#definegridh

#include"main.h"

#include"enum.h"

#include"gpos.h"

classGeometry;==SothatwecanrefertoGeometry

== ����������������������������������������

classGridf

public:

voidinit(int,int);

Geometry&operator[](constGpos&);

Geometry&operator()(constGpos&);

intOK();==Checkstherepresentationinvariant

==Theactualgrid,withgeometriccoordinatesinwhichtoplaceelements

Geometry�griditself[MAXX][MAXY];

g;

==FunctiontoaccessthegridbyaGposinsteadoftwoint's.

inlineGeometry&Grid::operator[](constGpos&gp)

f

assert(0�gp.x&&gp.x�colmax&&0�gp.y&&gp.y� rowmax);

return�griditself[gp.x][gp.y];

g

#endif=� gridh�=
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grid.cc

=�$Id:$�=

#include"main.h"

#include"grid.h"

#include"geometry.h"

== ����������������������������������������

== setallgridobjectstodefaultvalues

voidGrid::init(intcolmax,introwmax)

f

for(intx=0;x�colmax;x++)

for(inty=0;y�rowmax;y++)

griditself[x][y]=newGeometry(x,y);

g

==Checkstherepresentationinvariant

intGrid::OK()

f

returnTRUE;

g
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net.h

=� -�-C++ -�-$Id:$�=

#ifndefneth

#defineneth

#include"main.h"

#include"enum.h"

classTrans;

classTerminal;

== ����������������������������������������

==Classdescribesthenets

classNetf

public:

charname[NAMELENGTH];=�NameoftheNet�=

Net(int);

voidinclude(Terminal�);

intOK();==Checkstherepresentationinvariant

==private://Makeallpublicfordebugging

intnetindex;=�Arrayindex>0<MAXNET�=

Terminal�nts[MAXTERMS];=�pointerstoalltheTerminals�=

Boolconnected;=�whetherallTerminalsareconnected�=

Booldirconn;=�TRUEmeanstheNethasonlytwo,

directlyconnected,Terminals

Impliesconnected==TRUE�=

Trans� sourceconn[SDCONN];=� sourceconnectionstotransistors�=

Trans�drainconn[SDCONN];=�drainconnectionstotransistors�=

Trans�gateconn[GATECONN];=�gateconnectionstotransistors�=

== Io� ioconn[IOCONN];/� I/Oconnectionsthroughgeometry�/

intsourcecount;==numberofsourceTerminalsincluded

intdraincount;==numberofdrainTerminalsincluded

intgatecount;==numberofgateTerminalsincluded
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intiocount;==numberofioTerminalsincluded

inttermcount;==TotalnumberofofTerminalsincluded

g;

#endif=� neth�=
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net.cc

=�$Id:$�=

#include"main.h"

#include"net.h"

== ����������������������������������������

Net::Net(intnr)

f

DEBOUT(1,"newNet("�nr�")");

netindex=nr;

g

voidNet::include(Terminal�t)

f

DEBOUT(1,"include(Terminal�t).t= "� (int)t);

nts[termcount++]=t;==@@Skaljegtamedsourcecountosvogsg?

g

==Checkstherepresentationinvariant

intNet::OK()

f

returnTRUE;

g
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terminal.h

=� -�-C++ -�-$Id:$�=

#ifndefterminalh

#defineterminalh

#include"main.h"

#include"gpos.h"

classTrans;

classNet;

== ����������������������������������������

==Classdescribestheterminals

classTerminalf

public:

Trans� trans;

Net�np;=�netwhichtheterminalbelongsto�=

Terminal(Net�);

intOK();==Checkstherepresentationinvariant

private:

intsubnet;=� subnetnumber= termnumberofoneofthe

terminalsincludedinthesubnet�=

inttermnumber;=� termnumberwithinnet(<net->termcount)�=

Gpospnt;=�pointoforiginatinggeometry�=

intelemtype;=�elementtypeoforiginatinggeometry�=

Boolplaced;=�whetherplacedyet�=

g;

#endif=� terminalh�=
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terminal.cc

=�$Id:$�=

#include"main.h"

#include"terminal.h"

== ����������������������������������������

Terminal::Terminal(Net�n)

f

DEBOUT(1,"newTerminal()");

np=n;

g

==Checkstherepresentationinvariant

intTerminal::OK()

f

returnTRUE;

g
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