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1 Intr oduction

Thelayoutdatabase(ldb) providesa simple,intuitive andconsistentinterfaceto a genericlayoutdatabase.
Differentdatabaseimplementationsmaybeusedto supportdifferentneeds.

1.1 BasicConcepts

Therearethreekey conceptsin thedatabase:layout database, layout object Id and operationsandobject
properties.

A layout databaseis a hierarchicalcollectionsof objectsin a commondatabasethatdescribesoneor
moredesigns.Thedatabasesupportsfile I/O operationsto saveandretrieve thedesignsto andfrom various
file formats. Themainfile format for archiving a designis theGDIF format. The layoutdatabaseandits
operationsaredescribedin Section2.

An objectin thedatabaseis referencedusingahandlecalleda layout object Id orLid for short.Lid is the
only way in which anobjectin thedatabasecanbeaccessedor manipulated.Therefore,objectoperations
suchas creation,deletion,searching,copying rely on Lid. The Lid and its operationsare describedin
Section3.

An objecthasvariousproperties(e.g.,name,position)thatcanbeaccessedor altered.Theseoperations
do not involve the creationor deletionof objects. Differentobjectshave differentpropertiesthat canbe
accessedor altered.

1.2 Using the database

Thedatabaseis writtenin C++andrequirestheC++StandardTemplateLibrary thatis partof theGNU C++
compilerpackage(version2.8.0andabove). You mustincludetheheaderfile “layoutdb.h” in your source
file:

#include "layoutdb.h"

and link in the library file “layoutdb.a” when compiling your program. Under the MCM project, “lay-
outdb.h” and“layoutdb.a” canbefoundin thedirectories$(MCMREL)/includeand$(MCMREL)/$(MACH),
respectively. Notethatthelibrary is availablefor Solaris(SUNOS5) only sincetheC++StandardTemplate
Library is not installedfor SUNOS4.
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2 Layout Database

A layoutdatabaseis a hierarcalcollectionsof objectsthatdescribesa design.A layoutdatabaseis created
by declaringa variableof the typeLayoutDatabase. Thecontentsof thedatabasewill bedeletedand
releasedfrom memorywhenthevariableis deleted.Theprimaryformatfor archiving thedatabaseis GDIF.
For example,thefollowing codecreatesadatabaseandfills it with objectsfrom thefile “test.gdf.”

LayoutDatabase ldb;
Lid dbId = ldb.read ("test.gdf");

Noticethatldb.read()returnsaLid (layoutobjectid) thatcanbeusedto accessthedatabase.
Themeasurementunit in thedatabaseis micronscaledby � 1000.Thevaluesarestoredasintegersso

for instance,1500databaseunit correspondsto 1.5 � m. In future releases,the unit andthescalingfactor
canbeotherthanmicronor 1000,respectively.

2.1 DatabaseOperations

1. read— readin afile

Lid LayoutDatabase::read (char* filename)

read()opensthefile namedby filenameandreadsit into thedatabase.

Onsuccess,read()returnstheLid of thedatabase.On failure,it returnsaNULL Lid.

2. writeGDIF — write aGDIF file

Lid LayoutDatabase::write (char* filename)

read()opensthefile namedby filenameandwrites theentiredatabaseto thefile. If thefile exsists,
thenit will beoverwritten.

Onsuccess,writeGDIF() returns0, otherwiseit returnsanon-zeroerrorcode.

3. id — getaLid

Lid LayoutDatabase::id ()

id() returnstheLid of thedatabase.

4. unit — getthemeaurementunit (to-be-implemented)

char* LayoutDatabase::unit ()

unit() returnsa string descriptionof the measurementunit. Commonlyusedunits aremicron, inch
andmil.

5. scale— gettheinternalscale(to-be-implemented)

int LayoutDatabase::scale ()
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All valuesarestoredin thedatabaseasintegers.A floatingpointvalueis convertedinto anintegerby
multiplying with thevaluereturnedby scale().

6. getIntParams— getintegerparameters

vector<int> LayoutDatabase::getIntParams (char *name)

Retrieve avectorof integerparameters.

3 Layout Object Id and Operations

Every objectin the databasemustbe referencedusinga handlecalleda layoutobjectId or Lid for short.
Besidesaccesinganobject’s properties,discussedin Section4, theLid supportsobjectoperationssuchsuch
ascreation,deletion,searchingandcopying.

3.1 Layout Object Id (Lid)

An objectin the layoutdatabaseis referencedthrougha handlecalleda layoutobjectId or Lid for short.
Lid is notuniquefor anobjectandsomorethanoneLids mayexist ata timefor oneobject.DeletinganLid
doesnot deletetheunderlyingobject. An Lid becomesinvalid whentheunderlyingobjectis deletedand
usinganinvalid Lid canresultin a run-timeerror.

3.2 Object Operations

Objectoperationsareusedto manipulateobjectssuchasinsertionanddeletion,andfor seachingor travers-
ing objectsin thedatabase.

Objectsarecreatedandinsertedinto a givenobjectby theinsert member-functionwith thekind of
objectastheargument.For example,thefollowing code:

// dbId is the id of a database that has been created.
Lid cellId = dbId.insert (Lid::Cell);
Lid portId = cellId.insert (Lid::Port);

first createsandinsertsacell into thedatabase(referencedby dbId)andthencreatesandinsertsport into
thenewly createdcell. Noticethatthenewly createdcell andport areemptyandtheir informationmustbe
filled in.

Thefirst objectof agivenkind is obtainedfrom agiven“parent”objectby thefirst member-function
with thekind of objectastheargument.For example,thefollowing coderetrievesthefirst cell in adatabase
andthefirst port in thatcell:

// dbId is the id of a database that has been created.
Lid cellId = dbId.first (Lid::Cell);
Lid portId = cellId.first (Lid::Port);

NoticethatdbId is theobjectId of thedatabaseandnot thedatabasevariableitself. Subseqentobjects
cansequentiallyaccessby thepre-incrementoperator. For example,thefollowing codesprint outthenames
of all theportsin acell:

for (Lid portId = cellId.first (Lid::Port); portId; ++portId)
cout << portId.name () << endl;
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Thelist of objectoperationsaresummarizedbelow:

1. insert — createandinsertanobjectinto thedatabase

Lid Lid::insert (objectKind kind [, char* name])

insert()createsanemptyobjectof thespecifiedkindandinsertsinto theobjecthandledby thecurrent
Lid. Thevalid valueof kind dependson thekind of objectthat thecurrentLid is handling.This can
beinferredfrom theobjectshierarchydescriptedin Section5. If theoptionalnameis provided,then
thenamepropertyof theobjectis setaccordingly.

Onsuccess,first() returnstheLid of thenew object,otherwiseit returnsaNULL Lid.

2. copy— duplicateandinsertanobjectinto thedatabase(to-be-implemented)

Lid Lid::copy ()

copy() duplicatesthecurrentobjectandinsertsit into thedatabase.

Onsuccess,first() returnstheLid of thenew object,otherwiseit returnsaNULL Lid.

3. erase— removeanobjectfrom thedatabase(limited-implementation)

void Lid::erase ()

erase()removestheobjecthandledby theLid from thedatabase.Currently, theonly objectthatcan
beremovedis theCell object.

4. size— getthenumberof objects

int Lid::size (objectKind kind)

Thesize()functionreturnsthenumberof objectsof thespecifiedkind containedby thecurrentLid.
The valid valueof kind dependson thekind of objectthat the currentLid is handling. This canbe
inferredfrom theobjectshierarchydescriptedin Section5.

On success,size()returnsnumberof kind objects. On failure, size()returns0 anda run-timeerror
messageis generated.

5. first — searchfor anspecifickind of object

Lid Lid::first (objectKind kind [ , char* name])

first() searchesfor thefirst availableobjectcontainedin id of thespecifiedkind. If theoptionalname
is specified(andnot NULL), thenthesearchis narrowedto anobjectwith thesamename.Thevalid
valueof kinddependson thekind of objectthatthecurrentLid is handling.Thiscanbeinferredfrom
theobjectshierarchydescriptedin Section5.

Onsuccess,first() returnstheLid of theobjectfound,otherwiseit returnsaNULL Lid.
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6. ++ (preincrement)— getthenext object

Lid Lid::operator++ ()

Thepre-incrementoperatorgetsthe“next” objectof thesamekind. All objectsin thedatabasecanbe
sequentiallyaccessedby thisoperatorandthefirst() function.

Onsuccess,operator++()returnstheLid of thenext object.If nomoreobjectis avaiablethenaNULL
Lid is returned.

7. integer casting— testfor NULL id

int Lid::operator int ()

The integer castingoperatorreturnsnonzeroif theLid is not NULL (in general,that meansit is an
valid Lid).

4 Object Properties

Every objecthasa setof propertiesthatcanbeaccessedor altered.While mostpropertiescanberead,not
all propertiescanbealtered.Somepropertiescannotbealteredbecauseit is derivedfrom otherobjects.For
example,thenameof aport referencecannotbechangedbecauseit is derivedfrom thenameof theinstance
andthe nameof the port. Trying to alter a read-onlypropertywill result in a run-timeerror. The list of
valid propertiesfor agivenobjectcanbedeterminedfrom theobjectshierarchydescriptedin Section5. For
example,the � and � positionof aNetRef(netreference)canonly beread.

Thepropertyfunctionthataccessesor altersa propertyhasthesamenameasthepropertyasshown in
Table1. Accessinga propertyrequiresno argumentwhile settinga propertyhasthe new propertyasthe
argument.For instance,if instanceId is a valid Lid of aninstance,then

int x = instanceId.x ();

getsthe � positionof theinstanceandstoresit in thevariablex while

instanceId.x (10);

movesthe � -positionof the instanceto 10.0(the � positionremainsunchanged).All functionsfor setting
propertiesreturna referenceto theLid sothatpropertiescanbesetin asinglestatement:

instanceId.x (10).y (20);

5 DatabaseObjects

Theobjectsdefinedin the layoutdatabasearesummarizedin Table1 anddescribedin the following sub-
sections.Eachline in thefigurebeginswith thenameof theobjectfollowedby its properties(italized).An
indentedline idicatesthat theobjectdescribedon that line is containedby theobjectdescribedon thefirst
previous line with onelesslevel of indentation.For example,a cell objectcontainsports,instances,paths,
netsandtexts. The list of valid propertiesof an objectmay dependon the valueof certainproperty. In
this case,theobjectmaybelistedmultiple timeswith differentproperties.Propertiesthatareread-onlyare
indicatedby a � superscript.
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Table1: DATABASE OBJECTS

Cell name
Portnametypex y layer
CellInstancenamecellRefx y orient
Pathname

PathObjtype=Segmentx y x1y1width layer
PathObjtype=Via x y width layer
PathObjtype=Stringstring

Netnamegroup
NetReftype=PortRefname� x� y� portRef
NetReftype=PathRefname� x� y� pathRef
NetReftype=InstPortRefname� x� y� portRefinstRef

Text namestring
Techname

TechObjnametypewidth
LayoutRulesname

LayoutRuletypeobj obj1minValuemaxValuetypValue
Propertiesareitalized.A read-onlypropertyis indicatedby � .

5.1 Cell

Cell is thebasiccontainerfor designobjects.

� char* name — Nameof thecell. Everycell musthave aname.

5.2 Cell:Port

A port is anelectricalconnectionpoint.

� char* name — Nameof theport

� objectKind type— Typeof theport. ValidvaluesareInputPort,OutputPort,InOutPort,
PowerPort, GroundPort.

� int x, y — Pointlocationof theport.

� int layer — Layerof theport

5.3 Cell:CellInstance

An instanceof acell.

� char* name — Nameof theinstance

� Lid cellRef — Thetemplate(or master)cell of theinstance

� int x, y — Positionof theinstancereferencedusingthe(0,0)positionof thetemplatecell.
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� int orient — Orientationof the instance.The orientationis specifiedasan (scaledby 1000)
integer valuethat indicatesthedegreeof clockwiserotation. A negative valueindicatesa reflection
alongtheY-axisbeforetherotation.For example:

– 90000— 90degreesclockwiserotation

– -90000— reflectionalongtheY-axisfollowedby a90degreesclockwiserotation

– -360000— reflectionalongtheY-axisonly

Noticethatnot all valuesof orientationarevalid andanerrormessagewill beprinted(andno orien-
tation(i.e.,a valueof 0) is assumed)if thevalueis invalid. Currently, only manhattangeometriesare
supported.

5.4 Cell:Path

A pathof routingmaterialsmostcommonlyusedto representwires.

� char* name — Nameof thepath

5.5 Cell:Path:PathObj

An objectin apath.

� objectKind type— Typeof thepathobject.Thevalid valuesareSegment,Via andString.

� int width — Width of thesegmentof via.

� int layer — layerof thesegmentor via.

� int x, y — Positionof theobjector startingpointof asegment.

� int x1, y1 — Endingpointof asegment.This is valid only if type is Segment.

� char* string — A ascii string usefulfor annotatingthe objects. This is valid only if type is
String.

5.6 Cell:Net

A collectionof referencesto pathsandportsto indicateelectricalconnectivity.

� char* name — Nameof thenet.

� char* group — A groupnamefor the net. The usageof the propertyis not well definedat the
moment.It is currentlybeingusedasthe“global” netname.
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5.7 Cell:Net:NetRef

An objectin anetthatreferenceingaport.

� char* name — (Readonly) Nameof thenetreference.

� objectKind type — Typeof thenetreference.Thevalid valuesarePortRef, PathRef and
InstPortRef.

� int x, y — (Readonly) Positionof thereference.

� Lid pathref — Lid of thepaththatis beingreferenced.This is valid only if type is PathRef.

� Lid portRef — Lid of theport that is beingreferenced.This is valid only if type is PortRef
or InstPortRef.

� Lid instRef — Lid of the instance(or the instanceport) that is beingreferenced.This is valid
only if type is InstPortRef.

5.8 Cell:Text
� char* name — Nameof thetext.

� char* string — A null terminatedstringof thetext.

5.9 Tech

Techis a containerfor technologyinformations.

� char* name — Nameof thetechnology.

5.10 Tech:TechObj

A technologyobject.

� char* name — Nameof theobject.

� objectKind type — Typeof object.Valid valuesareLayerDef andViaDef.

6 CommonParameters

A numberof commonparametersareusedfor differentphasesof thedesign.

� number of layers — Numberof routinglayers.This will bechangedto a list of routablelayers
shortly.

� wire spacings — A list of spaceseparatedspacingsfor eachof thelayers.

� via spacings — A list of spaceseparatedspacingsfor echoof thevia layers.This specification
is actuallynotconsistentandwill bediscontinued.
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� wire widths— A list of spaceseparateddefaultwidthsfor eachof thelayers.Individualnetsmay
requesteddifferentwidths.

� via widths — A list of spaceseparateddefault widths for eachof the vias. Individual netsmay
requesteddifferentwidths.

� vertical wire costs — A list of spaceseparatedcostvaluesfor eachof thelayerwhenrouted
vertically. For example,if this is setto “1 2 1 2 1 2,” thenvertical is thepreferredroutingdirection
for thefirst layer.

� horizontal wire costs — A list of spaceseparatedcost valuesfor eachof the layer when
routedhorizontally. For example,if this is setto “1 2 1 2 1 2,” thenvertical is thepreferredrouting
directionfor thefirst layer.

� via costs — A list of spaceseparatedcostvaluesfor thevias.

Theseparameterscanbe retrieved usingthe getIntParams()function that returnsa vectorof integers.
Notice that the numberare scaledso appropriatere-scalingmay be necessary. For instance,to get the
numberof layers:

vector<int> v;
v = db.getIntParams ("number_of_layers");
cout << "Number of layers is " << (v[0] / 1000) << endl;

7 What’ sNew
� A cell objectcannow bedeleted.Thishasnotbeentestedfully souseit with cautions.

� A new pathobjecthasbeenadded.It is astringobject.Pleaseseeexample4 for usage.

� The Cell objectnow containsa new classof objectscall Text. A Text objecthasonly oneproperty
calledstring.

8 ReleaseSchedules

Schedule Description Status

Feb. LayoutDatabase::unit()
Feb. LayoutDatabase::scale()
Feb. Implementtechnologyobjects
Mar. Lid::copy()
Mar. Improve theperformanceof searchingin first()
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9 Examples

9.1 Example1

Thefollowing programprintsout theportsandinstancesin eachcell in theentiredatabase.

#include "layoutdb.h"

int
main (int argc, char **argv)
{

if (argc != 2)
{

cerr << "Usage: " << argv[0] << " gdif_filename\n";
return 1;

}

LayoutDatabase ldb;
Lid dbId = ldb.read (argv[1]); //// Reads in a GDIF file

for (Lid cellId = dbId.first (Lid::Cell); cellId ; ++cellId)
{

cout << "CELL = " << cellId.name () << endl;

for (Lid portId = cellId.first (Lid::Port); portId; ++portId)
{

cout << " Port = " << portId.name () << " at "
<< "(" << portId.x () << "," << portId.y() << ")" << endl;

}
for (Lid instId = cellId.first (Lid::CellInstance); instId; ++instId)
{

cout << " Instance = " << instId.name () << " at "
<< "(" << instId.x () << "," << instId.y() << ")" << endl;

}
}

}

9.2 Example2

Thefollowing programprintsout thepointsto beroutedfor usedby Patrick’s globalrouter:

#include <stdio.h>
#include <iostream.h>
#include <stdlib.h>

#include "layoutdb.h"

int
main (

int argc,
char **argv)

{
if (argc != 2)
{

cerr << "Usage: " << argv[0] << " gdif_filename\n";
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return 1;
}

LayoutDatabase ldb; //// Creates an empty database
Lid dbId = ldb.read (argv[1]); //// reads in a gdif file
Lid topCell(dbId); //// To remember the top cell in the DB

//// Assumes that the last cell is the top level cell
for (Lid cell = dbId.first (Lid::Cell); cell; ++cell)

topCell = cell;

for (Lid net = topCell.first (Lid::Net); net; ++net)
{

cout << net.size (Lid::NetRef) << endl;

for (Lid ref = net.first (Lid::NetRef); ref; ++ref)
cout << ref.x() << " " << ref.y() << " -1 -1\n";

}

return 0;
}

9.3 Example3

Thefollowing programcreatesa two-inputNAND cell in thedatabaseandwritesit out in aGDIF file:

#include "layoutdb.h"

int
main ()
{

LayoutDatabase ldb; //// Creates an empty database
Lid dbId = ldb.id (); //// gets the Lid of the database

Lid cellId = dbId.insert (Lid::Cell, "nand2"); //// Creates a cell

Lid portId = cellId.insert (Lid::Port, "in0");
portId.type(Lid::InputPort).x(0).y(0);

portId = cellId.insert (Lid::Port, "in1");
portId.type(Lid::InputPort).x(0).y(10000);

portId = cellId.insert (Lid::Port, "out");
portId.type(Lid::OutputPort).x(10000).y(5000);

ldb.writeGDIF ("nand2.gdf");

return 0;
}

9.4 Example4

Thefollowing functiondumpsall theinformationin thedatabase:
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int
dump (LayoutDatabase &ldb)
{

Lid dbId = ldb.id (); //// gets the Lid of the database

//// Iterates over all the cells in the database
for (Lid cell = dbId.first (Lid::Cell); cell; ++cell)
{

cout << "CELL " << cell.name () << endl;

//// Get the first port from the cell and iterates over all the ports
for (Lid port = cell.first(Lid::Port); port; ++port)
{

cout << " " << LayoutObjectKind::name (port.type ())
<< " " << port.name ()
<< " (" << port.x() << "," << port.y() << ")\n";

}

for (Lid inst = cell.first(Lid::CellInstance); inst; ++inst)
{

cout << " INSTANCE " << inst.name ()
<< " cell=" << inst.cellRef().name ()
<< " orient=" << inst.orient() << endl;

}

for (Lid text = cell.first (Lid::Text); text; ++text)
{

cout << " TEXT " << (text.name () ? text.name () : "noname")
<< " string=" << text.string () << endl;

}

for (Lid path = cell.first (Lid::Path); path; ++path)
{

cout << " PATH " << path.name () << endl;
for (Lid obj = path.first (Lid::PathObj); obj; ++obj)
{

switch (obj.type ())
{

case Lid::Segment: cout << " SEG "; break;
case Lid::Via: cout << " VIA "; break;
case Lid::String: cout << " STR "; break;
default:

cerr << "ERROR: Invalid path object!\n";
exit (1);

}
if (obj.type () == Lid::Segment || obj.type () == Lid::Via)
{

cout << " W=" << obj.width()
<< " LEV=" << obj.layer()
<< " " << obj.x() << " " << obj.y();

}
if (obj.type () == Lid::Segment)
{

cout << " " << obj.x1() << " " << obj.y1();
}
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if (obj.type () == Lid::String)
{

cout << " str=" << obj.string();
}
cout << endl;

}
}

for (Lid net = cell.first (Lid::Net); net; ++net)
{

cout << " NET " << (net.name () ? net.name() : "<noname>")
<< " group=" << (net.group () ? net.group() : "<noname>")
<< endl;

for (Lid ref = net.first (Lid::NetRef); ref; ++ref)
{

if (ref.type () == Lid::PathRef)
{

cout << " Uses path " << ref.pathRef().name() << "\n";
}
else if (ref.type () == Lid::PortRef)
{

cout << " portRef: " << ref.portRef().name () << endl;
}
else if (ref.type () == Lid::InstPortRef)
{

cout << " instPortRef: "
<< ref.portRef().name ()
<< " inst=" << ref.instRef ().name () << endl;

}
else
{

cerr << "Invalid type for net reference!\n";
exit (1);

}
}

}
}
return 0;

}
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