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1 Intr oduction

Thelayoutdatabaséldb) providesa simple,intuitive andconsistentnterfaceto a genericlayoutdatabase.
Differentdatabasémplementationsnaybe usedto supportdifferentneeds.

1.1 BasicConcepts

Therearethreekey conceptsn thedatabaselayout database layout object Id and operationsandobject
properties

A layout databaseis a hierarchicalcollectionsof objectsin a commondatabase¢hatdescribeneor
moredesigns.Thedatabassupportdile I/O operationgo save andretrieve thedesigndo andfrom various
file formats. The mainfile formatfor archiving a designis the GDIF format. The layoutdatabasendits
operationsaredescribedn Section2.

An objectin thedatabaseés referencedisingahandlecalledalayout objectId orLid for short.Lid isthe
only way in which anobjectin the databaseanbe accessedr manipulated.Therefore pbjectoperations
suchas creation,deletion, searchingcopying rely on Lid. The Lid andits operationsare describedn
Section3.

An objecthasvariousproperties(e.g.,name position)thatcanbeaccessedr altered.Theseoperations
do not involve the creationor deletionof objects. Differentobjectshave different propertiesthat canbe
accessedr altered.

1.2 Usingthe database

Thedatabasés writtenin C++andrequireghe C++ StandardiemplateLibrary thatis partof the GNU C++
compilerpackaggversion2.8.0andabove). You mustincludethe headeffile “layoutdbh” in your source
file:

#i ncl ude "Il ayout db. h"

andlink in the library file “layoutdba” when compiling your program. Underthe MCM project, “lay-
outdbh” and“layoutdba” canbefoundin thedirectoriess( MCMREL) / i ncl ude and$( MCVREL) / $( MACH) ,
respectiely. Notethatthelibrary is availablefor Solaris(SUN OS5) only sincethe C++ Standardremplate
Library is notinstalledfor SUN OS4.



2 Layout Database

A layoutdatabasés a hierarcalcollectionsof objectsthatdescribes design.A layoutdatabasés created
by declaringa variableof thetype Layout Dat abase. The contentsof the databasevill be deletedand
releasedrom memorywhenthevariableis deleted.The primaryformatfor archving thedatabasés GDIF.
For example thefollowing codecreatesa databasandfills it with objectsfrom thefile “test.gdf"

Layout Dat abase | db;
Lid dbld = Il db.read ("test.gdf");

Noticethatldb.read()returnsaLid (layoutobjectid) thatcanbeusedto accesshedatabase.

The measurementnit in the databasés micronscaledby x1000. Thevaluesarestoredasintegersso
for instance 1500databaseinit correspondso 1.5 um. In future releasesthe unit andthe scalingfactor
canbeotherthanmicronor 1000,respectiely.

2.1 DatabaseOperations

1. read— readin afile
Li d Layout Dat abase::read (char* fil enane)

read()openghefile namedby filenameandreadst into thedatabase.
Onsuccessiead()returnsthe Lid of thedatabaseOn failure,it returnsaNULL Lid.

2. writeGDIF — write a GDIF file
Li d Layout Dat abase::write (char* fil enane)

read()opensthe file namedby filenameandwrites the entiredatabasé¢o thefile. If thefile exsists,
thenit will beoverwritten.

On successwriteGDIF() returns0, otherwiseit returnsanon-zeroerrorcode.

3. id —getalid
Li d Layout Dat abase::id ()

id() returnstheLid of thedatabase.

4. unit — getthe meaurementnit (to-be-implementéd
char* Layout Dat abase: :unit ()

unit() returnsa string descriptionof the measurementnit. Commonlyusedunits are micron, inch
andmil.

5. scale— gettheinternalscale(to-be-implementgd

i nt Layout Dat abase: :scale ()
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All valuesarestoredin the databaseasintegers.A floatingpointvalueis corvertedinto anintegerby
multiplying with the valuereturnedby scale().

6. getintParams— getinteger parameters
vect or<i nt > Layout Dat abase: : get | nt Parans (char *nane)

Retrieve a vectorof integerparameters.

3 Layout Object Id and Operations

Every objectin the databasenustbe referencedisinga handlecalleda layout objectid or Lid for short.
Besidesaccesinganobjects propertiesdiscussedn Sectiond, thelLid supportsobjectoperationsuchsuch
ascreation deletion,searchingandcopying.

3.1 Layout Object Id (Lid)

An objectin the layoutdatabasés referencedhrougha handlecalleda layout objectld or Lid for short.
Lid is notuniquefor anobjectandsomorethanonelLids mayexist atatime for oneobject.DeletinganLid
doesnot deletethe underlyingobject. An Lid becomesnvalid whenthe underlyingobjectis deletedand
usinganinvalid Lid canresultin arun-timeerror

3.2 Object Operations

Objectoperationsreusedto manipulateobjectssuchasinsertionanddeletion,andfor seachingor travers-
ing objectsin thedatabase.

Objectsarecreatedandinsertedinto a given objectby thei nser t membeifunctionwith the kind of
objectastheargument.For example thefollowing code:

/1 dbld is the id of a database that has been created.
Lid cellld dbld.insert (Lid::Cell);
Lid portld cellld.insert (Lid::Port);

first createaandinsertsacell into thedatabaséreferencedy dbld) andthencreatesandinsertsportinto
thenewnly createccell. Noticethatthe newly createcdcell andport areemptyandtheir informationmustbe
filled in.

Thefirst objectof agivenkind is obtainedrom agiven“parent”objectby thef i r st membeifunction
with thekind of objectastheargument.For example thefollowing coderetrievesthefirst cellin adatabase
andthefirst portin thatcell:

// dbld is the id of a database that has been created.
Lid cellld = dbld.first (Lid::Cell);
Lid portld = cellld.first (Lid::Port);

Noticethatdbl d is the objectld of the databas@ndnotthe databaseariableitself. Subseqenbbjects
cansequentiallyaccesdy thepre-incremenbperator For example thefollowing codesprint outthenames
of all theportsin acell:

for (Lid portld = cellld.first (Lid::Port); portld; ++portld)
cout << portld.nane () << endl



Thelist of objectoperationsaresummarizedelow:

1. insert — createandinsertanobjectinto thedatabase
Lid Lid::insert (objectKind kind [, char* nane])

insert()createanemptyobjectof the specifiedkind andinsertsinto the objecthandledby thecurrent
Lid. Thevalid valueof kind depend®n the kind of objectthatthe currentLid is handling. This can
beinferredfrom the objectshierarchydescriptedn Sectionb. If the optionalnameis provided,then
thenamepropertyof the objectis setaccordingly

Onsuccessdiirst() returnstheLid of the new object,otherwisdt returnsa NULL Lid.
2. copy — duplicateandinsertanobjectinto the databaséto-be-implementgd
Lid Lid::copy ()
copy() duplicateghe currentobjectandinsertsit into the database.
Onsuccessdtirst() returnstheLid of the new object,otherwisdt returnsa NULL Lid.

3. erase— remove anobjectfrom the databasélimited-implementation
void Lid::erase ()

erase(yemovesthe objecthandledby the Lid from the databaseCurrently the only objectthatcan
beremovedis the Cell object.

4. size— getthenumberof objects
int Lid::size (objectKind kind)

The size()function returnsthe numberof objectsof the specifiedkind containedby the currentLid.
The valid value of kind depend®on the kind of objectthatthe currentLid is handling. This canbe
inferredfrom the objectshierarchydescriptedn Section5.

On successsize() returnsnumberof kind objects. On failure, size() returnsO anda run-timeerror
messagés generated.

5. first — searchor anspecifickind of object
Lid Lid::first (objectKind kind [ , char* nane])

first() searches$or thefirst availableobjectcontainedn id of the specifiedkind. If the optionalname
is specifiedlandnot NULL), thenthe searchs narravedto anobjectwith the samename.Thevalid
valueof kind depend®nthekind of objectthatthe currentLid is handling.This canbeinferredfrom
theobjectshierarchydescriptedn Sections.

Onsuccessdfirst() returnstheLid of the objectfound,otherwiseit returnsaNULL Lid.



6. ++ (preincrement)— getthenext object
Lid Lid::operator++ ()

Thepre-incremenbperatogetsthe“next” objectof thesamekind. All objectsin thedatabaseanbe
sequentiallyaccessedy this operatorandthefirst() function.

Onsuccessyperator++(yeturngthelid of thenext object.If nomoreobjectis avaiablethena NULL
Lid is returned.

7. integer casting— testfor NULL id
int Lid::operator int ()

The integer castingoperatorreturnsnonzeraif theLid is not NULL (in generalthat meanst is an
valid Lid).

4 Object Properties

Every objecthasa setof propertieghatcanbe accessedr altered.While mostpropertiecanbe read,not
all propertiecanbealtered.Somepropertiecannotbealteredoecausét is derivedfrom otherobjects.For
example thenameof aportreference&eannotbe changedecausét is derivedfrom thenameof theinstance
andthe nameof the port. Trying to alter a read-onlypropertywill resultin a run-timeerror Thelist of
valid propertiedor a givenobjectcanbedeterminedrom the objectshierarchydescriptedn Sections. For
examplethex andy positionof a NetRef(netreferencefanonly beread.

Thepropertyfunctionthataccesseser altersa propertyhasthe samenameasthe propertyasshavn in
Tablel. Accessinga propertyrequiresno argumentwhile settinga propertyhasthe new propertyasthe
amgument.Forinstancejf i nst ancel d isavalid Lid of aninstancethen

int x = instanceld.x ();
getsthe z positionof theinstanceandstorest in thevariablex while
i nstancel d. x (10);

movesthe z-positionof the instanceto 10.0(they positionremainsunchanged)All functionsfor setting
propertiegeturnareferencedo thelLid sothatpropertiescanbesetin asinglestatement:

i nstanceld.x (10).y (20);

5 DatabaseObjects

The objectsdefinedin the layout databaseresummarizedn Table1 anddescribedn the following sub-
sections Eachline in thefigure beginswith the nameof the objectfollowed by its propertieqitalized). An

indentedine idicatesthatthe objectdescribedn thatline is containedby the objectdescribedn the first
previousline with onelesslevel of indentation.For example,a cell objectcontainsports,instancespaths,
netsandtexts. The list of valid propertiesof an objectmay dependon the value of certainproperty In

this casetheobjectmaybelisted multiple timeswith differentproperties Propertieghatareread-onlyare
indicatedby ar superscript.



Tablel: DATABASE OBJECTS

Cellname
Portnametypexy layer
CellinstancenamecellRefx y orient
Pathname
PathObjtype=Sgmentx y x1y1 width layer
PathObjtype=\ia x y width layer
PathObjtype=Stringstring
Netnamegroup
NetReftype=PortRefnamé x" y" portRef
NetReftype=RathRefnamé x" y" pathRef
NetReftype=InstrtRefnamé X" y" portRefinstRef
Text namestring
Techname
TechObjnametypewidth
LayoutRulesname
LayoutRuletypeobj objl min\alue max\aluetyp\alue
Propertiesareitalized. A read-onlypropertyis indicatedoy ".

5.1 Caell
Cellis thebasiccontainerfor designobjects.

e char* name — Nameof thecell. Every cell musthave aname.

5.2 Cell:Port
A portis anelectricalconnectiorpoint.

e char* name — Nameof theport

e 0bj ect Ki nd type — Typeoftheport. Validvaluesarel nput Port ,CQut put Port ,| nCut Port,
Power Port , G oundPor t .

e int x, y — Pointlocationof theport.

e int | ayer — Layerof theport

5.3 Cell:Cellinstance
An instanceof acell.
e char* name — Nameof theinstance
e Lid cel | Ref — Thetemplate(or master)ell of theinstance

e int x, y — Positionof theinstanceaeferencedisingthe (0,0) positionof thetemplatecell.
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5.4

i nt orient — Orientationof the instance. The orientationis specifiedasan (scaledby 1000)
integer valuethatindicatesthe deggreeof clockwiserotation. A negative valueindicatesa reflection
alongthe Y-axisbeforetherotation.For example:

— 90000— 90 dgyreesclockwiserotation

— -90000— reflectionalongthe Y-axisfollowed by a 90 degreesclockwiserotation

— -360000— reflectionalongthe Y-axisonly
Noticethatnot all valuesof orientationarevalid andan errormessagevill be printed(andno orien-

tation(i.e.,avalueof 0) is assumedjf thevalueis invalid. Currently only manhattamgeometriesre
supported.

Cell:Path

A pathof routingmaterialsmostcommonlyusedto representvires.

5.5

char* nane — Nameof thepath

Cell:Path:PathObj

An objectin apath.

5.6

obj ect Ki nd t ype — Typeof thepathobject. Thevalid valuesareSegnent , Vi aandSt ri ng.
i nt wi dt h — Width of the segmentof via.

i nt | ayer — layerof thesggmentor via.

i nt x, y — Positionof theobjector startingpoint of asegment.

int x1, yl— Endingpointofasement.Thisisvalid onlyif t ype is Segrent .

char* string — A asciistringusefulfor annotatingthe objects. Thisis valid only if t ype is

String.

Cell:Net

A collectionof referenceso pathsandportsto indicateelectricalconnectyity.

char* nanme — Nameof thenet.

char* group — A groupnamefor the net. The usageof the propertyis not well definedat the
moment.lt is currentlybeingusedasthe“global” nethame.



5.7 Cell:Net:NetRef

An objectin anetthatreferenceing port.
e char* name — (Readonly) Nameof thenetreference.

e 0bj ect Ki nd type — Typeof thenetreferenceThevalid valuesarePor t Ref , Pat hRef and
| nst Port Ref .

e int x, y— (Readonly)Positionof thereference.
e Lid pat href — Lid of thepaththatis beingreferencedThisis valid only if t ype is Pat hRef .

e Lid port Ref — Lid of theportthatis beingreferencedThisis valid only if t ype is Por t Ref
orl nst Por t Ref .

e Lid instRef — Lid of theinstance(or the instanceport) thatis beingreferenced.This is valid
onlyif typeis| nst Port Ref .

5.8 Cell:Text

e char* nanme — Nameof thetext.

e char* string— A null terminatedstringof thetext.

5.9 Tech

Techis a containeifor technologyinformations.

e char* name — Nameof thetechnology

5.10 Tech:TechObj
A technologyobiject.
e char* name — Nameof the object.

e 0bj ect Ki nd type — Typeof object.Valid valuesareLayer Def andVi aDef .

6 CommonParameters

A numberof commonparametergreusedfor differentphase®f thedesign.

e nunber _of | ayer s — Numberof routinglayers.Thiswill be changedo alist of routablelayers
shortly

e W re_spaci ngs — A list of spaceseparatedpacingdor eachof thelayers.

e Vi a_spaci ngs — A list of spaceseparatedpacingdor echoof the via layers. This specification
is actuallynot consistenandwill bediscontinued.



e W re_w dt hs — A list of spaceseparatedefaultwidthsfor eachof thelayers.Individual netsmay
requestedlifferentwidths.

e vi a.wi dt hs — A list of spaceseparatediefault widths for eachof the vias. Individual netsmay
requestedlifferentwidths.

e vertical w re_costs— A list of spaceseparatedostvaluesfor eachof thelayerwhenrouted
vertically For example,if thisis setto “1 212 1 2, thenverticalis the preferredrouting direction
for thefirstlayer

e horizontal w re_costs — A list of spaceseparatedtostvaluesfor eachof the layer when
routedhorizontally For example,if thisis setto“1 212 1 2" thenverticalis the preferredrouting
directionfor thefirst layer

e vi a_costs — A list of spaceseparatedostvaluesfor thevias.

Theseparametergan be retrieved usingthe getintRarams()function that returnsa vector of integers.
Notice that the numberare scaledso appropriatere-scalingmay be necessary For instanceto getthe
numberof layers:

vector<int> v;
v = db. getlntParamnms ("number_of | ayers");
cout << "Nunber of layers is " << (v[0O] / 1000) << endl;

7 What'sNew
e A cell objectcannow bedeleted.This hasnot beentestedfully souseit with cautions.
e A new pathobjecthasbeenadded.lt is astringobject. Pleaseseeexample4 for usage.

e TheCell objectnow containsa new classof objectscall Text. A Text objecthasonly oneproperty
calledstring.

8 ReleaseSchedules

| Schedule| Description | Status|

Feb LayoutDatabase::unit()
Feb LayoutDatabasescale()

Feb Implementtechnologyobjects
Mar. Lid::copy()
Mar. Improve the performancef searchingn first()




9 Examples

9.1 Examplel

Thefollowing programprintsout the portsandinstancesn eachcell in theentiredatabase.

#i ncl ude "l ayoutdb. h"

int
main (int argc, char **argv)
{
if (argc !'= 2)
{
cerr << "Usage: " << argv[0] << " gdif_filenanme\n";
return 1,
}
Layout Dat abase | db
Lid dbld = Idb.read (argv[1]); /11l Reads in a GDIF file
for (Lid cellld = dbld.first (Lid::Cell); cellld ; ++cellld)
{
cout << "CELL = " << cellld.name () << endl
for (Lid portld = cellld.first (Lid::Port); portld; ++portld)
{
cout << " Port =" << portld.nane () << " at
<< "(" << portld.x () << "," << portld.y() << ")" << endl
}
for (Lidinstld = cellld.first (Lid::Celllnstance); instld; ++instld)
{
cout << " Instance = " << instld.nanme () << " at
<< "(" <<instld.x () << "," << instld.y() << ")" << endl
}
}
}
9.2 Example?2

Thefollowing programprints out the pointsto beroutedfor usedby Patrick’s globalrouter:
#i ncl ude <stdi o. h>

#i ncl ude <i ostream h>

#i ncl ude <stdlib. h>

#i ncl ude "l ayoutdb. h"

i nt
main (
int argc,
char **argv)
{
if (argc !'= 2)
{
cerr << "Usage: " << argv[0] << " gdif _filename\n";
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return 1,

}
Layout Dat abase | db; /11l Creates an enpty dat abase
Lid dbld = Idb.read (argv[1]); //// reads in a gdif file
Lid topCell (dbld); /11l To remenber the top cell in the DB
/111l Assunmes that the last cell is the top level cell
for (Lid cell = dbld.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 O;
}
9.3 Example3

Thefollowing programcreatesa two-inputNAND cell in the databasandwritesit outin a GDIF file:

#i ncl ude "l ayoutdb. h"

int

main ()

{
Layout Dat abase | db; /11l Creates an enpty dat abase
Lid dbld = 1Ildb.id (); /11l gets the Lid of the database
Lid cellld = dbld.insert (Lid::Cell, "nand2"); [/// Creates a cell
Lid portld = cellld.insert (Lid::Port, "inQ0");
portld.type(Lid::InputPort).x(0).y(0);
portld = cellld.insert (Lid::Port, "inl");
portld.type(Lid::InputPort).x(0).y(10000);
portld = cellld.insert (Lid::Port, "out");
portld.type(Lid:: QutputPort).x(10000).y(5000);
| db.writeGDl F ("nand2. gdf");
return O;

}

9.4 Example4

Thefollowing functiondumpsall theinformationin thedatabase:
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int
dunp (Layout Dat abase &l db)

Lid dbld = 1ldb.id (); /111l gets the Lid of the database
/111l lterates over all the cells in the database

for (Lid cell = dbld.first (Lid::Cell); cell; ++cell)

{

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

/11l Get the first port fromthe cell and iterates over all the ports
for (Lid port = cell.first(Lid::Port); port; ++port)

{
cout << " " << Layout ObjectKind::nanme (port.type ())
<< " " << port.nane ()
<< " (" << port.x() << "," << port.y() << ")\n";
}
for (Lidinst = cell.first(Lid::Celllnstance); inst; ++inst)
{
cout << " INSTANCE " << inst.nane ()
<< " cell=" << inst.cell Ref().nanme ()
<< " orient=" << inst.orient() << endl;
}
for (Lidtext = cell.first (Lid::Text); text; ++text)
{
cout << " TEXT " << (text.name () ? text.nanme () : "noname")
<< " string=" << text.string () << endl;
}
for (Lid path = cell.first (Lid::Path); path; ++path)
{
cout << " PATH " << path.nane () << endl;
for (Lid obj = path.first (Lid::PathCbj); obj; ++obj)
{
switch (obj.type ())
{
case Lid::Segnent: cout << " SEG "; break;
case Lid:: Via: cout << " VIA "; break;
case Lid::String: cout << " STR "; break;
defaul t:
cerr << "ERROR Invalid path object!\n";
exit (1);
}

if (obj.type () == Lid::Segment || obj.type () == Lid::Via)
{
cout << " WE" << obj.wi dth()
<< " LEV=" << obj.layer()
<< " " << obj.x() << " " << 0bj.y();

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

cout << " " << obj.x1() << " " << obj.yl();
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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.nane () ? net.name() : "<noname>")
<< " group=" << (net.group () ? net.group() : "<nonane>")
<< 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().nanme () << endl;
else if (ref.type () == Lid::InstPortRef)
{
cout << " i nst Port Ref:
<< ref.portRef().nanme ()
<< " inst=" << ref.instRef ().nane () << endl;
}
el se
{
cerr << "Invalid type for net referencel\n";
exit (1);
}
}
}
}
return O;
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