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ABSTRACT

The development of microelectronics is an important factor in improving quality
of life. Most of electrical equipments have integrated circuit as important component. A
standard cell is one type of Application Specification Integrated Circuits or ASIC. Its
physical layout design methodology is semi-custom design or cell-based design. The
layout of the design consists of fixed cells, which were physically designed, placed in
rows and routed. Both of placement and routing complexity are NP-Complete problem.
In the past solving of physical layout design focused solely on minimizing the size of
layout. Consequently, the resulted layout had inefficient performance. To accommodate
the problem, this reseach work applies an hierarchical placement methodology and
considers factors which impact the placement and routing, in order to assign an
appropriate cost function under the simulated annealing algorithm. The designed layout is

expected to work properly and meet the desired requirement.
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Fast Simulated Annealing 148% Very Fast Simulated Annealing hudu ualideeldiila
=1 a o ' o o g o o d" ]
AU :amam‘h’flumimmmmmﬂan‘vm{]mmsﬂmmzﬂuﬂ%%awugmﬂaiwz
b4 b4
palumsudilgm dniuluauiseiidmeld Boltzmann Annealing udyjaiumsan
° o o ] Py &
3T mmmsmmmmmﬂaﬂ‘vurﬂmmam ﬂﬁ]uaﬂmwuﬂumiamzﬂmaﬂumsuﬁ'

Paywwedyannadaiadidanssiiu

Algorithm Simulated_Annealing()
initial solution (i)
initial temperature (T)
do
do
J = generate(i)
if accept(AC,T) then
i=j
until cost is in equilibrium
reduce(T)
until cost cannot be reduced any further

End

gﬂﬁ 3.1 t&ﬁﬂﬂﬁﬁﬂﬂ?ﬁn Simulated_ Annealing()
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Algorithm Accept(AC,T)
AcC = cost(j) - cost(i)
if AC <0 then /* new cost is less than or equal to the old cost */
return(ACCEPT) /* accept the new configuration */
else
randomly generate a number r between 0 and 1
-AC

if r <exp (—T—) then return (ACCEPT)

else return(REJECT)
End

517 3.2 uerawanasiy Accept(AC,T)
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4. MSAIVAUYUNYL (Annealing Schedule)

Annealing Schedule %38 Cooling Schedule {Hunsaruguargungd
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(Transition) MUNGUIMIASIAMAATYBY Markov Chain [17] Wgeul ldNdyom
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4.1 DIIVBNVVNVITINUVURAUTU (Hierarchical Design)
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4.2 MIIAINWVVIAVIU (Hierarchical Placement)
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4.3 MImuanuNiaeszang (Area Estimation)
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4.4 M39angura (Cell Clustering)
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Algorithm Global_Routing()
For Each Net n
Identify the pin of Net n
Segment Decomposition
Identify Switable Segment
Optimize Track Density
Endfor

End
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Algorithm Greedy_Channel_Route()

initial channel width

initial minimum jog length

initial steady net constant

fori=1tom

forj=1ton

make feasible top and bottom connections in minimal
free up as many tracks as possible by collapsing split nets
add jogs to reduce the range of split nets
add jogs to raise rising nets and lower falling nets
widen channel if infeasible top or bottom connections

extend to next column

end for
end for
End
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6.1 MCNC Benchmark
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Benchmark # Cell # Net #1/0 Pins/Net Pins/Cell
SCO (fract) 125 147 24 2.79 3.63
SC1 (primary 1) 752 985 81 3.35 3.97
SC2 (struct) 1,088 1,920 64 2.82 2.86
SC3 (primary 2) 2,907 3,136 107 3.83 3.99
SC5 (biomed) 6,417 5,742 97 3.88 3.47
SC6 (industry 2) 12,142 13,419 495 3.57 3.95
SC7 (industry 3) 15,059 21,940 375 3.1 4.52
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// areaview.cpp : implementation file //

#include "stdafx.h”
#include "std4.h"
ttinclude "std4doc.h"
#include "areaview.h”
#include "time.h"

#include "scmos.h"

void AreaView::EstimateWidth()
{
int width;
CString Name;
NetworkList  *TmpListHead;
CStd4Doc* pDoc = (CStd4Doc *)GetDocument();

pDoc->EstimateCoreWidth = 0;

/l AU LINK NetworkListHead
TmpListHead = pDoc->NetworkListHead;
while (TmpListHead != NetworkListNull) {
Name = TmpListHead->ModuleName;
width = pDoc->WidthInLib(Name);
if (width >0)
pDoc->EstimateCoreWidth += width;
else |
MessageBox(Name,” Not Found In Library ",MB_OK),
break;

60



}

TmpListHead = TmpListHead->Link;

width = pDoc->EstimateCoreWidth%pDoc->NumOfRow;

61

pDoc->EstimateCoreWidth = (pDoc->EstimateCoreWidth/pDoc->NumOfRow) + width;

void AreaView::EstimateHeight(CDC* pDC)

{

// Clear Old File

remove("CHANNEL.$$$"); /* open file And Clear Data Inittial Placement */

"

CStd4Doc* pDoc = (CStd4Doc *)GetDocument();

pDoc->EstimateCoreHeight = 0;

Status = ChannelNo = 1;

R1TmpRowHead = R2TmpRowHead = pDoc->RowListHead;

while (R2TmpRowHead->Link != NULL) {

// Draw Channel

ViewChannel(pDC);

FeedThrough = InChannel = OutChannel = 0;
R2TmpRowHead = R1TmpRowHead->Link;
// step 1. Find Signal In Channel

ChanNel(1);  //1=Top

ChanNel(2); // 2 = Bottom

/I step 2. Left Edge Algorithum (Caculate Channel)
LeftEdge();

// Skip

RI1TmpRowHead = R2TmpRowHead;
ChannelNo += I;

Status += 1;



62

pDoc->EstimateCoreHeight += pDoc->NumOfRow* pDoc->CellHeight;

void AreaView::LeftEdge()
{
char TrackNo,MinFound;
int X1,X2;
HorSegmentList  TmpHorSegment,*SeedPoint,*BeginSort,*MinSegment,*Select;
CStd4Doc* pDoc = (CStd4Doc *)GetDocument();
if (HorSegmentHead == NULL)
return;
PreLeftEdge();
// Step 1. Sort By Location
SeedPoint = HorSegmentHead;
while ( SeedPoint->Link = NULL) {
MinFound = 0;
MinSegment = SeedPoint;
X1 = SeedPoint->X1Location;
BeginSort = SeedPoint->Link;
while( BeginSort != NULL) {
if ( BeginSort->X1Location < X1) {
MinFound = 1;
X1 = BeginSort->X1Location;
MinSegment = BeginSort;
}
BeginSort = BeginSort->Link;
}
// step 2. Adjust Link List
if ( MinFound ) {

strepy(TmpHorSegment.SignalName,SeedPoint->SignalName);
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TmpHorSegment. X 1Location = SeedPoint->X1Location;
TmpHorSegment. X2 ocation = SeedPoint->X2Location;
strcpy(SeedPoint->SignalName,MinSegment->SignalName);
SeedPoint->X1Location = MinSegment->X1Location;
SeedPoint->X21.ocation = MinSegment->X2].ocation;
strcpy(MinSegment->SignalName, TmpHorSegment.SignalName);
MinSegment->X1Location = TmpHorSegment.X1Location;
MinSegment->X2Location = TmpHorSegment. X2 ocation;
}
SeedPoint = SeedPoint->Link;
}
// step 3. Assigned To Track
TrackNo = 1;
SeedPoint = HorSegmentHead;
while ( SeedPoint != NULL) {
if ( SeedPoint->TrackNo == 0) {
SeedPoint->TrackNo = TrackNo;
SeedPoint->BenchNo = 2;
X1 = SeedPoint->X1Location;
X2 = SeedPoint->X2Location;
Select = SeedPoint->Link;
while( Select != NULL) {
if ( ( Select->X1Location == X1 ) && ( Select->X2Location
== X2 ) && (Select->TrackNo == 0) ) {
Select->TrackNo = -1; // OverLap
Select->BenchNo = 3;
X1 = Select->X1Location;

X2 = Select->X2Location;



else
if ( ( Select->X1Location > X2 ) && (Select->
TrackNo == 0) ){
Select->TrackNo = TrackNo;
Select->BenchNo = 2;
X1 = Select->X1Location;
X2 = Select->X2Location,;
}
Select = Select->Link;
}
TrackNo += 1;
J
SeedPoint = SeedPoint->Link;
}
// step 4. Estimate Height
pDoc->EstimateCoreHeight += (TrackNo+1)*(int)VSpaceLayerl ;
/[ step 5. Write To File
‘WriteChannel();
// step 5. Free List

FreeHorSegment();



// cluster.cpp : implementation file

1

#include "stdafx.h"
#include "std4.h"
#include "std4doc.h"

#include "cluster.h"

It

65

double ClusterView::Anealing(CDC* pDC)
{

FILE *stream;

int eqilibrium,FixedCost;

double oldcost,newcost,goodcost,goodcf;

double T;

CStd4Doc* pDoc = (CStd4Doc *)GetDocument();

// writ cost fro create graph

if ((stream = fopen("COST.$$$", "wb™)) == NULL)

{
fprintf(stderr, "Cannot open output file\n");
return 0;

}

T = pDoc->MaxTime;

eqilibrium = pDoc->MaxEqui;

StableCost = FixedCost = 0;

oldcost = newcost = goodcost = 0;

if (IT && leqilibrium)
return 0;

// Sm Algorithm start

InitState();
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goodcost = oldcost = CostFun(pDC);
goodcf = newcf;
fwrite(&oldcost, sizeof(oldcost), 1, stream);
GoodState();
while (T >=1.0) {
// satisfied point
while (eqilibrium = 0) {
// equilibrium point
ExchangeState();
newcost = CostFun(pDC);
pDoc->ViewRowArea(10, 20, pDC);
if (newcost < goodcost) {
goodcost = newcost;
FixedCost = 0;
StableCost = 0;
if (CriticalAccept && (newcf < goodcf)) {
goodcf = newcf;

GoodState();

else
FixedCost++;
if (FixedCost > 2*pDoc->MaxEqui)
StableCost = 1;
fwrite(&newcost, sizeof(newcost), 1, stream);
pDoc->DispState(pDC ,T eqilibrium,newcost,goodcost);
if (pDoc->AcceptState(newcost,oldcost,T))
oldcost=newcost; // accept this state
else

OldState(); // not accept new state



eqilibrium--;

}

eqilibrium = pDoc->MaxEqui;

/leqilibrium = eqilibrium-(eqilibrium*0.5);

T=pDoc->UpdateTemp(T);
}
pDoc->DispState(pDC ,T,eqilibrium,newcost,goodcost);
fclose(stream); /* close file */

return goodcost;

double ClusterView::CostFun(CDC* pDC)
{

double cost;

char Pin,First;

int XPosition, YPosition;
long int CL;

unsigned int CF;

RECT Box;
CString SignalName,InstanceName,Name;

NetworkList ~ *TmpNet;

SignalList *TmpSignalList;
RouteList *TmpRouteList;
PinList *TmpPinList;

CStd4Doc* pDoc = (CStd4Doc *)GetDocument();
TmpRouteList = pDoc->RouteListHead;
if (InitCost) {

InitCost = 0; // Off
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while(TmpRouteList != NULL) {

First = 1;

Pin=0;

SignalName = TmpRouteList->SignalName;

TmpPinList = PinListHead = pDoc->AllocPin(TmpRouteList->

NumOfPin);

while(Pin<TmpRouteList->NumOfPin) {

pDoc->XYPlace(SignalName,&InstanceName,&
XPosition,& Y Position,First);

strepy(TmpPinList->InstanceName,InstanceName);
TmpPinList->Row = YPosition;
pDoc->BoundingBox(XPosition, YPosition, First,&Box, TmpRouteList);
TmpPinList = TmpPinList->Link;
Pin += 1;
First = 0;

}

TmpRouteList->NumOfFeed = CountFeed(PinListHead);

pDoc->ClearPinList(PinListHead);

TmpRouteList = TmpRouteList->Link;

else {
RowList *RTmpRowHead;
PlacementList *TmpPlaceList;
for (char n=1; n<=2; n++) |
f(n==1)
RTmpRowHead = R1TmpRowHead;
else
RTmpRowHead = R2TmpRowHead;

TmpPlaceList = RTmpRowHead->PlacementList;
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while( TmpPlaceList != NULL) {
TmpNet = TmpPlaceList->NetworkLink;
TmpSignalList = TmpNet->SignalListHead;
while ( TmpSignalList != NULL) {
SignalName = TmpSignalList->SignalName;
TmpRouteList = pDoc->RouteListHead;
while(TmpRouteList != NULL) {
Name = TmpRouteList->SignalName;
if (Name == SignalName)
break;
TmpRouteList = TmpRouteList->Link;
}
if ( TmpRouteList |= NULL) {
First = 1;
Pin = 0;
TmpPinList = PinListHead = pDoc->AllocPin
(TmpRouteList->NumOfPin);
while(Pin<TmpRouteList->NumOfPin) {
pDoc->XYPlace(SignalName,
&lInstanceName,
&XPosition,
&YPosition,First);
strcpy(TmpPinList->InstanceName,
InstanceName);
TmpPinList->Row = YPosition;
pDoc->BoundingBox(XPosition, YPosition,
First,&Box,TmpRouteList)
Pin += 1;
First = (;

TmpPinList = TmpPinList->Link;
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}
TmpRouteList->NumOfFeed = CountFeed
(PinListHead);
pDoc->ClearPinList(PinListHead);
}
TmpSignalList = TmpSignalList->Link;
}
TmpPlaceList = TmpPlaceList->Link;

}

// Sum Cost

cost = 0.0;

CL=CF=0;

TmpRouteList = pDoc->RouteListHead;

while(TmpRouteList != NULL) {
CL += CriticalPath(TmpRouteList); // Cost For Wire Length
CF += TmpRouteList->NumOfFeed;

TmpRouteList = TmpRouteList->Link;

/I Aspect Cost
DispCost(pDC,CL,CF);
newcf = (double)CF;
if (CL==0)

CriticalAccept = [;
else

CriticalAccept = 0;
cost = (double)}(CL + CF);

return cost;
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char ClusterView::CountFeed(PinList *PinListHead)
{
char  NumOfFeed=0;
PinList *FirstPin,*SecoundPin;
CStd4Doc* pDoc = (CStd4Doc *)GetDocument();
FirstPin = PinListHead;
pDoc->SortYLocation(PinListHead);
while (FirstPin->Link != NULL) {
SecoundPin = FirstPin->Link;
if ( (SecoundPin->Row - FirstPin->Row) >= 2 )
for ( char i= (int)FirstPin->Row+1; i<= (int)SecoundPin->Row-1; i++)
NumOfFeed++;
FirstPin = FirstPin->Link;
}

return NumOfFeed;

int ClusterView::CriticalPath(RouteList *TmpRouteList)

{

int Len;
CString Namel,Name2;
char found;

CriticalNetList *Net;

CStd4Doc* pDoc = (CStd4Doc *)GetDocument();
found = 0;

Namel = TmpRouteList->SignalName;

Net = pDoc->CriticalNetListHead;

while (Net != NULL) {

Name2 = Net->SignalName;



if (Namel == Name2) {
found=1;

break;

else
Net = Net->Link;
}
if (found)
if (TmpRouteList->Length > Net->MaximumLength)
Len = (int)(TmpRouteList->Length - Net->MaximumLength);

else

else
Len = 0;

return Len;

T2



// floorpin.cpp : implementation file

I

#include "stdafx.h”
#include "std4.h”
#include "stdddoc.h”
#include "floorpln.h"

#include "math.h"

1/
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double FloorView::Anealing(CDC* pDC)
{
FILE *stream;
int eqilibrium;
double oldcost,newcost,goodcost;
double T;
CStd4Doc* pDoc = (CStd4Doc *)GetDocument();

// writ cost fro create graph
if ((stream = fopen("COST.$$$", "wb")) == NULL)
{

fprintf(stderr, "Cannot open output file\n");

return O;

T = pDoc->MaxTime;

eqilibrium = pDoc->MaxEqui;
oldcost = newcost = goodcost = 0;
if C!T && leqilibrium)

return O;
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// Sm Algorithm start

InitState();

goodcost = oldcost = CostFun(pDC);

fwrite(&oldcost, sizeof(oldcost), 1, stream);

GoodState();

GoodRoute();

while (T >= 1.0) |

// satisfied point

while (eqilibrium != 0) {

}

// equilibrium point
ExchangeState();
newcost = CostFun(pDC);
pDoc->ViewRowArea(10, 20, pDC);
if (newcost < goodcost) {
goodcost = newcost;
GoodState();
GoodRoute();
!
fwrite(&newcost, sizeof(newcost), 1, stream);
pDoc->DispState(pDC ,T,eqilibrium,newcost,goodcost);
if (pDoc->AcceptState(newcost,oldcost,T))
oldcost=newcost; // accept this state
else
OldState(); // not accept new state

eqilibrium--;

eqilibrium = pDoc->MaxEqui;

//eqilibrium = eqilibrium-(eqilibrium*0.5);



T=pDoc->UpdateTemp(T);

}

pDoc->DispState(pDC ,T eqilibrium,newcost,goodcost);

fclose(stream); /* close file */

return goodcost;

double FloorView::CostFun(CDC* pDC)

{

double

char

int

unsigned int
CString
RouteList
PinList

struct point

cost;

Pin,First;

XPosition, YPosition,n;

CF,CA;
SignalName,InstanceName,Name;
*TmpRouteList;

*TmpPinList;

CStd4Doc* pDoc = (CStddDoc *)GetDocument();

ClearFeed();

TmpRouteList = pDoc->RouteListHead;

while(TmpRouteList = NULL) {

if ( TmpRouteList->NumOfPin > 1) {

First = 1;

n=Pin=0;

[* Zero out the entire point set. */
(void) memset(&pts, 0, sizeof (pts));
p = &(pts.a[0]);

SignalName = TmpRouteList->SignalName;

75



76

while(Pin<T'mpRouteList->NumOfPin) {
pDoc->XYPlace

(SignaiName,&InstanceName,&XPosition,& Y Position,First);

//strecpy(TmpPinList->InstanceName,InstanceName);
//TmpPinList->XLocation = XPosition;
/[TmpPinList->Row = YPosition;
Pin += I;
First = 0;
p > x = XPosition;
p > vy = (YPosition * pDoc->ChannelHeight) +
(YPosition*pDoc->CellHeight);
p -> r = YPosition;
p -> pnum = ((pnum_t) n);
p -> other_pnum = ((pnum_t) n);
++n;
+4D;
/fTmpPinList = TmpPinList->Link;
}
/fpDoc->ClearPinList(PinListHead);
pts.n = (pnum_t) n;
if (Pin>1)
TmpRouteList->NumOfFeed =
Do_Minimum_Spanning_Tree(&pts,SignalName,0);
}
TmpRouteList = TmpRouteList->Link;

// Sum Cost

cost = 0.0;
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CA=CF=0;

TmpRouteList = pDoc->RouteListHead;

while(TmpRouteList != NULL) {
//CL += (int)TmpRouteList->Length; // Cost For Wire Length
CF += TmpRouteList->NumOfFeed;
TmpRouteList = TmpRouteList->Link;

}

/! Aspect Cost

cost = AspCost();

DispCost(pDC,CF,CA);

return cost;

double FloorView::AspCost()

{

head,deadspace;

first;

RowList  *TmpRowHead;

FeedList *Feed;

CStd4Doc* pDoc = (CStd4Doc *)GetDocument();
first = 1;

Feed = FeedListHead;

TmpRowHead = pDoc->RowListHead;

while (TmpRowHead != NULL) {

pDoc->RowWidth(TmpRowHead);
if ( (TmpRowHead->RowNo >= 1) &&
(TmpRowHead->RowNo < pDoc->NumOfRow-1) ) {
// Add Feed
TmpRowHead->RowWidth += Feed->FeedCount*pDoc->FeedSize;
Feed = Feed->Link;
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}
if (first) {
first = 0

MaxWidth =  TmpRowHead->RowWidth;

else
if (TmpRowHead->RowWidth > MaxWidth)MaxWidth = (double)
TmpRowHead->RowWidth;
TmpRowHead = TmpRowHead->Link;
}
head = deadspace =0;
TmpRowHead = pDoc->RowListHead;
while (TmpRowHead != NULL) {
if (- TmpRowHead->RowNo == 0 ||
TmpRowHead->RowNo == pDoc->NumOfRow-1 )
head += abs(TmpRowHead->RowWidth - MaxW);
else
deadspace += abs(TmpRowHead->RowWidth - MaxW);
//deadspace += abs(TmpRowHead->RowWidth - 648);
//deadspace += abs(TmpRowHead->RowWidth - maxwidth);
//deadspace += abs(TmpRowHead->RowWidth - pDoc->EstimateCoreWidth);
TmpRowHead = TmpRowHead->Link;
}
/freturn ( head*head + deadspace );
//return ( maxwidth + deadspace );
//return ( deadspace );
/freturn ( MaxWidth );
return ( sqrt(MaxWidth)*sqrt(MaxWidth) + sqrt(head + deadspace) )

/freturn ( head + deadspace );



// placevie.cpp : implementation file

/)

#include "stdafx.h"
#include "std4.h"
#include "std4doc.h”
#include "placevie.h"”

#include "math.h"

i

// PlaceView message handlers

79

1

double PlaceView::Anealing(CDC* pDC)
{
FILE *stream;
int eqilibrium;
double oldcost,newcost,goodcost;
double T;
CStd4Doc* pDoc = (CStd4Doc *)GetDocument();

// writ cost fro create graph
if ((stream = fopen("COST.$$$", "wb")) == NULL)
{

fprintf(stderr, "Cannot open output file\n");

return O;

T = pDoc->MaxTime;

eqilibrium = pDoc->MaxEqui;
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oldcost = newcost = goodcost = (;
it (IT && leqilibrium)

return O;
// Sm Algorithm start

InitState();

goodcost = oldcost = CostFun(pDC);
fwrite(&oldcost, sizeof(oldcost), 1, stream);
GoodState();
while (T >= 1.0) {
// satisfied point
while (eqilibrium != 0) {
// equilibrium point
ExchangeState();
newcost = CostFun(pDC);
pDoc->ViewRowArea(10, 20, pDC);
if (newcost < goodcost) {
goodcost = newcost;
GoodState();
}
fwrite(&newcost, sizeof(newcost), 1, stream);
pDoc->DispState(pDC ,T eqilibrium,newcost,goodcost);
if (pDoc->AcceptState(newcost,oldcost,T))
oldcost=newcost; // accept this state
else
OldState(); // not accept new state
eqilibrium--;
}
eqilibrium = pDoc->MaxEqui;

/feqilibrium = eqilibrium-(eqilibrium*0.5);



T=pDoc->UpdateTemp(T);
}

pDoc->DispState(pDC ,T eqilibrium,newcost,goodcost);

fclose(stream); /* close file */

return goodcost;

double PlaceView::CostFun(CDC* pDC)

{

double cost;
char Pin,First;
int XPosition, Y Position;

long int  CL,CRT;

RECT Box;

CString SignalName,InstanceName,Name;
NetworkList *TmpNet;

SignalList *TmpSignalList;

RouteList *TmpRouteList;

CStd4Doc* pDoc = (CStd4Doc *)GetDocument();

TmpRouteList = pDoc->RouteListHead;
if (JmtCost) {
InitCost = 0; // Off
while(TmpRouteList != NULL) {
First = 1;
Pin =0;

SignalName = TmpRouteList->SignalName;

81
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while(Pin<T'mpRouteList->NumOfPin) {

pDoc->YPlace(SignalName,&InstanceName,
&XPosition,& YPosition, First);
pDoc-> BoundingBox(XPosition, YPosition,First,
&Box,TmpRouteList);

Pin +=1;
First = 0;

}

TmpRouteList = TmpRouteList->Link;

else {
RowList *RTmpRowHead;

PlacementList *TmpPlaceList;

RTmpRowHead = R1TmpRowHead,;
TmpPlaceList = RTmpRowHead->PlacementList;
while( TmpPlaceList != NULL) {
TmpNet = TmpPlaceList->NetworkLink;
TmpSignalList = TmpNet->SignalListHead;
while ( TmpSignalList != NULL) {
SignalName = TmpSignalList->SignalName;
TmpRouteList = pDoc->RouteListHead;
while(TmpRouteList = NULL) {

Name = TmpRouteList->SignalName;
if (Name == SignalName)
break;

TmpRouteList = TmpRouteList->Link;

}
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if ( TmpRouteList = NULL) {
First = 1;
Pin = 0;
while(Pin<TmpRouteList->NumOfPin) {
pDoc- > XYPlace(SignalName,
&InstanceName,
&Xposition,
&YPosition,First);
pDoc- >BoundingBox(XPosition,YPosition,
First, &Box,TmpRouteList);
Pin += 1;

First = O;

}
TmpSignalList = TmpSignalList->Link;
}

TmpPlaceList = TmpPlaceList->Link;

// Sum Cost

cost = 0.0;

CRT=CL = 0;

TmpRouteList = pDoc->RouteListHead;

while(TmpRouteList != NULL) {
CRT += CriticalPath(TmpRouteList);  // Cost For Wire Length
CL += (int)TmpRouteList->Length; // Cost For Wire Length
TmpRoutgList = TmpRouteList->Link;

}

DispCost(pDC,CL,CRT);



if (CRT==0)
CriticalAccept = I;
else
Critical Accept = 0;
cost = (double)(sqrt((double)CRT)*sqrt((double)CRT)+sqrt((double)CL));

return cost;
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// globalvi.cpp : implementation file

I

#include "stdafx.h"
#include "std4.h"
#include "std4doc.h”
#include "globalvi.h"

#include "steiner.h"”

I TR
// GlobalView drawing

void GlobalView::PinCluster()
{

CString SignalName,InstanceName;
char First,Pin;

int XPosition, YPosition;
RouteList *TmpRouteList;

PinList *TmpPinList;

int n,mst,mrst;

struct point *pmst,*prst, *pt;

CStd4Doc* pDoc = (CStd4Doc *)GetDocument();

TmpRouteList = pDoc->RouteListHead,;
while(TmpRouteList != NULL) {
if ( TmpRouteList->NumOfPin > 1) {
First = 1;
n=Pin=0;

/¥ Zero out the entire point set. */
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(void) memset(&ptsmst, 0, sizeof (ptsmst)); // for mst
pmst = &(ptsmst.a[0]);
(void) memset(&ptsrst, 0, sizeof (ptsrst)); /7 for rst
prst = &(ptsrst.a[0]);
(void) memset(&ptrst, 0, sizeof (ptrst)); // for temp rst
pt = &(ptrst.af0]);
SignalName = TmpRouteList->SignalName;
while(Pin<TmpRouteList->NumOfPin) {
pDoc->XYPlace(SignalName,&InstanceName,
&XPosition,& YPosition,First);
Pin += 1;
First = 0;
pmst->X = pISt->x = pt->X = XPosition;
pmst->y= (YPosition * pDoc->ChannelHeight)
+(YPosition*pDoc->CellHeight);
pmst->r = prst->r = pt->r = YPosition;
pmst->pnum = prst->pnum = pt->pnum =
((pnum_t) n);
pmst->other_pnum = pt->other_pnum =
((pnum_t) n);
++n;
++pmst; ++prst; +4+pt;
}
ptsmst.n = ptsrst.n = ptrst.n = (pnum_t) n;
if (Pin>=2) {
if ( CriticalNet(SignalName) ) |
mrst = Do_Kahng_Robins_Len(&ptsrst);
if ( RstInsertFeed(&ptsrst,&ptrst,SignaiName)) {
mst = Do_Minimum_Spanning_Tree_Len

(&ptsmst);



}
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MstInsertFeed(&ptsmst,SignalName);

else {
Do_Minimum_Spanning_Tree_Len(&ptsmst);

MstInsertFeed(&ptsmst,SignalName);

}
TmpRouteList = TmpRouteList->Link;

pDoc->GoodState("GLOBAL.$$$");

int GlobalView::Do_Minimum_Spanning_Tree_Len(struct pset *pts)

{

int
struct edge
struct point

[/struct edge

1,n,mst_len;
*ep;
*pl,*p2;

m[MAX_TERMINALS - 1J;

CStd4Doc* pDoc = (CStd4Doc *)GetDocument();

Nmst = n = mst(pts, &m[0]);

mst_len = 0;

for (i = 0; i < n; i++) {

ep = &mli};

pl = &(pts > a [ep -> pl]);

p2 = &(pts -> a [ep -> p2]);

mst_len += ep -> len;
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}

return (mst_len);

// * This routine computes an approximate Steiner Minimal Tree using

// * the Kahng-Robins heuristic, and plots the result.

int GlobalView::Do_Kahng_Robins_Len( struct pset *pts)

{

int i,n,save_n;

struct edge *ep;

struct point *pl,*p2;

int kr_len;

struct edge m[MAX_POINTS];

CStd4Doc* pDoc = (CStd4Doc *)GetDocument();

save_n = pts -> n;
Nrst = n = kahng_robins (pts, 0, &m [0]);
kr_len = 0;
for i =0;1<n;i++) {
ep = &m [i];
pl = &(pts > a [ep -> pl]);
p2 = &(pts -> a [ep -> p2));
kr_len += ep -> len;
}

return (kr_len);



void GlobalView::SwitchSegment(CString SignalName,CString InstNamel,CString
InstName?2)
{

FILE *stream;

SegmentList NewSegment;

CStd4Doc* pDoc = (CStd4Doc *)GetDocument();

if ((stream = fopen("SWSEGM.$$$", "ab")) == NULL) /* open file Inittial
Placement */
{
fprintf(stderr, "Cannot open output file\n");

return;

strcpy(NewSegment.InstName1,InstNamel);
strcpy(NewSegment.InstName?2,InstName2);
strcpy(NewSegment.SignalName,SignalName),
if (ChannelNo == pDoc->NumOfRow)

ChannelNo -= 1;

NewSegment.ChannelNo = NewSegment.AssignTo = ChannelNo;
NewSegment.SwOrFx = 'S’ ;
NewSegment. X1 = NewSegment.X2 = 0;
NewSegment.SegmentNo = N;

fwrite(&NewSegment, sizeof(SegmentList), 1, stream);

N-++;

fclose(stream); /* close file */
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// trckview.cpp : implementation file

/i

#include "stdafx.h”
#include "std4.h"
#include "trckview.h”

#include "std4doc.h”

double TrckView::Anealing(CDC* pDC)
{
FILE *stream;
int eqilibrium;
double oldcost,newcost,goodcost;
double T;

CStd4Doc* pDoc = (CStd4Doc *)GetDocument();

/] writ cost fro create graph
if ( (stream = fopen("COST.$$$", "wb")) == NULL )
{
fprintf(stderr, "Cannot open output file\n");
return 0;
}
T = pDoc->MaxTime;
eqilibrium = pDoc->MaxEqui;
oldcost = newcost = goodcost = 0;
if (IT && leqilibrium)
return O;
// Sm Algorithm start
InitState();

goodcost = oldcost = CostFun(pDC);



fwrite(&oldcost, sizeof(oldcost), 1, stream);
GoodState(); // Skip
while (T >= 1.0) {
// satisfied point
while (eqilibrium != 0) {
// equilibrium point
ExchangeState();
newcost = CostFun(pDC);
/lpDoc->ViewRowArea(10, 20, pDC);
if (newcost < goodcost) {
goodcost = newcost;
GoodState();
}
fwrite(&newcost, sizeof(newcost), 1, stream);

pDoc->DispState(pDC ,T,eqilibrium,newcost,goodcost);

if (pDoc->AcceptState(newcost,oldcost,T))
oldcost=newcost; // accept this state
else
OldState(); // not accept new state
eqilibrium--;
}
eqilibrium = pDoc->MaxEqui;
/feqilibrium = eqilibrium-(eqilibrium¥*0.5);
T=pDoc->UpdateTemp(T);
}
pDoc->DispState(pDC ,T,eqilibrium,newcost,goodcost);
fclose(stream); /* close file */

return goodcost;
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double TrckView::CostFun(CDC* pDC)

{

double  cost=0;

SegList *TmpSeg,*FxSeg;

CStd4Doc* pDoc = (CStd4Doc *)GetDocument();

GetState();

TmpSeg = SegHead,;

FxSeg = FixedSegHead;

while( TmpSeg != NULL) {
cost += (double)abs( (TmpSeg->SegNo+FxSeg->SegNo) -DBAR );
TmpSeg = TmpSeg->Link;
FxSeg = FxSeg->Link;

}

return cost;
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/I gredview.cpp : implementation file

I

#include "stdafx.h"”
#include "std4.h"
#tinclude "gredview.h”
#include "std4doc.h”

#include "scmos.h”

T T T
void GredView::GreedyRoute(char ChannelNo,CDC *pDC )
{
inti=1;
ClearTrack();
TmpTBarLine = TBarLineHead;
TmpBBarLine = BBarLineHead;
while ( TmpTBarLine {= NULL) {
// Clear VT & VB
VT.X1 = VT.X2 = 0;
strcpy(VT.SignalName,"NULL");
VTEmpty.X1 = VTEmpty.X2 = 0;
strepy(VTEmpty.SignalName,"NULL");
VB.X1 = VB.X2 = 0;
strepy(VB.SignalName,"NULL");
VBEmpty. X1 = VBEmpty.X2 = 0;
strcpy(VBEmpty.SignalName,"NULL");
// Step By Step
GreedyStepl( pDC );
GreedyStep2( pDC );
GreedyStep3( pDC );



%4

GreedyStep4( pDC );

GreedyStep6( pDC );

FreeCollap();

TmpTBarLine = TmpTBarLine->Link;

TmpBBarLine = TmpBBarLine->Link;

void GredView::AddDoglegs(CollapList *TmpCollapList,TrackList *Track,CString

TOrB)
{
char TrackNo,Add;
mt Start,End;
VerList Doglegs,Ove rLap;
TrackList *TmpTrack;
Add = 0;
Start = ROW;

End = Start + ( (InitialChannelWidth + | ) * (int)VSpaceLayerl. );

if ( TOrB == "TOP™" )
TmpTrack = TrackHead,;
else
TmpTrack = TrackLast;
TrackNo = 0;
while( TmpTrack != NULL ) {
if ( Istremp(TmpTrack->SignalName, "NULL") ) |{
TrackNo = TmpTrack->ChannelNo;
if ( TOrB == "TOP" ) |
Doglegs.X1 = Start + (TrackNo * (int)VSpacelayerl );

Doglegs. X2 = End;
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else {
Doglegs. X1 = Start;
Doglegs. X2 = Start + (TrackNo * (int)VSpaceLayerl );
}
OverLaplnVerList(&OverLap,Doglegs. X1,Doglegs. X2);
if ( !'strcmp(OverLap.SignalName,"NULL") ) |{
Add = 1;
break;
}
else if ( Istrcmp(OverLap.SignalName,TmpCollapList->
SignalName) ){
if ( !OverLapOther(TmpCollapList->
SignalName,TmpCollapList->
X1, TmpCollapList->X2) ) {
UpdateInVerList(TmpCollapList->
SignalName,Doglegs.X1,Doglegs.X2);
strepy(TmpTrack->SignalName, TmpCollapList->
SignalName);

break;

}
if ( TOrB == "TOP" )
TmpTrack = TmpTrack->Link;
else
TmpTrack = TmpTrack->Prev;
}
if ( (Doglegs.X2 -Doglegs. X 1) > (unsigned int)MinimumJogLength
&& TmpTrack '= NULL && Add) {



AddToVerList(Doglegs.SignalName,Doglegs. X 1,Doglegs. X2);
strepy(TmpCollapList->SignalName,"NULL");

strcpy{ Track->SignalName,"NULL");
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MaRUIn A. MCNC Benchmark

gﬂsm‘u Yal Description

Copyright (C) 1987 by Bryan Preas and Ken Roberts.
All rights reserved.

Date: March 1, 1987

Modified: To accomodate rectilinear cells, power and ground nets
with current and voltage restrictions, and the specification

of critical net lengths.

The new YAL is not compatible with the old.

Jonathan Rose, November 18, 1987

I. General Comments

Comments are delimited by "/* " and " */". Comments MAY extend

across physical line boundaries.

White space is the delimiter between tokens. White space is one
or more of any combination of space, tab, line feed, or carriage

return.

The data is free format. A semicolon, ";", is the logical line
terminator. Any number (O or more) of white space characters may
separate a semicolon. A logical line can occupy more than one
physical line (characters separated by carriage returns). Any
number of logical lines can occupy a physical line.

"name"s are used for modules (cell definitions), cell instances



98

(instatiations of modules), and signals (or nets). "name"s may
contain any character except white space and semicolon. "name”s
need not start with a letter. (e.g., "2" is a valid name). Case

is significant; the name "Al1" is different from the name "al".

|vl|v

In the following descriptions, "I" means OR: choose one item from

the list separated by the "I". ltems between square brackets,

"[* and "]", indicate optional fields on a logical line. EI-

lipsis, ". . .", (either horizontal or vertical) indicate that

the preceding field or line should be repeated as necessary.
Words between angle brackets, "<" and ">", are used as intermedi-
ate (non-terminal) definitions in the language. WORDS in upper

case are keywords of the language.

"number"s are reals and are specified in microns.

Design rules are NOT specified in this language. Look in the

text of circuit descriptions or cell libraries for design rules.

1. Module Definition

A module is a definition of a circuit being laid out or a consti-
tuent (or primitive) cell. The definition for each circuit or
primitive cell begins with "MODULE <modulename>". The definition

ends with "ENDMODULE". A template of a module follows.

MODULE <modulename>;
TYPE <moduletype>;
DIMENSIONS <X 1> <Y1> <X2> <Y2> .... <XN> <YN>
IOLIST;



<signalname> <terminaltype> [<Xposition> | <side>
[ <Yposition> | <position> [<width> <layer>]]]

[CURRENT <current>] [VOLTAGE <voltage>];

ENDIOLIST;

NETWORK

<instancename> <modulename> <signalname> . . . ;

ENDNETWORK;
PLACEMENT

<instancename> <xlocation> <ylocation>

[<reflection>] [<rotation>];

ENDPLACEMENT;
CRITICALNETS;

<signalname> <maximumlength>;

ENDCRITICALNETS;
ENDMODULE;

<modulename> ::= name
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<moduletype> ::= STANDARD | PAD | GENERAL | PARENT | FEEDTHROUGH
<width> ::= number

<height> ::= number

<signalname> ::= name

<terminaltype> :=1i O BIPI{POIPBIFIPWR | GND
<side> ::= BOTTOM | RIGHT | TOP | LEFT

<layer> ::= PDIFF | NDIFF | POLY | METALI | METAL2
<xposition> ::= number

<yposition> ::= number

<position> ::= number

<instancename> ::= name

<xlocation> ::= number

<ylocation> ::= number

<Xi> = number

<Yi> ::= number

<current> ::= number

<voltage> == number

<maximumlength> ::= number

<reflection> ::= RFLNONE | RFLY

<rotation> ::= ROTO | ROT90 | ROT180 | ROT270

The TYPE line is required for all modules. The allowable types are:

STANDARD: an internal, primitive cell that must be
placed on a row or column.

PAD: a driver (pad) cell that should be placed
around the periphery of the chip.

GENERAL: an internal, primitive general cell or
building block.

PARENT: a higher level module to be laid out.
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FEEDTHROUGH: a cell used to connect a signal across

a row.

Whether or not a line (e.g., DIMENSIONS) or a section (NETWORK or
PLACEMENT) within a module is required depends on the TYPE of

module being defined. A TYPE and an IOLIST are always required.

A primitive cell (one to be used as a constituent of a layout:

TYPE = STANDARD, PAD, GENERAL, or FEEDTHROUGH) is assumed to have
been laid out previously and therefore has the following data:

DIMENSIONS and IOLIST; <xposition> or <side>, <yposition> or

<position>, <width> and <layer> are required for each of the 10
<signalname>s within the IOLIST for primitive cells. NETWORK and

PLACEMENT sections are ignored for primitive cells.

A feedthrough cell (TYPE = FEEDTHROUGH) should not appear in a

NETWORK but is inserted into a layout by the layout system as necessary.

A module that defines a circuit to be laid out (TYPE = PARENT)
must have an IOLIST and a NETWORK section. DIMENSIONS are ig-

nored.

The DIMENSIONS line gives the co-ordinates of the the corners of

the rectilinear box, in counter-clockwise order.

The IOLIST section defines the external connections or terminals
of the module; this section shouid be included in definitions of
all modules. Each line in this section defines a segment of con-
nection to a higher level of hierarchy for the module. Each line
must contain at least a <signalname> of an 10 terminal and its

<terminaltype>. Within a module being laid out (TYPE = PARENT) a
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<signalname> on a terminal line in the IOLIST is in the same name
space as the <signalname>s in the NETWORK of that same <modu-
lename>. Each module has its own separate name space. Other
fields may be required depending on the terminal and the module

that contains it as described below.

If a primitive module (TYPE = STANDARD, PAD, GENERAL, or
FEEDTHROUGH) is being defined, the lines within an JOLIST must
contain the <xposition>, <yposition>, <width>, and <layer>. Ter-
minals appear in the order in which they will be referenced in

the NETWORK section of any higher level module. Electrically
equivalent terminals (e.g., in a dual- ported primitive module)

must have the same <signalname>s. (In this case binding between

the terminal <signalname>s of a primitive module and the
<signalname>s of the higher level module are performed in the
order of unique signal names. Refer to the example in Section 3.)

It should be assumed that electrically equivalent terminals can

be used as "feedthroughs™ for the signals connected to them. If
additional over-cell routing is allowed, i.e., for signals not

connected to the cell, terminal locations for these feedthoughs

will appear at the end of the 10 terminal list. Valid

<terminaltype>s are

"T" for input

"O" for output

"B" for bidirectionat

"PI", "PO", "PB" for a pad terminal on a primitive,
where I, O, B are input, output, and
birectional, as above

"F" for an independent feedthrough location

"PWR" for VDD power input



"GND" for VSS ground input

Terminal locations are specified by <xposition> or <side>, <ypo-
sition> or <position>, <width> and <layer>, or LEFT. <xposition>
and <yposition> give the coordinate of the center of the terminal

in microns on the edge of the cell. To be compatible with the

old YAL, terminals can also be specified as <side> and position.

<side> may be BOTTOM, RIGHT, TOP or LEFT. <position> gives the

coordinate of the center of the terminal in microns along the in-
dicated <side> from the left or bottom of the module as appropri-
ate. <width> specifies the dimension of the terminal along the
indicated edge; it extends from <xposition> - <width>/2 to <xpo-
sition> + <width>/2 or <yposition> - <width>/2 to <yposition> +
<width>/2 as appropriate. <layer> specifies the conductor layer

of the terminal.

Fixed pad placement for higher level circuits (TYPE = PARENT) re-
quires a slightly different interpretation of the fields and is
specified in the following manner. In this case, the <side> and
<position> specifiers must be used, rather than the <xposition>
<yposition>. If the terminal is bound to the pad of an IO
driver, then the <side> refers to the side of the chip and <posi-
tion> refers to the position of the origin of that driver cell.
<width> and <layer> are ignored. If no <position> is specified,
then the pad is restricted to the indicated <side> but not to a
<position> on the <side>. If no <side> is specified for a termi-

nal bound to an IO driver then that 1O driver may be placed on
any <side>.

The NETWORK section defines the internal connectivity for the

module. If a NETWORK section is included in the definition of a
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primitive module (TYPE = STANDARD, PAD, GENERAL, or FEEDTI—iROUGH),
it will be ignored. Each line defines an instance of a primitive
module that is included in the circuit. Each instance defimition

has the following fields:

<instancename> is the name of the instance of a module. An in-
stance has signal bindings (specified in this section) and a lo-
cation and orientation to be determined by the layout system

(specified in the PLACEMENT section).

<modulename> is the name of the module to which this instance is

bound.

<signalname> . . . is a list of <signalname>s connected to the
module, in the order determined by the module definition. For
example, the nth <signalname> is bound to the nth UNIQUE terminal
<signalname> of the primitive module definition. Connections to
the feedthrough terminals are not included in this list; they

should be determined by the layout system. Single terminal
<signalname>s are used to specify an unconnected terminal. An
unconnected terminal may also result if the list of <signalname>s

on an instance definition is shorter than the list of unique

<signalname>s in the IOLIST of the primitive module being bound.

The PLACEMENT section is used to report placement results, one
logical line per instance. If a PLACEMENT section is included in

the definition of a primitive module (TYPE = STANDARD, PAD, GEN-
ERAL, or FEEDTHROUGH), it will be ignored.

<instancename> is the cell instance, and must match an <instan-



cename> in the NETWORK section. <xlocation> and <ylocation>

specify the location of the (0, 0) point (in microns) of the
module after any orientation change of the instance. <reflec-
tion> and <rotation> are optional; the default for <reflection>

is RFLNONE (the normal or "defined” reflection); RFLY means re-
flected about the Y axis. The default for <rotation> is ROTO (no
rotation); ROT90, ROT180, ROT270 indicate a counterclockwise ro-
tation for the appropriate number of degrees. Reflection is ap-

plied before rotation.

The CRITICALNETS section is used to specify which nets are

performance-critical, and their maximum length. <signalname> '1‘s -
the critical net, and must match a <signalname> in the NETWORK
section. <maximumlength> is a number in microns specifing how

long the signal wire can be restricted to. Any placement program

interested in performance optimization tries to meet this limit.

111. Example 1: A Simple, Primitive Cell

This is a simple standard cell inverter. It has 1 input and 1

output. It is constructed on a 10-microns routing grid.

* */
/* Module name = INV */
/% Width = 20 microns, Height = 160 microns */
/* */
MODULE INV;

TYPE STANDARD;

DIMENSIONS 0 0 20 0 20 160 0 160;
I* */
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/* Define the external connections: 11 and Ol

/%
IOLIST;

*/
*/

/* <signalname><terminaltype><xposition> <yposition><width><layer> */

11 I 5.0
I I 5.0
o1 0 15.0
ol 0 15.0

ENDIOLIST;

ENDMODULE;

n 0l
X X
1 L- L
il h | e
R\ v e,
WA\ | «Q
I | 1160 high
I | 1x 20 wide
b NN
| bl
I |
| B
X X
1l o1

3 wide 3 wide
at 5.0 at 15.0

on METAL2 on METAL2

160.0
0.0
160.0
0.0

3.0
3.0
3.0
3.0

METAL2;
METALZ2;
METAL2;
METALZ2;
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This MODULE would be referenced in a NETLIST section as follows:

/* <instancename> <modulename><signalname><signalname> */

CELLX INV SIGIN SIGOUT;

Terminal I1 on <modulename> INV is bound to <signalname> SIGIN

and terminal O1 is bound to <signalname> SIGOUT.
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2995 SCO NoB18A28 Yal Description

MODULE s109;
TYPE PARENT;
DIMENSIONS 0.002 0 0.002 0.002 0 0.002 0 0;
IOLIST;
reset 1 TOP;
PhilH 1 TOP;
Phi2H 1 TOP;
Clear I TOP;
CD16 1 TOP;
CD15 1 TOP;
W O BOTTOM;
Z O BOTTOM;
ENDIOLIST;
NETWORK;
INS620 iis 174 II6;
INS621 o0i2s I35 188 W;
INS622 0ai22s 121 174 YD2 172 1IS;
INS623 a0i32s 156 1291 YD3 122 1307 139;
INS624 aoi33s 123 1307 YD3 182 1291 YD4 140,

IIFS8 dr2s 11158 reset PhilH Phi2H 11162 YDS;
IIFS9 dr2s 11307 reset PhilH Phi2H 11311 YDI12;
ENDNETWORK;

CRITICALNETS;
174 150;
128 200;
ENDCRITICALNETS;
ENDMODULE;
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