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/* line.h */

/** /
/******~k~k~k~k~k~k~k~k~k~k~k~k~k~k******************************** /
/* header file */
/******~k~k~k~k~k~k~k~k~k~k~k~k~k~k******************************** /
/** /
/** /
/* changed to use sink capacitance */

and driving buffer parameter */
/* 99/1/11  */
/** /

#define DEBUG (1)

#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <math.h>

#include <errno.h>

#if 1defined(RAND)

#if defined(RAND_MAX)

#define RAND (1.0*rand()/RAND_MAX)
#else

#define RAND (1.0*random(65535)/65535)
#endif

#endif

/* for debugging macro and variables */
Y Aesiseissiasiissisesissisiissssaeisie /

#ifdef DEBUG

#define DebugPrint(message) fprintf(stderr,message)
#define DebugPrint2(f,a,b) fprintf(stderr,f,a,b)
#else

#define DebugPrint(message)

#define DebugPrint2(f,a,b)

#endif

/
/* compile option */

#deflne DELAY_MODEL (1) /* set O when using 50% delay model */
/* set 1 when using other tau delay model */

““““““““ /
/* global variable and its limit */
Y Seiteissiasiassisssaisissiels /

const double INITIAL_CASCADE SIZE = M_E;

const int ELEMENT = 100;

const int MAX BUFFER = 100;

const double ERROR RATE = 1e-9; /* in math.cc file */

const int LINE_MAX = 12;  /* line number max for one circuit */

/*********** /

/* classes */
/*********** /

class Buffering{
public:
double position;
double size;
double Bdelay;

Buffering(void){
Bdelay = 0;
}
%
class Admittance{
public:
int flag;

double y1,y2;
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// double y3;
Admittance(double = 0,double = 0, double = 0);
b
class Voltage{
public:
int flag ;
double v_1,v0,v1;
// double v2;
Voltage(double = 0 , double = 0, double = 0, double = 0);
b
class Vt{
public:
int moment;
/* moment = 0 */
double tau0;
/* moment = 1 */
double delay,tau;
/* moment = 2 */
double k1,k2,tau_1,tau 2;
Vt(void);
b
class Line{
private:
double r; /* resistance */
double c; /* capacitance */
double sink_c_size ; /* sink capacitance size */
/* if this line is not end, sink c is set to zero */
double input_r ; /* input transistor size */
/* if this line is not root, sink c is set to zero */
/* delay */
double Ldelay; /* if line end */
double Bdelay; /* if included buffer */
double BBdelay; /* buffer to buffer delay */
/* simple parameter */
public: /* tmporary */
double x1 , x2 , x3; /* position */
double hO , h1 , h2 , h3; /* size */
int kO ; /* the number of cascaded driver */
int ki ; /* dividing number */
/* for ANE */
public:
Admittance head_admittance;
Admittance first buffer_admittance;
Admittance last_buffer_admittance;
Admittance tail_admittance;
Voltage head voltage;
Voltage first_buffer_voltage;
Voltage last buffer_voltage;
Voltage tail_voltage;
Vt vt;
Vt first _buffer vt;
/* buffers */
Buffering buffer[MAX_BUFFER];
int total_buffer;
double rep_N; /* this is made for Optimization of buffer insertion */
double opti;
double optL;
double optimized delay;
int top_buffer_insert;
private:

/* functions */
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void Sort_buffer(void);
double Calc_ave_size(void);
double Calc_delay(void);
public:
Line *parent ;
Line *right ,*left ;
Line(double ,double ,Line* = NULL , Line* = NULL, Line* = NULL);
Line(void);

double Get_r(void) {return r;}
double Get_c(void) {return c;}
double Get_sink_c_size(void) {return sink _c size;}

double Get_Ldelay(void) {return Ldelay;}
double Get Bdelay(void) {return Bdelay;}
double Get_BBdelay(void) {return BBdelay;}

int Get_total_buffer(void) {return total_buffer;}

double Get_first buffer_position(void) {return buffer[1].position;}

double Get_first buffer_size(void) {return buffer[1].size;}

double Get_last buffer_position(void) {return buffer[total_buffer].position;}
double Get_last_buffer_size(void) {return buffer[total_buffer].size;}

void Add_buffer(void);

void Del_buffer(void);

void Equally_divide(int ,int );
void Optimize_position(void);
void Optimize_size(void);

void Print_buffer(void);
void Print_line(void);

void Print_admittance(void);
void Print_voltage(void);
void Calculate_buffer_buffer_delay(void);
void Set_rc( double, double, double );

void Set_Ldelay(Line&,double);
void Set_Bdelay(Line&,double);
void Set_BBdelay(Line&,double);

/* for power calculation */
double Calculate_line_power(void);
/* for SA */

int Make_buffer_large(int);
int Make_buffer_small(int);
int Move buffer_right(int);
int Move_buffer_left(int);

/* for SD */

int Move_to_min_position(int);

int Optimum_sizing(int,double);

int Optimum_positioning(int,double );

void Clear_head_flag(void);
void Clear_tail_flag(void);

/* bufferio.cc file */
void Insert_buffer(double ,double );

/* for simplified parameter */
void Simplified_parameter_initialize(void);
void Simplified_parameter_transfer(void);
void Simplified_parameter_out(void);
void Clear_buffer(void);

%

class Circuit{
private:
double Cdelay;
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double power;
public:
Circuit(void){
Cdelay = power = 0;
total_line = 1;

int total line;
Line line[LINE_MAX];
double Return p(void) {return power; }
double Return_d(void) {return Cdelay; }
double Return_pd(void) {return Cdelay * power;}
double Return_ed(void) {return Cdelay * Cdelay * power;}

void Put_admittance(Admittance& , Admittance);

void Calculate_circuit_admittance(Lined);
void Calculate_admittance(Lineg);

void Calculate voltage(Lines);

void Get_line_end admittance(Line& );
void Get_line_start voltage(Line&);

void Connect_line(int ,int);

void Calculate_circuit _delay(void);

double Calculate_specified_node_delay(Line&);
void Calculate branch node_delay(Line&);
double Calculate_delay(Line*);

void Calculate_circuit_power(void);

void Makecircuit( int&, char* net file_name = NULL);
void Insert_buffer(char *);

/* in bufferio.cc file */
void Insertion_from_file(void);
void Output_buffer(char* buffering_file_name = NULL);

/* for simplified parameter */
void Simplified parameter_initialize(void);

}

/ /
/* functions */
/ /

void laplace_transform(Voltage,Vt&,int );
void Print_vt(Vt);

/* in math.cc files */

double get delay from vt(Vt);
double tau_delay model_delay(Vt);
double tau_model_delay(Vt);

double double_exp model (Vt ,double);
double search 50 delay(Vt vt);

void Calculate_line_admittance(Admittance&, Admittance , double ,double );
void Calculate_root_voltage(Voltage&, Admittance, double = 1);

void Calculate_line_voltage(Voltage, Voltage&,Admittance, double ,double);
void Print_admittance(Admittance adm);

void Print_circuit(Circuit*);

void Waveout(Vt,double);

inline void Line::Set_Ldelay(Line& line , double delay){
line.Ldelay = delay;
}

inline void Line::Set Bdelay(Line& line , double delay){
line.Bdelay = delay;
}

inline void Line::Set BBdelay(Line& line , double delay){
line.BBdelay = delay;



/* get delay when vt model is tau model */

inline double tau_model_delay(Vt vt){
return(vt.tau0 * log(2.0));

/* get delay when vt model is tau delay model */

inline double tau_delay model_delay(Vt vt){
return(vt.delay + vt.tau * log(2.0));

/* get voltage from vt parameter and time */

inline double double_exp model (Vt vt,double t){
return( 1 - vt.kl * exp( - t /vt.tau_1) - vt.k2 * exp( -t / vt.tau_2));

/* get delay time from vt parameter */

inline double get_delay from vt(vVt vt){
double delay;
#if(DELAY_MODEL == 0)
if(vt.moment == 0){
delay = tau_model_delay(vt);
Yelse if(vt.moment == 1){
delay = tau_delay model_delay(vt);

#endif
#i1T(DELAY_MODEL == 1)
delay = vt.tau;
/* delay = vt_tau * 1.3499;*/
/* log( 3.3 - 0.6) - log( 3.3 - 2.6) */

#endif
#iT(WAVEOUT)
Waveout(vt,delay);
#endif
return(delay);
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* voltage.cc */

calculate voltage file */

~ \.?\.\

#include "line.h"

extern double ctr;

extern double rtr;

extern double drivingbuffer;
extern \oltage input_voltage;

\Woltage::\Voltage(double v_1_,double vO_,double v1_, double v2_){
vili=v1l;

S8
o
S

Il V2 =V

void Line::Print_voltage(void){
printf("head voltage¥n™);
printf("v_1 = %e¥n"head voltage.v_1);
printf("v0 = %e¥n",head_voltage.vO0);
printf("vl = %e¥n",head_voltage.vl);
I printf("v2 = %e¥n" head_voltage.v2);
if(total_buffer != 0X
printf(“first buffer voltage¥n");
printf("v_1 = %e¥n" first_buffer_voltage.v_1);
printf("v0 = %e¥n", first_buffer_voltage.v0);
printf("vl = %e¥n", first_buffer_voltage.vl);
I printf("v2 = %e¥n", first_buffer_voltage.v2);

}
printf(“tail voltage¥n");
printf("v_1 = %e¥n" tail_voltage.v_1);
printf("v0 = %e¥n" tail_voltage.v0);
printf("v1 = %e¥n" tail_voltage.vl);
I printf("v2 = %e¥n" tail_voltage.v2);
if(total_buffer != OX
printf("last buffer voltage¥n");
printf("v_1 = %e¥n" last_buffer_voltage.v_1);
printf("v0 = %e¥n", last_buffer_voltage.v0);
printf("vl = %e¥n", last_buffer_voltage.vl);
/ printf(*v2 = %e¥n", last_buffer_voltage.v2);

}

void Circuit::Get_line_start_voltage(Line& line){
if(line.parent == NULL)
Calculate_root_voltage(line.head_voltage,line.head_admittance, ::drivingbuffer);
Jelse{

if( (line.parent)->tail_voltage.flag == O){
Calculate_voltage(*(line.parent));

line.head_voltage = (line.parent)->tail_voltage ;

}
line.head voltage.flag=1;
}

[* calculate voltage for lines without buffer */
void Circuit::Calculate_voltage(Line& line){
\oltage h_voltage;
double last_buffer_position ;
double last_buffer_size;
double first_buffer_position;
double r;
if( line.Get_total_buffer() == 0}
Get line_start _voltage(line);

h_voltage = line.head_voltage;



rc);

Jelse(

r =line.Get_r();
¢ =line.Get _c();

Calculate_line_voltage(h_voltage, line.tail_voltage,line.tail_admittance, r,c);

/* calculate head voltage */

Get line_start voltage(line);

[* calculate last buffer voltage */

last_buffer_size = line.Get_last_buffer_size();

Calculate_root_voltage(line.last_buffer_voltage, line.last_buffer_admittance,last_buffer_size);
/* calculate tail voltage */

last_buffer_position = line.Get_last_buffer_position();

r =line.Get_r() * (ELEMENT - last_buffer_position) / ELEMENT;
c=line.Get_c() * (ELEMENT - last_buffer_position) /ELEMENT;

Calculate_line_voltage(line.last_buffer_voltage, line.tail_voltage,line.tail_admittance, r,c);
[* calculate head voltage */
first_buffer_position = line.Get_first_buffer_position();

r =line.Get_r() * first_buffer_position/ ELEMENT;
c=line.Get _c() * first_buffer_position /ELEMENT;

Calculate_line_voltage(line.head voltage, linefirst buffer voltage, line.first buffer_admittance,

void Calculate_line_voltage(\Voltage h voltage, \oltage &t voltage, Admittance t admittance, double line_R, double

line_CY{

Il

Il

*/

doubler,c;

double t1,t2,t3;
double al,a2,a3;
double b_1,b0,b1,b2;

al =t_admittance.yl;
a2 =t_admittance.y2;
a3 =t_admittance.y3;

tl =-(@l*r) - (c*n/2,;

12 = ~(pow(c,2)*pow(r,2))/24.0 + pow(al*r + (c*r)/2.,2) -
r @2 + (al*c*r)6.);

13 = -(pow(c,3)*pow(r,3))/720. -

r*(@a3 + (a2*c*r)/6. + (al*pow(c,2)*pow(r,2))/120.0) -
(@1*r + (c*r)/2.)*(-(pow(c,2)*pow(r,2))/24.0 +
pow(@l*r + (c*r)/2.,2) - r¥<(a2 + (al*c*r)/6.)) +
(@2*r + (c*n)/2.)*((pow(c,2)*pow(r,2))/24.0 +
r¥@2 + (al*c*r)/6.));

t voltagev 1=b 1,
t voltagevO =tl*b_1+ho0;
t voltagevl =t2*b 1+tl*b0+bl;
t voltagev2 =t3*b 1+t2*b0+tl*bl+b2;

t voltage.flag =1,



void Calculate_root_ voltage(Voltage& voltage, Admittance admittance, double buffer_size){

Il

Il

Il

double al,a2,a3;
double b_1,b0,b1,b2;
double t1,t2,t3;

double rtr;
rtr = ::rtr/ buffer_size;

al = admittance.yl;
a2 = admittance.y2;
a3 = admittance.y3;

tl=-rtr*al;
2=rtr*rtr*al*al-rtr*a2;
t3=20*rtr*rtr*al*a2-rtr*ag3;

b 1=":input voltage.v 1;
b0 =:input voltage.\vO;
bl =:input voltage.vl;
b2 =:input voltage.v2;

voltagev 1=b 1,

voltagev0 =t1*b_1+h0;

voltagevl =t2*b 1+tl*b0+bl,;
voltagev2 =t3*b 1+t2*b0+tl*bl+b2;

voltage.flag =1;
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f* admittance.cc */

calculate admittance file */

~ ?\ ~

#include "line.n"

extern double ctr;
extern \oltage input_voltage;
f* admittance constructer */

Admittance::Admittance(double y1_,doubley2  ,double y3 ¥
yl=yl;
y2=y2_;

" y3=y3;
flag=0;

[* calculate of add for admittance */
void Add_adm(Admittance& total, Admittance ya, Admittance ybY{

total.yl =yayl +yh.yl;
total.y2 =yay? +yb.y2;

I total.y3 =yay3 + yh.y3;

}

/ /
* print admittance for debugging */

/ /

void Print_admittance(Admittance adm)
printf("yl = %e¥n",adm.yl);
printf("y2 = %e¥n",adm.y2);

I printf("y3 = %e¥n",adm.y3);

}

void Line::Print_admittance(void){
printf(*head admittance¥n™);
printf("yl = %e¥n",head_admittance.yl);
printf("y2 = %e¥n",head_admittance.y2);
I printf("y3 = %e¥n",head_admittance.y3);
if(total_buffer != 0X
printf(“first buffer admittance¥n");
printf("yl = %e¥n" first_buffer_admittance.yl);
printf("y2 = %e¥n" first_buffer_admittance.y2);
I printf("y3 = %e¥n" first_buffer_admittance.y3);

}
printf(“tail admittance¥n™);
printf("yl = %e¥n" tail_admittance.yl);
printf("y2 = %e¥n" tail_admittance.y2);
I printf('y3 = %e¥n" tail_admittance.y3);
if(total_buffer != OX
printf("last buffer admittance¥n");
printf("yl = %e¥n" last_buffer_admittance.yl);
printf("y2 = %e¥n" last_buffer_admittance.y?2);
I printf("y3 = %e¥n" last_buffer_admittance.y3);

}
void Circuit::Get_line_end_admittance(Line& line){
Admittance right_adm,left_adm;

if(( line.right == NULL) && ( line.left == NULL)Y{
line.tail_admittance.yl = line.Get _sink_c _size() * :«ctr;

Jelse if( line.right == NULLX
if((line.left)->head_admittance.flag == 0}
Calculate_admittance(*(line.left));

}
left_adm = (line.left)->head_admittance;
line.tail_admittance = left_adm;

lelse if( line.left == NULLY
if( (line.right)->head_admittance.flag ==0){
Calculate_admittance(*(line.right));
}
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right_adm = (line.right)->head_admittance ;
line.tail_admittance = right_adm;

Jelse{

if((line.right)->head_admittance.flag == O){
Calculate_admittance(*(line.right));

}
if((line.left)->tail_admittance.flag == 0){
Calculate_admittance(*(line.left));

right_adm = (line.right)->head_admittance ;
left_adm = (line.left)->head_admittance;

Add_adm(line.tail_admittance, ¥
right_ adm, left_adm);
}

line.tail_admittance.flag =1;

f* calculate admittance for a line */
f /

void Circuit::Calculate_admittance(Line& line)}{

Admittance t_admittance;

double first_buffer_position ,last_buffer_position;

double first_buffer_size Jast_buffer_size;

doubler,c;

if(line.Get_total_buffer() == OY
Get_line_end_admittance(line);
t_admittance = line.tail_admittance;

r =line.Get_r();
¢ =line.Get c();

Calculate_line_admittance(line.head_admittance,line.tail_admittance, r,c);

Jelse(

/* calculate tail admittance */
Get_line_end_admittance(line);
/* calculate first buffer admittance */

first_buffer_position= line.Get_first_buffer_position();
first_buffer_size= line.Get _first_buffer_size(); ;

t admittance.yl = ::ctr * first_buffer_size;
t admittance.y2 =0;
I t_admittance.y3=0;
line first_buffer_admittance = t_admittance;
* calculate head admittance */

r = (line.Get_r() * first_buffer_position)/ ELEMENT;
¢ =(line.Get _c() * first_buffer_position)) ELEMENT;

Calculate_line_admittance(line.head_admittance, t_admittance, r,c);
* calculate last buffer admittance */

last_buffer_position = line.Get_last_buffer_position();
last_buffer_size = line.Get_last_buffer_size();

t admittance = line.tail_admittance;

r =(line.Get_r() * (ELEMENT - last_buffer_position)) / ELEMENT;
¢ =(line.Get_c() * (ELEMENT - last_buffer_position))/ ELEMENT;

Calculate_line_admittance(line.last_buffer_admittance, t_admittance, r.c);
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void Calculate_line_admittance(Admittance& head,Admittance tail, double line_R ,double line_C)Y{

double rc;
double al,a2,a3;

r=line_R;
c=line_C;

al =tail.yl;
a2 =tail.y2;
Il a3 =tail.y3;

head.yl =al +¢;
head.y2 = a2 + (al*c*r)/2. + (pow(c,2)*r)/6. + (al + c)*(-(al*r) - (c*r)/2.);
* head.y3 = a3 + (@2*c*r)/2. + (al*pow(c,2)*pow(r,2))/24.0 +
(pow(c,3)*pow(r,2))/112.0 +
(-@1*r) - (c*n/2.)*(@2 + (@a1*c*r)2. + (pow(c,2)*r)/6.) +
(a1 + c)*(-(pow(c,2)*pow(r,2))/24.0 +
pow(@l*r + (c*r)/2.,2) - r*(@2 + (al*c*r)/6.));
*/
head.flag=1;



* delay.cc */

/ /
/ /
* calculate delay file */

/ /
/ /

#include "line.h"

extern double rtr;
extern double ctr;
extern int AWE_MAX ;

* calculate circuit delay ( critical path ) */

void Circuit::Calculate_circuit_delay(void){
inti;
double delay =0;
double branch_delay =0;

for(i=1;i<=total_line; i++Y
line[i].Clear_head_flag();
line[i].Clear_tail_flag();

for(i=1;i<=total line;i++)
if( (line[i].right == NULL ) && (line[i].left == NULL)}
Calculate_branch_node_delay(line[i]) ;

* add delay from leaf to root */
branch_delay = Calculate_delay(&(line]i]));

[* store the worst delay */
if(delay < branch_delay ) delay = branch_delay;

}

}
Cdelay = delay;
}

[* calculate circuit delay on specified node */
double Circuit::Calculate_specified_node_delay(Line& endline){
inti;
double delay =0;
if( (endline.right '=NULL ) ] | (endline.left '= NULL)Y
printf("This isn't an end node! ¥n");
exit (0);

Calculate_branch_node_delay(endline) ;
delay = Calculate_delay(&(endline));

return(delay);

[* calculate voltage on every node */
void Circuit::Calculate_branch_node_delay(Line& line){
double delay =0;
if(line.Get _total_buffer() != 0}
Calculate_admittance(line);
line.Calculate_buffer_buffer_delay();

if(line.parent '= NULLY
Calculate_branch_node_delay(*(line.parent));

}
Calculate_voltage(line);

laplace_transform(line.first_buffer_voltage , line first_buffer vt ,AWE_MAX);
line.Set_Bdelay(line, get_delay_from_vt(line first_buffer_wt));

Jelse{
if(line.parent I= NULLY
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Calculate_branch_node_delay(*(line.parent));

Jelse{
}

line.Set_Bdelay(line, 0);
line.Set_BBdelay(line, 0);

Calculate_admittance(line);

}

if((line.right == NULL) && ( line.left == NULL)Y{
Calculate_voltage(line);

laplace_transform(line.tail_voltage , linevt , AWE_MAX);
line.Set_Ldelay(line,get_delay_from_vt(line.vt));

}

* add delay time from root to the node */
double Circuit::Calculate_delay(Line* line){
double node_delay =0;
Line *node;
node = line;

while(node '= NULL)
node_delay += node->Get_Ldelay() ;

I printf("+Ldelay %e¥t",node->Get_Ldelay());
node_delay += node->Get Bdelay() ;

I printf("+Bdelay %e¥t",node->Get_Bdelay());
node_delay += node->Get_BBdelay();

I printf("+BBdelay%e¥n",node->Get_BBdelay());

node = node->parent ;

}

return node_delay;

void Line::Calculate_buffer_buffer_delay(void){

inti;

double length;

double line_r,line_c; /* buffer to buffer Rand C */
Admittance h_adm,t_adm;

\Woltage h_vol,t vol;

Vit vt

double delay ;

delay =0;
for(i=1;i<total buffer; i++){
length = buffer{i+1].position - bufferfi].position;
line_r =r* length/ ELEMENT,
line_c=c* length/ ELEMENT,
* calculate admittance */
t adm.y1 = :ctr * buffer[i+1].size ;
Calculate_line_admittance(h_adm,t_adm,line_r,line_c);
[* calculate voltage */

Calculate_root_voltage(h_vol,h_adm,buffer]i].size);
Calculate_line_voltage(h_vol,t vol,t adm,line_r,line_c);

/* Laplace transform and get delay */
laplace_transform(t_vol,t vt,1);

delay +=get _delay_from_vt(t vt);

}
BBdelay = delay;
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* power.cc */

calculate power */
*/

~ \.?\.\

#include "line.h"

extern double Vdd;
extern double ctr;

void Circuit::Calculate_circuit_power(void){
inti;
double total ¢c=0;
for(i=1;i<=total_line; i++}{
total_c +=line[i].Get _c();

if(line[i].Get_total_buffer() = 0){
total_c += line[i].Calculate_line_power();
}

}
power = total_c* Vvdd * \Vdd;
}

double Line::Calculate_line_power(void){

inti;
double line_c=0;

for(i=1;i<= total_buffer ;i++){
line_c += bufferfi].size * ::ctr;

}
return(line_c);
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f* awe.cc */

AWE transform file

~ ?\ ~

#include "line.n"

Vt:Vi(voidy

tau0 =0;

delay =0;

tau=0;

kl1=k2=0;
tau 1=tau 2=0;

}

void Print_vt(Vt vt}

printf(‘moment = %d¥n" ,vt. moment);

switch(vt.moment){

case 0:
printf(“tau = %e¥n",vt.tau0);
break;

case 1:
printf("delay = %e¥n" vt.delay);
printf(*tau = %e¥n",vt.tau);
break;

case 2:
printf("k1 = %e¥n" vt k1);
printf("k2 = %e¥n" vt k2);
printf(“tau_1 = %e¥n" vt.tau_1);
printf(“tau_2 = %e¥n" vt.tau_2);
break;

}

}

void laplace_transform(Voltage v, Vt& vt, int moment){

double a,b,c;

vt.moment = moment;

/* make positive */
a=-1.0*wv0;

b=wvvi;

Il c=-1.0*vv2;

switch(moment){

case 1:

case O:

/* simple form - delay and tau */

vt.delay =a-sqrt(2.0*b-a*a);
vttau=sqrt(2*b-a*a);
break;

/* elmore model */
vttau0= a;
break;
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* buffer.cc */

file for buffer insertion and delete */

~ \.?\.\

#include "line.n"

Line::Line(double resistance,double capacitance,Line* ptp,Line* ptr,Line* ptlY{

r = resistance;
¢ = capacitance;

sink_c_size =0; /* changed 99/1/11 */

right = ptr;
left =ptl;
parent = ptp;

Ldelay =0;
Bdelay =0;
BBdelay =0;

total_buffer =0;
buffer[0].position = 0;
buffer[1].position = ELEMENT;
buffer[0].size =0;

buffer[1].size =0;

Line::Line(voidY

right = NULL;
left = NULL,;
parent = NULL;

Ldelay =0;
Bdelay =0;
BBdelay =0;

total_buffer =0;

r=0;

c=0;
buffer[0].position =0;
buffer[1].position = ELEMENT;
buffer[0].size =0;
buffer[1].size =0;

void Line::Add_buffer(void){

double average_size;
intim,n;

intflag=0;

double tmp_position;
double tmp_size;
double probability;

if(total_buffer == 0}
total_buffer++;

if(probability < 0.5){
buffer|
buffer
buffer
buffer

.position = ELEMENT * RAND;

.Size = (RAND * 10.0)+ 1.0 ; /* Changed */

.position = ELEMENT;

Size =0;

Jelse{
buffer
buffer|
buffer
buffer|

.position =1,
Size=M_E;

.position = ELEMENT;
Size=0;

NN = NN =

}
Jelse if (total_buffer == MAX_BUFFER -1 }{

return;
Jelse{
tmp_position = RAND * ELEMENT ;
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average_size = Calc_ave_size();
tmp_size = average_size;
n = ++total_buffer;

* sorting */

fIagzO;
i=0;

whiI;e( (i <total_buffer) && (bufferfi].position < tmp_position) ) i++;

m=i;

for(i = total_buffer; i >m;i-}{
buffer[i].position = buffer[i-1].position;
buffer]i].size = buffer[i-1].size;

buffer[m].position = tmp_position;
buffer[m].size = tmp_size;

buffer[total_buffer +1].position = ELEMENT,
buffer[total_buffer +1].size = 0;

}

void Line::Del_buffer(void){
int del_number = (int)(RAND * (double)total_buffer) + 1;
inti;
if( total_buffer == 0}
return;

for(ii =del_number; i < total_buffer ; i++){
bufferli].position = buffer[i+1].position;
buffer]i].size = buffer[i+1].size;

}
buffer[total_buffer].position = ELEMENT;
buffer[total_buffer].size = 0;

total_buffer—;
}
void Line::Equally_divide(int k,int hY{
inti;
ifth<1.0)
printf("size must be positive*¥n");
exit (0);

}
total_buffer =k;

for(i=1;i<=k; i++}
buffer]i].position =i * (double)ELEMENT / (double)(k + 1.0));
bufferli].size = h;

}
buffer[k+1].position = ELEMENT,
buffer[k+1].size = 0;

double Line::Calc_ave_size(voidX
inti;
double sum=0;
for(i=1;i<=total_buffer ;i++){
sum += bufferfi].size;

return (sum/total_buffer);

void Line:Print_buffer(void){
inti;
for(i=0; i <=total_buffer + 1; i++){
printf("buffer[%d] position = %f¥tsize = %f¥n",i,buffer[i].position,buffer|i].size);



void Line::Print_line(void){
printf("line r = %e¥t c=%e¥n",r,C);

int Line:Make_buffer_large(int number){
if(total_buffer == 0}
return (-1);
lelse if(( number < 0) | | (total_buffer <number) X
printf(" There isn't such buffer’®n");
exit(0);

buffer[number].size +=1.0;
return (1);

}

int Line:Make_buffer_small(int number){
if(total_buffer == 0X
return (-1);
Jelse if(( number <0) | | (total_buffer <number) {
printf(" There isn't such buffer’®n");
exit(0);

if(buffer[number].size > 2.0
/* size must be larger than 1.0 */
buffer[number].size -= 1.0;
return (1);

Jelse(
}

return (0);

}

int Line::Move_buffer_right(int number){
if(total_buffer == 0){
return (-1);
lelse if(( number < 0) | | (total_buffer <number) X
printf(" There isn't such buffer’®n");
exit(0);

if(buffer[number + 1].position - buffer[number].position > 1}
buffer[number].position +=1.0;
if(buffer[number].position >SELEMENT ) buffer[number].position = ELEMENT;

return (1);
Jelse{ L .
buffer[number].position = buffer[number + 1].position;
return (1);
* %else{
return (0);
}
*/
}

int Line::Move_buffer_left(int number){
if(total_buffer == 0){
return (-1);
lelse if(( number < 0) | | (total_buffer <number) X
printf(" There isn't such buffer’®n");
exit(0);

if(buffer[number].position - buffer[number - 1].position > 1}
buffer[number].position -= 1.0;
if(buffer[number].position < 0) buffer[number].position = 0;

return (1);

Jelse{
buffer[number].position = buffer[number - 1].position;
return (1);

}

}
void Line::Clear_head_flag(void}{

head admittance.flag =0;
first_buffer_admittanceflag =0;



head_voltage.flag

first_buffer_voltage.flag
}

void Line::Clear_tail_flag(voidy

last_buffer_admittance.flag
tail_admittance.flag

last_buffer_voltage.flag
tail_voltage.flag
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* bufferio.cc */

/
/

insert buffer from buffernet file */

~ \.?\.\

/
98712 */
#include "line.n"
FILE *BUFFERNET;
const int maxline = 1000; /* net file max line length */
const int maxlinen = 100;
* buffer insertion from buffernet file */
void Circuit::Insertion_from_file(void){
char buff[100];
int linename ; /* line name */
long position; /* buffer position */
double size ; * buffer size */
BUFFERNET = fopen("buffernet”,"r");
while(fgets(buff,maxline, BUFFERNET)){
if(lstremp(buff,™")) continue; /* skip if blank */
if(sscanf(buff, "buffer %d %d %le",&linename,&position,&size)){

I printf("buffer %d %d %le¥n" ,linename,position,size);
line[linename].Insert_buffer(position,size);
}

}
fclose(BUFFERNET);

* buffer insertion in line */

[* M CAUTION !t/

* the output of this function must be sorted when insertion ended */
* or input must be sorted */

1M CAUTION END ! */

void Line::Insert_buffer(double position,double size){

buffer[total_buffer + 1 ].position = position;
buffer[total_buffer + 1 ].size =size;

total buffer+= 1;

buffer[total_buffer + 1 ].position = ELEMENT;
buffer[total_buffer + 1 ].size =0;

}
void Circuit::Output_buffer(char *buffering_file_name){
intij;

if( buffering_file_name == NULL)Y
BUFFERNET = fopen("best_buffering" ,"w");
Jelse{

BUFFERNET = fopen(buffering_file_name,"w");
for(i=1;i<=total_line;i++Y
for(j=1;j<=line[i].Get_total_buffer(); j++X
fprintf(BUFFERNET, " "buffer %d %e %e¥n" i,line[i].buffer]j].position,line[i].buffer(j].size);
}

}
fclose(BUFFERNET);
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/* netio.cc */

/
/

make tree connection from net file */

~ \.?\.\

/
98/6/28 */
#include "line.h"

FILE *TREENET,
const int maxline = 1000; /* net file max line length */
const int maxlinen = 100;

extern double rtr;
extern double ctr;
extern double drivingbuffer;

class NODE{
public:

intL1; /* parent */

intL2;

intL3;

NODE(void){
L1=0;
L2=0;
L3=0;

}

void Circuit::Makecircuit(int& calline,char *net _file_name){
int src,dest;
int plotnode;
int topnode;
int endnode;

double sink_c; /* sink capacitance size */
double rlcl;

char buff[100];

int noden;

NODE node[maxlinen];
intij;

if( net_file_name == NULL)
TREENET = fopen("net","r");

Jelse{ i
TREENET = fopen(net_file_name,"r");
}
i=1; * line numbering */
* line[1] is root node */
noden =0;

while(fgets(buff,maxline, TREENET)X
if('stremp(buff,™)) continue; /* skip if blank */
if(sscanf(buff, "line %d %d %lf%lf%lf" &src,&dest,&rl,&cl,&sink_c)}
printf("line %d %d¥tYd¥t90e¥tYe¥t%e¥n" i, src,dest,rl,cl,sink c);
line[i].Set_rc(rl,cl,sink_c);

* line connectiong */

[* exit if tree error */
if( ( (node[src].L.2 '=0) && (node[src].L3 '=0))
| | (node[dest].L1 I=0){
printf(“tree error ¥n");
exit (0);

* src node check */

if(node[src].L2 == O
node[src].L.2 =i;

Jelse if(node[src].L3 == O){
node[src].L.3 =i;

* src node connect */

if(node[src].L1 = O){
Connect_line(nodefsrc].L1 ,i);

}
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* dest node */

node[dest].L1 =i;

if(node[dest].L2 =0}
Connect_line(i,node[dest].L2);

}

if(node[dest].L3 =0}
Connect_line(i,node[dest].L3);

}

i++;

continue;

}
if(sscanf(buff, "plot %d",&plotnode)){
printf("plot %d¥n", plotnode);

if(sscanf(buff, “treetop %d %lf %lf %If",&topnode,&rtr,&ctr,&drivingbuffer)){
printf(“treetop %d %e %e %e¥n" topnode, rtr,ctr,drivingbuffer);

if(sscanf(buff, “treeend %d",&endnode,&ctr)){
printf(“treeend %d¥n",endnode,ctr);

}
fclose(TREENET);

calline = node[plotnode].L1;

%
void Circuit::Insert_buffer(char *buffer_file_name){

FILE *BUFFERNET;
char bufffmaxline];

inti;
intline_n,line_back;
double position ,size;

BUFFERNET = fopen(buffer_file_name,"r");
line_back =0;
i=1;

while(fgets(buff,maxline, BUFFERNET))
if(lstremp(buff,™")) continue; /* skip if blank */
if(sscanf(buff, "buffer %d %If%lf",&line_n,&position,&size)){

printf("%d¥t%e¥t%e¥n" line_n,position,size);

if( line_back !=line_n){
line[line_back].bufferfi].position = ELEMENT;
line[line_back].bufferfi].size = 0;
line[line_n].buffer[0].position = 0;
ling[line_n].buffer[0].size = 0;
line_back =line_n;

i=1;
line[line_n].bufferfi].position = position;
line[line_n].buffer(i].size =size;
line[line_n].total_buffer +=1;
i++;

}
line[line_n].buffer(i].position = ELEMENT;
ling[line_n].buffer(i].size = 0;

}
fclose(BUFFERNET);
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f* connection.cc */

line connection file */

~ ?\ ~

#include "line.h"
void Circuit::Connect_line( int parent, int childX{

if( (line[parent].right '= NULL) && (line[parent].left '= NULL)X
printf("Can't connect this linel*¥n");
exit (0);
Jelse if(line[parent].right == NULLY
line[parent].right = &line[child];
line[child].parent = &line[parent];
Jelse if(line[parent].left == NULLY
line[parent].left = &line[child];
lineg[child].parent = &line[parent];

total_line++;
}
void Line::Set_rc(double resistance, double capacitance,double sink_capacitance_size}{
r = resistance;
¢ = capacitance;
sink_c_size = sink_capacitance_size;
}
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f* SDfunc.cc */

/

/
{* functions for simulated diffusion */

/

/

#include "line.h"

int Line::Move_to_min_position(int number){
if(total_buffer == 0){

return (-1);

}
buffer[number].position = buffer[number -1].position;

int Line::Optimum_sizing(int number,double dx){
if(total_buffer == 0){

return (-1);

}
if(1.0 < (buffer[number].size + dx) ){ /* changed on January 5 */

I
Yelse{

E'eturn ),

}

/* size must be larger than 1 */
buffer[number].size += dx;
printf("optimum sizing¥n");

buffer[number].size = 1.0;

int Line::Optimum_positioning(int number,double dx){
double min,max;
double current;

if(total_buffer == 0){

}

return (-1);

current = buffer[number].position ;
min = buffer[number - 1].position ;
max = buffer[number + 1].position ;

if( (current + dx) < min)

buffer[number].position = min;

Jelse if( max < (current + dx){

Jelse(
Il

E'eturn ),

buffer[number].position = max;

buffer[number].position += dx;

printf("optimum positioning! %d¥t%e¥n",number,buffer[number].position);

61



*SA.cc ™/

Simulated Annealing

RN
\\\*\\

/* modeified 2/10*/

f /
* input file net */

[* output best_buffering */

/ /

* set optimize type */
intOPTIMIZE_TYPE = 0 ;/*set"0"when delay is optimized */
* set"1'when pd is optimized */
const int BAKOGLU_IMPROVE = 0; /* set "0" if initial state is non_buffer */
[* set "1" if initial state is Bakoglu's */

#include "line.h"
#define WAVEOUT (0) /* set 0 in SAfile */
#define PRINT_TEMPERATURE (0) /* output tempareture and delay */

\Woltage input_voltage(1,0,0,0);
* transistor input voltage ( step function) */

int AWE_MAX = 1; /* This parameter is set "2" in SAfile. */
r* set "1" for single line */
* And set by argument in awecal file */

* simulated annealing constant parameter */

const int ONE_LOOP = 100; /* more than 10 */

const double D_EPSILON =1e-12;

const double PD_EPSILON = 1e-15 * 1e-12;

const double INITIAL_ TEMPERATURE_FACTOR =0.1;
const double COOLING_FACTOR =0.9;

* simulated diffusion ? */
const int DIFFUSION = 1; /* set 1 when simulated diffusion */

FILE *DTRANSITION;
FILE *SAOUT; /* OUTPUT FILE (delay ,power ,pd )*/

/
/* global variable */
/ /

double Vdd =1.0;

double drivingbuffer;

double ctr ; /* transistor capacitance */
double rtr; /* transistor resistance */

/ /
* simulated anneling (diffusion) parameter */
/ /

const int ADD_BUFFER =0;
const int DEL_BUFFER =1;
const int DEL._ADD BUFFER =2;
constint SMALL_ BUFFER =3;
const int LARGE BUFFER =4;

const int MOVE_RIGHT =5;
const int MOVE_LEFT =6;
constint SIZE_ D =0;
const int POSITION_D =1;

const int TOTAL_NUMBER_OF STATE=7,

/ /
* main program */
/ /

int main(int argc , char *argv[]{
char net_file[20];
char out _file[20];
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Circuit circuit;
Circuit backup;
Circuit best_circuit;

int buff;

int line_no;
int change_state flag ;

int line_total; /* total of line number */
intflag=0;

int diffusion =0;
inti, j;

double better_delay;
double better_power;
double better_pd;

double best_delay;
double best_power;
double best_pd,;

double delay;
double power;
double pd;

double delaym,delayp;
double powerm,powerp;
double pdm,pdp;

int dummy;
/* for simulated annealing */

double EPSILON;

double delta=D_EPSILON * 10.0;

double deltapd;

double best_delta = delta;

intloop_no =1,

double temperature ; /* this value is set for first loop */
double probability;

* for simulated diffusion */
double f1,f2;

double current;

double dx;

int minsize,maxsize; * flag */
int minposition,maxposition; /* flag */
/ /

* decide optimize value */
/*

if((argc == 2) && (stremp('1",argv[1]) == 0))
OPTIMIZE_TYPE =1,
else
OPTIMIZE_TYPE =0;
*,
/
if( argc >= 2){ /* input net file name */
strcpy(net_file,argv[l]);
printf("Input net file name - ¥"%s¥"¥n" net_file);
Jelse{
strcpy(net_file,"net");
printf("Input net file name - ¥"'net¥"¥n");

if((argc == 3) && (stremp('1",argv[2]) == 0))
OPTIMIZE_TYPE =1;
else
OPTIMIZE_TYPE =0;
/* make circuit from "net" file */
circuit.Makecircuit(dummy;net file);
if(BAKOGLU_IMPROVE) circuit.Insertion_from_file();
/* if BAKOGLU_IMPROVE get bakofile */
line_total = circuit.total_line;

printf("‘number of lines = %d¥n" line_total);



/* initial delay and power value */

circuit.Calculate_circuit_delay();
circuit.Calculate_circuit_power();

best_circuit = circuit ;

best_delay = better_delay =delay = circuit.Return_d();
best_power = better_power = power = circuit.Return_p();
best pd =bhetter pd =pd =circuitReturn_pd();

printf("power = %e¥t" power );
printf("delay = %e¥t" delay );
printf("pd = %e¥n",pd);

/

[*flag */
line_no=0;
change_state flag=0;

/********/

#if (PRINT_TEMPERATURE)

#endif

]
/]
Il

DTRANSITION = fopen(“tdelay”,"w"); /* transition of delay */

ifOPTIMIZE_TYPE == 0){
EPSILON =D _EPSILON;

Jelse{

EPSILON =PD_EPSILON,;
}
while(best_delta > EPSILONY

best_delta=0;
for(i=0;i<ONE_LOOP; i++}{

backup =circuit;  /* preserve current state */
* change flags */

line_no = line_no % line_total;
line_no++; Fmin=1%

change_state flag += (int) (2.0 * RAND);
buff = (int)(RAND * circuit.line[line_no].Get_total_buffer()) + 1;

if(DIFFUSIONY
) diffusion += (int)(2.0 * RAND);

/* if BAKOGLU IMPROVE
the number of buffer is constant */

if( (BAKOGLU_IMPROVE) && (i % 7<3)Y
continue;
}

if(diffusion % 2 ==0{
switch(change_state flag % TOTAL_NUMBER_OF _STATEX

case ADD_BUFFER:
circuit.line[line_no].Add_buffer();
break;

case DEL_BUFFER:
circuit.line[line_no].Del_buffer();
break;

case DEL_ADD BUFFER:
circuit.line[line_no].Del_buffer();
circuit.line[line_no].Add_buffer();
break;

case SMALL_BUFFER:



circuit.line[line_no].Make_buffer_small(buff);
break;

case LARGE_BUFFER:
circuit.line[line_no].Move_buffer_right(buff);
break;

case MOVE_RIGHT:
circuit.line[line_no].Move_buffer_left(buff);
break;

case MOVE_LEFT:
circuit.line[line_no].Make_buffer_large(buff);
break;

circuit.Calculate_circuit_delay();
circuit.Calculate_circuit_power();

delay = circuit.Return_d();
power = circuit.Return_p();
pd =circuit.Return_pd();

Jelse if(diffusion % 2 == 1)}{
switch(change_state_flag % 2){

case SIZE_D:
if(circuit.line[line_no].Make_buffer_small(buff) ==0){
minsize = 1;
Jelse{

circuit.Calculate_circuit_delay();
circuit.Calculate_circuit_power();

delaym = circuit.Return_d();
powerm = circuit.Return_p();
pdm  =circuit.Return_pd();

circuit = backup;

if(circuit.line[line_no].Make_buffer_large(buff) == 0)
maxsize = 1;

Jelse{

circuit.Calculate_circuit_delay();
circuit.Calculate_circuit_power();

delayp = circuit.Return_d();
powerp = circuit.Return_p();
pdp  =circuit.Return_pd();

case POSITION_D:

if(circuit.line[line_no].Move_buffer_right(buff) == O}
maxposition = 1;
Jelse{

circuit.Calculate_circuit_delay();
circuit.Calculate_circuit_power();

delayp = circuit.Return_d();
powerp = circuit.Return_p();
pdp  =circuit.Return_pd();

circuit = backup;
if(circuit.line[line_no].Move_buffer_left(buff) == O}
minposition =1;

Jelse{
circuit.Calculate_circuit_delay();
circuit.Calculate_circuit_power();
delaym = circuit.Return_d();
powerm = circuit.Return_p();
pdm  =circuitReturn_pd();

}

}
circuit = backup;

if( OPTIMIZE_TYPE == 0Y
current = better_delay;
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f1 = (delayp - delaym ) / 2.0;
f2 = (delayp + delaym - 2.0 * better_delay)/ 1.0;

lelse if(OPTIMIZE_TYPE == 1){
current = better_pd;
fl=(pdp-pdm)/20;
f2 =(pdp + pdm - 2.0 * better_pd)/1.0;

if(f2 <= 0){ * (d/dx)((dffdx)) <0 */
if(f1 > 0} [* dffdx >0 */
dx=-1.0;
Jelse{
dx=1.0
Jelse{
dx= - (fU/f2);

* exceptional case */
if( minsize == 1{
dx=0;
Jelse if( minposition == 1){
if(maxposition == 1)}{
circuit = backup;
circuit.line[line_no].Move_to_min_position(buff);

Jelse if( current > delayp){
d

X =1.0;

Jelse{

dx=0;
}

Jelse if( maxposition == 1}

if(current > delaym){

dx=-1.0;
Jelse{

dx=0;
}

* exceptional case end */

[* change to optimum value */
if( (maxposition == 1) && ( minposition == 1)}
* do nothing */
Jelse if( change_state flag % 2 == SIZE_DY
if( dx I=0) circuit.line[line_no].Optimum_sizing(buff,dx);
Jelse if( change_state flag % 2 ==POSITION_DX

if(dx I=0Y
circuit.line[line_no].Optimum_positioning(buff,dx);
}

circuit.Calculate_circuit_delay();
circuit.Calculate_circuit_power();

delay = circuit.Return_d();
power = circuit.Return_p();
pd =circuit.Return_pd();

* clear flag */

minsize = maxsize =0;
minposition = maxposition = 0;
/**************/

* simulated annealing */
if(OPTIMIZE_TYPE == 0}
delta = delay - better_delay;
deltapd =pd - better_pd;
lelse if(OPTIMIZE_TYPE == 1){
delta = pd - better_pd;
deltapd = delta;
Jelse{

}

printf("What should be optimized ?%n");
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if(loop_no==1)
probability =0;
Jelse{

}

if((delta<0) | | (delta==0 && deltapd <0) { f* adopt, of course */
if( best_delta < - delta){ /* preserve delta */
best_delta = - delta;
}

better_delay = delay;
better_power = power;
better pd  =pd;

probability = exp( - delta / temperature);

if( (better_delay <best_delay) && (OPTIMIZE_TYPE ==0) {
best_delay = delay;
best_power = powver;
best_pd =pd;

best_circuit = circuit;
Jelse if( (better_pd < best_pd) && (OPTIMIZE_TYPE ==1) {
best_delay = delay;
best_power = power;

best _pd = pd;
best_circuit = circuit;
}
lelse if(OPTIMIZE_TYPE ==0) && (delta == 0){ * abondon */

circuit = backup;

}else if( RAND < probability ){ /*adopt*/
if( best_delta < - delta){ /* preserve delta */
best_delta = - delta;
}

better_delay = delay;
better_power = power;
better pd  =pd;
Jelse{ [* abandon */
circuit = backup;
}

}

if( loop_no==1)}
if(OPTIMIZE_TYPE == 0}

temperature = best_delay * INITIAL_TEMPERATURE_FACTOR,;

Jelse ifOPTIMIZE_TYPE == 1}{
temperature = best_pd * INITIAL_TEMPERATURE_FACTOR;
}

Jelse{
temperature *= COOLING_FACTOR;

loop_no++;

#if (PRINT_TEMPERATURE)
printf(“temperature = %e¥t" temperature);
printf("delay = %e¥t" better_delay);
printf("power delay = %e¥n" better_pd);
fprintf(DTRANSITION,"%e¥t" temperature);

fprintf(DTRANSITION,"%e¥n" better_delay);
#endif

/* if delta is sufficiently small
and the better state is not the best state */

if( (best_delta <= EPSILON) && (OPTIMIZE_TYPE ==0)
&& ((better_delay - best_delay) > EPSILON )X

better_delay = best_delay;
circuit = best_circuit;
printf(“change state ¥n");
best_delta=EPSILON *2.0;
Jelse if( ( best_delta <= EPSILON) && (OPTIMIZE_TYPE ==1)
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&& ((better_pd - best_pd) > EPSILON )Y

better_pd = best_pd;

circuit = best_circuit;
printf("change state ¥n");
best_delta=EPSILON *2.0;

}

printf("best buffering ¥n");

printf("best power = %e ",best_power );

printf("best delay = %e ",best_delay );

printf("best pd =%e¥n",best_pd);
printf("last temperature = %e¥n" temperature);

for(i=1;i<=line_total ; i++Y
best_circuit.line[i].Print_buffer();

printf("one loop = %d¥n",ONE_LOOP);
printf(" %d loops ¥n",loop_no);

#if (PRINT_TEMPERATURE)
fclose(DTRANSITION);
#endif
best_circuit.Output_buffer();

SAOUT = fopen(“saout”,"w");
fprintf(SAOUT, "%e¥t%e¥t%e¥n" best_delay,best_power,best_pd);
fclose(SAOUT);

* for output */

strepy(out _file,"sa");

strcat(net_file,out file);

SAOUT = fopen(net_file,"w");

fprintf(SAOUT,"%e¥t%e¥t%e¥n" best_delay,best power,best _pd);
fclose(SAOUT);



* file name new.cc */

/ /
/ /
[* this file includes buffering algorithm of my own ~ */

/ /
r* 1998/12/4 */

#define FIRST_BUFFER (1)
* set 1 if first buffer's position is not 0 */

#include "line.n"

double VVdd =3.3;

double ctr ; /* transistor capacitance */
double rtr; /* transistor resistance */
double drivingbuffer;

\Woltage input_voltage(1,0,0,0);
* transistor input voltage ( step function) */
intAWE_MAX =1, /* max order of AWE */

/ /
* calculate minimum resistance upward */
* this value is used to decide the postion of first repeater in the line */

/
double Calculate_resistance_upward(Line* line){
if(line->rep_N ==0)
return(line->Get_r() + ::rtr/line->optW);
Jelse{

}

return(:rtr/line->optW);

/ /
/ /
double Calculate_capacitance_for_line(Line* line){
if(line->total_buffer == O){
if(line->right '= NULL && line->left '= NULLY
return(Calculate_capacitance_for_line(line->right)
+ Calculate_capacitance_for_line(line->left)
+ line->Get ¢() );
Jelse if(line->right '= NULL){
return(Calculate_capacitance_for_line(line->right)
+ line->Get ¢() );
Jelse if(line->left = NULLY
return(Calculate_capacitance_for_line(line->left)
+ line->Get ¢() );

Jelse{
return( line->Get_sink_c_size() * ::ctr
+ line->Get ¢() );

Jelse{
return(line->buffer[1].size * ::ctr ¥
+ line->buffer[1].position * line->Get_c()/)ELEMENT);

}

/ /
[* calculate capacitance downward */
* this value is used to decide the postion of last buffer */

/
double Calculate_capacitance_downward(Line* line){
double total_capacitance = 0;
if(line->right == NULL && line->left == NULL){
return(line->Get_sink_c_size() * ::ctr);

}
if(line->right '= NULL)
total_capacitance += Calculate_capacitance_for_line(line->right);

}
if(line->left '= NULLY
total_capacitance += Calculate_capacitance_for_line(line->left);

return(total_capacitance);



/

/

[* calculation of parameters neeeded for cascaded driver paramater */

/ /

void Cascaded_driver(Line* line, double optWi,int repN, int* driver , double* tapering_factor){
double max\W;
int n_driver,m_driver;

double

rlcl;

double tapering_factor_m,tapering_factor_n;

rl = line->Get _r();
cl =line->Get_c();

maxw =

((cl + Calculate_capacitance_downward(line) )¥
/ (::drivingbuffer * ::ctr * M_E)) ;

if( (maxW >optW ) | | (repN > 0){

Jelse{

}

return ;

maxW = optW,
n_driver = (int) (log( maxwW) +1.0);
m_driver =n_driver - 1;

tapering_factor_n = exp(log( maxW) / (n_driver));
tapering_factor_m = exp(log( maxwW) / (m_driver));

if( (n_driver ) * tapering_factor_n - (m_driver ) * tapering_factor_m < O}
*tapering_factor = tapering_factor_n;
*driver = n_driver;
Jelse{
*tapering_factor = tapering_factor_m;
*driver = m_driver;

n_driver = (int) (log( maxw ) + 1.0);
m_driver =n_driver - 1;

if( n_driver <= 0){
*driver =0;
Jelse if(n_driver == 1}

if(  maxwW * ::ctr + (1.0/maxW - 1.0)
* (¢l + Calculate_capacitance_downward(line))< 0 X
*tapering_factor = maxW,
*driver = n_driver;
Jelse{
*tapering_factor = 1.0;
*driver = m_driver;

Jelse{
tapering_factor_n = exp(log( maxW )/ (n_driver));
tapering_factor_m = exp(log( maxW )/ (m_driver));
if( ((n_driver) * tapering_factor_n - (m_driver ) * tapering_factor_m) * ::ctr
+ (1.0/pow(tapering_factor_n, n_driver ) - 1.0/pow(tapering_factor_m, m_driver))
* (¢l + Calculate_capacitance_downward(line))< 0 }{
*tapering_factor = tapering_factor_n;
*driver = n_driver,;
Jelse{
*tapering_factor = tapering_factor_m;
*driver = m_driver;

f
* calculate max width of cascaded driver */

/

/
double Calculate_maxW(Line* line){

/

double maxW ;
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maxW = ( line->Get_c() + Calculate_capacitance_downward(line) }¥
[( :ctr*M_E);
if(maxWw > line->optW){
maxW = line->optW,

return( maxw );

/ /
1* decide first repeater size by the number of buffers */

/ /
double Decide_first_repeater_size(Line* line,double optW, int* top_buffer_insert, int* n_drivery{
double length = line->rep_N;

double right_delay =0;
double left_delay =0;

double right_length =0;
double left_length =0;

int right; /* set 1, if this is the right line */
double size;

*n_driver =0;
if(line->parent == NULLX
if( length >=2.0)
return(::drivingbuffer * M_E);
Cascaded_driver(line, optW, (int) length , n_driver, &size);

if(*n_driver == 0}
return( -1);
Jelse{

return(size);
}

right_delay = line->parent->right->optimized_delay ;
left_delay = line->parent->left->optimized_delay ;

right_length = line->parent->right->rep_N;
left_length = line->parent->left->rep_N;

if(line->parent->right == line ){
right=1;

Jelse{

}

right=0;

/* Don't insert repeater if both lines are short enough */
if( line->parent->Get_r() ¥
* ( Calculate_capacitance_downward(line->parent)
- optW *:ctr)
-ortr*ictr<0)

if( right_length < 2.0 && left_length < 2.0
return(-1);

}

if(right == 1){
size = optW * right_delay / (right_delay + left_delay );
Jelse if(right == 0){
size = optW * left_delay / (right_delay + left_delay );

if(size<1.0)
return(1.0);
else if(size > optW -1.0{
*top_buffer_insert=0;
return(optw);
Jelse{

}

return(size);
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exit(0);

/
original algorithm to find optimum buffering */

/
if output == -1, this means buffer should be reduced */
= , exitted normaly */

FIFTFY

int Optimize_buffering(Line* line,int division ,int trial_times){
* if parent_buffer =1,
then parent length is long enough */

double optW;

double optL;

double W,

double L;

int repN; /* total number of repeaters */

double rlcl;
double rlb;
int total_buffer;

intijk;

intm;

int n; /* the number of the same length section */
double length1;

double length2;

double length3;

double parent_buffer=-1; /* this means thant this line has no parent line */
double right_buffer =-1; /* right */
double left_buffer =-1;/* left */

int tail_buffer_insert = 0;/* if this value is 1, tail buffer is needed */
int top_buffer_insert = 1; /* if this value is 1, top buffer is needed */

double capacitance_downward;
double resistance_upward;
double first_repeater_size;

int n_driver ; /* the number of cascaded driver */
double maxW ; /* maximum size of cascaded driver */

rl = line->Get _r();
cl =line->Get_c();

optW = line->optW,
optL = line->optL;

* input buffer[0] */

i=1;
line->buffer[0].position = 0;
line->buffer[0].size = 0;

W = :drivingbuffer;

[* input some data */

if(line->parent!= NULL) parent_buffer = line->parent->rep_N;
if(line->right '= NULL) right_buffer = line->right->rep_N;
if(line->left !=NULL) left buffer =line->left->rep_N;

* insert cascaded driver */
[tk /
j=0; [* j is the number of the cascaded driver */

first_repeater_size = Decide_first_repeater_size(line,optW,&top_buffer_insert, &n_driver);
maxW = Calculate_maxW(line);

printf(“first repeater size = %e¥n" first_repeater_size);
printf("maximum driver size = %e¥n",maxW);
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if( (first_repeater_size < optW ) && (first_repeater_size > 0)
W =first_repeater_size;

printf("max_W = %e¥n",optW);

if(division == 0}
for(j=1;j<=n_driver;j++}{
line->buffer[j].position = 0;
line->buffer[j].size =W,
W *=first_repeater_size;

W /=first_repeater_size;

Jelse{
for(j=1; W <optW jj++)
line->buffer[j].position = 0;
line->bufferfj].size=W ;
W=W*M_E;
}
W/=M_E;
}
I
}
[k /
* insert repeaters */
[k /
k=1,

n=division-1; /*nisthe number of the same length section */

if( (division < 1) || (first_repeater_size <0) }
if(j 1= 0X
* this line is root */
* Or too short to insert buffer */
total_buffer = line->total_buffer=j;
line->buffer[j + 1].position = ELEMENT;
line->buffer[j + 1].size = 0;
Jelse if(first_repeater_size < O
* insert no buffer */
total_buffer = line->total_buffer =0;

line->buffer[1].position = ELEMENT,
line->buffer[1].size = 0;

Jelse{

* insert 1 buffer */
total_buffer = line->total_buffer = 1;

line->buffer[1].position = 0;
line->buffer[1].size = first_repeater_size;

line->buffer[2].position = ELEMENT,
line->buffer[2].size = 0;

}

printf("This line is too short to insert buffer! %d¥n"j);
return(l);
[* return normally */

}
) if((==0)
#if FIRST_BUFFER
&& (top_buffer_insert == 1)

#endif
X

[* if cascaded driver is not inserted */
line->buffer[1].position = 0;
W = line->buffer[1].size = first_repeater_size;
=L

.

if(j!=0)

first_repeater_size=W;

[* calculate capacitance downward */
capacitance_downward = Calculate_capacitance_downward(line);
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/* calculate resistance upward */
if(j==0{ ) .
resistance_upward = Calculate_resistance_upward(line);
Jelse{

resistance_upward = :rtr /W,

#if FIRST_BUFFER

#elif

#endif

lengthl = ELEMENT * (1.0/(n+2.0) ¥
- (resistance_upward/rl)* (n+1.0)/(n+2.0) ¥
+ (rtr/rl) * ((n + 1.0)/(n+2.0))/optW ¥
-optW * (ctr/cl)/(n+2.0) ¥
+ (capacitance_downward /cl) / (n + 2.0));
length2 = ELEMENT * (1.0/(n +2.0) ¥
+ (resistance_upward/rl) /(n + 2.0) ¥
- (ertr/rd) * ((1.0)/(n+2.0))/optW ¥
+optW * (ctr/cl) * (n +1.0) / (n + 2.0)¥
- (capacitance_downward /cl) * (n + 1.0) / (n + 2.0));

lengthl = ELEMENT * (1.0/(n+2.0) ¥
+ (capacitance_downward /cl) / (n +2.0) ¥
-(urtr/rl) * (optWifirst_repeater_size -1.0)* ((n + 1.0)/(n+2.0))/optW ¥
-optW * (ctr/cl)/(n+2.0)) ;

length2 = ELEMENT * ( 1.0/ (n + 2.0) - (capacitance_downward /cl) * (n + 1.0) /(n + 2.0) ¥
+ (urtr/rl)  * (optWifirst_repeater_size -1.0 )* ((1.0)/(n+2.0))/optW ¥
+optW * (:ctr/cl) * (n +1.0)/ (n + 2.0)) ;

if(n !=0)

length3 = (ELEMENT - lengthl - length2) / n;
Jelse{

length3 =0;
}

f*changed section ends */
* if buffers are too many, the number of buffers is reduced and tried again */

* format error check */
if(( lengthl < 0) && (length2 < 0){
lengthl =0;
length2 =0;
tail_buffer_insert=1;
Jelse if(lengthl < O
lengthl =0;
length2 = ELEMENT * ( 1.0/ (n + 2.0) - (capacitance_downward /cl) * (n + 1.0) /(n + 2.0) ¥
+optW * (ctr/cl) * (n +1.0)/ (n + 2.0)) ;
Jelse if(length2 < O
lengthl = ELEMENT * (1.0/(n + 2.0) ¥
- (urtr/rl)  * (optWifirst_repeater_size -1.0)* ((n + 1.0)/(n+2.0))/optW);

length2 =0;
tail_buffer_insert=1;
}
if(lengthl < 0¥
lengthl =0;
}
if(length2 < O){
length2 =0;
tail_buffer_insert=1;
}
if(n!=0)
length3 = (ELEMENT - lengthl - length2) / n;
Jelse{

length3 = ELEMENT;

if( length3 < (optL*ELEMENT) {
printf("lengthl = Yoe length2 = Yoe length3 = Yoe

=%e¥n" lengthl,length2,length3,0ptL*ELEMENT);

return(-1);

[* first repeater */
line->buffer[j+k].position = length1;

OptL
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line->buffer[j+k].size = optW,

/* insert the same size repeaters */
for(k++ k<=n+1; k++){
line->buffer[j+k].position = line->buffer[j+k-1].position + length3;
line->buffer[j+k].size = optW;
}

if(tail_buffer_insert == 1){
* As child line has no buffer, */
f* tail buffer is inserted */

line->buffer[j+k].position = ELEMENT;
line->buffer[j+k].size = optW;
k++;

}

k-
total_buffer = line->total_buffer =j + k;

printf("lengthl = %e¥tlength2 = %e¥tlength3 = %e¥t division = %d¥n" lengthl,length2 length3,division);
printf("j = %d¥tk =%d¥ttotal_buffer =%d¥n" j,k,line->total_buffer);

* for correct format */
line->buffer[total_buffer + 1].position = ELEMENT;
line->buffer[total_buffer + 1].size =0;

printf("Opt L = %e¥n" optL);
printf("Opt W = %e¥n",optW);

return(0);
}
/ /
[* circuit optimization function */
* (this function calls itself) */
f /
int Optimize_circuit(Line* line }{
double rl,cl;
intrep_N;
rl = line->Get_r();
cl =line->Get_c();
if(line->rep_N < 1.41421356)
rep N=0;
else{
rep_N = (int) line->rep_N;
* insert from shorter line */
if(line->right = NULL && line->left '= NULLY
if(line->right->optimized_delay > line->left->optimized_delayX
Optimize_circuit(line->left);
Optimize_circuit(line->right);
Jelse{ o
Optimize_circuit(line->right);
Optimize_circuit(line->left);
}
Jelse if(line->right '= NULL){
Optimize_circuit(line->right);
Jelse if(line->left = NULL)
Optimize_circuit(line->left);
int trial_times =1;
while(Optimize_buffering( line, rep_N ,trial_times) == -1}
rep_ N=rep N-1,
trial_times +=1;
printf("Reduce buffer to %d¥n",rep_N);
printf('Buffer insertion ended for one line %el¥n¥n" line->Get_r());
}
/ /
* roughly estimate the number of buffers in each line */

/ /
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void Rough_estimate_line(Line* line){
double rl.cl;
double rep_N;

double right_delay =0;
double left_delay =0;

rl = line->Get _r();
cl =line->Get_c();

rep N= (1L.0/sgrt(2.0*rtr*ctr/(rl*cl)));

line->optW = sqrt( ::rtr * ¢l / ( rl * ::ctr));
line->optL = sqrt( 2.0 * ::rtr * ::ctr / (rl * cl));

line->rep_N=rep N;
line->optimized_delay = sqrt(rl * cl);
if( line->right '= NULLY
right_delay = line->right->optimized_delay;

}
if( line->left = NULLX
left_delay = line->left->optimized_delay;

}
if(right_delay < left_delay){
line->optimized_delay += left_delay;
Jelse{
line->optimized_delay += right_delay;
}

printf("rep_N =%e¥t%d¥n",rep_N,(int)rep_N);
printf(“optimized_delay = %e¥n",line->optimized_delay);

/
* roughly estimate the number of buffers */
* this function is called before Optimized_circuit function */

* to calculate rep_N */

/
void Rough_estimate(Line* line){

if( line->right != NULLY
Rough_estimate(line->right);

}
if( line->left = NULLX
Rough_estimate(line->left);

Rough_estimate_line(line);

f /
/ /
double new_algorithm(Circuit& circuit, int linen X{

double optW;

double optL;

double rl,cl;

int total_buffer;
double rep_N; /* the number of the same length section */
inti;
double delay 1, delay 2, delay_3;
double worst_delay;
double Imin[LINE_MAX];
int length_check; /* set 1 if a line is long enough to insert repeaters */

/ /
Rough_estimate( &(circuit.line[1]) );
/

Optimize_circuit( &(circuit.line[1]) );
/

* delay calculation */

delay_1 =circuit.Calculate_specified_node_delay(circuit.line[linen]);
circuit.Calculate_circuit_delay();

worst_delay  =circuitReturn_d();

* printf buffering and delay */



}

for(i=1;i<= circuit.total_line; i++){
circuit.line[i].Print_buffer();
}

printf(“total_buffer = %d¥n" circuit.line[1].total_buffer);
printf("New algorithm delay 1 = %e¥n",delay 1);
printf(*"New algorithm delay 2 = %e¥n",worst_delay);
printf("check line = %d¥n" linen);

return(worst_delay);

/
1* Bakoglu optimization for line */

/

/

/
void Optimize_Bakoglu_line(Line* line){

intjk;

double optW,optL;
double W,maxWw,
int repN;

int total_buffer;
double rl.cl;

double parent_buffer =-1;
double right_buffer =-1;
double left_buffer =-1;

double tapering_factor_n,tapering_factor_m;
double tapering_factor;

int n_driver ,m_driver;

intdriver;

int n_repeater,m_repeater;

rl = line->Get _r();
cl =line->Get_c();

optW =sqrt( ::rtr * ¢l / ( rl * ::ctr));
optL =sqrt( 2.0 * ::rtr * zctr/ (rl * cl));

printf("optW = %e¥n",optW);
printf("optL = %e¥n" optL);

double input_size = 1.0/optW,
double output_size = 1.0/optW;

* input buffer[0] */
line->buffer[0].position = 0;
line->buffer|[0].size = 0;
W = :drivingbuffer;
if(line->parent != NULL) parent_buffer = line->parent->rep_N;
if(line->right '= NULL ) right_buffer = line->right->rep_N;
if(line->left = NULL) left_buffer = line->left->rep_N;
* decide the number of repeaters */
n_repeater = (int) (1.0 + 1.0/optL);
m_repeater = n_repeater - 1;
if(m_repeater == 0){
repN =0;
Jelse if(::ctr * rtr - rl * ¢l /(2.0 * n_repeater * (n_repeater - 1) ) <0}
repN = n_repeater,
Jelse{
repN = m_repeater;
printf("‘number of repeaters = %d¥n",repN);
[* cascaded driver */
Cascaded_driver(line,optW, repN, &driver, &tapering_factor);
if(line->parent == NULLX
for(j = 1; j <= driver ; j++){

W *= tapering_factor;
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line->buffer[j].position = 0;
line->buffer[j].size =W ;

}
-
Jelse{
if(line->Get _c() + ctr <optW * ctr }{
return;
}
line->buffer[1].position = 0;
line->buffer[1].size = optW,
=y
}

* division in the same length section */

for(k=1; k<=repN -1; k++){
line->buffer[j+k].position = ( (double)ELEMENT / repN) * k ;
line->buffer[j+k].size = optW;

}
line->buffer[j+k].position = ELEMENT;
line->buffer[j+k].size = 0;

line->total_buffer =j +k;

}

/

1* Bakoglu optimization for circuit */
/ /
void Optimize_Bakoglu(Line* line {

if(line->right '= NULLY
Optimize_Bakoglu(line->right);

}
if(line->left I= NULL)
Optimize_Bakoglu(line->left);

Optimize_Bakoglu_line(line);
}
f /
/ /
double Bakoglu(Circuit& circuit, int linen ){

double optW;

double optL;

double W,

double L;

int repN; /* total number of repeaters */

double rl,cl;

int total_buffer;

intijk;

int n; /* the number of the same length section */

double delay;
double worst_delay;

Optimize_Bakoglu(&circuit.line[1]);

for(i=1;i<= circuittotal_line; i++){
circuit.line[i].Print_buffer();

}

delay = circuit.Calculate_specified_node_delay(circuit.line[linen]);
circuit.Calculate_circuit_delay();
worst_delay = circuit.Return_d();
printf("Bakoglu = %e¥n",delay);
printf("Bakoglu = %e¥n",worst_delay);

return(worst_delay);
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/
/
* main program */

f
/ /
int main( int argc,char *argv[]{

Circuit circuit_1;

Circuit circuit_2;

Circuit circuit_3;

double newdelay;
double bakogludelay;

double newpd;
double bakoglupd;

double newp;
double bakoglup;

FILE *NEW,*BAKOGLU;
char net _file[20];
char bako_buffer_file[20];
char new_buffer_file[20];

int linen;

double delay_1,delay 2,delay 3;
double slope;

inti;

if(argc 1= 2)
strcpy(net _file,"net™);
printf("Input net file name - ¥"net¥"¥n");
Jelse{
strepy(net_file,argv[l]);
printf("Input net file name - ¥"%s¥"¥n" net file);

f* inputcircuit file */

circuit_1.Makecircuit(linen,net file);
circuit_2.Makecircuit(linen,net file);

* buffer insertion */

/* calculation */

newdelay = new_algorithm(circuit_1, linen);
bakogludelay = Bakoglu(circuit_2, linen);

circuit_1.Calculate_circuit_power();
circuit_2.Calculate_circuit_power();

newpd = circuit_1.Return_pd();
bakoglupd = circuit_2.Return_pd();

newp = circuit_1.Return_p();
bakoglup = circuit_2.Return_p();

printf(“new algorithm pd = %e bakoglu pd = %e¥n",newpd,bakoglupd);
printf(“new algorithm p = %e bakoglu p = %e¥n",newp,bakoglup);

NEW = fopen("new.out","w");
BAKOGLU =fopen("bakoglu.out”,"w");

fprintf(NEW, "%e¥t%e¥t%e¥n",newdelay,newpd,newp);
fprintf(BAKOGLU, "%e¥t%e¥tY%e¥n" bakogludelay,bakoglupd,bakoglup);

strcpy(new_buffer_file, "new_buffering");
circuit_1.Output_buffer(new_buffer_file);

strcpy(bako_buffer file,"bako_buffering”);
circuit_2.0utput_buffer(bako_buffer_file);

fclose(NEW);
fclose(BAKOGLU);
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