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3.1.2.2 A30@la1103 (Crossover)
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Before Mutation: 110100010011
After Mutation: 110000010011
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3.2.3 Yoy uuuuaalennidIiafn (Mutations Based on 3-Opt Heuristic)
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U 4.4 msuvsnguludnuaiz Multiway Partition
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o O, rilum1Aai, CF=Cut Feed, CPL=Critical Path Length
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n =

L= Za),.,.NUDN-ZH:w,WN. D, (3)
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~ Cut Cut Cut Cut Cut Cut
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8 100/20 80 101.3 69 97.7 64 924
16 100/30 172 206.4 160 197.8 152 190.3
32 100/75 305 409.5 328 383.8 312 374.7
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Quantity SA [5] GA [8] MGA
Feed-through Cell (Cell) 51 45 42
Critical Path Length (um) 335 328 320
Max Row Width (um) 616 595 580
97U Track 140 134 128
Total Wire length - 63,014 62,185
Layout Area (um?) s 1.72x10° 1.58x10°
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MARYN 0. 151n5NMINANDI MGA_Placement
/%
* MGA PLACEMENT java  version 1.00 8 March 2002
import java.io.*;
import Utilities.*;
import GAutilities.*;
import Chromosomes.*;
import Selections.*;
import Crossovers.*;
import t7.%;

class MGA {

// give fundamental parameters controlling the GA default values
private static int populationSize = 10;

private static int greedyXoverPoints;

private static boolean  doElitism = true;

private static double  crossoverRate = 0.7

private static double  optmutationRate;

// these parameters control the running of the program

private static int printPerGens = 2; // print every this often
private static int maxGenerations = 100; // quit when reached
private static String  logFileName = "pm30.dat";

// record the time the program started
private static final long startTime = System.currentTimeMillis();
private static long age() {

return System.currentTimeMillis() - startTime;
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public static void main(String[] args) {

// process command line arguments, overriding GA parameter defaults
GetOpt go = new GetOpt(args, "Udp:x:c:m:P:G:EF:");
go.optErmr = true;

String usage = "Usage: -d -p populationSize -x numXoverPoints\n"

+: -E -c crossoverRate -m mutationRate\n"
+"  -P printPerGens -G maxGenerations -F logFileName";
int ch = -1;

while ((ch = go.getopt()) != go.optEOF) {

if  ((char)ch=="U") {

System.err.println(usage); System.exit(0);
}
else if ((char)ch =='d') Debug.flag = true;
else if ((char)ch =='p")

populationSize = go.processArg(go.optArgGet(), populationSize);
else if ((char)ch == 'x")

numXoverPoints = go.processArg(go.optArgGet(), numXoverPoints);
else if ((char)ch =="'¢')

crossoverRate = go.processArg(go.optArgGet(), crossoverRate);
else if ((char)ch =='m")

mutationRate = go.processArg(go.optArgGet(), mutationRate);
else if ((char)ch =='E') doElitism = true;
else if ((char)ch =="P')

printPerGens = go.processArg(go.optArgGet(), printPerGens);
else if ((char)ch =="'G")

maxGenerations = go.processArg(go.optArgGet(), maxGenerations);
else if ((char)ch =="'F")

logFileName = go.optArgGet();
else { // undefined option

System.err.println(usage); System.exit(1);



Defaults.logFileName = logFileName;
Globals.stdout.println

("The GA parameters are:\n" +

" populationSize ="+ populationSize +"\n" +

" numXoverPoints ="+ numXoverPoints +"\n" +
" crossoverRate =" + crossoverRate +"\n" +

" mutationRate ="+ mutationRate +"n! £

" doElitism ="+ doElitism +"\n" +

" printPerGens ="+ printPerGens +"\i" +

" maxGenerations =" + maxGenerations +"\n" +
" Debug.flag ="+ Debug.flag +"\n" +

" logFileName =" + logFileName);

/! force loading class MyChromosome and setting static variables

new MyChromosome();

Globals.stdout.println("GA: the number of row =" +
Chromosome.getRow());

Globals.stdout.println("GA: chromosome length =" +

Chromosome.getChromosomeLength());

sGA theGA = new sGA();
theGA.mainLoop();

private sGA() { super(); } // only GA.main() can create GA

private void printChromosome(String name, Chromosome c) {

Globals.stdout.println(name +

"\n "+ c.toGenotype() +
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,‘/ ”\r\ " +

"\n fitness=" + c.getFitness()); //+ c.toPhenotype() +

private final Chromosome theBest = new MyChromosome();

private int theBestGeneration; // generation theBest first showed up

/1 0..popSize-1 holds population and theBest holds the most fit

private Chromosome[] population = new Chromosome[populationSize]:

private Chromosome[] newPopulation = new Chromosome[populationSize];

private int generationNum;  // current generation number

private int numCrossovers, numMutations; // tabulate for report()

private Selection theSelection = null;

private Crossover theCrossover = null;

private void mainLoop() {
Globals.stdout.printin("GA: mainLoop");
if (Chromosome.isSolutionFitnessKnown()) {
Globals.stdout.printIn("Known solution fitness is " +
Chromosome.getSolutionFitness());
}
initialize();
findTheBest();
report("Initial population");
while (!terminated()) {
generationNum++;
try {
theSelection.select(population, newPopulation, populationSize);
swapPopulationArrays();
} catch (FitnessSumZeroException e) {

// replace current population with a new random one;



// other possibilities are to do nothing and hope mutation
// fixes the problem eventually
if (Debug.flag) Globals.stdout.println(e + " (randomizing)");
for (int i = 0; i < populationSize; i++) {
population[i].initialichhmmosomeRandom();
System.out.printin( " population "+1);
}
} catch (SelectionException e) {
if (Debug.flag) Globals.stdout.printin(e);
}
if (Debug.flag) report("Selection");
crossover();
if (Debug.flag) report("Crossover");
mutate();
if (Debug.flag) report("Mutation");
if (doElitism) elitism();
else justUpdateTheBest();
if (Debug.flag || (generationNum % printPerGens) == 0) {

report("Report");

}

Globals.stdout.println("Simulation completed in " + generationNum +
" generations and " + age()/1000.0 + " seconds");
printChromosome("Best member (generation="+theBestGeneration+")",
theBest);

System.exit(0);

private void initialize() {

generationNum = 0; numCrossovers = 0; numMutations = 0;
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theSelection = new Proportiona!Selection();

if (numXoverPoints == 0) theCrossover = new UniformCrossover();

else if (numXoverPoints == 1) theCrossover = new OnePointCrossover();
else if (numXoverPoints == 11) theCrossover = new GreedyCrossover();
else theCrossover = new NPointCrossover(numXoverPoints);

for (int j = 0; j < populationSize; j++)

{

population[j] = new MyChro;ﬁosome();
population[j].initializeChromosomeRandom();

newPopulation[j] = new MyChromosome();

}
if (Debug.flag) {
for (int j=0; j<populationSize; j++) {

printChromosome("p" + j, population[j]);

private void findTheBest() { // called on the initial population only
double currentBestFitness = population[0].getFitness();
double next = -1;

int currentBest = 0; // index of the current best individual

for (int j = 1 j < populationSize; j++) {
if ((next = population[j].getFitness()) > currentBestFitness ) {
currentBest = j;

currentBestFitness = next;



J/ once the best member in the population is found, copy the genes

population[currentBest].copyChromosome(theBesl);

if (Debug.flag) {
printChromosome("currentBest (generation=" +theBestGeneration+")",

theBest);

private boolean terminated() {
return (theBcst.isSolutionFimessKnown() &&
theBest.getFitness() == theBest.getSolutionFitness()) ||

generationNum >= maxGenerations;

private void swapPopulationArrays() {
Chromosome[] temp = population;
population = newPopulation;

newPopulation = temp;

/***************************************************************f

/* Crossover selection: selects two parents that take part in */
/* the crossover. For each population member, flip a weighted */
/* coin. Every two times it comes up < crossoverRate, then */
/* crossover those two chromosomes. */
/***#***********************************#**********************t/
private void crossover() {

int one = -1; // compiler complains not being initialized

int first = 0; // count of the number of members chosen

for (int mem = 0; mem < populationSize; ++mem) {
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if (MyRandom.dblRandom() < crossoverRate) {

+-+first;

if (first % 2 ==0) {
numCrossovers++;
if (Debug.flag) {

Globals.stdout.println("crossing " + one + " and " + mem);

}
theCrossover.xOver(population[one], population[mem]);

} else one = mem;

[ ok Kok R KRR R R K kKK sk K sk sk sk sk ks sk ok ko ok

/* Mutation: Random uniform mutation. A variable selected for */
/* mutation is replaced by a random value between lower and  */
/* upper bounds of this variable */
/***** s ok 3k ok ok ok ok 3k ok 3k 3K 3K 3k 3k 3k 3k 3k 3k 3k ok 3k ok ok ok 3k ok o ok 3k ok ok ok ok ok k ok *********************/
private void mutate() {
int chromosomeLength = Chromosome.getChromosomeLength();
int row = Chromosome.getRow();

for (int i = 0; i < populationSize; i++)

for (int j = 0; j < row; j++)
{ for (int k = 0; k < chromosomeLength; k++)
{

if (MyRandom.dblRandom() < mutationRate)

{
numMutations++;
population[i].mutateGene(j,k);
if (Debug.flag) {

printChromosome("mutation, i=" + i+ ", gene=" + j,



population[i]);

}

/******************************t********************************/

/* Report function: Reports progress of the simulation.

J e b

private void report(String title) {

double best_val; // best fitness in this population
double most_fit; // most fit seen in previous generations
double avg; // avg population fitness

double stddev; // std. deviation of population fitness
double sum_square; // sum of square for std. calc

double square sum; // square of sum for std. calc

double sum; // total population fitness

double fitness;

sum = 0.0;
sum_square = 0.0;

best val = -1.0;

for (int i = 0; i < populationSize; i++) {
fitness = population[i].getFitness();
sum += fitness;
sum_square += fitness * fitness;

if (fitness > best_val) best_val = fitness;
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avg = sum/(double)populationSize;

square_sum = sum * sum/(double)populationSize;

stddev = Math.sqrt((1.0/(double)(populationSize - 1))
*(sum square - square_sum));

most_fit = theBest.getFitness();

Globals.stdout.printIn(title + ": generation="+ generationNum
+ " best value=" + best_val + " avg="+ avg + " stddev="+ stddev);
printChromosome("most fit (previous generation="+ theBestGeneration
+")", theBest);
Globals.stdout.println("number of crossovers and mutations: "

+ numCrossovers + " and " + numMutations);

if (Debug.flag) {
for (int j=0; j<populationSize; j++) {

printChromosome("p" + j, population(j]);

i
Globals.stdout.flush();

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

/* Elitist function: The best member of the previous generation */
/* is stored in theBest Chromosome. If the best member of ~ */
/* the current generation is worse then the best member of the */
/* previous generation, the latter one would replace the worst */
/* member of the current population */

/***************#******#******#***#**********#**i***************#/

private void elitism() {

double best, worst; // best and worst fitness values

int bestMember, worstMember; // indexes of the best and worst member
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int start; / index used to start the loop

if (populationSize % 2 == 0) {
best = -1; bestMember = -1;
worst = Double. MAX VALUE; worstMember = -1;
start = 0;
}else {
best = population[0].getFitness(); bestMember = 0;
worst = population[0].getFitness(); worstMember = 0;
start =1,
}
for (int i = start; i < populationSize - 1; i+=2) {
if (population[i].getFitness() > population[i+1].getFitness()) {
if (population[i].getFitness() > best) {
best = population[i].getFitness(); bestMember = i;

}

if (population[i+1].getFitness() < worst) {

worst = population[i+1].getFitness(); worstMember =i + 1;

}
1 else {
if (population[i].getFitness() < worst) {
worst = population[i].getFitness(); worstMember = i;
}
if (population[i+1].getFitness() > best) {

best = population[i+1].getFitness(); bestMember =1 + I;

}

/1 if best individual from the new population is better than
// the best individual from the previous population, then
/I copy the best from the new population; else replace the

/f worst individual from the current population with the
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// best one from the previous generation

if (best > theBest.getFitness()) {
population[bestMember].copyChromosome(theBest);
theBestGeneration = generationNum;,

} else {
theBest.copyChromosome(population[worstMember]);

}

if (Debug.flag) {
printChromosome("elitism, best (index="+bestMember+")",
population[bestMember]);

printChromosome("elitism, worst (index="+worstMember+")",

population[worstMember]);

}
private void justUpdateTheBest() {
double currentBestFitness = population[0].getFitness();
double next = -1;
int currentBest = 0; // index of the current best individual
for (int j = 1; j < populationSize; j++) {
if ((next = population[j].getFitness()) > currentBestFitness ) {
currentBest = j;
currentBestFitness = next; }
}if (currentBestFitness > theBest.getFitness()) {
population[currentBest].copyChromosome(theBest);

theBestGeneration = generationNum;

H
if (Debug.flag) {
printChromosome("theBest (generation="+theBestGeneration+")",

theBest);



MANUIN Y. MCNC benchmark circuit

This directory contains the following standard cell benchmarks:

Name YAL datafile/library VPNR datafile/library  f#cells #nets #1/O

SCO fract.vpnr/db.vpnr 125 147 24

SC1 primaryl.yal/sclib.yal primaryl.vpnr/sclib.db 752 904 81

SC2 struct.vpnr/db.vpnr 1888 1920 64
SC3 industryl.vpnr 2271 2594 814
SC3a industryla.vpnr 2271 2479 580

SC4 primary2.yal/sclib.yal primary2.vpnr/sclib.db 2907 3029 10

8SC5 biomed.vpnr/db.vpnr 6417 5766 97
SCé6 industry2.vpnr 12142 13915 495
SC7 industry3.vpnr 15059 21966 375
Notes:

Please treat ALL benchmarks as 'PRIMARY" - they are all of equal importance
and cover a wide spectrum of circuit sizes.

Plot magnifications will be specified at a later time.

Benchmarks SC0, SC2, SC5, SC6, and SC7 use SCMOS MOSIS rules. The width of

the P/G rails in the cells is 6 microns.

Here are SCMOS rules:

metal 1 wire width Dwl=3
metal 1 wire-wire spacing : s1=3
metal 2 wire width o w2=3
metal 2 wire-wire spacing :s2=4
via size 1svia=2

via surrounding svsur = 1

Benchmarks SC1 and SC4 use design rules specified in sclib.yal. See the
beginng of the 'sclib.yal', even if you are using 'sclib.db’. The width
of the P/G rails in the cells is 8 microns.

Benchmark SC3 uses the following design rules:
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wl =sl =s2 = svia = 2 microns
w2 = 2.8 microns
vsurl = | micron
vsur2 = 0.4 micron
Due to the specifics of the cells used in SC3, only VPNR description is available.
Unless specified otherwise, all signal ports in all cells are on
METAL2 layer, and all power/ground ports are on METALL.
SCO: This benchmark was used in the Physical Design Workshop 1989. It is
also used in the ISCAS'89 Sequential Testability Benchmarks.
SC1: This is the old 'Primaryl' benchmark from Physical Design Workshop '87
and Workshop on Placement & Routing 1988.
SC2: This circuit contains a fair amount of repetitive subcircuits.
SC3: Benchmark 'industry1' contains 115 'pass-through' signals that occur
only at the pins but do not connect to any cell. If your software
cannot handle such nets, please use 'industryla' which is the same
circuit, but with the 'pass-through' I/0s removed.
The cells used in SC3 differ significantly from the other cells.
The signal ports are actually metall/metal2 vias; metal 2 can route
anywhere over the cells, metall is forbidden over the cells.
Please route this benchmark with metal2 running verically and metall
running horizontally (parallel to the cell rows).
SC4: This is the old 'Primary2' benchmark from Physical Design Workshop '87
and Workshop on Placement & Routing 1988.
SC5: This circuit contains a number of buses, hence it has fewer nets than
cells.
SCO0 and SC5: These benchmarks can be routed with or without the scan chain.
The scan chain is not connected in the benchmark files; your software
is free to connect it in any manner that will be suitable. The only
cell that goes into the scan chain is 'dsr2s', and the scan_in input
is the second terminal of this cell. If your software cannot handle
automatic scan chaining, please leave this input unconnected and make

a note of it when presenting the benchmark results.
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