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2.1 PythonU O 0O Diall

OO000000OPythonOODO DialJ 0000000000000 O0O0CDO networkXOOOOOOOOOOO

networkX O OPython O 0000000000000 0OO0OUO OnetworkX O https://networkx.lanl.gov/wiki
0000000000000 0C0000000000000000 Scipy http://matplotlib.sourceforge.net/
O0000000000000000000 NumPy http://numpy.scipy.org/ OO0 000000O0O0DO0O
ooo

DIMACSOOOOOO0OO0O00O00000O0O0O0O0O0O0OOOO0OO00000000O0O0O0O0O0D 100020

OO0 coOOoOoOoOoOoOoOoOOOO0Dbial000O0oOoooooooooooOoooooooo

def ReadDimacs(filename):
’?’Read the data from DIMACS shortest path format
that can be downloaded from DIMACS site’’’

f=open(filename+’.co’, ’r’)
f2=open(filename+’.gr’, ’r’)

# read data from file
line=f.readline()
x_cord=[]

y_cord=[]

G=XGraph()
G.position={}

while line.find("v 1")==-1:
line=f.readline()

(dum, i,x,y)=1line.split()
x_cord.append(float (x))
y_cord.append (float (y))

while 1:



line=f.readline()

if line.find("v")==0:
(dum,i,x,y)=1line.split()
x_cord.append(float (x))
y_cord.append(float (y))

else:
break

#edge info
edge_info=[]
line=f2.readline()

for i in range(6):
line=f2.readline()
#print (line)

while 1:

line=f2.readline()

if line.find("a")==0:
(dum,i,j,length)=1line.split()
edge_info.append( (int(i)-1,int(j)-1,int(length)) )
#print ("edge info",i,j,length)

else:
break

C=max (edge_info) [2]
#print "Max Edge Length=",C
C+=1

minx=float (min(x_cord))
maxx=float (max(x_cord))
xwidth= maxx-minx+1

miny=float (min(y_cord))
maxy=float (max(y_cord))
ywidth=maxy-miny+1

# add nodes after scaling coordinates
n=len(x_cord)
for i in range(n):
G.add_node (i)
x=(x_cord[i]-minx) /xwidth
y=(y_cord[i]-miny) /ywidth
G.position[il=(x,y)
#print i,G.position[il]

print "number of nodes=",n

# add edges

m=len(edge_info)

for (i,j,length)in edge_info:
G.add_edge(i,j,length)
#print ("add edge",i,j)

f.close()
£2.close()

return G,n,m,C

DialJDOO0O0OO0O0OOOOOO0OOOOCOODOOOOOODOOODOOODOOODODODODOODOOOOODO
Oooooboo0oONwmpyOO0O0O00DOOO0O0O0DOOOOO0ODOOOOOODODOOOODDODOOO

oono



if

__name__ == "__main__

".
filename="DC. tmp"

G,n,m,C = ReadDimacs(filename)
print "number of nodes =",n

source=0
sink =-1 #if sink =-1 then find all shortest paths from source to other nodes

settled= numpy.zeros(n,numpy.int0) #=1 if node is settled (or has an eternal label or is scanned)
reached= numpy.zeros(n,numpy.intO) #=1 if node is heap or list (or has a finite potential)
dist= numpy.zeros(n,numpy.int0)
prev= numpy.zeros (n,numpy.int0)
circular=[[-1] for i in range(C) ] #-1 represents the list is empty
circular[0] .append(source)
reached[source]=1
prev[source]l=-1
current=0
#scanned=0
while 1:
first=current
while 1:
v=circular[current] [-1] #v is the node with minimum potential
if v>=0:
break
#the current list is empty, so we increment it
current+=1
current= currentC
if current==first:
#the circular list is empty, so we quit
v=-1
break

if v==-1: #the circular list is empty, so we quit
break
circular[current].pop()
settled[v]=1
if v==sink:
break
#reached [v]=0
#scanned+=1
#print "scanning node",v,scanned,circular
for w in G.neighbors(v): #scan operation
if settled[w]==0:
temp=dist [v]+G.get_edge(v,w)
if reached[w]== 0: #w is not in the circular list
reached[w]=1
dist [w]=temp
prev[wl=v
circular [tempC] . append (w)
else: #w is in the circular list
if temp<dist[w]:
circular[dist [w]’C] .remove (w)
circular [temp’,C] . append (w)
dist [w]l=temp
previwl=v

if sink>=0:
path=[sink]
w=sink
while 1:
v=prev [w]
path.append(v)
if v==source:
break
W=V
path.reverse()



print "Path Length=",dist[sink]

print "Optimal Path",path
else:

print "Distance Array=",dist

print "Prev Array",prev

2.2 COUUO Dialll

00000 DiOOCO0DOOODOOOOOODOOO00ODOOUODOOODOOOO0OO0O0ODOODDODODOOO
gbooobOobooooboobooon
OO000000 forward-star 000000000000 0ODO0ODOOOOOOFSTAROODOOOODOODOO

gboboobobobooobobooobogoLisTdnoooooon

typedef struct {
000 int n;

000 int m;

000 int *point;
000 int *tail;
000 int *head;
000 int *length;
} FSTAR;

typedef struct {

O0int n; 000 //000

000 int xval; //00000000000
000 int *next; //000000000O00O0O0O0OCO
000 int *prev; //00000000000000000O
} DLIST;

OO00000DO0O000O0O00tiD000Oo0ooo0ooogoooooooooobooogooooo

OO00O0O0O0O0O0O0O0O0O0O0OD0ODOOO Quick SortOOOOOOO

void sortByTail(int start, int end, int min, int max, int tail[], int head[], int length[]) {
000 int j, k, half, tmp;

000 if (start >= end || min >= max) return;
000 j = start;
000k = end;

000 half = (min + max)/2;

OO0 for (5 j < k;) {

0000000 if (taillj] <= half) j++;

0000000 else {

0000000000 tmp = taillk];

0000000000 taillk] = tailljl;

0000000000 tailljl = tmp;

0000000000 tmp = head[k];

0000000000 headl[k] = head[jl;

0000000000 headlj] = tmp;

0000000000 tmp = lengthlk];

0000000000 length[k] = length[jl;
0000000000 lengthl[j]l = tmp;
ooooo0oooo00 k-—;

gooooooy

ooo03

000 if (taillj] <= half) k++;

000 else j—-;

000 sortByTail(start, j, min, half, tail, head, length);
000 sortByTail(k, end, half + 1, max, tail, head, length);
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DIMACSOOOOOOOODOODODODOOOODOODOOOOO0DODDODOOOODODODDODOO forward-star0 0 O
goooboooogn
o0oo0ooooo0o0ooOoo0ooooooo0oOoDooOoOoOOO0ODbilODO00OOoDODOOOoO

ooooooooo
#define L_MAX 100 // maximum length of a line of DIMACS graph file

int readDIMACSGraph(char fileName[], FSTAR *g) {

000 FILE *fp;

000 char line[L_MAX], dummyl[L_MAX], dummy2[L_MAX];

000 int m, tail, head, length, a, t, n;

000 int maxlen;

oo

000 maxlen = 0;

000 fp = fopen(fileName, "r");

O0O0Om = 0;

000 while (fgets(line, L_MAX, fp)) {

O000000 if (strncmp(line, "a ", 2) == 0) {

g0o0000O0000 sscanf(line, "%s %d %d %d", dummyl, &g->taillm], &g->head[m], &g->length[m]);
0000000000 if (maxlen < g->length[m]) maxlen = g->length[m];
0000000000 m++;

gooooooy

0000000 else if (strncmp(line, "p sp ", 5) == 0) {

0000000000 sscanf(line, "%s %s %d %d", dummyl, dummy2, &g->n, &g->m);
O0000D0O0000 g->point = malloc(sizeof (int)*(g->n + 2));

0000000000 g->tail = malloc(sizeof (int)*g->m) ;

O0000D000O00 g->head = malloc(sizeof (int)*g->m) ;

0000000000 g->length = malloc(sizeof (int)*g->m);

oooooooy

ooo?}

000 close(fp);

000 sortByTail(0, g->m - 1, 1, g->n, g->tail, g->head, g->length);

o000t = 0;

000 for (a = 0; a < g->m; a++) {

0000000 if (¢t < g->taillal) {

0000000000 for (m =t + 1; n <= g->taillal; nt++) g->point[n] = a;
go0o0oobooOoont = g->taillal;

oooooooy
ooo?

O004if (¢ < g->n + 1) {
J000000 for (n = t +
ooo?}

000 return maxlen;

}

1; n <= g->n + 1; n++) g->point[n] = g->m + 1;

O000Opeint0 00 pO000OIDiO0O000O0O0D0O0O0O0O0O0COOOCODOOODOOOOODOOODOOOOO

gboboobobooobodobpbobOoboOooOoobOooOooboOobooooobon

void add(int #*point, DLIST *list, int p, int i) {
000 list->next[i] = point[p];

000 list->prev[i] = -1;

000 list->prev[point[pl] = i;

000 point[p]l = i;

}

O0O00peint0000p00O0IDi 000000000 O0O0OOOOOCODOOOOODOODO



void delete(int *point, DLIST *list, int p, int i) {

000 if (list->next[i] > 0) list->prev([list->next[i]] = list->prev[il];
000 if (Qist->prev[i] > 0) list->next[list->prev[il]] = list->next[i];
000 else point[p]l = list->next[il;

}

O0o00oooooooOOoOoOo0o0o0ooOobial0ODDOOODOOOOOOODOODDODOOODODDOOOD

int dijkDial(FSTAR *g, int backetsize, int orig, int dest, int backet[], DLIST *list) {
000 int min, a, i, fixed, head;

//00000000000000O00000
000 for (i = 0; i < backetsize; i++) backet[i] = -1;

//0000000=0000000000
//0000000000000O000 -1 0D0dboOb0o0ooobooooboooao
//Transit Node Routing OO0 0OO0O0O0OOO0DOOO0ODOOOODOOOOOOODOOOOOOODO
/0000000000000 O0000O0DO00D0DOO0aQ
000 for (4 = 1; i <= g->n; i++) list->valli] = -1;

//000rigD 00000000000 min00000000O0OOO

000 min = 0;

000 list->vallorig] = 0;

000 add(backet, list, 0, orig);
000 for ;) {

0000//00000000 fixedODOOOOOOOOOOOOOOOOOO
0000000 for (i = ming;) {

0000000000 if (backet[i]l > 0) {
J0000000000000 fixed = backet[i];
000000000 D00000 delete(backet, list, i, fixed);
0000000000000 0 min = i
00000000000000 break;

Joooooooooy

000000000041 = (4 + 1)%backetsize;

0000000 //00000000000000100000000000000000-100000
0000000000 if (4 == min) {
J0000000000000 fixed = -1;
00000000000000 break;

Joo0oooooooy

gooooooy

000 000//0000000000 fixedODOOOdestOOOOOOOO
0000000 if (fixed < 0 || fixed == dest) break;

000000 //0 fixedJ O ODO0O0ODO0O0O0OO0O0OO0OO0OOOOOOOOOOOOOOO
0000000 for (a = g->point[fixed]l; a < g->point[fixed + 1]; a++) {
0000000000 head = g->head[al;

0000000000 if (Qist->vallhead] < 0) {

00000000000000 1ist->vallhead] = list->val[fixed] + g->lengthlal;
000000000 O000D00O add(backet, list, list->vall[head]’backetsize, head);
Jgo00ooooooooy

0000000000 else if (list->val([fixed] + g->length[a]l < list->vallhead]) {
000000000 DOO0000O delete(backet, list, list->val[head]’backetsize, head);
00D00000D0000000 list->vallhead] = list->vall[fixed] + g->lengthlal;
000000000 00000O add(backet, list, list->val[head]’backetsize, head);
Joooooooooy

gooooooy

ooo03

000 return list->vall[dest];

}

gboboboooboooboobooboobooboaa

int main(int argc, char* argv[])

{
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FSTAR g;

DLIST list;

int *backet, maxlen;
int o, d, q;

int *orig, *dest, qnum;
FILE *fp;

if (argc < 2) {// usage
O00000DQ printf("usage: a.out DIMACSFile\n");
0000000 printf("usage: a.out DIMACSFile P2PFile\n");
}
else if (argc < 3){// interactive mode
0000000 maxlen = readDIMACSGraph(argv[1], &g);
O000D0DO0O0O backet = malloc(sizeof (int)*(maxlen + 1));
0000000 1ist.val = malloc(sizeof (int)*(g.n + 1));
0000000 list.next = malloc(sizeof (int)*(g.n + 1));
O000O0D0DO list.prev = malloc(sizeof (int)*(g.n + 1));
0000000 for (G;) {
ooooooo printf("o d = ");
ooooooo scanf ("%d %d", &o, &d);
goooooo if (0o <= 0 || 4 <= 0) break;
ooooooo printf("opt = %d\n", dijkDial(&g, maxlen + 1, o, d, backet, &list));
oooooooy
0000000 free(g.point);
0000000 free(g.tail);
0000000 free(g.head);
0000000 free(g.length);
0000000 free(backet);
0000000 free(list.val);
O000D0D00O0 free(list.next);
0000000 free(list.prev);
}
else {// batch mode
0000000 fp = fopen(argv[2], "r");
0000000 fscanf(fp, "%d", &qnum);
O00000D orig = malloc(sizeof (int)*qgnum) ;
0000000 dest = malloc(sizeof (int)*qnum) ;
0000000 for (g = 0; q < gnum; g++) {
0oooooo fscanf (fp, "%d %d", &origlql, &destlql);
oooooooy
0000000 fclose(fp);
000000DO maxlen = readDIMACSGraph(argv[i], &g);
O000D0DO0O0O backet = malloc(sizeof (int)*(maxlen + 1));
0000000 1ist.val = malloc(sizeof (int)*(g.n + 1));
0000000 list.next = malloc(sizeof (int)*(g.n + 1));
0000000 list.prev = malloc(sizeof (int)*(g.n + 1));
0000000 for (g = 0; q < gnum; g++) {
ooooood printf("opt = %d\n", dijkDial(&g, maxlen, origlql, dest[q], backet, &list));
oooooooy
0000000 free(g.point);
0000000 free(g.tail);
0000000 free(g.head);
0000000 free(g.length);
0000000 free(backet) ;
0000000 free(list.val);
O000D0D00O0O free(list.next);
0000000 free(list.prev);
0000000 free(orig);
O000D0O000 free(dest);
}
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23 0JU000oOooooooLMsOoOd

gooooooooOoOoOoLMSOOOOOoOoOoOoooooLMSOOOQOoOOOOOOODOOOOOOOOOO

gbooobooobboboobooboobooboobonbobo

23.1 000

ooooooobooooooo
LMSOO 100 CcOO0O0O00ooooooo0oooooooooooo0o0oo0o0og0gecd00OOooonO

gboooboooogon

gcec 1lms.c

gboboobobooboobobobdbDaeowtDODOOO0OOODOODOOOODOOOOODOO
00000000000 OooOO0o0oU0oDbDCOUDODODUODUODDODOUODUODODOOODIMACSODDODODOOOO

DC.itmp.co00000O0O0ODOQODOOOOO,DCtmp.grd000000000O0DOOOOOOODODODO

a.out DC.tmp.co DC.tmp.gr DC.1lms 8

OO0O0oOoODCImsOOODOO 800000 LMSOOODOOOOOOOOO

gbooooobooooboboooobobooobooonog

a.out addall DC.1lms

obooobOooooooboooobooboooooboon

a.out test DC.lms

gboooboobooboobobboobooboon

ooo

oood
ob01001
obo2002

m

boboobobooooobooooooboooo

a.out p2p DC.1ms OO DOODOO

OLMSOOP2POOOO0COOOOODOOOOOOOO
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2.3.2 Dijkstral]

LMSOOOOOOOO0O0O0 Dijjkstra00000000O000O0COCOOO0OOOCOOOCCODOOOOOO
OO000O0o00DOOo000O0000O00O0OO000O0O00DODOO00ODOOO0DOIDOOOReapl10OnOOoOd
OO000D0peah[l0heap0 000000 DOOOODOOO

oboooigooojbooocoooboooobobooooooboon

void swap(int heap[], int paeh[], int i, int j) {
int tmp;

tmp = heapl[i];
heap[i] = heap[j];
heap[j] = tmp;
paehl[heap[i]l] = i;
paeh[heap[j]] js

OIbr0O00000D0O0OO0O00O0O0O0DOOOOOODOOOOOODOOOOOODODOOOOOODOD

int updateHeap(int distance[], int heap[], int paeh[], int n, int heapSize) {
int i;

if (paeh[n] < 0) {
000000D heapSizet++;
0000000 heap[heapSize] = n;
0000000 paeh[n] = heapSize;
}
i = paeh[n];
for (i > 1;) {
0000000 if (distancelheapl[i/2]] > distancel[heap[il]) {
ooooooo swap (heap, paeh, i/2, i);
ooooooo i=1/2;
oooooooy
0000000 else {
goooooo break;
oooooooy
¥

return heapSize;

000000000 heapl000000000O0O0OODOOO0OOOOOODOOOOOOOOOOOOOO

goooo

int deletemin(int heap[], int paeh[], int heapSize, int distance[]) {
int i;

paeh[heap[1]] = 0;

heap[1] = heapl[heapSize];

paeh[heap[1]] = 1;

heapSize--;

i=1;

for (;;) {
O000000 if (2*%i + 1 <= heapSize) {
goooooo if (distancelheap[2*i]] < distance[heap[2*i + 1]]) {
00000000000000 if (distancel[heap[2*i]] < distance[heap[i]]) {
Oooooooooooooao swap (heap, paeh, i, 2*i);
oooooooooooooo i = 2%i;
0000oo0ooooooooooy
00000000000000 else break;
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ooooooo }
goooooo else {
00000000000000 if (distancel[heap[2*i + 1]] < distancelheap[i]]) {
Oo000O00000oOooooo swap (heap, paeh, i, 2%i + 1);
oooooooooooooo i=2%i + 1;
ooooooooooooood
00000000000000 else break;
ooooooo }
oooooooy
0000000 else if (2*i <= heapSize) {
goooooo if (distancelheap[2*i]] < distance[heap[i]]) {
00000000000000 swap(heap, paeh, i, 2*i);
0000000000 0000 1 = 2#%i;
ooooooo }
goooooo else break;
oooooooy
0000000 else break;
}

return heapSize;

000000000010 000Djjkstra000000O00D0OCOCOOODLMSODOOOOODOODOOOOO
UO00ARCLISTUO OO arcO0 000000000000 DOO0ODLOODDOODOOODOOODOOOODO0On

00000000 nextprev00000000O00OOOOCOODOO

// Single Source Type Shortest Path

void dijkstraWithHeapSS(ARCLIST *arc, int source, int distance[], int prev[], int nextPrev[]) {
int a, fixed, n, heapSize, p;
int *heap, *paeh;

// initialize

heap = malloc((arc->n + 1)*sizeof(int));

paeh = malloc((arc->n + 1)*sizeof (int));

for (n = 1; n <= arc->n; n++) {
JO00000D0 distance[n] = INFINITY;
o00oO0O000 previn] = -1;
0000000 paeh[n] = -1;

¥

for (a = 0; a < arc->m; a++) nextPrev[al] = -1;

// set start

heapSize = 1;

distance[source] = 0;

heap[1] = source;

paeh[source] = 1;

// Iteration

for (; heapSize > 0;) {//000000000O0O0OC0OOO
0000000 fixed = heap(1]; //000000000 fixed OOOO
O000O00ODQO heapSize = deletemin(heap, paeh, heapSize, distance);//00 000
0000000 if (distance[fixed] >= INFINITY) break;

//tixed0 0000000000 nOOO
0000000 for (a = arc->incident[fixed]; a >= 0; a = arc->next[a]) {
ooooooo n = arc->head[a];
goooooo if (distance[n] > distance[fixed] + arc->lengthl[a]) {
00000000000000 distanceln] = distance[fixed] + arc->lengthl[al;
000000000 00000 previn] = a;
O000000OO00D0O00O00 heapSize = updateHeap(distance, heap, paeh, n, heapSize);
ooooooo }
goooooo else if (distance[n] == distance[fixed] + arc->length[a]) {
00000000000000 if (previn] >= 0) {
0000ooooooooooo for (p = prev[n]; nextPrev[p] >= 0; p = nextPrev([pl);
gooooooooooooo nextPrev[p] = a;
goooooooooooood
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00000000000000 else previn] = a;
O0000OD0OCO0O0D0O00O00 heapSize = updateHeap(distance, heap, paeh, n, heapSize);
ooooooo }
oooooooy
¥
free(heap);
free(paeh);
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O000000000D0000000 DjjkstraD000000DOOO0DOOO010000000DOOODODOO

gboobooooooooooooooooboooobooooboboobooboobobobobobobobooboo

gbobooboboooboobobooooobobooobooboooooboan

3.2 PythonUOUOUOUODDODOO

PythonDOOOOOODOOOOOOO0OOOOODOOODOOOOOOOOODOOOOOODODOOODO

gboooboooogon

networkX: networkX O OPythonOOOO0O0OOO0ODOOOOOODODO OnetworkX O https://networkx.lanl.gov/wiki
goo0ooooooooooOoOoOo00OooooDpDoooooOODOCOOO000000O0ODODDOWin-
dowsOOOOOOOOOODOODOODOScipy http://scipy.org/Download 00 O0O0O0O0O0O0OOOO

god

Boost Graph Library: Boost Graph Library 0 0C4+4+0 0 0000000000000 OODOOOOOO
O00000networkXOOOODOOOOOOODOOOOOOOOOOOOPythonOOODODOODOODOO
http://osl.iu.edu/dgregor/bgl-python/0 0000000000000 DOD0 O Ohttp://boost.cppll.jp/

oooooobooonog

200000o0o00obo0obobooobooooboobooobooOoboO0obooboobo0ooobooOoooboOooooon

ugbooaooad

from pylab import *
from networkx import * # import networkx after pylab
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from boostl import *
from read_dimacs import *

pylab0 networkX OO OO OOODO OO O Oboostl O Boost Graph Library D000 O00O0O00OO0O0O0OO
oooooboooog

import boost.graph as boost
class PathFind:
def __init__(self):
self.graph = boost.Graph()
self .weights = self.graph.edge_property_map(’float’)
self .vertexesid = self.graph.vertex_property_map(’integer’)
self .vertexes = {}

def __addvertex__(self, id):
if not self.vertexes.has_key(id):
v = self.graph.add_vertex()
self.vertexes[id] = v
self.vertexesid[v] = id
return v

return self.vertexes[id]

def addEdge(self, srcVertex, dstVertex, cost):
src = self.__addvertex__(srcVertex)
dst = self.__addvertex__(dstVertex)
edge = self.graph.add_edge(src, dst)
self .weights[edge] = cost

def findPath(self, src, dst):
p = self.graph.vertex_property_map(’vertex’)
boost.dijkstra_shortest_paths(self.graph, self.vertexes[src],
predecessor_map = p,
weight_map = self.weights)

path = [dst]

while src != dst:
dst = self.vertexesid[p[self.vertexes[dst]]]
path.append(dst)

path.reverse()

return path

def findAllShortestPath(self, src):
p = self.graph.vertex_property_map(’vertex’)
boost.dijkstra_shortest_paths(self.graph, self.vertexes[src],
predecessor_map = p,
weight_map = self.weights)

return p

def findLength(self, src, dst):
d = self.graph.vertex_property_map(’float’)
#v = self.graph.dijkstra_visitor #no property!

boost.dijkstra_shortest_paths(self.graph, self.vertexes[src],
distance_map = d,
visitor = vis(),
weight_map = self.weights)
print vis.tree_edge()
return d
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class vis(boost.dijkstra_visitor):
def __init__(self):
self.edges = 1list()

def tree_edge(self, e, g):
self.edges.append(e)

def examine_vertex(self, vertex, graph):
pass

def finish_vertex(self, vertex, graph):
pass

read_dimacs 0 O DIMACSOOOO0OO0O0OO0OOCOOOODOOOOOOOOOOOOODODOOOOOOOO

gbobooboboobooobooooboooobobooooboboboobooboooboonbOobo

from pylab import *
from networkx import * # import networkx after pylab

def dis((x1,y1), (x2,y2)):
xdiff = x2 - x1
ydiff = y2 - y1
return math.sqrt(xdiff*xdiff + ydiff*ydiff)

def ReadDimacs(filename):
f=open(filename+’.co’, ’r’)
f2=open(filename+’.gr’, ’r’)

# read data from file
line=f.readline()

x_cord=[]

y_cord=[]

G=XGraph () #0O0O0OO0ODooOoOoooo
G.position={} #0 0000000

while line.find("v 1")==-1:
line=f.readline()

(dum,i,x,y)=line.split()
x_cord.append(float (x))
y_cord.append (float(y))

while 1:

line=f.readline()

if line.find("v")==0:
(dum, i,x,y)=line.split()
x_cord.append (float(x))
y_cord.append(float(y))

else:
break

#edge info
edge_info=[]
line=f2.readline()

for i in range(6):
line=f2.readline()
#print (line)

while 1:
line=f2.readline()
if line.find("a")==0:
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(dum,i,j,length)=1line.split()
edge_info.append( (int(i)-1,int(j)-1,int(length)) )
#print ("edge info",i,j,length)
else:
break

minx=float (min(x_cord))
maxx=float (max(x_cord))
xwidth= maxx-minx+1

miny=float (min(y_cord))
maxy=float (max(y_cord))
ywidth=maxy-miny+1

# add nodes after scaling coordinates

n=len(x_cord)

for i in range(n):
G.add_node(i) #O00OOO0OOO
x=(x_cord[i] -minx) /xwidth
y=(y_cord[i] -miny) /ywidth
G.position[il=(x,y)

# add edges

m=1len(edge_info)

for (i,j,length)in edge_info:
G.add_edge(i,j,length) #0 OO OO0
#print ("add edge",i,j)

print "number of edges=",m

f.close()
£2.close()

O0#000 ¢ 00000000000 OODOHOOOO
H=connected_component_subgraphs(G) [0]

#0O0DOO0OOO

H.position={}

for node in H.nodes_iter():
(x,y)=G.position[node]
H.position[node]=(x,y)

n=len(H)
m=size (H)

return H,n,m

oooooo0oooU0oooUOoooUoooo0ooooooooUoooooODCmpO OO0
ooooooOo0opoooOooboOoooooOoooooooooo0ooDooOg DCtmp.grdOOOOO0ODOOOO

DCtmp.co0 000000 OOOOOOOOOOOO0O0O0O00O0O0O00OOOODO

filename="DC.tmp"
G,n,m = ReadDimacs(filename)

0000000000000 oOo0Oo0O0O0o0OOo00oO0O0oOO0oOoOoooOoOo(nnOO0OOOOO
oooood
#000000000000000000000DO0OODODOOO

n_bucket=int (sqrt(n/100))
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#0000 (1,;)0000000000000
bucket=[ [ [l for i in range(n_bucket) ] for j in range(n_bucket) 1]

G.bucket={} #JO00O0OO0O0O00OOOODOOOOOOCOCCOO

for node in G.nodes_iter(): T (x,y)=G.position[node]
i=int (x*n_bucket)
j=int (y*n_bucket)
bucket[i] [j].append(node) #0000 (i,j)000000000
G.bucket [node]=(i,j) #0 00000000000

0000000000000000000000000000000000000 stgart_,startj) 0000
O00O0O0O0OOenddiendj) 0000000000000 O00OO00O0O0O0O0O0O0OOOOOsetOOOOOODO

gboobuodoboogbogoobooboobooboobobooboobooboan

#00o0oobooooooooooo
border=[[[] for i in range(n_bucket)] for j in range(n_bucket)]

for i in range(n_bucket):
for j in range(n_bucket):
if len(bucket[i]l[j1)>0: #0000 0O0O0OOOO
for node in bucket[i] [j]:
for nl in G.neighbors(node): #0O 00 0O O O networkX[
if G.bucket[node] <> G.bucket[ni]:
#0000000000000000ODO000DDOOO0O0OOOO
000000 border[i] [j] .append(node)

#Make the border set (delete duplicate nodes)
startnodes=set(border[start_i] [start_j])
endnodes=set (border [end_i] [end_j])

00000000 200000000000000000000Boost Graph Lirary0OOOO0OO00O0OOO
obooobobooobooboooooo

# call the boost graph library to find shortest paths

BoostGraph = PathFind()

for (i,j,length)in G.edges_iter():
BoostGraph.addEdge (i, j,length)

gbooobobooboboobobobooobooboboboobobobooboboobobobo
gboobOoboobooboooobooboooobooboooboobobooong

goboobooobooboobooboobooboobobooboobooboobooa

#Find the center point of the target node
target_x=1/float (n_bucket)*float(end_i)+1/(2*float (n_bucket))
target_y=1/float (n_bucket)*float(end_j)+1/(2*float (n_bucket))

#Sort the nodes in (start_i, start_j) bucket in the nearest ordering to the target region
listl = [(dis(G.position[s], (target_x,target_y)), s) for s in startnodes]
listl.sort()

#Make a list (list2) that incudes the node number only
list2=[]
for (d,i) in listil:

list2.append (i)

paths=[]
i=0
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while 1:
i+=1
if len(list2)==0:
break
s=list2.pop()
pred=BoostGraph.findAllShortestPath(s)
for t in endnodes:
dst=t
sp = [dst]
while s != dst:
dst = BoostGraph.vertexesid[pred[BoostGraph.vertexes[dst]]]
sp.append(dst)
#delete the nodes in the shortest paths from list2
try:
list2.remove(dst)
except:
pass
sp.reverse()
paths.append (sp)

0322000000000 b;(Rs,R)0 10000000 (¢,j)0000000000OO0

gbooobooboobooboo 320000000000 0O00000bOO00OO0O0OOobO0obOOoOobOOoOonOO
gooooooogon
gbboooboooboooboobooboobbObo 200000000000 0O0O00O0OOOOOOO0OOOO0

goocoooboooobooboooogoobon

degseq=G.degree() O #00 0000000000000
dmax=max(degseq)+1 #UOOUOODOOOOOmax0 pythonO OO0
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freq= [ 0 for d in range(dmax) ] #0 000000000000
for d in degseq:
freq[d] += 1

print "degree frequency histgram",freq

000 [0,39,648,97,18) D0OO0OUO 2000 648 00000000000 LOOOUOOOOOOOOOODO
goooooooooooooboboboboobooooboooooooDooobDobOobOobOobOoboOoo

oooooooo

# concatenate degree 2 nodes
G1=G. copy ()
for node in Gl.nodes_iter():
if G.degree(node)==2:
nei=G.neighbors(node)
G.delete_node(node)
G.add_edge (nei[0] ,nei[1])

03300 20000000000000

googoboooobo 33uoubbobouooobobuobobooboboooboboobobnoobobo
gooogoooooobobooboobooboobotddooooooooobobobobbbobboou 1o oooa
gooobooboobooboobuooobooboobobboobo0oboobobboobDooboobooo
gooobobobogd
#shrink the nodes in the bucket
G2=G.copy ()

G.add_node ("dummy1")
G.add_node ("dummy2")
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for node in G2.nodes_iter():
if Nearbucket (G.bucket [node], (start_i,start_j)):
for nl in G2.neighbors(node):
if not(Nearbucket (G.bucket[n1], (start_i,start_j))):
G.add_edge( ("dummyi",nl1) )
try:
G.position["dummy1"]=G.position[node]
G.delete_node (node)
except:
pass
if Nearbucket (G.bucket[node], (end_i,end_j)):
for nl in G2.neighbors(node):
if not(Nearbucket (G.bucket[n1], (end_i,end_j))):
G.add_edge( ("dummy2",nl1) )
try:
G.position["dummy2"]=G.position[node]
G.delete_node (node)
except:
pass

0000000000000000000 Nearbucket()OOboostl DD OOODODOOODOOOOO

def Nearbucket((il,j1), (i2,j2)):
ret=0
for k in range(i2-1,i2+2):
for 1 in range(j2-1,j2+2):
if (i1,j1)==(k,1):
ret=1
return ret

03400000000
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4.1 0OO0o0ooood
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1 if L(s,t) =0 then

2 0000 =min{d(s,u)+ d(u,v) +d(v,t) : u € A(s),v € A(t)}
3else //s0t00000000

4 sO00+¢+000000D0O000O0O Dijkstrad 00000
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4.2 PythonUOODOOOOOO

2000000000 0O00bDOoO0O00obOO0obOOOobO0obOoLobOobDOobObODOoOOobDOoOobOODOoDbO
OO0oooDoODbialDDOOOOO0OO0ODOOOOO0ODODOOOOO0O0ODODOOOOOODODODODOOOOOO

0000000 settled0000000OO

filename="DC.tmp"
G,n,m,C = ReadDimacs(filename)
print "number of nodes in the largest connected componet=",n,C

settled= numpy.ones(n,numpy.intO) #=1 if node is settled (or has an eternal label or is scanned)
reached= numpy.zeros(n,numpy.int0) #=1 if node is heap or list (or has a finite potential)
dist= numpy.zeros(n,numpy.int0)

prev= numpy.zeros(n,numpy.int0)

ooooboboo20b00b0oo0oboo0obooobboooobboobbooboobooobooboooooboboOoDbo
000000000000 4000000000000000000 borderEDEastO 00000 OO BorderW
OWestDOODOOOO borderNO NorthO OO OO O OO borderSO SouthO OO OOOOODOOODOOODOOO

0000000000000000000 border 0000set() 000000000 DOOOOO

n_bucket=int (sqrt(n/50))

bucket=[[[] for i in range(n_bucket)] for j in range(n_bucket)]
borderE=[[[] for i in range(n_bucket)] for j in range(n_bucket)] #O [
borderW=[[[] for i in range(n_bucket)] for j in range(n_bucket)] #0O 0O
borderN=[[[] for i in range(n_bucket)] for j in range(n_bucket)] #[O O
borderS=[[[] for i in range(n_bucket)] for j in range(n_bucket)] #0O0O
border=[[[] for i in range(n_bucket)] for j in range(n_bucket)]
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G.bucket={}
for node in G.nodes_iter():
(x,y)=G.position[node]
i=int (x*n_bucket)
j=int (y*n_bucket)
bucket [i] [j] . append(node)
G.bucket[node]=(i,j) #bucket number is stored

for i in range(n_bucket):
for j in range(n_bucket):
if len(bucket[i] [j]1)>0:
for node in bucket[i][j]:
for nl in G.neighbors(node) :
if G.bucket[node] <> G.bucket[ni]:

(i1, j1)=G.bucket [n1]

if i1>=i+1:
#right (east) border
borderE[i] [j].append(node)
break

if iik=i-1:
#left (west) border
borderW[i] [j] .append(node)
break

if j1>=j+1:
#upper (north) border
borderN[i] [j].append(node)
break

if ji<=j-1:
#lower (south) border
borderS[i] [j].append(node)
break

for i in range(n_bucket):
for j in range(n_bucket):
border[i] [jl=set(borderE[i] [j]+borderW[i] [jl+borderN[i] [j]+borderS[i] [j])

OO0o0oooooooOoDOoOCOO0O0000bOUdLeft00000000RIgtODODOOOOOOOODOODO
0000000 Candidate 00000000000 (3,j)) D000 0OborderEDODODODOODOOOODOOOODO
sweepO0 OO O0000O0O00O0O0DO0O0O0O0OO0OO0O0OsweepOO0O0O0O0O0O0O0O0OOOOCODOOOOOO

TransitAll=set([1)
for i in range(2,n_bucket-3):
Dic={} #prepare a dictionary (key=(left,right), vaue=(min distance,transit node))
for j in range(0,n_bucket):
Candidate=borderE[i] [j]
Left=[]
Right=[]
for j2 in range(j-2,j+3):
if j2>=0 and j2<n_bucket:
for t in borderE[i-2][j2]:
Left.append(t)
for j2 in range(j-2,j+3):
if j2>=0 and j2<n_bucket:
for t in borderW[i+3][j2]:
Right.append (t)
if len(Candidate)>0 and len(Left)>0 and len(Right)>0:
print "finding transit point in bucket",i,j
Nodes=Left+Right
for i2 in range(i-1,i+3):
for j2 in range(j-2,j+3):
if i2>=0 and i2<n_bucket and j2>=0 and j2<n_bucket:
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Nodes+=bucket [12] [j2]
#print "unsettled nodes=",Nodes

for s in Candidate:

source=s

sink=-1

for v in Nodes:
settled[v]=0
reached[v]=0
dist[v]=999999
prev[v]=0

DialSub(n,G,settled,reached,dist,prev,C,source,sink)
print "Finding shortest path from ",source

#for v in Nodes:

# print dist[v]

for 1 in Left:
for r in Right:
if (1,r) in Dic:
dummy=dist [1]+dist [r]
(value,v)=Dic[(1,r)]
if dummy <value:
Dic[(1,r)]=(dummy,s)
else:
dummy=dist [1]+dist [r]
if dummy<999999:
Dic[(1,r)]=(dummy,s)

for (value,v) in Dic.itervalues():
TransitAll.add(v)

gbboobooboooboboooboobooobooboobooooooooooboooboobooonoo
ooooboooooboooo

0450000000000000000000O00000DOO0 4600000000DODOOOOODOO
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0000000000000 D0O0O000000D0O0000DDijjkstra00D0D0O0O0OO00OO0OODOOOOOO

gboagbuogbooobgoboboobooboobobobobobobooboobooboobobobabo

def DialSubForAccess(n,G,settled,reached,covered,transit,dist,prev,C,source,sink):
’?? Dial method subroutine
for finding access nodes transit’’’
circular=[[-1] for i in range(C) ] #-1 represents the list is empty
circular[0] .append(source)
reached[sourcel]=1
prev[source]l=-1
current=0
num_uncovered=1
covered[source]=0

while 1:

first=current

while 1:
v=circular[current] [-1] #v is the node with minimum potential
if v>=0:
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045 000000000DOO0O0OO0ODO0OOOODOODOOOODODOOODODODOOODOODODOODOOT

break
#the current list is empty, so we increment it
current+=1
current= currentC
if current==first:
#the circular list is empty, so we quit
v=-1
break

if v==-1: #the circular list is empty, so we quit
break

circular [current] .pop()

settled[v]=1

if tramsit[v]==1:
if v !=source and covered[v]==0:
covered[v]=1
num_uncovered-=1
else:
if covered[v]==0:
num_uncovered -=1

if num_uncovered==1 and v !=source:
break #all the nodes in the heap are covered

for w in G.neighbors(v): #scan operation

if settled[w]==0:
temp=dist [v]+G.get_edge(v,w)
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if reached[w]== 0: #w is not in the circular list
reached[w]=1
dist [w]=temp
prev[wl=v
circular [tempC] . append (w)

if covered[v]==1:
covered[w]=1

else:
num_uncovered+=1

else: #w is in the circular list
if temp<dist[w]:
circular[dist [w]%C] .remove (w)
circular [temp’,C] . append (w)
dist [w]l=temp
prev[wl=v

if covered[v]==1:
if covered[w]==0:
covered[w]=1
num_uncovered-=1
else:
if covered[w]==1:
covered [w]=0
num_uncovered+=1

048000000000 DijkstraD 000000000 DDOOOOOODODOOOOOODOOOOOOO
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gbooobooboobg,bgoboobooboooboobo.oboobooboobooon.

1. 000oIboboooobobooooboobooooboooooooboo,0ooboooobobobooob,boon

ooooboooao

2.0000000000 static inline 00000, 0000 inline 0000

()OUO,0000000000000000000U0000O0O0. U0, 000000000000 OoOoOo
000 OtaillO0000000000000O00DOO,D0000000D0. 000 grapht000,0000
OO0 arct 0000 head O length 00O O0OOOOO0O. (2)00,00000000000000000O

gooobooobooooon.

54 ULO0OOOOOOOOOOOODOOO

00,0000 forward-star 000 00000O0O0OD grapht 0000, 00000 DIALOOOOOOO

00000.00,00000000000000 tail[l] O00000O0COOO0,00000000000C0OC

40



gbooobooobooboobooobg.

000000 DAILODOOOODOOOODOOOOO

typedef struct {
000 int n;

000 int m;

000 int *point;
000 int *tail;
000 int *head;
000 int *length;
} FSTAR;

goOoOoO0O0 pAILOO0O0OOOOOOOOOOOOOO

typedef struct {
int head;
int length;
} arc_t;

typedef struct {

int node_num;

int arc_num;

int max_length; // 0000000

int *point;

arc_t *arc; // head, length 00O OO0
} graph_t;

0000000000000, 0000000000000 0o00o0U000. oooooooooooOood
QuickSortTail() O DIMACS O OOODOOOOOODOOOOODODODOOO ReadDimacsGraph() OO0 0O0O0O
00000000000, 000000000000. headl[], length[l] OOODO0O arcl].head, arc[].length

oboooboooooboobooooooon.

void QuickSortTail (int left, int right, int min, int max, arc_t *arc, int *tail);
{

int i, j;

int shaft, tmp;

arc_t arc_tmp;

if (left >= right || min >= max) return;
i = left;
J = right;

shaft = min + (max - min)/2;

while (i < j) {
if (tail[i] <= shaft) i++;
else {
tmp = taillj]l;
taill[j] = taillil;
tail[i] = tmp;
arc_tmp = arc[j]l;

arc[jl = arcl[il;
arc[i] = arc_tmp;
i
}
}
if (taill[i] <= shaft) j++;
else i--;

QuickSortTail (left, i, min, shaft, arc, tail);
QuickSortTail(j ,right, shaft+l, max, arc, tail);
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void ReadDimacsGraph (graph_t *graph, char *graph_file)

{
int m, a, t, n;
char line[1<<7];
FILE *graph_fp;
int *tail = NULL;
if ((graph_fp = fopen(graph_file, "r")) == NULL) {
fprintf(stderr, "Can’t open this Graph file ! : \"%s\" \n", graph_file);
exit(1);
}
// 0000000000
m = 0;
graph->max_length = 0;
while (fgets(line, 1<<7, graph_fp)) {
if (strncmp(line, "a ", 2) == 0) {
sscanf (&line[2], "%d %d %4d",
&tail[m], &(graph->arc[m].head), &(graph->arc[m].length));
if (graph->max_length < graph->arc[m].length){
graph->max_length = graph->arc[m].length;
}
m++;
}
else if (strncmp(line, "p sp ", 5) == 0) {
sscanf (&1ine[5], "%d %d", &(graph->node_num), &(graph->arc_num));
// 000000000000000
graph->point = (int *) malloc(sizeof(int) * (graph->node_num+2));
graph->arc = (arc_t *)malloc(sizeof(arc_t) * (graph->arc_num ));
tail = (int *) malloc(sizeof(int) * (graph->arc_num ));
if (graph->point == NULL || graph->arc == NULL || tail == NULL) {
fprintf(stderr, "memory cannot alloc ! : GraphMalloc()\n");
exit(1);
}
}
}
// forward-star JUO0O0 tail OOOODO
QuickSortTail (1, graph->arc_num - 1, 1, graph->node_num, graph->arc, tail);
// forward-star OO OO0
for (a = t = 0; a < graph->arc_num; a++) {
if (¢t < taillal) {
for (n =t + 1; n <= taillal; n++) {
graph->point[n] = a;
}
t = taillal;
}
}
if (t < graph->node_num+1) {
for (n = t + 1; n < graph->node_num+2; n++)
graph->point [n] = graph->arc_num;
}
// 0000 tailll OO0O0OO0O0OOO, OOOOO
if (tail != NULL) {
free(tail);
tail = NULL;
}
fclose(graph_fp);
}
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5.5 UOOoooobooood

ooboobooboboobooboobobD spruntd00goo0. oobooboooobooboooo
U000 grapht U arcct U0 D0OO0O0O00D00O0O00D0O0O0O000O0DO,1istt,nodet 000000 O0O00OONO
O00O. list.t 0 O0O0OOD0OOO0OOO00ODOO prevl next O,nodect 0 DOODOODOODOODOOO potential
O0,0000000D00000D00000DO0O0O0O prevnode 0O0O0O00ODOOODOOOODO. bucket[] O

list[1 0 Dail 0000D0,node] O0DOOO0OO0OOOOO0DOOOODODOOO.
g

typedef struct {
int prev;
int next;

} list_t;

typedef struct {

int potential; // O0O0OOCOCCOOOOOOOOOOO

int prev_node; // O0O0OOO0OO0O0O0O0, O00000000O0O0O0OO
} node_t;

typedef struct {

int *bucket; // 0DODOU

list_t *list; // 0000000

node_t *node; // 0000000000000
} sp_run_t;

0000000000000 000000000000000. D0DD0000OO BucketInsertNode(),
BucketDeleteNode (), BucketGetMinNode() 0O OO0, 0000 static inline 000000, 00000
O DijkstraWithBucket() O inline O00000. 00,whileOOOODODODOOO do whileOOOOODODO

0,1 000 BucketGetMinNode() DO DODOOODODOOO,000000000O0.

// 0000 bucket 0OOO00OOO ptO0O id OOOODO
static inline void BucketInsertNode (int *bucket, list_t #*list, int pt, int id)
{

list[id] .next = bucket[pt];

list[id] .prev = -1;

if (bucket([pt] >= 0) list[bucket[pt]].prev = id;

bucket [pt] = id;

// 0000 bucket JOOOODO0O ptO0O ia OOODOO
static inline void BucketDeleteNode (int *bucket, list_t *list, int pt, int id)
{

if (list[id].next > 0) list[list[id] .next].prev = list[id].prev;

if (list[id].prev > 0) list[list[id].prev].next = list[id].next;
else bucket[pt] = list[id].next;

// 0000000000000 0O00O000 1D Oda.
// 000oooooooag, -1 000
static inline
int BucketGetMinNode (int *bucket, list_t *1list, int *prev_bucket, int size)
{
int pt, tail;
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pt = *prev_bucket;
do {
if (bucket[pt] > 0) {
tail = bucket[pt];
BucketDeleteNode (bucket, list, pt, tail);
*prev_bucket = pt;
return tail;
}
pt = (pt + 1) % size;
} while (pt != *prev_bucket);

return -1;

// single-source type OO target 0 -1 0O00OO0O0O0OOOOOO
int DijkstraWithBucket (graph_t *graph, int *bucket, list_t *1list,
node_t *node, int source, int target)

{
int i, tail_node, prev_bucket;
int size = graph->max_length;
int *point = graph->point;
arc_t *arc = graph->arc;
// 000000000000 boooogogg, (+.voooooo
for (i = 1; i <= graph->node_num; i++) {
node[i] .potential = node[i].prev_node = -1;
}
// 0000000000 HLODLOODOOD
for (i = 0; i < size; i++) bucket[i] = -1;
// O00source0 000, OOOO IDO 0 00O0O00ODO
tail_node = source;
node [source] .potential = 0;
prev_bucket = 0;
// 000 tail_node 00O target 000 OO0O00O0O0O0OO0OODOOOOO
do {
for (i = point[tail_nodel; i < point[tail_node+1]; i++) {
// 0000000000000
if (nodel[arc[i].head].potential == -1) {
node[arc[i] .head] .potential = node[tail_node].potential + arc[i].length;
node[arc[i] .head] .prev_node = tail_node;
BucketInsertNode (bucket, list, node[arc[i] .head] .potentiallsize, arc[i].head);
}
// 000000000000
else if (node[tail_node] .potential + arc[i].length < nodelarc[i] .head].potential) {
BucketDeleteNode (bucket, list, nodel[arc[i].head] .potentiallsize, arc[i] .head);
node[arc[i] .head] .potential = node[tail_node].potential + arc[i].length;
node[arc[i] .head] .prev_node = tail_node;
BucketInsertNode (bucket, list, nodel[arc[i].head].potentiallsize, arc[i] .head);
}
}
// 0000000000000000
tail_node = BucketGetMinNode (bucket, list, &prev_bucket, size);
} while (tail_node != -1 && tail_node != target);
// p2p : 00OO0O0OOODOOOOOOO
// ss : 0000
return (target != -1) 7 node[target].potential : O0;
}

gooobooobooboobooboobobboboobooboon.
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/*

main function

int main (int argc, char *argv[])

{

int q;

graph_t graph;
query_t query;
sp_run_t sp_run;

// for profile

char *graph_file, *query_file, *report_file;

double time, read_time, run_

long distance, check_sum;

if (argc < 3 || 4 < argc) {

time;

// 3 or 4

printf ("Usage: ./sp.xxx graph_file query_file report_file\n");

printf(" ex) ./sp.xxx USA.gr USA.p2p USA.report\n");
printf (" graph_file : dimacs graph format\n");

printf (" query_file : point-to-point type [.p2p]l\n");
printf (" single-source type [.ss]\n");
exit(1);

graph_file = argv[i];
query_file argv[2];
report_file = (argc == 4) 7

argv[3] : NULL;

printf (" \n");
printf ("shortest path route solver\n");

printf (" \n");
printf ("algorithm is dijkstra’s algorithm & 1-level bucket\n");
printf("graph file is %s\n", graph_file);

printf("query file is %s\n", query_file);

printf ("report file is %s\n", report_file);

// DIMACS format 00O DOOODODODO
ReadDimacsQuery (&query, query_file);

printf ("query is

");

if (query.target[0] == -1) printf("single-source x %d\n", query.query_num);

else

printf ("point-to-point x %d\n", query.query_num);

// DIMACS format 000D O0O0O0O00O000O0O0OO read_time

read_time = GetRusageSec();

ReadDimacsGraph (&graph, graph_file);
read_time = GetRusageSec() - read_time;

printf("node / arc is
printf("max length is

%d / %d\n", graph.node_num, graph.arc_num);
%d\n\n", graph.max_length);

// 00000000000000000000000O0O00OO

sp_run.bucket = (int *)

malloc(sizeof (int) * (graph.max_length+1));

sp_run.list = (list_t *) malloc(sizeof(list_t) * (graph.node_num+1));
sp_run.node = (node_t *) malloc(sizeof (node_t) * (graph.node_num+2)) ;
if (sp_run.bucket == NULL || sp_run.list == NULL || sp_run.node == NULL) {
fprintf (stderr, "memory cannot alloc ! : sp_run\n");
exit(1);

}

// 000000000000000000

check_sum = 0;
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run_time = 0.0f;

printf(" id | source | target | distance | time[ms]\n");
printf ("-———+-———-—-——- +- e to—— - \n");

// 0D00o0oooooooobobobobooboooo
for (q = 0; q < query.query_num; g++) {
time = GetRusageSec();
distance
= DijkstraWithBucket (&graph, sp_run.bucket, sp_run.list, sp_run.node,
query.source[q], query.target([ql);
time = GetRusageSec() - time;

// 0000000000000 0000o0o0o0oo

printf("%3d | %84 | ", gq+l, query.sourcelql);
if (query.target[q]l == -1) printf(" -- | -- I ");
else {
printf("%8d | ", query.targetlql);
if (distance == -1) printf("infinity | ");
else printf("%81d | ", distance);
}

printf ("%7.1f \n", time * 1e3);

// ss type 00000000000 OpP2p type OOOOOOOOO
DisplayReport (&graph, sp_run.node, query.sourcelq], query.target[ql, report_file);

// 000000000000
check_sum += distance;
run_time += time;

// 0000000000 @OH)oOoOoODOoOoooooooooooooon
printf("\n");

printf ("average distance is %1d\n", check_sum/query.query_num) ;
printf("file read time is %7.1f[ms]\n", read_time * 1e3);
printf ("computing time is %7.1f[ms]\n\n", run_time * 1e3);

// 0000000000000O0OO0

if (query.source != NULL) {
free(query.source);
query.source = NULL;

}

if (query.target != NULL) {
free(query.target);
query.target = NULL;

}

if (graph.arc != NULL) {
free(graph.arc);
graph.arc = NULL;

}

if (sp_run.node != NULL) {
free(sp_run.node) ;
sp_run.node = NULL;

}

if (sp_run.bucket != NULL) {
free(sp_run.bucket) ;
sp_run.bucket = NULL;

}

return O;
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O00000D00ODOD GetRusageSec() 0O DOO0O0O00OODODOOOOOOOOD.OODODODOOOOOO

gbooob00obO0O,msecO00000OO0O00O 1000000000.

double GetRusageSec (void)
{

struct rusage t;
getrusage (RUSAGE_SELF, &t);
return (double) (t.ru_utime.tv_sec + t.ru_utime.tv_usec * le-6);

}

oooooooooo.
double time;
time = GetRusageSec();

/0000000 =/
time = GetRusageSec() - time;

5.6 DIMACS OOOOOOOO

Oo000ooooo bIMACSOOOOOOOOOOOOOOOOOO,000000O0000C0OO0OBOD.

e single-source type (0O, ss 0 00)

ooooboo,000b00b0o0o0oobocobooocobO. cooobooooboobooon.

e point-to-point type (00O, p2p 0O O)

oooobooo,boo0oboobooooboooocobo.ocoocoobooboobooobon.

0000,ssO0000D0000 sample.ssO,p2p 00000000 sample.p2p O0ODOO.

[sample.ss]

9th DIMACS Implementation Challenge: Shortest Paths
http://www.dis.uniromal.it/"challenge9

Sample single-source problem specification file

aux sp ss 3
contains 3 source lines

1
3
5

n n n o o"-v oo o0

[sample.p2p]

9th DIMACS Implementation Challenge: Shortest Paths
http://www.dis.uniromal.it/"challenge9

Sample point-to-point problem specification file

aux sp p2p 3
contains 3 query pairs

Q0.0 o0 0 oo o0 o0

= o e
N = O

OO0 DIMACSOOOOOOO,000000,00000,0O00000000000A0.

47



l.pgdboobooboboobobooboo. bod,sb goboobooobooobooboobooobg.

ss OO0 : pauxspss JO0O0O
p2p OO0 : pauxspp2p U0 Q0Q

2.s0000000 ssOOO0O0O0O0OO0ODOOO.

s OO ID

3.qUO000000 p2p00000O0O0OOODOODOOODO.

q 00 1ID OO0 ID

4. cO0O0OO0OO00DOOOODOOO,cO000OO00OO0DOO.DOOOODOOOOODOOOO.

cOO0O0O0O

DIMACSOOO0OOOO00OOOODOOOOOODOOODOOODOODOOOOOOOO queryt000O0O00OO. O
U,0000 ssO0000D0000O0 targetd -1000000,p2p 0000 ssO00O0O0D0OO0OOOCOOOOO
OO00000 DijkstraWithBucket() DO OOODOOOODO. p2p 0000 ssOOO0DOOOOOCOODOO

000000 (DIMACSOOODOOOOOO).

[sample.quel

c 9th DIMACS Implementation Challenge: Shortest Paths
c http://www.dis.uniromal.it/~challenge9

c

c Sample single-source problem specification file
c Sample point-to-point problem specification file
c

p aux sp ss 6

c contains 6 query lines

c

s 1

qlb

s 3

qb51

s 5

ql?2

00000000000 0000000D00O0 ReadDimacsQuery() O, 000000000O. forward-star O

OO00000000DODO0O00D00OO QuickSortTail() OO OODODO.

void ReadDimacsQuery (query_t *query, char *query_file)
{

int i;

FILE *query_£fp;

char line[1<<7];

// p2p OODODODOODODODO

if ((query_fp = fopen(query_file, "r")) == NULL) {
fprintf(stderr, "Can’t open this Query file ! : \"Us\" \n", query_file);
exit(1);

}

// 00000000000
while (fgets(line, 1<<7, query_fp)) {
if (strncmp(line, "p aux sp ss ", 12) == 0) {
sscanf (&1line[12], "%d", &(query->query_num));
break;
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}

else if (strncmp(line, "p aux sp p2p ", 13) == 0) {
sscanf (&1ine[13], "%d", &(query->query_num));
break;

}

// 000000000CCDOO

query->source = (int *)malloc(sizeof (int) * query->query_num);

query->target = (int *)malloc(sizeof (int) * query->query_num);

if (query->source == NULL || query->target == NULL) {
fprintf(stderr, "memory cannot alloc ! : query\n");
exit(1);

}

// 00000000
for (i = 0; fgets(line, 1<<7, query_fp); ) {
// ss typel target = -1
if (strncmp(line, "s ", 2) == 0) {
sscanf (&1ine[2], "%d", &(query->source[i]));

query->target[i] = -1;
i++;

}

// p2p type

else if (strncmp(line, "q ", 2) == 0) {
sscanf (¥1line[2], "%d %d", &(query->sourcel[il), &(query->target[il));
it+;

>

}

fclose(query_£fp);

gooboooboobooob. booboobboobooboboo,boobbooboobboooobo
obobobobOobobobobobOo,000000 -02, mach=nocona UOOO0OOO0OOOOOO. -020
0000000000, -mach=nocona 0 CPUODOOOOOOODOODOOOOOOODODOODO. Core20 CPU

00, nocona OO O.

0 gcc -02 -march=nocona sample.c

OO0000ODDO0000 ./a.ocwt JOODOOOOOODOOOOO0.O000D00D report fileJOODO

bobooobooboooboobooooboo,obooobooboooboog.

0 ./a.out [dimacs graph datal [dimacs query data] [report filel

[xxxxx0xxxx xxx]$ ./a.out USA-road-d.USA.gr USA10.p2p

shortest path route solver

algorithm is dijkstra’s algorithm & 1-level buclet
graph file is USA-road-d.USA.gr

query file is USA10.p2p

report file is (null)

query is point-to-point x 10

node / arc is 23947347 / 58333344

max length is 368855
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id | source | target | distance | time[ms]
s T e e e
1| 957498 | 10453327 | 39503661 | 3074.5
2 | 19200797 | 7727679 | 6652463 | 667.9
3 | 13006257 | 40639 | 15806743 | 2389.6
4 | 4314559 | 22779984 | 31900664 | 1802.7
5 | 17261435 | 8424294 | 2928315 | 195.0
6 | 8077810 | 13186938 | 33411726 | 2877.6
7 | 3048748 | 1475829 | 13958246 | 1010.8
8 | 21869636 | 3531883 | 18762398 | 728.9
9 | 13446936 | 4981527 | 36604539 | 2664.6
10 | 18549540 | 3230879 | 20809134 | 2961.5

average distance is 22033788
file read time is 39223.0[ms]
computing time is 18373.2[ms]



AppendixA

Python [ [

00O0DOO0bOO0DO0o0oo00o0o00U0n PythenDOODOODODOODODODOODODOO PythonOOOO
gd0d0oOOd0ooOOo0oO0boO0o0oO0O0oO00OOo0DO0o0oDDOO00oDOoooOoooOOoooOoboOd PythonO
oo00oooOobO0oobooboboboOPpythenODOOOODOOOOOOODOOOOODOODOOO

00000 PythonO http://www.python.jp/ OO0 0000 O PythonO http://www.python.org/0 O O
gooobooobO0oooOooooboooobobooooboOoboO pythomOODOOOOOOODOOOOOO

000000000 http://modern-heuristics.com/0 0000000000

A.1 00 Python [

PythonOOOODOOOOO00DOOOCO0O00O0DOCO0O000O0PythenOODOOOOODOODOOOOOODOOO
000000000000 0000000000000D00000000UDO0O0000OUOOUO0DOC(++) 0
obooobOooooooboboooboOoooooobooooobooon

OO00O0O0C++0000 “Hello, world?’00000CO0OO0OOOOO

#include <iostream>
int main() {
std::cout << "Hello, world!" << std::endl;

return O;

0000000000000 000000000000000D0000000PythonO OO
print "Hello, world!"

ooooboooboo
PythonOOOOO0OO0O0O0O00O0O0O00000000O0O0O0O0O000O0O0O0DO0ODODODOOODO0O0O0O0O00O
obooooooooOoobooboboboobobooboooooooooooooboobOOobOobobobobon

gooooooOoOoOODOODOOOOC++00O
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if (x > 1) { y=x+1;

z=x+y; } else { y=0; z=0; }
000000 DOo0o0oooooodoDPythonOOOOOOOOO

if x > 1:
y=x+1

O z=x+y

else:

y=z=0

good
oOo0ooOo00obOOo0o0oooOooDoOoOo0oDPpythenOOO0OOOOODODOOOOODDODOODOOOO
OO00OPythonOOODOOOOO0DOOOO0DOOOODOOOODODOODOOO PythonODOOOOODOOOO
obomboooooboooooboooboboooobobooboooobooobooobooboo
OO000PythonODOOOOOOOOODOOODOOODOOODOOOOOOOODOODOODOOOOO
gbobobobobooboouooboboboboboboboboboboboboooobooobaban

gbobooboboooobooooooboooo

A2 0O0O0O0O

PythonOODOOOOO0ODOOODOOOO0ODOOODOOODOOODOOOODOOOODOOOODODOOODO

ubodabuooboobgbobobooboobooboobobboboaoboabooboobg

A21 0O

obooobO0oobOooboooobooobobooobOooobO3200000000000000Db0O00DbOOn
PythonOOODOOODOOODOODOOOOODOOOODOOOODOOOODODOOODOOOODODLOO
O00000O0O0O00sSL0000000D0DOOC0O0OO00000O0TreDb 0 DODOODODFalseD DO OOO0OO
ooooboodbDPythonOOOOOOOOODOODOODOOODOODOODOODOODOOOODOODOO

oboooooobi10.0 3.14000000000000000
A.22 00O

OO0000000000000O0DOsequence typed 00O O0OOO0O0ODOOO0O0DOOO ‘abcda’00000O0OO

obooobOoboOobO"pcd"O00O00O0O0O0OO0OOO0OOODO

nnn oo oooooogog

- 0oooao
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x[0] | x[1] | x[2] |x[3] 100 | 200 | 300
x[-4] x[-3]] x[-2]| x[-1]

x[1:3] 1 | 100|200 300 | 4

(a) (b)

0 A1 00000000000()OD0OODOOOOO(M) 000L=(1,1,5,41000000000000000
L[1:3]=[100,200,300] O0O0O0O0O0O00O

-oooboooooogog e

goodoooooobbooooboobb oo b oo oo bbb oooobbooon
000000000 DO0oDOoDoDO0oD0oooDOooASOD0ODODOOOoOOoOOoOOoODOoDoDOoDOoDOooDOn
goboooooobooooooog

gooobobooooooboboooooooo o,,2,---000000000O0DOO0O0O0O0ODODODOOO0d
O0x= ‘abcd’ 00O 0O0Ox[1] O ‘p’OOOO

00000000000 DO0DLO000D:0000000200000000000000000A0A0 slicingd
00000o0o00000oooo0o00ooooo0000o0oDoDDoD000mMOoO0ooo0n +:j00i<k<y
000000 k0000000 jOOODOODODODODODODODOOODOOyj—:000000D00O0DOODOO
0o0oobooo0o:0000b0000b000yj 00000000000 0O0DO0OD0OO0OD0O0OOx= ‘abcd’
00000x([1:3]1 0 ‘be’0x[1:]1 0 ‘bed’ 0000 ‘abed’ 000 x[0:4]10000x[:10000000000
0000 len(O ODOODOOx= ‘abecd’ 0000 1len(x[1:3]) 0200003 —-1 0000000000000

gooboboo-1gobo0oooboobbobboobboobDbooUobbooobboooood

000 Al(a) 0000

A23 00O

coooooOo0oooOoOoO0oooOOoO0oooOOooooOO0ooOllOooooOoOooOOOOoOobooOOoOoooOn
Oo00000o0oo0oo0oo0oo0oo0ooooooooooooooooooooooooo0L= [1,5,"a"] OL=
[1,05,1,6],["a","p"] ] OO0OODOCOOOOO0ODODOCOCOOOO0DOOCOOO0OmutableD0DOO0OOO
OO00000000D0O0O000D0O0000000000000immutableD0000000O00ODO

ooooooooo0oooooOoOooOoo0oOooboOo0oooooOoO0O00dL=1,1,5,41 00000021 05

ooooLl-1l]040000000000DO0O0000O0DOLIL:31 01,51 0000L[2:1 0 105,4100000
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Table A.l: 0O LOOOOOOOOODOOODODOODO L=[1,1,5,41 00000

oood oood
L.count (x) LO00d 0000oooon
L.count(1) = 2
L.index(x) LO0O 0000000000 00D0O0DO0O0O0DOOO0DOODDOODOO

L.index(5) = 2

L.append(x) LODDO0O0OD 2000000 L+=[x] 000000

L.append(8) = L=[1,1,5,4,8]

L.insert(i,x) | L O 000000000 2000000L[:4] =[xl OOOODOO
L.insert(2,8) = L=[1,1,8,5,4]

L.remove (x) LO00DO000O0OD0O 000000

L.remove(5) = L=[1,1,4]

L.pop(i) LO:00000000000;00000000000O0O0000000
L.pop(3) 0OO0O L.pop() = L=[1,1,5]

L.reverse() Looooooo

L.reverse() = L=[4,5,1,1]

L.sort() Loooooooooood

L.sort() = L=[1,1,4,5]

goboobooooboooobooboooboobooobooboobooobooobooboOon
L=[1,1,5,4] 00000CL[1]=100 0000000DODO L=[1,100,5,4] OO00OO0O0ODOOOOOODOOODODOO
oooooooooboooogooooooooooooooOoL=1,1,5,41 00000L[L:3]1=[100,200,300] O
00000000 L=[1,100,200,300,4] 0OO0O0O0OO0O Al (b)00O0O0OODO 2000000 300000
gbobooboobooobooboblrbooobooboooobooboooon

gooooOoOOO00000O0oO«“’0000000OC0OOOOOO0ODOO0O0O0O0OO0O0OOOODO A1OOOO

A24 00O

OO00ODtwpleDDODOOOOOOOODOOODOOOOOOOOODOOODOOOOODDOOO,ODDO0O00O
gobobooobobooobooobbooobooobT=1,5,"a" 000000000000 DbO0O0DbOO0O00
ooo(¢H)ooooooooooooooooorT= (1,8 ,(ma","",6))00000000000O0O0O0CO
gbooobooobooobboboobooboobda

0000o00000oo00ooD (X,Y)Oooooooooo
coord = [(4,0),(5,6),(8,3),(4,4),(4,1),(4,10),(4,7),(6,8),(8,1)]

gbobooboobobooobooboobobooobooboobbooboobbooboobbooobOoon
goooooOoOoOoOO0OO0OOOOOOOOOOOOOOOOO0OOOOCOO0O0O0O0OO0O0OOOOoOoOoOoOon
gboboobooboobooboobobobobbobodobtbabvdboonbooboobon

temp=a
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a=b

b=temp

U00000000tempO0 0000000000 0OO0PythonOOODOOODb,a0000a,b0000O0OO0O

gloooooboooocood
A.25 0O0

OO00OdictionaryD OO O0ODkeyD DO Ovalueed 0000000000000 O0DOOOOOOODOOO
gooboboooobbooobooobooobboobbooobboobboobboobboobboobobo
0000000000000 000000000UO0OU000O0OO0UOO0oUOoO0ODoOoUO{ joooooo
00000 (00 :0)DOO000O00000O000OU00O000O00000O00DO0UO0UDO0OOOO0OD0O0

goooooooo

D={ "Mary": 126, "Jane": 156, "Sara": 170}

gbooooooooboooobooboooooooooooooonooboobbooboooooooag
Oo00O000mMOO000oO0O000000000OD(["sara"] OD170000000C00OO0OO0O0O0O0O0O0OO

OO00000D["sara"]=130 00 0D00OO0OO0ODO
A26 OO

O00setD 000000000000 ODOOOOuwion00 000 OO intersectiond0 O O O O differenced
000000DbO00O00DbOO00O00DO0DO000O0DO00O0D00O00DO0DO0OD0O0DsetODODOODOODOO
O0000D0 fronzenset 0000000000000 frozenset 0000000000000 OOOOOOOOO
O0set0000000D00O0OOOOOOODODOODOOODOODOOOODOODOODOOODOOODODOOODOn
O000OappendD 0 0000add0O0O0D0O0O0D0O0O removed 00O

0000000000000 0000D000D0 set000D000D0ODOODOOODOSset("abede") ODOOO
ooooooOOo00000 set(l?a?, ’c’, b, ’e’, ’d’]) OOOO

O000000OD0O0ODOOsetd fronzenset 00 OO O0O0O000ODO0OOO“0000000O0O0DOOOOOOODOO

oooOooOoooO0O0 A20000

A3 OO0

000000000000 000000000 (D000 U0o000O«x«000 «000000 /000 +

gooobod —gbooobgooo
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Table A.2: 00SOO00O0O0O0O0Osetd fronzenset 0000 0000O0D0O0OO0DO0O0OOO S=set([1,2,3,4]1)0
T=set([1,2]) O0O0ODOO

oood oood

S.issubset(T) OO0 SO000 7000000000000 Treed0000000O0O0OOFalsed0OOO
S<=TOOOOO0OS.issubset(T) = False

S.issuperset(T) OO0 TrT000 SsO000000000000Tree00O0OO0OO0OOOOOOFalsedOO0O0O
S>TOOOOOO S.issuperset(T) = True

S.union(T) OO0 SO0 T7TO0O00O0O0OO0OO0OOOSsS | T OoOoooag
S.union(T) = set([1, 2, 3, 4])

S.intersection(T) |00 SO TOODOODOOOOO S& T ODOOODOO
S.intersection(T) = set([1, 2])

S.difference(T) o0 SO T7T00D000SO00D000TODODO0O0DOODDODODOODOODODOOOd
S-T OO0O0ODODO S.difference(T) = set([3,4])

00oo0oo00o00o0o00o0o0Oo00o0Oo0O0D /JOOODOoOOOO0OODO0ODOOOOOOOO0OoDOOOo
ocoo0ooooooooOooOOOOOOOOOOOOOO4/500000C0000000O0O0O0O0O0O0O0OOOOO
OO0000O0000DOOO0O0O0DoO4./50 4/5.00 0.800000000000000040 000
gobooobooobooobboooboooboooobooooboooooonbOos="abc"00OOOOsS+"d"
O "abcd"O O OO S*x20 "abcabe" U OO
if0J0whileODOOOOOOOO0OO0OOO0ODOO0O0DOOO0ODOOODOOOOOO<=0000>=>0000==0000A0
I=000000000000000b0b00bbo0bboobbodbinbboooboooboooobo
UO0O0Onot inO0000000O0O0O0COOO0OOOODOOODOOODOO0O0DOO00O000O0O00O000 and0 or 00O
gboboooboobooboobbooboobo 1gob ooobooboobbobbobobooboon
O0O00D00OD00O(1<4) or (5<4)0 140000001+ 0=100000000000O
gbboboboobobooboooobboobbooboobboobobbooouobobibdd 1len
OD0DO0000000000D0000D0000D0O0O11en(C’abed’) 0 4000000000000D0O0OO

len([1,4,3,6]1) 0 400000000000ODO 1en((1,4,3,6)) 0 40000

A4 0O0OODOO

gboobooobooboooboobooooobooboooooboooboooboooboobooboooo

oboocoooboooooboooon

A41 OO

oboooOoboooobobooobooboomooobooooboobooooobooooobooooonoo

ooooooboOPbPythonODOOODODOODOOOOODOOOODOODOOiIfO0ODOOOODODOODOODO
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if gddd:

Uoomobooooboobooogoobooon

PythonOOOOOODODOOOO0ODOOOODOOODOOOODOOODOOOODOOOODOOODDOOODO

o000 000000 “CO00Db”00000D0ODO00O0DODOO0ODOODOOO0ODODODOOO

if x<0:

print "ODOQOOQO"

gboobOobooocoboboobooboboboobObif0oin elsed0O000oOOo0OO

if 000
O OO0@MOooO0oo0oooobooooooon
else:

Uoomobooooobobooobooobooon

A42 OO

gbogboboobgobobooboboboobobbobooboboobooboobobobo
gboboobooooobooboooobooboooooboo

OO000000D00Cfor0000OPythonODODODO for O00OO0DODOOOOOOOOODDODOOOO1IO
cobooooooooooooobooooboooooogo L= coooe, oo, ‘OO0, ‘O010000

uboobuooboooboobobboaoboan

for x in L:

print x

gboooobooooooboooobobooooonoo

for O0OOO0O0OOODOODOO in OO0

ooooboooog

Oo0O0O0o0o0o0O0O00O0000000O0000000rangeO O0O0OOOOOOOOOOOOOODOOOO
OO0000000fer00000000O0O0O0O0O0O0Orange(5) 0000 [0,1,2,3,410000000,1,2,3,4

ooooooboooo

for x in range(5):

print x
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00000000000 range(i,j) 00i<k<,jO000000 #00000000000000O0O00O0O0
000;0000000000000000000000range(1,3) 001,21 0000

for 0000000000000 000000000000000O0list comprehensiond 000000
000000000000 0000000000000000000T0 (x,x%%2,2%x) for x in range(5)]
O0x2%2° 00000000000 [0, 0, 1), (1, 1, 2), (2, 4, 4), (3, 9, 8), (4, 16, 16100
oooo

001000000000 000000O0whiled0OO0OwhileOOOOODOOOOOODOOODOO

while OO00O00OO0OO00OODO:

oooobooog

0000000 2000000 2200000000000000

x=10
while x>0:
print x**2

x =x-1

UooboobDoooooooobOobOobOobDOd preak U continueJ O OOO0OO0OO0O0O0O0O0OODOODOO
break O O0O0OO0O0OOOOOOOcontinuel 00O OOOOOOODOO0ODOOODOOO

U0 whileODOODOODOOO0OOOVbPreakD OO0 O0OD0O0ODOO0ODOOODOODOO

x=10

while True:
print x**2
x =x-1
if x<=0:

break

As5 OO

0b0oO0o0O0bO0000bO0bO0det000O0O0OD0OO0ODOOOOODOOO

def OOO(@MODO:

ooooboooo

ob0oobO0obo0oobOobooooOobooboobo0bodbDretcurn 00000000 O0OOODOOODOO

bbooboboooobooboooobooboooooboosooboboooooboooooboaon
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def concatenate3(a,b):
c=atb

return 3*c

O0000D concatenate3("a","b") D0 0000 0ababab 0O 0000

0000000000000 0000000o000o000o000o00o0o0DOoO0DOO0DOrecursiond dO
O00o0o0oOn!OnDO0000000000O0O0ORIODOOO0OO nODOOO0ON-(n—-1),---,3-2:100
0000000000000 0O00ooO- 000 =100000000000nI=nx(r-1)!00000O0

ubogbooobooobobobooboaoboobaooood

def factorial(n):
if n==0:
return 1
else:

return n*factorial (n-1)

A6 OOODOO

PythonOOOOOOOOOODODODOOOOOOOOOOODOODODODODODODODOOODOOO

OO0 PythonO0DOOOOOOOOOODODOOOOOODOOO0ODODOOO0ODDOOOODOOO import00O0ODO
import OO OODO

ooboooooooooboobbooo “pyyOO00DOOOODOODOOOODOOOpyyUODO0OODOOO

gbobobobobobobooboboboboboboboboobOobOooooooooooooon
O00000oooooooooooooooD0 NumPyOOOQOOOOO0OD0O0OO randomO000000000
OCmathODOOODOOOOODOOO0ODOOO0O0O0OO000 mathOOODOOOOOOOOODOOOODODOOO

go sqrt()l]DDDDDD\@DDI:II:II:ID1.41421356237DDDDDDDDD

import math

print math.sqrt(2)

import 00 0000000000000 DOODOOOO00000D0DO0OO0O0Omath.sqrt(2)0000000

00000000000 sqre(2) 000000000000
from DO0OO0O import OO 10000 201N

gboboobooooboobooooboboooobooboooobobob x0o0ooon
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Table A.3: random 000000000000

oo oood

seed (x) r0000000000000D0:00000000DO000D000DO0O0O00DOOO0OO0O0
seed (156)

random() [0.0,1.0) J000000000O0OOOOOODOOO

random() = 0.48777947886

randint(i,j) | 00 ¢,j (i<j) 0000 ¢<k<j0000000000 kOOOO
randint(-5,1) = -3

shuffle(L) 000 LODODO0ODOOoooOooooo

L=[1,2,3,4], shuffle(L) = L=[4, 1, 3, 2]

choice(L) 000 LODOO0ODOODO10000000000d

L=[1,2,3,4], choice(L) = 3

from JOOO0O import *

gboboobOoboooobobooooooboo

from math import *

print sqrt(2)

gboooboogno

00000000000 00D0000 randomOO00000 NumPyOOQOOOOOOOOODOOODOOO
A.6.1 O0O0OOOOOODOOO random

randomO0 0000000000000 DOOCO0DOOOOODODOOOOOOOODOOOOODODOOOOOOO

00 A30000
A62 OUOO0OOOOOO numpy

numpyd Numeric PythonOD OO O00O0000D0OOOOOOOO0O0O00O0O0CCOOO0OD0DOnumpyOOCOOOO
00000000000 000000O00DO000b000000000numpyO http://numpy.scipy.org/O
gooooooooooooooboobobobobobooooboooboooooboobOobOoboboboboon
boboobooooboobooboobooboobooboooboooboooobooboboobOobooobOobooOobOoon
numpy OO O0O40O00O00O

numpyO 00 500000000000 aOOO0OO0OO0OOOOOODOO OODOOOOO

from numpy import *

a=zeros(5,int)

ooooooo

20050000 A0000D0 1000000000000
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A=ones((2,5),int)

ooooooo
00020030000000000000A[2,31 00000000000 00O0O0O0OA[2]3)0000O0

oooo

A.7 networkXOODOOO

OO000D0DO0O0O000D00000 PythonODODOOOOODOO networkXOOOOODODO DO OnetworkXO O

O0O00OD0OOhttps://networkx.lanl.gov OO OOODOOO

A7l O0OO0OOOODOODOO

networkXOOODOOOOOOOOOOODOOOOO

Graph: 0000000000000 O0O0O0O0OCCCOO0O0OOOO0OO0000000O0O0OOOG=Graph() O

ugod

e DiGraph: 0000000000 OOOOOOOOOOO0O0O0O0O000OUOOUOOUODODODODODOG=DiGraph()

goog

XGraph: OO0OOOO0OOOOOOOODOOODOOOOOOOOOOOODOODOODODOODOODOOO

O000D00O000DO0O000D0G=XGraph() OO DODO

XDiGraph:U OO0 OO OOO0OO0O0OOOOOOO0O0ODOOOOO0OOOOOOOODODOOOOODOOOOOO

000000000000 00DDOG=XDiGraph() OOODO

000 GOOD0 i0000000000G.addnode(1)0000000 GOOOOOOOO lengthOOO
O (i,j) D00D00D00000OG.addedge(i,j,length) D000 D0O00O00OO00O0O0O00ODOOG.clear()
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