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gen_input( ) {
ofstream outfile;
filepath[20];
size = ( Jpow(2, 18);
cout << "gen begin" << endl;
for (int j = 1; j <= 5; j++) {
sprintf_s(filepath, "../input/%d.txt", j);

outfile.open(filepath, ios::out);
for ( k = 9; k < size; k++)
outfile << rand() << endl;
outfile.close();
cout << '.';
¥

cout << endl << "gen end" << endl << endl;

BT ERMATRFERGNEE, —fERT ZM2P I NN, S MRaAEIER
rand () BEALAE AV ES, REFE input XERFM 1.txt B 5.txt f, ZFERHT2H
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test_sort( (*sort) (int* A, n, * name) {
outpath[4@];

sprintf_s(outpath, "cd ../output && mkdir %s", name);

system(outpath);

LARGE_INTEGER start, ende;

ifstream infile;

ofstream outfile, time;
infilepath[20@];

sprintf_s(outpath, "../output/%s/time.txt", name);
time.open(outpath, ios::out);

cout << name << endl;

BT EX—ET BN, XEBDTE output UMK FES T EIER X N AR, I
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Performance &%, BXHFRIGERIA MR PXIEAY 27a_b. txt i, Hr 2%a HEEE
MR, b ANEELMRATH. MERAREE time. txt SEFI G PREMGE.

for ( i=23;1<«=18; i +=3) {
time << "22" << i << ":i\t";
cout << "27" << 1 << ":\t";
size = ( ypow(2, 1i);
A= [size];
for ( j=1; j<=5; j+) {

sprintf_s(infilepath, "../input/%d.txt", j);
infile.open(infilepath, ios::in);

for ( k = 9; k < size; k++) infile »>> A[k];
infile.close();
QueryPerformanceCounter(&start);

sort(A, size);

QueryPerformanceCounter(&ende);

time << ende.QuadPart - start.QuadPart << "\t';
cout << ende.QuadPart - start.QuadPart << "\t';
sprintf_s(outpath, "../output/%s/27%d_%d.txt", name, i,
outfile.open(outpath, ios::out);
for ( k = 9; k < size; k++) outfile << A[k] << endl;
outfile.close();
¥
time << endl;
cout << endl;
A;
}
cout << endl;
time.close();
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max_heapify(int* A, i hsize) {
largest;
while (1) {
1=2%*i+1, r=2%1+ 2;
if (1 < hsize & A[1] > A[i]) largest =
else largest = 1i;

if (r < hsize & A[r] > A[largest]) largest
if (largest == i) return;

swap(A[i], A[largest]);

i = largest;




build_max_heap( * A, n) {
for ( i=n/2; i> 0; i--) max_heapify(A, i, n);

heapsort( * A, n) {
build_max_heap(A, n);
hsize = n;
for ( i=n-1;1i>=1; i--) {
swap(A[@], A[i]);
hsize--;
max_heapify(A, @, hsize);

REHFSEFFHEFASEMARB LRI, AT—PELBA partition, — N2
A F merge:

il

partition(int* A, P, r) {
x=A[r], i=p - 1;
= ( J = P J < j++) { or ( < nl; i++) L[i] = A
if (A[J] <= x) { W“: i=8; n2; 1+H Miif
i++;
swap(A[i], A[31);
} S L)
} ATK]
swap(A[i + 1], A[r]); } ;
return i + 1;

[p + il;
Alg + 1 +1];

élSE {
ATK]
J++;

quicksort( * A, P,
if (p < 1) {
q = partition(A, p,
quicksort(A, p, q - 1);
quicksort(A, q + 1, r);

mergesort(

HTHEEH#TEA, %Bﬁ%#‘}\*iﬂﬁxﬂ’] et 54 1F . B T RBIMANEE S ME DA
HITHEFFRIRUR, # sort(A,n)E#H A sort(A,0,n-1)B0T],
HEHEF N2 BT 2 BUHIA B R :

countingsort( * A, n) {
[RAND_MAX+1];
[n];
= @; i <= RAND_MAX; i++) B[i] =
=0; 1 < n; i++) B[A[1]]++;

1; i <= RAND_MAX; i++) B[i] += B[i - 1];
n-1; i >=0; i--)
11 = A[1];

i]
0; i < n; i++) A[i] = C[i];




BT —RNENSEERHINT:

Microsoft Visual Studio iBidisHS

gen begin

10000000 ticks per second
the following timings are all in ticks
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D:\Desktop\exersize\src\x64\Debug\sorting. exe (GHFE 24800) 2iBH, fCi4 A 0.
AT R ERFE O, . .
BT R%H CPU RENE2EM107K, THMENEL LE 0.1 . AN AREESE
FHERFTEY, UERRELRE:
Average Heap Quick Merge Counting

213 136 148 49.4 2643
276 1216 86.8 338 2260.8
279 1243.2 834 2918.4 2262.6
2712 13393.2 9124.6 19774 2506.4

2715 134668.8 93612.8 157174.4 6094.4
2718 1344879 1117381 1258152  37501.8
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HEAD SH EEARER:

min_matrix_times ctor<
size = p.size() - 1;
tor< >> m(size, < >(size));
1; 1 < size; 1++) r( i 2; 1 < size - 1; i++)
i+ 1;

k = i;,k < J; k++
q = m[i][k] + m[k+1][3] + ( Jp[il*p[k+1]*p[j+1];
if (q < m[i][3D) {

m[i][j] = q;
m[J1[i] = k;

outfile << m[@][size-1] << endl;
print_result(m, @, size-1);
outfile << endl;

return m[@][size-1];

ARE m AFAT E=/A0, T s RFBAAMALN T =AM2, TUEZEMn K
T=fAMnrtE s NEE, FTENERNBHREER:

print_result(vector<vector<
if (i == 3J) {
outfile << 'A' << i;
return;

}

outfile << "(';

print_result(s, i, s[jl[i]);
print_result(s, s[jl[i] + 1, J);
outfile << ")";

R ek HEmamT:

QueryPerformanceFrequency(&start
' << endl;
cout << "t timing R << endl << endl;
infile.open(
outfile.open(
time.open("../
size;
i=0;1i<5;i+)
infile >> size;
org > p(size + 1);

cout << "size: " << size << endl;

for t = 0; t <= size; t++) infile >> p[t];
QueryPerformanceCounter(&start);

cout << "r 1t: " << min_matrix_times(p) << endl;
QueryPerformanceCounter(&ende);

time << ende.QuadPart - start.QuadPart << endl;

cout << "time: " << ende.QuadPart - start.QuadPart << endl;

outfile.close();
time.close();
infile.close();




EHaRH AN, EREEFNNE, ATHERE XA query #HTHEEAITTE .

2, ERRER
BEHEHmENT:

10000000 ticks per second
the following timings are all in ticks

size: 5

result: 15u4865959097238
time: 3919

size: 10

result: 42524697503391

: 5400945319618
1 319329979644400

. 574911761218280
7777

n=5 BTAYZ5 R 4 (AQ(((A1A2)A3)A4)), HEBEMEERN output X3k,
B B) SR R an &
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1, KB
FABLERRITSRITENSHENRE:

void print_result(vector<vector<char>> t, string a) {
int m = t.size() - 1;
int n = t[@].size() - 1;
string d = "";
while (m >= 9 & n »>= @) {
if (t[m][n] == 'd’
d = a[m] + d;

else if (t[m][n] == "u') m--;
else n--;

1
J

cout << d << endl;
outfile << d << endl;




int longest_common_subsequence(string a, string b) {
int m = a.length(), n = b.length();
vector<vector<int>> c(m+1l, vector<int>(n+l));
vector<vector<char>> t(m, vector<char>(n));
for (int i = @; 1 < m; i++) for (int j = @; j < n; Jj++)
if (a[i] == b[Jj]
c[i+1][3+1] = c[i][3] + 1;
t[i][3] = 'd’;

else if (c[i][j+1] > c[i+1][]]
c[i+1][3+1] = c[i][j+1];
t[i][3] = 'u’;

else
c[i+1]1[j+1] = c[i+11[3];
t[i1[3] = '1';

}

char outpath[30];

sprintf_s(outpath, "../output/result_%d.txt", m);
outfile.open(outpath, ios::out);

outfile << c[m][n] << endl;

print_result(t, a);

outfile.close();

return c[m][n];

R G AR SR REARER.

2, ERRR
EHEHHBIT:

10000000 ticks per second
the following timings are all in ticks

T2

i)
CDDBBBCCDDBADD
time: 5642
size: 30
ADDBBCDBBCDDDCBD
time: 5179

i 8] S AR 10 4

8000
7500
7000
6500
6000
5500

5000



HTFHEL )N, BTNV ERSCERERENRR. BTMANER, TIE
NEREBREVEA—H, FRERITE.

(BRI REAK, 2 EEES A E R
(B e H 2 B FE T @i/ AR E )



Lab 3 XEHKRE
PB20000296 PR &
41 R E AR E:

[XIAPEZHBRE, BAERT . ]
1, RBEX
ERRBNENA:

struct node{
int low;
int high;
int m;
bool color;
node* left;
node* right;
node* p;

}s

low 5 high ®RRX[aiwa, m AFHARATER.
M RREE S root 5 nil INESN—ERREE, ZEHHT@RE

IntervalTree {

print_tree(
left_rotate
right_rotate(

insert_fixup(node
transplant( node* v);
delete fixup(no

init(
traverse(
node* minimum(node* x);
node* search( low, high);
insert( low, high);
delete_node(node* z);
node* random_node( B

2, kL
MR RBFERE nil =, 74 root B4 nil BT

IntervalTree::init( ) {

nil = new node;

nil->color = 3

nil->p = nil->left = nil->right = nil;

nil->low = nil->high = nil->m = -1;
root = nil;

It B S -1 B RIACR AR A (AR SR IR R B8RS A B



3. E/ATE
FMAB EHRASTIENT, WNAKE:

node* y = x->right;

x->right = y->left;

if (y->left != nil) y->left->p = x;
y->p = X->p;

if (x->p == nil) root = y;

else if (x == x->p->left) x->p->left = y;
else x->p->right = y;

y->left = x;

X->p =Y,

4\ *EA
FESTEMIEFENAAE —FBD

node* z = new node;
z->low = low;
z->high = z->m = high;
node* y = nil;
node* x = root;
while (x != nil) {
y = X5
if (z->low < x->low) x = x->left;
else x = x->right;
}
Z->p = Y;
if (y == nil) root = z;
else if (z->low < y->low) y->left = z;
else y->right = z;
z->left = z->right = nil;
z->color = H

BB LB EHTI A fixup BIE],

5. MiBx
MR T S KM B RBIES H R/ MERIE:

IntervalTree::transplant(node* u, node* v) {
if (u->p == nil) root = v;
else if (u == u->p->left) u->p->left = v;
else u->p->right = v;
V->p = u->p;

node* IntervalTree::minimum(node* x) {
while (x->left != nil) x = x->left;
return Xx;

BEEMNAB LR ERTMER SXRAY fixup BITT,



X &) :

1. BAREIEE

A 1A ENEETULI, LRFBEERBA. MBRSEARTHTAE, M fixup &9
AR EWAGTEB T .

RFPLARNMR, EXEREERENELFTREENITE, £ARMRBAER:

y->m = X->m;

x->m = max(max(x->left->m, x->right->m), x->high);
HpZM x A, y REREEEE x NENER.
XE x5y #ATRRE nil, ffonil fym BUEEN-1, LEEMEN, FUEETNER

i+

BARBTEMBEANG 2@ 4
for (node* t = z->p; t != nil; t = t->p)

high = t->m = (t->m, high);
XE z (PABAESHAE, AR z BRI n E41% A high, FENHE Fi#TitE.

2, MIBRESRYIRE
BT fixup REYZEHTESN, BRI EVEER AR SR

(t->left->m, t->right-»>m), t->high);
t->p;
} while (t != nil);
BIBRES x IR T RELEPNONE, ERHETEN il G5, BEXET mE, FEibdk
A m E A -1(AIZRE L E m) [FERE LIFE,

ENE. ¢4
HENAB LRSI

node* IntervalTree::search( low, high) {
node* x = root;
while (x != nil && (low > x->high || high < x->low))
if (x->left != nil && x->left->m >= low)

x = x->left;
else x = x->right;
return X;

4\ ﬁjj_J-
WTE, FATFFIIZERITHEARX 8



IntervalTree: :print_tree(node* now, depth) {
if (now == nil) return;
print_tree(now->left, depth + 1);
for ( i =0; i < depth; i++) cout << "---";
cout << (now->color ? 'B' : 'R') << " [" << now->low << ", " << now->high << ']';
cout << " ' << now->m << endl;

print_tree(now->right, depth + 1);

IntervalTree: :traverse( ) {
print_tree(root, 0);
cout << endl;

FEFSER:

1. FEHLSER
REEBER, FRLIAMBHNIHRESR, MWK ERE:

node* IntervalTree::random_node( ) {
node* x = root;
while (1) {
if (x->left == x->right) return x
way = rand() % 3;
if (x->left == nil
if (way < 2) return x;
X = X->right;

else if (x->right == nil
if (way < 2) return x;
X = x->left;

else
if (way == @) return x;
if (way == 1) return x->left;
return x->right;

MR R, BEZTUERE, SNXHEAEENETE 1/3 BRFE FRME:
HiFRE,

2, BEHLX 8

BRT BV SHER S, BERKEFEERMENXE, XBEHGENT:
ofstream infile;
infile.open(path, ios::out);

al[5e] = {@}, count = @;
srand(time(0));

B, BYVMTFERIMAEN 0/ int H4E, FMATHIT I count TE.



while (1) {
temp_start = rand() % 50;
if (temp_start >= 24 &% temp_start <= 38) continue;
if (a[temp_start] == 1) continue;
altemp_start] = 1;
infile << temp_start << " ';
if (temp_start < 24
end = temp_start + 1 + rand() % (24 - temp_start);
infile << end << endl;

else
end = temp_start + 1 + rand() % (50 - temp_start);

infile << end << endl;

++count == 30) break;

BERRIAITE, % a OAUBEHNEHFWELARERT. RAHLER, BEE
SR PRI .

3. &RER
THABMIBNENEE, TRXIRESEN 3, FEEX, EZERN output XfFE:

------------ R0, 12] 12
--------- B [2, 20] 20

------ R[3, 17] 24

--------- B [4, 24] 24

---B [6, 16] 24

------------ R [10, 20] 20
--------- B [10, 20] 21
------------ R[11, 21] 21
------ R [12, 24] 24
------------ R[13, 16] 16
--------- B [14, 22] 22

B [15, 17] 50
--------------- R[16, 191 19
------------ B [17, 21] 21
--------- R[18, 24] 24
------------ B [19, 22] 22
------ B [20, 24] 48
--------------- R[22, 24] 24
------------ B [31, 39] 39
--------- R [33, 44] 48
------------ B [34, 48] 48
---R [35, 48] 50
--------------- R [36, 44] 44
------------ B [37, 47] 47
--------- R [38, 45] 50
------------ B [39, 40] 50
--------------- R [41, 50] 50
------ B [43, 48] 50
------------ B [45, 48] 48
--------- R [46, 471 50
------------ B [47, 50] 50
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BEAHESR:

IMTE, ERIASRSHHERDT, SEBRAFEER, BRSEAES.

gen_input( vnum, edgenum,
ofstream outfile;
outfile.open(path, ios::out);
for ( i=0; i< vhum; i++)
for ( j =9; j < edgenum; j++) {
outfile << i << ' ';
r = rand() % vnum;
while (r == i) r = rand() % vnum;

outfile << r << ' ';
outfile << rand() % 61 - 1@ << endl;

}

cout <«

gen_input(27, "input/inputll.txt");
gen_input(27, "input/inputl2.txt");
gen_input(81, "input/input2l.txt");
gen_input(81, 2, "input/input22.txt");
gen_input(243, 3, "input/input31.txt");
gen_input(243, 2, "input/input32.txt");
gen_input(729, 4, "input/input4l.txt");
gen_input(729, 3, "input/input42.txt");
cout << "generate done" << endl << endl;

2, XMEZE
Graph {

edge_num;
vector<node*> vertex;
add_edge( u, v, length);
delete edge( u, v);
get_edge length( u, v);
find_negative circle( )
vector< > get_renew_h( )

dijkstra( \RRV/=Teh o] 24 > h);

init( vnum) ;
get_vertex_num( ) { return vertex.size(); };
get_edge_num( ) { return edge_num; };
read_file( path);
johnson( path);




FEEER Graph RASLIAIRE. AT INHTEENR:

test( vnum, in_file, out_file) {
Graph G;
time_file << vnum << "\t';
cout << "input vertex num: " << vnum << endl;
G.init(vnum)
G.read_fil file);
cout << "n tive circle cleaned” << endl;
cout << num: " << G.get_edge num() << endl;
time file << G.get edge num() << " \t";
QueryPerformanceCounter(&start);
G.johnson(out_file);
QueryPerformanceCounter(&ende);
time_file << ende.QuadPart - start.QuadPart << endl;
cout << "time: " << ende.QuadPart - start.QuadPart << endl;
cout << endl;

MK RS, TSRS L, REEBCUF#ITRNWIGRL. EFERbZE,
iz47 Johnsson &7k, RIS,

B R R
1. #Efk

Graph::init( vnum) {

vector<node*> v(vnum);

vertex = v;

for ( i @; i < vnum; i++) {
vertex| i new node;
vertex|[i]->serial = -1;
vertex|[i]->edge_length
vertex[i]->next =

"

edge_num = 0;

FAMEERRTE, SRPENMELRANLANS RSB KR EIE. 5T
RRANE—NER, FS5A-1, KEMRKLA 0, FAIZRMEREEL EATAE,

2, BB ERFRE
XTHREAREANERRE WM

Graph: :delete_edge( u,
node* now = vertex[u];
node* pre = now;
while (now->next != ) {
now = now->next;
if (now->serial == v) {
pre->next = now->next;
now;
edge_num--;
return @;

}

pre = pre->next;

¥

return 1;




FRERETFENNEFBNEE.

3. Bt
BB RS M RRBUAF N, &5 EANAER:

while (in_file >> u >> v >> w) {
add_edge(u, v, w);
if (find_negative circle()

delete edge(u ,v);
cout << "(" << U< T, K v« )"

HEERBASINEFLL .

Bellman-Ford:

Bellman-Ford BAHWAMER, thEIFHANKERME h, FEE], RII—NESEZ
HME 2B 0 MIIAEL MR d[i] 2Rk 0 BN NEH, BIFHAIRERM
BREERSHT, IUBHREXL:

Graph::find_negative circle( ) {
v = get_vertex_num();
vector< > d(v);
for ( i=0; 1<v-1; i++) for ( j=90; j<v; jHt) {
node* now = vertex[j];
while (now->next !=
now = now->next;
if (d[now->serial] > d[j] + now->edge length)
d[now->serial] = d[j] + now->edge_length;

}
for ( J=0; 3 <v; J++) {
node* now = vertex[j];
while (now->next !=
now = now->next;
if (d[now->serial] > d[j] + now->edge length)
return 1;

}

return 0;

Dijkstra:

1. fL5%BAFI
A7 R Dijkstra Bk, BEEIIMENT. RENRENIIRIESR, RAITE



BN AP F SR VESHFNENN MR FSEANE AT ERNER:

NumHeap {

vector< > d;

vector< > heap;

vector< > pos;
heap_size;

init( n);

extract_min( );

decrease( serial, after);
get_heap_size( ) { return heap_size; };
get_d( v) { return d[v]; };
get_pos( v) { return pos[v]; };

Hep, heap HFHIEHERF

ST
IMERSERRED G (fk3E d HEFF, 8K

MR FS, pos ATMMRFSHNNEFRFS, XiEkK
R EIR AP IRES) !

NumHeap: :extract_min( ) {
ret = heap[9];
swap(pos[heap[@]], pos[heap[--heap_size]]);
swap(heap[@], heap[heap_size]);
now = @, mini = @;
while (1) {
1=2*now+1, r=2* now + 1;
if (1 < heap_size && d[heap[l]] < d[heap[mini]]) mini
if (r < heap_size && d[heap[r]] < d[heap[mini]]) mini
if (mini == now) return ret;
swap(pos[heap[now]], pos[heap[mini]]);
swap(heap[now], heap[mini]);
now = mini;
}

return ret;

BRI
NumHeap: :decrease( serial, after) {
d[heap[serial]] = after;
while (1) {
pre = (serial - 1) / 2;
if (d[heap[pre]] <= d[heap[serial]]) return;

swap(pos[heap[pre]], pos[heap[seriall]);
swap(heap[pre], heap[seriall);
serial = pre;

2, FE&%
XEM Dijkstra FEXERMEAN v I TEIFF AR ERZSREKE, BAIERNH
EAETIRERST, K#fTTE, FgP pi:



vector< > pi(vnum);
for ( i=20; i< vnum; i++) pi[i] = -1;

NumHeap H;
H.init(vnum);
H.decrease(H.get_pos(v), 9);
while (H.get_heap_size() > @) {
u = H.extract_min();
node* now = vertex[u];
while (now->next != ) {
now = now->next;
w = now->serial;
new_length = H.get_d(u) + now->edge_length + h[u] - h[w];
if (H.get_d(w) > new_length) {
H.decrease(H.get_pos(w), new_length);
pi[w] = u;

BRATITED, fTEDREREFNSKEEEKES EAERN Jd FEEE:

( i=0; 1< vhum; i++) {

cout << v << '-' << i< "M

if (pi[i] == -1) cout << "none" << endl;
else {

j=1i;
e (pi[j] != -1) {
cout << j << "<-";
j = piljl;

whil

¥
cout << j << ' ';
cout << H.get d(i) - h[v] + h[i] << endl;

B4R Johnson ESEINT

Graph: : johnson( * path) {
vector<int> h = get_renew_h();

FILE* stream;

freopen_s(&stream, path, "w", stdout);

for ( i =0; i< get_vertex_num(); i++)

dijkstra(i, h);
fclose(stdout);
freopen_s(&stream, "CON", "w", stdout);

EH hjE, XENIRIEM Dijkstra B, FHKHEHERE XA,

HERRET:

BAEImASHHA input 5 output Xk REISM, 26 G MR TR E. i
BB IRET) . MERAYTAIRA SESE), BERENTRE. BESHEE tine. txt 1, Y
Tzl e b ow Gl



input vertex num: 81
negative circle cleaned
edge num: 162

time: 732071

input vertex num: 243

(201,162); (218,8); (219,189); (232,149); (235,161); negative circle cleaned
edge num: 724

time: 6736036

input vertex num: 243
negative circle cleaned
edge num: 486

time: 6616400

input vertex num: 729

(uue,36); (dud,395); (528,369); (537,307); (552,58); (591,412); (616,142); (616,387); (622,318); (625,536); (6u5,243); (
650,140); (653,260); (655,416); (662,319); (665,241); (665,283); (667,536); (669,64); (678,437); (679,18); (683,645); (6
93,516); (706,u453); (708,394); (71e,642); (719,19); (720,197); (720,119); (721,u81); (721,45); (726,u87); (726,395); (72
7,6); negative circle cleaned

edge num: 2882

time: 35283529

input vertex num: 729
(5u5,34); (685,190); (706,199); (728,528); negative circle cleaned

edge num: 2183
time: 33863739

RYE time. txt 2H B ERERIT:
i 8] & 2L XS LE

o
o~

[=2]

5.5

104 R X 41
(%]

I

35

VE log(V)

HTAEER, G—RBHLRMHTLS, TUAALGFERESEREREZEE
R, XETHM1E 8 Rk 11, 12, 21, 22, 31, 32, 41, 42,

l%\g:l!l::

KREEZILRWSE! [EX—1MBEHERK ddl BREIL bug MH5E]
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