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3.1 API

写 strcpy, strlen, strstr, atoi

3.1.1 strlen

strlen
size_t strlen(const char *str);

代码

size_t strlen(const char *str) {
const char *s;
for (s = str; *s; ++s) {}
return(s - str);

}

3.1.2 strcpy

strcpy
char* strcpy(char *to, const char *from);

3
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代码

char* strcpy(char *to, const char *from) {
assert(to != NULL && from != NULL);
char *p = to;
while ((*p++ = *from++) != '\0')

;
return to;

}

3.1.3 strstr

strstr
char * strstr(const char *haystack, const char *needle);

O(m ∗ n) 代码 §3.4

代码

char *strstr(const char *haystack, const char *needle) {
// if needle is empty return the full string
if (!*needle) return (char*) haystack;

const char *p1;
const char *p2;
const char *p1_advance = haystack;
for (p2 = &needle[1]; *p2; ++p2) {

p1_advance++; // advance p1_advance M-1 times
}

for (p1 = haystack; *p1_advance; p1_advance++) {
char *p1_old = (char*) p1;
p2 = needle;
while (*p1 && *p2 && *p1 == *p2) {

p1++;
p2++;

}
if (!*p2) return p1_old;

p1 = p1_old + 1;
}
return NULL;

}
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• LeetCode Implement strStr(), http://leetcode.com/oldoj#question_28

•

3.1.4 atoi

atoi
int atoi(const char *str);

atoi (http://www.cplusplus.com/reference/cstdlib/atoi/)

The function first discards as many whitespace characters as necessary until the first non-
whitespace character is found. Then, starting from this character, takes an optional initial plus or
minus sign followed by as many numerical digits as possible, and interprets them as a numerical
value.

The string can contain additional characters after those that form the integral number, which
are ignored and have no effect on the behavior of this function.

If the first sequence of non-whitespace characters in str is not a valid integral number, or if
no such sequence exists because either str is empty or it contains only whitespace characters, no
conversion is performed.

If no valid conversion could be performed, a zero value is returned. If the correct value is
out of the range of representable values, INT_MAX (2147483647) or INT_MIN (-2147483648)
is returned.

1. ”-3924x8fc” ” + 413”,

2. ” ++c”, ” ++1”

3. ”2147483648”
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代码

int atoi(const char *str) {
int num = 0;
int sign = 1;
const int len = strlen(str);
int i = 0;

while (str[i] == ' ' && i < len) i++;

if (str[i] == '+') i++;

if (str[i] == '-') {
sign = -1;
i++;

}

for (; i < len; i++) {
if (str[i] < '0' || str[i] > '9')

break;
if (num > INT_MAX / 10 ||

(num == INT_MAX / 10 &&
(str[i] - '0') > INT_MAX % 10)) {

return sign == -1 ? INT_MIN : INT_MAX;
}
num = num * 10 + str[i] - '0';

}
return num * sign;

}

• LeetCode String to Integer (atoi), http://leetcode.com/oldoj#question_8

•

3.2

3.3

3.4

(substring search) N

M (pattern string)
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O(MN)

3.4.1 KMP

KMP Knuth Morris Pratt 1976

¬ 5.3.3 (DFA)

(partial match table) next
KMP http://t.cn/zTOPfdh

KMP http://www.matrix67.com/blog/archives/115 Matrix67 ”Knuth-
Morris-Pratt string matching” http://www.ics.uci.edu/ eppstein/161/960227.html

next KMP C
kmp.c

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

/*
* @brief next .
*
* @param[in] pattern
* @param[out] next next
* @return
*/

void compute_prefix(const char *pattern, int next[]) {
int i;
int j = -1;
const int m = strlen(pattern);

next[0] = j;
for (i = 1; i < m; i++) {

while (j > -1 && pattern[j + 1] != pattern[i]) j = next[j];

if (pattern[i] == pattern[j + 1]) j++;
next[i] = j;

}
}

/*
* @brief KMP .

¬ Robert Sedgewick http://book.douban.com/subject/10432347/
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*
* @param[in] text
* @param[in] pattern
* @return -1
*/

int kmp(const char *text, const char *pattern) {
int i;
int j = -1;
const int n = strlen(text);
const int m = strlen(pattern);
if (n == 0 && m == 0) return 0; /* "","" */
if (m == 0) return 0; /* "a","" */
int *next = (int*)malloc(sizeof(int) * m);

compute_prefix(pattern, next);

for (i = 0; i < n; i++) {
while (j > -1 && pattern[j + 1] != text[i]) j = next[j];

if (text[i] == pattern[j + 1]) j++;
if (j == m - 1) {

free(next);
return i-j;

}
}

free(next);
return -1;

}

int main(int argc, char *argv[]) {
char text[] = "ABC ABCDAB ABCDABCDABDE";
char pattern[] = "ABCDABD";
char *ch = text;
int i = kmp(text, pattern);

if (i >= 0) printf("matched @: %s\n", ch + i);
return 0;

}
kmp.c

3.4.2 Boyer-Moore
¬ 5.3.4

Boyer-Moore
http://www.ruanyifeng.com/blog/2013/05/boyer-moore_string_search_algorithm.html

Boyer-Moore algorithm, http://www-igm.univ-mlv.fr/ lecroq/string/node14.html

¬ Robert Sedgewick http://book.douban.com/subject/10432347/
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¬

Boyer-Moore C
boyer_moore.c

/**
* 代码 http://www-igm.univ-mlv.fr/~lecroq/string/node14.html
*
* suffixes(), pre_gs()
*/

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

#define ASIZE 256 /* ASCII */

/*
* @brief .
*
* @param[in] pattern
* @param[out] right
* @return
*/

static void pre_right(const char *pattern, int right[]) {
int i;
const int m = strlen(pattern);

for (i = 0; i < ASIZE; ++i) right[i] = -1;
for (i = 0; i < m; ++i) right[(unsigned char)pattern[i]] = i;

}

static void suffixes(const char *pattern, int suff[]) {
int f, g, i;
const int m = strlen(pattern);

suff[m - 1] = m;
g = m - 1;
for (i = m - 2; i >= 0; --i) {

if (i > g && suff[i + m - 1 - f] < i - g)
suff[i] = suff[i + m - 1 - f];

else {
if (i < g)

g = i;
f = i;
while (g >= 0 && pattern[g] == pattern[g + m - 1 - f])

--g;
suff[i] = f - g;

}
}

}

¬BOYER R.S., MOORE J.S., 1977, A fast string searching algorithm. Communications of the ACM. 20:762-772.
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/*
* @brief .
*
* @param[in] pattern
* @param[out] gs
* @return
*/

static void pre_gs(const char pattern[], int gs[]) {
int i, j;
const int m = strlen(pattern);
int *suff = (int*)malloc(sizeof(int) * (m + 1));

suffixes(pattern, suff);

for (i = 0; i < m; ++i) gs[i] = m;

j = 0;
for (i = m - 1; i >= 0; --i) if (suff[i] == i + 1)

for (; j < m - 1 - i; ++j) if (gs[j] == m)
gs[j] = m - 1 - i;

for (i = 0; i <= m - 2; ++i)
gs[m - 1 - suff[i]] = m - 1 - i;

free(suff);
}

/**
* @brief Boyer-Moore .
*
* @param[in] text
* @param[in] pattern
* @return -1
*/

int boyer_moore(const char *text, const char *pattern) {
int i, j;
int right[ASIZE]; /* bad-character shift */
const int n = strlen(text);
const int m = strlen(pattern);
int *gs = (int*)malloc(sizeof(int) * (m + 1)); /* good-suffix shift */

/* Preprocessing */
pre_right(pattern, right);
pre_gs(pattern, gs);

/* Searching */
j = 0;
while (j <= n - m) {

for (i = m - 1; i >= 0 && pattern[i] == text[i + j]; --i);

if (i < 0) { /* */
/* printf("%d ", j);
j += bmGs[0]; */
free(gs);
return j;
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} else {
const int max = gs[i] > right[(unsigned char)text[i + j]] -

m + 1 + i ? gs[i] : i - right[(unsigned char)text[i + j]];
j += max;

}
}
free(gs);
return -1;

}

int main() {
const char *text="HERE IS A SIMPLE EXAMPLE";
const char *pattern = "EXAMPLE";
const int pos = boyer_moore(text, pattern);
printf("%d\n", pos); /* 17 */
return 0;

}
boyer_moore.c

3.4.3 Rabin-Karp
¬ 5.3.5

Rabin-Karp C
rabin_karp.c

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

const int R = 256; /** ASCII R */
/** 16 */
const long Q = 0xfff1;

/*
* @brief .
*
* @param[in] key
* @param[int] M
* @return M
*/

static long hash(const char key[], const int M) {
int j;
long h = 0;
for (j = 0; j < M; ++j) h = (h * R + key[j]) % Q;
return h;

}

/*
* @brief hash.
*

¬ Robert Sedgewick http://book.douban.com/subject/10432347/
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* @param[int] h
* @param[in] first M
* @param[in] next M
* @param[int] RM R^(M-1) % Q
* @return i+1 M
*/

static long rehash(const long h, const char first, const char next,
const long RM) {

long newh = (h + Q - RM * first % Q) % Q;
newh = (newh * R + next) % Q;
return newh;

}

/*
* @brief .
*
* @param[in] pattern
* @param[in] substring M
* @return 1 0
*/

static int check(const char *pattern, const char substring[]) {
return 1;

}

/**
* @brief Rabin-Karp .
*
* @param[in] text
* @param[in] n
* @param[in] pattern
* @param[in] m
* @return -1
*/

int rabin_karp(const char *text, const char *pattern) {
int i;
const int n = strlen(text);
const int m = strlen(pattern);
const long pattern_hash = hash(pattern, m);
long text_hash = hash(text, m);
int RM = 1;
for (i = 0; i < m - 1; ++i) RM = (RM * R) % Q;

for (i = 0; i <= n - m; ++i) {
if (text_hash == pattern_hash) {

if (check(pattern, &text[i])) return i;
}
text_hash = rehash(text_hash, text[i], text[i + m], RM);

}
return -1;

}

int main() {
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const char *text = "HERE IS A SIMPLE EXAMPLE";
const char *pattern = "EXAMPLE";
const int pos = rabin_karp(text, pattern);
printf("%d\n", pos); /* 17 */
return 0;

}
rabin_karp.c

3.4.4

KMP
DFA 2N 1.1N MR

3N 1.1N M
3N N/M R

Boyer-Moore MN N/M R

Rabin-Karp ∗ 7N 7N ∗ 1
7N∗ 7N 1

*

3.5
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(stack) LIFO, Last In, First Out
(queue) rear front FIFO,

First In, First Out

4.1

4.1.1

n (Hanoi Tower) X Y Z X n

1 2 … n 4-1

4-1 Hanoi

X n Z 必

•

• X Y Z

•

n

n, n ≤ 10

14
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k

k N from X to Y N X Y X,Y
{'A','B','C'}

3

7
1 from A to C
2 from A to B
1 from C to B
3 from A to C
1 from B to A
2 from B to C
1 from A to C

代码

hanoi.c
#include <stdio.h>

/*
* @brief x
* 1 n n z y .
* @param[in] n
* @param[in] x
* @param[in] y
* @param[in] z
* @return
*/

void hanoi(int n, char x, char y, char z) {
if(n == 1) {

/* n x z */
printf("%d from %c to %c\n", n, x, z);
return;

} else {
/* x 1 n-1 y z */
hanoi(n-1, x, z, y);
/* n x z */
printf("%d from %c to %c\n", n, x, z);
/* y 1 n-1 z x */



16 4

hanoi(n-1, y, x, z);
}

}

int main() {
int n;
scanf("%d", &n);
printf("%d\n", (1 << n) - 1); /* */
hanoi(n, 'A', 'B', 'C');
return 0;

}
hanoi.c

• wikioi 3145 , http://www.wikioi.com/problem/3145/

•

4.1.2
convert_base.cpp

#include <stack>
#include <cstdio>

/**
* @brief 10 d d<=16.
* @param[in] n n
* @param[in] d d
* @return
*/

void convert_base(int n, const int d) {
stack<int> s;
int e;

while(n != 0) {
e = n % d;
s.push(e);
n /= d;

}
while(!s.empty()) {

e = s.top();
s.pop();
printf("%X", e);

}
return;

}

const int MAXN = 64; //
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int stack[MAXN];
int top = -1;
/**
* @brief 10 d d<=16 .
*
*
* CPU 64 2^64
* 2 64
*
* @param[in] n n
* @param[in] d d
* @return
*/

void convert_base2(int n, const int d) {
int e;

while(n != 0) {
e = n % d;
stack[++top] = e; // push
n /= d;

}
while(top >= 0) {

e = stack[top--]; // pop
printf("%X", e);

}
return;

}

/**
* @brief d 10 d<=16.
* @param[in] s d
* @param[in] d d
* @return 10
*/

int restore(const char s[MAXN], const int d) {
int result = 0;
int one;

for (int i = 0; s[i] != '\0'; i++) {
if (s[i] >= '0' && s[i] <= '9') one = s[i] - '0';
else if (s[i] >= 'A' && s[i] <= 'F') one = s[i] - 'A' + 10;
else one = s[i] - 'a' + 10; /* (s[i] >= 'a' && s[i] <= 'f') */

result = result * d + one;
}
return result;

}
convert_base.cpp
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4.2

4.2.1
yanghui_triangle.cpp

#include <queue>
/**
* @brief .
*
* (a+b)^n
*
* 0
*
* @param[in] n (a+b)^n
* @return
*/

void yanghui_triangle(const int n) {
queue<int> q;
/* 1 */
q.push(1);

for(int i = 0; i <= n; i++) { /* */
int s = 0;
q.push(s); /* 0*/

/* i i+2 0 */
for(int j = 0; j < i+2; j++) {

int t;
int tmp;
t = q.front(); /* t*/
q.pop();
tmp = s + t; /* */
q.push(tmp);
s = t; /* i+2 0*/
if(j != i+1) {

printf("%d ",s);
}

}
printf("\n");

}
}

yanghui_triangle.cpp
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5.1

•

•

•

binary_tree.cpp
#include <iostream>
#include <stack>
#include <queue>

/** */
typedef int tree_node_elem_t;
/*
*@struct
*@brief
*/

struct binary_tree_node_t {
binary_tree_node_t *left; /* */
binary_tree_node_t *right; /* */
tree_node_elem_t elem; /* */

};

/**
* @brief .
* @param[in] root
* @param[in] visit
* @return
*/

void pre_order_r(const binary_tree_node_t *root,
int (*visit)(const binary_tree_node_t*)) {

if (root == nullptr) return;

visit(root);
pre_order_r(root->left, visit);
pre_order_r(root->right, visit);

19
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}

/**
* @brief .
*/

void in_order_r(const binary_tree_node_t *root,
int (*visit)(const binary_tree_node_t*)) {

if(root == nullptr) return;

in_order_r(root->left, visit);
visit(root);
in_order_r(root->right, visit);

}

/**
* @brief .
*/

void post_order_r(const binary_tree_node_t *root,
int (*visit)(const binary_tree_node_t*)) {

if(root == nullptr) return;

post_order_r(root->left, visit);
post_order_r(root->right, visit);
visit(root);

}

/**
* @brief .
*/

void pre_order(const binary_tree_node_t *root,
int (*visit)(const binary_tree_node_t*)) {

const binary_tree_node_t *p;
stack<const binary_tree_node_t *> s;

p = root;

if(p != nullptr) s.push(p);

while(!s.empty()) {
p = s.top();
s.pop();
visit(p);

if(p->right != nullptr) s.push(p->right);
if(p->left != nullptr) s.push(p->left);

}
}

/**
* @brief .
*/

void in_order(const binary_tree_node_t *root,
int (*visit)(const binary_tree_node_t*)) {
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const binary_tree_node_t *p;
stack<const binary_tree_node_t *> s;

p = root;

while(!s.empty() || p!=nullptr) {
if(p != nullptr) {

s.push(p);
p = p->left;

} else {
p = s.top();
s.pop();
visit(p);
p = p->right;

}
}

}

/**
* @brief .
*/

void post_order(const binary_tree_node_t *root,
int (*visit)(const binary_tree_node_t*)) {

/* p q */
const binary_tree_node_t *p, *q;
stack<const binary_tree_node_t *> s;

p = root;

do {
while(p != nullptr) { /* */

s.push(p);
p = p->left;

}
q = nullptr;
while(!s.empty()) {

p = s.top();
s.pop();
/* */
if(p->right == q) {

visit(p);
q = p; /* */

} else {
/* */
s.push(p);
/* */
p = p->right;
break;

}
}

} while(!s.empty());
}
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/**
* @brief BFS.
*
*
*/

void level_order(const binary_tree_node_t *root,
int (*visit)(const binary_tree_node_t*)) {

const binary_tree_node_t *p;
queue<const binary_tree_node_t *> q;

p = root;

if(p != nullptr) q.push(p);

while(!q.empty()) {
p = q.front();
q.pop();
visit(p);

/* */
if(p->left != nullptr) q.push(p->left);
if(p->right != nullptr) q.push(p->right);

}
}

binary_tree.cpp

5.2

(threaded binary tree)
n n+1 n0 1

n1 2 n2 2 1 1
2n0 + n1 n0 = n2 + 1 2n0 + n1 =

n0 + n2 + 1 + n1 = n0 + n1 + n2 + 1 = n+ 1

left rchild
ltag=1 left ltag=0

left rtag

pre succ 5-1
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5-1

C
theaded_binary_tree.c

/** @file threaded_binary_tree.c
* @brief .
*/

#include <stddef.h> /* for NULL */
#include <stdio.h>

/* . */
typedef int elem_t;

/**
*@struct
*@brief .
*/

typedef struct tbt_node_t {
int ltag; /** 1 0 */
int rtag; /** 1 0 */
struct tbt_node_t *left; /** */
struct tbt_node_t *right; /** */
elem_t elem; /** */

}tbt_node_t;

/* */
static void in_thread(tbt_node_t *p, tbt_node_t **pre);
static tbt_node_t *first(tbt_node_t *p);
static tbt_node_t *next(const tbt_node_t *p);

/**
* @brief .
* @param[in] root
* @return
*/

void create_in_thread(tbt_node_t *root) {
/* */
tbt_node_t *pre=NULL;
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if(root != NULL) { /* */
/* */
in_thread(root, &pre);
/* */
pre->right = NULL;
pre->rtag = 1;

}
}

/**
* @brief .
* @param[in] root
* @param[in] visit
* @return
*/

void in_order(tbt_node_t *root, int(*visit)(tbt_node_t*)) {
tbt_node_t *p;
for(p = first(root); p != NULL; p = next(p)) {

visit(p);
}

}

/*
* @brief .
* @param[in] p
* @param[inout] pre
* @return
*/

static void in_thread(tbt_node_t *p, tbt_node_t **pre) {
if(p != NULL) {

in_thread(p->left, pre); /* */
if(p->left == NULL) { /* */

p->left = *pre;
p->ltag = 1;

}
/* */
if((*pre) != NULL &&

(*pre)->right == NULL) {
(*pre)->right = p;
(*pre)->rtag = 1;

}
*pre = p; /* */
in_thread(p->right, pre); /* */

}
}

/*
* @brief .
* @param[in] p
* @return
*/
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static tbt_node_t *first(tbt_node_t *p) {
if(p == NULL) return NULL;

while(p->ltag == 0) {
p = p->left; /* */

}
return p;

}

/*
* @brief .
* @param[in] p
* @return p
*/

static tbt_node_t *next(const tbt_node_t *p) {
if(p->rtag == 0) {

return first(p->right);
} else {

return p->right;
}

}
theaded_binary_tree.c

5.3 Morris Traversal

§5.1 preorder inorder postorder
(recursive) (stack+iterative) O(n)

Morris Traversal O(1) Morris Traversal

5.3.1 Morris

Morris

1. cur root

2. cur cur = cur->rchild

3. cur cur cur
a)

b)
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4. 2 3 cur

5-2 cur

5-2 Morris

C §5.3.4

• Leet Code - Binary Tree Inorder Traversal, http://leetcode.com/onlinejudge#question_94

5.3.2 Morris

Morris

1. cur root

2. cur cur = cur->rchild

3. cur cur cur
a)

b)

4. 2 3 cur

5-3
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5-3 Morris

C §5.3.4

5.3.3 Morris

Morris dump root

Morris

1. cur root

2. cur cur = cur->rchild

3. cur cur cur
a)

b)

4. 2 3 cur

5-4
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5-4 Morris

C §5.3.4

5.3.4 C
morris_traversal.c

/** @file morris_traversal.c
* @brief Morris .
*/

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

/* . */
typedef int elem_t;

/**
*@struct
*@brief .
*/

typedef struct bt_node_t {
elem_t elem; /* */
struct bt_node_t *left; /* */
struct bt_node_t *right; /* */

} bt_node_t;

/**
* @brief Morris .
* @param[in] root
* @param[in] visit
* @return
*/

void in_order_morris(bt_node_t *root, int(*visit)(bt_node_t*)) {
bt_node_t *cur, *prev;



5.3 Morris Traversal 29

cur = root;
while (cur != NULL ) {

if (cur->left == NULL ) {
visit(cur);
prev = cur;
cur = cur->right;

} else {
/* */
bt_node_t *node = cur->left;
while (node->right != NULL && node->right != cur)

node = node->right;

if (node->right == NULL ) { /* */
node->right = cur;
/* prev = cur; cur */
cur = cur->left;

} else { /* */
visit(cur);
node->right = NULL;
prev = cur;
cur = cur->right;

}
}

}
}

/**
* @brief Morris .
* @param[in] root
* @param[in] visit
* @return
*/

void pre_order_morris(bt_node_t *root, int (*visit)(bt_node_t*)) {
bt_node_t *cur, *prev;

cur = root;
while (cur != NULL ) {

if (cur->left == NULL ) {
visit(cur);
prev = cur; /* cur */
cur = cur->right;

} else {
/* */
bt_node_t *node = cur->left;
while (node->right != NULL && node->right != cur)

node = node->right;

if (node->right == NULL ) { /* */
visit(cur); /* */
node->right = cur;
prev = cur; /* cur */
cur = cur->left;
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} else { /* */
node->right = NULL;
/* prev = cur; cur */
cur = cur->right;

}
}

}
}

static void reverse(bt_node_t *from, bt_node_t *to);
static void visit_reverse(bt_node_t* from, bt_node_t *to,

int (*visit)(bt_node_t*));
/**
* @brief Morris .
* @param[in] root
* @param[in] visit
* @return
*/

void post_order_morris(bt_node_t *root, int (*visit)(bt_node_t*)) {
bt_node_t dummy = { 0, NULL, NULL };
bt_node_t *cur, *prev = NULL;

dummy.left = root;
cur = &dummy;
while (cur != NULL ) {

if (cur->left == NULL ) {
prev = cur; /* 必 */
cur = cur->right;

} else {
bt_node_t *node = cur->left;
while (node->right != NULL && node->right != cur)

node = node->right;

if (node->right == NULL ) { /* */
node->right = cur;
prev = cur; /* 必 */
cur = cur->left;

} else { /* */
visit_reverse(cur->left, prev, visit); // call print
prev->right = NULL;
prev = cur; /* 必 */
cur = cur->right;

}
}

}
}

/*
* @brief .
* @param[in] from from
* @param[to] to to
* @return
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*/
static void reverse(bt_node_t *from, bt_node_t *to) {

bt_node_t *x = from, *y = from->right, *z;
if (from == to) return;

while (x != to) {
z = y->right;
y->right = x;
x = y;
y = z;

}
}

/*
* @brief .
* @param[in] from from
* @param[to] to to
* @return
*/

static void visit_reverse(bt_node_t* from, bt_node_t *to,
int (*visit)(bt_node_t*)) {

bt_node_t *p = to;
reverse(from, to);

while (1) {
visit(p);
if (p == from)

break;
p = p->right;

}

reverse(to, from);
}

/*
* @brief .
* @param[in] e
* @return
*/

bt_node_t* new_node(int e) {
bt_node_t* node = (bt_node_t*) malloc(sizeof(bt_node_t));
node->elem = e;
node->left = NULL;
node->right = NULL;

return (node);
}

static int print(bt_node_t *node) {
printf(" %d ", node->elem);
return 0;

}
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/* test */
int main() {

/*
1

/ \
2 3

/ \
4 5

*/
bt_node_t *root = new_node(1);
root->left = new_node(2);
root->right = new_node(3);
root->left->left = new_node(4);
root->left->right = new_node(5);

in_order_morris(root, print);
printf("\n");
pre_order_morris(root, print);
printf("\n");
post_order_morris(root, print);
printf("\n");

return 0;
}

morris_traversal.c

5.4
binary_tree_rebuild.c

#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <stddef.h>
/**
* @brief .
*
* @param[in] pre
* @param[in] in
* @param[in] n
* @param[out] post
* @return
*/

void build_post(const char * pre, const char *in, const int n, char *post) {
int left_len = strchr(in, pre[0]) - in;
if(n <= 0) return;

build_post(pre + 1, in, left_len, post);
build_post(pre + left_len + 1, in + left_len + 1,

n - left_len - 1, post + left_len);
post[n - 1] = pre[0];

}
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#define MAX 64
//
// BCAD CBAD CDAB
// DBACEGF ABCDEFG ACBFGED
void build_post_test() {

char pre[MAX] = {0};
char in[MAX] = {0};
char post[MAX] = {0};
int n;

scanf("%s%s", pre, in);
n = strlen(pre);

build_post(pre, in, n, post);
printf("%s\n", post);

}

/* . */
typedef char elem_t;

/**
*@struct
*@brief .
*/

typedef struct bt_node_t {
elem_t elem; /* */
struct bt_node_t *left; /* */
struct bt_node_t *right; /* */

} bt_node_t;

/**
* @brief .
*
* @param[in] pre
* @param[in] in
* @param[in] n
* @param[out] root
* @return
*/

void rebuild(const char *pre, const char *in, int n, bt_node_t **root) {
int left_len;
//
if (n <= 0 || pre == NULL || in == NULL)

return;
//
*root = (bt_node_t*) malloc(sizeof(bt_node_t));
(*root)->elem = *pre;
(*root)->left = NULL;
(*root)->right = NULL;

left_len = strchr(in, pre[0]) - in;
//
rebuild(pre + 1, in, left_len, &((*root)->left));
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//
rebuild(pre + left_len + 1, in + left_len + 1, n - left_len - 1,

&((*root)->right));
}

void print_post_order(const bt_node_t *root) {
if(root != NULL) {

print_post_order(root->left);
print_post_order(root->right);
printf("%c", root->elem);

}
}

void rebuild_test() {
char pre[MAX] = { 0 };
char in[MAX] = { 0 };
int n;
bt_node_t *root;
scanf("%s%s", pre, in);
n = strlen(pre);

rebuild(pre, in, n, &root);
print_post_order(root);

}

int main() {
build_post_test();
rebuild_test();
return 0;

}
binary_tree_rebuild.c

5.5

5.5.1

C++ priority_queue
heap.c

/** @file heap.c
* @brief .
* @author soulmachine@gmail.com
*/

#include <stdlib.h> /* for malloc() */
#include <string.h> /* for memcpy() */

typedef int heap_elem_t; //

/**
* @struct
* @brief
*/
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typedef struct heap_t {
int size; /** */
int capacity; /** */
heap_elem_t *elems; /** */
int (*cmp)(const heap_elem_t*, const heap_elem_t*); /** */

}heap_t;

/** int, long, float, double */
int cmp_int(const int *x, const int *y) {

const int sub = *x - *y;
if(sub > 0) {

return 1;
} else if(sub < 0) {

return -1;
} else {

return 0;
}

}

/**
* @brief .
* @param[out] capacity
* @param[in] cmp cmp -1 0
* 1
* @return NULL
*/

heap_t* heap_create(const int capacity,
int (*cmp)(const heap_elem_t*, const heap_elem_t*)) {

heap_t *h = (heap_t*)malloc(sizeof(heap_t));
h->size = 0;
h->capacity = capacity;
h->elems = (heap_elem_t*)malloc(capacity * sizeof(heap_elem_t));
h->cmp = cmp;

return h;
}

/**
* @brief .
* @param[inout] h
* @return
*/

void heap_destroy(heap_t *h) {
free(h->elems);
free(h);

}

/**
* @brief .
* @param[in] h
* @return 1 0
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*/
int heap_empty(const heap_t *h) {

return h->size == 0;
}

/**
* @brief .
* @param[in] s
* @return
*/

int heap_size(const heap_t *h) {
return h->size;

}

/*
* @brief .
* @param[in] h
* @param[in] start
* @return
*/

void heap_sift_down(const heap_t *h, const int start) {
int i = start;
int j;
const heap_elem_t tmp = h->elems[start];

for(j = 2 * i + 1; j < h->size; j = 2 * j + 1) {
if(j < (h->size - 1) &&

// h->elems[j] > h->elems[j + 1]
h->cmp(&(h->elems[j]), &(h->elems[j + 1])) > 0) {

j++; /* j */
}
// tmp <= h->data[j]
if(h->cmp(&tmp, &(h->elems[j])) <= 0) {

break;
} else {

h->elems[i] = h->elems[j];
i = j;

}
}
h->elems[i] = tmp;

}

/*
* @brief .
* @param[in] h
* @param[in] start
* @return
*/

void heap_sift_up(const heap_t *h, const int start) {
int j = start;
int i= (j - 1) / 2;
const heap_elem_t tmp = h->elems[start];
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while(j > 0) {
// h->data[i] <= tmp
if(h->cmp(&(h->elems[i]), &tmp) <= 0) {

break;
} else {

h->elems[j] = h->elems[i];
j = i;
i = (i - 1) / 2;

}
}
h->elems[j] = tmp;

}

/**
* @brief .
* @param[in] h
* @param[in] x
* @return
*/

void heap_push(heap_t *h, const heap_elem_t x) {
if(h->size == h->capacity) { /* */

heap_elem_t* tmp =
(heap_elem_t*)realloc(h->elems, h->capacity * 2 * sizeof(heap_elem_t));

h->elems = tmp;
h->capacity *= 2;

}

h->elems[h->size] = x;
h->size++;

heap_sift_up(h, h->size - 1);
}

/**
* @brief .
* @param[in] h
* @return
*/

void heap_pop(heap_t *h) {
h->elems[0] = h->elems[h->size - 1];
h->size --;
heap_sift_down(h, 0);

}

/**
* @brief .
* @param[in] h
* @return
*/

heap_elem_t heap_top(const heap_t *h) {
return h->elems[0];

}
heap.c
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5.5.2 N

N A B A B N2 N2

N

N N Ai Ai ≤ 109 N Bi Bi ≤ 109

N N

5
1 3 2 4 5
6 3 4 1 7

2 3 4 4 5

N2

A B

A1 +B1 < A1 +B2 < A1 +B3 < ... < A1 +BN

A2 +B1 < A2 +B2 < A2 +B3 < ... < A2 +BN

...

AN +B1 < AN +B2 < AN +B3 < ... < AN +BN

A[i] + B[0] sum=A[a]+B[b] A[a]+B[b+1]
N N B

sum-B[b]+B[b+1] A[a]+B[b+1]

代码

sequence.cpp
/* wikioi 1245 N http://www.wikioi.com/problem/1245/ */
#include <cstdio>
#include <queue>
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#include <algorithm>

const int MAXN = 100000;

int N;
int a[MAXN], b[MAXN];

typedef struct node_t {
int sum;
int b; /* sum=a[i]+b[b] */
bool operator>(const node_t &other) const {

return sum > other.sum;
}

} node_t;

void k_merge() {
sort(a, a+N);
sort(b, b+N);
priority_queue<node_t, vector<node_t>,

greater<node_t> > q;

for (int i = 0; i < N; i++) {
node_t tmp;
tmp.sum = a[i]+b[0];
tmp.b = 0;
q.push(tmp);

}

for (int i = 0; i < N; i++) {
node_t tmp = q.top(); q.pop();
printf("%d ", tmp.sum);
tmp.sum = tmp.sum - b[tmp.b] + b[tmp.b + 1];
tmp.b++;
q.push(tmp);

}

return;
}

int main() {
scanf("%d", &N);
for (int i = 0; i < N; i++) {

scanf("%d", &a[i]);
}
for (int i = 0; i < N; i++) {

scanf("%d", &b[i]);
}

k_merge();
return 0;

}
sequence.cpp
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• wikioi 1245 N , http://www.wikioi.com/problem/1245/

• POJ 2442 Sequence, http://poj.org/problem?id=2442

5.6

5.6.1

代

5-5 5-6 5-7

5-5

5-6
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5-7

C

ufs.c
#include <stdlib.h>

/** . */
typedef struct ufs_t {

int *p; /** */
int size; /** . */

} ufs_t;

/**
* @brief .
* @param[in] n
* @return
*/

ufs_t* ufs_create(int n) {
ufs_t *ufs = (ufs_t*)malloc(sizeof(ufs_t));
int i;
ufs->p = (int*)malloc(n * sizeof(int));
for(i = 0; i < n; i++)

ufs->p[i] = -1;
return ufs;

}

/**
* @brief .
* @param[in] ufs
* @return
*/

void ufs_destroy(ufs_t *ufs) {
free(ufs->p);
free(ufs);

}

/**
* @brief Find .
* @param[in] s
* @param[in] x
* @return x
*/

int ufs_find(ufs_t *ufs, int x) {
if (ufs->p[x] < 0) return x; //

return ufs->p[x] = ufs_find(ufs, ufs->p[x]); /* */
}

/** Find , deprecated. */
static int ufs_find_naive(ufs_t *ufs, int x) {

while (ufs->p[x] >= 0) {
x = ufs->p[x];
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}
return x;

}

/** Find 代 . */
static int ufs_find_iterative(ufs_t *ufs, int x) {

int oldx = x; /* x */
while (ufs->p[x] >= 0) {

x = ufs->p[x];
}
while (oldx != x) {

int temp = ufs->p[oldx];
ufs->p[oldx] = x;
oldx = temp;

}
return x;

}

/**
* @brief Union y x .
* @param[in] s
* @param[in] x
* @param[in] y
* @return -1 0
*/

int ufs_union(ufs_t *ufs, int x, int y) {
const int rx = ufs_find(ufs, x);
const int ry = ufs_find(ufs, y);
if(rx == ry) return -1;

ufs->p[rx] += ufs->p[ry];
ufs->p[ry] = rx;
return 0;

}

/**
* @brief
* @param[in] ufs
* @param[in] x
* @return
*/

int ufs_set_size(ufs_t *ufs, int x) {
const int rx = ufs_find(ufs, x);
return -ufs->p[rx];

}
ufs.c
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5.6.2

n

0

n,m n m

0 < n ≤ 30000, 0 ≤ m ≤ 500 0 n− 1 m

k k

n = 0,m = 0

100 4
2 1 2
5 10 13 11 12 14
2 0 1
2 99 2
200 2
1 5
5 1 2 3 4 5
1 0
0 0

4
1
1

代码

suspects.c
/* POJ 1611 The Suspects, http://poj.org/problem?id=1611 */
#include <stdio.h>
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#define MAXN 30000

/* include OJ */
#include "ufs.c" /* -> */

int main() {
int n, m, k;
while (scanf("%d%d", &n, &m) && n > 0) {

ufs_t *ufs = ufs_create(MAXN);
while (m--) {

int x, y; /* */
int rx, ry; /* x, y */
scanf("%d", &k);

k--;
scanf("%d", &x);
rx = ufs_find(ufs, x);
while (k--) {

scanf("%d", &y);
ry = ufs_find(ufs, y);
ufs_union(ufs, rx, ry); /* x */

}
}
/* 0 */
printf("%d\n", ufs_set_size(ufs, 0));
ufs_destroy(ufs);

}
return 0;

}
suspects.c

• POJ 1611 The Suspects, http://poj.org/problem?id=1611

• None

5.6.3

Tadu N 1 N

M

• D a b a b

• A a b a b
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T T N M

M

”A a b” ”In the same gang.”, ”In different gangs.”
”Not sure yet.”

1
5 5
A 1 2
D 1 2
A 1 2
D 2 4
A 1 4

Not sure yet.
In different gangs.
In the same gang.

2

2
2

2

代码

two_gangs.c
/* POJ 1703 Find them, Catch them, http://poj.org/problem?id=1703 */
#include <stdio.h>
#include <stdlib.h>

#define MAXN 1000001

/** . */
typedef struct ufs_t {

int *p; /** */
int *dist; /** */
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int size; /** . */
} ufs_t;

/**
* @brief .
* @param[in] ufs
* @param[in] ufs
* @param[in] n
* @return
*/

ufs_t* ufs_create(int n) {
int i;
ufs_t *ufs = (ufs_t*)malloc(sizeof(ufs_t));
ufs->p = (int*)malloc(n * sizeof(int));
ufs->dist = (int*)malloc(n * sizeof(int));
for(i = 0; i < n; i++) {

ufs->p[i] = -1;
ufs->dist[i] = 0;

}
return ufs;

}

/**
* @brief .
* @param[in] ufs
* @return
*/

void ufs_destroy(ufs_t *ufs) {
free(ufs->p);
free(ufs->dist);
free(ufs);

}

/**
* @brief Find .
* @param[in] s
* @param[in] x
* @return x
*/

int ufs_find(ufs_t *ufs, int x) {
if (ufs->p[x] < 0) return x; //

const int parent = ufs->p[x];
ufs->p[x] = ufs_find(ufs, ufs->p[x]); /* */
ufs->dist[x] = (ufs->dist[x] + ufs->dist[parent]) % 2;
return ufs->p[x];

}

/**
* @brief Union root2 root1.
* @param[in] s
* @param[in] root1
* @param[in] root2
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* @return -1 0
*/

int ufs_union(ufs_t *ufs, int root1, int root2) {
if(root1 == root2) return -1;
ufs->p[root1] += ufs->p[root2];
ufs->p[root2] = root1;
return 0;

}

/**
* @brief .
* @param[inout] s
* @param[in] x
* @param[in] y
* @return
*/

void ufs_add_opponent(ufs_t *ufs, int x, int y) {
const int rx = ufs_find(ufs, x);
const int ry = ufs_find(ufs, y);
ufs_union(ufs, rx, ry);
/* ry y + y x + x rx = ry rx */
ufs->dist[ry] = (ufs->dist[y] + 1 + ufs->dist[x]) % 2;

}

int main() {
int T;

scanf("%d", &T);
while (T--) {

ufs_t *ufs = ufs_create(MAXN);
int n, m;
char c;
int x, y, rx, ry;
scanf("%d%d%*c", &n, &m);

while (m--) {
scanf("%c%d%d%*c", &c, &x, &y); //
rx = ufs_find(ufs, x);
ry = ufs_find(ufs, y);

if (c == 'A') {
if (rx == ry) { //

if (ufs->dist[x] != ufs->dist[y])
printf("In different gangs.\n");

else
printf("In the same gang.\n");

} else
printf("Not sure yet.\n");

} else if (c == 'D') {
ufs_add_opponent(ufs, x, y);

}
}
ufs_destroy(ufs);
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}
return 0;

}
two_gangs.c

• POJ 1703 Find them, Catch them, http://poj.org/problem?id=1703

• None

5.6.4

A,B,C A B B C C A
N 1 N A,B,C

N

• ”1 X Y” X Y

• ”2 X Y” X Y

N K K

•

• X Y N

• X X

N(1 ≤ N ≤ 50, 000) K (0 ≤ K ≤ 100, 000)

N K

K D X Y D

• D=1 X Y

• D=2 X Y



5.6 49

100 7
1 101 1
2 1 2
2 2 3
2 3 3
1 1 3
2 3 1
1 5 5

3

代码

food_chain.c
/* POJ 1182 , Catch them, http://poj.org/problem?id=1182 */
#include <stdio.h>
#include <stdlib.h>

/** . */
typedef struct ufs_t {

int *p; /** */
int *dist; /** x p[x] 0 x p[x]

1 x p[x] 2 p[x] x */
int size; /** . */

} ufs_t;

/**
* @brief .
* @param[in] ufs
* @param[in] n
* @return
*/

ufs_t* ufs_create(int n) {
int i;
ufs_t *ufs = (ufs_t*)malloc(sizeof(ufs_t));
ufs->p = (int*)malloc(n * sizeof(int));
ufs->dist = (int*)malloc(n * sizeof(int));
for(i = 0; i < n; i++) {

ufs->p[i] = -1;
ufs->dist[i] = 0; //

}
return ufs;

}

/**
* @brief .
* @param[in] ufs
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* @return
*/

void ufs_destroy(ufs_t *ufs) {
free(ufs->p);
free(ufs->dist);
free(ufs);

}

/**
* @brief Find .
* @param[in] s
* @param[in] x
* @return x
*/

int ufs_find(ufs_t *ufs, int x) {
if (ufs->p[x] < 0) return x; //

const int parent = ufs->p[x];
ufs->p[x] = ufs_find(ufs, ufs->p[x]); /* */
/* */
ufs->dist[x] = (ufs->dist[x] + ufs->dist[parent]) % 3;
return ufs->p[x];

}

/**
* @brief Union root2 root1.
* @param[in] s
* @param[in] root1
* @param[in] root2
* @return -1 0
*/

int ufs_union(ufs_t *ufs, int root1, int root2) {
if(root1 == root2) return -1;
ufs->p[root1] += ufs->p[root2];
ufs->p[root2] = root1;
return 0;

}

/**
* @brief .
* @param[inout] s
* @param[in] x
* @param[in] y
* @param[in] len
* @return
*/

void ufs_add_relation(ufs_t *ufs, int x, int y, int relation) {
const int rx = ufs_find(ufs, x);
const int ry = ufs_find(ufs, y);
ufs_union(ufs, ry, rx); /* */
/* rx x + x y + y ry = rx ry */
ufs->dist[rx] = (ufs->dist[y] - ufs->dist[x] + 3 + relation) % 3;

}
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int main() {
int n, k;
int result = 0; /* */
ufs_t *ufs;

scanf("%d%d", &n, &k);
ufs = ufs_create(n + 1);

while(k--) {
int d, x, y;
scanf("%d%d%d", &d, &x, &y);

if (x > n || y > n || (d == 2 && x == y)) {
result++;

} else {
const int rx = ufs_find(ufs, x);
const int ry = ufs_find(ufs, y);

if (rx == ry) { /* x y */
if((ufs->dist[x] - ufs->dist[y] + 3) % 3 != d - 1)

result++;
} else {

ufs_add_relation(ufs, x, y, d-1);
}

}
}

printf("%d\n", result);

ufs_destroy(ufs);
return 0;

}
food_chain.c

• POJ 1182 , http://poj.org/problem?id=1182

• wikioi 1074 , http://www.wikioi.com/problem/1074/

• None
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5.7

5.7.1

(interval tree) A N

A[1, N ] A[1, (1 +N)/2]

A[(1 +N)/2 + 1, N ]

•

• logL, L

• L 2 logL

必

O(N)

5.7.2 Balanced Lineup

N(1 ≤ N ≤ 50, 000) , A1, A2, ..., AN

N Q Q

2 N+1 Ai

N+2 N+Q+1 a b(1 ≤ a ≤ b ≤ N) A[a, b]

6 3
1
7
3
4
2
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5
1 5
4 6
2 2

6
3
0

代码

balanced_lineup.c
#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <limits.h>

#define MAXN 50001
#define INF INT_MAX
#define max(a,b) ((a)>(b)?(a):(b))
#define min(a,b) ((a)<(b)?(a):(b))
#define L(a) ((a)<<1)
#define R(a) (((a)<<1)+1)

typedef struct node_t {
int left, right; /* */
int max, min; /* */

} node_t;

int A[MAXN]; /* 0 */

/* 1 1 .
* 4N
* http://comzyh.tk/blog/archives/479/
*/

node_t node[MAXN * 4];

int minx, maxx; /* */

void init() {
memset(node, 0, sizeof(node));

}

/* t A[l,r] */
void build(int t, int l, int r) {
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node[t].left = l, node[t].right = r;
if (l == r) {

node[t].max = node[t].min = A[l];
return;

}
const int mid = (l + r) / 2;
build(L(t), l, mid);
build(R(t), mid + 1, r);
node[t].max = max(node[L(t)].max,node[R(t)].max);
node[t].min = min(node[L(t)].min,node[R(t)].min);

}

/* t A[l,r] */
void query(int t, int l, int r) {

if (node[t].left == l && node[t].right == r) {
if (maxx < node[t].max)

maxx = node[t].max;
if (minx > node[t].min)

minx = node[t].min;
return;

}
const int mid = (node[t].left + node[t].right) / 2;
if (l > mid) {

query(R(t), l, r);
} else if (r <= mid) {

query(L(t), l, r);
} else {

query(L(t), l, mid);
query(R(t), mid + 1, r);

}
}

int main() {
int n, q, i;

scanf("%d%d", &n, &q);
for (i = 1; i <= n; i++) scanf("%d", &A[i]);

init();
/* tree[1] A[1,n] */
build(1, 1, n);

while (q--) {
int a, b;
scanf("%d%d", &a, &b);
maxx = 0;
minx = INF;
query(1, a, b); /* A[a,b] */
printf("%d\n", maxx - minx);

}
return 0;

}
balanced_lineup.c



5.7 55

• POJ 3264 Balanced Lineup, http://poj.org/problem?id=3264

• None

5.7.3 1

N(1 ≤ N < 100000)

[a, b] x

A

N n 1
Q Q Q 代 代 1

a x a x 代 2 a
b [a,b]

Q

6
4
5
6
2
1
3
4
1 3 5
2 1 4
1 1 9
2 2 6

22
22
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+

代码

interval_tree1.c
/* wikioi 1080 , http://www.wikioi.com/problem/1080/ */
#include <stdio.h>
#include <string.h>

#define L(a) ((a)<<1)
#define R(a) (((a)<<1)+1)
#define MAXN 100001

typedef long long int64_t;

typedef struct node_t {
int left, right;
int64_t sum;

} node_t;

int A[MAXN]; /* 0 */

/* 1 1 .
* 4N
* http://comzyh.tk/blog/archives/479/
*/

node_t node[MAXN * 4];

void init() {
memset(node, 0, sizeof(node));

}

/* t A[l,r] */
void build(int t, int l, int r) {

node[t].left = l;
node[t].right = r;
if (l == r) {

node[t].sum = A[l];
return;

}
const int mid = (l + r) / 2;
build(L(t), l, mid);
build(R(t), mid + 1, r);
node[t].sum = node[L(t)].sum + node[R(t)].sum;

}

/* A[l,r] pos delta */
void update(int t, int l, int r, int pos, int64_t delta) {

if (node[t].left > pos || node[t].right < pos) return;
if (node[t].left == node[t].right) {

node[t].sum += delta;
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return;
}

const int mid = (node[t].left + node[t].right) / 2;
if (l > mid) update(R(t), l, r, pos, delta);
else if (r <= mid) update(L(t), l, r, pos, delta);
else {

update(L(t), l, mid, pos, delta);
update(R(t), mid + 1, r, pos, delta);

}
node[t].sum = node[L(t)].sum + node[R(t)].sum;

}

/* t A[l,r] */
int64_t query(int t, int l, int r) {

if (node[t].left == l && node[t].right == r)
return node[t].sum;

const int mid = (node[t].left + node[t].right) / 2;
if (l > mid) return query(R(t), l, r);
else if (r <= mid) return query(L(t), l, r);
else return query(L(t), l, mid) + query(R(t), mid + 1, r);

}

int main() {
int i, n, q;
scanf("%d", &n);
for (i = 1; i <= n; i++) scanf("%d", &A[i]);

init();
/* tree[1] A[1,n] */
build(1, 1, n);

scanf("%d", &q);
while (q--) {

int cmd;
scanf("%d", &cmd);
if (cmd == 2) {

int a, b;
scanf("%d%d", &a, &b);
printf("%lld\n", query(1, a, b)); /* A[a,b] */

} else {
int a;
int64_t x;
scanf("%d%lld", &a, &x);
if (x != 0) update(1, 1, n, a, x);

}
}
return 0;

}
interval_tree1.c
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• wikioi 1080 1, http://www.wikioi.com/problem/1080/

• wikioi 1081 2, http://www.wikioi.com/problem/1081/ +
1 A[N ]

A[a] x A[b+ 1] x

−x A [1..i]

1 https://gist.github.com/soulmachine/6449609

5.7.4 A Simple Problem with Integers

You have N integers, A1, A2, ..., AN . You need to deal with two kinds of operations. One type of
operation is to add some given number to each number in a given interval. The other is to ask for the sum
of numbers in a given interval.

The first line contains two numbers N and Q. 1 ≤ N,Q ≤ 100000.
The second line contains N numbers, the initial values of A1, A2, ..., AN . −1000000000 ≤ Ai ≤

1000000000.
Each of the nextQ lines represents an operation. ”C a b c” means adding c to each ofAa, Aa+1, ..., Ab.

−10000≤c≤10000. ”Q a b” means querying the sum of Aa, Aa+1, ..., Ab.

You need to answer all Q commands in order. One answer in a line.

10 5
1 2 3 4 5 6 7 8 9 10
Q 4 4
Q 1 10
Q 2 4
C 3 6 3
Q 2 4
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4
55
9
15

The sums may exceed the range of 32-bit integers.

+

typedef struct node_t {
int left, right;
int64_t sum; /* sum+inc*[right-left+1] */
int64_t inc; /* c */

} node_t;

代码

poj3468.c
#include <stdio.h>
#include <string.h>

#define L(a) ((a)<<1)
#define R(a) (((a)<<1)+1)
#define MAXN 100001

typedef long long int64_t;

typedef struct node_t {
int left, right;
int64_t sum; /* sum+inc*[right-left+1] */
int64_t inc; /* c */

} node_t;

int A[MAXN]; /* 0 */

/* 1 1 .
* 4N
* http://comzyh.tk/blog/archives/479/
*/

node_t node[MAXN * 4];

void init() {
memset(node, 0, sizeof(node));
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}

/* t A[l,r] */
void build(int t, int l, int r) {

node[t].left = l;
node[t].right = r;
if (l == r) {

node[t].sum = A[l];
return;

}
const int mid = (l + r) / 2;
build(L(t), l, mid);
build(R(t), mid+1, r);
node[t].sum = node[L(t)].sum + node[R(t)].sum;

}

/* A[l,r] c */
void update(int t, int l, int r, int64_t c) {

if (node[t].left == l && node[t].right == r) {
node[t].inc += c;
node[t].sum += c * (r - l + 1);
return;

}
if (node[t].inc) {

node[R(t)].inc += node[t].inc;
node[L(t)].inc += node[t].inc;
node[R(t)].sum += node[t].inc * (node[R(t)].right - node[R(t)].left + 1);
node[L(t)].sum += node[t].inc * (node[L(t)].right - node[L(t)].left + 1);
node[t].inc = 0;

}
const int mid = (node[t].left + node[t].right) / 2;
if (l > mid)

update(R(t), l, r, c);
else if (r <= mid)

update(L(t), l, r, c);
else {

update(L(t), l, mid, c);
update(R(t), mid + 1, r, c);

}
node[t].sum = node[L(t)].sum + node[R(t)].sum;

}

/* t A[l,r] */
int64_t query(int t, int l, int r) {

if (node[t].left == l && node[t].right == r)
return node[t].sum;

if (node[t].inc) {
node[R(t)].inc += node[t].inc;
node[L(t)].inc += node[t].inc;
node[R(t)].sum += node[t].inc * (node[R(t)].right - node[R(t)].left + 1);
node[L(t)].sum += node[t].inc * (node[L(t)].right - node[L(t)].left + 1);
node[t].inc = 0;

}
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const int mid = (node[t].left + node[t].right) / 2;
if (l > mid)

return query(R(t), l, r);
else if (r <= mid)

return query(L(t), l, r);
else

return query(L(t), l, mid) + query(R(t), mid + 1, r);
}

int main() {
int i, n, q;
char s[5];
scanf("%d%d", &n, &q);
for (i = 1; i <= n; i++) scanf("%d", &A[i]);

init();
/* tree[1] A[1,n] */
build(1, 1, n);

while (q--) {
int a, b;
int64_t c;
scanf("%s", s);
if (s[0] == 'Q') {

scanf("%d%d", &a, &b);
printf("%lld\n", query(1, a, b)); /* A[a,b] */

} else {
scanf("%d%d%lld", &a, &b, &c);
if (c != 0) update(1, a, b, c);

}
}
return 0;

}
poj3468.c

• POJ 3468 A Simple Problem with Integers, http://poj.org/problem?id=3468

• None

5.7.5

1 N N N i+1

i 1 N 1
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M

1
N,M N

N,M(1 ≤ N,M ≤ 30000)

N i i

5 3

3 1 5 2 4

3 1 2 4 5
1 1 2 2 4 3 5 4

1(1) 2(2) 3(3) 4(4) 5(5) --> 3 3
1(1) 2(2) 3(4) 4(5) --> 1 1
1(2) 2(4) 3(5) --> 3 5
1(2) 2(4) --> 1 2
1(4) --> 1 4

i i

[i..j]

5 3 [1..3]
3 3 [4..5]

[4..5] [1..3] 3 [1..3]
O(logN)
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代码

josephus_problem.c
/* wikioi 1282 , http://www.wikioi.com/problem/1282/ */
#include <stdio.h>
#include <string.h>

#define L(a) ((a)<<1)
#define R(a) (((a)<<1)+1)
#define MAXN 30001

typedef struct node_t {
int left, right;
int count; /* */

} node_t;

/* 1 1 .
* 4N
* http://comzyh.tk/blog/archives/479/
*/

node_t node[MAXN * 4];

void init() {
memset(node, 0, sizeof(node));

}

/* t [l,r] */
void build(int t, int l, int r) {

node[t].left = l;
node[t].right = r;
node[t].count = r - l + 1;
if (l == r) return;

const int mid = (r + l) / 2;
build(L(t), l, mid);
build(R(t), mid + 1, r);

}

/**
* @brief i
* @param[in] t
* @param[in] i
* @return
*/

int delete(int t, int i) {
node[t].count--;
if (node[t].left == node[t].right) {

printf("%d ", node[t].left);
return node[t].left;

}
if (node[L(t)].count >= i) return delete(L(t), i);
else return delete(R(t), i - node[L(t)].count); /* */

}
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/**
* @brief 1 i
* @param[in] t
* @param[in] i
* @return 1 i
*/

int get_count(int t, int i) {
if (node[t].right <= i) return node[t].count;

const int mid = (node[t].left + node[t].right) / 2;
int s = 0;
if (i > mid) {

s += node[L(t)].count;
s += get_count(R(t), i);

} else
s += get_count(L(t), i);

return s;
}

int main() {
int n, m;
scanf("%d%d", &n, &m);

init();
build(1, 1, n);

int i;
int j = 0; /* */
for (i = 1; i <= n; i++) {

j += m;
if (j > node[1].count)

j %= node[1].count;
if (j == 0) j = node[1].count;
const int k = delete(1, j);
j = get_count(1, k);

}
return 0;

}
josephus_problem.c

• wikioi 1282 , http://www.wikioi.com/problem/1282/

• None
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5.8 Trie

5.8.1
trie_tree.c

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

#define MAXN 10000 /** 码 . */
#define CHAR_COUNT 10 /** */
#define MAX_CODE_LEN 10 /** 码 . */
#define MAX_NODE_COUNT (MAXN * MAX_CODE_LEN + 1) /** . */

/* MAXN CHAR_COUNT^(MAX_CODE_LEN+1)-1 */

/** */
typedef struct trie_node_t {

struct trie_node_t* next[CHAR_COUNT];
bool is_tail; /** */

} trie_node_t;

/** . */
typedef struct trie_tree_t {

trie_node_t *root; /** */
int size; /** */

trie_node_t nodes[MAX_NODE_COUNT]; /* */
} trie_tree_t;

/** . */
trie_tree_t* trie_tree_create(void) {

trie_tree_t *tree = (trie_tree_t*)malloc(sizeof(trie_tree_t));
tree->root = &(tree->nodes[0]);
memset(tree->nodes, 0, sizeof(tree->nodes));
tree->size = 1;
return tree;

}

/** . */
void trie_tree_destroy(trie_tree_t *tree) {

free(tree);
tree = NULL;

}

/** */
void trie_tree_clear(trie_tree_t *tree) {

memset(tree->nodes, 0, sizeof(tree->nodes));
tree->size = 1; //

}

/** word false */
bool trie_tree_insert(trie_tree_t *tree, char *word) {
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int i;
trie_node_t *p = tree->root;
while (*word) {

int curword = *word - '0';
if (p->next[curword] == NULL) {

p->next[curword] = &(tree->nodes[tree->size++]);
}
p = p->next[curword];
if (p->is_tail) return false; //

word++; //
}

p->is_tail = true; //

//
for (i = 0; i < CHAR_COUNT; i++)

if (p->next[i] != NULL)
return false;

return true;
}

trie_tree.c

5.8.2 Immediate Decodebility

An encoding of a set of symbols is said to be immediately decodable if no code for one symbol is the
prefix of a code for another symbol. We will assume for this problem that all codes are in binary, that no
two codes within a set of codes are the same, that each code has at least one bit and no more than ten bits,
and that each set has at least two codes and no more than eight.

Examples: Assume an alphabet that has symbols {A, B, C, D}.
The following code is immediately decodable:

A:01 B:10 C:0010 D:0000

but this one is not:
A:01 B:10 C:010 D:0000 (Note that A is a prefix of C)

Write a program that accepts as input a series of groups of records from standard input. Each record
in a group contains a collection of zeroes and ones representing a binary code for a different symbol. Each
group is followed by a single separator record containing a single 9; the separator records are not part of
the group. Each group is independent of other groups; the codes in one group are not related to codes in
any other group (that is, each group is to be processed independently).
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For each group, your program should determine whether the codes in that group are immediately
decodable, and should print a single output line giving the group number and stating whether the group is,
or is not, immediately decodable.

01
10
0010
0000
9
01
10
010
0000
9

Set 1 is immediately decodable
Set 2 is not immediately decodable

Trie

代码

immediate_decodebility.c
/* POJ 1056 IMMEDIATE DECODABILITY, http://poj.org/problem?id=1056 */

#define CHAR_COUNT 2
#define MAX_CODE_LEN 10
/** .
* code 10bit 11 2^11-1
*/

#define MAX_NODE_COUNT ((1<<(MAX_CODE_LEN+1))-1)

/* include OJ */
#include "trie_tree.c" /* ->Trie */

int main() {
int T = 0; //
char line[MAX_NODE_COUNT]; //
trie_tree_t *trie_tree = trie_tree_create();
bool islegal = true;

while (scanf("%s", line) != EOF) {
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if (strcmp(line, "9") == 0) {
if (islegal)

printf("Set %d is immediately decodable\n", ++T);
else

printf("Set %d is not immediately decodable\n", ++T);
trie_tree_clear(trie_tree);
islegal = true;

} else {
if (islegal)

islegal = trie_tree_insert(trie_tree, line);
}

}
trie_tree_destroy(trie_tree);
return 0;

}
immediate_decodebility.c

• POJ 1056 IMMEDIATE DECODABILITY, http://poj.org/problem?id=1056

• POJ 3630 Phone List, http://poj.org/problem?id=3630

代码 https://gist.github.com/soulmachine/6609332

5.8.3 Hardwood Species

30 10,000 1,000,000

4

Red Alder
Ash
Aspen
Basswood
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Ash
Beech
Yellow Birch
Ash
Cherry
Cottonwood
Ash
Cypress
Red Elm
Gum
Hackberry
White Oak
Hickory
Pecan
Hard Maple
White Oak
Soft Maple
Red Oak
Red Oak
White Oak
Poplan
Sassafras
Sycamore
Black Walnut
Will

Ash 13.7931
Aspen 3.4483
Basswood 3.4483
Beech 3.4483
Black Walnut 3.4483
Cherry 3.4483
Cottonwood 3.4483
Cypress 3.4483
Gum 3.4483
Hackberry 3.4483
Hard Maple 3.4483
Hickory 3.4483
Pecan 3.4483
Poplan 3.4483
Red Alder 3.4483
Red Elm 3.4483
Red Oak 6.8966
Sassafras 3.4483
Soft Maple 3.4483
Sycamore 3.4483
White Oak 10.3448
Willow 3.4483
Yellow Birch 3.4483
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代码

hardwood_species.c
/* POJ 2418 Hardwood Species, http://poj.org/problem?id=2418 */
#include <stdio.h>
#include <string.h>
#include <stdlib.h>

#define MAXN 1000 /** no more than 10,000 species MLE 0 */
#define CHAR_COUNT 128 /** ASCII 码 */
#define MAX_WORD_LEN 30 /** 码 . */
#define MAX_NODE_COUNT (MAXN * MAX_WORD_LEN + 1) /** . */

/** */
typedef struct trie_node_t {

struct trie_node_t* next[CHAR_COUNT];
int count; /** */

} trie_node_t;

/** . */
typedef struct trie_tree_t {

trie_node_t *root; /** */
int size; /** */

trie_node_t nodes[MAX_NODE_COUNT]; /* */
} trie_tree_t;

/** . */
trie_tree_t* trie_tree_create(void) {

trie_tree_t *tree = (trie_tree_t*)malloc(sizeof(trie_tree_t));
tree->root = &(tree->nodes[0]);
memset(tree->nodes, 0, sizeof(tree->nodes));
tree->size = 1;
return tree;

}

/** . */
void trie_tree_destroy(trie_tree_t *tree) {

free(tree);
tree = NULL;

}

/** */
void trie_tree_clear(trie_tree_t *tree) {

memset(tree->nodes, 0, sizeof(tree->nodes));
tree->size = 1; //

}
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/** word */
void trie_tree_insert(trie_tree_t *tree, char *word) {

trie_node_t *p = tree->root;
while (*word) {

if (p->next[*word] == NULL) {
p->next[*word] = &(tree->nodes[tree->size++]);

}
p = p->next[*word];

word++; //
}
p->count++;
return;

}

int n = 0; //

/** . */
void dfs_travel(trie_node_t *root) {

static char word[MAX_WORD_LEN + 1]; /* */
static int pos; /* */
int i;

if (root->count) { /* count 0 */
word[pos] = '\0';
printf("%s %0.4f\n", word, ((float)root->count * 100) / n);

}
for (i = 0; i < CHAR_COUNT; i++) { /* */

if (root->next[i]) {
word[pos++] = i;
dfs_travel(root->next[i]);
pos--; /* */

}
}

}

int main() {
char line[MAX_WORD_LEN + 1];
trie_tree_t *trie_tree = trie_tree_create();

while (gets(line)) {
trie_tree_insert(trie_tree, line);
n++;

}
dfs_travel(trie_tree->root);

trie_tree_destroy(trie_tree);
return 0;

}
hardwood_species.c
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• POJ 2418 Hardwood Species, http://poj.org/problem?id=2418

•
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6.1
binary_search.c

/** */
typedef int elem_t;
/**

* @brief .
*
* @param[in] a
* @param[in] n
* @param[in] x
* @return x
* x x array
* x x x array
* 1
*/

int binary_search(const elem_t a[], const int n, const elem_t x) {
int left = 0, right = n -1, mid;
while(left <= right) {

mid = left + (right - left) / 2;
if(x > a[mid]) {

left = mid + 1;
} else if(x < a[mid]) {

right = mid - 1;
} else {

return mid;
}

}
return -(left+1);

}
binary_search.c

6.2

6.2.1

(Open Addressing) (Closed Addressing)
(Chaining)

73
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(Linear Probing) (Quodratic Probing)
(Double Hashing)

C

代码

hash_set.hpp
/** */
template<typename elem_t>
int elem_hash(const elem_t &e);

/** */
template<typename elem_t>
bool operator==(const elem_t &e1, const elem_t &e2);

/** , elem_t . */
template<typename elem_t>
class hash_set {
public:

hash_set(int prime, int capacity);
~hash_set();
bool find(const elem_t &elem); /** . */
bool insert(const elem_t &elem); /** . */

private:
int prime; /** capacity. */
int capacity; /** */

int *head/*[PRIME]*/; /** */

struct node_t {
elem_t elem;
int next;
node_t():next(-1) {}

} *node/*[HASH_SET_CAPACITY]*/; /** */

int size; /** */
};

template<typename elem_t>
hash_set<elem_t>::hash_set(int prime, int capacity) {

this->prime = prime;
this->capacity = capacity;
head = new int[prime];
node = new node_t[capacity];
fill(head, head + prime, -1);
fill(node, node + capacity, node_t());
size = 0;

}

template<typename elem_t>
hash_set<elem_t>::~hash_set() {

this->prime = 0;
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this->capacity = 0;
delete[] head;
delete[] node;
head = NULL;
node = NULL;
size = 0;

}

template<typename elem_t>
bool hash_set<elem_t>::find(const elem_t &elem) {

for (int i = head[elem_hash(elem)]; i != -1; i = node[i].next)
if (elem == node[i].elem) return true;

return false;
}

template<typename elem_t>
bool hash_set<elem_t>::insert(const elem_t &elem) {

const int hash_code = elem_hash(elem);

for (int i = head[hash_code]; i != -1; i = node[i].next)
if (elem == node[i].elem) return false; //

/* */
node[size].next = head[hash_code];
node[size].elem = elem;
head[hash_code] = size++;
return true;

}
hash_set.hpp

6.2.2 Babelfish

You have just moved from Waterloo to a big city. The people here speak an incomprehensible dialect
of a foreign language. Fortunately, you have a dictionary to help you understand them.

Input consists of up to 100,000 dictionary entries, followed by a blank line, followed by a message of
up to 100,000 words. Each dictionary entry is a line containing an English word, followed by a space and
a foreign language word. No foreign word appears more than once in the dictionary. The message is a
sequence of words in the foreign language, one word on each line. Each word in the input is a sequence of
at most 10 lowercase letters.
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Output is the message translated to English, one word per line. Foreign words not in the dictionary
should be translated as ”eh”.

dog ogday
cat atcay
pig igpay
froot ootfray
loops oopslay

atcay
ittenkay
oopslay

cat
eh
loops

HashMap C++ map C++ 11 unordered_map map

代码

map

babelfish_map.cpp
/* POJ 2503 Babelfish , http://poj.org/problem?id=2503 */
#include <cstdio>
#include <map>
#include <string>
#include <cstring>

using namespace std;

/** */
const int MAX_WORD_LEN = 10;

int main() {
char line[MAX_WORD_LEN * 2 + 1];
char s1[MAX_WORD_LEN + 1], s2[MAX_WORD_LEN + 1];
map<string, string> dict;
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while (gets(line) && line[0] != 0) {
sscanf(line, "%s %s", s1, s2);
dict[s2] = s1;

}

while (gets(line)) {
if (dict[line].length() == 0) puts("eh");
else printf("%s\n", dict[line].c_str());

}
return 0;

}
babelfish_map.cpp

babelfish.cpp
/* POJ 2503 Babelfish , http://poj.org/problem?id=2503 */
#include <cstring>

/** . */
#define MAX_WORD_LEN 11

/** . */
struct dict_pair_t {

char english[MAX_WORD_LEN];
char foreign[MAX_WORD_LEN];

};

/** */
#define HASH_SET_CAPACITY 100001
/** HASH_SET_CAPACITY. */
#define PRIME 99997

int elem_hash(const dict_pair_t &e) {
const char *str = e.foreign;
unsigned int r = 0;
int len = strlen(str);
int i;

for (i = 0; i < len; i++) {
r = (r * 31 + str[i]) % PRIME;

}
return r % PRIME;

}

bool operator==(const dict_pair_t &e1, const dict_pair_t &e2) {
return strcmp(e1.foreign, e2.foreign) == 0;

}

/* include OJ */
#include "hash_set.hpp" /* -> */

/* find() */
template<typename elem_t>
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bool hash_set<elem_t>::get(elem_t &e) {
for (int i = head[elem_hash(e)]; i != -1; i = node[i].next)

if (e == node[i].elem) {
// 代码 english
strncpy(e.english, node[i].elem.english, MAX_WORD_LEN-1);
return true;

}

return false;
}

int main() {
char line[MAX_WORD_LEN * 2];
hash_set<dict_pair_t> set(PRIME, HASH_SET_CAPACITY);
dict_pair_t e;

while (gets(line) && line[0] != 0) {
sscanf(line, "%s %s", e.english, e.foreign);
set.insert(e);

}
while (gets(e.foreign)) {

if (set.get(e)) printf("%s\n", e.english);
else printf("eh\n");

}
return 0;

}
babelfish.cpp

• POJ 2503 Babelfish, http://poj.org/problem?id=2503

•
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7.1

7.1.1

(Straight Insertion Sort) a[n] n
a[0] n-1 a[1] a[n-

1]
n-1 n

C
straight_insertion_sort.c

/** */
typedef int elem_t;

/**
* @brief O(n^2).
*
* @param[inout] a
* @param[in] start
* @param[in] end
* @return
*/

void straight_insertion_sort(elem_t a[], const int start, const int end) {
elem_t tmp;
int i, j;

for (i = start + 1; i < end; i++) {
tmp = a[i];
for (j = i - 1; tmp < a[j] && j >= start; j--) {

a[j + 1] = a[j];
}
a[j + 1] = tmp;

}
}

straight_insertion_sort.c

79
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7.1.2

(Binary Insertion Sort)
C

binary_insertion_sort.c
/**

* @brief O(nlog2n).
*
* @param[inout] a
* @param[in] start
* @param[in] end
* @return
*/

void binary_insertion_sort(elem_t a[], const int start, const int end) {
elem_t tmp;
int i, j, left, right, mid;

for (i = start + 1; i < end; i++) {
tmp = a[i];
left = start;
right = i - 1;
while (left <= right) {

mid = (left + right) / 2;
if (tmp < a[mid]) {

right = mid - 1;
} else {

left = mid + 1;
}

}
for (j = i - 1;j >= left; j--) {

a[j + 1] = a[j];
}
a[left] = tmp;

}
}

binary_insertion_sort.c

7.1.3 (Shell)

O(n2)

O(n)

Ri.key < max {Rj .key} , j < i

n

(Shell Sort) n gap =

⌊n
3
⌋+1 gap gap
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gap gap = ⌊gap
3

⌋+1

gap = 1

7-1

7-1

C
shell_sort.c

/*
* @brief .
*
* gap 1
*
* @param[inout] a
* @param[in] start
* @param[in] end
* @param[in] gap
* @return
*/

static void shell_insert(elem_t a[], const int start, const int end, const int gap) {
elem_t tmp;
int i, j;
for (i = start + gap; i < end; i++) {

tmp = a[i];
for (j = i - gap; tmp < a[j] && j >= start; j -= gap) {

a[j + gap] = a[j];
}
a[j + gap] = tmp;
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}
}

/*
* @brief .
* @param[inout] a
* @param[in] start
* @param[in] end
* @return
*/

void shell_sort(elem_t a[], const int start, const int end) {
int gap = end - start;
while (gap > 1) {

gap = gap / 3 + 1;
shell_insert(a, start, end, gap);

}
}

shell_sort.c

7.2

7.2.1

(Bubble Sort) n

n-1
C

bubble_sort.c
/** */
typedef int elem_t;

/**
* @brief .
* @param[inout] a
* @param[in] start
* @param[in] end
* @return
* @note
* @remarks
*/

void bubble_sort(elem_t a[], const int start, const int end) {
int exchange; /* */
elem_t tmp;
int i, j;

for (i = start; i < end - 1; i++) {
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exchange = 0;
for (j = end - 1; j > i; j--) { /* */

if (a[j - 1] > a[j]) {
tmp = a[j - 1];
a[j - 1] = a[j];
a[j] = tmp;
exchange = 1;

}
}
if (exchange == 0) return; /* */

}
}

bubble_sort.c

7.2.2

(Quick sort)

7-2 (a) 7-2 (b)
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7-2

wiki https://github.com/soulmachine/acm-cheatsheet/wiki/

C
quick_sort.c

/** */
typedef int elem_t;
/*
* @brief .
* @param[inout] a
* @param[in] start
* @param[in] end
* @return
*/

int partition(elem_t a[], const int start, const int end) {
int i = start;
int j = end - 1;
const elem_t pivot = a[i];
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while(i < j) {
while(i < j && a[j] >= pivot) j--;
a[i] = a[j];
while(i < j && a[i] <= pivot) i++;
a[j] = a[i];

}
a[i] = pivot;
return i;

}

/**
* @brief .
* @param[inout] a
* @param[in] start
* @param[in] end
* @return
*/

void quick_sort(elem_t a[], const int start, const int end) {
if(start < end - 1) { /* */

const int pivot_pos = partition(a, start, end);
quick_sort(a, start, pivot_pos);
quick_sort(a, pivot_pos + 1, end);

}
}

quick_sort.c

7.3

(Selection sort) n-i(i=1, 2, …, n-2)
i

7.3.1

(simple selection sort) (straight selection sort)

• a[i] a[n-1]

•

• a[i+1] a[n-1]

C
simple_selection_sort.c

/** */
typedef int elem_t;

/**
* @brief .
* @param[inout] a
* @param[in] start
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* @param[in] end
* @return
*/

void simple_selection_sort(elem_t a[], int start, int end) {
elem_t tmp;
int i, j, k;

for (i = start; i < end; i++) {
k = i;
/* a[i] a[end-1] */
for (j = i + 1; j < end; j++)

if(a[j] < a[k]) k = j;
/* */
if (k != i) {

tmp = a[i];
a[i] = a[k];
a[k]= tmp;

}
}

}
simple_selection_sort.c

7.3.2

C
heap_sort.c

#include "heap.c"
/**

* @brief .
* @param[inout] a
* @param[in] n
* @param[in] cmp cmp -1
* @return
*/

void heap_sort(heap_elem_t *a, const int n,
int (*cmp)(const heap_elem_t*, const heap_elem_t*)) {

int i;
heap_t *h;
heap_elem_t tmp;

h = heap_create(n, cmp);
h->elems = a;

i = (h->size - 2)/2; /* */
while (i >= 0) { /* */

heap_sift_down(h, i);
i--;

}

for (i = h->size - 1; i > 0; i--) {
tmp = h->elems[i];
h->elems[i] = h->elems[0];
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h->elems[0] = tmp;
h->size = i; /* h.size -- */
heap_sift_down(h, 0);

}
heap_destroy(h);

}
heap_sort.c

7.4

(Merge sort) 手

7-3

7-3

C
merge_sort.c

/** */
typedef int elem_t;

/** */
typedef int elem_t;

/*
* @brief
* @param[inout] a
* @param[in] tmp a
* @param[in] start a[start]~a[mid-1]
* @param[in] mid
* @param[in] end a[mid]~a[end-1]
* @return
*/

static void merge(elem_t a[], elem_t tmp[], const int start,
const int mid, const int end) {

int i, j, k;
for (i = 0; i < end; i++) tmp[i] = a[i];

/* i, j k */
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for (i = start, j = mid, k = start; i < mid && j < end; k++) {
if (tmp[i] < tmp[j]) {

a[k] = tmp[i++];
} else {

a[k] = tmp[j++];
}

}
/* */
while (i < mid) a[k++] = tmp[i++];
/* */
while (j < end) a[k++] = tmp[j++];

}

/**
* @brief .
* @param[inout] a
* @param[in] tmp a
* @param[in] start
* @param[in] end
* @return
* @note
* @remarks
*/

void merge_sort(elem_t a[], elem_t tmp[], const int start, const int end) {
if (start < end - 1) {

const int mid = (start + end) / 2;
merge_sort(a, tmp, start, mid);
merge_sort(a, tmp, mid, end);
merge(a, tmp, start, mid, end);

}
}

merge_sort.c

7.5

(Radix sort)
MSD(Most Significant Digit first) LSD(Least Significant Digit

first)
LSD n

A[1] A[n] A[0] 必

link 7-4(a)
f[RADIX] r[RADIX] d

7-4
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7-4 LSD

LSD C
radix_sort.c

/** @file radix_sort.c
* @brief LSD .
* @author soulmachine@gmail.com
* @date 2013-05-18
*/

#include <stdio.h> /* for printf() */

/* */
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#define R 10 /*Radix*/

/**
*@struct
*@brief .
*/

typedef struct static_list_node_t {
int key; /** */
int link; /** */

}static_list_node_t;

/*
* @brief .
* @param[in] a
* @return
*/

static void static_list_print(const static_list_node_t a[]) {
int i = a[0].link;
while (i != 0) {

printf("%d ", a[i].key);
i = a[i].link;

}
}

/*
* @brief .
* @param[in] n
* @param[in] i i
* @return n i
*/

static int get_digit(int n, const int i) {
int j;
for(j = 1; j < i; j++) {

n /= 10;
}

return n % 10;
}

/**
* @brief LSD .
* @param[in] a a[0]
* @param[in] n
* @param[in] d
* @return
* @note
* @remarks
*/

void radix_sort(static_list_node_t a[], const int n, const int d) {
int i, j, k, current, last;
int rear[R], front[R];

for(i = 0; i < n; i++) a[i].link = i + 1;
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a[n].link = 0;
for(i = 0; i < d; i++) {

/* */
for(j = 0; j < R; j++) front[j] = 0;
for(current = a[0].link; current != 0;

current = a[current].link) {
k = get_digit(a[current].key, i + 1);
if(front[k] == 0) {

front[k] = current;
rear[k] = current;

} else {
a[rear[k]].link = current;
rear[k] = current;

}
}

/* */
j = 0;
while(front[j] == 0) j++;
a[0].link = current = front[j];
last = rear[j];
for(j = j + 1; j < R; j++) {

if(front[j] != 0) {
a[last].link = front[j];
last = rear[j];

}
}
a[last].link = 0;

}
}

void radix_sort_test(void) {
static_list_node_t a[] = {{0,0}/* */, {278,0}, {109,0},
{63,0}, {930,0}, {589,0}, {184,0}, {505,0}, {269,0},
{8,0}, {83,0}};
radix_sort(a, 10, 3);
static_list_print(a);

}
radix_sort.c

7.6

7-1
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O(n2) O(n2) O(1)

O(n2) O(n2) O(1)

N/A N/A O(1)

O(n2) O(n2) O(1)

O(n log
2
n) O(n2) O(log

2
n)

O(n2) O(n2) O(1)

O(n log
2
n) O(n log

2
n) O(1)

O(n log
2
n) O(n log

2
n) O(n)

O(d× (n+R)) O(d× (n+R)) O(R)

Ai, Aj , i < j Ai Aj Ai = Aj Ai

Aj
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(brute force enumeration) (Brute-force search)
Wikipedia, http://en.wikipedia.org/wiki/Brute_force_search

8.1

1,2,3
(1,2,3),(1,3,2),(2,1,3),(2,3,1),(3,1,2),(3,2,1)

8.1.1 1 n

n 1 n

1 2
… n

1 1 2 9
代码

void print_permutation( P S) {
if (S ) P
else {

for( S e) {
print_permutation( A e , S-{e});

}
}

}
//
print_permutation({}, S);

93
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代码

C P S P S
P

C

print_permutation_n.c
#include <stdio.h>
#include <stdlib.h>

/*
* @brief 1 n
* @param[in] n n
* @param[in] cur
* @param[out]
* @return
*/

static void print_permutation_r(int n, int cur, int P[]) {
int i, j;
if (cur == n) { //

for (i = 0; i < n; i++)
printf("%d", P[i]);

printf("\n");
}

// A[cur] i
for (i = 1; i <= n; i++) {

int used = 0;
for (j = 0; j < cur; j++)

if (P[j] == i)
used = 1; // i A[0]~A[cur-1]

if (!used) {
P[cur] = i;
print_permutation_r(n, cur + 1, P); //
// P[cur]

}
}

}

/**
* @brief 1 n
* @param[in] n n
* @return
*/

void print_permutation(int n) {
int *P = (int*)malloc(n * sizeof(int));
print_permutation_r(n, 0, P);
free(P);
return;

}

//test
int main() {



8.1 95

print_permutation(3);
return 0;

}
print_permutation_n.c

8.1.2

S

S
1 n printf("%c",

S[P[i]-1])
S=”AAA”

6 AAA 代码

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

/*
* @brief 1 n
* @param[in] S
* @param[in] n n
* @param[in] cur
* @param[out]
* @return
*/

static void print_permutation_r(char S[], int n, int cur, int P[]) {
int i, j;
if (cur == n) { //

for (i = 0; i < n; i++)
printf("%c", S[P[i]-1]);

printf("\n");
} else {

// A[cur] i
for (i = 1; i <= n; i++) {

int ok = 1;
for (j = 0; j < cur; j++)

if (P[j] == i)
ok = 0; // i A[0]~A[cur-1]

if (ok) {
P[cur] = i;
print_permutation_r(S, n, cur + 1, P); //

}
}

}
}
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/**
* @brief
* @param[in] S
* @param[in] n n
* @return
*/

void print_permutation(char S[], int n) {
int *P = (int*)malloc(n * sizeof(int));
print_permutation_r(S, n, 0, P);
free(P);
return;

}

//test
int main() {

char *S="ABC";
char *S1="AAA";
print_permutation(S,3);
print_permutation(S1,3); //
return 0;

}

代码 if(P[j]==i) P[cur]=i
if(P[j]==S[i]) P[cur]=S[i] S
print_permutation_r(S, n, 0, P)

S="AAA"
AAA S S

P[0] P[cur-1] S[i] c1 S S[i] c2
c1<c2 S[i]

27 AAA
1 A 2 A 3 A

3 27

for (i = 1; i <= n; i++)
if(i==0 && S[i] != S[i-1]) 代码

代码

print_permutation.c
#include <stdio.h>
#include <stdlib.h>

/*
* @brief 1 n
* @param[in] n n
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* @param[in] cur
* @param[out]
* @return
*/

static void print_permutation_r(int n, int cur, int P[]) {
int i, j;
if (cur == n) { //

for (i = 0; i < n; i++)
printf("%d", P[i]);

printf("\n");
}

// A[cur] i
for (i = 1; i <= n; i++) {

int used = 0;
for (j = 0; j < cur; j++) {

if (P[j] == i) {
used = 1; // i A[0]~A[cur-1]
break;

}
}
if (!used) {

P[cur] = i;
print_permutation_r(n, cur + 1, P); //
// P[cur]

}
}

}

/**
* @brief 1 n
* @param[in] n n
* @return
*/

void print_permutation(int n) {
int *P = (int*)malloc(n * sizeof(int));
print_permutation_r(n, 0, P);
free(P);
return;

}

//test
int main() {

print_permutation(3);
return 0;

}
print_permutation.c

8.1.3

STL next_permutation() §17.1 next_-
permutation()
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代码

print_permutation_next.c
#include <stdio.h>
#include <stdlib.h>
#include <algorithm>

/**
* @brief next_permutation
* @param[in] S
* @param[in] n n
* @return
*/

void print_permutation(char S[], int n) {
sort(&S[0], &S[n]);
do {

for(int i = 0; i < n; i++) printf("%c", S[i]);
printf("\n");

}while(next_permutation(&S[0], &S[n]));
return;

}

/* include OJ */
#include "next_permutation.c"

/**
* @brief 15 next_permutation
* @param[in] S
* @param[in] n n
* @return
*/

void print_permutation1(char S[], int n) {
sort(&S[0], &S[n]);
int *N = (int*)malloc(n * sizeof(int));
for (int i = 0; i < n; ++i) N[i]=S[i]-'A';
do {

for(int i = 0; i < n; i++) printf("%c", S[N[i]]);
printf("\n");

}while(next_permutation(&N[0], &N[n]));
return;

}

//test
int main() {

char S[]="ABC";
char S1[]="AAA";
print_permutation(S,3);
print_permutation(S1,3);
printf("\n\n");
print_permutation1(S,3);
print_permutation1(S1,3);
return 0;

}
print_permutation_next.c
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8.2

8.2.1

代码

subset.c
#include <stdio.h>
#include <stdlib.h>

/**
* @brief
* @param[in] S
* @param[in] n
* @param[inout] P
* @param[in] cur p
* @param[in] ed S
* @return
*/

void print_subset1(int *S, int n, int *P, int cur, int ed) {
int i, j;
for (i = ed; i < n; i++) {

// S[i]
P[cur] = S[i];
for (j = 0; j <= cur; j++) printf("%d ", P[j]);
printf("\n");
// S[i]
print_subset1(S, n, P, cur + 1, i + 1);

}
}

subset.c

8.2.2

B B[i]=1 S[i], B[i]=0

代码

subset.c
/**
* @brief
* @param[in] S
* @param[in] n
* @param[in] B
* @param[in] cur B
* @return
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*/
void print_subset2(int *S, int n, char *B, int cur) {

int i;
if (cur == n) {

for (i = 0; i < n; i++) if (B[i]) printf("%d ", S[i]);
printf("\n");
return;

}
B[cur] = 1;
print_subset2(S, n, B, cur + 1);
B[cur] = 0;
print_subset2(S, n, B, cur + 1);

}
subset.c

8.2.3

int int i 1 S[i]
0 S={A,B,C,D} 0110=6 {B,C}

B1 B2 B1|B2, B1&B2, B1ˆB2

代码

subset.c
/**
* @brief
* @param[in] S
* @param[in] n
* @param[in] B
* @param[in] cur B
* @return
*/

void print_subset3(int *S, int n) {
int i, j;
for (i = 1; i < (1 << n); i++) {

for (j = 0; j < n; j++)
if (i & (1 << j)) printf("%d ", S[j]);

printf("\n");
}

}

int main() {
int n, i;

while(scanf("%d",&n) > 0) {
int *S = (int*)malloc(n * sizeof(int));
int *P = (int*)malloc(n * sizeof(int));
char *B = (char*)malloc(n * sizeof(char));
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for(i = 0; i < n; i++) scanf("%d",&S[i]);

print_subset1(S, n, P, 0, 0); putchar('\n');
print_subset2(S, n, B, 0); putchar('\n');
print_subset3(S, n);

free(S);
free(P);
free(B);

}
return 0;

}
subset.c
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9.1

01 0 1

5× 5

0 1 0 0 0
0 1 0 1 0
0 0 0 0 0
0 1 1 1 0
0 0 0 1 0

(0, 0) (1, 0) (2, 0) (2, 1) (2, 2) (2, 3) (2, 4) (3, 4) (4, 4)
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BFS
(0, 0) BFS 9-1(a)

9-1(b)

9-1 BFS

代码

maze.c
/* POJ 3984 , http://poj.org/problem?id=3984 */
#include <cstdio>
#include <cstring>
#include <queue>

const int MAXN = 5;

//
int m = MAXN, n = MAXN;
// 0 1
int map[MAXN][MAXN];

//
const char name[4] = { 'U', 'R', 'D', 'L' };
const int dx[4] = { -1, 0, 1, 0 }; //
const int dy[4] = { 0, 1, 0, -1 }; //

typedef struct state_t {
int data;
int action;
int father;

} state_t;

const int STATE_MAX = MAXN * MAXN; /* */
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state_t nodes[STATE_MAX];

int state_hash(const state_t &s);

int state_index(const state_t &s) {
return state_hash(s);

}

void print_action(const int end) {
if (nodes[end].father == -1) return;

print_action(nodes[end].father);
putchar(name[nodes[end].action]);

}

void print_path(const int end) {
if (nodes[end].father == -1) {

printf("(%d, %d)\n", end / n, end % n);
return;

}
print_path(nodes[end].father);
printf("(%d, %d)\n", end / n, end % n);

}

void hashset_init();

bool hashset_find(const state_t &s);

void hashset_insert(const state_t &s);

void state_extend_init(const state_t &s);

bool state_extend(const state_t &s, state_t &next);

bool state_is_target(const state_t &s);

int bfs(state_t &start) {
queue<state_t> q;
hashset_init();

start.action = -1;
start.father = -1;

nodes[state_index(start)] = start;
hashset_insert(start);
if (state_is_target(start))

return state_index(start);
q.push(start);

while (!q.empty()) {
const state_t s = q.front(); q.pop();
state_t next;
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state_extend_init(s);
while (state_extend(s, next)) {

if (state_is_target(next)) {
return state_index(next);

}
q.push(next);
hashset_insert(next);

}
}
return -1;

}

int main(void) {
state_t start = {0, -1, -1}; /* */
int end;

for (int i = 0; i < m; i++) {
for (int j = 0; j < n; j++) {

scanf("%d", &map[i][j]);
}

}

end = bfs(start);
print_path(end);
return 0;

}

/********** functions implement **************/
/* */

const int HASH_CAPACITY = STATE_MAX;
bool visited[HASH_CAPACITY];

int state_hash(const state_t &s) {
return s.data;

}

void hashset_init() {
memset(visited, 0, sizeof(visited));

}

bool hashset_find(const state_t &s) {
return visited[state_hash(s)] == true;

}

void hashset_insert(const state_t &s) {
visited[state_hash(s)] = true;

}

int action_cur;
#define ACTION_BEGIN 0
#define ACTION_END 4
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/** */
int x, y;

void state_extend_init(const state_t &s) {
action_cur = ACTION_BEGIN;
x = s.data / n;
y = s.data % n;

}

bool state_extend(const state_t &s, state_t &next) {
while(action_cur < ACTION_END) {

const int nx = x + dx[action_cur];
const int ny = y + dy[action_cur];

if (nx >= 0 && nx < m && ny >= 0 && ny < n && !map[nx][ny]) {
next.data = nx * n + ny;

if (!hashset_find(next)) { /* */
/* */
next.action = action_cur;
next.father = state_hash(s);
nodes[state_index(next)] = next;

action_cur++; /* return 1 */
return true;

}
}
action_cur++;

}
return false;

}

const state_t END = {24, -1, -1};
bool state_is_target(const state_t &s) {

return s.data == END.data;
}

maze.c

• ¬ 108 6.4.2

• POJ 3984 , http://poj.org/problem?id=3984

• POJ 2049 Finding Nemo, http://poj.org/problem?id=2049

¬ , 2009
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9.2 码

1∼8 8 3 3 9-2

9-2 BFS

x

1 2 3
4 5 6
7 8 x

1 2 3
x 4 6
7 5 8

1 2 3 x 4 6 7 5 8

’r’,’l’,’u’,’d’ ”unsolvable”

2 3 4 1 5 x 7 6 8

ullddrurdllurdruldr
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BFS
3*3 int data[9]

87654321x
876543210 32

STL C++ STL set, C++ 11 unordered_-
set STL写 set( unordered_set) 写

(perfect hashing)
hash 1,2,3

123 -- 0
132 -- 1
213 -- 2
231 -- 3
312 -- 4
321 -- 5

BFS §9.4 A* §9.5

代码

1
eight_digits_bfs.c

/* POJ 1077 Eight, http://poj.org/problem?id=1077 */
#include <cstdio>
#include <cstring>
#include <queue>

const int DIGITS = 9; //
const int MATRIX_EDGE = 3; //

/***** *****/
const int SPACE_NUMBER = 0; // 0
//
const int dx[] = {-1, 1, 0, 0};
const int dy[] = {0, 0, -1, 1};
const char name[] = { 'u', 'd', 'l', 'r' };

typedef char int8_t;

/**
* @strut
*/

typedef struct state_t {
int8_t data[DIGITS]; /** . */
int action; /* */
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int father; /* nodes[] */
int count; /** -1 */

} state_t;

// 3x3 9!
const int STATE_MAX = 362880; /* */

state_t nodes[STATE_MAX+1];

int state_hash(const state_t &s);

int state_index(const state_t &s) {
return state_hash(s);

}

/**
* @brief .
* @param[in] end
* @return
*/

void print_action(const int end) {
if (nodes[end].father == -1) return;

print_action(nodes[end].father);
putchar(name[nodes[end].action]);

}

void hashset_init();

bool hashset_find(const state_t *s);

void hashset_insert(const state_t *s);

void state_extend_init(const state_t *s);

bool state_extend(const state_t *s, state_t *next);

bool state_is_target(const state_t *s);

int bfs(state_t *start) {
queue<state_t> q;
hashset_init();

start->action = -1;
start->father = -1;
start->count = 0;

nodes[state_index(start)] = *start;
hashset_insert(start);
if (state_is_target(start))

return state_index(start);
q.push(*start);
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while (!q.empty()) {
const state_t s = q.front(); q.pop();
state_t next;

state_extend_init(&s);
while (state_extend(&s, &next)) {

if (state_is_target(&next)) {
// printf("%d\n", next.count);
return state_index(&next);

}
q.push(next);
hashset_insert(&next);

}
}
return -1;

}

/**
* @brief .
* @return
*/

void input(state_t *start) {
int ch;
for (int i = 0; i < DIGITS; ++i) {

do {
ch = getchar();

} while ((ch != EOF) && ((ch < '1') || (ch > '8')) && (ch != 'x'));
if (ch == EOF) return;
if (ch == 'x') start->data[i] = 0; // x 0
else start->data[i] = ch - '0';

}
}

/** for wikioi 1225 */
void input1(state_t *start) {

int n;
scanf("%d", &n);

/* */
for(int i = DIGITS-1; i >= 0; i--) {

start->data[i] = n % 10;
n /= 10;

}
}

int main(void) {
state_t start;
int end; /* nodes[] */
input(&start);

end = bfs(&start);
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print_action(end);
printf("\n");
return 0;

}

/********** functions implement **************/

/********** 1 **************/

// 9 0 (9!-1) , 9!
// 9

// 9 0!~8!
const int fac[] = {40320, 5040, 720, 120, 24, 6, 2, 1, 1};
/* */
const int HASH_CAPACITY = STATE_MAX;

bool visited[HASH_CAPACITY];

int state_hash(const state_t *s) {
int key = 0;
for (int i = 0; i < DIGITS; i++) {

int cnt = 0; /* */
for (int j = i + 1; j < DIGITS; j++) if (s->data[i] > s->data[j]) cnt++;
key += fac[i] * cnt;

}
return key;

}

void hashset_init() {
memset(visited, 0, sizeof(visited));

}

bool hashset_find(const state_t *s) {
return visited[state_hash(s)] == true;

}

void hashset_insert(const state_t *s) {
visited[state_hash(s)] = true;

}

int action_cur;
#define ACTION_BEGIN 0
#define ACTION_END 4

/* 0 */
int z;

void state_extend_init(const state_t *s) {
action_cur = ACTION_BEGIN;
for (z = 0; z < DIGITS; z++) {

if (s->data[z] == SPACE_NUMBER) {
break; // 0
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}
}

}

bool state_extend(const state_t *s, state_t *next) {
const int x = z / MATRIX_EDGE; //
const int y = z % MATRIX_EDGE; //

while (action_cur < ACTION_END) {
const int newx = x + dx[action_cur];
const int newy = y + dy[action_cur];
const int newz = newx * MATRIX_EDGE + newy;

if (newx >= 0 && newx < MATRIX_EDGE && newy >= 0 &&
newy < MATRIX_EDGE) { //

*next = *s;
next->data[newz] = SPACE_NUMBER;
next->data[z] = s->data[newz];
next->count = s->count + 1;
if (!hashset_find(next)) { /* */

next->action = action_cur;
next->father = state_hash(s);
/* */
nodes[state_index(next)] = *next;
action_cur++; /* return 1 */
return true;

}
}
action_cur++;

}
return false;

}

//
const state_t END = {{1, 2, 3, 4, 5, 6, 7, 8, 0}, -1, -1};
// for wikioi 1225
const state_t END1 = {{1, 2, 3, 8, 0, 4, 7, 6, 5}, -1, -1};

bool state_is_target(const state_t *s) {
return memcmp(s->data, END.data, DIGITS * sizeof(int8_t)) == 0;

}
eight_digits_bfs.c

2

eight_digits_bfs2.c
/* POJ 1077 Eight, http://poj.org/problem?id=1077 */
#include <cstdio>
#include <cstring>
#include <queue>
#include <algorithm>

const int DIGITS = 9; //
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const int MATRIX_EDGE = 3; //

/***** *****/
const int SPACE_NUMBER = 0; // 0
//
const int dx[] = {-1, 1, 0, 0};
const int dy[] = {0, 0, -1, 1};
const char name[] = { 'u', 'd', 'l', 'r' };

typedef signed char int8_t;

/** */
struct state_t {

int8_t data[DIGITS]; /** . */
int action; /* */
int index; /** nodes[] */
int father; /** nodes[] */
int count; /** -1 */

};

// 3x3 9!
const int STATE_MAX = 362880; /* */

state_t nodes[STATE_MAX+1];
int path_index = 0;

int state_index(const state_t &s) {
return s.index;

}

/**
* @brief .
* @param[in] end
* @return
*/

void print_action(const int end) {
if (nodes[end].father == -1) return;

print_action(nodes[end].father);
putchar(name[nodes[end].action]);

}

void hashset_init();

bool hashset_find(const state_t &s);

void hashset_insert(const state_t &s);

void state_extend_init(const state_t &s);

bool state_extend(const state_t &s, state_t &next);

bool state_is_target(const state_t &s);
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int bfs(state_t &start) {
queue<state_t> q;
hashset_init();

start.action = -1;
start.index = path_index++;
start.father = -1;
start.count = 0;

nodes[state_index(start)] = start;
hashset_insert(start);
if (state_is_target(start))

return state_index(start);
q.push(start);

while (!q.empty()) {
const state_t s = q.front(); q.pop();
state_t next;

state_extend_init(s);
while (state_extend(s, next)) {

if (state_is_target(next)) {
// printf("%d\n", next.count);
return state_index(next);

}
q.push(next);
hashset_insert(next);

}
}
return -1;

}

/**
* @brief .
* @return
*/

void input(state_t &start) {
int ch;
for (int i = 0; i < DIGITS; ++i) {

do {
ch = getchar();

} while ((ch != EOF) && ((ch < '1') || (ch > '8')) && (ch != 'x'));
if (ch == EOF) return;
if (ch == 'x') start.data[i] = 0; // x 0
else start.data[i] = ch - '0';

}
}

/** for wikioi 1225 */
void input1(state_t &start) {

int n;
scanf("%d", &n);
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/* */
for(int i = DIGITS-1; i >= 0; i--) {

start.data[i] = n % 10;
n /= 10;

}
}

int main(void) {
state_t start;
int end;
input(start);

end = bfs(start);

print_action(end);
printf("\n");
return 0;

}

/********** functions implement **************/

/********** 2 **************/
/** HASH_SET_CAPACITY. */
const int PRIME = 99997;

/* */
const int HASH_SET_CAPACITY = STATE_MAX + 1;

int head[PRIME];
int next[HASH_SET_CAPACITY];

/** */
int state_hash(const state_t &s) {

int ret = 0;
for(int i = 0; i < DIGITS; i++) ret = ret * 10 + s.data[i];
return ret % PRIME;

}

void hashset_init() {
fill(head, head + PRIME, -1);
fill(next, next + PRIME, -1);

}

bool hashset_find(const state_t &s) {
//
for (int i = head[state_hash(s)]; i != -1; i = next[i]) {

//
if(memcmp(nodes[i].data, s.data,

DIGITS * sizeof(int8_t)) == 0)
return true;

}
return false;
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}

void hashset_insert(const state_t &s) {
const int h = state_hash(s);
//
for (int i = head[h]; i != -1; i = next[i]) {

//
if (memcmp(nodes[i].data, s.data,

DIGITS * sizeof(int8_t)) == 0)
return;

}
next[s.index] = head[h]; /* */
head[h] = s.index;
return;

}

int action_cur;
#define ACTION_BEGIN 0
#define ACTION_END 4

/* 0 */
int z;

void state_extend_init(const state_t &s) {
action_cur = ACTION_BEGIN;
for (z = 0; z < DIGITS; z++) {

if (s.data[z] == SPACE_NUMBER) {
break; // 0

}
}

}

bool state_extend(const state_t &s, state_t &next) {
const int x = z / MATRIX_EDGE; //
const int y = z % MATRIX_EDGE; //

while (action_cur < ACTION_END) {
const int newx = x + dx[action_cur];
const int newy = y + dy[action_cur];
const int newz = newx * MATRIX_EDGE + newy;

next.count = s.count + 1;
if (newx >= 0 && newx < MATRIX_EDGE && newy >= 0 &&

newy < MATRIX_EDGE) { //
next = s;
next.data[newz] = SPACE_NUMBER;
next.data[z] = s.data[newz];

if (!hashset_find(next)) { /* */
next.action = action_cur;
next.index = path_index++;
next.father = s.index;
/* */
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nodes[state_index(next)] = next;
action_cur++; /* return 1 */
return true;

}
}
action_cur++;

}
return false;

}

//
const state_t END = {{1, 2, 3, 4, 5, 6, 7, 8, 0}, -1, -1};
// for wikioi 1225
const state_t END1 = {{1, 2, 3, 8, 0, 4, 7, 6, 5}, -1, -1};

bool state_is_target(const state_t &s) {
return memcmp(s.data, END.data, DIGITS * sizeof(int8_t)) == 0;

}
eight_digits_bfs2.c

3

eight_digits_bfs3.cpp
// 代码 2
//...

/********** 3 **************/

// state_t ==
typedef struct state_t {

int8_t data[DIGITS]; /** . */
int action; /* */
int index; /** nodes[] */
int father; /** nodes[] */
int count; /** -1 */

bool operator==(const state_t& other) const {
return memcmp(data, other.data, DIGITS * sizeof(int8_t)) == 0;

}
} state_t;

#include <unordered_set>

//
namespace std {
template<> struct hash<state_t> {

size_t operator()(const state_t & x) const {
int i;
int ret = 0;
for (i = 0; i < DIGITS; i++)

ret = ret * 10 + x.data[i];
return ret;

}
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};
}

unordered_set<state_t> visited;

void hashset_init() {
visited.clear();

}

bool hashset_find(const state_t &s) {
return visited.count(s) > 0;

}

void hashset_insert(const state_t &s) {
visited.insert(s);

}

//...
// 代码 2

eight_digits_bfs3.cpp

• ¬ 131 7.5.3

• POJ 1077 Eight, http://poj.org/problem?id=1077

• wikioi 1225 码 , http://www.wikioi.com/problem/1225/

• POJ 2893 M × N Puzzle, http://poj.org/problem?id=2893

9.3

4*4 14 7 7

4*4 B W O

¬ , 2009
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BWBO
WBWB
BWBW
WBWO

5

int board[4][4]

0 1 2
16 码

C++ map
/* visited[0] visited[1] . */
map<int, bool> visited[2];

#define HASH_MOD 43036875 /* hash */
/* visited[0] visited[1] . */
bool visited[2][HASH_MOD];

代码

four_adjacent.cpp
/** wikioi 1004 , http://www.wikioi.com/problem/1004 */
#include <cstdio>
#include <cstring>
#include <queue>

#define LEN 4 /* */

/* */
const int dx[] = { 1, -1, 0, 0 };
const int dy[] = { 0, 0, 1, -1 };
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/**
* @strut
*/

typedef struct state_t {
//
int board[LEN][LEN]; /* 1 2 0 */
int color; /* */
int count; /** -1 */

} state_t;

void hashset_init();

bool hashset_find(const state_t &s);

void hashset_insert(const state_t &s);

void state_extend_init(const state_t &s);

bool state_extend(const state_t &s, state_t &next);

bool state_is_target(const state_t &s);

void bfs(state_t &start) {
queue<state_t> q;
hashset_init();

start.count = 0;
start.color = 1;

hashset_insert(start);
q.push(start);

start.color = 2;

hashset_insert(start); //
if (state_is_target(start)) /* */

return;
q.push(start);

while (!q.empty()) {
const state_t s = q.front(); q.pop();
state_t next;

state_extend_init(s);
while (state_extend(s, next)) {

if (state_is_target(next)) {
printf("%d\n", next.count);
return;

}
q.push(next);
hashset_insert(next);
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}
}

}

int main() {
char s[LEN + 1];
state_t start;

for (int i = 0; i < LEN; i++) {
scanf("%s", s);
for (int j = 0; j < LEN; j++) {

if (s[j] == 'B') start.board[i][j] = 1;
else if (s[j] == 'W') start.board[i][j] = 2;
else start.board[i][j] = 0;

}
}

bfs(start);
return 0;

}

/************ functions implement ************/

/* */
#define HASH_CAPACITY 43036875

/**
* visited[0] visited[1] .
*/

bool visited[2][HASH_CAPACITY];

#define RADIX 3 /* */

/**
* @brief
* 0 1 2
* 16
* 2222
* 2221
* 1111
* 1100
* 43036875
* @return
*/

//TODO: C16 7×C9 2
int state_hash(const state_t &s) {

int ret = 0;

for (int i = 0; i < LEN; i++) {
for (int j = 0; j < LEN; j++) {

ret = ret * RADIX + s.board[i][j];
}

}
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return ret;
}

void hashset_init() {
fill(visited[0], visited[0] + HASH_CAPACITY, false);
fill(visited[1], visited[1] + HASH_CAPACITY, false);

}

bool hashset_find(const state_t &s) {
return visited[s.color - 1][state_hash(s)] == true;

}

void hashset_insert(const state_t &s) {
visited[s.color - 1][state_hash(s)] = true;

}

/* */
/* action_cur[0]
*/

int action_cur[2];
#define ACTION_BEGIN 0
#define ACTION_END 4

typedef struct point_t {
int x, y;

} point_t;

/* 0 1 */
int space_cur;
/* */
point_t extend_pos[2];

void state_extend_init(const state_t &s) {
action_cur[0] = ACTION_BEGIN;
action_cur[1] = ACTION_BEGIN;
space_cur = 0;

int k = 0;
//
for (int i = 0; i < LEN; i++) {

for (int j = 0; j < LEN; j++) {
if (s.board[i][j] == 0) {

extend_pos[k].x = i;
extend_pos[k].y = j;
k++;

}
}

}
}

bool state_extend(const state_t &s, state_t &next) {
for (int i = 0; i < 2; i++) { /* */

while (action_cur[i] < ACTION_END) {
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const int x = extend_pos[i].x;
const int y = extend_pos[i].y;
int nextx = x + dx[action_cur[i]];
int nexty = y + dy[action_cur[i]];
next = s;
next.count = s.count + 1;
next.color = 3 - s.color;

if (nextx >= 0 && nextx < LEN && nexty >= 0 && nexty < LEN
/* 必 */
&& next.color == s.board[nextx][nexty]) {

/* swap */
{

int temp = next.board[x][y];
next.board[x][y] = next.board[nextx][nexty];
next.board[nextx][nexty] = temp;

}

if (!hashset_find(next)) { /* */
action_cur[i]++; /* return 1 */
return true;

}
}
action_cur[i]++;

}
}
return false;

}

bool state_is_target(const state_t &s) {
for (int i = 0; i < LEN; i++) { /* */

int flag = 1; /* */
for (int j = 1; j < LEN; j++)

if (s.board[i][j - 1] != s.board[i][j])
flag = 0;

if (flag)
return 1;

}
for (int j = 0; j < LEN; j++) { //

int flag = 1; /* */
for (int i = 1; i < LEN; i++)

if (s.board[i][j] != s.board[i - 1][j]) flag = 0;
if (flag) return 1;

}
/* */
if (s.board[0][0] == s.board[1][1] && s.board[1][1] == s.board[2][2]

&& s.board[2][2] == s.board[3][3])
return 1;

if (s.board[0][3] == s.board[1][2] && s.board[1][2] == s.board[2][1]
&& s.board[2][1] == s.board[3][0])

return 1;
return 0;

}
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four_adjacent.cpp

• wikioi 1004 , http://www.wikioi.com/problem/1004/

• None

9.4 BFS

9.4.1 码

§9.2

代码

eight_digits_bibfs.c

eight_digits_bibfs.c

9.5 A*

A* = +

§9.6
h() A*

9.5.1 码

§9.2

代码

eight_digits_astar.c
/** POJ 1077 Eight, http://poj.org/problem?id=1077

, 代码.
1. 必
2.

http://128kj.iteye.com/blog/1699795
3.
4. g= .
5. h , 代码 calcH

(x1,y1),(x2,y2) L1=|x1-x2| + |y1-y2|
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*/
#include <cstdio>
#include <cstring>
#include <cmath>
#include <queue>

#define DIGITS 9 //
#define MATRIX_EDGE 3 //
#define RADIX 10

/***** *****/
const int SPACE_NUMBER = 0; // 0
//
const int dx[] = {-1, 1, 0, 0};
const int dy[] = {0, 0, -1, 1};
const char name[] = { 'u', 'd', 'l', 'r' };

//
const int GOAL = 123456780;
// 0 (2,2)=8
int GOAL_POS[DIGITS];

/** */
struct state_t {

int board; /** . */
int action; /* */
int father; /* nodes[] */
int count; /** -1 g */
int h; /** */

bool operator>(const state_t &other) const {
// priority_queue
return (count + h) > (other.count + other.h);

}
};

// 3x3 9!
#define STATE_MAX 362880 /* */

state_t nodes[STATE_MAX+1];

int state_hash(const state_t &s);

int state_index(const state_t &s) {
return state_hash(s);

}

/**
* @brief .
* @param[in] end
* @return
*/
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void print_action(const int end) {
if (nodes[end].father == -1) return;

print_action(nodes[end].father);
putchar(name[nodes[end].action]);

}

void hashset_init();

bool hashset_find(const state_t &s);

void hashset_insert(const state_t &s);

void state_extend_init(const state_t &s);

bool state_extend(const state_t &s, state_t &next);

bool state_is_target(const state_t &s);

/**
* h
* @param s
* @return h
*/

static int state_get_h(const state_t &state) {
int h = 0;
int s = state.board;

for (int i = DIGITS - 1; i >= 0; --i) {
const int p = s % RADIX;
s /= RADIX;
/* */
h += abs((float)(i / MATRIX_EDGE - GOAL_POS[p] / MATRIX_EDGE)) +

abs((float)(i % MATRIX_EDGE - GOAL_POS[p] % MATRIX_EDGE));
}
return h;

}

/* GOAL_POS */
static void calc_goal_pos() {

int cur = GOAL;
for (int i = DIGITS-1; i >= 0 ; i--) {

int digit = cur % RADIX;
GOAL_POS[digit] = i;
cur /= RADIX;

}
}

int bfs(state_t &start) {
priority_queue<state_t, vector<state_t>,

greater<state_t> > q;
calc_goal_pos();
hashset_init();



9.5 A* 127

start.action = -1;
start.father = -1;
start.count = 0;
start.h = state_get_h(start);

nodes[state_index(start)] = start;
hashset_insert(start);
if (state_is_target(start))

return state_index(start);
q.push(start);

while (!q.empty()) {
const state_t s = q.top(); q.pop();
//const state_t s = q.front(); q.pop();
state_t next;

state_extend_init(s);
while (state_extend(s, next)) {

if (state_is_target(next)) {
// printf("%d\n", next.count);
return state_index(next);

}
q.push(next);
hashset_insert(next);

}
}
return -1;

}

static void int_to_board(int n, int board[DIGITS]) {
for (int i = DIGITS - 1; i >= 0; i--) {

board[i] = n % RADIX;
n /= RADIX;

}
}

static int board_to_int(const int board[DIGITS]) {
int s = 0;
for (int i = 0; i < DIGITS; i++)

s = s * RADIX + board[i];
return s;

}

/**
* @brief .
* @return
*/

void input(state_t &start) {
int ch;
int board[DIGITS];
for (int i = 0; i < DIGITS; ++i) {

do {
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ch = getchar();
} while ((ch != EOF) && ((ch < '1') || (ch > '8')) && (ch != 'x'));
if (ch == EOF) return;
if (ch == 'x') board[i] = 0; // x 0
else board[i] = ch - '0';

}
start.board = board_to_int(board);

}

/** for wikioi 1225 */
void input1(state_t &start) {

scanf("%d", &start.board);
}

/**
* 0 .
*/

static int inversion_count(int permutation) {
int d[DIGITS];
int c = 0; //

for(int i = DIGITS - 1; i >=0; i--) {
d[i] = permutation % RADIX;
permutation /= RADIX;

}

for (int i = 1; i < DIGITS; i++) if (d[i] != SPACE_NUMBER) {
for (int j = 0; j < i; j++) {

if(d[j] != SPACE_NUMBER) {
if (d[j] > d[i]) {

c++;
}

}
}

}
return c;

}

/**
* .
*
* 0
*
*
*
*
* @param s
* @return 1 0
*/

static int solvable(const int s) {
return (inversion_count(s) + inversion_count(GOAL)) % 2 == 0;

}
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int main(void) {
state_t start;
int end; /* nodes[] */
input(start);

if (!solvable(start.board)) return 0;

end = bfs(start);

print_action(end);
printf("\n");
return 0;

}

/********** functions implement **************/

/********** 1 **************/

// 9 0 (9!-1) , 9!
// 9

// 9 0!~8!
const int fac[] = {40320, 5040, 720, 120, 24, 6, 2, 1, 1};
/* */
#define HASH_CAPACITY STATE_MAX

bool visited[HASH_CAPACITY];

/**
* @brief hash .
* @param[in] s
* @return hash
*/

int state_hash(const state_t &state) {
int board[DIGITS];
int key = 0;

int_to_board(state.board, board);

for (int i = 0; i < DIGITS; i++) {
int c = 0; //
for (int j = i + 1; j < DIGITS; j++) {

if(board[j] < board[i]) {
c++;

}
}
key += c * fac[i];

}

return key;
}

void hashset_init() {
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fill(visited, visited + HASH_CAPACITY, false);
}

bool hashset_find(const state_t &s) {
return visited[state_hash(s)] == true;

}

void hashset_insert(const state_t &s) {
visited[state_hash(s)] = true;

}

int action_cur;
#define ACTION_BEGIN 0
#define ACTION_END 4

/* 0 */
int z;
int board[DIGITS]; /* */

void state_extend_init(const state_t &s) {
action_cur = ACTION_BEGIN;

int_to_board(s.board, board);
for (z = 0; z < DIGITS; z++) {

if (board[z] == SPACE_NUMBER) {
break; // 0

}
}

}

bool state_extend(const state_t &s, state_t &next) {
const int x = z / MATRIX_EDGE; //
const int y = z % MATRIX_EDGE; //

while (action_cur < ACTION_END) {
const int newx = x + dx[action_cur];
const int newy = y + dy[action_cur];
const int newz = newx * MATRIX_EDGE + newy;

if (newx >= 0 && newx < MATRIX_EDGE && newy >= 0 &&
newy < MATRIX_EDGE) { //

board[z] = board[newz];
board[newz] = SPACE_NUMBER;
next = s;
next.board = board_to_int(board);
board[newz] = board[z]; /* s */
board[z] = SPACE_NUMBER;

next.count = s.count + 1;
next.h = state_get_h(next);
if (!hashset_find(next)) { /* */

next.action = action_cur;
next.father = state_index(s);
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/* */
nodes[state_index(next)] = next;
action_cur++; /* return 1 */
return true;

}
}
action_cur++;

}
return false;

}

//
const state_t END = {123456780, -1, -1};
// for wikioi 1225
const state_t END1 = {123804765, -1, -1};

bool state_is_target(const state_t &s) {
return s.board == END.board;

}
eight_digits_astar.c

9.6

9.6.1

9.6.2

1.

(a)

(b)

i.

ii.
4 必

2. 必

3. 2
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1

4.

(a) unordered_set
head

next §9.2 2

(b)

5.

9.6.3 代码

hashset

C C++ queue vector

1. state_t step
step A*

2. current, next level
level

hashset (bool visited[STATE_MAX] vector<bool>
visited(STATE_MAX, false)) STL set unordered_set

STL unordered_map<state_t, state_t > father 代码

STATE_MAX (state_t nodes[STATE_-
MAX]) 写 代码

C++
bfs_template1.cpp

/**
* @brief .
* @param[in] father
* @param[in] target
* @return target
*/

template<typename state_t>
vector<state_t> gen_path(const unordered_map<state_t, state_t> &father,
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const state_t &target) {
vector<state_t> path;
path.push_back(target);

state_t cur = target;
while (father.find(cur) != father.end()) {

cur = father.at(cur);
path.push_back(cur);

}
reverse(path.begin(), path.end());

return path;
}

/**
* @brief .
* @param[in] state_t
* @param[in] start
* @param[in] state_is_target
* @param[in] state_extend
* @return
*/

template<typename state_t>
vector<state_t> bfs(state_t &start, bool (*state_is_target)(const state_t&),

vector<state_t>(*state_extend)(const state_t&,
unordered_set<string> &visited)) {

queue<state_t> next, current; //
unordered_set<state_t> visited; //
unordered_map<state_t, state_t> father;

int level = 0; //
bool found = false;
state_t target;

current.push(start);
visited.insert(start);
while (!current.empty() && !found) {

++level;
while (!current.empty() && !found) {

const state_t state = current.front();
current.pop();
vector<state_t> new_states = state_extend(state, visited);
for (auto iter = new_states.begin();

iter != new_states.end() && ! found; ++iter) {
const state_t new_state(*iter);

if (state_is_target(new_state)) {
found = true; //
target = new_state;
father[new_state] = state;
break;

}
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next.push(new_state);
// visited.insert(new_state); 必 state_extend()
father[new_state] = state;

}
}
swap(next, current); //!!!

}

if (found) {
return gen_path(father, target);
//return level + 1;

} else {
return vector<state_t>();
//return 0;

}
}

bfs_template1.cpp

C
bfs_template2.cpp

#include <cstdio>
#include <cstring>

/***** *****/
...
/*

int m = MAXN, n = MAXN; //
// 0 1
int map[MAXN][MAXN]; // 0 1
*/

/***** *****/
...
/*
//
const char name[4] = { 'U', 'R', 'D', 'L' };
const int dx[4] = { -1, 0, 1, 0 }; //
const int dy[4] = { 0, 1, 0, -1 }; //
*/

/** */
struct state_t {

... data1; /** . */

... data2; /** . */
int action; /** . */
int index; /** nodes[]

*/
int father; /** nodes[] */
int count; /** -1 */

};
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/********** ***********/

const int STATE_MAX ... /* */
/**
* .
*
*
*
*/

state_t nodes[STATE_MAX];
int path_index = 0; /** 1

. */

/**
* @brief nodes[] .
*
* -1
* @param[in] s
* @return nodes[]
*/

int state_index(const state& s) {
/* */
return state_hash(s);
/* */
return s.index;

}

/**
* @brief .
*
* -1
* @param[in] end
* @return
*/

void print_action(const int end) {
if (nodes[end].father == -1) return;

print_action(nodes[end].father);
putchar(name[nodes[end].action]);

}

/**
* @brief .
*
* -1
* @param[in] end
* @return
*/

void print_path(const int end) {
if (nodes[end].father == -1) {

printf("(%d, %d)\n", end / n, end % n);
return;

}



136 9

print_path(nodes[end].father);
printf("(%d, %d)\n", end / n, end % n);

}

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

/** . */
void hashset_init();

/**
* @brief .
* (set::unordered_set)
* @param[in] s
* @return true false
*/

bool hashset_find(const state_t &s);

/**
* @brief
* @param[in] s
* @return
*/

void hashset_insert(const state_t &s);

/**
* @brief .
* @param[in] s
* @param[out] next
* @return true false
*/

void state_extend_init(const state_t &s);

/**
* @brief .
* @param[in] s
* @param[out] next
* @return true false
*/

bool state_extend(const state_t &s, state_t &next);

/**
* @brief .
* @param[in] s
* @return true false
*/

bool state_is_target(const state_t &s);

/*
* @brief
*
* @param[in] x x
* @param[in] y y
* @return nodes[] void
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*/
int bfs(state_t &start) {

queue<state_t> q;
hashset_init();

start.action = -1; /* */
start.index = path_index++;
start.father = -1; /* */
start.count = 0;

nodes[state_index(start)] = start;
hashset_insert(start); //
if (state_is_target(start)) /* */

return state_index(start);
q.push(start);

while (!q.empty()) {
const state_t s = q.front(); q.pop();
state_t next;

state_extend_init(&s);
while (state_extend(&s, &next)) {

if (state_is_target(&next)) {
// printf("%d\n", next.count);
return state_index(next);

}
q.push(next);
hashset_insert(&next);

}
}
return -1;

}

int main(void) {
state_t start;
int end; /* nodes[] */
input(start);

end = bfs(start);

print_action(end);
printf("\n");
print_path(end);
return 0;

}

/************ functions implement ************/

/** HASH_SET_CAPACITY. */
#define PRIME ... /* 99997 */

/* */
#define HASH_CAPACITY STATE_MAX
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/**
* unordered_set
*/

... visited
// bool visited[HASH_CAPACITY];
//
// int head[PRIME];
// int next[HASH_CAPACITY];

/** .
* state_t
*/

int state_hash(const state_t &s) {
...

}

void hashset_init() {
/* */
memset(visited, 0, sizeof(visited));
/* unordered_set */
visited.clear();

}

bool hashset_find(const state_t &s) {
/* */
return visited[state_hash(s)] == true;
/* unordered_set */
return visited.count(s) > 0;

}

void hashset_insert(const state_t &s) {
/* */
visited[state_hash(s)] = true;
/* unordered_set */
visited.insert(s);

}

/** .
* state_extend_init() state_extend()
*/

int action_cur;
/* */
#define ACTION_BEGIN ...
#define ACTION_END ...

/* state_extend_init() state_extend() */
int extend_pos;

void state_extend_init(const state_t &s) {
action_cur = ACTION_BEGIN;
extend_pos = // s

}
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bool state_extend(const state_t &s, state_t &next) {
// extract values from s
value1 = ...
value2 = ...
while(action_cur < ACTION_END) {

// apply action_cur to values
value1 = ...
value2 = ...
next.count = s.count + 1;
if (values are valid) {

// assign new values to next's data fields
next.data1 = value1
next.data2 = value2

if (!hashset_find(next)) { /* */
next.action = action_cur;
next.index = path_index++;
next.father = state_index(s);
/* */
nodes[state_index(next)] = next;
action_cur++; /* return 1 */
return true;

}
}
action_cur++;

}
return false;

}

//
const state_t END = {..., 0};

bool state_is_target(const state_t &s) {
...
/* return memcmp(s.data, END.data, xx * sizeof(yy) == 0; */
/* return s.data == END.data; */

}
bfs_template2.cpp
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10.1

N(N ≤ 8) 4

0代 1代

N 代 N

N N 0 1 i j 代 i j
1 0 a[i][j] = a[j][i]

8
0 0 0 1 0 0 1 0
0 0 0 0 0 1 0 1
0 0 0 0 0 0 1 0
1 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0
1 0 1 0 0 0 0 0
0 1 0 0 0 0 0 0

15552

140
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代码

four_colors.c
/* wikioi 1116 , http://www.wikioi.com/problem/1116/ */
#include <stdio.h>
#include <string.h>

#define MAXN 8

int N;
int g[MAXN][MAXN];

/* 1234 0 . */
int history[MAXN];
int count; /* */

/**
* i .
* @param i i
* @return
*/

void dfs(int i) {
int j, c;
if (i == N) {

count++;
return;

}

for (c = 1; c < 5; c++) {
int ok = 1;
for (j = 0; j < i; j++) {

if (g[i][j] && c == history[j])
ok = 0; /* */

}
if (ok) {

history[i] = c;
dfs(i + 1);

}
}

}

int main() {
int i, j;

scanf("%d", &N);
for (i = 0; i < N; i++) {

for (j = 0; j < N; j++) {
scanf("%d", &g[i][j]);

}
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}

dfs(0);
printf("%d\n", count);
return 0;

}
four_colors.c

• wikioi 1116 , http://www.wikioi.com/problem/1116/

• None

10.2

n, n

n(1 ≤ n ≤ 10)

n! n n

3

1 2 3
1 3 2
2 1 3
2 3 1
3 1 2
3 2 1

代码
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代码

all_permutations.c
/* wikioi 1294 , http://www.wikioi.com/problem/1294/ */
#include <stdio.h>
#include <string.h>

#define MAXN 10

int N;

int history[MAXN];
int count;

void dfs(int i) {
int j, k;
if (i == N) {

count++;
for (j = 0; j < N; j++) {

printf("%d ", history[j]);
}
printf("\n");
return;

}

for (k = 1; k <= N; k++) {
int ok = 1;
for (j = 0; j < i; j++) {

if (history[j] == k)
ok = 0;

}
if (ok) {

history[i] = k;
dfs(i + 1);

}
}

}

int main() {
scanf("%d", &N);
dfs(0);
return 0;

}
all_permutations.c

• wikioi 1294 , http://www.wikioi.com/problem/1294/

• None
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10.3

8×8 8
10-1

10-1

64 8
64 264

64 8 C8
64 ≈ 4.426×109

8 7
8 1 8! = 40320 C[x] x

8!

代码

eight_queen.c
#include <stdio.h>
#include <stdlib.h>

#define N 8 //

int total = 0; //
int C[N]; // C[i] i

/**
* @brief .
*
* http://poj.grids.cn/practice/2698/ ,
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*
* @return
*/

void output() {
int i, j;
printf("No. %d\n", total);
for (j = 0; j < N; ++j) {

for (i = 0; i < N; ++i) {
if (C[i] != j) {

printf("0 ");
} else {

printf("1 ");
}

}
printf("\n");

}
}

/**
* @brief .
* @return
*/

void output1() {
int i, j;
printf("No. %d\n", total);
for (i = 0; i < N; ++i) {

for (j = 0; j < N; ++j) {
if (j != C[i]) {

printf("0 ");
} else {

printf("1 ");
}

}
printf("\n");

}
}

/**
* @brief (row, column) .
*
* @param[in] row
* @return 1 0
*/

int check(const int row, const int column) {
int ok = 1;
int i;
for(i = 0; i < row; ++i) {

// (row, column), (i, C[i])
//
if(column == C[i] || row - i == column - C[i] ||

row - i == C[i] - column) {
ok = 0;
break;
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}
}
return ok;

}

/**
* @brief
*
* @param[in] row
* @return
*/

int search(const int row) {
int j;
if (row == N) { //

++total;
output();
return total;

}

for (j = 0; j < N; ++j) { //
const int ok = check(row, j);
if (ok) { //

C[row] = j;
search(row + 1);

}
}

return total;
}

//
int columns[N];
//
int principal_diagonals[2 * N];
//
int counter_diagonals[2 * N];

/**
* @brief (row, column) .
*
* @param[in] row,
* @return 1 0
*/

int check2(const int row, const int column) {
return columns[column] == 0 && principal_diagonals[row + column] == 0

&& counter_diagonals[row - column + N] == 0;
}

/**
* @brief
*
* @param[in] row
* @return
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*/
int search2(const int row) {

int j;
if (row == N) { //

++total;
output();
return total;

}

for (j = 0; j < N; ++j) { //
const int ok = check2(row, j);
if (ok) { //

//
C[row] = j;
columns[j] = principal_diagonals[row + j] =

counter_diagonals[row - j + N] = 1;
search2(row + 1);
//
C[row] = -1; // C[row]
columns[j] = principal_diagonals[row + j] =

counter_diagonals[row - j + N] = 0;
}

}

return total;
}

int main() {
// search(0);
search2(0);
return 0;

}
eight_queen.c

• ¬ 123 7.4.1

• 2698 , http://poj.grids.cn/practice/2698/

• wikioi 1295 N , http://www.wikioi.com/problem/1295/

• POJ 1321 , http://poj.org/problem?id=1321

¬ , 2009
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10.4 IP

LeetCode Online Judge ”Restore IP Addresses”
IP

”25525511135” [”255.255.11.135”, ”255.255.111.35”] ( )

代码

restore_ip_adresses.cpp
// LeetCode, Restore IP Addresses
class Solution {
public:

vector<string> restoreIpAddresses(string s) {
vector<string> result;
string ip; //
dfs(s, 0, 0, ip, result);
return result;

}

/**
* @brief
* @param[in] s
* @param[in] startIndex s
* @param[in] step 0 0,1,2,3,4
* @param[out] intermediate
* @param[out] result IP
* @return
*/

void dfs(string s, int start, int step, string ip,
vector<string> &result) {

if (s.size() - start > (4 - step) * 3)
return; //

if (s.size() - start < (4 - step))
return; //

if (start == s.size() && step == 4) { //
ip.resize(ip.size() - 1);
result.push_back(ip);
return;

}

int num = 0;
for (int i = start; i < start + 3; i++) {

num = num * 10 + (s[i] - '0');
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if (num <= 255) { //
ip += s[i];
dfs(s, i + 1, step + 1, ip + '.', result);

}
if (num == 0) break; // 0 0

}
}

};
restore_ip_adresses.cpp

10.5 Combination Sum

LeetCode Online Judge ”Combination Sum”
(C) (T) C

T

•

• a1, a2, ·, ak 必

•

2,3,6,7, 7
[7]
[2, 2, 3]

代码

combination_sum.cpp
// LeetCode, Combination Sum
class Solution {
public:

vector<vector<int> > combinationSum(vector<int> &nums, int target) {
sort(nums.begin(), nums.end());
vector<vector<int> > result; //
vector<int> intermediate; //
dfs(nums, target, 0, intermediate, result);
return result;

}
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private:
void dfs(vector<int>& nums, int gap, int level, vector<int>& intermediate,

vector<vector<int> > &result) {
if (gap == 0) { //

result.push_back(intermediate);
return;

}
for (size_t i = level; i < nums.size(); i++) { //

if (gap < nums[i]) return; //

intermediate.push_back(nums[i]); //
dfs(nums, gap - nums[i], i, intermediate, result);
intermediate.pop_back(); //

}
}

};
combination_sum.cpp

10.6 Combination Sum II

LeetCode Online Judge ”Combination Sum II”

代码

combination_sum2.cpp
// LeetCode, Combination Sum II
class Solution {
public:

vector<vector<int> > combinationSum2(vector<int> &nums, int target) {
sort(nums.begin(), nums.end()); // 50

//
vector<vector<int> > result;
vector<int> intermediate;
dfs(nums, target, 0, intermediate, result);
return result;

}
private:

// nums[index, nums.size())
static void dfs(vector<int> &nums, int gap, int index,

vector<int> &intermediate, vector<vector<int> > &result) {
if (gap == 0) { //

result.push_back(intermediate);
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return;
}

int previous = -1;
for (size_t i = index; i < nums.size(); i++) {

// nums[i] nums[i]
// nums[i]
if (previous == nums[i]) continue;

if (gap < nums[i]) return; //

previous = nums[i];

intermediate.push_back(nums[i]);
dfs(nums, gap - nums[i], i + 1, intermediate, result);
intermediate.pop_back(); //

}
}

};
combination_sum2.cpp

10.7

10.7.1

必 必

10.7.2

1.

(a) path[]

(b)

2.
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3. 必

写 struct
struct

4.

1

5.

(a)

(b) §9.6 8

6.
0

7.

必

path[]

8.

(a) 代码

(b)

i.
(DAG) 必

ii. HashMap HashMap
C++ map C++ 11 unordered_map map

8 代码

写 5 8
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10.7.3 代码

dfs_template.cpp
/**
* dfs .
* @param[in] input
* @param[inout] cur or gap
* @param[out] path
* @param[out] result
* @return
*/

void dfs(type *input, type *path, int cur or gap, type *result) {
if ( ) return 0; //
if (cur == input.size( or gap == 0)) { //

path result
}

if ( ) return;

for(...) { //
path

dfs(input, step + 1 or gap--, result);
path

}
}

dfs_template.cpp

10.7.4

(Depth-first search, DFS) http://en.wikipedia.org/wiki/Depth_first_search (backtrack-
ing) http://en.wikipedia.org/wiki/Backtracking

= +

(recursion)

10.7.5

(recursion)
代 (iteration)
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(prunning)

memoization 备

+ memorization memorization 备 §13.1
”top-down with cache” + Donald Michie 1968

top-down
memorization 代 (iterative) mem-

orization memorization memorization 必

memorization
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(Divide and Conquer)

11.1

2k × 2k(1 ≤ k ≤ 100) L
11-1 4 L

L L

11-1 4 L

T T
k

L

3
1
2
3

155
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1
5
21

2k × 2k 4 2k−1 × 2k−1

3
11-2 L 3 k = 1 1

L

11-2

f(k)

2k × 2k L f(k) = 4f(k − 1) + 1

2100 §16.3

代码

chessboard_cover.c
#include<stdio.h>
#include<string.h>

#define MAXK 100

/* 4 */
#define BIGINT_MOD 10000
#define MOD_LEN 4
#define MAX_LEN (61/MOD_LEN+1) /* , 10^x > 4^100 */

int d[MAXK][MAX_LEN * 2]; /* d[k-1] = f(k) */

/**
* @brief .
* @param[in] x
* @param[in] n x
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* @return
*/

void bigint_print(const int x[], const int n) {
int i;
int start_output = 0; /* 0 */
for (i = n - 1; i >= 0; --i) {

if (start_output) { /* 0 */
printf("%04d", x[i]);

} else if (x[i] > 0) {
printf("%d", x[i]); /* 0 */
start_output = 1; /* 0 0 */

}
}

if(!start_output) printf("0"); /* x 0 */
}

/**
* @brief f(k) = 4f(k-1)+1 .
* @param[in] x x
* @param[in] y y
* @param[out] z z=x*y+1
* @return
*/

void bigint_mul_small(const int x[], const int y, int z[]) {
int i;
for (i = 0; i < MAX_LEN * 2; i++) z[i] = 0;

z[0] = 1;

for (i = 0; i < MAX_LEN; i++) z[i] += x[i] * y;

for (i = 0; i < MAX_LEN * 2; i++) { /* */
if (z[i] >= BIGINT_MOD) { /* */

z[i+1] += z[i] / BIGINT_MOD; /* */
z[i] %= BIGINT_MOD;

}
}

}

int main() {
int k, T;
d[0][0] = 1;
for (k = 2; k <= 100; k++) bigint_mul_small(d[k-2], 4, d[k-1]);

scanf("%d", &T);
while(T-- > 0) {

scanf("%d", &k);
bigint_print(d[k - 1], MAX_LEN * 2);
printf("\n");

}
return 0;

}



158 11

chessboard_cover.c

• ¬ 148 8.3.1

• ( 3 )  19 2.6

• NYOJ 45 , http://acm.nyist.net/JudgeOnline/problem.php?pid=45

• POJ 2495 Incomplete chess boards, http://poj.org/problem?id=2495

11.2

2k

• 手必 n-1 手

• 手

• n-1

n n-1 i j i 手 j
手

k 0 < k < 9 k

n n-1 手 i j
i 手 j 手

1

¬ , 2009
 , ( 3 ), , 2007
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1 2
2 1

手 (2k−1 ) 手

手

11-2 k=3 4 k=2
4

11-3 k=3

代码

roundrobin_scheduling.c
#include<stdio.h>
#include<stdlib.h>

#define MAXN 512 /* N=2^k, 0<k9 */
short schedule[MAXN][MAXN];

void dc(const int k) {
int i, j, t;
int n, n2; /* n n */

/* k=1 写 */
n=2;
schedule[0][0]=1; schedule[0][1]=2;
schedule[1][0]=2; schedule[1][1]=1;

/* 代 2^2....2^k 手 */
for(t = 1; t < k; t++, n *= 2) {

n2 = n * 2;
//
for(i = n; i < n2; i++)

for(j = 0; j < n; j++)
schedule[i][j] = schedule[i-n][j] + n;
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//
for(i = 0; i < n; i++)

for(j = n; j < n2; j++)
schedule[i][j] = schedule[i+n][j-n];

//
for(i = n; i < n2; i++)

for(j = n;j < n2; j++)
schedule[i][j] = schedule[i-n][j-n];

}
}

/* */
void dc2(const int k) {

int i, j, r;
int n;
const int N = 1 << k;

/* 手 */
for(i = 0; i < N; i++) schedule[i][0] = i + 1;
schedule[0][1] = 1; /* k=0 */

for (n = 2; n <= N; n *= 2) { /* , 2, 4, 8 */
const int half = n / 2;
for (r = 0; r < N; r += n) { /* */

for (i = r; i <= r + half -1; i++) { /* */
for (j = 0; j < half; j++) { /* */

/* <-- */
schedule[i + half][j + half] = schedule[i][j];
/* <-- */
schedule[i][j + half] = schedule[i + half][j];

}
}

}
}

}

int main(){
int k, N;
int i,j;

scanf("%d",&k);
N = 1 << k;

dc(k);
// dc2(k);

//
for(i = 0; i < N; i++) {

for(j = 0; j < N; j++) printf("%d ", schedule[i][j]);
printf("\n");
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}
return 0;

}
roundrobin_scheduling.c

• ¬ 149 8.3.2

• ( 3 )  34 2.11

• NKOJ 1437 , http://acm.nankai.edu.cn/p1437.html

• SPOJ 2826 Round-Robin Scheduling, http://www.spoj.com/problems/RRSCHED/

• UVa OJ 678 Schedule of Taiwan Baseball League, http://t.cn/zHJD9TQ

¬ , 2009
 , ( 3 ), , 2007
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(greedy algorithm)

• (optimal substructure)

• (greedy-choice property)

12.1

12.2 码

0 1 码 码

码

代码

poj1521_entropy.cpp
// 码 码 码
// 必 码
#include <stdio.h>
#include <string.h>
#include <queue>
#include <functional>

const int LINE_MAX = 256; //
const int MAX_ASCII = 128; // ASCII 码

int main_entropy() {
char s[LINE_MAX];
int count[MAX_ASCII] = {0}; // count[i] ASCII 码 i

162
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int sum;
//
priority_queue<int, vector<int>, greater<int> > pq;

while (scanf("%s", s) > 0) {
sum = 0; //
const int len = strlen(s);

if (strcmp(s,"END") == 0) {
break;

}

for (int i = 0; i < len; i++) {
count[s[i]]++;

}

for (int i = 0;i < MAX_ASCII; i++) {
if (count[i] > 0) {

pq.push(count[i]);
count[i] = 0;

}
}
while (pq.size() > 1) {

const int a = pq.top(); pq.pop();
const int b = pq.top(); pq.pop();
sum += a + b;
pq.push(a + b);

}
if (sum == 0) {

sum = len; // pq
}

while (!pq.empty()) { // clear
pq.pop();

}
//
printf("%d %d %.1f\n", 8 * len, sum, ((double)8 * len) / sum);

}
return 0;

}
poj1521_entropy.cpp

• POJ 1521 Entropy, http://poj.org/problem?id=1521

• POJ 3253 Fence Repair, http://poj.org/problem?id=3253
• ¬ 155 8-5

¬ , 2009
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• Introduction to Algorithms ¬ 16.3

• ( 3 )  109 4.4

12.3

¬CLRS,Introduction to Algorithms(3rd Edition), 2009
 , ( 3 ), 2007



13

• (optimal substructure)
• (overlap subproblem)

4
•
•
•
•

4 4 3

1 2
3 4 写代码

写代码 (recursive)+ (top-down)+ (bottom-
up)+ memorization 备

1 (disjoint subproblems) 2
3 DAG
disjoint subproblems

13.1 备

(dynamic programming) 备 (memorization)
lazy memorization lazy (on-demand)

memorization StackOverflow http://t.cn/z80ZS6B

备

165
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13.2

(subsequence) 0
X = (x1, x2, · · · , xm) Z = (z1, z2, · · · , zk) X

(i1, i2, · · · , ik) j = 1, 2, · · · , k zj = xij

Z = (B,C,D,B) X = (A,B,C,B,D,A,B) (1, 2, 4, 6)

X Y X Y (longest common subsequence)

200 代

abcfbc abfcab
programming contest
abcd mnp

4
2
0

X = (x1, x2, · · · , xm) Y = (y1, y2, · · · , yn)
Z = (z1, z2, · · · , zk)

• xm = yn zk = xm = yn Zk−1 Xm−1 Yn−1

• xm ̸= yn zk ̸= xm Z Xm−1 Y

• xm ̸= yn zk ̸= yn Z X Yn−1

Xm−1 = (x1, x2, · · · , xm−1), Yn−1 = (y1, y2, · · · , yn−1), Zk−1 = (z1, z2, · · · , zk−1)
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d[i][j] Xi Yj

d[i][j] =


0 i = 0, j = 0

d[i− 1][j − 1] + 1 i, j > 0;xi = yi

max {d[i][j − 1], d[i− 1][j]} i, j > 0;xi ̸= yi

p p[i][j] d[i][j]

代码

lcs.c
#include <stdio.h>
#include <string.h>

#define MAX 201 /* 200 */

int d[MAX][MAX]; /* d[i][j] Xi Yj */
char x[MAX], y[MAX]; /* '0' */

void lcs(const char *x, const int m, const char *y, const int n) {
int i, j;

for (i = 0; i <= m; i++) d[i][0] = 0; /* */
for (j = 0; j <= n; j++) d[0][j] = 0;

for (i = 1; i <= m; i++) {
for (j = 1; j <= n; j++) {

if (x[i-1] == y[j-1]) {
d[i][j] = d[i-1][j-1] + 1;

} else {
d[i][j] = d[i-1][j] > d[i][j-1] ? d[i-1][j] : d[i][j-1];

}
}

}
}

void lcs_extend(const char *x, const int m, const char *y, const int n);
void lcs_print(const char *x, const int m, const char *y, const int n);

int main() {
/* while (scanf ("%s%s", a, b)) { /* TLE */
/* while (scanf ("%s%s", a, b) == 2) { /* AC */
while (scanf ("%s%s", x, y) != EOF) { /* AC */

const int lx = strlen(x);
const int ly = strlen(y);
lcs(x, lx, y, ly);
printf ("%d\n", d[lx][ly]);
/*
lcs_extend(x, lx, y, ly);
lcs_print(x, lx, y, ly);
printf("\n"); */
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}
return 0;

}

int p[MAX][MAX]; /* p[i][j] d[i][j] */

void lcs_extend(const char *x, const int m, const char *y, const int n) {
int i, j;

memset(p, 0, sizeof(p));
for (i = 0; i <= m; i++) d[i][0] = 0; /* */
for (j = 0; j <= n; j++) d[0][j] = 0;

for (i = 1; i <= m; i++) {
for (j = 1; j <= n; j++) {

if (x[i-1] == y[j-1]) {
d[i][j] = d[i-1][j-1] + 1;
p[i][j] = 1;

} else {
if (d[i-1][j] >= d[i][j-1]) {

d[i][j] = d[i-1][j];
p[i][j] = 2;

} else {
d[i][j] = d[i][j-1];
p[i][j] = 3;

}
}

}
}

}

void lcs_print(const char *x, const int m, const char *y, const int n) {
if (m == 0 || n == 0) return;

if (p[m][n] == 1) {
lcs_print(x, m - 1, y, n - 1);
printf("%c", x[m - 1]);

} else if (p[m][n] == 2) {
lcs_print(x, m - 1, y, n);

} else {
lcs_print(x, m, y, n - 1);

}
}

lcs.c

• ( 3 ) ¬ 56 3.3

¬ , ( 3 ), , 2007
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• POJ 1458 Common Subsequence, http://poj.org/problem?id=1458

• HDOJ 1159 Common Subsequence, http://acm.hdu.edu.cn/showproblem.php?pid=1159

• ¬ 203 10.5

• 2806 , http://poj.grids.cn/practice/2806/

• HDOJ 1080 Human Gene Functions, http://acm.hdu.edu.cn/showproblem.php?pid=1080

• HDOJ 1503 Advanced Fruits, http://acm.hdu.edu.cn/showproblem.php?pid=1503

13.3

S1, S2, ·, Sn(1 ≤ n ≤ 1, 000, 000,−32768 ≤ Si ≤ 32768)

sum(i, j) = Si + ·+ Sj(1 ≤ i ≤ j ≤ n)

sum(i, j) (maximum continuous subsequence sum)

n n

3 1 2 3
6 -1 4 -2 3 -2 3

6
6

¬ , , , 2007
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1 SubArray 2. SubArray
SubArray 0

SubArray
SubArray 0 0
0 SubArray
d[j] S[j]

d[j] = max {d[j − 1] + S[j], S[j]} , 1 ≤ j ≤ n

target = max {d[j]} , 1 ≤ j ≤ n

• S[j] d[j− 1]+

S[j]

• S[j] S[j] S[j]

代码

mcss.c
#include <stdio.h>
#include <stdlib.h>
#include <limits.h>

#define max(a,b) ((a)>(b)?(a):(b))
#define min(a,b) ((a)<(b)?(a):(b))

/**
* @brief
* @param[in] S
* @param[in] n
* @return
*/

int mcss(int S[], int n) {
int i, result, cur_min;
int *sum = (int*) malloc((n + 1) * sizeof(int)); // n

sum[0] = 0;
result = INT_MIN;
cur_min = sum[0];
for (i = 1; i <= n; i++) { /* */

sum[i] = sum[i - 1] + S[i - 1];
}
for (i = 1; i <= n; i++) {

result = max(result, sum[i] - cur_min);
cur_min = min(cur_min, sum[i]);
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}
free(sum);
return result;

}

/**
* @brief
* @param[in] S
* @param[in] n
* @return
*/

int mcss_dp(int S[], int n) {
int i, result;
int *d = (int*) malloc(n * sizeof(int));
d[0] = S[0];
result = d[0];
for (i = 1; i < n; i++) {

d[i] = max(S[i], d[i - 1] + S[i]);
if (result < d[i])

result = d[i];
}
free(d);
return result;

}

int main() {
int n, *S;
while (scanf("%d", &n) > 0) {

int i;
S = (int*) malloc(n * sizeof(int));
for (i = 0; i < n; i++)

scanf("%d", &S[i]);

printf("%d\n", mcss_dp(S, n));
free(S);

}
return 0;

}
mcss.c

• i j O(n3)

• O(n2)

• O(n logn)

• O(n2) 代码 O(n)

• M=1 M §13.4

http://www.cnblogs.com/gj-Acit/archive/2013/02/12/2910332.html
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• LeetCode Maximum Subarray, http://leetcode.com/onlinejudge#question_53

• HDOJ 1024 Max Sum Plus Plus, http://acm.hdu.edu.cn/showproblem.php?pid=1024

13.4 M

S1, S2, ·, Sn(1 ≤ n ≤ 1, 000, 000,−32768 ≤ Si ≤ 32768)

sum(i, j) = Si + ...+ Sj(1 ≤ i ≤ j ≤ n)

m m i j sum(i1, j1) + sum(i2, j2) + ...+ sum(im, jm)

M (maximum m segments sum)

m n n

1 3 1 2 3
2 6 -1 4 -2 3 -2 3

6
8

d[i,j] j i i 必 S[j]

d[i, j] = max {d[i, j − 1] + S[j],max {d[i− 1, t] + S[j]}} , i ≤ j ≤ n, i− 1 ≤ t < j

target = max {d[m, j]} , m ≤ j ≤ n
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• S[j] i d[i, j − 1] + S[j]

• S[j] max {d[i− 1, t] + S[j]}

d[i,j] d[i,j-1] d[i-1,t]
d[j] d[i, j − 1] + S[j] prev[j]

max {d[i− 1, t] + S[j]}

代码

mmss.c
#include <stdio.h>
#include <stdlib.h>
#include <limits.h>

/**
* @brief m
* @param[in] S
* @param[in] n
* @param[in] m m
* @return m
*/

int mmss(int S[], int n, int m) {
int max_sum, i, j;

/* d[i] prev[i] */
/* d[0], prev[0] */
int *d = (int*) calloc(n + 1, sizeof(int));
int *prev = (int*) calloc(n + 1, sizeof(int));
S--; // j 1 S 0

for (i = 1; i <= m; ++i) {
max_sum = INT_MIN;
for (j = i; j <= n; ++j) {

//
if (d[j - 1] < prev[j - 1])

d[j] = prev[j - 1] + S[j];
else

d[j] = d[j - 1] + S[j];

prev[j - 1] = max_sum; //
if (max_sum < d[j])

max_sum = d[j]; // max_sum
}
prev[j - 1] = max_sum;

}

free(d);
free(prev);
return max_sum;

}

int main() {
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int n, m, i, *S;
while (scanf("%d%d", &m, &n) == 2) {

S = (int*) malloc(sizeof(int) * n);
for (i = 0; i < n; ++i)

scanf("%d", &S[i]);
printf("%d\n", mmss(S, n, m));
free(S);

}
return 0;

}
mmss.c

• HDOJ 1024 Max Sum Plus Plus, http://acm.hdu.edu.cn/showproblem.php?pid=1024

• LeetCode Best Time to Buy and Sell Stock III, http://leetcode.com/onlinejudge#question_123

代码 https://gist.github.com/soulmachine/5906637

13.5

(Knapsack problem¬)
• 0-1 (0-1 knapsack problem)
• (UKP, unbounded knapsack problem)
• (BKP, bounded knapsack problem) i c[i]

https://github.com/tianyicui/pack

13.5.1 0-1

N i wi vi W

1 T T 3 1
N,W (N ≤ 1000,W ≤ 1000) 2 N

3 N

¬Knapsack problem, http://en.wikipedia.org/wiki/Knapsack_problem
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1
5 10
1 2 3 4 5
5 4 3 2 1

14

f[i][j] i j

f [i][j] = max {f [i− 1][j], f [i− 1][j − w[i] + v[i]}

i j

• i f [i− 1][j]

• i f [i− 1][j − w[i]] + v[i]

代码

f[0..N][0..W] = 0
for i=1..N

for j=0..W
f[i][j]=max{f[i-1][j],f[i-1][j-w[i]]+v[i]};

f[0..N][0..W] = 0
for i=1..N

for j=W..0
f[i][j]=max{f[i-1][j],f[i-1][j-w[i]]+v[i]};

代码

for i=1..N
for j=W..0

d[j]=max{d[j],d[j-w[i]]+v[i]};

1
3 10
4 5 6
3 4 5
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f 13-1

13-1 0-1

d ¬ d[j] d[j] f[i-1][j] d[j]
f[i][j]

0-1
代码

def ZeroOneKnapsack(d[], i)
for j = W..w[i]

d[j] = max(d[j], d[j-w[i]] + v[i])

0-1 代码 写

d[0..W] = 0
for i = 1..N

ZeroOneKnapsack(d[], i)

代码

1

01knapsack.c
#include <stdio.h>
#include <string.h>

#define MAXN 1000
#define MAXW 1000

int N, W;
int w[MAXN+1], v[MAXN+1]; /* 0 */

int f[MAXN + 1][MAXW + 1];

void dp() {
int i, j;
memset(f, 0, sizeof(f)); /* */
for(i = 1; i <= N; ++i) {

/* for(j = W; j >= 0; --j) { /* */
for(j = 0; j <= W; ++j) {

f[i][j] = f[i-1][j];

¬ , 2009 169 9.3.3
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if(j >= w[i]) {
const int tmp = f[i-1][j-w[i]] + v[i];
if(tmp > f[i][j]) f[i][j] = tmp;

}
}

}
}

int main() {
int i, T;
scanf("%d", &T);
while(T--) {

scanf("%d %d", &N, &W);
for(i = 1; i <= N; ++i) scanf("%d", &v[i]);
for(i = 1; i <= N; ++i) scanf("%d", &w[i]);

dp();
printf("%d\n", f[N][W]);

}
return 0;

}
01knapsack.c

2

01knapsack2.c
#include <stdio.h>
#include <string.h>

#define MAXN 1000
#define MAXW 1000

int N, W;
int w[MAXN], v[MAXN];

int d[MAXW + 1]; /* */

/**
* @brief 0-1 .
* @param[in] d
* @param[in] i
* @return
*/

void zero_one_knapsack(int d[], const int i) {
int j;
for(j = W; j >= w[i]; --j) {

const int tmp = d[j - w[i]] + v[i];
if(tmp > d[j]) d[j] = tmp; /* < > */

}
}

void dp() {
int i;
memset(d, 0, sizeof(d)); /* */
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for(i = 0; i < N; ++i) zero_one_knapsack(d, i);
}

int main() {
int i, T;
scanf("%d", &T);
while(T--) {

scanf("%d %d", &N, &W);
for(i = 0; i < N; ++i) scanf("%d", &v[i]);
for(i = 0; i < N; ++i) scanf("%d", &w[i]);

dp();
printf("%d\n", d[W]);

}
return 0;

}
01knapsack2.c

• ¬ 167 9-5

• HDOJ 2602 Bone Collector, http://acm.hdu.edu.cn/showproblem.php?pid=2602

• wikioi 1014 , http://www.wikioi.com/problem/1014/,
代码 https://gist.github.com/soulmachine/6248518

13.5.2

(piggy bank)

1 T T E F
(gram) 10kg

¬ , 2009
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1 ≤ E ≤ F ≤ 10000 N(1 ≤ N ≤ 500) N
v w(1 ≤ v ≤ 50000, 1 ≤ w ≤ 10000)

”The minimum amount of money in the piggy-bank is X.” X
”This is impossible.”

3
10 110
2
1 1
30 50
10 110
2
1 1
50 30
1 6
2
10 3
20 4

The minimum amount of money in the piggy-bank is 60.
The minimum amount of money in the piggy-bank is 100.
This is impossible.

E F
F-E 必

0-1
0 1 2 W/w[i]

写 0-1 i W/w[i] 0-1∑ W

w[i]
0-1 O(W

∑ W

w[i]
)

f [i][j] = max {f [i− 1][j − k ∗ w[i]] + k ∗ v[i], 0 ≤ k ∗ w[i] ≤ j}

代码
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for i = 1..N
for j = W..w[i]

for k = 1..j/w[i]
d[j] = max{d[j], d[j-k*w[i]] + k*v[i]};

写

for i = 1..N
for k = 1..W/w[i]

ZeroOneKnapsack(d[], w, v)

i 2k ∗w[i] 2k ∗ v[i]
k 2k ∗w[i] ≤ W [1, W/w[i]]

1, 2, 4, ..., 2k

O

(
W

w[i]

)
O

(
log W

w[i]

)
代码

def UnboundedKnapsack(d[], i)
k=1
while k*w[i] <= W

ZeroOneKnapsack(d[], k*w[i], k*v[i])
k=2*k

O(NW ) 代码

for i = 1..N
for j = 0..W

d[j] = max{d[j], d[j-w[i]] + v[i]};

0-1 代码 0-1

0-1
i i f [i− 1][j−w[i]]

必 j
代码 写

f [i][j] = max {f [i− 1][j], f [i][j − w[i] + v[i]}

def UnboundedKnapsack(d[], i)
for j = w[i]..W

d[j] = max(d[j], d[j-w[i]] + v[i])

代码

piggy_bank.c
#include <stdio.h>

#define MAXN 500
#define MAXW 10000
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/* 0x7FFFFFFF */
const int INF = 0x0FFFFFFF;

int N, W;
int w[MAXN], v[MAXN];

int d[MAXW + 1]; /* */

/**
* @brief .
* @param[in] d
* @param[in] i
* @return
*/

void unbounded_knapsack(int d[], const int i) {
int j;
for(j = w[i]; j <= W; ++j) {

const int tmp = d[j - w[i]] + v[i];
if(tmp < d[j]) d[j] = tmp; /* < > */

}
}
/** c */
void zero_one_knapsack(int d[], const int i, const int c) {

int j;
const int neww = c * w[i];
const int newv = c * v[i];
for(j = W; j >= neww; --j) {

const int tmp = d[j - neww] + newv;
if(tmp < d[j]) d[j] = tmp; /* < > */

}
}

void unbounded_knapsack1(int d[], const int i) {
int k = 1;
while(k * w[i] <= W) {

zero_one_knapsack(d, i, k);
k *= 2;

}
}

void dp() {
int i;
for(i = 0; i <= W; ++i) d[i] = INF; /* */
d[0] = 0;

for(i = 0; i < N; ++i) unbounded_knapsack(d, i);
}

int main() {
int i, T;
int E, F;

scanf("%d", &T);
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while(T--) {
scanf("%d %d", &E, &F);
W = F - E;
scanf("%d", &N);
for(i = 0; i < N; ++i) scanf("%d %d", &v[i], &w[i]);

dp();
if(d[W] == INF) {

printf("This is impossible.\n");
} else {

printf("The minimum amount of money in the piggy-bank is %d.\n",
d[W]);

}
}
return 0;

}

/* i 0 1 ... W/w[i] AC TLE */
void unbounded_knapsack2(int d[], const int w, const int v) {

int j, k;
for(j = W; j >= w; --j) {

const int K = j / w;
for(k = 1; k <= K; ++k) {

const int tmp = d[j - k * w] + k * v;
if(tmp < d[j]) d[j] = tmp; /* < > */

}
}

}

/* i 0 1 ... W/w[i] AC TLE */
void unbounded_knapsack3(int d[], const int w, const int v) {

int k;
const int K = W / w;
for(k = 0; k < K; ++k){

zero_one_knapsack(d, w, v);
}

}
piggy_bank.c

• ¬ 167 9-4

• POJ 1384 Piggy-Bank, http://poj.org/problem?id=1384

• HDOJ 1114 Piggy-Bank, http://t.cn/zWXbXIn

• POJ 2063 Investment, http://poj.org/problem?id=2063

¬ , 2009
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13.5.3

备

W N

1 T T W N(1 ≤
W ≤ 100, 1 ≤ N ≤ 100), N 3
w v c (1 ≤ w ≤ 20, 1 ≤ v ≤ 200, 1 ≤ c ≤ 20)

1
8 2
2 100 4
4 100 2

400

i c[i]
0-1 i

c[i] 0-1
∑

c[i] 0-1
O(W

∑
c[i])

f [i][j] = max {f [i− 1][j − k ∗ w[i]] + k ∗ v[i], 0 ≤ k ≤ c[i], 0 ≤ k ∗ w[i] ≤ j}

代码
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for i = 1..N
for j = W..w[i]

K = min{j/w[i], c[i]}
for k = 1..K

d[j] = max{d[j], d[j-k*w[i]] + k*v[i]};

写

for i = 1..N
for k = 1..c[i]

ZeroOneKnapsack(d[], i)

i
1, 2, 22, ..., 2k−1, c[i] −

2k +1 k 2k − 1 < c[i] 13 c[i]=13 k=3
1,2,4,6
O(c[i]) O(log c[i]) 代码

// c,
def ZeroOneKnapsack(d[], i, c)

for j = W..w[i]
d[j] = max(d[j], d[j-c*w[i]] + c*v[i])

def BoundedKnapsack(d[], i)
if c[i]*w[i] >= W

unbounded_knapsack(d[], i);
return;

k = 1;
while k < c[i]

zero_one_knapsack(d[], i, k);
c[i] -= k;
k *= 2;

zero_one_knapsack(d[], i, c);

代码

bkp.c
#include <stdio.h>
#include <string.h>

#define MAXN 100
#define MAXW 100

int N, W;
int w[MAXN], v[MAXN], c[MAXN];

int d[MAXW + 1]; /* */

/** c */
void zero_one_knapsack(int d[], const int i, const int c) {

int j;
const int neww = c * w[i];
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const int newv = c * v[i];
for(j = W; j >= neww; --j) {

const int tmp = d[j - neww] + newv;
if(tmp > d[j]) d[j] = tmp; /* < > */

}
}

void unbounded_knapsack(int d[], const int i) {
int j;
for(j = w[i]; j <= W; ++j) {

const int tmp = d[j - w[i]] + v[i];
if(tmp > d[j]) d[j] = tmp; /* < > */

}
}

/**
* @brief .
* @param[in] d
* @param[in] i
* @param[in] c
* @return
*/

void bounded_knapsack(int d[], const int i) {
int k;
for(k = 0; k < c[i]; ++k) {

zero_one_knapsack(d, i, 1);
}

}

/* */
void bounded_knapsack1(int d[], const int i) {

int k;
if(c[i] * w[i] >= W) {

unbounded_knapsack(d, i);
return;

}

k = 1;
while(k < c[i]) {

zero_one_knapsack(d, i, k);
c[i] -= k;
k *= 2;

}
zero_one_knapsack(d, i, c[i]);

}

void dp() {
int i;
memset(d, 0, sizeof(d)); /* */

for(i = 0; i < N; ++i) bounded_knapsack1(d, i);
}



186 13

int main() {
int i;
int T;
scanf("%d", &T);
while(T--) {

scanf("%d %d", &W, &N);
for(i = 0; i < N; ++i) scanf("%d %d %d", &w[i], &v[i], &c[i]);

dp();
printf("%d\n", d[W]);

}
return 0;

}
bkp.c

• HDOJ 2191 , http://acm.hdu.edu.cn/showproblem.php?pid=2191

• None

13.6

(DAG)

13.6.1

(a1, a2, ..., aN )

(ai1, ai2, ..., aiK) 1 ≤ i1 < i2 < ... < iK ≤ N

(1, 7, 3, 5, 9, 4, 8) (1, 7), (3, 4, 8) 4
(1, 3, 5, 8)

(longest increasing subsequence)

N(1 ≤ N ≤ 1000) N
0 10000
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7
1 7 3 5 9 4 8

4

d[j] aj

d[j] =

1 j = 1

max {d[i]}+ 1 1 < i < j, ai < aj

代码

lis.c
#include<stdio.h>
#define MAXN 1001 // a[0]

int N;
int a[MAXN];
int d[MAXN];

void dp() {
int i, j;
d[1] = 1;

for (j = 2; j <= N; j++) { // aj
int max = 0; // aj
for (i = 1; i < j; i++) if (a[i] <a[j] && max < d[i]) max = d[i];
d[j] = max + 1;

}
}

int main() {
int i, max;
scanf("%d",&N);
for (i = 1; i <= N;i++) scanf("%d",&a[i]);

dp();

max = 0;
for(i = 1; i <= N;i++) if (d[i] > max) max = d[i];
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printf("%d\n",max);
return 0;

}
lis.c

• ¬ 198 10.3

• 2757 , http://poj.grids.cn/practice/2757/

• POJ 2533 Longest Ordered Subsequence, http://poj.org/problem?id=2533

• wikioi 1576, , http://www.wikioi.com/problem/1576/

• wikioi 1044 http://www.wikioi.com/problem/1044/,
代码 https://gist.github.com/soulmachine/6248489

13.6.2

n a, b X(a, b) Y (c, d)

a < c, b < d b < c, a < d X90 1,5 6,2
3,4

N(0 < N < 10)

n (n <= 1000) n a, b(0 < a, b < 100)

¬ , , ,2007



13.6 189

1
10
1 2
2 4
5 8
6 10
7 9
3 1
5 8
12 10
9 7
2 2

5

DAG
d[i] i

d[i] = max {d[j] + 1|(i, j) ∈ E}

E d[i]

代码

embedded_rectangles.c
#include <stdio.h>
#include <string.h>

#define MAXN 1000 //

int n; //
int G[MAXN][MAXN]; //
int d[MAXN]; //

/**
* @brief 备 .
* @param[in] i
* @return i
*/

int dp(const int i) {
int j;
int *ans= &d[i];
if(*ans > 0) return *ans;

*ans = 1;
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for(j = 0; j < n; j++) if(G[i][j]) {
const int next = dp(j) + 1;
if(*ans < next) *ans = next;

}
return *ans;

}

/**
* @brief .
*
* d[i] i
*
* @param[in] i
* @return
*/

void print_path(const int i) {
int j;
printf("%d ", i);
for(j = 0; j < n; j++) if(G[i][j] && d[i] == d[j] + 1) {

print_path(j);
break;

}
}

int main() {
int N, i, j;
int max, maxi;
int a[MAXN],b[MAXN];

scanf("%d", &N);
while(N--) {

memset(G, 0, sizeof(G));
memset(d, 0, sizeof(d));

scanf("%d", &n);
for(i = 0; i < n; i++) scanf("%d%d", &a[i], &b[i]);

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

if((a[i] > a[j] && b[i] > b[j]) ||
(a[i] > b[j] && b[i] > a[j])) G[i][j] = 1;

max = 0;
maxi = -1;
for(i = 0; i < n; i++) if(dp(i) > max) {

max = dp(i);
maxi = i;

}
printf("%d\n", max);
// print_path(maxi);

}
return 0;

}
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embedded_rectangles.c

• ¬ 161 9.2.1

• NYOJ 16 , http://acm.nyist.net/JudgeOnline/problem.php?pid=16

• None

13.6.3 2

n(n ≤ 1000) 0 ∼ 1000000

n

n

n , ai, bi, ci 代 i ai bi

< ci

3
1 2 1
2 3 2
1 3 4

4

¬ , 2009
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i 1 n, i

f[i] i i

f [i] = max {f [j]}+ c[i], 2 ≤ i ≤ n, 1 ≤ j ≤ i− 1, b[j]<=a[i]

b[j]<=a[i] j i
f[i]

代码

lines_cover.c
/* http://www.wikioi.com/problem/3027/ */
#include <stdio.h>
#include <stdlib.h>
#include <limits.h>

#define MAXN 1000

typedef struct line_t {
int a, b, c;

} line_t;

int line_cmp(const void *a, const void *b) {
line_t *la = (line_t*)a;
line_t *lb = (line_t*)b;
return la->b - lb->b;

}

int n;
line_t line[MAXN];
int f[MAXN];

void dp() {
int i, j;
qsort(line, n, sizeof(line_t), line_cmp);
f[0] = line[0].c;

for (i = 1; i < n; i++) {
int max = 0;
for (j = 0; j < i; j++) {

if (line[j].b <= line[i].a) max = max > f[j] ? max : f[j];
}
f[i] = max + line[i].c;

}
}

static int max_element(const int a[], int begin, int end) {
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int i;
int max_value = INT_MIN;
int max_pos = -1;
for (i = begin; i < end; i++) {

if (max_value < a[i]) {
max_value = a[i];
max_pos = i;

}
}
return max_pos;

}

int main() {
int i;
scanf("%d", &n);
for (i = 0; i < n; i++) scanf("%d%d%d", &line[i].a, &line[i].b, &line[i].c);

dp();

printf("%d\n", f[max_element(f, 0, n)]);
return 0;

}
lines_cover.c

• wikioi 3027 2, http://www.wikioi.com/problem/3027/

• None

13.6.4

n v1, v2, v3, · · · , vn S

S 1 ≤ n ≤ 100, 1 ≤ S ≤ 10000, 1 ≤
vi ≤ S

1 n 2 S 3 n+ 2 n

1 2
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3
6
1
2
3

2
6

DAG
S 0

i j i− vj

d[i] i d[S]

d[i] = max {d[j] + 1, (i, j) ∈ E}

§13.5.2 S 必

vi 1

代码

1 备

coin_change.c
#include<stdio.h>
#include <string.h>

#define MAXN 100
#define MAXV 10000

/** . */
int n;
/** . */
int S;
/** . */
int v[MAXN];
/** min[i] i max . */
int min[MAXV + 1], max[MAXV + 1];

/**
* @brief .
* @param[in] s
* @return
*/
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int dp1(const int s) { //
int i;
int *ans = &min[s];
if(*ans != -1) return *ans;
*ans = 1<<30;
for(i = 0; i < n; ++i) if(v[i] <= s) {

const int tmp = dp1(s-v[i])+1;
*ans = *ans < tmp ? *ans : tmp;

}
return *ans;

}

int visited[MAXV + 1];
/**
* @brief .
* @param[in] s
* @return
*/

int dp2(const int s) { //
int i;
int *ans = &max[s];

if(visited[s]) return max[s];
visited[s] = 1;

*ans = -1<<30;
for(i = 0; i < n; ++i) if(v[i] <= s) {

const int tmp = dp2(s-v[i])+1;
*ans = *ans > tmp ? *ans : tmp;

}
return *ans;

}

void print_path(const int* d, const int s);

int main() {
int i;
scanf("%d%d", &n, &S);
for(i = 0; i < n; ++i) scanf("%d", &v[i]);

memset(min, -1, sizeof(min));
min[0] = 0;
printf("%d\n", dp1(S));
// print_path(min, S);

memset(max, -1, sizeof(max));
memset(visited, 0, sizeof(visited));
max[0] = 0; visited[0] = 1;
printf("%d\n", dp2(S));
// print_path(max, S);

return 0;
}
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/**
* @brief .
* @param[in] d min min
* @param[in] s
* @return
*/

void print_path(const int* d, const int s) {//
int i;
for(i = 0; i < n; ++i) if(v[i] <= s && d[s-v[i]] + 1 == d[s]) {

printf("%d ",i);
print_path(d, s-v[i]);
break;

}
printf("\n");

}
coin_change.c

2

coin_change2.c
#include<stdio.h>

#define MAXN 100
#define MAXV 10000

int n, S, v[MAXN], min[MAXV + 1], max[MAXV + 1];
int min_path[MAXV], max_path[MAXV];

void dp() {
int i, j;

min[0] = max[0] = 0;
for(i = 1; i <= S; ++i) {

min[i] = MAXV;
max[i] = -MAXV;

}

for(i = 1; i <= S; ++i) {
for(j = 0; j < n; ++j) if(v[j] <= i) {

if(min[i-v[j]] + 1 < min[i]) {
min[i] = min[i-v[j]] + 1;
min_path[i] = j;

}
if(max[i-v[j]] + 1 > max[i]) {

max[i] = max[i-v[j]] + 1;
max_path[i] = j;

}
}

}
}

void print_path(const int *d, int s);
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int main() {
int i;
scanf("%d%d", &n, &S);
for(i = 0; i < n; ++i) scanf("%d", &v[i]);

dp();
printf("%d\n", min[S]);
// print_path(min_path, S);
printf("%d\n", max[S]);
// print_path(max_path, S);
return 0;

}

/**
* @brief .
* @param[in] d min_path min_path
* @param[in] s
* @return
*/

void print_path(const int *d, int s) {
while(s) {

printf("%d ", d[S]);
S -= v[d[s]];

}
printf("\n");

}
coin_change2.c

3

coin_change3.c
#include <stdio.h>
#include <string.h>

#define MAXN 100
#define MAXW 10000
/* 0x7FFFFFFF */

const int INF = 0x0FFFFFFF;

int N, W;
int w[MAXN], v[MAXN];

int min[MAXW + 1], max[MAXW + 1]; /* */

int min_path[MAXW + 1], max_path[MAXW + 1];
void print_path(const int *d, int s);

/**
* @brief .
* @param[in] d
* @param[in] i
* @return
*/

void unbounded_knapsack(int min[], int max[], const int i) {



198 13

int j;
for(j = w[i]; j <= W; ++j) {

if(min[j - w[i]] + v[i] < min[j]) {
min[j] = min[j - w[i]] + v[i];
// min_path[j] = i;

}
if(max[j - w[i]] + v[i] > max[j]) {

max[j] = max[j - w[i]] + v[i];
// max_path[j] = i;

}
}

}

void dp() {
int i, j;
min[0] = 0;
max[0] = 0;
for(j = 1; j <= W; ++j) { /* */

min[j] = INF;
max[j] = -INF;

}

for(i = 0; i < N; ++i) unbounded_knapsack(min, max, i);
}

int main() {
int i;
for (i = 0; i < MAXN; ++i) v[i] = 1;
scanf("%d%d", &N, &W);
for(i = 0; i < N; ++i) scanf("%d", &w[i]);

dp();
printf("%d\n", min[W]);
// print_path(min_path, W);
printf("%d\n", max[W]);
// print_path(max_path, W);
return 0;

}

/**
* @brief .
* @param[in] d min_path min_path
* @param[in] j
* @return
*/

void print_path(const int *d, int j) {
while(j) {

printf("%d ", d[j]);
j -= w[d[j]];

}
printf("\n");

}
coin_change3.c



13.7 199

• ¬ 162 9-3

• tyvj 1214 , http://www.tyvj.cn/problem_show.aspx?id=1214

• None

13.7

13.7.1

m× n n× p m× p mnp

A×B × C = (A×B)× C = A× (B × C)

A B C 2×3 3×4 4×5 (A×B)×C 2×3×4+2×4×5 = 64

A× (B × C) 3× 4× 5 + 2× 3× 5 = 90

N

N
N
N 0 N 10

A1, A2, ..., AN

”Case x: ” x

3
1 5
5 20
20 1
3
5 10

¬ , 2009
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10 20
20 35
6
30 35
35 15
15 5
5 10
10 20
20 25
0

Case 1: (A1 x (A2 x A3))
Case 2: ((A1 x A2) x A3)
Case 3: ((A1 x (A2 x A3)) x ((A4 x A5) x A6))

i Ai pi−1 × pi, i=1..N
d[i][j] Ai, Ai+1, ..., Aj

d[i][j] = min {d[i][k] + d[k + 1][j] + pi−1pkpj}

代码

oams.c
#include <stdio.h>
#include <memory.h>
#include <limits.h>

#define INF INT_MAX
#define MAXN 10

int N; /** . */
int p[MAXN + 1]; /** Ai p[i-1]xp[i]. */
int d[MAXN][MAXN]; /** d[i][j] Ai~Aj . */
int s[MAXN][MAXN]; /** Ai~Aj s[i][j] */

/**
* @brief Ai~Aj
* @param[in] i Ai
* @param[in] j Aj
* @return
*/

void print(const int i, const int j) {
if (i == j) {

printf("A%d",i);
} else { /* i < j */

printf("(");
print(i, s[i][j]);
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printf(" x ");
print(s[i][j]+1, j);
printf(")");

}
}

void dp() {
int i, j, k, l; /* l */
for (i = 1;i <= N; ++i) d[i][i]=0;

for (l = 2; l <= N; ++l) {
for (i = 1; i <= N - l + 1; ++i) {

j = i + l -1;
d[i][j] = INF;
for (k = i; k < j; ++k) {

if (d[i][j] > d[i][k] + d[k+1][j] + p[i-1] * p[k] * p[j]) {
d[i][j] = d[i][k] + d[k+1][j] + p[i-1] * p[k] * p[j];
s[i][j] = k;

}
}

}
}

}

int main() {
int i;
int cas = 1;
while (scanf("%d", &N) && N > 0) {

memset(s, 0, sizeof(s));
for (i = 0; i < N; ++i) scanf("%d %d",&p[i],&p[i+1]);

dp();

printf("Case %d: ", cas++);
print(1, N);
printf("\n");

}
return 0;

}
oams.c

• UVa 348 Optimal Array Multiplication Sequence, http://t.cn/zH2pchp
• ZOJ 1276 Optimal Array Multiplication Sequence, http://t.cn/zH2gW1P

• wikioi 1154, , http://www.wikioi.com/problem/1154,
代码 https://gist.github.com/soulmachine/6248459

• Matrix67 - http://www.matrix67.com/blog/archives/276
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13.7.2

N 2

N

N, 1 ≤ N ≤ 40000

N

N

4
1
1
1
1

8

代 d(i, j) i

j

d(i, j) = min {d(i, k) + d(k + 1, j) + sum(i, j)}

sum(i, j) i j 代码 https://gist.github.com/soulmachine/6195139

O(N3) O(N2) 代码

https://TODO

O(N2) N

Garsia-Wachs ¬

3 a,b,c , ,
score1 = (a+b) + ((a+b)+c)

¬Donald E. Knuth, The art of computer programming, volume 3, 2nd ed, p446
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score2 = (b+c) + ((b+c)+a)
score1 <= score2, a <= c a c
2-

Garsia-Wachs A[i-1] <= A[i+1] i temp =
A[i]+A[i-1] A[j] > temp temp A[j] ( )

,
13 9 5 7 8 6 14

A[i-1] <= A[i+1] 5 7 8 5 7 12 12

13 12 9 8 6 14
8 6 14 8 6 14 14

14 13 12 9 14
12 9 14 12 9 21 21 21 14 13 14
14 13 14 14 13 27 27 27 21 14
27<14 21 14 35 27 35 62

temp A[j] , 2- A[j+1] A[i-2]
A[mid] A[j], A[mid], temp(A[i-1]+A[i]) temp < A[j] A[mid]

temp , temp A[j]

代码

stone_merge.c
#include <stdio.h>
#define MAXN 55555

int N, A[MAXN]; /* */
int num, result; /* */

void combine(int k) { /* A[k-1] < A[k+1] */
int i, j;

/* k-1 k */
int temp=A[k] + A[k-1];
result += temp;
/* */
for(i = k; i < num - 1; i++) A[i] = A[i+1];
num--;
/* temp */
for(j = k-1; j > 0 && A[j-1] < temp; j--) A[j] = A[j-1];
A[j] = temp;

/* why? */
while(j >= 2 && A[j] >= A[j-2]) {

int d = num - j;
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combine(j - 1);
j = num - d;

}
}

int main() {
int i;

scanf("%d",&N);
if(N == 0) return 0;
for(i = 0; i < N; i++) scanf("%d", &A[i]);

num=2;
result=0;
for(i = 2; i < N; i++) {

A[num++] = A[i];
while(num >= 3 && A[num-3] <= A[num-1]) combine(num-2);

}
while(num > 1) combine(num-1);
printf("%d\n",result);
return 0;

}
stone_merge.c

• WIKIOI 1048 , http://www.wikioi.com/problem/1048/

• WIKIOI 2298 , http://www.wikioi.com/problem/2298/

• POJ 1738 An old Stone Game, http://poj.org/problem?id=1738

• None

13.7.3

n ∗m aij

• n m

• n m

• n m

= ∗2i i i

1
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• n m

m

写

1 n m, 1 ≤ n,m ≤ 90 2 ∼ n+ 1 n ∗m
m aij , 0 ≤ aij ≤ 1000

1

2 3
1 2 3
3 4 2

82

1 1 2 1*21+2*21=6
2 2*22+3*22=20
3 3*23+4*23=56 6+20+56=82

f(i,j) [i,j]

f(i, j) = max {f(i+ 1, j) + a(i) ∗ 2x, f(i, j − 1) + a(j) ∗ 2x} , 1 ≤ x ≤ m

f(i, j) = 2 ∗max {f(i+ 1, j) + a(i), f(i, j − 1) + a(j)}

1000 ∗ 280 28



206 13

代码

wikioi1166_matrix_game.c
#include <stdio.h>
#include <memory.h>
#include <limits.h>

/* 4 */
#define BIGINT_RADIX 10000
#define RADIX_LEN 4
/* 1000*2^80 28 */
#define MAX_LEN (28/RADIX_LEN+1) /* */

/**
* @brief .
* @param[in] x
* @param[in] n x
* @return
*/

void bigint_print(const int x[], const int n) {
int i;
int start_output = 0; /* 0 */
for (i = n - 1; i >= 0; --i) {

if (start_output) { /* 0 */
printf("%04d", x[i]);

} else if (x[i] > 0) {
printf("%d", x[i]);
start_output = 1; /* 0 0 */

}
}

if(!start_output) printf("0"); /* x 0 */
}

/**
* @brief 32 bigint.
* @param[in] n 32
* @param[out] x
* @return
*/

int* int_to_bigint(int n, int x[]) {
int i = 0;
memset(x, 0, MAX_LEN * sizeof(int));
while (n > 0) {

x[i++] = n % BIGINT_RADIX;
n /= BIGINT_RADIX;

}
return x;

}

/**
* @brief .
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* @param[in] x x
* @param[in] y y
* @return x<y -1 0 1.
*/

int bigint_cmp(const int x[], const int y[]) {
int i, lenx = 0, leny = 0;
for (i = 0; i < MAX_LEN; i++) {

if (x[i] != 0) lenx++;
else break;

}
for (i = 0; i < MAX_LEN; i++) {

if (y[i] != 0) leny++;
else break;

}
if (lenx < leny) return -1;
else if (lenx > leny) return 1;
else {

for (i = lenx - 1; i >= 0; i--) {
if (x[i] == y[i]) continue;
else if (x[i] > y[i]) return 1;
else return -1;

}
return 0;

}
}

/**
* @brief .
* @param[inout] x
* @param[in] y 32
* @return
*/

int* bigint_add(int x[], const int y) {
int i;

x[0] += y;
for (i = 0; i < MAX_LEN; i++) {

if (x[i] >= BIGINT_RADIX) {
x[i+1] += x[i] / BIGINT_RADIX;
x[i] %= BIGINT_RADIX;

}
}
return x;

}

/**
* @brief , in place.
* @param[inout] x x=x+y
* @param[in] y y
* @return
*/

void bigint_add1(int x[], const int y[]) {
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int i;
int c = 0;

for (i = 0; i < MAX_LEN; i++) { /* */
const int tmp = x[i] + y[i] + c;
x[i] = tmp % BIGINT_RADIX;
c = tmp / BIGINT_RADIX;

}
}

/**
* @brief , x = x*y.
* @param[inout] x x
* @param[in] y y
* @return
*/

void bigint_mul(int x[], const int y) {
int i;
int c = 0; /* */

for (i = 0; i < MAX_LEN; i++) { /* y x */
const int tmp = x[i] * y + c;
x[i] = tmp % BIGINT_RADIX;
c = tmp / BIGINT_RADIX;

}
}

#define MAX 80 /* n,m */

int n, m;
int matrix[MAX][MAX]; /* */
/* f[i][j] [i,j]
* f[i][j] = f[i+1][j]+a[i]*2^x, f[i][j-1]+a[j]*2^x, 1<=x<=m
* f[i][j] = 2*max(f[i+1][j]+a[i], f[i][j-1]+a[j])
*/

int f[MAX][MAX][MAX_LEN];
int tmp[MAX_LEN];

/**
* @brief .
* @param[in] a
* @return
*/

int* dp(int a[MAX], int l, int r) {
if (l == r) {

int_to_bigint(a[l] * 2, f[l][r]);
return f[l][r];

}
if (f[l][r][0] >= 0) return f[l][r];

if (l < r) {
memcpy(f[l][r], dp(a, l+1, r), sizeof(f[l][r]));
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bigint_mul(bigint_add(f[l][r], a[l]), 2);
memcpy(tmp, dp(a, l, r-1), sizeof(tmp));
bigint_mul(bigint_add(tmp, a[r]), 2);

if (bigint_cmp(f[l][r], tmp) < 0) memcpy(f[l][r], tmp, sizeof(tmp));
}
return f[l][r];

}

int main() {
int i, j, result[MAX_LEN];
scanf("%d%d", &n, &m);

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

scanf("%d", &matrix[i][j]);
}

}

memset(result, 0, sizeof(result));
for (i = 0; i < n; i++) {

memset(f, 0, sizeof(f));
for (j = 0; j < m; j++) {

int k;
for (k = 0; k < m; k++) {

f[j][k][0] = -1;
}

}
bigint_add1(result, dp(matrix[i], 0, m-1));

}
bigint_print(result, MAX_LEN);
return 0;

}
wikioi1166_matrix_game.c

• WIKIOI 1166 , http://www.wikioi.com/problem/1166/

• None
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13.8

13.8.1

13-2

13-2

N(1 ≤ N ≤ 100) N
0 100

5
7
3 8
8 1 0
2 7 4 4
4 5 2 6 5

30
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n 2n

2n

( )
(i,j) d[i][j] (i,j) (i,j)

a[i][j] d[0][0]
(i,j) (i+1,j)

(i+1,j) d[i+1][j]
d[i+1][j+1] d[i+1][j] d[i+1][j+1]

d[i][j] = a[i][j] +max {d[i+ 1][j], d[i+ 1][j + 1]}

代码

1 备

numbers_triangle1.c
#include<stdio.h>
#include<string.h>

#define MAXN 100

int n, a[MAXN][MAXN], d[MAXN][MAXN];

#define max(a,b) ((a)>(b)?(a):(b))

/**
* @brief (i,j)
* @param[in] i
* @param[in] j
* @return
*/

int dp(const int i, const int j) {
if(d[i][j] >= 0) {

return d[i][j];
} else {

return d[i][j] = a[i][j] + (i == n-1 ? 0 : max(dp(i+1, j+1), dp(i+1, j)));
}

}

int main() {
int i, j;
memset(d, -1, sizeof(d));

scanf("%d", &n);
for(i = 0; i < n; i++)
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for (j = 0; j <= i; j++) scanf("%d", &a[i][j]);

printf("%d\n", dp(0, 0));
return 0;

}
numbers_triangle1.c

2

numbers_triangle2.c
#include<stdio.h>
#include<string.h>

#define MAXN 100

int n, a[MAXN][MAXN], d[MAXN][MAXN];

#define max(a,b) ((a)>(b)?(a):(b))

/**
* @brief
* @return
*/

void dp() {
int i, j;
for (i = 0; i < n; ++i) {

d[n-1][i] = a[n-1][i];
}
for (i = n-2; i >= 0; --i)
for (j = 0; j <= i; ++j)

d[i][j] = a[i][j] + max(d[i+1][j], d[i+1][j+1]);
}

int main() {
int i, j;
memset(d, -1, sizeof(d));

scanf("%d", &n);
for(i = 0; i < n; i++)
for (j = 0; j <= i; j++)

scanf("%d", &a[i][j]);

dp();

printf("%d\n", d[0][0]);
return 0;

}
numbers_triangle2.c
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• ¬ 159 9.1.1
• POJ 1163 The Triangle, http://poj.org/problem?id=1163

• 2760 , http://poj.grids.cn/practice/2760/
• wikioi 1220 , http://www.wikioi.com/problem/1220/

• None

13.8.2

A B
C

C 9 P1 P2 P8 C

13-3

A 0 0 B n,m (n,m 20 )
: C A C B A

B

B n,m X,Y
¬ , 2009
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6 6 3 2

17

f[i][j] (0,0) (i,j)

f [i][j] = f [i− 1][j] + f [i][j − 1]

代码

river.c
#include <stdio.h>
#include <memory.h>

#define MAX 21

int n, m;
int x, y; /* */

/* */
int dx[] = {-2, -1, 1, 2, 2, 1, -1, -2};
int dy[] = {1, 2, 2, 1, -1, -2, -2, -1};

int g[MAX][MAX]; /* 1 0 */
int f[MAX][MAX]; /* f[i][j] = f[i-1][j] + f[i][j-1] */

void dp() {
int i, j;
memset(g, 0, sizeof(g));
memset(f, 0, sizeof(f));

g[x][y] = 1;
for (i = 0; i < 8; i++) if(x+dx[i] >=0 && x+dx[i] <= n &&

y+dy[i] >= 0 && y+dy[i] <= n){
g[x+dx[i]][y+dy[i]] = 1;

}

f[0][0] = 1; /* */
/* */
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for (i = 1; i <= n; i++) if (!g[i][0]) f[i][0] = f[i-1][0];
for (j = 1; j <= m; j++) if (!g[0][j]) f[0][j] = f[0][j-1];

for (i = 1; i <= n; i++) {
for (j = 1; j <= m; j++) {

if (!g[i][j]) f[i][j] = f[i-1][j] + f[i][j-1];
}

}
}

int main() {
scanf("%d%d%d%d", &n, &m, &x, &y);
dp();
printf("%d\n", f[n][m]);
return 0;

}
river.c

• wikioi 1010, , http://www.wikioi.com/problem/1010/

• null

13.8.3

m n

手

(1, 1) (m,n)

0 0 ∼ 100
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2 m n m n (1 ≤ m,n ≤ 50)

m m ∗n i j i j

n

3 3
0 3 9
2 8 5
5 7 0

34

int g[MAX][MAX]
(1, 1) (m,n)

f [i][j][k][l] (i, j), (k, l)

f [i][j][k][l] = max{ f [i− 1][j][k − 1][l],

f [i− 1][j][k][l − 1],

f [i][j − 1][k][l − 1],

f [i][j − 1][k − 1][l]} +g[i][j] + g[k][l]

代码

deliver_note.c
#include <stdio.h>
#include <memory.h>

#define MAX 51 /* m,n 50 51 */

int m, n; /* */
int g[MAX][MAX]; /* */
/** (1 1) (m,n)
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* f[i][j][k][l] (i,j), (k,l
*/

int f[MAX][MAX][MAX][MAX];

#define max(a,b) ((a)>(b)?(a):(b))

void dp() {
int i, j, k, l;
memset(f, 0, sizeof(f));
/* */
for (i = 0; i < m; i++) {

for (j = 0; j < n; j++) {
for (k = 0; k < m; k++) {

for (l = 0; l < n; l++) {
if(i > 0 && k > 0 && (i != k || j != l))

f[i][j][k][l] = max(f[i][j][k][l],
f[i-1][j][k-1][l] + g[i][j]+g[k][l]);

if(i > 0 && l < n && (i-1 != k || j != l-1))
f[i][j][k][l] = max(f[i][j][k][l],

f[i-1][j][k][l-1] + g[i][j]+g[k][l]);
if(j < n && l < n && (i != k || j != l))

f[i][j][k][l] = max(f[i][j][k][l],
f[i][j-1][k][l-1] + g[i][j]+g[k][l]);

if(j < n && k > 0 && (i != k-1 || j-1 != l))
f[i][j][k][l] = max(f[i][j][k][l],

f[i][j-1][k-1][l] + g[i][j]+g[k][l]);
}

}
}

}
}

int main() {
int i, j;
scanf("%d%d", &m, &n);
for (i = 0; i < m; i++) {

for (j = 0; j < n; j++) {
scanf("%d", &g[i][j]);

}
}
dp();
printf("%d\n", f[m-1][n-1][m-1][n-1]);
return 0;

}
deliver_note.c

TODO:

• wikioi 1169, , http://www.wikioi.com/problem/1169/
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• null

13.8.4

n ∗m (2 ≤ n ≤ 50, 2 ≤ m ≤ 50) 13-4

•

•

13-4

(x1,y1) (x2,y2) (x1,y1) (x2,y2)

2 n m 4 x1,y1,x2,y2

30 30
1 15 3 15

2
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f[i][j] (x1,y1) (i,j)

f [i][j] = f [i− 1][j − 2] + f [i− 1][j + 2] + f [i− 2][j − 1] + f [i− 2][j + 1]

32 64

代码

horse.c
#include <stdio.h>
#include <memory.h>
#include <stdint.h>

#define MAX 51 /* n,m 51 */

int n, m;
int x1, y1, x2, y2;
/*f[i][j] (x1,y1) (i,j) */
int64_t f[MAX+1][MAX+1];

void dp() {
int i, j;
memset(f, 0, sizeof(f));
f[x1][y1] = 1;
for (i = x1+1; i <= x2; i++) {

for (j = 1; j <= m; j++) {
f[i][j] = f[i-1][j-2] + f[i-1][j+2] + f[i-2][j-1] + f[i-2][j+1];

}
}

}

int main() {
scanf("%d%d", &n, &m);
scanf("%d%d%d%d", &x1, &y1, &x2, &y2);
dp();
printf("%lld\n", f[x2][y2]);
return 0;

}
horse.c

• wikioi 1219, , http://www.wikioi.com/problem/1219/

• null
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13.9

13.9.1

N 手 K K + 1

K + 1

312 N = 3 K = 1

• 3*12=36

• 31*2=62

31*2=62

2 N,K(6 ≤ N ≤ 40, 1 ≤ K ≤ 6)

N

4 2
1231

62

f[i][j][k] i j k

f [i][j][k] = max {f [i][s][t] ∗ f [s+ 1][j][k − t− 1]} , i ≤ s < j, 0 ≤ t < k

O(N3K2) 代码
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/** wikioi 1017 , http://www.wikioi.com/problem/1017 */
#include <stdio.h>
#include <stdlib.h>
#include <stdint.h>

#define MAXN 40
#define MAXK 6

int N, K;
char str[MAXN];

/** f[i][j][k] i j k . */
int64_t f[MAXN][MAXN][MAXK+1];

#define max(a,b) ((a)>(b)?(a):(b))

/** str[l,r] int64 . */
int64_t num(int l, int r) {

int64_t ret = 0;
int i;
for (i = l; i <= r; i++) {

ret = ret * 10 + str[i] - '0';
}
return ret;

}

/**
* O(n^3*k^2).
*
* f[i][j][k] = max(f[i][s][t] * f[s+1][j][k-t-1]),
* i <= s < j , 0 <= t < k
*/

void dp() {
int i, j, k, s, t;
memset(f, 0, sizeof(f));
for (i = 0; i < N; i++) {

for (j = i; j < N; j++) {
f[i][j][0] = num(i, j);

}
}

for (i = 0; i < N; i++) {
for (j = i; j < N; j++) {

for (k = 1; k <= K; k++) {
for (s = i; s < j; s++) {

for (t = 0; t < k; t++) {
f[i][j][k] = max(f[i][j][k],

f[i][s][t] * f[s + 1][j][k - t - 1]);
}

}
}

}
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}
}

int main() {
scanf("%d%d", &N, &K);
scanf("%s", str);
dp();
printf("%lld\n", f[0][N-1][K]);
return 0;

}

代码 AC f[k][j] [0,j] k

f [k][j] = max {f [k][j], f [k − 1][i] ∗ num(i+ 1, j), 0 ≤ i < j}

O(N2K) 代码

代码

maximal_product.c
/** wikioi 1017 , http://www.wikioi.com/problem/1017 */
#include <stdio.h>
#include <stdlib.h>
#include <stdint.h>

#define MAXN 40
#define MAXK 6

int N, K;
char str[MAXN];

/** f[k][j] [0,j] k . */
int64_t f[MAXK+1][MAXN];

#define max(a,b) ((a)>(b)?(a):(b))

/** str[l,r] int64 . */
int64_t num(int l, int r) {

int64_t ret = 0;
int i;
for (i = l; i <= r; i++) {

ret = ret * 10 + str[i] - '0';
}
return ret;

}

/** O(n^3*k^2). */
void dp() {

int i, j, k;
memset(f, 0, sizeof(f));
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for (j = 0; j < N; j++) {
f[0][j] = num(0, j);

}

for (k = 1; k <= K; k++) {
for (j = 0; j < N; j++) {

for (i = 0; i < j; i++) {
f[k][j] = max(f[k][j], f[k-1][i]*num(i+1, j));

}
}

}
}

int main() {
scanf("%d%d", &N, &K);
scanf("%s", str);
dp();
printf("%lld\n", f[K][N-1]);
return 0;

}
maximal_product.c

• wikioi 1017, , http://www.wikioi.com/problem/1017/

• null

13.9.2

n k ( )
n = 7 k = 3

1 1 5
1 5 1
5 1 1

n, k(6 < n ≤ 200, 2 ≤ k ≤ 6)
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7 3

4

f[k][i] i k 1
1 1 f[n-1][k-1]

1 f[k][n-k]

f [k][i] = f [k − 1][i− 1] + f [k][i− k]

代码

integer_partition.c
/** wikioi 1039 , http://www.wikioi.com/problem/1039 */
#include <stdio.h>
#include <memory.h>

#define MAXN 300
#define MAXK 10

int N, K;

/** f[k][i] i k . */
int f[MAXK+1][MAXN+1];

/** O(K*N). */
void dp() {

int i, k;
memset(f, 0, sizeof(f));
for (i = 1; i <= N; i++) {

f[1][i] = 1;
if (i <= K) f[i][i] = 1;

}

for (k = 2; k <= K; k++) {
for (i = k+1; i <= N; i++) {

f[k][i] = f[k-1][i-1] + f[k][i-k];
}

}
}

int main() {
scanf("%d%d", &N, &K);
dp();
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printf("%d\n", f[K][N]);
return 0;

}
integer_partition.c

• wikioi 1039, , http://www.wikioi.com/problem/1039/

• None

13.10

13.10.1

备

5
( )

13-5

1 s(s ≤ 600) 2
2
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2 0 ≤ 100

60
7 0 8 0 3 1 14 2 10 0 12 4 6 2

2

f[root][time] root time

f [root][time] = max {f [left][t] + f [right][ct− t], ct = time− T [root], 0 ≤ t ≤ ct}

代码

art_gallery.c
/* wikioi 1163 , http://www.wikioi.com/problem/1163/ */
#include<stdio.h>
#include <memory.h>

#define max(a,b) ((a)>(b)?(a):(b))
#define MAXN 1010 /* */

/* */
int LIMIT, T[MAXN], P[MAXN];
/* */
int n, L[MAXN], R[MAXN]; /* 0 */

/* f[root][time] root time */
int f[MAXN][MAXN];

/**
* @brief
* @return
*/

int build_tree() {
n++;
scanf("%d%d", &T[n], &P[n]);
T[n] *= 2; /* *2, */
int now = n; /* */
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if (P[now] == 0) {
L[now] = build_tree(); /* now */
R[now] = build_tree(); /* now */

}
return now;

}

/**
* 备 .
* @param[in] root
* @param[in]
* @return
*/

int dp(int root, int time) {
int t;
if (f[root][time] != -1)

return f[root][time];
if (!time)

return f[root][time] = 0;

const int ct = time - T[root]; /* */

/* */
if (!L[root] && !R[root]) {

/* tt / 5, */
if (P[root] * 5 <= ct)

return f[root][time] = P[root];
else

return f[root][time] = ct / 5;
}

f[root][time] = 0;
for (t = 0; t <= ct; t++) {

int lp = dp(L[root], t);
int rp = dp(R[root], ct - t);
f[root][time] = max(f[root][time], lp + rp);

}
return f[root][time];

}

int main() {
scanf("%d", &LIMIT);
build_tree();
memset(f, -1, sizeof(f));
printf("%d\n", dp(1, LIMIT));
return 0;

}
art_gallery.c
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• wikioi 1163, , http://www.wikioi.com/problem/1163/

• None

13.10.2

Ural N 1 ∼ N

N(1 ≤ N ≤ 6000)

N i+ 1 i Ri(−128 ≤ Ri ≤ 127)

N − 1 L,K K L

0,0

7
1
1
1
1
1
1
1
1 3
2 3
6 4
7 4
4 5
3 5
0 0

5
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f[k][0] f[k][1] f[k][0] i f[k][1] k

f [k][0] =
∑
l

max {f [l][0], f [l][1]} , k l

f [k][1] =
∑
l

f [l][0] + r[k]

代码

ball.c
/* wikioi 1380 , http://www.wikioi.com/problem/1380 */
#include<stdio.h>
#include<string.h>

#define MAXN 6001 /* 0 */
#define max(a,b) ((a)>(b)?(a):(b))
typedef char bool;

int n;
/* */
int r[MAXN];

/* . */
typedef struct edge_t {

int v;
int prev; /* */

} edge_t;

/* */
edge_t edge[MAXN-1];

/* head[root] */
int head[MAXN];

/* has_boss[i] i */
bool has_boss[MAXN];

int f[MAXN][2];

int cnt; /* -1 */
void add_edge(int u, int v) {

edge[cnt].v = v;
edge[cnt].prev = head[u];
head[u] = cnt++;

}

void dp(int k) {
int p;
f[k][1] = r[k];
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f[k][0] = 0;
for (p = head[k]; p != -1; p = edge[p].prev) {

int l = edge[p].v;
dp(l);
f[k][1] += f[l][0];
f[k][0] = f[k][0] + max(f[l][1],f[l][0]);

}
}

int solve() {
int k;
memset(f, 0, sizeof(f));
for (k = 1; k <= n; k++) if (!has_boss[k]) {

break;
}

dp(k);
return max(f[k][0], f[k][1]);

}

int main() {
int i;
scanf("%d", &n);
for (i = 1; i <= n; i++) scanf("%d", &r[i]);

cnt = 0;
memset(has_boss, 0, sizeof(has_boss));
memset(head, -1, sizeof(head));
int x, y;
for (i = 1; i < n; i++) {

scanf("%d%d", &x, &y);
has_boss[x] = 1;
add_edge(y, x);

}
scanf("%d%d", &x, &y);

printf("%d\n", solve());
return 0;

}
ball.c

• wikioi 1380, , http://www.wikioi.com/problem/1380/

• None
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13.11

http://wenku.baidu.com/view/728cd5126edb6f1aff001fbb.html

13.11.1

john john
john 必

john
clevow clevow

john

clevow

L W(1 ≤ L,W ≤ 30000)
n(0 ≤ n ≤ 5000) n x y

0 ≤ x ≤ l, 0 <≤ y ≤ w

S

10 10
4
1 1
9 1
1 9
9 9

80
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30000×30000 S×S
O(S2) O(S) (0,0)

(m,n)

代码

cow_bath.c
/**
* OJ: https://vijos.org/p/1055
*/

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

#define MAXN 5001

#define max(a,b) ((a)>(b)?(a):(b))
#define min(a,b) ((a)<(b)?(a):(b))

int L, W; /* x y */
int n; /* n */
int x[MAXN], y[MAXN]; /* */

int int_cmp(const void *a, const void *b) {
const int *ia = (const int*) a;
const int *ib = (const int*) b;
return *ia - *ib;

}

/* include OJ */
#include "binary_search.c"

/**
* @brief
*
* http://wenku.baidu.com/view/728cd5126edb6f1aff001fbb.html
*
* @param[in] L
* @param[in] W
* @param[in] x x
* @param[in] y y
* @param[in] n
* @return
*/

int max_submatrix(const int L, const int W,
const int x[], const int y[], int n) {

int *a = (int*) malloc((n + 1) * sizeof(int));
int *b = (int*) malloc((n + 1) * sizeof(int));
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int la = n, lb = n;
int i, j;
int lm, rm; //
int result = 0, temp;
int **v; // 01 1
int *h; //
int *l; //
int *r; //

memcpy(a, x, n * sizeof(int));
memcpy(b, y, n * sizeof(int));
a[la++] = 0;
b[lb++] = 0;
a[la++] = L;
b[lb++] = W;

//
qsort(a, la, sizeof(int), int_cmp);
qsort(b, lb, sizeof(int), int_cmp);
for (j = 1, i = 1; i < la; i++) { //

if (a[i] != a[i - 1])
a[j++] = a[i];

}
la = j;
for (j = 1, i = 1; i < lb; i++) { //

if (b[i] != b[i - 1])
b[j++] = b[i];

}
lb = j;
h = (int*) malloc(lb * sizeof(int));
l = (int*) malloc(lb * sizeof(int));
r = (int*) malloc(lb * sizeof(int));
//*******************************//

// v
v = (int**) malloc(la * sizeof(int*));
for (i = 0; i < la; i++) {

v[i] = (int*) calloc(lb, sizeof(int));
}
for (i = 0; i < n; i++) {

int ia, ib;
ia = binary_search(a, la, x[i]);
ib = binary_search(b, lb, y[i]);
v[ia][ib] = 1; //

}

//
for (i = 0; i < lb; i++) {

l[i] = 0;
r[i] = W;
h[i] = 0;

}
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for (i = 1; i < la; i++) { //
lm = 0;
for (j = 0; j < lb; j++) { // l[j]

if (!v[i - 1][j]) { //
h[j] = h[j] + a[i] - a[i - 1]; //
// l[i][j]=max(l[i-1][j] , (i-1,j) )
l[j] = max(l[j], lm);

} else { //
h[j] = a[i] - a[i - 1]; //
l[j] = 0;
r[j] = W;
lm = b[j]; // (i-1,j)

}
}
rm = W;
for (j = lb - 1; j >= 0; j--) { // r[j]

//r[i][j]=min(r[i-1][j] , (i-1,j) )
r[j] = min(r[j], rm);
temp = h[j] * (r[j] - l[j]);
result = max(result, temp); //
if (v[i - 1][j]) // (i-1,j)

rm = b[j];
}

}
//
for (i = 1; i < la; i++) {

temp = W * (a[i] - a[i - 1]);
result = max(result, temp);

}

free(a);
free(b);
for (i = 0; i < la; i++) {

free(v[i]);
}
free(v);
free(h);
free(l);
free(r);
return result;

}

int main() {
int i;
while (scanf("%d%d", &L, &W) == 2) {

scanf("%d", &n);
for (i = 0; i < n; i++) {

scanf("%d%d", &x[i], &y[i]);
}

printf("%d\n", max_submatrix(L, W, x, y, n));
}
return 0;
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}
cow_bath.c

• Vijos 1055 , https://vijos.org/p/1055

• LeetCode Maximal Rectangle, http://leetcode.com/onlinejudge#question_85

代码 https://gist.github.com/soulmachine/b20a15009450016038d9

• POJ 3494 Largest Submatrix of All 1’s, http://poj.org/problem?id=3494

13.11.2 1

m× n 01 1

m n(1 ≤ m,n ≤ 2000)
m n

1 1 0 0.

2 2
0 0
0 0
4 4
0 0 0 0
0 1 1 0
0 1 1 0
0 0 0 0

0
4
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代码

largest_rectangle.c
#include <stdio.h>
#include <string.h>
#include <stdlib.h>

#define max(a,b) (a > b ? a : b)
#define min(a,b) (a < b ? a : b)

#define MAXN 2001

int matrix[MAXN][MAXN];

int lagest_rectangle(/*int **matrix, */int m, int n) {
int i, j;
int *H = (int*) malloc(n * sizeof(int)); //
int *L = (int*) malloc(n * sizeof(int)); //
int *R = (int*) malloc(n * sizeof(int)); //
int ret = 0;

memset(H, 0, n * sizeof(int));
memset(L, 0, n * sizeof(int));
for (i = 0; i < n; i++) R[i] = n;

for (i = 0; i < m; ++i) {
int left = 0, right = n;
// calculate L(i, j) from left to right
for (j = 0; j < n; ++j) {

if (matrix[i][j] == 1) {
++H[j];
L[j] = max(L[j], left);

} else {
left = j + 1;
H[j] = 0;
L[j] = 0;
R[j] = n;

}
}
// calculate R(i, j) from right to left
for (j = n - 1; j >= 0; --j) {

if (matrix[i][j] == 1) {
R[j] = min(R[j], right);
ret = max(ret, H[j] * (R[j] - L[j]));

} else {
right = j;

}
}

}
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return ret;
}

int main() {
int m, n;
int i, j;
while (scanf("%d%d", &m, &n) > 0) {

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

scanf("%d", &matrix[i][j]);
}

}

printf("%d\n", lagest_rectangle(m, n));
}
return 0;

}
largest_rectangle.c

• POJ 3494 Largest Submatrix of All 1’s, http://poj.org/problem?id=3494

• LeetCode Maximal Rectangle, http://leetcode.com/onlinejudge#question_85

代码 https://gist.github.com/soulmachine/b20a15009450016038d9

• Vijos 1055 , https://vijos.org/p/1055
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am_graph.cpp
/** . */
const int MAX_NV = 100;

/** int, float, double. */
typedef int graph_weight_t;
const graph_weight_t GRAPH_INF = INT_MAX;

/**
* @struct (Adjacency Matrix).
*/

struct graph_t {
int nv; //
int ne; //
//
graph_weight_t matrix[MAX_NV][MAX_NV];

};
am_graph.cpp

al_graph.cpp
/** int, float, double. */
typedef int graph_weight_t;

/** char, int, string . */
typedef char graph_vertex_id_t;

/**
* @struct (Adjacency List).
*/

struct graph_t {
int nv; //
int ne; //
//
map<graph_vertex_id_t, map<graph_vertex_id_t, graph_weight_t> > matrix;

};
al_graph.cpp

238
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14.1

代码

graph_dfs.cpp
/**
* @brief 代码 .
* @param[in] g
* @param[in] u
* @param[in] visited
* @return
* @remark
* g, visited
*/

void dfs(const graph_t &g, int u, bool visited[][MAX_NV]) {
for(int v = 0; v < g.nv; v++) if(g.matrix[u][v] && !visited[u][v]) {

visited[u][v] = visited[v][u] = true; //
// visited_edges[u][v] = true; //
dfs(g, v, visited);
// 写 代码
// printf("%d %d\n", u, v);

}
}

/**
* @brief 代码 .
* @param[in] g
* @param[in] u
* @param[in] visited
* @return
* @remark
* g, visited
*/

void dfs(const graph_t &g, int u, bool visited[MAX_NV]) {
visited[u] = true;
for(int v = 0; v < g.nv; v++) if(g.matrix[u][v] && !visited[v]) {

dfs(g, v, visited);
// 写 代码
// printf("%d %d\n", u, v);

}
}

graph_dfs.cpp

14.1.1 Satellite Photographs

Farmer John purchased satellite photos of W ×H pixels of his farm (1 ≤ W ≤ 80, 1 ≤ H ≤ 1000)
and wishes to determine the largest ’contiguous’ (connected) pasture. Pastures are contiguous when any
pair of pixels in a pasture can be connected by traversing adjacent vertical or horizontal pixels that are
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part of the pasture. (It is easy to create pastures with very strange shapes, even circles that surround other
circles.)

Each photo has been digitally enhanced to show pasture area as an asterisk (’*’) and non-pasture area
as a period (’.’). Here is a 10× 5 sample satellite photo:
..*.....**
.**..*****
.*...*....
..****.***
..****.***

This photo shows three contiguous pastures of 4, 16, and 6 pixels. Help FJ find the largest contiguous
pasture in each of his satellite photos.

Line 1: Two space-separated integers: W andH

Lines 2..H+1: Each line contains W ”*” or ”.” characters representing one raster line of a satellite pho-
tograph.

Line 1: The size of the largest contiguous field in the satellite photo.

10 5
..*.....**
.**..*****
.*...*....
..****.***
..****.***

16

代码

satellite_photographs.c
/* POJ 3051 Satellite Photographs, http://poj.org/problem?id=3051 */
#include <stdio.h>
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#include <string.h>

#define MAXH 1000
#define MAXW 80

int H, W; /* H W */
char map[MAXH+2][MAXW+2];/* '.' */

int count;

void dfs(int x, int y) {
/* '.' */
if (map[x][y] == '.') return;

map[x][y] = '.'; /* (x,y) */
count++;
dfs(x + 1, y);
dfs(x - 1, y);
dfs(x, y + 1);
dfs(x, y - 1);

}

int main() {
int i, j, max;
memset(map, '.', sizeof(map));

scanf("%d%d", &W, &H); /* H W */
for(i = 1; i <= H; ++i) {

char line[MAXW+1];
scanf("%s", line);
strncpy(&map[i][1], line, W);

}

max = 0;
for (i = 1; i <= H; i++) {

for (j = 1; j <= W; j++) {
if (map[i][j] == '*') {

count = 0;
dfs(i, j);

}
if (count > max) max = count;

}
}
printf("%d\n", max);
return 0;

}
satellite_photographs.c

• POJ 3051 Satellite Photographs, http://poj.org/problem?id=3051
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• POJ 3620 Avoid The Lakes, http://poj.org/problem?id=3620

代码 https://gist.github.com/soulmachine/6761537

14.1.2 John’s trip

Description

Little Johnny has got a new car. He decided to drive around the town to visit his friends. Johnny
wanted to visit all his friends, but there was many of them. In each street he had one friend. He started
thinking how to make his trip as short as possible. Very soon he realized that the best way to do it was to
travel through each street of town only once. Naturally, he wanted to finish his trip at the same place he
started, at his parents’ house.

The streets in Johnny’s town were named by integer numbers from 1 to n, n < 1995. The junctions
were independently named by integer numbers from 1 tom,m <= 44. No junction connects more than 44
streets. All junctions in the town had different numbers. Each street was connecting exactly two junctions.
No two streets in the town had the same number. He immediately started to plan his round trip. If there
was more than one such round trip, he would have chosen the one which, when written down as a sequence
of street numbers is lexicographically the smallest. But Johnny was not able to find even one such round
trip.

Help Johnny and write a program which finds the desired shortest round trip. If the round trip does
not exist the program should write a message. Assume that Johnny lives at the junction ending the street
appears first in the input with smaller number. All streets in the town are two way. There exists a way from
each street to another street in the town. The streets in the town are very narrow and there is no possibility
to turn back the car once he is in the street

Input

Input file consists of several blocks. Each block describes one town. Each line in the block contains
three integers x; y; z, where x > 0 and y > 0 are the numbers of junctions which are connected by the
street number z. The end of the block is marked by the line containing x = y = 0. At the end of the input
file there is an empty block, x = y = 0.

Output

Output one line of each block contains the sequence of street numbers (single members of the sequence
are separated by space) describing Johnny’s round trip. If the round trip cannot be found the corresponding
output block contains the message ”Round trip does not exist.”
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Sample Input

1 2 1
2 3 2
3 1 6
1 2 5
2 3 3
3 1 4
0 0
1 2 1
2 3 2
1 3 3
2 4 4
0 0
0 0

Sample Output

1 2 3 5 4 6
Round trip does not exist.

(Eulerian Path)
(Eulerian Circuit)

G G
必

G G
1

1

代码

round_trip.cpp
// POJ 1041 John's trip, http://poj.org/problem?id=1041
#include <iostream>
#include <cstring>
#include <algorithm>
#include <stack>

using namespace std;

const int MAX_NV = 45;
const int MAX_NE = 1996;

/**
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* @struct .
*/

struct graph_t {
int nv; //
int ne; //
// G[ ][ ] = lexicographically
int matrix[MAX_NV][MAX_NE];

};

graph_t G;

bool visited[MAX_NE]; //
int degree[MAX_NV]; //

stack<int> s; //

void stack_print(stack<int> &s) {
while (!s.empty()) {

cout << s.top() << " ";
s.pop();

}
cout << endl;

}

void euler(int u) {
for (int e = 1; e <= G.ne; e++) {

if (!visited[e] && G.matrix[u][e]) { //
visited[e] = true;
euler(G.matrix[u][e]);
s.push(e);

}
}

}

int main() {
int x, y, z, start;
while ((cin >> x >> y) && x && y) {

memset(visited, false, sizeof(visited));
memset(degree, 0, sizeof(degree));
memset(&G, 0, sizeof(G));

start = x < y ? x : y;
cin >> z;
G.ne = max(G.ne, z);
G.nv = max(G.nv, max(x, y));
G.matrix[x][z] = y;
G.matrix[y][z] = x;
++degree[x];
++degree[y];

while ((cin >> x >> y) && x && y) {
cin >> z;
G.ne = max(G.ne, z);
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G.nv = max(G.nv, max(x, y));
G.matrix[x][z] = y;
G.matrix[y][z] = x;
++degree[x];
++degree[y];

}

/* */
bool flag = true;
for (int i = 1; i <= G.nv; i++) {

if (degree[i] & 1) {
flag = false;
break;

}
}

if (!flag) {
cout << "Round trip does not exist." << endl;

} else {
euler(start);
stack_print(s);

}
}
return 0;

}
round_trip.cpp

• POJ 1041 John’s trip, http://poj.org/problem?id=1041

• ¬ 111 6.4.4
• UVa 10054 The Necklace, http://t.cn/zRwqcRp
• UVa 10129 Play on Words, http://t.cn/zTInBDX

14.1.3 The Necklace

My little sister had a beautiful necklace made of colorful beads. Two successive beads in the necklace
shared a common color at their meeting point. The figure below shows a segment of the necklace:

¬ , 2009
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But, alas! One day, the necklace was torn and the beads were all scattered over the floor. My sister
did her best to recollect all the beads from the floor, but she is not sure whether she was able to collect all
of them. Now, she has come to me for help. She wants to know whether it is possible to make a necklace
using all the beads she has in the same way her original necklace was made and if so in which order the
bids must be put.

Please help me write a program to solve the problem.

Input

The input contains T test cases. The first line of the input contains the integer T.
The first line of each test case contains an integer N(5 ≤ N ≤ 1000) giving the number of beads my

sister was able to collect. Each of the next N lines contains two integers describing the colors of a bead.
Colors are represented by integers ranging from 1 to 50.

Output

For each test case in the input first output the test case number as shown in the sample output. Then
if you apprehend that some beads may be lost just print the sentence “some beads may be lost” on a line by
itself. Otherwise, print N lines with a single bead description on each line. Each bead description consists
of two integers giving the colors of its two ends. For 1 ≤ i ≤ N1, the second integer on line i must be the
same as the first integer on line i + 1. Additionally, the second integer on line N must be equal to the first
integer on line 1. Since there are many solutions, any one of them is acceptable.

Print a blank line between two successive test cases.

Sample Input

2
5
1 2
2 3
3 4
4 5
5 6
5
2 1
2 2
3 4
3 1
2 4

Sample Output

Case #1
some beads may be lost
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Case #2
2 1
1 3
3 4
4 2
2 2

代码

eulerian_circuit.c
#include <stdio.h>
#include<string.h>

#define MAXN 51 //

int G[MAXN][MAXN];
int visited_vertices[MAXN];
int visited_edges[MAXN][MAXN];
int count[MAXN]; //

void dfs(const int u) {
int v;
visited_vertices[u] = 1;
for(v = 0; v < MAXN; v++) if(G[u][v] && !visited_vertices[v]) {

dfs(v);
}

}

/*
* @brief
* @param[in] u
* @return
*/

void euler(const int u){
int v;
for(v = 0; v < MAXN; ++v) if(G[u][v]){

--G[u][v]; --G[v][u]; // visited
euler(v);
//
printf("%d %d\n", u, v);

}
}

int main() {
int T, N, a, b;
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int i;
int cases=1;
scanf("%d",&T);
while(T--) {

int flag = 1; //
int flag2 = 1; //

memset(G, 0, sizeof(G));
memset(count, 0, sizeof(count));

scanf("%d",&N);
for(i = 0; i < N; ++i){

scanf("%d %d", &a, &b);
++G[a][b];
++G[b][a];
++count[a];
++count[b];

}

printf("Case #%d\n", cases++);

//
for(i=0; i<MAXN; ++i) {

if(count[i] & 1){
flag = 0;
break;

}
}
//
if(flag) {

memset(visited_vertices, 0, sizeof(visited_vertices));
memset(visited_edges, 0, sizeof(visited_edges));

for(i=0; i< MAXN; ++i)
if(count[i]) {

dfs(i);
break;

}
for(i=0; i< MAXN; ++i){

if(count[i] && !visited_vertices[i]) {
flag2 = 0;
break;

}
}

}
if (flag && flag2) {

for(i = 0; i < MAXN; ++i) if(count[i]){
euler(i);
break;

}
} else {

printf("some beads may be lost\n");
}
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if(T > 0) printf("\n");
}
return 0;

}
eulerian_circuit.c

• UVa 10054 The Necklace, http://t.cn/zRwqcRp

• ¬ 111 6.4.4

• POJ 1041 John’s trip, http://poj.org/problem?id=1041

• UVa 10129 Play on Words, http://t.cn/zTInBDX

14.2

14.3

(Minimum Spanning Tree, MST)
MST N = (V,E) U V

(u, v) u ∈ U, v ∈ V −U 必 (u, v)

Prim Kruskal MST

14.3.1 Prim

N = (V,E) TE N U = u0(u0 ∈
V ), TE = {} u ∈ U, v ∈ V − U (u, v) ∈ E 代

(u0, v0) TE v0 U U = V TE 必 n− 1

T = (V, TE) N closedge U V −U

代 vi ∈ V −U closedge[i-1]
lowcost closedge[i].lowcost = min {cost(u, vi), u ∈ U}

adjvex U
14-1 Prim

14-1

¬ , 2009
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14-1 Prim

14-1
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closedge

i
1 2 3 4 5 U U-V k

adjvex v0 v0 v0 v0 {v1, v2, v3, v4, v5} 2
lowcost 6 1 5
adjvex v2 v1 v2 v2 {v0, v2} {v1, v3, v4, v5} 5
lowcost 5 0 5 6 4
adjvex v2 v6 v2 {v0, v2, v5} {v1, v3, v4} 3
lowcost 5 0 2 6 0
adjvex v2 v2 {v0, v2, v5, v3} {v1, v4} 1
lowcost 5 0 0 6 0
adjvex v1 {v0, v2, v5, v3, v1} {v4} 4
lowcost 0 0 0 3 0
adjvex {v0, v2, v5, v3, v1, v4} {}
lowcost 0 0 0 0 0

代码

am_graph_prim1.cpp
#include <iostream>
#include <climits> /* for INT_MAX */

using namespace std;

/** . */
const int MAX_NV = 100;

/** int, float, double. */
typedef int graph_weight_t;
const graph_weight_t GRAPH_INF = INT_MAX;

/**
* @struct (Adjacency Matrix).
*/

struct graph_t {
int nv; //
int ne; //
//
graph_weight_t matrix[MAX_NV][MAX_NV];

};

graph_t g;

struct closedge_t {
int adjvex; /* U */
/* adjvex-> -GRAPH_INF U */
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graph_weight_t lowcost;
};

/*
* @brief V-E
* @param[in] closedge MST adjvex
* @param[in] n closedge
* @return V-U -1
*/

static int min_element(const closedge_t closedge[], int n) {
int min_value = GRAPH_INF;
int min_pos = -1;
for (int i = 0; i < n; i++)

if (closedge[i].lowcost > -GRAPH_INF) {
if (min_value > closedge[i].lowcost) {

min_value = closedge[i].lowcost;
min_pos = i;

}
}

return min_pos;
}

/**
* @brief Prim .
* @param[in] g
* @return MST
*/

graph_weight_t prim(const graph_t &g) {
graph_weight_t sum = 0; /* */
int u = 0; /* 0 */
const int n = g.nv;
/* closedge[n] U V-U */
closedge_t* const closedge = new closedge_t[n];

/* */
for (int i = 0; i < n; i++) if (i != u) {

closedge[i].adjvex = u;
closedge[i].lowcost = g.matrix[u][i];

}
closedge[u].lowcost = -GRAPH_INF; /* , U={u} */

for (int i = 0; i < n; i++) if (i != u) { /* n-1 */
/* TE k */
const int k = min_element(closedge, n);
/* closedge[k].adjvex --> k */
cout << (char)('A' + closedge[k].adjvex) << " - " << (char)('A' + k)

<< " : "<< g.matrix[closedge[k].adjvex][k] << endl;
sum += g.matrix[closedge[k].adjvex][k];
// sum += closedge[k].lowcost; //
closedge[k].lowcost = -GRAPH_INF; /* k U TE */
/* k */
for (int j = 0; j < n; j++) {

const graph_weight_t w = g.matrix[k][j];
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if (w < closedge[j].lowcost) {
closedge[j].adjvex = k;
closedge[j].lowcost = w;

}
}

}
delete[] closedge;
return sum;

}

/** . */
void read_graph() {

int m, n;

/* */
cin >> m >> n;
g.nv = m;
g.ne = n;

/* */
for (int i = 0; i < m; i++) {

for (int j = 0; j < m; j++) {
g.matrix[i][j] = GRAPH_INF;

}
}

/* */
for (int k = 0; k < n; k++) {

char chx, chy;
int w;
cin >> chx >> chy >> w;
const int i = chx - 'A';
const int j = chy - 'A';
g.matrix[i][j] = w;
g.matrix[j][i] = w;

}
}

/* test
:

7 11
A B 7
A D 5
B C 8
B D 9
B E 7
C E 5
D E 15
D F 6
E F 8
E G 9
F G 11
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:
A - D : 5
D - F : 6
A - B : 7
B - E : 7
E - C : 5
E - G : 9
Total:39
*/
int main() {

read_graph();
cout << "Total : " << prim(g) << endl;
return 0;

}
am_graph_prim1.cpp

n n

n− 1 closedge[v].lowcost n− 1

代 n Prim O(n2)

Prim
(u, v)

代 n− 1

C代码

代码

am_graph_prim2.cpp
#include <iostream>
#include <climits> /* for INT_MAX */
#include <queue>
#include <algorithm>

using namespace std;

/** . */
const int MAX_NV = 100;

/** int, float, double. */
typedef int graph_weight_t;
const graph_weight_t GRAPH_INF = INT_MAX;

/**
* @struct (Adjacency Matrix).
*/
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struct graph_t {
int nv; //
int ne; //
//
graph_weight_t matrix[MAX_NV][MAX_NV];

};

graph_t g;

/**
* @struct
*/

struct edge_t{
int u; // from
int v; // to
graph_weight_t w; //

bool operator>(const edge_t &other) const {
return w > other.w;

}
};

/**
* @brief Prim .
* @param[in] g
* @return MST
*/

int prim(const graph_t &g){
graph_weight_t sum = 0; //
priority_queue<edge_t, vector<edge_t>, greater<edge_t> > q;
const int n = g.nv;
bool* used = new bool[n]; //
std::fill(used, used + n, false);

int count = 1; // MLE
int u = 0; // 0
used[u] = true; // U( count 1)
while (count < n) {

for(int v = 0; v < n; v++) if(!used[v]) { // v (u,v)
edge_t e = {u, v, g.matrix[u][v]};
q.push(e);

}
while(!q.empty() && count < n) {

const edge_t e = q.top(); q.pop(); // e
if(!used[e.v]) {

// TE TE
cout << (char)('A' + e.u) << " - " << (char)('A' + e.v) <<

" : " << g.matrix[e.u][e.v] << endl;
sum += g.matrix[e.u][e.v];
u = e.v;
used[u] = true; // u U
count++;
break;
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}
}

}

delete[] used;
return sum;

}

// ...
am_graph_prim2.cpp

代 O(n) 代 e/n e

O(log
2
e) O(e log

2
e)

14.3.2 Kruskal

N = V,E n T = (V, )

E 代 T

T 代 T

14-2 Kruskal
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14-2 Kruskal

Kruskal C

代码

kruskal.cpp
#include <iostream>
#include <climits> /* for INT_MAX */
#include <queue>
#include <algorithm>

using namespace std;

/* include OJ */
#include "ufs.c" /* -> */

const int MAX_NV = 11; /* */
const int MAX_NE = 100; /* */
/** . */
typedef int graph_weight_t;

/** . */
struct edge_t{

int u; /** */
int v; /** */
graph_weight_t w; /** */

bool operator>(const edge_t &other) const {
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return w > other.w;
}

};

edge_t edges[MAX_NE];

/*
* @brief Kruskal + .
* @param[in] edges
* @param[in] n ( -1)
* @param[in] m
* @return MST
*/

graph_weight_t kruskal(const edge_t edges[], int n, int m) {
graph_weight_t sum = 0;
priority_queue<edge_t, vector<edge_t>,

greater<edge_t> > q;
ufs_t *s = ufs_create(MAX_NV);
if (n < m - 1) return -1;

/* */
for (int i = 0; i < n; i++) {

q.push(edges[i]);
}

for (int i = 0; i < n; i++) {
/* */
const edge_t e = q.top(); q.pop();
/* */
const int u = ufs_find(s, e.u);
const int v = ufs_find(s, e.v);
if (u != v) { /* */

ufs_union(s, u, v); /* */
/* TE TE */
cout << (char)('A' + e.u) << " - " << (char)('A' + e.v) << endl;
sum += e.w;

}
}

ufs_destroy(s);
return sum;

}

bool operator<(const edge_t &e1, const edge_t &e2) {
return e1.w < e2.w;

}

/** Kruskal + . */
graph_weight_t kruskal1(edge_t edges[], int n, int m) {

graph_weight_t sum = 0;
ufs_t *s = ufs_create(MAX_NV); /* 0 */
if (n < m - 1) return -1;
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std::sort(edges, edges + n);

for (int i = 0; i < n; i++) {
/* ed */
const edge_t e = edges[i];
/* */
const int u = ufs_find(s, e.u);
const int v = ufs_find(s, e.v);
if (u != v) { /* */

ufs_union(s, u, v); /* */
/* TE TE */
cout << (char)('A' + e.u) << " - " << (char)('A' + e.v) << endl;
sum += e.w;

}
}
ufs_destroy(s);
return sum;

}

/* test
:

7 11
A B 7
A D 5
B C 8
B D 9
B E 7
C E 5
D E 15
D F 6
E F 8
E G 9
F G 11

:
A - D
C - E
D - F
B - E
A - B
E - G
Total : 39
*/
int main() {

int m, n;
/* */
cin >> m >> n;

/* */
for (int i = 0; i < n; i++) {

char chx, chy;
int w;
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cin >> chx >> chy >> w;

edges[i].u = chx - 'A';
edges[i].v = chy - 'A';
edges[i].w = w;

}

/* */
cout << "Total : " << kruskal(edges, n, m) << endl;
return 0;

}
kruskal.cpp

O(n2)

e O(e log
2
e)

O(e) heap_remove() 2e

ufs_find() n− 1 ufs_union() O(e log
2
e) O(log

2
n) O(n)

O(n2 + e log
2
e)

O(n+ e)

O(e log
2
e) O(e)

heap_remove() 2e ufs_find() n− 1 ufs_union()
O(e log

2
e) O(e log

2
n) O(n) O(n+ e log

2
e)

14.3.3 Highways

Flatopia Flatopia Flatopia

必

Flatopia 1 N i (xi, yi)

Flatopia 代 Flatopia 代
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N(1 ≤ N ≤ 750) N xi

yi i 10000

M(0 ≤ M ≤ 1000) M

9
1 5
0 0
3 2
4 5
5 1
0 4
5 2
1 2
5 3
3
1 3
9 7
1 2

1 6
3 7
4 9
5 7
8 3

Prim
Kruskal

0

sqrt double



262 14

代码

highways.cpp
// POJ 1751 Highways, http://poj.org/problem?id=1751

// include OJ
#include "am_graph_prim1.cpp" // -> ->Prim

// 1.
const int MAX_NV = 750;
// 2. 写 read_graph()
// 3. 写 main()
// 4. mgraph_prim() printf 0
if (g.matrix[closedge[k].adjvex][k] > 0)

cout << closedge[k].adjvex+1 << " " << k+1 << endl;

//
int n, m, x[MAX_NV], y[MAX_NV];

/*
* @brief .
*
*
*
*
* @param[in] i i+1
* @param[in] j j+1
*
* @return
*/

static int distance(int i,int j) {
return (x[i]-x[j]) * (x[i]-x[j]) + (y[i]-y[j]) * (y[i]-y[j]);

}

/** . */
void read_graph() {

int i, j;
cin >> n;
g.nv = n;
g.ne = n * (n - 1) / 2;

for (i = 0; i < n; i++)
cin >> x[i] >> y[i];

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

g.matrix[i][j] = g.matrix[j][i] = distance(i, j);

cin >> m;
for (i = 0; i < m; i++) {

int a, b;
cin >> a >> b;
g.matrix[a - 1][b - 1] = g.matrix[b - 1][a - 1] = 0;

}
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}

int main() {
read_graph();
prim(g);
return 0;

}
highways.cpp

• POJ 1751 Highways, http://poj.org/problem?id=1751

• POJ 2485 Highways, http://poj.org/problem?id=2485

• POJ 1861 Network, http://poj.org/problem?id=1861

• POJ 2395 Out of Hay, http://poj.org/problem?id=2395

• POJ 2377 Bad Cowtractors, http://poj.org/problem?id=2377

• POJ 2421 Constructing Roads, http://poj.org/problem?id=2421

• POJ 1679 The Unique MST, http://poj.org/problem?id=1679

• POJ 1258 Agri-Net, http://poj.org/problem?id=1258

• POJ 1251 Jungle Roads, http://poj.org/problem?id=1251

• POJ 3625 Building Roads, http://poj.org/problem?id=3625

• POJ 1789 Truck History, http://poj.org/problem?id=1789

14.3.4

n 2

n,m(2 ≤ n ≤ 100000, 2 ≤ m ≤ 100000)

m a, b, c a b

c ( , )
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3 3
1 2 1
1 3 2
2 3 1

2

kruskal §14.3.2 代码

代码

wiring.c
// wikioi 1231 , http://www.wikioi.com/problem/1231/
// 1.
const int MAX_NV = 100001; //
const int MAX_NE = 100000; //
// 2. kruskal() printf()
// 3. sum long long kruskal() long long
// 4. main() printf %lld
// 5. main()

// include OJ
#include "kruskal.cpp" // -> ->Kruskal

wiring.c

• wikioi 1231 , http://www.wikioi.com/problem/1231/

• None
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14.4

14.4.1 Dijkstra

S x

(v, x) S x

Dijkstra

1. S v dist[i] v

vi dist[i]=min{dist[i],weight(v,vi)} path[i]
vi v vi

dist[i] = weight(v, vi), vi ∈ V

2. vj

dist[j] = min {dist[j],weight(v, vj)|vj ∈ V − S}

vj S

S = S ∪ vj

3. v V − S vk

if(dist[j] + weight(j, k) < dist[k]) {
dist[k] = dist[j] + weight(j, k);
path[k] = j; /* k */

}

4. 2 3 n− 1

14-3 Dijkstra

14-3

v0 dist[] 14-2
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14-2 Dijkstra dist[]
i=1 i=2 i=3 i=4 i=5

v1 ∞ ∞ ∞ ∞ ∞

v2
10

(v0, v2)

v3
∞ 60 50

(v0, v2, v3) (v0, v4, v5)

v4
30 30

(v0, v4) (v0, v4)

v5
100 100 90 60

(v0, v5) (v0, v5) (v0, v4, v5) (v0, v4, v3, v5)

vj v2 v4 v3 v5

S (v0, v2) (v0, v2, v4) (v0, v2, v3, v4) (v0, v2, v3, v4, v5)

Dijkstra C++

代码

al_graph_dijkstra.cpp
#include <iostream>
#include <queue>
#include <map>
#include <utility>
#include <climits>

using namespace std;

/** int, float, double. */
typedef int graph_weight_t;

/** char, int, string . */
typedef char graph_vertex_id_t;

/**
* @struct (Adjacency List).
*/

struct graph_t {
int nv; //
int ne; //
//
map<graph_vertex_id_t, map<graph_vertex_id_t, graph_weight_t> > matrix;

};

/**
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* @brief Dijkstra .
* @param[in] g
* @param[in] start
* @param[out] dist dist[v] v
* @param[out] father father[v] v
* @return
*/

void dijkstra(const graph_t &g, graph_vertex_id_t start,
map<graph_vertex_id_t, graph_weight_t> &distance,
map<graph_vertex_id_t, graph_vertex_id_t> &father) {

/* . */
typedef pair<graph_weight_t, graph_vertex_id_t> to_dist_t;

//
priority_queue<to_dist_t, vector<to_dist_t>, greater<to_dist_t> > q;
distance[start] = 0; // 0
q.push(to_dist_t(0, start));
while (!q.empty()) {

const to_dist_t u = q.top(); q.pop();
if (g.matrix.find(u.second) == g.matrix.end()) continue;

for (map<graph_vertex_id_t, graph_weight_t>::const_iterator iter =
g.matrix.at(u.second).begin();
iter != g.matrix.at(u.second).end(); ++iter) {

const graph_vertex_id_t v = iter->first;
const graph_weight_t w = iter->second;

if (!distance.count(v) || distance[u.second] + w < distance[v]) {
distance[v] = distance[u.second] + w;
father[v] = u.second;
q.push(to_dist_t(distance[v], v));

}
}

}
return;

}

/**
* @brief
* @param[in] father Dijkstra father
* @param[in] end
* @return
*/

void print_path(const map<graph_vertex_id_t, graph_vertex_id_t> &father,
graph_vertex_id_t end) {

if (!father.count(end)) {
cout << end;

} else {
print_path(father, father.at(end));
cout << "->" << end;

}
}
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/** . */
void read_graph(graph_t &g) {

cin >> g.ne;
for (int i = 0; i < g.ne; ++i) {

graph_vertex_id_t from, to;
graph_weight_t weight;
cin >> from >> to >> weight;
g.matrix[from][to] = weight;

}
}

/* test

:
8
A C 10
A E 30
A F 100
B C 5
C D 50
D F 10
E D 20
E F 60

:
A->C
A->E->D
A->E
A->E->D->F
*/
int main() {

graph_t g;
map<graph_vertex_id_t, graph_weight_t> distance;
map<graph_vertex_id_t, graph_vertex_id_t> father;

read_graph(g);

dijkstra(g, 'A', distance, father);

//
for(map<graph_vertex_id_t, graph_vertex_id_t>::const_iterator iter =

father.begin(); iter != father.end(); ++iter) {
if (iter->first != 'A') {

print_path(father, iter->first);
cout << endl;

}
}
return 0;

}
al_graph_dijkstra.cpp
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for for O(n)

for
S V − S

O(n2) O(n2)

14.4.2 Floyd

Floyd vi vj vi vj

k(k = 0, 1, ..., n− 1)

代

(vi, vj) (vi, v0, vj) vi vj 0
(vi, v0, vj) (vi, v0, vj)

v1 (vi, ..., v1) (v1, ..., vj) 0
(vi, ..., v1, ..., vj) vi vj 1

vi vj 0 vi vj

1 v2

(vi, ..., vk) (vk, ..., vj) vi vk vk vj k− 1

(vi, ..., vk, ..., vj) vi vj k − 1

vi vj k n

必 vi vj

n

D(−1), D(0), D(1), ..., , D(k), ..., , D(n−1)

D(−1)[i][j] = g->matrix[i][j],

D(k)[i][j] = min
{
D(k−1)[i][j], D(k−1)[i][k] +D(k−1)[k][j]

}
, 0 ≤ k ≤ n− 1

D(k)[i][j] vi vj k D(n−1)[i][j]

vi vj

14-4 Floyd
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14-4

D 14-3

14-3 Floyd

D
D(0) D(1) D(2) D(3)

0 1 2 0 1 2 0 1 2 0 1 2
0 0 4 11 0 4 11 0 4 6 0 4 6
1 6 0 2 6 0 2 6 0 2 5 0 2
2 3 ∞ 0 3 7 0 3 7 0 3 7 0

P
P(0) P(1) P(2) P(3)

0 1 2 0 1 2 0 1 2 0 1 2

0
A A AB A AB AB AB AB
B C C C C

1
B B B B B BC BC BC
A C A C A A

2
C C CA C CA CA CA
A A B A B B

Floyd C

代码

am_graph_floyd.cpp
#include <iostream>
#include <climits> /* for INT_MAX */

using namespace std;

const int MAX_NV = 100; //
/** . */
typedef int graph_weight_t;
const int GRAPH_INF = INT_MAX / 2; //
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/**
*@struct .
*/

struct graph_t {
int nv; //
int ne; //
//
graph_weight_t matrix[MAX_NV][MAX_NV];

};

graph_t g;
/** dist[i][j] i j */
graph_weight_t dist[MAX_NV][MAX_NV];
/** path[i][j] i j */
int path[MAX_NV][MAX_NV];

/*
* @brief Floyd .
* @param[in] g
* @param[out] dist dist[i][j] i j
* @param[out] path path[i][j] i j
* @return
*/

void floyd(const graph_t &g,
graph_weight_t dist[][MAX_NV],
int path[][MAX_NV]) {

int i, j, k;
const int n = g.nv;

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

if(i != j) {
dist[i][j] = g.matrix[i][j];
path[i][j] = i;

} else {
dist[i][j] = 0;
path[i][j] = -1;

}
}

}
for(k = 0; k < n; k++) {

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

// i j k
if(dist[i][k] + dist[k][j] < dist[i][j]) {

dist[i][j] = dist[i][k] + dist[k][j];
path[i][j] = k;

}
}

}
}
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}

/*
* @brief u v
* @param[in] u
* @param[in] v
* @param[in] path Floyd path
* @return
*/

static void print_path_r(int u, int v, const int path[][MAX_NV]) {
if (path[u][v] == -1) {

cout << (char)('A' + u);
} else {

print_path_r(u, path[u][v], path);
cout << "->" << (char)('A' + v);

}
}

/**
* @brief u
* @param[in] path Dijkstra path
* @param[in] n path
* @return
*/

void print_path(const graph_t &g, const int path[][MAX_NV]) {
for (int i = 0; i < g.nv; i++) {

for (int j = 0; j < g.nv; j++) {
if (i != j) {

print_path_r(i, j, path);
cout << endl;

}
}
cout << endl;

}
}

/**
* @brief .
*/

void read_graph(graph_t &g) {
cin >> g.nv >> g.ne;

//
for (int i = 0; i < g.nv; i++) {

for (int j = 0; j < g.nv; j++) {
g.matrix[i][j] = GRAPH_INF;

}
}

for (int k = 0; k < g.ne; k++) { //
char chx, chy;
graph_weight_t w;
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cin >> chx >> chy >> w;
g.matrix[chx - 'A'][chy - 'A'] = w;

}
}

/* test

:
3 5
A B 4
A C 11
B A 6
B C 2
C A 3

:
A->B
A->B->C

B->C->A
B->C

C->A
C->A->B
*/
int main() {

read_graph(g);
/* */
floyd(g, dist, path);
print_path(g, path);
return 0;

}
am_graph_floyd.cpp

for D

D(0), D(1), ..., D(n−1) O(n3)

Dijkstra Floyd

14.4.3 HDU 2544

t-shirt
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N,M(N ≤ 100,M ≤ 10000) N

1 N M

N = M = 0 M 3 A,B,C(1 ≤ A,B ≤
N, 1 ≤ C ≤ 1000), A B C

1

2 1
1 2 3
3 3
1 2 5
2 3 5
3 1 2
0 0

3
2

Dijkstra §14.4.1 代码

代码

hdu_2544.cpp
// HDU 2544 , http://acm.hdu.edu.cn/showproblem.php?pid=2544
/** . */
typedef int graph_weight_t;

/** char, int, string . */
typedef int graph_vertex_id_t;

// include OJ
#include "al_graph_dijkstra.cpp" // ->

/** . */
void read_graph(graph_t &g) {

cin >> g.nv >> g.ne;
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for (int i = 0; i < g.ne; ++i) {
graph_vertex_id_t from, to;
graph_weight_t weight;
cin >> from >> to >> weight;
g.matrix[from][to] = weight;
g.matrix[to][from] = weight; //

}
}

int main() {
while(true) {

graph_t g;
map<graph_vertex_id_t, graph_weight_t> distance;
map<graph_vertex_id_t, graph_vertex_id_t> father;

read_graph(g);
if (g.nv == 0 && g.ne == 0) break;

dijkstra(g, 1, distance, father);
cout << distance[g.nv] << endl;

}

return 0;
}

hdu_2544.cpp

• HDU 2544 , http://acm.hdu.edu.cn/showproblem.php?pid=2544

• POJ 2253 Frogger, http://poj.org/problem?id=2253

• POJ 3268 Silver Cow Party, http://poj.org/problem?id=3268

• POJ 1797 Heavy Transportation, http://poj.org/problem?id=1797

• POJ 1847 Tram, http://poj.org/problem?id=1847

14.4.4 POJ 1125 Stockbroker Grapevine

Stockbrokers are known to overreact to rumours. You have been contracted to develop a method of
spreading disinformation amongst the stockbrokers to give your employer the tactical edge in the stock
market. For maximum effect, you have to spread the rumours in the fastest possible way.

Unfortunately for you, stockbrokers only trust information coming from their ”Trusted sources” This
means you have to take into account the structure of their contacts when starting a rumour. It takes a
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certain amount of time for a specific stockbroker to pass the rumour on to each of his colleagues. Your
task will be to write a program that tells you which stockbroker to choose as your starting point for the
rumour, as well as the time it will take for the rumour to spread throughout the stockbroker community.
This duration is measured as the time needed for the last person to receive the information.

Your program will input data for different sets of stockbrokers. Each set starts with a line with the
number of stockbrokers. Following this is a line for each stockbroker which contains the number of people
who they have contact with, who these people are, and the time taken for them to pass the message to each
person. The format of each stockbroker line is as follows: The line starts with the number of contacts (n),
followed by n pairs of integers, one pair for each contact. Each pair lists first a number referring to the
contact (e.g. a ’1’ means person number one in the set), followed by the time in minutes taken to pass a
message to that person. There are no special punctuation symbols or spacing rules.

Each person is numbered 1 through to the number of stockbrokers. The time taken to pass the message
on will be between 1 and 10 minutes (inclusive), and the number of contacts will range between 0 and one
less than the number of stockbrokers. The number of stockbrokers will range from 1 to 100. The input is
terminated by a set of stockbrokers containing 0 (zero) people.

For each set of data, your program must output a single line containing the person who results in the
fastest message transmission, and how long before the last person will receive any given message after you
give it to this person, measured in integer minutes.

It is possible that your program will receive a network of connections that excludes some persons,
i.e. some people may be unreachable. If your program detects such a broken network, simply output the
message ”disjoint”. Note that the time taken to pass themessage from personA to person B is not necessarily
the same as the time taken to pass it from B to A, if such transmission is possible at all.

3
2 2 4 3 5
2 1 2 3 6
2 1 2 2 2
5
3 4 4 2 8 5 3
1 5 8
4 1 6 4 10 2 7 5 2
0
2 2 5 1 5
7
2 2 6 7 1
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0
3 1 5 2 8 4 7
0
2 2 9 4 10
2 3 8 4 7
2 5 8 6 3
7
2 2 6 7 8
0
3 1 5 2 8 4 7
0
2 2 9 4 10
2 3 8 4 7
2 5 8 6 3
0

3 2
3 10
1 12
7 17

Floyd

代码

poj_1125.cpp
// poj 1125 Stockbroker Grapevine, http://poj.org/problem?id=1125

// include OJ
#include "am_graph_floyd.cpp" // ->

// 1.
const int MAX_NV = 100; //
// 2. max_len
/** */
graph_weight_t max_len[MAX_NV];
// 3. 写 read_graph()
// 4. 写 main()

/** . */
void read_graph(graph_t &g) {

cin >> g.nv;
g.ne = 0;

/* */
for (int i = 0; i < g.nv; i++) {

for (int j = 0; j < g.nv; j++) {
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g.matrix[i][j] = GRAPH_INF;
}

}

/* */
for (int i = 0; i < g.nv; i++) {

int m;
cin >> m;
g.ne += m;
while (m--) {

int j;
graph_weight_t w;
cin >> j >> w;
--j;
g.matrix[i][j] = w;

}
}

}

int main() {
while (true) {

read_graph(g);
if (g.nv == 0) break;

/* */
floyd(g, dist, path);

/* */
for (int i = 0; i < g.nv; i++) {

max_len[i] = dist[i][distance(&dist[i][0],
max_element(&dist[i][0], &dist[i][0] + g.nv))];

}
/* max_len */
const int min_pos = distance(&max_len[0],

min_element(&max_len[0], &max_len[0] + g.nv));

if (max_len[min_pos] == GRAPH_INF) {
cout << "disjoint" << endl;

} else {
cout << min_pos + 1 << " " << max_len[min_pos] << endl;

}
}
return 0;

}
poj_1125.cpp

• POJ 1125 Stockbroker Grapevine, http://poj.org/problem?id=1125
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• POJ 3615 Cow Hurdles, http://poj.org/problem?id=3615

• POJ 3660 Cow Contest, http://poj.org/problem?id=3660

• POJ 2502 Subway, http://poj.org/problem?id=2502

• HDU 3631 Shortest Path, http://acm.hdu.edu.cn/showproblem.php?pid=3631

14.5

< Vi, Vj > Vi 必 Vj

< vi, vj > 必

(Activity On Vertext Network) AOV

AOV AOV

1.

2.

C

代码

am_graph_topo_sort.cpp
#include <iostream>
#include <climits> // for INT_MAX
#include <stack>

using namespace std;

/** */
const int MAX_NV = 100;
/** 0 1 . */
typedef int graph_weight_t;
const graph_weight_t GRAPH_INF = INT_MAX;

/**
*@struct
*@brief .
*/

struct graph_t {
int nv; //
int ne; //
//
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graph_weight_t matrix[MAX_NV][MAX_NV];
};

graph_t g;
/** . */
int topological[MAX_NV];

/*
* @brief .
* @param[in] g
* @param[out] topological
* @return true false
*/

bool topo_sort(const graph_t &g, int topological[]) {
const int n = g.nv;
int *in_degree = new int[n](); // in_degree[i] i

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

if (g.matrix[i][j] < GRAPH_INF)
in_degree[j]++;

}
}

stack<int> s;
for(int i = 0; i < n; i ++) {

if(in_degree[i] == 0)
s.push(i);

}

int count = 0; /* */
while(!s.empty()) {

const int u = s.top(); s.pop();
topological[count++] = u;
for (int i = 0; i < n; i++) if (g.matrix[u][i] < GRAPH_INF) {

if(--in_degree[i] == 0) s.push(i);
}

}

delete[] in_degree;
if(count != n) { /* */

return false;
} else { /* */

return true;
}

}

/** . */
void read_graph() {

/* */
cin >> g.nv >> g.ne;

/* */
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for (int i = 0; i < g.nv; i++) {
for (int j = 0; j < g.nv; j++) {

g.matrix[i][j] = GRAPH_INF;
}

}

/* */
for (int k = 0; k < g.ne; k++) {

char chx, chy;
graph_weight_t w;
cin >> chx >> chy >> w;
g.matrix[chx - 'A'][chy - 'A'] = w;

}
}

/* test

:
6 8
A C 10
A E 30
A F 100
B C 5
C D 50
D 5 10
E D 20
E F 60

:
B A E F C D
*/
int main() {

read_graph();
/* */
topo_sort(g, topological);
for (int i = 0; i < g.nv; i++) {

cout << (char)('A' + topological[i]) << " ";
}
return 0;

}
am_graph_topo_sort.cpp

n e AOV O(e)

O(n) 1
e O(n+ e)

DFS
DFS
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14.5.1 POJ 1094 Sorting It All Out

An ascending sorted sequence of distinct values is one in which some form of a less-than operator is
used to order the elements from smallest to largest. For example, the sorted sequence A,B,C,D implies
that A < B,B < C and C < D. in this problem, we will give you a set of relations of the form A < B

and ask you to determine whether a sorted order has been specified or not.

Input consists of multiple problem instances. Each instance starts with a line containing two positive
integers n andm. the first value indicated the number of objects to sort, where 2 ≤ n ≤ 26. The objects to
be sorted will be the first n characters of the uppercase alphabet. The second valuem indicates the number
of relations of the form A < B which will be given in this problem instance. Next will be m lines, each
containing one such relation consisting of three characters: an uppercase letter, the character ”<” and a
second uppercase letter. No letter will be outside the range of the first n letters of the alphabet. Values of
n = m = 0 indicate end of input.

For each problem instance, output consists of one line. This line should be one of the following three:
Sorted sequence determined after xxx relations: yyy...y.
Sorted sequence cannot be determined.
Inconsistency found after xxx relations.
where xxx is the number of relations processed at the time either a sorted sequence is determined or

an inconsistency is found, whichever comes first, and yyy...y is the sorted, ascending sequence.

4 6
A<B
A<C
B<C
C<D
B<D
A<B
3 2
A<B
B<A
26 1
A<Z
6 6
A<F
B<D
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C<E
F<D
D<E
E<F
0 0

Sorted sequence determined after 4 relations: ABCD.
Inconsistency found after 2 relations.
Sorted sequence cannot be determined.
Inconsistency found after 6 relations.

topological_sort()

必

case

代码

poj_1094.cpp
// POJ 1094 Sorting It All Out, http://poj.org/problem?id=1094
#include <iostream>
#include <climits> // for INT_MAX
#include <stack>

using namespace std;

/** */
const int MAX_NV = 26;
/** . */
typedef int graph_weight_t;
const int GRAPH_INF = INT_MAX;

/**
*@struct .
*/

struct graph_t {
int nv; //
int ne; //
//
graph_weight_t matrix[MAX_NV][MAX_NV];

};

graph_t g;
/** . */
int topological[MAX_NV];
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/**
* @brief .
* @param[in] g
* @param[out] topological
* @return 1 0 -1
*/

int topo_sort(const graph_t *g, int topological[]) {
const int n = g->nv;

/* in_degree[i] i */
int *in_degree = new int[n]();
for (int i = 0; i < n; i++) {

for (int j = 0; j < n; j++) {
if (g->matrix[i][j] < GRAPH_INF)

in_degree[j]++;
}

}

stack<int> s;
for(int i = 0; i < n; i ++) {

if(in_degree[i] == 0) {
s.push(i);

}
}

int count = 0; //
bool insufficient = false; //
while(!s.empty()) {

//
if (s.size() > 1) insufficient = true;
// u
const int u = s.top(); s.pop();
topological[count++] = u;
--in_degree[u]; // -1
//
for (int i = 0; i < n; i++) if (g->matrix[u][i] < GRAPH_INF) {

--in_degree[i];
}
// 0
for (int i = 0; i < n; i++) if (g->matrix[u][i] < GRAPH_INF) {

if (in_degree[i] == 0) s.push(i);
}

}

delete[] in_degree;
if(count < n) { //

return 0;
} else { //

if (insufficient) { //
return -1;

} else {
return 1;

}
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}
}

int main() {
int m; // m

/* */
while ((cin >> g.nv >> m) && g.nv > 0 && m > 0) {

bool finished = false; //

//
for (int i = 0; i < g.nv; i++)

for (int j = 0; j < g.nv; j++)
g.matrix[i][j] = GRAPH_INF;

//
for (int k = 0; k < m; k++) {

string s;
cin >> s;
g.matrix[s[0] - 'A'][s[2] - 'A'] = 1;

if (finished) continue; // continue

// 0
const int ok = topo_sort(&g, topological);

if (ok == 0) { //
cout << "Inconsistency found after " << k+1 <<

" relations." << endl;
finished = true; //

}
if (ok == 1 && k) {

cout << "Sorted sequence determined after " << k+1
<< " relations: ";

for (int i = 0; i < g.nv; i++) {
cout << (char)('A' + topological[i]);

}
cout << "." << endl;
finished = true;

}
// ok==-1, continue

}
if (!finished) {

cout << "Sorted sequence cannot be determined." << endl;
}

}
return 0;

}
poj_1094.cpp
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• POJ 1094 Sorting It All Out, http://poj.org/problem?id=1094

• POJ 3267 The Cow Lexicon, http://poj.org/problem?id=3267

• POJ 3687 Labeling Balls, http://poj.org/problem?id=3687

14.6

(Ac-
tivity On Edge Network) AOE

(Critical Path) v1 v1 vi

vi vi

e(i) ai l(i)

ai 必 l(i)− e(i) ai

l(i) = e(i)

ai < j, k > e(i) l(i)

ve(j) vl(j) dut(< j, k >)

e(i) = ve(j)

l(i) = vl(k)− dut(< j, k >)

ve(j) vl(k)

1. ve(0) = 0

ve(j) = max {ve(i) + dut(< i, j >)} , < i, j >∈ T

T j

2. vl(n− 1) = ve(n− 1)

vl(j) = min {vl(k)− dut(< j, k >)} , < j, k >∈ S

S j

14-5(a) AOE 14-4 a2 a5 a7

14-5(b)
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14-5

14-4 14-5(a) AOE
ve vl e l l-e

v1 0

↓

0

↑

a1 0 1 1
v2 3 4 a2 0 0 0
v3 2 2 a3 3 4 1
v4 6 6 a4 3 4 1
v5 6 7 a5 2 2 0
v6 8 8 a6 2 5 3

a7 6 6 0
a8 6 7 1

C

代码

am_graph_critical_path.cpp
#include <iostream>
#include <climits> /* for INT_MAX */
#include <stack>
#include <algorithm>

using namespace std;

/** */
const int MAX_NV = 100;
/** 0 1 . */
typedef int graph_weight_t;
const graph_weight_t GRAPH_INF = INT_MAX;

/**
*@struct .
*/

struct graph_t {
int nv; /* */
int ne; /* */
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/* */
graph_weight_t matrix[MAX_NV][MAX_NV];

};

graph_t g;
/** . */
int topological[MAX_NV];
/** -1. */
int path[MAX_NV];

/*
* @brief ve.
* @param[in] g
* @param[out] topological
* @param[out] ve
* @return true false
*/

static bool toposort_ve(const graph_t &g, int topological[],
graph_weight_t ve[]) {

const int n = g.nv;

/* in_degree[i] i */
int *in_degree = new int[n]();
for (int i = 0; i < n; i++) {

for (int j = 0; j < n; j++) {
if (g.matrix[i][j] < GRAPH_INF)

in_degree[j]++;
}

}

stack<int> s;
for(int i = 0; i < n; i ++) {

if(in_degree[i] == 0) {
s.push(i);

}
}
fill(ve, ve + n, 0);

int count = 0; //
while(!s.empty()) {

// u
const int u = s.top(); s.pop();
topological[count++] = u;
--in_degree[u]; // -1
//
for (int i = 0; i < n; i++) if (g.matrix[u][i] < GRAPH_INF) {

--in_degree[i];
}
// ve
for (int i = 0; i < n; i++) if (g.matrix[u][i] < GRAPH_INF) {

if (ve[i] < ve[u] + g.matrix[u][i])
ve[i] = ve[u] + g.matrix[u][i];

}
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// 0
for (int i = 0; i < n; i++) if (g.matrix[u][i] < GRAPH_INF) {

if (in_degree[i] == 0) s.push(i);
}

}

delete[] in_degree;

if(count < n) return false; //
else return true; //

}

/**
* @brief .
* @param[in] g
* @param[out] ve
* @param[inout] path
* @return 0
*/

int critical_path(const graph_t &g, int path[MAX_NV]) {
int count = 0; //
graph_weight_t *ve = new graph_weight_t[g.nv];
graph_weight_t *vl = new graph_weight_t[g.nv];

if (!toposort_ve(g, topological, ve)) return 0; //

for (int i = 0; i < MAX_NV; i++) path[i] = -1;
// vl
for (int i = 0; i < g.nv; i++) vl[i] = ve[g.nv-1];

// vl
for (int i = g.nv-1; i >=0; i--) {

const int k = topological[i];
for (int j = 0; j < g.nv; j++) {

if (g.matrix[j][k] < GRAPH_INF) {
if (vl[j] > vl[k] - g.matrix[j][k])

vl[j] = vl[k] - g.matrix[j][k];
}

}
}
for (int i = 0; i < g.nv; i++) {

for (int j = 0; j < g.nv; j++) {
const int e = ve[i];
const int l = vl[j] - g.matrix[i][j];
if (e == l) {

if (i == 0) {
path[count++] = i;
path[count++] = j;

} else {
path[count++] = j;

}
}

}
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}

delete[] ve;
delete[] vl;
return count;

}

/** . */
void read_graph() {

cin>> g.nv >> g.ne;

//
for (int i = 0; i < g.nv; i++)

for (int j = 0; j < g.nv; j++)
g.matrix[i][j] = GRAPH_INF;

for (int k = 0; k < g.ne; k++) { //
char chx, chy;
graph_weight_t w;
cin >> chx >> chy >> w;
g.matrix[chx - 'A'][chy - 'A'] = w;

}
}

/* test

:
6 8
A B 3
A C 2
C D 4
B D 2
C F 3
B E 3
E F 1
D F 2

: A C D F

*/
int main() {

read_graph();
/* */
const int count = critical_path(g, path);
for (int i = 0; i < count; i++) {

cout << (char)('A' + path[i]) << " ";
}
return 0;

}
am_graph_critical_path.cpp
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O(n2) O(n2) O(n2)
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15.1

15.1.1

(greates common divisor) (Euclidean
algorithm¬)

gcd.c
/**
* @brief
*
* @param[in] a a
* @param[in] b b
* @return a b
*/

unsigned int gcd(unsigned int a, unsigned int b) {
if (b == 0) return a;
return gcd(b, a % b);

}

/**
* @brief 代
*
* @param[in] a a
* @param[in] b b
* @return a b
*/

unsigned int gcd1(unsigned int a, unsigned int b) {
while (b != 0) {

unsigned int tmp = b;
b = a % b;
a = tmp;

}

¬http://en.wikipedia.org/wiki/Euclid_algorithm
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return a;
}

/**
* @brief 代
*
* @param[in] a a
* @param[in] b b
* @return a b
*/

unsigned int gcd2(unsigned int a, unsigned int b) {
while (a != b) {

if (a > b) {
a -= b;

} else {
b -= a;

}
}
return a;

}
gcd.c

(least common multiple), lcm(a, b) = a ×
b/ gcd(a, b)

• wikioi 1212 http://www.wikioi.com/problem/1212/

15.1.2

0 a, b 必 x, y gcd(a, b) = ax+ by

x y (Extended Euclidean algorithm¬) x

y

ex_gcd.c
/**
* @brief
* @param[in] a a
* @param[in] b b
* @param[out] x
* @param[out] y
* @return gcd(a,b)
*/

unsigned int ex_gcd(unsigned int a, unsigned int b, int *x, int *y) {
if(b == 0) {

*x = 1; *y = 0; return a;
} else {

¬http://en.wikipedia.org/wiki/Extended_Euclidean_algorithm
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const unsigned int tmp = ex_gcd(b, a % b, y, x);
*y -= (*x)*(a/b);
return tmp;

}
}

ex_gcd.c

•

•

•

ax+ by = c x, y a > b ≥ c ≥ 0

g = gcd(a, b) ax+ by = g (x0, y0) c g ax+ by = c

(x0, y0)

/**
* @brief ax+by=c
* @param[in] a a
* @param[in] b b
* @param[in] c c
* @param[out] x x
* @param[out] y y
* @return 1 0
*/

int linear_equation(unsigned int a, unsigned int b, unsigned int c,
int *x, int *y) {

unsigned int k;
const unsigned int g = ex_gcd(a, b, x, y);
if (c % g) return 0;

k = c / g;
(*x) *= k; (*y) *= k;
return 1;

}

ax ≡ b mod n a, b, n

ax ≡ b mod n ax b n y ax− b = ny

/**
* @brief ax = b mod n
* @param[in] a
* @param[in] b
* @param[in] n n>0
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*/
int modular_linear_equation(unsigned int a, unsigned int b, unsigned int n) {

int x, y, x0, i;
unsigned int k;
unsigned int g = ex_gcd(a, n, &x, &y);
if(b % g) return 0;

k = b / g;
x0 = (k * x) % n; //
for (i = 0; i < g; i++)

printf("%d\n", (x0 + i * (n/g)) % n);
return 1;

}

b = 1 ax ≡ 1 mod n a n (inverse)
a ax−ny = 1

1必 gcd(a, n) a n必

15.1.3

(Primality test¬) n

2 n n n n

/**
* @brief n
* @param[in] n
* @return 1 0
*/

int is_prime(unsigned int n) {
int i;
if (n < 2) return 0;
for (i = 2; i < n; i++) {

if (n % i == 0) return 0;
}
return 1;

}

1
√
n

/**
* @brief n sqrt(n)
* @param[in] n
* @return 1 0

¬http://en.wikipedia.org/wiki/Primality_test
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*/
int is_prime(unsigned int n) {

int i;
if (n < 2) return 0;
const int upper = sqrt(n);

for (i = 2; i <= upper; i++) {
if (n % i == 0) return 0;

}
return 1;

}

/**
* @brief n sqrt(n) sqrt()
* @param[in] n
* @return 1 0
*/

int is_prime1(unsigned int n) {
int i;
if (n < 2) return 0;
for (i = 2; i*i <= n; i++) {

if (n % i == 0) return 0;
}
return 1;

}

Eratosthenes

Eratosthenes (Sieve of Eratosthenes¬)
n

√
n p1, p2, . . . , pk 2 2 2

3 3 3 5
5 5 ……

#define MAXN 30000
/** prime_table[i]==1 i 0 */
int prime_table[MAXN+1];

void compute_prime_table() {
int i, j;
const int upper = sqrt(MAXN);

for (i = 2; i <= MAXN; i++) prime_table[i] = 1;
prime_table[0] = 0;
prime_table[1] = 0;

for (i = 2; i < upper; i++) if(prime_table[i]) {

¬http://en.wikipedia.org/wiki/Sieve_of_Eratosthenes
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for (j = 2; j * i <= MAXN; j++) prime_table[j*i] = 0;
}

}

int is_prime(unsigned int n) {
return prime_table[n];

}

代码 GNU GMP(http://gmplib.org/) 代码

int is_prime(unsigned int n) {
unsigned int q, r, d; /* */

/* */
if (n < 32) return (0xa08a28acUL >> n) & 1;
if ((n & 1) == 0) return 0;
if (n % 3 == 0) return 0;
if (n % 5 == 0) return 0;
if (n % 7 == 0) return 0;

for (d = 11;;) {
q = n / d;
r = n - q * d;
if (q < d) return 1; /* d sqrt(n) */
if (r == 0) break;

d += 2;
q = n / d;
r = n - q * d;
if (q < d) return 1;
if (r == 0) break;

d += 4;
}
return 0;

}

• wikioi 1430 http://www.wikioi.com/problem/1430/

15.1.4

a mod b, 1 ≤ a ≤ 101000, 1 ≤ b ≤ 100000
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2 a b

a mod b

2 3
12 7
152455856554521 3250

2
5
1521

代码

bigint_mod.c
#include<stdio.h>
#include<string.h>

/* 4 */
#define BIGINT_MOD 10000
#define MOD_LEN 4
#define MAX_LEN (1000/MOD_LEN+1) /* */

char a[MAX_LEN * MOD_LEN];
int x[MAX_LEN], y;

/**
* @brief .
* @param[in] s
* @param[out] x
* @return
*/

void bigint_input(const char s[], int x[]) {
int i, j = 0;
const int len = strlen(s);
for (i = 0; i < MAX_LEN; i++) x[i] = 0;

/* for (i = len - 1; i >= 0; i--) a[j++] = s[i] - '0'; */
for (i = len; i > 0; i -= MOD_LEN) { /* [i-MOD_LEN, i) */

int temp = 0;
int k;
const int low = i-MOD_LEN > 0 ? i-MOD_LEN : 0;
for (k = low; k < i; k++) {
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temp = temp * 10 + s[k] - '0';
}

x[j++] = temp;
}

}

/**
* @brief x mod y
* @param[in] x
* @param[in] y
* @return x mod y
*/

int bigint_mod(const int x[MAX_LEN], int y) {
int ret = 0;
int i;
for (i = MAX_LEN-1; i >= 0; i--) {

ret = (ret * BIGINT_MOD + x[i]) % y;
}
return ret;

}

int main() {
while(scanf("%s%d", a, &y) > 1) {

bigint_input(a, x);
printf("%d\n", bigint_mod(x, y));

}
return 0;

}
bigint_mod.c

• HDU 1212 Big Number, http://acm.hdu.edu.cn/showproblem.php?pid=1212

• None

15.2
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32 CPU C/C++ int [−232, 232 − 1] unsigned int
[0, 232] int unsigned int 10 10x ≤ 232 x ≤ 9.63

10

200 int x[200]
int 10

4 int 10000 4
9 10 10000

1/4

16.1

200 0

0 342 0342

22222222222222222222
33333333333333333333

55555555555555555555

300
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代码

bigint_add.c
#include<stdio.h>
#include<string.h>

/* 4 */
#define BIGINT_RADIX 10000
#define RADIX_LEN 4
#define MAX_LEN (200/RADIX_LEN+1) /* */

char a[MAX_LEN * RADIX_LEN], b[MAX_LEN * RADIX_LEN];
int x[MAX_LEN], y[MAX_LEN], z[MAX_LEN + 1];

/**
* @brief .
* @param[in] x
* @param[in] n x
* @return
*/

void bigint_print(const int x[], const int n) {
int i;
int start_output = 0; /* 0 */
for (i = n - 1; i >= 0; --i) {

if (start_output) { /* 0 */
printf("%04d", x[i]);

} else if (x[i] > 0) {
printf("%d", x[i]);
start_output = 1; /* 0 0 */

}
}

if(!start_output) printf("0"); /* x 0 */
}

/**
* @brief .
* @param[in] s
* @param[out] x
* @return
*/

void bigint_input(const char s[], int x[]) {
int i, j = 0;
const int len = strlen(s);
for (i = 0; i < MAX_LEN; i++) x[i] = 0;

// for (i = len - 1; i >= 0; i--) a[j++] = s[i] - '0';
for (i = len; i > 0; i -= RADIX_LEN) { /* [i-RADIX_LEN, i) */

int temp = 0;
int k;
const int low = i-RADIX_LEN > 0 ? i-RADIX_LEN : 0;
for (k = low; k < i; k++) {

temp = temp * 10 + s[k] - '0';
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}

x[j++] = temp;
}

}

/**
* @brief
* @param[in] x x
* @param[in] y y
* @param[out] z z=x+y
* @return
*/

void bigint_add(const int x[], const int y[], int z[]) {
int i;
for (i = 0; i < MAX_LEN + 1; i++) z[i] = 0;

for (i = 0; i < MAX_LEN; i++) { /* */
z[i] += x[i] + y[i];
if (z[i] >= BIGINT_RADIX) { /* */

z[i] -= BIGINT_RADIX;
z[i+1] ++; /* */

}
}

}

int main() {
scanf("%s%s", a, b);

bigint_input(a, x);
bigint_input(b, y);

bigint_add(x, y, z);
bigint_print(z, MAX_LEN + 1);
printf("\n");
return 0;

}
bigint_add.c

• ¬ 144 7.1

• 2981 , http://poj.grids.cn/practice/2981/

• None

¬ , , , 2007
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16.2

1 T 2 1 a 2 b(a > b)
100 0

2
9999999999999999999999999999999999999
9999999999999

5409656775097850895687056798068970934546546575676768678435435345
1

10 10000

200 201

9999999999999999999999990000000000000
5409656775097850895687056798068970934546546575676768678435435344

代码

bigint_sub.c
#include<stdio.h>
#include<string.h>

/* 4 */
#define BIGINT_RADIX 10000
#define RADIX_LEN 4
#define MAX_LEN (100/RADIX_LEN+1) /* */

char a[MAX_LEN * RADIX_LEN], b[MAX_LEN * RADIX_LEN];
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int x[MAX_LEN], y[MAX_LEN], z[MAX_LEN];

/**
* @brief .
* @param[in] x
* @param[in] n x
* @return
*/

void bigint_print(const int x[], const int n) {
int i;
int start_output = 0; /* 0 */
for (i = n - 1; i >= 0; --i) {

if (start_output) { /* 0 */
printf("%04d", x[i]);

} else if (x[i] > 0) {
printf("%d", x[i]);
start_output = 1; /* 0 0 */

}
}

if(!start_output) printf("0"); /* x 0 */
}

/**
* @brief .
* @param[in] s
* @param[out] x
* @return
*/

void bigint_input(const char s[], int x[]) {
int i, j = 0;
const int len = strlen(s);
for (i = 0; i < MAX_LEN; i++) x[i] = 0;

// for (i = len - 1; i >= 0; i--) a[j++] = s[i] - '0';
for (i = len; i > 0; i -= RADIX_LEN) { /* [i-RADIX_LEN, i) */

int temp = 0;
int k;
const int low = i-RADIX_LEN > 0 ? i-RADIX_LEN : 0;
for (k = low; k < i; k++) {

temp = temp * 10 + s[k] - '0';
}

x[j++] = temp;
}

}

/**
* @brief .
*
* @param[in] x x
* @param[in] y y, x>y
* @param[out] z z=x-y
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* @return
*/

void bigint_sub(const int x[], const int y[], int z[]) {
int i;
for (i = 0; i < MAX_LEN; i++) z[i] = 0;

for (i = 0; i < MAX_LEN; i++) { /* */
z[i] += x[i] - y[i];
if (z[i] < 0) { /* */

z[i] += BIGINT_RADIX;
z[i+1] --; /* */

}
}

}

int main() {
int T;
scanf("%d", &T);

while (T-- > 0) {
scanf("%s%s",a,b);

bigint_input(a, x);
bigint_input(b, y);

bigint_sub(x, y, z);
bigint_print(z, MAX_LEN);
printf("\n");

}
return 0;

}
bigint_sub.c

• 2736 , http://poj.grids.cn/practice/2736/

• None

16.3
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200 0

0

12345678900
98765432100

1219326311126352690000

200 400

835× 49

835× 9 5× 9 45 1 3× 9 27 10 8× 9 72 100
835× 9 aResult

4× 5 4× 5 代 20 10 aResult[1]+=20

4× 3 4× 3 代 12 100 aResult[2]+= 12

4× 8 4× 8 代 32 1000 aResult[3]+= 32
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aResult[0] aResult[0] 5 4
aResult[1] aResult[1] 51 1 5 aResult[2] aResult

1

i j
i+j i, j 0

代码

bigint_mul.c
#include<stdio.h>
#include<string.h>

/* 4 */
#define BIGINT_RADIX 10000
#define RADIX_LEN 4
#define MAX_LEN (200/RADIX_LEN+1) /* */

char a[MAX_LEN * RADIX_LEN], b[MAX_LEN * RADIX_LEN];
int x[MAX_LEN], y[MAX_LEN], z[MAX_LEN * 2];

/**
* @brief .
* @param[in] x
* @param[in] n x
* @return
*/

void bigint_print(const int x[], const int n) {
int i;
int start_output = 0; /* 0 */
for (i = n - 1; i >= 0; --i) {

if (start_output) { /* 0 */
printf("%04d", x[i]);

} else if (x[i] > 0) {
printf("%d", x[i]);
start_output = 1; /* 0 0 */

}
}

if(!start_output) printf("0"); /* x 0 */
}

/**
* @brief .
* @param[in] s
* @param[out] x
* @return
*/
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void bigint_input(const char s[], int x[]) {
int i, j = 0;
const int len = strlen(s);
for (i = 0; i < MAX_LEN; i++) x[i] = 0;

// for (i = len - 1; i >= 0; i--) a[j++] = s[i] - '0';
for (i = len; i > 0; i -= RADIX_LEN) { /* [i-RADIX_LEN, i) */

int temp = 0;
int k;
const int low = i-RADIX_LEN > 0 ? i-RADIX_LEN : 0;
for (k = low; k < i; k++) {

temp = temp * 10 + s[k] - '0';
}

x[j++] = temp;
}

}

/**
* @brief .
* @param[in] x x
* @param[in] y y
* @param[out] z z=x*y
* @return
*/

void bigint_mul(const int x[], const int y[], int z[]) {
int i, j;
for (i = 0; i < MAX_LEN * 2; i++) z[i] = 0;

for (i = 0; i < MAX_LEN; i++) {
for (j = 0; j < MAX_LEN; j++) { /* y[i] x */

z[i + j] += y[i] * x[j]; /* i, j i+j */

if (z[i + j] >= BIGINT_RADIX) { /* */
z[i + j + 1] += z[i + j] / BIGINT_RADIX; /* */
z[i + j] %= BIGINT_RADIX;

}
}

}
}

int main() {
scanf("%s%s", a, b);

bigint_input(a, x);
bigint_input(b, y);

bigint_mul(x, y, z);
bigint_print(z, MAX_LEN * 2);
printf("\n");
return 0;

}
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bigint_mul.c

• ¬ 146 7.2

• 2980 , http://poj.grids.cn/practice/2980/

• None

16.4

1 T 2 1 2
100

3
2405337312963373359009260457742057439230496493930355595797660791082739646
2987192585318701752584429931160870372907079248971095012509790550883793197894

10000000000000000000000000000000000000000
10000000000

5409656775097850895687056798068970934546546575676768678435435345
1

0
1000000000000000000000000000000
5409656775097850895687056798068970934546546575676768678435435345

¬ , , , 2007



310 16

7546 23 0 23 100
2300 3 646 300 646 230 2
186 20 186 23 8 328

写

10 100 0

代码

bigint_div.c
#include <stdio.h>
#include <stdlib.h>
#include <string.h>

/* 4 */
#define BIGINT_RADIX 10000
#define RADIX_LEN 4
#define MAX_LEN (100/RADIX_LEN+1) /* */

char a[MAX_LEN * RADIX_LEN], b[MAX_LEN * RADIX_LEN];
int x[MAX_LEN], y[MAX_LEN], z[MAX_LEN];

/**
* @brief .
* @param[in] x
* @param[in] n x
* @return
*/

void bigint_print(const int x[], const int n) {
int i;
int start_output = 0; /* 0 */
for (i = n - 1; i >= 0; --i) {

if (start_output) { /* 0 */
printf("%04d", x[i]);

} else if (x[i] > 0) {
printf("%d", x[i]);
start_output = 1; /* 0 0 */

}
}

if(!start_output) printf("0"); /* x 0 */
}

/**
* @brief .
* @param[in] s
* @param[out] x
* @return
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*/
void bigint_input(const char s[], int x[]) {

int i, j = 0;
const int len = strlen(s);
for (i = 0; i < MAX_LEN; i++) x[i] = 0;

// for (i = len - 1; i >= 0; i--) a[j++] = s[i] - '0';
for (i = len; i > 0; i -= RADIX_LEN) { /* [i-RADIX_LEN, i) */

int temp = 0;
int k;
const int low = i-RADIX_LEN > 0 ? i-RADIX_LEN : 0;
for (k = low; k < i; k++) {

temp = temp * 10 + s[k] - '0';
}

x[j++] = temp;
}

}

/**
* @brief .
*
* @param[inout] x
* @return
*/

static int length(const int x[]) {
int i;
int result = 0;
for (i = MAX_LEN - 1; i >= 0; i--) if (x[i] > 0) {

result = i + 1;
break;

}
return result;

}

/**
* @brief .
*
* @param[inout] x x
* @param[in] y y
* @return x < y -1 x=y 0 x>y 1
*/

static int bigint_sub(int x[], const int y[]) {
int i;
const int lenx = length(x);
const int leny = length(y);

/* x y */
if (lenx < leny) return -1;
else if (lenx == leny) {

int larger = 0;
for (i = lenx - 1; i >= 0; i--) {

if (x[i] > y[i]) {
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larger = 1;
} else if (x[i] < y[i]) {

if (!larger) return -1;
}

}
}

for (i = 0; i < MAX_LEN; i++) { /* */
x[i] -= y[i];
if (x[i] < 0) { /* */

x[i] += BIGINT_RADIX;
x[i+1] --; /* */

}
}

return 1;
}

/**
* @brief .
*
* @param[inout] x x
* @param[in] y y
* @param[out] z z=x/y
* @return
*/

void bigint_div(int x[], const int y[], int z[]) {
int i;
int *yy; /* y */
const int xlen = length(x);
int ylen = length(y);
const int times = xlen - ylen;

for (i = 0; i < MAX_LEN; i++) z[i] = 0;
if (times < 0) return;

yy = (int*)malloc(sizeof(int) * MAX_LEN);
memcpy(yy, y, sizeof(int) * MAX_LEN);

/* yy times x yy 10000 times */
for (i = xlen - 1; i >= 0; i--) {

if (i >= times) yy[i] = yy[i - times];
else yy[i] = 0;

}

/* y×(10000 times )
y×(10000 times-1 )

*/
ylen = xlen;
for (i = 0; i <= times; i++) {

int j;
while (bigint_sub(x, yy) >= 0) {



16.4 313

z[times - i]++;
}

/* yy BIGINT_RADIX */
for (j = 1; j < ylen; j++) {

yy[j - 1] = yy[j];
}
yy[--ylen] = 0;

}

/* */
for (i = 0; i < MAX_LEN - 1; i++) {

if (z[i] >= BIGINT_RADIX) { /* */
z[i+1] += z[i] / BIGINT_RADIX; /* */
z[i] %= BIGINT_RADIX;

}
}
free(yy);

}

int main() {
int T;
scanf("%d", &T);

while (T-- > 0) {
scanf("%s%s",a,b);

bigint_input(a, x);
bigint_input(b, y);

bigint_div(x, y, z);
bigint_print(z, MAX_LEN);
printf("\n");

}
return 0;

}
bigint_div.c

• ¬ 149 7.3

• 2737 , http://poj.grids.cn/practice/2737/

• wikioi 3118 , http://poj.grids.cn/practice/3118/

• None

¬ , , , 2007
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16.5

16.5.1

n! 0 ≤ n ≤ 107

T T n

n n!

2
10
20

7
19

n! (TLE)
Stirling (Stirling’s formula¬)

lim
n→∞

n!√
2πn

(
n
e

)n = 1

n!

n log n

e
+

1

2
log 2πn+ 1

代码

bigint_factorial_digits.c
#include <stdio.h>
#include <math.h>

¬http://en.wikipedia.org/wiki/Stirling's_approximation
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/**
* @brief n Stirling
* @param[in] n n>=0
* @return n
*/

int factorial_digits(unsigned int n) {
const double PI = 3.14159265358979323846;
const double E = 2.7182818284590452354;
if (n == 0) return 1;
return (int)(n * log10(n/E) + 0.5 * log10(2*PI*n)) + 1;

}

int main() {
int i, T, n;

scanf("%d", &T);
for (i = 0; i < T; i++) {

scanf("%d", &n);
printf("%d\n", factorial_digits(n));

}
return 0;

}
bigint_factorial_digits.c

• POJ 1423 Big Number, http://poj.org/problem?id=1423

• None

16.5.2

n!, 0 ≤ n ≤ 10000)

n

n n!
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1
2
3

1
2
6

代码

bigint_factorial.c
#include<stdio.h>
#include<string.h>

/* 4 */
#define BIGINT_RADIX 10000
#define RADIX_LEN 4
/* 10000! 35660 */
#define MAX_LEN (35660/RADIX_LEN+1) /* */

int x[MAX_LEN + 1];

/**
* @brief .
* @param[in] x
* @param[in] n x
* @return
*/

void bigint_print(const int x[], const int n) {
int i;
int start_output = 0; /* 0 */
for (i = n - 1; i >= 0; --i) {

if (start_output) { /* 0 */
printf("%04d", x[i]);

} else if (x[i] > 0) {
printf("%d", x[i]);
start_output = 1; /* 0 0 */

}
}

if(!start_output) printf("0"); /* x 0 */
}

/**
* @brief , x = x*y.
* @param[inout] x x
* @param[in] y y
* @return
*/
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void bigint_mul(int x[], const int y) {
int i;
int c = 0; /* */

for (i = 0; i < MAX_LEN; i++) { /* y x */
const int tmp = x[i] * y + c;
x[i] = tmp % BIGINT_RADIX;
c = tmp / BIGINT_RADIX;

}
}

/**
* @brief n
* @param[in] n
* @param[out] x
* @return
*/

void bigint_factorial(int n, int x[]) {
int i;
memset(x, 0, sizeof(int) * (MAX_LEN + 1));
x[0] = 1;

for (i = 2; i <= n; i++) {
bigint_mul(x, i);

}
}

int main() {
int n;
while (scanf("%d", &n) != EOF) {

bigint_factorial(n, x);
bigint_print(x, MAX_LEN + 1);
printf("\n");

}
return 0;

}
bigint_factorial.c

• HDU 1042 N!, http://acm.hdu.edu.cn/showproblem.php?pid=1042

• None
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C++, Java

17.1

C++ STL next_permutation()

/**
* @brief 12345 12354
* @param[inout] num 12345
* @param[in] len num
* @return
*/

void next_permutation(int num[], int len);

17-1 http://fisherlei.blogspot.com/2012/12/leetcode-next-permutation.html

318
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17-1

代码

next_permutation.c
static void swap(int array[], int i, int j) {

const int tmp = array[i];
array[i] = array[j];
array[j] = tmp;

}

static void reverse(int array[], int first, int last) { //
last--;
while (first < last)

swap(array, first++, last--);
}

/**
* @brief 12345 12354
* @param[inout] num 12345
* @param[in] first
* @param[in] last
* @return 0 -1
*/
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int next_permutation(int num[], int first, int last) {
int i, j;

i = last - 2; // partition number's index
while (i >= 0 && num[i] >= num[i + 1])

i--;

if (i == -1) {
reverse(num, first, last);
return -1;

}

j = last - 1; // change number's index
while (num[j] <= num[i])

--j;
swap(num, i, j);
reverse(num, i + 1, last);

return 0;
}

next_permutation.c

• LeetCode - Next Permutation, http://leetcode.com/onlinejudge#question_31

17.2

n A ROR, Rotate Right k 1, 2, 3, 4, 5
3 3, 4, 5, 1, 2

B B[(i+ k)%n] = A[i] B
写 A O(n) O(n) 代码

ror.c
void ror1(int array[], int n, int k) {

int i;
int *B = (int*) malloc(n * sizeof(int));

k %= n;
if (k == 0)

return;
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for (i = 0; i < n; i++) {
B[(i + k) % n] = array[i];

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

array[i] = B[i];
}

}
ror.c

k
O(n*k) O(1) 代码

ror.c
void ror2(int array[], int n, int k) {

int i, tmp;
k %= n;
if (k == 0)

return;

while (k--) {
tmp = array[n - 1];
for (i = n - 1; i > 0; i--) {

array[i] = array[i - 1];
}
array[0] = tmp;

}
}

ror.c

A 1, 2, 3, 4, 5 5, 4, 3, 2, 1 k 3, 4, 5, 2, 1
n-k 3, 4, 5, 1, 2

A n-k X k Y A=XY A k YX
A (XY )T = Y TXT k Y XT n-k
YX

O(2n) O(1) 代码

ror.c
static void swap(int array[], int i, int j) {

const int temp = array[i];
array[i] = array[j];
array[j] = temp;

}

static void reverse(int array[], int begin, int end) { //
end--;
while (begin < end)
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swap(array, begin++, end--);
}

void ror3(int *array, int n, int k) {
k %= n;
if (k == 0)

return;

reverse(array, 0, n);
reverse(array, 0, k);
reverse(array, k, n - k);

}
ror.c

写 2

1 4 1
4 4 2

1, 2, 3, 4, 5, 6, 7, 8, 9
3 1 4 4 7 7 1 3

6 2 2 5 8 3 6
9 1 1 4 7

9 3 3 3
5 3

代码

ror.c
static int gcd(int a, int b) {

assert(a >= b);
if (b == 0) {

return a;
}

while (b > 0) {
int tmp = a % b;
a = b;
b = tmp;

}

return a;
}

void ror4(int *array, int n, int k) {
int i;
const int g = gcd(n, k);

k %= n;
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if (k == 0)
return;

for (i = 0; i < g; ++i) {
int j = i;
int cur = array[j], tmp;

do {
tmp = array[(j + k) % n];
array[(j + k) % n] = cur;
cur = tmp;
j = (j + k) % n;

} while (j != i);
}

}

// test
int main(void) {

int i;
int a[] = { 1, 2, 3, 4, 5 };
ror4(a, 5, 3);
for (i = 0; i < 5; i++) {

printf("%d ", a[i]);
}

return EXIT_SUCCESS;
}

ror.c
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