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せ 1』

㑅⼺ឯ጖

ឹ䒲๖⮳᪟㏳ᩭ౗mainܬ᪟ๅ喌ҋͩڗᅯइ䛾喌䔈ᵦञД䭡ₑᴷ⏑ܩ喌ఏͩᴷ⮳๖ᄾ
᭞᰸䭿ݥ⮳ȡ

ັ᳋㘬๎䶳џᴷ喌䭎݆⮳̹䭿喌݈̼㺰⩗ stack, queue喌Ү⩗᪟㏳Ეὐ᠎喌䔈ᵦ䕎
Ꮥᰯᔚȡ

䓂ڔ᪟ᢝ̯㝛ᩭ౗ڗᅯइ䛾喌̓౗䓿㵻䓶⼺̼͜㺰ԝᩨ䔈ϊइ䛾ȡ

౗ݓ᫜͓͙⊝◨᪟ a ঻ b ᭞ॕⰧへᬥ喌̼㺰⩗ a==b喌Ꮓ䄔ݓ᫜λ㔴ͺጝ⮳㐌ᄨի
fabs(a-b)᭞ॕᄾν᳿͙䬷ի喌Һັ 1e-9ȡ
⩗᫜̯͙᪣᪟᭞ॕ᭞ͩ๶᪟喌ݓ x % 2 != 0喌̼㺰⩗ x % 2 == 1喌ఏͩ xञ㘬᭞䉎

᪟ȡ

⩗ char ⮳իҋͩ᪟㏳̺ᴶ喈Һັ喌㐎䃐ႆさ͜͡⃾͙ႆさܩ⣟⮳⁐᪟喉喌㺰㔲㮀ݟ
charञ㘬᭞䉎᪟ȡ᰸⮳ϩ㔲㮀ݟε喌ٷᑩݥ䒛಺ͩ unsigned intڼ⩗ҋ̺ᴶ喌䔈ϼ♥᭞
䩈⮳ȡₒ⶝⮳։∄᭞喌ٷᑩݥ䒛಺ͩ unsigned char喌ڼ⩗ҋ̺ᴶȡ䔈⊸ࣹ C++᪣಺᣿ࡶ
⮳㻳݈喌ᅠ̼䄕䔟εȡ
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㏮ᕖ㶗

㏮ᕖ㶗 (Linear List)࠴ग़Д̺܏⻼喚

• 䶩Ꮎႇח喚᪟㏳

• 䨭ᐾႇח喚ࢄ䨭㶗喌ࣻी䨭㶗喌ᓙ⣞ࢄ䨭㶗喌ᓙ⣞ࣻी䨭㶗

• λ㔴㐂ष喚䲈ᔰ䨭㶗
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せ 3』

ႆさ͡

3.1 ႆさ͡ API

䲑䄄͜㏾፧щܩ⣟喌⣟౩㑅写 strcpy, strlen, strstr, atoiへᏂܬ᪟⮳䷇Ⱍȡ䔈ㆪ䷇
Ⱍⰺ䊦Ეクࢄ喌Ⴭ݈䯭Ꮥᒷ๖喌ܵࡩ䘬ᒷ倇喌ᒷშᭂ㔲ᄎܩҏ⮳㑅⼺ߎᏄ喌᭞䲑䄄Ⴧ⮳ᰯ

❠ȡ

3.1.1 strlen

᣾䔟

Ⴭ⣟ strlen喌㣦अႆさ͡䪮Ꮥ喌ܬ᪟࣎಺ັ̺喚
size_t strlen(const char *str);

ܵᲿ

代码

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

}

3.1.2 strcpy

᣾䔟

Ⴭ⣟ strcpy喌ႆさ͡ᠦ䉌ܬ᪟喌ܬ᪟࣎಺ັ̺喚
char* strcpy(char *to, const char *from);

3
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ܵᲿ

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

᣾䔟

Ⴭ⣟ strstr喌ၿ͡ᴔឭܬ᪟喌ܬ᪟࣎಺ັ̺喚
char * strstr(const char *haystack, const char *needle);

ܵᲿ

ᯣߊテ∄⮳฼ᱱᏕ᭞ O(m ∗ n)喌代码ັ̺ȡڥЅテ∄㻰せ §3.4㞱Ćၿ͡ᴔឭćȡ

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;

}



3.1 ႆさ͡ API 5

Ⱗڢ䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

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

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• ᬏ

3.1.4 atoi

᣾䔟

Ⴭ⣟ atoi喌ᄵ̯͙ႆさ͡䒛ͩࡅ᪣᪟喌ܬ᪟࣎಺ັ̺喚
int atoi(const char *str);

ܵᲿ

∗ᘾ喌䔈䷇᭞ᩴᘾ㐈ᒷᅀ⮳Ԑᖞ喌䃘ҏᲔ㔲㮀ᝯ᰸ञ㘬⮳䓂ڔȡ

Ეⰺ̯̺ atoi⮳Ⴧ᫨᪶ᶒ (http://www.cplusplus.com/reference/cstdlib/atoi/)喌ⰺⰺႲ᰸ϯͷ
➨ᕖ喚

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.
∗ᘾ͙܏≺䄄⩗Һ喚

1. ̼㻳݈䓂ڔ喌ѵ᭞᰸᩷喌”-3924x8fc”喌” + 413”,

2. ᬏ᩷ᵫᐾ喌” ++c”, ” ++1”

3. ”᪟ᢝ喌”2147483648ܩ⏑
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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;

}

Ⱗڢ䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

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

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• ᬏ

3.2 ႆさ͡ᣁᎾ

3.3 䃼ᴔឭᵀࢄ

3.4 ၿ͡ᴔឭ

ႆさ͡⮳̯⻼ഩᱛ᧼ҋᅠ᭞ၿ͡ᴔឭ (substring search)喚㐈჉̯͙䪮Ꮥͩ N ⮳᪶ᱛ঻̯͙

䪮ᏕͩM ⮳ὐᐾ͡ (pattern string)喌౗᪶ᱛ͜ឭ͙̯̽ݟ䄔ὐᐾⰧさ⮳ၿႆさ͡ȡ
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ᰯクࢄ⮳テ∄᭞ᯣߊᴔឭ喌ᬥ䬣฼ᱱᏕ᭞ O(MN)ȡ̺䲑Ϻ㏼͓͙ᰣ倇᩷⮳テ∄ȡ

3.4.1 KMPテ∄

KMPテ∄᭞ KnuthȠMorris঻ Pratt౗ 1976Ꭳऀ㶗⮳ȡႲ⮳ഩᱛᕌᘢ᭞喌ᒂܩ⣟̼ࡨ
䙼ᬥ喌ᅠ㘬ⴔᮂ̯䘗᪶ܵᱛ⮳ڴშ喈ఏͩ౗ࡨ䙼๠䉔ͺݼႲЛጡ㏾঻ὐᐾⰧࡨ䙼喉ȡᝀЛञ

Дݘ⩗䔈ϊԐᖞ䖮ټᄵᠶ䦷఍䔯ݟᝯ᰸䔈ϊጡⴔ⮳ႆさͺݼȡ䔈ᵦ喌ᒂܩ⣟̼ࡨ䙼ᬥ喌ञ

Д᣿ݓݼ᫜ັ҄䛼᫟ᐯ໺ᴔឭ喌㔻䔈⻼ݓ᫜ङअۢνὐᐾᱛ䏚ȡ

䄕㏵㼒䛹䄦ࣱ㔲Ȩテ∄ȩ¬せ 5.3.3㞱ȡ䔈ᱛΕ䃡⮳᭞⶝჉᰸䭿⟥ᔰ㜙ߗᱩ (DFA)⮳᫨
∄ȡ

ᣗ㡿㒀̹⮳܏ヶ℃䒲ຬ⮳ࢉბ喌䃡⮳᭞䘗ܵࡨ䙼㶗 (partial match table)⮳᫨∄喈ࢢ next
᪟㏳喉喌Ćႆさ͡ࡨ䙼⮳ KMPテ∄ćhttp://t.cn/zTOPfdh喌భ᪶Ꭵ㠱喌䲍፧䕉Ԇᭂᛱ喌ҋ㔴᭞䭝̯

ሟ喛ĆKMPテ∄䄕㼒ćhttp://www.matrix67.com/blog/archives/115喌ҋ㔴᭞䶭ḝMatrix67喛”Knuth-
Morris-Pratt string matching” http://www.ics.uci.edu/ eppstein/161/960227.htmlȡ

Ү⩗ next᪟㏳⮳ KMPテ∄⮳ C䄜㼯Ⴭ⣟ັ̺ȡ
kmp.c

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

/*
* @brief 䃐テ䘗ܵࡨ䙼㶗喌ࢢ next ᪟㏳.
*
* @param[in] pattern ὐᐾ͡
* @param[out] next next ᪟㏳
* @return ᬏ
*/

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 テ∄.

¬Ȩテ∄ȩ喌Robert Sedgewick喌ϩ⅀䗝⩤ܩ❷⹭喌http://book.douban.com/subject/10432347/
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*
* @param[in] text ᪶ᱛ
* @param[in] pattern ὐᐾ͡
* @return ᜿݈ߎ䔃఍せ̯⁐ࡨ䙼⮳Ѽ㒝喌๠䉔݈䔃఍-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テ∄

䄕㏵㼒䛹䄦ࣱ㔲Ȩテ∄ȩ¬せ 5.3.4㞱ȡ
ᣗ㡿㒀̹⮳܏ヶ℃䒲ຬ⮳ࢉბ喌Ćႆさ͡ࡨ䙼⮳ Boyer-Moore テ∄ć

http://www.ruanyifeng.com/blog/2013/05/boyer-moore_string_search_algorithm.html喌భ᪶Ꭵ㠱喌䲍፧䕉Ԇ

ᭂᛱ喌ҋ㔴᭞䭝̯ሟ喛Boyer-Moore algorithm, http://www-igm.univ-mlv.fr/ lecroq/string/node14.htmlȡ

¬Ȩテ∄ȩ喌Robert Sedgewick喌ϩ⅀䗝⩤ܩ❷⹭喌http://book.douban.com/subject/10432347/
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᰸ڣ䋒⮳䄪㔴䔇ञДⰺ࣎໺䃩᪶¬ȡ

Boyer-Mooreテ∄⮳ C䄜㼯Ⴭ⣟ັ̺ȡ
boyer_moore.c

/**
* ᱛ代码ࣱ㔲ε http://www-igm.univ-mlv.fr/~lecroq/string/node14.html
* ㇭ߊ᰸䭿⮳䄌喌ञДङ䃐テ౾ႆさ⮳ऽ⼪喌ຬऽ㐯⮳Ѽ⼪᭞ञ䔸⮳喌ఏₓञДݏ䮓
* suffixes(), pre_gs() ᪟ܬ
*/

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

#define ASIZE 256 /* ASCII ႆ⃼⮳⻼ㆪ */

/*
* @brief 䶳ำ⤵喌䃐テ⃾͙ႆ⃼ᰯ䲏ढ⮳Ѽ㒝.
*
* @param[in] pattern ὐᐾ͡
* @param[out] right ⃾͙ႆ⃼ᰯ䲏ढ⮳Ѽ㒝
* @return ᬏ
*/

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 䶳ำ⤵喌䃐テຬऽ㐯⮳ऽ⼪Ѽ㒝.
*
* @param[in] pattern ὐᐾ͡
* @param[out] gs ຬऽ㐯⮳ऽ⼪Ѽ㒝
* @return ᬏ
*/

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 テ∄.
*
* @param[in] text ᪶ᱛ
* @param[in] pattern ὐᐾ͡
* @return ᜿݈ߎ䔃఍せ̯⁐ࡨ䙼⮳Ѽ㒝喌๠䉔݈䔃఍-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) { /* ឭࡨ͙̯ݟ䙼 */
/* 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テ∄

䄕㏵㼒䛹䄦ࣱ㔲Ȩテ∄ȩ¬せ 5.3.5㞱ȡ
Rabin-Karpテ∄⮳ C䄜㼯Ⴭ⣟ັ̺ȡ

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

const int R = 256; /** ASCII ႆ⃼㶗⮳๖ᄾ喌R 䔊ݥ */
/** ৷ጻ㶗⮳๖ᄾ喌䔸⩗̯͙๖㉏᪟喌䔈䛻⩗ 16 Ѽ᪣᪟㠲ణᰯڴ๖⮳㉏᪟ */
const long Q = 0xfff1;

/*
* @brief ৷ጻܬ᪟.
*
* @param[in] key ᒴ䃐テ⮳ႆさ͡
* @param[int] M ႆさ͡⮳䪮Ꮥ
* @return 䪮Ꮥͩ M ⮳ၿႆさ͡⮳৷ጻի
*/

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 䃐テ᫟⮳ hash.
*

¬Ȩテ∄ȩ喌Robert Sedgewick喌ϩ⅀䗝⩤ܩ❷⹭喌http://book.douban.com/subject/10432347/
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* @param[int] h 䄔⃤ၿႆさ͡ᝯᄨᏃ⮳৷ጻի
* @param[in] first 䪮Ꮥͩ M ⮳ၿ͡⮳せ̯͙ႆさ
* @param[in] next 䪮Ꮥͩ M ⮳ၿ͡⮳̺̯͙ႆさ
* @param[int] RM R^(M-1) % Q
* @return 䊦໺νѼ㒝 i+1 ⮳ M ͙ႆさ⮳ၿႆさ͡ᝯᄨᏃ⮳৷ጻի
*/

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 ⩗㧈➨࢐≊テ∄喌ݓ᫜͓͙ႆさ͡᭞ॕⰧへ.
*
* @param[in] pattern ὐᐾ͡
* @param[in] substring ࣎໺᪶ᱛ䪮Ꮥͩ M ⮳ၿ͡
* @return ͓͙ႆさ͡Ⱗऻ喌䔃఍ 1喌ॕ݈䔃఍ 0
*/

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

}

/**
* @brief Rabin-Karp テ∄.
*
* @param[in] text ᪶ᱛ
* @param[in] n ᪶ᱛ⮳䪮Ꮥ
* @param[in] pattern ὐᐾ͡
* @param[in] m ὐᐾ͡⮳䪮Ꮥ
* @return ᜿݈ߎ䔃఍せ̯⁐ࡨ䙼⮳Ѽ㒝喌๠䉔݈䔃఍-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 ᕪ㐂

テ∄ ❷ᱛ
฼ᱱᏕ ౗᪶ᱛ

ₒ⶝ᕖ
䒴ߘ

ᰯ౾ᗴۤ Ꭲ౶ᗴۤ ͜఍䔯 ⾩䬣

KMPテ∄
Ⴛ᪣⮳ DFA 2N 1.1N ॕ ᭞ MR
䘗ܵࡨ䙼㶗 3N 1.1N ॕ ᭞ M
Ⴛ᪣❷ᱛ 3N N/M ᭞ ᭞ R

Boyer-Mooreテ∄ ౾ႆさीऽѼ⼪ MN N/M ᭞ ᭞ R

Rabin-Karpテ∄ ∗ 㧈➨࢐≊テ∄ 7N 7N ॕ ᭞ ∗ 1
៸᫞㐣ߏ᫞テ∄ 7N∗ 7N ᭞ ᭞ 1

*ằ⢶Ԍ䃰喌䰯㺰Ү⩗౶࠯঻⠛⿺⮳᪒݆ܬ᪟

3.5 ₒ݈㶗䓭ᐾ
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ᴷ঻䭎݆

ᴷ (stack)ङ㘬౗㶗⮳̯〞ᤁڔ঻ݏ䮓喌ٷ䔊ऽܩ喈LIFO, Last In, First Out喉ȡ
䭎݆ (queue)ङ㘬౗㶗⮳̯〞喈䭎ᅭ rear喉ᤁڔ喌क̯〞喈䭎๣ front喉ݏ䮓喌ٷ䔊ܩٷ喈FIFO,

First In, First Out喉ȡ

4.1 ᴷ

4.1.1 ⅸ䄩ඃ䬝䷇

᣾䔟

n䭥ⅸ䄩ඃ䬝䷇ (Hanoi Tower)ն䃭᰸̸͙ܵݚব़ͩ XȠY঻ Z⮳ඃᏖ喌౗ඃᏖ X̹ᤁ᰸ n͙

Ⱓᒳ๖ᄾळ̼ⰧऻȠϽᄾݟ๖㑅दͩ 1喌2喌…喌n⮳వⰇ喌ັభ 4-1ᝯ⹩ȡ

భ 4-1 Hanoiඃ䬝䷇

⣟㺰ⅱᄵ Xඃ̹⮳ n͙వⰇ⼪ݟߗ Z̹Ꭵϼᠸऻᵦ⮳䶩Ꮎएᩭ喌వⰇ⼪ߗᬥ必䶪䖤ᓙ̺݆㻳݈喚

• ⃾⁐ङ㘬⼪͙̯ߗవⰇ喛

• వⰇञДᤁ౗ XȠY঻ Z͜⮳Ъ̯ඃᏖ̹喛

• Ъ҄ᬥݪ䘬̼㘬ᄵ̯͙䒲๖⮳వⰇࢺ౗䒲ᄾ⮳వⰇͺ̹ȡ

㐈͙̯ܩ᪟ n喌ⅱᰯܩᅀₔ᪟⮳⼪ߗᎾ݆ȡ

䓂ڔ

̯͙᪣᪟ n, n ≤ 10

14
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䓂ܩ

せ̯㵻̯͙᪣᪟ k喌㶗⹩ᰯᅀ⮳⼪ߗₔ᪟ȡ

ᣔ̺Ე k 㵻喌⃾㵻̯औ䄌喌N from X to Y喌㶗⹩ឹ N दⰇϽ X ᴠ⼪ݟߗ Y ᴠȡX,Y ᆍν
{'A','B','C'}

ᵦҺ䓂ڔ

3

ᵦҺ䓂ܩ

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

ܵᲿ

⩗䕁ᒁȡ

代码

hanoi.c
#include <stdio.h>

/*
* @brief ᄵඃᏖ x ̹ᠸⰣᒳ᰸ᄾݟ๖̓㜙̹㔻̺㑅द
* ͩ 1 㜢 n ⮳ n ͙వⰇᠸ㻳݈ᥛݟඃᏖ z ̹喌y ञ⩗։䒴ߘඃᏖ.
* @param[in] n వⰇ͙᪟
* @param[in] x ⎿ඃᏖ
* @param[in] y 䒴ߘඃᏖ
* @param[in] z ⰝᴶඃᏖ
* @return ᬏ
*/

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

/* ᄵ㑅दͩ n ⮳వⰇϽ x ݟ⼪ z */
printf("%d from %c to %c\n", n, x, z);
return;

} else {
/* ᄵ x ̹㑅द 1 㜢 n-1 ⮳వⰇ⼪ݟ y喌z ҋ䒴ߘඃ */
hanoi(n-1, x, z, y);
/* ᄵ㑅दͩ n ⮳వⰇϽ x ݟ⼪ z */
printf("%d from %c to %c\n", n, x, z);
/* ᄵ y ̹㑅द 1 㜢 n-1 ⮳వⰇ⼪ݟ z喌x ҋ䒴ߘඃ */
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hanoi(n-1, y, x, z);
}

}

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

}
hanoi.c

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

• wikioi 3145ⅸ䄩ඃ⍧᜾, http://www.wikioi.com/problem/3145/

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• ᬏ

4.1.2 䔊ݥ䒛ᢑ

convert_base.cpp
#include <stack>
#include <cstdio>

/**
* @brief 䔊ݥ䒛ᢑ喌ᄵ̯͙ 10 䔊ݥ᪣᪟䒛ͩࡅ d 䔊ݥ喌d<=16.
* @param[in] n ᪣᪟ n
* @param[in] d d 䔊ݥ
* @return ᬏ
*/

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; // ᴷ⮳ᰯ๖䪮Ꮥ
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int stack[MAXN];
int top = -1;
/**
* @brief 䔊ݥ䒛ᢑ喌ᄵ̯͙ 10 䔊ݥ᪣᪟䒛ͩࡅ d 䔊ݥ喌d<=16喌ᰣчࡅ⮳❷ᱛ.
*
* ັ᳋ञД䶳џᴷ⮳ᰯ๖⾩䬣喌݈⩗᪟㏳Ეὐ᠎ᴷ喌䔈ᬥ፧⩗⮳̯͙ឯ጖ȡ
* 䔈䛻喌ᴷ⮳ᰯ๖䪮Ꮥ᭞้ᅀ喟ն䃭 CPU ᭞ 64 Ѽ喌ᰯ๖⮳᪣᪟݈᭞ 2^64喌⩠ν
* ᪟ᰯݥᄾͩ 2喌౗䔈͙䔊̺ݥ喌᪟⮳Ѽ᪟ᰯ䪮喌䔈ᅠ᭞ᴷ⮳ᰯ๖䪮Ꮥ喌ᰯ䪮ͩ 64ȡ
*
* @param[in] n ᪣᪟ n
* @param[in] d d 䔊ݥ
* @return ᬏ
*/

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 䔊ݥ䒛ᢑ喌ᄵ̯͙ d 䔊ݥ᪣᪟䒛ͩࡅ 10 䔊ݥ喌d<=16.
* @param[in] s d 䔊ݥ᪣᪟
* @param[in] d d 䔊ݥ
* @return 10 䔊ݥ᪣᪟
*/

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 䭎݆

4.2.1 គ࢟Თ䒸̸㼁

yanghui_triangle.cpp
#include <queue>
/**
* @brief គ࢟Თ䒸̸㼁㈪᪟.
*
* ܵ㵻គ࢟λ䶨ᐾ (a+b)^n ᆄᐯᐾ⮳㈪᪟ȡ౗䓂̯̹ܩ㵻
* ㈪᪟⮳ऻᬥ喌ᄵ̯̺ڥ㵻⮳㈪᪟䶳ٷ䃐テຬ喌ᩭڔ䭎݆͜ȡ
* ౗ळ㵻㈪᪟ͺ䬣ᤁ͙̯ڔ 0ȡ
*
* @param[in] n (a+b)^n
* @return ᬏ
*/

void yanghui_triangle(const int n) {
queue<int> q;
/* 䶳ٷᩭڔせ̯㵻⮳ 1 */
q.push(1);

for(int i = 0; i <= n; i++) { /* 䔿㵻ำ⤵ */
int s = 0;
q.push(s); /* ౗ळ㵻䬣ᤁ͙̯ڔ 0*/

/* ำ⤵せ i 㵻⮳ i+2 ͙㈪᪟喈࠴᠛̯͙ 0喉*/
for(int j = 0; j < i+2; j++) {

int t;
int tmp;
t = q.front(); /* 䄪अ̯͙㈪᪟喌ᩭڔ t*/
q.pop();
tmp = s + t; /* 䃐テ̺̯㵻㈪᪟喌Ꭵ䔊䭎݆ */
q.push(tmp);
s = t; /* គ̯͙࢟㈪᪟喌せ i+2 ͙᭞ 0*/
if(j != i+1) {

printf("%d ",s);
}

}
printf("\n");

}
}

yanghui_triangle.cpp
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ᵀ

5.1 λࣸᵀ⮳䕼ࢵ

౗͜Ꮎ䕼͜ࢵ喌̯͙㞱◨⮳ݼ侠喌᭞ڥጕၿᵀ⮳ᰯढ̺㼁㐂◨喌ऽ㐖喌᭞ڥढၿᵀ⮳ᰯጕ̺㼁㐂◨ȡ

౗ऽᎾ䕼͜ࢵ喌

• 㠔㐂◨᭞ᵨ㐂◨喌݈ڥऽ㐖ͩ⾩喛

• 㠔㐂◨᭞ࣻϡ⮳ढၿᵀ喌ᝅ᭞ጕၿᵀѵࣻϡᬏढၿᵀ喌݈ڥऽ㐖ͩࣻϡ㐂◨喛

• 㠔㐂◨᭞ࣻϡ⮳ጕၿᵀ̓ࣻϡ᰸ढၿᵀ喌݈ڥऽ㐖ͩढၿᵀᠸऽᎾ䕼ࢵ⮳せ̯͙㐂◨

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

/** 㐂◨⮳᪟ᢝ */
typedef int tree_node_elem_t;
/*
*@struct
*@brief λࣸᵀ㐂◨
*/

struct binary_tree_node_t {
binary_tree_node_t *left; /* ጕ႘ၿ */
binary_tree_node_t *right; /* ढ႘ၿ */
tree_node_elem_t elem; /* 㐂◨⮳᪟ᢝ */

};

/**
* @brief .喌䕁ᒁࢵᎾ䕼ٷ
* @param[in] root ᵨ㐂◨
* @param[in] visit 䃮䬝᪟ᢝٲ㉏⮳ܬ᪟ᠶ䦷
* @return ᬏ
*/

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



20 せ 5』 ᵀ

}

/**
* @brief ͜Ꮎ䕼ࢵ喌䕁ᒁ.
*/

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 ऽᎾ䕼ࢵ喌䕁ᒁ.
*/

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 .喌䲍䕁ᒁࢵᎾ䕼ٷ
*/

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 ͜Ꮎ䕼ࢵ喌䲍䕁ᒁ.
*/

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 ऽᎾ䕼ࢵ喌䲍䕁ᒁ.
*/

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

/* p喌ₒ౗䃮䬝⮳㐂◨喌q喌݉݉䃮䬝䓶⮳㐂◨ */
const binary_tree_node_t *p, *q;
stack<const binary_tree_node_t *> s;

p = root;

do {
while(p != nullptr) { /* ᒯጕ̺䊟 */

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

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

p = s.top();
s.pop();
/* ढ႘ၿ̼ႇ౗ᝅጡ㷚䃮䬝喌䃮䬝ͺ */
if(p->right == q) {

visit(p);
q = p; /* Ԍႇ݉䃮䬝䓶⮳㐂◨ */

} else {
/* ᒂݼ㐂◨̼㘬䃮䬝喌䰯せλ⁐䔊ᴷ */
s.push(p);
/* ำ⤵ढၿᵀٷ */
p = p->right;
break;

}
}

} while(!s.empty());
}
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/**
* @brief ᅱ⁐䕼ࢵ喌Ύࢢ BFS.
*
* 䌎ٷᎾ䕼̯ࢵὐ̯ᵦ喌ਫ਼̯⮳̼ऻ᭞ᴷᢑ᜿ε䭎݆
*/

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);

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

}
}

binary_tree.cpp

5.2 ㏮㉑λࣸᵀ

λࣸᵀ͜ႇ౗ᒷ้⾩ᠶ䦷喌ञДݘ⩗䔈ϊ⾩ᠶ䦷喌ᠶीݼڥ侠ᝅ㔴ऽ㐖ȡ䔈⻼ݘ⩗䊦Ე⮳⾩ᠶ䦷⼟

ͩ㏮㉑喌䔈⻼ᩨ䔊ऽ⮳λࣸᵀ⼟ͩ㏮㉑λࣸᵀ (threaded binary tree)ȡ
̯Ḥ n͙㐂◨⮳λࣸᵀग़᰸ n+1͙⾩ᠶ䦷ȡ䔈᭞ఏͩ喌ն䃭थၿ㞱◨᪟ͩ n0喌Ꮥͩ 1⮳㞱◨᪟

ͩ n1喌Ꮥͩ 2⮳㞱◨᪟ͩ n2喌⃾͙थၿ㞱◨᰸ 2͙⾩ᠶ䦷喌⃾͙Ꮥͩ 1⮳㞱◨᰸ 1͙⾩ᠶ䦷喌݈
⾩ᠶ䦷⮳ᕪ᪟ͩ 2n0 + n1喌ࣷ᰸ n0 = n2 + 1喈⪈㐈䄪㔴䃰ᬽ喉喌ఏₓ⾩ᠶ䦷ᕪ᪟ͩ 2n0 + n1 =

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

౗λࣸᵀ㏮㉑ࡅ䓶⼺͜喌䕉፧㻳჉喌㠔ᬏጕၿᵀ喌Г leftᠶीݼ侠喌㠔ᬏढၿᵀ喌Г rchildᠶीऽ
㐖ȡ䔇䰯㺰෍͙͓ߏᴶᔆഎ㶗⹩ᒂݼᠶ䦷᭞̼᭞㏮㉑喌Һັ ltag=1喌㶗⹩ leftᠶी⮳᭞ݼ侠喌ltag=0喌
㶗⹩ leftᠶी⮳᭞ጕ႘ၿ喌rtagㆪѫȡ
λࣸᵀ⮳㏮㉑ࡅ喌Ⴭ䉗̹ᅠ᭞䕼̯ࢵḤᵀ喌ङ᭞౗䕼ࢵ⮳䓶⼺͜喌ᷯᴔᒂݼ㞱◨⮳ጕढᠶ䦷᭞

ॕͩ⾩喌㠔ͩ⾩喌ᄵႲЛᩨͩᠶीݼ侠ᝅऽ㐖⮳㏮㉑ȡ

Д͜Ꮎ㏮㉑λࣸᵀͩҺ喌ᠶ䦷 pre㶗⹩ݼ侠喌succ㶗⹩ऽ㐖喌ັభ 5-1ᝯ⹩ȡ



5.2 ㏮㉑λࣸᵀ 23

భ 5-1 ͜Ꮎ㏮㉑λࣸᵀ

౗͜Ꮎ㏮㉑λࣸᵀ͜喌̯ ͙㞱◨⮳ݼ侠喌᭞ڥጕၿᵀ⮳ᰯढ̺㼁㐂◨喌ऽ㐖喌᭞ڥढၿᵀ⮳ᰯጕ

̺㼁㐂◨ȡ

͜Ꮎ㏮㉑λࣸᵀ⮳ C䄜㼯Ⴭ⣟ັ̺ȡ
theaded_binary_tree.c

/** @file threaded_binary_tree.c
* @brief ㏮㉑λࣸᵀ.
*/

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

/* 㐂◨᪟ᢝ⮳ㆪ಺. */
typedef int elem_t;

/**
*@struct
*@brief ㏮㉑λࣸᵀ㐂◨.
*/

typedef struct tbt_node_t {
int ltag; /** 1 㶗⹩᭞㏮㉑喌0 㶗⹩᭞႘ၿ */
int rtag; /** 1 㶗⹩᭞㏮㉑喌0 㶗⹩᭞႘ၿ */
struct tbt_node_t *left; /** ጕ႘ၿ */
struct tbt_node_t *right; /** ढ႘ၿ */
elem_t elem; /** 㐂◨ᝯႇᩭ⮳᪟ᢝ */

}tbt_node_t;

/* ᪟ܬ䘗ڴ */
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 ᐩ⿺͜Ꮎ㏮㉑λࣸᵀ.
* @param[in] root ᵀᵨ
* @return ᬏ
*/

void create_in_thread(tbt_node_t *root) {
/* 侠㐂◨ᠶ䦷ݼ */
tbt_node_t *pre=NULL;
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if(root != NULL) { /* 䲍⾩λࣸᵀ喌㏮㉑ࡅ */
/* ͜Ꮎ䕼ࢵ㏮㉑ࡅλࣸᵀ */
in_thread(root, &pre);
/* ำ⤵͜Ꮎᰯऽ̯͙㐂◨ */
pre->right = NULL;
pre->rtag = 1;

}
}

/**
* @brief ౗͜Ꮎ㏮㉑λࣸᵀ̹ព㵻͜Ꮎ䕼ࢵ.
* @param[in] root ᵀᵨ
* @param[in] visit 䃮䬝㐂◨⮳᪟ᢝ⮳ܬ᪟
* @return ᬏ
*/

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 ͜Ꮎ㏮㉑ࡅλࣸᵀ⮳ͪ䓶⼺.
* @param[in] p ᒂݼ㺰ำ⤵⮳㐂◨
* @param[inout] pre ᒂݼ㐂◨⮳ݼ侠㐂◨
* @return ᬏ
*/

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

in_thread(p->left, pre); /* ㏮㉑ࡅጕၿᵀ */
if(p->left == NULL) { /* ጕၿᵀͩ⾩喌ᐩ⿺ݼ侠 */

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

}
/* ᐩ⿺ݼ侠㐂◨⮳ऽ㐖㏮㉑ */
if((*pre) != NULL &&

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

}
*pre = p; /* ᰣ᫟ݼ侠 */
in_thread(p->right, pre); /* ㏮㉑ࡅढၿᵀ */

}
}

/*
* @brief ᄪឭ㏮㉑λࣸᵀ⮳͜Ꮎ̺⮳せ̯͙㐂◨.
* @param[in] p ㏮㉑λࣸᵀ͜⮳Ъᘾ̯͙㐂◨
* @return ₓ㏮㉑λࣸᵀ⮳せ̯͙㐂◨
*/
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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; /* ᰯጕ̺㐂◨喌̼̯჉᭞थ㐂◨ */

}
return p;

}

/*
* @brief ⅱ͜Ꮎ㏮㉑λࣸᵀ͜᳿㐂◨⮳ऽ㐖.
* @param[in] p ᳿㐂◨
* @return p ⮳ऽ㐖
*/

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

͜Ꮎ㏮㉑λࣸᵀᰯクࢄ喌౗͜Ꮎ㏮㉑⮳ഩⵯ̹⼼ߏԝᩨᅠञДჍ⣟ٷᎾ喌ऽ㐜ᅠ㺰ڼ䉨◨ᓲᕌ

εȡ

5.3 Morris Traversal

䕉䓶ݼ䲑せ §5.1㞱喌ᝀЛⴔ䖂喌Ⴭ⣟λࣸᵀ⮳ݼᎾ喈preorder喉Ƞ͜Ꮎ喈inorder喉ȠऽᎾ喈postorder喉䕼
᰸͓͙፧⩗⮳᫨∄喌̯᭞䕁ᒁࢵ (recursive)喌λ᭞ᴷ (stack+iterative)ȡ䔈͓⻼᫨∄䘬᭞ O(n)⮳⾩䬣฼
ᱱᏕȡ

㔻Morris Traversalङ䰯㺰O(1)⮳⾩䬣฼ᱱᏕȡ䔈⻼テ∄䌎㏮㉑λࣸᵀᒷ׾喌̼ 䓶Morris Traversal
̯䓨ᐩ㏮㉑喌̯䓨䃮䬝᪟ᢝ喌䃮䬝Ⴛऽ䨯⃰㏮㉑喌Ԍᠰλࣸᵀ̼इȡ

5.3.1 Morris͜Ꮎ䕼ࢵ

Morris͜Ꮎ䕼ࢵ⮳ₔ俓ັ̺喚

1. ◨㞱ݼᒂࡅ໺݌ curͩ root㞱◨

2. ັ᳋ cur⇐᰸ጕ႘ၿ喌݈䓂ܩᒂݼ㞱◨Ꭵᄵڥढ႘ၿҋͩᒂݼ㞱◨喌ࢢ cur = cur->rchildȡ

3. ັ᳋ cur᰸ጕ႘ၿ喌݈ᄪឭ cur⮳ݼ侠喌ࢢ cur⮳ጕၿᵀ⮳ᰯढ̺㼁㐂◨ȡ
a)ັ᳋ݼ侠㞱◨⮳ढ႘ၿͩ⾩喌ᄵႲ⮳ढ႘ၿᠶीᒂݼ㞱◨喌ᒂݼ㞱◨ᰣ᫟ͩᒂݼ㞱◨⮳ጕ႘
ၿȡ

b)ັ᳋ݼ侠㞱◨⮳ढ႘ၿͩᒂݼ㞱◨喌ᄵႲ⮳ढ႘ၿ䛼᫟䃭ͩ⾩喈ᖑ฼ᵀ⮳ᒑ⟥喉喌䓂ܩᒂݼ
㞱◨喌ᒂݼ㞱◨ᰣ᫟ͩᒂݼ㞱◨⮳ढ႘ၿȡ
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4. 䛼฼ 2Ƞ3ₔ俓喌Ⱓݟ curͩ⾩ȡ

ັభ 5-2ᝯ⹩喌cur㶗⹩ᒂݼ㞱◨喌⌠㞡㞱◨㶗⹩䄔㞱◨ጡ䓂ܩȡ

భ 5-2 Morris͜Ꮎ䕼ࢵ

C䄜㼯Ⴭ⣟㻰せ §5.3.4㞱ȡ

Ⱗڢ⮳䷇Ⱍ

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

5.3.2 MorrisٷᎾ䕼ࢵ

MorrisٷᎾ䕼ࢵ⮳ₔ俓ັ̺喚

1. ◨㞱ݼᒂࡅ໺݌ curͩ root㞱◨

2. ັ᳋ cur⇐᰸ጕ႘ၿ喌݈䓂ܩᒂݼ㞱◨Ꭵᄵڥढ႘ၿҋͩᒂݼ㞱◨喌ࢢ cur = cur->rchildȡ

3. ັ᳋ cur᰸ጕ႘ၿ喌݈ᄪឭ cur⮳ݼ侠喌ࢢ cur⮳ጕၿᵀ⮳ᰯढ̺㼁㐂◨ȡ
a)ັ᳋ݼ侠㞱◨⮳ढ႘ၿͩ⾩喌ᄵႲ⮳ढ႘ၿᠶीᒂݼ㞱◨喌䓂ܩᒂݼ㞱◨喈౗䔈䛻䓂ܩ喌䔈
᭞̽͜Ꮎ䕼ࢵਫ਼̯⮳̼ऻ◨喉ᒂݼ㞱◨ᰣ᫟ͩᒂݼ㞱◨⮳ጕ႘ၿȡ

b)ັ᳋ݼ侠㞱◨⮳ढ႘ၿͩᒂݼ㞱◨喌ᄵႲ⮳ढ႘ၿ䛼᫟䃭ͩ⾩喈ᖑ฼ᵀ⮳ᒑ⟥喉喌䓂ܩᒂݼ
㞱◨喌ᒂݼ㞱◨ᰣ᫟ͩᒂݼ㞱◨⮳ढ႘ၿȡ

4. 䛼฼ 2Ƞ3ₔ俓喌Ⱓݟ curͩ⾩ȡ

ັభ 5-3ᝯ⹩ȡ
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భ 5-3 MorrisٷᎾ䕼ࢵ

C䄜㼯Ⴭ⣟㻰せ §5.3.4㞱ȡ

5.3.3 MorrisऽᎾ䕼ࢵ

Morrisऽ㐜䕼ࢵ⼼ᓝ฼ᱱ喌䰯㺰ᐩ⿺̯͙ͣᬥ㞱◨ dump喌Гڥጕ႘ၿ᭞ root喌Ꭵ̓䔇䰯㺰̯͙
ၿ䓶⼺喌ᅠ᭞ՁᎾ䓂ܩ᳿͓͙㞱◨ͺ䬣䌞ᒳ̹⮳ᝯ᰸㞱◨ȡ

MorrisऽᎾ䕼ࢵ⮳ₔ俓ັ̺喚

1. ◨㞱ݼᒂࡅ໺݌ curͩ root㞱◨

2. ັ᳋ cur⇐᰸ጕ႘ၿ喌݈䓂ܩᒂݼ㞱◨Ꭵᄵڥढ႘ၿҋͩᒂݼ㞱◨喌ࢢ cur = cur->rchildȡ

3. ັ᳋ cur᰸ጕ႘ၿ喌݈ᄪឭ cur⮳ݼ侠喌ࢢ cur⮳ጕၿᵀ⮳ᰯढ̺㼁㐂◨ȡ
a)ັ᳋ݼ侠㞱◨⮳ढ႘ၿͩ⾩喌ᄵႲ⮳ढ႘ၿᠶीᒂݼ㞱◨喌ᒂݼ㞱◨ᰣ᫟ͩᒂݼ㞱◨⮳ጕ႘
ၿȡ

b)ັ᳋ݼ侠㞱◨⮳ढ႘ၿͩᒂݼ㞱◨喌ᄵႲ⮳ढ႘ၿ䛼᫟䃭ͩ⾩喈ᖑ฼ᵀ⮳ᒑ⟥喉喌䓂ܩᒂݼ
㞱◨喌ՁᎾ䓂ܩϽᒂݼ㞱◨⮳ጕ႘ၿݟ䄔ݼ侠㞱◨䔈Ა䌞ᒳ̹⮳ᝯ᰸㞱◨ȡᒂݼ㞱◨ᰣ᫟ͩᒂ

㞱◨⮳ढ႘ၿȡݼ

4. 䛼฼ 2Ƞ3ₔ俓喌Ⱓݟ curͩ⾩ȡ

ັభ 5-4ᝯ⹩ȡ
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భ 5-4 MorrisऽᎾ䕼ࢵ

C䄜㼯Ⴭ⣟㻰せ §5.3.4㞱ȡ

5.3.4 C䄜㼯Ⴭ⣟
morris_traversal.c

/** @file morris_traversal.c
* @brief Morris 䕼ࢵテ∄.
*/

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

/* 㐂◨᪟ᢝ⮳ㆪ಺. */
typedef int elem_t;

/**
*@struct
*@brief λࣸᵀ㐂◨.
*/

typedef struct bt_node_t {
elem_t elem; /* 㞱◨⮳᪟ᢝ */
struct bt_node_t *left; /* ጕ႘ၿ */
struct bt_node_t *right; /* ढ႘ၿ */

} bt_node_t;

/**
* @brief ͜Ꮎ䕼ࢵ喌Morris テ∄.
* @param[in] root ᵨ㞱◨
* @param[in] visit 䃮䬝ܬ᪟
* @return ᬏ
*/

void in_order_morris(bt_node_t *root, int(*visit)(bt_node_t*)) {
bt_node_t *cur, *prev;
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cur = root;
while (cur != NULL ) {

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

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

node = node->right;

if (node->right == NULL ) { /* 䔇⇐㏮㉑ࡅ喌݈ᐩ⿺㏮㉑ */
node->right = cur;
/* prev = cur; ̼㘬᰸䔈औ喌cur 䔇⇐᰸㷚䃮䬝 */
cur = cur->left;

} else { /* ጡ㏾㏮㉑ࡅ喌݈䃮䬝㞱◨喌Ꭵݏ䮓㏮㉑ */
visit(cur);
node->right = NULL;
prev = cur;
cur = cur->right;

}
}

}
}

/**
* @brief 喌MorrisࢵᎾ䕼ٷ テ∄.
* @param[in] root ᵨ㞱◨
* @param[in] visit 䃮䬝ܬ᪟
* @return ᬏ
*/

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 ݉݉㷚䃮䬝䓶 */
cur = cur->right;

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

node = node->right;

if (node->right == NULL ) { /* 䔇⇐㏮㉑ࡅ喌݈ᐩ⿺㏮㉑ */
visit(cur); /* ϴ䔈̯㵻⮳Ѽ㒝̽͜Ꮎ̼ऻ */
node->right = cur;
prev = cur; /* cur ݉݉㷚䃮䬝䓶 */
cur = cur->left;
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} else { /* ጡ㏾㏮㉑ࡅ喌݈ݏ䮓㏮㉑ */
node->right = NULL;
/* prev = cur; ̼㘬᰸䔈औ喌cur ጡ㏾㷚䃮䬝 */
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 ऽᎾ䕼ࢵ喌Morris テ∄.
* @param[in] root ᵨ㞱◨
* @param[in] visit 䃮䬝ܬ᪟
* @return ᬏ
*/

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; /* 必䶪㺰᰸ */
cur = cur->right;

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

node = node->right;

if (node->right == NULL ) { /* 䔇⇐㏮㉑ࡅ喌݈ᐩ⿺㏮㉑ */
node->right = cur;
prev = cur; /* 必䶪㺰᰸ */
cur = cur->left;

} else { /* ጡ㏾㏮㉑ࡅ喌݈䃮䬝㞱◨喌Ꭵݏ䮓㏮㉑ */
visit_reverse(cur->left, prev, visit); // call print
prev->right = NULL;
prev = cur; /* 必䶪㺰᰸ */
cur = cur->right;

}
}

}
}

/*
* @brief 䔵䒛䌞ᒳ.
* @param[in] from from
* @param[to] to to
* @return ᬏ
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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 䃮䬝䔵䒛ऽ⮳䌞ᒳ̹⮳ᝯ᰸㐂◨.
* @param[in] from from
* @param[to] to to
* @return ᬏ
*/

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 ܵ䙼̯͙᫟㞱◨.
* @param[in] e ᫟㞱◨⮳᪟ᢝ
* @return ᫟㞱◨
*/

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() {

/* Ჳ䕏⮳λࣸᵀັ̺
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 䛼ᐩλࣸᵀ

binary_tree_rebuild.c
#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <stddef.h>
/**
* @brief 㐈჉ݼᎾ䕼ࢵ঻͜Ꮎ䕼ࢵ喌䓂ܩऽᎾ䕼ࢵ.
*
* @param[in] pre Ꮎ݆⮳ࢵᎾ䕼ݼ
* @param[in] in ͜Ꮎ䕼ࢵ⮳Ꮎ݆
* @param[in] n Ꮎ݆⮳䪮Ꮥ
* @param[out] post ऽ㐜䕼ࢵ⮳Ꮎ݆
* @return ᬏ
*/

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
// ≺䄄
// BCAD CBAD喌䓂ܩ CDAB
// DBACEGF ABCDEFG喌䓂ܩ 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);

}

/* 㐂◨᪟ᢝ⮳ㆪ಺. */
typedef char elem_t;

/**
*@struct
*@brief λࣸᵀ㐂◨.
*/

typedef struct bt_node_t {
elem_t elem; /* 㞱◨⮳᪟ᢝ */
struct bt_node_t *left; /* ጕ႘ၿ */
struct bt_node_t *right; /* ढ႘ၿ */

} bt_node_t;

/**
* @brief 㐈჉ݼᎾ䕼ࢵ঻͜Ꮎ䕼ࢵ喌䛼ᐩλࣸᵀ.
*
* @param[in] pre Ꮎ݆⮳ࢵᎾ䕼ݼ
* @param[in] in ͜Ꮎ䕼ࢵ⮳Ꮎ݆
* @param[in] n Ꮎ݆⮳䪮Ꮥ
* @param[out] root ᵨ㞱◨
* @return ᬏ
*/

void rebuild(const char *pre, const char *in, int n, bt_node_t **root) {
int left_len;
// ᷯᴔ㏷ₑᲐХ
if (n <= 0 || pre == NULL || in == NULL)

return;
//㣦ᓆݼᎾ䕼ࢵ⮳せ̯͙㐂◨
*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;
//䛼ᐩጕၿᵀ
rebuild(pre + 1, in, left_len, &((*root)->left));
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//䛼ᐩढၿᵀ
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 വ

5.5.1 ࣎⤵঻Ⴭ⣟

C++ञДⰣᣔҮ⩗ priority_queueȡ
heap.c

/** @file heap.c
* @brief വ喌吇䃓ͩᄾᵨവ喌ࢢവ䶥ͩᰯᄾ.
* @author soulmachine@gmail.com
*/

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

typedef int heap_elem_t; // ㉏⮳ㆪ಺ٲ

/**
* @struct
* @brief വ⮳㐂Ჳ҂
*/
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typedef struct heap_t {
int size; /** Ⴭ䭴ٲ㉏͙᪟ */
int capacity; /** შ䛾喌Дٲ㉏ͩࢄѼ */
heap_elem_t *elems; /** വ⮳᪟㏳ */
int (*cmp)(const heap_elem_t*, const heap_elem_t*); /** ᪟ܬ㉏⮳℃䒲ٲ */

}heap_t;

/** ഩᱛㆪ಺喈ັ int, long, float, double喉⮳℃䒲ܬ᪟ */
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 ݊ᐩവ.
* @param[out] capacity ໺შ䛾݌
* @param[in] cmp cmp ℃䒲ܬ᪟喌ᄾν䔃఍-1喌へν䔃఍ 0
* ๖ν䔃఍ 1喌ࣼ䓶Ე݈᭞๖ᵨവ
* @return ᜿ߎ䔃఍വᄨ䆐⮳ᠶ䦷喌๠䉔䔃఍ 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 䨯⃰വ.
* @param[inout] h വᄨ䆐⮳ᠶ䦷
* @return ᬏ
*/

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

}

/**
* @brief .⾩᫜വ᭞ॕͩݓ
* @param[in] h വᄨ䆐⮳ᠶ䦷
* @return ᭞⾩喌䔃఍ 1喌ॕ݈䔃఍ 0
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*/
int heap_empty(const heap_t *h) {

return h->size == 0;
}

/**
* @brief 㣦अٲ㉏͙᪟.
* @param[in] s വᄨ䆐⮳ᠶ䦷
* @return ㉏͙᪟ٲ
*/

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

}

/*
* @brief ᄾᵨവ⮳㜙̹ी̺り䔸テ∄.
* @param[in] h വᄨ䆐⮳ᠶ䦷
* @param[in] start ᐯ໺㐂◨
* @return ᬏ
*/

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 ᠶी͓ၿຢ͜ᄾ㔴 */
}
// 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 ᄾᵨവ⮳㜙̺ी̹り䔸テ∄.
* @param[in] h വᄨ䆐⮳ᠶ䦷
* @param[in] start ᐯ໺㐂◨
* @return ᬏ
*/

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 .㉏ٲ͙̯ߏ〈
* @param[in] h വᄨ䆐⮳ᠶ䦷
* @param[in] x 㺰〉ٲ⮳ߏ㉏
* @return ᬏ
*/

void heap_push(heap_t *h, const heap_elem_t x) {
if(h->size == h->capacity) { /* ጡ␐喌䛼᫟ܵ䙼ڴႇ */

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 ᑨܩവ䶥ٲ㉏.
* @param[in] h വᄨ䆐⮳ᠶ䦷
* @return ᬏ
*/

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

}

/**
* @brief 㣦अവ䶥ٲ㉏.
* @param[in] h വᄨ䆐⮳ᠶ䦷
* @return വ䶥ٲ㉏
*/

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

}
heap.c
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5.5.2 ᰯᄾ⮳ N͙঻

᣾䔟

᰸͓͙䪮ᏕͩN ⮳Ꮎ݆ A঻ B喌౗ A঻ B͜ळЪअ̯͙᪟ञДᓆݟN2͙঻喌ⅱ䔈N2͙঻͜

ᰯᄾ⮳ N ͙ȡ

䓂ڔ

せ̯㵻䓂͙̯ڔₒ᪣᪟N喛せλ㵻N͙᪣᪟Ai̓Ai ≤ 109喛せ̸㵻N ͙᪣᪟Bi喌̓ Bi ≤ 109ȡ

䓂ܩ

䓂ܩϴ̯㵻喌࠴ग़ N ͙᪣᪟喌Ͻᄾݟ๖䓂ܩ䔈 N ͙ᰯᄾ⮳঻喌Ⱗ䗪᪟ႆͺ䬣⩗⾩ᵫ䯃ᐯȡ

ᵦҺ䓂ڔ

5
1 3 2 4 5
6 3 4 1 7

ᵦҺ䓂ܩ

2 3 4 4 5

ܵᲿ

⩠ν᪟ᢝ๙๖喌᰸ N2 ͙঻喌̼㘬䕉䓶ٷⅱ঻ڼᣁᎾ⮳᫨ᐾᲔⅱ㼒喌䔈͙ᬥՈᅠ㺰⩗ݟവεȡ

仅ٷᄵ A喌B͓᪟㏳ᣁᎾ喌ᝀЛञДᐩ⿺䔈ᵦ̯͙᰸Ꮎ㶗喚

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

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

...

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

仅ٷᄵ A[i] + B[0]ڔࢺവ͜喌䃭⃾⁐ܩവ⮳ٲ㉏ͩ sum=A[a]+B[b]喌݈ᄵ A[a]+B[b+1]ڔ
വ喌䔈ᵦञДԌ䃰ݼ N ݼ⮳㉏ͩᰯᄾٲ⮳വܩ͙ N 䶨ȡ౗Ⴭ⣟⮳ᬥՈ喌ञД̼⩗Ԍႇ B᪟㏳⮳̺
ᴶ喌䕉䓶 sum-B[b]+B[b+1]Ეᰮᢑ A[a]+B[b+1]Ე㞱ⰰ⾩䬣ȡ

代码

sequence.cpp
/* wikioi 1245 ᰯᄾ⮳ N ͙঻喌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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Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

• wikioi 1245ᰯᄾ⮳ N͙঻, http://www.wikioi.com/problem/1245/

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

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

5.6 Ꭵᴔ䯵

5.6.1 ࣎⤵঻Ⴭ⣟

䕉፧⩗ᵀࣻϡ㶗⹩ҋͩᎥᴔ䯵⮳ႇח㐂Ჳȡ⃾͙䯵षД̯Ḥᵀ㶗⹩喌᪟㏳ٲ㉏⮳̺ᴶ代㶗ٲ㉏

़喌ᵨ㐂◨⮳ࣻϡᠶ䦷̯͙ͩ䉎᪟喌㶗⹩䯵ष⮳ٲ㉏⮳͙᪟ȡັభ 5-5Ƞభ 5-6঻భ 5-7ᝯ⹩ȡ

భ 5-5 Ꭵᴔ䯵⮳݌໺ࡅ

భ 5-6 ⩗ᵀ㶗⹩Ꭵᴔ䯵
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భ 5-7 ͓͙䯵ष⮳Ꭵ

Ꭵᴔ䯵⮳ C䄜㼯Ⴭ⣟ັ̺ȡ

ufs.c
#include <stdlib.h>

/** Ꭵᴔ䯵. */
typedef struct ufs_t {

int *p; /** ᵀ⮳ࣻϡ㶗⹩∄ */
int size; /** ๖ᄾ. */

} ufs_t;

/**
* @brief ݊ᐩᎥᴔ䯵.
* @param[in] n ᪟㏳⮳შ䛾
* @return Ꭵᴔ䯵
*/

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 䨯⃰Ꭵᴔ䯵.
* @param[in] ufs Ꭵᴔ䯵
* @return ᬏ
*/

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

}

/**
* @brief Find ᧼ҋ喌ፕ䌞ᒳࢺ㑘喌䕁ᒁ❷.
* @param[in] s Ꭵᴔ䯵
* @param[in] x 㺰ᴔឭ⮳ٲ㉏
* @return ㉏ٲग़࠴ x ⮳ᵀ⮳ᵨ
*/

int ufs_find(ufs_t *ufs, int x) {
if (ufs->p[x] < 0) return x; // ㏷ₑᲐХ

return ufs->p[x] = ufs_find(ufs, ufs->p[x]); /* ఍⏞ᬥ⮳ࢺ㑘䌞ᒳ */
}

/** Find ᧼ҋ喌ᱣ㉏❷, 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 ᧼ҋ喌ፕ䌞ᒳࢺ㑘喌䔜代❷. */
static int ufs_find_iterative(ufs_t *ufs, int x) {

int oldx = x; /* 䃟ᒄ࣎໺ 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 ᧼ҋ喌ᄵ y Ꭵݟڔ x ᝯ౗⮳䯵ष.
* @param[in] s Ꭵᴔ䯵
* @param[in] x ㉏ٲ͙̯
* @param[in] y क̯͙ٲ㉏
* @return ັ᳋λ㔴ጡ㏾౗ऻ̯䯵ष喌Ꭵ๠䉔喌䔃఍-1喌ॕ݈䔃఍ 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 㣦अٲ㉏ᝯ౗⮳䯵ष⮳๖ᄾ
* @param[in] ufs Ꭵᴔ䯵
* @param[in] x ㉏ٲ
* @return ㉏ᝯ౗⮳䯵ष⮳๖ᄾٲ
*/

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 ⫴℁ᙎᴂ㔴

᣾䔟

̯͙႕ᵐ᰸ n͙⹭఑喌̯͙႕⩎㘬ऻᬥ̼ڔߏऻ⮳⹭఑ȡ⩠ν⹭఑ڴ⮳ऻ႕Лϓᒯ䷀㍰喌ັ᳋

̯͙႕⩎ᙎᴂε⫴℁喌䄔⹭఑⮳ᝯ᰸႕⩎䘬щᙎᴂ⫴℁ȡ⣟౗ 0द႕⩎ᙎᴂε⫴℁喌䬝̯ڠ᰸้ᅀ
͙ϩᙎᴂε⫴℁ȡ

䓂ڔ

䓂࠴ڔग़้㏳≺䄄⩗Һȡ⃾͙≺䄄⩗Һ喌せ̯㵻࠴ग़͓͙᪣᪟ n,m喌n㶗⹩႕⩎͙᪟喌m㶗⹩⹭
఑͙᪟ȡն䃭 0 < n ≤ 30000, 0 ≤ m ≤ 500ȡ⃾͙႕⩎Ͻ ݟ0 n− 1㑅दȡᣔ̺Ე᭞m㵻喌⃾㵻ᐯ

๣᭞̯͙᪣᪟ k喌㶗⹩䄔⹭఑⮳႕⩎͙᪟喌ᣔⱯ᭞ k͙᪣᪟㶗⹩䄔⹭఑⮳႕⩎㑅दȡᰯऽ̯͙≺䄄⩗

Һ喌n = 0,m = 0喌㶗⹩䓂ڔ㐂᲎ȡ

䓂ܩ

ᄨ⃾͙≺䄄⩗Һ喌䓂ܩᙎᴂε⫴℁⮳႕⩎᪟Ⱍȡ

ᵦҺ䓂ڔ

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

ᵦҺ䓂ܩ

4
1
1

ܵᲿ

䲍፧クࢄ⮳Ꭵᴔ䯵䷇Ⱍȡ

代码

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

/* へЦν฼ݥ㇇䉣喌䔈䛻ͩε㞱㏕ヶ፴喌Ү⩗ include喌౗ OJ ̹᣿ϓᬥ䄦⩗฼ݥ㇇䉣 */
#include "ufs.c" /* 㻰Ćᵀ-> Ꭵᴔ䯵ć䔈㞱 */

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; /* ͓͙႕⩎ */
int rx, ry; /* x, y ᝯᆍ⮳䯵ष⮳ᵨ */
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); /* ङ㺰᭞䌎 x ऻ̯͙䯵ष⮳䘬Ꭵ䔊࣪ */

}
}
/* ᰯऽ᥋㉑ 0 ᆍνਙ͙䯵ष喌䔈͙䯵ष᰸้ᅀϩ */
printf("%d\n", ufs_set_size(ufs, 0));
ufs_destroy(ufs);

}
return 0;

}
suspects.c

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

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

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• None

5.6.3 ͓͙吀፝

᣾䔟

Tadu೽ጱ᰸͓͙吀፝፝≭喌ጡⴔ᰸N 吀፝ܵၿ喌Ͻ Nݟ1 㑅द喌⃾͙ϩ㜢ᅀᆍν̯͙፝≭ȡ⃾

͙፝≭㜢ᅀ᰸̯͙ϩȡ㐈ҏM ᲐԐᖞ喌᰸͓ㆪԐᖞ喚

• D a b喌ᬽ⶝ॹ䃸ҏ喌a঻ bᆍν̼ऻ⮳፝≭

• A a b喌䬝ҏ喌a঻ b᭞ॕᆍν̼ऻ⮳፝≭
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䓂ڔ

せ̯㵻᭞̯͙᪣᪟ T喌㶗⹩᰸ T ㏳≺䄄⩗Һȡ⃾㏳≺䄄⩗Һ⮳せ̯㵻᭞͓͙᪣᪟ N ঻M喌ᣔ

̺Ე᭞M 㵻喌⃾㵻࠴ग़̯Ა⊷ᖞȡ

䓂ܩ

ᄨ⃾Ა⊷ᖞ”A a b”喌ഩνᒂݼ㣦ᓆ⮳Ԑᖞ喌䓂ݓܩ᫜ȡゃᵷ᭞”In the same gang.”, ”In different gangs.”
঻”Not sure yet.”͜⮳̯͙ȡ

ᵦҺ䓂ڔ

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

ᵦҺ䓂ܩ

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

ܵᲿ

ឹ̼౗̯͙䯵ष⮳㞱◨Ⱓᣔ⩗Ꭵᴔ䯵षᎥ౗̯䊦ȡ䔈ᵦ⮳䄌喌ັ᳋䄑䬝⮳ 2͙㞱◨౗ऻ̯͙Ꭵ
ᴔ䯵䛻䲑喌䗒ͷႲЛͺ䬣⮳ڢ㈪᭞⶝჉⮳喌ॕ݈ᬏ∄⶝჉ႲЛ⮳ڢ㈪ȡ

⣟౗䔇᰸̯͙䬝䷇᭞喌౗ऻ̯͙䯵ष䛻䲑⮳ 2͙㞱◨᭞᩻ᄨڢ㈪䔇᭞᰺ࣺڢ㈪喟ञД㐈⃾͙㞱
◨कๅ䭳͙ߏԐᖞ喌䃟ᒄڥ䌌⻪䯵षᵨ㞱◨⮳䌌⻪ȡັ᳋喌䄑䬝⮳ 2͙㞱◨䌌⻪ڥᵨ㞱◨⮳䌌⻪䘬
᭞๶᪟ᝅ㔴䘬᭞֥᪟喌䗒ͷ䔈 2͙㞱◨᭞᰺ࣺڢ㈪喌ॕ݈᭞᩻ᄨڢ㈪ȡ

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

/** Ꭵᴔ䯵. */
typedef struct ufs_t {

int *p; /** ᵀ⮳ࣻϡ㶗⹩∄ */
int *dist; /** ᵨ㞱◨⮳䌌⻪⮳๶֥ᕖݟ */
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int size; /** ๖ᄾ. */
} ufs_t;

/**
* @brief ݊ᐩᎥᴔ䯵.
* @param[in] ufs Ꭵᴔ䯵
* @param[in] ufs Ꭵᴔ䯵
* @param[in] n ᪟㏳⮳შ䛾
* @return Ꭵᴔ䯵
*/

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 䨯⃰Ꭵᴔ䯵.
* @param[in] ufs Ꭵᴔ䯵
* @return ᬏ
*/

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

}

/**
* @brief Find ᧼ҋ喌ፕ䌞ᒳࢺ㑘喌䕁ᒁ❷.
* @param[in] s Ꭵᴔ䯵
* @param[in] x 㺰ᴔឭ⮳ٲ㉏
* @return ㉏ٲग़࠴ x ⮳ᵀ⮳ᵨ
*/

int ufs_find(ufs_t *ufs, int x) {
if (ufs->p[x] < 0) return x; // ㏷ₑᲐХ

const int parent = ufs->p[x];
ufs->p[x] = ufs_find(ufs, ufs->p[x]); /* ఍⏞ᬥ⮳ࢺ㑘䌞ᒳ */
ufs->dist[x] = (ufs->dist[x] + ufs->dist[parent]) % 2;
return ufs->p[x];

}

/**
* @brief Union ᧼ҋ喌ᄵ root2 Ꭵݟڔ root1.
* @param[in] s Ꭵᴔ䯵
* @param[in] root1 ̯Ḥᵀ⮳ᵨ
* @param[in] root2 क̯Ḥᵀ⮳ᵨ
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* @return ັ᳋λ㔴ጡ㏾౗ऻ̯䯵ष喌Ꭵ๠䉔喌䔃఍-1喌ॕ݈䔃఍ 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 .ᄨ᩻ϩ̯ߏ〈
* @param[inout] s Ꭵᴔ䯵
* @param[in] x ̯ᄨ᩻ϩ⮳̯͙
* @param[in] y ̯ᄨ᩻ϩ⮳क̯͙
* @return ᬏ
*/

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 ㈪ڢ + y ̽ x ㈪ڢ⮳ + x ̽ rx ㈪ڢ⮳ = ry ̽ rx ㈪ڢ⮳ */
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); //∗ᘾ䓂ڔ
rx = ufs_find(ufs, x);
ry = ufs_find(ufs, y);

if (c == 'A') {
if (rx == ry) { //ັ᳋ᵨ㞱◨Ⱗऻ喌݈㶗⹩㘬ݓ᫜ڢ㈪

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

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

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

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• None

5.6.4 与➘䨭

᣾䔟

➘ߗ⢺బ͜᰸̸ㆪ➘ߗ A,B,C喌䔈̸ㆪߗ➘⮳与➘䨭Ჳ᜿ε᰸䋒⮳⣞ᒑȡAल B喌Bल C喌Cल Aȡ
⣟᰸N 喌Ͻ➘ߗ͙ Nݟ1 㑅दȡ⃾͙ߗ➘䘬᭞ A,B,C͜⮳̯⻼喌ѵ᭞ᝀЛᎥ̼ⴔ䖂ႲݟᏄ᭞ਙ̯⻼ȡ
᰸ϩ⩗͓⻼䄣∄ᄨ䔈 N͙ߗ➘ᝯᲳ᜿⮳与➘䨭ڢ㈪䔊㵻᣾䔟喚

• せ̯⻼䄣∄᭞”1 X Y”喌㶗⹩ X঻ Y᭞ऻㆪȡ

• せλ⻼䄣∄᭞”2 X Y”喌㶗⹩ Xल Yȡ

ₓϩᄨ N Kܩ喌⩗̹䔟͓⻼䄣∄喌̯औᣔ̯औ౟䄣➘ߗ͙ औ䄌喌䔈K औ䄌᰸⮳᭞ⱎ⮳喌᰸⮳

᭞ն⮳ȡᒂ̯औ䄌␐䋢̸̺݆Აͺ̯ᬥ喌䔈औ䄌ᅠ᭞ն䄌喌ॕ݈ᅠ᭞ⱎ䄌ȡ

• ᒂݼ⮳䄌̽ݼ䲑⮳᳿ϊⱎ⮳䄌ۡ⾰喌ᅠ᭞ն䄌喛

• ᒂݼ⮳䄌͜ Xᝅ Y℃ N๖喌ᅠ᭞ն䄌喛

• ᒂݼ⮳䄌㶗⹩ Xल X喌ᅠ᭞ն䄌ȡ

ҏ⮳Ъߐ᭞ᵨᢝ㐈჉⮳ N(1 ≤ N ≤ 50, 000)঻K औ䄌 (0 ≤ K ≤ 100, 000)喌䓂ܩն䄌⮳ᕪ᪟ȡ

䓂ڔ

せ̯㵻᭞͓͙᪣᪟ N ঻K喌Д̯͙⾩ᵫܵ䯃ȡ

Д̺K 㵻⃾㵻᭞̸͙ₒ᪣᪟ D喌X喌Y喌͓᪟ͺ䬣⩗̯͙⾩ᵫ䯃ᐯ喌͜ڥ D㶗⹩䄣∄⮳⻼ㆪȡ

• 㠔 D=1喌݈㶗⹩ X঻ Y᭞ऻㆪȡ

• 㠔 D=2喌݈㶗⹩ Xल Yȡ

䓂ܩ

ङ᰸̯͙᪣᪟喌㶗⹩ն䄌⮳᪟Ⱍȡ
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ᵦҺ䓂ڔ

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

ᵦҺ䓂ܩ

3

ܵᲿ

代码

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

/** Ꭵᴔ䯵. */
typedef struct ufs_t {

int *p; /** ᵀ⮳ࣻϡ㶗⹩∄ */
int *dist; /** 㶗⹩ x ̽❥㞱◨ p[x] ㈪喌0ڢ⮳ 㶗⹩ x ̽ p[x] ᭞ऻㆪ喌

1 㶗⹩ x ल p[x]喌2 㶗⹩ p[x] ल x */
int size; /** ๖ᄾ. */

} ufs_t;

/**
* @brief ݊ᐩᎥᴔ䯵.
* @param[in] ufs Ꭵᴔ䯵
* @param[in] n ᪟㏳⮳შ䛾
* @return Ꭵᴔ䯵
*/

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; // 㜙ጠ̽㜙ጠ᭞ऻㆪ

}
return ufs;

}

/**
* @brief 䨯⃰Ꭵᴔ䯵.
* @param[in] ufs Ꭵᴔ䯵
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* @return ᬏ
*/

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

}

/**
* @brief Find ᧼ҋ喌ፕ䌞ᒳࢺ㑘喌䕁ᒁ❷.
* @param[in] s Ꭵᴔ䯵
* @param[in] x 㺰ᴔឭ⮳ٲ㉏
* @return ㉏ٲग़࠴ x ⮳ᵀ⮳ᵨ
*/

int ufs_find(ufs_t *ufs, int x) {
if (ufs->p[x] < 0) return x; // ㏷ₑᲐХ

const int parent = ufs->p[x];
ufs->p[x] = ufs_find(ufs, ufs->p[x]); /* ఍⏞ᬥ⮳ࢺ㑘䌞ᒳ */
/* ᰣ᫟ڢ㈪ */
ufs->dist[x] = (ufs->dist[x] + ufs->dist[parent]) % 3;
return ufs->p[x];

}

/**
* @brief Union ᧼ҋ喌ᄵ root2 Ꭵݟڔ root1.
* @param[in] s Ꭵᴔ䯵
* @param[in] root1 ̯Ḥᵀ⮳ᵨ
* @param[in] root2 क̯Ḥᵀ⮳ᵨ
* @return ັ᳋λ㔴ጡ㏾౗ऻ̯䯵ष喌Ꭵ๠䉔喌䔃఍-1喌ॕ݈䔃఍ 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 .㈪ڢᄨ̯ߏ〈
* @param[inout] s Ꭵᴔ䯵
* @param[in] x ̯͙
* @param[in] y क̯͙
* @param[in] len
* @return ᬏ
*/

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); /* ∗ᘾ䶩Ꮎ喁 */
/* rx ̽ x ㈪ڢ + x ̽ y ㈪ڢ⮳ + y ̽ ry ㈪ڢ⮳ = rx ̽ ry ㈪ڢ⮳ */
ufs->dist[rx] = (ufs->dist[y] - ufs->dist[x] + 3 + relation) % 3;

}
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int main() {
int n, k;
int result = 0; /* ն䄌⮳᪟Ⱍ */
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) { /* 㠔౗ऻ̯͙䯵ष݈ञ⶝჉ x ঻ y ㈪ڢ⮳ */
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

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

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

• wikioi 1074与➘䨭, http://www.wikioi.com/problem/1074/

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• None
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5.7 ㏮⃤ᵀ

5.7.1 ࣎⤵঻Ⴭ⣟

㏮⃤ᵀ喌Ύचࡩ䬣ᵀ (interval tree)喌Ⴒ౗ळ͙㞱◨Ԍႇ̯Ა㏮⃤喈ࢢၿ᪟㏳喉ȡ䃭᪟݆ A࠴ग़N

䬣ࡩ㉏喌݈㏮⃤ᵀ⮳ᵨ㞱◨㶗⹩᪣͙ٲ͙ A[1, N ]喌ጕ႘ၿ㶗⹩ࡩ䬣 A[1, (1 +N)/2]喌ढ႘ၿ㶗⹩ࡩ

䬣 A[(1 +N)/2 + 1, N ]喌̼᫜䕁ᒁ喌Ⱓݟथၿ㞱◨喌थၿ㞱◨ङ࠴ग़̯͙ٲ㉏ȡ

㏮⃤ᵀ᰸ັ̺➨ᒰ喚

• ㏮⃤ᵀ᭞̯ḤႻڗλࣸᵀ

• ㏮⃤ᵀ⮳⌠Ꮥ̼䊴䓶 logL, L᭞ࡩ䬣⮳䪮Ꮥ

• ㏮⃤ᵀឹ̯͙䪮Ꮥͩ L⮳ࡩ䬣ܵ᜿̼䊴䓶 2 logLᲐ㏮⃤

㏮⃤ᵀ⮳ഩᱛ᧼ҋ᰸Ჳ䕏㏮⃤ᵀȠࡩ䬣ᴔ䄑঻ࡩ䬣ԝᩨȡ

㏮⃤ᵀ䕉፧⩗ν㼒ۢ঻ࡩ䬣㐎䃐᰸ڢ⮳䬝䷇ȡ℃ັ᳿ϊ᪟ᢝञДᠸࡩ䬣䔊㵻݁ܵ喌ᠸࡩ䬣ߗᔰ

䔊㵻ԝᩨ喌㔻̓䔇䰯㺰ᠸࡩ䬣้⁐䔊㵻ᴔ䄑喌䗒ͷҮ⩗㏮⃤ᵀञД䓭ݟ䒲ᔚ⮳ᴔ䄑䕎Ꮥȡ

⩗㏮⃤ᵀ㼒䷇喌ڢ䩝᭞㺰ᘢ⌴ẉ⃾͙㞱◨㺰ႇਙϊԐᖞ喈ᒂ♥ࡩ䬣䊦◨঻㏷◨喌Дࣹጕढ႘ၿ

ᠶ䦷᭞必䶪⮳喉喌Дࣹ䔈ϊԐᖞັ҄倇᩷ᴔ䄑喌ᰣ᫟ȡ̼㺰̯ᰣ᫟ᅠᰣ᫟ݟथၿ㞱◨喌䗒ᵦᰣ᫟᧼ҋ

⮳᩷⢶ᰯ౾᰸ञ㘬 O(N)⮳ȡ

5.7.2 Balanced Lineup

᣾䔟

㐈჉ N(1 ≤ N ≤ 50, 000)͙᪟, A1, A2, ..., AN喌ⅱЪᘾࡩ䬣͜ᰯ๖᪟঻ᰯᄾ᪟⮳ጝȡ

䓂ڔ

せ̯㵻࠴ग़͓͙᪣᪟喌N ঻ QȡQ㶗⹩ᴔ䄑⁐᪟ȡ

せ ݟ2 N+1㵻喌⃾㵻࠴ग़̯͙᪣᪟ Aiȡ

せ N+2ݟ N+Q+1㵻喌⃾㵻࠴ग़͓͙᪣᪟ a঻ b(1 ≤ a ≤ b ≤ N)喌㶗⹩ࡩ䬣 A[a, b]ȡ

䓂ܩ

ᄨ⃾͙ᴔ䄑䔊㵻఍Ꮓ喌䓂ܩ䄔ࡩ䬣ᰯڴ๖᪟঻ᰯᄾ᪟⮳ጝ

ᵦҺ䓂ڔ

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

ᵦҺ䓂ܩ

6
3
0

ܵᲿ

ᱛ䷇᭞Ćࡩ䬣ⅱ঻ć喌ङ䰯㺰Ć㏮⃤ᵀᲳ䕏ć঻Ćࡩ䬣ᴔ䄑ć͓͙᧼ҋȡ

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; /* 䬣ࡩ */
int max, min; /* ᱛࡩ䬣䛻⮳ᰯ๖ի঻ᰯᄾի */

} node_t;

int A[MAXN]; /* 䓂ڔ᪟ᢝ喌0 Ѽ㒝᱙⩗ */

/* Ⴛڗλࣸᵀ喌㐂◨㑅दϽ 1 ᐯ໺喌ᅱ⁐Ͻ 1 ᐯ໺.
* ⩗̯㐣᪟㏳ႇחႻڗλࣸᵀ喌⾩䬣㏕ͩ 4N喌
* ࣱ㔲 http://comzyh.tk/blog/archives/479/
*/

node_t node[MAXN * 4];

int minx, maxx; /* ႇᩭᴔ䄑⮳㐂᳋ */

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

}

/* Д t ͩᵨ㐂◨喌ͩࡩ䬣 A[l,r] ᐩ⿺㏮⃤ᵀ */
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);

}

/* ᴔ䄑ᵨ㐂◨ͩ t喌ࡩ䬣ͩ A[l,r] ⮳ᰯ๖ի঻ᰯᄾի */
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();
/* ᐩ⿺Д tree[1] ͩᵨ㐂◨喌ࡩ䬣ͩ A[1,n] ⮳㏮⃤ᵀ */
build(1, 1, n);

while (q--) {
int a, b;
scanf("%d%d", &a, &b);
maxx = 0;
minx = INF;
query(1, a, b); /* ᴔ䄑ࡩ䬣 A[a,b] ⮳ᰯ๖ի঻ᰯᄾի */
printf("%d\n", maxx - minx);

}
return 0;

}
balanced_lineup.c



5.7 ㏮⃤ᵀ 55

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

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

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• None

5.7.3 ㏮⃤ᵀ㏲Ώ 1

᣾䔟

̯㵻N(1 ≤ N < 100000)͙᫨ᵫ喌ᐯ໺⃾͙ᵫၿ䛻䘬᰸̯͙᪣᪟ȡ⣟౗ߗᔰ౟᣿̯ܩϊবГ䄦

ⅱ喌᰸͓⻼বГ喌ᴔ䄑঻෍ߏ喚ⅱ᳿̯͙➨჉⮳ၿࡩ䬣 [a, b]͜ᝯ᰸ٲ㉏⮳঻喛ᠶ჉᳿̯͙ᵫၿ x喌ߏ

̹̯͙➨჉⮳ի Aȡ⣟౗㺰ⅱҏ㘬ᄨ⃾͙䄦ⅱҋܩₒ⶝⮳఍ゃȡ

䓂ڔ

䓂᪶ڔХせ̯㵻̯͙ͩ᪣᪟ N喌ᣔ̺Ე᭞ n㵻⃾㵻 1͙᪣᪟喌㶗⹩ᵫၿ࣎͜Ე⮳᪣᪟ȡᣔ̺Ე
᭞̯͙ₒ᪣᪟Q喌ڼᣔ̺Ე᰸Q㵻喌㶗⹩Q͙䄑䬝喌せ̯͙᪣᪟㶗⹩বГ代द喌বГ代द 1㶗⹩෍
喌ऽ䲑⮳͓͙᪟ߏ a঻ x㶗⹩㐈Ѽ㒝 a̹⮳᪟ի෍ߏ x喌বГ代द 2㶗⹩ࡩ䬣ⅱ঻喌ऽ䲑͓͙᪣᪟ a
঻ b喌㶗⹩㺰ⅱ [a,b]ͺ䬣⮳ࡩ䬣঻ȡ

䓂ܩ

ڠ Q㵻喌⃾͙᪣᪟

ᵦҺ䓂ڔ

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

ᵦҺ䓂ܩ

22
22
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ܵᲿ

ᰣ᫟◨ࢄ 䬣ⅱ঻ࡩ+

代码

interval_tree1.c
/* wikioi 1080 ㏮⃤ᵀ㏲Ώ , 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]; /* 䓂ڔ᪟ᢝ喌0 Ѽ㒝᱙⩗ */

/* Ⴛڗλࣸᵀ喌㐂◨㑅दϽ 1 ᐯ໺喌ᅱ⁐Ͻ 1 ᐯ໺.
* ⩗̯㐣᪟㏳ႇחႻڗλࣸᵀ喌⾩䬣㏕ͩ 4N喌
* ࣱ㔲 http://comzyh.tk/blog/archives/479/
*/

node_t node[MAXN * 4];

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

}

/* Д t ͩᵨ㐂◨喌ͩࡩ䬣 A[l,r] ᐩ⿺㏮⃤ᵀ */
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;

}

/* 㐈ࡩ䬣 A[l,r] 䛻⮳ pos Ѽ㒝ߏ 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;

}

/* ᴔ䄑ᵨ㐂◨ͩ t喌ࡩ䬣ͩ 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();
/* ᐩ⿺Д tree[1] ͩᵨ㐂◨喌ࡩ䬣ͩ A[1,n] ⮳㏮⃤ᵀ */
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)); /* ᴔ䄑ࡩ䬣 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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Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

• wikioi 1080㏮⃤ᵀ㏲Ώ 1, http://www.wikioi.com/problem/1080/

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• wikioi 1081㏮⃤ᵀ㏲Ώ 2, http://www.wikioi.com/problem/1081/ȡᱛ䷇᭞Ćࡩ䬣ᰣ᫟ ᴔ䄑ć喌ञ◨ࢄ+
Д䒛ͩࡅ㏮⃤ᵀ㏲Ώ 1ȡ䃭࣎᪟㏳ͩ A[N ]喌ᄵڥ䒛ͩࡅጝܵ᪟݆喌♥ऽ౗᪟㏳̹㐣៓̯Ḥ㏮

⃤ᵀȡĆࡩ䬣ᰣ᫟ć᧼ҋ䒛͙͓ͩࡅĆࢄ◨ᰣ᫟ć᧼ҋ喚ᄵ A[a]̹ߏ x喌Ꭵᄵ A[b+ ࣪۾[1 x

喈Ύᅠ᭞̹ߏ−x喉ȡĆࢄ◨ᴔ䄑ć᧼ҋ䒛ͩࡅĆࡩ䬣ⅱ঻ć᧼ҋ喚ⅱ A᪟㏳ [1..i]㠲ణڴᝯ᰸᪟

⮳঻ȡ䔈ᵦᅠ䒛ࡅ᜿̽㏮⃤ᵀ㏲Ώ 1ႻڗⰧऻεȡᴶ⼺ https://gist.github.com/soulmachine/6449609

5.7.4 A Simple Problem with Integers

᣾䔟

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.

䓂ڔ

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.

䓂ܩ

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

ᵦҺ䓂ڔ

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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ᵦҺ䓂ܩ

4
55
9
15

᣿⹩

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

ܵᲿ

䬣ᰣ᫟ࡩ 䬣ⅱ঻ȡࡩ+
ᵀ㞱◨㺰ႇਙϊԐᖞ喟ङႇ䄔ࡩ䬣⮳঻喌㵻̼㵻喟ङႇ঻喌щᄫ㜣⃾⁐ߏ᪟⮳ᬥՈ䘬㺰ᰣ᫟ݟ

थၿ㞱◨喌䕎Ꮥ๙ᚑȡᱛ䷇㞱◨⮳㐂Ჳັ̺喚

typedef struct node_t {
int left, right;
int64_t sum; /* ᱛࡩ䬣⮳঻Ⴭ䭴̹᭞ sum+inc*[right-left+1] */
int64_t inc; /* ෍䛾 c ߏ㉞⮳ */

} 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; /* ᱛࡩ䬣⮳঻Ⴭ䭴̹᭞ sum+inc*[right-left+1] */
int64_t inc; /* ෍䛾 c ߏ㉞⮳ */

} node_t;

int A[MAXN]; /* 䓂ڔ᪟ᢝ喌0 Ѽ㒝᱙⩗ */

/* Ⴛڗλࣸᵀ喌㐂◨㑅दϽ 1 ᐯ໺喌ᅱ⁐Ͻ 1 ᐯ໺.
* ⩗̯㐣᪟㏳ႇחႻڗλࣸᵀ喌⾩䬣㏕ͩ 4N喌
* ࣱ㔲 http://comzyh.tk/blog/archives/479/
*/

node_t node[MAXN * 4];

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

/* Д t ͩᵨ㐂◨喌ͩࡩ䬣 A[l,r] ᐩ⿺㏮⃤ᵀ */
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;

}

/* 㐈ࡩ䬣 A[l,r] 䛻⮳⃾͙ٲ㉏䘬ߏ 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;

}

/* ᴔ䄑ᵨ㐂◨ͩ t喌ࡩ䬣ͩ 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();
/* ᐩ⿺Д tree[1] ͩᵨ㐂◨喌ࡩ䬣ͩ A[1,n] ⮳㏮⃤ᵀ */
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)); /* ᴔ䄑ࡩ䬣 A[a,b] ⮳঻ */

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

}
}
return 0;

}
poj3468.c

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

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

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• None

5.7.5 ㏕⦎๚䬝䷇

᣾䔟

᰸㑅दϽ Nݟ1 ⮳N ͙ᄾ᰺ࣺ౗⣘̯⻼ܩష⮳⍧᜾ȡᐯ໺ᬥN ͙ᄾ᰺ࣺణ᜿̯ష喌㑅दͩ i+1

⮳ᄾ᰺ࣺ〈౗㑅दͩ iᄾ᰺ࣺጕ䓨ȡ㑅दͩ 1⮳ᄾ᰺ࣺ〈౗㑅दͩ N ⮳ᄾ᰺ࣺጕ䓨ȡ仅ٷ㑅दͩ 1
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⮳ᄾ᰺ࣺᐯ໺។᪟喌ᣔⱯ〈౗ጕ䓨⮳ᄾ᰺ࣺ䶩Ꮎ។᪟喌Ⱓݟ᪟ݟ᳿͙᪟ႆM ᬥᅠܩషȡⰣݟङ̺ޘ

1͙ᄾ᰺ࣺ喌݈⍧᜾Ⴛ℄ȡ
⣟౗㐈჉ N,M喌ⅱ N ͙ᄾ᰺ࣺ⮳ܩష䶩Ꮎȡ

䓂ڔ

ਫ਼̯⮳̯㵻࠴ग़͓͙᪣᪟ N,M(1 ≤ N,M ≤ 30000)ȡ

䓂ܩ

ਫ਼̯⮳̯㵻࠴ग़ N ͙᪣᪟喌⃾͓͙᪣᪟͜䬣⩗⾩ᵫ䯃ᐯ喌せ i͙᪣᪟㶗⹩せ i͙ܩష⮳ᄾ᰺ࣺ

⮳㑅दȡ

ᵦҺ䓂ڔ

5 3

ᵦҺ䓂ܩ

3 1 5 2 4

ܵᲿ

㏕⦎๚䬝䷇⮳䯭◨౗ν喌⃾̯䒝䘬̼㘬䕉䓶クࢄ⮳䓿テᓆ̯̺ܩ䒝䄰⌇↟喌ఏͩ͜䬣᰸ϩጡ㏾

䔯ܩεȡఏₓ̯㝛ङ㘬ὐ᠎喌᩷⢶ᒷѽȡ

⣟౗㔲㮀喌⃾̯䒝䘬Гᝯ᰸̺ޘ⮳ϩϽጕݟढ䛼᫟㑅द喌Һັ 3䔯ܩऽ喌౩̹䔇̺ޘ 1Ƞ2Ƞ4Ƞ5喌
݈㐈 1᫟㑅द 1喌2᫟㑅द 2喌4᫟㑅द 3喌5᫟㑅द 4ȡ̼໗⼟䔈͙㑅दͩĆ҈ޘ䭎݆㑅दćȡັ̺ᝯ
⹩喌᠛द࣎ͩڴ໺㑅द喚

1(1) 2(2) 3(3) 4(4) 5(5) --> 䭎݆㑅द҈ޘ 3 ⌇↟喌ᄨᏃ࣎㑅द 3
1(1) 2(2) 3(4) 4(5) --> 䭎݆㑅द҈ޘ 1 ⌇↟喌ᄨᏃ࣎㑅द 1
1(2) 2(4) 3(5) --> 䭎݆㑅द҈ޘ 3 ⌇↟喌ᄨᏃ࣎㑅द 5
1(2) 2(4) --> 䭎݆㑅द҈ޘ 1 ⌇↟喌ᄨᏃ࣎㑅द 2
1(4) --> 䭎݆㑅द҈ޘ 1 ␃๘喌ᄨᏃ࣎㑅द 4

̯͙ϩ౗ᒂ҈ޘݼ䭎݆͜㑅दͩ i喌݈䄣ᬽЅ᭞Ͻጕݟढ᪟せ i͙ϩ喌䔈फ़ऀᝀЛञД⩗㏮⃤ᵀ

Ე㼒ۢ䬝䷇ȡ⩗㏮⃤ᵀ㐣៓࣎㑅द [i..j]ڴ䔇᰸้ᅀϩ⇐᰸㷚⌇↟喌䔈ᵦ⃾⁐䔸ܩ㷚⌇↟㔴ऽ喌౗ᒂ

㏮⃤ᵀ͜ᴔឭѼ㒝ᅠञДεȡݼ

ҺັᝀЛ᰸ 5͙࣎㑅द喌ᒂݼ⌇↟㔴౗҈ޘ䭎݆͜㑅दͩ 3喌ٷⰺጕၿᵀ喌࣎ࢢ㑅द 䬣ࡩ[3..1]
ϩ̼䋢⮳̺ޘ喌ັ᳋ڴ 3͙喌݈䄣ᬽᒂ҈ޘݼ㑅दͩ 3⮳䔈͙ϩ࣎㑅दङ㘬᭞౗ 喌㐖㐜ڴ䬣ࡩ[5..4]
౗ [4..5]̹᥋㉑喛ັ᳋ ϩ๖νへν⮳̺ޘڴ[3..1] 3͙喌݈䄣ᬽᅠ౗ 喌Ύ㐖㐜㑘ᄾ㠲ణᴔឭ喌ڴ[3..1]
䔈ᵦࢢञ౗ O(logN)ᬥ䬣ڴႻ᜿ᄨᏃȡ䬝䷇ᓆݟవ␐⮳㼒ۢȡ
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代码

josephus_problem.c
/* wikioi 1282 ㏕⦎๚䬝䷇, 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; /* ㉏͙᪟ٲ⮳ڴ䬣ࡩ */

} node_t;

/* Ⴛڗλࣸᵀ喌㐂◨㑅दϽ 1 ᐯ໺喌ᅱ⁐Ͻ 1 ᐯ໺.
* ⩗̯㐣᪟㏳ႇחႻڗλࣸᵀ喌⾩䬣㏕ͩ 4N喌
* ࣱ㔲 http://comzyh.tk/blog/archives/479/
*/

node_t node[MAXN * 4];

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

}

/* Д t ͩᵨ㐂◨喌ͩࡩ䬣 [l,r] ᐩ⿺㏮⃤ᵀ */
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 䓂ܩ i
* @param[in] t ᵨ㞱◨
* @param[in] i 䭎݆㑅द҈ޘ
* @return 㷚ݏ䮓⮳Ⴭ䭴᪟ႆ
*/

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); /* ጕၿᵀϩ᪟̼䋢喌݈౗ढၿᵀᴔឭ */

}
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/**
* @brief 䔃఍ 1 ݟ i ϩ᪟≫⮳ڴ
* @param[in] t ᵨ㞱◨
* @param[in] i ࣎໺䭎݆⮳᪟ႆ
* @return 1 ݟ i ϩ᪟≫⮳ڴ
*/

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; /* 䭎݆⮳㮉᠎㑅द҈ޘ */
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

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

• wikioi 1282㏕⦎๚䬝䷇, http://www.wikioi.com/problem/1282/

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• None
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5.8 Trieᵀ

5.8.1 ࣎⤵঻Ⴭ⣟

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

#define MAXN 10000 /** 䓂ڔ⮳㑅码⮳ᰯ๖͙᪟. */
#define CHAR_COUNT 10 /** ႆさ⮳⻼ㆪ喌Ύ͙ࢄࢢ㞱◨⮳ၿᵀ⮳ᰯ๖͙᪟ */
#define MAX_CODE_LEN 10 /** 㑅码⮳ᰯ๖䪮Ꮥ. */
#define MAX_NODE_COUNT (MAXN * MAX_CODE_LEN + 1) /** .ᵀ⮳ᰯ๖㞱◨͙᪟ڧႆ */

/* ັ᳋⇐᰸ᠶ჉ MAXN喌݈᭞ CHAR_COUNT^(MAX_CODE_LEN+1)-1 */

/** ◨ᵀ⮳㞱ڧႆ */
typedef struct trie_node_t {

struct trie_node_t* next[CHAR_COUNT];
bool is_tail; /** ᴶ䃟ᒂႆݼさ᭞ॕѼν᳿͙͡⮳ᅭ䘗 */

} trie_node_t;

/** .ᵀڧႆ */
typedef struct trie_tree_t {

trie_node_t *root; /** ᵀ⮳ᵨ㞱◨ */
int size; /** ᵀ͜Ⴭ䭴ܩ⣟⮳㞱◨᪟ */

trie_node_t nodes[MAX_NODE_COUNT]; /* ᐯ̯͙๖᪟㏳喌ߏᔚ䕎Ꮥ */
} trie_tree_t;

/** ݊ᐩ. */
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;

}

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

free(tree);
tree = NULL;

}

/** ᄵᒂڧႆݼᵀ͜⮳ᝯ᰸㞱◨Ԑᖞ⌴⾩ */
void trie_tree_clear(trie_tree_t *tree) {

memset(tree->nodes, 0, sizeof(tree->nodes));
tree->size = 1; // ⌴⾩ᬥ̯჉㺰∗ᘾ䔈̯ₔ喁

}

/** ౗ᒂݼᵀ͜ᤁڔ word ႆさ͡喌㠔ܩ⣟䲍∄喌䔃఍ 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; // ᳿͡᭞ᒂݼ⮳͡ݼ㐯

word++; // ᠶ䦷̺⼪
}

p->is_tail = true; // ᴶ䃟ᒂ͡ݼጡ᭞㐂ᅭ

// 㐯ݼ⮳᭞ॕ᭞᳿͙͡͡ݼ᫜ᒂݓ
for (i = 0; i < CHAR_COUNT; i++)

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

return true;
}

trie_tree.c

5.8.2 Immediate Decodebility

᣾䔟

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)

䓂ڔ

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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䓂ܩ

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.

ᵦҺ䓂ڔ

01
10
0010
0000
9
01
10
010
0000
9

ᵦҺ䓂ܩ

Set 1 is immediately decodable
Set 2 is not immediately decodable

ܵᲿ

㐯喌䔈ₒ᭞ݼ⮳᫜̯͙͡᭞ॕ᭞क̯͙͡ݓ Trieᵀ喈ڧႆࢢᵀ喉⮳⩗ₕͺ౟ȡ

代码

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

#define CHAR_COUNT 2
#define MAX_CODE_LEN 10
/** .ᵀ⮳ᰯ๖㞱◨͙᪟ڧႆ
* ᱛ䷇͜⃾͙ code ̼䊴䓶 10bit喌ࢢᵀ⮳倇Ꮥ̼䊴䓶 11喌ఏₓᰯ๖㞱◨͙᪟ͩ 2^11-1
*/

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

/* へЦν฼ݥ㇇䉣喌䔈䛻ͩε㞱㏕ヶ፴喌Ү⩗ include喌౗ OJ ̹᣿ϓᬥ䄦⩗฼ݥ㇇䉣 */
#include "trie_tree.c" /* 㻰Ćᵀ->Trie ᵀć䔈㞱 */

int main() {
int T = 0; // ≺䄄⩗Һ㑅द
char line[MAX_NODE_COUNT]; // 䓂ڔ⮳̯㵻
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

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

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

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

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

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

5.8.3 Hardwood Species

᣾䔟

⣟౗䕉䓶࢚᭎រ᣾喌រ᣾εᒷ้ࡩഎ⮳ᵀ喌Ꭵ㣦ⴔε⃾Ḥᵀ⮳⻼ㆪ喌ⅱ⃾͙⻼ㆪ⮳⮭ܵ℃ȡ

䓂ڔ

̯㵻̯Ḥᵀ喌㶗⹩䄔ᵀ⮳⻼ㆪȡ⃾़͙ႆ̼䊴䓶 30ႆさ喌T ⮳⻼ㆪ̼䊴䓶 10,000喌̼ 䊴䓶 1,000,000
Ḥᵀȡ

䓂ܩ

ᠸႆ⃼䶩Ꮎ喌គ࢟⃾͙⻼ㆪ⮳⮭ܵ℃喌㇭⶝ݟᄾ᪟◨ऽ 4Ѽȡ

ᵦҺ䓂ڔ

Red Alder
Ash
Aspen
Basswood



5.8 Trieᵀ 69

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

ᵦҺ䓂ܩ

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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ܵᲿ

ᬏ

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喌щ MLE喌ఏₓ͙̯۾ 0 */
#define CHAR_COUNT 128 /** ASCII 㑅码㠲ణ */
#define MAX_WORD_LEN 30 /** 㑅码⮳ᰯ๖䪮Ꮥ. */
#define MAX_NODE_COUNT (MAXN * MAX_WORD_LEN + 1) /** .ᵀ⮳ᰯ๖㞱◨͙᪟ڧႆ */

/** ◨ᵀ⮳㞱ڧႆ */
typedef struct trie_node_t {

struct trie_node_t* next[CHAR_COUNT];
int count; /** 䄔ࢄ䃼ܩ⣟⮳⁐᪟ */

} trie_node_t;

/** .ᵀڧႆ */
typedef struct trie_tree_t {

trie_node_t *root; /** ᵀ⮳ᵨ㞱◨ */
int size; /** ᵀ͜Ⴭ䭴ܩ⣟⮳㞱◨᪟ */

trie_node_t nodes[MAX_NODE_COUNT]; /* ᐯ̯͙๖᪟㏳喌ߏᔚ䕎Ꮥ */
} trie_tree_t;

/** ݊ᐩ. */
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;

}

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

free(tree);
tree = NULL;

}

/** ᄵᒂڧႆݼᵀ͜⮳ᝯ᰸㞱◨Ԑᖞ⌴⾩ */
void trie_tree_clear(trie_tree_t *tree) {

memset(tree->nodes, 0, sizeof(tree->nodes));
tree->size = 1; // ⌴⾩ᬥ̯჉㺰∗ᘾ䔈̯ₔ喁

}
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/** ౗ᒂݼᵀ͜ᤁڔ word ႆさ͡ */
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++; // ᠶ䦷̺⼪
}
p->count++;
return;

}

int n = 0; // 䓂ڔ⮳㵻᪟

/** ⌠Ꮥчٷ䕼ࢵ. */
void dfs_travel(trie_node_t *root) {

static char word[MAX_WORD_LEN + 1]; /* ͜䬣㐂᳋ */
static int pos; /* ᒂݼѼ㒝 */
int i;

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

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

if (root->next[i]) {
word[pos++] = i;
dfs_travel(root->next[i]);
pos--; /* 䔃఍̹̯ᅱᬥᖑ฼Ѽ㒝 */

}
}

}

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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Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

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

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• ᬏ
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ᴔឭ

6.1 ះࡹᴔឭ

binary_search.c
/** ᪟㏳ٲ㉏⮳ㆪ಺ */
typedef int elem_t;
/**

* @brief ᰸Ꮎ䶩Ꮎ㶗⮳ះࡹᴔឭテ∄.
*
* @param[in] a ႇᩭ᪟ᢝٲ㉏⮳᪟㏳喌ጡᣁຬᎾ
* @param[in] n ᪟㏳⮳ٲ㉏͙᪟
* @param[in] x 㺰ᴔឭ⮳ٲ㉏
* @return ັ᳋ឭݟ x喌݈䔃఍̺ڥᴶȡ ັ᳋ឭ
* ݟ̼ x ̓ x ᄾν array ͜⮳̯͙ᝅ้͙ٲ㉏喌݈̯͙ͩ䉎᪟喌䄔䉎᪟᭞๖
* ν x ⮳せ̯͙ٲ㉏⮳㉑ᑄ⮳ᠸѼⅱ㶔ȡ ັ᳋ឭ̼ݟ x ̓ x ๖ν array ͜⮳
* Ъ҄ٲ㉏喌݈̯͙ͩ䉎᪟喌䄔䉎᪟᭞喈ᰯऽ̯͙ٲ㉏⮳㉑ᑄߏ 1喉⮳ᠸѼⅱ㶔ȡ
*/

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 ৷ጻ㶗

6.2.1 ࣎⤵঻Ⴭ⣟

৷ጻ㶗ำ⤵ۡ⾰᰸͓⻼᫨ᐾ喌ᐯ౟౯∄ (Open Addressing)঻䬜౟౯∄ (Closed Addressing)ȡ
䬜౟౯∄Ύࢢ៸䨭∄ (Chaining)喌⃾͙৷ጻ౟౯䛻̼ڼ᭞̯͙ٲ㉏喌㔻᭞䨭㶗⮳仅౟౯ȡ

73
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ᐯ౟౯∄᰸ᒷ้᫨ᵷ喌᰸㏮ᕖᣑ≺∄ (Linear Probing)Ƞλ⁐ᣑ≺∄ (Quodratic Probing)঻ࣻ᪒݆
∄ (Double Hashing)へȡ
̺䲑᭞៸䨭∄⮳ C䄜㼯Ⴭ⣟ȡ

代码

hash_set.hpp
/** ᪟ܬ㉏⮳৷ጻٲ */
template<typename elem_t>
int elem_hash(const elem_t &e);

/** ᪟ܬ㉏⮳℃䒲ٲ */
template<typename elem_t>
bool operator==(const elem_t &e1, const elem_t &e2);

/** ৷ጻ䯵ष, elem_t ᭞ٲ㉏⮳᪟ᢝㆪ಺. */
template<typename elem_t>
class hash_set {
public:

hash_set(int prime, int capacity);
~hash_set();
bool find(const elem_t &elem); /** ᴔឭ᳿͙ٲ㉏᭞ॕႇ౗. */
bool insert(const elem_t &elem); /** .๠䉔ߏ〈㉏喌ັ᳋ጡႇ౗݈ٲ͙̯ߏ〈 */

private:
int prime; /** ৷ጻ㶗अὐ⮳䉗᪟喌Ύࢢ৷ጻᶥ⮳͙᪟喌ᄾν capacity. */
int capacity; /** ৷ጻ㶗შ䛾喌̯჉㺰๖νٲ㉏ᰯ๖͙᪟ */

int *head/*[PRIME]*/; /** 仅㞱◨̺ᴶ */

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

} *node/*[HASH_SET_CAPACITY]*/; /** 䲈ᔰ䨭㶗 */

int size; /** Ⴭ䭴ٲ㉏͙᪟ */
};

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; // ጡ㏾ႇ౗

/* ̼ႇ౗喌݈ᤁڔ౗仅㞱◨ͺݼ */
node[size].next = head[hash_code];
node[size].elem = elem;
head[hash_code] = size++;
return true;

}
hash_set.hpp

6.2.2 Babelfish

᣾䔟

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.

䓂ڔ

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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䓂ܩ

Output is the message translated to English, one word per line. Foreign words not in the dictionary
should be translated as ”eh”.

ᵦҺ䓂ڔ

dog ogday
cat atcay
pig igpay
froot ootfray
loops oopslay

atcay
ittenkay
oopslay

ᵦҺ䓂ܩ

cat
eh
loops

ܵᲿ

ᰯクࢄ⮳᫨∄᭞喌ឹ䓂ࢄ⮳ڔ䃼ᄨ喌ႇᩭ౗̯͙᪟㏳喌ᣁຬᎾ喌ᴔឭ⮳ᬥՈ⃾⁐䔊㵻λܵᴔឭȡ

ᰣᔚ⮳᫨∄᭞喌⩗ HashMapȡC++᰸ map喌C++ 11Дऽ᰸ unordered_map喌℃ mapᔚȡΎञ
Д㜙ጠჍ⣟৷ጻ㶗ȡ

代码

Ү⩗ mapȡ

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

using namespace std;

/** ႆさ͡ᰯ๖䪮Ꮥ */
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

㜙ጠჍ⣟৷ጻ㶗ȡ

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

/** .䃼ᰯ๖䪮Ꮥࢄ */
#define MAX_WORD_LEN 11

/** 䃼͜ڧ⮳̯ᄨ. */
struct dict_pair_t {

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

};

/** ৷ጻ㶗შ䛾喌̯჉㺰๖νٲ㉏ᰯ๖͙᪟ */
#define HASH_SET_CAPACITY 100001
/** ৷ጻ㶗अὐ⮳䉗᪟喌Ύࢢ৷ጻᶥ⮳͙᪟喌ᄾν 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;

}

/* へЦν฼ݥ㇇䉣喌䔈䛻ͩε㞱㏕ヶ፴喌Ү⩗ include喌౗ OJ ̹᣿ϓᬥ䄦⩗฼ݥ㇇䉣 */
#include "hash_set.hpp" /* 㻰Ćᴔឭ-> ৷ጻ㶗ć䔈㞱 */

/* 䌎 find() ⪔᰸̼ऻ喌͂ͩͩᱛ䷇჉ݥ */
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) {
// ้ε̯㵻代码喌㣦अᄨᏃ⮳ 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

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

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

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• ᬏ
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ᣁᎾ

7.1 ᤁڔᣁᎾ

7.1.1 ⰣᣔᤁڔᣁᎾ

ⰣᣔᤁڔᣁᎾ (Straight Insertion Sort)⮳ഩᱛᕌᘢ᭞喚ឹ᪟㏳ a[n]͜ᒴᣁᎾ⮳ n͙ٲ㉏ⰺ᜿̯ͩ
͙᰸Ꮎ㶗঻̯͙ᬏᎾ㶗喌ᐯ໺ᬥ᰸Ꮎ㶗͜ङ࠴ग़̯͙ٲ㉏ a[0]喌ᬏᎾ㶗͜࠴ग़᰸ n-1͙ٲ㉏ a[1] a[n-
1]喌ᣁᎾ䓶⼺͜⃾⁐ϽᬏᎾ㶗͜अܩせ̯͙ٲ㉏喌ឹ Ⴒᤁݟڔ᰸Ꮎ㶗͜⮳䔱ᒂѼ㒝喌Үͺ᜿ͩ᫟⮳᰸

Ꮎ㶗喌䔈ᵦ㏾䓶 n-1⁐ᤁڔऽ喌ᬏᎾ㶗ᅠइͩ⾩㶗喌᰸Ꮎ㶗͜ᅠ࠴ग़εڗ䘗 n͙ٲ㉏喌㜢ₓᣁᎾႻ
℄ȡ౗᰸Ꮎ㶗͜ᄪឭᤁڔѼ㒝᭞䛶⩗Ͻऽीݼ⮳䶩Ꮎᴔឭ⮳᫨∄ȡ

ⰣᣔᤁڔᣁᎾ⮳ C䄜㼯Ⴭ⣟ັ̺ȡ
straight_insertion_sort.c

/** ᪟㏳ٲ㉏⮳ㆪ಺ */
typedef int elem_t;

/**
* @brief ⰣᣔᤁڔᣁᎾ喌ᬥ䬣฼ᱱᏕ O(n^2).
*
* @param[inout] a ᒴᣁᎾٲ㉏Ꮎ݆
* @param[in] start ᐯ໺Ѽ㒝
* @param[in] end 㐂᲎Ѽ㒝喌ᰯऽ̯͙ٲ㉏ऽ̯͙Ѽ㒝喌ࢢጕ䬜ढᐯࡩ䬣
* @return ᬏ
*/

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 ះࡹᤁڔᣁᎾ

౗ᴔឭᤁڔѼ㒝ᬥ喌㠔ᩨͩះࡹᴔឭ喌ᅠ᭞ះࡹᤁڔᣁᎾ (Binary Insertion Sort)ȡ
ះࡹᤁڔᣁᎾ⮳ C䄜㼯Ⴭ⣟ັ̺ȡ

binary_insertion_sort.c
/**

* @brief ះࡹᤁڔᣁᎾ喌ᬥ䬣฼ᱱᏕ O(nlog2n).
*
* @param[inout] a ᒴᣁᎾٲ㉏Ꮎ݆
* @param[in] start ᐯ໺Ѽ㒝
* @param[in] end 㐂᲎Ѽ㒝喌ᰯऽ̯͙ٲ㉏ऽ̯͙Ѽ㒝
* @return ᬏ
*/

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 ጻᅃ (Shell)ᤁڔᣁᎾ

ϽᄨⰣᣔᤁڔᣁᎾ⮳ܵᲿᓆⴔ喌ڥテ∄ᬥ䬣฼ᱱᏕͩ O(n2)喌ѵ᭞喌㠔ᒴᣁᎾ䃟ᒄᎾ݆ͩĆₒ

Ꮎćᬥ喌ڥᬥ䬣฼ᱱᏕञ᣿倇㜢 O(n)ȡ⩠ₓञ䃭ᘢ喌㠔ᒴᣁᎾ䃟ᒄᎾ݆ᠸڢ䩝ႆĆഩᱛ᰸Ꮎć喌ࢢᎾ

᰸̺݆➨ᕖڦ݆͜

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

⮳䃟ᒄ䒲ᅀᬥ喌ⰣᣔᤁڔᣁᎾ⮳᩷⢶ᅠञ๖๖᣿倇喌Ͻक̯᫨䲑Ეⰺ喌⩠νⰣᣔᤁڔᣁᎾテ∄クࢄ喌

݈౗ nիᒷᄾᬥ᩷⢶Ύ℃䒲倇ȡጻᅃᣁᎾₒ᭞Ͻ䔈͓◨ܵᲿऀܩᄨⰣᣔᤁڔᣁᎾ䔊㵻ᩨ䔊ᓆݟ⮳̯
⻼ᤁڔᣁᎾ᫨∄ȡ

ጻᅃᣁᎾ (Shell Sort) ⮳ഩᱛᕌᘢ᭞喚䃭ᒴᣁᎾٲ㉏Ꮎ݆᰸ n अ̯͙᪣᪟ٷ㉏喌仅ٲ͙ gap =

⌊n
3
⌋+1ҋͩ䬣䯃喌ᄵڗ䘗ٲ㉏ܵͩ gap͙ၿᎾ݆喌ᝯ᰸䌌⻪ͩ gap⮳ٲ㉏ᩭ౗ऻ̯͙ၿᎾ݆͜喌౗
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⃾̯͙ၿᎾ݆ܵ͜ݚ᫬㵻ⰣᣔᤁڔᣁᎾȡ♥ऽ㑘ᄾ䬣䯃 gap喌अ gap = ⌊gap
3

⌋+1喌䛼฼̹䔟⮳ၿᎾ

݆݁ܵ঻ᣁᎾጔҋ喌Ⱓᰯݟऽअ gap = 1喌ᄵᝯ᰸ٲ㉏ᩭ౗ऻ̯͙Ꮎ݆͜ᣁᎾͩₑȡ

భ 7-1ᆄ⹩εጻᅃᣁᎾ⮳䓶⼺ȡ

భ 7-1 ጻᅃᣁᎾ

ጻᅃᣁᎾ⮳ C䄜㼯Ⴭ⣟ັ̺ȡ
shell_sort.c

/*
* @brief ̯䋎ጻᅃᤁڔᣁᎾ.
*
* ঻̯䋎ⰣᣔᤁڔᣁᎾⰧ℃喌ϴ᰸̯◨̼ऻ喌ᅠ᭞ݼऽٲ㉏⮳䬣䌌᭞ gap 㔻̼᭞ 1
*
* @param[inout] a ᒴᣁᎾٲ㉏Ꮎ݆
* @param[in] start ᐯ໺Ѽ㒝
* @param[in] end 㐂᲎Ѽ㒝喌ᰯऽ̯͙ٲ㉏ऽ̯͙Ѽ㒝喌ࢢጕ䬜ढᐯࡩ䬣
* @param[in] gap 䬣䯃
* @return ᬏ
*/

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 ጻᅃᣁᎾ.
* @param[inout] a ᒴᣁᎾٲ㉏Ꮎ݆
* @param[in] start ᐯ໺Ѽ㒝
* @param[in] end 㐂᲎Ѽ㒝喌ᰯऽ̯͙ٲ㉏ऽ̯͙Ѽ㒝喌ࢢጕ䬜ढᐯࡩ䬣
* @return ᬏ
*/

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 ϓᢑᣁᎾ

7.2.1 ᣁᎾ∐ہ

ᣁᎾ∐ہ (Bubble Sort)⮳ഩᱛ᫨∄᭞喚䃭ᒴᣁᎾٲ㉏Ꮎ݆⮳ٲ㉏͙᪟ͩ n喌Ͻऽी͓͓ݼ℃䒲Ⱗ
䗪ٲ㉏⮳ի喌ັ᳋ऀ⩎䔵Ꮎ喈͙̯ݼࢢ℃ऽ̯͙๖喉喌݈ϓᢑႲЛ喌ⰣݟᎾ݆℃䒲ႻȡᝀЛ⼟Ⴒ̯ͩ

䋎ہ∐喌㐂᳋᭞ᰯᄾ⮳ٲ㉏ϓᢑݟᒴᣁᎾᎾ݆⮳せ̯͙Ѽ㒝喌ڥЅٲ㉏Ύ䘬ीᣁᎾ⮳ᰯ㏷Ѽ㒝⼪ߗȡ

̺̯䋎ہ∐ᬥ̯ݼ䋎⶝჉⮳ᰯᄾٲ㉏ࣱ̼ߏ℃䒲喌ᒴᣁᎾᎾ݆۾ᅀ̯͙ٲ㉏喌̯䋎ہ∐⮳㐂᳋ࣷឹ

Ꮎ݆͜ᰯᄾ⮳ٲ㉏ϓᢑݟᒴᣁᎾᎾ݆⮳せ̯͙Ѽ㒝ȡ䔈ᵦᰯ้։ n-1䋎ہ∐ᅠ㘬ឹᝯ᰸ٲ㉏ᣁຬᎾȡ
⮳ᣁᎾ∐ہ C䄜㼯Ⴭ⣟ັ̺ȡ

bubble_sort.c
/** ᪟㏳ٲ㉏⮳ㆪ಺ */
typedef int elem_t;

/**
* @brief .ᣁᎾ∐ہ
* @param[inout] a ᒴᣁᎾٲ㉏Ꮎ݆
* @param[in] start ᐯ໺Ѽ㒝
* @param[in] end 㐂᲎Ѽ㒝喌ᰯऽ̯͙ٲ㉏ऽ̯͙Ѽ㒝喌ࢢጕ䬜ढᐯࡩ䬣
* @return ᬏ
* @note ᬏ
* @remarks ᬏ
*/

void bubble_sort(elem_t a[], const int start, const int end) {
int exchange; /* ᭞ॕऀ⩎ϓᢑ */
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--) { /* ऀ⩎䔵Ꮎ喌ϓᢑ */

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

}
}
if (exchange == 0) return; /* ᱛ䋎ᬏ䔵Ꮎ喌֋ₑำ⤵ */

}
}

bubble_sort.c

7.2.2 ᔚ䕎ᣁᎾ

ᔚ䕎ᣁᎾ (Quick sort)⮳ഩᱛᕌᘢ᭞ЪअᒴᣁᎾٲ㉏Ꮎ݆͜⮳᳿͙ٲ㉏喈Һັअせ̯͙ٲ㉏喉ҋ
ͩഩ۵喌ᠸ⚖䄔ٲ㉏⮳ڢ䩝ႆ๖ᄾ喌ᄵ᪣͙ٲ㉏Ꮎ݆݁ܵͩጕढ͓͙ၿᎾ݆喚ጕӖၿᎾ݆͜ᝯ᰸ٲ

㉏⮳ڢ䩝ႆ䘬ᄾνഩ۵ٲ㉏⮳ڢ䩝ႆ喌ढӖၿᎾ݆͜ᝯ᰸ٲ㉏⮳ڢ䩝ႆ䘬๖νᝅへνഩ۵ٲ㉏⮳ڢ

䩝ႆ喌ഩ۵ٲ㉏݈ᣁ౗䔈͓͙ၿᎾ݆͜䬣喈䔈Ύ᭞䄔ٲ㉏ᰯ㏷Ꮓ䄔Ⴘᩭ⮳Ѽ㒝喉ȡ♥ऽܵݚᄨ䔈͓͙

ၿᎾ݆䛼฼᫬㵻̹䔟テ∄喌Ⱓݟᝯ᰸⮳ٲ㉏䘬ᣁ౗ⰧᏃѼ㒝ͩₑȡ

̯䋎ᔚᣁ⮳䓶⼺ັభ 7-2 (a)ᝯ⹩ȡ᪣͙ᔚ䕎ᣁᎾ⮳䓶⼺ञ䕁ᒁ喌ັభ 7-2 (b)ᝯ⹩ȡ
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భ 7-2 ᔚ䕎ᣁᎾ⹩Һ

ᰣ้䄕㏵㼒䛹䄦ࣱ㔲ᱛ䶨Ⱍ⮳ wiki喌https://github.com/soulmachine/acm-cheatsheet/wiki/ᔚ䕎ᣁᎾ

ᔚ䕎ᣁᎾ⮳ C䄜㼯Ⴭ⣟ັ̺ȡ
quick_sort.c

/** ᪟㏳ٲ㉏⮳ㆪ಺ */
typedef int elem_t;
/*
* @brief ̯䋎݁ܵ.
* @param[inout] a ᒴᣁᎾٲ㉏Ꮎ݆
* @param[in] start ᐯ໺Ѽ㒝
* @param[in] end 㐂᲎Ѽ㒝喌ᰯऽ̯͙ٲ㉏ऽ̯͙Ѽ㒝喌ࢢጕ䬜ढᐯࡩ䬣
* @return ഩ۵ٲ㉏⮳᫟Ѽ㒝
*/

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 ᔚ䕎ᣁᎾ.
* @param[inout] a ᒴᣁᎾٲ㉏Ꮎ݆
* @param[in] start ᐯ໺Ѽ㒝
* @param[in] end 㐂᲎Ѽ㒝喌ᰯऽ̯͙ٲ㉏ऽ̯͙Ѽ㒝
* @return ᬏ
*/

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

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 䔸᠘ᣁᎾ

䔸᠘ᣁᎾ (Selection sort)⮳ഩᱛᕌᘢ᭞喚⃾̯䋎౗ऽ䲑 n-i(i=1, 2, …, n-2)͙ٲ㉏͜䔸अᰯᄾ⮳ٲ㉏ҋ
ͩ᰸ᎾᎾ݆⮳せ i͙ٲ㉏ȡ

7.3.1 クࢄ䔸᠘ᣁᎾ

クࢄ䔸᠘ᣁᎾ (simple selection sort)ΎचⰣᣔ䔸᠘ᣁᎾ (straight selection sort)喌ڥഩᱛₔ俓᭞喚

• ౗̯㏳ٲ㉏ a[i] a[n-1]͜䔸᠘ᰯᄾ⮳ٲ㉏喛

• 㠔Ⴒ̼᭞䔈㏳ٲ㉏͜⮳せ̯͙ٲ㉏喌݈ᄵႲ̽䔈㏳ٲ㉏⮳せ̯͙ٲ㉏ᄨ䄲喛

• ౗̺ޘ⮳ a[i+1] a[n-1]͜䛼฼ព㵻Д̹͓ₔ喌Ⱓٲ҈ޘݟ㉏ङ᰸̯͙ͩₑȡ

クࢄ䔸᠘ᣁᎾ⮳ C䄜㼯Ⴭ⣟ັ̺ȡ
simple_selection_sort.c

/** ᪟㏳ٲ㉏⮳ㆪ಺ */
typedef int elem_t;

/**
* @brief クࢄ䔸᠘ᣁᎾ.
* @param[inout] a ᒴᣁᎾٲ㉏Ꮎ݆
* @param[in] start ᐯ໺Ѽ㒝
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* @param[in] end 㐂᲎Ѽ㒝喌ᰯऽ̯͙ٲ㉏ऽ̯͙Ѽ㒝喌ࢢጕ䬜ढᐯࡩ䬣
* @return ᬏ
*/

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] ݟ a[end-1] ͜ᄪឭᰯᄾٲ㉏ */
for (j = i + 1; j < end; j++)

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

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

}
}

}
simple_selection_sort.c

7.3.2 വᣁᎾ

വᣁᎾ⮳ C䄜㼯Ⴭ⣟ັ̺ȡ
heap_sort.c

#include "heap.c"
/**

* @brief വᣁᎾ.
* @param[inout] a ᒴᣁᎾٲ㉏Ꮎ݆
* @param[in] n ㉏͙᪟ٲ
* @param[in] cmp cmp ℃䒲ܬ᪟喌ᄾν䔃఍-1喌へν喌๖ν
* @return ᬏ
*/

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; /* ឭᰯ݌䄲᪣Ѽ㒝喚ᰯऽܵᩞ㐂◨ */
while (i >= 0) { /* 㜙Ꮔी̹䔿ₔម๖ᒑ᜿വ */

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; /* Ⱗᒂν h.size -- */
heap_sift_down(h, 0);

}
heap_destroy(h);

}
heap_sort.c

7.4 ᒁᎥᣁᎾ

ᝯ䅂ĆᒁᎥć喌ᅠ᭞ᄵ͓͙ᝅ͓͙Д̹⮳᰸ᎾᎾ݆षᎥ᜿̯͙᰸ᎾᎾ݆ȡᝀЛٷϽᰯクࢄ⮳λ䌞ᒁᎥ

ᣁᎾ (Merge sort)ڔ手ȡ
భ 7-3᭞̯͙λ䌞ᒁᎥᣁᎾ⮳Һၿȡ

భ 7-3 λ䌞ᒁᎥᣁᎾ⹩Һ

λ䌞ᒁᎥᣁᎾ⮳ C䄜㼯Ⴭ⣟ັ̺ȡ
merge_sort.c

/** ᪟㏳ٲ㉏⮳ㆪ಺ */
typedef int elem_t;

/** ᪟㏳ٲ㉏⮳ㆪ಺ */
typedef int elem_t;

/*
* @brief ᄵ͓͙᰸Ꮎ㶗षᎥ᜿̯͙᫟⮳᰸Ꮎ㶗
* @param[inout] a ᒴᣁᎾٲ㉏Ꮎ݆喌࠴ग़͓͙᰸Ꮎ㶗
* @param[in] tmp ̽ a へ䪮⮳䒴ߘ᪟㏳
* @param[in] start a[start]~a[mid-1] ͩせ̯͙᰸Ꮎ㶗
* @param[in] mid ܵ⩻◨
* @param[in] end a[mid]~a[end-1] ͩせλ͙᰸Ꮎ㶗
* @return ᬏ
*/

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 ᭞ᷯ≺ᠶ䦷喌k ᭞ႇᩭᠶ䦷 */
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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++];
}

}
/* 㠔せ̯͙㶗᱙ᷯ≺Ⴛ喌฼ݥ */
while (i < mid) a[k++] = tmp[i++];
/* 㠔せλ͙㶗᱙ᷯ≺Ⴛ喌฼ݥ */
while (j < end) a[k++] = tmp[j++];

}

/**
* @brief ᒁᎥᣁᎾ.
* @param[inout] a ᒴᣁᎾٲ㉏Ꮎ݆
* @param[in] tmp ̽ a へ䪮⮳䒴ߘ᪟㏳
* @param[in] start ᐯ໺Ѽ㒝
* @param[in] end 㐂᲎Ѽ㒝喌ᰯऽ̯͙ٲ㉏ऽ̯͙Ѽ㒝喌ࢢጕ䬜ढᐯࡩ䬣
* @return ᬏ
* @note ᬏ
* @remarks ᬏ
*/

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 ഩ᪟ᣁᎾ

䩝ႆᣁᎾ⮳テ∄ᅠ⼟ͩഩ᪟ᣁᎾڢࢄ䩝ႆჍ⣟ᄨڢ้⩗ݘ (Radix sort)ȡ
᰸͓⻼䶩Ꮎ喌ᰯ 倇ѼчٷMSD(Most Significant Digit first)঻ᰯѽѼчٷ LSD(Least Significant Digit

first)ȡ
̺䲑Ϻ㏼ĆLSD䨭ᐾഩ᪟ᣁᎾćȡ仅ٷД䲈ᔰ䨭㶗ႇח n͙ᒴᣁٲ㉏喌ᎥГ㶗๣ᠶ䦷ᠶीせ̯͙

ࢢ㉏喌ٲ A[1]ݟ A[n]ႇᩭٲ㉏喌A[0]ͩ㶗๣㐂◨喌䔈ᵦٲ㉏౗䛼ᣁᬥ̼必⼪ٲߗ㉏喌ङ䰯㺰ԝᩨळ
⮳㉏ٲ͙ linkᠶ䦷ࢢञ喌ັభ 7-4(a)ᝯ⹩ȡ⃾͙Ѽ䃭㒝̯͙ᶥ喈䌎᪒݆ᶥ̯ᵦ喉喌ᶥ䛶⩗䲈ᔰ䨭㶗㐂
Ჳ喌ऻᬥ䃭㒝͓͙᪟㏳ f[RADIX]঻ r[RADIX]喌䃟ᒄ⃾͙ᶥ⮳๣ᠶ䦷঻ᅭᠶ䦷ȡᣁᎾ䓶⼺ᅠ᭞ d喈ڢ
䩝ႆѼ᪟喉䋎Ćܵ䙼ćȠĆᩥ䯵ć⮳䓶⼺喌ັభ 7-4ᝯ⹩ȡ
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భ 7-4 LSD䨭ᐾഩ᪟ᣁᎾ⹩Һ

LSD䨭ᐾഩ᪟ᣁᎾ⮳ C䄜㼯Ⴭ⣟ັ̺ȡ
radix_sort.c

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

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

/* ݥ䔊ࡰ䩝ႆഩ᪟喌ₓᬥ᭞ڢ */
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#define R 10 /*Radix*/

/**
*@struct
*@brief 䲈ᔰ䨭㶗㐂◨.
*/

typedef struct static_list_node_t {
int key; /** 䩝ႆڢ */
int link; /** ̺̯͙㞱◨ */

}static_list_node_t;

/*
* @brief គ࢟䲈ᔰ䨭㶗.
* @param[in] a 䲈ᔰ䨭㶗᪟㏳
* @return ᬏ
*/

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 㣦अࡰ䔊ݥ᪣᪟⮳᳿̯Ѽ᪟ႆ.
* @param[in] n ᪣᪟
* @param[in] i せ i Ѽ
* @return ᪣᪟ n せ i Ѽ⮳᪟ႆ
*/

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

n /= 10;
}

return n % 10;
}

/**
* @brief LSD 䨭ᐾഩ᪟ᣁᎾ.
* @param[in] a 䲈ᔰ䨭㶗喌a[0] ᭞๣ᠶ䦷
* @param[in] n ᒴᣁᎾٲ㉏⮳͙᪟
* @param[in] d ᰯ๖᪣᪟⮳Ѽ᪟
* @return ᬏ
* @note ᬏ
* @remarks ᬏ
*/

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++) {

/* ܵ䙼 */
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;

}
}

/* ᩥ䯵 */
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}/* ๣ᠶ䦷 */, {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 ᕪ㐂঻℃䒲

㶗 7-1 ळ⻼ᣁᎾテ∄⮳ᕪ㐂঻℃䒲
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ᣁᎾ᫨∄ Ꭲ౶ᬥ䬣 ᰯ౾ᗴۤ 䒴ߘႇח ᭞ॕ⽢჉

ⰣᣔᤁڔᣁᎾ O(n2) O(n2) O(1) ᭞

ះࡹᤁڔᣁᎾ O(n2) O(n2) O(1) ᭞

ጻᅃᣁᎾ N/A N/A O(1) ॕ

ᣁᎾ∐ہ O(n2) O(n2) O(1) ᭞

ᔚ䕎ᣁᎾ O(n log
2
n) O(n2) O(log

2
n) ॕ

クࢄ䔸᠘ᣁᎾ O(n2) O(n2) O(1) ॕ

വᣁᎾ O(n log
2
n) O(n log

2
n) O(1) ॕ

λ䌞ᒁᎥ O(n log
2
n) O(n log

2
n) O(n) ᭞

ഩ᪟ᣁᎾ O(d× (n+R)) O(d× (n+R)) O(R) ᭞

ն䃭౗᪟㏳͜᰸͓͙ٲ㉏ Ai, Aj , i < j喌ࢢ Ai ౗ Aj ͺݼ喌̓ Ai = Aj喌ັ᳋౗ᣁᎾͺऽ喌Ai

ϼ♥౗ Aj 䲑喌݈⼟䔈͙ᣁᎾテ∄᭞⽢჉⮳喌ॕ݈⼟䔈͙ᣁᎾテ∄᭞̼⽢჉⮳ȡݼ⮳

ᣁᎾ᫨∄ᵨᢝ౗ᣁᎾ䓶⼺͜᪟ᢝ᭞ॕႻڗ౗ڴႇ喌ܵ ͓ͩ๖ㆪ喚ڴ䘗ᣁᎾ঻ๅ䘗ᣁᎾȡڴ䘗ᣁᎾ

᭞ᠶ౗ᣁᎾᱎ䬣᪟ᢝڗ䘗ႇᩭ౗ڴႇ喛ๅ䘗ᣁᎾ᭞ᠶ౗ᣁᎾᱎ䬣ᝯ᰸᪟ᢝ̼㘬ऻᬥႇᩭ౗ڴႇ喌౗

ᣁᎾ䓶⼺͜䰯㺰̼᫜౗ڴȠๅႇͺ䬣ϓᢑȡ̯㝛䄣ݟᣁᎾ喌吇䃓᭞ᠶڴ䘗ᣁᎾȡ
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ᯣߊ᳉ͭ∄

ᯣߊ᳉ͭ∄ (brute force enumeration) ࣷ⼟ͩᯣߊ᥋㉑∄ (Brute-force search)喌䄕㏵჉͸㻰
Wikipedia, http://en.wikipedia.org/wiki/Brute_force_search

8.1 ᳉ͭᣁ݆

᳉ ͭ ᣁ ݆喌 ࢢ 䓂 ܩ ᳿ ͙ 䯵 ष ⮳ ᝯ ᰸ ᣁ ݆ȡ Һ ັ喌 䯵 ष 1,2,3 ⮳ ᝯ ᰸ ᣁ ݆ ᭞

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

8.1.1 ⩎᜿ ݟ1 n⮳ڗᣁ݆

᣾䔟

㐈჉̯͙ₒ᪣᪟ n喌䓂ܩ ݟ1 n⮳ᝯ᰸ᣁ݆ȡ

ܵᲿ

ᝀЛᅌ䄄⩗䕁ᒁ⮳ᕌ䌞喚ٷ䓂ܩД 1ᐯ๣⮳ᣁ݆喈䔈̯ₔ᭞䕁ᒁ䄲⩗喉喌♥ऽ䓂ܩД 2ᐯ๣⮳ᣁ
݆喈ࣷ᭞䕁ᒁ䄲⩗喉喌…喌ᰯऽ᝼᭞Д nᐯ๣⮳ᣁ݆ȡ
Д 1ᐯ๣⮳ᣁ݆喌せ̯Ѽ᭞ 1喌ऽ䲑᭞ ݟ2 9⮳ᣁ݆喌䔈᭞̯͙ၿ䬝䷇喌ञДᣔⱯ䕁ᒁȡ
љ代码ັ̺喚

void print_permutation(Ꮎ݆ P喌䯵ष S) {
if (S ͩ⾩) 䓂ܩᎾ݆ P
else {

for(ᠸ⚖Ͻᄾݟ๖⮳䶩Ꮎӌ⁐㔲㮀 S ͜⮳⃾͙ٲ㉏ e) {
print_permutation(౗ A ⮳ᱚᅭ〉ߏ e ऽᓆݟ⮳᫟Ꮎ݆, S-{e});

}
}

}
// 䄲⩗
print_permutation({}, S);

93
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代码

̺䲑㔲㮀⩗ C䄜㼯Ⴭ⣟ȡ̼䯭ᘢݟ⩗᪟㏳㶗⹩ P঻ Sȡ⩠ν P঻ S᭞ρ㶔⮳喌ႲЛλ㔴ⴔ䖂͜ڥ
㐈̯͙喌क̯͙ᅠႻڗ⶝჉ε喌ఏₓ̼⩗Ԍႇ Pȡ

C䄜㼯Ⴭ⣟ັ̺喚

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

/*
* @brief 䓂ܩ 1 ݟ n ᣁ݆ڗ⮳
* @param[in] n n
* @param[in] cur ᒂݼ䔊㵻ݟਙ͙Ѽ㒝
* @param[out] ႇᩭ̯͙ᣁ݆
* @return ᬏ
*/

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

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

printf("\n");
}

// មᆄ⟥ᔰ喌ᅌ䄄౗ A[cur] ͜කळ⻼᪣᪟ i喌ᠸϽᄾݟ๖⮳䶩Ꮎ
for (i = 1; i <= n; i++) {

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

if (P[j] == i)
used = 1; // ັ᳋ i ጡ㏾౗ A[0]~A[cur-1] 䔸ڼ⣟䓶喌݈̼㘬ܩ

if (!used) {
P[cur] = i;
print_permutation_r(n, cur + 1, P); // 䕁ᒁ䄲⩗
// ̼䰯㺰ᖑ฼ P[cur]喌䔃఍̹ᅱᬥᬥщ㷚㺵Ⰵ

}
}

}

/**
* @brief 䓂ܩ 1 ݟ n ᣁ݆ڗ⮳
* @param[in] n n
* @return ᬏ
*/

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

}

//test
int main() {
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print_permutation(3);
return 0;

}
print_permutation_n.c

8.1.2 ⩎᜿ञ䛼䯵⮳ᣁ݆

᣾䔟

ັ᳋ឹ䬝䷇ᩨ᜿喌㐈჉̯͙᪟㏳ S喌ᠸႆڧᎾ䓂ܩᝯ᰸ᣁ݆ȡ

ܵᲿ

ₓᬥ S̼ڼϴ䭿ν᪣᪟喌ञД᭞ႆさへȡ
仅ٷᘢݟञДݘ⩗̹̯䷇⮳ᕌ䌞喌ٷ䓂ܩ ݟ1 n⮳ڗᣁ݆喌♥ऽឹគ࢟䄜औᩨ᜿ printf("%c",

S[P[i]-1])ࢢञȡ
ѵ᭞䔈͙᫨∄᰸◨䬝䷇喌ᒂ䯵ष͜᰸䛼฼ٲ㉏ᬥ喌Ⴒ̼㘬ₒ⶝ำ⤵ȡҺັ S=”AAA”喌Ⴒщគ࢟ܩ

6͙ AAAȡ㻰̺䲑⮳代码ȡ

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

/*
* @brief 䓂ܩ 1 ݟ n ᣁ݆喌ឹ᪟ႆᒂ։̺ᴶڗ⮳
* @param[in] S ႆさ䯵ष
* @param[in] n n
* @param[in] cur ᒂݼ䔊㵻ݟਙ͙Ѽ㒝
* @param[out] ႇᩭ̯͙ᣁ݆
* @return ᬏ
*/

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

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

printf("\n");
} else {

// ᅌ䄄౗ A[cur] ͜කळ⻼᪣᪟ i喌ᠸϽᄾݟ๖⮳䶩Ꮎ
for (i = 1; i <= n; i++) {

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

if (P[j] == i)
ok = 0; // ັ᳋ i ጡ㏾౗ A[0]~A[cur-1] 䔸ڼ⣟䓶喌݈̼㘬ܩ

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

}
}

}
}
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/**
* @brief 䓂ႆܩさ䯵ष⮳ڗᣁ݆
* @param[in] S ႆさ䯵ष
* @param[in] n n
* @return ᬏ
*/

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); // ̼㘬ₒ⶝ำ⤵ञ䛼䯵
return 0;

}

ᢑ̯͙ᕌ䌞喌䔇᭞౗̹̯㞱⮳代码̹䔊㵻ԝᩨ喌ឹڼ if(P[j]==i) ঻ P[cur]=i ᜿ᩨݚܵ
if(P[j]==S[i])঻ P[cur]=S[i]ȡ䔈ᵦ喌ङ㺰ឹ S͜⮳ᝯ᰸ٲ㉏ᠸϽᄾݟ๖⮳䶩ᎾᣁᎾ喌♥ऽ䄲⩗
print_permutation_r(S, n, 0, P)ࢢञȡ
䔈͙᫨∄ⰺ̹̼࣪䩈喌ञᘋ䔇᭞᰸͙ᄾ䬝䷇ȡҺັ S="AAA"喌⼺ᎾϯͷΎ̼䓂ܩ喈ₒ⶝ゃᵷᏃ

䄔᭞ਫ਼̯⮳ڗᣁ݆ AAA喉喌࣎ఏ౗ν喌ᝀЛ⺰ₑ S᪟㏳͜ܩ⣟䛼฼喌㔻౗ S͜ᱛᲔᅠ᰸䛼฼ٲ㉏喌䔈
͙Ć⺰Гć᭞䩈䄞⮳ȡ

㼒ۢ᫨∄᭞喌㐎䃐 P[0]ݟ P[cur-1]͜ S[i]ܩ⣟⮳⁐᪟ c1喌Дࣹ S᪟㏳͜ S[i]⮳ܩ⣟⁐᪟ c2喌ङ
㺰 c1<c2喌ᅠ㘬㐖㐜䔸᠘ S[i]ȡ
㐂᳋ࣷັ҄঑喟䔈⁐᰸䓂ܩε喌ञ᭞䓂ܩε 27͙ AAAȡ䖆␾᭞⇐᰸ε喌ञ᭞ܩ⣟ε䛼฼ȡ⼺Ꮎ

せឹٷ 1͙ Aҋͩᐯ๣喌䕁ᒁ䄲⩗㐂᲎ऽ⩗せ 2͙ Aҋͩᐯ๣喌䕁ᒁ䄲⩗㐂᲎ऽ⩗せ 3͙ Aҋͩᐯ
๣ȡ⃾⁐䓂ܩ 3͙ᣁ݆喌ڠ 27͙ȡ
᳉ͭᬥᏃ䄔̼䛼̼␾౟अ䕼䯵ष⮳ᝯ᰸ٲ㉏ȡ⩠ν᪟㏳ጡ㏾ᣁᎾ喌ᝯДङ䰯㺰ᷯᴔᒂٲݼ㉏঻

ङ䰯㺰౗ࢢ䛼̼␾εȡ̼ݟ㉏̼Ⱗऻ喌ᅠञД։ٲ͙̯ݼ for (i = 1; i <= n; i++)঻ڥऽ⮳㟠
᠛दͺ䬣̹ߏ if(i==0 && S[i] != S[i-1])ȡ㻰̺䲑⮳代码ȡ

代码

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

/*
* @brief 䓂ܩ 1 ݟ n ᣁ݆ڗ⮳
* @param[in] n n
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* @param[in] cur ᒂݼ䔊㵻ݟਙ͙Ѽ㒝
* @param[out] ႇᩭ̯͙ᣁ݆
* @return ᬏ
*/

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

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

printf("\n");
}

// មᆄ⟥ᔰ喌ᅌ䄄౗ A[cur] ͜කळ⻼᪣᪟ i喌ᠸϽᄾݟ๖⮳䶩Ꮎ
for (i = 1; i <= n; i++) {

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

if (P[j] == i) {
used = 1; // ັ᳋ i ጡ㏾౗ A[0]~A[cur-1] 䔸ڼ⣟䓶喌݈̼㘬ܩ
break;

}
}
if (!used) {

P[cur] = i;
print_permutation_r(n, cur + 1, P); // 䕁ᒁ䄲⩗
// ̼䰯㺰ᖑ฼ P[cur]喌䔃఍̹ᅱᬥᬥщ㷚㺵Ⰵ

}
}

}

/**
* @brief 䓂ܩ 1 ݟ n ᣁ݆ڗ⮳
* @param[in] n n
* @return ᬏ
*/

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 ̺̯͙ᣁ݆

䔇ञДݘ⩗ STL ͜⮳ next_permutation()喌ᝅ㔴㜙ጠჍ⣟喌㻰せ §17.1㞱⮳ next_-
permutation()ȡ
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代码

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

/**
* @brief 䓂ႆܩさ䯵ष⮳ڗᣁ݆喌ݘ⩗ next_permutation
* @param[in] S ႆさ䯵ष
* @param[in] n n
* @return ᬏ
*/

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;

}

/* へЦν฼ݥ㇇䉣喌䔈䛻ͩε㞱㏕ヶ፴喌Ү⩗ include喌౗ OJ ̹᣿ϓᬥ䄦⩗฼ݥ㇇䉣 */
#include "next_permutation.c"

/**
* @brief 䓂ႆܩさ䯵ष⮳ڗᣁ݆喌ݘ⩗せ 15 』⮳ next_permutation
* @param[in] S ႆさ䯵ष
* @param[in] n n
* @return ᬏ
*/

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 ၿ䯵⩎᜿

㐈჉̯͙䯵ष喌䓂ܩႲᝯ᰸⮳ၿ䯵ȡͩεクࢄ䊦㻰喌ᱛ㞱䃗䃩⮳䯵ष͜⇐᰸䛼฼ٲ㉏ȡ

8.2.1 ෍䛾Ჳ䕏∄

̯⁐䔸ٲ͙̯ܩ㉏喌ᩭᝅ㔴̼ᩭݟ䯵ष͜ȡ

代码

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

/**
* @brief ෍䛾Ჳ䕏∄
* @param[in] S 䓂ڔ䯵ष
* @param[in] n 䯵ष๖ᄾ
* @param[inout] P ᳿͙ၿ䯵
* @param[in] cur p ⮳ᒂݼѼ㒝
* @param[in] ed S ⮳ᒂݼѼ㒝喌ݼ䲑⮳ٲ㉏ጡ㏾䔸䓶ε
* @return ᬏ
*/

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

// 䔸᠘ S[i]
P[cur] = S[i];
for (j = 0; j <= cur; j++) printf("%d ", P[j]);
printf("\n");
// ̼䔸᠘ S[i]
print_subset1(S, n, P, cur + 1, i + 1);

}
}

subset.c

8.2.2 Ѽी䛾∄

ᐯ̯͙Ѽी䛾 B喌B[i]=1㶗⹩䔸᠘ S[i], B[i]=0㶗⹩̼䔸᠘ȡ

代码

subset.c
/**
* @brief Ѽी䛾∄
* @param[in] S 䓂ڔ䯵ष
* @param[in] n 䯵ष๖ᄾ
* @param[in] B Ѽी䛾
* @param[in] cur B ⮳ᒂݼѼ㒝
* @return ᬏ
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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 λ䔊ݥ∄

㉏̼䊴䓶ٲ⮳᣿喚䯵षݼ intѼ᪟ȡ⩗̯͙ int᪣᪟㶗⹩Ѽी䛾喌せ iѼͩ 1喌݈ 㶗⹩䔸᠘ S[i]喌ͩ
0݈̼䔸᠘ȡҺັ S={A,B,C,D}喌݈ 0110=6㶗⹩ၿ䯵 {B,C}ȡ
䔈⻼᫨∄ᰯ጖່ȡఏͩႲ̼ϴ㘬⩎᜿ၿ䯵喌䔇㘬᫨Ӯ⮳㶗⹩䯵ष⮳ᎥȠϓȠጝへ䯵ष䓿テȡ䃭͓

͙䯵ष⮳Ѽी䛾ܵͩݚ B1঻ B2喌݈ B1|B2, B1&B2, B1ˆB2ܵݚᄨᏃ䯵ष⮳ᎥȠϓȠᄨ⼟ጝȡ

代码

subset.c
/**
* @brief λ䔊ݥ∄
* @param[in] S 䓂ڔ䯵ष
* @param[in] n 䯵ष๖ᄾ
* @param[in] B Ѽी䛾
* @param[in] cur B ⮳ᒂݼѼ㒝
* @return ᬏ
*/

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));



8.2 ၿ䯵⩎᜿ 101

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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ᎮᏕчٷ᥋㉑

ᒂ䷇Ⱍⰺ̼ܩЪ҄㻳ᒺ喌ᬑ̼㘬⩗ܵ⇪喌䉙ᓲ喌Ύ̼㘬⩗ߗ㻳ᬥ喌䔈ᬥՈ̶㘬᫨∄āā᥋㉑喌ᅠ

≭̹⩗౩εȡ᥋㉑ܵͩᎮ᥋঻⌠᥋喌Ꭾ᥋䛻䲑ࣷ᰸ᮝ䕉Ꭾ᥋喌ࣻीᎮ᥋喌A*᥋㉑へȡ⌠᥋䛻䲑ࣷ᰸
ᮝ䕉⌠᥋喌఍⏞∄へȡ

Ꭾ᥋঻⌠᥋䲍፧ㆪѫ喈䮓ε౗មᆄ㞱◨䔈䘗̼̯ܵᵦ喉喌λ㔴᰸Ⱗऻ⮳ᵵ᳥喌ັ҄㶗⹩⟥ᔰ喟ັ

҄មᆄ⟥ᔰ喟ັ҄ݓ䛼喟ᅓڥ᭞ݓ䛼喌㼒ۢε䔈͙䬝䷇喌ഩᱛ̹᪣͙䬝䷇ᅠ㼒ۢεȡ

9.1 䊟䔦ლ

᣾䔟

̯͙䔦ლ⩠̯͙ 01ⴘ䭤㶗⹩喌⃾͙ٲࢄᵫ㺰ͷ᭞⾩౟喈⩗ 0㶗⹩喉喌㺰ͷ᭞䯋ⶼ➘喈⩗ 1㶗⹩喉ȡ
ҏ⮳Ъߐ᭞ឭ̯ݟᲐϽڔऒܩݟऒ⮳ᰯⴜ䌞ᒳȡЪ҄ᬥՈ䘬̼㘬౗䯋ⶼ➘ᵫၿ͜喌Ύ̼㘬䊟ݟ䔦ლ

ͺๅȡङ㘬ὙⱯ䊟ᝅ々Ɐ䊟喌̼㘬᫋Ɐ䊟ȡ᪟ᢝԌ䃰᰸ਫ਼̯㼒ȡ

䓂ڔ

̯͙ 5× 5⮳λ㐣᪟㏳

䓂ܩ

ጕ̹㼁ݟढ̺㼁⮳ᰯⴜ䌞ᒳ

ᵦҺ䓂ڔ

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

ᵦҺ䓂ܩ

(0, 0) (1, 0) (2, 0) (2, 1) (2, 2) (2, 3) (2, 4) (3, 4) (4, 4)

102
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ܵᲿ

ᬑ♥ⅱ⮳᭞Ćᰯⴜć喌ᒷ㜙♥⮳ᕌ䌞᭞⩗ BFSȡͭ ͙Һၿ喌౗ັ̺భᝯ⹩⮳䔦ლ͜喌ն䃭ڔऒ᭞ጕ

̹㼁 (0, 0)喌ᝀЛᅠϽڔऒᐯ໺⩗ BFS䕼ࢵ䔦ლ喌ᅠञДテܩϽڔऒݟᝯ᰸◨⮳ᰯⴜ䌞ᒳ喈ັభ 9-1(a)
ᝯ⹩喉喌Дࣹ䔈ϊ䌞ᒳ̹⃾͙㞱◨⮳ݼ侠喈ັభ 9-1(b)ᝯ⹩喉ȡ

భ 9-1 ⩗ BFSⅱ䔦ლ͜ᰯⴜ䌞ᒳ

代码

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

const int MAXN = 5;

// 䔦ლ⮳㵻᪟喌݆᪟
int m = MAXN, n = MAXN;
// 䔦ლ喌0 㶗⹩⾩౟喌1 㶗⹩䯋ⶼ➘
int map[MAXN][MAXN];

// ఊ͙᫨ी
const char name[4] = { 'U', 'R', 'D', 'L' };
const int dx[4] = { -1, 0, 1, 0 }; // 㵻
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; /* ⟥ᔰᕪ᪟ */
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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;



9.1 䊟䔦ლ 105

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}; /* ጕ̹㼁ͩ䊦◨ */
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 **************/
/* ႇ౗Ⴛ㒽৷ጻ᫨ᵷ */

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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/** មᆄ◨喌ࢢᒂݼѼ㒝 */
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)) { /* 䛼ݓ */
/* 䃟ᒄ䌞ᒳ */
next.action = action_cur;
next.father = state_hash(s);
nodes[state_index(next)] = next;

action_cur++; /* return ᔇε෍ݚݼ 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

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

•Ȩテ∄」䊊ڔ䬗㏾ڧȩ¬せ 108䶤 6.4.2㞱

• POJ 3984䔦ლ䬝䷇, http://poj.org/problem?id=3984

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

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

¬݇↌Ң,テ∄」䊊ڔ䬗㏾ڧ喌⌴ࡽ๖႕ܩ❷⹭喌2009
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9.2 ䷇᪟码䬝ښ

᣾䔟

㑅दͩ 1∼8⮳ 8͙ₒ᫨ᒑ␀ಆ᥵᜿ 3㵻 3݆喌᰸̯͙ᵫၿ⾩Ɐ喌ັభ 9-2ᝯ⹩ȡ

భ 9-2 ⩗ BFSⅱ䔦ლ͜ᰯⴜ䌞ᒳ

⃾⁐ञДឹ̽⾩ᵫⰧ䗪⮳␀ಆ喈᰸ڠڛ䓨᝼テⰧ䗪喉⼪ݟ⾩ᵫ͜喌㔻Ⴒ࣎Ე⮳Ѽ㒝ᅠ᜿ε᫟⮳

⾩ᵫȡⰝᴶᅯ䲑఩჉ັ̺喈⩗ x㶗⹩⾩ᵫ喉喚

1 2 3
4 5 6
7 8 x

㐈჉݌໺ᅯ䲑喌䃐テᰯܩⴜ⮳⼪ߗ䌞ᒳȡ

䓂ڔ

⩗̯㵻㶗⹩̯͙ᅯ䲑喌Һັ̺䲑⮳䔈͙ᅯ䲑喚

1 2 3
x 4 6
7 5 8

ञД㶗⹩ͩ 1 2 3 x 4 6 7 5 8ȡ

䓂ܩ

ັ᳋᰸㼒ゃ喌䓂͙̯ܩ⩠ఊ͙ႆ⃼’r’,’l’,’u’,’d’㏳᜿⮳⼪ߗ䌞ᒳȡັ᳋⇐᰸喌䓂ܩ”unsolvable”ȡ

ᵦҺ䓂ڔ

2 3 4 1 5 x 7 6 8

ᵦҺ䓂ܩ

ullddrurdllurdruldr
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ܵᲿ

䃐テĆᰯⴜć喌ᒷ㜙♥⮳ᘢݟ BFSȡ
ັ҄㶗⹩̯͙⟥ᔰ喟̯͙ 3*3 ⮳᷺Ⰷ喌仅ٷञДᘢݟ⩗̯͙᪟㏳ int data[9] Ე㶗⹩ȡឹ⃾

͙ᵫၿⰺ։᭞᪣᪟⮳̯Ѽ⮳䄌喌ञД⩗̯͙᪣᪟Ე㶗⹩喌ᰯ๖⮳᷺Ⰷ 87654321x喌㶗⹩᜿᪣᪟ᅠ᭞
876543210喌⇐᰸䊴䓶 32Ѽ᪣᪟⮳㠲ణȡ
⩗䛼喟⩗৷ጻ㶗喌㜙ጠჍ⣟ᝅ㔴ݓ҄ັ STLȡC++ STL䛻᰸ set, C++ 11᫟ڔߏε unordered_-

setȡᐩ䃝ٷ⩗ STL写̯͙❷ᱛ喌⶝Ԍͪテ∄ₒ⶝喌♥ऽឹ set(ᝅ unordered_set)ᰮᢑ᜿㜙ጠ写
⮳৷ጻ㶗ȡ

⩠νᱛ䷇⮳➨₹ᕖ喌ႇ౗̯⻼Ⴛ㒽৷ጻ (perfect hashing)᫨ᵷȡࢢᏦជᆄᐯȡ᷺Ⰷᱛ䏚᭞̯͙ᣁ
݆喌ᄵᣁ݆䒛ͩࡅᎾ᪟喌⩗Ꮎ᪟ҋͩ hashիȡҺັ喌1,2,3䔈̸͙᪟ႆ⮳ڗᣁ݆喌ᠸႆڧᎾ喌ӌ⁐ͩ
123 -- 0
132 -- 1
213 -- 2
231 -- 3
312 -- 4
321 -- 5

Ꮎ᪟ȡڥ喌ጕӖͩᣁ݆喌ढӖͩ͜ڥ

ₓ䷇ᰣч⮳㼒∄䔇᰸ࣻी BFS喈㻰 §9.4喉喌A*テ∄喈㻰 §9.5喉ȡ

代码

᫨ᵷ 1喌Ⴛ㒽৷ጻ喌Ү⩗Ꮶជᆄᐯȡ
eight_digits_bfs.c

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

const int DIGITS = 9; // ᷺Ⰷ͜᪟ႆ⮳͙᪟喌Ύ᭞इ䔊ݥ᪟䰯㺰⮳Ѽ᪟
const int MATRIX_EDGE = 3; // ᷺Ⰷ䓨䪮

/***** ̯ϊ፧䛾 *****/
const int SPACE_NUMBER = 0; // ⾩ᵫᄨᏃⱯ᪟ႆ 0
// ̹̺ጕढఊ͙᫨ी
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 ⟥ᔰ
*/

typedef struct state_t {
int8_t data[DIGITS]; /** ⟥ᔰ⮳᪟ᢝ. */
int action; /* ⩠❥⟥ᔰ⼪ݟߗᱛ⟥ᔰ⮳ߗҋ */
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int father; /* ❥⟥ᔰ౗ nodes[] ͜⮳̺ᴶ喌Ύࢢ❥⟥ᔰ⮳৷ጻի */
int count; /** ᝯ㟠䉨⮳ₔ俓᪟喈Ύࢢ䌞ᒳ䪮Ꮥ-1喉 */

} state_t;

// 3x3 ⮳᷺Ⰷ喌⟥ᔰᰯ้᰸ 9! ⻼
const int STATE_MAX = 362880; /* ⟥ᔰᕪ᪟ */

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 គ࢟ߗҋᎾ݆.
* @param[in] end ㏷◨⟥ᔰ⮳৷ጻի
* @return ❥⟥ᔰ
*/

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 䓂ڔ.
* @return ᬏ
*/

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 ᭏ᄳ᜿᪟ႆ 0
else start->data[i] = ch - '0';

}
}

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

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

/* ᄵ᪣᪟䒛᷺ͩࡅⰇ */
for(int i = DIGITS-1; i >= 0; i--) {

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

}
}

int main(void) {
state_t start;
int end; /* Ⱍᴶ⟥ᔰ౗ nodes[] ͜⮳̺ᴶ */
input(&start);

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

}

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

/********** ᫨ᵷ 1喌Ⴛ㒽৷ጻ喌Ү⩗Ꮶជᆄᐯ **************/

// 9 Ѽइ䔊ݥ᪟喈⾩ᵫ喉㘬㶗⹩ 0 ݟ (9!-1) ,ᝯ᰸㜙♥᪟⮳ڴ ᖟຬ᰸ 9! ͙喌
// ̽⟥ᔰ̯̯ᄨᏃ喌ఏₓञДឹ⟥ᔰ̯̯᭏ᄳ͙̯ݟ 9 Ѽइ䔊ݥ᪟

// 9 Ѽइ䔊ݥ᪟喌⃾͙Ѽ᪟⮳ࢄѼ喌0!~8!
const int fac[] = {40320, 5040, 720, 120, 24, 6, 2, 1, 1};
/* ৷ጻ㶗შ䛾喌㺰๖ν⟥ᔰᕪ᪟喌㠔ႇ౗Ⴛ㒽৷ጻ᫨ᵷ喌݈へν⟥ᔰᕪ᪟ */
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; /* 䔵Ꮎ᪟ */
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

/* មᆄ◨喌ࢢ 0 ⮳Ѽ㒝 */
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; // ឭ 0 ⮳Ѽ㒝
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}
}

}

bool state_extend(const state_t *s, state_t *next) {
const int x = z / MATRIX_EDGE; // 㵻
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) { // ⇐᰸䊹⩻

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

next->action = action_cur;
next->father = state_hash(s);
/* 䃟ᒄ䌞ᒳ */
nodes[state_index(next)] = *next;
action_cur++; /* return ᔇε෍ݚݼ 1 */
return true;

}
}
action_cur++;

}
return false;

}

// Ⱍᴶ⟥ᔰ
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

᫨ᵷ 2喌̼ ⴔ䖂᭞ॕႇ౗Ⴛ㒽৷ጻ᫨ᵷ喌ѵ㘬๎䶳џ⟥ᔰ͙᪟⮳̹䭿喌⩗ᵀࣻϡ㶗⹩∄ႇח䌞ᒳ喌

⩗㜙ጠჍ⣟⮳৷ጻ㶗ݓ䛼ȡ

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; // ᷺Ⰷ͜᪟ႆ⮳͙᪟喌Ύ᭞इ䔊ݥ᪟䰯㺰⮳Ѽ᪟
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const int MATRIX_EDGE = 3; // ᷺Ⰷ䓨䪮

/***** ̯ϊ፧䛾 *****/
const int SPACE_NUMBER = 0; // ⾩ᵫᄨᏃⱯ᪟ႆ 0
// ̹̺ጕढఊ͙᫨ी
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;

/** ⟥ᔰ */
struct state_t {

int8_t data[DIGITS]; /** ⟥ᔰ⮳᪟ᢝ. */
int action; /* ⩠❥⟥ᔰ⼪ݟߗᱛ⟥ᔰ⮳ߗҋ */
int index; /** ᱛ⟥ᔰ౗ nodes[] ͜⮳̺ᴶ */
int father; /** ❥⟥ᔰ౗ nodes[] ͜⮳̺ᴶ */
int count; /** ᝯ㟠䉨⮳ₔ俓᪟喈Ύࢢ䌞ᒳ䪮Ꮥ-1喉 */

};

// 3x3 ⮳᷺Ⰷ喌⟥ᔰᰯ้᰸ 9! ⻼
const int STATE_MAX = 362880; /* ⟥ᔰᕪ᪟ */

state_t nodes[STATE_MAX+1];
int path_index = 0;

int state_index(const state_t &s) {
return s.index;

}

/**
* @brief គ࢟ߗҋᎾ݆.
* @param[in] end ㏷◨⟥ᔰ⮳৷ጻի
* @return ❥⟥ᔰ
*/

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);



114 せ 9』 ᎮᏕчٷ᥋㉑

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 䓂ڔ.
* @return ᬏ
*/

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 ᭏ᄳ᜿᪟ႆ 0
else start.data[i] = ch - '0';

}
}

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

int n;
scanf("%d", &n);
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/* ᄵ᪣᪟䒛᷺ͩࡅⰇ */
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 **************/

/********** ᫨ᵷ 2 ̼ⴔ䖂Ⴛ㒽৷ጻ᫨ᵷ喌㜙ጠჍ⣟৷ጻ㶗 **************/
/** ৷ጻ㶗अὐ⮳䉗᪟喌Ύࢢ৷ጻᶥ⮳͙᪟喌䊹๖䊹ຬ喌̼䓶̯㝛ᄾν HASH_SET_CAPACITY. */
const int PRIME = 99997;

/* ৷ጻ㶗შ䛾喌㺰๖ν⟥ᔰᕪ᪟ */
const int HASH_SET_CAPACITY = STATE_MAX + 1;

int head[PRIME];
int next[HASH_SET_CAPACITY];

/** ᪟ܬ㉏⮳৷ጻٲ */
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) {
// Ͻ㶗๣ᐯ໺ᴔឭࢄ䨭㶗
for (int i = head[state_hash(s)]; i != -1; i = next[i]) {

// ឭݟε
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);
// Ͻ㶗๣ᐯ໺ᴔឭࢄ䨭㶗
for (int i = head[h]; i != -1; i = next[i]) {

// ឭݟε
if (memcmp(nodes[i].data, s.data,

DIGITS * sizeof(int8_t)) == 0)
return;

}
next[s.index] = head[h]; /* ᤁݟڔ仅㞱◨ݼ䲑喌๣ᴔ∄ */
head[h] = s.index;
return;

}

int action_cur;
#define ACTION_BEGIN 0
#define ACTION_END 4

/* មᆄ◨喌ࢢ 0 ⮳Ѽ㒝 */
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; // ឭ 0 ⮳Ѽ㒝

}
}

}

bool state_extend(const state_t &s, state_t &next) {
const int x = z / MATRIX_EDGE; // 㵻
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) { // ⇐᰸䊹⩻
next = s;
next.data[newz] = SPACE_NUMBER;
next.data[z] = s.data[newz];

if (!hashset_find(next)) { /* 䛼ݓ */
next.action = action_cur;
next.index = path_index++;
next.father = s.index;
/* 䃟ᒄ䌞ᒳ */
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nodes[state_index(next)] = next;
action_cur++; /* return ᔇε෍ݚݼ 1 */
return true;

}
}
action_cur++;

}
return false;

}

// Ⱍᴶ⟥ᔰ
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

᫨ᵷ 3喌̼ⴔ䖂Ⴛ㒽৷ጻ᫨ᵷ喌ѵ㘬๎䶳џ⟥ᔰ͙᪟⮳̹䭿ݥ喌⩗ᵀࣻϡ㶗⹩∄ႇח䌞ᒳ喌⩗ᴶ
۵Ꮒ⮳৷ጻ㶗ݓ䛼ȡ

eight_digits_bfs3.cpp
䲑⮳代码̽᫨ᵷݼ// 2 ̯ᦧ̯ᵦ
//...

/********** ᫨ᵷ 3 ̼ⴔ䖂Ⴛ㒽৷ጻ᫨ᵷ喌Ү⩗ᴶ۵Ꮒ⮳৷ጻ㶗 **************/

// 䛼䒬 state_t ⮳ == ᧼ҋさ
typedef struct state_t {

int8_t data[DIGITS]; /** ⟥ᔰ⮳᪟ᢝ. */
int action; /* ⩠❥⟥ᔰ⼪ݟߗᱛ⟥ᔰ⮳ߗҋ */
int index; /** ᱛ⟥ᔰ౗ nodes[] ͜⮳̺ᴶ */
int father; /** ❥⟥ᔰ౗ nodes[] ͜⮳̺ᴶ */
int count; /** ᝯ㟠䉨⮳ₔ俓᪟喈Ύࢢ䌞ᒳ䪮Ꮥ-1喉 */

bool operator==(const state_t& other) const {
return memcmp(data, other.data, DIGITS * sizeof(int8_t)) == 0;

}
} state_t;

#include <unordered_set>

// ჉͙̯ݥ৷ጻܬ᪟
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);

}

//...
//ऽ䲑⮳代码Ύ̽᫨ᵷ 2 ̯ᦧ̯ᵦ

eight_digits_bfs3.cpp

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

•Ȩテ∄」䊊ڔ䬗㏾ڧȩ¬ せ 131䶤 7.5.3㞱

• POJ 1077 Eight, http://poj.org/problem?id=1077

• wikioi ,䷇᪟码䯭ښ1225 http://www.wikioi.com/problem/1225/

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• POJ 2893 M × N Puzzle, http://poj.org/problem?id=2893

9.3 ఊၿ䔍᷺

᣾䔟

౗̯͙ 4*4⮳᷺Ⰷ̹᥵ᩭε 14䷆᷺ၿ喌͜ڥ᰸ 7䷆⮬㞡᷺ၿ喌7䷆吀㞡᷺ၿ喌᰸͓͙⾩⮬౟ፕ喌
Ъ̯҄䷆吀⮬᷺ၿ䘬ञДी̹̺ጕढఊ͙᫨ी⼪ݟߗⰧ䗪⮳⾩ᵫ喌䔈च㵻᷺̯ₔ喌吀⮬ࣻ᫨ϓᰮ䊟

᷺喌Ъᘾ̯᫨ञДٷ䊟喌ັ᳋᳿͙ᬥݪҮᓆЪᘾ̯⻼䷋㞡⮳᷺ၿᒑ᜿ఊ͙̯㏮喈࠴᠛᫋㏮喉喌䔈ᵦ⮳

⟥ᔰͩⰝᴶ᷺ᅯȡ

䓂ڔ

̯͙ ⩗໺᷺ᅯ喌吀᷺ၿ݌⮳4*4 B㶗⹩喌⮬᷺ၿ⩗W㶗⹩喌⾩ᵫ౟ፕ⩗ O㶗⹩ȡ

¬݇↌Ң,テ∄」䊊ڔ䬗㏾ڧ喌⌴ࡽ๖႕ܩ❷⹭喌2009
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䓂ܩ

Ⱍᴶ᷺ᅯ⮳ᰯᅀₔ᪟ȡݟߗ⼪

ᵦҺ䓂ڔ

BWBO
WBWB
BWBW
WBWO

ᵦҺ䓂ܩ

5

ܵᲿ

ⅱᰯᅀₔ᪟喌ᒷ㜙♥⮳ᘢݟᎮ᥋ȡ

ັ҄㶗⹩̯͙⟥ᔰ喟⩗̯͙λ㐣᪟㏳ int board[4][4]㶗⹩喌䔇䰯㺰䃟ᒄ䄔⟥ᔰ᭞⩠⮬ၿ䔇᭞
吀ၿ⼪ߗ㔻ᄫ㜣⮳喌䊟ݟ䄔⟥ᔰጡ㏾㟠䉨⮳ₔ᪟ȡ

ັ҄មᆄ㞱◨喟⃾̯ₔ喌Ͻ䭎݆ᑨ͙̯ܩ⟥ᔰ喌͓͙⾩ᵫ䘬ञДीఊ͙᫨ीមᆄ喌ឹᓆݟ⮳⟥

ᔰڔ䭎݆ȡ

⩗喌ח䛼喟᷺Ⰷ⩗λ㐣ⴘ䭤ႇݓ҄ັ 0㶗⹩⾩ᵫ喌1㶗⹩吀㞡喌2㶗⹩⮬㞡喌ᝯДᰯऽञДⰺ᜿
̯͙ 16Ѽ⮳̸䔊ݥ᪟ȡ⩗䔈͙᪟ҋ᷺ͩⰇ⮳㑅码喌ᅠञД⩗Ეݓ䛼εȡ∗ᘾ喌ᱛ䷇㺰吀⮬ϓᰮ䊟喌ᝯ
ДᝀЛ㺰ܵࡩ⟥ᔰ᭞⩠⮬ၿ䔇᭞吀ၿ⼪ߗ㔻ᄫ㜣⮳ȡ

ञД⩗ C++⮳ mapᲔݓ䛼喌
/* visited[0] 䃟ᒄ⮬ၿ⮳ࢵड喌 visited[1] 䃟ᒄ吀ၿ⮳ࢵड. */
map<int, bool> visited[2];

ΎञДᐯ̯͙๖᪟㏳ᒂ։৷ጻ㶗喌

#define HASH_MOD 43036875 /* hash 㶗๖ᄾ */
/* visited[0] 䃟ᒄ⮬ၿ⮳ࢵड喌 visited[1] 䃟ᒄ吀ၿ⮳ࢵड. */
bool visited[2][HASH_MOD];

代码

four_adjacent.cpp
/** wikioi 1004 ఊၿ䔍᷺ , http://www.wikioi.com/problem/1004 */
#include <cstdio>
#include <cstring>
#include <queue>

#define LEN 4 /* 䓨䪮 */

/* ढ喌ጕ喌̹喌̺喈ጕ̺㼁ͩ౿ᴶ࣎◨喉*/
const int dx[] = { 1, -1, 0, 0 };
const int dy[] = { 0, 0, 1, -1 };
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/**
* @strut ⟥ᔰ
*/

typedef struct state_t {
// ⟥ᔰ⮳᪟ᢝ
int board[LEN][LEN]; /* ᷺ᅯ喌1 㶗⹩吀ၿ喌2 㶗⹩⮬ၿ喌0 㶗⹩⾩⮬ */
int color; /* ᱛ⟥ᔰ᭞⩠⮬ၿ䔇᭞吀ၿ⼪ߗ㔻ᄫ㜣⮳ */
int count; /** ᝯ㟠䉨⮳ₔ俓᪟喈Ύࢢ䌞ᒳ䪮Ꮥ-1喉喌ⅱ䌞ᒳ䪮Ꮥᬥ䰯㺰 */

} 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); // ᔇ䃟εᴶ䃟ₓำ⮳䃮䬝䃟ᒄݚ̶ࡲ
if (state_is_target(start)) /* ັ᳋䊦◨ᅠ᭞㏷◨喌䔃఍ */

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

/* ৷ጻ㶗შ䛾喌㺰๖ν⟥ᔰᕪ᪟喌㠔ႇ౗Ⴛ㒽৷ጻ᫨ᵷ喌݈へν⟥ᔰᕪ᪟ */
#define HASH_CAPACITY 43036875

/** ৷ጻ㶗喌ᴶ䃟⟥ᔰ᭞ॕጡ䃮䬝䓶ȡ
* visited[0] 䃟ᒄ⮬ၿ⮳ࢵड喌visited[1] 䃟ᒄ吀ၿ⮳ࢵड.
*/

bool visited[2][HASH_CAPACITY];

#define RADIX 3 /* ̸䔊ݥ */

/**
* @brief 䃐テ⟥ᔰ⮳৷ጻիȡ
* ᷺Ⰷ⩗λ㐣ⴘ䭤ႇח喌⩗ 0 㶗⹩⾩ᵫ喌1 㶗⹩吀㞡喌2 㶗⹩⮬㞡喌ᝯДᰯऽञДⰺ᜿
* ̯͙ 16 Ѽ⮳̸䔊ݥ᪟ȡᰯ๖ͩ
* 2222
* 2221
* 1111
* 1100
* իͩ 43036875ȡ
* @return ᷺Ⰷᝯ㶗⹩⮳̸䔊ݥ᪟䒛ࡰͩࡅ䔊ݥ᪟
*/

//TODO: ڠ C16 7×C9 2 ͙⟥ᔰ喌⩗ㆪѫᏦជ⮳᫨∄חႇ
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;

}

/* មᆄ⮳ᬥՈ喌ٷ჉⾩ᵫ喌ڼ჉᫨ी */
/* 䃟ᒄᒂݼ᫨ी喌Һັ action_cur[0] 䃟ᒄεせ̯͙⾩ᵫ喌ᒂݼ౗មᆄਙ͙᫨ी
*/

int action_cur[2];
#define ACTION_BEGIN 0
#define ACTION_END 4

typedef struct point_t {
int x, y;

} point_t;

/* 䃟ᒄᒂݼ౗មᆄਙ̯͙⾩ᵫ喌իͩ 0 ᝅ 1 */
int space_cur;
/* ͓͙⾩ᵫ⮳Ѽ㒝 */
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;
// ᄪឭ͓͙⾩⮬⮳ᵫၿ⮳Ѽ㒝
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++) { /* せλ͙⾩ᵫڼせ̯͙⾩ᵫ喌ٷ */

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
/* 必䶪吀⮬ϓᰮ䊟 */
&& 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)) { /* 䛼ݓ */
action_cur[i]++; /* return ᔇε෍ݚݼ 1 */
return true;

}
}
action_cur[i]++;

}
}
return false;

}

bool state_is_target(const state_t &s) {
for (int i = 0; i < LEN; i++) { /* 䔿㵻ᷯᴔ */

int flag = 1; /* ᳿̯㵻ڗ᭞ऻ̯䷋㞡 */
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++) { //䔿݆ᷯᴔ

int flag = 1; /* ᳿̯㵻ڗ᭞ऻ̯䷋㞡 */
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

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

• wikioi 1004ఊၿ䔍᷺, http://www.wikioi.com/problem/1004/

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• None

9.4 ࣻी BFS

9.4.1 ䷇᪟码䬝ښ

䷇Ⱍ㻰 §9.2ȡ

代码

eight_digits_bibfs.c

eight_digits_bibfs.c

9.5 A*テ∄

A*テ∄ =წ᥋ +чٷ䭎݆

ᄵᎮ᥋ὐᲮ喈㻰せ §9.6㞱喉͜⮳䭎݆ᩨͩчٷ䭎݆喌䃭䃐ຬᒂݼ⟥ᔰ䌌⻪Ⱍᴶ⟥ᔰ⮳䶳џ䌌⻪
h()喌ᅠइ᜿ε A*テ∄喁

9.5.1 ䷇᪟码䬝ښ

䷇Ⱍ㻰 §9.2ȡ

代码

eight_digits_astar.c
/** POJ 1077 Eight, http://poj.org/problem?id=1077
クࢄ㼒䛹͙܏㺰◨, Ӯν⤵㼒代码.

1. ᔽͷݓ᫜᭞ॕ᰸㼒喟ङ㺰䃐テܩ⮳䔵Ꮎ͙᪟ᕪ঻ͩ๶᪟喌䄔᪟ᢝ必♥ᬏ㼒
2. Ꮶជᆄᐯȡ⩗ࢢ䓶喟ᱛ䷇ႇ౗̯⻼Ⴛ㒽৷ጻ᫨ᵷ喌ݟ᫜᳿̯⟥ᔰ᭞ॕݓ҄ັ

䄕㻰 http://128kj.iteye.com/blog/1699795
3. Ү⩗чٷ䭎݆喌ࢢവ喌ߏ䕎ᡀ䔸ᰯчիȡ
4. ᪟ܬ g= ₓ⟥ᔰ౗᥋㉑ᵀ͜ጡ㏾䊟䓶⮳䌞ᒳ⮳㞱◨᪟.
5. џЦܬ᪟ h 喌䛶⩗ᰫ৷䶮䌌⻪, 㻰代码 calcH ᪟ȡᰫ৷䶮䌌⻪⮳჉͸᭞喌ܬ
ն䃭᰸͓͙◨ (x1,y1),(x2,y2)喌݈ᰫ৷䶮䌌⻪ L1=|x1-x2| + |y1-y2|
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*/
#include <cstdio>
#include <cstring>
#include <cmath>
#include <queue>

#define DIGITS 9 // ᷺Ⰷ͜᪟ႆ⮳͙᪟喌Ύ᭞इ䔊ݥ᪟䰯㺰⮳Ѽ᪟
#define MATRIX_EDGE 3 // ᷺Ⰷ䓨䪮
#define RADIX 10

/***** ̯ϊ፧䛾 *****/
const int SPACE_NUMBER = 0; // ⾩ᵫᄨᏃⱯ᪟ႆ 0
// ̹̺ጕढఊ͙᫨ी
const int dx[] = {-1, 1, 0, 0};
const int dy[] = {0, 0, -1, 1};
const char name[] = { 'u', 'd', 'l', 'r' };

// Ⱍᴶ⟥ᔰ
const int GOAL = 123456780;
// ⃾͙᪟ႆ౗᷺Ⰷ͜⮳Ѽ㒝喌Һັ 0喌౗ (2,2)=8 䔈͙Ѽ㒝̹
int GOAL_POS[DIGITS];

/** ⟥ᔰ */
struct state_t {

int board; /** ⟥ᔰ⮳᪟ᢝ喌᷺ࢢᅯ. */
int action; /* ⩠❥⟥ᔰ⼪ݟߗᱛ⟥ᔰ⮳ߗҋ */
int father; /* ❥⟥ᔰ౗ nodes[] ͜⮳̺ᴶ喌Ύࢢ❥⟥ᔰ⮳৷ጻի */
int count; /** ᝯ㟠䉨⮳ₔ俓᪟喈Ύࢢ䌞ᒳ䪮Ꮥ-1喉喌ҋͩ g */
int h; /** 䌌⻪Ⱍᴶ⟥ᔰ⮳џテ䌌⻪ */

bool operator>(const state_t &other) const {
// priority_queue 吇䃓᭞๖ᵨവ喌̯̺ࣼ喌ᅠ᭞ᄾᵨവε
return (count + h) > (other.count + other.h);

}
};

// 3x3 ⮳᷺Ⰷ喌⟥ᔰᰯ้᰸ 9! ⻼
#define STATE_MAX 362880 /* ⟥ᔰᕪ᪟ */

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 គ࢟ߗҋᎾ݆.
* @param[in] end ㏷◨⟥ᔰ⮳৷ጻի
* @return ❥⟥ᔰ
*/
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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);

/**
* 䌌⻪Ⱍᴶ⟥ᔰ⮳џテ䌌⻪ hȡ
* @param s ⟥ᔰ
* @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;
/* ᰫ৷䶮䌌⻪ */
h += abs((float)(i / MATRIX_EDGE - GOAL_POS[p] / MATRIX_EDGE)) +

abs((float)(i % MATRIX_EDGE - GOAL_POS[p] % MATRIX_EDGE));
}
return h;

}

/* 䃐テ 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();
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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 䓂ڔ.
* @return ᬏ
*/

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 ᭏ᄳ᜿᪟ႆ 0
else board[i] = ch - '0';

}
start.board = board_to_int(board);

}

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

scanf("%d", &start.board);
}

/**
* 䃐テ̯͙ᣁ݆⮳䔵Ꮎ᪟喌0 䮓ๅ.
*/

static int inversion_count(int permutation) {
int d[DIGITS];
int c = 0; // 䔵Ꮎ᪟

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;

}

/**
* .᫜᭞ॕ᰸㼒ݓ
*
* ⅱܩ䮓 0 ͺๅᝯ᰸᪟ႆ⮳䔵Ꮎ᪟ͺ঻喌Ύᅠ᭞⃾͙᪟ႆऽ䲑℃Ⴒᄾ⮳᪟ႆ⮳͙᪟⮳঻喌
* ⼟ͩ䔈͙⟥ᔰ⮳䔵Ꮎȡ
*
* 㠔䊦໺⟥ᔰ঻Ⱍᴶ⟥ᔰ⮳䔵Ꮎ᪟๶֥ᕖⰧऻ喌݈ञⰧρݟ䓭喌ॕ݈̼ञⰧρݟ䓭ȡ
*
* @param s Ⱍᴶ⟥ᔰ
* @return 1 㶗⹩᰸㼒喌0 㶗⹩ᬏ㼒
*/

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; /* Ⱍᴶ⟥ᔰ౗ nodes[] ͜⮳̺ᴶ */
input(start);

if (!solvable(start.board)) return 0;

end = bfs(start);

print_action(end);
printf("\n");
return 0;

}

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

/********** ᫨ᵷ 1喌Ⴛ㒽৷ጻ喌Ү⩗Ꮶជᆄᐯ **************/

// 9 Ѽइ䔊ݥ᪟喈⾩ᵫ喉㘬㶗⹩ 0 ݟ (9!-1) ,ᝯ᰸㜙♥᪟⮳ڴ ᖟຬ᰸ 9! ͙喌
// ̽⟥ᔰ̯̯ᄨᏃ喌ఏₓञДឹ⟥ᔰ̯̯᭏ᄳ͙̯ݟ 9 Ѽइ䔊ݥ᪟

// 9 Ѽइ䔊ݥ᪟喌⃾͙Ѽ᪟⮳ࢄѼ喌0!~8!
const int fac[] = {40320, 5040, 720, 120, 24, 6, 2, 1, 1};
/* ৷ጻ㶗შ䛾喌㺰๖ν⟥ᔰᕪ᪟喌㠔ႇ౗Ⴛ㒽৷ጻ᫨ᵷ喌݈へν⟥ᔰᕪ᪟ */
#define HASH_CAPACITY STATE_MAX

bool visited[HASH_CAPACITY];

/**
* @brief 䃐テ⟥ᔰ⮳ hash ի喌䔈䛻⩗Ꮶជᆄᐯ喌᭞Ⴛ㒽৷ጻ.
* @param[in] s ᒂݼ⟥ᔰ
* @return Ꮎ᪟喌ҋͩ hash ի
*/

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; // 䔵Ꮎ᪟
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

/* មᆄ◨喌ࢢ 0 ⮳Ѽ㒝 */
int z;
int board[DIGITS]; /* ᷺Ⰷ喌᮱ႇ᪟ᢝ */

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; // ឭ 0 ⮳Ѽ㒝

}
}

}

bool state_extend(const state_t &s, state_t &next) {
const int x = z / MATRIX_EDGE; // 㵻
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) { // ⇐᰸䊹⩻

board[z] = board[newz];
board[newz] = SPACE_NUMBER;
next = s;
next.board = board_to_int(board);
board[newz] = board[z]; /* ᖑ฼ s ⮳᷺Ⰷ */
board[z] = SPACE_NUMBER;

next.count = s.count + 1;
next.h = state_get_h(next);
if (!hashset_find(next)) { /* 䛼ݓ */

next.action = action_cur;
next.father = state_index(s);
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/* 䃟ᒄ䌞ᒳ */
nodes[state_index(next)] = next;
action_cur++; /* return ᔇε෍ݚݼ 1 */
return true;

}
}
action_cur++;

}
return false;

}

// Ⱍᴶ⟥ᔰ
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 ᄾ㐂

9.6.1 䔱⩗౩ᮞ

䓂ڔ᪟ᢝ喚⇐ϯͷ➨ᒰ喌̼׾⌠᥋喌䰯㺰᰸Ć䕁ᒁć⮳ᕖ䉗ȡັ᳋᭞ᵀᝅ㔴భ喌ằ⢶ᰣ๖ȡ

⟥ᔰ䒛ᢑభ喚ᵀᝅ㔴భȡ

ⅱ㼒Ⱍᴶ喚ⅱᰯⴜȡ

9.6.2 ᕌ㔲⮳ₔ俓

1. ᭞ⅱ䌞ᒳ䪮Ꮥ喌䔇᭞䌞ᒳᱛ䏚喈ᝅߗҋᎾ݆喉喟

(a) ັ᳋᭞ⅱ䌞ᒳ䪮Ꮥ喌݈⟥ᔰ䛻䲑㺰ႇ䌞ᒳ䪮Ꮥ

(b) ັ᳋᭞ⅱ䌞ᒳᱛ䏚ᝅߗҋᎾ݆

i. 㺰⩗̯Ḥᵀႇחწ᥋䓶⼺͜⮳䌞ᒳ

ii. ᭞ॕञД䶳џ⟥ᔰ͙᪟⮳̹䭿喟㘬๎䶳џ⟥ᔰᕪ᪟喌݈ᐯ̯͙๖᪟㏳喌⩗ᵀ⮳ࣻϡ
㶗⹩∄喛ັ᳋̼㘬䶳џ⟥ᔰᕪ᪟喌݈㺰Ү⩗̯Ḥ䕉⩗⮳ᵀȡ䔈̯ₔΎ᭞せ 4ₔ⮳必
㺰̼ܵٴᲐХȡ

2. ັ҄㶗⹩⟥ᔰ喟͙̯ࢢ⟥ᔰ䰯㺰ႇחਙϊϊ必㺰⮳᪟ᢝ喌᝼㘬๎Ⴛ᪣᣿ӊັ҄មᆄ̯̺ݟₔ
⟥ᔰ⮳ᝯ᰸Ԑᖞȡ̯㝛䃟ᒄᒂݼѼ㒝ᝅ᪣҂ᅯ䲑ȡ

3. ັ҄មᆄ⟥ᔰ喟䔈̯ₔ䌎せ 2ₔⰧڢȡ⟥ᔰ䛻䃟ᒄ⮳᪟ᢝ̼ऻ喌មᆄ᫨∄ᅠ̼ऻȡᄨν఩჉̼
इ⮳᪟ᢝ㐂Ჳ喈̯㝛䷇ⰝⰣᣔ㐈ܩ喌ҋͩ䓂ڔ᪟ᢝ喉喌ັλࣸᵀ喌భへ喌មᆄ᫨∄ᒷクࢄ喌Ⱓ
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ᣔᒯ̺̯ᅱ䊟喌ᄨν䮿ᐾభ喌㺰ٷ౗せ 1ₔ䛻ᘢ⌴ẉ⟥ᔰᝯፕ⮳᪟ᢝ喌ᘢ⌴ẉε䔈◨喌䗒ັ҄
មᆄᅠᒷクࢄεȡ

4. ᪣᪟喌ρⰧͺ䬣̼щۡ⾰ȡݟᄵ⟥ᔰ̯̯᭏ᄳࢢ䛼喌⟥ᔰ᭞ॕႇ౗Ⴛ㒽৷ጻ᫨ᵷ喟ݓνڢ

(a) ັ᳋̼ႇ౗喌݈䰯㺰Ү⩗䕉⩗⮳৷ጻ㶗喈㜙ጠჍ⣟ᝅ⩗ᴶ۵Ꮒ喌Һັ unordered_set喉
Ეݓ䛼喛㜙ጠჍ⣟৷ጻ㶗⮳䄌喌ັ ᳋㘬๎䶳џ⟥ᔰ͙᪟⮳̹䭿喌݈ ञДᐯ͓͙᪟㏳喌head
঻ next喌㶗⹩৷ጻ㶗喌ࣱ㔲せ §9.2㞱᫨ᵷ 2ȡ

(b) ັ᳋ႇ౗喌݈ञДᐯ̯͙๖ጲᅃ᪟㏳喌ҋͩ৷ጻ㶗Ეݓ䛼喌̓ₓᬥञД㇭⶝䃐テܩ⟥ᔰ
ᕪ᪟喌㔻̼ϴϴ᭞䶳џ̹䭿ȡ

5. Ⱍᴶ⟥ᔰ᭞ॕጡⴔ喟ັ᳋䷇Ⱍጡ㏾㐈ܩεⰝᴶ⟥ᔰ喌ञДፕᲔᒷ๖Ӯݘ喌䔈ᬥՈञДϽ䊦໺⟥
ᔰऀܩ喌ₒीᎮ᥋喛ΎञДϽⰝᴶ⟥ᔰऀܩ喌䔵ीᎮ᥋喛ΎञДऻᬥऀܩ喌ࣻीᎮ᥋ȡ

9.6.3 代码ὐᲮ

Ꭾ᥋䰯㺰̯͙䭎݆喌⩗ν̯ᅱ̯ᅱមᆄ喌̯ ͙ hashset喌⩗νݓ䛼喌̯ Ḥᵀ喈ङⅱ䪮Ꮥᬥ̼䰯㺰喉喌

⩗νႇח᪣Ḥᵀȡ

ᄨν䭎݆喌ັ᳋⩗㏞ C喌䰯㺰䕏̯͙䭎݆䒝ၿ喛ັ᳋⩗ C++喌ञД⩗ queue喌ΎञДឹ vector
ᒂ։䭎݆Ү⩗ȡᒂⅱ䪮Ꮥᬥ喌᰸͓⻼։∄喚

1. ङ⩗̯͙䭎݆喌ѵ౗⟥ᔰ㐂Ჳ҂ state_t䛻෍͙̯ߏ᪣᪟ႆ⃤ step喌㶗⹩䊟ݟᒂݼ⟥ᔰ⩗ε
้ᅀₔ喌ᒂ⷟ݟⰝᴶ⟥ᔰ喌Ⱓᣔ䓂ܩ stepࢢञȡ䔈͙᫨ᵷ喌ञДᒷ᫨Ӯ⮳इ᜿ A*テ∄喌ឹ
䭎݆ᢑ᜿чٷ䭎݆ࢢञȡ

2. ⩗͓͙䭎݆喌current, next喌ܵݚ㶗⹩ᒂݼᅱ⁐঻̺̯ᅱ喌क䃭̯͙ڗᅯ᪣᪟ level喌㶗⹩
ᅱ᪟喈Ύࢢ䌞ᒳ䪮Ꮥ喉喌ᒂ⷟ݟⰝᴶ⟥ᔰ喌䓂ܩ levelࢢञȡ䔈͙᫨ᵷ喌⟥ᔰञДᅀ̯͙ႆ⃤喌
㞱ⰰڴႇȡ

ᄨν hashset喌ັ ᳋᰸Ⴛ㒽৷ጻ᫨ᵷ喌⩗ጲᅃ᪟㏳ (bool visited[STATE_MAX]ᝅ vector<bool>
visited(STATE_MAX, false))Ე㶗⹩喛ັ᳋⇐᰸喌ञД⩗ STL䛻⮳ setᝅ unordered_setȡ
ᄨνᵀ喌ັ ᳋⩗ STL喌ञД⩗ unordered_map<state_t, state_t > father㶗⹩̯䷆ᵀ喌代码䲍

፧ク∰ȡັ᳋㘬๎䶳џ⟥ᔰᕪ᪟⮳̹䭿喈䃭ͩ STATE_MAX喉喌ञД⩗᪟㏳ (state_t nodes[STATE_-
MAX])喌ࢢᵀ⮳ࣻϡ㶗⹩∄Ე㶗⹩ᵀ喌᩷⢶ᰣ倇喌ᒂ♥喌䰯㺰写ᰣ้代码ȡ

C++䷽ᵫ⮳ὐᲮȡ
bfs_template1.cpp

/**
* @brief ࣼी⩎᜿䌞ᒳ.
* @param[in] father ᵀ
* @param[in] target Ⱍᴶ㞱◨
* @return Ͻ䊦◨ݟ target ⮳䌞ᒳ
*/

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 Ꭾ᥋.
* @param[in] state_t ⟥ᔰ喌ັ᪣᪟喌ႆさ͡喌̯㐣᪟㏳へ
* @param[in] start 䊦◨
* @param[in] state_is_target ᪟ܬ⮳᫜⟥ᔰ᭞ॕ᭞Ⱍᴶݓ
* @param[in] state_extend ⟥ᔰមᆄܬ᪟
* @return Ͻ䊦◨ݟⰝᴶ⟥ᔰ⮳̯Აᰯⴜ䌞ᒳ
*/

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; // ᒂݼᅱ喌̺̯ᅱ
unordered_set<state_t> visited; // 䛼ݓ
unordered_map<state_t, state_t> father;

int level = 0; // ᅱ⁐
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; //ឭݟε
target = new_state;
father[new_state] = state;
break;

}
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next.push(new_state);
// visited.insert(new_state); 必䶪ᩭݟ state_extend() 䛻
father[new_state] = state;

}
}
swap(next, current); //!!! ϓᢑ͓͙䭎݆

}

if (found) {
return gen_path(father, target);
//return level + 1;

} else {
return vector<state_t>();
//return 0;

}
}

bfs_template1.cpp

C䷽ᵫ⮳ὐᲮȡ
bfs_template2.cpp

#include <cstdio>
#include <cstring>

/***** 䓂ڔ᪟ᢝ喌⩗ڗᅯइ䛾ႇᩭ *****/
...
/*
Һັ
int m = MAXN, n = MAXN; // 䔦ლ⮳㵻᪟喌݆᪟
// 䔦ლ喌0 㶗⹩⾩౟喌1 㶗⹩䯋ⶼ➘
int map[MAXN][MAXN]; // 䔦ლ喌0 㶗⹩⾩౟喌1 㶗⹩䯋ⶼ➘
*/

/***** ̯ϊ፧䛾 *****/
...
/* Һັ
// ఊ͙᫨ी
const char name[4] = { 'U', 'R', 'D', 'L' };
const int dx[4] = { -1, 0, 1, 0 }; // 㵻
const int dy[4] = { 0, 1, 0, -1 }; // ݆
*/

/** ⟥ᔰ */
struct state_t {

... data1; /** ⟥ᔰ⮳᪟ᢝ喌ञД᰸้͙ႆ⃤. */

... data2; /** ⟥ᔰ⮳᪟ᢝ喌ञД᰸้͙ႆ⃤. */
int action; /** ⩠❥⟥ᔰ⼪ݟߗᱛ⟥ᔰ⮳ߗҋ喌ⅱߗҋᎾ݆ᬥ䰯㺰. */
int index; /** ᱛ⟥ᔰ౗ nodes[] ͜⮳̺ᴶ喌ⅱ䌞ᒳ঻ߗҋᎾ݆ᬥ䰯㺰ȡ

ັ᳋ႇ౗Ⴛ㒽৷ጻ喌݈̼䰯㺰ᱛႆ⃤喈ₓᬥᄵ
⟥ᔰ⮳৷ጻիҋ̺ͩᴶ喌㔻৷ጻիञДⰣᣔ䃐テܩ喉 */

int father; /** ❥⟥ᔰ౗ nodes[] ͜⮳̺ᴶ喌ⅱ䌞ᒳᝅߗҋᎾ݆ᬥ䰯㺰 */
int count; /** ᝯ㟠䉨⮳ₔ俓᪟喈Ύࢢ䌞ᒳ䪮Ꮥ-1喉喌ⅱ䌞ᒳ䪮Ꮥᬥ䰯㺰 */

};
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/********** ັ᳋䷇Ⱍ㺰ⅱ䓂ܩ䌞ᒳᝅߗҋᎾ݆喌݈䰯㺰̺䲑⮳इ䛾঻ܬ᪟ ***********/

const int STATE_MAX ... /* ⟥ᔰᕪ᪟ */
/**
* 䃟ᒄߗҋᎾ݆喌ᵀ⮳ࣻϡ㶗⹩∄.
* ັ᳋̼㘬䶳џ⟥ᔰ͙᪟⮳̹䭿喌݈̼㘬⩗᪟㏳喌㺰⩗䕉⩗ᵀ
* ̯㝛ₓᬥщ᰸Ⴛ㒽৷ጻ᫨ᵷ喌ᐯ̯͙๖᪟㏳ႇח⃾͙⟥ᔰ⮳ߗҋ喌̺ᴶᅠ᭞⟥ᔰ⮳৷ጻի
* Ⴭ̯㝛⩗̼ε䔈ͷ๖⮳᪟㏳喌Ꭾ᥋ᒷᒷᔚᅠщ㐂᲎ڥ
*/

state_t nodes[STATE_MAX];
int path_index = 0; /** ⃾ܩ⣟̯͙᫟⟥ᔰ喌ᅠ෍ 1喌ᄵ⟥ᔰႇݟ䄔Ѽ㒝喌

ັ᳋᰸Ⴛ㒽৷ጻ᫨ᵷ喌݈̼䰯㺰䄔इ䛾. */

/**
* @brief 䔃఍⟥ᔰ౗ nodes[] ͜⮳̺ᴶ.
*
* 䊦◨⟥ᔰ⇐᰸❥ϡ঻ߗҋͩ-1喌ఏͩႲ⇐᰸❥⟥ᔰ喌Ύᅠ⇐᰸ᝯ䅂⮳Ͻ❥㞱◨ݟႲ⮳ߗҋȡ
* @param[in] s ⟥ᔰ
* @return ⟥ᔰ౗ nodes[] ͜⮳̺ᴶ
*/

int state_index(const state& s) {
/* ັ᳋᰸Ⴛ㒽৷ጻ᫨ᵷ */
return state_hash(s);
/* ॕ݈ */
return s.index;

}

/**
* @brief គ࢟ߗҋᎾ݆.
* ັ᳋᰸Ⴛ㒽৷ጻ᫨ᵷ喌⟥ᔰ⮳৷ጻիᅠ᭞̺ᴶȡ
* 䊦◨⟥ᔰ⇐᰸❥ϡ঻ߗҋͩ-1喌ఏͩႲ⇐᰸❥⟥ᔰ喌Ύᅠ⇐᰸ᝯ䅂⮳Ͻ❥㞱◨ݟႲ⮳ߗҋȡ
* @param[in] end ㏷◨⟥ᔰ⮳̺ᴶ
* @return ❥⟥ᔰ
*/

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

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

}

/**
* @brief គ࢟౿ᴶᎾ݆.
* ັ᳋᰸Ⴛ㒽৷ጻ᫨ᵷ喌⟥ᔰ⮳৷ጻիᅠ᭞̺ᴶȡ
* 䊦◨⟥ᔰ⇐᰸❥ϡ঻ߗҋͩ-1喌ఏͩႲ⇐᰸❥⟥ᔰ喌Ύᅠ⇐᰸ᝯ䅂⮳Ͻ❥㞱◨ݟႲ⮳ߗҋȡ
* @param[in] end ㏷◨⟥ᔰ⮳৷ጻի
* @return ❥⟥ᔰ
*/

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

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

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

}

/********** ັ᳋䷇Ⱍ㺰ⅱ䓂ܩ䌞ᒳᝅߗҋᎾ݆喌݈䰯㺰̹䲑⮳इ䛾঻ܬ᪟ ***********/

/** .ᴔឭ㶗ࡅ໺݌ */
void hashset_init();

/**
* @brief ⟥ᔰݓ䛼.
* ̯㝛⩗৷ጻ㶗 (set::unordered_set)喌ັ᳋ႇ౗Ⴛ㒽৷ጻ喌݈⩗᪟㏳
* @param[in] s ⟥ᔰ
* @return ጡ㏾䃮䬝䓶喌䔃఍ true喌ॕ݈ false
*/

bool hashset_find(const state_t &s);

/**
* @brief ᴶ䃟䄔⟥ᔰጡ㏾㷚䃮䬝
* @param[in] s ⟥ᔰ
* @return ᬏ
*/

void hashset_insert(const state_t &s);

/**
* @brief មᆄせ̯͙⟥ᔰ.
* @param[in] s ⟥ᔰ
* @param[out] next せ̯͙⟥ᔰ
* @return ັ᳋䔇᰸̺̯͙⟥ᔰ喌䔃఍ true喌ॕ݈䔃఍ false
*/

void state_extend_init(const state_t &s);

/**
* @brief មᆄ̺̯͙⟥ᔰ.
* @param[in] s ⟥ᔰ
* @param[out] next ̺̯͙⟥ᔰ
* @return ັ᳋䔇᰸̺̯͙⟥ᔰ喌䔃఍ true喌ॕ݈䔃఍ false
*/

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

/**
* @brief .᫜⟥ᔰ᭞ॕͩⰝᴶݓ
* @param[in] s ⟥ᔰ
* @return ັ᳋ጡ㏾䓭ݟⰝᴶ⟥ᔰ喌䔃఍ true喌ॕ݈ false
*/

bool state_is_target(const state_t &s);

/*
* @brief Ꭾ᥋
*
* @param[in] x ⮳ऒڔ x ౿ᴶ
* @param[in] y ⮳ऒڔ y ౿ᴶ
* @return Ⱍᴶ⟥ᔰ౗ nodes[] ͜⮳̺ᴶ喌ັ᳋̼䰯㺰ⅱ䌞ᒳ喌݈ฟᬽͩ void
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*/
int bfs(state_t &start) {

queue<state_t> q;
hashset_init();

start.action = -1; /* 䊦◨⟥ᔰ⇐᰸ߗҋ */
start.index = path_index++;
start.father = -1; /* 䊦◨⟥ᔰ⇐᰸❥⟥ᔰ */
start.count = 0;

nodes[state_index(start)] = start;
hashset_insert(start); // ᔇ䃟εᴶ䃟ₓำ⮳䃮䬝䃟ᒄݚ̶ࡲ
if (state_is_target(start)) /* ັ᳋䊦◨ᅠ᭞㏷◨喌䔃఍ */

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; /* Ⱍᴶ⟥ᔰ౗ nodes[] ͜⮳̺ᴶ */
input(start);

end = bfs(start);

print_action(end);
printf("\n");
print_path(end);
return 0;

}

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

/** ৷ጻ㶗अὐ⮳䉗᪟喌Ύࢢ৷ጻᶥ⮳͙᪟喌䊹๖䊹ຬ喌̼䓶̯㝛ᄾν HASH_SET_CAPACITY. */
#define PRIME ... /* 99997 */

/* ৷ጻ㶗შ䛾喌㺰๖ν⟥ᔰᕪ᪟喌㠔ႇ౗Ⴛ㒽৷ጻ᫨ᵷ喌݈へν⟥ᔰᕪ᪟ */
#define HASH_CAPACITY STATE_MAX
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/** ৷ጻ㶗喌ᴶ䃟⟥ᔰ᭞ॕጡ䃮䬝䓶ȡ
* ັ᳋ႇ౗Ⴛ㒽৷ጻ᫨ᵷ喌݈⩗᪟㏳ҋͩ৷ጻ㶗喌ॕ݈⩗ unordered_set
*/

... visited
// Һັ bool visited[HASH_CAPACITY];
// ᝅ㔴
// int head[PRIME];
// int next[HASH_CAPACITY];

/** 䃐テ⟥ᔰ⮳৷ጻի.
* ৷ጻիᏃ䄔ङӌ䊅 state_t ⮳᪟ᢝႆ⃤ȡ
*/

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);

}

/** មᆄ㞱◨ᬥ喌䃟ᒄᒂݟݼεϯͷਙ̯ₔ.
* ᭞ state_extend_init() ঻ state_extend() Ϛइ䛾ڠ⮳
*/

int action_cur;
/* ҋ⮳㠲ణߗ */
#define ACTION_BEGIN ...
#define ACTION_END ...

/* មᆄ◨⮳Ѽ㒝喌᭞ state_extend_init() ঻ state_extend() Ϛइ䛾ڠ⮳ */
int extend_pos;

void state_extend_init(const state_t &s) {
action_cur = ACTION_BEGIN;
extend_pos = // ᵨᢝ s 䔊㵻䃐テ

}
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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)) { /* 䛼ݓ */
next.action = action_cur;
next.index = path_index++;
next.father = state_index(s);
/* 䃟ᒄ䌞ᒳ */
nodes[state_index(next)] = next;
action_cur++; /* return ᔇε෍ݚݼ 1 */
return true;

}
}
action_cur++;

}
return false;

}

// Ⱍᴶ⟥ᔰ
const state_t END = {..., 0};

bool state_is_target(const state_t &s) {
...
/* Һັ return memcmp(s.data, END.data, xx * sizeof(yy) == 0; */
/* Һັ return s.data == END.data; */

}
bfs_template2.cpp
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10.1 ఊ㞡䬝䷇

᣾䔟

㐈჉ N(N ≤ 8)͙◨⮳౟భ喌Дࣹ౟భ̹ळ◨⮳Ⱗ䗪ڢ㈪喌䄦䓂ܩ⩗ 4⻼䷋㞡ᄵ౟భ⊱㞡⮳ᝯ
᰸᫨ᵷ᪟喈㺰ⅱⰧ䗪͓◨̼㘬⊱᜿Ⱗऻ⮳䷋㞡喉ȡ

᪟ᢝ͜ 0代㶗̼Ⱗ䗪喌1代㶗Ⱗ䗪ȡ

䓂ڔ

せ̯㵻̯͙᪣᪟ N喌代㶗౟భ̹᰸ N ͙◨ȡ

ᣔ̺ᲔN 㵻喌⃾㵻N ͙᪣᪟喌⃾͙᪣᪟᭞ 0ᝅ㔴 1ȡせ i㵻せ j݆⮳ի代㶗εせ i͙◨঻せ j͙
◨ͺ䬣᭞Ⱗ䗪⮳䔇᭞̼Ⱗ䗪喌Ⱗ䗪ᅠ᭞ 1喌̼Ⱗ䗪ᅠ᭞ 0ȡᝀЛԌ䃰 a[i][j] = a[j][i]ȡ

䓂ܩ

ᴂ㞡⮳᫨ᵷ᪟

ᵦҺ䓂ڔ

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

ᵦҺ䓂ܩ

15552

140
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ܵᲿ

䔈᭞̯䖂㏾ڧ⮳䷇Ⱍȡ⌠᥋ȡ

代码

four_colors.c
/* wikioi 1116 ఊ㞡䬝䷇ , http://www.wikioi.com/problem/1116/ */
#include <stdio.h>
#include <string.h>

#define MAXN 8

int N;
int g[MAXN][MAXN];

/* 䃟ᒄ⃾͙◨⮳䷋㞡喌ఊ⻼䷋㞡⩗ 1234 㶗⹩喌0 㶗⹩᱙ᴂ㞡. */
int history[MAXN];
int count; /* ᫨ᵷ͙᪟ */

/**
* ⌠᥋喌㐈せ i ͙㞱◨⊱㞡.
* @param i せ i ͙౟◨
* @return ᬏ
*/

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; /* Ⱗ䗪̓ऻ㞡 */

}
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

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

• wikioi 1116ఊ㞡䬝䷇, http://www.wikioi.com/problem/1116/

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• None

10.2 ᣁ݆ڗ

᣾䔟

㐈͙̯ܩₒ᪣᪟ n,䄦䓂ܩ n⮳ᝯ᰸ڗᣁ݆

䓂ڔ

̯͙᪣᪟ n(1 ≤ n ≤ 10)

䓂ܩ

ڠ̯ n!㵻喌⃾㵻 n͙⩗⾩ᵫ䯃ᐯ⮳᪟喌㶗⹩ n⮳̯͙ڗᣁ݆ȡᎥ̓ᠸڗᣁ݆⮳ႆڧᎾ䓂ܩȡ

ᵦҺ䓂ڔ

3

ᵦҺ䓂ܩ

1 2 3
1 3 2
2 1 3
2 3 1
3 1 2
3 2 1

ܵᲿ

䔈Ύ᭞̯䖂ⴜᄾ㇭ᖼ⮳㏾ڧ䷇Ⱍȡ⌠᥋ȡϽ代码̹ⰺ喌̹̯̽䷇⮳ᕌ䌞܏ͽ̯ᦧ̯ᵦȡ
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代码

all_permutations.c
/* wikioi 1294 ᣁ݆ڗ , 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

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

• wikioi ,ᣁ݆ڗ1294 http://www.wikioi.com/problem/1294/

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• None
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10.3 ䷇ऽ䬝⮶ښ

᣾䔟

౗ 8×8⮳᷺Ⰷ̹喌ᩭ㒝 8͙⮶ऽ喌ҮᓆຨЛρ̼ᩪܪ喌⃾͙⮶ऽ⮳ᩪܪ㠲ణ᭞ऻ㵻Ƞऻ݆঻ऻᄨ
㼁㏮喌㺰ⅱឭܩᝯ᰸㼒ȡັభ 10-1ᝯ⹩ȡ

భ 10-1 ䷇ऽ䬝⮶ښ

ܵᲿ

ᰯクࢄ⮳ᯣߊ᳉ͭ᫨∄᭞喌Ͻ 64͙ᵫၿ͜䔸̯͙ၿ䯵喌Үᓆၿ䯵ग़᰸ 8͙ᵫၿ喌̓Ъᘾ͓͙ᵫ
ၿ䘬̼౗ऻ̯㵻Ƞऻ̯݆ᝅऻ̯͙ᄨ㼁㏮̹ȡ䔈ₒ᭞ၿ䯵᳉ͭ䬝䷇喌♥㔻 64͙ᵫၿ⮳ၿ䯵᰸ 264͙喌

๙๖ε喌䔈Ꭵ̼᭞̯͙ᒷຬ⮳ὐ಺ȡ

せλ͙ᕌ䌞᭞喌Ͻ 64͙ᵫၿ͜䔸 8͙ᵫၿ喌䔈᭞㏳ष⩎᜿䬝䷇ȡρ ᢝ㏳ष᪟႕喌᰸C8
64 ≈ 4.426×109

⻼᫨ᵷ喌℃せ̯⻼᫨ᵷч⻯喌ѵϼ♥̼๎ຬȡ

㏾䓶ᕌ㔲̼䯭ऀ⣟喌⩠ν⃾̯㵻ङ㘬ᩭ̯͙⮶ऽ喌䗒ͷせ̯㵻᰸ 8⻼䔸᠘喌せλ㵻᰸ 7͜䔸᠘喌ĉ喌
せ 8㵻᰸ 1͜䔸᠘喌ᕪڠ᰸ 8! = 40320͙᫨ᵷȡັ᳋⩗ C[x]㶗⹩せ x㵻⮶ऽ⮳݆㑅द喌݈䬝䷇इ᜿
ε̯͙ڗᣁ݆⩎᜿䬝䷇喌᳉ͭ䛾̼щ䊴䓶 8!ȡ

代码

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

#define N 8 // ⮶ऽ⮳͙᪟喌Ύ᭞᷺Ⰷ⮳䪮঻წ

int total = 0; // ञ㵻㼒⮳ᕪ᪟
int C[N]; // C[i] 㶗⹩せ i 㵻⮶ऽᝯ౗⮳݆㑅द

/**
* @brief 䓂ܩᝯ᰸ञ㵻⮳᷺ᅯ喌ᠸ݆គ࢟.
*
* http://poj.grids.cn/practice/2698/ , 䔈䷇䰯㺰ᠸ݆គ࢟
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*
* @return ᬏ
*/

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 䓂ܩᝯ᰸ञ㵻⮳᷺ᅯ喌ᠸ㵻គ࢟.
* @return ᬏ
*/

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 ᷯᴔᒂݼѼ㒝 (row, column) 㘬ॕᩭ㒝⮶ऽ.
*
* @param[in] row ᒂݼ㵻
* @return 㘬݈䔃఍ 1喌̼㘬݈䔃఍ 0
*/

int check(const int row, const int column) {
int ok = 1;
int i;
for(i = 0; i < row; ++i) {

// ͓͙◨⮳౿ᴶͩ (row, column), (i, C[i])
// ᷯᴔ᭞ॕ౗ऻ̯݆喌ᝅᄨ㼁㏮̹
if(column == C[i] || row - i == column - C[i] ||

row - i == C[i] - column) {
ok = 0;
break;
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}
}
return ok;

}

/**
* @brief ऽ喌⌠᥋⮶ښ
*
* @param[in] row ᥋㉑ᒂݼ㵻喌䄔౗ਙ̯݆̹ᩭ̯͙⮶ऽ
* @return ञ㵻㼒⮳͙᪟
*/

int search(const int row) {
int j;
if (row == N) { // ㏷ₑᲐХ喌Ύ᭞ᩥ᪊ᲐХ喌ᘾঢⱯឭݟε̯͙ञ㵻㼒

++total;
output();
return total;

}

for (j = 0; j < N; ++j) { // ̯݆̯݆⮳䄄
const int ok = check(row, j);
if (ok) { // ັ᳋ष∄喌㐖㐜䕁ᒁ

C[row] = j;
search(row + 1);

}
}

return total;
}

// 㶗⹩ጡ㏾ᩭ㒝⮳⮶ऽ࢏ᢝεਙϊ݆
int columns[N];
// ᢝεਙϊͪᄨ㼁㏮࢏
int principal_diagonals[2 * N];
// ᄨ㼁㏮ޞᢝεਙϊ࢏
int counter_diagonals[2 * N];

/**
* @brief ᷯᴔᒂݼѼ㒝 (row, column) 㘬ॕᩭ㒝⮶ऽ.
*
* @param[in] row, ᒂݼ㵻
* @return 㘬݈䔃఍ 1喌̼㘬݈䔃఍ 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 ᱛ喌⩗⾩䬣ᢑᬥ䬣❷⮳ࡅऽ喌⌠᥋喌ᰣч⮶ښ
*
* @param[in] row ᥋㉑ᒂݼ㵻喌䄔౗ਙ̯݆̹ᩭ̯͙⮶ऽ
* @return ञ㵻㼒⮳͙᪟
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*/
int search2(const int row) {

int j;
if (row == N) { // ㏷ₑᲐХ喌Ύ᭞ᩥ᪊ᲐХ喌ᘾঢⱯឭݟε̯͙ञ㵻㼒

++total;
output();
return total;

}

for (j = 0; j < N; ++j) { // ̯݆̯݆⮳䄄
const int ok = check2(row, j);
if (ok) { // ັ᳋ष∄喌㐖㐜䕁ᒁ

// ព㵻មᆄߗҋ
C[row] = j;
columns[j] = principal_diagonals[row + j] =

counter_diagonals[row - j + N] = 1;
search2(row + 1);
// ᧓䨯ߗҋ
C[row] = -1; // 䔈औञДⰰ⪔喌ఏͩ C[row] щ㷚㺵Ⰵᢸ
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

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

•Ȩテ∄」䊊ڔ䬗㏾ڧȩ¬ せ 123䶤 7.4.1㞱

• ⮭㏲ ,䷇ऽ䬝⮶ښ2698 http://poj.grids.cn/practice/2698/

• wikioi 1295 N⮶ऽ䬝䷇, http://www.wikioi.com/problem/1295/

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• POJ 1321᷺Ⰷ䬝䷇, http://poj.org/problem?id=1321

¬݇↌Ң,テ∄」䊊ڔ䬗㏾ڧ喌⌴ࡽ๖႕ܩ❷⹭喌2009
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10.4 䔇࣎ IP౟౯

᣾䔟

ᱛ䷇᭞ LeetCode Online Judge̹⮳”Restore IP Addresses”ȡ
㐈჉̯͙ङ࠴ग़᪟ႆ⮳ႆさ͡喌䔇࣎ܩᝯ᰸ष∄⮳ IP౟౯ȡ
Һັ喚㐈჉”25525511135”喌䔃఍ [”255.255.11.135”, ”255.255.111.35”]ȡ(䶩Ꮎᬏڢ㉖㺰)

ܵᲿ

䔈䷇ᒷᬽ᭭ܵͩఊₔ喌᰸ᅱ⁐喌ఏₓञДᅌ䄄⩗఍⏞∄㼒ۢȡ

代码

restore_ip_adresses.cpp
// LeetCode, Restore IP Addresses
class Solution {
public:

vector<string> restoreIpAddresses(string s) {
vector<string> result;
string ip; // ႇᩭ͜䬣㐂᳋
dfs(s, 0, 0, ip, result);
return result;

}

/**
* @brief 㼒Ჿႆさ͡
* @param[in] s ႆさ͡喌䓂ڔ᪟ᢝ
* @param[in] startIndex Ͻ s ⮳ਙ䛻ᐯ໺
* @param[in] step ᒂݼₔ俓㑅द喌Ͻ 0 ᐯ໺㑅द喌अիͩ 0,1,2,3,4 㶗⹩㐂᲎ε
* @param[out] intermediate ᒂݼ㼒ᲿܩᲔ⮳͜䬣㐂᳋
* @param[out] result ႇᩭᝯ᰸ञ㘬⮳ IP ౟౯
* @return ᬏ
*/

void dfs(string s, int start, int step, string ip,
vector<string> &result) {

if (s.size() - start > (4 - step) * 3)
return; // 䲍∄㐂᳋喌ޙ᳌

if (s.size() - start < (4 - step))
return; // 䲍∄㐂᳋喌ޙ᳌

if (start == s.size() && step == 4) { // ឭ͙̯ݟष∄㼒
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) { // ᒂݼ㐂◨ष∄喌݈㐖㐜ᒯ̺䕁ᒁ
ip += s[i];
dfs(s, i + 1, step + 1, ip + '.', result);

}
if (num == 0) break; // ٰ̼䃧ݼ㐯 0喌ѵٰ䃧͙ࢄ 0

}
}

};
restore_ip_adresses.cpp

10.5 Combination Sum

᣾䔟

ᱛ䷇᭞ LeetCode Online Judge̹⮳”Combination Sum”ȡ
㐈჉̯͙᪟⮳䯵ष (C)঻̯͙Ⱍᴶ᪟ (T)喌ឭݟ C͜ᝯ᰸̼䛼฼⮳㏳ष喌䃘䔈ϊ㷚䔸ܩᲔ⮳᪟ߏ

䊦Ეへν Tȡ
⃾̯͙᪟ञД㷚䔸ᬏ᪟⁐ȡ

∗ᘾ喚

• ᝯ᰸⮳᪟喈࠴᠛Ⱍᴶ喉䘬᭞ₒ᪣᪟

• ̯͙㏳ष喈a1, a2, ·, ak喉͜⮳ٲ㉏必䶪Д䲍䕁۾䶩Ꮎᣁ݆

• ̯͙㏳ष̼㘬̽क̯͙㏳ष䛼฼

Һັ喌㐈჉̯㏳᪟ 2,3,6,7,঻Ⱍᴶ 7喌݈ゃᵷ᭞
[7]
[2, 2, 3]

ܵᲿ

䔈䷇⇐᰸఩჉⮳ₔ俓᪟喌ѵ᭞ₔ俓Ύ᭞᰸䭿⮳喌ఏₓञДᅌ䄄⩗఍⏞∄ȡ

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; // ᰯ㏷㐂᳋
vector<int> intermediate; // ͜䬣㐂᳋
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) { // ឭ͙̯ݟष∄㼒

result.push_back(intermediate);
return;

}
for (size_t i = level; i < nums.size(); i++) { // មᆄ⟥ᔰ

if (gap < nums[i]) return; // ᳌ޙ

intermediate.push_back(nums[i]); // ព㵻មᆄߗҋ
dfs(nums, gap - nums[i], i, intermediate, result);
intermediate.pop_back(); // ᧓䨯ߗҋ

}
}

};
combination_sum.cpp

10.6 Combination Sum II

᣾䔟

ᱛ䷇᭞ LeetCode Online Judge̹⮳”Combination Sum II”ȡ
ᱛ䷇̹̯̽䷇ਫ਼̯̼ऻ⮳᭞喌⃾͙᪟ङ㘬Ү⩗̯⁐ȡ

ܵᲿ

䔈䷇⇐᰸఩჉⮳ₔ俓᪟喌ѵ᭞ₔ俓Ύ᭞᰸䭿⮳喌ఏₓञДᅌ䄄⩗఍⏞∄ȡ

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()); // 䌎せ 50 㵻䙼ष喌

// ⶝Ԍ⃾͙ٲ㉏ᰯ้ङ⩗̯⁐
vector<vector<int> > result;
vector<int> intermediate;
dfs(nums, target, 0, intermediate, result);
return result;

}
private:

// Ү⩗ nums[index, nums.size()) ͺ䬣⮳ٲ㉏喌㘬ឭݟ⮳ᝯ᰸ञ㵻㼒
static void dfs(vector<int> &nums, int gap, int index,

vector<int> &intermediate, vector<vector<int> > &result) {
if (gap == 0) { // ឭ͙̯ݟष∄㼒

result.push_back(intermediate);
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return;
}

int previous = -1;
for (size_t i = index; i < nums.size(); i++) {

// ັ᳋̹̯䒝ᓙ⣞⇐᰸䔸 nums[i]喌݈ᱛ⁐ᓙ⣞ᅠ̼㘬ڼ䔸 nums[i]喌
// ⶝Ԍ nums[i] ᰯ้ङ⩗̯⁐
if (previous == nums[i]) continue;

if (gap < nums[i]) return; // ᳌ޙ

previous = nums[i];

intermediate.push_back(nums[i]);
dfs(nums, gap - nums[i], i + 1, intermediate, result);
intermediate.pop_back(); // ᖑ฼⣞඲

}
}

};
combination_sum2.cpp

10.7 ᄾ㐂

10.7.1 䔱⩗౩ᮞ

䓂ڔ᪟ᢝ喚ັ᳋᭞䕁ᒁ᪟ᢝ㐂Ჳ喌ັࢄ䨭㶗喌λࣸᵀ喌䯵ष喌݈⮭ܵͺ⮭ञД⩗⌠᥋喛ັ᳋᭞䲍

䕁ᒁ᪟ᢝ㐂Ჳ喌ັ̯㐣᪟㏳喌λ㐣᪟㏳喌ႆさ͡喌భ喌݈ằ⢶ᄾ̯ϊȡ

⟥ᔰ䒛ᢑభ喚ᵀᝅ㔴భȡ

ⅱ㼒Ⱍᴶ喚必䶪㺰䊟ᰯݟ⌠喈Һັᄨνᵀ喌必䶪㺰䊟ݟथၿ㞱◨喉᝼㘬ᓆ͙̯ݟ㼒喌䔈⻼ᗴۤ䔱

ष⩗⌠᥋ȡ

10.7.2 ᕌ㔲⮳ₔ俓

1. ᭞ⅱ䌞ᒳᲐ᪟喌䔇᭞䌞ᒳᱛ䏚喈ᝅߗҋᎾ݆喉喟⌠᥋ᰯ፧㻰⮳̸͙䬝䷇喌ⅱञ㵻㼒⮳ᕪ᪟喌ⅱ
̯͙ञ㵻㼒喌ⅱᝯ᰸ञ㵻㼒ȡ

(a) ັ᳋᭞ⅱ䌞ᒳᱛ䏚喌݈㺰⩗̯͙᪟㏳ path[]ႇח䌞ᒳȡ䌎წ᥋̼ऻ喌წ᥋㮬♥ᰯ㏷ⅱ
⮳Ύ᭞̯Ა䌞ᒳ喌ѵ᭞䰯㺰ႇחមᆄ䓶⼺͜⮳ᝯ᰸䌞ᒳ喌౗⇐ឭݟゃᵷͺݼᝯ᰸䌞ᒳ䘬

̼㘬ᩭᐲ喛㔻⌠᥋喌౗᥋㉑䓶⼺͜໺㏷ङ᰸̯Ა䌞ᒳ喌ఏₓ⩗̯͙᪟㏳ᅠ䋢๎εȡ

(b) ັ᳋᭞䌞ᒳᲐ᪟喌݈̼䰯㺰ႇח䌞ᒳȡ

2. ङ㺰ⅱ̯͙㼒喌䔇᭞㺰ⅱᝯ᰸㼒喟ັ᳋ङ㺰ⅱ̯͙㼒喌䗒ឭ͙̯ݟᅠञД䔃఍喛ັ᳋㺰ⅱᝯ᰸
㼒喌ឭݟε̯͙ऽ喌䔇㺰㐖㐜មᆄ喌Ⱓݟ䕼ࢵႻȡᎮ᥋̯㝛ङ㺰ⅱ̯͙㼒喌ఏ㔻̼䰯㺰㔲㮀䔈

͙䬝䷇喈Ꭾ᥋ᒂ♥ΎञДⅱᝯ᰸㼒喌䔈ᬥ䰯㺰មᆄݟᝯ᰸थၿ㞱◨喌Ⱗᒂν౗ڴႇ͜ႇח᪣͙

⟥ᔰ䒛ᢑభ喌䲍፧ڴ࢏ႇ喌ఏₓᎮ᥋̼䔱ष㼒䔈ㆪ䬝䷇喉ȡ
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3. ັ҄㶗⹩⟥ᔰ喟͙̯ࢢ⟥ᔰ䰯㺰ႇחਙϊϊ必㺰⮳᪟ᢝ喌᝼㘬๎Ⴛ᪣᣿ӊັ҄មᆄ̯̺ݟₔ
⟥ᔰ⮳ᝯ᰸Ԑᖞȡ䌎Ꭾ᥋̼ऻ喌⌠᥋⮳ᘞ⩗写∄喌̼᭞ឹ᪟ᢝ䃟ᒄ౗⟥ᔰ struct䛻喌㔻᭞〉
᪟ࣱ᪟̯̯ᄨᏃȡܬ̽⃤ႆ⮳ᅯइ䛾喉喌struct䛻ڗ⩗᪟ࣱ᪟喈᰸ᬥͩε㞱ⰰ䕁ᒁവᴷ喌ܬߏ

4. ັ҄មᆄ⟥ᔰ喟䔈̯ₔ䌎̹̯ₔⰧڢȡ⟥ᔰ䛻䃟ᒄ⮳᪟ᢝ̼ऻ喌មᆄ᫨∄ᅠ̼ऻȡᄨν఩჉̼
इ⮳᪟ᢝ㐂Ჳ喈̯㝛䷇ⰝⰣᣔ㐈ܩ喌ҋͩ䓂ڔ᪟ᢝ喉喌ັλࣸᵀ喌భへ喌មᆄ᫨∄ᒷクࢄ喌Ⱓ

ᣔᒯ̺̯ᅱ䊟喌ᄨν䮿ᐾభ喌㺰ٷ౗せ 1ₔ䛻ᘢ⌴ẉ⟥ᔰᝯፕ⮳᪟ᢝ喌ᘢ⌴ẉε䔈◨喌䗒ັ҄
មᆄᅠᒷクࢄεȡ

5. 䛼ݓνڢ

(a) ັ᳋⟥ᔰ䒛ᢑభ᭞̯Ḥᵀ喌݈̼䰯㺰ݓ䛼喌ఏͩ౗䕼ࢵ䓶⼺̼͜ञ㘬䛼฼ȡ

(b) ັ᳋⟥ᔰ䒛ᢑభ᭞̯͙భ喌݈䰯㺰ݓ䛼喌᫨∄䌎Ꭾ᥋Ⱗऻ喌㻰せ §9.6㞱ȡ䔈䛻䌎せ 8ₔ
㑂ႇ㜙♥Ύ᭞᰸᩷᳋⮳ȡߏ䛼喌ₓᬥݓ㑂ႇ᭞Ⱗऻ⮳喌ັ᳋᰸䛼एၿ䬝䷇喌݈䰯㺰ߏ⮳͜

6. ㏷ₑᲐХ᭞ϯͷ喟㏷ₑᲐХ᭞ᠶݟε̼㘬មᆄ⮳ᱚ〞㞱◨ȡᄨνᵀ喌᭞थၿ㞱◨喌ᄨνభᝅ䮿
ᐾభ喌᭞ܩᏕͩ 0⮳㞱◨ȡ

7. ᩥ᪊ᲐХ᭞ϯͷ喟ᩥ᪊ᲐХ᭞ᠶឭݟε̯͙ष∄㼒⮳ᬥݪȡັ ᳋᭞ₒी⌠᥋喈❥⟥ᔰำ⤵Ⴛε

᝼䔊㵻䕁ᒁ喌ࢢ❥⟥ᔰ̼ӌ䊅ၿ⟥ᔰ喌䕁ᒁ䄜औ̯჉᭞౗ᰯऽ喌ᅭ䕁ᒁ喉喌݈᭞ᠶ᭞ॕ䓭ݟⰝ

ᴶ⟥ᔰ喛ັ᳋᭞䔵ी⌠᥋喈ำ⤵❥⟥ᔰᬥ䰯㺰ٷⴔ䖂ၿ⟥ᔰ⮳㐂᳋喌ₓᬥ䕁ᒁ䄜औ̼౗ᰯऽ喉喌

݈᭞ᠶ᭞ॕݟ䓭݌໺⟥ᔰȡ

⩠νᒷ้ᬥՈ㏷ₑᲐХ঻ᩥ᪊ᲐХ᭞᭞षλ̯ͩ⮳喌ఏₓᒷ้ϩ̼ܵࡩ䔈͓⻼ᲐХȡЃ㏵ܵࡩ

䔈͓⻼ᲐХ喌䔇᭞ᒷ᰸必㺰⮳ȡ

ͩεݓ᫜᭞ॕݟεᩥ᪊ᲐХ喌㺰౗ܬ᪟ᣔऒ䛻⩗ࣱ̯͙᪟䃟ᒄᒂݼ⮳Ѽ㒝喈ᝅ䌌⻪Ⱍᴶ䔇᰸้

䔋喉ȡັ᳋᭞ⅱ̯͙㼒喌Ⱓᣔ䔃఍䔈͙㼒喛ັ᳋᭞ⅱᝯ᰸㼒喌㺰౗䔈䛻ᩥ䯵㼒喌ឹࢢせ̯ₔ͜

㶗⹩䌞ᒳ⮳᪟㏳ path[]฼ݟݥ㼒䯵ष䛻ȡ

8. 䕎喟ߏ҄ັ

(a) 䕎ȡ䔈ߏ㵻代码喌ᅠ㘬๖๖܏ߏ᳌喌᜿ᱛᄾᩥ⯹๖喌ޙ᳌ȡ⌠᥋̯჉㺰ຬຬ㔲㮀ᔽͷޙ
䛻⇐᰸䕉⩗᫨∄喌ङ㘬ڦ҂䬝䷇ڦ҂ܵᲿ喌㺰ܵٴ㻱ᄎ喌ݘܵٴ⩗ळ⻼ԐᖞᲔޙ᳌喌౗

͜䬣㞱◨᣿ݼ䔃఍ȡ

(b) 㑂ႇȡັ᳋ၿ䬝䷇⮳㼒щ㷚䛼฼ݘ⩗喌ञД㔲㮀Ү⩗㑂ႇȡ

i. ㈪᭞᰸ीᬏ⣞భڢၿ䬝䷇ͺ䬣⮳ӌ䊅ࢢ喌⩗ݘ᣿ᲐХ喚ၿ䬝䷇⮳㼒щ㷚䛼฼ݼ
(DAG)ȡັ᳋ӌ䊅ڢ㈪᭞ᵀ⟥⮳喈Һັᵀ喌ࢄ䨭㶗喉喌⇐必㺰ߏ㑂ႇ喌ఏͩၿ䬝䷇ङ
щ̯ᅱᅱᒯ̺喌⩗̯⁐ᅠڼΎ̼щ⩗ݟ喌ߏε㑂ႇΎ⇐ϯͷߏ䕎᩷᳋ȡ

ii. 喌⩗᪟㏳喛㐣Ꮥ฼ᱱ⮳喌⩗HashMap喌⮳ࢄ҂Ⴭ⣟喚ञД⩗᪟㏳ᝅHashMapȡ㐣Ꮥクڦ
C++᰸ map喌C++ 11Дऽ᰸ unordered_map喌℃ mapᔚȡ

ᠮ͙̯ݟ䷇Ⱍ喌ᒂᙎ㻸Ⴒ䔱ष⩗⌠᥋㼒ۢᬥ喌౗ᓲ䛻䲑ឹ̹䲑 8͙䬝䷇吇吇఍ゃ̯䕼喌代码ഩ
ᱛ̹ᅠ㘬写ܩᲔεȡᄨνᵀ喌̼䰯㺰఍ゃせ 5঻せ 8͙䬝䷇ȡັ᳋䄪㔴ᄨ̹䲑⮳㏾侻ᕪ㐂ⰺ̼ᛱᝅ
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ᙎ㻸Ć̼Ⴭ⩗ć喌ᒷₒ፧喌ఏͩ䔈ϊ㏾侻ᕪ㐂᭞ぃ㔴։εᒷ้⌠᥋䷇ऽᕪ㐂ܩᲔ⮳喌Ͻᕌ㐣⮳ऀᆄ䓶

⼺ⰺ喌Ć㏾侻ᕪ㐂ć㺰ᮉνᙎᕖ䃓䃵喌ᝯД䔈ᬥՈᐩ䃝䄪㔴ٷ։։ऽ䲑⮳䷇Ⱍ喌⼞㉞̯჉⮳ᙎᕖ䃓䃵

ऽ喌౗఍䓶๣Ეⰺ䔈̯㞱⮳ᕪ㐂喌ⰧԐщ঻ぃ㔴᰸ڠ卒ȡ

10.7.3 代码ὐᲮ

dfs_template.cpp
/**
* dfs ὐᲮ.
* @param[in] input 䓂ڔ᪟ᢝᠶ䦷
* @param[inout] cur or gap ᴶ䃟ᒂݼѼ㒝ᝅ䌌⻪Ⱍᴶ⮳䌌⻪
* @param[out] path ᒂݼ䌞ᒳ喌Ύ᭞͜䬣㐂᳋
* @param[out] result ႇᩭᰯ㏷㐂᳋
* @return 䌞ᒳ䪮Ꮥ喌ັ᳋᭞ⅱ䌞ᒳᱛ䏚喌݈̼䰯㺰䔃఍䪮Ꮥ
*/

void dfs(type *input, type *path, int cur or gap, type *result) {
if (᪟ᢝ䲍∄) return 0; // ㏷ₑᲐХ
if (cur == input.size( or gap == 0)) { // ᩥ᪊ᲐХ

ᄵ path ᩭڔ result
}

if (ञДޙ᳌) return;

for(...) { // ព㵻ᝯ᰸ञ㘬⮳មᆄߗҋ
ព㵻ߗҋ喌ԝᩨ path
dfs(input, step + 1 or gap--, result);
ᖑ฼ path

}
}

dfs_template.cpp

10.7.4 ⌠᥋̽఍⏞∄⮳ݚࡩ

⌠᥋ (Depth-first search, DFS)⮳჉͸㻰 http://en.wikipedia.org/wiki/Depth_first_search喌఍⏞∄ (backtrack-
ing)⮳჉͸㻰 http://en.wikipedia.org/wiki/Backtracking

఍⏞∄ =⌠᥋ ᳌喌ఏₓ⌠᥋̽఍⏞∄⇐᰸ϯͷ̼ऻ喌ޙ᳌ȡ̯㝛๖ქ⩗⌠᥋ᬥ喌ᝅ้ᝅᅀщޙ+

ञД౗ႲЛͺ䬣⩪̹̯͙へदȡᱛΕऻᬥҮ⩗⌠᥋঻఍⏞∄͓͙ᱞ䄜喌ѵ䄪㔴ञД䃓ͩλ㔴へЦȡ

⌠᥋̯㝛⩗䕁ᒁ (recursion)ᲔჍ⣟喌䔈ᵦ℃䒲ク∰ȡ
⌠᥋㘬๎౗Ո䔸ゃᵷ⩎᜿ࡹ̯ݟᬥ喌ᅠ䔊㵻ݓ᫜喌៊ᐲ̼␐䋢㺰ⅱ⮳ゃᵷ喌ᝯД⌠᥋℃ᯣߊ᥋

㉑∄㺰ᔚȡ

10.7.5 ⌠᥋̽䕁ᒁ⮳ݚࡩ

⌠᥋㏾፧⩗䕁ᒁ (recursion)ᲔჍ⣟喌λ㔴፧፧ऻᬥܩ⣟喌ᄫ㜣ᒷ้ϩ䄞ДͩЅԘ᭞̯͙͋㺮ȡ
⌠᥋喌᭞䕪䓀ᘾ͸̹⮳テ∄喌䕁ᒁ喌᭞̯⻼➘⤵ᘾ͸̹⮳Ⴭ⣟喌Ⴒ঻䔜代 (iteration)᭞ᄨᏃ⮳ȡ

⌠᥋喌ञД⩗䕁ᒁᲔჍ⣟喌ΎञД⩗ᴷᲔჍ⣟喛㔻䕁ᒁ喌̯㝛ᕪ᭞⩗ᲔჍ⣟⌠᥋ȡञД䄣喌䕁ᒁ̯჉
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᭞⌠᥋喌⌠᥋̼̯჉⩗䕁ᒁȡ

䕁ᒁ᰸͓⻼ߏ䕎ゅ⪔喌̯⻼᭞ޙ᳌ (prunning)喌ᄨ͜䬣㐂᳋䔊㵻ݓ᫜喌᣿ݼ䔃఍喛̯⻼᭞ߏ㑂ႇ

喈ᅠइ᜿ε memoization喌备ᔇᒄ∄喉喌㑂ႇ͜䬣㐂᳋喌䭡ₑ䛼฼䃐テ喌⩗⾩䬣ᢑᬥ䬣ȡ
Ⴭ喌䕁ᒁڥ +㑂ႇ喌ᅠ᭞̯⻼memorizationȡᝯ䅂memorization喈㔪䄀ͩ备ᔇᒄ∄喌㻰せ §13.1㞱喉喌

ᅠ᭞”top-down with cache”喈㜙䶥ी̺ +㑂ႇ喉喌Ⴒ᭞ Donald Michie౗ 1968Ꭳ݊䕏⮳ᱞ䄜喌㶗⹩̯⻼
чࡅឯᱞ喌౗ top-downᒑᐾ⮳⼺Ꮎ͜喌Ү⩗㑂ႇᲔ䖮ټ䛼฼䃐テ喌Ͻ㔻䓭ߏݟ䕎⮳Ⱍ⮳ȡ

memorization̼̯჉⩗䕁ᒁ喌ᅠ׾⌠᥋̼̯჉⩗䕁ᒁ̯ᵦ喌ञД౗䔜代 (iterative)͜Ү⩗ mem-
orizationȡ䕁ᒁΎ̼̯჉⩗ memorization喌ञД⩗ memorizationᲔߏ䕎喌ѵ̼᭞必䶪⮳ȡङ᰸ᒂ䕁
ᒁҮ⩗ε㑂ႇ喌Ⴒ᝼᭞ memorizationȡ
ᬑ♥䕁ᒁ̯჉᭞⌠᥋喌ͩϯͷᒷ้Εㅼ䘬ऻᬥҮ⩗䔈͓͙ᱞ䄜঑喟౗䕁ᒁঢ䖂ᰣ⊂⮳౟᫨喌̯

㝛⩗䕁ᒁ䔈͙ᱞ䄜喌౗⌠᥋ᰣ⊂⮳౩ᮞ̺喌⩗⌠᥋䔈͙ᱞ䄜喌䄪㔴ᓲ䛻㺰ᐳ⌴ẉЅԘ๖䘗ܵᬥՈ᭞

̯఍κȡ౗ࢄ䨭㶗Ƞλࣸᵀへ䕁ᒁ᪟ᢝ㐂Ჳ̹喌䕁ᒁ⮳ঢ䖂ᰣ⊂喌䔈ᬥ⩗䕁ᒁ䔈͙ᱞ䄜喛౗భȠ䮿บ

భへ᪟ᢝ㐂Ჳ̹喌䕁ᒁ⮳℃䛼̼๖喌⌠᥋⮳ᘾభᰣ⊂喌䔈ᬥ⩗⌠᥋䔈͙ᱞ䄜ȡ
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ܵ⇪∄

λܵᴔឭ喌ᔚ䕎ᣁᎾ喌ᒁᎥᣁᎾ喌䘬ᆍνܵ⇪∄ (Divide and Conquer)ȡ

11.1 ᷺Ⰷ㺵Ⰵ

᣾䔟

౗̯͙ 2k × 2k(1 ≤ k ≤ 100)⮳᷺Ⰷ͜喌ᖟ᰸̯͙᫨ᵫ㷚吀㞡㺵Ⰵ喌ڥЅͩ⮬㞡ȡ⩗吀㞡⮳ L಺
❻喈ັభ 11-1ᝯ⹩ͩ 4⻼ L಺❻喉喌࣪㺵Ⰵ᷺Ⰷ͜ᝯ᰸⮳⮬㞡᫨ᵫ喌吀㞡᫨ᵫ̼㘬㷚㺵Ⰵ喌̓Ъᘾ͓
͙ L಺❻̼㘬䛼ए喈̼ࢢ䛼̼␾喉ȡⅱᝯ䰯 L಺❻⮳ᕪ᪟ȡ

భ 11-1 4⻼ L಺❻

䓂ڔ

せ̯㵻࠴ग़̯͙᪣᪟ T喌㶗⹩᰸ T㏳≺䄄⩗Һȡ
⃾̯㏳≺䄄⩗Һ࢏⩗̯㵻喌࠴ग़̯͙᪣᪟ kȡ

䓂ܩ

ᝯ䰯 L಺❻⮳ᕪ᪟

ᵦҺ䓂ڔ

3
1
2
3

155
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ᵦҺ䓂ܩ

1
5
21

ܵᲿ

ᱛ䷇⮳᷺Ⰷ᭞ 2k × 2k喌ᒷშᭂᘢݟ⩗ܵ⇪∄ȡឹ᷺Ⰷܶ᜿ 4ಆ喌݈⃾̯ಆ䘬᭞ 2k−1 × 2k−1⮳ȡ

᰸吀ᵫ⮳䗒̯ಆञД䕁ᒁ㼒ۢ喌ѵڥЅ 3ಆᎥ⇐᰸吀ᵫၿ喌Ꮓ䄔ᔽͷߍ঑喟ञДᲳ䕏͙̯ܩ吀ᵫၿ喌
ັభ 11-2ᝯ⹩喌౗͜ᓲᩭ̯͙ L಺❻喌ڥႲ 3ಆΎइ᜿εၿ䬝䷇ȡ䕁ᒁ䓨⩻̼䯭ᓆܩ喌ᒂ k = 1ᬥ 1
ಆ L಺❻ᅠ๎εȡ

భ 11-2 ᷺Ⰷ㺵Ⰵ䬝䷇⮳䕁ᒁ㼒∄

ᱛ䷇ङ䰯㺰ⅱᕪ᪟喌̼䰯㺰ⅱڦ҂ᔽͷ᥵ᩭ喌ఏₓクࡅᒷ้ȡᵨᢝ̹䲑⮳ᕌ䌞喌䃭 f(k)㶗⹩᷺

Ⰷ᭞ 2k × 2k ᬥᝯ䰯 L಺❻⮳ᕪ᪟喌ञᓆ䕁ᣗڛᐾ f(k) = 4f(k − 1) + 1ȡ

∗ᘾ喌2100᭞̯͙ᒷ๖⮳᪟喌ᱛ䷇䰯㺰ำ⤵๖᪟喌㻰 §16.3㞱ȡ

代码

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

#define MAXK 100

/* ̯͙᪟㏳ٲ㉏㶗⹩ 4 ⮳ݥ᪟㏳᭞̶䔊ࢢѼ喌ݥ䔊ࡰ͙ */
#define BIGINT_MOD 10000
#define MOD_LEN 4
#define MAX_LEN (61/MOD_LEN+1) /* ᪣᪟⮳ᰯ๖Ѽ᪟, 10^x > 4^100 */

int d[MAXK][MAX_LEN * 2]; /* d[k-1] = f(k) */

/**
* @brief គ࢟๖᪣᪟.
* @param[in] x ๖᪣᪟喌⩗᪟㏳㶗⹩喌ѽѼ౗ѽ౟౯
* @param[in] n ᪟㏳ x ⮳䪮Ꮥ
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* @return ᬏ
*/

void bigint_print(const int x[], const int n) {
int i;
int start_output = 0; /* ⩗ν䌢䓶ݼᄫ 0 */
for (i = n - 1; i >= 0; --i) {

if (start_output) { /* ັ᳋้҈⮳ 0 ጡ㏾䘬䌢䓶喌݈䓂ܩ */
printf("%04d", x[i]);

} else if (x[i] > 0) {
printf("%d", x[i]); /* ᱛ䷇䓂ܩ℃䒲ಀ❨喌ᰯ倇Ѽ᪟ႆ᰸ݼᄫ 0 */
start_output = 1; /* ⷟ݟせ̯͙䲍 0 ⮳ի喌ᅠ䄣ᬽ้҈⮳ 0 ጡ㏾䘬䌢䓶 */

}
}

if(!start_output) printf("0"); /* ᒂ x ͩڗ 0 ᬥ */
}

/**
* @brief 䃐テ f(k) = 4f(k-1)+1喌̽๖᪣᪟·∄ᒷㆪѫ.
* @param[in] x x
* @param[in] y y
* @param[out] z z=x*y+1
* @return ᬏ
*/

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++) { /* 㐎̯ำ⤵䔊Ѽ䬝䷇ */
if (z[i] >= BIGINT_MOD) { /* ⰺ᭞ॕ㺰䔊Ѽ */

z[i+1] += z[i] / BIGINT_MOD; /* 䔊Ѽ */
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;

}
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chessboard_cover.c

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

•Ȩテ∄」䊊ڔ䬗㏾ڧȩ¬せ 148䶤 8.3.1㞱

•Ȩ䃐テᱩテ∄䃭䃐̽ܵᲿ (せ 3❷)ȩ­せ 19䶤 2.6㞱

• NYOJ 45᷺Ⰷ㺵Ⰵ, http://acm.nyist.net/JudgeOnline/problem.php?pid=45

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• POJ 2495 Incomplete chess boards, http://poj.org/problem?id=2495

11.2 ᓙ⣞䊊ᬔ⼺㶗

᣾䔟

᰸ 2k ͙䓿ߗইࣱߏᓙ⣞℃䊊喌䰯㺰䃭䃐℃䊊ᬔ⼺㶗ȡ㺰ⅱັ̺喚

• ⃾͙䔸手必䶪̽ڥЅ n-1͙䔸手ळ䊊̯⁐

• ⃾͙䔸手̯๘ङ㘬䊊̯⁐

• ℃䊊̯ڠ䔊㵻 n-1๘

ᠸₓ㺰ⅱ䃭䃐̯ᑏ℃䊊ᬔ⼺㶗喌Ⴒ᰸ n㵻঻ n-1݆喌せ i㵻せ j݆ͩせ i͙䔸手せ j๘䕶ݟ⮳ᄨ
手ȡ

䓂ڔ

ङ᰸̯͙᪟ k喌0 < k < 9喌̓ kͩ㜙♥᪟ȡ

䓂ܩ

̯ᑏ℃䊊ᬔ⼺㶗喌Ⴒ᰸ n㵻঻ n-1݆喈̼テせ̯݆喌せ̯݆㶗⹩䔸手⮳㑅द喉喌せ i㵻せ j݆ͩせ
i͙䔸手せ j๘䕶ݟ⮳ᄨ手ȡⰧ䗪⮳͓͙᪣᪟⩗⾩ᵫ䯃ᐯȡ

ᵦҺ䓂ڔ

1

¬݇↌Ң,テ∄」䊊ڔ䬗㏾ڧ喌⌴ࡽ๖႕ܩ❷⹭喌2009
­⢺ᮂ͋,䃐テᱩテ∄䃭䃐̽ܵᲿ (せ 3❷),⩤ၿጔ͉ܩ❷⹭, 2007
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ᵦҺ䓂ܩ

1 2
2 1

ܵᲿ

ᵨᢝܵ㔻⇪ͺ⮳ᕌᘢ喌ञϽࡹ̯͜ڥ䔸手 (2k−1 Ѽ)⮳℃䊊ᬔ⼺喌ᣗᄫڗܩ҂䔸手⮳ᬔ⼺喌ᰯ㏷
㏵ܵݟङ᰸͓Ѽ䔸手⮳℃䊊ᬔ⼺ȡ

భ 11-2ᝯ⹩᭞ k=3ᬥ⮳̯͙ञ㵻㼒喌Ⴒ᭞⩠ 4ಆᠫ䊦Ე⮳ȡጕ̹㼁᭞ k=2ᬥ⮳̯㏳㼒喌ጕ̺㼁
᭞⩠ጕ̹㼁⃾͙᪟ߏ 4ᓆݟ喌㔻ढ̹㼁Ƞढ̺㼁ܵݚ⩠ጕ̺㼁Ƞጕ̹㼁฼ݥᓆݟȡ

భ 11-3 ᓙ⣞䊊ᬔ⼺㶗䬝䷇ k=3ᬥ⮳㼒

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; /* ᒂݼ⮳ n喌ࢢᄵមᆄ⮳ n */

/* k=1喌͙͓ࢢϩᬥ喌ᬔ⼺㶗ञДⰣᣔ写ܩ */
n=2;
schedule[0][0]=1; schedule[0][1]=2;
schedule[1][0]=2; schedule[1][1]=1;

/* 䔜代ำ⤵喌ӌ⁐ำ⤵ 2^2....2^k ͙䔸手⮳℃䊊ᬔ⼺ */
for(t = 1; t < k; t++, n *= 2) {

n2 = n * 2;
//කጕ̺㼁ٲ㉏
for(i = n; i < n2; i++)

for(j = 0; j < n; j++)
schedule[i][j] = schedule[i-n][j] + n;
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//ᄵጕ̺㼁ٲ㉏ឳݟढ̹㼁
for(i = 0; i < n; i++)

for(j = n; j < n2; j++)
schedule[i][j] = schedule[i+n][j-n];

//ᄵጕ̹㼁ٲ㉏ឳݟढ̺㼁
for(i = n; i < n2; i++)

for(j = n;j < n2; j++)
schedule[i][j] = schedule[i-n][j-n];

}
}

/* क̯͙❷ᱛ */
void dc2(const int k) {

int i, j, r;
int n;
const int N = 1 << k;

/* せ̯݆᭞䔸手⮳㑅द */
for(i = 0; i < N; i++) schedule[i][0] = i + 1;
schedule[0][1] = 1; /* ᒂ k=0 ᬥ喌ङ᰸̯͙ϩ */

for (n = 2; n <= N; n *= 2) { /* ᫨ಆ๖ᄾ, 2, 4, 8 */
const int half = n / 2;
for (r = 0; r < N; r += n) { /* ᫨ಆᝯ౗㵻 */

for (i = r; i <= r + half -1; i++) { /* ጕ̹㼁ᄾ᫨ಆ⮳ᝯ᰸㵻 */
for (j = 0; j < half; j++) { /* ጕ̹㼁ᄾ᫨ಆ⮳ᝯ᰸㵻 */

/* ढ̺㼁 <-- ጕ̹㼁 */
schedule[i + half][j + half] = schedule[i][j];
/* ढ̹㼁 <-- ጕ̺㼁 */
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);

// 䓂ܩᬔ⼺㶗
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

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

•Ȩテ∄」䊊ڔ䬗㏾ڧȩ¬せ 149䶤 8.3.2㞱

•Ȩ䃐テᱩテ∄䃭䃐̽ܵᲿ (せ 3❷)ȩ­せ 34䶤 2.11㞱

• NKOJ 1437ᵐ䪮Პ, http://acm.nankai.edu.cn/p1437.html

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• SPOJ 2826 Round-Robin Scheduling, http://www.spoj.com/problems/RRSCHED/

• UVa OJ 678 Schedule of Taiwan Baseball League, http://t.cn/zHJD9TQ

¬݇↌Ң,テ∄」䊊ڔ䬗㏾ڧ喌⌴ࡽ๖႕ܩ❷⹭喌2009
­⢺ᮂ͋,䃐テᱩテ∄䃭䃐̽ܵᲿ (せ 3❷),⩤ၿጔ͉ܩ❷⹭, 2007
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䉙ᓲ∄

ᝀЛݼ䲑㻰䓶⮳̯ϊテ∄喌℃ັࢄ⎿ᰯⴜ䌞ᒳȠᰯᄾ⩎᜿ᵀへ䘬ᆍν䉙ᓲ∄ (greedy algorithm)ȡ
ັ᳋̯͙䬝䷇ڦ᰸Д̺͓͙㺰㉏喚

• ᰯчၿ㐂Ჳ (optimal substructure)

• 䉙ᓲ䔸᠘ᕖ䉗 (greedy-choice property)

݈ञД⩗䉙ᓲ∄ⅱᰯч㼒ȡ

12.1 ᰯч㷴䒬

12.2 ৷ᑆᰫ㑅码

᣾䔟

㐈჉̯͙㠠᪶ႆさ͡喌Ү⩗ 0঻ 1ᄨڥ䔊㵻㑅码喌ⅱᰯчݼ㐯㑅码喌Үڥᝯ䰯㺰⮳℃➨᪟ᰯᅀȡ

ܵᲿ

䷇Ⱍᒷ䪮喌̼䓶ᅠ᭞৷ᑆᰫ㑅码ȡ

代码

poj1521_entropy.cpp
// ᱛ䷇㔲ᴔ৷ᑆᰫ㑅码喌ѵङ䰯㺰㐎䃐৷ᑆᰫ㑅码ऽ⮳ᕪ码䪮ࢢञ喌
// ⇐必㺰ᐩ৷ᑆᰫᵀᓆܩ৷ᑆᰫ㑅码
#include <stdio.h>
#include <string.h>
#include <queue>
#include <functional>

const int LINE_MAX = 256; // ̯㵻ᰯ๖ႆさ᪟
const int MAX_ASCII = 128; // ASCII 码ᰯ๖ի

int main_entropy() {
char s[LINE_MAX];
int count[MAX_ASCII] = {0}; // count[i] 䃟ᒄ ASCII 码ͩ i ⮳ႆさ⮳ܩ⣟⁐᪟

162
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int sum;
// ᄾᵨവ喌䭎݆๣ͩᰯᄾٲ㉏
priority_queue<int, vector<int>, greater<int> > pq;

while (scanf("%s", s) > 0) {
sum = 0; // ⌴䰥
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; // ₓᬥ pq ͜ङ᰸̯͙ٲ㉏
}

while (!pq.empty()) { // clear
pq.pop();

}
// ∗ᘾ㇭Ꮥ䃭㒝
printf("%d %d %.1f\n", 8 * len, sum, ((double)8 * len) / sum);

}
return 0;

}
poj1521_entropy.cpp

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

• POJ 1521 Entropy, http://poj.org/problem?id=1521

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• POJ 3253 Fence Repair, http://poj.org/problem?id=3253
•Ȩテ∄」䊊ڔ䬗㏾ڧȩ¬ せ 155䶤Һ䷇ 8-5

¬݇↌Ң,テ∄」䊊ڔ䬗㏾ڧ喌⌴ࡽ๖႕ܩ❷⹭喌2009
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•ȨIntroduction to Algorithmsȩ¬ せ 16.3㞱

•Ȩテ∄䃭䃐̽ܵᲿ (せ 3❷)ȩ­ せ 109䶤 4.4㞱

12.3 䘗ܵ㗻࠴䬝䷇

¬CLRS,Introduction to Algorithms(3rd Edition), 2009
­⢺ᮂ͋,䃐テᱩテ∄䃭䃐̽ܵᲿ (せ 3❷), 2007
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ᔰ㻳݁ߗ

ັ᳋̯͙䬝䷇ڦ᰸Д̺͓͙㺰㉏喚

• ᰯчၿ㐂Ჳ (optimal substructure)
• 䛼एၿ䬝䷇ (overlap subproblem)

݈ञД⩗ߗᔰ㻳݁ⅱᰯч㼒ȡ

ᔰ㻳݁ܵͩߗ 4͙ₔ俓喚
• ᣾䔟ᰯч㼒⮳㐂Ჳȡࢢ៬䆐͙̯ܩ⟥ᔰᲔ㶗⹩ᰯч㼒ȡ
• 䕁ᒁ⮳჉͸ᰯч㼒⮳իȡឭܩ⟥ᔰ䒛⼪᫨⼺喌♥ऽ䕁ᒁ⮳჉͸
• 䃐テᰯч㼒⮳իȡڧ಺⮳։∄᭞㜙Ꮔी̹喌ᒂ♥ΎञД㜙䶥ी̺ȡ
• ᵨᢝ䃐テ䓶⼺͜ᓆݟ⮳Ԑᖞ喌Ჳ䕏ᰯܩч㼒ȡັ ᳋ᝀЛङ䰯㺰ᰯч㼒⮳ի喌̼ 䰯㺰ᰯч㼒ᱛ䏚喌

݈ञДᔬ⪔せ 4ₔȡᒂព㵻せ 4ₔᬥ喌ᝀЛ䰯㺰౗せ 3ₔ⮳䓶⼺͜㐣៓̯ϊ䷌ๅ⮳Ԑᖞ喌ДӮ
ᝀЛ㘬᫨Ӯ⮳Ჳ䕏ᰯܩч㼒ȡ

౗せ 1ₔ͜喌ᝀЛ䰯㺰៬䆐͙̯ܩĆ⟥ᔰć喌౗せ 2ₔ͜喌ᝀЛ㺰ឭܩĆ⟥ᔰ䒛⼪᫨⼺ć喌♥ऽ᝼㘬䕁
ᒁ⮳჉͸ᰯч㼒⮳իȡせ 3ₔ঻せ 4ₔᅠ᭞写代码Ⴭ⣟εȡ
写代码Ⴭ⣟ᬥ᰸͓⻼᫨ᐾ喌Ć䕁ᒁ (recursive)+㜙䶥ी̺ (top-down)+㶗ᵫć঻Ć㜙Ꮔी̹ (bottom-

up)+㶗ᵫćȡݼ㔴ᆍν̯⻼ memorization喈㔪䄀ͩ备ᔇᒄ∄喉喌ऽ㔴᝼᭞ₒ჆⮳ߗ㻳ȡ
䛼฼䃐テ喌᭞̯⻼⾩䬣ᢑᬥ䬣ȡټ㻳⩗㶗ᵫᄵळ͙ၿ䬝䷇⮳ᰯч㼒ႇ䊦Ე喌䖮ߗ

㻳̽䉙ᓲ⮳Ⱗऻ◨喚ᰯчၿ㐂Ჳȡߗ

̼ऻ◨喚1Ƞߗ㻳⮳ၿ䬝䷇᭞䛼ए⮳喌㔻䉙ᓲ⮳ၿ䬝䷇᭞̼䛼ए⮳ (disjoint subproblems)喛2Ƞߗ
㻳̼ڦ᰸䉙ᓲ䔸᠘ᕖ䉗喛3Ƞ䉙ᓲ⮳ݼ䔊䌞㏮᭞̯Ა㏮喌㔻ߗ㻳᭞̯͙ DAGȡ
ܵ⇪঻䉙ᓲ⮳Ⱗऻ◨喚disjoint subproblemsȡ

13.1 ݚࡩ⮳∄㻳঻备ᔇᒄߗ

㻳ߗ (dynamic programming)̯჉᭞㜙Ꮔी̹⮳喌备ᔇᒄ∄ (memorization)̯჉᭞㜙䶥ी̺⮳ȡ
㻳̼᭞ߗ lazy⮳喌memorization᭞ lazy⮳喌᭞ᠸ䰯 (on-demand)䃐テ⮳ȡᝯД喌ັ᳋ᝯ᰸⮳ၿ

䬝䷇㜢ᅀщ⷟̯ݟ⁐喌݈ߗ㻳᰸ч߮喛ັ᳋᰸ϊၿ䬝䷇౗᥋㉑䓶⼺̼͜щ㷚⷟ݟ喈ࢢ᰸ޙ᳌喉喌݈

memorization᰸ч߮ȡᰣ䄕㏵⮳㼒䛹䄦ࣱ㔲 StackOverflow̹⮳䔈͙ፅၿ http://t.cn/z80ZS6Bȡ

备ᔇᒄ∄ञДჍ⣟䌎ߗ㻳ㆪѫ⮳ߎ㘬喌ѵႲ̼᭞ߗ㻳ȡ͓ 㔴⮳᫨ी᭞ࣼ⮳喌̯ ͙᭞㜙䶥ी̺喌̯

͙㜙Ꮔी̹喌ᝀЛᏃ䄔ܵࡩᐯ䔈͓͙ằᔤȡᱛΕऽ䲑᣿ߗ⮳ݟ㻳喌䘬᭞ᠶ㜙Ꮔी̹⮳ߗ㻳ȡ

165
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13.2 ᰯ䪮ڠڛၿᎾ݆

᣾䔟

̯͙Ꮎ݆⮳ၿᎾ݆ (subsequence)᭞ᠶ౗䄔Ꮎ݆࣪͜ݏ㠔Ꭱ喈ञДͩ 0͙喉ٲ㉏ऽᓆݟ⮳Ꮎ݆ȡ۵
⶝⮳䄣喌㠔㐈჉Ꮎ݆ X = (x1, x2, · · · , xm)喌݈क̯͙Ꮎ݆ Z = (z1, z2, · · · , zk)喌᭞ X⮳ၿᎾ݆᭞
ᠶႇ౗̯͙͔ᵫ䕁෍̺ᴶᎾ݆ (i1, i2, · · · , ik)Үᓆᄨνᝯ᰸ j = 1, 2, · · · , k᰸ zj = xijȡҺັ喌Ꮎ݆

Z = (B,C,D,B)᭞Ꮎ݆X = (A,B,C,B,D,A,B)⮳ၿᎾ݆喌ⰧᏃ⮳䕁෍̺ᴶᎾ݆ͩ (1, 2, 4, 6)ȡ

㐈჉͓͙Ꮎ݆ X঻ Y喌ⅱ X঻ Y⮳ᰯ䪮ڠڛၿᎾ݆ (longest common subsequence)ȡ

䓂ڔ

䓂࠴ڔ᠛้㏳≺䄄᪟ᢝ喌⃾㏳᪟ᢝ̯࢏㵻喌࠴ग़͓͙ႆさ͡喈ႆさ͡䪮Ꮥ̼䊴䓶 200喉喌代㶗͓
͙Ꮎ݆ȡ͓͙ႆさ͡ͺ䬣⩠㠔Ꭱ͙⾩ᵫ䯃ᐯȡ

䓂ܩ

ᄨ⃾㏳≺䄄᪟ᢝ喌䓂ᰯܩ๖ڠڛၿᎾ݆⮳䪮Ꮥ喌⃾㏳̯㵻ȡ

ᵦҺ䓂ڔ

abcfbc abfcab
programming contest
abcd mnp

ᵦҺ䓂ܩ

4
2
0

ܵᲿ

ᰯ䪮ڠڛၿᎾ݆䬝䷇ڦ᰸ᰯчၿ㐂Ჳᕖ䉗ȡ䃭Ꮎ݆X = (x1, x2, · · · , xm)঻Y = (y1, y2, · · · , yn)
⮳ᰯ䪮ڠڛၿᎾ݆ͩ Z = (z1, z2, · · · , zk)喌݈

• 㠔 xm = yn喌݈ zk = xm = yn喌̓ Zk−1 ᭞Xm−1 ঻ Yn−1 ⮳ᰯ䪮ڠڛၿᎾ݆ȡ

• 㠔 xm ̸= yn ̓ zk ̸= xm喌݈ Z᭞Xm−1 ঻ Y ⮳ᰯ䪮ڠڛၿᎾ݆ȡ

• 㠔 xm ̸= yn ̓ zk ̸= yn喌݈ Z᭞X ঻ Yn−1 ⮳ᰯ䪮ڠڛၿᎾ݆ȡ

喌Xm−1͜ڥ = (x1, x2, · · · , xm−1), Yn−1 = (y1, y2, · · · , yn−1), Zk−1 = (z1, z2, · · · , zk−1)ȡ
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䃭⟥ᔰͩ d[i][j]喌㶗⹩Ꮎ݆ Xi ঻ Yj ⮳ᰯ䪮ڠڛၿᎾ݆⮳䪮Ꮥȡ⩠ᰯчၿ㐂Ჳञᓆ⟥ᔰ䒛⼪᫨

⼺ັ̺喚

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

ັ᳋㺰គ࢟ᰯܩ䪮ڠڛၿᎾ݆喌䰯㺰क䃭̯͙᪟㏳ p喌p[i][j]䃟ᒄ d[i][j]᭞⩠ਙ͙ၿ䬝䷇ᓆݟ⮳ȡ

代码

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

#define MAX 201 /* ႆさ͡ᰯ๖䪮Ꮥͩ 200 */

int d[MAX][MAX]; /* d[i][j] 㶗⹩Ꮎ݆ Xi ঻ Yj ⮳ᰯ䪮ڠڛၿᎾ݆⮳䪮Ꮥ */
char x[MAX], y[MAX]; /* ႆさ͡ᱚᅭ᰸͙'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; /* 䓨⩻݌໺ࡅ */
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] 䃟ᒄ d[i][j] ᭞⩠ਙ͙ၿ䬝䷇ᓆݟ⮳ */

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; /* 䓨⩻݌໺ࡅ */
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

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

•Ȩ䃐テᱩテ∄䃭䃐̽ܵᲿ (せ 3❷)ȩ¬せ 56䶤 3.3㞱

¬⢺ᮂ͋,䃐テᱩテ∄䃭䃐̽ܵᲿ (せ 3❷),⩤ၿጔ͉ܩ❷⹭, 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

•Ȩ⼺Ꮎ䃭䃐ᄫᑄࣹ౗㏮Ⴭ䌤ȩ¬せ 203䶤 10.5㞱

• ⮭㏲ ,ၿᎾ݆ڠڛ2806 http://poj.grids.cn/practice/2806/

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• 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 ᰯ๖䔍㐜ၿᎾ݆঻

᣾䔟

㐈჉̯͙᪣᪟Ꮎ݆ S1, S2, ·, Sn(1 ≤ n ≤ 1, 000, 000,−32768 ≤ Si ≤ 32768)喌჉͸ܬ᪟

sum(i, j) = Si + ·+ Sj(1 ≤ i ≤ j ≤ n)ȡ

ⅱᰯ๖⮳ sum(i, j)喌ᰯࢢ๖䔍㐜ၿᎾ݆঻ (maximum continuous subsequence sum)ȡ

䓂ڔ

⃾͙≺䄄⩗Һ⩠ₒ᪣᪟ nᐯ๣喌ᣔⱯ᭞ n͙᪣᪟ȡ

䓂ܩ

⃾㵻䓂ᰯ͙̯ܩ๖঻ȡ

ᵦҺ䓂ڔ

3 1 2 3
6 -1 4 -2 3 -2 3

ᵦҺ䓂ܩ

6
6

¬ᱽ᪶᫟,⼺Ꮎ䃭䃐ᄫᑄࣹ౗㏮Ⴭ䌤,⌴ࡽ๖႕ܩ❷⹭, 2007
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ܵᲿ

ᒂᝀЛϽ๣ݟᅭ䕼ࢵ䔈͙᪟㏳⮳ᬥՈ喌ᄨν᪟㏳䛻⮳̯͙᪣᪟喌Ⴒ᰸܏⻼䔸᠘঑喟Ⴒङ᰸͓⻼

䔸᠘喚1Ƞڔߏͺݼ⮳ SubArray喛2. 㜙ጠक䊦̯͙ SubArrayȡ䗒ϯͷᬥՈщܩ⣟䔈͓⻼ᗴۤ঑喟
ັ᳋ͺݼ SubArray⮳ᕪ҂঻๖ν 0⮳䄌喌ᝀЛ䃓ͩڥᄨऽ㐜㐂᳋᭞᰸䉐⡝⮳ȡ䔈⻼ᗴ̺ۤᝀЛ

䔸᠘ڔߏͺݼ⮳ SubArray
ັ᳋ͺݼ SubArray⮳ᕪ҂঻ͩ 0ᝅ㔴ᄾν 0⮳䄌喌ᝀЛ䃓ͩڥᄨऽ㐜㐂᳋᭞⇐᰸䉐⡝喌⩉㜢᭞

᰸ტ⮳喈ᄾν 0ᬥ喉ȡ䔈⻼ᗴ̺ۤᝀЛ䔸᠘Д䔈͙᪟ႆᐯ໺喌क䊦̯͙ SubArrayȡ
䃭⟥ᔰͩ d[j]喌㶗⹩Д S[j]㐂ᅭ⮳ᰯ๖䔍㐜ၿᎾ݆঻喌݈⟥ᔰ䒛⼪᫨⼺ັ̺喚

d[j] = max {d[j − 1] + S[j], S[j]} , 1͜ڥ ≤ j ≤ n

target = max {d[j]} , 1͜ڥ ≤ j ≤ n

㼒䛹ັ̺喚

• ᗴ̯ۤ喌S[j]̼⠛⿺喌̽ 䲑⮳᳿ϊ᪟㏳᜿̯͙䔍㐜ၿᎾ݆喌݈ݼ ᰯ๖䔍㐜ၿᎾ݆঻ͩ d[j− 1]+

S[j]ȡ

• ᗴۤλ喌S[j]⠛⿺݁ܵ᜿̯ͩ⃤喌ࢢ䔍㐜ၿᎾ݆ϴ࠴ग़̯͙᪟ S[j]喌݈ ᰯ๖䔍㐜ၿᎾ݆঻ͩ S[j]ȡ

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 ᰯ๖䔍㐜ၿᎾ݆঻喌ᕌ䌞ఊ
* @param[in] S ᪟݆
* @param[in] n ᪟㏳⮳䪮Ꮥ
* @return ᰯ๖䔍㐜ၿᎾ݆঻
*/

int mcss(int S[], int n) {
int i, result, cur_min;
int *sum = (int*) malloc((n + 1) * sizeof(int)); // ݼ n 䶨঻

sum[0] = 0;
result = INT_MIN;
cur_min = sum[0];
for (i = 1; i <= n; i++) { /* इ᜿ݼ㐯঻ */

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 ᰯ๖䔍㐜ၿᎾ݆঻喌ߗ㻳
* @param[in] S ᪟݆
* @param[in] n ᪟㏳⮳䪮Ꮥ
* @return ᰯ๖䔍㐜ၿᎾ݆঻
*/

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

∄Ѕ㼒ڥ

• ᕌ䌞̯喚Ⱓᣔ౗ iݟ jͺ䬣ᯣߊ᳉ͭ喌฼ᱱᏕ᭞ O(n3)

• ᕌ䌞λ喚ำ⤵ऽ᳉ͭ喌䔍㐜ၿᎾ݆⮳঻へν͓͙ݼ㐯঻ͺጝ喌฼ᱱᏕ O(n2)ȡ

• ᕌ䌞̸喚ܵ⇪∄喌ឹᎾ݆͓ܵͩ⃤喌ܵݚⅱᰯ๖䔍㐜ၿᎾ݆঻喌♥ऽᒁᎥ喌฼ᱱᏕ O(n logn)

• ᕌ䌞ఊ喚ឹ O(n2)⮳代码⼼ҋำ⤵喌ᓆݟ O(n)⮳テ∄

• ᕌ䌞σ喚M=1⮳ᰯ๖Mၿ⃤঻喌㻰せ §13.4㞱

ᙎڣ䋒⮳䄪㔴䄦ࣱ㔲䔈ヶࢉბ喌http://www.cnblogs.com/gj-Acit/archive/2013/02/12/2910332.html
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Ⱗڢ䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

• LeetCode Maximum Subarray, http://leetcode.com/onlinejudge#question_53

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• HDOJ 1024 Max Sum Plus Plus, http://acm.hdu.edu.cn/showproblem.php?pid=1024

13.4 ᰯ๖Mၿ⃤঻

᣾䔟

㐈჉̯͙᪣᪟Ꮎ݆ S1, S2, ·, Sn(1 ≤ n ≤ 1, 000, 000,−32768 ≤ Si ≤ 32768)喌჉͸ܬ᪟

sum(i, j) = Si + ...+ Sj(1 ≤ i ≤ j ≤ n)ȡ

⣟㐈჉̯͙ₒ᪣᪟ m喌ឭܩ mᄨ i঻ j喌Үᓆ sum(i1, j1) + sum(i2, j2) + ...+ sum(im, jm)ᰯ

๖ȡ䔈ᅠ᭞ᰯ๖Mၿ⃤঻ (maximum m segments sum)ȡ

䓂ڔ

⃾͙≺䄄⩗Һ⩠͓͙ₒ᪣᪟ m঻ nᐯ๣喌ᣔⱯ᭞ n͙᪣᪟ȡ

䓂ܩ

⃾㵻䓂ᰯ͙̯ܩ๖঻ȡ

ᵦҺ䓂ڔ

1 3 1 2 3
2 6 -1 4 -2 3 -2 3

ᵦҺ䓂ܩ

6
8

ܵᲿ

䃭⟥ᔰͩ d[i,j]喌㶗⹩ݼ j䶨ܵͩ i⃤⮳ᰯ๖঻喌̓せ i⃤必䶪࠴ग़ S[j]喌݈⟥ᔰ䒛⼪᫨⼺ັ̺喚

d[i, j] = max {d[i, j − 1] + S[j],max {d[i− 1, t] + S[j]}} , i͜ڥ ≤ j ≤ n, i− 1 ≤ t < j

target = max {d[m, j]} , m͜ڥ ≤ j ≤ n

͓ܵͩ⻼ᗴۤ喚
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• ᗴ̯ۤ喌S[j]࠴ग़౗せ i⃤ͺ͜喌d[i, j − 1] + S[j]ȡ

• ᗴۤλ喌S[j]⠛⿺݁ܵ᜿̯ͩ⃤喌max {d[i− 1, t] + S[j]}ȡ

㻱ᄎ̹䔟͓⻼ᗴۤञⴔ d[i,j]⮳իङ঻ d[i,j-1]঻ d[i-1,t]䔈͓͙իⰧڢ喌ఏₓ̼䰯㺰λ㐣᪟㏳喌ञ
Д⩗␉ߗ᪟㏳喌ङ䰯㺰͓͙̯㐣᪟㏳喌⩗ d[j]㶗⹩⣟䭥⃤⮳ᰯ๖ի喌ࢢ d[i, j − 1] + S[j]喌⩗ prev[j]
㶗⹩̹̯䭥⃤⮳ᰯ๖ի喌ࢢ max {d[i− 1, t] + S[j]}ȡ

代码

mmss.c
#include <stdio.h>
#include <stdlib.h>
#include <limits.h>

/**
* @brief ᰯ๖ m ⃤ၿᎾ݆঻
* @param[in] S ᪟㏳
* @param[in] n ᪟㏳䪮Ꮥ
* @param[in] m m ⃤
* @return ᰯ๖ m ⃤ၿᎾ݆঻
*/

int mmss(int S[], int n, int m) {
int max_sum, i, j;

/* d[i] 㶗⹩⣟䭥⃤ᰯ๖ի喌prev[i] 㶗⹩̹䭥⃤ᰯ๖ի */
/* d[0], prev[0] ᱙Ү⩗ */
int *d = (int*) calloc(n + 1, sizeof(int));
int *prev = (int*) calloc(n + 1, sizeof(int));
S--; // ఏͩ j ᭞Ͻ 1 ᐯ໺喌㔻 S Ͻ 0 ᐯ໺喌䔈䛻㺰̯۾

for (i = 1; i <= m; ++i) {
max_sum = INT_MIN;
for (j = i; j <= n; ++j) {

// ⟥ᔰ䒛⼪᫨⼺
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; // ႇᩭ̹䭥⃤ᰯ๖ի
if (max_sum < d[j])

max_sum = d[j]; // ᰣ᫟ 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

Ⱗڢ䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

• HDOJ 1024 Max Sum Plus Plus, http://acm.hdu.edu.cn/showproblem.php?pid=1024

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• LeetCode Best Time to Buy and Sell Stock III, http://leetcode.com/onlinejudge#question_123喌

ࣱ㔲代码 https://gist.github.com/soulmachine/5906637

13.5 㗻࠴䬝䷇

㗻࠴䬝䷇ (Knapsack problem¬)᰸ᒷ้⻼❷ᱛ喌፧㻰⮳᭞Д̸̺⻼喚
• 0-1㗻࠴䬝䷇ (0-1 knapsack problem)喚⃾⻼➘ৰङ᰸̯͙
• Ⴛڗ㗻࠴䬝䷇ (UKP, unbounded knapsack problem)喚⃾⻼➘ৰ䘬᰸ᬏ䭿͙ञ⩗
• ้䛼㗻࠴䬝䷇ (BKP, bounded knapsack problem)喚せ i⻼➘ৰ᰸ c[i]͙ञ⩗

䬝䷇Ό䃡ć喌https://github.com/tianyicui/pack࠴䬝䷇䄦ࣱ㔲Ć㗻࠴Ѕ❷ᱛ⮳㗻ڥ

㗻࠴䬝䷇᭞̯⻼Ć้䭥⃤ۢゅ䬝䷇ćȡ

13.5.1 0-1㗻࠴䬝䷇

᣾䔟

᰸N ⻼➘ৰ喌せ i⻼➘ৰ⮳䛼䛾ͩ wi喌Цիͩ vi喌⃾⻼➘ৰङ᰸̯͙ȡ㗻࠴㘬ឮआ⮳䛼䛾ͩWȡ

ᄵਙϊ➘ৰ㷴ڔ㗻࠴ञҮ䔈ϊ➘ৰ⮳ᕪ䛼䛾̼䊴䓶㗻࠴შ䛾喌̓Цիᕪ঻ᰯ๖喟

䓂ڔ

せ 1 㵻࠴ग़̯͙᪣᪟ T喌㶗⹩᰸ T ㏳≺䄄⩗Һȡ⃾㏳≺䄄⩗Һ᰸ 3 㵻喌せ 1 㵻࠴ग़͓͙᪣᪟
N,W (N ≤ 1000,W ≤ შ䛾喌せ⮳࠴㶗⹩➘ৰ⮳⻼᪟঻㗻ݚܵ(1000 2㵻࠴ग़ N͙᪣᪟㶗⹩⃾⻼➘
ৰ⮳Цի喌せ 3㵻࠴ग़ N͙᪣᪟㶗⹩⃾⻼➘ৰ⮳䛼䛾ȡ

¬Knapsack problem, http://en.wikipedia.org/wiki/Knapsack_problem
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䓂ܩ

⃾㵻̯͙᪣᪟喌㶗⹩Цիᕪ঻⮳ᰯ๖իȡ

ᵦҺ䓂ڔ

1
5 10
1 2 3 4 5
5 4 3 2 1

ᵦҺ䓂ܩ

14

ܵᲿ

⩠ν⃾⻼➘ৰϴ᰸̯͙喌ञД䔸᠘㷴ᝅ㔴̼㷴ȡ

჉͸⟥ᔰ f[i][j]喌㶗⹩Ćឹݼ i͙➘ৰ㷴䔊შ䛾ͩ j⮳㗻࠴ञД㣦ᓆ⮳ᰯ๖Цիć喌݈ڥ⟥ᔰ䒛⼪
᫨⼺Ӯ᭞喚

f [i][j] = max {f [i− 1][j], f [i− 1][j − w[i] + v[i]}

䔈͙᫨⼺⤵㼒ັ̺喌ឹݼ i͙➘ৰ㷴䔊შ䛾ͩ j⮳㗻࠴ᬥ喌᰸͓⻼ᗴۤ喚

• せ i͙̼㷴䔊࣪喌䔈ᬥᝯᓆЦիͩ喚f [i− 1][j]

• せ i͙㷴䔊࣪喌䔈ᬥᝯᓆЦիͩ喚f [i− 1][j − w[i]] + v[i]

㻳䓶⼺⮳љ代码ັ̺喚ߗ

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]};

ᓙ⣞ϽढीጕΎञД喚ڴ

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]};

᜿̯㐣᪟㏳ȡљ代码ັ̺喚ࡅᓙ⣞Ͻढीጕᬥ喌ञДឹλ㐣᪟㏳чڴ

for i=1..N
for j=W..0

d[j]=max{d[j],d[j-w[i]]+v[i]};

ͩϯͷ঑喟͙ͭҺၿ喌≺䄄᪟ᢝັ̺喚

1
3 10
4 5 6
3 4 5
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f᭞Ͻ̹̺ݟȠϽढݟጕ䃐テ⮳喌ັభ 13-1ᝯ⹩ȡ

భ 13-1 0-1㗻࠴䬝䷇⮳䃐テ䶩Ꮎ

ᒂڴᓙ⣞᭞䔵Ꮎᬥ喌̓ߗ㻳᭞⩗㜙Ꮔी̹᫨ᐾჍ⣟ᬥ喌ᅠञДԌ䃰ऻ̯㵻ञДϽढीጕᰣ᫟ȡ

䃭̯㐣᪟㏳ͩ d喈ࣷ⼟ͩ␉ߗ᪟㏳¬喉喌౗ᰣ᫟ d[j]ͺݼ喌d[j]䛻Ԍႇ⮳ f[i-1][j]喌ᰣ᫟ͺऽ喌d[j]
䛻Ԍႇ⮳᭞ f[i][j]ȡ
κჍ̹喌Ү⩗̯㐣᪟㏳㼒 0-1㗻࠴䬝䷇⮳⼺Ꮎ౗ऽ䲑щ㷚้⁐⩗ݟ喌ᝯД䔈䛻៬䆐͙̯ܩำ⤵ࢄ

͙➘ৰ⮳ܬ᪟喌Дऽ⮳代码͜Ⱓᣔ䄲⩗̼ߏ䄣ᬽȡ

def ZeroOneKnapsack(d[], i)
for j = W..w[i]

d[j] = max(d[j], d[j-w[i]] + v[i])

᰸ε䔈͙ܬ᪟Дऽ喌0-1㗻࠴䬝䷇⮳љ代码ᅠञД䔈ᵦ写喚
d[0..W] = 0
for i = 1..N

ZeroOneKnapsack(d[], i)

代码

❷ᱛ 1喌㜙Ꮔी̹ȡ

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)); /* 㗻̯̼࠴჉㺰㷴␐ */
for(i = 1; i <= N; ++i) {

/* for(j = W; j >= 0; --j) { /* ΎञД */
for(j = 0; j <= W; ++j) {

f[i][j] = f[i-1][j];

¬݇↌Ң,テ∄」䊊ڔ䬗㏾ڧ喌⌴ࡽ๖႕ܩ❷⹭喌2009喌せ 169䶤 9.3.3㞱
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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

❷ᱛ 2喌㜙Ꮔी̹喌␉ߗ᪟㏳ȡ

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]; /* ᪟㏳ߗ␉ */

/**
* @brief 0-1 㗻࠴䬝䷇͜喌ำ⤵͙ࢄ➘ৰ.
* @param[in] d ᪟㏳ߗ␉
* @param[in] i 䄔➘ৰ⮳̺ᴶ
* @return ᬏ
*/

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; /* ⅱᰯᄾ⩗ <喌ⅱᰯ๖⩗ > */

}
}

void dp() {
int i;
memset(d, 0, sizeof(d)); /* 㗻̯̼࠴჉㺰㷴␐ */
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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

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

•Ȩテ∄」䊊ڔ䬗㏾ڧȩ¬せ 167䶤Һ䷇ 9-5

• HDOJ 2602 Bone Collector, http://acm.hdu.edu.cn/showproblem.php?pid=2602

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• wikioi 1014㷴ム䬝䷇, http://www.wikioi.com/problem/1014/,
ࣱ㔲代码 https://gist.github.com/soulmachine/6248518

13.5.2 Ⴛڗ㗻࠴䬝䷇

᣾䔟

㐈ҏ̯͙ח䧠㑿 (piggy bank)喌ᒯ䛻䲑ႇ⶛ጰȡႇڔ⮳䓶⼺᭞̼ञ䔵⮳喌㺰ᘢឹ䧠ᠮܩᲔङ㘬ᦃ
ⶽח䧠㑿ȡఏₓ喌ҏᘢⴔ䖂䛻䲑᭞ॕ᰸䋢๎้⮳䧠喌ឹႲᦃⶽ᭞իᓆ⮳ȡ

ҏञД䕉䓶ח䧠㑿⮳䛼䛾Ეᣗ≺䛻䲑㜢ᅀ᰸้ᅀ䧠ȡጡⴔח䧠㑿⾩⮳ᬥՈ⮳䛼䛾঻㷴ε⶛ጰऽ

⮳䛼䛾喌䔇᰸⃾⻼⶛ጰ⮳䛼䛾঻䲑ի喌⃾⻼⶛ጰ⮳᪟䛾̼䭿ȡⅱ౗ᰯ౾ᗴ̺ۤ喌ח䧠㑿䛻ᰯᅀ᰸้ᅀ

䧠ȡ

䓂ڔ

せ 1㵻࠴ग़̯͙᪣᪟ T喌㶗⹩᰸ T㏳≺䄄⩗Һȡ⃾㏳≺䄄⩗Һ喌せ̯㵻᭞͓͙᪣᪟ E঻ F喌ܵ
ٺ䧠㑿⮳䛼䛾঻㷴ε⶛ጰऽ⮳䛼䛾喌Дח⾩㶗⹩ݚ (gram)ͩࢄѼ喌ח䧠㑿⮳䛼䛾̼щ䊴䓶 10kg喌ࢢ

¬݇↌Ң,テ∄」䊊ڔ䬗㏾ڧ喌⌴ࡽ๖႕ܩ❷⹭喌2009
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1 ≤ E ≤ F ≤ 10000ȡせλ㵻᭞̯͙᪣᪟ N(1 ≤ N ≤ 500)喌㶗⹩⶛ጰ⮳⻼ㆪ᪟Ⱍȡᣔ̺Ე᭞ N㵻喌
⃾㵻࠴ग़͓͙᪣᪟ v঻ w(1 ≤ v ≤ 50000, 1 ≤ w ≤ 10000)喌ܵݚ㶗⹩⶛ጰ⮳䲑ի঻䛼䛾ȡ

䓂ܩ

⃾͙ᵷҺគ̯࢟㵻ȡڴშ᭞”The minimum amount of money in the piggy-bank is X.”喌͜ڥ X㶗⹩
㐈჉⮳䛼䛾喌݈គ࢟”Thisݟ䧠㑿䛻ᰯᅀ᰸้ᅀ䧠ȡັ᳋̼㘬㇭⶝౟䓭ח is impossible.”ȡ

ᵦҺ䓂ڔ

3
10 110
2
1 1
30 50
10 110
2
1 1
50 30
1 6
2
10 3
20 4

ᵦҺ䓂ܩ

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.

ܵᲿ

⃾⻼➘ৰ᰸ᬏ䭿͙ञ⩗喌䔈᭞Ⴛڗ㗻࠴䬝䷇ȡ

ᱛ䷇⇐᰸㐈חܩ䧠㑿⮳შ䛾喌ѵ⃾͙ᵷҺ㐈ܩε喌݌໺ͩ⾩ᬥ⮳䛼䛾 E঻㷴ε⶛ጰऽ⮳䛼䛾 F喌
ఏₓञДឹח䧠㑿ⰺҋ̯͙შ䛾ͩ F-E⮳㗻࠴喌㗻࠴必䶪㺰㷴␐ȡ
䔈͙䬝䷇䲍፧ㆪѫν 0-1㗻࠴䬝䷇喌ᝯ̼ऻ⮳᭞⃾⻼➘ৰ᰸ᬏ䭿͙ȡΎᅠ᭞Ͻ⃾⻼➘ৰ⮳㼁Ꮥ㔲

㮀喌̽ႲⰧڢ⮳ゅ⪔ጡᎥ䲍अᝅ̼अ͓⻼喌㔻᭞अ 0͙Ƞअ 1͙Ƞअ 2͙ĉĉⰣ㜢अW/w[i]͙ȡ

̯⻼ຬᘢຬ写⮳ഩᱛ᫨∄᭞䒛ͩࡅ 0-1㗻࠴䬝䷇喚ឹせ i⻼➘ৰᢑ᜿W/w[i]͙ 0-1㗻࠴䬝䷇͜
⮳➘ৰ喌݈ᓆݟε➘ৰ᪟ͩ

∑ W

w[i]
⮳ 0-1㗻࠴䬝䷇ȡᬥ䬣฼ᱱᏕ᭞ O(W

∑ W

w[i]
)ȡ

ᠸ⚖䄔ᕌ䌞喌⟥ᔰ䒛⼪᫨⼺ͩ喚

f [i][j] = max {f [i− 1][j − k ∗ w[i]] + k ∗ v[i], 0 ≤ k ∗ w[i] ≤ j}

љ代码ັ̺喚
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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]};

ΎञД写᜿喚

for i = 1..N
for k = 1..W/w[i]

ZeroOneKnapsack(d[], w, v)

Ć៵ܵ➘ৰć䔇᰸ᰣ倇᩷⮳៵ܵ᫨∄喚ឹせ i⻼➘ৰ៵ܵ᜿䛼䛾ͩ 2k ∗w[i]ȠЦիͩ 2k ∗ v[i]⮳㠔
Ꭱ➘ৰ喌͜ڥ kअᝯ᰸␐䋢 2k ∗w[i] ≤ W ⮳䲍䉎᪣᪟ȡ䔈᭞λ䔊ݥ⮳ᕌᘢ喌ఏͩ䬜ࡩ䬣 [1, W/w[i]]
͜⮳Ъ҄᪣᪟䘬ञД㶗⹩ͩ 1, 2, 4, ..., 2k ͜㠔Ꭱ͙⮳঻ȡ

䔈ᵦำ⤵͙ࢄ➘ৰ⮳฼ᱱᏕ⩠ O

(
W

w[i]

)
䭼ݟε O

(
log W

w[i]

)
喌љ代码ັ̺喚

def UnboundedKnapsack(d[], i)
k=1
while k*w[i] <= W

ZeroOneKnapsack(d[], k*w[i], k*v[i])
k=2*k

䔇ႇ౗ᰣчࡅ⮳テ∄喌฼ᱱᏕͩ O(NW )喌љ代码ັ̺喚

for i = 1..N
for j = 0..W

d[j] = max{d[j], d[j-w[i]] + v[i]};

̽ 0-1㗻࠴䬝䷇Ⱗ℃喌ϴ᰸̯㵻代码̼ऻ喌䔈䛻ڴᓙ⣞᭞䶩Ꮎ⮳喌㔻 0-1㗻࠴᭞䔵Ꮎ⮳喈౗Ү⩗
᪟㏳⮳ᗴ̺ۤ喉ȡߗ␉

ͩϯͷ䔈͙テ∄ञ㵻঑喟仅ٷᘢᘢͩϯͷ 0-1㗻ڴ͜࠴ᓙ⣞㺰䔵Ꮎ喌䔵Ꮎ᭞ͩεԌ䃰⃾͙➘ৰङ
䔸̯⁐喌Ԍ䃰౗Ć䔸᠘せ iХ➘ৰćᬥ喌ӌ䊅⮳᭞̯͙⇐᰸䔸᠘せ iХ➘ৰ⮳ၿ㐂᳋ f [i− 1][j−w[i]]ȡ

㔻⣟౗Ⴛڗ㗻ࢣ◨➨⮳࠴᭞⃾⻼➘ৰञ䔸ᬏ䭿͙喌⇐᰸ε⃾͙➘ৰङ䔸̯⁐⮳䭿ݥ喌ᝯДᅠञДᎥ

̓必䶪䛶⩗ j䕁෍⮳䶩Ꮎᓙ⣞ȡ
ᵨᢝ̹䲑⮳љ代码喌⟥ᔰ䒛⼪᫨⼺ΎञД写᜿䔈⻼ᒑᐾ喚

f [i][j] = max {f [i− 1][j], f [i][j − w[i] + v[i]}

៬䆐ܩำ⤵͙ࢄ➘ৰ⮳ܬ᪟喚

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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/* ᬏ᩷ի喌̼㺰⩗ 0x7FFFFFFF喌ព㵻ߏ䓿テऽщइ᜿䉎᪟ */
const int INF = 0x0FFFFFFF;

int N, W;
int w[MAXN], v[MAXN];

int d[MAXW + 1]; /* ᪟㏳ߗ␉ */

/**
* @brief Ⴛڗ㗻࠴䬝䷇͜喌ำ⤵͙ࢄ➘ৰ.
* @param[in] d ᪟㏳ߗ␉
* @param[in] i 䄔➘ৰ⮳̺ᴶ
* @return ᬏ
*/

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; /* ⅱᰯᄾ⩗ <喌ⅱᰯ๖⩗ > */

}
}
/** c喌➘ৰ⮳㈪᪟ */
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; /* ⅱᰯᄾ⩗ <喌ⅱᰯ๖⩗ > */

}
}

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; /* 㗻࠴㺰㷴␐ */
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;

}

/* ᄵせ i ⻼➘ৰअ 0 ͙喌1 ͙喌...喌W/w[i] ͙喌䄔❷ᱛ̼㘬 AC喌щ 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; /* ⅱᰯᄾ⩗ <喌ⅱᰯ๖⩗ > */

}
}

}

/* ᄵせ i ⻼➘ৰअ 0 ͙喌1 ͙喌...喌W/w[i] ͙喌䄔❷ᱛ̼㘬 AC喌щ 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

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

•Ȩテ∄」䊊ڔ䬗㏾ڧȩ¬せ 167䶤Һ䷇ 9-4

• POJ 1384 Piggy-Bank, http://poj.org/problem?id=1384

• HDOJ 1114 Piggy-Bank, http://t.cn/zWXbXIn

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• POJ 2063 Investment, http://poj.org/problem?id=2063

¬݇↌Ң,テ∄」䊊ڔ䬗㏾ڧ喌⌴ࡽ๖႕ܩ❷⹭喌2009
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13.5.3 ้䛼㗻࠴䬝䷇

᣾䔟

᳿౟ऀ⩎౟䰶喌ͩεᡬ᪀▭ࡩऻ㘍⮳⩎ব喌ᓲ㈪▭ࡩऻ㘍⮳ҏ۵备㜙ጠ䛶䉜̯ϊ㇝与ᩞᤣ▭ࡩ喌

⣟౗ն䃭ҏ̯ڠ᰸䉳䜀Wٲ喌㔻ጱ౩᰸ N⻼๖ㆢ喌⃾⻼๖ㆢ䘬᭞㶺㷴ϖৰ喌ڥЦᵫ̼へ喌Ꭵ̓ङ㘬
᪣㶺䉜Οȡ

䄦䬝喚ҏ⩗᰸䭿⮳䉳䜀ᰯ้㘬䛶䉜้ᅀڛ᫓㇝与঑喟

䓂ڔ

せ 1㵻࠴ग़̯͙᪣᪟ T喌㶗⹩᰸ T㏳≺䄄⩗Һȡ⃾㏳≺䄄⩗Һ⮳せ̯㵻᭞͓͙᪣᪟W঻ N(1 ≤
W ≤ 100, 1 ≤ N ≤ 㶗⹩㏾䉨⮳䜀䷌঻๖ㆢ⮳⻼ㆪ喌♥ऽ᭞ݚܵ,(100 N㵻᪟ᢝ喌⃾㵻࠴ग़ 3͙᪣᪟
w喌v঻ c (1 ≤ w ≤ 20, 1 ≤ v ≤ 200, 1 ≤ c ≤ 20)喌ܵݚ㶗⹩⃾㶺⮳ЦᵫȠ⃾㶺⮳䛼䛾ДࣹᄨᏃ⻼ㆪ
๖ㆢ⮳㶺᪟ȡ

䓂ܩ

ᄨν⃾㏳≺䄄⩗Һ喌䓂ܩ㘬๎䉜Ο๖ㆢ⮳ᰯ๖䛼䛾喌ҏञДն䃭㏾䉨Ο̼ٸᝯ᰸⮳๖ㆢ喌Ꭵ̓

㏾䉨ҏञД̼⩗Ⴛȡ⃾͙ჍҺ⮳䓂̯࢏ܩ㵻ȡ

ᵦҺ䓂ڔ

1
8 2
2 100 4
4 100 2

ᵦҺ䓂ܩ

400

ܵᲿ

せ i⻼➘ৰ᰸ c[i]͙ञ⩗喌䔈᭞้䛼㗻࠴䬝䷇ȡ
̽Ⴛڗ㗻࠴䬝䷇ㆪѫ喌ΎञД⩗Ć៵ܵ➘ৰć⮳ᕌᘢឹᱛ䬝䷇䒛ͩࡅ 0-1 㗻࠴䬝䷇喚ឹせ i ⻼

➘ৰᢑ᜿ c[i] ͙ 0-1 㗻࠴䬝䷇͜⮳➘ৰ喌݈ᓆݟε➘ৰ᪟ͩ
∑

c[i] ⮳ 0-1 㗻࠴䬝䷇ȡᬥ䬣฼ᱱᏕ᭞
O(W

∑
c[i])ȡ⟥ᔰ䒛⼪᫨⼺ͩ喚

f [i][j] = max {f [i− 1][j − k ∗ w[i]] + k ∗ v[i], 0 ≤ k ≤ c[i], 0 ≤ k ∗ w[i] ≤ j}

љ代码ັ̺喚
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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]};

ΎञД写᜿喚

for i = 1..N
for k = 1..c[i]

ZeroOneKnapsack(d[], i)

៵ܵ➘ৰΎञДҮ⩗λ䔊ݥ⮳ឯ጖喌ឹ せ i⻼➘ৰ៵ܵ᜿㠔Ꭱ➘ৰ喌͜ڥ⃾Х➘ৰ䘬᰸̯͙㈪᪟喌
䔈͙᫟➘ৰ⮳䛼䛾঻Цի౶᭞࣎Ე⮳䛼䛾঻Цի·Д䔈͙㈪᪟ȡ㈪᪟ܵͩݚ 1, 2, 22, ..., 2k−1, c[i] −
2k +1喌͜ڥ k᭞␐䋢 2k − 1 < c[i]⮳ᰯ๖᪣᪟ȡҺັ喌᳿⻼➘ৰ᰸ 13͙喌ࢢ c[i]=13喌݈ ⰧᏃ⮳ k=3喌
䔈⻼➘ৰᏃ䄔㷚៵ܵ᜿㈪᪟ܵݚ 1,2,4,6⮳ఊ͙➘ৰȡ
䔈ᵦำ⤵͙ࢄ➘ৰ⮳฼ᱱᏕ⩠ O(c[i])䭼ݟε O(log c[i])喌љ代码ັ̺喚

// c, ➘ৰ㈪᪟
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]; /* ᪟㏳ߗ␉ */

/** c喌➘ৰ⮳㈪᪟ */
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; /* ⅱᰯᄾ⩗ <喌ⅱᰯ๖⩗ > */

}
}

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; /* ⅱᰯᄾ⩗ <喌ⅱᰯ๖⩗ > */

}
}

/**
* @brief ้䛼㗻࠴䬝䷇͜喌ำ⤵͙ࢄ➘ৰ.
* @param[in] d ᪟㏳ߗ␉
* @param[in] i 䄔➘ৰ⮳̺ᴶ
* @param[in] c 䄔➘ৰ⮳᪟䛾
* @return ᬏ
*/

void bounded_knapsack(int d[], const int i) {
int k;
for(k = 0; k < c[i]; ++k) {

zero_one_knapsack(d, i, 1);
}

}

/* क̯͙❷ᱛ喌៵ܵ➘ৰᰣߏчࡅ */
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)); /* 㗻̯̼࠴჉㺰㷴␐ */

for(i = 0; i < N; ++i) bounded_knapsack1(d, i);
}
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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

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

• HDOJ 2191Ο๖ㆢ, http://acm.hdu.edu.cn/showproblem.php?pid=2191

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• None

13.6 Ꮎ݆಺ߗᔰ㻳݁

ᄨνᝯ᰸ߗ㻳䷇Ⱍ喌ັ᳋ឹ⟥ᔰ䒛⼪భ⩪ܩᲔ喌̯჉᭞̯͙᰸ीᬏ⣞భ (DAG)ȡڼ䔊̯ₔ㏵ܵㆪݚ喌
᰸Ꮎ݆಺ߗᔰ㻳݁喌᷺Ⰷ಺ߗᔰ㻳݁喌ᵀ಺ߗᔰ㻳݁へへȡ

13.6.1 ᰯ䪮̹ࡶၿᎾ݆

᣾䔟

ᒂ̯͙Ꮎ݆͔ᵫ䕁෍ᬥ喌ᝀЛ⼟䔈͙Ꮎ݆᭞̹ࡶ⮳ȡᄨν̯͙㐈჉⮳Ꮎ݆ (a1, a2, ..., aN )喌ᝀЛ

ञДᓆ̯ݟϊ̹ࡶ⮳ၿᎾ݆ (ai1, ai2, ..., aiK)喌䔈䛻 1 ≤ i1 < i2 < ... < iK ≤ NȡҺັ喌ᄨνᎾ݆

(1, 7, 3, 5, 9, 4, 8)喌᰸Ⴒ⮳̯ϊ̹ࡶၿᎾ݆喌ັ (1, 7), (3, 4, 8)へへ喌䔈ϊၿᎾ݆͜ᰯ䪮⮳䪮Ꮥ᭞ 4喌℃
ັၿᎾ݆ (1, 3, 5, 8)ȡ
ᄨν㐈჉⮳Ꮎ݆喌ⅱᰯ䪮̹ࡶၿᎾ݆ (longest increasing subsequence)⮳䪮Ꮥȡ

䓂ڔ

せ̯㵻᭞Ꮎ݆⮳䪮ᏕN(1 ≤ N ≤ 1000)ȡせλ㵻㐈ܩᎾ݆͜⮳ N͙᪣᪟喌䔈ϊ᪣᪟⮳अի㠲ణ
䘬౗ ݟ0 10000ȡ



13.6 Ꮎ݆಺ߗᔰ㻳݁ 187

䓂ܩ

ᰯ䪮̹ࡶၿᎾ݆⮳䪮Ꮥȡ

ᵦҺ䓂ڔ

7
1 7 3 5 9 4 8

ᵦҺ䓂ܩ

4

ܵᲿ

䃭⟥ᔰͩ d[j]喌㶗⹩Д aj ͩ㏷◨⮳ᰯ䪮̹ࡶၿᎾ݆⮳䪮Ꮥȡ⟥ᔰ䒛⼪᫨⼺ັ̺喛

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] ᱙⩗

int N;
int a[MAXN];
int d[MAXN];

void dp() {
int i, j;
d[1] = 1;

for (j = 2; j <= N; j++) { // ⃾⁐ⅱД aj ͩ㏷◨⮳ᰯ䪮̹ࡶၿᎾ݆⮳䪮Ꮥ
int max = 0; // 䃟ᒄ aj ጕ䓨⮳̹ࡶၿᎾ݆⮳ᰯ๖䪮Ꮥ
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

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

•Ȩ⼺Ꮎ䃭䃐ᄫᑄࣹ౗㏮Ⴭ䌤ȩ¬せ 198䶤Һ䷇ 10.3

• ⮭㏲ 2757ᰯ䪮̹ࡶၿᎾ݆, http://poj.grids.cn/practice/2757/

• POJ 2533 Longest Ordered Subsequence, http://poj.org/problem?id=2533

• wikioi 1576,ᰯ䪮͔ᵫ̹ࡶၿᎾ݆, http://www.wikioi.com/problem/1576/

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• wikioi 1044᠕᝙ᄫᑨ喌http://www.wikioi.com/problem/1044/,
ࣱ㔲代码 https://gist.github.com/soulmachine/6248489

13.6.2 ቻຆⴘᒑ

᣾䔟

᰸ n͙ⴘᒑ喌⃾͙ⴘᒑञД⩗ a, bᲔ᣾䔟喌㶗⹩䪮঻წȡⴘᒑ X(a, b)ञДቻຆ౗ⴘᒑ Y (c, d)

͜ᒂ̓ϴᒂ a < c, b < dᝅ㔴 b < c, a < d喈Ⱗᒂν᫺䒛 X90Ꮥ喉ȡҺັ喈1,5喉ञДቻຆ౗喈6,2喉ڴ喌
ѵ̼㘬ቻຆ౗喈3,4喉͜ȡҏ⮳Ъߐ᭞䔸ܩᅬञ㘬้⮳ⴘᒑᣁ᜿̯㵻喌Үᓆ䮓ᰯऽ̯͙ๅ喌⃾̯͙ⴘ
ᒑ䘬ञДቻຆ౗̺̯͙ⴘᒑڴȡ

䓂ڔ

せ̯㵻᭞̯͙ₒ᪣᪟N(0 < N < 10)喌㶗⹩≺䄄᪟ᢝ㏳᪟喌⃾㏳≺䄄᪟ᢝ⮳せ̯㵻᭞̯͙ₒₒ᪟

n喌㶗⹩䄔㏳≺䄄᪟ᢝ͜ग़᰸ⴘᒑ⮳͙᪟ (n <= 1000)䮾ऽ⮳ n㵻喌⃾㵻᰸͓͙᪟ a, b(0 < a, b < 100)喌

㶗⹩ⴘᒑ⮳䪮঻წ

䓂ܩ

⃾㏳≺䄄᪟ᢝ䘬䓂͙̯ܩ᪟喌㶗⹩ᰯ้さषᲐХ⮳ⴘᒑ᪟Ⱍ喌⃾㏳䓂̯࢏ܩ㵻

¬ᱽ᪶᫟,⼺Ꮎ䃭䃐ᄫᑄࣹ౗㏮Ⴭ䌤,⌴ࡽ๖႕ܩ❷⹭,2007
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ᵦҺ䓂ڔ

1
10
1 2
2 4
5 8
6 10
7 9
3 1
5 8
12 10
9 7
2 2

ᵦҺ䓂ܩ

5

ܵᲿ

ᱛ䷇Ⴭ䉗̹᭞ⅱ DAG̼͜఩჉䊦◨⮳ᰯ䪮䌞ᒳȡ
䃭 d[i]㶗⹩Ͻ㐂◨ iऀܩ⮳ᰯ䪮䪮Ꮥ喌⟥ᔰ䒛⼪᫨⼺ັ̺喚

d[i] = max {d[j] + 1|(i, j) ∈ E}

喌Eͩ䓨⮳䯵षȡᰯ㏷ゃᵷ᭞͜ڥ d[i]͜⮳ᰯ๖իȡ

代码

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

#define MAXN 1000 // ⴘᒑᰯ๖͙᪟

int n; // ⴘᒑ͙᪟
int G[MAXN][MAXN]; // ⴘᒑ࠴ग़ڢ㈪
int d[MAXN]; // 㶗ᵫ

/**
* @brief 备ᔇᒄ∄.
* @param[in] i 䊦◨
* @return Д i ͩ䊦◨喌㘬䓭ݟ⮳ᰯ䪮䌞ᒳ
*/

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 ᠸႆڧᎾគ࢟䌞ᒳ.
*
* ັ᳋้͙ d[i] Ⱗへ喌䔸᠘ᰯᄾ⮳ iȡ
*
* @param[in] i 䊦◨
* @return ᬏ
*/

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

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

•Ȩテ∄」䊊ڔ䬗㏾ڧȩ¬せ 161䶤 9.2.1㞱

• NYOJ 16ቻຆⴘᒑ, http://acm.nyist.net/JudgeOnline/problem.php?pid=16

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• None

13.6.3 ㏮⃤㺵Ⰵ 2

᣾䔟

᪟䒣̹᰸ n(n ≤ 1000)Ა㏮⃤喌㏮⃤⮳͓〞䘬᭞᪣᪟౿ᴶ喌౿ᴶ㠲ణ౗ 0 ∼ 1000000喌⃾Ა㏮⃤

᰸̯͙Цի喌䄦Ͻ nᲐ㏮⃤͜ᡀܩ㠔ᎡᲐ㏮⃤喌Үᓆ䔈ϊ㏮⃤͓͓̼㺵Ⰵ喈〞◨ञД䛼ष喉̓㏮⃤

Цիͺ঻ᰯ๖ȡ

䓂ڔ

せ̯㵻̯͙᪣᪟ n喌㶗⹩᰸้ᅀᲐ㏮⃤ȡ

ᣔ̺Ე n㵻⃾㵻̸͙᪣᪟, ai, bi, ci喌ܵݚ代㶗せ iᲐ㏮⃤⮳ጕ〞◨ ai喌ढ〞◨ bi喈Ԍ䃰ጕ〞◨

<ढ〞◨喉঻Цի ciȡ

䓂ܩ

䓂ܩ㘬๎㣦ᓆ⮳ᰯ๖Цի

ᵦҺ䓂ڔ

3
1 2 1
2 3 2
1 3 4

ᵦҺ䓂ܩ

4

¬݇↌Ң,テ∄」䊊ڔ䬗㏾ڧ喌⌴ࡽ๖႕ܩ❷⹭喌2009
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ܵᲿ

๖ᣁᎾȡ࣎ݟᄵ㏮⃤ᣁᎾȡᠸ⚖ढ〞◨Ͻᄾٷ ఏ᭞ᓙ⣞㐂Ჳ͜᭞ iϽ ݟ1 n, i℃䒲ᄾ⮳ᬥՈᅬञ
㘬䔸ढ〞◨℃䒲ᄾ⮳喌䔈ᵦ᝼ञДͩऽ䲑⮳㏮⃤⪈̺ᰣ๖⮳⾩䬣ȡ

䃭⟥ᔰͩ f[i]喌㶗⹩ݼ iᲐ㏮⃤ᬥ喌䔸̹せ iᲐ㏮⃤喌㘬㣦ᓆ⮳ᰯ๖Цիȡ⟥ᔰ䒛⼪᫨⼺ັ̺喚

f [i] = max {f [j]}+ c[i], 2 ≤ i ≤ n, 1 ≤ j ≤ i− 1,̓ b[j]<=a[i]

b[j]<=a[i]㶗⹩ j⮳ढ〞◨౗ i⮳ጕ〞◨ጕ䓨喌̼ࢢ䛼षȡ
䓂ܩ f[i]᪟㏳͜⮳ᰯ๖իȡ

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

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

• wikioi 3027㏮⃤㺵Ⰵ 2, http://www.wikioi.com/problem/3027/

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• None

13.6.4 ⶛ጰ䬝䷇

᣾䔟

᰸ n⻼⶛ጰ喌䲑իͩͩݚ v1, v2, v3, · · · , vn喌⃾⻼䘬᰸ᬏ䭿้ȡ㐈჉䲍䉎᪣᪟ S喌ञД䔸अ้ᅀ

͙⶛ጰ喌Үᓆ䲑ի঻ᖟຬͩ S喟䓂ܩ⶛ጰ᪟Ⱍ⮳ᰯᄾի঻ᰯ๖իȡ1 ≤ n ≤ 100, 1 ≤ S ≤ 10000, 1 ≤
vi ≤ Sȡ

䓂ڔ

せ 1㵻 n喌せ 2㵻 S喌せ ݟ3 n+ 2㵻ͩ n⻼̼ऻ⮳䲑իȡ

䓂ܩ

せ 1㵻ͩᰯᄾի喌せ 2㵻ͩᰯ๖իȡ
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ᵦҺ䓂ڔ

3
6
1
2
3

ᵦҺ䓂ܩ

2
6

ܵᲿ

ᱛ䷇Ⴭ䉗̹᭞ⅱ DAG͜఩჉㏷◨⮳ᰯ䪮䌞ᒳ঻ᰯⴜ䌞ᒳȡ
ឹ⃾⻼䲑իⰺҋ̯͙◨喌㶗⹩Ć䔇䰯㺰܀䋢⮳䲑իć喌݈݌໺⟥ᔰͩ S喌Ⱍᴶ⟥ᔰͩ 0ȡ㠔ᒂݼ⟥

ᔰͩ i喌⃾Ү⩗̯͙⶛ጰ j喌⟥ᔰӮ䒛⼪ݟ i− vjȡ

䃭⟥ᔰͩ d[i]喌㶗⹩Ͻ㞱◨ iऀܩ⮳ᰯ䪮䌞ᒳ䪮Ꮥ喌݈࣎䬝䷇⮳㼒᭞ d[S]ȡ⟥ᔰ䒛⼪᫨⼺ັ̺喚

d[i] = max {d[j] + 1, (i, j) ∈ E}

ᱛ䷇䔇ञДⰺҋ᭞Ⴛڗ㗻࠴䬝䷇喈㻰 §13.5.2㞱喉喚㗻࠴შ䛾ͩ S喌㗻࠴必䶪㺰㷴␐喌➘ৰࢢ⶛ጰ喌
⃾͙⶛ጰ⮳䉨⩗ͩ䲑ի vi喌Цի౶ͩ 1ȡⅱ㗻͜࠴➘ৰ⮳ᰯᄾЦի঻ᰯ๖Цիȡ

代码

❷ᱛ 1喌备ᔇᒄ∄ȡ

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

#define MAXN 100
#define MAXV 10000

/** ⶛ጰ䲑ի⮳⻼ㆪ. */
int n;
/** 㺰ឭ䰥⮳᪟Ⱍ. */
int S;
/** ⶛ጰ⮳ळ⻼䲑ի. */
int v[MAXN];
/** min[i] 㶗⹩䲑իͺ঻ͩ i ⮳ᰯⴜ䌞ᒳ⮳䪮Ꮥ喌max ݈᭞ᰯ䪮. */
int min[MAXV + 1], max[MAXV + 1];

/**
* @brief ᰯⴜ䌞ᒳ.
* @param[in] s 䲑ի
* @return ᰯⴜ䌞ᒳ䪮Ꮥ
*/
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int dp1(const int s) { // ᰯᄾի
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 ᰯ䪮䌞ᒳ.
* @param[in] s 䲑ի
* @return ᰯ䪮䌞ᒳ䪮Ꮥ
*/

int dp2(const int s) { //ᰯ๖ի
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 គ࢟䌞ᒳ.
* @param[in] d ̹䲑⮳ min ᝅ min
* @param[in] s 䲑իͺ঻
* @return ᬏ
*/

void print_path(const int* d, const int s) {//គ࢟⮳᭞䓨
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

❷ᱛ 2喌㜙Ꮔी̹ȡ

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);



13.6 Ꮎ݆಺ߗᔰ㻳݁ 197

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 គ࢟䌞ᒳ.
* @param[in] d ̹䲑⮳ min_path ᝅ min_path
* @param[in] s 䲑իͺ঻
* @return ᬏ
*/

void print_path(const int *d, int s) {
while(s) {

printf("%d ", d[S]);
S -= v[d[s]];

}
printf("\n");

}
coin_change2.c

❷ᱛ 3喌ᒂҋႻڗ㗻࠴䬝䷇ȡ

coin_change3.c
#include <stdio.h>
#include <string.h>

#define MAXN 100
#define MAXW 10000
/* ᬏ᩷ի喌̼㺰⩗ 0x7FFFFFFF喌ព㵻ߏ䓿テऽщइ᜿䉎᪟ */

const int INF = 0x0FFFFFFF;

int N, W;
int w[MAXN], v[MAXN];

int min[MAXW + 1], max[MAXW + 1]; /* ᪟㏳ߗ␉ */

int min_path[MAXW + 1], max_path[MAXW + 1];
void print_path(const int *d, int s);

/**
* @brief Ⴛڗ㗻࠴䬝䷇͜喌ำ⤵͙ࢄ➘ৰ.
* @param[in] d ᪟㏳ߗ␉
* @param[in] i 䄔➘ৰ⮳̺ᴶ
* @return ᬏ
*/

void unbounded_knapsack(int min[], int max[], const int i) {
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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) { /* 㗻࠴㺰㷴␐ */

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 គ࢟䌞ᒳ.
* @param[in] d ̹䲑⮳ min_path ᝅ min_path
* @param[in] j 䲑իͺ঻
* @return ᬏ
*/

void print_path(const int *d, int j) {
while(j) {

printf("%d ", d[j]);
j -= w[d[j]];

}
printf("\n");

}
coin_change3.c
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Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

•Ȩテ∄」䊊ڔ䬗㏾ڧȩ¬せ 162䶤Һ䷇ 9-3

• tyvj 1214⶛ጰ䬝䷇, http://www.tyvj.cn/problem_show.aspx?id=1214

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• None

13.7 ᔰ㻳݁ߗ䬣಺ࡩ

13.7.1 ᰯчⴘ䭤䨭·

᣾䔟

̯͙m× n⮳ⴘ䭤·Д̯͙ n× p⮳ⴘ䭤へν̯͙m× p⮳ⴘ䭤喌䓿テ䛾ͩmnpȡ

ⴘ䭤·∄̼␐䋢ܵ䙼ᒺ喌ѵ␐䋢㐂षᒺ喌ࢢ A×B × C = (A×B)× C = A× (B × C)ȡ

ն䃭AȠBȠCܵݚ᭞ 2×3Ƞ3×4Ƞ4×5⮳ⴘ䭤喌݈ (A×B)×C⮳䓿テ䛾ͩ 2×3×4+2×4×5 = 64喌

A× (B × C)⮳䓿テ䛾ͩ 3× 4× 5 + 2× 3× 5 = 90喌᭭♥せ̯⻼䓿テ䶩Ꮎ㞱ⰰ䓿テ䛾ȡ

㐈ܩ N͙ⴘ䭤㏳᜿⮳Ꮎ݆喌䃭䃐̯⻼᫨∄ឹႲЛӌ⁐·䊦Ე喌Үᓆᕪ⮳䓿テ䛾ᅬ䛾ᄾȡ

䓂ڔ

ᄨν⃾͙ⴘ䭤Ꮎ݆喌ङ㐈ܩႲЛ⮳㐣Ꮥȡ⃾͙Ꮎ݆⩠͓͙䘗ܵ㏳᜿喌せ̯㵻࠴ग़̯͙᪣᪟ N喌㶗
⹩ⴘ䭤⮳͙᪟喛ᣔ̺Ე⮳ N㵻喌⃾㵻̯ᄨ᪣᪟喌ܵݚ㶗⹩ⴘ䭤⮳㵻᪟঻݆᪟ȡ㐈ܩ⮳䶩Ꮎ̽ⴘ䭤䨭
·⮳䶩Ꮎ̯㜣ȡᰯऽ̯㵻 Nͩ 0喌㶗⹩䓂ڔ㐂᲎ȡN̼๖ν 10ȡ

䓂ܩ

ն䃭ⴘ䭤ব़ͩ A1, A2, ..., ANȡᄨ⃾͙≺䄄⩗Һ䓂̯ܩ㵻喌࠴ग़̯͙Ү⩗εᄾ᠛द⮳㶗䓭ᐾ喌

⌴ᮟ౟ᠶٷ⮳∄·ܩऽ䶩Ꮎȡ⃾㵻䓂ܩД”Case x: 㐯喌x㶗⹩≺䄄⩗Һ㑅दȡັ᳋᰸้͙ₒ⶝ݼͩ”
㐂᳋喌ङ䰯㺰䓂͙̯͜ڥܩȡ

ᵦҺ䓂ڔ

3
1 5
5 20
20 1
3
5 10

¬݇↌Ң,テ∄」䊊ڔ䬗㏾ڧ喌⌴ࡽ๖႕ܩ❷⹭喌2009
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10 20
20 35
6
30 35
35 15
15 5
5 10
10 20
20 25
0

ᵦҺ䓂ܩ

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))

ܵᲿ

ն䃭せ i͙ⴘ䭤 Ai ⮳㐣Ꮥ᭞ pi−1 × pi, i=1..Nȡ
䃭⟥ᔰͩ d[i][j]喌㶗⹩ၿ䬝䷇ Ai, Ai+1, ..., Aj ⮳ᰯч㼒喌⟥ᔰ䒛⼪᫨⼺ັ̺喚

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; /** ⴘ䭤⮳͙᪟. */
int p[MAXN + 1]; /** ⴘ䭤 Ai ⮳㐣Ꮥ᭞ p[i-1]xp[i]. */
int d[MAXN][MAXN]; /** ⟥ᔰ喌d[i][j] 㶗⹩ၿ䬝䷇ Ai~Aj ⮳ᰯч㼒. */
int s[MAXN][MAXN]; /** ၿ䬝䷇ Ai~Aj Ꮓ䄔౗ s[i][j] ำ᫜ᐯ */

/**
* @brief គ࢟ၿ䬝䷇ Ai~Aj ⮳㼒
* @param[in] i Ai
* @param[in] j Aj
* @return ᬏ
*/

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 㶗⹩ࡩ䬣䪮Ꮥ */
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

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

• UVa 348 Optimal Array Multiplication Sequence, http://t.cn/zH2pchp
• ZOJ 1276 Optimal Array Multiplication Sequence, http://t.cn/zH2gW1P

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• wikioi 1154,㘬䛾䶨䨭, http://www.wikioi.com/problem/1154,
ࣱ㔲代码 https://gist.github.com/soulmachine/6248459

• Matrix67 Ⱍ喌http://www.matrix67.com/blog/archives/276䷇ڧⴘ䭤·∄㼒ۢ⮳㏾⩗ݘ͙ࡰ-



202 せ 13』 ᔰ㻳݁ߗ

13.7.2 ⴢၿषᎥ

᣾䔟

౗̯ᲐⰣ㏮̹᥵Ɐ N വⴢၿȡ⣟㺰ᄵⴢၿ᰸⁐Ꮎ౟षᎥ᜿̯വȡ㻳჉⃾⁐ङ㘬䔸Ⱗ䗪⮳ 2വⴢ
ၿषᎥ᜿᫟⮳̯വ喌Ꭵᄵ᫟⮳̯വⴢၿ᪟䃟ͩ䄔⁐षᎥ⮳ᓆܵȡ

䄄䃭䃐̯͙テ∄喌䃐テܩᄵ N വⴢၿषᎥ᜿̯വ⮳ᰯᄾᓆܵȡ

䓂ڔ

せ̯㵻᭞̯͙᪟ N, 1 ≤ N ≤ 40000喌㶗⹩വ᪟ȡ

ᣔ̺Ე⮳ N㵻⃾㵻̯͙᪟喌㶗⹩䄔വ⮳ⴢၿ᪟Ⱍȡ

䓂ܩ

̯͙᪣᪟喌ࢢ N വⴢၿषᎥ᜿̯വ⮳ᰯᄾᓆܵȡ

ᵦҺ䓂ڔ

4
1
1
1
1

ᵦҺ䓂ܩ

8

ܵᲿ

䔈䷇̽ݼ䲑⮳ⴘ䭤䨭·䲍፧Ⱗѫ喌ङ᭞䃐テ代Ц⮳᫨ᐾ̼ऻȡ䃭⟥ᔰͩ d(i, j)喌㶗⹩ၿ䬝䷇せ i

വݟせ j വⴢၿ⮳ᰯч㼒喌⟥ᔰ䒛⼪᫨⼺ັ̺喚

d(i, j) = min {d(i, k) + d(k + 1, j) + sum(i, j)}

sum(i, j)㶗⹩Ͻせ iവݟせ j വ⮳ⴢၿᕪ᪟ȡ代码㻰 https://gist.github.com/soulmachine/6195139

̹䲑⮳ߗ㻳テ∄ञД⩗ఊ䓨ᒑ̼へᐾ䔊㵻чࡅ喌ᄵᬥ䬣฼ᱱᏕϽO(N3)̺䭼ݟO(N2)ȡ代码㻰

https://TODO

ᬏ䃩ັ҄喌ᬥ䬣฼ᱱᏕ䘬᭞ O(N2)喌ᱛ䷇͜N 㠲ణ➨ݚ๖喌ᐯ̼ε䔈ͷ๖⮳λ㐣᪟㏳ȡᝯДߗ

㻳テ∄ङ㘬ำ⤵ᄾ㻳ὐ⮳ᗴۤȡ̺䲑Ϻ㏼せ̸⻼㼒∄喌Garsia-Wachsテ∄¬ȡ

ն䃭ᝀЛङᄨ 3വⴢၿ a,b,c䔊㵻षᎥ,ٷषᎥਙ͓വ,㘬Үᓆᓆܵᰯᄾ喟᰸͓⻼᫨ᵷ喚
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)
ն䃭 score1 <= score2,ञДᣗᄫܩ a <= c喌ࣼ䓶Ე喌ङ㺰 a঻ c⮳ڢ㈪⶝჉喌षᎥ⮳䶩ᎾΎ⶝჉ȡ䔈
ᅠ᭞ 2-䕁۾ᕖ䉗ȡ

Garsia-Wachsテ∄喌ᅠ᭞ഩν䔈͙ᕖ䉗喌ឭܩᎾ݆͜␐䋢 A[i-1] <= A[i+1]ᰯᄾ⮳ i喌षᎥ temp =
A[i]+A[i-1]喌ᣔⱯᒯݼ䲑ឭ᭞ॕ᰸␐䋢 A[j] > temp喌ឹ tempիᤁڔ A[j]⮳ऽ䲑 (᪟㏳⮳ढ䓨)ȡᓙ⣞
䔈͙䓶⼺̯Ⱓݟङ̯̺ޘവⴢၿ㐂᲎ȡ

Һັ,
13 9 5 7 8 6 14
仅ٷ喌ឭせ̯͙␐䋢 A[i-1] <= A[i+1]⮳̸͙䔍㐜◨喌ᱛҺ͜ᅠ᭞ 5 7 8喌5঻ 7षᎥᓆݟ 12喌12̼᭞
͑౗࣎Ე⮳Ѽ㒝喌㔻᭞ᄵႲᤁݟڔせ̯͙℃Ⴒ๖⮳ٲ㉏⮳ऽ䲑喌ᓆݟ

13 12 9 8 6 14
ᣔⱯᲔ喌Ͻጕݟढ᥋㉑̸͙䔍㐜◨喌ឭݟ 8 6 14喌षᎥ 8঻ ݟ⮳6 14喌ᄵ 14ᤁݟڔ䔱ᒂѼ㒝喌ᓆ

ݟ 14 13 12 9 14
ឭݟ 12 9 14喌षᎥ 12঻ 9ᓆݟ 21喌ᄵ 21ᤁݟڔ䔱ᒂѼ㒝喌ᓆݟ 21 14 13 14
ឭݟ 14 13 14喌षᎥ 14঻ 13ᓆݟ 27喌ᄵ 27ᤁݟڔ䔱ᒂѼ㒝喌ᓆݟ 27 21 14
ఏͩ 27<14喌ٷषᎥ 21঻ 14喌ᓆݟ 35喌ᰯऽषᎥ 27঻ 35喌ᓆݟ 62喌ᅠ᭞ᰯ㏷ゃᵷȡ
ͩϯͷ㺰ᄵ tempᤁڔ A[j]⮳ऽ䲑,ञД⤵㼒ͩ᭞ͩεԌᠰ 2-䕁۾ᕖ䉗ȡϽ A[j+1]ݟ A[i-2]ⰺ᜿

̯͙᪣҂ A[mid]喌⣟౗ A[j], A[mid], temp(A[i-1]+A[i])喌ఏͩ temp < A[j]喌ఏₓ̼バᔽᵦ䘬᭞ A[mid]
঻ tempٷषᎥ,ᝯДᄵ tempիᤁڔ A[j]⮳ऽ䲑̼щᒠৼ㐂᳋ȡ

代码

stone_merge.c
#include <stdio.h>
#define MAXN 55555

int N, A[MAXN]; /* വ᪟喌⃾വ⮳ⴢ๣͙᪟ */
int num, result; /* ᪟㏳Ⴭ䭴䪮Ꮥ喌㐂᳋ */

void combine(int k) { /* ᣿ݼ A[k-1] < A[k+1] */
int i, j;

/* षᎥ k-1 ঻ k */
int temp=A[k] + A[k-1];
result += temp;
/* ㉖㑘 */
for(i = k; i < num - 1; i++) A[i] = A[i+1];
num--;
/* ᤁڔ temp ष䔱Ѽ㒝ݟ */
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

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

• WIKIOI 1048ⴢၿᒁᎥ喈᪟ᢝ㻳ὐᒷᄾ喉, http://www.wikioi.com/problem/1048/

• WIKIOI 2298ⴢၿषᎥ喈᪟ᢝ㻳ὐᒷ๖喉, http://www.wikioi.com/problem/2298/

• POJ 1738 An old Stone Game, http://poj.org/problem?id=1738

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• None

13.7.3 ⴘ䭤अ᪟⍧᜾

᣾䔟

ጴጴ㏾፧䌎ऻ႕⣘̯͙ⴘ䭤अ᪟⍧᜾喚ᄨν̯͙㐈჉⮳ n ∗m⮳ⴘ䭤喌ⴘ䭤͜⮳⃾͙ٲ㉏ aij ౶

ͩ䲍䉎᪣᪟ȡ⍧᜾㻳݈ັ̺喚

• ⃾⁐अ᪟ᬥ䶪Ͻ⃾㵻ळअ䊟̯͙ٲ㉏喌ڠ n͙喌m⁐ऽअႻⴘ䭤ᝯ᰸ٲ㉏喛

• ⃾⁐अ᪟ᬥ䶪Ͻ⃾㵻ळअ䊟̯͙ٲ㉏喌ڠ n͙喌m⁐ऽअႻⴘ䭤ᝯ᰸ٲ㉏喛⃾⁐अ䊟⮳ळ͙

㉏ᝯ౗㵻⮳㵻仅ᝅ㵻ᅭ喛ٲ㉏ङ㘬᭞䄔ٲ

• ⃾⁐अ᪟ᬥ䶪Ͻ⃾㵻ळअ䊟̯͙ٲ㉏喌ڠ n͙喌m⁐ऽअႻⴘ䭤ᝯ᰸ٲ㉏喛⃾⁐अ᪟䘬᰸̯

͙ᓆܵի喌ͩ⃾㵻अ᪟⮳ᓆܵͺ঻喌⃾㵻अ᪟⮳ᓆܵ =㷚अ䊟⮳ٲ㉏ի ∗2i喌͜ڥ i㶗⹩せ i

⁐अ᪟喈Ͻ 1ᐯ໺㑅द喉喛
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• ⃾⁐अ᪟ᬥ䶪Ͻ⃾㵻ळअ䊟̯͙ٲ㉏喌ڠ n͙喌m⁐ऽअႻⴘ䭤ᝯ᰸ٲ㉏喛⍧᜾㐂᲎ᕪᓆܵ

ͩm⁐अ᪟ᓆܵͺ঻ȡ

ጴጴᘢ䄦ҏ፝ᔈ写̯͙⼺Ꮎ喌ᄨνЪᘾⴘ䭤喌ञДⅱܩअ᪟ऽ⮳ᰯ๖ᓆܵȡ

䓂ڔ

せ 1㵻͓͙ͩ⩗⾩ᵫ䯃ᐯ⮳᪣᪟ n঻m, 1 ≤ n,m ≤ 90ȡせ 2 ∼ n+ 1㵻ͩ n ∗mⴘ䭤喌͜ڥ⃾
㵻᰸m͙⩗͙ࢄ⾩ᵫ䯃ᐯ⮳䲍䉎᪣᪟ aij , 0 ≤ aij ≤ 1000ȡ

䓂ܩ

䓂ܩϴ࠴ग़ 1㵻喌̯͙ͩ᪣᪟喌ࢢ䓂ڔⴘ䭤अ᪟ऽ⮳ᰯ๖ᓆܵȡ

ᵦҺ䓂ڔ

2 3
1 2 3
3 4 2

ᵦҺ䓂ܩ

82

ᵦҺ㼒䛹

せ 1⁐喚せ 1㵻अ㵻仅ٲ㉏喌せ 2㵻अ㵻ᅭٲ㉏喌ᱛ⁐ᓆܵͩ 1*21+2*21=6
せ 2⁐喚͓㵻౶अ㵻仅ٲ㉏喌ᱛ⁐ᓆܵͩ 2*22+3*22=20
せ 3⁐喚ᓆܵͩ 3*23+4*23=56ȡᕪᓆܵͩ 6+20+56=82

ܵᲿ

仅ٷ喌⃾㵻ͺ䬣᭞ρⰧ⠛⿺⮳喌ఏₓञДܵݚⅱܩ⃾㵻⮳ᰯ๖ᓆܵ喌ᰯऽⰧߏ䊦Ეȡ

䃭⟥ᔰͩ f(i,j)喌㶗⹩ࢄ㵻⮳ࡩ䬣 [i,j]⮳ᰯ๖ի喌䒛⼪᫨⼺ͩ

f(i, j) = max {f(i+ 1, j) + a(i) ∗ 2x, f(i, j − 1) + a(j) ∗ 2x} , 1 ≤ x ≤ m

へЦν

f(i, j) = 2 ∗max {f(i+ 1, j) + a(i), f(i, j − 1) + a(j)}

ऻᬥ喌∗ᘾݟ喌ᰯ๖ᓆܵञ㘬щ䲍፧๖喌ఏₓ䰯㺰⩗ݟ๖᪣᪟䓿テȡ䶳џ̯̺ᰯ๖ᓆܵ喌๖ằ᭞

1000 ∗ 280喌⩗䃐テ஗テ̯̺喌᰸ 28Ѽȡ
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代码

wikioi1166_matrix_game.c
#include <stdio.h>
#include <memory.h>
#include <limits.h>

/* ̯͙᪟㏳ٲ㉏㶗⹩ 4 ⮳ݥ᪟㏳᭞̶䔊ࢢѼ喌ݥ䔊ࡰ͙ */
#define BIGINT_RADIX 10000
#define RADIX_LEN 4
/* 1000*2^80 ᰸ 28 Ѽ */
#define MAX_LEN (28/RADIX_LEN+1) /* ᪣᪟⮳ᰯ๖Ѽ᪟ */

/**
* @brief គ࢟๖᪣᪟.
* @param[in] x ๖᪣᪟喌⩗᪟㏳㶗⹩喌ѽѼ౗ѽ౟౯
* @param[in] n ᪟㏳ x ⮳䪮Ꮥ
* @return ᬏ
*/

void bigint_print(const int x[], const int n) {
int i;
int start_output = 0; /* ⩗ν䌢䓶ݼᄫ 0 */
for (i = n - 1; i >= 0; --i) {

if (start_output) { /* ັ᳋้҈⮳ 0 ጡ㏾䘬䌢䓶喌݈䓂ܩ */
printf("%04d", x[i]);

} else if (x[i] > 0) {
printf("%d", x[i]);
start_output = 1; /* ⷟ݟせ̯͙䲍 0 ⮳ի喌ᅠ䄣ᬽ้҈⮳ 0 ጡ㏾䘬䌢䓶 */

}
}

if(!start_output) printf("0"); /* ᒂ x ͩڗ 0 ᬥ */
}

/**
* @brief ̯͙ 32 Ѽ᪣᪟䒛ͩࡅ๖᪣᪟ bigint.
* @param[in] n 32 Ѽ᪣᪟
* @param[out] x ๖᪣᪟
* @return ๖᪣᪟
*/

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 ๖᪣᪟℃䒲.
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* @param[in] x x
* @param[in] y y
* @return x<y喌䔃఍-1喌Ⱗへν䔃఍ 0喌๖ν䔃఍ 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 ๖᪣᪟̹ߏᮝ䕉᪣᪟.
* @param[inout] x ๖᪣᪟
* @param[in] y 32 Ѽ᪣᪟
* @return ๖᪣᪟
*/

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 ͓͙๖᪣᪟Ⱗߏ, in place.
* @param[inout] x x=x+y
* @param[in] y y
* @return ᬏ
*/

void bigint_add1(int x[], const int y[]) {
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int i;
int c = 0;

for (i = 0; i < MAX_LEN; i++) { /* 䔿ѼⰧߏ */
const int tmp = x[i] + y[i] + c;
x[i] = tmp % BIGINT_RADIX;
c = tmp / BIGINT_RADIX;

}
}

/**
* @brief ๖᪣᪟·∄, x = x*y.
* @param[inout] x x
* @param[in] y y
* @return ᬏ
*/

void bigint_mul(int x[], const int y) {
int i;
int c = 0; /* Ԍႇ䔊Ѽ */

for (i = 0; i < MAX_LEN; i++) { /* ⩗ y喌࣪·Д x ⮳ळѼ */
const int tmp = x[i] * y + c;
x[i] = tmp % BIGINT_RADIX;
c = tmp / BIGINT_RADIX;

}
}

#define MAX 80 /* n,m ⮳ᰯ๖ի */

int n, m;
int matrix[MAX][MAX]; /* 䓂ڔⴘ䭤 */
/* f[i][j] 㶗⹩᳿̯㵻ࡩ䬣 [i,j] ⮳ᰯ๖ի喌䒛⼪᫨⼺
* f[i][j] = f[i+1][j]+a[i]*2^x, f[i][j-1]+a[j]*2^x, 1<=x<=m
* へЦν 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 䃐テࢄ㵻.
* @param[in] a ᳿̯㵻
* @return ₓ㵻㘬㣦ᓆ⮳ᰯ๖ᓆܵ
*/

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

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

• WIKIOI 1166ⴘ䭤अ᪟⍧᜾, http://www.wikioi.com/problem/1166/

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• None
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13.8 ᷺Ⰷ಺ߗᔰ㻳݁

13.8.1 ᪟ႆ̸㼁ᒑ

᣾䔟

᰸̯͙⩠䲍䉎᪣᪟㏳᜿⮳̸㼁ᒑ喌せ̯㵻ङ᰸̯͙᪟喌䮓εᰯ̺̯㵻ͺๅ⃾͙᪟⮳ጕ̺㼁঻ढ

̺㼁ळ᰸̯͙᪟喌ັభ 13-2ᝯ⹩ȡ

భ 13-2 ᪟ႆ̸㼁ᒑ䬝䷇

Ͻせ̯㵻⮳᪟ᐯ໺喌⃾⁐ञДᒯጕ̺ᝅढ̺䊟̯ᵫ喌Ⱓݟ䊟̺ᰯݟ㵻喌ឹ⇮䕃㏾䓶⮳᪟ڗ䘗ߏ

䊦Ეȡັ҄䊟᝼㘬Үᓆ䔈͙঻ᰯ๖喟

䓂ڔ

せ̯㵻᭞̯͙᪣᪟ N(1 ≤ N ≤ 100)喌㐈̸ܩ㼁ᒑ⮳㵻᪟ȡᣔ̺Ე⮳ N㵻㐈ܩ᪟ႆ̸㼁ᒑȡ̸
㼁ᒑ͜⮳᪟ڗ䘗᭞᪣᪟喌㠲ణ౗ ݟ0 100ͺ䬣ȡ

䓂ܩ

䓂ᰯܩ๖⮳঻ȡ

ᵦҺ䓂ڔ

5
7
3 8
8 1 0
2 7 4 4
4 5 2 6 5

ᵦҺ䓂ܩ

30
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ܵᲿ

䔈᭞̯͙ߗᔰۢゅ䬝䷇喌౗⃾ᅱ᰸͓⻼䔸᠘喌ጕ̺ᝅढ̺喌ఏₓ̯͙ nᅱ⮳᪟ႆ̸㼁ᒑ᰸ 2nᲐ

䌞㏮ȡ

ञД⩗఍⏞∄喌⩗఍⏞∄ⅱܩᝯ᰸ञ㘬⮳䌞㏮喌ᅠञДϽ͜䔸ᰯܩч䌞㏮ȡѵ᭞⩠ν᰸ 2nᲐ䌞

㏮喌఍⏞∄ᒷᚑȡ

ᱛ䷇ञД⩗ߗᔰ㻳݁Ეⅱ㼒 ȡឹ(ݟ᰸ᰯ᰸ၿ㐂Ჳ঻䛼एၿ䬝䷇͓͙㺰㉏喌ऽ䲑щⰺڦ) ᒂݼѼ㒝

(i,j)ⰺ᜿̯͙⟥ᔰ喌♥ऽ჉͸⟥ᔰ d[i][j]ͩϽѼ㒝 (i,j)ऀܩᬥ㘬ᓆݟ⮳ᰯ๖঻喈࠴᠛ᵫၿ (i,j)ᱛ䏚⮳
ի a[i][j]喉ȡ౗䔈͙⟥ᔰ჉͸̺喌࣎䬝䷇⮳㼒᭞ d[0][0]ȡ
̺䲑Ეⰺⰺ̼ऻ⟥ᔰͺ䬣᭞ᔽᵦ䒛⼪⮳ȡϽѼ㒝 (i,j)ऀܩ᰸͓⻼ۢゅ喌ັ ᳋ᒯጕ䊟喌݈ 䊟ݟ (i+1,j)

ऽ䰯㺰ⅱĆϽ (i+1,j)ऀܩऽ㘬ᓆݟ⮳ᰯ๖঻ć䔈̯ၿ䬝䷇喌ࢢ d[i+1][j]喌ㆪѫ౟喌ᒯढ䊟ͺऽ䰯㺰ⅱ
d[i+1][j+1]ȡᏃ䄔䔸᠘ d[i+1][j]঻ d[i+1][j+1]͜䒲๖⮳̯͙喌ఏₓञДᓆ̺ັݟ⮳⟥ᔰ䒛⼪᫨⼺喚

d[i][j] = a[i][j] +max {d[i+ 1][j], d[i+ 1][j + 1]}

代码

❷ᱛ 1喌备ᔇᒄ∄ȡ
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 ⅱϽѼ㒝 (i,j) ๖঻ᰯ⮳ݟᬥ㘬ᓆऀܩ
* @param[in] i 㵻
* @param[in] j ݆
* @return ᰯ๖঻
*/

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

❷ᱛ 2喌㜙Ꮔी̹ȡ

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 㜙Ꮔी̹䃐テᝯ᰸ၿ䬝䷇⮳ᰯч㼒
* @return ᬏ
*/

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

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚
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•Ȩテ∄」䊊ڔ䬗㏾ڧȩ¬せ 159䶤 9.1.1㞱
• POJ 1163 The Triangle, http://poj.org/problem?id=1163

• ⮭㏲ 2760᪟ႆ̸㼁ᒑ, http://poj.grids.cn/practice/2760/
• wikioi 1220᪟ႆ̸㼁ᒑ, http://www.wikioi.com/problem/1220/

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• None

13.8.2 䓶⇢ࢁ

᣾䔟

ັభ喌A◨᰸̯͙䓶⇢ࢁ喌䰯㺰䊟ݟⰝᴶ B◨ȡࢁ㵻䊟㻳݈喚ञДी̺Ƞᝅ㔴ीढȡऻᬥ౗᷺Ⰷ
̹⮳Ъ̯◨᰸̯͙ᄨ᫨⮳供喈ັ̹భ⮳ C◨喉喌䄔供ᝯ౗⮳◨঻ᝯ᰸䌢䋲̯ₔञ䓭⮳◨⼟ͩᄨ᫨供⮳
ᣖݥ◨ȡҺັ̹భ C◨̹⮳供ञДᣖݥ 9͙◨喈భ͜⮳ P1喌P2ĉP8঻ C喉ȡ̼ࢁ㘬䕉䓶ᄨ᫨供⮳ᣖ
ȡ◨ݥ

భ 13-3 䓶⇢ࢁ

᷺Ⰷ⩗౿ᴶ㶗⹩喌A◨喈0喌0喉ȠB◨喈n,m喉(n,m̼ͩ䊴䓶 20⮳᪣᪟喌Ꭵ⩠䩝Ⰷ䓂ڔ)喌ऻᵦ供
⮳Ѽ㒝౿ᴶ᭞䰯㺰㐈ܩ⮳喈㏕჉: C̼へν A喌ऻᬥ C̼へν B喉ȡ⣟౗㺰ⅱҏ䃐テࢁܩϽ A◨㘬๎
䓭ݟ B◨⮳䌞ᒳ⮳Ა᪟ȡ

䓂ڔ

B◨⮳౿ᴶ喈n,m喉Дࣹᄨ᫨供⮳౿ᴶ喈X,Y喉
¬݇↌Ң,テ∄」䊊ڔ䬗㏾ڧ喌⌴ࡽ๖႕ܩ❷⹭喌2009
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䓂ܩ

̯͙᪣᪟喈䌞ᒳ⮳Ა᪟喉

ᵦҺ䓂ڔ

6 6 3 2

ᵦҺ䓂ܩ

17

ܵᲿ

䔈᭞᷺̯͙Ⰷᒑߗᔰ㻳݁ȡ

䃭⟥ᔰͩ f[i][j]喌㶗⹩Ͻ ݟ(0,0) (i,j)⮳䌞ᒳ⮳Ა᪟喌⟥ᔰ䒛⼪᫨⼺ͩ

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; /* 供ٮ⮳౿ᴶ */

/* 喌䶩ᬥ䦷᫨ी◨ݥᣖ͙ښ */
int dx[] = {-2, -1, 1, 2, 2, 1, -1, -2};
int dy[] = {1, 2, 2, 1, -1, -2, -2, -1};

int g[MAX][MAX]; /* ᷺Ⰷ喌供ٮДࣹ供ٮ⮳ᣖݥ◨ͩ 1喌ͩ҈ڥ 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; /* 䊦◨ */
/* ⩻䓨ࡅ໺݌ */



13.8 ᷺Ⰷ಺ߗᔰ㻳݁ 215

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

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

• wikioi 1010,䓶⇢ࢁ, http://www.wikioi.com/problem/1010/

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• null

13.8.3 я㏧Ა

᣾䔟

ᄾ⌹঻ᄾ䒘᭞ຬ᰺ࣺΎ᭞ऻ⤜ऻ႕喌ЅЛ౗̯䊦ᕪ᰸䄷̼Ⴛ⮳䄌䷇ȡ̯⁐㉏䉗᠂ᆄ≪͜ߗ喌⤜

̹ऻ႕Ⴘᣁ։᜿̯͙m㵻 n݆⮳ⴘ䭤喌㔻ᄾ⌹঻ᄾ䒘㷚Ⴘᣁ౗ⴘ䭤ᄨ㼁㏮⮳͓〞喌ఏₓ喌ЅЛᅠᬏ

∄Ⱓᣔϓ䄷εȡᎧ䓿⮳᭞喌ЅЛञД䕉䓶я㏧ᲐᲔ䔊㵻ϓ≰ȡ㏧Ა㺰㏾⩠䃧้ऻ႕яݟᄨ᫨手䛻喌ᄾ

⌹౿౗ⴘ䭤⮳ጕ̹㼁喌౿ᴶ (1, 1)喌ᄾ䒘౿౗ⴘ䭤⮳ढ̺㼁喌౿ᴶ (m,n)ȡϽᄾ⌹яݟᄾ䒘⮳㏧Აङ

ञДी̺ᝅ㔴ीढя䕁喌Ͻᄾ䒘я㐈ᄾ⌹⮳㏧ᲐङञДी̹ᝅ㔴ीጕя䕁ȡ

౗≪ߗ䔊㵻͜喌ᄾ⌹ጻ᱊㐈ᄾ䒘я䕁̯ᑏ㏧Ა喌ऻᬥጻ᱊ᄾ䒘㐈Ѕ఍฼ȡ⤜䛻⃾͙ऻ႕䘬ञД

፝ЅЛя䕁喌ѵङщ፝ЅЛ̯⁐喌Ύᅠ᭞䄣ັ᳋ₓϩ౗ᄾ⌹䕁㐈ᄾ䒘㏧Ა⮳ᬥՈ፝ᔈ喌䗒ͷ౗ᄾ䒘

䕁㐈ᄾ⌹⮳ᬥՈᅠ̼щ፝ڼᔈȡࣼͺϕ♥ȡ

䔇᰸̯Хκᗴ䰯㺰∗ᘾ喌ڗ⤜⃾͙ऻ႕᙮ᘾ፝ᔈ⮳ຬᙎᏕ᰸倇᰸ѽ喈∗ᘾ喚ᄾ⌹঻ᄾ䒘⮳ຬᓲ

⼺Ꮥ⇐᰸჉͸喌䓂ڔᬥ⩗ 0㶗⹩喉喌ञД⩗̯͙ 0 ∼ 100⮳㜙♥᪟Ე㶗⹩喌᪟䊹๖㶗⹩䊹ຬᓲȡᄾ⌹

঻ᄾ䒘ጻ᱊ᅬञ㘬ឭຬᓲ⼺Ꮥ倇⮳ऻ႕Ე፝ᔈя㏧Ა喌ࢢឭݟᲔ఍͓Აя䕁䌞ᒳ喌Үᓆ䔈͓Ა䌞ᒳ

̹ऻ႕⮳ຬᓲ⼺Ꮥङ঻ᰯ๖ȡ⣟౗喌䄦ҏ፝ߘᄾ⌹঻ᄾ䒘ឭݟ䔈ᵦ⮳͓Ა䌞ᒳȡ
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䓂ڔ

䓂ڔ⮳せ̯㵻᰸ 2͙⩗⾩ᵫ䯃ᐯ⮳᪣᪟m঻ n喌㶗⹩⤜䛻᰸m㵻 n݆ (1 ≤ m,n ≤ 50)ȡᣔ̺

Ე⮳m㵻᭞̯͙m ∗n⮳ⴘ䭤喌ⴘ䭤͜せ i㵻 j݆⮳᪣᪟㶗⹩౿౗せ i㵻 j݆⮳႕⩎⮳ຬᓲ⼺Ꮥȡ⃾

㵻⮳ n͙᪣᪟ͺ䬣⩗⾩ᵫ䯃ᐯ

䓂ܩ

䓂̯ڠܩ㵻喌࠴ग़̯͙᪣᪟喌㶗⹩Ე఍͓Ა䌞ࣱ̹̽я䕁㏧Ა⮳႕⩎⮳ຬᓲ⼺Ꮥͺ঻⮳ᰯ๖իȡ

ᵦҺ䓂ڔ

3 3
0 3 9
2 8 5
5 7 0

ᵦҺ䓂ܩ

34

ܵᲿ

䔈᭞᷺̯͙Ⰷᒑߗᔰ㻳݁ȡ⩗ⴘ䭤 int g[MAX][MAX]ႇח䓂ڔ᪟ᢝ喌ࢢ⃾͙႕⩎⮳ຬᓲիȡ
䷇ⰝへЦͩͩϽ (1, 1)я͓ᑏ㏧Აݟ (m,n)ȡ⃾͙㏧Ა䘬᭞⩠̹䲑ᝅጕ䓨я䕁䓶Ე⮳喌ᝯД᰸ఊ

⻼ᗴۤȡ䃭⟥ᔰͩ f [i][j][k][l]喌㶗⹩㏧Ა̯౗ (i, j),㏧Აλ౗ (k, l)⮳ຬᓲ⼺Ꮥͺ঻喌⟥ᔰ䒛⼪᫨⼺

ͩ

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 ⮳ᰯ๖ի᭞ 50喌Ꮓ䄔᰸ぃ䄞喌Ⴭ䭴᭞ 51 */

int m, n; /* 㵻喌݆ */
int g[MAX][MAX]; /* ຬᓲի */
/** ䷇ⰝへЦͩͩϽ (1喌1) я͓ᑏ㏧Აݟ (m,n)喌
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* f[i][j][k][l] 㶗⹩㏧Ა̯౗ (i,j), ㏧Აλ౗ (k,l喉⮳ຬᓲ⼺Ꮥͺ঻
*/

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));
/* ⃾͙㏧Ა䘬᭞⩠̹䲑ᝅጕ䓨я䕁䓶Ე⮳喌 ᝯД᰸ఊ⻼ᗴۤ */
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:ᱛ䷇ञДч̸ͩࡅ㐣

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

• wikioi 1169,я㏧Ა, http://www.wikioi.com/problem/1169/
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̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• null

13.8.4 俀บ⍧ࢵ

᣾䔟

䃭᰸̯͙ n ∗m⮳᷺Ⰷ (2 ≤ n ≤ 50, 2 ≤ m ≤ 50)喌ັభ 13-4ᝯ⹩喌౗᷺Ⰷ̹᰸̯͙͜బ䆐᷺供ȡ
㻳჉喚

• 供ङ㘬䊟ᬔႆ

• 供ङ㘬ीढ䌢

భ 13-4 俀บ⍧ࢵ

䬝㐈჉䊦◨ (x1,y1)঻㏷◨ (x2,y2)喌ⅱܩ供Ͻ (x1,y1)ݟऀܩ (x2,y2)⮳ष∄䌞ᒳᲐ᪟ȡ

䓂ڔ

せ̯㵻 2͙᪣᪟ n঻ m喌せλ㵻 4͙᪣᪟ x1,y1,x2,y2

䓂ܩ

ष∄䌞ᒳᲐ᪟

ᵦҺ䓂ڔ

30 30
1 15 3 15

ᵦҺ䓂ܩ

2
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ܵᲿ

䔈᭞̯䖂᷺Ⰷ಺ߗᔰ㻳݁ȡ

䃭⟥ᔰͩ f[i][j]喌㶗⹩Ͻ䊦◨ (x1,y1)ݟ (i,j)⮳ष∄䌞ᒳᲐ᪟喌⟥ᔰ䒛⼪᫨⼺ͩ

f [i][j] = f [i− 1][j − 2] + f [i− 1][j + 2] + f [i− 2][j − 1] + f [i− 2][j + 1]

∗ᘾ喌ष∄䌞ᒳᲐ᪟᰸ञ㘬䲍፧๖喌32Ѽ᪣᪟ႇ̼̺喌䰯㺰⩗ 64Ѽ᪣᪟ȡ

代码

horse.c
#include <stdio.h>
#include <memory.h>
#include <stdint.h>

#define MAX 51 /* n,m ᰯ๖ի喌ᱛ䷇㠲ణࣷ᰸ぃ䄞喌Ꮓ䄔᭞ 51 */

int n, m;
int x1, y1, x2, y2;
/*f[i][j] 㶗⹩Ͻ (x1,y1) ݟ (i,j) ⮳ष∄䌞ᒳ⮳Ა᪟ */
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

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

• wikioi 1219,俀บ⍧ࢵ, http://www.wikioi.com/problem/1219/

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• null
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13.9 ݁ܵ಺ߗᔰ㻳݁

13.9.1 ·⼞ᰯ๖

᣾䔟

䃭᰸̯͙䪮Ꮥͩ N ⮳᪟ႆ͡喌㺰ⅱ䔸手Ү⩗K ͙·दᄵႲܵ᜿K + 1͙䘗ܵ喌ឭ̯ܩ⻼ܵ∄喌

Үᓆ䔈K + 1͙䘗ܵ⮳·⼞㘬๎ͩᰯ๖ȡ

͙ͭҺၿ喚᰸̯͙᪟ႆ͡喚312喌ᒂ N = 3喌K = 1ᬥщ᰸Д̺͓⻼ܵ∄喚

• 3*12=36

• 31*2=62

䔈ᬥ喌さष䷇Ⱍ㺰ⅱ⮳㐂᳋᭞喚31*2=62ȡ

䓂ڔ

䓂ڠڔ᰸͓㵻喚

せ̯㵻ڠ᰸ 2͙㜙♥᪟ N,K(6 ≤ N ≤ 40, 1 ≤ K ≤ 6)

せλ㵻᭞̯͙䪮Ꮥͩ N ⮳᪟ႆ͡ȡ

䓂ܩ

䓂ᰯܩ๖·⼞

ᵦҺ䓂ڔ

4 2
1231

ᵦҺ䓂ܩ

62

ܵᲿ

仅ٷ喌ᱛ䷇ञД⩗ࡩ䬣಺ߗᔰ㻳݁⮳ᕌ䌞㼒ۢȡ䃭⟥ᔰͩ f[i][j][k]喌㶗⹩ iݟ j䔈̯⃤⩗ k͙·
द⮳ᰯ๖·⼞喌⟥ᔰ䒛⼪᫨⼺ັ̺喚

f [i][j][k] = max {f [i][s][t] ∗ f [s+ 1][j][k − t− 1]} , i ≤ s < j, 0 ≤ t < k

฼ᱱᏕ᭞ O(N3K2)喌代码ັ̺喚
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/** wikioi 1017 ·⼞ᰯ๖, 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] 㶗⹩ i ݟ j 䔈̯⃤⩗ k ͙·द⮳ᰯ๖·⼞. */
int64_t f[MAXN][MAXN][MAXK+1];

#define max(a,b) ((a)>(b)?(a):(b))

/** 䃐テ str[l,r] ႆさ͡⮳ի喌int64 ञД䓶喌̼⩗倇㇭Ꮥ. */
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;

}

/**
* ᔰ㻳݁喌฼ᱱᏕ᭞ߗ䬣಺ࡩ 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;

}

ᅬバ̹䲑⮳代码ञД ACε喌ѵ䔇᰸ᰣ倇᩷⮳ᕌ䌞ȡ䃭⟥ᔰͩ f[k][j]喌㶗⹩౗ࡩ䬣 [0,j]ᩭڔ k͙
·द⮳ᰯ๖·⼞喌⟥ᔰ䒛⼪᫨⼺ັ̺喚

f [k][j] = max {f [k][j], f [k − 1][i] ∗ num(i+ 1, j), 0 ≤ i < j}

฼ᱱᏕ᭞ O(N2K)ȡ代码ັ̺ȡ

代码

maximal_product.c
/** wikioi 1017 ·⼞ᰯ๖, 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] ౗ࡩ䬣 [0,j] ᩭڔ k ͙·द⮳ᰯ๖·⼞. */
int64_t f[MAXK+1][MAXN];

#define max(a,b) ((a)>(b)?(a):(b))

/** 䃐テ str[l,r] ႆさ͡⮳ի喌int64 ञД䓶喌̼⩗倇㇭Ꮥ. */
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;

}

/** ݁ܵ಺಺ߗᔰ㻳݁喌฼ᱱᏕ᭞ 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

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

• wikioi 1017,·⼞ᰯ๖, http://www.wikioi.com/problem/1017/

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• null

13.9.2 ᪟⮳݁ܵ

᣾䔟

ᄵ᪣᪟ nܵ᜿ kЬ喌̓⃾Ь̼㘬ͩ⾩喌Ъᘾ͓⻼݁ܵ᫨ᵷ̼㘬Ⱗऻ (̼㔲㮀䶩Ꮎ)ȡ
Һັ喚n = 7喌k = 3喌̺䲑̸⻼݁ܵ᫨ᵷ㷚䃓ͩ᭞Ⱗऻ⮳ȡ

1 1 5
1 5 1
5 1 1

䬝᰸้ᅀ⻼̼ऻ⮳ܵ∄ȡ

䓂ڔ

n, k(6 < n ≤ 200, 2 ≤ k ≤ 6)

䓂ܩ

̯͙᪣᪟喌̼ࢢऻ⮳ܵ∄ȡ
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ᵦҺ䓂ڔ

7 3

ᵦҺ䓂ܩ

4

ܵᲿ

䃭⟥ᔰͩ f[k][i]喌㶗⹩ᄵ᪣᪟ iܵ᜿ kЬ⮳᫨ᵷ᪟ȡ᰸͓⻼ᗴۤ喌̯⻼݁ܵ͜᰸㜢ᅀ̯͙ 1喌क
ๅ̯⻼݁ܵ͜ᝯ᰸⮳᪟䘬๖ν 1ȡᄨνせ̯⻼݁ܵ喌࣪ᢸ̯͙ 1喌ᅠइ᜿ε̯͙νၿ䬝䷇ f[n-1][k-1]喌
ᄨνせλ⻼݁ܵ喌ឹ݁ܵ͜⮳⃾͙᪟䘬࣪۾ 1喌ᅠइ᜿ε̯͙ၿ䬝䷇ f[k][n-k]ȡఏₓ喌⟥ᔰ䒛⼪᫨⼺
ັ̺喚

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] 㶗⹩ᄵ᪣᪟ i ܵ᜿ k Ь⮳᫨ᵷ᪟. */
int f[MAXK+1][MAXN+1];

/** ݁ܵ಺ߗᔰ㻳݁喌฼ᱱᏕ᭞ 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

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

• wikioi 1039,᪟⮳݁ܵ, http://www.wikioi.com/problem/1039/

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• None

13.10 ᵀ಺ߗᔰ㻳݁

13.10.1 䃮䬝㞩ᱞ亵

᣾䔟

⯝ᅃ᭞̯͙ܩε़⮳Ⰶ⩪㔴喌Ѕ㏾䓶᪟᰷⮳㇭ᓲ۵备喌គテݟ㞩ᱞ亵Ⰶ⩪ȡ㞩ᱞ亵⮳㐂Ჳ喌⃾Ა

䊟ᏹ㺰ͷܵࣸͩλᲐ䊟ᏹ喌㺰ͷ䕉ी̯͙ᆄ㻷დȡ⯝ᅃⴔ䖂⃾͙ᆄდ䛻㫾⩪⮳᪟䛾喌Ꭵ̓Ѕ㇭⶝౟

≺䛾ε䕉䓶⃾Ა䊟ᏹ⮳ᬥ䬣喌⩠ν㏾侻㔰䖂喌Ѕᠮ̺̯ޞ⩪䰯㺰 5⼁⮳ᬥ䬣ȡҏ⮳Ъߐ᭞䃭䃐̯͙
⼺Ꮎ喌䃐テ౗䂕ᄎ䊥Ეͺݼ (䂕ᄎݟ䓭ᬥ⯝ᅃ఍ݟεڔऒΎテ)喌Ѕᰯ้㘬้֦ݟᅀ፴⩪ȡ

భ 13-5 㞩ᱞ亵

䓂ڔ

せ 1㵻᭞䂕ᄎ䊥ݟᓆᬥ䬣 s(s ≤ 600)喌Д⼁ͩࢄѼȡせ 2㵻᣾䔟ε㞩ᱞ亵ᓆ㐂Ჳ喌᭞̯͡䲍䉎᪣
᪟喌᜿ᄨ౟ܩ⣟喚⃾̯ᄨᓆせ̯͙᪟᭞䊟䓶̯Ა䊟ᏹᓆᬥ䬣喌せ 2͙᪟᭞Ⴒᱚ〞ᓆ㫾⩪᪟䛾喛ັ᳋せ
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2͙᪟᭞ 0喌䗒ͷ䄣ᬽ䔈Ა䊟ᏹ͓ܵࣸͩᲐकๅᓆ䊟ᏹȡ䊟ᏹ⮳᪟Ⱍ ≤ 100ȡ᪟ᢝᠸ⚖⌠Ꮥчٷᓆ⁐

Ꮎ㐈ܩ喌䄦ⰺᵦҺ

䓂ܩ

䓂ݟ֦ܩᓆ⩪ᓆ᪟䛾

ᵦҺ䓂ڔ

60
7 0 8 0 3 1 14 2 10 0 12 4 6 2

ᵦҺ䓂ܩ

2

ܵᲿ

䃭⟥ᔰͩ f[root][time]喌㶗⹩౗ root㞱◨喌̺ޘ timeᬥ䬣ڴ㘬֦ݟ⮳⩪᪟喌݈⟥ᔰ䒛⼪᫨⼺ັ
̺喚

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 䃮䬝㞩ᱞ亵, http://www.wikioi.com/problem/1163/ */
#include<stdio.h>
#include <memory.h>

#define max(a,b) ((a)>(b)?(a):(b))
#define MAXN 1010 /* 䊟ᏹ⮳ᰯ๖᪟Ⱍ */

/* 䓂ڔ᪟ᢝ喌䂕ᄎݟ䓭ᬥ䬣喌䊟ᏹᬥ䬣喌㫾⩪᪟䛾 */
int LIMIT, T[MAXN], P[MAXN];
/* λࣸᵀ喌㞱◨͙᪟喌ጕ႘ၿ喌ढ႘ၿ */
int n, L[MAXN], R[MAXN]; /* 0 Ѽ㒝᱙⩗ */

/* f[root][time] 㶗⹩౗ root 㞱◨喌̺ޘ time ᬥ䬣ڴ㘬֦ݟ⮳⩪᪟ */
int f[MAXN][MAXN];

/**
* @brief 䓂ڔ⮳᪟ᢝ᭞ݼᎾ䕼ࢵᎾ݆喌ӌ⁐䄪ڔ喌䕁ᒁᐩᵀ
* @return ᵨ㞱◨
*/

int build_tree() {
n++;
scanf("%d%d", &T[n], &P[n]);
T[n] *= 2; /* 䊟ᏹ㟠䉨ᬥ䬣㺰 *2, ఏͩ䔇㺰ܩᲔ */
int now = n; /* ᒂݼ㞱◨ */
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if (P[now] == 0) {
L[now] = build_tree(); /* ᐩ⿺㞱◨ now ⮳ጕၿᵀ */
R[now] = build_tree(); /* ᐩ⿺㞱◨ now ⮳ढၿᵀ */

}
return now;

}

/**
* 备ᔇᒄ∄.
* @param[in] root ᐯ໺㞱◨
* @param[in] ᬥ䬣҈ޘ
* @return ᓆ⩪⮳᪟䛾ݟ֦
*/

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]; /* ⪈㐈ጕढၿ㞱◨⮳ᬥ䬣 */

/* ᆄ㻷დࢢ䓭थၿ㞱◨喌ݟ */
if (!L[root] && !R[root]) {

/* ̼㘬 tt / 5, ఏͩᬥ䬣๎喌ѵ᭞ञ㘬⩪̼๎ */
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

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚
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• wikioi 1163,䃮䬝㞩ᱞ亵, http://www.wikioi.com/problem/1163/

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• None

13.10.2 ⇐᰸̹ध⮳㝍щ

᣾䔟

Ural๖႕᰸N ͙㕻ই喌㑅दͩ 1 ∼ NȡЅЛ᰸Ͻᆍڢ㈪喌Ύᅠ᭞䄣ЅЛ⮳ڢ㈪ᅠ̯׾ḤДᵐ䪮

ͩᵨ⮳ᵀ喌❥㐂◨ᅠ᭞ၿ㐂◨⮳Ⱓᣔ̹धȡ⃾͙㕻ই᰸̯͙ᔚͿᠶ᪟ȡ⣟౗᰸͙গᎣᎵუщ喌㺰ⅱ̽

щ㕻ই⮳ᔚͿᠶ᪟ᰯ๖ȡѵ᭞喌⇐᰸㕻ই᙮঻Ⱓᣔ̹ध̯䊦̽щȡ

䓂ڔ

せ̯㵻̯͙᪣᪟ N(1 ≤ N ≤ 6000)ȡ

ᣔ̺Ე N 㵻喌せ i+ 1㵻㶗⹩ iद㕻ই⮳ᔚͿᠶ᪟ Ri(−128 ≤ Ri ≤ 127)ȡ

ᣔ̺Ე N − 1㵻喌⃾㵻䓂̯ڔᄨ᪣᪟ L,Kȡ㶗⹩K ᭞ L⮳Ⱓᣔ̹धȡ

ᰯऽ̯㵻䓂ڔ 0,0喌㶗⹩㐂᲎ȡ

䓂ܩ

䓂ᰯܩ๖⮳ᔚͿᠶ᪟

ᵦҺ䓂ڔ

7
1
1
1
1
1
1
1
1 3
2 3
6 4
7 4
4 5
3 5
0 0

ᵦҺ䓂ܩ

5
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ܵᲿ

䃭⟥ᔰͩ f[k][0]঻ f[k][1]喌f[k][0]㶗⹩せ i͙ϩࣱ̼ߏᬥ⮳ᰯ๖ի喌f[k][1]㶗⹩せ k͙ϩࣱߏ
⮳ᰯ๖ի喌݈⟥ᔰ䒛⼪᫨⼺ັ̺喚

f [k][0] =
∑
l

max {f [l][0], f [l][1]} , ͜ڥ k᭞ l⮳Ⱓᣔ̹ध

f [k][1] =
∑
l

f [l][0] + r[k]

代码

ball.c
/* wikioi 1380 ⇐᰸̹ध⮳㝍щ, http://www.wikioi.com/problem/1380 */
#include<stdio.h>
#include<string.h>

#define MAXN 6001 /* 0 Ѽ㒝᱙⩗ */
#define max(a,b) ((a)>(b)?(a):(b))
typedef char bool;

int n;
/* ᔚͿᠶ᪟ */
int r[MAXN];

/* 䲈ᔰ䨭㶗㞱◨. */
typedef struct edge_t {

int v;
int prev; /* ̹̯Ა䓨喌ՁⱯ͡䊦Ე */

} edge_t;

/* ้͙䲈ᔰ䨭㶗౗̯͙᪟㏳䛻喌Ⴭ䉗̹᭞ᵀ⮳႘ၿ㶗⹩∄ */
edge_t edge[MAXN-1];

/* head[root] ᠶी㶗๣喌ᰯࢢऽ̯Ა䓨 */
int head[MAXN];

/* has_boss[i] 㶗⹩せ i ͙ϩ᭞ॕ᰸̹ध */
bool has_boss[MAXN];

int f[MAXN][2];

int cnt; /* 䓨͙᪟-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

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

• wikioi 1380,⇐᰸̹ध⮳㝍щ, http://www.wikioi.com/problem/1380/

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• None



13.11 ᰯ๖ၿⴘᒑ 231

13.11 ᰯ๖ၿⴘᒑ

౗̯͙㐈჉⮳ⴘᒑ㒀ᵫ͜᰸̯ϊ䯋ⶼ◨喌㺰ឭܩ㒀ᵫڴ䘗̼࠴ग़Ъ҄䯋ⶼ◨喌̓䓨⩻̽౿ᴶ䒣Ꭲ㵻

⮳ᰯ๖ၿⴘᒑȡ

䕶ݟⅱⴘᒑ䲑⼞喌̯㝛ឹጕ̹㼁䃭㒝ͩ౿ᴶ࣎◨喌䔈̽᪟႕͜⮳౿ᴶ㈪̼ऻȡ

㼒 ۢ ᫨ ∄ ࣱ 㔲 Ć≴ 䄷 ⩗ Ჰ ๖ ࡅ ᕌ ᘢ 㼒 ۢ ᰯ ๖ ၿ ⴘ ᒑ 䬝 ䷇ć喌

http://wenku.baidu.com/view/728cd5126edb6f1aff001fbb.html

᫨∄̯᭞̯⻼ᯣߊ᳉ͭ∄喌᫨∄λ᭞̯⻼ߗ㻳∄ȡ

13.11.1 ລ➊⊣౩

᣾䔟

⩠ν johnᐩ䕏ε➊౩ణᴾ喌⓯䊦εລ➊⮳ᙓᕁ喌ລ➊⮳ϖລ䛾ᕔ۾ޖᅀȡͩε䃗ຬລ➊喌john
ۢ჉౗➊౩͜ᐩ䕏̯͙๖಺⊣౩ȡѵ᭞ john⮳ລ➊᰸̯͙๶ᕙ⮳Ώᘞ喌⃾๣ລ➊䘬必䶪౗➊౩͜⮳
̯͙఩჉⮳Ѽ㒝ϖລ喌㔻ລ➊᭭♥̼㘬౗⊣౩͜ϖລ喌ν᭞喌johnጻ᱊ᝯᐩ䕏⮳⊣౩̼㺵Ⰵ䔈ϊϖ
ລ◨ȡ䔈఍喌Ѕࣷ㺰ⅱߘν clevowεȡҏ䔇㘬፝ߘ clevowॆ喟

john⮳➊౩঻㻳݁⮳⊣౩䘬᭞ⴘᒑȡ⊣౩㺰ႻڗѼν➊౩ͺڴ喌Ꭵ̓⊣౩⮳䒝ᐂ㺰̽➊౩⮳䒝
ᐂᎢ㵻ᝅ㔴䛼षȡ⊣౩̼㘬㺵ⰅЪ҄ϖລ◨喌ѵ᭞ϖລ◨ञДѼν⊣౩⮳䒝ᐂ̹ȡ

clevowᒂ♥ጻ᱊⊣౩⮳䲑⼞ᅬञ㘬๖ε喌ᝯДҏ⮳Ъߐᅠ᭞፝ຨ䃐テ⊣౩⮳ᰯ๖䲑⼞ȡ

䓂ڔ

䓂᪶ڔХ⮳せ̯㵻࠴ग़͓͙᪣᪟ L঻W(1 ≤ L,W ≤ 30000)喌ܵݚ㶗⹩➊౩⮳䪮঻წȡ᪶Х⮳
せλ㵻࠴ग़̯͙᪣᪟ n(0 ≤ n ≤ 5000)喌㶗⹩ϖລ◨⮳᪟䛾ȡД̺ n㵻⃾㵻࠴ग़͓͙᪣᪟ x঻ y喌㶗
⹩̯͙ϖລ◨⮳౿ᴶȡᝯ᰸ϖລ◨䘬Ѽν➊౩ڴ喌ࢢ喚0 ≤ x ≤ l, 0 <≤ y ≤ wȡ

䓂ܩ

䓂᪶ܩХϴ̯㵻喌࠴ग़̯͙᪣᪟ S喌㶗⹩⊣౩⮳ᰯ๖䲑⼞ȡ

ᵦҺ䓂ڔ

10 10
4
1 1
9 1
1 9
9 9

ᵦҺ䓂ܩ

80
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ܵᲿ

䔈䛻Ү⩗᫨∄λ喌䰯㺰ٷ։̯჉⮳䶳ำ⤵ȡ⩠νせλ⻼テ∄฼ᱱᏕ̽➊౩⮳䲑⼞᰸ڢ喌㔻䷇Ⱍ

͜➊౩⮳䲑⼞ᒷ๖喈30000×30000喉喌ఏₓ䰯㺰ᄨ᪟ᢝ䔊㵻⻪᪒ࡅำ⤵ȡ⻪᪒ࡅऽⴘᒑ⮳๖ᄾ䭼ͩ S×S喌
ᝯДᬥ䬣฼ᱱᏕͩ O(S2)喌⾩䬣฼ᱱᏕͩ O(S)ȡ䰯㺰∗ᘾ⮳᭞喌ͩεԌ䃰テ∄㘬ₒ⶝ព㵻喌ឹ (0,0)঻
(m,n)䃭㒝ͩϖລ◨喌Ⱗᒂν̹ߏε̯͙Ć㮉᠎䓨⩻ćȡ

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; /* 䪮喌々ी x ౿ᴶ喌წ喌Ὑी y ౿ᴶ */
int n; /* n ͙ϖລ◨ */
int x[MAXN], y[MAXN]; /* ϖລ◨౿ᴶ */

int int_cmp(const void *a, const void *b) {
const int *ia = (const int*) a;
const int *ib = (const int*) b;
return *ia - *ib;

}

/* へЦν฼ݥ㇇䉣喌䔈䛻ͩε㞱㏕ヶ፴喌Ү⩗ include喌౗ OJ ̹᣿ϓᬥ䄦⩗฼ݥ㇇䉣 */
#include "binary_search.c"

/**
* @brief ⅱᰯ๖ၿⴘᒑ
*
* ࣱ㔲 http://wenku.baidu.com/view/728cd5126edb6f1aff001fbb.html ⮳せλ⻼᫨∄
*
* @param[in] L 䪮Ꮥ喌㏤ी
* @param[in] W წᏕ喌Ὑी
* @param[in] x ㏤ी x ౿ᴶ
* @param[in] y Ὑी y ౿ᴶ
* @param[in] n 䯋ⶼ◨⮳͙᪟
* @return ᰯ๖ၿⴘᒑ⮳䲑⼞
*/

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; // ጕ䓨⩻喌ढ䓨⩻
int result = 0, temp;
int **v; // ᫟⮳ 01 ⴘ䭤喌1 㶗⹩䯋ⶼ◨
int *h; // 倇Ꮥ
int *l; // ጕ䓨⩻
int *r; // ढ䓨⩻

memcpy(a, x, n * sizeof(int));
memcpy(b, y, n * sizeof(int));
a[la++] = 0;
b[lb++] = 0;
a[la++] = L;
b[lb++] = W;

// ࣪䛼
qsort(a, la, sizeof(int), int_cmp);
qsort(b, lb, sizeof(int), int_cmp);
for (j = 1, i = 1; i < la; i++) { // ࣪䛼

if (a[i] != a[i - 1])
a[j++] = a[i];

}
la = j;
for (j = 1, i = 1; i < lb; i++) { // ࣪䛼

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));
//*******************************//

// 䃐テ v ⴘ䭤
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; //ᴶ䃟䯋ⶼ◨

}

// ࡅ໺݌
for (i = 0; i < lb; i++) {

l[i] = 0;
r[i] = W;
h[i] = 0;

}



234 せ 13』 ᔰ㻳݁ߗ

for (i = 1; i < la; i++) { // Ͻ̹̺ݟ
lm = 0;
for (j = 0; j < lb; j++) { // Ͻጕݟढ䃐テ l[j]

if (!v[i - 1][j]) { //ັ᳋̹̯͙̼᭞䯋ⶼ◨
h[j] = h[j] + a[i] - a[i - 1]; //倇Ꮥ㉞ߏ
// l[i][j]=max(l[i-1][j] , ጕ䓨せ̯͙䯋ⶼ◨ (i-1,j) ⮳Ѽ㒝)
l[j] = max(l[j], lm);

} else { //ັ᳋̹̯͙◨᭞䯋ⶼ◨
h[j] = a[i] - a[i - 1]; //倇Ꮥ䛼᫟䃐テ
l[j] = 0;
r[j] = W;
lm = b[j]; //ᰣ᫟ (i-1,j) ጕ䓨せ̯͙䯋ⶼ◨⮳Ѽ㒝

}
}
rm = W;
for (j = lb - 1; j >= 0; j--) { // Ͻढݟጕ䃐テ r[j]

//r[i][j]=min(r[i-1][j] , (i-1,j) ढ䓨せ̯͙䯋ⶼ◨⮳Ѽ㒝)
r[j] = min(r[j], rm);
temp = h[j] * (r[j] - l[j]);
result = max(result, temp); //䃐テᰯч㼒
if (v[i - 1][j]) //ັ᳋䄔◨᭞䯋ⶼ◨喌ᰣ᫟ (i-1,j) ढ䓨せ̯͙䯋ⶼ◨⮳Ѽ㒝

rm = b[j];
}

}
// 䃐テὙᲐ⮳䲑⼞
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

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

• Vijos 1055ລ➊⊣౩, https://vijos.org/p/1055

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• LeetCode Maximal Rectangle, http://leetcode.com/onlinejudge#question_85喌

ࣱ㔲代码 https://gist.github.com/soulmachine/b20a15009450016038d9

• POJ 3494 Largest Submatrix of All 1’s, http://poj.org/problem?id=3494

13.11.2 ᰯ๖ڗ 1ၿⴘ䭤

᣾䔟

㐈჉̯͙m× n⮳ 01ⴘ䭤喌ⅱᰯ๖⮳ڗ 1ၿⴘ䭤ȡ

䓂ڔ

䓂࠴ڔग़้㏳≺䄄⩗Һȡ⃾㏳≺䄄⩗Һせ̯㵻࠴ग़͓͙᪣᪟ m঻ n(1 ≤ m,n ≤ 2000)喌ᣔ̺Ე
᭞ m㵻᪟ᢝ喌⃾㵻 n͙ٲ㉏ȡ

䓂ܩ

ᄨ⃾͙≺䄄⩗Һ喌䓂ᰯܩ๖ڗ 1ၿⴘ䭤⮳ 1⮳͙᪟ȡັ᳋䓂ڔ⮳ⴘ䭤᭞ڗ 0喌݈䓂ܩ 0.

ᵦҺ䓂ڔ

2 2
0 0
0 0
4 4
0 0 0 0
0 1 1 0
0 1 1 0
0 0 0 0

ᵦҺ䓂ܩ

0
4
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ܵᲿ

∗ᘾ喌̹̯䷇テ⮳᭞䲑⼞喌䔈̯䷇テ⮳᭞͙᪟喌౗᳿ϊ㏵㞱̹ำ⤵̼ऻȡ

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)); // 倇Ꮥ
int *L = (int*) malloc(n * sizeof(int)); // ጕ䓨⩻
int *R = (int*) malloc(n * sizeof(int)); // ढ䓨⩻
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

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

• POJ 3494 Largest Submatrix of All 1’s, http://poj.org/problem?id=3494

• LeetCode Maximal Rectangle, http://leetcode.com/onlinejudge#question_85喌

ࣱ㔲代码 https://gist.github.com/soulmachine/b20a15009450016038d9

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• Vijos 1055ລ➊⊣౩, https://vijos.org/p/1055
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భ

⽏ჵభ䔱ष⩗䗪ᣔⴘ䭤Ე㶗⹩ȡ

am_graph.cpp
/** 䶥◨᪟ᰯ๖ի. */
const int MAX_NV = 100;

/** 䓨⮳ᱲիㆪ಺喌ञДͩ int, float, double. */
typedef int graph_weight_t;
const graph_weight_t GRAPH_INF = INT_MAX;

/**
* @struct భ喌⩗䗪ᣔⴘ䭤 (Adjacency Matrix).
*/

struct graph_t {
int nv; // 䶥◨᪟
int ne; // 䓨᪟
// 䗪ᣔⴘ䭤喌ႇᩭ䓨⮳Ԑᖞ喌ັᱲ䛼へ
graph_weight_t matrix[MAX_NV][MAX_NV];

};
am_graph.cpp

⼯⪾భ䔱ष⩗䗪ᣔ㶗Ე㶗⹩ȡ

al_graph.cpp
/** 䓨⮳ᱲիㆪ಺喌ञДͩ int, float, double. */
typedef int graph_weight_t;

/** 䶥◨⮳㑅द喌ञДͩ char, int, string へ. */
typedef char graph_vertex_id_t;

/**
* @struct భ喌⩗䗪ᣔ㶗 (Adjacency List).
*/

struct graph_t {
int nv; // 䶥◨᪟
int ne; // 䓨᪟
// 䗪ᣔ㶗喌ႇᩭ䓨⮳Ԑᖞ喌ັᱲ䛼へ
map<graph_vertex_id_t, map<graph_vertex_id_t, graph_weight_t> > matrix;

};
al_graph.cpp

238
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14.1 భ⮳⌠᥋

భ⮳⌠Ꮥчٷ᥋㉑⮳代码ᵵ᳥ັ̺喚

graph_dfs.cpp
/**
* @brief భ⮳⌠Ꮥчٷ᥋㉑代码ᵵ᳥喌᥋㉑䓨.
* @param[in] g భ
* @param[in] u ◨䶥ऀܩ
* @param[in] visited 䓨⮳䃮䬝ࢵड䃟ᒄ
* @return ᬏ
* @remark ౗Ү⩗⮳ᬥՈ喌ͩε䭼ѽ䕁ᒁ⮳ڴႇ࢏⩗䛾喌ञДឹ
* g, visited ៬ܩᲔҋͩڗᅯइ䛾
*/

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; // ᬏीభ⩗䔈औ
// visited_edges[u][v] = true; // ᰸ीభ⩗䔈औ
dfs(g, v, visited);
// 䔈䛻写䕪䓀代码
// printf("%d %d\n", u, v);

}
}

/**
* @brief భ⮳⌠Ꮥчٷ᥋㉑代码ᵵ᳥喌᥋㉑䶥◨.
* @param[in] g భ
* @param[in] u ◨䶥ऀܩ
* @param[in] visited 䶥◨⮳䃮䬝ࢵड䃟ᒄ
* @return ᬏ
* @remark ౗Ү⩗⮳ᬥՈ喌ͩε䭼ѽ䕁ᒁ⮳ڴႇ࢏⩗䛾喌ञДឹ
* g, visited ៬ܩᲔҋͩڗᅯइ䛾
*/

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);
// 䔈䛻写䕪䓀代码
// printf("%d %d\n", u, v);

}
}

graph_dfs.cpp

14.1.1 Satellite Photographs

᣾䔟

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.

䓂ڔ

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.

䓂ܩ

Line 1: The size of the largest contiguous field in the satellite photo.

ᵦҺ䓂ڔ

10 5
..*.....**
.**..*****
.*...*....
..****.***
..****.***

ᵦҺ䓂ܩ

16

ܵᲿ

䔈᭞̯͙Ꭲ䲑⮳λ㐣౟భ喌ឹ౟భ̹⮳⃾͙◨ᒂ᜿䮿ᐾభ̹⮳̯͙䶥◨喌⃾͙䶥◨᰸̹̺ጕढ

ఊ͙䗪ᣔ◨ȡ౗䔈͙䮿ᐾభ̹䔊㵻⌠᥋ȡ

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 㵻 W ݆ */
char map[MAXH+2][MAXW+2];/* ̹̺ጕढ̯ߏష'.' ञД䭡ₑ䊹⩻ */

int count;

void dfs(int x, int y) {
/* '.'ε̯షߏ ञД䭡ₑ䊹⩻喌ఏₓ̼䰯㺰ݓ᫜䊹⩻ */
if (map[x][y] == '.') return;

map[x][y] = '.'; /* ᴶ䃟 (x,y) ጡ䃮䬝䓶喌䊦࣪ݟ䛼ҋ⩗ */
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 ᭞㵻᪟喌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

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

• POJ 3051 Satellite Photographs, http://poj.org/problem?id=3051
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̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• POJ 3620 Avoid The Lakes, http://poj.org/problem?id=3620

ࣱ㔲代码 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.

ܵᲿ

⁖៸఍䌞ȡ

ັ᳋㘬Ͻభ⮳᳿̯䶥◨ऀܩ喌⃾Ა䓨ᖟຬ㏾䓶̯⁐喌䔈ᵦ⮳䌞㏮⼟ͩ⁖៸䖂䌞 (Eulerian Path)ȡ
ັ᳋䔇㘬๎఍ݟ䊦◨喌䔈ᵦ⮳䌞㏮⼟ͩ⁖៸఍䌞 (Eulerian Circuit)ȡ
ᄨνᬏीభ G喌ᒂ̓ϴᒂ G᭞䔍䕉⮳喌̓ᰯ้᰸͓͙๶◨喌݈ႇ౗⁖៸䖂䌞ȡັ᳋᰸͓͙๶◨喌

݈必䶪Ͻ͙̯͜ڥ๶◨ऀܩ喌ݟक̯͙๶◨㏷ₑȡ

ັ᳋⇐᰸๶◨喌݈̯჉ႇ౗̯Ა⁖៸఍䌞ȡ

ᄨν᰸ीభ G喌ᒂ̓ϴᒂ G᭞䔍䕉⮳喌̓⃾͙◨⮳ڔᏕへνܩᏕ喌݈ႇ౗⁖៸఍䌞ȡ
ັ᳋᰸͓͙䶥◨⮳ڔᏕ̽ܩᏕ̼Ⱗへ喌̓ ̯͙䶥◨⮳ڔᏕ℃ܩᏕᄾ 1喌क̯͙䶥◨⮳ڔᏕ℃ܩᏕ

๖ 1喌ₓᬥ喌ႇ౗̯Ა⁖៸䖂䌞喌Д͙̯ݼ䶥◨ͩ䊦◨喌Дऽ̯͙䶥◨ͩ㏷◨ȡ

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 భ喌䗪ᣔⴘ䭤⮳इ⻼.
*/

struct graph_t {
int nv; // 䶥◨᪟
int ne; // 䓨᪟
// G[◨][䓨] = ◨喌䔈ᵦ᭞ͩε㘬᫨Ӯ䃘䓨 lexicographically 䓂ܩ
int matrix[MAX_NV][MAX_NE];

};

graph_t G;

bool visited[MAX_NE]; // 䓨᭞ॕጡ䃮䬝
int degree[MAX_NV]; // ◨⮳Ꮥ

stack<int> s; // ᴷ喌⩗ν䓂ܩ

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]) { //㠔Ⱗ䗪䓨᱙䃮䬝䓶
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];

}

/* ⁖៸఍䌞ᒑ᜿⮳ᲐХͺ̯喌ݓ᫜㐂◨⮳Ꮥ᭞ॕ֥ͩ᪟ */
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

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

• POJ 1041 John’s trip, http://poj.org/problem?id=1041

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

•Ȩテ∄」䊊ڔ䬗㏾ڧȩ¬ せ 111䶤 6.4.4㞱
• UVa 10054 The Necklace, http://t.cn/zRwqcRp
• UVa 10129 Play on Words, http://t.cn/zTInBDX

14.1.3 The Necklace

᣾䔟

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:

¬݇↌Ң,テ∄」䊊ڔ䬗㏾ڧ喌⌴ࡽ๖႕ܩ❷⹭喌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

ܵᲿ

⁖៸఍䌞ȡ

∗ᘾ䶥◨ञД᰸㜙⣞ȡ

代码

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

#define MAXN 51 // 䶥◨ᰯ๖͙᪟

int G[MAXN][MAXN];
int visited_vertices[MAXN];
int visited_edges[MAXN][MAXN];
int count[MAXN]; // 䶥◨⮳Ꮥ

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 ⁖៸఍䌞喌ٰ䃧㜙⣞঻䛼฼䓨
* @param[in] u 䊦◨
* @return ᬏ
*/

void euler(const int u){
int v;
for(v = 0; v < MAXN; ++v) if(G[u][v]){

--G[u][v]; --G[v][u]; // 䔈͙ឯ጖喌ࢢ᰸ visited 㘬喌ٰࣷ䃧䛼฼䓨ߎ⮳
euler(v);
// 䔵ीគ࢟喌ᝅ㔴ႇݟᴷ䛻ڼគ࢟
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; // 㐂◨⮳Ꮥ᭞ॕ֥ͩ᪟
int flag2 = 1; // భ᭞ॕ᭞䔍䕉⮳

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++);

// ⁖៸఍䌞ᒑ᜿⮳ᲐХͺ̯喌ݓ᫜㐂◨⮳Ꮥ᭞ॕ֥ͩ᪟
for(i=0; i<MAXN; ++i) {

if(count[i] & 1){
flag = 0;
break;

}
}
// ᷯᴔభ᭞ॕ䔍䕉
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

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

• UVa 10054 The Necklace, http://t.cn/zRwqcRp

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

•Ȩテ∄」䊊ڔ䬗㏾ڧȩ¬ せ 111䶤 6.4.4㞱

• POJ 1041 John’s trip, http://poj.org/problem?id=1041

• UVa 10129 Play on Words, http://t.cn/zTInBDX

14.2 భ⮳Ꭾ᥋

14.3 ᰯᄾ⩎᜿ᵀ

Ćᰯᄾćᠶ⮳᭞䓨⮳ᱲիͺ঻ᰯᄾȡ

Ჳ䕏ᰯᄾ⩎᜿ᵀ (Minimum Spanning Tree, MST)᰸้⻼テ∄ȡ้͜ڥ᪟テ∄ݘ⩗εᰯᄾ⩎᜿ᵀ⮳
̯͙ᕖ䉗喈ク⼟ͩMSTᕖ䉗喉喚ն䃭N = (V,E)᭞̯͙䔍䕉㒀喌U ᭞䶥◨䯵 V ⮳̯͙䲍⾩ၿ䯵ȡ㠔

(u, v)᭞̯Აڦ᰸ᰯᄾᱲի⮳䓨喌͜ڥ u ∈ U, v ∈ V −U喌݈必ႇ౗̯䷆࠴ग़䓨 (u, v)⮳ᰯᄾ⩎᜿ᵀȡ

Primテ∄঻ Kruskalテ∄᭞͓͙ݘ⩗MSTᕖ䉗Ჳ䕏ᰯᄾ⩎᜿ᵀ⮳テ∄ȡႲЛ䘬ᆍν䉙ᓲ∄ȡ

14.3.1 Primテ∄

ն䃭 N = (V,E) ᭞̯͙䔍䕉㒀喌TE ᭞ N ̹ᰯᄾ⩎᜿ᵀ͜䓨⮳䯵षȡテ∄Ͻ U = u0(u0 ∈
V ), TE = {}ᐯ໺喌䛼฼ព㵻̺䔟᧼ҋ喚౗ᝯ᰸ u ∈ U, v ∈ V − U ⮳䓨 (u, v) ∈ E ͜ឭ̯Ა代Цᰯ

ᄾ⮳䓨 (u0, v0)Ꭵڔ䯵ष TE喌ऻᬥ v0 Ꭵڔ U喌Ⱓ㜢 U = V ͩₑȡₓᬥ TE ͜必᰸ n− 1Ა䓨喌݈

T = (V, TE)ͩN ⮳ᰯᄾ⩎᜿ᵀȡͩ Ⴭ⣟䔈͙テ∄䰯䭳䃭̯͙᪟㏳ closedge喌Д䃟ᒄϽ U ݟ V −U

◨᰸ᰯᄾ代Ц⮳䓨ȡᄨ⃾͙䶥ڦ vi ∈ V −U喌౗䒴ߘ᪟㏳͜ႇ౗̯͙ⰧᏃܵ䛾 closedge[i-1]喌Ⴒ
͜ڥ᠛͓͙എ喌࠴ lowcostႇח䄔䓨̹⮳ᱲȡ᭭ ♥喌closedge[i].lowcost = min {cost(u, vi), u ∈ U}ȡ
adjvexഎႇח䄔䓨ӌ䭳⮳౗ U͜⮳䶥◨ȡ
భ 14-1ᝯ⹩ͩᠸ Primテ∄Ჳ䕏㒀⮳̯Ḥᰯᄾ⩎᜿ᵀ⮳䓶⼺喌౗Ჳ䕏䓶⼺͜䒴ߘ᪟㏳͜ळܵ䛾ի

⮳इັࡅ㶗14-1ᝯ⹩ȡ

¬݇↌Ң,テ∄」䊊ڔ䬗㏾ڧ喌⌴ࡽ๖႕ܩ❷⹭喌2009
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భ 14-1 Primテ∄Ჳ䕏ᰯᄾ⩎᜿ᵀ⮳䓶⼺

㶗 14-1 Ჳ䕏ᰯᄾ⩎᜿ᵀ䓶⼺͜䒴ߘ᪟㏳⮳इࡅ
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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;

/** 䶥◨᪟ᰯ๖ի. */
const int MAX_NV = 100;

/** 䓨⮳ᱲիㆪ಺喌ञДͩ int, float, double. */
typedef int graph_weight_t;
const graph_weight_t GRAPH_INF = INT_MAX;

/**
* @struct భ喌⩗䗪ᣔⴘ䭤 (Adjacency Matrix).
*/

struct graph_t {
int nv; // 䶥◨᪟
int ne; // 䓨᪟
// 䗪ᣔⴘ䭤喌ႇᩭ䓨⮳Ԑᖞ喌ັᱲ䛼へ
graph_weight_t matrix[MAX_NV][MAX_NV];

};

graph_t g;

struct closedge_t {
int adjvex; /* ᑖ๣喌ᆍν U */
/* 䓨 adjvex-> ᱛ̺ᴶ ⮳ᱲի喌-GRAPH_INF 㶗⹩ጡ㏾ڔߏ U */



252 せ 14』 భ

graph_weight_t lowcost;
};

/*
* @brief ౗ V-E 䯵ष͜ᄪឭᰯᄾ⮳䓨
* @param[in] closedge MST ͜⮳䓨喌䊦◨ͩ adjvex喌㏷◨ͩᱛ̺ᴶ
* @param[in] n closedge ᪟㏳⮳䪮Ꮥ
* @return ឭݟε݈䔃఍ᑖᅭ⮳̺ᴶ喌V-U ͩ⾩䯵݈䔃఍-1喌㶗⹩㏷ₑ
*/

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 テ∄喌ⅱభ⮳ᰯᄾ⩎᜿ᵀ.
* @param[in] g భᄨ䆐⮳ᠶ䦷
* @return MST ⮳䓨⮳ᱲիͺ঻
*/

graph_weight_t prim(const graph_t &g) {
graph_weight_t sum = 0; /* ᱲիͺ঻ */
int u = 0; /* Ͻ 0 द䶥◨ऀܩ */
const int n = g.nv;
/* closedge[n]喌䃟ᒄϽ䶥◨䯵 U ݟ V-U ⮳䓨 */
closedge_t* const closedge = new closedge_t[n];

/* 䒴ߘ᪟㏳݌໺ࡅ */
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) { /* ⮳҈ڥ n-1 ͙䶥◨ */
/* ⅱܩ TE ⮳̺̯͙䶥◨ k */
const int k = min_element(closedge, n);
/* 䓂ܩₓ䓨 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; // へЦ
closedge[k].lowcost = -GRAPH_INF; /* 䶥◨ k Ꭵڔ U喌㶗⹩ₓ䓨ڔߏ TE */
/* ᰣ᫟ k ⮳䗪ᣔ◨⮳ի喌̼Ⱗ䗪ͩᬏ⾦๖ */
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;

}

/** 䄪अ䓂ڔ喌Ჳᐩభ. */
void read_graph() {

int m, n;

/* 䄪अ㞱◨঻䓨⮳᪟Ⱍ */
cin >> m >> n;
g.nv = m;
g.ne = n;

/* భ喌ᝯ᰸㞱◨䬣䌌⻪ͩᬏ⾦๖ࡅ໺݌ */
for (int i = 0; i < m; i++) {

for (int j = 0; j < m; j++) {
g.matrix[i][j] = GRAPH_INF;

}
}

/* 䄪अ䓨Ԑᖞ */
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
䓂ڔ᪟ᢝ:
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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䓂ܩ:
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

テ∄ܵᲿ

ն䃭㒀͜᰸ n͙䶥◨喌݈せ̯͙䔊㵻݌໺ࡅ⮳ᓙ⣞䄜औ⮳䷀Ꮥͩ n喌せλ͙ᓙ⣞䄜औ⮳䷀Ꮥͩ

n− 1ȡ͜ڥ᰸͓͙ڴᓙ⣞喚̯ڥ᭞౗ closedge[v].lowcost͜ⅱᰯᄾի喌ڥ䷀Ꮥͩ n− 1喛ڥλ᭞

䛼᫟䔸᠘ڦ᰸ᰯᄾ代Ц⮳䓨喌ڥ䷀Ꮥͩ nȡఏₓ Primテ∄⮳ᬥ䬣฼ᱱᏕͩ O(n2)喌̽㒀͜䓨᪟ᬏڢ喌

ఏₓ䔱⩗νⅱ䓨⽏ჵ⮳భ⮳ᰯᄾ⩎᜿ᵀȡ

Primテ∄⮳क̯⻼Ⴭ⣟᭞Ү⩗ᄾᵨവ喌ڥ≰⼺᭞喚ᄾᵨവ͜ႇ͙̯ח〞◨౗⩎᜿ᵀ͜喌क̯͙
〞◨̼౗⩎᜿ᵀ⮳䓨喌⃾⁐Ͻᄾᵨവ⮳വ䶥ञ䔸ܩᱲիᰯᄾ⮳䓨 (u, v)喌ᄵڥϽവ͜ᣗܩ喌ڔߏ⩎᜿

ᵀ͜ȡ♥ऽᄵ᫟ܩ⣟⮳ᝯ᰸̯͙〞◨౗⩎᜿ᵀ͜喌̯͙〞◨̼౗⩎᜿ᵀ⮳䓨䘬ᤁڔᄾᵨവ͜ȡ̺̯

䒝䔜代͜喌̺̯Ა␐䋢㺰ⅱ⮳䓨̹ࣷݟࡶവ䶥ȡັₓ䛼฼ n− 1⁐喌ᰯऽᐩ⿺䊦䄔భ⮳ᰯᄾ⩎᜿ᵀȡ

䄔テ∄⮳ C代码Ⴭ⣟ັ̺ȡ

代码

am_graph_prim2.cpp
#include <iostream>
#include <climits> /* for INT_MAX */
#include <queue>
#include <algorithm>

using namespace std;

/** 䶥◨᪟ᰯ๖ի. */
const int MAX_NV = 100;

/** 䓨⮳ᱲիㆪ಺喌ञДͩ int, float, double. */
typedef int graph_weight_t;
const graph_weight_t GRAPH_INF = INT_MAX;

/**
* @struct భ喌⩗䗪ᣔⴘ䭤 (Adjacency Matrix).
*/
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struct graph_t {
int nv; // 䶥◨᪟
int ne; // 䓨᪟
// 䗪ᣔⴘ䭤喌ႇᩭ䓨⮳Ԑᖞ喌ັᱲ䛼へ
graph_weight_t matrix[MAX_NV][MAX_NV];

};

graph_t g;

/**
* @struct 䓨
*/

struct edge_t{
int u; // from
int v; // to
graph_weight_t w; // ᱲի

bool operator>(const edge_t &other) const {
return w > other.w;

}
};

/**
* @brief Prim テ∄喌ⅱభ⮳ᰯᄾ⩎᜿ᵀ.
* @param[in] g భᄨ䆐⮳ᠶ䦷
* @return MST ⮳䓨⮳ᱲիͺ঻
*/

int prim(const graph_t &g){
graph_weight_t sum = 0; // ᱲիͺ঻
priority_queue<edge_t, vector<edge_t>, greater<edge_t> > q;
const int n = g.nv;
bool* used = new bool[n]; // ᄾ⩎᜿ᵀᰯڔߏ᫜䶥◨᭞ॕጡ㏾ݓ
std::fill(used, used + n, false);

int count = 1; // MLE ᒂݼ⮳䓨᪟
int u = 0; // Ͻ 0 द䶥◨ऀܩ
used[u] = true; // ᐯ໺䶥◨ڔߏ U(ᝯД count ໺ͩ݌ 1)
while (count < n) {

for(int v = 0; v < n; v++) if(!used[v]) { // 㠔 v ̼౗⩎᜿ᵀ喌(u,v) വڔߏ
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(); // Ͻവ͜䔯ᰯܩᄾᱲի䓨喌ႇڔ e
if(!used[e.v]) {

// 䓂ܩ⩎᜿ᵀ TE ⮳䓨喌ࢢₓ䓨ڔߏ 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 Ꭵݟڔ⩎᜿ᵀ⮳䶥◨䯵ष U
count++;
break;
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}
}

}

delete[] used;
return sum;

}

// ...
am_graph_prim2.cpp

テ∄ܵᲿ

䄔テ∄䔜代⁐᪟ͩ O(n)喌⃾⁐䔜代ᄵᎢ౶ e/nᲐ䓨ᤁᰯڔᄾവ͜喌eᲐ䓨Ͻവ͜ݏ䮓喌വ⮳ᤁ

䮓᧼ҋᬥ䬣฼ᱱᏕ౶ͩݏ঻ڔ O(log
2
e)喌݈ᕪ⮳ᬥ䬣฼ᱱᏕͩ O(e log

2
e)ȡ

14.3.2 Kruskalテ∄

ն䃭䔍䕉㒀N = V,E喌݈ Гᰯᄾ⩎᜿ᵀ⮳݌໺⟥ᔰͩङ᰸n͙䶥◨㔻ᬏ䓨⮳䲍䔍䕉భ T = (V, )喌

భ͜⃾͙䶥◨㜙᜿̯͙䔍䕉ܵ䛾ȡ౗ E͜䔸᠘代Цᰯᄾ⮳䓨喌㠔䄔䓨ӌ䭳⮳䶥◨㥬౗ T ̼͜ऻ⮳䔍

䕉ܵ䛾̹喌݈ᄵₓ䓨ݟڔߏ T ͜喌ॕ݈㜼࣪ₓ䓨㔻䔸᠘̺̯Ა代Цᰯᄾ⮳䓨ȡӌ⁐ㆪᣗ喌Ⱓ㜢 T͜
ᝯ᰸䶥◨䘬౗ऻ̯䔍䕉ܵ䛾̹ͩₑȡ

భ14-2ᝯ⹩ͩ Kruskalテ∄Ჳ䕏̯Ḥᰯᄾ⩎᜿ᵀ⮳䓶⼺ȡ



14.3 ᰯᄾ⩎᜿ᵀ 257

భ 14-2 Kruskalテ∄Ჳ䕏ᰯᄾ⩎᜿ᵀ⮳䓶⼺

̺䲑᭞ Kruskalテ∄⮳ C䄜㼯Ⴭ⣟ȡ

代码

kruskal.cpp
#include <iostream>
#include <climits> /* for INT_MAX */
#include <queue>
#include <algorithm>

using namespace std;

/* へЦν฼ݥ㇇䉣喌䔈䛻ͩε㞱㏕ヶ፴喌Ү⩗ include喌౗ OJ ̹᣿ϓᬥ䄦⩗฼ݥ㇇䉣 */
#include "ufs.c" /* 㻰Ćᵀ-> Ꭵᴔ䯵ć䔈㞱 */

const int MAX_NV = 11; /* 䶥◨᪟ᰯ๖ի */
const int MAX_NE = 100; /* ᰯ๖䓨᪟ */
/** 䓨⮳ᱲիㆪ಺. */
typedef int graph_weight_t;

/** భ⮳䓨. */
struct edge_t{

int u; /** 䶥◨㑅द */
int v; /** 䶥◨㑅द */
graph_weight_t w; /** ᱲի */

bool operator>(const edge_t &other) const {
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return w > other.w;
}

};

edge_t edges[MAX_NE];

/*
* @brief Kruskal テ∄喌വ + Ꭵᴔ䯵.
* @param[in] edges 䓨⮳᪟㏳
* @param[in] n 䓨᪟喌̯჉㺰๖νᝅへν (䶥◨᪟-1)
* @param[in] m 䶥◨᪟
* @return MST ⮳䓨⮳ᱲիͺ঻
*/

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;

/* ឹᝯ᰸䓨ᤁڔവ͜ */
for (int i = 0; i < n; i++) {

q.push(edges[i]);
}

for (int i = 0; i < n; i++) {
/* Ͻവ͜䔯ᰯܩᄾᱲի䓨 */
const edge_t e = q.top(); q.pop();
/* अ͓䶥◨ᝯ౗䯵ष⮳ᵨ */
const int u = ufs_find(s, e.u);
const int v = ufs_find(s, e.v);
if (u != v) { /* ̼᭞ऻ̯䯵ष喌䄣ᬽ̼䔍䕉 */

ufs_union(s, u, v); /* षᎥ喌䔍䕉᜿̯͙ܵ䛾 */
/* 䓂ܩ⩎᜿ᵀ TE ⮳䓨喌ࢢₓ䓨ڔߏ 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 テ∄喌ᔚᣁ + Ꭵᴔ䯵. */
graph_weight_t kruskal1(edge_t edges[], int n, int m) {

graph_weight_t sum = 0;
ufs_t *s = ufs_create(MAX_NV); /* Ꭵᴔ䯵喌0 Ѽ㒝᱙⩗ */
if (n < m - 1) return -1;
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std::sort(edges, edges + n);

for (int i = 0; i < n; i++) {
/* Ͻവ͜䔯ᰯܩᄾᱲի䓨喌ႇڔ ed */
const edge_t e = edges[i];
/* अ͓䶥◨ᝯ౗䯵ष⮳ᵨ */
const int u = ufs_find(s, e.u);
const int v = ufs_find(s, e.v);
if (u != v) { /* ̼᭞ऻ̯䯵ष喌䄣ᬽ̼䔍䕉 */

ufs_union(s, u, v); /* षᎥ喌䔍䕉᜿̯͙ܵ䛾 */
/* 䓂ܩ⩎᜿ᵀ TE ⮳䓨喌ࢢₓ䓨ڔߏ TE */
cout << (char)('A' + e.u) << " - " << (char)('A' + e.v) << endl;
sum += e.w;

}
}
ufs_destroy(s);
return sum;

}

/* test
䓂ڔ᪟ᢝ:
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

䓂ܩ:
A - D
C - E
D - F
B - E
A - B
E - G
Total : 39
*/
int main() {

int m, n;
/* 䄪अ䶥◨᪟喌䓨᪟Ⱍ */
cin >> m >> n;

/* 䄪अ䓨Ԑᖞ */
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;

}

/* ⅱ㼒ᰯᄾ⩎᜿ᵀ */
cout << "Total : " << kruskal(edges, n, m) << endl;
return 0;

}
kruskal.cpp

テ∄ܵᲿ

ັ᳋䛶⩗䗪ᣔⴘ䭤ҋͩభ⮳ႇח㐂Ჳ喌݈ ౗ᐩ⿺ᄾᵨവᬥ䰯㺰ᷯ≺భ⮳䗪ᣔⴘ䭤喌䔈䰯㺰O(n2)

⮳ᬥ䬣ȡx ๅ喌䰯㺰ᄵ eᲐ䓨㏳᜿݌໺⮳ᄾᵨവȡັ ᳋ⰣᣔϽ⾩വᐯ໺喌ӌ⁐ᤁڔळ䓨喌䰯㺰O(e log
2
e)

⮳ᬥ䬣ȡ౗Ჳ䕏ᰯᄾ⩎᜿ᵀ⮳䓶⼺͜喌䰯㺰䔊㵻 O(e)⁐ܩവ᧼ҋ heap_remove()Ƞ2e⁐Ꭵᴔ䯵⮳

ufs_find()᧼ҋДࣹ n− 1⁐ ufs_union()᧼ҋ喌䃐テᬥ䬣ܵͩݚO(e log
2
e)ȠO(log

2
n)঻O(n)喌

ᝯДᕪᬥ䬣ͩ O(n2 + e log
2
e)ȡ

ັ᳋䛶⩗䗪ᣔ㶗ҋͩభ⮳ႇח㐂Ჳ喌݈౗ᐩ⿺ᄾᵨവᬥ䰯㺰ᷯ≺భ⮳䗪ᣔ㶗喌䔈䰯㺰 O(n+ e)

⮳ᬥ䬣ȡͩ ᐩ᜿݌໺⮳ᄾᵨവ喌䰯㺰O(e log
2
e)⮳ᬥ䬣ȡ౗Ჳ䕏ᰯᄾ⩎᜿ᵀ⮳䓶⼺͜喌䰯㺰䔊㵻O(e)

വ᧼ҋܩ⁐ heap_remove()Ƞ2e⁐Ꭵᴔ䯵⮳ ufs_find()᧼ҋДࣹ n− 1⁐ ufs_union()᧼ҋ喌䃐
テᬥ䬣ܵͩݚ O(e log

2
e)ȠO(e log

2
n)঻ O(n)喌ᝯДᕪᬥ䬣ͩ O(n+ e log

2
e)ȡ

14.3.3 Highways

᣾䔟

़̯͙च Flatopia⮳ᇊబ౟߮䲍፧Ꭲಕȡ̼ Ꭷ⮳᭞ Flatopia⮳ڠڛ倇䕎ڛ䌞㈪㐎ᒷጝߡȡFlatopia
⮳ᩮᏋΎᘾ䃵ݟε䔈͙䬝䷇喌ጡ㏾ᐩ䕏ε䃧้倇䕎ڛ䌞⩗Ე䔍ᣔ℃䒲䛼㺰⮳೽䩶ȡ̼䓶喌ϼ♥᰸̯

ϊ೽䩶⇐᰸ᣔڔ倇䕎ڛ䌞ȡఏₓ喌ᒷ᰸必㺰ᐩ䕏ᰣ้⮳倇䕎ڛ䌞喌䃘Ъᘾ͓͙೽䩶ͺ䬣ञД䕉䓶倇

䕎ڛ䌞䔍ᣔȡ

Flatopia⮳೽䩶Ͻ ݟ1 N 㑅द喌೽䩶 i⮳Ѽ㒝⩠お࢐ᅃ౿ᴶ (xi, yi)㶗⹩ȡ⃾Ა倇䕎ڛ䌞ϴ䔍ᣔ

͓͙೽䩶ȡᝯ᰸⮳倇䕎ڛ䌞䘬᭞Ⱓ㏮喌ఏₓႲЛ⮳䪮Ꮥᅠへν͓͙೽䩶ͺ䬣⮳⁖ℾ䌌⻪ȡᝯ᰸⮳倇

䕎ڛ䌞᭞ࣻी⮳喌倇䕎ڛ䌞ͺ䬣ञДⰧϓ喌ѵ᭞धᱩङ㘬౗ڛ䌞⮳〞◨喈Ύࢢ೽䩶喉ᢑ䖂ȡ

FlatopiaᩮᏋጻ᱊㘬ᰯᄾࡅᐩ䕏倇䕎ڛ䌞⮳代Цȡ⩠ν Flatopia౟߮Ꭲಕ喌̯Ა倇䕎ڛ䌞⮳代Ц
ₒ℃νႲ⮳䪮Ꮥȡఏₓ喌Ꮓ䄔䃘倇䕎ڛ䌞⮳ᕪ䪮Ꮥᰯᄾȡ

䓂ڔ

䓂ڔ⩠͓䘗ܵ㏳᜿ȡせ̯䘗ܵ᣾䔟ᝯ᰸⮳೽䩶喌せλ䘗ܵ᣾䔟ᝯ᰸ጡ㏾ᐩ䕏ຬ⮳倇䕎ڛ䌞ȡ
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せ̯㵻࠴ग़̯͙᪣᪟N(1 ≤ N ≤ 750)喌㶗⹩೽䩶⮳᪟Ⱍȡᣔ̺Ე⮳N 㵻⃾㵻࠴ग़̯ᄨ᪣᪟喌xi

঻ yi喌⩠⾩ᵫ䯃ᐯ喌㶗⹩せ i͙೽䩶⮳౿ᴶȡ౿ᴶ⮳㐌ᄨի̼щ䊴䓶 10000ȡ⃾͙೽䩶⮳౿ᴶ䘬̼䛼
एȡ

ᣔ̺Ე̯㵻࠴ग़̯͙᪣᪟M(0 ≤ M ≤ 1000)喌㶗⹩ጡ㏾ႇ౗⮳倇䕎ڛ䌞⮳᪟Ⱍȡᣔ̺Ე⮳M

㵻⃾㵻࠴ग़̯ᄨ᪣᪟喌㐈ܩε̯ᄨ೽䩶㑅द喌㶗⹩䔈͓͙೽䩶㷚̯Ა倇䕎ڛ䌞䔍ᣔ䊦Ეȡ⃾͓͙೽

䩶ͺ䬣ᰯ้㷚̯Ა倇䕎ڛ䌞䔍ᣔȡ

䓂ܩ

䓂ܩᝯ᰸䰯㺰᫟ᐩ⮳倇䕎ڛ䌞ȡ⃾㵻̯͙倇䕎ڛ䌞喌⩗̯ᄨ೽䩶㑅द㶗⹩ȡ

ັ᳋̼䰯㺰᫟ᐩ倇䕎ڛ䌞喌䓂ͩܩ⾩ȡ

ᵦҺ䓂ڔ

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

ᵦҺ䓂ܩ

1 6
3 7
4 9
5 7
8 3

ܵᲿ

ᒷᬽ᭭喌ᰯᄾ⩎᜿ᵀȡ

䷇͜⮳㒀㐋᭞̯͙Ⴛڗభ喌Ъᘾ͓͙೽䩶ͺ䬣䘬᰸䓨喌ᱲի᭞͓◨䬣⮳䌌⻪ȡఏₓ Primテ∄℃
Kruskalテ∄᩷⢶ᰣ倇ȡ
ᄨνጡ㏾ႇ౗⮳倇䕎ڛ䌞喌ГႲЛᱲիͩ 0喌ञДԌ䃰ႲЛ̯჉щ㷚䔸͜ȡ
ఏͩ䷇Ⱍङ䰯㺰䓂ܩ᫟ᐩ⮳倇䕎ڛ䌞⮳͓͙〞◨喌̼䰯㺰䓂ᰯܩᄾ⩎᜿ᵀ⮳䪮Ꮥ喌ᝯД䃐テ䌌

⻪⮳ᬥՈ̼⩗ sqrt喌Ύᅠ̼⩗ doubleεȡ
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代码

highways.cpp
// POJ 1751 Highways, http://poj.org/problem?id=1751

// へЦν฼ݥ㇇䉣喌䔈䛻ͩε㞱㏕ヶ፴喌Ү⩗ include喌౗ OJ ̹᣿ϓᬥ䄦⩗฼ݥ㇇䉣
#include "am_graph_prim1.cpp" // 㻰Ćభ-> ᰯᄾ⩎᜿ᵀ->Prim テ∄ć䔈㞱

// 1. ԝᩨ㠲ణ
const int MAX_NV = 750;
// 2. 䛼写 read_graph()
// 3. 䛼写 main()
// 4. ԝᩨ mgraph_prim() 䛻⮳ printf喌ᱲի๖ν 0 ᝼គ࢟ܩᲔ
if (g.matrix[closedge[k].adjvex][k] > 0)

cout << closedge[k].adjvex+1 << " " << k+1 << endl;

// 䓂ڔ᪟ᢝ
int n, m, x[MAX_NV], y[MAX_NV];

/*
* @brief ͓◨ͺ䬣⮳䌌⻪.
*
* ఏͩ䷇Ⱍङ䰯㺰䓂ܩ᫟ᐩ⮳倇䕎ڛ䌞⮳͓͙〞◨喌̼䰯㺰䓂ᰯܩᄾ⩎᜿
* ᵀ⮳䪮Ꮥ喌㘬℃䒲๖ᄾࢢञ喌ᝯД⩗䌌⻪⮳Ꭲ᫨喌クࡅ䃐テȡ
*
* @param[in] i 㑅दͩ i+1 ⮳೽䩶
* @param[in] j 㑅दͩ j+1 ⮳೽䩶
*
* @return ⁖ℾ䌌⻪⮳Ꭲ᫨
*/

static int distance(int i,int j) {
return (x[i]-x[j]) * (x[i]-x[j]) + (y[i]-y[j]) * (y[i]-y[j]);

}

/** 䄪अ䓂ڔ喌Ჳᐩభ. */
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

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

• POJ 1751 Highways, http://poj.org/problem?id=1751

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• 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 ᰯчጲ㏮䬝䷇

᣾䔟

႕ᵐ䰯㺰ᄵ nट䃐テᱩ䔍ᣔ䊦Ე喌̼ऻ⮳ 2ट䃐テᱩͺ䬣⮳䔍ᣔ䉨⩗ञ㘬᭞̼ऻ⮳ȡͩε㞱ⰰ
䉨⩗喌ᝀЛ㔲㮀䛶⩗䬣ᣔ᪟ᢝя䓂㐂᲎喌ᅠ᭞̯ट䃐テᱩञД䬣ᣔ౟䕉䓶ڥЅ䃐テᱩჍ⣟঻कๅ̯

ट䃐テᱩ䔍ᣔȡ

ͩεҮᓆЪᘾ͓ट䃐テᱩͺ䬣䘬᭞䔍䕉⮳喈̼バ᭞Ⱓᣔ䔇᭞䬣ᣔ⮳喉喌䰯㺰౗㠔Ꭱट䃐テᱩͺ䬣

⩗㒀㏮Ⱓᣔ䔍ᣔ喌⣟౗ᘢҮᓆᕪ⮳䔍ᣔ䉨⩗ᰯⰰ喌䃘ҏ㑅⼺䃐テ䔈͙ᰯᄾ⮳䉨⩗ȡ

䓂ڔ

䓂ڔせ̯㵻͓͙ͩ᪣᪟ n,m(2 ≤ n ≤ 100000, 2 ≤ m ≤ 100000)喌㶗⹩䃐テᱩᕪ᪟喌঻ञДρⰧ

ᐩ⿺䔍ᣔ⮳䔍ᣔ͙᪟ȡᣔ̺Ეm㵻喌⃾㵻̸͙᪣᪟ a, b, c㶗⹩౗ᱩ஗ a঻ᱩ஗ bͺ䬣ᐩ⿺䔍ᣔ⮳䄌

䉨᭞ cȡ(䷇ⰝԌ䃰̯჉ႇ౗ञ㵻⮳䔍䕉᫨ᵷ,᪟ᢝ͜ञ㘬ႇ౗ᱲի̼̯ᵦ⮳䛼䓨喌ѵ᭞Ԍ䃰⇐᰸㜙⣞)
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䓂ܩ

䓂ܩङ᰸̯㵻̯͙᪣᪟喌㶗⹩ᰯⰰ⮳ᕪ䔍ᣔ䉨⩗ȡ

ᵦҺ䓂ڔ

3 3
1 2 1
1 3 2
2 3 1

ᵦҺ䓂ܩ

2

ܵᲿ

ᱛ䷇᭞䲍፧Ⱓ⮬⮳ kruskalテ∄喌ञДⰣᣔҮ⩗せ §14.3.2㞱⮳ᵦҺ代码ȡ

代码

wiring.c
// wikioi 1231 ᰯчጲ㏮䬝䷇, http://www.wikioi.com/problem/1231/
// 1. ԝᩨ㠲ణ
const int MAX_NV = 100001; // 䶥◨᪟ᰯ๖ի
const int MAX_NE = 100000; // ᰯ๖䓨᪟
// 2. ∗䛹ᢸ kruskal() 䛻⮳ printf()
// 3. sum ㆪ಺ᩨͩ long long喌kruskal() 䔃఍իᩨͩ long long
// 4. main() 䛻⮳ printf ᩨͩ %lld
// 5. main() 䛻䓂ڔ䓨ᬥ喌䶥◨⩠ႆ⃼ᩨͩ᪣᪟

// へЦν฼ݥ㇇䉣喌䔈䛻ͩε㞱㏕ヶ፴喌Ү⩗ include喌౗ OJ ̹᣿ϓᬥ䄦⩗฼ݥ㇇䉣
#include "kruskal.cpp" // 㻰Ćభ-> ᰯᄾ⩎᜿ᵀ->Kruskal テ∄ć䔈㞱

wiring.c

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

• wikioi 1231ᰯчጲ㏮䬝䷇, http://www.wikioi.com/problem/1231/

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• None
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14.4 ᰯⴜ䌞ᒳ

14.4.1 ∄ⴜ䌞ᒳāāDijkstraテᰯ⎿ࢄ

ն䃭 S ͩጡⅱᓆᰯⴜ䌞ᒳ⮳◨⮳䯵ष喌݈ञ䃰ᬽ喚̺̯Აᰯⴜ䌞ᒳ喈䃭ڥ㏷◨ͩ x喉ᝅ㔴᭞ᑖ

(v, x)喌ᝅ㔴᭞͜䬣ङ㏾䓶 S ͜⮳䶥◨㔻ᰯऽݟ䓭䶥◨ x⮳䌞ᒳȡ

Dijkstraテ∄≰⼺ັ̺喚

1. SͩጡឭݟϽ vऀܩ⮳ᰯⴜ䌞ᒳ⮳㏷◨⮳䯵ष喌Ⴒ⮳݌໺⟥ᔰͩ⾩䯵ȡdist[i]ႇᩭ⮳᭞ vݟ

vi⮳ᰯⴜ䌞ᒳ䪮Ꮥ喌ρ ᢝݼ䲑ᝯ䔟ᕖ䉗喌dist[i]=min{dist[i],weight(v,vi)}ȡpath[i]ႇ
ᩭ⮳᭞ᰯⴜ䌞ᒳ̹ᠶी vi⮳ᑖᅭ䶥◨ȡ䗒ͷϽ vݟऀܩభ̹҈ڥ vi⮳ᰯⴜ䌞ᒳ䪮Ꮥ⮳݌իͩ喚

dist[i] = weight(v, vi), vi ∈ V

2. 䔸᠘ vj喌Үᓆ

dist[j] = min {dist[j],weight(v, vj)|vj ∈ V − S}

ᄵ vj ݟڔߏ S喌

S = S ∪ vj

3. ԝᩨϽ vݟऀܩ䯵ष V − S ̹Ъ̯䶥◨ vk ञ䓭⮳ᰯⴜ䌞ᒳ䪮Ꮥ喌Ꭵ䃟ᒄ̺䔈Ა䓨ȡ

if(dist[j] + weight(j, k) < dist[k]) {
dist[k] = dist[j] + weight(j, k);
path[k] = j; /* ԝᩨݟ k ⮳ᰯⴜ䌞ᒳ */

}

4. 䛼฼ 2喌3ڠ n− 1⁐ȡ

Һັ喌ᄨభ14-3ᝯ⹩⮳᰸ीభࣹڥ䗪ᣔⴘ䭤䓿㵻䓿㵻 Dijkstraテ∄喌

భ 14-3 ᰸ीభࣹڥ䗪ᣔⴘ䭤

䓿テ䓶⼺͜ v0͙҈ڥݟ䶥◨⮳ᰯⴜ䌞䔀喌dist[]ी䛾⮳इࡅᗴۤັ㶗14-2ᝯ⹩喈Ͻ̯݆̯̺ݟ
݆ङ䰯㺰ᰣ᫟᫟ڔߏ◨⮳䗪ᣔ◨喉ȡ
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㶗 14-2 Dijkstraテ∄䓶⼺͜ dist[]ी䛾⮳इࡅᗴۤ
㏷◨ 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テ∄⮳ C++䄜㼯Ⴭ⣟ັ̺ȡ

代码

al_graph_dijkstra.cpp
#include <iostream>
#include <queue>
#include <map>
#include <utility>
#include <climits>

using namespace std;

/** 䓨⮳ᱲիㆪ಺喌ञДͩ int, float, double. */
typedef int graph_weight_t;

/** 䶥◨⮳㑅द喌ञДͩ char, int, string へ. */
typedef char graph_vertex_id_t;

/**
* @struct భ喌⩗䗪ᣔ㶗 (Adjacency List).
*/

struct graph_t {
int nv; // 䶥◨᪟
int ne; // 䓨᪟
// 䗪ᣔ㶗喌ႇᩭ䓨⮳Ԑᖞ喌ັᱲ䛼へ
map<graph_vertex_id_t, map<graph_vertex_id_t, graph_weight_t> > matrix;

};

/**
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* @brief Dijkstra テ∄ⅱࢄ⎿ᰯⴜ䌞ᒳ.
* @param[in] g భ
* @param[in] start 䊦◨
* @param[out] dist dist[v] ႇᩭ⮳᭞䊦◨ݟ v ⮳ᰯⴜ䌞ᒳ䪮Ꮥ
* @param[out] father father[v] ႇᩭ⮳᭞ᰯⴜ䌞ᒳ̹ᠶी v ⮳̹̯͙䶥◨
* @return ᬏ
*/

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) {

/* 䊦◨ݟ䶥◨⮳ᰯⴜ䌌⻪. */
typedef pair<graph_weight_t, graph_vertex_id_t> to_dist_t;

// ᄾᵨവ
priority_queue<to_dist_t, vector<to_dist_t>, greater<to_dist_t> > q;
distance[start] = 0; // 㜙ጠݟ㜙ጠ喌䌌⻪ͩ 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 គ࢟Ͻ䊦◨ݟ㏷◨⮳ᰯⴜ䌞ᒳ
* @param[in] father Dijkstra 䃐テຬ⮳ father ᪟㏳
* @param[in] end ㏷◨
* @return ᬏ
*/

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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/** 䄪अ䓂ڔ喌Ჳᐩభ. */
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

䓂ڔ᪟ᢝ:
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

䓂ܩ:
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);

// 䓂ܩᝯ᰸䌞ᒳ
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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テ∄ܵᲿ

䄔テ∄࠴ग़ε͓͙Ꭵ݆⮳ forᓙ⣞喌せ̯͙ forᓙ⣞։䒴ߘ᪟㏳⮳݌໺ࡅጔҋ喌䃐テᬥ䬣ͩO(n)喌

せλ͙ forᓙ⣞᭞λ䛼ቻຆᓙ⣞喌䔊㵻ᰯⴜ䌞ᒳ⮳ⅱ㼒ጔҋ喌⩠νᄨభ͜܏ͽ⃾͙䶥◨䘬㺰։䃐テ喌
⃾͙䶥◨⮳ࣷ㺰ᄨ䯵ष Sڴ⮳䶥◨䔊㵻ᷯ≺喌ᄨ䯵ष V − S 䶥◨䔊㵻ԝᩨ喌ᝯД䓿テᬥ䬣฼⮳͜ڴ

ᱱᏕͩ O(n2)ȡテ∄ᕪ⮳ᬥ䬣฼ᱱᏕͩ O(n2)ȡ

14.4.2 ⃾◨ᰯⴜ䌞ᒳāāFloydテ∄

Floydテ∄⮳ഩᱛᕌᘢ᭞喚ն䃭ⅱϽ჉◨ vi ݟ vj ⮳ᰯⴜ䌞ᒳȡ݌໺ᬥ喌㠔 vi ̽ vj ͺ䬣ႇ౗䓨喌

݈ᰯⴜ䌞ᒳ䪮Ꮥͩₓ䓨⮳ᱲի喛㠔̼ႇ౗䓨喌݈ᰯⴜ䌞ᒳ䪮Ꮥͩᬏ⾦๖ȡДऽ䔿ₔ౗䌞ᒳ͜ڔߏ䶥

◨ k(k = 0, 1, ..., n− 1)ҋͩ͜䬣䶥◨喌ັ᳋͜ڔߏ䬣䶥◨ऽ喌ᓆݟ⮳䌞ᒳ℃࣎Ე⮳䌞ᒳ䪮Ꮥ۾ᅀε喌

݈Д᫟䌞ᒳ代ᰮ࣎䌞ᒳȡ

仅ٷ℃䒲 (vi, vj)঻ (vi, v0, vj)⮳䌞ᒳ䪮Ꮥ喌अ䒲ⴜ㔴ͩϽ vi ݟ vj ⮳͜䬣䶥◨⮳Ꮎद̼๖ν 0
⮳ᰯⴜ䌞ᒳȡັ᳋ (vi, v0, vj)䒲ⴜ喌݈अ (vi, v0, vj)ҋͩᰯⴜ䌞ᒳȡնັ౗䌞ᒳ̹ڼ෍͙̯ߏ䶥◨

v1喌Ύᅠ᭞䄣喌ັ᳋ (vi, ..., v1)঻ (v1, ..., vj)ܵݚ᭞ᒂݼឭݟ⮳͜䬣჉◨⮳Ꮎद̼๖ν 0⮳ᰯⴜ䌞
ᒳ喌䗒ͷ (vi, ..., v1, ..., vj)ᅠ᰸ञ㘬᭞Ͻ viݟ vj ⮳͜䬣䶥◨⮳Ꮎद̼๖ν 1⮳ᰯⴜ䌞ᒳ喌ᄵႲ঻ጡ
㏾ᓆݟ⮳Ͻ vi ݟ vj ⮳͜䬣䶥◨⮳Ꮎद̼๖ν 0⮳ᰯⴜ䌞ᒳⰧ℃䒲喌䔸ܩ䒲ⴜ㔴ҋͩϽ vi ݟ vj ⮳

͜䬣䶥◨⮳Ꮎद̼๖ν 1⮳ᰯⴜ䌞ᒳȡڼ෍͙̯ߏ䶥◨ v2喌㐖㐜䔊㵻䄄ᣑ喌ӌₓㆪᣗȡ̯㝛⮳喌㠔

(vi, ..., vk)঻ (vk, ..., vj)ܵݚ᭞Ͻ viݟ vk ঻Ͻ vk ݟ vj ⮳͜䬣჉◨⮳Ꮎद̼๖ν k− 1⮳ᰯⴜ䌞ᒳ喌

݈ᄵ (vi, ..., vk, ..., vj)঻ጡ㏾ᓆݟ⮳Ͻ vi ݟ vj ⮳͜䬣䶥◨⮳Ꮎद̼๖ν k − 1⮳ᰯⴜ䌞ᒳⰧ℃喌䒲

ⴜ㔴Ӯ᭞Ͻ viݟ vj ⮳͜䬣䶥◨⮳Ꮎद̼๖ν k⮳ᰯⴜ䌞ᒳȡ䔈ᵦ喌౗㏾䓶 n⁐℃䒲ऽ喌ᰯ ऽⅱᓆ⮳

必᭞Ͻ vi ݟ vj ⮳ᰯⴜ䌞ᒳȡ

⣟჉͸̯͙ n䭥᫨䭤Ꮎ݆喌

D(−1), D(0), D(1), ..., , D(k), ..., , D(n−1)

喌͜ڥ

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

̹䔟ڛᐾ͜喌D(k)[i][j]᭞Ͻ viݟ vj ⮳͜䬣䶥◨⮳Ꮎद̼๖ν k⮳ᰯⴜ䌞ᒳ⮳䪮Ꮥ喛D(n−1)[i][j]

᭞Ͻ vi ݟ vj ⮳ᰯⴜ䌞ᒳ⮳䪮Ꮥȡ

Һັ喌ᄨభ14-4ᝯ⹩⮳᰸ीభࣹڥ䗪ᣔⴘ䭤䓿㵻 Floydテ∄喌
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భ 14-4 ᰸ीభࣹڥ䗪ᣔⴘ䭤

䓿テ䓶⼺͜ⴘ䭤 D⮳इັࡅ㶗14-3ᝯ⹩ȡ

㶗 14-3 Floydテ∄䓶⼺͜᫨䭤঻ᰯⴜ䌞ᒳ⮳इࡅ

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テ∄⮳ C䄜㼯Ⴭ⣟ັ̺ȡ

代码

am_graph_floyd.cpp
#include <iostream>
#include <climits> /* for INT_MAX */

using namespace std;

const int MAX_NV = 100; // 䶥◨᪟⮳ᰯ๖ի
/** 䓨⮳ᱲի. */
typedef int graph_weight_t;
const int GRAPH_INF = INT_MAX / 2; // ⶝Ԍܩ⏑̼∄ߏ
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/**
*@struct భ喌⩗䗪ᣔⴘ䭤.
*/

struct graph_t {
int nv; // 䶥◨᪟
int ne; // 䓨᪟
// 䗪ᣔⴘ䭤喌ႇᩭ䓨⮳ᱲ䛼
graph_weight_t matrix[MAX_NV][MAX_NV];

};

graph_t g;
/** dist[i][j] ᭞䶥◨ i ঻ j ͺ䬣ᰯⴜ䌞ᒳ䪮Ꮥ */
graph_weight_t dist[MAX_NV][MAX_NV];
/** path[i][j] ᭞ᰯⴜ䌞ᒳ̹ i ঻ j ͺ䬣⮳䶥◨ */
int path[MAX_NV][MAX_NV];

/*
* @brief Floyd テ∄ⅱ⃾◨ͺ䬣ᰯⴜ䌞ᒳ.
* @param[in] g భᄨ䆐⮳ᠶ䦷
* @param[out] dist dist[i][j] ᭞䶥◨ i ঻ j ͺ䬣ᰯⴜ䌞ᒳ䪮Ꮥ
* @param[out] path path[i][j] ᭞ᰯⴜ䌞ᒳ̹ i ঻ j ͺ䬣⮳䶥◨
* @return ᬏ
*/

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 ݟ j ⮳䌞ᒳ̹ڔߏ䶥◨ k ञД㑘ⴜ䌞ᒳ䪮Ꮥ
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 គ࢟Ͻ u ݟ v ⮳ᰯⴜ䌞ᒳ
* @param[in] u 䊦◨
* @param[in] v ㏷◨
* @param[in] path Floyd 䃐テຬ⮳ path
* @return ᬏ
*/

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 គ࢟ u Ѕᝯ᰸◨⮳ᰯⴜ䌞ᒳڥݟ
* @param[in] path Dijkstra 䃐テຬ⮳ path
* @param[in] n path ⮳䪮Ꮥ
* @return ᬏ
*/

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 䄪अ䓂ڔ喌Ჳᐩభ.
*/

void read_graph(graph_t &g) {
cin >> g.nv >> g.ne;

// భ喌ᝯ᰸㞱◨䬣䌌⻪ͩᬏ⾦๖ࡅ໺݌
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++) { // 䄪अ䓨Ԑᖞ
char chx, chy;
graph_weight_t w;
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cin >> chx >> chy >> w;
g.matrix[chx - 'A'][chy - 'A'] = w;

}
}

/* test

䓂ڔ᪟ᢝ:
3 5
A B 4
A C 11
B A 6
B C 2
C A 3

䓂ܩ:
A->B
A->B->C

B->C->A
B->C

C->A
C->A->B
*/
int main() {

read_graph(g);
/* ⅱ͓͓ͺ䬣⮳ᰯⴜ䌞ᒳ */
floyd(g, dist, path);
print_path(g, path);
return 0;

}
am_graph_floyd.cpp

テ∄ܵᲿ

䄔テ∄͜᰸͓͙Ꭵ݆⮳ forᓙ⣞喌せ̯͙ᓙ⣞᭞͙λ䛼ᓙ⣞喌⩗ν݌໺ࡅ᫨䭤D喛せλ͙ᓙ⣞᭞

̸͙䛼ᓙ⣞喌䔿ₔ⩎᜿D(0), D(1), ..., D(n−1)ȡᝯДテ∄ᕪ⮳ᬥ䬣฼ᱱᏕͩ O(n3)ȡ

Dijkstraテ∄ᱲի̼㘬ͩ䉎喌FloydᱲիञДͩ䉎喌ѵ⣞䌞ͺ঻̼㘬ͩ䉎ȡ

14.4.3 HDU 2544ᰯⴜ䌞

᣾䔟

౗⃾Ꭳ⮳ᵐ䊊䛻喌ᝯ᰸䔊ۢڔ䊊⮳ऻ႕䘬щ㣦ᓆ̯Хᒷ␱ϝ⮳ t-shirtȡѵ᭞⃾ᒂᝀЛ⮳ጔҋϩই
ឹ̹⮭Х⮳㶒᰼ϽੵᏆ䓿఍ݟ䊊౩⮳ᬥՈ喌ࢣ᭞䲍፧㉞⮳喁ᝯД⣟౗ЅЛᘢ㺰ᄪឭᰯⴜ⮳ϽੵᏆݟ

䊊౩⮳䌞㏮喌ҏञД፝ߘЅЛॆ喟
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䓂ڔ

䓂࠴ڔ᠛้㏳᪟ᢝȡ⃾㏳᪟ᢝせ̯㵻᭞͓͙᪣᪟ N,M(N ≤ 100,M ≤ 10000)喌N 㶗⹩᜿䘬⮳

๖㶆̹᰸͙܏䌞ऒ喌ᴶदͩ 1⮳䌞ऒ᭞ੵᏆᝯ౗౟喌ᴶदͩ N ⮳䌞ऒ᭞䊊౩ᝯ౗౟喌M ݈㶗⹩౗

᜿䘬᰸܏Ა䌞ȡN = M = 0㶗⹩䓂ڔ㐂᲎ȡᣔ̺ᲔM 㵻喌⃾㵻࠴᠛ 3͙᪣᪟ A,B,C(1 ≤ A,B ≤
N, 1 ≤ C ≤ 1000),㶗⹩౗䌞ऒ A̽䌞ऒ B ͺ䬣᰸̯Ა䌞喌ᝀЛ⮳ጔҋϩই䰯㺰 C ܵ䧎⮳ᬥ䬣䊟䓶

䔈Ა䌞ȡ䓂ڔԌ䃰㜢ᅀႇ౗ 1ᲐੵᏆݟ䊊౩⮳䌞㏮ȡ

䓂ܩ

ᄨν⃾㏳䓂ڔ喌䓂̯ܩ㵻喌㶗⹩ጔҋϩইϽੵᏆ䊟ݟ䊊౩⮳ᰯⴜᬥ䬣

ᵦҺ䓂ڔ

2 1
1 2 3
3 3
1 2 5
2 3 5
3 1 2
0 0

ᵦҺ䓂ܩ

3
2

ܵᲿ

⩗ⴜ䌞ᒳ喌ᰯ⎿ࢄ Dijkstraテ∄喌ᄵせ §14.4.1㞱͜⮳代码⼼ߏԝᩨࢢञȡ
∗ᘾ喌㶆䖂᭞ࣻी⮳喌ᝯД㐈䓨䉺իᬥ㺰ᄨ⼟䉺իȡ

代码

hdu_2544.cpp
// HDU 2544 ᰯⴜ䌞, http://acm.hdu.edu.cn/showproblem.php?pid=2544
/** 䓨⮳ᱲիㆪ಺. */
typedef int graph_weight_t;

/** 䶥◨⮳㑅द喌ञДͩ char, int, string へ. */
typedef int graph_vertex_id_t;

// へЦν฼ݥ㇇䉣喌䔈䛻ͩε㞱㏕ヶ፴喌Ү⩗ include喌౗ OJ ̹᣿ϓᬥ䄦⩗฼ݥ㇇䉣
#include "al_graph_dijkstra.cpp" // 㻰Ćభ-> ᰯⴜ䌞ᒳć 䔈㞱

/** 䄪अ䓂ڔ喌Ჳᐩభ. */
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; // 㶆䖂᭞ࣻी⮳

}
}

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

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

• HDU 2544ᰯⴜ䌞, http://acm.hdu.edu.cn/showproblem.php?pid=2544

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• 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

᣾䔟

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.

䓂ڔ

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.

䓂ܩ

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.

ᵦҺ䓂ڔ

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

ᵦҺ䓂ܩ

3 2
3 10
1 12
7 17

ܵᲿ

⩗ Floydテ∄ⅱܩ⃾◨ͺ䬣⮳ᰯⴜ䌞ᒳ喌䓂ܩ䌌⻪ᰯ๖⮳ȡ

代码

poj_1125.cpp
// poj 1125 Stockbroker Grapevine, http://poj.org/problem?id=1125

// へЦν฼ݥ㇇䉣喌䔈䛻ͩε㞱㏕ヶ፴喌Ү⩗ include喌౗ OJ ̹᣿ϓᬥ䄦⩗฼ݥ㇇䉣
#include "am_graph_floyd.cpp" // 㻰Ćభ-> ᰯⴜ䌞ᒳć䔈㞱

// 1. ԝᩨ㠲ణ
const int MAX_NV = 100; // 䶥◨᪟⮳ᰯ๖ի
// 2. ߏ〈 max_len ᪟㏳
/** ႇᩭ⃾͙◨⮳ᰯⴜ䌞ᒳ⮳ᰯ䪮㔴 */
graph_weight_t max_len[MAX_NV];
// 3. 䛼写 read_graph()
// 4. 䛼写 main()

/** 䄪अ䓂ڔ喌Ჳᐩభ. */
void read_graph(graph_t &g) {

cin >> g.nv;
g.ne = 0;

/* భ喌ᝯ᰸㞱◨䬣䌌⻪ͩᬏ⾦๖ࡅ໺݌ */
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;
}

}

/* 䄪अ䓨Ԑᖞ */
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;

/* ⅱ͓͓ͺ䬣⮳ᰯⴜ䌞ᒳ */
floyd(g, dist, path);

/* ឭᰯⴜ䌞ᒳ⮳ᰯ䪮Ɐ */
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))];

}
/* ឭ max_len ⮳ᰯᄾ㔴� */
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

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

• POJ 1125 Stockbroker Grapevine, http://poj.org/problem?id=1125

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚
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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 ᠂កᣁᎾ

⩠᳿͙䯵ष̹⮳̯͙վᎾᓆݟ䄔䯵ष̹⮳̯͙ڗᎾ喌䔈͙᧼ҋ⼟ͩ᠂កᣁᎾȡ

᠂កᎾ݆⮳➨◨᭞喚㠔᰸ी䓨 < Vi, Vj >᭞䕃͜⮳ᑖ喌݈౗Ꮎ݆͜䶥◨ Vi 必䶪ᣁ౗䶥◨ Vj ͺ

ȡݼ

ັ᳋⩗᰸ीభ㶗⹩̯͙ጔ⼺喌䶥◨㶗⹩≪ߗ喌⩗᰸ी䓨 < vi, vj >㶗⹩≪ߗ必䶪ٷν≪ߗ䔊㵻ȡ

䔈⻼᰸ीభच։䶥◨㶗⹩≪ߗ⮳㒀㐋 (Activity On Vertext Network)喌ク⼟ AOV㒀㐋ȡ

ᷯ≺ AOV㒀㐋᭞ॕႇ౗⣞⮳᫨∄᭞ᄨ AOV㒀㐋Ჳ䕏ڥ䶥◨⮳᠂ក᰸ᎾᎾ݆ȡ᠂កᣁᎾ⮳ഩᱛ
ₔ俓᭞喚

1. ౗᰸ीభ͜䔸̯͙⇐᰸ݼ侠⮳䶥◨̓䓂ܩͺ喛

2. Ͻభ͜ݏ䮓䄔䶥◨঻ᝯ᰸ДႲͩᅭ⮳ᑖ㏮ȡ

䛼฼Д̹͓ₔ喌Ⱓ㜢ڗ䘗䶥◨䓂ܩ喌ᝅᒂݼభ̼͜ႇ౗ᬏݼ侠⮳䶥◨ͩₑ喈䔈⻼ᗴۤ䄣ᬽభ͜ႇ౗

⣞喉ȡ

᠂កᣁᎾ⮳ C䄜㼯Ⴭ⣟ັ̺ȡ

代码

am_graph_topo_sort.cpp
#include <iostream>
#include <climits> // for INT_MAX
#include <stack>

using namespace std;

/** 䶥◨᪟⮳ᰯ๖ի */
const int MAX_NV = 100;
/** 䓨⮳ᱲի喌ᄨᬏᱲభ喌⩗ 0 ᝅ 1 㶗⹩᭞ॕⰧ䗪喛ᄨ᰸ᱲభ喌݈ͩᱲի. */
typedef int graph_weight_t;
const graph_weight_t GRAPH_INF = INT_MAX;

/**
*@struct
*@brief 䗪ᣔⴘ䭤.
*/

struct graph_t {
int nv; // 䶥◨᪟
int ne; // 䓨᪟
// 䗪ᣔⴘ䭤喌ႇᩭ䓨⮳Ԑᖞ喌ັᱲ䛼へ
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graph_weight_t matrix[MAX_NV][MAX_NV];
};

graph_t g;
/** ᠂កᣁᎾ⮳㐂᳋. */
int topological[MAX_NV];

/*
* @brief ᠂កᣁᎾ.
* @param[in] g భᄨ䆐⮳ᠶ䦷
* @param[out] topological Ԍႇ᠂កᣁᎾ⮳㐂᳋
* @return ᬏ⣞䔃఍ true喌᰸⣞䔃఍ false
*/

bool topo_sort(const graph_t &g, int topological[]) {
const int n = g.nv;
int *in_degree = new int[n](); // in_degree[i] ᭞䶥◨ i Ꮥڔ⮳

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; /* ᠂កᎾ݆⮳ٲ㉏͙᪟ */
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 { /* ᬏ⣞ */

return true;
}

}

/** 䄪अ䓂ڔ喌Ჳᐩభ. */
void read_graph() {

/* 䄪अ㞱◨঻䓨⮳᪟Ⱍ */
cin >> g.nv >> g.ne;

/* భ喌ᝯ᰸㞱◨䬣䌌⻪ͩᬏ⾦๖ࡅ໺݌ */
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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;
}

}

/* 䄪अ䓨Ԑᖞ */
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

䓂ڔ᪟ᢝ:
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

䓂ܩ:
B A E F C D
*/
int main() {

read_graph();
/* ᠂កᣁᎾ */
topo_sort(g, topological);
for (int i = 0; i < g.nv; i++) {

cout << (char)('A' + topological[i]) << " ";
}
return 0;

}
am_graph_topo_sort.cpp

テ∄ܵᲿ

ᄨ᰸ n͙䶥◨঻ eᲐ䓨⮳ AOV㒀㐋㔻㼯喌ⅱळ䶥◨⮳ڔᏕᝯ䰯ᬥ䬣ͩ O(e)喌ᐩ⿺䰥ڔᏕ䶥◨

ᴷᝯ䰯ᬥ䬣ͩ O(n)喛౗᠂កᣁᎾ䓶⼺͜喌㠔᰸ीభᬏ⣞喌⃾͙䶥䔊̯⁐ᴷ̯ܩ⁐ᴷ喌䶥◨ڔᏕ۾ 1
⮳᧼ҋڠព㵻ε e⁐ȡᝯДᕪ⮳ᬥ䬣฼ᱱᏕͩ O(n+ e)ȡ

ᒂ᰸ीభ͜ᬏ⣞ᬥ喌ΎञДݘ⩗⌠Ꮥчٷ᥋㉑䔊㵻᠂កᣁᎾȡఏͩభ͜ᬏ⣞喌⌠Ꮥчٷ䕼̼ࢵ

щ₪ᓙ⣞ȡ䔊㵻⌠Ꮥчٷ䕼ࢵᬥ喌ᰯٷ䔯ܩ DFSܬ᪟⮳䶥◨ܩͩࢢᏕͩ䰥⮳䶥◨喌᭞᠂ក᰸ᎾᎾ݆
⮳ᰯऽ̯͙䶥◨ȡ⩠ₓ喌ᠸ䔯ܩ DFSܬ᪟⮳ٷऽ⁐Ꮎ䃟ᒄ̺Ე⮳䶥◨Ꮎ݆ͩࢢ䔵ी⮳᠂ក᰸ᎾᎾ݆ȡ
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14.5.1 POJ 1094 Sorting It All Out

᣾䔟

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.

䓂ڔ

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.

䓂ܩ

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.

ᵦҺ䓂ڔ

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



14.5 ᠂កᣁᎾ 283

C<E
F<D
D<E
E<F
0 0

ᵦҺ䓂ܩ

Sorted sequence determined after 4 relations: ABCD.
Inconsistency found after 2 relations.
Sorted sequence cannot be determined.
Inconsistency found after 6 relations.

ܵᲿ

ᵨᢝ䷇Ⱍ⮳㺰ⅱ喌ᝀЛ㺰⃾䓂̯ڔ⁐ᅠ㺰䔊㵻̯⁐᠂កᣁᎾ topological_sort()喌䔈ᵦ᝼㘬
։̼ݟ᜿ߎ喈ऀࢢ⣟᰸⣞喉ᬥ喌㘬ⴔ䖂᭞ਙₔ̼᜿ߎ喌Ꭵ̓㐈ܩ䓂ܩȡ

䔇᰸㺰∗ᘾ⮳ᅠ᭞ັ᳋ᝀЛञД᣿ݓݼ᫜㐂᳋ε喌ѵऽ䲑䔇᰸䓂ڔ⇐Ⴛ᜿喌䗒ͷᝀЛ必䶪㐖㐜

Ⴛ᜿䓂ڔ喌̼♥̺ޘ⮳䓂ڔщᒠৼ̺̯⁐ case⮳䓂ڔȡ

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;

/** 䶥◨᪟⮳ᰯ๖ի */
const int MAX_NV = 26;
/** 䓨⮳ᱲի. */
typedef int graph_weight_t;
const int GRAPH_INF = INT_MAX;

/**
*@struct 䗪ᣔⴘ䭤.
*/

struct graph_t {
int nv; // 䶥◨᪟
int ne; // 䓨᪟
// 䗪ᣔⴘ䭤喌ႇᩭ䓨⮳Ԑᖞ喌ັᱲ䛼へ
graph_weight_t matrix[MAX_NV][MAX_NV];

};

graph_t g;
/** ᠂កᣁᎾ⮳㐂᳋. */
int topological[MAX_NV];
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/**
* @brief ᠂កᣁᎾ.
* @param[in] g భᄨ䆐⮳ᠶ䦷
* @param[out] topological Ԍႇ᠂កᣁᎾ⮳㐂᳋
* @return ᬏ⣞䔃఍ 1喌᰸⣞䔃఍ 0喌ᲐХ̼䋢䔃఍ -1
*/

int topo_sort(const graph_t *g, int topological[]) {
const int n = g->nv;

/* in_degree[i] ᭞䶥◨ i Ꮥڔ⮳ */
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; // ᠂កᎾ݆⮳ٲ㉏͙᪟
bool insufficient = false; // ᲐХ̼䋢
while(!s.empty()) {

// ᴷڴᏃ䄔໺㏷ङ᰸̯͙ٲ㉏
if (s.size() > 1) insufficient = true;
// ◨䮓䶥ݏ u
const int u = s.top(); s.pop();
topological[count++] = u;
--in_degree[u]; // इ᜿ -1喌㶗⹩ጡ㏾䓂ܩ
// ᰣ᫟ڔᏕ
for (int i = 0; i < n; i++) if (g->matrix[u][i] < GRAPH_INF) {

--in_degree[i];
}
// 䔸᠘ڔᏕͩ 0 ⮳䶥◨
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 { // ᬏ⣞

if (insufficient) { // ᰸႓⿺◨喌䄣ᬽᲐХ̼䋢
return -1;

} else {
return 1;

}
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}
}

int main() {
int m; // m ̼̯჉᭞䓨⮳᪟Ⱍ喌ఏͩ䓂ڔ䓨ञ㘬᰸䛼฼

/* 䄪अ㞱◨঻䓨⮳᪟Ⱍ */
while ((cin >> g.nv >> m) && g.nv > 0 && m > 0) {

bool finished = false; // ᣁᎾႻ᜿喌㐂᲎喌ऀ⣟᰸⣞喌ञД᣿ݼ㐂᲎

// భ喌ᝯ᰸㞱◨䬣䌌⻪ͩᬏ⾦๖ࡅ໺݌
for (int i = 0; i < g.nv; i++)

for (int j = 0; j < g.nv; j++)
g.matrix[i][j] = GRAPH_INF;

// 䄪अ䓨Ԑᖞ
for (int k = 0; k < m; k++) {

string s;
cin >> s;
g.matrix[s[0] - 'A'][s[2] - 'A'] = 1;

if (finished) continue; // Ⴛ᜿喌݈ continue喌⊷㕆䓂ڔ

// ᭞ॕ᰸⣞喌0 㶗⹩᰸⣞
const int ok = topo_sort(&g, topological);

if (ok == 0) { // ᰸⣞ႇ౗
cout << "Inconsistency found after " << k+1 <<

" relations." << endl;
finished = true; // ᣿ݼ㐂᲎喌䃟Ѿ㺰㐖㐜⊷㕆䓂ڔ

}
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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Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

• POJ 1094 Sorting It All Out, http://poj.org/problem?id=1094

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• POJ 3267 The Cow Lexicon, http://poj.org/problem?id=3267

• POJ 3687 Labeling Balls, http://poj.org/problem?id=3687

14.6 䩝䌞ᒳڢ

⩗᰸ी䓨̹⮳ᱲի㶗⹩≪ߗ⮳ᠰ㐜ᬥ䬣喌⩗䶥◨㶗⹩ᬥ䬣喌䔈ᵦ⮳᰸ीభच։䓨㶗⹩⮳≪ߗ㒀㐋 (Ac-
tivity On Edge Network)喌ク⼟ AOE㒀㐋ȡ

䌞ᒳᰯ䪮⮳䌞ᒳच։ڢ䩝䌞ᒳ (Critical Path)ȡն䃭ᐯ໺◨ͩ v1喌Ͻ v1 ݟ vi ⮳ᰯ䪮䌞ᒳ䪮Ꮥच

։κХ vi⮳ᰯᬘऀ⩎ᬥ䬣ȡ䔈͙κХۢ჉εᝯ᰸Д viͩᅭ⮳ᑖᝯ㶗⹩⮳≪ߗ⮳ᰯᬘᐯ໺ᬥ䬣ȡᝀЛ

⩗ e(i)㶗⹩≪ߗ ai ⮳ᰯᬘᐯ໺ᬥ䬣ȡ䔇ञД჉͸̯͙≪ߗ⮳ᰯ䔎ᐯ໺ᬥ䬣 l(i)喌䔈᭞౗̼ᣗ䔎᪣͙

ጔ⼺Ⴛ᜿⮳ݼ᣿̺喌≪ߗ aiᰯ䔎必䶪ᐯ໺䔊㵻⮳ᬥ䬣ȡ͓㔴ͺጝ l(i)− e(i)ᘾঢⱯႻ᜿≪ߗ ai⮳ᬥ

䬣҈䛾ȡᝀЛឹ l(i) = e(i)⮳≪ߗच։ڢ䩝≪ߗȡ

䃭≪ߗ ai ⩠ᑖ < j, k > 㶗⹩喌ͩεⅱᓆ≪ߗ⮳ e(i) ঻ l(i)喌仅ٷᏃⅱᓆκХ⮳ᰯᬘऀ⩎ᬥ䬣

ve(j)঻ᰯ䔎ऀ⩎ᬥ䬣 vl(j)喌ڥᠰ㐜ᬥ䬣䃟ͩ dut(< j, k >)喌݈᰸ັ̺ڢ㈪

e(i) = ve(j)

l(i) = vl(k)− dut(< j, k >)

ⅱ ve(j)঻ vl(k)䰯͓ܵₔ䔊㵻喚

1. Ͻ ve(0) = 0ᐯ໺ीݼ䕁ᣗ

ve(j) = max {ve(i) + dut(< i, j >)} , < i, j >∈ T

͜ڥ T ᭞ᝯ᰸Д䶥◨ j ͩᑖ๣⮳䓨⮳䯵षȡ

2. Ͻ vl(n− 1) = ve(n− 1)䊦ीऽ䕁ᣗ

vl(j) = min {vl(k)− dut(< j, k >)} , < j, k >∈ S

͜ڥ S ᭞ᝯ᰸Д䶥◨ j ͩᑖᅭ⮳䓨⮳䯵षȡ

Һັ喌ᄨభ14-5(a)ᝯ⹩ AOE㒀㐋⮳䃐テ䓶⼺ັ㶗14-4ᝯ⹩喌ञ㻰 a2Ƞa5 ঻ a7 喌㏳ߗ≫䩝ڢͩ

᜿̯ᲐϽ䊦◨ݟ㏷◨⮳ڢ䩝䌞ᒳ喌ັభ14-5(b)ᝯ⹩ȡ
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భ 14-5 ᰸ीభࣹڥ䗪ᣔⴘ䭤

㶗 14-4 భ14-5(a)ᝯ⹩ AOE㒀㐋⮳ڢ䩝䌞ᒳ⮳䃐テ䓶⼺
䶥◨ ve vl ߗ≫ 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

䗪ᣔⴘ䭤̹⮳ڢ䩝䌞ᒳ⮳ C䄜㼯Ⴭ⣟ັ̺ȡ

代码

am_graph_critical_path.cpp
#include <iostream>
#include <climits> /* for INT_MAX */
#include <stack>
#include <algorithm>

using namespace std;

/** 䶥◨᪟⮳ᰯ๖ի */
const int MAX_NV = 100;
/** 䓨⮳ᱲի喌ᄨᬏᱲభ喌⩗ 0 ᝅ 1 㶗⹩᭞ॕⰧ䗪喛ᄨ᰸ᱲభ喌݈ͩᱲի. */
typedef int graph_weight_t;
const graph_weight_t GRAPH_INF = INT_MAX;

/**
*@struct 䗪ᣔⴘ䭤.
*/

struct graph_t {
int nv; /* 䶥◨᪟ */
int ne; /* 䓨᪟ */
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/* 䗪ᣔⴘ䭤喌ႇᩭ䓨⮳Ԑᖞ喌ັᱲ䛼へ */
graph_weight_t matrix[MAX_NV][MAX_NV];

};

graph_t g;
/** ᠂កᣁᎾ⮳㐂᳋. */
int topological[MAX_NV];
/** .䶥◨ͩ-1҈ڥ䩝䌞ᒳ喌ڢ */
int path[MAX_NV];

/*
* @brief ᠸ⚖᠂កᣁᎾ⮳䶩Ꮎ喌䃐テᝯ᰸䶥◨⮳ᰯᬘऀ⩎ᬥ䬣 ve.
* @param[in] g భᄨ䆐⮳ᠶ䦷
* @param[out] topological Ԍႇ᠂កᣁᎾ⮳㐂᳋
* @param[out] ve ᝯ᰸κХ⮳ᰯᬘऀ⩎ᬥ䬣
* @return ᬏ⣞䔃఍ true喌᰸⣞䔃఍ false
*/

static bool toposort_ve(const graph_t &g, int topological[],
graph_weight_t ve[]) {

const int n = g.nv;

/* in_degree[i] ᭞䶥◨ i Ꮥڔ⮳ */
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; // ᠂កᎾ݆⮳ٲ㉏͙᪟
while(!s.empty()) {

// ◨䮓䶥ݏ u
const int u = s.top(); s.pop();
topological[count++] = u;
--in_degree[u]; // इ᜿ -1喌㶗⹩ጡ㏾䓂ܩ
// ᰣ᫟ڔᏕ
for (int i = 0; i < n; i++) if (g.matrix[u][i] < GRAPH_INF) {

--in_degree[i];
}
// ᰣ᫟䗪ᣔ◨⮳ 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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// 䔸᠘ڔᏕͩ 0 ⮳䶥◨
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; // ᬏ⣞

}

/**
* @brief ⅱڢ䩝䌞ᒳ喌せ̯͙䶥◨ͩ䊦◨喌ᰯऽ̯͙䶥◨ͩ㏷◨.
* @param[in] g భᄨ䆐⮳ᠶ䦷
* @param[out] ve ᝯ᰸κХ⮳ᰯᬘऀ⩎ᬥ䬣
* @param[inout] path 䩝䌞ᒳڢ
* @return ᬏ⣞䔃఍ڢ䩝䌞ᒳ⮳䶥◨͙᪟喌᰸⣞䔃఍ 0
*/

int critical_path(const graph_t &g, int path[MAX_NV]) {
int count = 0; // 䩝䌞ᒳ⮳䶥◨͙᪟ڢ
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;
// ࡅ໺݌ vl ͩᰯ๖
for (int i = 0; i < g.nv; i++) vl[i] = ve[g.nv-1];

// 䔵Ꮎ䃐テ 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;

}

/** 䄪अ䓂ڔ喌Ჳᐩభ. */
void read_graph() {

cin>> g.nv >> g.ne;

// భ喌ᝯ᰸㞱◨䬣䌌⻪ͩᬏ⾦๖ࡅ໺݌
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++) { // 䄪अ䓨Ԑᖞ
char chx, chy;
graph_weight_t w;
cin >> chx >> chy >> w;
g.matrix[chx - 'A'][chy - 'A'] = w;

}
}

/* test

䓂ڔ᪟ᢝ:
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

䓂ܩ: A C D F

*/
int main() {

read_graph();
/* ᠂កᣁᎾ */
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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テ∄ܵᲿ

̯⁐ₒी喌฼ᱱᏕͩ O(n2)喌̯⁐䔵ी喌฼ᱱᏕͩ O(n2)喌ఏₓ喌䄔テ∄⮳฼ᱱᏕͩ O(n2)ȡ
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᪟႕᫨∄̽፧㻰ὐ಺

᪟႕ᄨνテ∄ᒷ䛼㺰ȡ⇐᰸ຬ⮳᪟႕ഩⵯ喌ᒷ䯭౗テ∄̹䓭̯ݟ჉倇Ꮥȡᱛ』Ϻ㏼テ∄」䊊͜

፧⩗⮳᪟႕᫨∄঻ὐ಺ȡ

15.1 ᪟䃩

15.1.1 ∄䛻ᓦテ܏⁖

ⅱᰯ๖ڛ㏕᪟ (greates common divisor) ᰸ᒷ้᫨∄喌ᰯ㏾ڧ⮳᫨∄᭞⁖܏䛻ᓦテ∄ (Euclidean
algorithm¬)喌ࣷ⼟䓆䒛Ⱗ䮓∄ȡ

gcd.c
/**
* @brief ⅱᰯ๖ڛ㏕᪟喌⁖܏䛻ᓦテ∄喌Ύࢢ䓆䒛Ⱗ䮓∄
*
* @param[in] a a
* @param[in] b b
* @return a ঻ b ⮳ᰯ๖ڛ㏕᪟
*/

unsigned int gcd(unsigned int a, unsigned int b) {
if (b == 0) return a;
return gcd(b, a % b);

}

/**
* @brief ⅱᰯ๖ڛ㏕᪟喌⁖܏䛻ᓦテ∄喌䔜代❷ᱛ
*
* @param[in] a a
* @param[in] b b
* @return a ঻ b ⮳ᰯ๖ڛ㏕᪟
*/

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

292
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return a;
}

/**
* @brief ⅱᰯ๖ڛ㏕᪟喌⁖܏䛻ᓦテ∄喌䔜代❷ᱛ喌ഩν۾∄
*
* @param[in] a a
* @param[in] b b
* @return a ঻ b ⮳ᰯ๖ڛ㏕᪟
*/

unsigned int gcd2(unsigned int a, unsigned int b) {
while (a != b) {

if (a > b) {
a -= b;

} else {
b -= a;

}
}
return a;

}
gcd.c

ⅱܩεᰯ๖ڛ㏕᪟喌ञДݘ⩗ႲᲔⅱᰯᄾڛԼ᪟ (least common multiple), lcm(a, b) = a ×
b/ gcd(a, b)ȡ

Һ䷇

• wikioi 1212ᰯ๖ڛ㏕᪟喌http://www.wikioi.com/problem/1212/

15.1.2 មᆄ⁖܏䛻ᓦテ∄

჉⤵喚ᄨν̼Ⴛͩڗ 0⮳䲍䉎᪣᪟ a, b喌必♥ႇ౗᪣᪟ᄨ x, y喌Үᓆ gcd(a, b) = ax+ byȡ

䔈䛻 x঻ y̼̯჉᭞ₒ᪟ȡមᆄ⁖܏䛻ᓦテ∄ (Extended Euclidean algorithm¬)ᅠ᭞⩗Ეⅱ x঻

y⮳ȡ

ex_gcd.c
/**
* @brief មᆄ⁖܏䛻ᓦテ∄
* @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

មᆄ⁖܏䛻ᓦテ∄⮳Ꮓ⩗ͪ㺰᰸Д̸̺͙喚

• ⅱ㼒̼჉᫨⼺喛

• ⅱ㼒ὐ㏮ᕖ᫨⼺喈㏮ᕖऻ҈᫨⼺喉喛

• ⅱ㼒ὐ⮳䔵ٲ喛

ⅱ㼒̼჉᫨⼺

ⅱ̼჉᫨⼺ ax+ by = c⮳᪣᪟㼒 x, y喌͜ڥ a > b ≥ c ≥ 0ȡ

䃭 g = gcd(a, b)喌᫨⼺ ax+ by = g⮳̯㏳㼒᭞ (x0, y0)喌݈ᒂ c᭞ g⮳Լ᪟ᬥ ax+ by = c⮳̯

㏳㼒᭞ (x0, y0)ȡ䃰ᬽ⪔ȡ

/**
* @brief ⅱ㼒̼჉᫨⼺ ax+by=c
* @param[in] a a
* @param[in] b b
* @param[in] c c
* @param[out] x x
* @param[out] y y
* @return ᭞ॕ᰸㼒喌1 㶗⹩᰸㼒喌0 㶗⹩ᬏ㼒
*/

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;

}

ⅱ㼒ὐ㏮ᕖ᫨⼺

㼒᫨⼺ ax ≡ b mod n喌͜ڥ a, b, n᭞ₒ᪣᪟ȡ

ax ≡ b mod n⮳ग़͸᭞Ćax঻ b䮓Д n⮳҈᪟Ⱗऻć喌䃭䔈͙Լ᪟ͩ y喌݈ ax− b = ny喌䔈ᖟ

ຬᅠ᭞ݼ䲑Ϻ㏼䓶⮳̼჉᫨⼺ȡᣔ̺Ე⮳ₔ俓ᅠ̼⩗䄣εॖȡ

/**
* @brief ⅱ㼒ὐ㏮ᕖ᫨⼺ 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; //➨㼒
for (i = 0; i < g; i++)

printf("%d\n", (x0 + i * (n/g)) % n);
return 1;

}

ⅱ㼒ὐ⮳䔵ٲ

᰸̯͙➨₹ᗴۤ㺰ᑄ䊦䄪㔴䛼㻵喌ᒂ b = 1ᬥ喌ax ≡ 1 mod n⮳㼒⼟ͩ aڢνὐ n⮳䔵 (inverse)喌
ႲㆪѫνĆՁ᪟ć⮳ằᔤȡϯͷᬥՈ a⮳䔵ႇ౗঑喟ᵨᢝ̹䲑⮳䃗䃩喌᫨⼺ ax−ny = 1㺰᰸㼒喌䔈

ᵦ喌1必䶪᭞ gcd(a, n)⮳Լ᪟喌ఏₓ a঻ n必䶪ρ㉏ȡ

15.1.3 ㉏᪟ݓ჉

㉏᪟ݓ჉喌ࣷ⼟㉏᪟≺䄄 (Primality test¬)喌ࢢ㐈჉̯͙ₒ᪣᪟ n喌ݓ᫜Ⴒ᭞ॕ᭞㉏᪟ȡ

ᯣߊ᳉ͭ∄

Ͻ ݟ2 n喌ӌ⁐ҋͩ䮓᪟喌䃘 n䮓ДႲЛ喌ङ㺰᰸̯͙㘬᪣䮓 n喌݈ n̼᭞㉏᪟ȡ

/**
* @brief ᫜ₒ᪣᪟ݓ n ᭞ॕ᭞㉏᪟
* @param[in] n ₒ᪣᪟
* @return ᭞喌䔃఍ 1喌ॕ喌䔃఍ 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;

}

ञД⼼ᓝ։̯◨ᩨ䔊喌Ͻ ݟ1
√
n喌ӌ⁐ҋͩ䮓᪟ȡ

/**
* @brief ᫜ₒ᪣᪟ݓ n ᭞ॕ᭞㉏᪟喌̹⩻ᩨͩ sqrt(n)
* @param[in] n ₒ᪣᪟
* @return ᭞喌䔃఍ 1喌ॕ喌䔃఍ 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 ᫜ₒ᪣᪟ݓ n ᭞ॕ᭞㉏᪟喌̹⩻ᩨͩ sqrt(n)喌ѵ̼Ү⩗ sqrt() ᪟ܬ
* @param[in] n ₒ᪣᪟
* @return ᭞喌䔃఍ 1喌ॕ喌䔃఍ 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り∄

ᰣ倇᩷⮳㉏᪟ݓ჉᫨∄Ꮓ䄔᭞䶳ٷ䃐テ̯ܩᑏ㉏᪟㶗喌ᒂݓ᫜̯͙᪟᭞ॕ᭞㉏᪟ᬥ喌Ⱓᣔᴔ㶗

ञȡࢢ

ᔽᵦ䃐テ喟⩗ Eratosthenesり∄ (Sieve of Eratosthenes¬)
㐈ܩ㺰り᪟ի⮳㠲ణ n喌ឭܩ

√
nДڴ⮳㉏᪟ p1, p2, . . . , pkȡٷ⩗ 2࣪り喌ឹࢢ 2⪈̺喌ឹ 2⮳

Լ᪟ރ䮓ᢸ喛ڼ⩗̺̯͙䉗᪟喌Ύᅠ᭞ 3り喌ឹ 3⪈̺喌ឹ 3⮳Լ᪟ރ䮓ᢸ喛ᣔ̺࣪⩗̺̯͙䉗᪟ 5
り喌ឹ 5⪈̺喌ឹ 5⮳Լ᪟ރ䮓ᢸ喛̼᫜䛼฼̺࣪……ȡ

#define MAXN 30000
/** prime_table[i]==1 㶗⹩ i ᭞㉏᪟喌へν 0 ݈̼᭞㉏᪟ */
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];

}

ᯣߊ᳉ͭ∄чࡅ❷

̺䲑䔈⃤代码᭞Ͻ GNU GMP(http://gmplib.org/)⮳⎿代码͜៏ܩᲔ⮳ȡ

int is_prime(unsigned int n) {
unsigned int q, r, d; /* ੵ喌҈᪟喌䮓᪟ */

/* ឹ䔈͙፧᪟ᆄᐯ᜿λ䔊ݥᅠშᭂ⤵㼒ε */
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; /* Ԍ䃰 d ̼䊴䓶 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;

}

Һ䷇

• wikioi 1430㉏᪟ݓ჉喌http://www.wikioi.com/problem/1430/

15.1.4 ๖᪣᪟अὐ

᣾䔟

ⅱ a mod b, 1 ≤ a ≤ 101000, 1 ≤ b ≤ 100000ȡ
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䓂ڔ

⃾㵻 2͙᪣᪟ a঻ b

䓂ܩ

ᄨ⃾̯㵻䓂ܩ㐂᳋ a mod b

ᵦҺ䓂ڔ

2 3
12 7
152455856554521 3250

ᵦҺ䓂ܩ

2
5
1521

代码

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

/* ̯͙᪟㏳ٲ㉏㶗⹩ 4 ⮳ݥ᪟㏳᭞̶䔊ࢢѼ喌ݥ䔊ࡰ͙ */
#define BIGINT_MOD 10000
#define MOD_LEN 4
#define MAX_LEN (1000/MOD_LEN+1) /* ᪣᪟⮳ᰯ๖Ѽ᪟ */

char a[MAX_LEN * MOD_LEN];
int x[MAX_LEN], y;

/**
* @brief ᄵ䓂ڔ⮳ႆさ͡䒛ͩࡅ๖᪣᪟喌⩗᪟㏳㶗⹩喌ѽѼ౗ѽ౟౯.
* @param[in] s 䓂ڔ⮳ႆさ͡
* @param[out] x ๖᪣᪟
* @return ᬏ
*/

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 䃐テ x mod y
* @param[in] x ๖᪣᪟
* @param[in] y ὐ
* @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

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

• HDU 1212 Big Number, http://acm.hdu.edu.cn/showproblem.php?pid=1212

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• None

15.2 ㏳ष᪟႕
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๖᪣᪟䓿テ

౗ 32Ѽ CPU̺喌C/C++͜⮳ int㘬㶗⹩⮳㠲ణ᭞ [−232, 232 − 1]喌unsigned int㘬㶗⹩⮳㠲ణ᭞
[0, 232]ȡᝯД喌int঻ unsigned int䘬̼㘬Ԍႇ䊴䓶 10Ѽ⮳᪣᪟喈㼒᫨⼺ 10x ≤ 232喌ञᓆ x ≤ 9.63喉ȡ

᰸ᬥᝀЛ䰯㺰ࣱ̽䓿テ⮳᪣᪟喌ञ㘬щ䔋䔋̼ₑ 10Ѽ喌ᝀЛ⼟䔈⻼ഩᱛ᪟ᢝㆪ಺ᬏ∄㶗⹩⮳᪣᪟ͩ
๖᪣᪟ȡັ ҄㶗⹩঻ႇᩭ๖᪣᪟঑喟ഩᱛ⮳ᕌᘢ᭞喚⩗᪟㏳ὐ᠎๖᪣᪟ȡ̯ ͙᪟㏳ٲ㉏喌ႇᩭ๖᪣᪟

͜⮳̯Ѽȡ

Һັ喌̯͙ 200Ѽ⮳ࡰ䔊ݥ᪣᪟喌ञД⩗ int x[200]Ე㶗⹩喌̯͙᪟㏳ٲ㉏ᄨᏃ̯͙Ѽȡ䔈ᵦ
։᰸◨⊙䉨⾩䬣喌ఏ̯͙ͩ intञД㶗⹩⮳㠲ణ䔋䔋๖ν 10ȡఏₓ喌ᝀЛञД⩗̯͙᪟㏳ٲ㉏喌㶗⹩
4͙᪟Ѽ喈̯͙ intञД㶗⹩⮳㠲ణΎ䔋䔋๖ν 10000喌ͩ ϯͷ̯͙᪟㏳ٲ㉏ङ㶗⹩ 4͙᪟Ѽ喌ञ̼ञ
Д㶗⹩ 9͙᪟Ѽ喟⪈㐈䄪㔴ᕌ㔲喉喌䔈ᬥ喌᪟㏳̼ڼ᭞ 10䔊ݥ喌㔻᭞ 10000䔊ݥȡҮ⩗̶䔊ݥ喌᪟㏳
䪮ᏕञД㑘࣎ݟ۾Ე⮳ 1/4ȡ

16.1 ๖᪣᪟ߏ∄

᣾䔟

ⅱ͓͙䲍䉎⮳๖᪣᪟Ⱗߏ⮳঻ȡ

䓂ڔ

᰸͓㵻喌⃾㵻᭞̯͙̼䊴䓶 200Ѽ⮳䲍䉎᪣᪟喌ञ㘬᰸้҈⮳ݼᄫ 0ȡ

䓂ܩ

̯㵻喌ࢢⰧߏऽ⮳㐂᳋ȡ㐂᳋䛻̼㘬᰸้҈⮳ݼᄫ 0喌ັࢢ᳋㐂᳋᭞ 342喌䗒ͷᅠ̼㘬䓂ͩܩ 0342ȡ

ᵦҺ䓂ڔ

22222222222222222222
33333333333333333333

ᵦҺ䓂ܩ

55555555555555555555

300
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代码

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

/* ̯͙᪟㏳ٲ㉏㶗⹩ 4 ⮳ݥ᪟㏳᭞̶䔊ࢢѼ喌ݥ䔊ࡰ͙ */
#define BIGINT_RADIX 10000
#define RADIX_LEN 4
#define MAX_LEN (200/RADIX_LEN+1) /* ᪣᪟⮳ᰯ๖Ѽ᪟ */

char a[MAX_LEN * RADIX_LEN], b[MAX_LEN * RADIX_LEN];
int x[MAX_LEN], y[MAX_LEN], z[MAX_LEN + 1];

/**
* @brief គ࢟๖᪣᪟.
* @param[in] x ๖᪣᪟喌⩗᪟㏳㶗⹩喌ѽѼ౗ѽ౟౯
* @param[in] n ᪟㏳ x ⮳䪮Ꮥ
* @return ᬏ
*/

void bigint_print(const int x[], const int n) {
int i;
int start_output = 0; /* ⩗ν䌢䓶ݼᄫ 0 */
for (i = n - 1; i >= 0; --i) {

if (start_output) { /* ັ᳋้҈⮳ 0 ጡ㏾䘬䌢䓶喌݈䓂ܩ */
printf("%04d", x[i]);

} else if (x[i] > 0) {
printf("%d", x[i]);
start_output = 1; /* ⷟ݟせ̯͙䲍 0 ⮳ի喌ᅠ䄣ᬽ้҈⮳ 0 ጡ㏾䘬䌢䓶 */

}
}

if(!start_output) printf("0"); /* ᒂ x ͩڗ 0 ᬥ */
}

/**
* @brief ᄵ䓂ڔ⮳ႆさ͡䒛ͩࡅ๖᪣᪟.
* @param[in] s 䓂ڔ⮳ႆさ͡
* @param[out] x ๖᪣᪟喌⩗᪟㏳㶗⹩喌ѽѼ౗ѽ౟౯
* @return ᬏ
*/

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 ๖᪣᪟ߏ∄
* @param[in] x x
* @param[in] y y
* @param[out] z z=x+y
* @return ᬏ
*/

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++) { /* 䔿ѼⰧߏ */
z[i] += x[i] + y[i];
if (z[i] >= BIGINT_RADIX) { /* ⰺ᭞ॕ㺰䔊Ѽ */

z[i] -= BIGINT_RADIX;
z[i+1] ++; /* 䔊Ѽ */

}
}

}

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

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

•Ȩ⼺Ꮎ䃭䃐ᄫᑄࣹ౗㏮Ⴭ䌤ȩ¬せ 144䶤 7.1㞱

• ⮭㏲ 2981๖᪣᪟ߏ∄, http://poj.grids.cn/practice/2981/

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• None

¬ᱽ᪶᫟,⼺Ꮎ䃭䃐ᄫᑄࣹ౗㏮Ⴭ䌤,⌴ࡽ๖႕ܩ❷⹭, 2007
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16.2 ๖᪣᪟۾∄

᣾䔟

ⅱ͓͙䲍䉎⮳๖᪣᪟Ⱗ۾⮳ጝȡ

䓂ڔ

せ 1㵻᭞≺䄄᪟ᢝ⮳㏳᪟ T喌⃾㏳≺䄄᪟ᢝ࢏ 2㵻喌せ 1㵻᭞㷚۾᪟ a喌せ 2㵻᭞۾᪟ b(a > b)喌
⃾㵻᪟ᢝ̼䊴䓶 100͙ႆさ喌⇐᰸้҈⮳ݼᄫ 0ȡ⃾㏳≺䄄᪟ᢝͺ䬣᰸̯͙⾩㵻ȡ

䓂ܩ

⃾㏳≺䄄᪟ᢝ䓂̯ܩ㵻喌ࢢⰧᏃ⮳ጝ

ᵦҺ䓂ڔ

2
9999999999999999999999999999999999999
9999999999999

5409656775097850895687056798068970934546546575676768678435435345
1

ܵᲿ

ὐ᠎ᄾ႕⩎݆々ᐾ։ߏ∄喌Ͻ͙Ѽᐯ໺䔿ѼⰧߏ喌䊴䓶ᝅ䓭ݟ 10喈䔈䛻⩗̶䔊ݥ喌݈᭞ 10000喉
݈䔊Ѽȡ

͓͙ 200Ѽ⮳๖᪣᪟Ⱗߏ喌㐂᳋ञ㘬щ᰸ 201Ѽȡ

ᵦҺ䓂ܩ

9999999999999999999999990000000000000
5409656775097850895687056798068970934546546575676768678435435344

代码

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

/* ̯͙᪟㏳ٲ㉏㶗⹩ 4 ⮳ݥ᪟㏳᭞̶䔊ࢢѼ喌ݥ䔊ࡰ͙ */
#define BIGINT_RADIX 10000
#define RADIX_LEN 4
#define MAX_LEN (100/RADIX_LEN+1) /* ᪣᪟⮳ᰯ๖Ѽ᪟ */

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 គ࢟๖᪣᪟.
* @param[in] x ๖᪣᪟喌⩗᪟㏳㶗⹩喌ѽѼ౗ѽ౟౯
* @param[in] n ᪟㏳ x ⮳䪮Ꮥ
* @return ᬏ
*/

void bigint_print(const int x[], const int n) {
int i;
int start_output = 0; /* ⩗ν䌢䓶ݼᄫ 0 */
for (i = n - 1; i >= 0; --i) {

if (start_output) { /* ັ᳋้҈⮳ 0 ጡ㏾䘬䌢䓶喌݈䓂ܩ */
printf("%04d", x[i]);

} else if (x[i] > 0) {
printf("%d", x[i]);
start_output = 1; /* ⷟ݟせ̯͙䲍 0 ⮳ի喌ᅠ䄣ᬽ้҈⮳ 0 ጡ㏾䘬䌢䓶 */

}
}

if(!start_output) printf("0"); /* ᒂ x ͩڗ 0 ᬥ */
}

/**
* @brief ᄵ䓂ڔ⮳ႆさ͡䒛ͩࡅ๖᪣᪟.
* @param[in] s 䓂ڔ⮳ႆさ͡
* @param[out] x ๖᪣᪟喌⩗᪟㏳㶗⹩喌ѽѼ౗ѽ౟౯
* @return ᬏ
*/

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 ๖᪣᪟۾∄.
*
* @param[in] x x
* @param[in] y y, x>y
* @param[out] z z=x-y



16.3 ๖᪣᪟·∄ 305

* @return ᬏ
*/

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++) { /* 䔿ѼⰧ۾ */
z[i] += x[i] - y[i];
if (z[i] < 0) { /* ⰺ᭞ॕ㺰ՎѼ */

z[i] += BIGINT_RADIX;
z[i+1] --; /* ՎѼ */

}
}

}

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

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

• ⮭㏲ 2736๖᪣᪟۾∄, http://poj.grids.cn/practice/2736/

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• None

16.3 ๖᪣᪟·∄

᣾䔟

ⅱ͓͙䲍䉎⮳๖᪣᪟Ⱗ·⮳⼞ȡ
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䓂ڔ

᰸͓㵻喌⃾㵻᭞̯͙̼䊴䓶 200Ѽ⮳䲍䉎᪣᪟喌⇐᰸้҈⮳ݼᄫ 0ȡ

䓂ܩ

̯㵻喌ࢢⰧ·ऽ⮳㐂᳋ȡ㐂᳋䛻̼㘬᰸้҈⮳ݼᄫ 0ȡ

ᵦҺ䓂ڔ

12345678900
98765432100

ᵦҺ䓂ܩ

1219326311126352690000

ܵᲿ

͓͙ 200Ѽ⮳᪟Ⱗ·喌⼞ᰯ้щ᰸ 400Ѽȡ
䃐テ⮳䓶⼺ഩᱛ̹঻ᄾ႕⩎݆々ᐾ։·∄Ⱗऻȡͩ㑅⼺᫨Ӯ喌Ꭵ̼ᕔνำ⤵䔊Ѽ喌㔻ᄵ䔊Ѽ䬝

䷇⪈ᒴᰯऽ㐎̯ำ⤵ȡ

⣟Д 835× 49ͩҺᲔ䄣ᬽ⼺Ꮎ⮳䃐テ䓶⼺ȡ

テٷ 835× 9ȡ5× 9ᓆݟ 45͙ 1喌3× 9ᓆݟ 27͙ 10喌8× 9ᓆݟ 72͙ 100ȡ⩠ν̼ᕔνำ⤵䔊
Ѽ喌ᝯД 835× 9テႻऽ喌aResultັ̺喚

ᣔ̺Ეテ 4× 5ȡₓำ 4× 5⮳㐂᳋代㶗 20͙ 10喌ఏₓ㺰 aResult[1]+=20喌इͩ喚

Ეテ̺ڼ 4× 3ȡₓำ 4× 3⮳㐂᳋代㶗 12͙ 100喌ఏₓ㺰 aResult[2]+= 12喌इͩ喚

ᰯऽテ 4× 8ȡₓำ 4× 8⮳㐂᳋代㶗 32͙ 1000喌ఏₓ㺰 aResult[3]+= 32喌इͩ喚
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·∄䓶⼺Ⴛ℄ȡᣔ̺ᲔϽ aResult[0]ᐯ໺ी倇Ѽ䔿Ѽำ⤵䔊Ѽ䬝䷇ȡaResult[0]⪈̺ 5喌ឹ ݟߏ4
aResult[1]̹喌aResult[1]इͩ 51ऽ喌Ꮓ⪈̺ 1喌ឹ ݟߏ5 aResult[2]̹ĉĉᰯ㏷Үᓆ aResult䛻⮳⃾
㉏䘬᭞ٲ͙ 1Ѽ᪟喌㐂᳋ᅠテܩᲔε喚

ᕪ㐂̯͙㻳ᒺ喌͙̯ࢢ᪟⮳せ iѼ঻क̯͙᪟⮳せ jѼⰧ·ᝯᓆ⮳᪟喌̯჉᭞㺰㉞ݟߏ㐂᳋⮳せ
i+jѼ̹ȡ䔈䛻 i, j䘬᭞Ͻढᒯጕ喌Ͻ 0ᐯ໺᪟ȡ

代码

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

/* ̯͙᪟㏳ٲ㉏㶗⹩ 4 ⮳ݥ᪟㏳᭞̶䔊ࢢѼ喌ݥ䔊ࡰ͙ */
#define BIGINT_RADIX 10000
#define RADIX_LEN 4
#define MAX_LEN (200/RADIX_LEN+1) /* ᪣᪟⮳ᰯ๖Ѽ᪟ */

char a[MAX_LEN * RADIX_LEN], b[MAX_LEN * RADIX_LEN];
int x[MAX_LEN], y[MAX_LEN], z[MAX_LEN * 2];

/**
* @brief គ࢟๖᪣᪟.
* @param[in] x ๖᪣᪟喌⩗᪟㏳㶗⹩喌ѽѼ౗ѽ౟౯
* @param[in] n ᪟㏳ x ⮳䪮Ꮥ
* @return ᬏ
*/

void bigint_print(const int x[], const int n) {
int i;
int start_output = 0; /* ⩗ν䌢䓶ݼᄫ 0 */
for (i = n - 1; i >= 0; --i) {

if (start_output) { /* ັ᳋้҈⮳ 0 ጡ㏾䘬䌢䓶喌݈䓂ܩ */
printf("%04d", x[i]);

} else if (x[i] > 0) {
printf("%d", x[i]);
start_output = 1; /* ⷟ݟせ̯͙䲍 0 ⮳ի喌ᅠ䄣ᬽ้҈⮳ 0 ጡ㏾䘬䌢䓶 */

}
}

if(!start_output) printf("0"); /* ᒂ x ͩڗ 0 ᬥ */
}

/**
* @brief ᄵ䓂ڔ⮳ႆさ͡䒛ͩࡅ๖᪣᪟.
* @param[in] s 䓂ڔ⮳ႆさ͡
* @param[out] x ๖᪣᪟喌⩗᪟㏳㶗⹩喌ѽѼ౗ѽ౟౯
* @return ᬏ
*/
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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 ๖᪣᪟·∄.
* @param[in] x x
* @param[in] y y
* @param[out] z z=x*y
* @return ᬏ
*/

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]喌࣪·Д x ⮳ळѼ */

z[i + j] += y[i] * x[j]; /* ͓᪟せ i, j ѼⰧ·喌㉞ݟߏ㐂᳋⮳せ i+j Ѽ */

if (z[i + j] >= BIGINT_RADIX) { /* ⰺ᭞ॕ㺰䔊Ѽ */
z[i + j + 1] += z[i + j] / BIGINT_RADIX; /* 䔊Ѽ */
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

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

•Ȩ⼺Ꮎ䃭䃐ᄫᑄࣹ౗㏮Ⴭ䌤ȩ¬せ 146䶤 7.2㞱

• ⮭㏲ 2980๖᪣᪟·∄, http://poj.grids.cn/practice/2980/

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• None

16.4 ๖᪣᪟䮓∄

᣾䔟

ⅱ͓͙䲍䉎⮳๖᪣᪟Ⱗ䮓⮳ੵȡ

䓂ڔ

せ 1㵻᭞≺䄄᪟ᢝ⮳㏳᪟ T喌⃾㏳≺䄄᪟ᢝ࢏ 2㵻喌せ 1㵻᭞㷚䮓᪟喌せ 2㵻᭞䮓᪟喌⃾㵻᪟ᢝ
̼䊴䓶 100͙ႆさȡ⃾㏳≺䄄᪟ᢝͺ䬣᰸̯͙⾩㵻ȡ

䓂ܩ

⃾㏳≺䄄᪟ᢝ䓂̯ܩ㵻喌ࢢⰧᏃ⮳᪣᪟ੵ

ᵦҺ䓂ڔ

3
2405337312963373359009260457742057439230496493930355595797660791082739646
2987192585318701752584429931160870372907079248971095012509790550883793197894

10000000000000000000000000000000000000000
10000000000

5409656775097850895687056798068970934546546575676768678435435345
1

ᵦҺ䓂ܩ

0
1000000000000000000000000000000
5409656775097850895687056798068970934546546575676768678435435345

¬ᱽ᪶᫟,⼺Ꮎ䃭䃐ᄫᑄࣹ౗㏮Ⴭ䌤,⌴ࡽ๖႕ܩ❷⹭, 2007
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ܵᲿ

ഩᱛ⮳ᕌᘢ᭞ࣼ฼։۾∄喌ⰺⰺϽ㷚䮓᪟䛻ᰯ้㘬้࣪۾ᅀ͙䮓᪟喌ੵᅠ᭞้ᅀȡ̯͙̯͙۾

᭭♥๙ᚑ喌ັ҄۾ᓆᰣᔚ̯ϊ঑喟Д 7546䮓Д 23ͩҺᲔⰺ̯̺喚ᐯ໺ੵͩ 0ȡ࣪۾ٷ 23⮳ 100Լ喌
ᅠ᭞ 2300喌ऀ⣟๎۾ 3⁐喌҈̺ 646ȡν᭞ੵ⮳իᅠ෍ߏ 300ȡ♥ऽ⩗ ࣪۾646 230喌ऀ⣟๎۾ 2⁐喌
҈̺ 186喌ν᭞ੵ⮳ի෍ߏ 20ȡᰯऽ⩗ ࣪۾186 23喌๎۾ 8⁐喌ఏₓᰯ㏷ੵᅠ᭞ 328ȡ
ᝯДᱛ䷇⮳ᵧᓲ᭞㺰写̯͙๖᪣᪟⮳ܬ∄۾᪟喌♥ऽࣼ฼䄲⩗䄔ܬ᪟䔊㵻۾∄᧼ҋȡ

䃐テ䮓᪟⮳ 10ԼȠ100Լ⮳ᬥՈ喌̼⩗։·∄喌Ⱓᣔ౗䮓᪟ऽ䲑㶔 ञȡࢢ0

代码

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

/* ̯͙᪟㏳ٲ㉏㶗⹩ 4 ⮳ݥ᪟㏳᭞̶䔊ࢢѼ喌ݥ䔊ࡰ͙ */
#define BIGINT_RADIX 10000
#define RADIX_LEN 4
#define MAX_LEN (100/RADIX_LEN+1) /* ᪣᪟⮳ᰯ๖Ѽ᪟ */

char a[MAX_LEN * RADIX_LEN], b[MAX_LEN * RADIX_LEN];
int x[MAX_LEN], y[MAX_LEN], z[MAX_LEN];

/**
* @brief គ࢟๖᪣᪟.
* @param[in] x ๖᪣᪟喌⩗᪟㏳㶗⹩喌ѽѼ౗ѽ౟౯
* @param[in] n ᪟㏳ x ⮳䪮Ꮥ
* @return ᬏ
*/

void bigint_print(const int x[], const int n) {
int i;
int start_output = 0; /* ⩗ν䌢䓶ݼᄫ 0 */
for (i = n - 1; i >= 0; --i) {

if (start_output) { /* ັ᳋้҈⮳ 0 ጡ㏾䘬䌢䓶喌݈䓂ܩ */
printf("%04d", x[i]);

} else if (x[i] > 0) {
printf("%d", x[i]);
start_output = 1; /* ⷟ݟせ̯͙䲍 0 ⮳ի喌ᅠ䄣ᬽ้҈⮳ 0 ጡ㏾䘬䌢䓶 */

}
}

if(!start_output) printf("0"); /* ᒂ x ͩڗ 0 ᬥ */
}

/**
* @brief ᄵ䓂ڔ⮳ႆさ͡䒛ͩࡅ๖᪣᪟.
* @param[in] s 䓂ڔ⮳ႆさ͡
* @param[out] x ๖᪣᪟喌⩗᪟㏳㶗⹩喌ѽѼ౗ѽ౟౯
* @return ᬏ
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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 䃐テ๖᪣᪟⮳Ѽ᪟.
*
* @param[inout] x ๖᪣᪟
* @return Ѽ᪟
*/

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 ๖᪣᪟۾∄.
*
* @param[inout] x x
* @param[in] y y
* @return ັ᳋ x < y喌䔃఍-1喌ັ᳋ x=y喌䔃఍ 0喌ັ᳋ x>y喌䔃఍ 1
*/

static int bigint_sub(int x[], const int y[]) {
int i;
const int lenx = length(x);
const int leny = length(y);

/* ᫜ݓ x ᭞ॕ℃ y ๖ */
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++) { /* 䔿ѼⰧ۾ */
x[i] -= y[i];
if (x[i] < 0) { /* ⰺ᭞ॕ㺰ՎѼ */

x[i] += BIGINT_RADIX;
x[i+1] --; /* ՎѼ */

}
}

return 1;
}

/**
* @brief ๖᪣᪟䮓∄.
*
* @param[inout] x x
* @param[in] y y
* @param[out] z z=x/y
* @return ᬏ
*/

void bigint_div(int x[], const int y[], int z[]) {
int i;
int *yy; /* y ᱛޞ⮳ */
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);

/* ᄵ yy ढ⼪ times Ѽ喌Үڥ䪮Ꮥ঻ x Ⱗऻ喌ࢢ yy ·Д 10000 ⮳ times ⁐፱ */
for (i = xlen - 1; i >= 0; i--) {

if (i >= times) yy[i] = yy[i - times];
else yy[i] = 0;

}

/* 㠔Ꭱ͙࣪۾ٷ y×(10000 ⮳ times ⁐᫨)喌
㠔Ꭱ͙࣪۾ڼε喌۾๎̼ y×(10000 ⮳ times-1 ⁐᫨)
̯Ⱓͩ۾๎̼ݟ۾ₑ */

ylen = xlen;
for (i = 0; i <= times; i++) {

int j;
while (bigint_sub(x, yy) >= 0) {
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z[times - i]++;
}

/* yy 䮓Д BIGINT_RADIX喌ࢢጕ⼪̯Ѽ */
for (j = 1; j < ylen; j++) {

yy[j - 1] = yy[j];
}
yy[--ylen] = 0;

}

/* ̺䲑⮳ᓙ⣞㐎̯ำ⤵䔊Ѽ */
for (i = 0; i < MAX_LEN - 1; i++) {

if (z[i] >= BIGINT_RADIX) { /* ⰺ᭞ॕ㺰䔊Ѽ */
z[i+1] += z[i] / BIGINT_RADIX; /* 䔊Ѽ */
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

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

•Ȩ⼺Ꮎ䃭䃐ᄫᑄࣹ౗㏮Ⴭ䌤ȩ¬せ 149䶤 7.3㞱

• ⮭㏲ 2737๖᪣᪟䮓∄, http://poj.grids.cn/practice/2737/

• wikioi 3118倇㇭Ꮥ㏲Ώͺ䮓∄, http://poj.grids.cn/practice/3118/

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• None

¬ᱽ᪶᫟,⼺Ꮎ䃭䃐ᄫᑄࣹ౗㏮Ⴭ䌤,⌴ࡽ๖႕ܩ❷⹭, 2007
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16.5 ๖᪟䭥·

16.5.1 ๖᪟䭥·⮳Ѽ᪟

᣾䔟

ⅱ n!⮳Ѽ᪟喌0 ≤ n ≤ 107ȡ

䓂ڔ

せ̯㵻᭞̯͙ₒ᪣᪟ T喌㶗⹩≺䄄⩗Һ⮳͙᪟ȡᣔ̺Ე⮳ T 㵻喌⃾㵻̯͙ₒ᪣᪟ nȡ

䓂ܩ

ᄨ⃾͙ n喌⃾㵻䓂ܩ n!⮳Ѽ᪟

ᵦҺ䓂ڔ

2
10
20

ᵦҺ䓂ܩ

7
19

ܵᲿ

ᰯクߍ⮳ࢄ∄喌᭞㔰㔰ჍჍ䃐テܩ n!喌♥ऽᅠⴔ䖂Ⴒ⮳Ѽ᪟εȡѵ䔈͙᫨∄ᒷᚑ喌щ䊴ᬥ (TLE)ȡ
㏳ष᪟႕䛻᰸͙ Stirlingڛᐾ (Stirling’s formula¬)喚

lim
n→∞

n!√
2πn

(
n
e

)n = 1

ञД⩗䔈͙ڛᐾᲔ䃐テ n!⮳Ѽ᪟喌Ⴒへν

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 䃐テ n ⮳䭥·⮳Ѽ᪟喌⩗ Stirling ᐾڛ
* @param[in] n n>=0
* @return n ⮳䭥·⮳Ѽ᪟
*/

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

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

• POJ 1423 Big Number, http://poj.org/problem?id=1423

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• None

16.5.2 ๖᪟䭥·

᣾䔟

䃐テ n!, 0 ≤ n ≤ 10000)ȡ

䓂ڔ

⃾㵻̯͙᪣᪟ n

䓂ܩ

ᄨ⃾͙ n喌⃾㵻䓂ܩ n!
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ᵦҺ䓂ڔ

1
2
3

ᵦҺ䓂ܩ

1
2
6

代码

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

/* ̯͙᪟㏳ٲ㉏㶗⹩ 4 ⮳ݥ᪟㏳᭞̶䔊ࢢѼ喌ݥ䔊ࡰ͙ */
#define BIGINT_RADIX 10000
#define RADIX_LEN 4
/* 10000! ᰸ 35660 Ѽ */
#define MAX_LEN (35660/RADIX_LEN+1) /* ᪣᪟⮳ᰯ๖Ѽ᪟ */

int x[MAX_LEN + 1];

/**
* @brief គ࢟๖᪣᪟.
* @param[in] x ๖᪣᪟喌⩗᪟㏳㶗⹩喌ѽѼ౗ѽ౟౯
* @param[in] n ᪟㏳ x ⮳䪮Ꮥ
* @return ᬏ
*/

void bigint_print(const int x[], const int n) {
int i;
int start_output = 0; /* ⩗ν䌢䓶ݼᄫ 0 */
for (i = n - 1; i >= 0; --i) {

if (start_output) { /* ັ᳋้҈⮳ 0 ጡ㏾䘬䌢䓶喌݈䓂ܩ */
printf("%04d", x[i]);

} else if (x[i] > 0) {
printf("%d", x[i]);
start_output = 1; /* ⷟ݟせ̯͙䲍 0 ⮳ի喌ᅠ䄣ᬽ้҈⮳ 0 ጡ㏾䘬䌢䓶 */

}
}

if(!start_output) printf("0"); /* ᒂ x ͩڗ 0 ᬥ */
}

/**
* @brief ๖᪣᪟·∄, x = x*y.
* @param[inout] x x
* @param[in] y y
* @return ᬏ
*/
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void bigint_mul(int x[], const int y) {
int i;
int c = 0; /* Ԍႇ䔊Ѽ */

for (i = 0; i < MAX_LEN; i++) { /* ⩗ y喌࣪·Д x ⮳ळѼ */
const int tmp = x[i] * y + c;
x[i] = tmp % BIGINT_RADIX;
c = tmp / BIGINT_RADIX;

}
}

/**
* @brief 䃐テ n ⮳䭥·
* @param[in] n
* @param[out] x ႇᩭ㐂᳋
* @return ᬏ
*/

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

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

• HDU 1042 N!, http://acm.hdu.edu.cn/showproblem.php?pid=1042

̽ᱛ䷇Ⱗѫ⮳䷇Ⱍ喚

• None
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ഩⵯߎ㘬

౗䲑䄄঻ぃ䄄͜喌㏾፧щܩ⣟䔈ㆪ䷇Ⱍ喌ឹ C++, Javaᴶ۵Ꮒ͜⮳̯ϊܬ᪟ࢄ⠛ᠮܩᲔ喌䃘ҏ䛼
᫟Ⴭ⣟ȡ䔈ㆪ䷇Ⱍⴜᄾ㇭ᖼ喌ᒷ㘬㔲侻̯͙ϩ⮳ഩᱛߎ᭞ॕ᝽Ⴭȡ

17.1 ̺̯͙ᣁ݆

᣾䔟

Ⴭ⣟ C++ STL͜⮳ next_permutation()喌ܬ᪟࣎಺ັ̺喚

/**
* @brief 䔃఍̺̯͙ᣁ݆喌Һັᒂݼᣁ݆᭞ 12345喌̺̯͙᭞ 12354
* @param[inout] num ᒂݼᣁ݆喌Һັ 12345
* @param[in] len num ⮳䪮Ꮥ
* @return ᬏ
*/

void next_permutation(int num[], int len);

ܵᲿ

テ∄䓶⼺ັభ 17-1ᝯ⹩喈Ე㜙 http://fisherlei.blogspot.com/2012/12/leetcode-next-permutation.html喉ȡ

318
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భ 17-1 ̺̯͙ᣁ݆テ∄≰⼺

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) { //ጕ䬜ढᐯࡩ䬣
last--;
while (first < last)

swap(array, first++, last--);
}

/**
* @brief 䔃఍̺̯͙ᣁ݆喌Һັᒂݼᣁ݆᭞ 12345喌̺̯͙᭞ 12354
* @param[inout] num ᒂݼᣁ݆喌Һັ 12345
* @param[in] first ᐯ໺Ѽ㒝
* @param[in] last 㐂᲎Ѽ㒝喌ጕ䬜ढᐯࡩ䬣
* @return ᜿ߎ䔃఍ 0喌๠䉔䔃఍ -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

Ⱗڢ⮳䷇Ⱍ

̽ᱛ䷇Ⱗऻ⮳䷇Ⱍ喚

• LeetCode - Next Permutation, http://leetcode.com/onlinejudge#question_31

17.2 ᪟㏳ᓙ⣞ढ⼪

᣾䔟

ᄵ̯͙䪮Ꮥͩ n⮳᪟㏳ A⮳ٲ㉏ᓙ⣞ढ⼪喈ROR, Rotate Right喉kѼ喌℃ັ᪟㏳ 1, 2, 3, 4, 5ᓙ⣞
ढ⼪ 3Ѽͺऽᅠइ᜿ 3, 4, 5, 1, 2ȡ

᫨∄̯

ᰯⰣᣔ⮳։∄᭞कᐯ̯͙๖ᄾ̯ᵦ⮳᪟㏳ B喌䕼̺̯ࢵ喌Г B[(i+ k)%n] = A[i]喌ڼᄵ B⮳ڴშ
写఍ݟ Aࢢञȡ䔈͙᫨∄⮳ᬥ䬣฼ᱱᏕͩ O(n)喌⾩䬣฼ᱱᏕΎͩ O(n)ȡ代码ັ̺喚

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

᫨∄λ

क̯⻼クࢄ⮳։∄喌⃾⁐ᄵ᪟㏳͜⮳ᝯ᰸ٲ㉏ढ⼪̯Ѽ喌ᓙ⣞ k⁐ȡ䔈͙᫨∄⮳ᬥ䬣฼ᱱᏕͩ
O(n*k)喌⾩䬣฼ᱱᏕͩ O(1)ȡ代码ັ̺喚

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

᫨∄̸

ᄵٷ A⮳ٲ㉏Ձ㒝喌ࢢ 1, 2, 3, 4, 5इ᜿ 5, 4, 3, 2, 1喌♥ऽᄵݼ kѼՁ㒝喌ࢢ 3, 4, 5, 2, 1喌ڼᄵऽ
n-kѼՁ㒝喌ࢢ 3, 4, 5, 1, 2喌Ⴛ᜿ȡ
䃰ᬽ喚䃟 A⮳ݼ n-kѼͩ X喌ऽ kѼͩ Y喌݈ A=XY喌ᄵ Aᓙ⣞ढ⼪ kѼऽ喌Ꮓ䄔ᓆݟ YXȡᵨᢝ

䄔テ∄喌ٷᄵ A᪣҂Ձ㒝喌ᓆݟ (XY )T = Y TXT喌♥ऽᄵݼ kѼՁ㒝喌ᓆݟ Y XT喌ᰯऽᄵऽ n-k
ѼՁ㒝喌ᓆݟ YX喌ₒຬ᭞ᝯⅱ⮳㐂᳋喌䃰℄ȡ
䔈͙᫨∄⮳ᬥ䬣฼ᱱᏕͩ O(2n)喌⾩䬣฼ᱱᏕͩ O(1)ȡ代码ັ̺喚

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) { //ጕ䬜ढᐯࡩ䬣
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

䔈⻼᫨∄䰯㺰ᄨ⃾͙Ѽ㒝写ڔ 2⁐喌ⰺ̹࣪Ύ̼ᔽͷຬ喌䗒᰸⇐᰸ᰣຬ⮳঑喟

᫨∄ఊ

ᝀЛ㺰։⮳ङ᭞ឹ⃾͙ٲ㉏ᩭݟႲᏃ䄔౗⮳Ѽ㒝喌℃ັᐯ๣⮳Һၿ喌1Ꮓ䄔ᩭ౗ 4⮳Ѽ㒝喌ឹ 1
ᩭຬͺऽ喌4ᅠ⇐౟᫨ε喌䗒 4Ꮓ䄔౗ਙ঑喌౗ 2⮳Ѽ㒝喌ӌₓㆪᣗ喌ᅠञДឹᝯ᰸⮳ٲ㉏䘬ᩭຬ喌
㔻̓ङᩭε̯⁐ȡⰺ̹࣪䔈ᵦ։ᒷႻ㒽喌ѵЃ㏵ᘢᘢᅠ㘬ᘢࣼܩҺၿ喌℃ັ 1, 2, 3, 4, 5, 6, 7, 8, 9ढ⼪
3Ѽ喌ᅠ᭞ 1ᩭ౗ 4͙Ѽ㒝喌4ᩭ౗ 7⮳Ѽ㒝喌♥ऽ 7ᩭ఍ 1喌䔈ᬥՈ̯షڋႻε喌ѵङᣁຬε ٲ3͙
㉏喌̺ޘ⮳ ঑喟㐖㐜̺̯͙喌ᅠ᭞ߍ䓶喌ᔽͷߗ㉏⇐᰸ٲ6͙ 2喌♥ऽ 2Ƞ5Ƞ8Ύᣁຬε喌㐖㐜 3Ƞ6Ƞ
9喌䔈ᬥՈ̺̯͙ٲ㉏᭞ 1ε喌Ꮓ䄔֋ₑε喈ఏͩ 1Ƞ4Ƞ7ጡ㏾ᣁຬε喉喌䗒⼺Ꮎᔽͷщⴔ䖂֋౗䔈䛻
ε喌ν᭞ᅠᘢݟεᰯ๖ڛ㏕᪟喌9঻ 3⮳ᰯ๖ڛ㏕᪟᭞ 3喌ν᭞։ݼ 3͙᪟⮳ᓙ⣞ᅠञДε喌ͩϯͷ
̹̯͙Һၿङ䰯։̯⁐喌ఏͩٲ㉏͙᪟喈5喉঻⼪ߗѼ᪟喈3喉ρ䉗ȡڦ҂⮳᪟႕䃰ᬽ⪔ȡ
代码ັ̺喚

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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