FERBYSFH

RIENES (soulmachine@gmail.com)
https://github.com/soulmachine/acm-cheat-sheet

RAPBH 2016-1-11
RRAR =88
KVEGRA “Creative Commons B2-IEF |/ IMEEA-18E5HZ= 3.0 Unported O 101X

(cc by-nc-sa)” HH{T1F T, http://creativecommons.org/licenses/by-nc-sa/3.0/

REET

ADHBEMRERESAIER LENER, BERTEEARIIENEK, BIRNI
BAR ACM EAR R

ADNBE T -LLBMELTAE, 2TRINES, ROGITORE, BG4 M
5

BLEZIEREHNE AR ? —REANTVEBELICORBBIR, Al “/\2/80
a7, “-1ERIEM” F, XLBFEEKEE IR, XUFT— “piB”, —RiRLEBF,
REAEFEREBRE S, CEBERABAS, XFi2mEN “«2i”, OF, ADHNE
— B, BEDEMALRDPLIIL,

XADHENL, 5 ACM BERREDEAD. = DNRBL ACM ZERESR, KES
EENRE, BR/eRE, SR FBEMN®RE, Kol s YUEREE 0) £ AC 8H,
BN, AEWNTCEANRTEERER, L5 5T —LEBNPBUINIEEAE,

DS, B “4C+STL” BIXIE. ABPHITIEANTE, IREATPHITIZATE
BEARE, NTRAERE (OfRRKH)

- FrERISER S — . XZRN—AL O] Wi, RARAEBINERE—TXAME, W0

RIERZRINEMUE, DRI h FORAD.cpp, TEAEMUG HRAT ;
- ENEERBEN —MRAREY, HlU MAX, —fH0 0] B, B HIRMIEEIRH,
PIUEN —THEE MAX RRX TR, IUARMSDEATS, ILAEIINERSR;
- 2BEAEREE. R/ T2FEE, EXEMRILPRMAFTRHE, Bl E3
REHBSHTY, RB T EPBNERABEER, JRX/ T 2REE8RXTEI3
REE “INR”



ii

- NREMHIEHNRIZ. FEEHKE malloc()/new IROMNIBEHBE N NULL; AFBRE
ATBRIMADSENERN ; BRLA C ETNWREREN, BANERNRATE, AE
2HRENZB5 SN NULL,

AFMRERECEIT BIBSIN ¢, (FE) @ XM N, FEER C++ X Java,

Github Bt

APLSTHERBY, INBihilE: https;/github.com/soulmachine/acm-cheat-sheet

JCEKER RSB
FAOFBVIMNAETEIXER « hitp://q.weibo.com/1312378

O (MBS, TREEE, BEKRSERRAL, http://bookdouban.com/subject/2024655/
@ {Algorithms), Robert Sedgewick, Addison-Wesley Professional, http://book.douban.com/subject/4854123/



£18 HEKRIS
£28 BMR
E38 FHP
3.1 RSB API. . ... ... ...
311 strlen. ... ......
312 strepy ... ...
313 strstr. ... ... ...
314 atoi...........

32 ZRBHRE
3.3 SFEHM

34 FHBH ... ...
341 KMPEE .. ... ..
3.4.2 Boyer-Moore &% . . .
3.43 Rabin-Karp &3& . ...

344 WS ... ... ..

3.5  FRIERIAT

E45 BAIBAI
R
411 HXigBla@ ... ...
412 JRHlEER ... L.
42 BABI ..
421 FIEDME=F
E5E |

50 “XWev&h ... ... ...

52 Z&AR_NXN

5.3 Morris Traversal . . . ... ..

14

5.4
55

5.6

5.7

5.8

FecE
6.1
6.2

Bx

53.1 Morris PERBA . . . .
5.3.2 Morris &cRRBA . . . .
5.3.3 Morris §FRBAH . . ..
534 CBSEI ... ...
SENM ...
<
551 [RIEBFOSKIL . ... . ..
552 BRABINDAD ...
HEE ...
561 [RIBAOSEHN . . ... ..
562 RE[RRE .. ... ..
563 ADEE ... ... ..
564 BYIEE. ... ... ..
BRI ...
571 [REBFOSKIL . ... ...
5.7.2  Balanced Lineup .
573 &EWZM1 ... ...
5.7.4 A Simple Problem with
Integers . ... ... ..
575 ZJBRE@ . ... ...
Triefd ... ...........
581 [RIBAOSEHN . ... ...
5.8.2 Immediate Decodebility
5.8.3 Hardwood Species . . .
%54
WHESHK . ...
BER
621 [REBFOKIL .. ... ..

58
61
65
65
66
68



iv Bx
6.2.2 Babelfish......... 75 96 NG ... 131
961 &R ........ 131
B1E HF 7 962 BENLE ... .. .. 131
71 BAHEHERB . ... 79 063 [NIBSIE ... ... .. 132
711 BEESAHR ... .. 79
712 IHBAER ... .. 80 FE10E REMEEBR 140
713  Z/R (Shell) ITEAHER . 80 101 PO@E@m . . ... ... ... 140
72 RERHEFS . ... ... 82 102 HB ... 142
721 BREHR ... ... 82 103 \&EF@A ........... 144
722 RREFR ... ... .. 83 104 AR . .. .. ... 148
73 EERHER . ... 85 10.5 Combination Sum . . . ... .. 149
731 BREERHER ... .. 85 10.6 Combination SumIl . . . . . .. 150
732 MEHRB ... ... ... 86 107 NG .. 151
74 PFHER ... 87 1071 SABE ... ... .. 151
75 EEHRR ... ... 88 1072 BENHE ... ... 151
76 REROR ... 91 1073 RIIER ... ... .. 153
el BAKESE 03 12.:: iﬁ?@é%?jﬁ%%%nu . 153
s1 RRESEED. ... 93 75 RIESEPNXEL .. 153
811 HAN1E nBHA . 93 E11E P85 155
812 EMUERIAI ... 5 g memE. .. 155
813  N—THA .. ... .. 97 112 BAERERE . ... ... ... 158
82 IEEHERL.. ... ... ... .. 99
821 IEBMEER ... .. .. 99 FE1R2E RINVE 162
822 NEASE ........ 99 121 |HILEH .. ... ... 162
823 IE&E ... ... .. 100 122 [BHERE . ....... ... 162
123 PHEDE@M .. ... ... 164
FoE [ BIUERR 102
91 EXS ... 102 F138 FSHAR 165
92 J\EMBE® ........... 107 13.1 MABHRAEBXA] . . .. 165
93 [POFEMEH ... ... ... L. 118 132 REAESRI ... 166
94 R@EBES . ... ......... 124 133 RRAESESTHIF ... ... 169
9.4.1 J\FEBo@ . ... ... 124 134 RAMITER ....... .. 172
95 AYEE ... ... 124 135 E@O@ . .. ... ... ... 174
951 J\FEZo@ . ... ... 124 1351 0-1 85808 . ... .. 174



Bx v
1352 ZEEB8OA ... .. 178 14.3.3 Highways . .. ... .. 260
1353 ZBEEOW ... .. 183 1434 BWIUMAL&KOW ... .. 263

13.6 BHEGHSHR ... ... .. 186 144 BREWER ... ... ... 265
1361 REEASEI ... . 186 1441 PRFTFIWE —Di-
13.62 BWERE ........ 188 jkstra &% ... ... 265
13.6.3 4EEBE?2 ... .. .. 191 1442 B REBR —
1364 fEMiEE . ....... 193 Floyd 8% ... .... 269

137 X@BESMR ... 199 1443 HDU 2544 §49% ... 273
1371 ERICFEREEESR ... .. 199 14.4.4 POJ 1125 Stockbroker
1372 A36FH ... ... .. 202 Grapevine . . . .. ... 275
13.7.3 FEPEENEUEY . . . . . 204 145 IR . ... 279

13.8 LRSI ... ... 210 145.1 POJ 1094 Sorting It All
1381 HZ=@F ....... 210 Out............ 282
13.82 WA . ... 213 146 FEBER ... ... ... ... 286
1383 fBHEK. ... ... ... 215
1384 BBH ... ... .. 218 BIE BIFDARSHRERR 292

13.9 RISFESIMR ... ... .. 220 1510 #g ... 292
1391 FTIRRA ........ 220 1511 BRILEREE ... .. 292
1392 ¥ERSD ... ... .. 223 1512 ¥RVIE/EE . .. 293

13.10 WBFMR .. ... ... 225 1513 REHAE . ... .. 295
13.10.1 PHIERE . ... . .. 225 1514 REHEE . ... ... 297
13.102 5B/ FENES . ... 228 152 AEHS . ... ... 299

13.11 X556 /F . ... ... 231 _
1B P™FEBE 231 B1eE ABHEH 300
13112 BA% 1 3568 . .. 235 161 REBEHNE . ... ... .. .. 300

162 KEHBOE . ... ... .. 303

&4 238 163 RBEHEE .. ... ... .. 305

141 BESFE . ... ... ... 239 164 KBHEE ... ... ... .. 309
14.1.1 Satellite Photographs . . 239 165 KEN3ER . . . .. ... . 314
14.1.2 John’strip . .. ... .. 242 16.5.1 AREMTFEBIIZL . . . . 314
14.1.3 The Necklace . ... .. 245 16.5.2 R&EMIF ........ 315

142 B8 ... 249

143 B/VEERRRY ... ... 249 FUE EMIE 318
1431 Prim &% ... ... .. 249 170 R=THI 318
14.3.2 Kruskal &5%% ... ... 256 172 HERSGE .. 320



vi

Bx




F1E

MIEERIS

IERABEENE main RESN, FANZFRE, XFEIUD LR, RIVEREIAN
RHERGIE.

WRBEBHUSG, PAIIBY PR, AR stack, queue, {EFREFLAREL, R
ERR,

BMARE—RNEE2EEE, BEACTUREPARBINILEE.,

EHUTANERE a 70 b BEBEN, AEA a==b, NIZHM B EZHNEIE
fabs(a-b) BE/NTENENE, B0 1e-9,

AR — P RBMZERNTH, B x %2 !'=0, ABA x % 2 == 1, B xTEERN
o

A char BYHEIENEA Mr (B0, HITZRHEPETISZHFTLEULREY), BZEE
char TRER . BHIAZBE S, 5RBIFEALN unsigned int BEF Mx, XDARZE
BH. EREVAR, JoRhlFeEN unsigned char, BAF Mr. Xk C++ BEURTT
B, ARIERS



F28

Rt

LMK (Linear List) B Z AN LD :

- s A

- P08 SpER, WOER, BRRHER, BIRNOHER
. TEBEE: BEER



FE3E8

SRS

3.1 SRYSE API

BIRPEESH, WIHIRS strcpy, strlen, strstr, atoi FEXHHTE. XEM
BEkXEE, XUEERK, XDERS, REZ2ZTREITNREIR, SEHENR
o
3.1.1 strlen
R
SKIR strlen, SRENFRTSEKE, WHRIVA T :
size_t strlen(const char *str);

paliil
AV

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

3.1.2 strcpy
R
K strepy, SATRBIIRE, WHRELL T :

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



paLiil
(¥

char* strcpy(char *to, const char *from) {
assert(to != NULL && from != NULL);
char *p = to;

while ((*p++ = *from++) != '\0')
retu;n tO;
}
3.1.3 strstr

)Y
SKH strstr, SREHRY, REARILAT :

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

D
RNEENERER O(m=n), VBN, BEMBEENS §347 “STHEHK”,

AV

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

const char *pi;
const char *p2;
const char *pl_advance = haystack;
for (p2 = &needle[1]; *p2; ++p2) {
pl_advance++; // advance pl_advance M-1 times

}

for (pl = haystack; *pl_advance; pl_advance++) {
char *pl_old = (char*) pil;

p2 = needle;

while (xpl && *p2 && *pl == *p2) {
pl++;
p2++;

}

if (!*p2) return pl_old;

pl = pl_old + 1;
}
return NULL;



3.1 ST API 5

UEPS IS

SENGEEIEIENEISE

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

-

3.1.4 atoi
iR
K atoi, R—DSIRIBFEMNEY, REREWT :

int atoi(const char *str);

DHT

TR, XARURGRIONER, ILIKZEIE IR,

KE—T atoi BNEHXAY (http://www.cplusplus.com/reference/cstdlib/atoi/), BB T B 4
R -

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.

FER LR -
1L AN, B2BW, "-3924x8fc”, ”+ 413",
2. %Q&T%ﬁ, ”» ++C”, » ++1,>

3. TMHEUIE, 72147483648



AV

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 (strl[i] == '-') {
sign = -1;
it++;

}

for (; i < len; i++) {
if (strl[i] < '0' || strl[i] > '9")
break;
if (num > INT_MAX / 10 ||
(num == INT_MAX / 10 &&
(str[i] - '0') > INT_MAX % 10)) {
return sign == -1 7 INT_MIN : INT_MAX;
}
num = num * 10 + str[i] - '0';
¥

return num * sign;

UERS IS

SENYEEENISE

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

-

3.2 ZRTBHF
3.3 LIIBEHkK
3.4 FREK

SRR ERNRIEFNZFTBE (substring search): LHE—TKEN N BIXAFI—1
KEN M HIRINEB (pattern string), EXAPHI— PSRBT Z/ER,
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RESNEERRNEHK, WEHERER O(MN). NENEBM T ESVNEL.

3.41 KMP &%k

KMP 874 Knuth, Morris £0 Pratt ££ 1976 F &M, BREABREE, SHIAL
fohy, REERR—EONANAT (ANAELREN Tl IS 0ERBILE ). 1T
DRI AX LE B8 R BB DR EIMEXESHNNFR 2 8l. X, SHIMALEN, O
CURRIFIRTUDAIE T I6E, MXAPHIRT REVAT RIS,

FHRRIESE (BE) Y% 533 Do XADHNZHEBRRSEmW, (DFA) 875
o

HEEN 80/ Vs R EIEE, HEVE B0 ULACER (partial match table) 837557 (B[ next
#8), “SRTBILEHY KMP &7X” http:/t.cn/zT0Pfdh, B HTX, IFEEBZE, FERm—
& ; “KMP &A1/ http://www.matrix67.com/blog/archives/115, {EZ& 2BF% Matrix67; "Knuth-
Morris-Pratt string matching” http://www.ics.uci.edu/ eppstein/161/960227.html,

{6 next F14AHY KMP E7A8) C 1BSKIU .

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

/*
@brief HEEHULEEK, B0 next HH.

*
*
* @param[in] pattern IEIVP
* Qparam[out] next next A
* Q@return J;
*/
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 &7X.

@ (&5KY, Robert Sedgewick, ARBREBHEARAE, http://book.douban.com/subject/10432347/



@param[in] pattern RIS

*

* @param[in] text M

*

* Qreturn SINNIROE—RILENME, LMNURE-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; /* "","" x/
if (m == 0) return 0; /% "a","" x/

int *next = (int*)malloc(sizeof(int) * m);
compute_prefix(pattern, next);

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

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 O;

kmp.c

3.4.2 Boyer-Moore &%

HMERESE (B%) Y8534,

EENM IR/ REBRBENESR, “FFTBHBOLE Y Boyer-Moore &)X
http://www.ruanyifeng.com/blog/2013/05/boyer-moore_string_search_algorithm.html, &3 F 7%, IEEBB
&, {E&ZF—I& ; Boyer-Moore algorithm, http://www-igm.univ-mlv.fr/ lecrog/string/node14.html,

© (&KLY, Robert Sedgewick, ARMREBHARAE, http://book.douban.com/subject/10432347/
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BHNBRERT USRI,
Boyer-Moore &8 C1BSKH W s

boyer_moore.c
/*%
* RUIBS2ES http://www-igm.univ-mlv.fr/~lecroqg/string/node14.html
* BOBERNE, JURTERZ/FNGEHE, BERMUBI%E, BT RMER
* suffixes(), pre_gs() R
*/
#include <stdio.h>
#include <stdlib.h>
#include <string.h>

#define ASIZE 256 /* ASCII 2EIHUFD x/

/*
obrief FIRME, HESTFIHRFGIUE.

*

*

* @param[in] pattern IEIVP

* Oparam[out] right §TFHRFEIIE
*

@return J;
*/
static void pre_right(const char *pattern, int right[]) {
int i;

const int m = strlen(pattern);

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

[ N

static void suffixes(const char *pattern, int suff[]) {
int £, g, 1i;
const int m = strlen(pattern);

suff[m - 1]
g=m-1;
for (i =m - 2; i >= 0; --i) {
if (i > g && suff[i +m-1-£] <i-g)
suff[i] = suff[i + m - 1 - f];

m;

else {
if (1 < g)
g =1i;
f =1i;

while (g >= 0 && pattern[g] == pattern[g + m - 1 - £])

g:
suff[i] = f - g;

©BOYER R.S., MOORE J.S., 1977, A fast string searching algorithm. Communications of the ACM. 20:762-772.



/*
@brief FRME, HEBGEHRNEHRUE.

@param[out] gs FEHRNEHBMAUE
Qreturn J;
*/
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));

*
*
* @param[in] pattern IEIVEP
*
*

suffixes(pattern, suff);
for (i = 0; i < m; ++i) gs[i] = m;

j=0;
for (i =m - 1; i >= 0; --i) if (suff[i] ==1i + 1)
for (; j <m-1-1i; ++j) if (gs[j]l == m)
gsljl =m -1 -1i;
for (i =0; i <=m - 2; ++i)
gslm - 1 - suff[il]] =m -1 - i;
free(suff);

/**
@brief Boyer-Moore &jik.

@param[in] pattern IEIVPR
ereturn AIIINIREOSE—RILEHE, KEURO-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 */

*
*
* @param[in] text M
*
*

/* 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 + jl; --1);

if (i < 0) { /x HE—DILE =/
/* 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]1] -
m+ 1+ 1i7?gs[i] : i - right[(unsigned char)text[i + j1];
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 x/
return O;

3.4.3 Rabin-Karp &k

HERBESE (EF) V%535,
Rabin-Karp 85580 C =SS0 .

boyer_moore.c

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

const int R = 256; /#* ASCII THERHIA/, R HEH| */
/x* [BHRRORN, ERE—NREE, XEBR 16 UBRKTERAZANRE */
const long Q = Oxfffi;

/*
@brief [G5FSREN.

*
*
* @param[in] key fFITEIZRTE
* @param[int] M ZRFBHKE

* @return KERN M NI ZRKBNGHE

*/

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

}

/*

* @brief TIEHHY hash.

*

© (&KLY, Robert Sedgewick, ARMREBHARAE, http://book.douban.com/subject/10432347/

rabin_karp.c
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H

* Gparam[int] h ZESSRIEPTINHIGHE
* @param[in] first KERN M NFBHRE—ZF
* @param[in] next KEN M ISR N PR
* @param[int] RM R"(M-1) % Q
* Q@return EIBTAIE i+l BY M DERNIFZRBIANNNIERE
*/
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;

}

/*
ebrief ARFFEEE, FIMTM PSR BREES.

@param[in] substring [RIBNAKEN M BY5 B
ereturn MPFRIBAEE, RO 1, SNRE o

*/

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

*
*
* @param[in] pattern IBI\R
*
*

}

/**
@brief Rabin-Karp &%.

*
*
* @param[in] text M
* @param[in] n NAHIKE
* @param[in] pattern IEI\P
* @param[in] m BRIBHKE
* ereturn ARINNIREE—RILECHIIE, KBIRE-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 O;
}
rabin_karp.c
344 BE
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F414E
FRAOBAZI

% (stack) REEE REV—IRIEAFMIBR, 5oi#f/GH (LIFO, Last In, First Out ),
FATI (queue) REEERMI—If (BAR rear) A, B—Ii (PAK front) MIER, JoiftscH (FIFO,
First In, First Out),

41 %

411 BB

iR
n PIXIEIBIARA (Hanoi Tower) RIFE="TD RGN X, Y Z BUBEE, EIBE X HEE n D
BRANNEREBE. WNEIKEBESRH1, 2, ..., nNEE, UB 410777

4-1 Hanoi B9/

MBRRE X B LB n MEZBE 2 EFHDZEENINFGEN, BRBIINVIUEE IR :
- BRREBN—TEE;

- BREYLUSEX. YA Z PeE—BRE F;

- FONZAEREE— T RANEBEFAER/NNEEZ .

BHEH—TH n, KEFDEEOBTNRI.

BWA

_/Pgéﬁ n,n < 10

14



41 ¥ 15

L Tl

I 51 k, RTRRDEFBINEE.
BIK k{7, 87—015, N from X to Y, RAE N SEM X EB5HE Y . XY BT
{IAI,IBI,’C!}

=L AN
3
=L T
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
paril
FRBI3.
AVt

hanoi.c
#include <stdio.h>

/*

Gbrief NHIBE x FIZEREH/NAKXEB LM MRS

N1 2o 8o TEILGNNRIIEEE 2 £, v TJRWGHENEE.
@param[in] n B E

Oparam[in] x JRIBEE

@param[in] y HHENIBEE

@param[in] z BirIBEE

@return 7,

* X X X X ¥ ¥

*/
void hanoi(int n, char x, char y, char z) {
if(n == 1) {
/* RERSH n NEEM x BE z »/

printf("%d from %c to %c\n", n, x, 2z);

return;

} else {
/* R x FRS 1 E n-1 NERLE y, z EHENE +/
hanoi(n-1, x, z,

SRS RN x BT = +/
printf("%d from %c to %c\n", n, x, z);

/* By FRS 1 F n-1 B’ﬂﬁ%@ﬁ z, x {EHENE +/
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hanoi(n-1, y, %, 2z);
¥

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

return O;
}
hanoi.c
LEPREYHIE

SYNYElEEYEER

« wikioi 3145 SXiBEEM5 K, http://www.wikioi.com/problem/3145/

SXPHBMRE :

-

41.2 HHIEEKR

#include <stack>
#include <cstdio>

convert_base.cpp

YELS
* Obrief HEFHIFEIR, KW— 10 FHIBEEMMN 4 HE, d<=16.
* @param[in] n ¥ n
* @param[in] d d HHl
* Qreturn 5
*/
void convert_base(int n, const int d) {
stack<int> s;
int e;

while(n '= 0) {

e=mn1%d;
s.push(e);
n /= d;
}
while(!s.empty()) {
e = s.top();
s.popQ);
printf ("%X", e);
}
return;

}

const int MAXN = 64; // BOBRAKE
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int stack[MAXN];
int top = -1;

/**
@brief iEMHIFEHR, —D 10 HHIEEEEMNN 4 #bHl, d<=16, BILAHBRRAE.

WRITUTUSFROIRAZRIE), WAEEIELHR, XNERN— 15
X8, RONBAKEZZ/D 2{RI% CPU 2 64 (i, RANBHIIZ 2764, BT
HHERNA 2, EXDEET, HOMIHRK, XMekAsAKE, RKN 64,

@param[in] n ZZ n
@param[in] d d JHHl
@return 7T,

*

* X X X X X X *

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

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

}

while(top >= 0) {
e = stack[top--1; // pop
printf ("%X", e);

}

return;

/*%

* @brief MAMIFEIR, R—D d EHIEHFEHN 10 i, d<=16.

* @param[in] s d JHHIEEE

* @param[in] d d ]

* Qreturn 10 JHHIEEEL

*/

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') omne = 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 BASI
421 ITEDHEE=F

#include <queue>
VEL:

* Obrief FJENAIE=FMAL.

*
* DTHIEN"INEN (a+b) "n BARNAY. HHhHLE—1T
* RFHEN, BETTHREIEHES, BAKIP,
* ESITREZFBA—T 0

yanghui_triangle.cpp

* @param[in] n (a+b) n

* Qreturn 5

*/

void yanghui_triangle(const int n) {
queue<int> q;
/% ?ﬁf‘ﬁﬁﬁl/\%—ﬁﬂ’] 1%/
q.push(1);
for(int i 0; i <=n; i++) { /* FKITRNE */

int s

q- push(s) /* ERITIEHBA—T 0%/

/* RMEBZE 1 1T iv2 DRE (B8F— 0) x/
for(int j = 0; j < i+2; j++) {

int t;
int tmp;
= q.front(); /* REL—TRE, BA t+/
q.popQ);
tmp = s + t; /x B N—TARE, FHHEAI */
q.push(tmp) ;
s =t; /x FTEN—TREL, 35 i+2 TE 0%/

if(§ 1= i+1) {
printf("%d ",s);
}
}
printf ("\n");

yanghui_triangle.cpp
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EPFEDP, — T OROAR, BELZINORE MBS

TR AP,
. o

“0Om

M EPANNY

BERERER, WEBEHNE;
EERBRENEIN, HBESTMEELE N,
EERBIGENAEIMEANETE TN, WEBKNG I WIZEHREHS

=2 1

, o, REGITWMHRE FMBEm

N E B NDEEER 5

__/\
NMER

#include <iostream>
#include <stack>
#include <queue>

/%% SRR */
typedef int tree_node_elem_t;
/*
*Q@struct
*Qbrief — Y45
*/
struct binary_tree_node_t {
binary_tree_node_t *left;
binary_tree_node_t *right;

* LZS */
/x BFZF */

tree_node_elem_t elem; /* ZSmBUEUIRE */

};

* Gbrief JcfBimD, B)3.

* @param[in] root MRS

* @param[in] visit JIOJEIETTENREIEH

* Qreturn T,
*/

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

binary tree.cpp
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}
/**
* @brief (PFPEM, B3.
*/

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 GRREH, BI3.
x/
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);

}

VLS
* Obrief SCRRIEMAD, IEBT.
*/
void pre_order(const binary_tree_node_t *root,
int (xvisit) (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(Q;
s.popQ);
visit(p);

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

}

YELS
* @brief PFRI@EMD, FFEFE)3.
*/
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(Q);
s.popQ);
visit(p);
p = p->right;

}

/*%
* Gbrief BFP@EMD, FFFBI3.
*/
void post_order(const binary_tree_node_t *root,
int (*visit) (const binary_tree_node_t*)) {
/x p, [EANIONGS, 9, NINACIEHSER *
const binary_tree_node_t *p, *q;
stack<const binary_tree_node_t *> s;

p = root;
do {
while(p != nullptr) { /* FZ NE */
s.push(p);
p = p—>left;
q = nullptr;
while(!s.empty()) {
p = s.top(Q);
s.pop();
/* BEIABFEXSHKINIE, hHiaz */
if (p->right == q) {
visit(p);
q = p; /* RGNIHIODNNER */
} else {
/* BRIBRABENE, FE R */
s.push(p);
/x FERMEG S +/
p = p—>right;
break;
}
}

} while(!s.empty());
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/*%

*x @brief ER@EH, tHE) BFS.

*

*/EE%%E%—E—H, ME— R R AR 5 BATI
*

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.popQ);
visit(p);

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

binary tree.cpp

52 HKER_Yi

TXRPEEREZEE, JUANAXERBEH, EORRNKEGHK, XA ARRKNTBEHIR
NER, XIPOUHEI - NMFR LR XA (threaded binary tree)o

— R n MERINXMEE n+1 PEEEH. XBREN, RIBMHTFTHREN no, EN1HDRE
Nny, EN2EHQDRENn, BMHF1RE 2 M2EH, 8TEN10DRE 1 M=BH, U
RIEHHNREN 2n0 + 11, X8 no = n2 + 1 (BEIRBIEH), BEZIEBEREN 2n0 + 11 =
no+nz+l4+ni=no+ni+na+l=n+1,

EZXMERNWIRED, BRAE, BSLLSN, S left I5ARINK, BLEGSM, < rchild @G
o MBZRIZNA MFGIARTLRIBEHEBARER, PRl ltag=1, TR left IBANZRIW, ltag=0,
RN left BOWRZLIZS, rtag 1L,

“XWBERN, KR EMBRAD RN, RRARHNTED, RELRIMANEGEHE
BN, BENE, BENECRINKGHNER.

UDPRERXINBI, #EE pre RMAI, suce RNGLK, WE 5-1FTm
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[ lchild | 1tag | data | rehild | rtag |

I
-y LALTIBTOT, § (WJOTCTTT A
« \
Fd | 1 A
£ il (. b
]‘)T{".‘{ hULr kﬂr'f:' e
0 0 T T A R FR SR ES

5-1 PRER_NMN

EPRPERIMP, — TP HRHNEIN, REASWHRE NRER, B, RESINNRE
RS
PRER_IME CIESKMAU T

theaded_binary tree.c
/** @file threaded_binary_tree.c
x @brief #ZER_ Y.
*/
#include <stddef.h> /* for NULL =/
#include <stdio.h>

/% GSREIEBIEE. */
typedef int elem_t;

/**
*Q@struct
*@brief £5R_NRILES.
*/

typedef struct tbt_node_t {
int ltag; /**x 1 RIEHR, 0 "RNEZS */
int rtag; /**x 1 RIBER, 0 XS */
struct tbt_node_t *left; /+*x ZZZ3 =/
struct tbt_node_t *right; /+x G¥&F */
elem_t elem; /**x SR FTERBIEIE +/
}tbt_node_t;

/* RIREL */

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 RITDELER_NIM.
* @param[in] root MR
* Qreturn T,
*/
void create_in_thread(tbt_node_t *root) {
/* BIRBRIEE */
tbt_node_t *pre=NULL;
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if (root !'= NULL) { /x JFRT XM, &R */
/* PREBALREC XM */
in_thread(root, &pre);
/x RBDRRE—TER */
pre->right = NULL;
pre->rtag = 1;

/*%
* Gbrief FPFPLR_IM EHITDRIET .
* @param[in] root MR
* @param[in] visit 7|05 mEIBEIREN
* Q@return J;
*/
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 PBLEFMN_WRBFIIE.
* Oparam[in] p HEIBREBENSS
* @param[inout] pre UFISHHIBIRSR
* @return G
*/
static void in_thread(tbt_node_t *p, tbt_node_t **pre) {
if(p !'= NULL) {
in_thread(p->left, pre); /* KR IH */
if (p->left == NULL) { /* ZSRIAZ, ZEIIBIE */
p—>left = *pre;
p—>ltag = 1;

}

/* EIAINERBGHER */

if ((xpre) !'= NULL &&
(xpre)->right == NULL) {
(*pre)->right = p;
(*pre)->rtag = 1;

*

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

}

/*

* Obrief FLEAR_NMNDE FPNE—TER.
* @param[in] p ZR_XMPHER—TER
* @return &R NMHNE - TER

*/
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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; /* RA MER, A—ERMBR */

return p;

}

/*
* Gbrief KPPLR_NMPELIEEL.
* @param[in] p FE4&Em
* Qreturn p BYfS 4k
*/
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

PRER_NWRER, EPREARVEN EHENENHMTUTINER, BEMBERRNE
?0

5.3 Morris Traversal

BERIES §5.170, TIDAB, K _XMBVEIR (preorder). B (inorder). /5% (postorder) J&
PEMTERNGDZE, —28B3 (recursive), X, (stack+iterative), XI5 EEE Om) NZEFE
B

T Morris Traversal REER O(1) NRBE L E . XIE A IRE R Y RiR{Z, Nd Morris Traversal
—NEER, —NHOEEE, NoTEEREAR, REXMAL,

5.3.1 Morris DFEIBH

Morris PFREMBL BT

1. FBH BB MM cur Y root "B

2. R cur IWBAZS, WmHSRImaFoREEGZSERNSEI D, Bl cur = cur->rchild,

3. WK cur BZZS, MWL cur BBI5K, 80 cur WA SWNHRE NBS .
a) WRAIPIRIEZIT AT, RENEZSEOQEEI MR, SR TMREM SR mRENZZ
%O
b) WRBIW P REIEZ ST HHEEI PR, BENGRIEINIAT (RERBFR), BHUE
TR, HEIPREMNHEAITRANEGZS.
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4. B8 2. 358, BE cur T,
WE 5-2f7R, cur RAZHEIPR, ABRTIRENADROHE .

LJ‘Q 0

$R0I08 QO’

./\Q/\){;;) s

\®\J’ @ \G)Q/
& 5-2 Morris PEIEA

cur == NULL

CIESSRMSE §5.3.400

BXEE

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

5.3.2 Morris ScRBI@ED
Morris 5 RI@EABIA R T :
1. FIBH BT cur 7Y root "B
2. WR cur BRAZLZEZS, WRAIBHZSRIPDRITREGZSTENLSRITR, B cur = cur->rehild,

3. WIR cur BAZS, MK cur B9RIIK, Bl cur HASHHRE MRS
) WRAIWDRPEZINE, BENEZITEBOZEIHR, AHYRITR (EXREAY, X
REPFBEHE—NARAR) SBrIDREHFNLRIDREZKS.
b) WRAW P RBEKZITALEIDR, RENCGKTBFHNINE (RENBIRN), Ho=es
B S D REFN SR D RNEZLT.

4. B2, 358, BF cur I,

B 5-3F77T.
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\
¥

o@/ & o Qo/

\‘éof @ \@of
\0\5@5 \.Q/.,\OO” e eo

& 5-3 Morris FcBIRBD

CESSRIMNEE §5.3.475,

5.3.3 Morris [SFB&ED

Morris [FERmHBMEZ, FEETT—NMEN TR dump, SHAZ S Z root, HFEAEE—
3312, MRARREER T IRZEERE LB NR.
Morris [GFR@MBYL AT

1. B H BB MM cur JY root B
2. WR cur BBAZS, NMHSErp=r PR EEZSENHEIMR, B cur = cur->rchild,

3. WR cur BAZS, NI cur B9RISK, Bl cur NASWARE MBS
a) WRAIPPRPEXINE, RENEZTEBOZRITR, éﬁjw’j%ﬁtﬁﬁjéﬁﬁ REVZEZ
%O

AIMaRlEZ S,
4. EE 2. 35%, BF cur NZ,
YR 5-4F 77T
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5-4 Morris [5BI&D

CIESSRUIEE §5.3.4750

534 CiES3H

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

#include<stdio.h>

#include<stdlib.h>

/x GEREYEHVERL. */
typedef int elem_t;

/**
*Q@struct
*@brief WIS
*/

typedef struct bt_node_t {
elem_t elem; /* TRBIKIRE */
struct bt_node_t *left; /* ZZS */
struct bt_node_t *right; /x G&S */
} bt_node_t;

/*%

* @brief DB@H, Morris &j%.

* @param[in] root R

* @param[in] visit IHD)REL

* Q@return J;

*/

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

morris_traversal.c
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cur = root;
while (cur != NULL ) {
if (cur->left == NULL ) {
visit(cur);
prev = cur;
cur = cur->right;
} else {
/* BB */
bt_node_t *node = cur->left;
while (node->right != NULL && node->right != cur)
node = node->right;

if (node->right == NULL ) { /* WOSERMN, WEIILR +/
node->right = cur;
/* prev = cur; AEEBIXT, cur MRBIRIAHIE */
cur = cur->left;
Yelse {  /*x 2ELRN, WHEDR, FRERER +/
visit(cur);
node->right = NULL;
prev = cur;
cur = cur->right;

}

YELS
*x @brief JcBIBD, Morris &3%.
* @param[in] root RPm
* @param[in] visit U5/0)RE]
* Qreturn TG
*/
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 WIRIEIIENT */
cur = cur->right;
} else {
/x BEEIK */
bt_node_t *node = cur->left;
while (node->right != NULL && node->right != cur)
node = node->right;

if (node->right == NULL ) { /* WRS&ZRM, NWEIILR */
visit(cur); /* NX—THNUESPHAEG »/
node->right = cur;
prev = cur; /* cur WINIMIHENT */

cur = cur->left;



30 ES5E W

} else { /* BELSRW, WHRER *+/
node->right = NULL;
/* prev = cur; NEEBXT), cur 2EWINIG */
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 @A, Morris &i%.
* @param[in] root RPm
* @param[in] visit T3[R
* Q@return Jg
*/
void post_order_morris(bt_node_t *root, int (*visit) (bt_node_t*)) {
bt_node_t dummy = { O, NULL, NULL };
bt_node_t *cur, *prev = NULL;

dummy.left = root;
cur = &dummy;
while (cur != NULL ) {
if (cur->left == NULL ) {
prev = cur; /* INVIBEH */
cur = cur->right;
} else {
bt_node_t *node = cur->left;
while (node->right != NULL && node->right != cur)
node = node->right;

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

} else { /x 2E&RN, WHEDR, HHRER */
visit_reverse(cur->left, prev, visit); // call print
prev->right = NULL;
prev = cur; /* WIBH */
cur = cur->right;

/%

@brief JPFERRIR.
Q@param[in] from from
@param[to] to to
Q@return 7T,

* ¥ X %



5.3 Morris Traversal

31

*/

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 =2z

Gbrief IHIAPHEHERE LEMEER.
@param[in] from from

@param[to] to to

Q@return J;

static void visit_reverse(bt_node_t* from, bt_node_t *to,

}
/*

*
*
*

*/

int (xvisit) (bt_node_tx*)) {
bt_node_t *p = to;
reverse (from, to);

while (1) {
visit(p);
if (p == from)
break;
p = p—>right;
}

reverse(to, from);

@brief NEL—THTR.
@param[in] e HDREVEHE
Q@return ¥FiPs

bt_node_t* new_node(int e) {

}

sta

bt_node_t* node = (bt_node_t*) malloc(sizeof (bt_node_t));
node->elem = e;

node->left NULL;

node->right = NULL;

return (node);

tic int print(bt_node_t *node) {
printf(" %d ", node->elem);
return O;
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/* test */
int main() {

VAR =1: N NE N
1

bt_node_t *root = new_node(l);
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 O;

morris_traversal.c

540 EE”YH

binary_tree_rebuild.c
#include <stdio.h>

#include <stdlib.h>

#include <string.h>

#include <stddef.h>

/*%

* Cbrief SERIFPEBHIDHEED, HLSHED.

@param[in] pre BiIFBIEHDBIFZI
Oparam[in] in CPREIEFHBIFI
@param[in] n FRIBVKE
@param[out] post /GZEHHEII
Q@return G

LR R R

*/
void build_post(const char * pre, const char *in, const int n, char *post) {
int left_len = strchr(in, prel[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
// Mk
// BCAD CBAD, %} CDAB
// DBACEGF ABCDEFG, %2 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);
}

/x GEREYEHER. */
typedef char elem_t;

/*%
*@struct
*@brief WIS .
*/

typedef struct bt_node_t {
elem_t elem; /* TRBIKIRE */
struct bt_node_t *left; /* Z$ZS */
struct bt_node_t *right; /x G&S */
} bt_node_t;

/*%

@brief {SFERIFBEAIIDFRED, BE_XYMN.

*
*
* @param[in] pre BiFZIEHEIFRY
* @param[in] in PEEHBIFBI
* @param[in] n FIEIKE
* Qparam[out] root RTMm
* Q@return J;
*/
void rebuild(const char *pre, const char *in, int n, bt_node_t **root) {

int left_len;

/] KBRIEFRME

if (n <= 0 || pre == NULL || in == NULL)

return;

/RERREBHINE — TSR

*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;

/BRI

rebuild(pre + 1, in, left_len, &((*root)->left));
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rebuild(pre + left_len + 1, in + left_len + 1, n - left_len - 1,
&((*root)->right));
}

void print_post_order(const bt_node_t *root) {
if (root != NULL) {
print_post_order(root->left);
print_post_order(root->right);
printf("Yc", 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 O;

5.5 I

551 [REBFOSSHR
C++ O EEHA priority_queue,

binary tree_rebuild.c

heap.c

/** @file heap.c

* Gbrief i, FUN/IVRIE, BIETUNER/I\.
* Q@author soulmachine@gmail.com

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

typedef int heap_elem_t; // JLROYEHL

/**
* @struct
* @brief JEBVLSFIAR
*/
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typedef struct heap_t {

int size; /*x SEORITTERTEL */
int capacity; /** BE, DUTRNENL +/

heap_elem_t *elems; /xx SEBVENLR *+/
int (*cmp) (const heap_elem_t*, const heap_elem_tx*); /xx TLREVLLRREL */
}heap_t;

/% ELAREHA (W0 int, long, float, double) BYLUIRIREL */
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 O;
}
}

/**
* Q@brief QlEEME.
* @param[out] capacity ¥JIBBE
* @param[in] cmp cmp LUIRRE, /NFIR[O-1, FFR0O 0
* AFRE 1, [IIRNBAIRME
* Qreturn UIDIRAIEXTROVEE, KMBUREO 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;

}

/%%
*x Qbrief FHELIHE.
* @param[inout] h JMEXYEREVISE
* Qreturn TG
*/
void heap_destroy(heap_t *h) {
free(h->elems);
free(h);

/*%

* Qbrief FI¥TMERSNZ.

* @param[in] h JEXVRBEVISEH

* Qreturn 2%, RO 1, BNRO o
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*/

int
}

VLS
*
*
*
*/

int
}
/*

* ¥ X *

*/

voi

/*

* ¥ *

*
*/

voi

heap_empty(const heap_t *h) {
return h->size == 0;

obrief JREWTTH .
Oparam[in] s EXVRHIIEE
@return JLETEN

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

Gbrief /|VRMENS LB NMEEE.
@param[in] h EXVROVIBEH
Oparam[in] start FFIG%ER
@return J;

d 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]1), &(h->elems[j + 1]1)) > 0) {
j*+; /* § BAMIZRNE +/
}

// tmp <= h->datalj]

if (h->cmp(&tmp, &(h->elems[jl)) <= 0) {
break;

} else {
h->elems[i] = h->elems[j];
i=3j;

}

}

h->elems[i] = tmp;

@brief /|VRIHEBIE O LIMESEIA.
@param[in] h HEXVRHVIEE
@param[in] start FF8%m
Q@return T,

d 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->datal[i] <= tmp
if (h->cmp (& (h->elems[i]), &tmp) <= 0) {

break;
} else {
h->elems[j] = h->elems[i];
j=i
i=@G-172;
}
}
h->elems[j] = tmp;
}
/**

* @brief WII—TITHR.
* Qparam[in] h JENYZRBUIEET
* Oparam[in] x BARNNITH
* Q@return Jg
*/
void heap_push(heap_t *h, const heap_elem_t x) {
if (h->size == h->capacity) { /* 2, BFDEAT */
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->sizet++;

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

/**
* Q@brief BHIEINITER.
* Oparam[in] h JEXYRAVIEH
* Q@return J;
*/
void heap_pop(heap_t *h) {
h->elems[0] = h->elems[h->size - 1];
h->size --;
heap_sift_down(h, 0);
}

/**
* @brief JREWENUTER.
* @param[in] h MEXVREVIEET
* Qreturn MEINITZR
*/
heap_elem_t heap_top(const heap_t *h) {
return h->elems[0];

}

heap.c
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5.5.2 /)N TH
Bk
B MKER N 8935 AT B, £ AFB DSTE—MHILUSE N2 M0, KX N? PP
R/NBIN
WA

ETRMA—DERMN; EITNDE A, B A <10%; =T N DEH B;, B Bi < 10%

i
BHN—T, 83 N TEY, WNEKBEX N NN, 80852 8RR,

22T TN

5
13245
63417
=l

23445

D

BHFHIEAK, B N> M0, REERIEROBHRNDINRE, X EMBHEES .
B%R A, BRHAHR, BIURBIIIF—TERFRX:

A1+B1 <A1+ B <A +Bs< ... <A1+ By
Ao+ B1 < Ao+ By < Ay + B3 < ... < As+ By
Anv +B1 < Ay +Bas < Ay +Bs< ... <Any+ By

B8 AlL] + BIO] EAMED, RBREENITEN sun=A[a]+B[b], N Alal+Blb+1] A
¥, XEGLURIER] N NEENTTREAS/)NE N Tl EXMBITIE, JURBRE B HENT
¥R, 1@)Y sum-B[bl+B[b+1] &2 Alal+B[b+1] KPBERE,

AV

sequence.cpp
/* wikioi 1245 H/J\HY N D0, 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=al[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[il+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] + bl[tmp.b + 1];
tmp.b++;
q.push(tmp) ;
}

return;

int main() {

scanf ("%d", &N);

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

}

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

}

k_merge();
return O;

sequence.cpp
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BXEE

SE N E[EEYSE

. wikioi 1245 gz/J\BY N D40, http://www.wikioi.com/problem/1245/
SENSEDEYISE

« PQOJ 2442 Sequence, http://poj.org/problem?id=2442

5.6 HEE
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57 M PMESHFH

HEEH CIBSFIW T,

ufs.c

#include <stdlib.h>

/xx FHBEER. */

typedef struct ufs_t {
int *p; /xx RIBTEZERTVE */
int size; /xx KN, */

} ufs_t;

/%%

* @brief BEHBE.

* @param[in] n FAHNSEE

* Q@return ??EEEE

*/

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 H{/HDE.
* Qparam[in] ufs H&EE
* Q@return J;
*/
void ufs_destroy(ufs_t *ufs) {
free(ufs->p);
free(ufs);

}

/**
* @brief Find 1fE, WIERES, B/IR.
* Q@param[in] s HEE
* @param[in] x BEHKNITER
* @return B3I x BUNEURE
*/
int ufs_find(ufs_t *ufs, int x) {
if (ufs->p[x] < 0) return x; // RIFFRMH

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

/** Find 8{E, FNZEAR, 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 $®{F, WREELE, KR, */

static int ufs_find_iterative(ufs_t *ufs, int x) {
int oldx = x; /* IZRIRW x */
while (ufs->p[x] >= 0) {
x = ufs->p[x];
}
while (oldx !'= x) {
int temp = ufs->ploldx];
ufs->ploldx] = x;
oldx = temp;
¥

return x;

/*%

* @brief Union #(F, K y HAZ x FIEHES.

* @param[in] s H&EE

* @param[in] x —IJTHR

* @param[in] y B—TITH&

* ereturn WRZHB2EER—ES, HAEAN, &RO-1, SNRE o0

*/

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->plrx] += ufs->plryl;
ufs->plryl = rx;
return O;

}

/**

* Obrief JREUTHRATABIESHIA/

* Qparam[in] ufs H&EE

* @param[in] x JTZ&H

* Qreturn JLERITENESHAN

*/

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

ufs.c
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5.6.2 JAERIARE
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1

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

/* ENTFEHIRENS, XBRN T HASIE, BA include, £ 0J HERNBERS SN +/
#include "ufs.c" /x I “Bi-> HEE” X */

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; /* BDSE */
int rx, ry; /* x, v PIENESHIR */
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); /* RBEIR x @—TESNEFFHEE */
}

}

/* ZEBR 0 BTHTNES, XTEEEZDA +/
printf ("%d\n", ufs_set_size(ufs, 0));
ufs_destroy(ufs);

}
return O;
}
suspects.c
BXNME
SENGEERIEN ISR
« POJ 1611 The Suspects, http://poj.org/problem?id=1611
SENLEPEYISR
« None

5.6.3 PRPRES
R

Tadu M TN REBER, 208 N BEDF, M1 ENRS, 8SMAEVET Bk,
PNBEEDE— N A BIR M £IER, BREER:

- Dab, SRR, af0b BT AEIRNER

. Aab, [BfF, aflb2BETFENEE
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FTRTEBYT, ®Tne T ANKREA. SEANXBANE—T2MTNEBH N M, &
TREM{T, BTRE—FER.

Tl

SIEREE A ab”, BT UAEREHNER, B HIKT . B2 2 In the same gang”, *In different gangs”
#0"Not sure yet” HEI—1

22T TN
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E2bE T

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

paliil
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BEEAE, B2ENZENXARKEN, SUITERECTIHXR.

WEEBE—NA@R, £A—"TREEEN 2 THREFVNIALERMERR 1 GULETD
RAINTIMER, CREBEBESRDANER. R, 808 2 M OREBERTROEES
RTHNEEZRE, PLX 2 M OREAEXAR, SUBHFIXR.

AV

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

#include <stdio.h>

#include <stdlib.h>

#define MAXN 1000001

/xx FEE. */
typedef struct ufs_t {
int *p; /xx TEINERRIVE */

int *dist; /x* ERDROVEENTEME +/
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int size;  /** KJ/J\. */
} ufs_t;

/**
* @brief QIEHBE.
* Qparam[in] ufs H&EE
* @param[in] ufs H&EE
* @param[in] n FANSS
* Qreturn F&EE
*/
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] =
}
return ufs;

}

/**
* Q@brief HERFEE.
* @param[in] ufs H&EE
* Q@return J;
*/
void ufs_destroy(ufs_t *ufs) {
free(ufs->p);
free(ufs->dist);
free(ufs);

}

/**
* Gbrief Find IB{F, HREELE, BIHR.
* @param[in] s HEE
* @param[in] x BEKKITR
*M%unﬁzmixmmm@
*/
int ufs_find(ufs_t *ufs, int x) {
if (ufs->p[x] < 0) return x; // RIFFRMH

const int parent = ufs->p[x];

ufs->p[x] = ufs_find(ufs, ufs—>plx]); /* @PNBPELBEERE +/

ufs->dist[x] = (ufs->dist[x] + ufs->dist[parent]) 7 2
return ufs->p[x];

/%%

@brief Union 1R{E, J& root2 FAZ| rooti.
@param[in] s H&EE

@param[in] rootl —IRMEVIR

@param[in] root2 B—IZHBUR
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* @return WR_FEKER—KSG, HAEW, &RO-1, SNRE o
*/
int ufs_union(ufs_t *ufs, int rootl, int root2) {

if (rootl == root2) return -1;

ufs->p[rootl] += ufs->p[root2];

ufs->p[root2] = rooti;

return O;

}

/*%
* @brief AW —XYELA.
* @param[inout] s FHEE
* @param[in] x —XYEAHB—T
* @param[in] y —XVEANB—
* Q@return J;
*/
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);
I ry 5y XR +y 5 xBXRAR +x 5 rx BIRAR =1y 5 rx XA +/
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 ("Ychd%dhxc", &c, &x, &y); //SERBA
rx = ufs_find(ufs, x);
ry = ufs_find(ufs, y);

if (c == 'A") {
if (rx == ry) { //WRRDRAEE, WRTEEFIRIRAR
if (ufs->dist[x] != ufs->distl[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 O;
}
two_gangs.c
EPNE L]
YN = EEYISE
« PQOJ 1703 Find them, Catch them, http://poj.org/problem?id=1703
SRTAEMIERE :
« None
56.4 WY
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TREUES RIRIBSED N(1 < N < 50,000) # K 915 (0 < K < 100,000), HHERIEEE.

BA
FATRMTEH NN K, U—T=2BDR.
MUT K T8TR=TIER¥D, X, Y, MHZBR—TZRBMET, HP D RNRABIPE.
- &D=1, WFRTRXAY BE%.
« &D=2, MFRTXZY,

HH
RE-TEY, ZRENHME,



56 HE&E 49

=T TN

100 7
1101 1
12

P NFRENNDDN
O wrEL WwN
O, Wwww

e T

3

DHT
(¥

food_chain.c
/* POJ 1182 BYJp%, Catch them, http://poj.org/problem?id=1182 */

#include <stdio.h>

#include <stdlib.h>

/xx FFEE. */
typedef struct ufs_t {
int *p; /xx MIBIGEGERTOE */

int *dist; /** R x SR plx]l BIXAR, 0 B x 5 plx]l BAXE,
1 FJn x Iz plxl, 2 B plx] 07 x */
int size; /xx KJ\. x/
} ufs_t;

/*%
* @brief QIEHBE.
* @param[in] ufs H&EE
* @param[in] n FANBS
* @return H&EE
*/
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; // B25822@X
}
return ufs;

}

/**
* @brief HE/HDBE.
* @param[in] ufs H&EE
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*
*/

voi

}

/*%
*
*
*
*

*/

int

/**
*
*
*
*
*

*/

int

/%%

LR R R R

*/

voi

@return 7,

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

@brief Find IBfF, WERELE, BI3R.
Oparam[in] s H&EE

Oparam[in] x BEBEHHITTER

ereturn B8370H x BURIAUR

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

const int parent = ufs->p[x];

ufs->p[x] = ufs_find(ufs, ufs->plx]); /* CANBIERBEE */
/x BFIRR */

ufs->dist[x] = (ufs->dist[x] + ufs->dist[parent]) % 3;
return ufs->p[x];

@brief Union IR{E, & root2 FAZ| rootl.

@param[in] s HEE

@param[in] rootl —IRFHIR

Oparam[in] root2 B—IEMBEUR

ereturn PWR_F2KEA—ES, HAEN, &RO-1, SNRE o

ufs_union(ufs_t *ufs, int rootl, int root2) {
if (rootl == root2) return -1;

ufs->p[rootl] += ufs->p[root2];

ufs->p[root2] = rooti;

return O;

@brief RN—RVKA.
Oparam[inout] s H&E
@param[in] x —
eparam[in] y B—1
@param[in] len
@return J;

d 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); /* SI2I/FB! */

/xrx 5 x KR +x 5y BPRR +y 5 ry BKAR = rx 5 ry BIKAR */

ufs->dist[rx] = (ufs->dist[y] - ufs->dist[x] + 3 + relation) % 3;
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int main() {
int n, k;
int result = 0; /* {RIGEVXIE */

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>nlly>nll (d==2& x==17y)) {
result++;

} else {
const int rx
const int ry

ufs_find(ufs, x);
ufs_find(ufs, y);

if (rx == ry) { /*x BEE—TESWTRE x F0 y XA */
if ((ufs->dist[x] - ufs->distly] + 3) % 3 !'=4d - 1)
result++;
} else {
ufs_add_relation(ufs, x, y, d-1);
}

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

ufs_destroy(ufs);
return O;

BXNAE
S5XMBENAE :
. POJ 1182 &¥)%%, http://poj.org/problem?id=1182
« wikioi 1074 )5, http://www.wikioi.com/problem/1074/
SEMBLIEME :

« None

food_chain.c
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5.7 ZRESRY

571 [REBFISKH

£&EW, BIUXIGMN (interval tree), BAS N DRIRFE —R&ER (BITEAH). REIIABS N
TR, NEBRNEIRDRESIENXE AL, N, ZZIFERRKXE A[L, (1+N)/2], BZFRRKX
8 A1+ N)/24+1,N], AkB)E, BRHFSPR, S PRRE88— k.

LB 0 T RHIE :

- SRR R XK

. HERREANEY log L, L RXENKE

« LEMB—TKERN L BIXEDABE 2log L R4&E

LERNENRIEEMELER. XEEEFHXaBo.

LERMBEEATHRANXGRAITEXNEM. tUEEHBEIUZXEHRTID, BKEME
TN, MAERTERXEZRFTEN, ILEREERNILUAERIRONEDRE.,

FR&ERMER, XBREEREBE T IRESHLES (BRXEFEAIZR, UREEES
BHEWAB), URXLESWOSHEN, BH. AB—FHMEMAHITUR, BEBHIRE
BIRERRIAETIRE O(N) 83

5.7.2 Balanced Lineup
R

878 N(1 < N <50,000) PHI, A1, Aa, ..., Ay, REBXBPRAEOR/)HBIZE,

BWA
FE1TESMTEE, N Q. Q XREWRH.
F2PN+117, BIES—TEH A
EN+2 FIN+Q+1 17, BITESM TR M b(1 <a<b< N), RAKXE Ala, bl

i
XNEMNEEHTON, HEZXEARAENR)\HEIZE
=2 TN
63

[y

N D W
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N D = O
N OO

etk T

6
3
0

DHT
AR “KIFRA0”, RB/E “LBRNIDE” 10 “Xas18” M MMEE.

(¥

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)?7(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; /x X|@ */
int max, min; /* AXEERKAENT/IME */

} node_t;
int A[MAXN]; /x BAKURE, 0 (UEXRA */

/x SN, SRmSM LTS, BRM 1 FHS.
* A—4ABMETE XM, RGN 4N,

* ZZ http://comzyh.tk/blog/archives/479/

*/
node_t node[MAXN * 4];

int minx, maxx; /* GRESENER */
void init() {

memset (node, 0, sizeof(node));

}
/x DLt ORGSR, AXIE AlL,r] BITEREN «/

void build(int t, int 1, int r) {
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node[t] .left = 1, node[t].right = r;
if (1 ==1) {
node[t] .max = node[t].min = A[1];
return;
}
const int mid = (1 + r) / 2;
build(L(t), 1, 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);
}

/* BWRGERN t, XIFH All,r] PRXNENH/INVE */

void query(int t, int 1, int r) {

if (node[t].left == 1 && node[t].right == r) {
if (maxx < node[t].max)

int

maxx

node[t] .max;

if (minx > node[t].min)

minx
return;
¥

const int mid

node[t] .min;

= (node[t].left + node[t].right) / 2;

if (1 > mid) {
query(R(t), 1, r);

} else if (r <= mid) {
query(L(t), 1, r);

} else {

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

main() {
int n, q, i;

scanf ("%d%d",
for (i =1; i

init(Q);

/* BIILL treel1] NR%GR, XiEN All,n] BIZLERRT */

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

build(1, 1, n);

while (gq—-) {
int a, b;

scanf ("%d%d", &a, &b);

maxx = 0;

minx = INF;

query(1, a, b); /* BIEKX|F Ala,b] WNEANENH/IVE */

printf ("%d\n", maxx - minx);

}

return O;

balanced_lineup.c
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BXEE
SEN=EEEIEYIER
« POJ 3264 Balanced Lineup, http://poj.org/problem?id=3264
SENEEPEY ISR

« None

5.7.3 ZRESRIER) 1
R

—fT N(1 < N < 100000) N518, FHEE MBI BEHE— 1 EH, NEDTIHRE—LHSE
R, BFGHS, BB : RE—MFENFXE [a, b)) PFETENI; IBEE—MEF 2, 1
F—NEESE A, MEBRIFENS MNERIELERNDE.
A

WANME TR BN, BIRE nTET 1 MR, ZRRIDRENEL, BTk
B TEEHQ, BEMKEQT, T MIT, F—TEHXRTHINS, oS 1 7RIS
0, BEOF N o F) ¢ RTEMIE o TOREEN 2, HSNS 2 FRXGRN, EEHNEH a
f0b, FERER [ab] ZEBIXEF0.
LTl

HQ1T, 8TEY

BN

N, NRPR,PORLNDOOOOSO

N == W
(o) IVt = ¢y

HHIEL

22
22
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paLiil
BREH + XERA
3

interval_treel.c
/* wikioi 1080 ZESIIZL>) , 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]; /* BIAZIRE, 0 IERA */

/+ RETNM, BEHSH 1L, BRA 1 .
* A—HHAGHETE XM, =ELN 4N,

* ZE http://comzyh.tk/blog/archives/479/

*/

node_t node[MAXN * 4];

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

}
/x DLt ORGSR, AXIE AlL,r] BITEREN «/

void build(int t, int 1, int r) {
node[t].left = 1;
node[t].right = r;
if (1 ==1) {
node[t].sum = A[1];
return;
}
const int mid = (1 + r) / 2;
build(L(t), 1, mid);
build(R(t), mid + 1, r);
node[t] .sum = node[L(t)].sum + node[R(t)].sum;
}

/* 8X|A All,r] BHY pos UIBN delta */
void update(int t, int 1, 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 + nodel[t].right) / 2;
if (1 > mid) update(R(t), 1, r, pos, delta);
else if (r <= mid) update(L(t), 1, r, pos, delta);
else {
update(L(t), 1, mid, pos, delta);
update(R(t), mid + 1, r, pos, delta);
}
node[t] .sum = node[L(t)].sum + node[R(t)].sum;
}

/* BEWRGBRN t, XIEN AlL,r] 8950 */
int64_t query(int t, int 1, int r) {
if (node[t].left == 1 && node[t].right == r)
return node[t] .sum;
const int mid = (node[t].left + node[t].right) / 2;
if (1 > mid) return query(R(t), 1, r);
else if (r <= mid) return query(L(t), 1, r);
else return query(L(t), 1, 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]);

initQ;
/* 3BIIRL treel1]l NIRGR, XN All,n] BULER */
build(1l, 1, n);

scanf ("%d", &q);
while (q—-) {
int cmd;
scanf ("%d", &cmd);
if (emd == 2) {
int a, b;
scanf ("%d%d", &a, &b);
printf ("%11d\n", query(l, a, b)); /* EIEX/G Ala,b] BYFD */
} else {
int a;
int64_t x;
scanf ("%d%11d", &a, &x);
if (x != 0) update(1, 1, n, a, x);
}
}

return O;

interval_treel.c
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HBXE

S5XTAEENEE :

« wikioi 1080 £xEZIZ5>) 1, http://www.wikioi.com/problem/1080/

SRTABMEE :

« wikioi 1081 £%ESMi%4 > 2, http://www.wikioi.com/problem/1081/ ., AR “X @8 H + BAEH”, O
DU R BRI Y] 1o IRREARN A[N], BEHENREDHI, REEHA FEPr—I1R4
B, “XiaSEH” BIFFBMRNMD “SnBH” 121E: K Al 0Lz, FHRB AL+ BE
(BRMEBNLE —2). “SREW” BIFFEMMRN “XEKRFD” BIF: K AKA (1.4 TERIEH
BUFD. XEEREFEHANS&ERRZRY 1 55248 5. #R4E hitps://gist.github.com/soulmachine/6449609

5.7.4 A Simple Problem with Integers
R

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.

WA

The first line contains two numbers N and ). 1 < N, @ < 100000.

The second line contains N numbers, the initial values of A1, As, ..., Axy. —1000000000 < A; <
1000000000.

Each of the next @ lines represents an operation. ”C ab ¢” means adding c to each of Ay, Ag+1, ..., Ap.
—10000=<c<10000. *Q a b” means querying the sum of Ay, Agy1, ..., Ap.

L Tl

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

22T TN

45678910



57 ZRERRY 59

HpIL

4
55
9
15

R

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

paLiil

Xg&# + XiaKH,
MPIREBEEEER ? RFZXEF, TAMT? REN, 2SBERNHNNEEZEHE
H3PmR, REXNIE AMPHREEHEUT:
typedef struct node_t {
int left, right;
int64_t sum; /* AXEBF0LPR LR sumtinck[right-left+1] */
int64_t inc; /* I8 c NEN */
} node_t;

(¥

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; /* AXEHFEPRER sum+inck[right-left+1] */
int64_t inc; /* 188 ¢ NEN */

} node_t;

int A[MAXN]; /+ BIAZURE, 0 (UBXRA *+/

/+ RN, BEmSH 1 FHE, BRM 1 FHS.
* A—HABMETE XM, RGN 4N,

* B2 http://comzyh.tk/blog/archives/479/

*/

node_t node[MAXN * 4];

void init() {
memset (node, 0, sizeof(node));
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}
/x DLt NRGR, AXIE AlL,r] BITEREN «/

void build(int t, int 1, int r) {
node[t].left = 1;
node[t].right = r;
if (1 ==1) {
node[t].sum = A[1];
return;
}
const int mid = (1 + r) / 2;
build(L(t), 1, mid);
build(R(t), mid+1, r);
node[t] .sum = node[L(t)].sum + node[R(t)].sum;
}

/* 5X8 All,r] ERNEGNTREBN c */
void update(int t, int 1, int r, int64_t c) {
if (node[t].left == 1 && node[t].right == r) {
node[t].inc += c;
node[t].sum +=c¢c * (r - 1 + 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[L(t)].sum += node[t].inc * (node[L(t)].right
node[t].inc = 0;
}
const int mid = (node[t].left + nodel[t].right) / 2;
if (1 > mid)
update(R(t), 1, r, c);
else if (r <= mid)
update(L(t), 1, r, c);
else {
update(L(t), 1, mid, c);
update(R(t), mid + 1, r, c);
}
node[t] .sum = node[L(t)].sum + node[R(t)].sum;
}

/* BIRESSN t, iR AL,r] BYF0 */
int64_t query(int t, int 1, int r) {
if (node[t].left == 1 && 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[L(t)].sum += node[t].inc * (node[L(t)].right
node[t] .inc = 0;

- node[R(t)].left + 1);
- node[L(t)].left + 1);

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

init();
/* 3BIIRL treel1]l NIRGBR, XBN All,n] BILERR */
build(1, 1, n);

while (q—-) {
int a, b;
int64_t c;
scanf ("%s", s);
if (sf0] == 'Q") {
scanf ("%d%d", &a, &b);
printf ("%11d\n", query(l, a, b)); /* TIEX|G Ala,b] BIFD */
} else {
scanf ("%d%d%11d", &a, &b, &c);
if (c != 0) update(l, a, b, c);

}
}
return O;
}
poj3468.c
BXBEE
SXTAEQME :
« POJ 3468 A Simple Problem with Integers, http://poj.org/problem?id=3468
SENIGEIPEN ISR
+ None

575 LUBKIAM
R

BRSM 1B N BN NNRRETT—PEEEVEN. T8 N NVN\EREN—B, BSHhi+1
BYNRRISER SN i /NBRZL. WS 1 BVNRRIGERSHN N BVNERZL. BFmMSN 1



62 B58 W

BYNBRR IR, EEloZm il IRINFREY, BERHEE T M NRibE. ERIRFT
LNRR, MsREsEE
WESTE N, M, RN NNREENLEIRZ.

BA
HE—HN—TRSHDEH N, M(1 < N, M < 30000).

i

E——TES N T BY, SMTEBHPEBTEE, i MRAXRNS  TEBN R
B S,

BN

53

A

31524

D

ABROUERT T, 8 REIEEIBENCESET B8R, BhPEBAERE
BRET. BAIt—MRIRBEEL, BEBIR.

WEER, 8 RBOMERTHANZHEETRS, HIW3RBEG, HLEERT 1. 2., 4. 5,
NS 1 FRS 1, 2FRS 2, 4 FHRS 3, 5 FRS 40 AWIRX MRS H “RRAIIRS”. T
™, BESHANRBRS:

1(1) 2(2) 3(3) 4(4) 5(5) -—> FRAIIRS 3 MK, XINRFS 3
1(1) 2(2) 3(4) 4(5) --> HRAIRS 1 /8K, XINRRBS 1
1(2) 2(4) 3(5) --> FFRMIRS 3 A, XINRRES 5

1(2) 2(4) -—> FRAIRS 1 8K, NWNURRES 2

1(4) -—> FRAIRS 1 78R, WHURRES 4

—PAEERFRRAIN PRSI i, WIRHMEMLIGHE i PA, XBRENITLUBLERN
REEROM. BEARREPRRES [i..J] NIEBZ/DANRBRER, XEBREERTAEE, B3
BB PBHAUBMTIUT .

BIWIRAE 5 MNRRS, HBRBASERRNIPRSH 3, LELSH, RRES [1.3] XiE
A, WRFTHARE 3T, MIRALRRRFESN 3 X TARRFS RERE [4.5] XA, 4L
7t [4.5] EER; WR [1.3] ARTOIAKRTET 31, WIRAME (1.3] A, L4&SE/ )\ CEEK,
XERITE O(log N) NIBIATTAINYRL. 10)F1S 2 EH AR R,
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AV

josephus_problem.c
/* wikioi 1282 ZYFEK/QI@M, 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; /* X@ABITTRTE */
} node_t;

/* TEZXN, SmmSM LTS, BRM 1 G-
* F—HEHABMETE XM, =EL0N 4N,

* ZZ http://comzyh.tk/blog/archives/479/

*/

node_t node[MAXN * 4];

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

}
/x DLt ORGSR, NXE [1,r] BITLRN */

void build(int t, int 1, int r) {
node[t].left = 1;
node[t] .right = r;
node[t].count = r - 1 + 1;
if (1 == r) return;

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

}

/*%
* @brief i i
* @param[in] t R PR
* @param[in] i FIRAIIGRS
* Qreturn RMIFREVRIAE S
*/
int delete(int t, int i) {
node[t] .count--;
if (node[t].left == nodel[t].right) {
printf("%d ", nodel[t].left);
return node[t].left;
}
if (node[L(t)].count >= i) return delete(L(t), i);
else return delete(R(t), i - nodel[L(t)].count); /* ZESALARE, NEGSTWER */
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VES:
* Gbrief RO 1 F| i AEPEAR
* Oparam[in] t BRBPR
* @param[in] i [RIGPADIBIENSS
* Q@return 1 F| i RAVTAHE
*/
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), 1i);
} else
s += get_count(L(t), i);
return s;

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

initQ);
build(1l, 1, n);

int i;
int j = 0; /* FRAIINELERS +/
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(l, j);

j = get_count(1l, k);

return O;
: josephus_problem.c
BXNAE
SENLE[EE ISR
- wikioi 1282 £JE55<IaI, http://www.wikioi.com/problem/1282/
SN PEY ISR

« None
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5.8 Trie B
5.8.1 [RIEBFOSCER

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

trie_tree.c

#define MAXN 10000  /** FABVRIDEUGATEL. *+/

#define CHAR_COUNT 10 /++ FRIEVADE, tHRISMDRBISRBISRATEL */

#define MAX_CODE_LEN 10 /** {RIBNSEAKE. */

#define MAX_NODE_COUNT (MAXN * MAX_CODE_LEN + 1) /+*x FHERIINSADE M. */
/* QRISEIEE MAXN, N2 CHAR_COUNT™ (MAX_CODE_LEN+1)-1 */

/¥ ZHREDR */
typedef struct trie_node_t {

struct trie_node_t* next [CHAR_COUNT];

bool is_tail; /** FRICHRISREDMTE BRI +/
} trie_node_t;

[*x STEAR. +/

typedef struct trie_tree_t {
trie_node_t *root; /+* MIEVIRT */
int size; /** WIPSKFRBINOVPREN */

trie_node_t nodes[MAX_NODE_COUNT]; /* FF—DAEA, NIHERE */
} trie_tree_t;

/% BIFE. */
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;

}
/*x EHER. x/

void trie_tree_destroy(trie_tree_t *tree) {
free(tree);
tree = NULL;

}

/*+ RBEBIZHMONIBITRERBRE */

void trie_tree_clear(trie_tree_t *tree) {
memset (tree->nodes, 0, sizeof(tree->nodes));
tree->size = 1; // BEN—ERFRX—H!

}

/xx FESEIMPIBA word FRFR, BLUIPE, RO 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 - '0O';
if (p->next[curword] == NULL) {
p—>next[curword] = &(tree->nodes[tree->size++]);
}
p = p—>next[curword];
if (p->is_tail) return false; // EPRZURIPHNAIR

word++; // ¥EF B
}

p->is_tail = true; // FNCHBIREERLER

/7 TSR RERE BRI
for (i = 0; i < CHAR_COUNT; i++)
if (p->next[i] != NULL)

return false;
return true;

trie_tree.c

5.8.2 Immediate Decodebility
R

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)

#WA

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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L Tl

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.

=2 TN

01
10
0010
0000
9

01
10
010
0000

22k e

Set 1 is immediately decodable
Set 2 is not immediately decodable

paliil
AT — T BRER S —TBIAIR, XIER Trie iV (BIFHKN) BIRE M.

AV

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

#define CHAR_COUNT 2

#define MAX_CODE_LEN 10

/xx ZHRINRAK DR . N

* ABPED code ABI 10bit, BIMANSEABY 11, BGOSR TEN 2711-1
*/

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

/* SNTERKENG, XBERTHARIE, B include, £ 0J HRNIBEEHIKNG */
#include "trie_tree.c" /* I “Bi->Trie Ri” X' */

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

while (scanf("%s", line) !'= EOF) {



68 E5E W

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 O;

immediate_decodebility.c

RN IS
SENCGEE ISR
« POJ 1056 IMMEDIATE DECODABILITY, http://poj.org/problem?id=1056
SENGEPEY ISR
« POJ 3630 Phone List, http://poj.org/problem?id=3630
Z2Z13 https://gist.github.com/soulmachine/6609332

5.8.3 Hardwood Species
R
BN D20, B TRBXEEN, FiRA T BRMERE, KEMPENBDL.

BA

—{T— IR, R, §TRF BT 30 5, MOVPZEARBIY 10,000, N1 1,000,000
1R

LT
BEZAF, T8 MRS, BHENHRIE 41

22T TN

Red Alder
Ash
Aspen
Basswood
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Ash

Beech
Yellow Birch
Ash

Cherry
Cottonwood
Ash
Cypress
Red Elm
Gum
Hackberry
White Oak
Hickory
Pecan

Hard Maple
White Oak
Soft Maple
Red 0Oak
Red 0Oak
White Oak
Poplan
Sassafras
Sycamore
Black Walnut
Will

etk T

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 0Oak 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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paLiil
p

3

hardwood_species.c
/* P0J 2418 Hardwood Species, http://poj.org/problem?id=2418 */

#include <stdio.h>

#include <string.h>

#include <stdlib.h>

#define MAXN 1000 /#* no more than 10,000 species, & MLE, AR[LEH—T 0 */
#define CHAR_COUNT 128 /** ASCII #RISEE */

#define MAX_WORD_LEN 30 /** RIBINGRAKE. */

#define MAX_NODE_COUNT (MAXN * MAX_WORD_LEN + 1) /+* ZEARHPIRAT .

/¥ ZHRBIDR */

typedef struct trie_node_t {
struct trie_node_t* next[CHAR_COUNT];
int count; /#* 1ZBIFHIMHEIREL +/

} trie_node_t;

/xx SEARY. */

typedef struct trie_tree_t {
trie_node_t *root; /** MIBVIRH */
int size; /** MIPKPRBIMBIDREL */

trie_node_t nodes[MAX_NODE_COUNT]; /* FF—TAEE, NIURE */
} trie_tree_t;

/% BIEE. */
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;

}
/xx FHER . */

void trie_tree_destroy(trie_tree_t *tree) {
free(tree);
tree = NULL;

}

/x* BHEBIZHEMPPIBETIRERER *
void trle_tree_clear(trle_tree_t *tree) {
memset (tree->nodes, 0, sizeof (tree->nodes));

tree->size = 1; // BEN—EZFRX—H!
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/*x fE BRIRDIBN word FRIEL */
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++; // ¥EF B
}
p->count++;
return;

int n = 0; // BWABTE
/x*x SREMIEDH. */

void dfs_travel(trie_node_t *root) {
static char word[MAX_WORD_LEN + 1]; /* CD|@%5R */
static int pos; /* HRIE */
int i;

if (root->count) { /* YR count AKF 0, METEHKRAT —TLIF */
word[pos] = '\0';
printf("%s %0.4f\n", word, ((float)root->count * 100) / n);
}
for (i = 0; i < CHAR_COUNT; i++) { /x ¥ @ */
if (root->next[i]) {
word[pos++] = i;
dfs_travel (root->next[i]);

pos--; /* RO F—ERNMENE */

}

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 O;

hardwood_species.c
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BXEE
SEN=EEEIEYIER
- POJ 2418 Hardwood Species, http://poj.org/problem?id=2418
SENEEPEY ISR
- I



6.1 ITHBEK

F6E

(=257

/xx BETTREVER =/
typedef int elem_t;
/**

*

@param[in] n FABITTEDE
Oparam[in] x BBEFHMITTE

* ¥ ¥ X ¥ *

*/

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

while(left <= right) {

ebrief BRFRIMPBERNITHELXES.
@param[in] a GREIBTENHNA, 2HEF
Oreturn YNRILF] x, MIREIE xR,

A2 x B x )\T array PH—THZ IR, WA—T0HE, ZAHEX
* T x BB ITTRORSIGUHZADR

WR

binary search.c

E WRHAZE] x H x KT array Py
« EETR, WN—D0RE, ZRHE (RE—1ITRVRSIN 1) BURADKAN

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);

6.2 [BHE
6.2.1 [RIBFOSCER

binary_search.c

EHERMIBPEEMDST, FFHbiE (Open Addressing) FDIAIMBILTE (Closed Addressing).
FIBIEEBIRIBEE (Chaining), & NEHEMBILEARBR—TITR, MRS ibit,

73
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T EBRZ TR, B&MIRNE (Linear Probing). — RIFMZ (Quodratic Probing) FOXEL3
% (Double Hashing) &,
TEHRIEEERN C 1B,

(¥

hash_set.hpp
[+ TTRNIGHRE  +/

template<typename elem_t>

int elem_hash(const elem_t &e);

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

/xx [GHRES, elem_t FITHROVEFEXTL. */
template<typename elem_t>
class hash_set {

public:
hash_set(int prime, int capacity);
~hash_set();

bool find(const elem_t &elem); /**x BIKENTEEEELE.

bool insert(const elem_t &elem); /** AWII—ITR, QD%%E3%§Z_MUEEDU£EW&. *
private:

int prime; /** [EARXREUENFREL, HBIEHBEOTE, /\F capacity. */

int capacity; /** [GHRBE, —EBATTTRRATE *+/

int *head/*[PRIME]*/; /*x B Pm MR */

struct node_t {
elem_t elem;
int next;
node_t () :next(-1) {}
} *node/* [HASH_SET_CAPACITYI*/; /*x BeHEzc */

int size; /** SEPRICERTEN */
};

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 = nodel[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 = headl[hash_code]; i !'= -1; i = node[i].next)
if (elem == nodel[i].elem) return false; // 2L&G{t

/* A3, WBALEEIRZAE] */
node[size] .next = head[hash_code];
node[size] .elem = elem;
head[hash_code] size++;

return true;

hash_set.hpp

6.2.2 Babelfish
iR

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.

#WA

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.



L Tl

Output is the message translated to English, one word per line. Foreign words not in the dictionary

should be translated as “eh”.

22T TN

dog ogday
cat atcay

pig igpay
froot ootfray
loops oopslay

atcay

ittenkay
oopslay

ek T

cat
eh
loops

varil
REBSNSER, BRANSEY, SHRAE—THE, HER, ERNINESRETDEK.
BIRNEZ, A HashMap, C++ 8 map, C++ 11 DA/FB unordered_map, LY, map /R, tBTJ
DlBECTIMEHR.
RV
{8 map »

babelfish_map.cpp
/* P0J 2503 Babelfish , http://poj.org/problem?id=2503 */

#include <cstdio>

#include <map>

#include <string>

#include <cstring>

using namespace std;

/¥ SRPTAKE */
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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77

while (gets(line) && line[O]
sscanf (line, "%s %s", si,
dict[s2] = si;

}

while (gets(line)) {

1= 0) {
s2);

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

}

return O;

B2SNEH R,

babelfish_map.cpp

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

#include <cstring>

/xx BRRAKE. */
#define MAX_WORD_LEN 11

/x*x 1QERP—IY. */
struct dict_pair_t {
char english[MAX_WORD_LEN];
char foreign[MAX_WORD_LEN];
};

/xx [BHERBE, —RBATTTRRATH */

#define HASH_SET_CAPACITY 100001

[+ [SEREVEDNREL, tHANIGHMET NN, /\F 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 J PRIME;
}

bool operator==(const dict_pair_t &el, const

dict_pair_t &e2) {

return strcmp(el.foreign, e2.foreign) == 0;

}

babelfish.cpp

/¥ ENTFEHINENG, XBRNT PLAEIE, B8 include, £ 0J HIRDINIEASSIHENG */
#include "hash_set.hpp" /* Ul “BH-—> [BHER” XD */

/* IR £indO B8BARE, ENNEIBER */

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) {
/] 2378, REWUNAY 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 O;

BXBEE
SENSGEIEIENISE
« PQJ 2503 Babelfish, http://poj.org/problem?id=2503
SENSGEIPEN ISR
-

babelfish.cpp
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7.1 BAHRE

711 BEEBAHR

BB \HEFS (Straight Insertion Sort) NERBIER . IBHA a[n] PRHFHFFHN n MTERERN—
TMERRN—TTRR, FENBRERPREE TR0, TRRPEBESE n-1 MrRall]aln-
1], HFPYRBRPEBRNTREERPRESE — TR, BB ANBRERPNESNUE, BlNFNE
Pk, XA n-1 RIEAG, TREMENER, BREPUMES T2 n MR, ENHFRT
e, AERROIFIBAIBEZRXBNGORININFBEXNSZE.

BERBAFERN CESTHU T,

— - straight_insertion_sort.c
/xx FETTRAVET +/
typedef int elem_t;

Cbrief EFIEAHR, NEERE 0(n°2).

*
*
* @param[inout] a RFHEFRITERFI
* Oparam[in] start FB(IE

* Oparam[in] end BRUB, Ko—TtRo—MIE, BIZHAEHXE
Q@return 1,

*

*/
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 = alil;
for (j =i - 1; tmp < al[j] && j >= start; j--) {
alj + 11 = aljl;
}
alj + 1] = tmp;

straight_insertion_sort.c

79
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7.1.2 ITHIBENHER

EBHIBNIEN, SENFTFEHK, MEHFrF4ENHER (Binary Insertion Sort),
IHBAHRH CIBSRMA T,

*/

binary _insertion_sort.c

@brief ITHIFENHE, NEERE 0(nlog2n).

@param[inout] a FHEFRITEFI!

@param[in] start FFUA(E

@param[in] end BRNUEB, RE—TTRE—IE
@return T,

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 = alil;
left = start;
right =i - 1;
while (left <= right) {
mid = (left + right) / 2;
if (tmp < almid]) {
right = mid - 1;
} else {
left = mid + 1;
}
}
for (j =1 - 1;j >= left; j—-) {
alj + 1] = aljl;
}
al[left] = tmp;

binary _insertion_sort.c

7.1.3 /R (Shell) IEAHEFR

NUEBBAHRRIDIEN, EEANEERER O(n?), BR, BFHEFBCRBIN “F
B N, ENESAETRSEE O(n). BItTRE8, BEEHRLERFIRERST «BAER”, 85
Blch A5 T IR

Ri.key < max {R;.key}, j <1

BICRBOE, BEREAHFPOBERTAKNIRS, Nn—HB*SE, BTERBAHFELES,
WHE n BR/NRBEBLRS. HRERERMIMRONEANEEBAHFRHITOOR SR —
R GEYANZ S Dt

FO/RHEEFR (Shell Sort) WEARBEZ : REGHFITRFINE n TTR, BEM—TBH gap =
L%J + 1ERERR, REBITRDN gap T3, PIBEEN gap OTTRBER—TFHINP, #*



71 BAH® 81

B IRIP DA TEREANR . RE%/)\EE gap, B gap = L%J +1, 88 LANI B
NIDFHRLIE, BERIRGE gap = 1, RABETRBHER—TRIIPHRNLE.
71N S A/ R AR EIIT AR,

(MERMF]: 49 38 65 97 76 13 27 49 55 04

49 13

7 55

76 04

—HHAFES R 13 27 49 56 O4 49 38 65 97 76

13 .Tﬁ 38 '.'I‘I'B

27 04 65
l |

[ i ¥
SHEFES®. 13 04 45 38 27 49 55 65 97 76
SHHEFFEE R 04 13 27 38 49 49 55 65 76 97

7-1 BWIRE

FREFBN CBSHUU T,

shell_sort.c
/*
* Obrief —IF/RIBAHER.
*
* —HERBAFERBL, XB—AE8, M TtENEERE gap MR 1
*
* @param[inout] a FHEFBILERFI
* Qparam[in] start FFBNE
* Oparam[in] end BRUB, Ko—TtRo—MIE, BIZHAEHXE
* @param[in] gap GfR
* Qreturn 5
*/
static void shell_insert(elem_t al[], const int start, const int end, const int gap) {
elem_t tmp;
int i, j;
for (i = start + gap; i < end; i++) {
tmp = alil;

for (j = i - gap; tmp < al[j] && j >= start; j -= gap) {
alj + gapl = aljl;

alj + gap] = tmp;
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}
}
/*
* Qbrief FH/RHEERS.
* Oparam[inout] a FHEFBITERRII
* Oparam[in] start FHBUE
* @param[in] end BRNE, KE—TITHRE—TMIE, BZAGHTXIE
* Qreturn 75
*/

void shell_sort(elem_t al], 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 RiRHERE

721 BEHR

BSRHFRS (Bubble Sort) WEATTEAR : WA HFPITRFBIBITTR AN n, NEERIMMLLAAE
WBTROE, WRRELFR BIRI—PME—TK), WBREf], BRRItERTE. RIWRERN—
HER, BRER)\WITRRIGHBFINE—TMIE, EMTREBOHRIRIKMIER.
T-HERNAI—ERENRNTRASNHR, FHFRIEAL—TITR, —HERNSRNIE
PP RN BRTRRREGFHFFBINE —MIB. XFERZM n-1 ME B EIEETRAE .

BRHFH CIBESMA T,

bubble_sort.c
/xx BETTREVER +/
typedef int elem_t;

* Gbrief BRHE.

* Oparam[inout] a FHFBITERII

* @param[in] start JHIGNE

* @param[in] end FRUEB, TG ITRO—MIE, BILHAEGHKE
* Qreturn T,

* @note 7§

* Qremarks 7,

void bubble_sort(elem_t al[], const int start, const int end) {
int exchange; /* RBKRERIMR */
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—) { /*x RETFR, ik */
if (alj - 11 > alj]) {
tmp = alj - 11;
alj - 1] = aljl;
alj]l = tmp;
exchange = 1;
}
}
if (exchange == 0) return; /* ANHTIPRE, 1BIERME */

bubble_sort.c

722 RRHFE

PRIRHEFE (Quick sort) NERNBRBERERNGHETRRIPHNENTR BINBE—TTR) F
RNEE, BRZTROXBIN), REITRFBIINDNEEM T TFI: ZNSRIPEETT
ROXRFZB)TEETRORRS, GNSTEIPRETRNRBTEEATRETEETROX
B, 2ETRUAEXRTNIHIIPE (XBRBIZTRRANMZLHBMIE ). REDBIXIXFT
FTRIEERT EAEER, ERENTTRBAEBNUE L.

—HIRHFENIFEA0E 7-2 (a) FTNe B DMRRAFPONIZT RIS, WE 7-2 (b) Ao
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pivotkey
J . -
BT 49 38 6 9 W 13 7 ]
1t s
WEFIkER>E 271 3E® 6 9 76 13 FT]
4 f 4,
#iTzERZE 27 3B 97 T 13 &5 I
¥
-* J"'—"*!
HFIMEREE e 38 13 8 7 65 T
1 i+-—+i ;_H’j
EffdkERZE 7 38 13 76 a7 65 39
RE—RENr 27 38 13 @ 76 9T &5 B
(a)
nERE 49 38 65 9 ™ 13 27 &
e 127 38 131 4 {76 97 & W
SR fTHRMErF 131 27 (38)
- W % 65f 76 197
-] HE
W
HAEER 13 27 38 49 1% 65 7T 97|
{b)
B 7-2 RRHERTA

FRHBRBRESEZARTBH wiki, https;//github.com/soulmachine/acm-cheatsheet/wiki/|5 % HE 5
PR HERBH CESSIW T

quick_sort.c

[ BEBTURBVEEL */
typedef int elem_t;

/*
@brief —HIXID .

*

* ¥ ¥ *

*/

@param[inout] a FHFRITTHRRI

@param[in] start JHGNE

@param[in] end BRMB, HFE—TnHRE—MIE, BZAEGHKXE
ereturn EETTRIVIAMIE

int partition(elem_t a[], const int start, const int end) {

int i = start;
int j = end - 1;

const elem_t pivot = alil;
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while(i < j) {
while(i < j && aljl >= pivot) j--;

alil = aljl;
while(i < j && alil <= pivot) i++;
aljl = alil;
}
ali] = pivot;
return i;
}
/%%
* @brief [RIRH.
* Oparam[inout] a FFHEFEITERFII
* @param[in] start FFIG(IE
* Gparam[in] end BRNE, RE—TITHRE—MIE
* Qreturn 1,
*/

void quick_sort(elem_t al[l, const int start, const int end) {
if(start < end - 1) { /*x B/DFAPITE */
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 EREHR

WEBRHEFP (Selection sort) EATRR : B8—MWABE n-i(i=1, 2, ..., n-2) NITRPEENR/)\BTTHRIE
NEFFINNE i TR,

7.3.1 BHEERHR

EERYEIREERS (simple selection sort) OB REGTEEHE (straight selection sort), HEXISRE :
« £—AITE ali] a[n-1] PEER/HITR;

- EEARXATRPHE TR, WRESXATROE—TITHENE;

- ERITEY aliv1] a[n-1] PEERTULAE, BRRFTRRE TN

BRERHFRN CIBSRUMA T,

simple_selection_sort.c
/*x FLATTREVER */
typedef int elem_t;

/**
* @brief EEVEIRHFG. _
* @param[inout] a RHHBILERI!
* Q@param[in] start FHBNIE
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* @param[in] end BRNUEB, RE—TTRE—MIE, MZAEGHKXE
* Qreturn T,
*/
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=1,
/* 7€ ali]l % alend-1] DI]KF/INITER */
for (j =i+ 1; j < end; j++)
if(aljl < alk]) k = j;
/* R/
if (k '= i) {
tmp = alil;
alil = alk];
alk]= tmp;

simple_selection_sort.c

7.3.2 IEHRP
HEHERBY CIBS ST T,

heap_sort.c

#include "heap.c"

x @brief MEHB.
* @param[inout] a HFHIFBITERI
* @param[in] n JLZE T
* @param[in] cmp cmp LURRH, /N\FIRDO-1, FF, KF
* Qreturn T,
*/
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; /x HRPBEBNUE: REDOTER */
while (i >= 0) { /+ BEO_LEDSH KFERUE */
heap_sift_down(h, i);
i--;

}

for (i = h->size - 1; 1 > 0; i--) {
tmp = h->elems[i];
h->elems[i] = h->elems[0];
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h->elems[0] = tmp;
h->size = i; /* T h.size -- */
heap_sift_down(h, 0);
¥
heap_destroy(h);
}
heap_sort.c

7.4 AHHR

PMB “1378”, MR PR TULBERRISHR—TEFFI. BIENRERH_EIFH

HEP? (Merge sort) Ao
7-32— 1 _ISI3FHEFR BB 5
nHERY

[f?] E!ISJ E?ﬂ E?‘-"] [‘Il'ﬁ] [1|3] (27

—#B*zE (38" 49 (65 970 (13 76 [27)

ZRB#ZE

E#MBRH#ZE

TEIPHARH CIBSSIU T,

[38 49 IH o7 13 21 78)
|

(13 27 38 49 65 76 97
7-3  _RIBHHERTHI

/% BEATTROVER +/
typedef int elem_t;

/xx BEATTROVER */
typedef int elem_t;

/*

* @brief M PMERERSHU—TIHNERE

* Gparam[inout] a FHIBITERTI, B MEREK

* @param[in] tmp 5 a FKBVIEEIEA

* @param[in] start a[start]-almid-1] RNE—BREX
* Qparam[in] mid FRM

* @param[in] end a[mid]~alend-1] RNE_PERE

* Qreturn 1,

*/

static void merge(elem_t al[],

elem_t tmp[], const int start,

const int mid, const int end) {

int i, j, k;
for (i = 0; i < end; i++)

tmp[i] = alil;

/x i, j RKNIET, k BEHIE */

merge_sort.c
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for (i = start, j = mid, k = start; i < mid &% j < end; k++) {
if (tmpli] < tmp[j1) {
alk] = tmpl[i++];
} else {
alk]

tmp [j++];

}
}
/x BEDRKENT, SH */
while (i < mid) al[k++] = tmp[it++];
/x BEDRKOMNT, SEH */
while (j < end) al[k++] = tmp[j++];

}
/**
* @brief FFHEE.
* Oparam[inout] a FFHEFBITERRI
* @param[in] tmp 5 a FKOVGHENENA
* @param[in] start JHIGNE
* Gparam[in] end BRMNE, RE—TITHRE—MIE, BEZAGHXE
* Qreturn 5
* @note 7o
* Qremarks 7,
*/

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 BEXHR

NAZXBESTKMNVE X BT H NS EMIRNELHER? (Radix sort),

BRINFe, RS MSD(Most Significant Digit first) F0Ex /G40 5t LSD(Least Significant Digit
first),

TENEB “LSD ERNEHHR”. BB SHEREE n MrHTR, HORKBHIBOE
TTER, Bl A1) B Aln] BRUTR, Al)] NRKRER, XETRESHNAMWEMITER, RTREBHS
DITERD link #8EH81T], W0E 7-4(a) Fime B8 MORE— MR EREDIFB—1F), MRXABTHRS
13, BB MEA f[RADIX] A0 r[RADIX], ICRE MEHKIBE RIS . HIRPIERME d (X
BSUH) @ “Dic”. “WE” iz, WE 7-4FT7m.

278}-{109}-{oss}-{sa0}-{ses]-{184]-{s05] {6} -{cos}{oss]
(a)
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89
ef0] e[1] e[2] e[3] e[4] e[5] <[6] e[7] e8] =[9]
[083] [585]
[930] [063] [184] [505] [278] [109]
ffo] M) €[2] (3] (4] f[s] f[e] MC7] #[R] f[8]
b)
(930} 063|083 {184 | {505 |-{ 278 | {008 | ~{ 109
()
e[0] e[1] e[2] e[3] e[4] e[5] «f6] <[7] e[8] el9]
108) 589]
[008] 184]
[505] 930 [278] [o083]
flo] €] 2] f[3] 4] [s] fLe] (7] (8] {[e]
)
505 930}~ 083] 278
(el
e[0] e[1] e[2] e[3] <[4 e[5] e[6] e[7] e8] e{9]
083
063] [184] [278] 589
oog] [109] [289] [505] 930
flo] 1] 2] f[a]l €041 f0s] f[e] f[v] {[8] {[9]
({3}
[oo8}{oss] 108 ~{184] 278 |—{505 |{ 589 |~{930|
)
B 7-4 LSD gEVEEHR A
LSD FERNEHHRFRH CIESKIU T,
radix_sort.c

/** @file radix_sort.c

*x @brief LSD FETVEXHIE.

* Qauthor soulmachine@gmail.com
* @date 2013-05-18
*/
#include <stdio.h> /* for printf() */

/x RBZEY, LWEZEEH «/
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#define R 10 /*Radix*/

/**
*Q@struct
*Qbrief FFNPERDSM. .
*/

typedef struct static_list_node_t {
int key; /** KT */
int link; /%% N—PmR */
}static_list_node_t;

/*
* Gbrief FTENERNHER.
* @param[in] a ER7SHEREA
* Qreturn 7
*/
static void static_list_print(const static_list_node_t al[l) {
int i = a[0].link;
while (i != 0) {
printf("%d ", alil.key);
i = a[i].link;

/*
* @brief JREN-TIHMHIBANE—(IHZ.
* @param[in] n FH{
* @param[in] i 5 i {i]
* Q@return BH n F i UNKF
*/
static int get_digit(int n, const int i) {
int j;
for(j = 1; j < 1i; j++) {
n /= 10;
¥

return n % 10;

/*%

@brief LSD PETVEHUHRE.

@param[in] a FF7SEER, al0o]l 2KIBEH
@param[in] n FFHEFEITRNTE
Oparam[in] d ERAREEEIOMIE

@return T,

Onote G

O@remarks T,

* X K ¥ X * *

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

* DS */
for(j = 0; j < R; j++) front[j]l = 0;

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

} else {
al[rear[k]].link = current;
rear[k] = current;
}
}
/x W& +/
j =0

while(front[j] == 0) j++;
al[0].link = current = frontl[j];
last = rear[jl;
for(j = j +1; j <R; j++) {
if (front[j1 !'= 0) {
allast].link = front[j]l;
last = rear[j];
}
}
a[last].link = 0;

}

void radix_sort_test(void) {
static_list_node_t al[]l = {{0,0}/* X¥5E */, {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 RESFLLR

x7-1 BIOHREENREHLLR
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HBO% ZI9YiE) RINER HEIGHE RERE
BEEBAHT O(n?) O(n?) O(1) 2
ITHBAHERR O(n?) O(n?) O(1) 2
RIRAP N/A N/A O(1) &
BRHR O(n?) O(n?) O(1) 2
PRIRHF O(nlog, n) O(n?) O(log, n) &
BRI O(n?) O(n?) O(1) &
EHER O(nlog,n) O(nlog,n) 0(1) B
—8I3H O(nlog, n) O(nlog, n) O(n) =
B H O(dx(n+R)) O@dx(n+R)  O(R) 2

RIREAAPERTITR Ai, 45,0 <j, Bl AifE A; 281, H A= A;, WREHFFZE, A
DRE A; BORIE, WX T HIRSEEREN, SURX MRS ERRREN.

B DARE AR IR PAERSTEEATS, DMAE: AEBHIFBAIINBES. NEHS
REAHFHEOMEEBFIEAR; IBHPRISEHFREMEHEIERANERERNS, &
HPUEPHERMEA. IM2ER%. —RBEHRE, RAREABHR.



FEIE

BINEA

S M ESE (brute force enumeration) X FRN T SIIEZRIE (Brute-force search), 1¥FZBE N N
Wikipedia, http://en.wikipedia.org/wiki/Brute_force_search

8.1 MEHE

WERY, RMEEITEESONBHI. AW, §6& 123 HABHIRE
(1,2,3),(1,3,2),(2,1,3),(2,3,1),(3,1,2),3.2,1)o

8.1.1 46X 1 3| n NLHED
R
BRE—PNEEH n, W15 n OFFEHED,

DHT
BMNZXREBHNEE : FefE 1 TR (X—PR2IER), REmEM 2 FFREvH
I (X2&EPEA), ... REZTZUn FHEREIHI.

BL1 FRB0HER, S5—(I2 1, EER 2 3983, XR—N3 o, gligsEm/d,
T :
void print_permutation(B%l P, &£& S) {
if (s A=) HWHRBI P
else {
for GRRMNEIRRIFARRESE s PRETITER o {
print_permutation(7E A BUREARN e SEEVFRBI, S-{e});

}
}
/7 BA

print_permutation({}, S);

93
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AV

TEHEEA CESXM. FEEIBHEARTPAS. BF PSS BEHN, BINZZMNEHED
B, R—TUTEMES, BIABRSE P
CIESSHMAT -

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

/*

* ebrief B 1 T n BIDHETI

* @param[in] n n

* @param[in] cur HEIHTRIETMUIE
* @param[out] =B —THA

*

@return 7§
*/
static void print_permutation_r(int n, int cur, int P[]) {
int i, j;
if (cur == n) { // WSHKMHE
for (i = 0; i < n; i++)
printf("%d", P[il);
printf("\n");
}
/TR, SR Alcur] IERTORE i, MWNEIKBINT
for (i = 1; i <= n; i++) {
int used = 0;
for (j = 0; j < cur; j++)
if (P[] == 1)
used = 1; // WR i 247 AL0]~Alcur-1] BT, NAREEBLE
if (lused) {
Plcur] = i;
print_permutation_r(n, cur + 1, P); // RFEMA
/] RBEZIME Pleur], RO FENNEREER
}
}
}
/%%

* @brief HiH 1 T n BIRHED
* @param[in] n n
* Qreturn Jg
*/
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 O;

print_permutation_n.c

8.1.2 SRIERHHI
L)%
WRCDAHR, SE—THEAS, BTETREFTEHD,

D

IOEY s REMXIETEE, JURZE.

BABATLANBL—ANB, StHd 1 2l n I2HI, REEITENBQNR printf ("ic",
s[p[il-11) BIT,

BRXMOEERIOM, BSEEPEEETERN, UAREIERME. FIR S="AAA", BRITEIH
6 ™ AAA, L NEBITE.

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

/*

obrief HiH 1 ] n BIRHD, BHZUECT IR
Oparam[in] S FRES

@param[in] n n

@param[in] cur HEIHITREIEMUE
@param[out] FH—"THED!

@return J;

LR R R

*/
static void print_permutation_r(char S[], int n, int cur, int P[]) {
int i, j;
if (cur == n) { // RJIOF
for (i = 0; i < n; i++)
printf("%c", S[P[i]l-11);
printf("\n");
} else {
/! ZRTE Alcur] PIERFOEL i, BWNERNINH

for (i = 1; i <= n; i++) {

int ok = 1;
for (j = 0; j < cur; j++)
if (P[] == 1)
ok = 0; // WR i B2 Al0]-Alcur-1] HIY, UAREBIE
if (ok) {

Plcur] = i;
print_permutation_r(S, n, cur + 1, P); // &)3AMR
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VES:

* Gbrief BHFHESHEHI
* @param[in] S ZHFES

* @param[in] n n

* Qreturn 7

*/

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); // NEEIFRNMNETEE

return O;

BR—1EE, K24 L — Dol TR, B it (P[jl==1) M Plcurl=i DRI
if (P[j1==8[i1) #0 Plcurl=S[il. Xf¥, RBIE S PRPIBETHLMNNEIXNINFHR, RE1EH
print_permutation_r(S, n, 0, P) B1T,

XNEE EEAE, TEEEE VNa/. IR0 s="AM", EFRALEAEE (EHRERN
ZRIE—BIRHD AAA), E.E?, BRI SHADPEMES, ME S PAKMEES TR, X
DB IR,

RTIER, Ziit Plo] B Pleur-1] o S[i] HINBIREN c1, DK S #RAD S[i] BIHIREL 2, R
D cl<c2, FREBMKERIRREE S[ilo

FERNWOR ? IRERBT, TRAETS 27 DN AAA, BRESE S, JRBINTEE. BF
FBB 1D AENTER, BPBERBREHEE 2 ™ AFERNTR, BISEBEREAE 3 T AENTT
ko BRI 3 THEA, 27

WENRZABERNRIEEBSESHMETER. BTHEACELHS, MURRERNE BRITTHRN
BI—MnEAMEE, MIUBEARENR S, BIRFBEA for (i = 1; i <= n; i++) FEHEHOE
BSziEN Lt if(i==0 && S[i] !'= s[i-11). W NEILHE.

AV

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

/*
* @brief it 1 P n BYLHEI!

* Qparam[in] n n
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* Oparam[in] cur HBIHTEIECMIZ
* @param[out] TS —HED
* Q@return Jg

*/
static void print_permutation_r(int n, int cur, int P[]) {
int i, j;
if (cur == n) { // WEAKHE
for (i = 0; i < mn; i++)
printf("%d", P[il);
printf("\n");
}
/1 TR, R Alcur] PIESIOEAL i, RWNFKBIAD
for (i = 1; i <= n; i++) {
int used = 0;
for (j = 0; j < cur; j++) {
if (P[j] == 1) {
used = 1; // WR i @& Al0l~Alcur-1] HIY, NIAEEBE
break;
}
}
if (lused) {
Plcur] = i;
print_permutation_r(n, cur + 1, P); // &/3EMA
/! AREBIRE Pleur], RO LENNAKRER
}
}
}
/*xx

* @brief H{iH 1 T n BIRHED
* @param[in] n n
* Qreturn 7,
*/
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 O;

print_permutation.c

8.1.3 N—"TH3

RO PIFIA STL By  next_permutation(), BB XKW, WEE §17.1PH8 next_-

permutation(),
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AV

print_permutation_next.c
#include <stdio.h>

#include <stdlib.h>

#include <algorithm>

/*%
* @brief MHSRESEILHEY, FIFAE next_permutation
* @param[in] S ZFES
* @param[in] n n
* Q@return Jg
*/
void print_permutation(char S[], int n) {
sort (&S[0], &S[nl);
do {
for(int i = 0; i < n; i++) printf("%c", S[il);
printf("\n");
}while (next_permutation(&S[0], &S[nl]));
return;

}
/x SNTEMENE, XBRN I HLRIB, A include, £ 0J LRDFTIBEEEHIAENGE +/

#include "next_permutation.c"

VAL
* @brief MHSRESHILHY, FIAZE 15 EBY next_permutation
* Qparam[in] S ZFES
* @param[in] n n
* Qreturn TG
*/
void print_permutationl(char S[], int n) {
sort (&S[0], &S[nl);
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", SIN[i]1);
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 O;

print_permutation_next.c
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8.2 FEHA
BE—TES, WHTENSE, ITEREEN, ADIVICHESDREEE TR,

8.2.1 IB8WIEE
—EE— TR, BMRERWAES D,

AV

subset.c

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

/%%

@brief IZEMSA

Oparam[in] S BWAES

@param[in] n EEHA/

@param[inout] P EPIFE

@param[in] cur p BYEEIIE

@param[in] ed S BIMFINIE, RIENTTREEET S
Q@return 1,

* X X ¥ ¥ ¥ ¥

*/
void print_subsetl(int *S, int n, int *P, int cur, int ed) {
int i, j;
for (i = ed; i < n; i++) {
// W slil
Plcur] = S[il;
for (j = 0; j <= cur; j++) printf("%d ", P[j1);
printf ("\n");
/! AR slil

print_subset1(S, n, P, cur + 1, i + 1);

subset.c

8.2.2 {UB®%
FF—MIEE B, Blil=1 FIwEE S[il, B[i]=0 RRNER,

(¥

subset.c

/*%

Gbrief VA%

@param[in] S BAES
@param[in] n EES K/
@param[in] B i/
@param[in] cur B BULEIIE
@return J;

* X X X ¥ *
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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[il);
printf("\n");
return;

}

Blcur] = 1;

print_subset2(S, n, B, cur + 1);

Blcur] = 0;

print_subset2(S, n, B, cur + 1);

subset.c

8.2.3 iHHHE

AR : REHITHRABY int (#. B— int BYRTMIAE, HBi0N 1, WERERES[], N
0 AR, BIZ0 S={AB.CD}, M 0110=6 KRNI EE {B.Clo

XIPERIOW. RAEAMIEERTE, MEDBNRTESHH. R, E5558HE. M
TEEGHNIOED3I B1 40 B2, N B1[B2, B1&B2, B1'B2 DAINVMESHIF. . JIRE.

AV

subset.c

/**

Obrief iHAlE

@param[in] S WAES
@param[in] n EHA/N
@param[in] B {iIOJ=
@param[in] cur B BYMEIUE
Q@return J;

* X X X X *

*/
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[i1);
printf("\n");

}

int main() {
int n, i;

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

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




F9E

[TETER

ZUMEBANEEITNE, BEAERD8, RN, AR, XEDEDE —BR,
RERD S BRON IR, [ REAXEERE £, WAl 8, A 8BRS REEEXE
EaRe, OWis.

[TERAREEBEMN CRIET RDRAXEDOA—HF), —EBEA0ER, WIRTRE ? W0
Y RS ? WEHE ? LHEAE, BRITXNIA, EXA LR NIBRER S

9.1 EXS
b7

— NESEH— 01 FBERT, BTEITIRBLARTIM (BoXRR), BARERY (B1XRR).
ITRES 2RI —FRMADRLONRIEER. [TOUNIRE NSNS O, tHREERXS
29 REEBEEERREE, FENEE. BIBRILEEHE R,
‘WA

— N5 x 5 B #EXA

: aal
7 FREE TARNRREEE

=2 AN

01000

01010

00000

01110

00010
=k Tlaw

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

102
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paLiil

BERKREIR “BRA2”, [RERNTBISZMA BFS. M5, AU TEARHNKED, RIRAODRE
£/8(0,0), HMMMADOTTIEA BES BHXS, MOUELEMADRITERBSRAABE (WE 9-1()
P, DI /T PRERIN (208 9-1(b) F1R).

(a) MZE bl th 3 BR80T A9 i 00 B (b) 3 FRMFFFoiL s dRet

9-1 A BFS KXSPRIABEE

(¥

maze.c
/* P0J 3984 XS/a)Jl, http://poj.org/problem?id=3984 */

#include <cstdio>

#include <cstring>

#include <queue>

const int MAXN = 5;

/7 EKSEUTE, TN

int m = MAXN, n = MAXN;

/] HE, 0 R, 1 RESY
int map [MAXN] [MAXN];

/7 0B

const char namel4] = { 'U', 'R', 'D', 'L' };
const int dx[4] {-1,0,1,0% // 17T
const int dy[4] = {0, 1, 0, -1 }; // %l

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

} state_t;

const int STATE_MAX = MAXN * MAXN; /* RSE */
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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(Q);
state_t next;
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state_extend_init(s);
while (state_extend(s, next)) {
if (state_is_target(next)) {
return state_index(mext);
}
q.push(next);
hashset_insert (next);
}
}
return -1;

}

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

int end;

for (int i = 0; i < m; i++) {
for (int j = 0; j < n; j++) {
scanf ("%d", &maplil [j]);
}
¥

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

}

[**kxxkkxkkk% functions implement kkskkxskkskkkskkskk/

/* BAETTEIGHOR */

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 O
#define ACTION_END 4
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/xx Y REm, BIBREINE */

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 + dyl[action_cur];

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

if ('hashset_find(next)) { /* ¥|&E */
/* IEREBR */
next.action = action_cur;
next.father = state_hash(s);
nodes[state_index(next)] = next;

action_cur++; /* return BIBI&m 518 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

PSS
SENCGEE ISR
C (BEBRAIIRH) YE 108 W 6427
. POJ 3984 XS[O)F, http://poj.org/problem?id=3984
SENHLEIPEYIER
« POJ 2049 Finding Nemo, http://poj.org/problem?id=2049

VY, BERRAIIER, BERSPHRM, 2009
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9.2 J\&EBia@&
iR
RSN 1~8 N 8 DNIEATEBRIBEA 31733, B—TRIRE, WHE -2

1
2[5 4 8| 1| %
1|37 713 |6
5| B 4 2

B 9-2 M BFS XKEXSPRIGEE

”‘”TI//@E'%WW*BABE'J‘ R (BRI EEN) BIEEEP, MERREMIERML T HBY
. BISBERUT (B ®&r=):

123
456
7 8 x
BEVREE, TEERRPNBINEER.
HWA
A—1T&r—TEE, A TEXTNEE:
1 2 3
x 4 6
7 5 8

gUFRTIN123%x4675 8,

L Tau!
WRERS, AE—TH00 N8 Yw,d BB ER. WRIEHE, it unsolvable”,

22T TN

2 3 41 5 x 7 6 8

A

ullddrurdllurdruldr
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paLiil

& “5527, RERBEE] BFS,

WART— RS 2 —D 33 BUEE, SETUEBRB—TH4E int datal9] kKET. IBE
MRIFEMBREE—NIONE, TJUA—TBERET, RNNMEHRE 87654321x, RNNEHTLZ
876543210, BB 32 I EHALE.

WOIHIEE ? ARIEE R, B EE R STL, C++ STL BT set, C++ 11 HiJJA\S unordered_-
set, BWSLA STL S—ThRE, TWIRESAIEN, RS set( unordered_set) BIRBDE
HEH R

BT AL, SE—FP5EEIEH (perfect hashing) HZ. RIRIERT. HEALXSE—H

B, RHDFEHNEE, BREIEN hash B, IR0, 1,23 X=THZHEHI, LFHE, KRN
123 -- 0
132 --
213 --
231 --
312 --
321 -

Hop, ZWRASI, SUNERH.
IWRASBCEVDAIRBXE BFS (1D §9.4), A" &K (I §9.5).

O WN -

AV
PE1, 7TEEH, ERRTERET.

eight_digits_bfs.c
/* P0J 1077 Eight, http://poj.org/problem?id=1077 */

#include <cstdio>

#include <cstring>

#include <queue>

const int DIGITS = 9; // HEDPHITHME, WRTHANZEEZHMIH
const int MATRIX_EDGE = 3; // HEENK

[xkxkx —ULOSE wkxkk/

const int SPACE_NUMBER = 0; // ZHBXIMEHZ 0
/! ETNEGIN GG

const int dx[] = {-1, 1, 0, 0};

const int dy[l = {0, 0, -1, 1};

const char name[] = 'u', 'd', '1', 'r' };

typedef char int8_t;

/**
* @strut TS
*/

typedef struct state_t {
int8_t datal[DIGITS]; /** JRSHIEIE. */
int action; /x BISORTISENEIARTHITHE */
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int father; /x SUATGAE nodes[] PBY MR, HRIRSHIGHE */

int count; /#* FIEBREVSEH (HEIBRKE-1) */

} state_t;

// 3x3 BUHEE, RERZE 9! b
const int STATE_MAX = 362880; /* INSEE */

state_t nodes[STATE_MAX+1];
int state_hash(const state_t &s);

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

}

/**

* Gbrief FTENTNEBII.
* Oparam[in] end XrURTHISHE
* Q@return SORTS
*/
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.popQ);
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 HIA.
* Qreturn TG

*/
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->datalil = 0; // x MREIENEIZ O
else start->datali] = ch - '0';
}
}

/** for wikioi 1225 */

void inputl(state_t *start) {
int n;
scanf ("%d", &n);

/* RFEHEENEE *+/

for(int i = DIGITS-1; i >= 0; i--) {
start->datali] = n % 10;
n /= 10;

}

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

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

}

[***kx%kxkxkx functions implement  xkkskkskkkxkkkkk/
[Rxkkrkkrkk I 1, TENSE, [BRBRIERETF xxkxskxskrxskrk*/

/79 IEHBIE (=18) BeRm 0 B (9'-1) ABIPTEERY, I6BE 9 T,
// SRE——XI0Z, RETLIBRE——IREE— 9 [IZSHEIE

/719 (IEEGIE, | MIANLA, 0! -8!

const int fac[] = {40320, 5040, 720, 120, 24, 6, 2, 1, 1};

/x BHRRBE, BATRESH, BLETEGHLHR, WSTRERE */
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; /* JPHEE */
for (int j = i + 1; j < DIGITS; j++) if (s->datal[i] > s->datal[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 O
#define ACTION_END 4

/x FEm, Bl 0 BIIE +/

int z;

void state_extend_init(const state_t *s) {
action_cur = ACTION_BEGIN;
for (z = 0; z < DIGITS; z++) {
if (s->datalz] == SPACE_NUMBER) {
break; // # 0 BYUE
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}

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

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

if (newx >= 0 && newx < MATRIX_EDGE && newy >= 0 &&

newy < MATRIX_EDGE) { // BHEMR
*next = *s;
next->datal[newz] = SPACE_NUMBER;
next->datal[z] = s->datal[newz];
next->count = s->count + 1;
if ('hashset_find(next)) { /* ¥|&E =/
next->action = action_cur;
next->father = state_hash(s);
/* IERBRE */
nodes[state_index(next)] = *next;
action_cur++; /* return BIRIm S8 1 */
return true;
}
}
action_cur++;
}
return false;

b
/! BIRIRE

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))

}

eight_digits_bfs.c

% 2, AMIEROHFATEGLH LR, BREBIGRTS M LR, BRIGERTVABREER,

AERUMNEHRRAE.

/* P0J 1077 Eight, http://poj.org/problem?id=1077 */
#include <cstdio>

#include <cstring>

#include <queue>

#include <algorithm>

const int DIGITS = 9; // HEPHTHTL, HELHBIAFTRIMI

eight_digits_bfs2.c
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const int MATRIX_EDGE = 3; // HEENK

[Hxkkxk —UEERE sokkxk/

const int SPACE_NUMBER = 0; // ZASXUMEHZ 0
// ENZEBEINN GG

const int dx[] = {-1, 1, 0, 0};

const int dy[l = {0, 0, -1, 1};

const char name[] = { 'u', 'd', '1l', 'r' };

typedef signed char int8_t;

/xx SRTS */
struct state_t {

int8_t data[DIGITS]; /*x RZSHVEURE.

int action; /* EEQ/W/LA*&ED,\E_UI/W/UE'JEB/E

int index; /** AVRTSHE nodes[] B THR */

int father; /**x SOIRTSHE nodes[] Y THR *

int count; /** P{LZROVISIREL (@EDEQ{IKF”' 1) */
};

// 3x3 B’JK Xy /|j(/u\E=i§ﬁ 9! *EP
const int STATE_MAX = 362880; /x IAS=E */

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

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

}

/*%

* Gbrief FTENTNMEMRI
* @param[in] end Z¥§§4ﬁﬁ§ﬁﬁﬂﬁfﬁﬁ§
* @return MRS
*/
void print_action(const int end) {
if (nodes[end].father == -1) return;
print_action(nodes[end] . father);
putchar (name [nodes [end] .action]) ;
}
void hashset_init();
bool hashset_find(const state_t &s);
void hashset_insert(const state_t &s);
void state_extend_init(const state_t &s);

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

bool state_is_target(const state_t &s);
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int bfs(state_t &start) {
queue<state_t> q;
hashset_init();

start.action = -1;
start.index = path_index++;
start.father = -1;
start.count = 0;

nodes[state_index(start)] = start;

hashset_insert(start);

if (state_is_target(start))
return state_index(start);

g.push(start);

while (!q.empty()) {

const state_t s = q.front(); q.popQ);

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 HIA.
* Q@return J;
*/
void input(state_t &start) {
int ch;
for (int i = 0; i < DIGITS; ++i) {
do {
ch = getchar();
} while ((ch '= EOF) && ((ch <
if (ch == EOF) return;
if (ch == 'x') start.datalil
else start.datal[i]

}

/*x for wikioi 1225 */

void inputl(state_t &start) {
int n;
scanf ("%d", &n);

)

I1l)

0; // x MEIRNHT 0

ch -

[l (ch > '8')) && (ch !'= 'x"));

IO';
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/* REMEEWNIERE «/

for(int i = DIGITS-1; i >= 0; i--) {
start.datal[i] = n % 10;
n /= 10;

}

int main(void) {
state_t start;
int end;
input (start);

end = bfs(start);

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

}

[**kxxkxkkkx functions implement kkskkkskkskkskkkk/

[Rxkkrkkrkk I 2 AEBTEIBH AR, BOSEHIET R #rxkrkkrkkkkkk/
/xx [6HREUEBIRY, RIIEHRMOVTE, MARYE, ANY—fw/)\F HASH_SET_CAPACITY. */
const int PRIME = 99997;

/x [EHRERBE, BATRERE /
const int HASH_SET_CAPACITY = STATE_MAX + 1;

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

/** TTRNIEGHRE  +/

int state_hash(const state_t &s) {
int ret = 0;
for(int i = 0; i < DIGITS; i++) ret = ret * 10 + s.datalil;
return ret % PRIME;

}

void hashset_init() {
fill(head, head + PRIME, -1);
fill(next, next + PRIME, -1);
}

bool hashset_find(const state_t &s) {
/] NFRRFFeg ik ex
for (int i = head[state_hash(s)]; i != -1; i = next[i]) {
/1 HAS
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);
/] NFRKRFFeE R eEHR
for (int i = head[h]; i !'= -1; i = next[i]) {
/! A
if (memcmp(nodes([i].data, s.data,
DIGITS * sizeof(int8_t)) == 0)
return;
}
next[s.index] = head[h]; /* BAREDRAEIE, KEZE */
head[h] = s.index;
return;

}

int action_cur;
#define ACTION_BEGIN O
#define ACTION_END 4

/x FfEm, Bl 0 BUAIE +/

int z;

void state_extend_init(const state_t &s) {
action_cur = ACTION_BEGIN;
for (z = 0; z < DIGITS; z++) {
if (s.data[z] == SPACE_NUMBER) {
break; // ¥ 0 &
}

}

bool state_extend(const state_t &s, state_t &next) {
const int x = z / MATRIX_EDGE; // {7
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) { // 357

next = s;
next.datal[newz] = SPACE_NUMBER;
next.data[z] = s.datal[newz];

if ('hashset_find(next)) { /* ¥|&E */
next.action = action_cur;
next.index = path_index++;
next.father = s.index;

/* IDREBRE */
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nodes[state_index(next)] = next;
action_cur++; /* return BRI 518 1 */
return true;
}
}
action_cur++;
}
return false;

}

/! BFRIRTS

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

const state_t END1 = {{1, 2, 3, 8, 0, 4, 7, 6, 5}, -1, -1};

bool state_is_target(const state_t &s) {
return memcmp(s.data, END.data, DIGITS * sizeof (int8_t)) == 0;
}

eight_digits_bfs2.c

%3, AMBFTEGHLOR, BEBIGIRS T LIRG], ARIGERNAGHEEE, Bin
EENEHERAE,

eight_digits_bfs3.cpp
//BEORBEAE 2 — &
//. ..

[rarrnennnn 95 3 NAEFEBHIR, ERIREENISHEE serrersrrcrsns/
/) BH state_t () == BIER

typedef struct state_t {
int8_t data[DIGITS]; /#x RTSHVEIE.
int action; /* EEQJ/%/LA*QZXDEUK/W/UB'JEB/E
int index; /** AURTSEE nodes[] DHY NHR */
int father; /#* ARSI nodes[] PRI MR */
int count; /*x PAEZRRVABE (HBRIESEKE-1) =/

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

#include <unordered_set>

/7 EHI— TG R
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.datal[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);

}

//...
//BENRBRSSE 2 &

eight_digits_bfs3.cpp

BXEE
SEN=EEEIEYIIER

c (BETRAIRH) CE 1310753

- PQJ 1077 Eight, http://poj.org/problem?id=1077

. wikioi 1225 /\ZUAIXER, http://www.wikioi.com/problem/1225/
SENLEPEYISR

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

9.3 PO3EHH

R
FE—D 44 HEHE FRINS U FEHS, BEPa7HeeHs, 1 AReHs, amTEam,
EA-MRBETHIUDO L NGO TNHORNEAERNZEE, XTH—F, REWOREE

H, EIR—ATUEE, URETRARBIEPALOEIEAE N —% (B8BR1%), XHFH
INSYSISUEISH

BA
— N ¢4 RBHEE, FETHE B RN, BHEHIB W RER, ZBMHHE 0 &Xm.

VRUE, BEBRAINRE, BEXBHRM, 2009
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L Tl
BN E EfHE R DS H.

22T TN

BWBO
WBWB
BWBW
WBWO

A

5

paLiil

KERDHH, RERGOBET .
WART— RS 2 B— D Z4H4A int board[4] [4] R, REBRRZRTSE2HOITER
RIBINMESHD, EFLRTE2EAEZNTEH.
WET DR ? 8%, MAIIBE—DRE, M TEREIUGE ML R, BEEER
ABAZ,
WIHIE ? HER TS, B oRAEE, 1 RTARE, 2 ®kRE8, URGIMUEN
— P16 AN =FHHIE AXMEENHEHZNRE, MTLUBRAE S TR, FABROREBE, AT
UBRINZEX DR HBTERR T B NMSE.
QLA C++ BY map RHAE,
/* visited[0] I2RBFTHIASE, visited[1] IBRBITHAE. */
map<int, bool> visited[2];
W UF—DAHE BMGTHxR,

#define HASH_MOD 43036875 /* hash FRAK/\ */

/* visited[0] ICEBOFHHEL, visited[1] CERBIFVHE. *
bool visited[2] [HASH_MOD];

(AViS]

four_adjacent.cpp
/** wikioi 1004 PUS9%EAMH , http://www.wikioi.com/problem/1004 */

#include <cstdio>

#include <cstring>

#include <queue>

#define LEN 4 /% & */

/* A, &, £, T (ETANRIRRR) */
const int dx[] = { 1, —1 0, 0 };
const int dy[] = { 0, 0, 1, -1 };
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/**

* @strut TS

*/

typedef struct state_t {

/1 RTSHYEE

int board[LEN] [LEN]; /* HF, 1 {®RHRF, 2 ®THRES, 0 TRE

int color; /* RRSERHBITIERRBIRINMESE */

*/

int count; /**x PIEFRALEE (HEIBRKE-1), KBEKENEE */

} 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
start.color

0;
1;

hashset_insert(start);
q.push(start);

start.color = 2;

hashset_insert(start); // FRIRKIC T IRCIHRRENER

if (state_is_target(start)) /+* WRERMELRR, XO */
return;

q.push(start);

while (!'q.empty()) {
const state_t s = q.front(); q.pop(Q);
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] = O;
}
}
bfs(start);
return O;

}

[xFx*kxkkkkkk functions implement s kkskkskkskksik/

/x [BHRERBE, BATRESH, BLETEBHLHR, WSTRERE +/
#define HASH_CAPACITY 43036875

/*+ [BHR, MORSESENET.
* visited[0] ICRBFHHL, visited[1] CRBISHNHE.
*/

bool visited[2] [HASH_CAPACITY];

#define RADIX 3 /x =& */

VEL:

* @brief HERSHIEHE. . - _
* HABTHRMSME, B 0 XAEE, 1 ZRhke, 2 ZnEe, IUREIUEN
* —P 16 UN=HHIE. TAN

* 2222

* 2221

* 1111

* 1100

* {BJ 43036875,

* @return HRPIRIOV=IHBIEEEMN N TitHIE

*/

//TOD0: FX €16 7xC9 2 DR, MEMRITHISIEMET
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;

}

/x RONIE, SRS, BRSO +/ 3
/* 123RHRIHE, B action_cur[0] 12X SH— 1T, Sl BETNASG
*/

int action_cur[2];

#define ACTION_BEGIN O

#define ACTION_END 4

typedef struct point_t {
int x, y;
} point_t;

/* ERERITT REH—TE, BN 05 1 +/
int space_cur;

/* MPTIEBMUE */

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;

/! FHER =BT HME

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++) { /x KFEPEHE, BEZIPTIE */
while (action_cur[i] < ACTION_END) {



9.3 [O05%FHE 123

const int x = extend_pos[i].x;
const int y = extend_pos[i].y;
int nextx = x + dx[action_cur[il];
int nexty = y + dylaction_cur[i]];

next = s;
next.count = s.count + 1;
next.color 3 - s.color;

if (nextx >= 0 && nextx < LEN && nexty >= 0 && nexty < LEN

/x WIGRBREBE */
&& 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)) { /* F|&E */
action_cur[il++; /* return HIRAI& SI8 1 */
return true;
}
}
action_cur[i]++;
}
}
return false;

}

bool state_is_target(const state_t &s) {
for (imt i = 0; i < LEN; i++) { /% Z(THRE */
int flag = 1; /* E—{T2RE—M® */

for (inmt 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++) { //ZKIKE
int flag = 1; /* E—{T2ER0—EB */
for (int i = 1; i < LEN; i++)
if (s.board[i] [j] !'= s.board[i - 1][j]) flag = 0;
if (flag) return 1;
}

/* R */
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[3][0])
return 1;
return O;

s.board[2] [1]
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four_adjacent.cpp

BXBEE
SENLEEIEY ISR
« wikioi 1004 PO5-%4H, http://www.wikioi.com/problem/1004/
SENEEPEYISR

« None

9.4 3Y[@ BFS
9.4.1 J\HBa/

BN §9.2

(¥

eight_digits_bibfs.c

eight_digits_bibfs.c

9.5 A*&%

A" 8K - TR + (R5ERA3
RN (35 §9.65) PEIBAIISCNILSEIASDY, 1R BRIRSEER BRSH RGBS
h(), FERT A" BEK!

9.5.1 /J\EHEa@

BN §9.2

(¥

eight_digits_astar.c
/**% P0J 1077 Eight, http://poj.org/problem?id=1077
BREER/ T ER, BTEEID.
1. BLFMREER ? RBUNBHNER MR NSTEH, ZEBVARTE
2. WEHME—RTREET ? AlGAE —TITEBHR LR, MERERERT.
¥ http://128kj.iteye.com/blog/1699795
3. ARSI, B, MRIEHIIE,
4. R g= IWRTHERAEMPD2EENNBEDRE.
5. EMRE b, RASIBWEEE, WS calcH W, SIBWBENENE,
BRIEEM TS (x1,y1),(x2,y2), NSIBWELE Li=1x1-x2| + |y1-y2|
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*/
#include <cstdio>
#include <cstring>
#include <cmath>
#include <queue>

#define DIGITS 9 // HEDHFTH MY, thETHAIMTEZHM
#define MATRIX_EDGE 3 // EENE
#define RADIX 10

[xxkxk —LEEE sokkxk/

const int SPACE_NUMBER = 0; // ZFENTREHZ 0
/! ETFEBNNEEG

const int dx[] = {-1, 1, 0, 0};

const int dy[]l = {0, 0, -1, 1};

const char name[] = { 'u', 'd', '1', 'r' };

// BRRES
const int GOAL = 123456780;

// BTHFHEEADPONUE, BIW o, £ (2,2)=8 X MIEL
int GOAL_POS[DIGITS];

/xx RIS */
struct state_t {
int board; /#x JAZSHIEUE, BIHES.
int action; /* Hﬂﬁlﬁ/uﬁgﬁbﬁumﬁuﬁﬁﬂf

int father; /* SOAZG{E nodes[] PHY T, @Eﬂﬁl/\ﬁuﬁﬂﬂé?’%ﬁ */

int count; /xx PAIETREVDIRA (REIBEKE-1), FR g +/
int h; /*x PBEBIRASEIEERSE */

bool operator>(const state_t &other) const {

// priority_queue RNABAIMRIE, R—T, #M2/IVRIES

return (count + h) > (other.count + other.h);
};

// 3x3 BEE, WERZH 9! 1P
#define STATE_MAX 362880 /* JRTSE */

state_t nodes[STATE_MAX+1];
int state_hash(const state_t &s);

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

}

YELS

* @brief FJENENERBYI.

* @param[in] end KrURTHISHE
* @return SRS

*/
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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);

/*%

* IEBEPRSIMEEREE ho

* @param s JATS

* @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 J RADIX;

s /= RADIX;

/+ SIGINEEE +/

h += abs((float) (i / MATRIX_EDGE - GOAL_POS[p] / MATRIX_EDGE)) +

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

}
return h;

}

/* 18 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] = 1i;
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.popQ);
//const state_t s = q.front(); q.pop(Q);
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[il;
return s;

}

/**
* Qbrief HIA.
* Q@return J;
*/
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 BRENANEZ O

else board[i] = ch - '0';
}
start.board = board_to_int(board) ;

}

/** for wikioi 1225 */
void inputl(state_t &start) {
scanf ("%d", &start.board);

}
/**
*/H%—/PH@UE’QE%@, 0 BRAM.

static int inversion_count(int permutation) {
int d[DIGITS];
int ¢ = 0; // WHBH

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[jl > dalil) {
ct++;

}

}
}
return c;

}

/%%

* FIKrRSBE.
* SRR 0 ZONTBHFOERH A, BHMEE T HFEBELE/) NS N 8950,

* MR RSENES.
*
* SRISASHEIRRSINERHBBRMAL, WIBERLA, SUATHEER)A.
*
* @param s BIFRIATR .
* Qreturn 1 RIBRE, 0 XRNLHE
*/
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; /* E§$T4KAA%E nodes[] IBY AR */
input (start);

if (!solvable(start.board)) return O;
end = bfs(start);

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

}

/**xxkkxkkk*k functions implement ook ook k ook 3k sk ok ok ok k /
[Fxxkkrkkrkk I 1, TENSE, [BREBRITRETT xxkxskxskrxskrkk/

/19 MIZEHHIE (=48) BERm 0 F (9!-1) Pﬂﬁﬁﬁﬁﬁgﬁﬁgﬂ, 188 9! 1,
/! SRE——XIR, IJttTI//@E/\Ku —BREYEI—TD 9o NG

/719 (IZHEEIE, | MIANLA, 0! -8!

const int fac[] = {40320, 5040, 720, 120, 24, 6, 2, 1, 1};

/x BRREE, BATROSY, SBARZREAR, WETRERM +/
#define HASH_CAPACITY STATE_MAX

bool visited[HASH_CAPACITY];

/**
* @brief MERTOY hash B, XBRARERENT, B7=0E%H.
* @param[in] s HEPRTS
* @return [BEN, {EJY hash &
*/
int state_hash(const state_t &state) {
int board[DIGITS];
int key =

int_to_board(state.board, board);

for (int i = 0; i < DIGITS; i++) {
int ¢ = 0; // WHH
for (int j = i + 1; j < DIGITS; j++) {
if (board[j] < board[il) {
c++;
}
}
key += ¢ * fac[il;
}

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 O
#define ACTION_END 4

/x ¥R, B0 o BIIE +/
int z;
int board[DIGITS]; /* fHE, BEHIE »/

void state_extend_init(const state_t &s) {
action_cur = ACTION_BEGIN;

int_to_board(s.board, board);
for (z = 0; z < DIGITS; z++) {
if (board[z] == SPACE_NUMBER) {
break; // ¥ 0 BYUE
}

}

bool state_extend(const state_t &s, state_t &next) {
const int x = z / MATRIX_EDGE; // 1T
const int y = z % MATRIX_EDGE; // %

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

if (newx >= 0 && newx < MATRIX_EDGE && newy >= 0 &&
newy < MATRIX_EDGE) { // &EMFA
board[z] = board[newz];
board[newz] = SPACE_NUMBER;
next = s;
next.board = board_to_int(board);
board[newz] = board[z]; /* M8 s BVIEHEZ */
board[z] = SPACE_NUMBER;

next.count = s.count + 1;

next.h = state_get_h(next);

if ('hashset_find(next)) { /* ¥|&E =/
next.action = action_cur;
next.father = state_index(s);
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/* 1OREBRE */

nodes[state_index(next)] = next;
action_cur++; /* return BIRIm S8 1 */
return true;

¥
}
action_cur++;
}
return false;

}

/! BFIRTES

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 IN\E

9.6.1 GG

RABEE: RALME, AMRRE, FEE “23” BUMR. WRENHEE, MXELX,
REEIRE : MREE.
KEEEMR: R&FDo

962 BIERNILE
1. BRBEKE, F2BEAS (HiER) 2
(a) WRBRBEKE, WRSEAEEBRKE
(b) WRBRBEXRSHINERT
i ER—I@REEEETRDNEE
ii. 2TIUFISRE MHOLIR 2 SeBFUSRTS DB, WHF—NAEE, BmEINEE
RE; WRREERSRE, WEEHR— 2B, X—Hh2E 4 HHI
BARFTEDFRM
2. WAIRTRE ? (—PRSEEGAEMLLLN BOVEIR, BRI BT —%
REOFEER. —RICRLBIIBREABH.

3. W IR 2 X —EREE 2 AER. RSB ICROVEIEALD, ¥ RAEMAR. NTEEAR
THHIESD (—RAEERLY, FABAKE), XN, BF, TEOARESR, B
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BATN—RE, WTRIE, BEES 1 SEREERTHTHHE, BF8 TXw, UG
TEMRER S,
4. XT¥E, WERESHFAETEBHRALR 1 BIRRS——RERELY, BEZEAEZPE,

(2) WRAFE, WEREHEBENIEER (BN SARERE, AW unordered_set)
XHE; BERUEHRENG, WREBTUSRS TEBVLR, WIUFMTEE, head
F0 next, XRIEHR, SEL§92THR 2

(b) WRFE, WILTT—TAARME, FREHRFFKHAE, BN TLUEHITEDRTS
D, ARG LR,

5. BITRSRSEEAN ? WRAMBLL%5H 5 BT, IURRERER, XETRYUMEISIR
SR, EOr #£2; SIMMNERRESEA, Bar1#82; BablENEAR, Xar £,

9.6.3 {VIBIRIR

[8=E— A, BF—B—BI 8, —hashset, BFHE, — 180 (ARKENFEE),
AT GHEREIEN.

SUFBARN, WORAMA C, FRE— AT ; WRA C++, TLUA queue, HTLUE vector
LIBBADISEAE. BRKEN, BMIPHE:

L KRBT, BERSEBE state_t BIBNI—TRHATE step, REZBRIRTA S
204, HBHEIEWATS, BFEAE step BT, XTHR, JUURHBENEM A" X, B
PADIRAR TS ATIBI T

2. AP TRASN, current, next, DAIRTHRIERINF—E, RIR—TEBEL level, RN
B (HIBEKE), SHIERRT, Bl level 81T, XMHR, RETIUD—IFE,
PEARRF

YT hashset, WRBFTEGTHRE, BH/REA (bool visited [STATE_MAX] T vector<bool>

visited (STATE_MAX, false))3KERMR; WRIRE, TJLUA STL BHY set I unordered_set,

XUFH, Q0RA STL, O LI unordered_map<state_t, state_t > father T/ —Fl, {UA33E

BES. WREBISRTDEEI LR (1R)9 STATE_MAX), TJLAF#IE (state_t nodes [STATE_-
MAX]), BORIBINCRZ/VARETN, WEES, BR, FTE5B2H5.
C++ NS BUEIR,

bfs_templatel.cpp
VAL

* Gbrief SOEMBEE.

* @param[in] father

* Qparam[in] target BIRPM

* Q@return MEmE] target BIRSE

*/

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;

¥

/**

* Qbrief [ 1%.

* Qparam[in] state_t JAZS, W, TP, —HHAS
* @param[in] start s

* @param[in] state_is_target ¥¥PIRSEE EMEIRE
* @param[in] state_extend JATSH FELAEN

* ereturn MERIIERRTSH —REAEBE

*/

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; // HEIE, T2
unordered_set<state_t> visited; // ¥|&
unordered_map<state_t, state_t> father;

int level = 0; // BR
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; //#FS
target = new_state;
father[new_state] = state;
break;



134 F£9B [ ENLER

next.push(new_state) ;
// visited.insert(new_state); MUK Z| state_extend() BB
father [new_state] = state;
}
}
swap(next, current); //!'!! AR T BAD
}

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

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

bfs_templatel.cpp
C X8 BIEIR,

bfs_template2.cpp
#include <cstdio>
#include <cstring>

[xxxrx BABIE, FEFEEHFM wrxxr/

/*

gl

int m = MAXN, n = MAXN; // XSETH, DI

/X, 0 ?ET S, 1 ?,%Tllaﬁa-%

int map[MAXN] [MAXN]; // ¥, 0 Rz, 1 REISY)
*/

[xkxkx —ULOSE wkxkk/

/* B0

/7 OB

const char name[4] = { 'U', 'R', 'D', 'L' };
const int dx[4] = { -1, 0, 1, 0 }; // 17
const int dy[4] = { 0, 1, 0, -1 }; // %

*/

/%% RIS */
struct state_t {
. datal; /#x RTSHEE, JUBZMFE. */
... data2; /*x ASEVEUE, OUBRZTEE. *
int action; /** EBRORTSERIEIARSEVRME, EREM’E@WHET% .
int index; /** AIRTSTE nodes[] DY NHR, REBFRAIMERIINE
WREETEES, WARSAZE: (WIE
IREREFEEN Nr, MIEFEIUEBITEL) */
int father; /** SORTSFE nodes[] PHITHR, KREEXEMERIINE
int count; /** FILZROVSEH (HEBEKE-1), XKEBRKENT
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Jrarrrrnnne RABERBHEERAEED), WBE THNTEADE +xxrrersnnr/

const int STATE_MAX ... /* JR7SSEL */

/**

* ICRIMERRIN, RIBUMERTA.

* QD%T\ﬁEﬁﬁﬁ?ﬁ/PéﬁlB’JJﬂE NIARBEREA, EREAN

*» —RINNESBTEGH LR, T TNAREGTES OIREHINE, Nr2IRSNEHRE

* HIN—RAAR ST IXLAKEIEA, T BREBIRMSER

*/

state_t nodes[STATE_MAX];

int path_index = 0; /+* BHIM—TERAS, M 1, BINSGHEIZIE,
WREREGF LR, WAEZZELE. */

/**

* @brief IROMATSE nodes[] PBY NHR.
* tﬁxlﬁuxxﬁﬁé%ﬂﬁ]{’ﬁﬂ—l BRNEREORE, BFEEMBEBMNR BREITEHINE.

* @param[in] s AT
* Qreturn JAZSTEE nodes[] BHYTHR
*/
int state_index(const state& s) {
/* WRBZTEBHLOR +/
return state_hash(s);
/% BN */
return s.index;

}

/%%
* obrief FJENENERII.
* WRBFTEBHBHR, RTHIEHERE Tiro
* RRRRBRFNMEN-1, ANTRERRE, HihgEmElMRDBRITHEF.
* @param[in] end R R T
* Q@return AT
*/
void print_action(const int end) {
if (nodes[end].father == -1) return;

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

}

/*%

* @brief ITENMHREII.

* PRBTEBHHR, RSHNEHERE Mro

* RFRUANSEBRENMEN-1, ANTRBERRT, BMEEFMENMARITREITHNIE.
* @param[in] end Zgﬁi4ﬁnﬂﬂﬁﬂm?ﬁ1

* Qreturn AT

*/
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);
}

Jrrwnenne NEADBRAHBERAERFD, WBE FENTBRIDE wesrrrnrens/
/o TWBUERR. */

void hashset_init();

/*%
* @brlef RSHIE.
—ASAIEEHE R (set::unordered_set), WRHBATTEIRD, NALA
* @param [in] s MRS
* Qreturn =2H0NY, RO true, BN false
*/
bool hashset_find(const state_t &s);

/*x

* @brief FRICIZRTSDEMIAIT
* @param[in] s AT

* Qreturn TG

*/

void hashset_insert(const state_t &s);

/**

* @brief ¥ BE—TIE.

* @param[in] s AT

* @param[out] next FE—PIRTE

* return YRIAB F—DRE, RO true, SNIRE false
*/

void state_extend_init(const state_t &s);

/*%

* @brief ¥ B N —TIRA.

* @param[in] s /|j(,._,\

* Qparam[out] next N—"IATR

* Qreturn YPRIAE F—TRT, RO true, BNIRDO false
*/

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

/*%

* ebrief FI¥PRSESNEIR.

* @param[in] s JATS

* @return WRESEAFIBIRRT, RO true, BN false
*/

bool state_is_target(const state_t &s);

/*
@brief [ 38

*

£ 3

* @param[in] x ADBY x A#R

* @param[in] y AJH) y 4R

* Oreturn BFRRTSHE nodes[] PBYTIR, WRABREKREBRE, WHEAEN void
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*/

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

start.action = -1; /* RBEASEBME */
start.index = path_index++;

start.father = -1; /* BRASIRELRTE *
start.count = 0;

nodes[state_index(start)] = start;

hashset_insert (start); // TRAIKIE TincltbdEaicx

if (state_is_target(start)) /* WURERFNELRS, RO */
return state_index(start);

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

return -1;

int main(void) {
state_t start;
int end; /* BFRRTSIE nodes[] PHITIR */

input (start);
end = bfs(start);

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

}

/**kxkkkkkkkk*x functions implement koK ok sk kok Kok ok kok /

/x*x [SHRRIVENREL, HEIISHBET N, MAMLS, NI —A%/\F HASH_SET_CAPACITY. */
#define PRIME ... /* 99997 */

/* [BHRRBE, BATRESEE, BGCEREBHHR, WETRTEH +/
#define HASH_CAPACITY STATE_MAX
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[TEIREER

/** 5B, ﬁi&lﬁ?ﬁ%gaiﬁ@ﬁo

* IRBAETEBHLOR, WEKAENISHR, SNA unordered_set
*/
. visited

// P bool visited[HASH_CAPACITY];

// XE

// int head[PRIME];

// int next [HASH_CAPACITY];

/** ﬁéﬁuﬂ'} 5718

IERERMXRKH state_t BIHEFER.
*/
int state_hash(const state_t &s) {

}

void hashset_init() {
/* WRZBHA */
memset (visited, 0, sizeof(visited));
/* QURIE unordered_set */
visited.clear();

}

bool hashset_find(const state_t &s) {
/x WRZHA */
return visited[state_hash(s)] == true;
/* QURIE unordered_set */
return visited.count(s) > O;

}

void hashset_insert(const state_t &s) {
/* RZHA +/
visited[state_hash(s)] = true;
/* QURZIE unordered_set */
visited.insert(s);

}

/xx FRORN, 2R84l —

+ £ state_extend_init() AU state extend() Eap=s—pu-—
*/

int action_cur;

/* EBYSBE */

#define ACTION_BEGIN ...
#define ACTION_END ...

/* T EBalI&, & state_extend_init() F0 state_extend() HIHEZTE */

int extend_pos;

void state_extend_init(const state_t &s) {
action_cur = ACTION_BEGIN;
extend_pos = // iR s HITUHE
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bool state_extend(const state_t &s, state_t &next) {
// extract values from s
valuel = ...
value2 = ...
while(action_cur < ACTION_END) {
// apply action_cur to values
valuel = ...
value2 = ...
next.count = s.count + 1;
if (values are valid) {
// assign new values to next's data fields
next.datal = valuel
next.data2 = value2

if ('hashset_find(next)) { /* ¥|&E =/
next.action = action_cur;
next.index = path_index++;
next.father = state_index(s);
/* IERBR */
nodes[state_index(next)] = next;
action_cur++; /* return HiB& SIE 1 */
return true;
¥
}
action_cur++;
}
return false;

}

// BVRIRES
const state_t END = {..., 0};

bool state_is_target(const state_t &s) {

/* B9 return memcmp(s.data, END.data, xx * sizeof(yy) == 0; */
/* W] return s.data == END.data; */

bfs_template2.cpp
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10.1 PU@ISfR
R

B N(N < 8) Mo, UKME ESAEMENRIR, BaLA 4 RS RbERSaAn
BHOEY (BRI AR REVEE ).
P 0 FLRAEKE, 1{XFRBWBo

#WA

FATTEHN, ARBEBLE N TR
BIRNT, 8T NITEY, STEYRORE L. BiTHINEARITH I TRIE; T
R [BRABEVRRAIEN, BARRZ 1, MMELHMZ 0. FAURIE alil(j] = aljl (il

i
L EHRE
=2k AN
8
00010010
00000101
00000010
10000000
00000000
01000000
10100000
01000000
=t Tlaw
16552

140
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paLiil

XE—EEHNAE. RE.

3

four_colors.c
/* wikioi 1116 PO |a)@l , http://www.wikioi.com/problem/1116/ */

#include <stdio.h>

#include <string.h>

#define MAXN 8

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

/* ERBTREE, OfEEA 1234 RN, 0 RIGKRE. */
int history[MAXN];
int count; /x JJRPEL */

/**
* FE, BE 1 DPRRE.
* Q@param i & i P
* Q@return Jg
*/
void dfs(int i) {
int j, c;
if (4 =N {
count++;
return;

}

for (c = 1; ¢ < 5; c++) {
int ok = 1;
for (j = 0; j < i; j++) {
if (glil[j] && c == history[jl)
ok = 0; /+ 1ESLEFE */

}

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", &glil[j1);
}
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¥
dfs(0);
printf ("%d\n", count);
return O;
}
four_colors.c
=PSRN S
5XFHEENME :

« wikioi 1116 PUE2[)@, http://www.wikioi.com/problem/1116/
SENGEPEYIEE

102 ZH3l
)

BHE—TIEREH n, B n PTE A

—Hnl {7, 87 n TRESBEANY, JxnB—T2H. HERZEHYINFHEFHEL.

22T TN

3

E2bE T

3

WWNN - =
NP, WFRL, WN
=N = WN

DHT
X —ER/ERNEHAE. KL, MUBSLEE, SE—aN8E/ ¥ &+
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AV

/* wikioi 1294 £HEA , 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 (4 =N {
count++;
for (j = 0; j <N; j++) {

printf("%d ", history[jl);

}
printf ("\n");
return;

}

for (k = 1; k <= N; k++) {
int ok = 1;
for (j = 0; j < i; j++) {
if (history[j]l == k)

ok = 0;
}
if (ok) {
history[i] = k;
dfs(i + 1);
}

}

int main() {
scanf ("%d", &N);
dfs(0);
return O;

(=P S
SENGGEEEYISER
« wikioi 1294 = HEZI, http://www.wikioi.com/problem/1294/
SENGREDEYISER

« None

all_permutations.c

all_permutations.c
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103 /\E/GiaR
E:3%0Y

£ 8x8 BUHR |, WE 8 M 2B, BB/ EANE, 82BN CERET. BIIFERY
A%k, BRESHER. WE 10-15777.

Q

Q
(a) BJRpBEivEHE (b) —~AT4T %

10-1 \EFIOA

paLiil

SHBNRIMEER, Mo MEZDHE—ITE, HEFESE s T, BEEHME
IHREA—T. B-DRE—EL L. RERSTEMEIAM, AT 64 MEFHT A 25 1,
AKT, SFRR— MBI,

E-ABIE, M 64 MEF D 8 MET XBESERDBABASHS T CF ~ 1.426x10°
R, WE—TOHREE, BHRTES.

BNBEFHLN, BTFE—TREN—N2E, BLE—(THE s FOMR, B 1757 DHEE, -,
255175 1 DYHR, RIS 8! = 40320 NHE, WERMA Ol RNE x (TEEMIHS, MRS
TSPV, MEERAB 8l

(XS

eight_queen.c
#include <stdio.h>

#include <stdlib.h>
#define N 8 // 2B TH, BEEBNKNZE

int total = 0; // OIS
int CIN]; // Cli] RTE i TECHENIRS

/*%

* @brief WHPTETTHIES, LIIFTEN.

*
* http://poj.grids.cn/practice/2698/ , XWHERIZIIFTED
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*
* Qreturn TG
*/
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 HMHPTBEIITOVES, LTTED.
* Qreturn Jg
*/
void outputl1() {

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");
}
}
/%%
*x @brief KB UEIN/E (row, column) EEEHNEBEG.
*

* Qparam[in] row BT
* ereturn BENIRE 1, AEENIRD o

*/

int check(const int row, const int column) {
int ok = 1;
int i;

for(i = 0; i < row; ++i) {
/! PR DRBIARAN (row, column), (i, C[il)
// RERBER—I, AL L

if(column == C[i] || row - i == column - C[i] ||
row - i == C[i] - column) {
ok = 0;

break;
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}
¥
return ok;
}
/**
* ebrief /\EfE, FIE
*

* @param[in] row ERLFIT, ZEM—II LK —T2E
* Qreturn OfTREDYEL

*/
int search(const int row) {
int j;
if (row == N) { // RIEFME, HRESFRYE, BHREKRI ST 1 OITHE
++total;
output () ;
return total;
}
for (j =0; j < N; ++j) { // —3—3gNd
const int ok = check(row, j);
if (k) { // WREZE, %KER3
Clrow] = j;
search(row + 1);
}
}
return total;
}

/! RMNBENENZBSE 5L

int columns[N];

// ST HEENAEL

int principal_diagonals[2 * NJ;
/1 S S HLRIXI AL

int counter_diagonals[2 * NJ;

/**
* @brief B UHIIE (row, column) AEDKEBEG.
*

* @param[in] row, BT
* ereturn BENIIR@ 1, ANEENNRE o

*/
int check2(const int row, const int column) {
return columns[column] == O && principal_diagonals[row + column]
&& counter_diagonals[row - column + N] == 0;
}
VAL

ebrief /\2/F, HE, BUHORAE, BAZEHRNE

Oparam[in] row ERZEIT, ZAEW—I LEH—T2E
Oreturn OJ{TEEEIEL
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*/
int search2(const int row) {
int j;
if (row == N) { // RIEFMH, OREEIERE, BERESHRE ST — P OTH
++total;
output () ;
return total;
}

for (j = 0; j < N; ++j) { // —%—3lg%zk
const int ok = check2(row, j);
if (k) { // WREZE, %EB3
/! BATH RRE

Clrow] = j;
columns [j] = principal_diagonals[row + j] =
counter_diagonals[row - j + N] = 1;

search2(row + 1);

/] EEEENE

Clrowl = -1; // XGTLIEAK, BN Clrow]l SHEBER

columns[j] = principal_diagonals[row + j] =
counter_diagonals[row - j + N] = 0;

}

return total;

int main() {
// search(0);
search2(0);
return O;

EXNEE
SENGE[EE ISR
C(BEBRANEA) Y 12374170
. B4 2698 J\EFIO)E, http://poj.grids.cn/practice/2698/
. wikioi 1295 N £/5[a)@, http;//www.wikioi.com/problem/1295/
SENGEPEYIEE
. POJ 1321 1H£ZT)EA, http://poj.org/problem?id=1321

VY, BERRAIIER, BERSPHRM, 2009

eight_queen.c
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\
104 AR IP iBHE
iR
K2 LeetCode Online Judge HJ"Restore IP Addresses”,

BE—TREBBHFTHNZNE, KREFTESEN IP B,
BIR0: 487E725525511135”, R[E [7255.255.11.1357, "255.255.111.35"], (BT FZXE)

DHT
XRBHED N, BER, BEIURABOWERER.

AV

restore_ip_adresses.cpp
// LeetCode, Restore IP Addresses
class Solution {
public:
vector<string> restoreIpAddresses(string s) {
vector<string> result;
string ip; // SHPEER
dfs(s, 0, 0, ip, result);
return result;

}

/%%

* @brief FENTZ{TER

* Oparam[in] s FRFB, HWAZIE

* @param[in] startIndex M s BYESEEFFIA

* @param[in] step HFILEMRES, M 0 FHIBRS, HUEN 0,1,2,3,4 RINERS
* Q@param[out] intermediate HFIEHTHRAIPEER

* Oparam[out] result FHPTETEERN IP MHBilF

* Qreturn J;

*/

void dfs(string s, int start, int step, string ip,
vector<string> &result) {
if (s.size() - start > (4 - step) * 3)
return; // FEER, K
if (s.size() - start < (4 - step))
return; // IPEBR, R

if (start == s.size() && step == 4) { // HE—EEH

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) { // BEISREE, NWKSET BRI
ip += s[il;
dfs(s, i + 1, step + 1, ip + '.', result);

}

if (num == 0) break; // AFEIZR 0, BRAFEN 0

restore_ip_adresses.cpp

10.5 Combination Sum

%Y

A2 LeetCode Online Judge _F#J”Combination Sum”s

BE—THRES (O FN—T B (), KA C PAEREENAES, XL HREIED
ek ETF T,

BT HYLRETER.

TR

- B (B15BIR) BRIEEA

« —MEE (a1,a2,-,ar) PRTRVAETEBRITHED

s —MEGAESR—TMEGES

BIt0, BE—EH 23,67, R 7, NERR

(7]
(2, 2, 3]

paliil
XRREEENLRA, BRELBRLEERL, RUITURXBLWE.

AV

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; // RARLER
vector<int> intermediate; // PSR
dfs(nums, target, O, 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) { // HE—1EFMH
result.push_back(intermediate) ;
return;

for (size_t i = level; i < nums.size(); i++) { // ¥ BRS
if (gap < nums[i]) return; // BIf%

intermediate.push_back(nums[il); // FT¥ RBHE

dfs(nums, gap - nums[i], i, intermediate, result);
intermediate.pop_back(); // HEHENE

combination_sum.cpp

10.6 Combination Sum II
iR

K2 LeetCode Online Judge _F#J”Combination Sum II”,
KOS5 F—aE—AENE, STMHREFH—R.

D
ARBEEENSRY, ERTRBRERY, BN HBOWE.

547

AV

combination_sum2.cpp
// LeetCode, Combination Sum II
class Solution {
public:
vector<vector<int> > combinationSum2(vector<int> &nums, int target) {
sort (nums.begin(), nums.end()); // IREE 50 {TECH,
/! BREBDITERZRA—R
vector<vector<int> > result;
vector<int> intermediate;
dfs(nums, target, 0, intermediate, result);
return result;
}
private:
// 1B nums[index, nums.size()) ZAMNITEH, AHKEINFTETITR
static void dfs(vector<int> &nums, int gap, int index,
vector<int> &intermediate, vector<vector<int> > &result) {
if (gap == 0) { // HB—1EFERE

result.push_back(intermediate) ;
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return;

int previous = -1;

for (size_t i = index; i < nums.size(); i++) {
// R E—BBINRBYE nums [1], NRRBIAFNAEEBEGE nums [i],
// TR nums[i] RBIA—R

if (previous == nums[i]) continue;
if (gap < nums[i]) return; // BIfY
previous = nums[i];
intermediate.push_back(nums[i]) ;

dfs(nums, gap - nums[i], i + 1, intermediate, result);
intermediate.pop_back(); // IRENIE

combination_sum2.cpp

10.7 I\4G

10.7.1 &GS

BASIE: WRSBIMIBS, WEHkER, VWK, £8, IBH>5TUERE; IR
BITHIRED, WA, THRA, IHS, B, MR-,

REERE: NRER.

REEIE: WABEIRZR EIINTR, WABEIHIBHR) FEETE— MR, XPBERE
SRRE,

10.7.2 BENLTE
1. BREBREY, EARBRRT (HIMERI) VRERBENN=1T10%, RKITENDH, K
— TR, RFFETTR.

(a) WRERBERS, NEA—MIA path[] BHEBE, BRERE, REIRREKR
MhR—REE, BREEGMI BIRTIHNAERRE, HRKIIESEIAMERAEH
TEEWGE; MRS, ERRIRPBRERE—RXBE, BItA— T HEARRBS.

(b) WREWEFH, WABBEHEER.

2. AQBR—MR, BRERFEM ? WRIABRK—MR, BRI—IHIUWERD; WRERHAE
R, HET DB, EBHE R, EEBH. [B—RIAER—IR, BIAEBREEX

NEHRRE, FBSAG, B BAESHEXEET ).
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3. WIRDIRE ? Bl —DREFEGMBML LN RHEE, BB B2 N -5
REHPAEER. IR B[, RENRAEE, FAEHEBECRENRT struct B, MIAR
NRFSH (BRNITHRRTEKR, B2BEE), struct BRNFTRESRHSH ——XIRL

4. WA RIS ? X—FIR E—H8X. REBICROEEAR, ¥ EOEMAT. NTEER
THHESHE (—RABERLE, FRARE), XN, BF, TREROAEER, B
BAT—RE, WTRAE, BEEE 1 PERBEERTHTHHE, BE8 TX~, UG
TEMRER S,

5. XRTHAE

(2) WRATHIRER RN, WARBRHE, RNEENIEPIATEES,

(b) WRRGHRER— B, WHEBHE, DAR 2180, WFE§6 . XBIRE s
PRV REA, WREEET A, WERHE, HRNNEEERBREHRN.

NE, BHEN 08I,

7. WARRHE R4 ? WHIRERIERE T — O EMANZ, WRBIEMFE RRTSRET S
ZHTEIE, MRS SRE, BB —ERERE, BBP), NRERSAEE
AT ; WRBIFARE RMBRLRTSNEZENESTRTHNER, HNRIFBEORERG),
N2 B REENEHIBIRT.
BT RINBEXRIEREIRARERRE AN, RRSARNXDXMIORLE, SAXD
XPFN R, EREENEN.
RNITHMRER T WK, BERZEOER— SR BFNIE (REREIREES
). WRBR—NME, BEEROXME; URIBRITEMR, BLXBWER, BIEE—HP
RRBRNHE path[] SHIFRESSE,

8. WINOIR ?

(a) BIf., RE—EBBBIEEELER, RANGEEKR, 0/UTHRE, MEAKIDR, X
BB BANE, REEROBEESN, BROMR, ZTONASWESERKER, &
PEmRIERNR O,

(b) &5, WRFOENBRSHEENE, TUBEERES

i BIREKNE: TORNEERESENA, BTl afkfxARBOLIE
(DAG), WRKFIXAZRRUREY (FIa0k, S5xR), BRNENES, BRHFH@AR
2—BEAT, A—XRMBAEEE, 0 35EEHERALAMNRBR,

ii. EARSCIL . QAR #I4ES HashMap, EE B R M), A ; RS %09, B HashMap,
C++ 38 map, C++ 11 DU/GB unordered_map, Lt map 'R,

2108, SRETCECHEREEAN, A\EEELE 8 NUARNODE—E, BE
REFBESERT. WK, AFROEE 5 10356 8 NI, WREBNW LANERREENEN
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BHE “ASLA”, RER, AIXLERSERESM T RSRAEACSELFRE, NEBLENARI
B8, “RsES” RpTRITAR, PIMXERZIGZESMNEENRE, RE—TEORMEINR
B, EEIRKEX—PHRS, BESHNEBERI.

10.7.3 RIBER

/*%

dfs_template.cpp

dfs 1&1R.

@param[in] input (AXUEISE N N
@param[inout] cur or gap ¥RiCHRHUBNIEEIREVEE
Oparam[out] path HEIEE, tHEDPEER

Oparam[out] result BHRALSR

Q@return %?EKE, QD%%H_\)E%?JZ:ZEQ, W\UK%%&@KE

* X X ¥ ¥ ¥ ¥

*/
void dfs(type *input, type #*path, int cur or gap, type *result) {
if (FEIR) return 0;  // RIEFMH
if (cur == input.size( or gap == 0)) { // WSAHKMHE
& path A result
}

if (QJRBIRY) return;

for(...) { // MTPHBYRENY RalfF
MATEE, 1B path
dfs(input, step + 1 or gap--, result);
IS path

}

dfs_template.cpp

10.7.4 FESOEENX S

SR48 (Depth-first search, DFS) BI7E M I, http://en.wikipedia.org/wiki/Depth_first_search, @85 (backtrack-
ing) BYTE W I, http://en.wikipedia.org/wiki/Backtracking

CE = RI8 + B, —MAKAREBN, 2D ER, RERESORESEH4AE,
guaEeNzEE E—1MES. XBAENERREINOIEARTAE, BRETLOUAN_ZEFMN.

RIS —ARAEEYT (recursion) SRSKI, IXAF LR ES.

RIEEBEBREEREME N, UHTHE, MFNREERNEZR, FURELRERNE
REZIR,

10.7.5 FES5RPHX
FILRE BT (recursion) SR, “EBEANLEM, SEEZ ANRDINMAR — N 7RE5.
R, 2BEEV FNEE, B3, S —OYIEENY FHISKIT, TAIER (iteration) 2 XTR7HY,
W8, ARSI, HILABKRESI; mEl3, —RoskstigE, gblix, Bha—E
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BRE, RER—EARET.

BITEFIOINRRES, —F0RBIR (prunning), XIPEBSRFITHIET, 1IRAIRD; —MH2NEE
(FRZAY S memoization, BRIA), EEPESBR, HLLEEITE, BTERNE.

HR, @®3 + &7, iR —f memorization . fTi8 memorization (BIFNBHRE, & §13.1°0),
2 top-down with cache” (BIR@ N + ££73), T2 Donald Michie £ 1968 FAPSHIARE, FR—D
K, 7 top-down ERNEFRD, EREEFRBERESUE, MMAZNLREIEH.

memorization R—EBBITI, FEER—ERBRIT—HF, YUK (iterative) PEF mem-
orization , JBJFHAR—EF memorization, O]\ memorization SENNR, BRI, RBEHE
I3 5 %15, B memorization o

BERBIT—ERAREE, N LRZSDHEBENERXM TIAEN ? MRIPIREERATS, —
BEBIEX ARG, HREERNIS T, BREXIAE, RBNEEFEBMRMALONER
—O%. £RHR. —XMERSESM L, BIENKESER, XNARPAXTARE; £8. Bt
BEHEESD L, BHENLERK, RENEEER, XNFRIEXTARE.



xr
ENE
\VAY
ﬁ)cui\t
ZHREH, RRER, 3FHEERR, BETF787E (Divide and Conquer),

111 HEARE

i)Y
TE—D 2" x 28(1 <k <100) A D, BE—THBRRREER, HhOE, ARENL R
& (OB 1-1PARN 4 M LENR), ABEEHEPENERNR, ReLR A EREES, BESM

PLERRAREEE (BAIAENR). KIIHE L RHRE.

11-1 4Fh L Bl

#WA

FTEESTEMT, {8 THNDBE.
B—HNSRPISAE—1T, 83— T8k

i T
P L AR R

22T TN

W= W

155
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HpIL

1
5
21

D

AROHER 2° x 2F, REZBIBDEE. BHEATIR 43R, WE—REBR 2" x 2571 89,
BREBOB—RIDUBIBER, BEHM 3 RIFRERBT, MABLNE ? IUEEE—TREST,
WE 11-2f17R, APILE—TLEE, HE 3 RIEEN ST T/ BIRFRAESE, Brk=181
R L AR2RITs S .

+

B 11-2 HEBEQWMBNRFEE

KARFBBRH, ABRRENELEZR, BUEHRD. RIELEDONEE, 1% f(k) &oH
BR 2" x 2" WA L AEmRE, IBBEAR f(k) =4f(k—1)+ Lo
IR, 2100 B—MRADE, AMFERIBAY, K §1637

AV

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

#define MAXK 100

/x —PATTERD 4 DMHEHI, BIBERTDEHI */

#define BIGINT_MOD 10000

#define MOD_LEN 4

#define MAX_LEN (61/MOD_LEN+1) /* ZBHHUEFRANIEN, 107x > 47100 */

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

VAL
* Obrief FJE[JAELZ].
* @param[in] x AEEAY, BAARR, FAARMBIE
* Oparam[in] n A x BIKE
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>

* Qreturn TG

*/
void bigint_print(const int x[], comst int n) {
int i;
int start_output = 0; /* FAFHIBIS 0 */
for (i =n-1; i >= 0; --i) {
if (start_output) { /x WRZBRH 0 DEEKT, WL */
printf ("%04d", x[il);
} else if (x[i] > 0) {
printf("%d", x[i]); /* ARALLRNZE, RSMNHFERIT 0 */
start_output = 1; /* FIRIE—NIE 0 BYE, MiRBEZRE 0 2EEBKIT */
}
}
if (!start_output) printf("0"); /* ¥ x £RH 0 i */
}
/*x*

* Qbrief & f(k) = 4f(k-1)+1, SABHFTOLREMD.
* @param[in] x x

* @param[in] y y

* @param[out] z z=x*y+1

*

Q@return 7T,
*/
void bigint_mul_small(const int x[], const int y, int z[]1) {
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++) { /x H—RBHAITIM */
if (z[i] >= BIGINT_MOD) { /+ BB BN */
z[i+1] += z[i] / BIGINT_MOD; /* jH{I */
z[i] %= BIGINT_MOD;
}
}
}
int main() {
int k, T;
dfo]l[0] = 1;

for (k = 2; k <= 100; k++) bigint_mul_small(d[k-2], 4, d[k-11);

scanf ("%d", &T);

while(T-- > 0) {
scanf ("%d", &k);
bigint_print(d[k - 1], MAX_LEN * 2);
printf("\n");

}

return O;
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chessboard_cover.c

BXEE
SEN=EEEIEYIER

C (BEBRAIIRH) YEE 14808317
- (UBNERRUTENIT (E 3R *F 19T 26D
« NYOJ 45 fHFZ B, http://acm.nyist.net/ludgeOnline/problem.php?pid=45

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

11.2 BISRRBEER

R

72" MNEHASNEIRER, FRRITHRERER. BRUT:

- BNRFVASEAM n-1 PEFSH—R

- BNRF-RREF R

- R T 1 X

BILBRRIT —K L RBIER, BB niTin13l, FifT5jNRE i DNEFE | KBEHIXY
Fo

BWA
— Pk, 0<k<9, Bk NERH.

L Tl

—skttZRBER, BEE 070013 (REE, BIERREFHRS), HifTH NS
TIRFE j RBRBIXIT. BBV TR IT%ﬁmFFO

=2 TN

1

O, BEBRAIIRHM, BEAZHMAL, 2009
CTELAR, T ENERRITEDNT (5 3 hR), 883 LAIHARAL, 2007
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HpIL

12
21

DHT
RIBOTBZOER, INHED—%EF 24! ) NtRBRE, ESEeRETNeRe, K&
BREREMDEFHHROE.

11272 k=3 NI —1TTHE, ER2H 4 RFERN. ZLAR k=2 NO—EH%, LA
RHEE ARG 4EE, MELA. 6 TADIBE TE. Z LASHIEE.

112 3 45 6 7 8
211 4 3|6 5 8 7
3/4 1 2|7 8 5 6
4/ 3 2 1|18 7 6 5
5| 6 7 8j1 2 5 4
6|5 8 T2 1 4 3
718 5 6}]3 4 1 2
8| 7 6 54 § 2 1

11-3  EARBIERIIA k=3 [VEUER
(XS

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; /* LEiE0 n, BB EEY n +/
/* k=1, BIMTAN, BEXRIUBESEH */

n=2;
schedule[0] [0]=1; schedule[0][1]=2;
schedule[1] [0]=2; schedule[1][1]=1;

/% ERRME, RRME 272... .27k DRFHLTREE +/
for(t = 1; t < k; t++, n *= 2) {
n2 =n *x 2;
/1B NATTR
for(i = n; i < n2; i++)
for(j = 0; j < m; j++)
schedule[i] [j]1 = schedule[i-n][j] + n;
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/IRETRATRDIIE LA
for(i = 0; i < n; i++)
for(j = n; j < n2; j++)
schedule[i] [j]1 = schedule[i+n] [j-n];

/IRZE ERTRIIIE A
for(i = n; i < n2; i++)
for(j = n;j < n2; j++)
schedule[i] [j] = schedule[i-n][j-n];

}
/x B—TRRE */

void dc2(const int k) {
int i, j, r;
int n;
const int N = 1 << k;

/* E—VBHRFORS */
for(i = 0; i < N; i++) schedule[i][0] = i + 1;
schedule[0][1] = 1; /* 3 k=0 ¥, FB—TA */

for (n =2; n<=N; n*=2) { /+ SRA/N, 2, 4, 8 %/
const int half = n / 2;
for (r = 0; r < N; r +=n) { /*x ORAEIT */
for (i = r; i <= r + half -1; i++) { /x ZL ER/NTIRIVETBIT */
for (j = 0; j < half; j++) { /x Z_EB/NTREFAET */

/* BB <~ ZLA */
schedule[i + half][j + half] = schedulel[i] [j];
/* BB <—- Z A */
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);

/! WBBER

for(i = 0; i < N; i++) {
for(j = 0; j < N; j++) printf("%d ", schedule[i] [j1);
printf("\n");
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}

return O;

roundrobin_scheduling.c

BXBEE

SENubEIEilE
<<%/£R%}\|__|i7\/mi» Y149 TN 8327
- C(HEHERRITSDNT B3R ®HE34 W 2117
« NKOJ 1437 fRZ£#R, http://acm.nankai.edu.cn/p1437html
SENGEPEYIE
« SPOJ 2826 Round-Robin Scheduling, http://www.spoj.com/problems/RRSCHED/
« UVa OJ 678 Schedule of Taiwan Baseball League, http://t.cn/zHID9TQ

O, BEBRAIIRHM, BEAZHMAL, 2009
CTELAR, T ENERRITEDNT (5 3 hR), 883 LAIHARAL, 2007



F12E

RIWE

RNHENLN— S, NSRREEE. B\ ERRSBETRINE (Ereedy algorithm),
WR—NMIMEBEUTHIER:
« BRI F %54 (optimal substructure)
o RINGEERIMER (greedy-choice property)
NI UABRIWEKRFILE.

121 ERINERE

12.2 [5FHSmB
R
BE—TRNIIRTR, B 0F0 1 WEHRHTRIY, RRILBIBRI, FEHAZR2OLREED.

paliil
MBERK, AIMEEIHER.

(A¥S]

poj1521_entropy.cpp
// RREBIGFHSHRD, BRBBRAITEHSKDEHNRIDKERIT,

// BRNBRZIGFHEMBLIEFHEERS

#include <stdio.h>

#include <string.h>

#include <queue>

#include <functional>

const int LINE MAX = 256; // —{TRASZRTH
const int MAX_ASCII = 128; // ASCII f3: AN

int main_entropy() {
char s[LINE_MAX];
int count [MAX_ASCII] = {0}; // count[i] I23% ASCII 13} i HZRFEILINRE

162
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int sum;
/7 INRIE, PRIIERNER/NTER

priority_queue<int, vector<int>, greater<int> > Pa;

while (scanf("%s", s) > 0) {
sum = 0; // B
const int len = strlen(s);

if (stremp(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 q.top(); pq.-popQ);
const int b q.top(O; pq.popQ;
sum += a + b;
pq.push(a + b);

=P
=P

if (sum == 0) {
sum = len; // W pq PRBE—TITH
}

while (!pq.empty()) { // clear
pq-popQ);

}
/] EREERE
printf("%d %d %.1f\n", 8 * len, sum, ((double)8 * len) / sum);

}
return O;
}
PRGN IS
SENGEEEEIEE
- PQJ 1521 Entropy, http://poj.org/problem?id=1521
SEMBLIEME :

« POJ 3253 Fence Repair, http://poj.org/problem?id=3253
- (BEZEAIIERE) © 55 155 B 8-5

VY, BERRAIIER, BERSPHRM, 2009

poj1521 entropy.cpp
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« (Introduction to Algorithms) ® &5 16.3 1
c (ERBUHEDT(E3R)Y ©FE 109744 D

123 HHEQQ™A

DCLRS,Introduction to Algorithms(3rd Edition), 2009
CFER, HENEFIRH SO (553 AR), 2007
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TS

WR—PNEBEBUTHIRE:

« BRI 54513 (optimal substructure)

« E& 5o (overlap subproblem)

T AR SRR R o

SHRID N 4 MR

- BARMENSE. HRE— ISR ETRRILHE.

- BPNENRILENE. KBRTERHE, REBIPNEN

- TERMENE. HANMERBSREAL, BIRMIUBING T,

- RIBUIEIEPBINER, WEERLHE. ARRNIAFEXZMENE, C1FERIMBELS,
NTLIREEE 4 o BRITE 4 DY, BINTREASE 3 POTREDLEPR—LHINNER, UE
BEHBENDGHERIL .

TE 15D, BNFEHRE—D ORT”, £F 25D, BINSHE “RTHEBHE”, REFEE
IPNE N RILREIE, 253 5F0% 4 TRESERI S,

SEREEIMNEMINSR, “BI3 (recursive)+ BINGE © (top-down)+ FI&”F0“ BFEE L (bottom-

up)+ FI8”, BIZBET P memorization (BIFNBTRE), BB RIERBIENL.

IMARERE T IRNRAEGRE, BREEITE, 2—0=aikiiE.

S RILEER : &ILFE1.

AER: 1. HNFOMEESN, MRINNFMERESH (disjoint subproblems); 2, Tf)

MARBRIWERML; 3. RIVNRNHEE&R—FE, MR — DAG.
38R RINEIETE S : disjoint subproblems,

13.1 FIFIREERENXE!

L (dynamic programming) —E2 B8O, &&R)% (memorization) —E2BINE NEY.
TR Z lazy 83, memorization 2 lazy B9, RIZFE (on-demand) I+&H, FTLA, WRHABHF
AMZEDEME—R, WHMBINE; WRELEFTORTHERIBDASRMAE (RIBERK),
memorization B, EIFANBERIESE StackOverflow _HIX- MG http://t.cn/z80ZS6B
BERAYUSKIREIM L UNINEE, ETCARIM. MENAHERRN, —TEEBWAT, —
TERAOL, RNMZXDFFIIMMER. A DEERIVM, BEESKE LI,

165



166 E 13T EIMX

13.2 JREAHRSEI

%Y
—MEIIBISF B (subsequence) RIEAXBIIPMES T (TN 0 1) TTREB BRI, /&
W, BOERI X = (21,22, ,2m), WR =PRI Z = (21,22, ,2), B XHTHRIIR
ERE NSRBI MRBI (i1, 42, -+ i) BE/NTAE I = 1,2,--- kB 2 = 2,0 HIW0, FBI
Z = (B,C,D,B) 33 X = (A,B,C,B,D, A, B) 8333, BRENEIE MRRIN (1,2,4,6).
BEMTRIXFY, KXF Y PREAH S (longest common subsequence),

BWA

WMABBZENANE, SHHES—T, BSHTEFE (ZRBKEABY 200), TXMR
T2 MIN=RRZIBBET TERT.

i
XNEENNEE, BERAIHKTHINKE, 84817,

22T TN

abcfbc abfcab
programming contest
abcd mnp

A4

4
2
0

D

RKARIFINREERM T EBMRRBI X = (21,22, ,2m) Y = (Y192, , Yn)
BRKARIFRIN Z = (21,22, -, 21), W

c BErm=yn, Wk =2m =yn, B Zk-1 8 Xm-1 M Y1 OREAHTFBI,

c Brm #Yn Box # 2m, WZRE Xp1 Y HREKARTHI

« Brm FYn B2k # Yo, WZZE X MY, ORKARITH

Eq:', Xm_1 = (Cﬁl,mz,"' ,mm—1),Yn—1 = (yl,y2,~~- 7yn—1), Zy—1 = (21,22,"' ,Zkfl)o

t
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WS dll], JARI X M Y; IREKARIFRINKE. BRICTEHIBREEELH

U

i=0,j=0
d[l z—l]—l—‘,—l i, > 0525 = ys
max {d[i][j — 1],d[i — 1][J]} 4,7 > 0;mi # ys

WRBITENERE AR IR, BRAW—TE8A p, plill[j] iCR d[il[j] RBEH NSRS,

AV

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

#define MAX 201 /* ZFPRHZAKEN 200 */

int d[MAX] [MAX]; /* dli][j] F®FEI Xi A Yj BIRKAHIEINKE +/
char x[MAX], y[MAX]; /x SRFBREED'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; /x ARIWBH, */
for (j = 0; j <= mn; j++) d[0I[j] = O;

for (i = 1; i <= m; i++) {

for (j = 1; j <= n; j++) {
if (x[i-1]1 == y[j-11) {
dli1[j] = dali-11[j-11 + 1;
} else {
dli10j] = ali-11[31 > d[i10j-11 7 d[i-11[3] : d[il[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) { /*x AC */
while (scanf ("%s%s", x, y) != EOF) { /x AC x/
const int 1x = strlen(x);
const int ly = strlen(y);
les(x, 1z, y, ly);
printf ("%d\n", d[1x][1y]);
/*
lcs_extend(x, 1x, y, ly);
lcs_print(x, 1x, y, 1ly);
printf("\n"); */

les.c
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}

return O;

}
int p[MAX][MAX]; /* plil[j] 2% dlil[j] BHI PRGN /

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]
for (j = 0; j <= n; j++) d[0][j]

0; /* WFREH */

for (i =1; i <= m; i++) {
for (j = 1; j <=mn; j++) {
if (x[i-11 == y[j-11) {
d[il1[j] = d[l 11[j-11 + 1;

plil (il =
} else {

if (d[i-11[3]1 >= dlil[j-11) {
dli] [j1 = ali-11([j];
plil[j1 = 2;

} else {
dlil[j] = dl[il[j-1];
plil[j] = 3;

}

void lcs_print(const char *x, const int m, const char *y, const int n) {
if (m == 0 || n == 0) return;

if (pml[n] == 1) {
lcs_print(x, m - 1, y, n - 1);
printf("%c", x[m - 11);

} else if (plm]l[n] == 2) {
lcs_print(x, m - 1, y, n);

} else {
lcs_print(x, m, y, n - 1);

}

les.c

BXBEE

5XPHEEIM
- CHENERRITEDN (B 3RR)Y “B 56 W33

CTEAR, HENERRITEDNT (5 3 hR), 83 TAIHARAL, 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
. (2RIRITSSIRTELSREY V85 203 7T 10.5 15

- B% 2806 NHSF23, http://poj.grids.cn/practice/2806/

SENGEEPEYISR

« HDOQOJ 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

133 BRKESIRIIF
iR
BE—DPEHEI S, 9, Sp(1 < n < 1,000,000,-32768 < S; < 32768), TN B
sum(i,j) = S +-+ 5;(1 <i<j<n
KRERAREY sum(i, j), BIRIIELESFREINF] (maximum continuous subsequence sum),
WA
SINABAIBERS n 7k, BER 0 EL,

i
#TRE—TRAM,

=2bE AN

3123

6 -14-23-23

HHIELE

6
6

CEIH, RRIRIT S SIRAE LSRR, BHEAR S HRAL, 2007
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paLiil

ﬁdl]ﬂ\j‘:ﬁ BEDIX MANNE, NFHARN—TRY, ©B/IIPERRE ? ©REMmiD
W 1. IOAZHIBY SubArray; 2. B2 5§ — SubArray, A LRESHINXMIDIE)RIE ?
QD%ZQU SubArray BIRAFIAT 0 891G, BATANEXNBEEREEIWAN. XIPIER FEA
RN Z B SubArray
WRZ Al SubArray BIRATIN 0 BT 0 BVIE, BANANENGSEREZREIM, BEER
BEN (UNF0H). XFpER NEINERLUX TESTTTE, e —T SubArray,
WIRTEN d[j], FRBLS[j] BRORAESEST R, WRSFHEBOZWT :

dlj] = max{d[j—1]+S[j],S}j]}, EP1<j<n
target = max{d[g]}, Hol <j<n
S ESUIINE
. 1BR—, S[j]l MR, SEIENELHER—MNERSFI, WSKRKESSRBIFR djj — 1]+
S[j]o

- BN, SHIRIDMN—R, BIESTRIRES — M S[], WRRESS IR Sl

(AViS]

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))

VLS
* Obrief RRAELITHIF, BISIY
* Q@param[in] S {3
* @param[in] n HANKE
* Qreturn X AJELRSFRIIAD
*/
int mcss(int S[], int n) {
int i, result, cur_min;
int *sum = (int*) malloc((n + 1) * sizeof(int)); // BJ n IIKD

sum[0] = 0;

result = INT_MIN;

cur_min = sum[0];

for (i = 1; i <= n; i++) { /*x TABISAD =/
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;
}
VLS

* Obrief RAELI I, wHl
* @param[in] S #J

* Qparam[in] n HANKE

* Qreturn Ex AJELRSFRIIAD

*/

int mcss_dp(int S[], int n) {

int i,
int *d
dfol =
result
for (i

result;

= (int*) malloc(n * sizeof(int));
s[ol;

= d[0];

=1; i < n; i++) {

d[i] = max(S[i], d[i - 1] + S[il);
if (result < d[il)

}

result = d[i];

free(d);
return result;

}

int main() {

int n, *S;
while (scanf("%d", &n) > 0) {
int 1i;
S = (int*) malloc(n * sizeof(int));

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

scanf ("%d", &S[il);

printf ("/%d\n", mcss_dp(S, n));

free(S);
¥
return O;
}
mcss.c
HAitfx

. B EEBE D ZARNNE, SREE 00
BT ANEGHE, ERIEIINNETR SN E, SRE On),
. BEZ: 98%, BEISNFR, DURSAESIHIR, REIH, SRE O(nlogn)
- BEIL: 3B O(n?) BUREBRIERNE, 8% O(n) MEA
- BT M=1RAM FEBM, BFE§1347D

RMBENE B ESE X REZ, http://www.cnblogs.com/gj-Acit/archive/2013/02/12/2910332.html
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PSS
SENSGEICIENISE
« LeetCode Maximum Subarray, http://leetcode.com/onlinejudge#question_53
SN EIPEN ISR
« HDOQOJ 1024 Max Sum Plus Plus, http://acm.hdu.edu.cn/showproblem.php?pid=1024

13.4 |RAM FEA

b

BE—PEBHFEY S1,82,-,5.(1 < n < 1,000,000, -32768 < S; < 32768), TR
sum(i,j) =Si+ ...+ 5;(1 <i<j<n)

MEE—DEREH m, KEmXViF0j, B8 sum(is,j1) + sum(iz, j2) + ... + sum(im, jm) &
Ko XA M FEM (maximum m segments sum)o

BA
BONXRBEMNERE m 50 n Tk, BEZ n TR
LT
STE—T&RA.
HHIA
13123

26-14-23-23

=t Tlaw
6
8
vapil
RSN dlijl, R/ED DN | RE&EAM, B i RVWAES S[j], WRSHERSZWT :
d[laﬂ = max{d[%]_l}+S[]]7max{d[l_1,t]+s[]]}},H¢Z§]§nvl_1§t<]
target = max{d[m,j]}, Ebm <j<n

DNFIPIBIT -
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- Bin—, Sl BEEHiRZ2P, di,j— 1]+ Sl

- BR=, SHIRIIKDMN—ER, max{di - 1,¢] + S[j]}.

MR _ERPFPIET IR d[i,j] BUERF0 d[i,j-1] F0 d[i-1.t] X MERB X, BICARE 454, O
CIRRENEAE, RE|EM T —4HAE, B d)j] RnANMRNRAE, B1dlE,j - 1]+ S[5], [ prev(j]
M E—NERORAE, B0 max{d[i - 1,t] + S[j]}.

(A¥S]

mmss.c
#include <stdio.h>
#include <stdlib.h>
#include <limits.h>

/**

* @brief KA m ERSFBIIFD

* Oparam[in] S #{4A

* @param[in] n FAKE

* Qparam[in] m m %

* Qreturn BXA m ERSRBIIF0

*/

int mmss(int S[], int n, int m) {
int max_sum, i, j;

/* dli] REUMERTRAIE, previil R EMERTEAE */
/* d[0], prev[0] RfBEA */

int *d = (int*) calloc(n + 1, sizeof(int));

int *prev = (int*) calloc(n + 1, sizeof(int));

S--; // BAN BN L e, ™ s M o s, XERB—

for (i = 1; i <= m; ++i) {
max_sum = INT_MIN;
for (j = i; j <= n; ++j) {
/1 ISR T2
if (d[j - 1] < prev[j - 11)
dl[j] = prev[j - 11 + S[jl;
else
dl[jl = d[j - 11 + s[jl;

prev[j - 1] = max_sum; // SR EMERKE
if (max_sum < d[j])
max_sum = d[j]; // $H max_sum
}
prevlj - 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 O;

mmss.c

PSS
SENCGE[E ISR
« HDOQJ 1024 Max Sum Plus Plus, http://acm.hdu.edu.cn/showproblem.php?pid=1024
SENEEPEYISR
« LeetCode Best Time to Buy and Sell Stock III, http://leetcode.com/onlinejudge#question_123,
SZ 13 https://gist.github.com/soulmachine/5906637

13.5 EBRIOM

B (Knapsack problem”) BIRZIPARA, BHHEUT=FP:
. 0-1 2B/alRA (0-1 knapsack problem): BiPYIRRET—"T
. T2 B0/ (UKP, unbounded knapsack problem): FiP¥)REE TR TTIH
. 25X BI0M (BKP, bounded knapsack problem): &5 i {¥IRE c[i] TTIFB
HMRANEEMIESZE “SBIa@NiH”, https:/github.com/tianyicui/pack
BEEME T “ZMERRIO”,

13.5.1 0-1 Q@M
iR

BN YR, i DRNEER w, NMER v, SIWRRE—. HEERSHNEER W,
BRI REN S THXEYRNREENBIEESE, BNERIIRA?

#WA

F1TES—TEHUT, ®xnE TEHNLRBE. SBENABEISE 37, F1T83SHTEN
N,W(N <1000, W < 1000) DAIXRTARHPHENERNSE, $ 2783 N MRAXNSHNY
GHNE, F31TES N TREUXRTEBIOYGNEES.

©@Knapsack problem, http://en.wikipedia.org/wiki/Knapsack_problem
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L Tl
BT —TRY, XNMMESHIRKAE.

22T TN

1

0
345
321

gl = o
SN

A

14

paLiil

BT8RN E—D, JRUERENERNE,
ESORTS M1, TR “IBRl i ™MIREHRSEN | WEETLURENGRANE”, WERSHER
hiEER:
flal5] = max { f[i — 1][5], f[¢ — 1][j — wli] + v[i]}
XNOREBFENT, BRI ™MWIRRESEN | NEEN, BmidiER:
s BiPAREER, XNEFEMEN: fli —1][]
- FBiPMRHEE, XNEFEMEN: fli — 1] — wd]] + v[i]
L BNE = E NS RV S TN
£[0..N][0..W] =0
for i=1..N
for j=0..W
f[i] [j1=max{f[i-1]1[j],£[i-11 [j-wlill+v[il};
BN EBZ RO :

£[0..NJ[0..W] =0
for i=1..N
for j=W..0
f[1] [j1=max{f[i-1][j],£f[i-11[j-wlil]l+v[il};

ANBANEBZN, TYLUETHAAMAN—4E4E. HART:

for i=1..N
for j=W..0
dljl=max{d[j],d[j-wlil]+v[il};

NEAR ? 2B, ML

0
6
5

W W
SO
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fRM LT, NEEZEITES, WE 13-1F177.

BEREEN | BRTEN j=0-m
10 3 glol1]elzlalslelv]lelg]i1d
MRFe BRf0Er w®S[ o0 o lololololololololo]lo
3 4 = 1 Do e e il [Ta [T T e T 1
4 5 tmzl 2 oflololals5[s5]s5]alalalgs
5 8 @3 olololals]e]ls]g1olnnln

13-1 0-1 BEREANHEINF

SABIRERN, BEMARAERELEARKRME, MTLURIEE—{TIUNEBOZEH.
WA d (RFRVRTHEA”), B dlj] 270, d[j] BRED {li-1][], FF=B, dlj]
BREHZ iG]
BX L, BE—4HER -1 BEROVNEFECHERZRBE, IUXEHRHE—TRIES
T™IGRHRE, UBHBPEEBREAINRHE.
def ZeroOneKnapsack(d[], i)
for j = W..w[il
d[j]l = max(d[jl, d[j-wl[il]l + v[il)
BIXTREUG, 0-1 EROMENABEMIY UIFS
d[0..w] =

for i = 1..N
ZeroOneKnapsack(d[], i)

AV
ARA 1, BFEt.

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 8B */

int f£[MAXN + 1] [MAXW + 1];

void dp() {
int i, j;
memset(f, 0, sizeof(f)); /*x BBEBA—TERIH */
for(i = 1; i <= N; ++i) {
/¥ for(j = W; j >= 0; ——j) { /* Bl */
for(j = 0; j <= W; ++j) {
£[i105] = £[i-11[31;

DRTE, BEBRANIIRH, BERNZLHARE, 2009, 55169 719.3.3 71
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if(§ >= wlil) {
const int tmp = f[i-1]1[j-w[il]l + v[il;
if(tmp > £[i1[j1) £[i1[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[il);
for(i = 1; i <= N; ++i) scanf("%d", &wl[il);
dpO;
printf ("%d\n", £[N][W]);
}
return O;
}
01knapsack.c
MRA 2, BEAL, RihEE.
01knapsack2.c

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

#define MAXN 1000
#define MAXW 1000

int N, W;
int w[MAXN], v[MAXN];

int A[MAXW + 11; /x SEENEE =/

/**
* @brief 0-1 HHRBMP, MBS TWIGH.
* Oparam[in] d RzuNENAE
* Oparam[in] i ZYIG@EI TR
* Q@return J;
*/
void zero_one_knapsack(int d[], const int i) {
int j;
for(j = W; j >= wlil; --j) {
const int tmp = d[j - wl[ill + v[il;
if (tmp > d[§1) d[j] = tmp; /* RE/NB <, K®EKA > */

}
void dp() {

int i;
memset(d, 0, sizeof(d)); /*x HERAR—ERLEH */
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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[il);
for(i = 0; i < N; ++i) scanf("%d", &wl[il);
dpQ);
printf("%d\n", d[wWl);

}

return O;

}
01knapsack2.c
=P L]
5XZHEENME :

- (BEBRNIIEH) V55 167 AHIF 9-5
« HDOQJ 2602 Bone Collector, http://acm.hdu.edu.cn/showproblem.php?pid=2602
SENGEEPEYIER
« wikioi 1014 ZEF80)ER, http://www.wikioi.com/problem/1014/,
Z2Z{13 https://gist.github.com/soulmachine/6248518

13.5.2 Se2EGQ
R

SIR—TMEEREE (piggy bank), FREEBFEET. SANIERANTIERN, BRIIBHKREHFR IR
BiERE. R, MEBNEEHRESB BNk, IBTKREZES.

RO iEd B RENESEENEER/DERZ/ V. CARERERNNERNESENLE TEMS
NS, AEEPEMNESNEE, SIMEMNMERNE. RERABRT N, BRERERIVEZ/)D
’{%O

LTV

F1UTES BT, ®ne TANDEN. SENEBR, E—TRMIBMENF, 2
AIRTEMEENEENR TRMENEE, ST (gram) NHB, WEKENEEASEBY 10kg, Bl

VRUE, BEBRAINRE, BEXBHRM, 2009
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1< E<F<10000, 5_{TR—TEHN( <N <500), RNMEMOFIEHE., # FHRE N1T,
BTESMTEL v w(l < v < 50000,1 < w < 10000), DAIFRNMEDHEENEZE.

Tl

BNEFIITED—1T. ABR The minimum amount of money in the piggy-bank is X”, Ed X R~
BHREER/DEZ/ DK, WRAEEHINAZILSENSEE, NWFTED This is impossible”s

22T TN

3

10 110
2

11

30 50
10 110
2

11

50 30
16

2

10 3
20 4

22k

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.

DHT

SHNRETENTE, XEne M.
AEEAHESRNSE, BE I RPBET, DENENNES kL THETENEE F,
E TSR EE— S8 F-E 5E, HaNASER.
SONEZIE AT 0-1 BRI, FIARNESONRETRN. RS ASHIDNREE
B, STARXNEISD H ERARDFD, MRER0N. B1A. B2 BB W /wli]
—HIBIEESOBATTERENN 01 SRTE: B ISR W/uf) 1 01 SEEES
IR, MEEITUIREN Y. 2 601 HEEm. NIEREROW Y. ).

wli] wli]

BIRZBE, RSB OIEN:

7] = max {f[i — 1][j — k x w[i]] + k *v[z],0 < kx w[i] < j}

PHRERT :
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for i = 1..N
for j = W..w[i]
for k = 1..j/wlil
dljl = max{d[jl, dlj-k+wl[il]l + k*v[il};
HIUSH:
for i = 1..N
for k = 1..W/w[i]
ZeroOneKnapsack(d[], w, v)
“ROMR” BEBSVOVRN % BE i IRIFDREENRN 2" xwli]. MER 2° *v[i] K&
Fy&@, EdhkBETERRE 2° «wli] < W RFERRE. X2 TESINRE, BRAKXIE [1, Wiwli]]
DEVEARBETURTN 1,2,4, ..., 2" PEF DV,

SRR B S R E R O <ﬁ) BHT 0 (1og wﬂu) PO

def UnboundedKnapsack(d[], i)
k=1
while kxw[i] <= W
ZeroOneKnapsack(d[], kxw[il, k*v[i])
k=2xk

WBEBMENEL, SEREN ONW), AUEIT:

for i = 1..N
for j = 0..W
d[j]l = max{d[jl, d[j-wl[il] + v[il};

5 o1 BEEEBMEL, NE—THEAE, XERABHRRINGE, mo-1 EB2PHH (EEA
REDEEBIEIT T )o

N L NEET TR ? BEBBNT 4 -1 EEPABARYERS, PHEEN TRIES ™MIRR
R, RIEE “@EESE 107 ¥, KRBR—TMREGRES i HFIRNTER fli— 1] —wlil.
MAETZEEBNRRINE/INRTRLET, B’E T8 TMRRE—REIRE], PTUMILFF
BEVITCRA j BIBaRRAER.

RIE_LEOVNAE, RSB DEEIUSHIXIPE R

FE) = max {f[i = ][], FEI7 — wli] + o[i]}
HMRERMNES M) GEVRE -

def UnboundedKnapsack(d[], i)
for j = wl[i]..W
d[j]l = max(d[j], d[j-wl[il]l + v[il)

AV

piggy_bank.c

#include <stdio.h>

#define MAXN 500
#define MAXW 10000
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/x FToRUE, B OxTFFFFFFF, HTIIZEESELMNE */
const int INF = OxOFFFFFFF;

int N, W;
int w[MAXN], v[MAXN];

int d[MAXW + 11; /* JREDENA */

/*x%
* Gbrief STRERCAP, WIERWIGH.
* @param[in] d RFNEA
* @param[in] i Z¥)GAY TR
* Qreturn
*/
void unbounded_knapsack(int d[], const int i) {
int j;
for(j = wlil; j <= W; ++j) {
const int tmp = d[j - wl[il]l + v[il;
if (tmp < d[j1) d[j] = tmp; /* REB/NE <, K®EKA > */
}

}
/** c, YI@BIRE */
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; /* KE/NB <, K&EKA > */

}

void unbounded_knapsackl(int d[], const int i) {
int k = 1;
while(k * w[i] <= W) {
zero_one_knapsack(d, i, k);

k *x= 2;
}
}
void dp() {
int i;
for(i = 0; i <= W; ++i) d[i] = INF; /*x 5BBEF =/
d[o] = 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; ++4i) scanf("%d %d", &v[il, &wl[il);

dpQ;
if(d[w] == INF) {
printf("This is impossible.\n");
} else {
printf ("The minimum amount of money in the piggy-bank is %d.\n",
dwl;
}
¥
return O;

}

/* BE 1 MIRER 0 D, 1 D, ..., Wwlil D, ZARAREE AC, & TLE */
void unbounded_knapsack2(int d[], const int w, const int v) {
int j, k;
for(j = W; j >=w; —-j) {
const int K = j / w;
for(k = 1; k <= K; ++k) {
const int tmp = d[j - k * w] + k * v;
if (tmp < d[j1) d[j] = tmp; /* KRE/NA <, KEKB > */

}

/* BE i FYRER o D, 1D, ..., Wwlil D, ZARAREE AC, & TLE */
void unbounded_knapsack3(int d[], const int w, const int v) {
int k;
const int K = W / w;
for(k = 0; k < K; ++k){
zero_one_knapsack(d, w, v);

}

piggy_bank.c

BXBEE
SENSGEIEIENISE
- (BEZRANIIEE) V55 167 UBIRE 9-4
« POJ 1384 Piggy-Bank, http://poj.org/problem?id=1384
- HDOJ 1114 Piggy-Bank, http://t.cn/zZWXbXIn
SENSGEIPENISE
« PQJ 2063 Investment, http://poj.org/problem?id=2063

VY, BERRAIIER, BERSPHRM, 2009
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13.5.3 ZEHBIOA
R

it aEIE, NTHRIRXEENESD, WAKXERENESBESXIE—LReSIERK,
MAERIRIT—HEEE W It, Mmps NIk, SiCKEENESR, ENMEASE, FEREE
BRI,

5I0): IRABERNGERIZERWZ/DNTIREIR ?

BA

F1TES—TEYT, ®8 THENXRR. SENDEANSE—TEMTNEHY W NI <
W <100,1 < N < 100), DBIERNEFRHREIR KD, RERE NTHE, STRS 3 TRA
w, vAlc(l <w<20,1<v<200,1<c<20), DAIRTERONE. SROEEUNINIPE
DA SEESSE

Tl

XYTZENEHBE, FEEBERIKNRAEE, MTURREFRALMEIAK, FHE
SFMIUART. B TRABEHS—1T.

22T TN

1

8 2
2 100 4
4 100 2

A

400

DHT

1 MRS il NTR, XSSO,

S=2uEa@E, HTUR “GFHNE” NBBIERAMELS 01 HEIAE: B i
MISBIRRL cli] T 0-1 BRDWDENB, WERTWERL Y cli] K 01 HEEHM. NIERER
OW S clil)e RANFEREIZN

FlAg] = max {f[i — 1][j — k * w[i]] + k * v[i],0 < k < ¢[i],0 < k x w[i] < j}

RVIEIINNE
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for i = 1..N
for j = W..w[il]
K = min{j/wlil, c[il}
for k = 1..K
dl[j] = max{d[jl, dlj-k*wl[il] + k*v[il};
EEDEE
for i = 1..N

for k = 1..c[i]
ZeroOneKnapsack(d[], i)

FOVIG B UER HHINEIS, 1835 i iteiFoE TR, HP8UeEE — TR,
E T RNESNEYRERNEENNERUITIARY. REDBIN 1,2,22,..,25 7 cfi] -
2" +1, HPk 2HE 2 — 1 < ofi] ORKEH. HI90, EfMes 131, B clil=13, MWBRZEY k=3,
XY RRIZARIF DA DB 1,2.4.6 BICTTMG3.
XHERMES MRS RE S O(cli]) RIS O(logcli]), TR :
/! c, YRR

def

def

AV

ZeroOneKnapsack(d[], i, c)
for j = W..w[il
d[j] = max(d[jl, dlj-c*w[il] + c*v[i])
BoundedKnapsack(d[], i)
if c[il*w([i]l >= W
unbounded_knapsack(d[], i);
return;

k =1;

while k < c[i]
zero_one_knapsack(d[], i, k);
c[i] -= k;
k *x= 2;

zero_one_knapsack(d[]l, i, c);

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 + 11; /* SREHENA */

/xx c, V)RR */

void zero_one_knapsack(int d[], const int i, comst int c) {

int j;
const int neww = ¢ * w[i];
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const int newv = ¢ * v[i];
for(j = W; j >= neww; --j) {
const int tmp = d[j - neww] + newv;
if (¢mp > d[j1) d[3] = tmp; /* RE/NB <, RKEKA > */

}

void unbounded_knapsack(int d[], const int i) {
int j;
for(j = wlil; j <= W; ++j) {
const int tmp = d[j - wl[il]l + v[i];
if (tmp > d[j1) d[j] = tmp; /* R <, KREXH > */

/**
* Obrief ZHHEBOADP, WMERMIGH.
* @param[in] d RFIENA
* Qparam[in] i ZY)G@E MR
* @param[in] ¢ ZY)RHHS
* Qreturn Jg
*/
void bounded_knapsack(int d[], const int i) {
int k;
for(k = 0; k < c[i]; ++k) {
zero_one_knapsack(d, i, 1);
}
}

/* B—PIRE, HFOVRENMN */
void bounded_knapsackl(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 *x= 2;
}
zero_one_knapsack(d, i, c[i]);
}
void dp() {

int i;
memset(d, 0, sizeof(d)); /* EHBARA—ERLH ~/

for(i = 0; i < N; ++i) bounded_knapsackl(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", &wlil, &v[il, &c[il);

dpQ);
printf("%d\n", d[wWl);
}

return O;

bkp.c

EPNE L]
S5XBHEENME
« HDOJ 2191 SR K, http://acm.hdu.edu.cn/showproblem.php?pid=2191
SENUEIPEYISE

« None

13.6 FBIIEIEHZSIX

XYTHEIAE, URERTEBEBER, —EE—TE0OTHE (DAG). Bit—TBDZER,
BRYBESAK, HETMEAN, WUNSHANES.

13.6.1 K LEHFTEI
iR

— P ERIFSEIBE, BAWRX TBIR L8, XYT—NEERRI (a1, a2, ...,an), B
TJUBE - FABTHI (ai1, @i, -y aix), XB1< il <i2 < ... <iK < No IR0, XIFHI
(1,7,3,5,9,4,8), BEN—LLATHI, W(L7),6 48 FF, XLEIEINPRKOKER 4,
WA (1,3, 5, 8)

SUTFEERRI, KREE _EFFFEAI (longest increasing subsequence) 8K Z

#WA

E—TEFRIBPKE N(1 < N <1000), E_TLEERIIPEY N PMEE, XLREMEVEDE
E£E 0 ) 10000,
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L Tl
RE AT HIHKE.,

22T TN

7
1735948

A

4

DHT
WRESH dlj], T o RERBRK EASTRINKE. RSEBOEDT;

1 j=1
dlj] =
max{d[i]} +1 1<i<j,a; <a;

3

lis.c

#include<stdio.h>
#define MAXN 1001 // al[0] kA3

int N;
int a[MAXN];
int d[MAXN];

void dp() {
int i, j;
da[1] = 1;

for (j =2; j <= N; j++) { // BRKU aj WMERBPRK EATHEINKE
int max = 0; // 1% aj A EASTRINRAKE
for (i = 1; i < j; i++) if (ali] <al[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",&al[il);

dpQ);

max = 0;

for(d 1; i <= N;i++) if (d[i] > max) max = d[i];
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printf ("%d\n" ,max) ;
return O;

lis.c

BxEmE
SATERNAE :
. (2RI S 3IMIELASERLY “55 198 TAHIRA 10.3

. B% 2757 &RE_EFHS5 R, http://poj.grids.cn/practice/2757/
« POJ 2533 Longest Ordered Subsequence, http://poj.org/problem?id=2533

- wikioi 1576, R85 = F+35 R, http://www.wikioi.com/problem/1576/
SESIGEIENISE

. wikioi 1044 =853, http://www.wikioi.com/problem/1044/,
Z2Z{13 https://gist.github.com/soulmachine/6248489

13.6.2 WENF
R

B nMEY, STERTMMA o b k@R, RNKNZE. BF X(a,b) TUREERF V(e d)
PUANYa<c,b<dREb<c,a <d (BLTHEE X0 E). B0 (15) TUREE (6.2) A,
BREREE (34) Do ROIERELRTESHNEHR—T, BEBRE T 516
AT UBRERE F— MR,

BA

FATR—TEBHNO < N < 10), RUHHELY, BENKNEIENE T2 —TIEEH
n, RMZANREIE D SE RN (n <= 1000) M n 1T, BITEM M a,b(0 < a,b < 100),
RIVEIEEIKAEE

Ll
BENKEELEL —TH, IRSTERGETHE, 8EAES—T

VI, BRIRIT TSI RIELSKE, BEARS AR, 2007
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=T TN

1

-

NOROTWwNOON

ek Tl

5

paLiil

ARAKLERK DAG PARERERIRKER.
R dli] RTIMEBR | BANRKKE, RSEBOEL T :

dli] = max {d[j] + 1|(i,) € E}

Hip, ENDIES. RABER dli] POFEKE.

AV

embedded_rectangles.c
#include <stdio.h>

#include <string.h>
#define MAXN 1000 // REFU&A TN

int n; // FETE
int G[MAXN] [MAXN]; // FEFEBEXA
int d[MAXN]; // T

/**
* Q@brief BRTE.
* Qparam[in] i 5
* @return Dl i MR, BEXIINEKER
*/
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 < m; j++) if(G[1i]1[j1) {
const int next = dp(j) + 1;
if (*ans < next) *ans = next;
}
return *ans;
}
/*%
* Gbrief EFEARITENEE.
*
* PR2D alil 8%, #EH/IW i
*
* @param[in] i fEm
* Q@return J;
*/

void print_path(const int i) {
int j;
printf("%d ", 1i);
for(j = 0; j < n; j++) if(G[i]1[j] && d[il == 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", &alil, &b[il);

for(i = 0; i < n; i++)
for(j = 0; j < m; j++)
if((ali]l > alj]l && b[i] > b[j1) ||
(alil > b[j] && blil > aljl1)) GLil[j] = 1;

max = 0;

maxi = -1;

for(i = 0; i < mn; i++) if(dp(i) > max) {
max = dp(i);
maxi = i;

}

printf ("%d\n", max);
// print_path(maxi) ;

return O;
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embedded_rectangles.c

BXEE
SEN=EEEIEYIER

c (BEBRANRHE) Y$E 161779217
« NYOJ 16 FrEXBTF, http://acm.nyist.net/ludgeOnline/problem.php?pid=16
S5AZAMNmE :

« None

13.6.3 &M= 2
iR

i LB n(n < 1000) R&ER, LRIVMIHEREBHLIR, LIRBETE 0 ~ 1000000, FREER
B—MME, BMn RERDREETREAR, BEXLEBEFAAAEE (IRIUES) BAR
MMEZ TR K.
WA

FATTEH N, KNBZDORER.
BIRnTET=TEE ai,bi ¢, DAINERS | REBRVEZMSR ai;, GIFR b (RIEZTTR
< glnm) AHME cio

HH
BB SHRANE

=2 TN

=N =W
w w N
DN

A

4

VY, BERRAIIER, BERSPHRM, 2009
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FBBE

iyl

paLiil

FTREERIT. BREMRMNNIXER. RESBASEPR i M 12 n, i ERV\HIRERT

REb O Imm BN\, T IUNCENELRSE NERNZE,

WA fll], FJREN RERE, ©EF i RER, BEREBORANME. RSEBOENT :

fli] = max {f[j]} +cli],2 <i<n,1<j<i-1 Hb[j]<=ali]

b[j]<=ali] &R j WEIRRE | WEmRAL, BAES.
Hts fli] MEAPHRA(E.

AV

/* 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 *1b = (line_t*)b;
return la->b - 1lb->b;

}

int n;
line_t line[MAXN];
int f[MAXN];

void dp() {
int i, j;
gsort(line, n, sizeof(line_t), line_cmp);
f[0] = 1line[0].c;
for (i = 1; i < n; i++) {
int max = 0;
for (j = 0; j < i; j++) {

if (line[j]l.b <= line[i].a) max = max > f[j] 7 max

}

f[i] = max + line[i].c;

static int max_element(const int a[], int begin, int end) {

: £[5];

lines_cover.c
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int i;
int max_value = INT_MIN;
int max_pos = -1;
for (i = begin; i < end; i++) {
if (max_value < al[i]) {
max_value = ali];
max_pos = ij;
}
}

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);

dpQ;
printf("%d\n", f[max_element(f, 0, n)l);
return O;
}
lines_cover.c
EXNEE
SENGE[EE ISR
. wikioi 3027 £% E378 2= 2, http://www.wikioi.com/problem/3027/
SENGE PEYISE
« None

13.6.4 f@MHigfa
iR

B n FOREM, EENIN v1,vo,0s, - ,v,, SIOBETIRD. SEIENBIS, TLUEIZD
NMED, BEEENBERN S ?mBEHHENR/IVENRAE. 1 <n<100,1 <5 <10000,1 <
Vs S So
BWA

E11Tn, F£217S, E3Fn+ 27N n HRENEE.

L Tl

FUITAIRNME, F2THRKE.
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=T TN

WNFP,OW

HHIEL

2
6

D

ARSI 2K DAG PEELXRRIRKBEARITB R,

EEMBESF—TR, Jh UFEREENBE”, WHBREN S, BFRREN 0. EXEIR
SR, BERA—MED ), REEEBE i — vj.

WREH dli], REMDR i BRVRKBEKE, WRIDAEEER d[S]. IREFEEHZL T :

di] = max {d[j] + 1, (i,j) € E}
RBADEERTEEEITM (I §13527): HEBTENS, SBUINERER, YRENED,

BMEMNERNEE vi, NMEDN . KEBPYERHR/MEFIRKINME.

AV
R 1, Rk,

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

#define MAXN 100
#define MAXV 10000

/xx BHEERFPZE. +/
int n;

/xx BERENHE. +/

int S;

/x* ERNEOEE. */

int v[MAXN];

/** min[i]l RTEHEZNON 1 OREEENKE, nax NBHRK. */
int min[MAXV + 1], max[MAXV + 1];

/**

* Q@brief FRIGIEER.

* Qparam[in] s @&

* @return %%EE%?JZ:KE
*/
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int dpi(const int s) { // &/IJVE

}

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 = dpl(s-v[i])+1;
*ans = *ans < tmp ? *ans : tmp;

}

return *ans;

int visited[MAXV + 1];

/**

* @brief RKWE.

* Oparam[in] s EIE

* Qreturn RKBEKE

int dp2(const int s) { //RANE

}

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[il);

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 O;
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/**
* @brief FJEWEER.
* @param[in] d LFEM min 5 min
* @param[in] s E{EZH0
* Qreturn 7
*/
void print_path(const int* d, comst int s) {//FTEJBYRIL
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[il);
break;
}
printf ("\n");

coin_change.c

ARA 2, 86Ot

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 <= 8; ++i) {
min[i] MAXV;
max [i] -MAXV;

}

for(i = 1; i <= S; ++i) {
for(j = 0; j < mn; ++j) if(v[j] <= 1) {

if (min[i-v[j1] + 1 < min[i]) {
min[i] = min[i-v[j]] + 1;
min_path[i] = j;

}

if (max[i-v[j1] + 1 > max[i]) {
max[i] = max[i-v[j]] + 1;
max_path[i] = j;

}

void print_path(const int *d, int s);
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int main() {
int i;
scanf ("%d%d", &n, &S);
for(i = 0; i < n; ++i) scanf("%d", &v[il);

dpQ;

printf ("%d\n", min[S]);

// print_path(min_path, S);
printf ("%d\n", max[S]);

// print_path(max_path, S);
return O;

}

/**

* @brief FJENEEER.

* @param[in] d A min_path Zf min_path
* @param[in] s E{EZH0

* Q@return Jg

*/
void print_path(const int *d, int s) {
while(s) {
printf("%d ", d[s]);
S -= v[d[sl];
}

printf ("\n");

ARA 3, BIFTEEBRIAW,

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

#define MAXN 100
#define MAXW 10000

/* TTRUE, ~"EF O0xTFFFFFFF, RITIGEGETHNE */
const int INF = OxOFFFFFFF;

int N, W;
int w[MAXN], v[MAXN];

int min[MAXW + 1], max[MAXW + 11; /* SBEIEE */

int min_path[MAXW + 1], max_path[MAXW + 1];
void print_path(const int *d, int s);

/*%

* Obrief EREBTAP, MESMIR.
* Oparam[in] d RzuNENAE

* @param[in] i Z¥)GEY IR

* Q@return J;

*/

void unbounded_knapsack(int min[], int max[], const int i)

coin_change2.c

coin_change3.c
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FBBE

SR

int j;
for(j = wlil; j <= W; ++j) {
if (min[j - wl[i]] + v[i] < min[j]) {
min(j] = min[j - w[il]l + v[i]l;
// min_path[j] = i;
}
if max[j - wlill + v[il > max[jl) {
max[j] = max[j - wl[il]l + v[il;
// max_path[j] = i;

}
}
}
void dp() {
int i, j;
min[0] = O;
max[0] = O;
for(j = 1; j <= W; ++j) { /» BBBRF +/
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]);
dpQ);
printf ("%d\n", min[W]);
// print_path(min_path, W);
printf("%d\n", max[W]);
// print_path(max_path, W);
return O;
}
/*%

* Obrief IJENEER.

* @param[in] d F[EHY min_path Z{ min_path
* @param[in] j E{EZF0

* Qreturn T,

*/

void print_path(const int *d, int j) {

while(j) {
printf("%d ", 4[j1);
j —= wld[j1l;

¥

printf("\n");

coin_change3.c
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BXEE
SEN=EEEIEYIER

- (BEEBRAINEHMY) U5 162 TIHIM 9-3
. tyvj 1214 {8 MIO)RR, http://www.tyvj.cn/problem_show.aspx?id=1214

SENSLEIPEYISE
« None

13.7 XTSI

13.7.1 RIUFEFEBETE
)

— P m x n BIREREIRUA— n x p BFEREZFT—D m x p 8560, TEEN mnp.

RFEENRENTR, BRESEEE, BIAXBXxC=(AxB)xC=Ax(BxC),

RIZA.B.COBIR 2x3.3x4.4x5BV%EFE, M (AXB)x C BUIZEEN 2x3x4+2x4x5 = 64,
Ax (BxO)HNCEERN3x4x5+2x3x5=90, BRE—MzBEIMBEDHRcES,

48 N MEFFERIREI, RIS EREI MR IERR, BERNcE8RE/]\.

#WA

XNTEMEERY, REETNNEE. S TRIBH I EBOEN, F—TES—TRBHN, X
TABFEEI L BETRBIN 1T, BT —XUEH, ﬁ”U%ﬁ’\%ﬁlﬁE’ﬂﬁ%ﬁDﬁU%ﬁlo BRI S R 5%
FHNINP—. RE—ITNRNO, RIBMALR. N AKT 10

Tl

RIRFEFEDHRN A1, A2, ..., Avo YEDUEARNRE—1T, 82— MEBT/IESHRIER,
BT HIRANLBINS. S THRH Case x: ” NAIR, x TTOVHARIRS. WRBZMIEH
Qi% /\ﬁ‘ﬁgﬁﬁ/ﬁ\:q]_

2T TN

3
15
5 20
20 1
3
5 10

VI, BEBRANIIEHA, BERSHRAE, 2009
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10 20
20 35

30 35
35 15
15 5
5 10
10 20
20 25

HHIEL

Case 1: (A1 x (A2 x A3))
Case 2: ((A1 x A2) x A3)
Case 3: ((A1 x (A2 x A3)) x ((A4 x AB) x A6))

paliil

{RIREE i THERE A; BIEER pio1 X pi, i=1.N,
VRN A, FRSHDE As, Aira, ..., A; ORIR, REBTZWT

d[i][j] = min {d[i][k] + d[k + 1][5] + pi-1prp; }

AV

0ams.c
#include <stdio.h>
#include <memory.h>
#include <limits.h>

#define INF INT_MAX
#define MAXN 10

int N; /*x FEMEBUTEL. */

int p[MAXN + 11; /+x %0PF Ai BUEER pli-1lxplil. */

int d[MAXN] [MAXN]; /#*x R, dlil[j] FRSIO@M Ai~A] IRILE. +/
int s[MAXN] [MAXN]; /xx QR Ai-Aj RAZZE s[il[j] RAMFFF */

/%%
* @brief FJENIO)EA Ai-Aj BUAR
* @param[in] i Ai
* @param[in] j Aj
* Qreturn TG
*/
void print(const int i, comst int j) {
if (1 == j) {
printf ("A%d",1i);
}else { /* i< j */
printf("(");
print(i, s[il1[j1);
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printf(" x ");
print(s[i] [j1+1, j);
printf(")");

¥
}
void dp() {
int i, j, k, 1; /* 1 ROXEKE */
for (i = 1;i <= N; ++i) d[i][i]=0;
for (1 =2; 1 <= N; ++1) {
for (i =1; i <= N -1+ 1; ++i) {
j=1i+1-1;
d[il[j] = INF;
for (k = i; k < j; ++k) {
if (dlil1[j] > dali]1[k] + d[k+11[j] + pli-11 * p[k] * p[j1) {
dli] [j] = d[il[x] + d[k+1]1[j] + p[i-11 = plk] * p[jl;
s[i1[j]1 = 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",&plil,&pl[i+1]);

dpQ);

printf("Case %d: ", cas++);
print(1l, N);
printf ("\n");

}

return O;

0ams.c

BXBAE

SENGGEE Y EASE
« UVa 348 Optimal Array Multiplication Sequence, http://t.cn/zH2pchp
« Z0OJ 1276 Optimal Array Multiplication Sequence, http://t.cn/zH2gW1P
SENGGE PEY ISR
. wikioi 1154, BES TN, http://www.wikioi.com/problem/1154,
SZ 13 https://gist.github.com/soulmachine/6248459
« Matrix67 - + P BREMETERRROVE B,  http://www.matrix67.com/blog/archives/276
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13.7.2 AFEH
R
E—RELLZE NIETT. NBROTERFHEHH . NESRREHEMN 2165
FEHEFN—IE, FHRFN—EEFHCNEREHHED.
WIRT—PEZE, HELR N EaSTSHE—ENR/NED-
=TI
E—TR TN, 1< N < 40000, RTHEH.
BT SR N TET— N, RMZENGIHE.
it
—PNEE%, B N EGFEHM—ENRIVED.

2T TN

[l i S

HH

8

DHT

XRASHEOVREEEFRIFEEMN, RBUELNESINAED. RN d(i,7), FRFIOIRSE
R j O TORILHE, RSB

d(i,7) = min{d(i, k) + d(k + 1,7) + sum(, j)}

sum(z, j) RAMES ¢ EFSE j HERNB ST HE. LI3 https://gist.github.com/soulmachine/6195139

FENEIMEEY UARINEAREZEIRTIL, BREEXREM O(N?) TRE O(N?), B8R
https://TODO

Tewa, NEASERERR O(N?), AMP N BERRIK, FARSTXARNLERE. B
MEE RBERMNE/ ) \WIHEHIE)R. TENBE=FPEE, Garsia-Wachs B35,

RIZRARNY 3 DS abe HITEH, SLEFHIME, BEEBEIR/]\ 1 BN ER:

scorel = (a+b) + ((a+b)+c)

©®Donald E. Knuth, The art of computer programming, volume 3, 2nd ed, p446



137 X@BUsh7SHLX 203

score2 = (b+c) + ((b+c)+a)
{R1% scorel <= score2, JUUHESH a <=, IR, RB a F0 c XARWE, SHOINBHRBE. X
W2 2-BRMER.

Garsia-Wachs 8%, MRETX MR, HKEFRIDHTE Ali-1] <= Ali+1] /\B i, BF temp =
Ali]+A[i-1], BEARIBREEERE Alj] > temp, 1 temp {BIEA A[j] BYEEH ENANEGN). B
XMUE-BEHRF T —HEETER.

B,

139578614

B, HE—DRE Ali-1] <= Ali+1]] H=TEER, APIPRIZ 578, 5507 5HEE 12, 1282
EERROMIEB, MRBREBAIE— T EANTENGH, BE

1312986 14

BEX, MNEZREGBR=TESR, HKEs614, BIF 8806 B9F 14, B 14 BATGEBNUE, &
F) 141312914

HE 129 14, BF 1270955 21, K220 BARE IR, BH 211413 14

HE 141314, BIF 1480 13155 27, K27 ARG BNE, 1552721 14

BN 27<14, 56EFH 2170 14, 15335, HEEFH 2748035, 15562, MEBERRER.

N LN temp IEA A[ 1 NEHE, JLIBENRN TIRE 2-BRIER. M Alj+1] B Ali-2] B

—NEEK Almid], I A[j], A[mid], temp(A[i-1]+A[i]), RN temp < A[j], RIAEEHEELR Almid]
A0 temp 5£BH, PTLUR temp Eﬁi)\ Alj] NEaEBAESEINER.

(AViS]

stone_merge.c
#include <stdio.h>
#define MAXN 55555

int N, A[MAXN]; /* JEE, SEVEKRTE +/
int num, result; /* XANXTKE, SR */

void combine(int k) { /* BUIE Alk-1] < A[k+1] */
int i, j;

/* &F k-1 A0 k */
int temp=A[k] + A[k-1];
result += temp;

/x BRYE */
for(i = k; i < num - 1; i++) A[i] = A[i+1];
num--;

/% $BN temp BISEBAIE */
for(j = k-1; j > 0 && A[j-1] < temp; j—-) A[j]l = A[j-1]1;
A[j]l = temp;

/* why? */
while(j >= 2 && A[j]1 >= A[j-21) {
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 O;
for(i = 0; i < N; i++) scanf("%d", &A[il);

num=2;
result=0;
for(i = 2; i < N; i++) {
Alnum++] = 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 O;
}
=P L]
SN EEYEASE

« WIKIOI 1048 533 (EUIBIEIR/)\) |, http://www.wikioi.com/problem/1048/
« WIKIOI 2298 6553 (IBIMERA) |, http://www.wikioi.com/problem/2298/
« POJ 1738 An old Stone Game, http://poj.org/problem?id=1738

SENGREDEYISER
« None

13.7.3  SBREEREUERL
)

IMIMEFEIRES I — TMEMFEREUEXL : XY T —TEER n + m BI5EF%E, PR NITR ai; 1
NARDIEERL. TR -

- BRI TSEE—TTTR, H
- BREEEIAMNBTSEE—TTR, &

n
nT,
TTRRERZTRITEITOITERTE;

- BREHEIANBTSEE—TITR, Hn D, m REEEEEBETR;

™ m RENGHEEMETER;
™ m REEEEMETR;

stone_merge.c

BREEREZ D

BREHEE—

TMEDE, NBITHHMBED 2, BTHRHMNED = REENTRE +2i, HP i RRFH

RERE (M 1 THBERS) 5
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- BREHRIZNBITSEE—TImHR, Hn D, m RERTHREMETTER;: BUSRBED
N m REREIS 250
MBI S —MeRs, WTHERRER, IJUREHHEHRASED.

#WA

& TR NASEEFNEM nFm, 1 <n,m < 90, B2 ~n+ 11T n+m 5B, HoE
78 m MHENMEEBANIENEH ai;,0 < a;; < 1000,

i
BHNES 117, N—TRY, BIMAREEEREEHRAED.

=2t AN
23
123
342

ek Tl

82

HpIfER

F1R: FE11TRYTETTR, B2 TETRITR, AREON 1"21+2"21=6
F2R: MTIWEUTETTR, BARENDH 2*22+3%22=20
3R BN 3*23+4*23=56, BN 6+20+56=82

paLiil

B%, 8T2eRaE8I8, AIMUDRIKRESTHRASED, KEMHBI0E*.
RSN fi)), TRSTHKE [Lj] WRKXE, ¥BBOEN

f(%]) :max{f(i—i— lvj) +a(i)*2m7f(i7j - 1) +a(]) *21}71 <z<m
ENF
f(i,5) =2+ max {f(i+1,5) + a(i), f(i,5 — 1) + a(j)}

AN, 83, RXENTESERKR, REERARBHZE. TG—TRAED, K
1000 * 2%°, FAHESRE— T, T 281,
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AV

wikioil166_matrix_game.c
#include <stdio.h>
#include <memory.h>
#include <limits.h>

/* —PEATTERFRD 4 DHEHEIR, BIEERDEHER +/
#define BIGINT_RADIX 10000

#define RADIX_LEN 4

/* 1000%2°80 5 28 i/ */

#define MAX_LEN (28/RADIX_LEN+1) /* BUMIBVESRANIEL */

/**
* Qbrief FJENAEEH.
* Oparam[in] x KEX, AIART, EAEIEHRIE
* Oparam[in] n ¥ x HKE
* Qreturn 7o
*/
void bigint_print(const int x[], comnst int n) {
int i;
int start_output = 0; /+ FAFEHIBIS 0 */
for (i =n - 1; i >= 0; --i) {
if (start_output) { /* WRZBRM 0 SE£&HHT, Wi +/
printf ("%04d", x[il);
} else if (x[i] > 0) {
printf ("%d", x[il);
start_output = 1; /* fIFISEE—NIE 0 898, FMIRAZFREY 0 2ELEPT =/

}

if (!start_output) printf("0"); /+* ¥ x £ 0 [ */
}

/**
* @brief — 32 (\EHEEMNANEH bigint.
* @param[in] n 32 i/
* @param[out] x KEEZ]
* @return AEEEJ
*/
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 Xx;

/*%

* @brief KEEHMLIE.
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* @param[in] x x
* @param[in] y y

* Qreturn x<y, JR[O-1, BEFIRE o, XFRO 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[il !'= 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[il) return 1;

else return -1;

}

return O;

}

VLS

* Qbrief REHN_FTBEH.

* @param[inout] x KELH]

* @param[in] y 32 {i/EEH]

* Q@return A EEEN

*/

int* bigint_add(int x[], comst 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 FIPAEEEAEI0, in place.
* Qparam[inout] x x=x+y

* @param[in] y y

* Qreturn Jg

*/

void bigint_addil(int x[], const int y[1) {
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int i;
int ¢ = 0;

for (i = 0; i < MAX_LEN; i++) { /x E{LAEN0 =/
const int tmp = x[i] + y[i] + c;
x[i] = tmp % BIGINT_RADIX;
c = tmp / BIGINT_RADIX;

}

/*%

* Q@brief NEHERE, x = x*y.
* @param[inout] x x

* @param[in] y y

* Q@return J;

*/
void bigint_mul(int x[], comst int y) {
int i;
int ¢ = 0; /* {RE{L */
for (i = 0; i < MAX_LEN; i++) { /x f y, AT x B +/
const int tmp = x[i] * y + c;
x[i] = tmp % BIGINT_RADIX;
¢ = tmp / BIGINT_RADIX;
¥
}

#define MAX 80 /* n,m BNGRAE */

int n, m;

int matrix[MAX] [MAX]; /* HIARERE */

/x £[i1[j] /RAE—TXIE [1,j] ORAE, ¥BBHiE

* £[1]1[j] = £[i+1]1[jl1+alil*2"x, f[i][j-1]+a[jl*2"x, 1<=x<=m
* ZMTF £Li10§] = 2*max(f[i+1][j]+alil, £[il[j-1]1+alj])

*/

int f[MAX] [MAX] [MAX_LEN];

int tmp[MAX_LEN];

/*%
* @brief THES1T.
* @param[in] a E—1T
* Oreturn [ITEERIBHRAED
*/
int* dp(int a[MAX], int 1, int r) {
if (1 ==1) {
int_to_bigint(al[l] * 2, £[1]1[r]);
return f[1] [r];
}
if (£[11[r][0] >= 0) return f[1][r];

if (1<) A
memcpy (£ [1] [xr], dp(a, 1+1, r), sizeof (£[1][r]));
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}

bigint_mul (bigint_add(f[1][r], alll), 2);
memcpy (tmp, dp(a, 1, r-1), sizeof(tmp));
bigint_mul (bigint_add(tmp, alr]), 2);

if (bigint_cmp(£f[1][r], tmp) < 0) memcpy(f[1][r], tmp, sizeof (tmp));

}
return f[1][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]1);
}
}

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[j1k1[0] = -1;
}
}

bigint_addl(result, dp(matrix[i], 0, m-1));

}
bigint_print(result, MAX_LEN);
return O;

BXBEE

SENGE[EE ISR
« WIKIOI 1166 F5FEEREIERY, http://www.wikioi.com/problem/1166/
SENEEPEY ISR

« None

wikioil166_matrix_game.c
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13.8 HATIHSAX

13.8.1 =R
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BT BHIFABRBERN=AF, FTRE—TH, BRIKRTATZIHETHNETRNE
TRSE-TH, U8 13-2f1T.

(a) F=ME (b) WTHE
B 13-2 HF =AM

MNE—THETTIE, BRYUEE TREG NE—18, BEEIR T, EEREINH2E0
ek WAEZRERFXTHERK ?

#WA

FATR—TEHN( < N <100), SE=APOTH. FTRONTEEHZ=AF. =
BT REEY, STEE 0 F 100 Zid,

i
BHERAHIA,

=2 TN

SN0 WO
O ~N =
N O

4
6 5

A

30



138 ARSI 211

paLiil

XR—THSRRTA, ABEERMPTERE, £ RGN, Blit—"n BERHFZ=AFE 2" &
B8Z%o

TJUROHZE, BOWAREAEIENEL, MUUNPRERTEL. BRHTH 2" XEB
%, OWERIE.

NG juﬁﬁﬁﬂu%ﬁ'm%‘ﬁ%@(ﬁﬁ%ﬁ% SINEEIT AR T RER, BEGEE). LHEIE
(1)) BT, RBESCRT d[il[j] MR (i) BARFESEINRAN (BE8S 1) A58
1B alil[iD. EXPRTENT, J?I?@E’]%E d[o][o]o

TEXREEANARTZ BRI MIE (1)) Hﬂiﬁﬂﬂﬂlﬂﬁiﬁ WRAZRE, WESD (i+1)
BRBR “M (i+1)) BABREASRIBIER KT iz—%l‘ﬁ.l?@ B0 dli+1][j], ZELUB, FEEZBFEK
di+1][j+1]e NAZERE dli+1][j] A0 dli+1][j+1] PEABI— IJtthﬁEUﬂD‘FH’J/IﬁM%FE&.

d[i][j] = ald][5] + max{d[i +-1][j], d[i + 1] + 1]}

AV
R 1, Rk

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

#define MAXN 100
int n, a[MAXN] [MAXN], d[MAXN] [MAXN];
#define max(a,b) ((a)>(b)7(a): (b))

/*x*
* @brief RME (i,j) BRNEEBEINSEAA
* Qparam[in] i {T
* Qparam[in] j %l
* Qreturn Ex AAU
*/
int dp(const int i, comst int j) {
if (d[il [j]1 >= 0) {
return d[i]l[j];
} else {
return d[il[j] = alil[j] + (i == n-1 ? 0 : max(dp(i+1, j+1), dp(i+1l, 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", &alil[jl1);

printf("%d\n", dp(0, 0));
return O;

numbers_trianglel.c

ARA 2, BFEEL.

numbers_triangle2.c
#include<stdio.h>

#include<string.h>

#define MAXN 100

int n, a[MAXN] [MAXN], 4[MAXN][MAXN];

#define max(a,b) ((a)>(b)?7(a): (b))

YELS

* ebrief BFKO_LHEMEIIUANRILHE

* Qreturn J5

*/
void dp() {
int i, j;
for (i = 0; i < n; ++1i) {
d[n-1]1[i] = al[n-1][i];
}
for (i = n-2; i >= 0; --i)
for (j = 0; j <= 1i; ++j)
d[i]1[j] = alil[j] + max(d[i+1]1[j], d[i+1]1[j+11);
}

int main() {
int i, j;
memset(d, -1, sizeof(d));

scanf ("%d", &n);
for(i = 0; i < n; i++)
for (j = 0; j <= 1i; j++)
scanf ("%d", &alil[j1);

dpQ);
printf ("%d\n", d[0][0]1);
return O;
}
numbers_triangle2.c
BXBEE

SEN=LEEIEY ISR
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c (EEBRANRHE) Y$E 15909117

« POJ 1163 The Triangle, http://poj.org/problem?id=1163

. Bk 2760 B2 =BT, http://poj.grids.cn/practice/2760/

. wikioi 1220 {52 =FTF, http://www.wikioi.com/problem/1220/

SRZAMEE :
« None

13.8.2 Q2R
Bk

W, ARB—MNDIXE, FREDERB m. ZTEMN: IUG T, HEOG. BREHE
EOE—RE—TNANG (WLEENCR), ESMENRAEBIK—F YRR S8

Zlm. PIER C R EBSTLUZEH 9 P (BPEIPL, P2 --P8 F0 C)o ZEAEEBINTS DHT
il o

('l
2 TE
3 - 9
4 ‘L_EL‘LEL LB (4, 8)
X

13-3  Iygak

HERMRET, Am (0, 0). BR (nm) (nm NABIT 20 NEY, FHREBWN), BFD
BBV IRBRREEN (LU CAFT A, BN CAFT B). UEBRKRIMUHELEMN A REEE
FIX B mHBRHFRE.

#WA

B RER (nm) URIISSEILIR (XY)
VAT, BERRAIIEHA, BERNFHMA, 2009
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L Tau!
—PEE (BRHOEZE)
RN
6632
AR
17
DT
XR—MMEEE S
RSN T[], R/ (0,0) B (1)) BVEBRORE, INSEBLOEN
FLIG) = fli = 1] + flEll7 — 1]
aviE
river.c

#include <stdio.h>
#include <memory.h>

#define MAX 21

int n, m;

int x, y; /* 5J)LBIAFR */

/* \TEAR, NNEDGE */
int dx[] {2, -1, 1, 2, 2, 1, -1, -2};
int dy[] = {1, 2, 2, 1, -1, -2, -2, -1};

int g[MAX][MAX]; /* #HE, SILURBILEEHESN 1, ERRN 0 */
int f[MAX][MAX]; /% £[i1[j] = £[i-11[3j] + £[i1[j-11 =/

void dp() {
int i, j;
memset (g, 0, sizeof(g));
memset(f, 0, sizeof(f));

glx]lly]l = 1;
for (i = 0; i < 8; i++) if(x+dx[i] >=0 && x+dx[i] <= n &&
y+dy[i] >= 0 && y+dy[i] <= n){
glx+dx[i]] [y+dy[i1] = 1;
¥

£[01[0] = 1; /* jfE2g */
/* BN */
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for (1 = 1; i <= n; i++) if ('glil[0]) £[i]l[0] = £[i-1][0];
for (j = 1; j <= m; j++) if (1glol[j1) £[0]1[j]1 = £[0][j-11;
for (i = 1; i <= n; i++) {

for (j = 1; j <=m; j++) {
if (glil[31) £0i1[3] = £0i-11[3]1 + £[i1[j-1];
}

int main() {
scanf ("%4d%d%d%d", &n, &m, &x, &y);
dpQ);
printf("%d\n", f[n][ml);
return O;

river.c

BXBEE
SENLEEEY SR
+ wikioi 1010, 3] &, http://www.wikioi.com/problem/1010/
SENGGEIPEN ISR

o null

13.8.3 f5455%
R

IR FRBARBEBRNRS, MiE— R8I RTNER. —RERERENP, W
RS HARGE— m T n SUGVEERE, /) KAL) ST B SRR Y A ORI, BRI, AL
FEERRT . BEHR, MITUEBIEEERH TR ARBLOTFSASEINHFE, /)
SHALZERBREENZE EFa, AR (1,1), /NETAMZESBREBNE T, 4R (myn)e WIKIEENNEFOIERI
glatRBEaaERE MNNFES/NHBERR TG ERNEOZER.

EBEMHTP, ) WEBL/HFEBE—KER, ARFR\FEM0E. HESMESBI
HBAIIER, BRAEBJUNI—RK, BRRRMRICALE KBS/ FERNNREIC, AL
BB/ W R RSB, K2R

TE—HBEEEIE, 2US EYEEBCOBRETSEMR GE=: /) WEFHRSB I
BEREEN, BARMER), TMUBE—0~ 100 WERMKER, HMARTEGI. /I
FN\HEERTEHBINVEESNES B EHEER, RIROMREBBR, BPEXMEER
FASNGBINVEERFIRA. IE, BIREEY A S BN AR SR,
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BA

BMARNE—1TE 2 TRATSBERTNEH m 0 n, XARBEE T (1 <m,n <50), EF
SKH m AT m+n BIFERE, REFFPEE i 1T j DINEBEMRTALESE 1T j IINFENGBIVEER.
T8 n MR HRERET
i

BER—T, 83— 1TRY, XKOMRXB LSSEEAFRNZLENEIVEE 20K KNE.
22T TN

33

[ S @]
~N 00 W
o o1

Al

34

D

B—MEAREINSHK. B int gMAX] [MAX] SREMIAZIE, RIS SEVEIME.
r@@%mj}ﬁ)yk (1, 1) fEPKLLRE] (m,n)o i/\iEEX%B%EEJ:EZRZEiE%%ﬂ%E’J S
B WA FLEKI[], RNER—E (i,5), BR—1E (k, 1) BBINVEEZA, REHEBHE
S

FUG]RI = max{  f[i — 1][5][k — 1][1],
flo = 1[]RIE = 1],
FEl = 1k = 1],
FEl =k =10} +gldls] + glk][]

(A¥iS]

deliver_note.c
#include <stdio.h>
#include <memory.h>

#define MAX 51 /x m,n REKER 50, NIZBEIR, KRE 51 */
int m, n; /* 13, Bl */

int g[MAX] [MAX]; /* BIME */
/#x AEENRAIM 1, 1) EFKERT (m,n),
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* £LE1051 k] (1] RAELER—E (1,5, RE (k,1) BIGILNEEZF
*/
int f[MAX] [MAX] [MAX] [MAX];

#define max(a,b) ((a)>(b)?(a): (b))

void dp() {
int i, j, k, 1;
memset(f, 0, sizeof(f));
/x EMERBEH L ENLNEEIRN, FUELER +/
for (i = 0; i < m; i++) {
for (j = 0; j <mn; j++) {
for (k = 0; k < m; k++) {
for (1 = 0; 1 < n; 1++) {
if(i >0 && k>0 & (4 !'=k || j!'=1))
£[4] [3]1 [k [1] = max(£[i][j] (k] [1],
fLi-11[31 [k-11[1]1 + glil [j1+glk] [11);
if(i >0 &k 1 <n &k (i-1 !'=k || j !'=1-1))
£[1]1 [31 k1 [1] = max(£[i][j][k][1],
fLi-11 051 k] [1-1] + glil [j1+glk] [11);
if(3<n&& l<ng& (A '=k || j!'=1)
£[1] [3]1 k] [1] = max(£[i][j][k][1],
fLA105-11 k1 [1-1]1 + glil [j1+glk] [11);
if(j <n &k k >0 & (i !=k-1 || j-1!=1))
£[1] [3]1 k1 [1] = max(£[i][j] (k] [1],
fLi1[j-11k-11[1]1 + glil[j1+glk] [11);

}

int main() {
int i, j;
scanf ("%d%d", &m, &n);
for (i = 0; i < m; i++) {
for (j = 0; j < mn; j++) {
scanf ("%d", &glil[j1);

}
}
dpQ);
printf ("%d\n", f[m-1][n-1][m-1][n-11);
return O;

deliver_note.c

TODO: AT UL N =4

BXNEE
SENSLE[RIE ]

« wikioi 1169, f£4%5%, http://www.wikioi.com/problem/1169/
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LG P

o null

13.8.4 WtIEH
R
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paLiil

JXE Ltﬁx E}J/L,\f)ﬂjcu
RSN fTi(51, E NN =) (x1,y1) E)| (1,j) BY BEBRRH, RTEROER

flllg) = fli=10G =2+ fli -G+ 2+ fli -2 -1+ fli - 2)7 +1]

AR, OEBERNBTRIFEN, 2 UBHMBAT, TERMA 4 I,

AV

horse.c
#include <stdio.h>

#include <memory.h>
#include <stdint.h>

#define MAX 51 /* n,m RANE, ATLENEEIR, NZE 51 */

int n, m;

int x1, yi1, x2, y2;

/*£[1] [5] i'%TM (X1 y1) F (1,)) BIEEBEORE +/
int64_t f[MAX+1] [MAX+1];

void dp() {
int i, j;
memset(f, 0, sizeof(f));
flx1][y1] =
for (i = x1+1; i <= x2; i++) {
for (j = 1; j <=m; j++) {
f[i1[] = £[i-11[j-2] + £[i-1]1[j+2] + £[i-2]1[j-1] + £[i-2][j+1];
}

int main() {
scanf ("%d%d", &n, &m);
scanf ("%d%d%d%d", &x1, &yl, &x2, &y2);
dpQ);
printf ("%11d\n", f£[x2][y2]);
return O;

horse.c

PR IS
S5XMBRNME :
- wikioi 1219, T 13573, http://www.wikioi.com/problem/1219/
SENGEIENISE

« null
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13.9  RIDEEHAKY

13.9.1 RIRFEK
R

WE—NKEN N B, BREFER K NRSEBEOM K + 1 D89, HE—fos,
[BEIX K + 1 MNEDETARBEB N R Ko

BNMAIT: B—NHZER: 312, BN =3, K =1 NSEUTHIINE:

« 3"12=36

. 31"2=62
XY, FEMEBRNERE: 3172=62,

#WA
BAFBMT:
E—THBE 2 TBRH N, K(6 <N <40,1 <K <6)
BTR-TKEN N BIHZE,
Tl
BERATR
HHIBA

4 2
1231

HHIEL

62

paliil

8%, AROUAXKERMSMIEBEER. RN ] , "R X—BRAE kTR
%E’]H_Kﬁ% /Iﬁ/u\%*QE%EQD—F

Fll5][k) = max { fld][s][t] = fls + 1[j][k —t = 1]},i <s <50 <t <k

ERER ON’K?), BT :
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/** wikioi 1017 FEAIERAK, 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];

/xx £[1[51 k] RN i B j X—B&A k TRSHRATFR. */
int64_t f[MAXN] [MAXN] [MAXK+1];

#define max(a,b) ((a)>(b)?(a): (b))
/xx 8 strl,r] SRFBRHYE, int64 TJLUY, FESREE. */

int64_t num(int 1, int r) {
int64_t ret = 0;

int i;
for (i = 1; i <= r; i++) {
ret = ret * 10 + str[i] - '0';
¥
return ret;
}
VAL
* XBRMEAR, EXER 0(n™3%xk™2).
*

* f[i] [] [k] max (£ [1i] [s] [t] * £[s+1][j] [k-t-11),
*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 =1i; j < N; j++) {
£[i][j1[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[1]1 [j1 k] = max(£[i][j]1[k],
fLi10s10t] * £[s + 11031k - t - 11);
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FBBE

SR

}

int main() {
scanf ("%d%d", &N, &K);
scanf ("%s", str);
dpQ;
printf ("%11d\n", £[0][N-1]1[K1);
return O;

RELEBIRBIMUAC T, BIAEESHHNEE. RSN fIk][j], RAEXE [0j] BA kD

FSHRATFR, REHERSRWT :

FIKI) = max {F[K][j], f[k = 1[i] ¥ num(i 4+ 1,5),0 <@ < j}

EHER O(N’K), RIBUT,

3

/** wikioi 1017 FEFRERK, 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];

/x* £[k1[3] £XIF [0,j] BA k TIRSHRAFR.

int64_t f[MAXK+1] [MAXN];

#define max(a,b) ((a)>(b)?(a): (b))

/xx TE strll,r] SIHHIE, inted JUY, AESHE. */

int64_t num(int 1, int r) {
int64_t ret = 0;
int i;
for (i =1; i <= 1r; i++) {

ret = ret * 10 + str[i] - '0';

}
return ret;

}

/xx RIDBATHTAL, SRER 0(n™3%k™2) . */

void dp() {
int i, j, k;
memset(f, 0, sizeof(f));

maximal_product.c
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for (j = 0;
£[0] [j]

< N; j++) {
num(0, j);

I .

}

for (k = 1; k <= K; k++) {
for (j = 0; j < N; j++) {
for (i = 0; i < j; i++) {
f[k][j] = max(£[k][j], £lk-1][il*num(i+l, j));
}

int main() {
scanf ("%d%d", &N, &K);
scanf ("%s", str);

dpQ;
printf ("%11d\n", f[K][N-1]);
return O;
}
maximal_product.c
EPNE L]
LN EEEYEISE
. wikioi 1017, SRFRER K, http://www.wikioi.com/problem/1017/
SN EYISE
« null

13.9.2 XD
R

REH n DK D, BRIDAERNTE, RPN DORNERE (REEINF).

PIR0: n=7, k=3, TE=MUDLDRLINNZBE.
115
151

511
CIEEZO B NIl papry

#WA

n, k(6 <n <200,2<k<6)

Tl
—NEY, HRENDE.
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=T TN

73

e T

4

paril
WIRTSR MK, TAVGER i DALk (DA RE. BMIPER, —MXoPBEED—11, B
IN—FDRIDDPEIEBIE AT 1. NFE—DXID, XE—1, MEM ST —DFSOR fo-1][k-1],
SIFEZFXD, BIDPREIEEHE 1, MBS — DA flkl[n-kl. B, RSFERHIZ
Wh:
fI][E] = flk = 1][i = 1] + f[K][i — K]

AV

integer_partition.c
/** wikioi 1039 #HEVXIS, http://www.wikioi.com/problem/1039 */

#include <stdio.h>

#include <memory.h>

#define MAXN 300
#define MAXK 10

int N, K;

/xx £Ik][1] FRVGER 1 DAL k DEIORE. ~/
int f[MAXK+1] [MAXN+1];

[+ SIDBITSHIA, ERER 0K+N) . */
void dp() {
int i, k;
memset (f, 0, sizeof(f));
for (i = 1; i <= N; i++) {
fL11[1] = 1;
if (1 <= K) £f[i][i] = 1;
}

for (k = 2; k <= K; k++) {
for (i = k+1; i <= N; i++) {
flk][i] = flk-1]1[i-1] + £[x][i-k];
}

}
int main() {

scanf ("%d%d", &N, &K);
dpQ);
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printf("%d\n", f[K][N]);
return O;

}

integer_partition.c

BXNES
SENLEIEIEN ISR
« wikioi 1039, {BIXI53, http://www.wikioi.com/problem/1039/
SENSGEIPENISE

« None

13.10 WEIEHSHK

13.10.1 FHASKRE
R

FRR— T 2NABE, MEIHSNBINWES, ITEIZAERE, SREBNSD, 8%
EMBLNDNN_XERB, BoBO—TREE. RRIESTREZERBHHNE, FEMEHID
NE T BUSRERBNE, BFERETE, HET—8l@FR 5 WONE. MHPESFRIRT—"
12, HEAEREK A (BRAXNIROP T AOERS), MRZEmTIZ/DIES.

14 L2
g 10
s N

13-5 ZRKIE

BA

& 1TRERHEISIE ss < 600), UMNNBNL, &2 1THA TZARBREEND, B—HFN
#, EXVHI: 8—XNEE—THEEI—REBFNE, F2 MHREXRKSREHNE; WR

& R
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2 THR 0, BLRPIXREMOXNMRSIMSER. EMHEVEE < 100, MIELBREMTER
P, EEFP

i
mHAISBREHE
HHIEA
60

708031142100 1246 2

=2k Tl
2
paLiil
IR flroot][time], FTRINFE root TR, RN time (NEANEMEINEE, NWRTFEROEW
D
flroot][time] = max { flleft][t] + f[right][ct — t], ct = time — T[root],0 < t < ct}
AViE]

art_gallery.c
/* wikioi 1163 AIQJZATE, http://www.wikioi.com/problem/1163/ */
#include<stdio.h>

#include <memory.h>

#define max(a,b) ((a)>(b)?(a): (b))
#define MAXN 1010 /x ERBIRAHB */

/* WAHE, ERIANGE, EXNG, BEHE +/
int LIMIT, T[MAXN], P[MAXN];

/* ZXH, R, TZKS, 6% */

int n, L[MAXN], R[MAXN]; /x 0 {UBXF */

/* flroot] [time] FTRTE root WM, M T time NIBARBEMEINEEL */
int f[MAXN] [MAXN];

/**
* @brief MANIBERRIFPENRI, KRN, BIFER
* Qreturn BPE
*/
int build_tree() {
n++;
scanf ("%d%d", &T[n], &P[n]);
Tlnl *= 2; /* EMEENEBE *2, ANERERK */
int now = n; /* HEIPR */
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if (P[now] == 0) {
Llnow] = build_tree(); /* BT now HVZ S */
Rlnow] = build_tree(); /* BT now BYG S */
}
return now;
}
/*%

* BRXE-
* @param[in] root FFIBHR
* Oparam[in] FRHIE
* Oreturn AESENHE
*/
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]; /* BHEAEITDHRHKNIE */

/* BRSPS, BIREE +/
if (!'L[root] && !R[root]) {
/* REE tt / 5, RANEE, ERTREEARE */
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 1p = dp(L[root], t);

int rp = dp(R[root], ct - t);

f[root] [time] = max(f[root] [time], 1p + rp);
}

return f[root] [time];

int main() {
scanf ("%d", &LIMIT);
build_tree();
memset(f, -1, sizeof(f));
printf ("%d\n", dp(1, LIMIT));
return O;

art_gallery.c

BXEE
SEN=EEEIEY ISR
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. wikioi 1163, 58] R 18, http://www.wikioi.com/problem/1163/

SENLEIPEYISE
« None

13.10.2 KRB LIANER
)

Ural KZE N MRA, BSH 1~ N MITEMEXR, BRMBRANOXAME —RAURK
NIREIW, RERFR I BRNER LS. 8TIRRABT—TIRGER. WEETEFRES, BRS
TIRANRFEHRRA. B2, RERABNEZ LO—ES5R.

L TVAN
F—T—PEHE N(1 < N <6000),
BIRNT, 8i+117%7n SIRANRKIBE Ri(—-128 < R; < 127),
BIRN-117, STRA—XNEHL K, XK K2 LBEHLET.
RE—1THIA 0,0, RIER.
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paLiil

BRI flk][0] A0 fK][1], f[k][0] FREE i PAARSNERBTRAKE, fk[1] XHE K TASN
WERAE, WRSFERSZWT :

fIx][0]
fIRA) = Zf

Zmax{f i}, Eh k2 1898#% T

AV

ball.c
/* wikioi 1380 YRB FENEES, http://www.wikioi.com/problem/1380 */
#include<stdio.h>

#include<string.h>

#define MAXN 6001 /* 0 {UERFA */
#define max(a,b) ((a)>(b)?(a): (b))
typedef char bool;

int n;
/% IRRIEE */
int r[MAXN];

/x BISHERDR. */
typedef struct edge_t {
int v;

int prev; /* E—%Ki, FIESEK */
} edge_t;

/x 2PEEHRE— AR, SR ERMOZIRIVE */
edge_t edge[MAXN-1];

/* head[root] 1E@FRXK, BIRGE—FKL */
int head[MAXN];

/* has_boss[i]l RTE i TARDBLT */
bool has_boss[MAXN] ;

int f[MAXN][2];

int cnt; /* WPE-1 */

void add_edge(int u, int v) {
edgelcnt] .v = v;
edge[cnt] .prev = head[u];
head[u] = cnt++;

}

void dp(int k) {
int p;
fk][1] = r[k];
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f[k]1[0] = 0;
for (p = head[k]; p != -1; p = edgelp].prev) {
int 1 = edgelp].v;
dp(1);
f[k][1] += £[1][0];
f[k][0] = £[k][0] + max(£f[1][1],£f[1][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], flk][1]);
}
int main() {
int i;
scanf ("%d", &n);
for (i = 1; i <= n; i++) scanf("%d", &rl[il);
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 0O;
}
ball.c
EPNE L]
LN EEEN =R

. wikioi 1380, }8 5 _FS8EES, http://www.wikioi.com/problem/1380/

SEN=EEPEYIER

« None
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13.11 ERAKIFRF

A—TEENBEMBOE—LEISR, 2REMBATALSEOERR, FNRSLRIFT
HEX TR

BREKRBFEER, —RIELZ EASENLIRRS, XSS PHLIRARNE,

BRAOEZSZZ “XMBRAXHULBRBBRREKXNFTRE TR,
http://wenku.baidu.com/view/728cd5126edb6f1aff001fbb.html

TE—R—IEINESE, HEZR—MihliE.

13.11.1 N80
P37

B37F john B5& S HZER, B TINAEURR, DG INERBENED. NS IWEINE, john
REEFHPEE— T AEBIH. 1BR john NINFE—PMHFIRIIIR, TXRPDFENIESFIHEN
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SR

paLiil

XBEAAET, ERLM—ENTRE, BTE_MEEELESTHNBREX, MAB
PAHINEIRIRK (30000x30000), RIYE2XVHIBHTEEULNE, BEHBREEEIANRER SxS,
FTANBEZE ) 0(S2), WEEZHE N 0S). BEFRHE, N JIRIEEARELEHENT, 1B (0,0) F0

(mn) RENFPR, BBTNLE T —D “ELILR”.

AV

/*x*
* 0J: https://vijos.org/p/1055
*/

#include <string.h>

#include <stdio.h>

#include <stdlib.h>

#define MAXN 5001

#define max(a,b) ((a)>(b)7(a): (b))
#define min(a,b) ((a)<(b)?(a): (b))

int L, W; /* K, B0 x &R, T, 80 y Bix +/
int n; /* n NEPDR */
int x[MAXN], y[MAXN]; /* FEIBaSARFR */

int int_cmp(const void *a, const void *b) {
const int *ia = (const int*) a;
const int *ib = (const int*) b;
return *ia - *ib;

}

cow_bath.c

/x ENTERRENS, XBRN T HLRE, £ include, £ 01 HRRIIEAEHIHENG */

#include "binary_search.c"

/**

Obrief RERATRHF

Gparam[in] L &E, 4G
@param[in] W TofE, B[O
@param[in] x 4@ x 2LHR
@param[in] y @) y PHR
eparam[in] n [ESHEITE

Qreturn XA SFEFHER

LR R R S R R R

*/
int max_submatrix(const int L, comnst int W,
const int x[], const int y[]l, int n) {

int *a = (int*) malloc((n + 1) * sizeof(int));
(int*) malloc((n + 1) * sizeof(int));

int *b

S http://wenku.baidu.com/view/728cd5126edb6f1aff001fbb.html EYEE_FP /5%
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int la = n, 1b = n;

int i, j;

int 1m, ™m; // AR, GIHR

int result = 0, temp;

int *xv; // $F100 01 %6fE, 1 RTERR
int *h; // SE

int *1; // ZLiASR

int *r; // GHR

memcpy(a, x, n * sizeof(int));
memcpy(b, y, n * sizeof(int));

a[la++] = 0;
b[1b++] = 0;
al[la++] = L;
b[1b++] = W;
// K8

gsort(a, la, sizeof(int), int_cmp);
gsort(b, 1b, sizeof(int), int_cmp);
for (j =1, 1i=1; i< 1a; i++) { // K&
if (a[i] !'= ali - 11)
alj++] = alil;
}
la = j;
for (j =1, i=1; i< 1b; i++) { // Qigé
if (b[i] '= b[i - 1]1)
b[j++] = b[il;

}

1b = j;

h = (int*) malloc(lb * sizeof(int));
1 = (int*) malloc(lb * sizeof(int));
r = (int*) malloc(lb * sizeof(int));

[/ /% Kk sk sk sk ok ok sk ok sk sk ok sk ok ok ook k ok sk sk ok sk sk ok kokk / /

/! T8 v 5B
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, 1lb, y[i]);
vlial [ib] = 1; //#RICEISR

}

/7 DB

for (i = 0; i < 1b; i++) {
1[i] = 0;
r[i] = W;
h[i] = 0;
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for (i = 1; i < la; i++) { // MNEFT
1m 0;
for (j = 0; j < 1b; j++) { // NEFGIHE 1[5]
if (vli - 110G { /AR E—TREERR
hljl = h[j] + alil - ali - 11; //SEEN
// 1[i1[j1=max (1[i-11[j] , DNE—TEBR (i-1,j) BHIE)
1031 = max(1[j], 1m);
} else { //WRE—TREEBR

h[j]l = ali] - ali - 1]; //BE&MTE
1031 = 0;
r[jl = w;
im = b[jl; //8FH (i-1,j) ZDRE—PEISSHNIS
}
}
rm = W;

for (j =1b - 1; j >=0; j—) { // MNBHEHE rlj]
//x[i] [1=min(r[i-11 (] , (i-1,j) BGRE-TEBIPUE)
r[j] = min(r[jl, rm);
temp = h[j]l * (r[j] - 1[j1);
result = max(result, temp); //THHERILHE
if (vl - 110D //URZREERER, B (i-1,)) GUE—NBISKRONE
rm = b[jl;
}

}

// TEBEFRNER

for (i = 1; i < la; i++) {
temp = W * (al[i] - ali - 11);
result = max(result, temp);

}

free(a);

free(b);

for (i = 0; i < la; i++) {
free(v[il);

}

free(v);

free(h);

free(1);

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[il);
}

printf("%d\n", max_submatrix(L, W, x, y, n));
}

return O;
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}
cow _bath.c
EXNEE
S5XBEENAE :

- Vijos 1055 Y4517, https://vijos.org/p/1055
SrNib eI ENEIER

+ LeetCode Maximal Rectangle, http://leetcode.com/onlinejudge#question_85,
Z2Z 1T https://gist.github.com/soulmachine/b20a15009450016038d9

« POJ 3494 Largest Submatrix of All 1’s, http://poj.org/problem?id=3494

13.11.2 |®KL 1 %6
R
BE—D m x n 601 566F, REAHNZD 1 3465,

LTV

BMABSZENDAE. SENSEAIE—TESH TR m M n(l < m,n < 2000), HFHTFE
2 m{THE, 8T n TR

HH
XY MUEAR, BWHRAE 1 TRHER 1897, WRAALEMEZE 0, WL o.

=2 TN

QO OO PO ON
Orr P OPOON

O = O
O O OO

HH4E

0
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paLiil
TR, L—OENEER, X—BENED

3

&, ERLT EREBARE,

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

(a>b?a:b)
(a<b?a:hb)

#define max(a,b)
#define min(a,b)
#define MAXN 2001

int matrix[MAXN] [MAXN];

largest_rectangle.c

int lagest_rectangle(/*int **matrix, */int m, int n) {

int i, j;

int *H = (int*) malloc(n * sizeof(int));
int *L = (int*) malloc(n * sizeof(int));
int *R = (int*) malloc(n * sizeof(int));
int ret = 0;

memset(H, 0, n * sizeof(int));
memset(L, O, n * sizeof(int));
for (i = 0; i < n; i++) R[i] = n;

for (i = 0; i < m; ++i) {
int left = 0, right = n;

!/l BE
/] N5
/] GFR

// calculate L(i, j) from left to right

for (j = 0; j < mn; ++j) {

if (matrix([i][j] == 1) {
++H[j]1;
L[j]1 = max(L[j]1, left);

} else {
left =
H[j]
L[j]
R[j] =

]
B O Ow.

}
}

// calculate R(i,
for (j =n-1; j>=0; ——j) {
if (matrix[i][j] == 1) {

R[j] = min(R[j], right);

j) from right to left

ret = max(ret, H[j] * (R[j] - L[j1)N);

} else {
right = j;
}
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int

return ret;

main() {
int m, n;
int i, j;
while (scanf("%d%d", &m, &n) > 0) {
for (i = 0; 1 < m; i++) {
for (j = 0; j < mn; j++) {
scanf ("%d", &matrix[i][j]);
}
}

printf ("%d\n", lagest_rectangle(m, n));
}

return O;

largest_rectangle.c

BXEE
SENIYEIEIEN ISR

POJ 3494 Largest Submatrix of All 1’s, http://poj.org/problem?id=3494

LeetCode Maximal Rectangle, http://leetcode.com/onlinejudge#question_§85,
Z2Z 19 https://gist.github.com/soulmachine/b20a15009450016038d9

SEN=EE DY IER

Vijos 1055 JBE-3537%, https://vijos.org/p/1055
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am_graph.cpp
/xx MR HEKE. */
const int MAX_NV = 100;

/% NHPIRYEZERY, TR int, float, double. */
typedef int graph_weight_t;
const graph_weight_t GRAPH_INF = INT_MAX;

/*%
* @struct &, FAASRIEXEFE (Adjacency Matrix).
*/
struct graph_t {
int nv; // TR
int ne; // O
// SREBFEE, BROANESR, WINES
graph_weight_t matrix[MAX_NV] [MAX_NV];
};

am_graph.cpp
MBS S AMERKERT.

al_graph.cpp
/xx JPEIYEZRTL, TN int, float, double. */

typedef int graph_weight_t;

/** IMmA%%S, GLIN char, int, string &. */
typedef char graph_vertex_id_t;

/*%
* @struct B, AASREER (Adjacency List).
*/
struct graph_t {
int nv; // JNRH
int ne; // N
/] WER, BROINNES, URES

map<graph_vertex_id_t, map<graph_vertex_id_t, graph_weight_t> > matrix;

al_graph.cpp

238
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141 BFRE

BEREMLTERETERI T :

graph_dfs.cpp
/**

ebrief FEPREMTEBRADER, BRIL.

@param[in] g

@param[in] u HAINS

@param[in] visited JABNFIQHLICHE

Q@return

@remark HEMHNIR, N ITREIRBEHNATSAHE, JLUB

g, visited MLIENSBTE

*/

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[ul [v] = visited[vl[ul = true; // TLOREXT
// visited_edges[ul] [v] = true; // BORAXY
dfs(g, v, visited);
/1 XBEEFEAE
// printf("%d %d\n", u, v);

¥ ¥ ¥ ¥ X X ¥

}

}
/*%

* Gbrief BBVREMFERRIVIIER, BRINR.

* Qparam[in] g

* @param[in] u HARINF

* Oparam[in] visited JNmBYHAIHERICHE

* Q@return J;

* @remark {EPANNIR, N JEERBSNATSHE, IJUUE
* g, visited HHEFKIENZFLE

*/
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[ul [v] && !visited[v]) {
dfs(g, v, visited);
/] XBEBENS
// printf("%d %d\n", u, v);

graph_dfs.cpp

14.1.1 Satellite Photographs
R
Farmer John purchased satellite photos of W x 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 X 5 sample satellite photo:

L Ekkok | KoKk
BT TR T

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.

BA

Line 1: Two space-separated integers: W and H

2% 2%

Lines 2..H+1: Each line contains W ”*” or ”” characters representing one raster line of a satellite pho-

tograph.

L Tl

Line 1: The size of the largest contiguous field in the satellite photo.

2T TN

LKk | KoKk
BT T T

HpIL

16

paLiil

XE2—TFEN_40E, LR NG TRIERIARLLA—TNR, 8T ARELTEES
O PR X TRINE I THRR.

(¥

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 T W 3l */
char map [MAXH+2] [MAXW+2];/* ENZGHII—E'.' TLFHIEHTR */

int count;

void dfs(int x, int y)

{
/x NS—B' . BT, RIEATRARTETT /

if (map[x][y] == '.') return;
maplx][yl = '.'; /* #5i2 (x,y) SiHAY, B2FESER */
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 2ITE, W I */
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+t) {

if (mapl[il[j] == '*') {
count = 0;
dfs(i, j);
}
if (count > max) max = count;
}
¥
printf ("%d\n", max);
return O;
}
satellite_photographs.c
=P S
SN EEYEASE

« POJ 3051 Satellite Photographs, http://poj.org/problem?id=3051
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S5XPHEMIRE :
« POJ 3620 Avoid The Lakes, http://poj.org/problem?id=3620
Z2Z13 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 to m, 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 z > 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

B wWwoo N

OQOONEFEFNFLOWNEFE WNH
QO P WWNOF, WNEFE WN
S W N

Sample Output

123546
Round trip does not exist.

DHT

RRAIOES .

WRENEBHNE-—TNRER, SFRLEBEET—R, XHFNEEIRNIRADER (Eulerian Path),
WRINEEBORER, XFHIESLIRNERAIOIE (Eulerian Circuit),

XNTELER G, BENSGCBERN, BERZEM IR, WEERIIER. UREM T TR,
WHFMEP—TFREE, Bn—TFREL.

WREET R, W—ERE RO,

XNTEOR G, ZENSGCRERY, B8 TROWAESTEE, WEERIODE.

WRBEARTMRPAESEEAMES, B—TMRBARLLEE/N 1, A—TIMRBAELEE
K1, I, SE-FRADERE, UBI—TMRmNER, ME—TRRALZR.

(AViS]

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
const int MAX_NE

45;
1996;

/*%
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* @struct , ABE%%@E?E@EW
*/
struct graph_t {
int nv; // JNR#
int ne; // O%
/7 GIRINOA] = /=, XHERNTEEHBILIA lexicographically i
int matrix[MAX_NV] [MAX_NE];
};

graph_t G;

bool visited[MAX_NE]; // JA2E2HID)
int degree[MAX_NV]; /! RBIE

stack<int> s; // %, ﬁﬁﬂ:ﬁﬁﬁj

void stack_print(stack<int> &s) {
while (!s.empty()) {
cout << s.top() << " "
s.popQ);

cout << endl;

}

void euler(int u) {
for (int e = 1; e <= G.ne; e++) {
if (!visited[e]l && G.matrix[ullel) { //EABLIARIHIENT
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];

}

/x BRAIOBERBREZ —, YIMMERNERSIVRE ~/
bool flag = true;
for (int i = 1; i <= G.nv; i++) {
if (degreelil & 1) {
flag = false;
break;

}

if ('flag) {
cout << "Round trip does not exist." << endl;
} else {
euler(start);
stack_print(s);
}
}

return O;

round_trip.cpp

RN ]
SENGEEIEIEN ISR
« POJ 1041 John’s trip, http://poj.org/problem?id=1041
SENSGEIPENISE
C (BEBTRERAIRH) CE 111 W 644
« UVa 10054 The Necklace, http://t.cn/zRwqcRp
« UVa 10129 Play on Words, http://t.cn/zTInBDX

14.1.3 The Necklace
ik

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:

ENDanaDADE

VAT, BERRAIIEHA, BERNFHMA, 2009

ite

green
green
blue

green
red
R
ed
white
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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 < Ny, 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

OO WwN

NWWNNDNOOOOPE WD ON

Ll N

Sample Output

Case #1
some beads may be lost
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e #2

N WRL,NDQ
NN W~ ?

D

RRAIOES .
ERMRIUBEER.

AV

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

#define MAXN 51 // IUm&HATE

int G[MAXN] [MAXN];

int visited_vertices[MAXN];
int visited_edges [MAXN] [MAXN];
int count[MAXN]; // TRmBIE

void dfs(const int u) {
int v;
visited_vertices[u] = 1;
for(v = 0; v < MAXN; v++) if(G[ul [v] && 'visited_vertices[v]) {
dfs(v);
}
}

/*

* Qbrief FRAIDES, AWFBEWRFEEN
* Qparam[in] u

* Q@return 7,

*/
void euler(const int u){
int v;
for(v = 0; v < MAXN; ++v) if (G[ul[v]){
-=G[ul [vl; --GIvl[ul; // XI5, BB visited BYIDEE, XAWESN
euler(v);
// BEFTEN, RBEFEREBITED
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; // BRAERSNBEH
int flag2 = 1; // BRBREEN

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++);

// BRIIOEERNREGZ—, FIMERNE RSB
for(i=0; i<MAXN; ++i) {
if(count[i] & 1){

flag = 0;
break;
}
}
/! RERREER
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 O;
}
eulerian_circuit.c
EPNE L]
SENGEEEYASER
« UVa 10054 The Necklace, http://t.cn/zRwqcRp
SENGGEIDEYISE

C(BEBRAIRH) YHE111 T 6447
« POJ 1041 John’s trip, http://poj.org/problem?id=1041
« UVa 10129 Play on Words, http://t.cn/zTInBDX

142 BN #
14.3  B/)\EpM

“B/)\ IEHNRNBMRIEZ 08/
IS B/ \AEA (Minimum Spanning Tree, MST) B 2508 A, HPZSHMEAMA 5 8/N\ERNEY
— PR (BN MST ) : RIZN = (V, E) 8—TEEN, U BMmEV - T 23k &
(u,v) B—FEBRIVRENL, EPuelUveV -U, MMEFSE-MBZA (v, v) BER/IVERN,
Prim 57570 Kruskal 87AZ2M MR MST MEESHR/NERNNEZR. EIIBETRINZE.

14.3.1 Prim &Y%

RIZN = (V,E) 2—MEEN, TE 2 N tR/NERRPONES. EEMN U = uo(uo €
V), TE = {} FFi8, 8T MRIRE: BB uve Uv eV —U B8 (u,v) € E PH—FRANR
INBIA (uo,v0) HFAEB TE, @ vo FAU, BEEU =V Nk, W TE WG n—154, N
T = (V,TE) N N S/NEMN. NSRIX PNEETMIR— A closedge, LICRMN U BV U
BER/NRNEN. NB8TMAR v € V —U, HHEIBEAPEE—MENDE closedgeli-1], ©
BIEM N, HP lowcost LN FBIN, B, closedgeli].lowcost = min {cost(u,v;),u € U}o
adjvex IEMEIZINEKMTBIE U DEITIR.

14-1F7R N #% Prim E7AMIEMN— R/ ERMENITE, G EPHIEAPSHER
B R0ZR14- 1P

VY, BERRAIIER, BERSPHRM, 2009
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14-1 Prim 8RS HR/N\ERBNITE

F 141 WER/NERIIEPREIMANEN
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11 2 3 4 s U UV
closedge
adjvex vg Vg Vo Vo {v1,va,v3,v4, 5}
lowcost 6 1 5
adjvex Vo vl Uy Vg {vo, v2} {v1,v3,v4, 05}
lowcost 5 0 5 6 4
adjvex Vs vg Vs {vo,v2,v5} {v1,v3,v4}
lowcost 5 0 2 6 0
adjvex Vg Vo {vo,ve,vs5,v3} {v1,v4}
lowcost 5 0 0 6 0
adjvex vy {vo, va, vs5,v3,v1} {va}
lowcost o 0 0 3 0
adjvex {vo, va, vs,v3,v1,v4} {}
lowcost 0o 0 0 0 0
AV

#include <iostream>
#include <climits> /* for INT_MAX */

using namespace std;

[+ IMSHRANE. */
const int MAX_NV = 100;

/xx NBIRYEZER, TN int, float, double. */
typedef int graph_weight_t;
const graph_weight_t GRAPH_INF = INT_MAX;

/%%
* @struct &, AASRIZREFE (Adjacency Matrix).
*/
struct graph_t {
int nv; // TUWEL
int ne; // N
/7 WEBREME, BROONER, WNES
graph_weight_t matrix[MAX_NV] [MAX_NV];

graph_t g;

struct closedge_t {
int adjvex; /* 9K, BF U */

/* 1 adjvex-> AN THx BUXIE, -GRAPH_INF JRLASENA U */

am_graph_prim1.cpp
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graph_weight_t lowcost;

/*

*

ebrief 7& V-E EEEDIHE/)\HIN
@param[in] closedge MST DU, &M adjvex, KRR NA MR
@param[in] n closedge FAMNKE
ereturn HE| TNRONEH My, v-U NEENRO-1, RRAELE

* ¥ ¥

*/
static int min_element(const closedge_t closedgel[], int n) {
int min_value = GRAPH_INF;
int min_pos = -1;
for (int i = 0; i < n; i++)
if (closedgel[i].lowcost > -GRAPH_INF) {
if (min_value > closedgel[i].lowcost) {
min_value = closedge[i].lowcost;
min_pos = ij;
}
}
return min_pos;

}

VEL:
* @brief Prim 8%, SKEBIER/I\EMM.
* Qparam[in] g EIXVRAVIEEr
* Qreturn MST BUNBIRIEZFD
*/
graph_weight_t prim(const graph_t &g) {
graph_weight_t sum = 0; /* REZFD */
int u = 0; /* ) 0 STRER */
const int n = g.nv;
/* closedge[n], ICRMINmE U B V-U B8 =/
closedge_t* const closedge = new closedge_t[n];

/x YHENERARIBH, */

for (int i = 0; i < n; i++) if (1 '= u) {
closedge[i] .adjvex = u;
closedge[i] .lowcost = g.matrix[ul [i];

}

closedge[u] .lowcost = -GRAPH_INF; /* %48, U={u} */

for (int i = 0; i < n; i++) if (i '= w) { /* ERH n-1 PHS */
/* KB TE B9 F—PIR k */
const int k = min_element(closedge, n);
/* RHIh closedge[k] .adjvex --> k */
cout << (char)('A' + closedgelk].adjvex) << " - " << (char) ('A' + k)
<< " : "<< g.matrix[closedge[k].adjvex] [k] << endl;
sum += g.matrix[closedge[k].adjvex] [k];
// sum += closedgel[k].lowcost; // FiN
closedge[k].lowcost = -GRAPH_INF; /+* Jim k FA U, RARMIBNAN TE =/
/* BHET k BIRBEROVE, FMELNTHK */
for (int j = 0; j < n; j++) {
const graph_weight_t w = g.matrix[k][j];



143  H/)NEK 253

if (w < closedgel[j].lowcost) {
closedge[j].adjvex = k;
closedge[j].lowcost = w;

}
}
delete[] closedge;
return sum;

}

/ex AZEVEIA, TR, +/
void read_graph() {
int m, n;

/% REUDRANHHE */
cin >> m >> n;

g.nv = m;

g.ne = n;

/x PeB, ETIREEBEBNLHK */
for (dnt i = 0; i < m; i++) {
for (int j = 0; j < m; j++) {
g.matrix[i] [j] = GRAPH_INF;
}
}

/x REVOER */
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]1 = w;
g.matrix[j1[i] = w;

}

/* test
MASIE:
7 11

TMmHEHOOQoWmmE >
QQTMmMEpmEmmoOuQo®
= OO0l NOOoWOU N
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Total:3

*/

int main() {
read_graph();

cout << "Total : " << prim(g) << endl;
return O;
}
am_graph_prim1.cpp
LV vapiil

BRIEMDPE n NAR, WE—NHTBHNBEIMBEDBMEN n, EZMENBDRME N
n—1, EOBERTIRBIN: HE—2% closedgelv] .lowcost IRT/IVE, HMERNn-1; H_2
SIEREER/)VNEN, ESREN n. B Prim EENNEERERN O(n?), SMIODHTX,
BIERFROBBNEBIER/)\ERR.

Prim BENR—FOKMIBEH/IVRE, EEAER: IWREPSE—NRREERKD, 5—7
IOV, BRMIVRIEETNOLEHARER/NGNA (u,v), WEMIEDHED, NAER
M. RERFBIOVETE — NS EERN P, —NaR AMEERRAEENIWREDR, T—
ERD, T—RHEEEROOX EATIEN. WHES n— 1R, REEIIRZEBOR/NESR,
ZEED C RIBRMUW T,

AV

am_graph_prim2.cpp
#include <iostream>

#include <climits> /* for INT_MAX */

#include <queue>

#include <algorithm>

using namespace std;

/xx REMERAE. */
const int MAX_NV = 100;

/xx DEIRYEREL, TN int, float, double. */
typedef int graph_weight_t;
const graph_weight_t GRAPH_INF = INT_MAX;

/*%
* @struct &, AASRIEREFE (Adjacency Matrix).
*/
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struct graph_t {
int nv; // A=
int ne; // N
/7 WEBRERE, BROONER, WUNES
graph_weight_t matrix[MAX_NV] [MAX_NV];
};

graph_t g;

/*x%

* @struct B

*/

struct edge_t{
int u; // from
int v; // to
graph_weight_t w; // XA

bool operator>(const edge_t &other) const {
return w > other.w;
}
};

VES:
* Qbrief Prim 8K, KEBIER/\ERUN.
* Oparam[in] g EIXVRAVIEE
* @return MST BUIABVIRIEZF0
*/
int prim(const graph_t &g){
graph_weight_t sum = 0; // WR{EZF0
priority_queue<edge_t, vector<edge_t>, greater<edge_t> > q;
const int n = g.nv;
bool* used = new boollnl; // ¥I¥TINREBSENAR/NEN
std::fill(used, used + n, false);

int count = 1; // MLE LEIHNNE
int u = 0; /7 M0 SRR
used[u] = true; // FHBTRSAOA UETRL count #AN 1)
while (count < n) {
for(int v = 0; v < n; v++) if(lused[v]) { // & v RNEEMK, (u,v) NAME
edge_t e = {u, v, g.matrix[ul [v]};
q.push(e);
}
while(!q.empty() && count < n) {
const edge_t e = q.top(); q.pop(); // MWEDRER/IRIER, BA e
if (lused[e.v]) {
// BHESK TE 8910, BIBNA TE
cout << (char)('A' + e.u) << " = " << (char)('A' + e.v) <<
"1 " << g.matrix[e.u] [e.v] << endl;
sum += g.matrix[e.ul[e.v];

u=e.v;
used[u] = true; // u FAREMMAINRES U
count++;

break;
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}
delete[] used;
return sum;

}
/...

am_graph_prim2.cpp

BEDH

BEERIERREN O(n), BRERREY e/n FNBATVIED, e FIOMEDHIER, HEDVIE
NORIBMBIERNIDEREIN O(log, e), MBS RER O(elog, e )0
14.3.2 Kruskal &3k

BRiBEBM N =V, E, STR/NERRNDERSARE n MNURMAANEEER T = (V,),
B8 TMIRERN—MEEDE. £ E PSRN0, BZMKNNTRAEE T P RE8E
BOELE, WRIGANAZIT ¢, BSUEELAMER T —FRNSN0. KREHE, BEETP
FrEMmESEE—ERNE LNk,

B14-2F7" N Kruskal 87A1EGE— 1R &/ AR B0ITHE,

O
@ . 00
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14-2  Kruskal E5A0E &R/ ERNBNIE

TER Kruskal E7589 C 1B,

%S

kruskal.cpp
#include <iostream>

#include <climits> /* for INT_MAX */

#include <queue>

#include <algorithm>

using namespace std;

/¥ ENTFEHINENG, XBRNT PLAEIE, BF include, £ 0J HIRDINIEASSIHENG */
#include "ufs.c" /*x [ “if-> HEE” XD */

const int MAX_NV = 11; /* NSMmAE */
const int MAX_NE = 100; /% SRAGHNEL */
/xx DERIEZET. */

typedef int graph_weight_t;

/xx BEIA. */

struct edge_t{
int u; /*x RRS */
int v; /xx UWRS */
graph_weight_t w; /*x fR{E */

bool operator>(const edge_t &other) const {



258

FUS

return w > other.w;
};

edge_t edges[MAX_NE];

/*

@brief Kruskal &5k, I + H&EE.
@param[in] edges ABIEA

@param[in] n N, —EEXTHEFT NREF-1
@param[in] m JARZ

@return MST BYAHIRIEZFD

* ¥ ¥ X *

*/

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 (mn < m - 1) return -1;

/* IBFTENENED */

for (int i = 0; i < n; i++) {
q.push(edges[i]);

¥

for (int i = 0; i < n; i++) {
/% MIEDREH/IIERD */
const edge_t e = q.top(); q.popQ);
/* BRI ESHIR */
const int u = ufs_find(s, e.u);
const int v = ufs_find(s, e.v);
if (ut=v) { /x AEE—5KSE, RANER +/
ufs_union(s, u, v); /* &3, HEH—THDE */

/x BHEAN TE 8933, BIIANA TE */

cout << (char)('A' + e.u) << " - " << (char)('A' + e.v) << endl;

sum += e.w;
}

ufs_destroy(s);
return sum;

}

bool operator<(const edge_t &el, const edge_t &e2) {
return el.w < e2.w;

}
/*x Kruskal &5k, |RHE + FEE. */

graph_weight_t kruskall(edge_t edges[], int n, int m) {
graph_weight_t sum = O;
ufs_t *s = ufs_create(MAX_NV); /+x HBE, 0 (UEKH
if (mn < m - 1) return -1;

*/
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std: :sor

for (int

t (edges, edges + n);

i=0; i< mn; i++) {

/x MWEPRBT/IMRED, BA ed */

cons

t edge_t e = edgesl[il;

/x BRAIRRPTEESGOIR */

cons
cons
if (

}
}
ufs_dest
return s

}

/* test
BAEE:
7 11

B

TEHEHOOQmWWE =
QQTMTMmEmEMoOQo

= OO0 O OINOOWwOOL N

|
(ool e ey B e B

=W o O:>$$
|

=
|
[

Total : 39
*/

int main() {

t int u = ufs_find(s, e.u);

t int v = ufs_find(s, e.v);

u l=v) { /x ABE—&E, RERNEE */
ufs_union(s, u, v); /* &F, EBN—TDE */
/* BHERR TE 8930, BILGRNIA TE */

cout << (char)("A' + e.u) << " - " << (char)('A' + e.v) << endl;

sum += e.w;

roy(s);
um;

int m, n;
/* REURREL, BHE +/

cin >> m >> n;

/* FENER */

for (int
char
int

i=0; 1i<mn; i++) {
chx, chy;
w3
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cin >> chx >> chy >> w;

edges[i].u = chx - 'A';
edges[i].v = chy - 'A';
edges[i].w = w;
}
/* KERER/\ERUR */
cout << "Total : " << kruskal(edges, n, m) << endl;
return O;
}
kruskal.cpp
BRI

WRKAWBFEFENRNEBSM, NERIVMRIEN T ERNBOISEHME, XBE O(n?)
BUEY I8 AN, TBERE e RIDEARHIBEY/ R WRE M TIHETTIS, IRIBASA, TR O(elog, €)
g, EER/NERMEINIED, FEHT O(e) REMERIF heap_remove(). 2e RIFEEH
ufs_find () BIELIK n — 1R ufs_union() BIF, HENEDAIN O(elog, e). O(log, n) 1 O(n),
FrARESIERN O(n? + ¢ log, €)o

WRRABBEXRIFNENFESD, WERTVMRENF2ONEHNRER, XFZO(n +e)
BYEYiBl. NERRRHIBEY VR, TR O(elog, e) BINVIE, fEMEHR/NERMBNITRED, BEHT O(e)
RPIEIRIE heap_remove (). 2e RIFEEH ufs_find O #RIELUIN n— 1R ufs_union() $#fE, it
BRIENBIN O(elog, e). O(elog,n) F1 O(n), FIURNIEN O(n + elog, e)s

14.3.3 Highways
iR

— 120U Flatopia 8IS EithBIEHE T8, K=Y Flatopia BIAHBRNERAIRZERD, Flatopia
NBERBERIRE T XMNI®, 2ERIES TSR ABARERIRESNE. A, DRE—
ERESBEASRAR. B, BENEREEINSRAN, ILEEMMIEZGILIETS
RAKERE

Flatopia BUMEEM 1 B N RS, M8 i MIBBBEFRYIR (i, vi) B’ BRSRABIOERE
A MRE. TENESRAKESRESL, ALENNKEMSTH MNEZGNMEKESR. BNs
RABERGON, SRABZETUER, BRINREEABNIRR (HRNNE) B8,

Flatopia BT FBRER/) VW BIE SR ABELM. BT Flatopia BB, —HKESRABELMN
FHFENKE. Blt, MZLSRABNRKER/) .

BA
BMABABOER. E—BOBRIEEUNE, E_BOEEMBECEREBHNERAR.
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FTRES—TEBEN(L < N <750), RVNEBENEHE. B IRO N TBTB3 WA, =
M oyi, BRI, RS DRIV IR, PIREVBXIER BT 10000, B MNENLIREHAE
&

Ho

BEIR—TES—TEH M0 < M < 1000), XNCEGENSRABNHE. & TRE M
TETES—WRY, SHT —XHERRES, XXM MIER —FERABERERK. B8R
B2 ERZW TR ABER.

i

BAEMERRIENSRAR. BT T8RAK, A—XIHNEBERSED.
WRAFEHEZSRAE, BWENT.

22T TN

WNNPd,rOINDOO

w

HOR WO OIOUI D WO - ©
~

N

Al

16

0 U1 > W
w N O~

paliil

BT, S/NE/MF.

BPIMNER— T 72E, FER MIEZEHEN, NERMSIEER. ALt Prim &AL
Kruskal 87EWE B,

IFEEGENRRAR, STIMER 0, JUURIEEII—FEaHIEP,

EAAERERHHFENSRABNR Mim, K —m—%imﬂjﬂid VERRIKE, PIBITEER
BHEAA sqrt, tHF-ARA double 5,
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highways.cpp
// P0OJ 1751 Highways, http://poj.org/problem?id=1751

/! SN TEARNS, XBRNTHLREE, A include, 7& 0J LIRRINIEASHIKENS
#include "am_graph_priml.cpp" // W “B-> SR/N\EMM->Prim EE” XD

/1 1. BBCEE
const int MAX_NV = 750;
// 2. 85 read_graph()
// 3. 85 main()
// 4. 18N mgraph_prim() B8y printf, REKT 0 AFTENLEE
if (g.matrix[closedgelk].adjvex] [k] > 0)
cout << closedgelk].adjvex+l << " " << k+1 << endl;

/! AR
int n, m, x[MAX_NV], y[MAX_NV];

~
*

@brief MmZEHERE.

?9@@Q%%ﬁﬁtﬁ%ﬁ@ﬂ’ﬂ%‘ﬁ@ﬂ%ﬂ’ﬂﬁﬁ\jﬁﬁ, NERAEPER/NER
MEKE, LR ANRIT, PILUBREEEFS, Bitit&E.

eparam[in] i R/RSH i+1 BUE
Oparam[in] j RSN j+1 BUMEE

Oreturn KRECEDEBVFES

¥ X X X X X X ¥ ¥

*/
static int distance(int i,int j) {

return (x[i]-x[j]1) * (x[i]l-x[j1) + (y[il-y[j1) * (y[il-y[iD);
}

/xx ZEVEA, BEE. */
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[il;
for (i = 0; i < n; i++)
for (j = i; j < n; j++)
g.matrix[i] [j] = g.matrix[jI1[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] =
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}

int main() {
read_graph() ;
prim(g) ;
return O;

highways.cpp

BXEE

SENSGEIEIENISE

 POJ 1751 Highways, http://poj.org/problem?id=1751
SENSGEIPENISE

« POJ 2485 Highways, http://poj.org/problem?id=2485

« POJ 1861 Network, http://poj.org/problem?id=1861

« PQOJ 2395 Out of Hay, http://poj.org/problem?id=2395

« PQJ 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

1434 BRILHLKITER
R

FRERR n QI EEERFK, FNE0 2 6B BNERFTRIERAEN. N TDHE
#A, BNZEXRBEOBYELRSR, M2 —oHENINaEEEYEMIT SN0 —
BIENEE,

NI EBEEMEITEIZERRERN (RMEREREREEN), FRAESTEITENZE
BANM&EREE, NEBEERNERRERE, IHRREITEX M &R/)\H%RAE.

#WA

WA —TAMTEE n,m(2 < n < 100000,2 < m < 100000), FRRHTENE, TGS
BRIDERINER T BTHRmIT, SIT=T8H q b, c RNENSE o F0H1ES b ZBRIDERE
TR co (ABRIE—ERSETTHERLER, YEPTRGFANEN—HFNED, BRRIEREEIN



2ot Lum

i
RERE—T—TEY, XRORENDEEER.
BN
33
121
132
231
=S Tl
2
paril
RARIEEEDN kruskal H3E, TUUIEEHRES §14.3.2°H0EHIHE.
AV
wiring.c
// wikioi 1231 F{LFRLZLIQIM, http://www.wikioi.com/problem/1231/
// 1. (BOUEH
const int MAX_NV = 100001; // JR=SRAE
const int MAX_NE = 100000; // S AO%
// 2. FERE kruskal() B8 printf()
// 3. sum AN long long, kruskal() JROWANY long long
// 4. main() BB printf AN %11d
// 5. main() BWANN, MREBZEUVER
/7 EMTERRNS, XBRN T HLRENR, HF include, 7£ 0J LIRZIIEAEHIKES
#include "kruskal.cpp" // Ul “B-> S/EMR->Kruskal &5X” XD
wiring.c

BXBEE
SENLEEEY ISR
« wikioi 1231 E{/L#RZ%IT)A, http://www.wikioi.com/problem/1231/
SENEEPEYIER

« None



144 FFEBER 265
144 BRFEBE
14.41 EBRBIIWR —Dijkstra &%

B8 S NEREBRITEENSNES, WIFH: T—RBIEBR (RELKRERN ) NEL2M

(v,z), HBERBPEHRET S PHIMAMRGEIAINR z BIESE,
Dijkstra &R0 T :
1. S NEHEIM v BANRREEENRANES, THNBIRNSHITE. dist[i] THERE v E
v; NRIERARKE, RIBAIBATAMR, dist[il=nin{dist[i],weight(v,v;)}, path[i] &
MR ERATER O v; BRI S AZAM v HAFIE FER v NRIGEBEREENDEN

dist[{] = weight(v,v;),v; € V

2 B, B
dist[j] = min {dist[j], weight(v, v;)|v; € V — S}
¥ v, TAZ S,
S=SuU (%

3. BN v BREES V - S LE—TAR v TENRAABEKE, FIoR FXFRL.

if (dist[j] + weight(j, k) < dist[k]) {
dist[k] = dist[j] + weight(j, k);
pathlk] = j; /x BNE k BIRITERE */

}
4, 882, 3Hn-1R,

BIR0, XYE14-3FTREVE OB N ELREREMFIT{TIa!T Dijkstra 8%,

[0 o 10 o 30 100]
00 o 5 o0 @ o0
o0 oo oo S50 o o0
o0 o) o o) oD 10
w o ow 20 <« 60
[0 © o© @ 0 |

14-3 BOBEMNEIEHEME

IEEIIIRD vo FIEHR N OVRITRIT, dist[] QENTHBIRUERI4-2FTR (MN—3FT—

NREBREFHNARBIEER )0



266

BUE

7 14-2  Dijkstra E7AIF2 P dist[] GENEHIBER

B/m i=1 i=2 i=3 i=4 i=5
v 00 00 00 00 00
10
v
(V07 VZ)
00 60 50
U3
(vo,v2,v3)  (Vo,Va,Vs)
30 30
V4
(U07 U4) (V()a V4)
100 100 90 60
Us
(U07U5> (U07U5) (UO)U47’U5) (VO)V47V37V5)
vj V2 V4 V3 Vs
S | (vo,v2) (vo,v2,v4) (vo,v2,v3,v4) (vo,V2,V3,V4,Vs5)

Dijkstra A8 C++ 1IBESSKIMA T

(¥

#include <iostream>
#include <queue>
#include <map>
#include <utility>
#include <climits>

using namespace std;

/xx DERYEXA, TN int, float, double. */
typedef int graph_weight_t;

/[ MMmB%RS, LN char, int, string F. */
typedef char graph_vertex_id_t;

/**
* @struct &, ASMIZE (Adjacency List).
*/
struct graph_t {
int nv; // TNWREN
int ne; // N

/1 WBER, BROOYES, WNREF

al_graph_dijkstra.cpp

map<graph_vertex_id_t, map<graph_vertex_id_t, graph_weight_t> > matrix;

/**
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* @brief Dijkstra B KRBRFITIEE.

* @param[in] g

* @param[in] start F2m

* Oparam[out] dist dist[v]l SHNRRERE v REBEKE

* Qparam[out] father father[v] FHAIRFRWEE LEO v BV LE—1Im
* Q@return 7,

*/

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) {
/* BRIMRNRIZERE. */
typedef pair<graph_weight_t, graph_vertex_id_t> to_dist_t;

/] IR
priority_queue<to_dist_t, vector<to_dist_t>, greater<to_dist_t> > q;
distance[start] = 0; // B2EB2, BERN 0
q.push(to_dist_t(0, start));
while (!q.empty()) {
const to_dist_t u = q.top(); q.pop(Q);
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) || distancel[u.second] + w < distancel[v]) {
distance[v] = distance[u.second] + w;
father[v] = u.second;
q.push(to_dist_t(distancel[v], v));

}
}
return;

}

VAL
* @brief FJEIMERIIRRNFRBE
* @param[in] father Dijkstra TEIFEY father Z(4A
* @param[in] end &3
* Qreturn Jg
*/
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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/xx ZEERA, HEE. */
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
BAEE:
8
A C 10
A E 30
A F 100
BCS5
C D 50
DF 10
E D 20
E F 60
Lo TfanE
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);
/! BEREEBE
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 O;
}

al_graph_dijkstra.cpp
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BEDM

ZEAEZ T NI for 1BIR, S5—1 for BIMRAEEIMABNIIBH LIE, HERNEN O(n),
FE for BAR_ERER/IA, HTRABEEOKRELE, BTNEP/NFETNNRBEMITE,
BITRBXBUES S ARNTRBTION, WES V - S APHIMRIFTEN, FUzERNEE
RERN O(n), BERNNEEREN O(n?),

1442 BREBIEBERE—Floyd 8%

Floyd 87ZZBERNBIER : RIKMER vi B v; TR, BN, Bv 5 v 2BEEL,
NRABEKENMNIRE; EAGEEDE, WRREBEKENTHK. UWEELEBEPINAIR

NIBFERABRER.

B (vi,v;) 7 (vi,v0,v;) PERKE, BERIGERNM v B v, BPEINRBERESAKTF 0
BRI R WR (vi,v0,v;) BAG, MEX (vi,v0,v;) (ENRIZBER. RUERER EBISIN—1TNs
vi, BRIRIR, WR (vi,...,v1) 8 (v1,...,v;) DRIRLBRHKINVPBERBBSAKT 0 NRFE
&, BBA (vi,...,vl,...,v) B TEERM v Bl v; NP EMANBSAAT 1 IRIEBE, Bei2
ZBEBM v; B v; NDERENESAAT 0 NRIEBEBHR, EHERFESENM v B v; B
PEMREPBSAAT 1 IRIEER. BIEN— 1 vo, KEHTIRIR, RILEHE. —BRN, &
(Viy ey v1) KD (VR ooy v5) DRIRM vs B v FOM vr Bl v; BPEERNBSAKT £k — 1 IRRERE,
WG (viy ey Vis -, 05) FIREBEBIM v; B v; NPENRBBSAKT b — 1 ORFEEEBLL, B
FEEBRM vi Bl v, IPETMRIFRSAAT k RIEERE, X, BT n RURG, REKEH
IVBM vi B v; BRI R

MEN—D n NTIFERI,

p=Y p© pWw p®  ph-b

B

DVl = g->mamix(i]),
DM = min{ D" VpI D* VK + DY VRG]0 <k <n -1
ERARD, DP[i][] M vi B v; IPEMRBBSAAT k WRAGEEKE ; DO V[i[]

M vi B v; IRAZBSEKE.,
IR0, XYE14-4FTENB OB R ELRRAEME]T Floyd 8%,
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BUE

14-4 BOBNESERE
GEIIIED 5 D NS 0&R14-3F17T

7R 14-3  Floyd E7ANE PRI RZEVEN,

D© DO D® D®
D 0 1 2 0 1 2 0 1 2 0 1 2
010 4 1110 4 1110 4 6 0 4 6
1|6 0 2 6 0 2 6 0 2 5 0 2
213 oo 0 3 7 0 3 7 0 3 7 0
PO P P® P®
F 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
. B B |B B |B BC | BC BC
A C|A C|A A
) C C CA C CA CA CA
A A B A B B

Floyd 87A8Y C1BSSRUW .

(v

#include <iostream>
#include <climits> /* for INT_MAX */

using namespace std;

const int MAX_NV = 100; // TEHMNSAE

/xx INEIRYE. */

typedef int graph_weight_t;

const int GRAPH_INF = INT_MAX / 2; // W®IREREE

am_graph_floyd.cpp
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/*%
*ostruct [, FCIBRERE.
*/
struct graph_t {
int nv; // JNRH
int ne; // N
/] SRIEFERE, BHUABIRE
graph_weight_t matrix[MAX_NV] [MAX_NV];
};

graph_t g;

/** dist[il[j] BINW i 0 j ZBRNBRKE */
graph_weight_t dist[MAX_NV] [MAX_NV];

/*x path[i] [j1 BRMEEELE i 70 j 2BHNAR */
int path[MAX_NV] [MAX_NV];

/*
* @brief Floyd EARERZERAGRE.
* Oparam[in] g EXVRHIBEH
* Oparam[out] dist dist[il[j] BIAR i 0 j 2@RABEKE
* @param[out] path path[il[j]l BRREEARL 1 M j 28NN
* Qreturn T,
*/

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 < mn; j++) {
if(i 1= ) {
dist[i][j]
path[i] [j]
} else {
dist[i] [j]
path[il [j]

g.matrix[i]l [j1;
i3

0;
_1;

}
}
for(k = 0; k < n; k++) {
for(i = 0; i < n; i++) {
for(j = 0; j < mn; j++) {
// 1 B AR ENAINR k OUBREERKE
if(dist[i] [k] + dist[k][j] < dist[i][j1) {
dist[i][j] = dist[i][k] + dist[k][j];
path[i] [j] k;
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}

/*
* @brief FJEQM u 3| v BIRFGEER
* Qparam[in] u F2m
* @param[in] v &5
* @param[in] path Floyd 1&I5H) path
* Qreturn Jg
*/
static void print_path_r(int u, int v, const int path[] [MAX_NV]) {
if (path[ul [v] == -1) {
cout << (char)('A' + u);
} else {
print_path_r(u, path[u] [v], path);
cout << "->" << (char) ('A' + v);

}

/*x*
* @brief 3JE) u REMABERIRRER
* @param[in] path Dijkstra +&ISHY path
* @param[in] n path BIKE
* Qreturn TG
*/
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 (1 !'= ) o
print_path_r(i, j, path);
cout << endl;

}
}
cout << endl;
¥

}
/**
* Qbrief ENIA, EE.
*/

void read_graph(graph_t &g) {
cin >> g.nv >> g.ne;

/! BB, BEDRIBEENTLIK
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++) { // ZEUAER
char chx, chy;
graph_weight_t w;
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cin >> chx >> chy >> w;
g.matrix[chx - 'A'][chy - 'A'] = w;
}

/* test

BNEE:
35

QWwWE =
QP QW
WO RN

#

i

>B
->B->C

Ty

B->C->A
B->C

C->A

C->A->B

*/

int main() {
read_graph(g) ;
/* KMMZ BBVERAZIER */
floyd(g, dist, path);
print_path(g, path);
return O;

am_graph_floyd.cpp

BEDH

ZEEDEM NI for BIR, B—MERE N _SBIR, BFNBHAMKE D; E-MERE
DB/, BHER DO, DD . DY, FUEERBNEERERN O(®),
Dijkstra EEMEREEN T, Floyd IRETUNR, BIREEZFIREEN T,

14.4.3 HDU 2544 FIGH

)%

EBFORRE, MEENRRINESEHBEIRE —HRRRO t-shirt, BEREISINNIIEAR
ELBHNEBABGCORRZNEE, NEIFBRE! AUREMIIERIHEENNESEE)
FIPOVES L, (ROYAFRENMRNI0S ?
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#WA

MA\BBZANE. SALESTEMTEE N, M(N < 100, M < 10000), N RALEDY
REES/IMEBO, wSh10BOSBSHER, S N OBOZRBAEN, M WURRE
REBI R, N =M =0RMNGADSR. IR MIT, BTRBE3TEHNABCIL<ABL
N,1<C<1000), ®RVERDO A SBO B 2EE8—XE, HMOLIFARTR C DMPONEEY
XERE. WARLERDEAE | XASE T,

Ll
XNFEABA, BE—T, TLFEARNSEERRDNRANE

22T TN

3

5
5
2

OCQWNEF WFLN
O, WNWN -

A

3
2

D

SRR, F Dijkstra 85K, W5 §14.4.1 D PNRBBEIEBHEIT,
TR, HERNan, PG InEENZEXTRIEE,

(A¥E]

hdu_2544.cpp
// HDU 2544 FFF1%, http://acm.hdu.edu.cn/showproblem.php?pid=2544

/xx PERREZETL. */

typedef int graph_weight_t;

/** TRB9RS, RN char, int, string &F. */
typedef int graph_vertex_id_t;

/1 ENTERRENS, BN T DHLREB, £F include, £ 0J HIRRIVIEAEHIENG
#include "al_graph_dijkstra.cpp" // 0 “B-> SIER” XD

/xx ZEGEA, DEE. */
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; // BN GH

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 O;
}
hdu_2544.cpp
=P S
SENGGEIE ISR

« HDU 2544 535318, http://acm.hdu.edu.cn/showproblem.php?pid=2544
SENGEEPEYISR

« POJ 2253 Frogger, http://poj.org/problem?id=2253

« PQJ 3268 Silver Cow Party, http://poj.org/problem?id=3268

« PQJ 1797 Heavy Transportation, http://poj.org/problem?id=1797

« PQJ 1847 Tram, http://poj.org/problem?id=1847

14.4.4 POJ 1125 Stockbroker Grapevine
i)Y

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.

#WA

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.

L Tl

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 the message from person A 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.

22T TN

[
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w N

NS

ONNNOWONNNNNOWO
w N
[o0] (o))
~
o]

220k T

32
3 10
112
T 17

paLiil
A3 Floyd 7R B R 2 BIIVRMGEE, HLEERA.

(¥

poj_1125.cpp
// poj 1125 Stockbroker Grapevine, http://poj.org/problem?id=1125

/7 EMTEARNS, XBRNTHLREE, A include, 7 0J LIRINIEASHIKENS
#include "am_graph_floyd.cpp" // I “B-> RMEER” XD

// 1. BEGEE

const int MAX_NV = 100; // TNmEHNHENE
// 2. %0 max_len N8

/** SRETRNREERNRKE «/
graph_weight_t max_len[MAX_NV];

// 3. 85 read_graph()

// 4. B85 main()

/xx ZHEA, H2E. */

void read_graph(graph_t &g) {
cin >> g.nv;
g.ne = 0;

/* B E, FTEHREEENTLH KR */
for (int i = 0; i < g.nv; i++) {
for (int j = 0; j < g.nv; j++) {
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BUE

g.matrix[i] [j] = GRAPH_INF;
}

/x ZEVOER */
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;

g.matrix[i] [j] = w;

}

int main() {
while (true) {
read_graph(g);
if (g.nv == 0) break;

/* K2 BBISFIEE */
floyd(g, dist, path);

/* WERRBENRKE */
for (int i = 0; i < g.nv; i++) {
max_len[i] = dist[i] [distance(&dist[i] [0],

max_element (&dist [i] [0], &dist[i][0] + g.nv))];

}
/* ¥ max_len HER/NE  */

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 O;

poj_1125.cpp

BXEE
SETEBNHS:
« POJ 1125 Stockbroker Grapevine, http://poj.org/problem?id=1125
SEXTABMUIME :
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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

145 $BINEERR

BENES LN MRBEBENZES LN 2R, X MRIEFRNIBINERE.

BINBINRERE: BB < V;,V; > FDHN, WERIIGINS Vi WIHEIRR V; 2
E_IIJ_O

URABOREN—TILE, MREMEE, BBOE < vi,v; > RV I Faant T,
XA OB IR R TVEENBIMLE (Activity On Vertext Network), EFR AOV fIL8,

&N AOV M LB BEERN G ERIT AOV MEEENSEINERERI. HINEEREINER
TBRE:

L. A#BERPHR—RERNNNm BB ;
2. NEPHERZM=APIEUENEIML,

SEULMT, BEEEPMREL, NBREPAFAELRRBEMANLE CXPERIRBERPEE
o
HIEFRH CIBESRIAU T,

AV

am_graph_topo_sort.cpp
#include <iostream>

#include <climits> // for INT_MAX

#include <stack>

using namespace std;

/xx RMBIRKE */

const int MAX_NV = 100;

/xx SABIRIE, NTARE, B 0 3 1 ZESEN; NERE, WARE. ~/
typedef int graph_weight_t;

const graph_weight_t GRAPH_INF = INT_MAX;

[ *x

*Q@struct

*Qbrief SMIZHELE.

*/

struct graph_t {
int nv; // TN
int ne; // 1A%

/1 REFERE, FHULMVER, INREH



280 FE14E

graph_weight_t matrix[MAX_NV] [MAX_NV];
};

graph_t g;
/xx IRINERPRNER. +/
int topological [MAX_NV];

/*

@brief ¥HFNAFE.

Oparam[in] g EIXVROVIEE

@param[out] topological {RTZIHINAEFERIGSR
@return FLIRRD true, BINRDO false

* ¥ ¥ *

*/
bool topo_sort(const graph_t &g, int topologicalll) {
const int n = g.nv;
int *in_degree = new int[n](); // in_degreel[i]l IR i BIAE

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 < mn; i ++) {
if (in_degree[i] == 0)
s.push(i);
}

int count = 0; /* IEINBIIBITTE TN */
while(!s.empty()) {
const int u = s.top(); s.pop(Q);
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) { /*x BIR */
return false;
} else { /* JoIR */
return true;
}
}

/*x ZEEA, WREE. */
void read_graph() {
/* ZEDSF0NEEE */

cin >> g.nv >> g.ne;

/* MMtB, FEHREEENTIK */
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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;
}
}

/x FENDER */

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'] =

}

/* test
BAEE:
8

10
30
100
5
50
10
20
60

mEHOQW@WE=r=o0
o ooaQEEQ

int main() {
read_graph();
/% RIS */
topo_sort(g, topological);
for (int i = 0; i < g.nv; i++) {
cout << (char) ('A' + topologicalli]) << " ";

}
return O;
}
am_graph_topo_sort.cpp
BEDH

XV n NRRAD e FKIDH AOV MBMS, KRIMROAETEIEN Oe), BIIBAEINR
KREARIIEN O(n); EhiMERIRER, BEORTA, BTIUE—RiLE—Rik, MRARR 1
BURERHIT S e Ko FIURBINBEREN O(n + ¢)o

SEOEPLTAE, BTUNRREMLLBRETIEINERG. BNEPIA, REMLTEBHA
2B ﬁ“?ﬁT%Lrﬁ RICIRL DFS N MRBEINEENTHINR, RBIEHHI
BRE—TNR. B, ZRY DFS REFHFEBERFICK M ROM-FIRINE OB INE BRI,
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14.5.1 POJ 1094 Sorting It All Out
R

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.

BA

Input consists of multiple problem instances. Each instance starts with a line containing two positive
integers n and m. 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 value m 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.

i

For each problem instance, output consists of one line. This line should be one of the following three:
Sorted sequence determined after zzx relations: yyy...y.

Sorted sequence cannot be determined.

Inconsistency found after zzx relations.

where zzx 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.

22T

46
A<B
A<C
B<C
C<D
B<D
A<B
32
A<B
B<A
26 1
A<Z
6 6
A<F
B<D
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C<E
F<D
D<E
E<F
00

HHE

Sorted sequence determined after 4 relatioms: ABCD.
Inconsistency found after 2 relations.
Sorted sequence cannot be determined.
Inconsistency found after 6 relatioms.

paLiil

RIEMENRR, BNESWA—RHMBHIT —RAINER topological sort(), XIFIHE
MEAKD) BIRIMER) 1, SEAERMLAMI), FEBHHEEL,

HERIENMBURBNTLURRIHITER S, BEBEEBNRTN, BLRNVEER
SRR, ARETHBMASRIG N —R case HIHIA.

AV

poj_1094.cpp
// P0J 1094 Sorting It All Out, http://poj.org/problem?id=1094

#include <iostream>

#include <climits> // for INT_MAX

#include <stack>

using namespace std;

/xx IIRENRAE */

const int MAX_NV = 26;

/xx PERRIE. */

typedef int graph_weight_t;
const int GRAPH_INF = INT_MAX;

/**
*0struct IRIFREFE.
*/
struct graph_t {
int nv; // TNWREN
int ne; // ¥
/7 WEREME, BROUONER, WNES
graph_weight_t matrix[MAX_NV] [MAX_NV];
};

graph_t g;
/xx TINFRPEVER. */
int topological [MAX_NV];
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/*%

*

Gbrief FIMNEFE.

Oparam[in] g EXVRHIEBEH

@param[out] topological {REIHINERBBIER
ereturn FINRE 1, BINRD 0, FEANBERD -1

* X *

*/
int topo_sort(const graph_t *g, int topologicall]) {
const int n = g->nv;

/* in_degree[i] RIMm i BIAE */
int *in_degree = new int[n]();
for (int i = 0; i < n; i++) {
for (int j = 0; j < mn; j++) {
if (g->matrix[i] [j] < GRAPH_INF)
in_degree[j]l++;

}

stack<int> s;
for(int i = 0; i < n; i ++) {
if (in_degree[i] == 0) {
s.push(i);
}
}

int count = 0; // IINBINITTETEL
bool insufficient = false; // FHEEARZE
while(!s.empty()) {
/7 BRARZIBRRE— TR
if (s.size() > 1) insufficient = true;
/7 HERTAR u
const int u = s.top(); s.pop(Q);
topological [count++] = u;
--in_degreel[ul; // TR -1, XRCEHL
/! BFINE
for (int i = 0; i < n; i++) if (g->matrix[u] [i] < GRAPH_INF) {
—--in_degree[i];
}
/] EEAEN 0 VAR
for (int i = 0; i < n; i++) if (g->matrix[ul [i] < GRAPH_INF) {
if (in_degree[i] == 0) s.push(i);
}
}

delete[] in_degree;
if(count < n) { // B
return O;
} else { // IR
if (insufficient) { // BIIR, REKERR
return -1;
} else {
return 1;

}
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}

int main() {

int m; // nw A—ERALHHE, RNBANLTEEES

/* FZEDRA0INEEE */
while ((cin >> g.nv >> m) & g.nv > 0 & m > 0) {

bool finished = false; // HIF5tAl, SR, KUWBNA, TJLURRILR

/! DB, B DREERNTIK
for (int i = 0; i < g.nv; i++)
for (int j = 0; j < g.nv; j++)
g.matrix[i][j] = GRAPH_INF;

/] FEUER
for (int k = 0; k < m; k++) {
string s;
cin >> s;
g.matrix[s[0] - 'A'][s[2] - 'A'] = 1;

if (finished) continue; // FEA%, M continue, HFEHA

/] BEBIR, 0 RINBEIR
const int ok = topo_sort(&g, topological);

if (ok == 0) { // BREHE

cout << "Inconsistency found after " << k+l1 <<

" relations." << endl;

finished = true; // IEBIGR, CEBARENEFHA

}
if (ok == 1 && k) {

cout << "Sorted sequence determined after " << k+1

<< " relations: ";
for (int i = 0; i < g.nv; i++) {
cout << (char)('A' + topologicall[il);

}
cout << "." << endl;
finished = true;

}

// ok==-1, continue

}
if (!finished) {

cout << "Sorted sequence cannot be determined." << endl;

}
}

return O;

poj_1094.cpp
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BXBEE
SENSGEICIENISE
« POJ 1094 Sorting It All Out, http://poj.org/problem?id=1094
SN EIPEN ISR
« PQJ 3267 The Cow Lexicon, http://poj.org/problem?id=3267
« POJ 3687 Labeling Balls, http://poj.org/problem?id=3687

14.6 XBEER

ABO FRERTNGHIRENE, BIRFRNE, X 0E IUEINRRENENE (Ac-
tivity On Edge Network), ZFR AOE f&.

BERKEEIMKXEREEE (Critical Path), RIZFFIBRN v1, M v B v IRKEBEKEN
WBH v BREBRENE. XTSBHRE TEMU v NENINFIRRINEHNNRETTIBNE. B
A e(i) Tovon) e IREFBNE. BRITUEN —NEBNSRFBNG (1), XBEAERED
TRTHBRIRT, G50 e IRWIFHSETHNE. MEBZZE I(i) — (i) RIKETTHUEE a: BIKN
BRE. BANE () = e(i) BRBFENIUFEEE 0.

WA a: B < j,k > KRR, NIREEN e(d) 70 1(:), BEMNKEBEHNRERENE
ve(j) MRIRRENE vl(j), EFENECH dut(< 5,k >), WBUFXRR

e(@) = wve(j)
(1) = wvl(k) —dut(< j, k>)

K ve(j) A0 vl(k) TBOFLET :
1. M ve(0) = 0 FFEEHSHE
ve(j) = max {ve(?) + dut(< 1,5 >)},<4i,j >€T
Hp T AIBURR j RIKENHES,
2. Mol(n —1) = ve(n — 1) RE/GEHKE
vl(j) = min{vl(k) — dut(< j,k >)},< j, k> S

Hop S RATBEMUINR j NINELHES.

IR0, XYE14-5(a) PR AOE MBEINTEIIZWR14-4F7R, TN a2, a5 0 a7 NXBER, 4
R—RMNEREIRREKRISE, WE14-50b) BT,
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(b}

14-5 BOERNESEREE
% 14-4 [B14-5(a) 7~ AOE MBI X RIS RHNTE NI

s ve vl SEFh e 1 l-e
U1 0 0 ai 0 1 1
Vg 3 4 as 0 0 0
V3 2 2 as 3 4 1
Uy 6 6 a4 3 4 1
Vs 6 v 7 T as 2 2 0
Vg 8 8 ag 2 5 3

ay 6 6 0
as 6 7 1

REEFRE FHIRBRES R CIBSKIMA T

AV

am_graph_critical_path.cpp
#include <iostream>

#include <climits> /* for INT_MAX */

#include <stack>

#include <algorithm>

using namespace std;

/xx TRBHETRAIE */

const int MAX_NV = 100;

/x NEME, WHRE, A 0 5 1 XRAESENA; WBNE, WARE. */
typedef int graph_weight_t;

const graph_weight_t GRAPH_INF = INT_MAX;

/**

*Q@struct JPEZFOLE.

*/

struct graph_t {
int nv; /* JURE */
int ne; /* A& */
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/* SLERME, BRILNESR, WINESE */
graph_weight_t matrix[MAX_NV] [MAX_NV];

3

graph_t g;

/xx IEINERPRNER. +/

int topological [MAX_NV];

/¥ KEBEE, HRIMRN-1. */
int path[MAX_NV];

/*

ebrief ZRIBINEFPAINT, HEMBIMKRNRERENE ve.
Oparam[in] g EXVRBVEEH

@param[out] topological {REIHINERBBIER

@param[out] ve PIEBHNRERENE

Q@return FLIRRD true, BINRDO false

* X ¥ ¥ %

*/
static bool toposort_ve(const graph_t &g, int topologicalll,
graph_weight_t ve[l) {
const int n = g.nv;

/* in_degree[i] RIm i BIAE =/
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]l++;

}

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; // HINBIIKTTETEN
while(!s.empty()) {
/7 RIS u
const int u = s.top(); s.pop(Q);
topological [count++] = u;
--in_degree[ul; // TR -1, XR2EHY
/] BIENE
for (int i = 0; i < n; i++) if (g.matrix[u][i] < GRAPH_INF) {
—--in_degree[i];
}
/] BEFLERE ve
for (int i = 0; i < n; i++) if (g.matrix[u] [i] < GRAPH_INF) {
if (vel[i] < velul + g.matrix[u] [i])
vel[i] = velul + g.matrix[u] [i];
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/7 EBAERN 0 BN
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; // BIf
else return true; // IR

/**

Gbrief RAWIBRE, B—TMRNER, RE—TMRANER.
@param[in] g EIXVRBVIEET

@param[out] ve FTESHHRERENE

@param[inout] path KEEISE

ereturn FINROXBEENINR T, BINRD 0

* X ¥ ¥ *

*/
int critical_path(const graph_t &g, int path[MAX_NV]) {
int count = 0; /] KEBEROISR T
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; // BIR

for (int i = 0; i < MAX_NV; i++) path[i] = -1;
/! B v RERK

for (int i = 0; i < g.nv; i++) vl1[i] = velg.nv-1];

/! BFRITE vl
for (int i = g.nv-1; i >=0; i--) {
const int k = topologicall[i];
for (int j = 0; j < g.nv; j++) {
if (g.matrix[j][k] < GRAPH_INF) {
if (v1[j] > v1l[k] - g.matrix[j][k])
v1l[j]l = v1[k] - g.matrix[j][k];

}
}
for (int i = 0; i <
for (int j = 0;
const int e
const int 1
if (e == 1)
if (A ==0) {

path[count++] = i;

nv; i++) {

< g.nv; j++) {

vel[il;

v1l[j] - g.matrix[i] [j];

Al —0m

path[count++] = j;
} else {
path[count++] = j;

}
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}
delete[] ve;
delete[] vl;
return count;
}

/*x FHEA, WRE. */
void read_graph() {

}

cin>> g.nv >> g.ne;

/1 B, FrEHREEENTHIK
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++) { // ZEUAES

char chx, chy;

graph_weight_t w;

cin >> chx >> chy >> w;
g.matrix[chx - 'A'][chy - 'A'] = w;

/* test

N

o]
6

OmwaQwaQ=r=

mmETOoOaQmo
NP WWNDPRNDW

BWH: ACDF

*/

int main() {

read_graph();
/* BINER */
const int count = critical_path(g, path);
for (int i = 0; i < count; i++) {

cout << (char) ('A' + path[i]) << " ";
}

return O;

am_graph_critical_path.cpp
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BEDM
—RIEE, ERERN O, —RPEE, EXEN O(n?), B, ZEENEREN O(n?).



E18
VS HESBENER

HENTEEARER. REFOHZEN, RECEE LAY -EEE. ABNBEERRTD
BROHESEARL,

15.1 g

15.1.1 MR/ 1EBEE

KRERKNLE (greates common divisor) BIRZ/77A, REHBDZELRIRLEEE A (Euclidean
algorithm®), X ARUEFABIS %o

ged.c

/**

Gbrief RERANLIH, RIE/EE, WREEERE

*
*
* Q@param[in] a a
* @param[in] b b
* Q@return a 0 b BYRADNLAE
*/
unsigned int gcd(unsigned int a, unsigned int b) {
if (b == 0) return a;
return gcd(b, a % b);
}

/**

@brief REREANLH, RIE/EE, EARE

Q@param[in] b b
@return a 1 b BISRAKANE
*/
unsigned int gcdl(unsigned int a, unsigned int b) {
while (b != 0) {
unsigned int tmp = b;
b=a?¥%b;
a = tmp;

*
*
* Qparam[in] a a
*
*

Dhttp://en.wikipedia.org/wiki/Euclid_algorithm

292
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return a;

}

/**

@brief RERANLIH, RIE/EE, KIURE, ETREA

@param[in] b b
Qreturn a ] b BIRAKALNE
*/
unsigned int gcd2(unsigned int a, unsigned int b) {
while (a !=b) {

*
*
* Q@param[in] a a
*
*

if (a > b) {
a —-= b;
} else {
b -= a;
}
}
return a;

ged.c
KETRARAAANE, TJUNBERRE/NAEE (least common multiple), lem(a,b) = a X

b/ ged(a, b)o

Pl

« wikioi 1212 B KANZJEY, http://www.wikioi.com/problem/1212/

151.2 ¥ RBIRE/EE

FE: XNFAT2N 0 VFENEY o, b, DRBEREXY z,v, F18 ged(a,b) = az + by,
XE 2z Ky A —ESIEH. R BEE % (Extended Euclidean algorithm®) 72K = 0
y 8%

ex_ged.c
/**

ebrief ¥ FEMR/IEEEA

@param[in] a a

@param[in] b b

@param[out] x

@param[out] y

@return gcd(a,b)

* X X X X X

*/
unsigned int ex_gcd(unsigned int a, unsigned int b, int *x, int *y) {
if (b == 0) {
*x = 1; *y = 0; return a;
} else {

Dhttp://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_ged.c

TR EREANNAEREU =1
- KEEARESTE;

- RBEEMHE (BMRARDE);
 RBRHETT;

RERESE

RAEDR ar + by = c NBEHF 2.y, HPa>b>c>0,
1% g = ged(a,b), 512 az + by = g I—AER (z0,v0), MWHc R g BIBHN ax + by = cBI—
FARRZ (z0,10)o IEBHES.

/**

@brief KEARTHIZ ax+by=c

@param[in] a a

@param[in] b b

@param[in] c c

@param[out] x x

Q@param[out] y y

ereturn BEHEMHE, 1 XNEHE, 0 ROLH

* X X X X X ¥

*/
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 (¢ % g) return O;

k=c/g;
(xx) *= k; (xy) *= k;
return 1;

REBREMSE

fEDE ez =bmod n, HPa,b,n BIEEE,
az = bmod n BB E “azx A0 b R n WREFABF”, RXMEEN y, Waz —b=ny, XIF
LR EN BTN EDR. B NRNSBIARIE T8,
/**
* Qbrief RFABKNMIE ax = b mod n
* @param[in] a

* Q@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, 1i;
unsigned int k;
unsigned int g = ex_gcd(a, n, &x, &y);
if(b % g) return O;

k=b/ g;
x0 = (k * x) % n; //45E
for (i = 0; i < g; i++)
printf("%d\n", (x0 + i * (n/g)) % n);
return 1;

KEFRENDTT

B—NMEHIBERNES|RIRESZM, b= 1K, az = 1 mod n BIBIRN o FFH& n BB (inverse),
TEDMT “FIE” 8= TANE « PEEENR ? RIFBLEIWIE, SR ar —ny = 1 2FH, X
B, 1 DVIRE ged(a,n) BBE, B« F0n WINE R,

15.1.3 T=EHIE

RYHE, XIRREGOU (Primality test®), BNSE—NEREH n, FIMTRESRRH.

S YALES S
M2 B n, KRIENRE, iLnbRUEN]), RBE—TEZER, U n A2HEH.
/**

* Qbrief F|MTIEEH n BERERH
* @param[in] n [FEEH
* Qreturn 2, RO 1, &, RO o0

*/
int is_prime(unsigned int n) {
int i;
if (n < 2) return O;
for (i = 2; i < n; i++) {
if (n % i == 0) return O;
}
return 1;
}

UM — 0, M 1 B v, HRRIERBREL
/*%
* @brief ¥YFIFRA n BRERERH, LFHRIN sqrt@
* @param[in] n [FEEHY
* Qreturn =2, RO 1, &, RO 0

Dhttp://en.wikipedia.org/wiki/Primality test
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*/

int is_prime(unsigned int n) {
int i;
if (n < 2) return O;
const int upper = sqrt(n);

for (i = 2; i <
if (n % i =

= upper; i++) {
= 0) return O;
}

return 1;

}

/**
* Obrief F|YTIEEE n BEREREY, LRI sart@), BREM sqrt O B
* Qparam[in] n [FELZ]
* Qreturn 2, RO 1, &, RO 0
*/
int is_primel(unsigned int n) {

int i;

if (n < 2) return O;

for (i = 2; ixi <= n; i++) {

if (n % i == 0) return O;

¥
return 1;
}
Eratosthenes %

FEVMNRFHAEDENZEILITEE KRR, DM —THRERERNN, BEER
ED@'O

/EFELTE 7 A Eratosthenes 75 (Sieve of Eratosthenes®)

SHBMEELCE n, [HE Vi DIABNERE p1,p2, ..., 0k TA2EM, BIE28T, 28
BHIRE; BRET TR, B3/, IB3BT, B3898H5RE; #TEB T 15
7, 1B5BT, IB50BHIKRE; TMEETE....o

#define MAXN 30000
/** prime_table[i]l==1 TR i BEH, FF 0 NI RBHEE +/
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]) {

Dhttp://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];

}

F|NREEMMAR
TEXERLIB2 M GNU GMP(http:/gmplib.org/) BYRMAED DX HKAT,

int is_prime(unsigned int n) {
unsigned int q, r, d; /x B, RE, BREL +/

/+* BXTEHEANERIMS2IEHR T +/

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 O;

for (d = 11;;) {

qQ=n/d;

r=mn-q *d;

if (q < d) return 1; /* RIE d NBY sqrt(n) */
if (r == 0) break;

d += 2;

q=n/d;

r=mn-q*d;

if (q < d) return 1;
if (r == 0) break;

d += 4;
}

return O;

P

« wikioi 1430 REUFITE, http://www.wikioi.com/problem/1430/

15.1.4 REXEUE
R

FKamodb,1<a<10 1< b < 100000,
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NE—{THHER a mod b

2T TN

23
12 7
152455856554521 3250

HHIELE

2
5
1521

AV

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

/x —PATERD 4 DMHEHI, BIBERDEHI */
#define BIGINT_MOD 10000

#define MOD_LEN 4

#define MAX_LEN (1000/MOD_LEN+1) /* EXENERANIEN */

char a[MAX_LEN * MOD_LEN];
int x[MAX_LEN], y;

/**
* @brief JRHANFIBFEHNARE, BHARTR, BAARbIE.
* Qparam[in] s BANZRFES
* @param[out] x KEEZ(
* Qreturn 5
*/
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--) alj++] = s[i] - '0'; =/
for (i = len; i > 0; i -= MOD_LEN) { /% [i-MOD_LEN, i) */
int temp = O;
int k;
const int low = i-MOD_LEN > O 7 i-MOD_LEN : O;
for (k = low; k < i; k++) {

bigint_mod.c
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temp = temp * 10 + s[k] - '0';
}

x[j++] = temp;
}

/*%
* @brief T+& x mod y
* @param[in] x KZEX(
* Qparam[in] y 1&
* Q@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[il) % y;
}
return ret;

}

int main() {
while(scanf ("%s%d", a, &y) > 1) {
bigint_input(a, x);
printf ("%d\n", bigint_mod(x, y));
}

return O;

PN S
SNSRI ISR
« HDU 1212 Big Number, http://acm.hdu.edu.cn/showproblem.php?pid=1212
SENEEPEYISR

« None

15.2 AEHE

bigint_mod.c
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AV

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

/x —PEATTRERT 4 DHHEHENL, BIARTDHEHIBY +/
#define BIGINT_RADIX 10000

#define RADIX_LEN 4

#define MAX_LEN (200/RADIX_LEN+1) /* BB ANIE */

char  a[MAX_LEN * RADIX_LEN], b[MAX_LEN * RADIX_LEN];
int x[MAX_LEN], y[MAX_LEN], z[MAX_LEN + 1];

/*%
* Qbrief FTEREEA].
* @param[in] x RXH, AHMART, (HAETRIUE
* @param[in] n 8 x NKE
* Q@return
*/
void bigint_print(const int x[], const int n) {
int i;
int start_output = 0; /+ FAFBHIBIS 0 */
for (i =n-1; i >= 0; --i) {
if (start_output) { /x WRZBRE 0 DEFKI, WL */
printf ("%04d", x[il);
} else if (x[i] > 0) {
printf ("%d", x[il);
start_output = 1; /* fIFIEE—NIE 0 B9E, FMIRAIZDFRE 0 2EEPKT =/

}

if (!start_output) printf("0"); /* ¥ x £H 0 i */
}

/**

* Obrief RIANZRIBFEMH IV REH.

* Oparam[in] s BANTRSE

* @param[out] x REH, AAXRT, (FAIEEHBIL

* Qreturn Jg

*/

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--) al[j++] = s[i] - '0';
for (i = len; i > 0; i -= RADIX_LEN) { /* [i-RADIX_LEN, i) */
int temp = O;
int k;
const int low = i-RADIX_LEN > O 7 i-RADIX_LEN : O;
for (k = low; k < i; k++) {
temp = temp * 10 + s[k] - '0';
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}
x[j++] = temp;
}
}
/**
* @brief NEHIIE
* @param[in] x x
* @param[in] y y
* @param[out] z z=x+y
* Qreturn TG
*/
void bigint_add(const int x[], const int y[], int z[]) {
int i;
for (i = 0; i < MAX_LEN + 1; i++) z[i] = O;
for (i = 0; i < MAX_LEN; i++) { /x ER{LABN0 =/
z[i] += x[i] + y[i];
if (z[i] >= BIGINT_RADIX) { /* BIDHEHAL */
z[i] -= BIGINT_RADIX;
z[i+1] ++;  /x JHOL */
}
}
}
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 O;
}
bigint_add.c
=P L]
5XAZHEENME :

- (2RI SSINELTRY YE 144 TN 71D
. B4 2981 KBNS, http://poj.grids.cn/practice/2981/

SENLEIPEYISE
« None

CEIH, RRIRIT S SIRAE LSRR, BHEAR S HRAL, 2007
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16.2 KEEBHE
R
KN IEA I KRB E.

BWA

F VTRUHNSEARN T, BENABES 217, H1T2REAH 2, F2/T2HEH b >b),

BITHEABY 100 M, REDZREEIS 0. BAVKEIEZBE—TZT.

L Tl
BENREIERLE—T, RMBNHE

22T TN

2
9999999999999999999999999999999999999
9999999999999

5409656775097850895687056798068970934546546575676768678435435345
1

DT

BLVNSENETINE, W TMITISEAAEN0, BYSHAR] 10 CXERDHH, M2 10000)

T,
R 200 B RN, SRIESE 201 il

HHIELE

9999999999999999999999990000000000000
5409656775097850895687056798068970934546546575676768678435435344

AV

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

/x —PATTERRD 4 DMEHI, BIBERDEHI */
#define BIGINT RADIX 10000

#define RADIX_LEN 4

#define MAX_LEN (100/RADIX_LEN+1) /x EIMIBVESRANIEL */

char a[MAX_LEN * RADIX_LEN], b[MAX_LEN * RADIX_LEN];

bigint_sub.c
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int x[MAX_LEN], y[MAX_LEN], z[MAX_LEN];

/**
* @brief FTENAEEHS.
* @param[in] x AR, FBAHERE, RAIERIBLE
* @param[in] n #A x BIKE
* Q@return J;
*/
void bigint_print(const int x[], comnst int n) {
int i;
int start_output = 0; /* BFEIRIS 0 */
for (i =n-1; i>= 0; --i) {
if (start_output) { /* YURIFRHY 0 SELEPII, WiE =/
printf ("%04d", x[il);
} else if (x[i] > 0) {
printf("%d", x[il);
start_output = 1; /* RRE—NIE o BYE, FiRBEIRA 0 SEEHKI */

}

if (!start_output) printf("0"); /+* T x £ 0 [ */
}

/**
* Obrief I ABYSZRFBFEMN VAL
* @param[in] s BAHZRTR
* Oparam[out] x REH, AHART, (FRALEbIE
* Q@return
*/
void bigint_input(const char s[], int x[]) {
int i, j = 0;
const int len = strlen(s);
for (i = 0; i < MAX_LEN; i++) x[i] = 0;

>

// for (i = len - 1;
for (i = len; i > 0;
int temp = 0;

int k;
const int low = i-RADIX_LEN > O ? i-RADIX_LEN : O;
for (k = low; k < i; k++) {

temp = temp * 10 + s[k] - '0';

; i--) alj++] = s[i] - '0';

i 0
i RADIX_LEN) { /* [i-RADIX_LEN, i) */

}

x[j++] = temp;

/**

Qbrief REEHURE.

Qparam[in] x x
@param[in] y y, x>y
@param[out] z z=x-y

* X X X X
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* Qreturn TG
*/

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++) { /% ZX(IORE */
z[i] += x[i] - y[i];
if (z[i]l < 0) { /+x BESREBMEN ~/
z[i] += BIGINT_RADIX;
z[i+1] ——; /* B */

}

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 O;

BXNEE
SENGLEEIE ISR
- 8%k 2736 REEHUFE, http://poj.grids.cn/practice/2736/
SEBLIME :

« None

16.3 KEBEIOE
R
KN IEI Y R EEEAB TR EVER

bigint_sub.c
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BWA
BRI, BT RNBY 200 AIB0FENEE, BEZRIVEIS 0.
L= Tlan]
—17, BERENER. SREBFETIZIFRNFS 0,
HHIEA
12345678900
98765432100
HHlEH
1219326311126352690000
DT
P 200 7BVEIETE, MERZEE 400 (i,
HERNEEAR HR/NSE T ERETELT. ARIEHE, HARTRIBEHFAL, MHAIY)

ABFTREH IR,
U 835 x 49 NPIFKR PRI EI .

E 835 x 9 5x91BF 451, 3x 91852710, 8 x 9718F] 721 100, BFARTRNEH

{1, PALL 835 x 9 &52/G, aResult 101 :

THF 5 ; 3 2 1 0
aResutt ----| o | o [ o [ 72 [27r | 45 |

BTRE4x5, [thh4x5HERAE 20D 10, FILE aResult[1]+=20, LI3:

THF 5 4 3 2 1 0
aResult | [o |0 |'F2 |4? |45 |

BTR&E4x3, Ithh 4 x 3ERAE 121100, FILE aResult[2]+= 12, TI:

Tt 5 4 3 2 1 0
aResult ----| 0 | o | o [84 [47 [ 45 |

RIEE 4 x 8, [hhh 4 x 8 BUERK R 321 1000, REIE aResult[3]+=32, ITN:

5 4 3 2 10
aResult ----| 0o | o [ 32 |84 | dr | 45 |
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T2 TTH. £ FRM aResult[0] FHISE S MR MEHATANM, aResult[0] B 5, # 4 N0Z]

aResult[1] £, aResult[1] ZJy 51 /5, W T 1, I8 5 N0F] aResult[2] feeeeee RZIFIE aResult BT
DR 1 IH, BRIMELRKT
TiE 5 4 3 2 1 0
aResult ----| 0 | 4 | o [ 8 | 1 [ 5 |

DB TR, BI—THEYE i A0S — T HEVE j (RSN, —ERRRNIERNSE
b, XBijEBEMEEZ, Mo TR

AV

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

/x —PEATTERRD 4 MHEHI, BIEBERDEH */
#define BIGINT RADIX 10000

#define RADIX_LEN 4

#define MAX LEN (200/RADIX_LEN+1) /* MBS ANLIEL */

char a[MAX_LEN * RADIX_LEN], b[MAX_LEN * RADIX_LEN];
int x[MAX_LEN], y[MAX_LEN], z[MAX_LEN * 2];

/**
* Obrief FJEJREEL.
* @param[in] x AEEHY, BAARSR, FAARMBIE
* Qparam[in] n #A x BIKE
* Q@return T,
*/
void bigint_print(const int x[], const int n) {
int i;
int start_output = 0; /* FBFEKIRIS 0 */
for (i =n-1; i > 0; --i) {
if (start_output) { /* YURIFRHP 0 SEEPIY, WiLE =/
printf ("%04d", x[il);
} else if (x[i]l > 0) {
printf("%d", x[il);
start_output = 1; /* RIFIE—DIF 0 BYE, RIRBHEZREY 0 2EERY *

}

if (!start_output) printf("0"); /+* ¥ x 2R 0 [ */
}

/**

* Obrief JREAABISZRIBEEM NARE.

* Oparam[in] s BABIFRE

* Oparam[out] x KX, BHART, KA
* Q@return J;

*/
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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--) al[j++] = s[i] - '0';
for (i = len; i > 0; i -= RADIX_LEN) { /% [i-RADIX_LEN, i) */
int temp = O;
int k;
const int low = i-RADIX_LEN > O ? i-RADIX_LEN : 0;
for (k = low; k < i; k++) {
temp = temp * 10 + s[k] - '0';
}

x[j++] = temp;

/*%
* @brief KEHIEA.
* @param[in] x x
* @param[in] y y
* @param[out] z z=x*y
* Q@return Jg
*/
void bigint_mul(const int x[], const int y[], int z[]1) {
int i, j;
for (i = 0; i < MAX_LEN * 2; i++) z[i] = O0;

for (i = 0; i < MAX_LEN; i++) {
for (j = 0; j < MAX_LEN; j++) { /* A y[il, EEE x OB +/
z[i + j1 += y[il * x[31; /> PW&EE i, j U3k, RNBIGSRHE i+j i */

if (z[i + j1 >= BIGINT_RADIX) { /+x BT BHNI +/
z[i + j + 1] += z[i + j] / BIGINT_RADIX; /* I */
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 O;
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BXEE
SEN=EEEIEYIER

- (BRI SSIRTELTRY 8146 1727
- 8%k 2980 AEEK3RIE, http://poj.grids.cn/practice/2980/
SE NP ENISE

« None

16.4 KEEERE
B
KN IE 1Y KR EEAABBRBYRS

#WA

bigint_mul.c

E TRNZEIBEVA T, SENAEIES 217, B 11TREGE, F 2T, BT8R

ANBY 100 PERF. BEMAEIEZ HE— 12T,

L Tl
BENZEIERLE T, RMENNEYHE
BN
3

2405337312963373359009260457742057439230496493930355595797660791082739646
2987192585318701752584429931160870372907079248971095012509790550883793197894

10000000000000000000000000000000000000000
10000000000

5409656775097850895687056798068970934546546575676768678435435345

1

ek Tl

0
1000000000000000000000000000000

5409656775097850895687056798068970934546546575676768678435435345

CEIH, RRIRIT S SIRAE LSRR, BHEAR S HRAL, 2007



310 E16E8 ABEHZE

paLiil

EXANBBEREMNE, BEMNGHERZEREZ/ D MR, B2 . —1—18
ERANIE, WARFEIR—LLIE ? DL 7546 BRI 23 RBISKE—T: FHEEN 0. FEBiZ 23 8 100 15,
P 2300, ARMEBE 3R, R 6460 T EREUERIBI 300, RS 646 /MEK 230, KM, 2 R,
R 186, TRAOVEIBN 20, FRIGA 186 BiZx 23, B 8 X, RIREERZ 328,

PIUARBZINREE — MR BHMORARE, REREVEPZREHITRIARIE.

THEREBY 1013, 100 BHNR, ARWERE, ERERHGEA 0 BT,

AV

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

/* —PHATTERFRT 4 DHEHEI, BIEERDEHER +/
#define BIGINT_RADIX 10000

#define RADIX_LEN 4

#define MAX_LEN (100/RADIX_LEN+1) /* BB ANIE */

char  a[MAX_LEN * RADIX_LEN], b[MAX_LEN * RADIX_LEN];
int x[MAX_LEN], y[MAX_LEN], z[MAX_LEN];

/*x*
* @brief FTEAZEEN.
* @param[in] x ANEZ, FHARME, AT
* @param[in] n FA x HKE
* Qreturn TG
*/
void bigint_print(const int x[], const int n) {
int i;
int start_output = 0; /+ FAFHIBS 0 */
for (i =n-1; i > 0; --i) {
if (start_output) { /x WRZBRH 0 DEEKIT, WL */
printf("%044", x[i]);
} else if (x[i]l > 0) {
printf("%d", x[il);
start_output = 1; /* FFE—NE 0 BYE, FIREZRE 0 SELEBT */

}

if (!start_output) printf("0"); /* ¥ x £H 0 i */
}

/*x*

* Gbrief I ABYSRTEBFM AL

* @param[in] s HWABZRB

* Oparam[out] x KEH, AHART, ATt

* Qreturn TG
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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;
for (i = len; i > 0;
int temp = O;

int k;
const int low = i-RADIX_LEN > O 7 i-RADIX_LEN : O;
for (k = low; k < i; k++) {

temp = temp * 10 + s[k] - '0';

i >= 0; i--) a[j++] = s[i] - '0';
i -= RADIX_LEN) { /* [i-RADIX_LEN, i) */

}
x[j++] = temp;
}
}
/*%
* @brief & ANEANOUEL.
*

* @param[inout] x KEEH
* Qreturn {U7%f
*/
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;

}

VLS

@brief AEEHUEIE.

@param[in] y y
Oreturn YR x < y, RO-1, YR x=y, RO o, WR x>y, RO 1
*/
static int bigint_sub(int x[], const int y[]) {
int i;
const int lenx = length(x);
const int leny = length(y);

/x Flir x BEEL y K */
if (lenx < leny) return -1;
else if (lenx == leny) {
int larger = O;
for (i = lenx - 1; i >= 0; i--) {
if (x[i] > y[iD {

*
*
* Qparam[inout] x x
*
*
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larger = 1;
} else if (x[i] < y[il) {
if (!larger) return -1;
}
}
}
for (i = 0; i < MAX_LEN; i++) { /x ZE{AERE */
x[1] -= yl[il;
if (x[i] < 0) { /» EREEMEBA +/
x[i] += BIGINT_RADIX;
x[i+1] -=; /x &1 */
}
¥
return 1;
}
/*%
* Qbrief REHRIA.
*
* @param[inout] x x
* @param[in] y y
* @param[out] z z=x/y
* Qreturn Jg
*/

void bigint_div(int x[], const int y[]l, int z[]) {

int i;

int *yy; /* y BBIA */

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);

/* BB yy 6% times {U, FEKER x 8@, Bl yy F’LL 10000 BY times RE */

for (i = xlen - 1; i >= 0; i--) {
if (1 >= times) yy[i] = yy[i - times];
else yy[i] = 0;

}

/* FEREETD yx (10000 B times RF5),

ABETS, BREESTD yx(10000 B times-1 RJ3)

—BEREABRNIE */
ylen = xlen;
for (i = 0; i <= times; i++) {
int j;
while (bigint_sub(x, yy) >= 0) {
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z[times - i]++;

}

/* yy BRUL BIGINT_RADIX, BZR—1iI */
for (j = 1; j < ylen; j++) {
yyl3 - 11 = yy[3l;

yy[--ylen] = 0;
}

/* NEHBBIRS—NMEHAL */
for (i = 0; i < MAX_LEN - 1; i++) {
if (z[i] >= BIGINT_RADIX) { /* BSI2BEBH{L =/
z[i+1] += z[i] / BIGINT_RADIX; /* H{iI */
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 O;

bigint_div.c

PSS
SENCGEE ISR
- (RRPRIFSSIRIELSTRY "8 14973 D
- B4k 2737 REHERIE, http://poj.grids.cn/practice/2737/
. wikioi 3118 S¥EE > ZBR%, http://poj.grids.cn/practice/3118/

SENGRED YIS
« None

CEIH, RRIRIT S SIRAE LSRR, BHEAR S HRAL, 2007
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16.5 KEM T

16.5.1 KEFTEBINIEN
%)

K n! BIIE, 0<n <107

BA
FTR—TERBMT, ZTONREAN . BIRNT T, ST TEEH n.

L Tl

X8 n, STHEL n! BIAIE

2T TN

2
10
20

HHIEL

7
19

paliil

RERNNE, BEZXKUEE n!, REMAECEMNIE S . BXNTERIE, BN (TLE),
ABHSBHE Stirling AT, (Stirling’s formula®) :

n!
lim — =1
noe omm ()"

U MATERITE n! BUAIE, B©FT

nlogg + %logQTm—}—l

AV

bigint_factorial_digits.c
#include <stdio.h>
#include <math.h>

©http://en.wikipedia.org/wiki/Stirling's_approximation
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VAL
* Obrief 18 n BIMNFEAMUZEL, B Stirling AT
* @param[in] n n>=0
* Qreturn n BYMIEEVNIEN
*/
int factorial_digits(unsigned int n) {
const double PI = 3.14159265358979323846;
const double E = 2.7182818284590452354;
if (n == 0) return 1;
return (int) (n * loglO(n/E) + 0.5 * loglO(2*PI*n)) + 1;

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

scanf ("%d", &T);
for (i = 0; 1 < T; i++) {
scanf ("%d", &n);
printf ("%d\n", factorial_digits(n));

}
return O;
}
bigint_factorial_digits.c
EXNEE
S5XBEEHNAE :
« PQJ 1423 Big Number, http://poj.org/problem?id=1423
SENGEPEYIEE
« None
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bigint_factorial.c
#include<stdio.h>
#include<string.h>

/* —PMHATTRET 4 DG, BIZERDERI +/
#define BIGINT_RADIX 10000

#define RADIX_LEN 4

/* 10000! B 35660 il */

#define MAX LEN (35660/RADIX_LEN+1) /% BHIEUERANIE */

int x[MAX_LEN + 1];

/*x%
* @brief FJENAELES.
* @param[in] x KEH, AHART, KA
* @param[in] n ¥H x BKE
* Q@return Jg
*/
void bigint_print(const int x[], const int n) {
int i;
int start_output = 0; /x FAFHIBS 0 */
for (i =n - 1; i >= 0; --i) {
if (start_output) { /x WRIBRM 0 2E&EHY, Wi +/
printf ("%04d", x[il);
} else if (x[i]l > 0) {
printf("%d", x[il);
start_output = 1; /* WRE—PIE 0 BOE, FMIRBEIHFH 0 2E2XEPIY */

}

if (!start_output) printf("0"); /* H x 2R 0 [ */
}

/*x%

* @brief KEHERE, x = x*y.
* @param[inout] x x

* @param[in] y y

* Q@return Jg

*/
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void bigint_mul(int x[], comst int y) {
int i;

int ¢ = 0; /* {REHHU *+/

for (i = 0; i < MAX_LEN; i++) { /* By, X x BB +/
const int tmp = x[i] * y + c;
x[i] = tmp % BIGINT_RADIX;
c = tmp / BIGINT_RADIX;

}

/*%

* Obrief 1% n BINTE

* @param[in] n

* @param[out] x FNER
* Q@return J;

*/

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 O;

bigint_factorial.c

PR IE]
SABBENES
« HDU 1042 N!, http://acm.hdu.edu.cn/showproblem.php?pid=1042
SN PEYISR

« None
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EEmRANERD, EBSBIXEUE, I C++, Java inEEDH —LRIBIRSHFK, LIRS

Fsl. XEBMBFIEIR, REZV—TANERIDZSHK.

171 N—HE3

iR
ST, C++ STL OBV next_permutation(), RERAWT :
/*%

* @brief REN—THED, HIR0HBIHEIE 12345, F—E 12354
* @param[inout] num LFJHEY, IR0 12345

* @param[in] len num BYKE

* Q@return Jg

*/

void next_permutation(int num[], int len);

DHT

SRR WE 17-1P77x  (SEE http://fisherlei.blogspot.com/2012/12/leetcode-next-permutation.html ),

318
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Increase

€

C1C1 5 50 3 1 £ £

Example 6 8 7 4 3 2
Step 1 @ 8 7. 4 3 2
Step 2 6 8 @ 4 3 2
Step 3 7 8 6 4 2
Step 4 7] 8 6 4 3 2

7 2 3 4 6 8

1. Fromright to left, find the first digit (PartitionNumber)which viclate the increase
trend, in this example, 6 will be selected since 8,7,4,3,2 already in a increase trend.
2. Fromright to left, find the first digit which large than PartitionNumber, call it

changeNumber. Here the 7 will be selected.
3. Swap the PartitionNumber and ChangeNumber.
4. Reverse all the digit on the right of partition index.

17-1 N—THAE LM

sta

tic void swap(int array[], int i, int j) {
const int tmp = arrayl[il;

array[i] = array[jl;

array[j] = tmp;

next_permutation.c

static void reverse(int array[], int first, int last) { //ZHGFXE

¥

/*%
*
*
*
*
*

*/

last--;
while (first < last)
swap (array, first++, last--);

ebrief REN—"THD, PITIZRIADIR 12345, ~—1

@param[inout] num LFJHEYY, BFIR0 12345
Oparam[in] first FFIANIE

Oparam[in] last FEHRME, ZAGHXE
@return AYINIR[D 0, LMOR@E -1

=]
xE

12354
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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]1)
i-—;

if (4 == -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 O;
}
next_permutation.c
BXNEE
SENEEEIEN ISR

« LeetCode - Next Permutation, http://leetcode.com/onlinejudge#question_31

17.2 ¥MABIRER
B
B—TKEN n BIAE A BOTTRBINGR (ROR, Rotate Right) k{7, tHR0#IA 1, 2, 3, 4, 5 BIR
G 32 EFMER 3, 4,5, 1, 26
FE—

REBOER AT — T AN—HEVEAE B, BH—T, < B[(i +k)%n] = A[i], BB AT
503 ART. XTENREEREN OMm), FEEREHIN Om). THBWT:

ror.c
void rorl(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] = arrayl[il;

}

for (i = 0; i < n; i++) {
array[i] = B[il;

}

ror.c

BE=
R—ERNWE, BRRBAPHAIETREL L, BIF kXK. XTHENNEEXRENR
O(n'k), ZEEABHREN 01). {LHBUWT:

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; 1 > 0; i--) {
array[i] = array[i - 1];
}
array[0] = tmp;
}
}
ror.c
5=

5o ABTTREIE, BD1,2,3,4,5 854,32, 1, REBHKAIESB, 8134521, BBGE
n-k RIE, B03,4,5 1,2, 58

F8S: 12 A G980 nk LN X, BKALNY, M A=XY, 18 A BREB kALE, RAZSET YX. RiE
ZEE, % ARKREIE, B8 (XY) =Y"X", RERAIkAE, B83YX", REBGnk
(IfIE, 183 YX, EBRFTRNGESR, iEk,

XNENREERERN OCn), HESHEER O(1), HBBUWT:

ror.c

static void swap(int array[], int i, int j) {
const int temp = array[il;
array[i] = arrayl[j];
array[j] = temp;

static void reverse(int array[], int begin, int end) { //ZHGHX|g
end--;
while (begin < end)
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swap(array, begin++, end--);

}
void ror3(int *array, int n, int k) {
k %= n;
if (kx == 0)
return;

reverse(array, 0, n);
reverse(array, 0, k);
reverse(array, k, n - k);

}

ror.c

KHSEBENE MIBSA 2 R, BLEOFEAS, BERESBNE ?

pap UL

BNBBENRBIEB T TRNBCAZENME, ITHEREBIS, 1 MAZBAE 4 BB, 1
MB2E, 4RSS, B4 RAZEMRTE, £ 2 08, KILEHE, MILULHERTREHS,
MERM S —R. BELERXFHRRTE, BSBRBHMERLRAIS, thil1,2,3,4,56,7,8,9 6%
30, R 1 4 MIE, 4T 7 HOUE, RE7HE 1, XWE—BR5TS, BREE I 31T
R, HTY 6 MITRREWMY, BLADIE? AT, FiE 2, RE2. 5. sHHES, KE3, 6.
9, XFETF—TTHRE 1S, MZELS (BN1. 4. 728715 5), PERELEHEEEXE
S, TRMBETRANNY, 97503 RAALEE 3, TR2ME 3 MEBEAMINUS, Rft4
E—MBITRFBR—R, BRTHRTE (5) OBHIE (3) BR. RENHFIERR.

BT

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) % nl;
array[(j + k) % nl] = cur;
cur = tmp;
j=( +k)%mn;

} while (j !'= 1);

}
}
// test
int main(void) {
int i;
int all = {1, 2, 3, 4, 5 };
ror4(a, 5, 3);
for (i = 0; i < 5; i++) {
printf("%d ", alil);
}
return EXIT_SUCCESS;
}

ror.c
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