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Theo yéu cau cua ban doc, trong tip 3 nay chiing t6i minh hoa bang hai ngon ngir 18p trinh la Pascal
va Dev-C++. Pascal 1a ngén ngit 14p trinh mang tinh su pham cao va dugc dung dé giang day trong nha
truong phd thong theo chuong trinh hién hanh. Dev-C++ 1a méi trudong mi ngudn m¢ duoc cac ban sinh
vién yéu thich va thuong duoc chon 1am méi trudng 1ap trinh trong cac cude dua tai qudc gia va quc té.

Ca hai méi trudng Free Pascal va Dev-C++ déu dugc cung cip mién phi trén Internet.

Chung t6i hy vong rang sé& tiép tuc nhan dugc nhiing ¥ kién dong gép quy bau ciia ban doc gan xa vé
ndi dung va hinh thirc trinh bay cta bd sach.

Ha Ngi, Miia Xudn niam Dan 2010

Nguyén Xudn Huy



Chuong 1 Cac thuit toan trén String

1.1 Xéu ki tw

Xau ki tr 12 mot day cac ki tu viét lién nhau. Cac ki tu dugc lay tir mot bang chir cdi cho trudc, thong
thuong la bang ma ASCIL. Trong cac bai toan tin, k7 fu thuong duoc hiéu 1a chit cdi viét HOA hodc viét
thuong theo trat tu bd tri trong bang chi cai tleng Anh va cac chir s6. C6 thé hiéu xau ki tw 12 mot mdng
mét chiéu chira cac ki tu. Doi luc ta goi vén tat 1a xAu. Hiéu theo nghia nay ta c6 thé khai bao xau ki ty nhu
Sau:

// Dev-C++

char x[1000];

char *y = new char[1000];

Ca hai khai bao trén 1a twong duong nhau va x, y déu cod dung hrong hay stc chira t61 1000 ki tw v6i cac chi
s@ tr O dér} 999. Cac xau ki ty trong C++ duoc két thuc bang ki ty ((}éu) ket xdu’ "\0'. Ban can chac chan
ré'ng dflu két xau luf?n luén c¢6 mat trong cac xé}l do ban quan ly. Mot s6 ham ‘hé thong ctia C++ ty dong dat
dau két xau vao cuoi xau ki ty. Néu ban ty viét cac ham xir li xau thi ban can c6 thao tac twong minh dat
dau ket xau vao cudi xau. Néu ban khai bao xau ki tu x gom 1000 ki tu nhu trén thi ban chi dugc phép ghi
vao xau d6 toi da 999 ki tu (goi l& cdc ki tu c6 nghia). Vi tri cudi cung x[999] phai danh dé ghi dau két xau
0"
Trong Pascal v&i nhitng xau ngén, c6 chiéu dai khong quéa 255 ki, tw ban nén sir dung kiéu string, thi du

(* Pas *)

var x: string[100];
Khai bao trén cho phép ban sir dung x4u x nhu mot mang gdm 101 phan tir,

x: array[0..100] of char;
Tuy nhién, ban can nhé rang phan tir x[0] dugc hé théng danh riéng dé ghi chiéu dai hién hanh cia xau.
Thi dy,

(* Pascal *)

var x: string[100];

x := 'abc';

s€ ganx[1] = 'a'; x[2] = 'b'; x[3] = 'c';Riéng x[0] dugc gan ki tu c6 ma ASCII
[2a3:x[0] = #3.
Nhu vay ban dugc stir dung dung 100 ki ty ¢6 nghia.
Chiéu dai hién hanh khac véi sirc chira. Xau x nobi trén cod stic chura 100 bytes danh cho ban, khong tinh
byte dau tién x[0], con chiéu dai hién hanh 1a 3. Chiéu dai hién hanh dugc tinh trong C++ bang ham
strlen, trong Pascal bing haim length.
Vi nhitng xau dai trén 255 ki ty ban nén khai bao nhu mot mang, thi du

(* Pascal *)

var x: array[l..1000] of char;

va xu lf x nhu mot mang.

Trong C++ ciing c6 kiéu dir liéu string danh riéng cho viéc quan Iy cac xau. Vi kiéu niy ban c¢6 thé thuc
hién mot sé ham tién ich nhu cOng hai xau xty, gdn tri x =1y, ... Thi dy,

// Dev-C++

int main() {

string x = "abe", y = x;

cout << endl <K x <K " + " Ky <KL " =" KL (xty);
// abc + abc = abcabc

cin.get();

return O;

}
Cac xau trong dé bai déu duoc hiéu thdng nhat véi chi sé tinh tir 1 ¢én N. Khi lap trinh bang C++ ban luu y
chuyén d6i két qua cudi cung tir chi sb i sang i+1. Ban ciing c6 thé ghi dit liéu tir chi s 1 tré di, bé qua
phén tir 0.
Hing xau ki tu trong C++ duoc ghi gitra hai ddu nhay kép, thi du "string in CPP", trong Pascal dugc
ghi giita hai ddu nhay don, thi du, 'string in Pascal'. Néu giita hai du nhay don hoic kép ta
khong ghi ki tu nao thi ta thu dugc mot xdu rong 1a xau co chidu dai 0.



Cho xau s[1..n]. Mot dogn cia s 1a day lién tiép cac ki tu trong s. Ta ki hiéu s[d..c] Ia doan cua s tinh tir chi
s0 d dén chi s0 c¢. Thi du, néu s = 'abecdegh' thi s[2..5] = 'bede' la mét doan. Poan s[1..i]

duogc goi la tién to i cua s va dugce ki hi¢u 1a i:s. Poan s[i..n] CAc tién 16 va hau 16 ciia xdu s = "abed”

duoc goi 1a hdu 16 i ctia s va duoc ki hiéu 1a s:i. Xau dai n ki

ti ¢6 ding n tién t6 va n hau t. Tién t& Hau t6

Néu x6a khoi s mot s6 ki tu va (tat nhién) don cac ki ty con | 1:s=s[1..1] =& s:1 = s[1..4] = "abcd'
lal cho ké nhau, ta s€ thu du’O'C mét Xau con cua s. 2:5 = 5[12] ='ab' §:2 = 5[24] = 'bed’
1.2 Vé té chire dir li¢u vao/ra 3:s=s[1.3] =‘abc' | s:3 = s[3.4] = 'cd

Trong hdu hét céc bai ta gia thiét di lidu vao va ra dwoc ghi | 4:5 = s[1..4] = "abcd’ | s:4 = s[4..4] = 'd"
trong cac text file *.INP va *.OUT. Tén va céch thirc ghi dit
liu trong céc file dugc cho trong ting thi du cu thé ciia moi

bai. Theo gia thiét ndy trong cac bai giai s& chi tap trung gidi thiéu nhitng thuat toan co ban, cac ban s& tyr
viét phan t6 chtrc vao/ra dé thu dugc chuong trinh hoan chinh.

Turbo Pascal va Borland C++ bi han ché vé mién nhé. Cac ban nén st dung Free Pascal va DevC++ dé co
thé cap phat nhitng mang dir liéu di 16n voi hang ty bytes. Cac mang trong C++ dugc gan chi s 0, con
trong Pascal chi s6 mang do ngudi lap trinh ty dit. Trong DevC++, néu f 1a input file dang text thi dong
lénh £ >> x doc dit liéu vao ddi twong x d&én khi gdp dau cach. Mubn doc day du mot dong dir liéu chira
ca diu cach tir input file f vio mot bién mang ki tu s ta c¢6 thé ding phuong thirc getline nhu thi du sau day
char s[1001];

f.getline(s,1000,'\n");

Phuong thiic nay doc mot dong tdi da 1000 ki tur vao bién s, va thay dau két dong "\n' trong input file bang
déu két xau /0" trong C.

Lénh memset(a,0,sizeof(a)) gan toan 0 cho moi byte cia mang a.

Lénh memmove (a,b,n) copy n byte tr mang b sang mang a.

Lénh strepy (x, "abed") ; khdi tri "abed" cho xau x

Dé 1am quen véi cac thao tac doc/ghi dit lidu ban hiy thir giai bai toan dudi day.

1.3 Data data.inp

Tinh tong cua 12 so sau day:
Trong file van bdn datainp chita |1 -2 3 -4 5 ¢

dong dir liéu dau tién cé noi dung 78 9 10 -11 -12

"Tinh tong cua n so sau day:", data.out

trong d6 n la mot s6 nguyén dwong

. Tong cua 12 so:
cho truoc.

+1 -2 +3 -4 +5 +6 +7 +8 +9 +10 -11 -12 = 20

Tiép dén la n s6 nguyén ghi céch
nhau qua ddu cach.

Yéu cau: xdc dinh gid tri ciia n va tinh tong ciia n sé trong file data.inp roi ghi két qua vao output file
data.out theo dinh dang cho trong bang.

Thuét toan

Ta viét thu tuc Tong theo cac budc:

. M¢ input file ftén "data.inp".

. Cép phat bién string s, doc dong dau tién vao s.

. Duyét s dé tim ki tu s6 dau tién, doc tiép s6 d6 va ghi vao bién n.

. M6 output file g tén "data.out".

. Ghi dong dau tién "Tong cua n so:" v&in 1a gia tri cy thé doc dugc tai budce 3.

. Poc timg s trong n sb tir file f, ghi vao file g kém ddu +/— va cong don vao bién tong t.
. Ghi gia trj tong t vao file g.

. bong cac files fva g.

9. Thu hdi mién nhé di cép cho s.

OO\ AW N—

D§ phire tap: Co n.
(* Pascal: data.pas ¥*)
uses crt;
const fn = 'data.inp'; gn = 'data.out';
bl = #32; { Dau cach }
nl = #13#10; { Xubéng diu dong méi }
var n: integer;
function LaChuSo(c: char): Boolean;
begin
LaChuSo := (¢ >= '0') and (¢ <= '9"'");



end;

procedure Tong;

var i,t,x : integer;
s: string;

f,g: text;
begin
{ Mo input file f ten fn = "data.inp" doc dong dau tien vao s }
assign(f,fn); reset(f); readln(f,s);
i :=1; { Duyet s tim chu so dau tien }
while Not LaChuSo(s[i]) do inc(i):;
n := 0; { Doc so trong s ghi vao n }
while LaChuSo(s[i]) do
begin
n := n*10 + (ord(s[i]) - oxd('0'));
inc (i) ;
end;

assign(g,gn); rewrite(g); { Mo output file g ten gn="data.out" }
writeln(g, 'Tong cua ',n,' so:'); { Ghi dong thu nhat vao g }
t := 0; { Khoi tri bien tich luy t }
for i := 1 to n do { Doc lan luot tung so x trong n so }
begin
read (f,x);
if x > 0 then write(g,' +',x) else write(g,' ',6x);
t =t + x;
end;
writeln(g,' = ',t); { Ghi ket qua }
close(f); close(g); { Dong cac files }
end;
BEGIN
Tong;
writeln(nl,' Fini');
readln;
END.

// DevC++ Data

#include <string.h>

#include <fstream>

#include <iostream>

#include <stdio.h>

using namespace std;

// DATA AND VARIABLE

const char * fn = "data.inp";
const char * gn = "data.out";
int n;

// PROTOTYPES
void Tong() ;
bool LaChuSo (char c);
// IMPLEMENTATION
int main() {
Tong () ;
cout << endl << endl << " Fini" << endl;
cin.get();
return 0;
}
bool LaChuSo(char c¢) { return (¢ >= '0' && c <= '9"'); }
void Tong() {
const int mn = 100;
int 1, t, x;
ifstream f£(fn); // Mo input file f ten fn = "data.inp"
char *s = new char [mn]; // cap phat s
f.getline(s,mn,'\n'); // doc toan bo dong thu nhat
for (i = 0; i < strlen(s); ++i) // duyet xau s tim chu so
if (LaChuSo(s[i])) break;



n=0; // khoi tri son
while (LaChuSo(s[i])) { // doc so n
n = n*10 + int(s[i]-'0");
++i;
}
t = 0; // khoi tri bien tong t
ofstream g(gn); // Mo output file g ten gn = "data.out"
g << "Tong cua " << n << " so:" << endl;
for (1 = 0; 1 < n; ++i) {
£f >> x; // doc tung so x
if (x > 0) g << " +" << x; else g << " " K x;
t += x; // lay tong

}
g<< " =" << t;
f.close(); // dong input file
g.close() ;
delete s; // thu hdi bién s, néu can

}

1.4 Xau con chung

Hay tim chiéu dai I6n nhdt K trong sé cdc xdu con chung ciia hai Xau x va y.
Thi du, x = "xaxxbxcxd", y = "ayybycdy", chiéu dai cua xdu con chung dai nhat la 4 vng voi xau "abed".

Thuét toan
Xét ham 2 bién s(i,j) 1a dap s6 khi giai bai toan véi 2 tién t6 i:x va jiy. Ta co,

e 5(0,0) =s(i,0) = 5(0,j) = 0: mot trong hai xau la rng thi xdu con chung 1a rdng nén chiéu dai 14 0;

o Néuxﬁ] y[j1 thi s(i,j) =s(i-1,j-1) + 1;

e Néux]i] # ylil thi s(i.j) = Max { s(i-1,j), s(i,j-1) }.
Dé cai dat, trude hét ta muong twong 1a ¢ thé st dung mang hai chiéu v v6i qui ude v[i][j] = s(i,j). Sau d6
ta cai tién bang cach s dung 2 mang mot chidu a va b, trong d6 a 1a mang da tinh ¢ bude thir i-1, b 14
mang tinh ¢ budce thir i, tc 1a ta qui wdc a = v[i- 1] (dong i1 ctia ma tran v), b = v[i] (dong i ctia ma tran
V). Ta cd, tai budc i, ta xét ki tu x[i], véi moi j = 0..len(y)-1,

e Néux[i]=y[j] thi b[j] =a[j-1] +1;

e Néux[i]#£Yy[j]thi b[j] =Max{al[j], b[j-1] }.
Sau khi doc dir liéu vao hai xau x va y ta goi ham XauChung dé xac dinh chiéu dai tdi da cua xau con
chung clia x va y. a,b 1a cac mang nguyén 1 chiéu.

Do phirc tap: Co m.n, m = len(x), n = len(y).
(* XauChung.pas ¥*)
function Max(a,b: integer): integer;
begin if a > b then Max := a else Max := b; end;
function XauChung(var x,y: string): integer;
var m,n,i,Jj: integer;
a,b: array[0..255] of integer;
begin
m := length(x); n := length(y):;
fillchar(a,sizeof (a),0);

for i :=1 to m do
begin
for j :=1 to n do
if x[i] = y[j] then b[j] := a[j-1]+1
else b[]j] := Max(a[]j],b[j-11):;
a := b;
end;
XauChung := al[n];
end;
BEGIN
writeln;
writeln (XauChung ('xabcxxxd',6 'aybcydyy')); { 4 }
readln;
END.

// Dev-C++: XauChung.cpp



int Max(int a, int b) { rturn (a > b) ? a : b; }
int XauChung(char *x, char *y) ({

int i,3;

int m = strlen(x), n = strlen(y);

int a[n], b[n];

for (jJ = 0; j < n; ++j)

a[j] = (x[0] == y[3]) » 1 : O;
for (i =1; i < m; ++i) {
b[0] = (x[i] == y[0]) 2 1 : O;

for (j = 1; j < n; ++j)
if (x[i] == yI[3]) b[3j]l = a[j-1] + 1;
else b[]j] = Max(a[j],b[j-1]);
memmove (a,b,n*sizeof (int)) ;
}
return al[n-1];

}

int main() {
cout << endl << XauChung ("xaxxbcxd", "aybcyydy"); // 4

cin.get();

return O;

}

Céch lam test
Ban hay viét ra mot xau s ndo d6 lam dap $6, tirc 1 xau con chung, sau d6 thém vao s mot s6 ki tu dé nhan
duogc xau x, roi lai thém cho s mdt s6 ki ty khac d€ nhan duge xau y.

Cac bai twong tw
1. Xau chung 2. Cho hai xau x gém m va y gdbm n ki tu. Cﬁp x6a di tir xau X dx ki tur va tr xau y dy ki tur
de thu dugc hai xau giong nhau. Hay xac dinh gia tri nhd nhat cua tong dx-+dy.
2. Day con chung. Cho hai day s6 nguyén a gém m va b gdm n phan tir. Can x6a di it nhat 1a bao nhiéu
phan tu tir moi day trén dé thu duoc hai day giong nhau.
Thuét toan cho bai Xau chung 2

k = XauChung(x,y) ;

dx = len(x) - k;

dy = len(y) - k;

1.5 Dogn chung

Hay tim chiéu dai I6n nhdt k trong sé cdc doan chung cua hai xau x vay. )

Thi dy, X = "xabcxxabedxd”, y = "aybcyabedydy™ c6 chiéu dai cua doan chung dai nhat 1a 4 Gng vdi doan
"abcd".

Thuat toan
Xét ham 2 bién s(i,j) 1a chiéu dai 16n nhat cua hai doan gidng nhau x[i—k+1..i] va y[j-k+1..j], k — max.
Ta co,
e Néux[i]=y[j]thi s(ij)=s(i-1,j-1)+1;
e Néux[i] # y[j] thi s(i,j) = 0.
Dap s6 s& 1a Max { s(i,j) | 1 <i<len(x), 1<j<len(y) }.
Dé cai dit ta c6 thé s dung hai mang mot chidu nhu bai trude. Ta ciing ¢6 thé st dung mot mang mot
chiéu a va hai bién phy v va t. Bién t luu tam gia trj trudc khi tinh cua a[j]. Bién v iy lai gia tri t dé tinh
cho budc sau.
P phire tap: Co m.n, m = len(x), n = len(y).
(* DChung.pas *)
function Max(a,b: integer): tu viét;
function DoanChung(x,y: string): integer;
var m,n,i,j,v,t, kmax: integer;
a: array[l..255] of integer;
begin
m := length(x); n := length(y); kmax := 0;
fillchar(a,sizeof(a),0);
for i := 1 to m do



begin
v :=0;
for j :=1 to n do
begin
t := aljl;
if x[i] = y[]j] then a[j] := v+1
else a[j] := 0;
kmax := Max(kmax,al[j]):
v = t;
end;
end;
DoanChung := kmax;
end;
BEGIN
writeln (DoanChung ('xabcxxabecdxd', 'aybcyabedydy')); {4}
writeln(' Fini');
readln;
END.

// DevC++: DoanChung.cpp
int Max(int a, int b); // tu viét
int DoanChung (char *x, char *y) ({
int i, j, kmax = 0, v, t ;
int m = strlen(x), n = strlen(y);
int a[n];
memset(a,0,sizeof (a));
for (1 = 0; 1 < m; ++i) {

v =20;
for (j = 0; j < n; ++j) {
t = aljl;
if (x[i] == yI[3]) al[j]l =v + 1;

else a[j] = 0;
kmax = Max(kmax,a[]j])
v =t
}
}
return kmax;
}
int main() {
cout << endl << DoanChung ("xabcxxabcdxd", "aybcyabcdydy") ;//4
cin.get();
return 0;

}
Céach lam test

Test 1. True hét viét mot xau s sau d6 xdy dung 2 xdu x =y = s. Dap s6 len(s). Thi dy, x =y =s =
‘abcaaabb’. Bap so: 8

Test 2. Stra lai Test 1 bang cach thém vao x va y mdt s6 ki tu khac nhau. Pap sb: len(s). Thi dy, x =
'Xy'+s+'uvz'; y = 'uv'+s+'xy'. Bap so: 8.

Test 3. Stra lai Test 2 b.';“lng cach chén thém mot doan nho cua s vao x vay. Thi dy, x = 'xy'+s+'uv'+s’; y = '’
+s'+'V'+ s +'xy' +s' v6i s' = 'abcaaab’ (hut 1 ki tur so v6i s. Pap sb: 8.

Cac bai tuwong tu

1. Poan chung 2. Cho hai xdu x gdom m va y gdm n ki ty. Tim doan chung dai nhit cta hai xau nay. Két
qua cho ra 4 gia tri dx, cx, dy, cy, trong d6 x[dx..cx] = y[dy..cy] la hai doan tim dugc.

2. Poan chung 3. Cho hai day sO nguyén a gdm m va b gdm n phan tir. Xac dinh chiéu dai 16n nhét k dé
hai ddy cung chtra k phan tir lién tiép nhu nhau: a[i] = b[j], a[i+1] = b[j+1],...,a[i+k-1] = b[j+k-1].

Thuit toan cho bai Poan chung 2

Khi phat hién a[j] > kmax ta ghi nhdn imax = i; jmax = j; kmax = k. Cubi thu tuc ta tinh cx = imax; dx =
cx—kmax+1; cy = jmax; dy = cy—kmax+1.



1.6 Doan lap

Nhiing vién ngoc ldp trinh (Bentley)

Cho Xau s chira n ki tw. Hay xdc dinh ba sé nguyén i, j va k théa diéu kién 1<i < j<n, k la gid tri max théa
diéu kién s[i] = s[j], s[i+1] = s[j+1], ..., s[i+k-1] = s[j+k-1]. Hai doan bang nhau gom k ki tw trong s la
s[i..i+k=1] va s[j..j+k-1], i <j, k max dwoc goi la hai doan lap trong s.
Thi dy, s = 'xabababayyy' cho tai =2, j = 4, k=5 ung v&i doan 1ap s[2..6] = 'ababa’.
Thuit toan 1
Bai nay kha gidng bai doan chung. Xét ham 2 bién s(i,j) 1a chiéu dai 16n nhat ciia hai doan gidng nhau
x[i-k+1..i] va y[j-k+1..j], i <], k > max. Taco,

e Néux[i]=x[j]thi s(ij)=s(i-1,j-1) +1;

e Néu x[i] # x[j] thi s(i,j) = 0.
Pap s6 s& 1a Max { s(i,j) | 1 <i<len(x), 1<j<len(y),i<j}.
Dé cai dit ta c6 thé s dung hai mang mot chidu nhu bai trude. Ta ciing c6 thé sir dung mot mang mot
chiéu a va hai bién phu v va t. Bién t luu tam gia tri trudc khi tinh cta a[j]. Bién v iy lai gia trj t dé tinh
cho budc sau

Do phire tap: C& n’, n = len(s).

(* Repeat.pas ¥*)
uses crt;
var i,j,k: integer;
procedure Doanlap(s: string; var imax, Jjmax, kmax: integer);
var n,i,j,v,t: integer;
a: array[l..255] of integer;

begin

n := length(s); kmax := 0;

fillchar(a,sizeof (a),0);

for i :=1 to n do
begin
v :=0;
for j := i+l to n do
begin
t := aljl;
if s[i] = s[]j] then a[]j] := v+l
else a[j] := 0;
if kmax < a[j] then
begin
kmax := a[j]; imax := i-kmax+l; jmax := j-kmax+l;
end;
v = t;
end;
end;
end;
BEGIN
Doanlap ( 'xabababayy',i, j, k)
writeln(i,' ', 3, ' ",k); { i =2, j=4, k =5}
readln;
END.

// DevC++: Repeat.cpp
void Doanlap (char *s, int & imax, int & jmax, int & kmax) {
inti, j, v, t ;
int n = strlen(s);
int a[n];
kmax = 0;
memset(a,0,sizeof (a));
for (1 = 0; 1 < n; ++i) {

v =20;
for (j = i+l; j < n; ++3j) {
t = a[jl;
if (s[i] == s[3]]) alj]l =v + 1;

else a[j] = 0;



if (kmax < a[j]) {
kmax = a[j]; imax = i-kmax+2; jmax = j-kmax+2;

}
v = t;

}
}
int main() {
int i, j, k;
DoanLap ("xabababayy", i, j, k)’
cout << endl << i << " " K< j K< " " k;//i=2, j=4, k=5
cin.get();
return O;

Thuét toan 2 (Bentley, Nhitng vién ngoc ldp trinh)
1. S'Zip ting theo chi dan cac hau t cua s theo trat tu tir dién. Goi day duogc sép theo chi dan nay 1a id[1..n],
n = len(s).
2. Duyét diy dugc sap trong id, véi mdi cip hau té dimg k& nhau s:id[i] va s:id[i-1], i = 2..n ta goi ham
ComLen(id[i], id[i-1]) dé tinh chiéu dai ctia khiic ddu chung (hay tién t6) dai nhit ciia ching. Pap s6 khi dé
sé la
Max { ComLen(id[i], id[i-1]) | i = 2..len(s) }
Thu tuc sép theo chi dan id xét cac hau t6 s:id[i] duoc thyc hién theo giai thuat quicksort nhu sau:
void IdSort(char * s, int * id, int d, int c) {
int i =d, j =c, m = id[(i+j)/2], t;
while (i < j) {
while (Sanh(s,id[i],m) < 0) ++i;
while (Sanh(s,id[j],m) > 0) --3;
if (i <= 3J) {
t = id[i]; id[i] = id[j]; id[]j] = t;
++i; --3;
}
}
if (d < j) IdSort(s,id,d,j);
if (i < ¢) IdSort(s,id,i,c);
}
Ham Sanh (s, i, 3j) so sanh hai hdu td s:i va s:j theo trat tu tu dién hoat dong theo nguyén tc sau: Lan
luot so sanh cac cap ki tu s[i] va s[j] cho dén cudi xau, néu gap cip ki ty khac nhau diu tién thi xét: ki tu
nao nhoé hon thi xau chira né s€ nho hon xau kia.
int Sanh(char *s, int i, int j) { //so sanh 2 hau to s:i, s:j
int k = Min(strlen(s)-i, strlen(s)-j), v,
for (v = 0; v < k; ++v,++i,++3)
if (s[i] '= s[j]) return (s[i] < s[j]) ? -1 : 1;
return (i < j) 21 : ((1 > 3j) ? -1 : 0);
}
Ham ComLen(s, i, j) cho ra chidu dai 16n nhit cua hai khic ddu giéng nhau cta hai hau t6 s:i va s:j.
int ComLen(char *s, int i, int j) {
int k = Min(strlen(s)-i, strlen(s)-j):
for (int v = 0; v < k; ++v, ++i, ++3j)
if (s[i] '= s[j]) return v;
return k;

}

Thuét toan Bentley khi d6 s& dugc trién khai qua ham sau,
void Doanlap(char *s, int & imax, int & jmax, int & kmax) ({
int i, k;
int n = strlen(s);
int id[n];
for (i = 0; i < n; ++i) id[i] = i;
IdSort(s,id,0,n-1);
for (i =1; 1 < n; ++i) {



if ((k = ComLen(s, id[i], id[i-1])) > kmax) {
kmax = k; imax = id[i]+1; jmax = id[i-1]+1;
}
}
if (imax > jmax) { i = imax; imax = jmax; jmax =

}

(* DoanLap2.pas *)

uses crt;

var i,j,k: integer;

type mil = array[l..256] of integer;

function Min(a,b: integer): integer;

begin if a < b then Min := a else Min := b; end;

i; }

function Sanh(var s: string; i,j: integer): integer;

var k, v: integer;
begin
k := Min(length(s)-i,length(s)-j);
for v := 0 to k do
if s[i+v] <> s[j+v] then

begin
if s[i+v] < s[j+v] then Sanh := -1 else Sanh
exit;
end;
if i < j then Sanh (=1
else if i > j then Sanh := -1 else Sanh := 0;

end;
procedure IdSort(var s: string; var id: mil; d,c:
var i, j, m, t: integer;
begin
i:=d; j :=c; m :=id[(i+]j) div 2];
while (i <= j) do
begin
while Sanh(s,id[i],m) < 0 do inc(i);
while Sanh(s,id[j],m) > 0 do dec(3j):
if (i <= j) then

begin
t := id[i]; id[i] := id[j]; id[j] := t;
inc(i); dec(j);
end;
end;

if d < j then IdSort(s,id,d,3j):
if i < ¢ then IdSort(s,id,i,c);
end;

= 1;

integer) ;

function ComLen(var s: string; i, j: integer): integer;

var v,k: integer;
begin
k := Min(length(s)-i, length(s)-3j);
for v := 0 to k do
if s[i+v] <> s[j+v] then
begin ComLen := v; exit end;
ComLen := k+1;
end;
procedure Doanlap(s: string; var imax, jmax, kmax:
var n,i,j,k: integer;
id: mil;
begin
n := length(s); kmax := 0;
for i := 1 to n do id[i] := i;
IdSort(s,id,1,n);
for i := 2 to n do
begin
k := ComLen(s,id[i],id[i-1]);
if k > kmax then

integer) ;



begin

kmax := k; imax := id[i]; jmax := id[i-1];
end;
end;
if imax > jmax then
begin i := imax; imax := jmax; jmax := i end;
end;
BEGIN
Doanlap ( 'xabababayy',i, j, k):;
writeln; writeln(i,' ', j, ' ',k);
readln;
END.

Céach lam Test
Xay dung 4 xau X, Y, A va B khong c6 cac ki ty chung. Ghép XABAB...ABY mét s6 lan. Pap sb: i =
len(X) +1, j = len(X)+Len(A)+Len(B)+1, k = (v—1).(len(A)+len(b)) véi v 1a s6 1an lap cac cip AB.
Thi dy, v6i X ='xy'; Y ='zt'; A = 'abcde’; B = 'fghhik' ta c6 thé xay dung cac Test sau day.
Test 1. s = XABABY = 'xyabcdefghhikabcdefghhikzt'. Pap s6i=3,j=2+5+6+1=14,k=5+6=11.
Test 2. s = XABABABY = 'xyabcdefghhikabcdefghhikabcdefghhikabedefghhikzt'. Dap s6i=3,j = 14, k
=2*11=22.
1.7 Tir dién

. ) Olimpic Moscow
Cac tir trong bai dwoc hiéu la mét ddy lién tiep cac chit cdi a, b, ..., z. Mot file van ban chita mot tir dién T
gom toi da n =100 fir khdac nhau doi mot. Moi tue dai khong qua 50 ki tw va duwoc viét trén mot dong. Cho
mot tir s dai khong qua 200 ki tir. Hay cho biét can xoa di khoi s t0i thiéu bao nhiéu chit cai dé phan con lai
tao thanh day lién tiép cdc tie trong tir dién T, moi tir co thé xuat hién nhiéu lan.

Thi du,

dic.inp dic.out | Gjaithich

6 5 Sau khi xéa 5 chir cdi (gach dudi)

abba saintpavnamtranaisnotsaintabba
not ta thu dwoc day ghép cua cac tr 5, 6, 3, 2, 5,
is 1

astra saintpanamaisnotsaintabba
saint

panama

saintpavnamtranaisnotsaintabba

Thuat toan

Gia sir T 14 tap n tir trong tir dién, s 13 tir can xtr li. Goi d(i) 1a ham cho dép s6 khi giai bai toan véi tién to
i:s = s[1..i]. d(i) 1a so ki tu t0i thiéu can x6a khoi s[1..i] d€ phan con lai cta s[1..i] tao thanh day lién tiép
cac tur trong tir dién T. Vi moi tir w dai m ki tu trong tir dién T ta xét ham Nhung(w,i) c6 chirc nang nhdng
tr w vao tién to i:s nhu sau. Ham cho ra chi s0 v thoa hai diéu kién sau:

1. w 14 x4u con cia S[v..i], nghia 1a néu x6a di mot s6 ki ty khoi s[v..i] ta s& thu dugc tir w,

2. s[v] = w[1], s[i] = w[m].
Néu w duoc nhing trong s[v..i] thi s6 ki tw cn x6a khoi s[v..i] dé thu dwoc tir w s& 1a i—v+1-len(w). Néu
tir w duoc chon thi tong s6 ki ty can x6a khoi tién td i:s s& 1a d(v—1) + i—v+1-len(w). Ta cin chon w sao
cho gia tri nay dat min. Vay,

d(i) = min { d(v-1) + i-v+1-len(w) | w € T, v = Nhung(w,i) }

Khi w khong thé nhiing dugc trong s[1..i] ta dit v = Nhung(w,i) = 0 (pascal) hoic —1 (C).

(* TuDien.pas ¥*)

uses crt;

const fn 'dic.inp'; gn = 'dic.out'; nl = #13#10; bl = #32;

type str string[52];

var f£,g: text;

s: string[202];
array [1..102] of str;
integer;
array[0..202] of integer;

[o A=



kq: integer;
procedure Doc;
var i: integer;

begin
assign(f,fn); reset(f); readln(f,n);
for i := 1 to n do readln(f,w[i])
readln(f,s); close(f);

end;

procedure Ghi (v: integer) ;

begin

assign(g,gn); rewrite(qg);
writeln(g,v);
close(qg) ;
end;
function Nhung(var w: str; i: integer): integer;
var j: integer;
begin
Nhung := 0; j := length(w);
if j > i then exit;
if w[j] <> s[i] then exit;

for i := i downto 1 do
if (s[i] = w[j]) then
begin
dec(]j);
if j = 0 then begin Nhung := i; exit; end;
end;
end;
function Min(a,b: integer): integer;
begin if (a < b) then Min := a else Min := b; end;

procedure Tinhd(i: integer) ;
var j,v: integer;

begin
d[i] := d[i-1]1+1;
for j :=1 to n do
begin
v := Nhung(w[j],1i)
if v > 0 then d[i] := Min(d[i], d[v-1]+i-v+l-length(w[]j]))
end;
end;

function Xuli: integer;

var m, i: integer;

begin
d[0] := 0; m := length(s);
for i := 1 to m do Tinhd(i);
Xuli := d[m];

end;

BEGIN
Doc;
kg := Xuli; Ghi (kq);
writeln(nl,nl,kq,nl,' Fini '); readln;

END.

// DevC++: TuDien.cpp

#include <string.h>

#include <fstream>

#include <iostream>

#include <stdio.h>

using namespace std;

// DATA AND VARIABLE
const char * fn = "dic.inp";

const char * gn = "dic.out";

char w[102][52];



char s[202];
int d[202];
int n, lens;
// PROTOTYPES
void Doc() ;
void Xem() ;
int Nhung(char *, int i);
int Xuli (),
void Tinhd (int) ;
int Min(int, int);
void Ghi (int) ;
// IMPLEMENTATION
int main () {
Doc(); Xem() ;
int kg = Xuli();
Ghi (kq) ;
cout << endl << kqg;
cout << endl << endl << " Fini" << endl;
cin.get();
return 0;
}
void Ghi (int v) {
ofstream g(gn) ;
g > v;
g.close() ;
}
int Min(int a, int b) { return (a < b) ? a : b; }
void Doc() {
ifstream f (£fn);
£f >> n;
for (int i = 0; i < n; ++i) £ >> w[i];
f >> s; lens = strlen(s);
f.close();
}
void Xem() {
cout << endl <K n <K " " KK s;
for (int i = 0; i < n; ++i) cout << endl << w[i];
}
// Nhung tu w vao tien to s:i
int Nhung(char *w, int i) ({
int j = strlen(w)-1;
if (i < j) return -1;

if (w[j] '= s[i]) return -1;
for (; i >= 0; --1i)
if (w[j]l == s[i]) {
__j;

if (j < 0) return i;
}
return -1;
}
int XulLi() {
for (int i = 0; i < lens; ++i) Tinhd(i);
return d[lens-1];
}
void Tinhd(int i) {
int j, k, v;
d[i] = (i = 0) ? 1 : (d[i-1]+1);
for (j = 0; j < n; ++3j)
if ((v = Nhung(w[j],i)) >= 0) {
k= (v==0) 2 0 : d[v-1];
d[i] = Min(d[i], k+i-v+l-strlen(w[j])):
}



D¢ phire tap. Co p.n.m, trong d6 p = len(s), n la s tur trong tu dién T, m 1a chiéu dai cua tir dai nhét trong

T.

Cha thich Ban c6 thé cai tién chuong trinh nhu sau. Khi doc dit liéu va t6 chirc tir dién T ban c6 thé loai
true khoi T nhitng tir w ndo ma ki ty du tién w[1] hodc ki ty cudi cing w{m] khong xuét hién trong s vi
khi d6 chic chan 1a ham Nhung sé& cho gié tri —1. Tét hon ca 1a ban cho w truot trong s dé xac dinh xem w
dit lot tai cac chi s6 nao trong s.

1.8 TEFI
TEFI.INP TEFI.OUT
15 27 3223
ooooooooooo ***0 e o o o o s e s s e s o
*kk L., * oL, *kkk
* e * oL, * ...
kkk . *kx
* Ckkkkkkkkkkx Kk
* ... * ... * *kkkk
* %k 0*0 0*0 *kk * oL,
ooooo *0 0*0 0*0 0*0 0*0 o o o o
_____ k k. Kk Kk _kkkx
_________ * * kK
*kkok 0* ooooooo *0 0* ooooo
0* oooooo *0 0*0 0*0 *kkok
0*** 0*0 0* oooooooooooooo
kL *
o *

Thuét toan

Trong text file tén TEFL.INP gom n dong va m cét
nguoi ta ding dau cham "' tao thanh mét bang
nén. Trén bang nén dé nguoi ta ding dau sao '*'
dé viét cac chit IN HOA T, E, F va | theo céc qui
tdc sau:

- chan phuong, khong co chan

- don nét

- Cac nét song song khdng dinh nhau

- cdc nét cua hai chir khdng dinh nhau ma cach
nhau it nhéat mét déu cham

Hay dém so chir cdi méi logi.

Thi du bén cho biét c6 3 chir T, 2 chit E, 2 chit F
va 3 chir l.



Ta xét hai dong x va y lién tiép nhau trong bang nén va thir phat hién dic trung ctia cac chir cai dya trén 2
dong nay. Ta thdy, chit T c¢6 dic trung duy nhét (khong 13n vé6i cac chit cai khac) la dau trén gdm 1 vach
ngang (—) va 1 s6 dimg (|) dinh nhau. Chit I ¢6 dic trung duy nhit 1a mét s6 dung (]). Trong chit E ¢6 2 nét
ngang trén va 2 nét ngang dudi, chit F co 2 nét ngang trén va 1 nét ngang dudi.

i i i i
X | * | * . * | * * dnt = s6 nét ngang trén.
y * * * | dnd = s6 nét ngang dudi.
dx = dém sé chit X;
Dau trén Dau trén Nét ngang Nétngang X < {T.EFL}.
chir T chir I trén va dudi cia MO chit E ¢ 2 nét ngang trén va
giita ciia chitEva F 2 nét ngang dudi. Moi chit F ¢d 2
chirEva F nét ngang trén va 1 nét ngang
dudi.
de+df = dnt/ 2; de = dnd — dnt/2.
df = dnt/2 — de.

Dé tién xtr Iy ta thém vao dau va cudi mdi xdu mot ddu cham '.'. Cac truong hop can xét duoc mo ta chi tiét
duéi dang bang quyét dinh.

Bdng quyét dinh cho bai todn TEFI

Bang quyeft dinh gom 2ghc§n.' phan diéu kién va x[i] = '*!' 10|11
phan quyét dinh.Cac diéu kién dwoc liét ké doc x[i-1] = '"*!' 1(-]0]0
ldp nhau. i Di€u kién | x[i+1] Tkt - -117-
G'i?' tr,l:] u’ng voi diéu lfién dung (true) 0 u’fzg vé’i y[i] = '*' 11111
ﬁgykw@saaabkd,dau—chobwt&eukwnnqy y[i-1] = '*' _Tololo
khong can xét. ;

) PN SIS S, y[i+l] = '*!' -10| -1
Bdng duoc dgc thgo cot: néu cac diéu kién trong =
cot thugc phan dieu kién duoc thoa thi quyét dinh p T (ch&r T) 1
tai cét dé duoc chon. Quyet I' (nét ngang trén) 1
x —dong trén; y —dong dudi. dinh L (nét ngang duéi) 1

| (ch¥ 1) 1

Dua vao bang quyét dinh ta duyét dong thoi dong trén x va dong dudi y dé dém cac gia tri sau:

dt 1a s6 lwong chit T, di 1a s6 luong chit i, dnt 1a s lugng nét ngang trén T va dnd 1a sé lwong nét ngang
duéi L. Tir cac gia tri dnt va dnd ta d& dang tinh duoc sé lwong chir E va sé lwong chir F. Vi méi chit E va
mdi chit F déu c6 cung 2 nét ngang trén nén de + df = dnt/2 (1). Mdi chit E ¢6 2 nét ngang dudi, mdi chir F
¢6 1 nét ngang dudi nén 2.de + df = dnd (2). Trir timg vé cua (2) cho (1) ta thu duge de = dnd — dnt/2. Tur
(1) ta suy ra df = dnt/2 — de.

D¢ phire tap. cd m.n = dung lugng input file.

(* TEFI.PAS *)
uses crt;
const fn 'tefi.inp'; gn
bl = #32; nl #13#10; ss
var x, y: string;
dt, de, df, di: integer;
n, m: integer;
dnt, dnd: integer;
f,g: text;
procedure EF (i:
begin
if (x[i+1]
else if (y[i+1]
end;
procedure TEF (i:
begin
if (y[i] cc) then exit;
if (x[i-1] cc) then EF (i)
else inc(dt);
end;
procedure II(i:

'tefi.out';
'*'. cc = "'."';

integer) ;

ss) then inc(dnt)
ss) then inc(dnd)

integer) ;

integer) ; = cc }

{ x[i]




begin
if (y[i] = ss) and (y[i-1] = cc) and (y[i+1l] = cc)
end;
procedure TEFI;
var i,j: integer;
begin
dt := 0; di := 0; dnt := 0; dnd :
fillchar (x,sizeof (x),cc);
assign(f,fn); reset(f); readln(f,n,m);
for j :=1 to n do
begin
readln(f,y); y = cc + y + cc;
for i := 2 to m do
begin
if (x[i] = ss) then TEF(i) else II(i);
end;
X 1= y;
end;
close(£) ;

0;

then

i :=dnt div 2; { de + df } de :=dnd - i; df := i - de;

end;

BEGIN

TEFI;

writeln('T = ',dt,' E = ',de,' F = "',df, ' I
readln;
END.

// DevC++: TEFI.CPP
#include <string.h>
#include <fstream>
#include <iostream>
#include <stdio.h>
using namespace std;

const char * fn = "tefi.inp";
const char * gn = "tefi.out";
string x, y;

char ss = '*', cc = "'.";

int n, m;

int dt, de, df, di, dnt, dnd;
// PROTOTYPES

void TEFI() ;

void TEF (int) ;

void EF (int) ;

void II (int);

// IMPLEMENTATION
int main() {

TEFI () ;

cout << endl << " T: " <K dt << " E: " << de;
cout << " F: " < df <« " I: " < di;

cout << endl << endl << " Fini "; // 3
cin.get();

return 0;

}
void TEF (int i) {

if (y[i] == cc) return;
if (x[i-1] == cc) EF(i);
else ++dt;

}
void EF (int i) {
if (x[i+1l] == ss) ++dnt;
else if (y[i+l] == ss) ++dnd;

, di);

inc(di) ;



void II(int i) {
if (y[i] == ss && y[i-1]
}
void TEFI() {
int i, j;
dt = di = dnt =
ifstream £ (£fn);
£ >> n >> m; f.get();

dnd = 0;

X = cc;
for (i =0; i< 8; ++i) x = x + x;
for (J =0 ; j < n; ++j) {
£f >y, y=cc+y+ cc;
for (1 = 1; i <= m; ++i)
if (x[i] == ss) TEF(i);
else II(1i);
X =y
}

f.close();
i =dnt / 2;
de = dnd - i;

// i = de + df
df = i - de;

cc && y[i+1]

}
1.9 E xiec
EXIEC.INP EXIEC.OUT
15 27 2212
*kk .. *kkk
* ooooooooooooooooo * oooooooo
*** ooooooooooooooo *** oooooo
* .. ***********. * ...
*.._ *___* _____ *_ *kkk
*** *-*-*-*-*- * ...........
ooooo *0*0*0*0*0* . **** e o o o o
....... *. .*.*. e o o o o o * e o o o o
....... ******* ****- e o o o
**** oooooooooooooo * """
ooooo *o * o o o o o s s e s **** e o o o
****. .*. * * ---------
..... * .*. * * e o o o o o o o o
* %k k% .. kkkkkkkkkk
Thuat toan
X * * * * * *
y * * * * * * * *
pong Tay Nam Bac
dd L dt | dnT db L

Dac trung cua cac chir E xiée. Cdc bién dd, dt, dn,
db dung dé déem so lan xuat hién cua cdc ddc trung.

D¢ phirc tap. cd m.n = dung lugng input file.

(* EXIEC.PAS *)
uses crt;

== cc) ++di;

Trong text file tén EXIEC.INP gom n dong va m
cot nguoi ta dung déau chdm "' tao thanh mét
bang nén. Trén bang nén dé nguwoi ta ding ddu
sao "*' dé viét cdc chit IN HOA E véi nét ngang
gitta hwéng vé phia Péng, Tdy, Nam va Bic.
Qui tdc viét giong nhw trong bai TEFI. Hay dém
$6 chir cdi méi loai.

Thi du bén cho biét ¢6 2 chit E (nét ngang
hieong vé phia Péong), 2 chit 3 (nét ngang
hieong vé phia Tay). 1 chiv E up (nét ngang
hieong vé phia Nam), VA 2 chir E ngira (nét
ngang hwéng vé phia Bic).

Hai’ E Nam va E Bdc duwoc déic trung duy
nhat qua huong cua nét ngang gita
giong chit T (E Nam) va L (E Bdc). Moi
E Dong co 2 nét dang L va moi E Tdy co
2 nét dang |. Ngoai ra, méi chir E Bdic
con c6 1 nét L va 1 nét J. Taco

S chit E Dong = (dd — db)/2,

S6 chit E Tay = (dt—db)/2,

S6 chit E Nam = dn,

S6 chit E Bic = db.



const fn = 'Exiec.inp'; gn = 'Exiec.out';
bl = #32; nl = #13#10; ss = '*'; cc = '.';
var x, y: string;
dd, dt, dn , db: integer;
n, m: integer;
f,g: text;
procedure TayNam(i: integer) ;
begin
if (y[i-1] = ss) then inc(dft)

else if (x[i-1] = ss) and (x[i+l1l] = ss) then inc(dn)

end;
procedure DongBac(i: integer) ;
begin

if (y[i-1] = ss) then inc(db)

else inc(dd);

end;
procedure DongTayNamBac(i: integer) ;
begin

if (y[i+l1l] = ss) then DongBac(i) else TayNam (i) ;

end;

procedure EXIEC;

var i,j: integer;

begin
dd := 0; dt (= 0; dn := 0; db := 0;
assign(f,fn); reset(f); readln(f,n,m);
fillchar (x,sizeof (x),cc);

for j := 1 to n do
begin
readln(f,y); y (= cc + y + cc;
for i := 2 tom do
if (x[i] = ss) and (y[i] = ss) then DongTayNamBac (i)
X 1= y;
end;
close (f) ;

dd := (dd-db) div 2; dt := (dt-db) div 2;
end;
BEGIN

EXIEC;

writeln(dd,' ',dt, ' ', dn, ' ', db); readln;
END.

// DevC++: EXIEC.CPP
#include <string.h>
#include <fstream>
#include <iostream>
#include <stdio.h>
using namespace std;

const char * fn = "exiec.inp";
const char * gn = "exiec.out";
string x, y;

char ss = '*', cc = "'.";

int n, m;

int dd, dt, dn, db; // huong tro cua vach giua:
// PROTOTYPES
void EXIEC() ;
void DongTayNamBac (int) ;
void DongBac (int) ;
void TayNam(int) ;
// IMPLEMENTATION
int main() {
EXIEC() ;
cout << endl << dd << " " < dt;
cout << " " << dn < " " << db;

Dong Tay Nam Bac



cout << endl << endl << " Fini "; // 3
cin.get();
return 0;
}
void DongTayNamBac (int i) {
if (y[i+1] == ss) DongBac(i)
else TayNam(i) ;
}
void DongBac (int i) {
if (y[i-1] == ss) ++db;
else ++dd;
}
void TayNam(int i) ({
if (y[i-1] == ss) ++dt;
else if (x[i-1l] == ss && x[i+l] == ss) ++dn;
}
void EXIEC() {
int i, j;
dd = dt = dn =db = 0;
ifstream £ (£fn);
£f >> n > m;, x = cc;
for (i =0; i< 8; ++i) x = x + x;
for (3 0 ; j < n; ++3j) {
£f>>y;, y=cc+y+ cc;
for (1 = 1; i <= m; ++i)
if (x[i] == ss && y[i] == ss) DongTayNamBac (i) ;
X =y
}
f.close();
dd = (dd - db)/2; dt = (dt - db)/2;



Chuong 2 Xir li diy 1¢nh va biéu thic

2.1 Val

Cho cac bién duoc gan tria =0, b=1c¢=2,.. 1=25. Tinh tri ciia biéu thirc sé hoc duwoc viét dung cu
phap, chita cdc tén bien, cac phép toan +, —, *, va/ (chia nguyén) va cdc cdp ngodc ().
Thi du, biéu thire, (b+c)*(e-b) + (y—X) sé c6 gia tri (1+2)*(4-1)+ (24-23) = 3*3+1 = 10.

Thuit toan

Do phdi vu tién thyc hién cac phép toan nhén (*) va chia (/) trudc cac phép toan cong (+) va trir (=), ta qui
ude cac phép toan nhéan va chia c6 béc cao hon béc cua cac phép toan cong va trir. Goi s 1a string chira biéu
thire, ta duyét lan luot timg ki tu s[i] cia s va st dung hai ngin xep v va ¢ dé xur li cdc tinh hudng sau:
1. Néu s[i] 1a bién 'a", 'b',... thi ta nap tri tuong tmg cua blen d6 vao ngan xép (stack) v.
2. Néu s[i] 1a diu mo ngoac '(" thi ta nap dau d6 vao ngan xép c.
3. Néu s[i] 1a cac phép toan '+, '—', "*' /' thi ta so sanh bac cua cic phép toan nay vdi bac cta phép
toan p trén ngon ngin xép c.
3.1. Néu Bac(s[i]) < Bac(p) thi ta lay phép todn p ra khoi ngdn xép ¢ va thuc hién phép toan d6
voi 2 phan tir trén ciing ctia ngan xép v. Budc nay duoc lap dén khi Bac(s[i]) > Bac(p). Sau dé
lam tiép budc 3.2.
3.2 Nap phép toan s[i] vao ngin xép c.
4. Néu s[i] 1a diu déng ngodc ")’ thi ta d& dan va thuc hién cac phép toan trén ngon ngin xép ¢ cho dén
khi gip dau '(' da nap trudc do.
Thuét toan dugc xdy dung trén gia thiét biéu thirc s dugc viét ding ca phap. V& ban chit, thuat toan xu 1y
va tinh toan ddng thoi tri ctia biéu thic s theo nguyén tic phép toan sau hay la ki phap Ba Lan do nha toan
hoc Ba Lan Lucasievics dé xuit. Theo ki phép nay, biéu thic  (b+c)*(e-b) + (y—x) s& dugc viét thanh
bc+eb—*yx—+ va dugc thuc hién trén ngan xép v nhu sau. Goi iv 1a con troé ngon ciia ngan xép v, iv duogc
khoi tri 0:
1. Nap tri cia bién b vao ngin xep v: iv :==iv + 1; v[iv] := (b); trong d6 (b) 14 tri ctia bién b.
2. Nap tri cua bién ¢ vao ngin X€p viiv:=iv+ 1 V[1V] =(c¢);
3. Thuc hién phép cong hai phan tir trén ngon ngin xép v, ghi két qua vao ngin dudi, bé ngin trén:
v[iv—1] := v[iv—1] + V[iv]; iv :=iv -1;
4. Nap tri ctia e vao ngan xép v: iv := iv + 1; v[iv] := (e);
5. Nap tri cua b vao ngan xép v: iv :=iv + 1; v[iv] := (b);
6. Thuc hién phép trir hai phan tir trén ngon ngan xép v, ghi két qua vao ngin dudi, bo ngan trén:
v[iv—1] := v[iv-1] — V[iv]; iv ;= iv -1;
7. Thyc hién phép nhan hai phan tir trén ngon ngin xép v, ghi két qua vao ngin dudi, bé ngan trén:
v[iv—1] := v[iv-1] * V[iv]; iv :=iv -1;
8. Nap tri cuia y vao ngan xép viiv:=iv + 1; v[iv] ;== (y);
9. Nap tri ctia x vao ngan xép v: iv :=iv + 1; v[iv] := (x)
10. Thuyc hién phép trir hai phan tir trén ngon ngan xép v, ghi két qua vao ngan dudi, bo ngan trén:
v[iv-1] := v[iv—1] — V[iv]; iv := iv -1;
11. Thuyc hién phép cong hai phan tir trén ngon ngan xép v, ghi két qua vao ngin dudi, bé ngan trén:
V[iv-1] := v[iv-1] + V[iv]; iv := iv -1;
Két qua cudi cung ¢6 trong v[iv].
Ban nh¢ khoi tri ngan xép ¢ bang ki ty ndo d6 khong c6 trong biéu thirc, thi du '#'. Phép toan nay s& c6 bac
0 va dung lam phan tir dém dé xir Iy tinh huong 3.
Ban cén dat ki hiéu # vao day cua ngan xép ¢ dé 1am linh canh. Vi khi quyét dinh c6 nap phép toan p nao
d6 vao ngin xép c ta can so sanh bac cua p v6i bac cua phép toan trén ngon cia ngin xép c. Nhu vay # s&
c6 bac 0. Ban co the thém mot phép kiém tra dé phat hién 16i "chia cho 0" khi thuc hién phép chia. Ban
ciing c6 thé phat trién thém chuong trinh dé c6 thé xtr 1i cac biéu thirc c6 chira cac phép toan mot ngdi !,
++, ——. ... va cac 101 goi ham.
D phiic tap. c& n, trong d6 n 1a s6 ki hiéu trong biéu thic.

(* Val.pas ¥*)



uses crt;

const fn = 'val.inp'; gn = 'val.out';
nl = #13#10; bl = #32; mn = 500;
var

c: array[0..mn] of char; {Ngdn xép c chita cac phép toan}

ic: integer;

v: array[0..mn] of integer; {Ngin xép v chtta tri cta cac bién}
iv: integer;

function LaBien(c: char): Boolean;

begin LaBien := (c in ['a'..'z']); end;
function LaPhepToan(c: char): Boolean;
begin LaPhepToan := (c in ['+','-','*' '/']) end;

function Val(c: char): integer; { tri cuaa bién c }
begin Val := Ord(c)-ord('a'); end;
function Bac(p: char): integer; { Bac cua phép toan p }

begin
if (p in ['+','-"']) then Bac :=1
else if (p in ['*','/']) then Bac := 2
else Bac := 0;
end;

(* Thyc hién phép toan 2 ngdi trén ngon ngidn xép v *)
procedure Tinh(p: char);
begin

case p of

'+': begin v[iv-1]

v[iv-1l] + v[iv]; dec(iv) end;

'-': begin v[iv-1] := v[iv-1] - v[iv]; dec(iv) end;
'*': begin v[iv-1] := v[iv-1] * v[iv]; dec(iv) end;
'/': begin v[iv-1] := v[iv-1] div v[iv]; dec(iv) end;
end

end;

procedure XuliToan(p: char);

begin

while (Bac(c[ic]) >= Bac(p)) do
begin Tinh(c[ic]); dec(ic) end;

inc(ic); cl[ic] := p; { nap phep toan p }
end;
procedure XuLiNgoac;
begin

while (c[ic] <> '(') do begin Tinh(c[ic]); dec(ic) end;
dec(ic); { Bo ngoac }

end;

function Xuli(s: string): integer;

var i: integer;

begin
ic := 0; cl[ic] := '"#'; iv := -1;
for i := 1 to length(s) do
if LaBien(s[i]) then begin inc(iv); v[iv] := Val(s[i]) end
else if s[i] = '(' then begin inc(ic); c[ic] := '(' end
else if LaPhepToan(s[i]) then XuLiToan(s[i])
else if s[i] = ')' then XulLiNgoac;
while (ic > 0) do begin Tinh(c[ic]); dec(ic) end;
Xuli := v[iv];
end;
BEGIN

writeln(nl,XulLi (' (b+c)* (f-a+b-c+d)/(c*d+b)')); { 3 }
readln;
END.

// DevC++: Val

#include <string.h>
#include <fstream>
#include <iostream>



#include <stdio.h>

using namespace std;

// Mo ta Du lieu va bien

const int mn = 500;

char s[mn]; // bieu thuc

char c[mn]; //ngan xep phep toan va dau (
int ic; // con trdé ngin xép c

int v[mn]; //ngan xep tinh toan

int iv; // con trd ngin xép v

int kq; // ket qua

int n; // len - s ki ty trong biéu thuc
// Khai bdo cac ham

int Xuli (),
bool LaBien(char c¢); // kiem tra ¢ la bien ?
bool LaPhepToan(char c); // kiem tra c la phep toan +, -, *, / ?

void XuLiPhepToan (char pt) ;

void XuLiNgoac() ;

int Bac(char pt); // Bac cua phep toan +, - (1), *, / (2)
int Val(char c); // Tinh tri cua bien c

void Tinh(char pt); // thuc hien phep toan pt

// Cai dat

int main() {
strcpy (s, " (b+c) *(e-b) + (y-x)");

cout << endl << " input: " << s;

kq = XuLi() ;

cout << endl << endl << " Dap so: " << kq << endl ;
cout << endl << endl << " Fini" << endl;
cin.get();

return 0;

}
int XuLi() {
ic = 0; c[ic] = '"#'; n = strlen(s); iv = -1;
int i;
for (i = 0; 1 < n; ++i)
if (LaBien(s[i])) v[++iv] = Val(s[i]):
else if (s[i]l=="'(') c[++ic] = "(';
else if (s[i]=="')"') ZXuLiNgoac() ;
else if (LaPhepToan(s[i])) XuLiPhepToan(s[i])
while (LaPhepToan(c[ic])) { Tinh(c[ic]); --ic; }
return v[iv];
}
// Val('A') = 0; Val('B') = 1;
int Val(char c) { return (int) (c-'a'); }
int Bac(char pt) {
if (pt == '+' || pt == '-') return 1;
else if (pt == '*' || pt == '/') return 2;
else return O;

}

bool LaBien(char c¢) { return (c >= 'a' && c <= 'z'); }

bool LaPhepToan(char c) {return(c=='+'||c=='-"'||c=="*"||c=="/");}
void XuLiPhepToan (char pt) {
while (Bac(c[ic]) >= Bac(pt)) { Tinh(c[ic]); --ic; }

c[++ic] = pt;
}
void XuLiNgoac /() {

while (c[ic] '= '(') { Tinh(c[ic]); --ic; }

--ic; // bo dau '('
}
void Tinh(char pt) { // Thuc hien phép toan pt

switch (pt) {

case '+': v[iv-1] = v[iv-1]+v[iv];, --iv; break;



case '-': v[iv-1l] = v[iv-1l]-v[iv];, --iv; break;
case '*': v[iv-1l] = v[iv-1l]*v[iv];, --iv; break;
case '/': v[iv-1] = v[iv-1]/v[iv]; --iv; break;

2.2 Xdu thu gon

Mot xdu chi gom cdc chir cdi A, B, C,...,Z ¢6 thé dwoc viét gon theo cdc quy tdc sau:

1. Xm — gém m chir céi X;

2. (S)m — gom m lan viét xdu thu gon S.
Néu m = 0 thi doan can viét sé dwoc bo qua, néu m = 1 thi c6 thé khéng viét m. Thi du, (AB3 (C2D)2
(C5D)0)2A3 la xdu thu gon cuia xdu ABBBCCDCCDABBBCCDCCDAAA.
Cho xdu thu gon s. Hay viét dang day dii (con goi la dang khai trién) ciia xdu nguon sinh ra xdu thu gon s.
Trong xdu thu gon c6 thé chita cdc dau cdch nhung cdc dau cdach nay dwoc coi la vé nghia va do dé khong
xudt hién trong xdau nguon.

Thuat toan

Ta trlen khai theo ky thuét hai pha. Pha tht nhat: Duyét xau s va tao ra mot chuong trinh P phyc vu cho
viée viét dang khai trién ¢ pha thir hai. Pha thir hai: Thyc hién chuong trinh P dé tao ra xau nguodn.
Pha thir nhét: Duyét timg ki tu s[v] va quyét dinh theo céc tinh hudng sau:

e Néu s[v] 1a chit cai C thi doc tiép s6 m sau C va tao ra mot dong 1énh méi dang (n, C, m), trong do
n 1a s6 hiéu riéng cua dong 1énh, C 1a chit cai can viét, m 1a sb 1an viét chit cai C;

e Néus[v] 1a ddu mé ngodc (" thi ghi nhan vi tri dong 1énh n+1 vao stack st;

e Néu s[v] 1a du dong ngodc )' thi doc tiép sé m sau ngoic, 1dy gia tri t tir ngon ngan xép vataora
mdt dong 1énh méi dang (n, #, m, t). Dong 1énh ndy c6 y nghia nhu sau: Cén thyc hién lap m lan
doan trinh tir dong 1énh t dén dong 1énh n. Néu sé m = 0 thi ta x6a cac dong Iénh tir dong t dén
dong hién hanh n. Néu n = 1 thi ta khong tao dong 1énh méi.

Véi thi du da cho, sau pha 1 ta s& thu duogc chuong trinh P gdm cac dong 1énh nhu sau:

t | Y nghia ciia dong l1énh Chwong trinh P gom 7 dong lénh thu
Viét A 1 lan duwoc sau khi thyc hién Pha 1 voi xdu
Viét B 3 lan (AB3(C2D)2(C5D)0)2A3.

Viet C 2 lan
viet D 1 lan

3 | Lap 2 lan tir dong lénh 3 dén dong lénh 5
1 | Lap 2 lan tir dong lénh 1 dén dong lénh 6
Viét A 3 lan

WIN NP IN(WFZ

~|o|o|s|w|N[k|s
> FH|FO|O|m >

Pha thir hai: Thuc hién chuong trinh P.
Ta thuc hién ting dong 1énh cua chuwong trinh tir dong 1 dén dong n. Véi thi du di cho, sau khi thyc hién 4
dong 1énh dau tién ta thu dugc két qua ABBBCCD. Tiép dén dong 1énh 5 cho ta biét can thuc hién viée lap
2 lan céc 1énh tir dong 3 dén dong 5. Sau mdi 1an ldp ta giam gid tri ciia cot m twong tng. Khi m giam dén 0
ta can khoi phuc lai gia tri cli cia m. Muén vay ta can thém mdt cot nita cho bang. Cot nay chua gia tri ban
dau ctia m dé khi can ta c6 thé khoi phuc lai. Ta s€ goi ¢4t nay la R. Theo giai trinh trén, sau khi thyc hién
dong 5 ta thu dugc xau ABBBCCDABBBCCD. Véi dong 1énh 6, 1ap ludn trong tu ta thu dugc xau

ABBBCCDABBBCCDABBBCCDABBBCCD
Cubi cung, sau khi thyc hién dong 1énh 7 ta thu dugc két qua

ABBBCCDABBBCCDAAA

Pj phire tap C& n, trong d6 n 13 s6 ki ty trong xau input.

(* XauGon.pas ¥*)

uses crt;

const mn = 500; BL = #32; NL = #13#10;
ChuSo = ['0'..'9']; ChuCai = ['A'..'Z'];
type mil = array[0..mn] of integer;

cl = array[0..mn] of char;

var M, T, R, st: mil; { M: so lan lap; T: tu; R: luu, st: stack }
c: mecl; { Lenh }

integer; { ngon stack }

string;

integer; { chi dan cua s }

< n'o



n: integer; { so dong lenh }
procedure Cach; begin while (s[v] = BL) do inc(v); end;
function DocSo: integer;

var so: integer;

begin so := 0; Cach;
if Not (s[v] in ChuSo) then begin DocSo := 1; exit; end;
while (s[v] in ChuSo) do
begin
so := so*10 + (Ord(s[v]) - oxrd('0'));
inc(v) ;
end;
DocSo := so;
end;

procedure LenhDon (ch: char);
var so: integer;

begin

inc(v); so := DocSo;

if so = 0 then exit;

inc(n); C[n] := ch; M[n] := so;
end;

procedure NapNgoac;

begin inc(v); inc(p); st[p] := n+l end;
procedure Lenhlap;
var tu, so: integer;
begin
inc(v); tu := st[p]; dec(p):
so := DocSo;
if (so = 0) then n := tu-1;
if (so < 2) then exit;
inc(n); C[n] := '"#'; M[n] := so; T[n] := tu; R[n] := so;
end;
procedure Pha2;
var i,j: integer;
begin
for i :=1 to n do
begin
write(NL,i,'. ',C[i],BL,M[i],BL);
if C[i] = '#' then write(T[i],BL,R[i]);
end;
i:=1;
while (i <= n) do
begin
if (C[i] = '#') then
begin
dec(R[i]);
if (R[i] = 0) then begin R[i] := M[i]; inc(i) end
else i := T[i];
end
else
begin
for j := 1 to M[i] do write(C[i]);
inc (i) ;
end;
end;
end;

procedure KhaiTrien(var s: string);
var i: integer;
begin
s :=s + '"#§'; v :=1; p :=0;
while (s[v] <> '#') do
begin
if (s[v] in ChuCai) then LenhDon(s[Vv])
else if (s[v] = '(') then NapNgoac



else if (s[v] = ')') then Lenhlap
else inc(v);
end;
write(NL,s , ' = "');
Pha2;
end;
BEGIN
s := ' (AB3(C2D)2(C5D)0)2A3"';
KhaiTrien(s) ;
readln;
END.

// DevC++: XauGon.cpp
#include <string.h>
#include <fstream>
#include <iostream>
using namespace std;
// DATA AND VARIABLE
const int mn = 500;
const char BL = 32;
char C[mn]; // noi dung lenh
int M[mn]; // so lan lap
int T[mn]; // lap tu dong lenh nao
int R[mn]; // luu gia tri M
int n; // con dem dong lenh
char s[mn]; // xau thu gon
int v; // chi so duyet s
int st[mn]; // stack
int p; // chi so ngon stack st
// PROTOTYPES
void KhaiTrien (char ¥*);
void LenhDon (char) ;
void Lenhlap() ;
int DocSo() ;
void Cach () ;
bool LaChuSo (char) ;
bool LaChuCai (char) ;
void Pha2();
// IMPLEMENTATION
int main() {
strcpy(s," (AB3(C2D)2(C5D)0)2A3");
KhaiTrien(s) ;
cout << endl; system("PAUSE") ;
return EXIT SUCCESS;
}
bool LaChuCai (char c) { return (c >= 'A') && (c <= '2'); }
bool LaChuSo(char c) { return (¢ >= '0') && (c <= '9"); }
void Cach() { while (s[v] == BL) ++v; }
int DocSo() {
int so = 0;
Cach() ;
if ('LaChuSo(s[v])) return 1;
while (LaChuSo(s[v])) {
so = so*10 + int(s[v]-'0"); ++v;
}

return so;

}

void LenhDon (char ch) {

int so;
++v; so = DocSo() ;
if (so == 0) return;

++n; C[n] = ch; M[n] = so;



}
void Lenhlap() {
int so;
++v; // bo qua dau )
so = DocSo() ;
int tu = st[p--1;

if (so == 0) { n = tu-1l; return; }

if (so == 1) return;

++n; C[n] = '"#'; M[n] = R[n] = so; T[n] = tu;
}
void KhaiTrien(char *s ) {

// Phal

p=0; n=0; // init
for (v = 0; s[v];) {
if (LaChuCai(s[v])) LenhDon(s[v])

else if (s[v] == '(') { st[++p] = n+l; ++v; }
else if (s[v] == ')') Lenhlap();
else ++v;
}
Pha2 () ;

}
void Pha2 () {
int i, j;

cout << endl <K s KK " =";
i=1;
while (i <= n) {
if (C[i] == '"#') {
--R[i];
if (R[i] == 0) { R[i] = M[i]; ++i; }
else i = T[i];
}
else {
for (j = 1; j <= M[i]; ++j) cout << C[i];
++1i;
}
}
}
2.3 Robot

Mot Robot dwoc ldp trinh dé di chuyén trén mat phcfng toa do xoy chia ludi don vi. Chuwong trinh diéu
khién Robot dwgc viét dudi dang xdu gon nhw trong bai Xau gon va gom day 1énh véi ¥ nghia nhw sau:

Gn — di thang n bude qua cac diém nguyén,

RN — quay phdi n lan 45 dg,

Ln — quay trdi n lan 45 dé.
Robot dwoc ddt tai vi tri xudt phat la géc toa do, mdt huong theo truc oy.
Yéu cdu: Xdc dinh toa dg (x,y) noi Robot ding chén sau khi thiee hién chwong trinh ghi trong string s.
Thi du, Sau khi thuc hién chuong trinh s = "(GR3(G2L)2(L5G)0)2G3" Robot sé ding chan tai vi tri
(10,—4) trén mat phang toa do.

Thuat toan

Pha 1 hoan toan giong bai Xau thu gon. Riéng véi pha 2 ta can thay I¢nh hién thj bang viéc tinh vi tri cua
Robot sau khi thyc hién moi dong 1€nh.

0
Ta mi s6 8 hudng di chuyén trén mit phang 7 (0,2) 1
toa do tir 0 dén 7. Vi mdi hudng ta xac dinh (-1,1) (1,1)
cac gia tri dx va dy khi cho Robot di 1 budc
theo hudng d6. Thi dy, theo huéng h = 0 thi 6 )

Robot s& di chuyén tir toa do (x,y) sang toa
dd (x, y+ 1), nhu vay dx = 0, dy = 1. (-1,0) (1,0)
Céc gia tri nay dugc khoi tao sin trong mot
mang hai chidu huong trong d6 dx =

huong[h][0], dy = huong[h][1]. (-1,-1) 4 (1,-1)

(0!_1)



Vi ¢6 8 hudng nén néu Robot dang huéng mit vé hudng h thi sau khi quay phai k lan huéng mat ciia Robot
s& 1a h = (h+k) mod 8, con khi quay tréi k 1an ta s& c¢6 h = (h + n—(k mod 8)) mod 8. Ban d¢ y rang phép trir
k don vi trén vong tron n diém s& duoc doi thanh phép cong véi n—k.

Dé phive tap C& n, trong d6 n la sé ki tw trong xdu input.

(* Robot.pas ¥*)
uses crt;
const mn = 500; BL = #32; NL = #13#10; xx = 0; yy = 1;
huong: array[0..7,0..1] of integer
=((,1), (1,1), (1,0), (1,-1),
(0,—1), (_lr_l)r (—1,0), (_111) );
ChuSo = ['0'..'9']; ChuCai = ['A'..'Z2"'];
type mil = array[0..mn] of integer;
mcl = array[0..mn] of char;
var M, T, R, st: mil; { M: so lan lap; T: tu; R: luu, st: stack }
: mel; { Lenh }
integer; { ngon stack }
string;
integer; { chi dan cua s }
: integer; { so dong lenh }
x,y: integer; { Toa do Robot }
h: integer; { huong di chuyen cua Robot }
procedure Cach; begin while (s[v] = BL) do inc(v); end;
function DocSo: integer;
var so: integer;

5400

begin so := 0; Cach;
if Not (s[v] in ChuSo) then begin DocSo := 1; exit; end;
while (s[v] in ChuSo) do
begin
so := so*1l0 + (Oxrd(s[v]) - oxrd('0'));
inc(v);
end;
DocSo := so;
end;

procedure LenhDon(ch: char);
var so: integer;

begin
inc(v); so := DocSo;
if so = 0 then exit;
inc(n); C[n] := ch; M[n] := so;
end;
procedure NapNgoac;
begin inc(v); inc(p); st[p] := n+l end;
procedure Lenhlap;
var tu, so: integer;
begin
inc(v); tu := st[p]; dec(p):
so := DocSo;
if (so = 0) then n := tu-1;
if (so < 2) then exit;
inc(n); C[n] := '"#'; M[n] := so; T[n] := tu; R[n] := so;
end;
procedure ThucHien(i: integer) ;
begin

case C[i] of
'G': begin x:=x+M[i] *huong[h,xx] ;y:=y+M[i] *huong[h,yy] end;
'R': h := (h + M[i]) mod 8;
'L': h (h + 8 - (M[i] mod 8)) mod 8;



end;
end;
procedure Pha2;
var i: integer;
begin
x :=0; y :=0; h :=0;
for i :=1 to n do
begin
write(NL,i,'. ',C[i],BL,M[i],BL);
if C[i] = '#' then write(T[i],BL,R[i]):;
end;
i:=1;
while (i <= n) do
begin
if (C[i] = '#') then
begin
dec(R[i]);
if (R[i] = 0) then begin R[i] := M[i]; inc(i) end
else i := T[i];
end
else
begin
ThucHien (i) ; { thuc hien dong lenh i }
inc (i) ;
end;
end;
end;
procedure Go(var s: string);
begin
s :=s + '"#§'; v :=1; p :=0;
while (s[v] <> '#') do

begin
if (s[v] in ChuCai) then LenhDon(s[v])
else if (s[v] = '(') then NapNgoac
else if (s[v] = '")') then Lenhlap
else inc(v);
end;
write(NL,s , ' = "');
Pha2;
end;
BEGIN
s := '(GR3(G2L)2(L5G)0)2G3';
Go(s) ;
writeln(NL,NL, 'Ket qua (x,y) = ',x,BL,y); { (x,y) = (10,-4) }
readln;
END.

// DevC++: Robot.cpp

#include <string.h>

#include <fstream>

#include <iostream>

using namespace std;

// DATA AND VARIABLE
const int mn = 500;

const char BL = 32;

char C[mn]; // noi dung lenh

int M[mn]; // so lan lap

int T[mn]; // lap tu dong lenh nao
int R[mn]; // luu gia tri M

int n; // con dem dong lenh

char s[mn]; // xau thu gon

int v; // chi so duyet s

int st[mn]; // stack



int p; // chi so ngon stack st
int x, y; // Toa do (x,y) cua Robot
const int xx = 0, yy = 1;
int SteP[8] [2] = {{0,1},{1,1},{1,0},{1,-1},
{01_1}1{_11_1}1{_110}I{_lll}};
int h; // huong di chuyen cua Robot
// PROTOTYPES
void Go (char *);
void LenhDon (char) ;
void Lenhlap() ;
int DocSo() ;
void Cach () ;
bool LaChuSo (char) ;
bool LaChuCai (char) ;
void Pha2 () ;
void ThucHien (int) ;
// IMPLEMENTATION
int main() {
strepy (s, " (GR3 (G2L) 2 (L5G) 0)2G3") ; // (x,y) = (10,-4)
Go(s) ;
cout << endl << x << " " K y;
cout << endl; system("PAUSE") ;
return EXIT_ SUCCESS;
}
bool LaChuCai(char c¢) { return (c >= 'A') && (c <= '2'); }
bool LaChuSo(char c) { return (c >= '0') && (¢ <= '9'"); }
void Cach() { while (s[v] == BL) ++v; }
int DocSo () {
int so = 0;
Cach() ;
if ('LaChuSo(s[v])) return 1;
while (LaChuSo(s[v])) {
so = so*10 + int(s[v]-'0"); ++v;
}
return so;

}

void LenhDon (char ch) {

int so;
++v; so = DocSo();
if (so == 0) return;

++n; C[n] = ch; M[n] = so;
}
void Lenhlap() {

int so;

++v; // bo qua dau )

so = DocSo() ;

int tu = st[p--1;

if (so == 0) { n = tu-1l; return; }
if (so == 1) return;
++n; C[n] = '#'; M[n] = R[n] = so; T[n] = tu;

}
void Go(char *s ) {
cout << endl << "input: " << s;
// init
p=0;, n=20;
for (v = 0; s[v];) {
if (LaChuCai(s[v])) LenhDon(s[v])

else if (s[v] == '(') { st[++p] = n+l; ++v; }
else if (s[v] == ')') Lenhlap();
else ++v;

}
Pha2 () ;



void ThucHien (int i) {
switch(C[i]) {
case 'G': x += M[i]*step[h] [xx]; y += M[i]*step[h] [yy] 5 break;
case 'R': h = (h+M[i]) % 8; break;
case 'L': h = (h+8-(M[i]%8)) % 8; break;

}
}
void Pha2() {
int i;
cout << endl <K s <K " =";

=y=0; h=0; 1i=1;
while (i <= n) {

if (C[i] == "#') {
--R[i];
if (R[i] == 0) { R[i] = M[i]; ++i; }
else i = T[i];
}
else {
ThucHien (i) ; // thuc hien dong lenh i
++i;
}

2.4 Ham nhiéu bién

M0t s6 ham ¢6 s6 tham bién khong han ché,
Thi dy 1: Ham ucln — tinh wée chung I6m nhat ciia cac sé nguyén dwoe dinh nghia nhir sau:

ucln(') = 0, khong co tham bién, qui woc = 0

ucIn(x) = |X|, Ucin ciia s6 x la gid tri tuyét doi cia chinh sé dé

ucln(a,b) = uclin(b,a),

ucln(a,0) = a,

ucln(a,b) = ucin(a mod b, b)

ucIn(xy, Xa,...,Xn) = ucIn (ucIn(xy, Xz,..- Xn-1), [Xnl), N > 2.
Thi dy 2: Ham sum — tinh tong ciia cdc s6 nguyén:

sum() =0,

sum(x) = x,

SUM(X1, X2,...,Xn) = SUM(SUM(Xy, Xo,...,Xn-1), Xn), N = 2.
Ngodi ra con cdc ham ldy min, max ciia déy phan tit...
Cho mét biéu thire dwoc viét diing cii phdp, chita cdc hang nguyén, cdc bién a, b,... dwoc gan san cdc tri a
=0, b=1,.., cic phép todn s6 hoc +, —, *, / (chia nguyén), % (chia du), cic cdp ngodc va cdc 161 goi ham
nhiéu bién @. Hay tinh gid tri ciia biéu thirc néu @ la ham ucin.
Thi du, 16 sé la gid tri ciia biéu thire (10+@(12,30+@(6,8))+17*@( )+2)*@(1,3). Thdt viy, ta cé @() =
0; @(6,8) = 2; @(1230+@(6,8)) = @(12,30+2) = @(12,32) = 4; @(1,3) = 1;
(10+@(12,30+@(6,8))+17*@( )+2)*@(1,3) = (10+4 + 17*0 +2)*1 = 16*1 = 16.

Thuat toan

Ta mo rong thut toan cua bai Val dé c6 thé xir Iy thém céc truong hop sau. Thir nhét, chuong trinh phai
nhén biét dugc phép toan dao dau. Day la phép toan 1 ngbi khac véi phép trir 1a phep toan 2 ngbi. Thi du,
biéu thirc —a + b c6 phép toan dao diu. Phép nay ciing kha d& nhan biét. Néu gip ddu — va trong ngon cua
ngin xép ¢ khong chira phep toan nao thi phép — nay s€ 1a phép toan dbi d4u. Ta nap vao ngan x€p c¢ ki hiéu
! cho phép d6i ddu nhim phan biét tuong minh voi voi phép todn trir. Ky thuét nay co thé giy nhap nhang,
thi du, khi xir 1i biéu thirc a—b thi déu — gap dau tién nén trong ngan xep ¢ khong chira phép toan nao. Hé
thong s& coi 1a phép toan do6i dau Ta khic phuc tinh hudng nay bang cach sau. Sau khi thuc hién hét cac
phép toan trong ngin xép ¢, néu trong ngéan xép tinh toan t con hon 1 phan tir thi ta cong don két qua vao
t[1]. Nhu vy ta da gia thiét a — b = a+(-b) trong do — 1a phép d6i dau. Thir hai, chuong trinh phai xir li
dugc céc tinh huong goi ham @ véi cac tham bién khac nhau. Khi gap ki hi¢u @ ta xdc dinh xem gitra cap
ngoic () c6 dbi tuong nao khong. Néu khong co, ta ghi nhan mot 101 goi ham rong trong ngan xép c. Trong
danh sach tham bién cua 161 goi ham co thé chtra diu phay ding dé ngin cach cac tham bién. Ta ciing nap
dén cac ddu ngan nay vao ngan xép c. Thu tuc Cach bd qua cac déu cach trong xau input s, tim dén ki tu c6
nghia s[v] tiép theo.



V6i hai ngin xép ¢ ding dé ghi nhan cac dau phép toan va t ding dé chtra cac gia tri can tinh toan ta to
chtc doc duyét xau input s va xu 1i nhu sau.

1. Khéi tri cac ngan xép,

2. V&i mdi ki ty s[v] ta xét

2.1 s[v] ='@" Nap @ vao c; doc tiép s dé xac dinh xem gilta c@p ngodc () co ki hiéu nao
khong. Néu khong co: nap thém $ vao ¢ dé ghi nhan 10i goi ham rdng;

2.2 s[v]="(:Nap (vaoc;
2.3 s[v] 1a chit s6 '0"..'9": Poc s nay va nap vao ngin xép t;

"l

2.4 s[v] 1a tén bién (chir cai
tinh theo cong thurc x — 'a’,

'2"): Nap tri ciia cac bién nay vao ngan xép t. Tri cua bién x duoc

2.5 s[v] 1a déu phdy: Thue hién cac phep toan (néu c6) trén ngon ngan xép ¢ dé tinh trj cta bicu
thire trng voi tham s6 nay. Thi dy, s ="@)(a+1,..." thi ta phai tinh tri ciia a + 1 trudc khi goi ham;

2.5 s[v] =")": Ta can xac dinh xem d4u ')’ déng mot biéu thirc con hay déng danh sach tham
bién ctia mot 10i goi ham. Trude hét ta thuc hién cac phép toan (néu c6) trén ngon ngan xép c dé
tinh trj ctia biéu thic két thuc bang dau bE Ké dén ta duyét nguoc ngan xép ¢ dé xac dinh vi tri
ctia dau '(". St trude vi tri nay 6 thé c6 diu @ hodc khong. Néu c6 ta tinh ham. Néu sat sau (' 1a
ki hiéu '$' thi ta hiéu 1a ham rong, ta sinh tri 0 cho ngan xép t.

2.6 s[v] 1a dau cac phép toan +, —, *, /, %: Ta thuc hién cac phép todn béc cao trén ngon ngin
xép ¢ 10i nap phép toan s[v] nay vao c¢. Riéng voi phép — ta can xac dinh xem cé phai 1a phép
dao d4u hay khong.

(* Func.pas ¥*)
uses crt;
const bl = #13#10; nl = #32; mn = 500;

var

c: array[0..mn] of char; { ngan xep phep toan }

ic:

integer; { ngon ngan xep c }

t: array[0..mn] of integer; { ngan xep tinh toan }

it:

integer; { ngon ngan xep t }

s: string; { input }
v: integer; { duyet s }
function Ucln(a,b: integer): integer;

var

r: integer;

begin a := abs(a); b := abs(b);

while b > 0 do
r

begin :=amod b; a :=b; b := r; end;
Ucln a;

end;
procedure Cach;
begin while s[v] = bl do inc(v) end;
function LaBien(c: char): Boolean;
begin LaBien := (¢ in ['a'..'z']); end;
function LaChuSo(c: char): Boolean;
begin LaChuSo := (¢ in ['0'..'9']); end;
function LaPhepToan(c: char): Boolean;
begin LaPhepToan := (c in ['+',6'="', '*' '/' ' '1']) end;

function Val(c: char): integer;

begin Val := Ord(c)-ord('a'); end;

function Bac(p: char): integer;

begin
if (p in ['+','-"']) then Bac :=1
else if (p in ['*','/', '$']) then Bac := 2
else if (p = '!') then Bac := 3
else Bac := 0;

end;

function DocSo: integer;

var so: integer;

begin

SO

= 0;

while LaChuSo(s[v]) do



begin
so := so*10 + Ord(s[v])-oxrd('0');
inc(v);
end;
DocSo := so;
end;
procedure Tinh(p: char);
begin
case p of
'+': begin t[it-1]
'-': begin t[it-1]
'*': begin t[it-1]

t[it-1] + t[it];, dec(it) end;
t[it-1] - t[it]; dec(it) end;
t[it-1] * t[it], dec(it) end;
'/': begin t[it-1] t[it-1] div t[it]; dec(it) end;
'$': begin t[it-1] := t[it-1] mod t[it]; dec(it) end;
'1': begin t[it] := -t[it] end; { phép dao déu }

end
end;
procedure Napc(ch: char); begin inc(ic); c[ic] := ch end;
procedure NapBien (x: char);
begin
inc(v); inc(it); t[it] := Val(x):;
end;

procedure NapSo;
var so: integer;
begin
inc(it); t[it] := DocSo;
end;
procedure NapPhepToan (p: char);
begin
inc(v) ;
if p = '-' then
if Not LaPhepToan(c[ic]) then begin Napc('!'); exit end;
while (Bac(c[ic]) >= Bac(p)) do begin Tinh(c[ic]); dec(ic) end;
Napc (p) ;
end;
procedure NapPhay;
begin
inc(v) ;
while LaPhepToan(c[ic]) do begin Tinh(c[ic]); dec(ic) end;
Napc(',');
end;
procedure NapNgoac;
begin
inc(v); Napc('('");
end;
procedure NapHam;
begin
inc(v); Napc('@');
Cach; NapNgoac; { bo qua ( }
Cach; if s[v] = ')' then { Ham rong } Napc('$');
end;
procedure XuLiHam(i: integer) ;
var j,kq: integer;
begin
if c[i+1l] = '$' then
begin
inc(it); t[it] := O;
ic =i - 2;
exit
end;
kg :
for
it

0;
:= it-ic+i to it do kq := Ucln(kq,t[]j]):
it-ic+i; t[it] := kq;

[T |



ic (=1 - 2;
end;
procedure XuLiNgoac; { gap ) }
var i: integer;
begin
inc(v) ;
while LaPhepToan(c[ic]) do begin Tinh(c[ic]); dec(ic) end;
i = ic;
while (c[i] <> '"(') do dec(i); { Tim ngoac ( }
if c[i-1]] = '@' then XuLiHam(i) else dec(ic); { Bo ( }
end;
function BieuThuc(var s: string): integer;
var i: integer;
begin
s :=s + '"#'; ic :=1; cl[ic] := "#'; it = 0; v := 1;
while (s[v] <> '"#') do
if LaBien(s[v]) then NapBien(s[v])
else if LaChuSo(s[v]) then NapSo
else if LaPhepToan(s[v]) then NapPhepToan(s[v])
else if s[v] = ',' then NapPhay
else if s[v] (' then NapNgoac
\l
)

else if s[v] @' then NapHam
else if s[v] = ')' then XulLiNgoac
else inc(v);
while (LaPhepToan(c[ic])) do begin Tinh(c[ic]); dec(ic) end;
for i := 2 to it do t[1l] := t[1l]+t[i];
BieuThuc := t[1];
end;
BEGIN
s := '"Q(-70,12+10-b,@ (y+5,10) *c+12) ';
writeln(nl,s, ' = ',BieuThuc(s)); { 7 }
readln;
END.

// Dev-C++: Func

#include <string.h>

#include <fstream>

#include <iostream>

using namespace std;

// DATA AND VARIABLE
const int mn = 500;

const char BL = ' ';//32;
char c[mn]; // stack lenh

int ic; // ngon stack c

int t[mn]; // stack tinh toan
int it; // ngon stac v

int v; // duyet s

char s[mn]; // xau input

// PROTOTYPES

int BieuThuc (char ¥*);
int DocSo() ;

void Cach () ;

bool LaPhepToan (char) ;
bool LaChuSo (char) ;
bool LaBien (char) ;
int Val (char);

int Bac(char);

void NapHam() ;

void NapNgoac() ;
void NapSo() ;

void NapPhay() ;

void XuLiNgoac() ;



void XuLiHam(int) ;
void Tinh (char) ;
void XuLiToan (char) ;
int Ucln(int , int);
// IMPLEMENTATION
int main () {
strcpy (s, " (10+@(12,30+Q@(6,8))+17*Q@()+2)*Q(1,3)");
cout << endl << "Ket qua: " << BieuThuc(s); // 16
cout << endl; system("PAUSE") ;
return EXIT SUCCESS;
}
int Ucln(int a, int b) {
int r;
a = abs(a); b
while (b) { r
return a;

abs (b) ;
a%$b; a=b; b=r;}

}
int Bac(char p) {

if (p == "+' || == '-') return 1;
else if (p== '"*' || p=="/" || p == '%') return 2;
else if (p == '!') return 3;

else return 0O;

}
bool LaChuSo(char c¢) { return (¢ >= '0') && (¢ <= "'9"); }
bool LaPhepToan (char c) {

return (c=='!' || ec=="+"||ec=="-"||c=="*"||ec=="/"||c=="%");
} // ! phep dao dau
bool LaBien(char c) { return (c >= 'a') && (¢ <= 'z'); }
int Val(char x) { return int(v-'0'); }
void Cach() { while (s[v] == BL) ++v; }
int DocSo () {

int so = 0;

Cach() ;

if ('LaChuSo(s[v])) return 1;

while (LaChuSo(s[v])) {

so = so*10 + int(s[v]-'0"); ++v;

}

return so;
}
void NapNgoac() {

c[++ic] = "('; ++v;
}
void NapHam() {

c[++ic] = 'Q@'; ++v; // bo qua dau Q@ trong s

Cach(); // tim dau (

c[++ic] = s[v]; // Nap (

++v; // bo qua dau ( tring s

Cach(); if (s[v]==')"') c[++ic] = '$';// ham rong
}
void NapSo() { t[++it] = DocSo();}
void NapVal(char x) { t[++it] = Val(x); ++v;}
void Tinh(char p) {

switch(p) {

case '+': t[it-1] += t[it];, --it; break;
case '-': t[it-1] -= t[it]; --it; break;
case '*': t[it-1l] *= t[it]; --it; break;
case '/': t[it-1] /= t[it]; --it; break;
case '%$': t[it-1] %= t[it];, --it; break;
case '!': t[it] = -t[it], break;

}

}

void XuLiHam(int i) { // c[i-1..i] = @(
int kg = 0 ; // ket qua



if (c[i+1l]=='$') { // ham rong
ic = i-2; t[++it] = 0;
return;
}
int k = ic - i + 1; // so tham bien
int jj = it;
it=1it - k + 1;

for(int j = it; j <= jj; ++3) kq
t[it] = kg;
ic = i-2;

}

void XuLiNgoac() { // Gap dau ): s[v]
int i;
++v; // bo qua ) trong s

= Ucln(kq, t[j]);

=|)|

while (LaPhepToan(c[ic])) { // Thuc hien cac phep toan tren ngon

Tinh(c[ic]);, --ic;
}
i=ic;
while (c[i] !'= '(') --i;// tim dau ( trong c
// cl[i]l = ' ('
if (c[i-1] == '@') XuLiHam(i); // gap ham @

else --ic; // ko gap ham
}
void NapPhay () {
++v; // bo qua dau , trong s
while (LaPhepToan(c[ic])) {
Tinh(c[ic]); --ic;
}
cl[++ic] = ',"';
}
void XuliToan (char p) {
++v; // bo qua ki tu trong s
if (p=='-")
if ('LaPhepToan(c[ic])) { c[++ic]
while (Bac(c[ic]) >= Bac(p)) {
Tinh(c[ic]); --ic;
}
c[++ic] = p;
}
int BieuThuc(char *s ) {
cout << endl << "input: " << s << e
// init
ic = it = 0; c[++ic] = "#';
for (v = 0; s[v];) {
if (s[v] == '@') NapHam() ;
else if (s[v] == '(') NapNgoac()
else if (LaChuSo(s[v])) NapSo();
else if (LaBien(s[v])) NapVal(s|

else if (s[v] == ',') NapPhay()
else if (s[v] == ')') XuLiNgoac (
else if (LaPhepToan(s[v])) XuLiT
else ++v;

}

while (LaPhepToan(c[ic])) {
Tinh(c[ic]);, --ic;

}

for (;it > 1; --it) t[1l] += t[it];

return t[1];

}
2.5 Files

| files.inp | files.out | ,,

N ; 7
e N 4 AL L% M 2 2

= '1'; return;

ndl;

v]);
)

oan(s[v]);

}

AO 1.2,




LOAD 3 LOAD 4 hew trén dia ciing dé tao ra mét file két qua c6 tén 49. Qui trinh xit li
MODI MODI dtfg'c ldp trinh san. Chwong trinh dwoc viét bﬁng ngon ngir quan Iy file
SAVE 50 SAVE 51 gom cdc lénh

LOAD 4 LOAD 3 LOAD i : doc file i vao mién nhé RAM

MODI MODI MODXI: sira ndi dung hién cé trén RAM

SAVE 51 INS 51 INS j: xen file j vao file trén RAM

LORD 50 MODI SAVE 3: ghi ngi dung trén RAM vao file tén j.

INS 51 SAVE 50 3o \

MODI LOAD 1 END. ket thucrchu"ong trinh. ‘ ‘ )
SAVE 52 INS 2 Trur lenh SAVE 49 cuoi cung, cdc lénh SAVE déu dwoc sw dung dé luu
LOAD 1 MODI tam cdc két qua trung gian voi cdc tén file tir 50 tro di. Voi cac file kich
INS 2 INS 50 thudc 1om, nguoi ta muon han ché sé lan ghi dia bang lénh SAVE nham
MODI SAVE 49 tiét kiém thoi gian xir Ii. Hay thay chwong trinh ghi trong files.inp bang
INS 52 END mot chwong trinh twong dwong ghi trong files.out voi it Iénh SAVE. Hai
SAVE 49 chwong trinh dwgc xem la tuong duwong néu file 49 chira ket qua cuoi
END cung co ndi dung giong nhau.

Trudc hét ta xét mot thi du minh hoa. Gia sir lic dau mdi file c6 chi s6 i chira mot s6 nguyén duong i+10, i
=1,2,..,48 Thao tac MODI 1t cac chit so trong RAM, tirc 1a vi€t ddy so theo thir tw nguoc lai. Thao tac
INS i doc s6 trong file i rdi Xen vao sau chit s6 dau tién cua file hién luu trén RAM.

CHUONG NOI RAM CHUONG NOI RAM
TRINH TRONG | DUNG TRINH DUNG

FILES.INP TRONG TRONG | TRONG

FILE FILES.OUT | FILE

LOAD 3 13 13 LOAD 4 14 14
MODI 31 MODI 41
SAVE 50 31 31 SAVE 51 | 41 41
LOAD 4 14 14 LOAD 3 13 13
MODI 41 MODI 31
SAVE 51 41 41 INS 51 41 3411
LOAD 50 31 31 MODI 1143
INS 51 41 3411 SAVE 50 | 1143 1143
MODI 1143 LOAD 1 11 11
SAVE 52 1143 1143 INS 2 12 1121
LOAD 1 11 11 MODI 1211
INS 2 12 1121 INS 50 1143 11143211
MODI 1211 SAVE 49 | 11143211 | 11143211
INS 52 1143 11143211 | END
SAVE 49 11143211 | 11143211
END

Khi d6 trinh tu thuc hién hai chuong trinh ghi trong input file FILES.INP va output file FILES.OUT dugc
giai trinh chi tiét trong bang. Noi dung ghi trong 4 file mang ma sb 1, 2, 3 va 4 dau tién lan luot a 11, 12,
13 va 14. Két qua cudi cing cia ca hai chuong trinh déu gidng nhau va bing 11143211. Chuong trinh
ghi trén file inp chira 4 1énh SAVE trong khi chuong trinh ghi trén file out chira 3 1énh SAVE. Ban ciing
can luu ¥ rang phép xen file INS néi chung khong thoa tinh giao hoan va két hop. Dé minh hoa ta tam qui
ude ndi dung ghi trong file dugc dat gitta cap ngodc []. Khi do, [12] INS [13] = [1132], trong khi [13] INS
[12] = [1123], ngoai ra ([12] INS [13]) INS [14] = [1132] INS [14] = [114132], trong khi [12] INS ([13]
INS [14]) = [12] INS [1143] = [111432].



Thuit toan

t ™ s 49
A 4
I 52
M S 52
\ 4
I \ 4
/\ M
L1 L 2 Y
I
Cay t tgo tir pha I /\
Cac tir viet tat S 50 S 51
L - LOAD
S - SAVE v
M - MODIFY M M
| - INS
\4 \4
L 3 L 4

Thuét toan duoc trién‘khai theo 2 pha: Pha Poc va Pha Ghi. Pha thtr nhat, Pha Doc sé& doc timg dong 1énh
cua chuong trinh nguén P tir input file va tao thanh mét cdy t. Pha thir hai, Pha Ghi chi don thuan ghi lai
cay t vao output file theo nguyén tac wu tién lénh SAVE cho cdy con phai. Ta trinh bay chi tiét cac k¥ thuét
tai hai pha.

M3i niit ciia cdy t 6 4 thanh phan (C, f, L, R) trong d6 C 1a chit cdi ddu cua 1énh LOAD, SAVE, MODI,
END, fla s6 hiéu file (t€n) trong dong 1énh, L va R 1an luot 1a con tr6 trdi va phai toi mit tiép theo trén ciy.
Ta tam ki hiéu 0 1a con tr6 NULL trong C++ va NIL trong Pascal.

1. Pha Doc s€ doc lan luot tirg dong 1énh tir chuong trinh P vao bién string s va nhan biét 1énh qua chit cai
dau tién LOAD, SAVE, MODI, INS, END r6i xir li theo tirng truong hop nhu sau:

LOAD f: Néu file f chua xuét hién thi tao mot nut méi v = (C, f, 0, 0) va danh déu f1a file da xudt hién.
Viéc danh dau dugc thuc hién thong qua phép gan p[f] = v trong d6 p 1a mang cdc con tro toi cac nat, f'1a
s6 hiéu (tén) file, v 1a gid tri cua con tro duoc cap phat cho nit duge khoi tao cho file f, p[f] = 0 (NULL/nil)
cho biét file f chua xuét hién trong chuong trinh P. Néu f da xuét hién thi ta gan v 1a con tr6 toi nat da khoi
tao cho file f, v = p[f];

SAVE f: Khong tao nut mdi, chi ghi nhan f vao bién lastsave dé biét phép SAVE’cuéi cung cua chuong
trinh P s& ghi két qua vao file nao. Dong thoi ta cling can danh dau p[f] = v d€ biét rang file hién co trén
RAM la v da dugc ghi vao file f;

MODI: Tao nat méi v = NewElem('M',-1,v,0) dit trén nat v hién hanh. Gia tri cia truong fnum duge dat

la =1 cho biét 1énh nay khéng quan tdm dén tén file vi n6 chi MODIFY ndi dung cua file hién c6 trén
RAM;

INS f: Néu file f chwa xudt hién thi tao nut méi v = NewElem('T',f,v,0), nguoc lai, néu file f di xuét hién thi
tao nat mdi v= NewElem('I',-1,v,p[f]).

2. Pha Ghi Gid st t la cay tao dugc sau pha 1. Ta’Viét thu tuc ToFile(t) duyét cay t theo nguyén tac wu tién
cdy con phai @€ ghi vao output file chuong trinh t6i uu s6 1énh SAVE nhu sau. Cy thé 12 ta duyét cay con



phai trudc, sau dén cay con trai va cubi cung la nut gitta. Thi tuc nay c6 tén RNL. Ta xét cac tinh huéng
sau day.

2.1 Cay t chi co6 cay con trdi L, t = (L,0): Ta chi viéc goi thu tuc ToFile(L).

2.2 Cay t c6 ca hai cdy con trdi L va phai R, t = (L,R) va hai cdy con nay dugc gin v6i nhau
bang 1énh INS: Trude hét phai goi thu tuc ToFile(R) va ghi két qua trung gian vao mot file tam
m, sau d6 goi thu tuc ToFile(L) roi thém vao cuoi dong 1énh INS m.

Do phire tap C& n — sb dong I1énh trong input file.

Binh ludn Thuat toan trén cling b6 qua trudng hop day lénh SAVE gibng nhau lién tiép clng nhu truong
hop hai Iénh lién tiép 1a LOAD f va SAVE f v6i cung mét tén file. Ban 6 thé cai tién thém bang cach doc
input file mot 1an vao mién nhé va loai bo cac 1énh nay trudce khi to chlic cay t.

(* Files.pas *)
uses crt;
const fn = 'files.inp'; gn = 'files.out';
mn = 400; nl = #13#10; bl = #32;
chuso = ['0'..'9'];
type pelem = “elem;
elem = record
com: char; { lenh }
fnum: integer; { so hieu file }
L,R: pelem; { tro trai, phai }
end;
var £,g: text; { f: input file; g: output file }
p: array[l. .mn] of pelem; { danh dau cac file }
s: string; { dong lenh }
t: pelem; { cay nhi phan chuong trinh }
lastSave: integer;
tmp: integer; { file trung gian }
function DocSo: integer; { doc so tu dong lenh s }
var i, so: integer;

begin
so := 0;
i:=1;

while not (s[i] in chuso) do inc(i);
while (s[i] in chuso) do
begin

so := so*10 + ord(s[i]) - oxrd('0'");

inc(i);
end;

DocSo := so;

end;
function NewElem(c: char; fno: integer; Lp,Rp: pelem): pelem;
var e: pelem;

begin

new (e) ;

e*.com := c; e*.fnum := fno;

e*.L := Lp; e*.R := Rp;

NewElem := e;
end;
function Load(fno: integer): pelem;
begin

if p[fno] = nil then

plfno] := NewElem('L',6fno,nil,nil);

Load := p[fno];
end;
procedure Save(v: pelem; fno: integer);
begin lastSave := fno; p[fno] := v; end;
function Ins(v: pelem; fno: integer): pelem;
begin

if p[fno] = nil then
Ins := NewElem('I',6fno,v,nil)



else Ins := NewElem('I',-1,v,p[fno]);

end;

function Doc: pelem;

var i: integer;

v: pelem; { RAM }

begin

for i := 1 to mn do p[i] := nil;
assign(f,fn); reset(f);

while not seekeof (f) do

begin
readln(£f,s); s := s + '#';
case s[l] of
'L': v := Load(DocSo) ;

'S': Save(v,DocSo) ;
'M': v := NewElem('M',-1,v,nil);

'I': v := Ins(v,DocSo);
'E': begin close(f); Doc := v; exit end;
end;

end;

end;
procedure ToFile(t: pelem) ;
var sav: integer;
begin
sav := 0;
if (t = nil) then exit;
if (t*.R <> nil) then
begin
inc(tmp); sav := tmp;
ToFile (t”*.R);
writeln (g, 'SAVE' ,(bl,sav) ;
end;
ToFile (t*.L) ;
case (t*.com) of
'I': if (t*.R = nil) then writeln(g,'INS',6bl,t*.fnum)
else if (sav > 0) then writeln(g,'INS',6bl,sav);
'L': writeln(g,'LOAD',bl,t*. fnum);
'M': writeln(g,'MODI') ;
end;
end;
procedure Ghi(t: pelem) ;
begin
assign(g,gn); rewrite(g);
tmp := 49;
ToFile(t) ;
writeln(g, 'SAVE',bl,lastsave,nl,'END') ;
close(qg) ;
end;
BEGIN
t := Doc; Ghi(t);
writeln(nl,' Fini') ;readln;
END.

// Dev-C++: Files

#include <string.h>

#include <fstream>

#include <iostream>

using namespace std;

// DATA AND VARIABLE

const char * fn = "files.inp";
const char * gn = "files.out";
const char * LOAD = "LOAD";
const char * MODI = "MODI";
const char *

INS = "INS";



const char * SAVE = "SAVE'";
const char * END = "END";
const char star = '*'; // Node
const int mn = 400;
struct elem {
char com; int fnum; // com: lenh, fnum: file number
elem * L; elem * R; // tro trai, tro phai
};
elem* p[mn];
int tmp;
int lastsave;
// PROTOTYPES
elem * Doc();
elem * Load(int);
elem *NewNode (char, int, elem*, elem¥*);
elem * Ins(elem *, int);
void Ghi (elem *t);
void ToFile (elem¥*) ;
ofstream g(gn) ;
// IMPLEMENTATION
int main() {
elem * t = Doc();
Ghi (t) ;
cout << endl; system("PAUSE") ;
return EXIT SUCCESS;
}
void Ghi (elem *t) {
tmp = 49;
ToFile(t) ;
g << "SAVE " << lastsave << endl;
g << "END" << endl;
g.close() ;
}
void ToFile(elem *t) {
int sav = 0;
if (t == NULL) return;
if (t->R != NULL) {
++tmp; sav = tmp;
ToFile (t->R) ;
g << "SAVE " << sav << endl;
}
ToFile (t->L) ;
switch (t->com) ({

case 'I': if (t->R == NULL) g << "INS " << t->fnum << endl;
else if (sav > 0) g << "INS " << sav << endl;
break;

case 'L': g << "LOAD " << t->fnum << endl;
break;

case 'M': g << "MODI" << endl;
break;

}
}

elem * Ins(elem *v, int fno) { // Tao node INS

elem * e = NewNode('I', -1, v, NULL);
if (p[fno] != NULL) e->R = p[fno];
else e->fnum = fno;

return e;

}
elem * Load(int fno) { // Tao node LOAD
if (p[fno] == NULL)
pl[fno] = NewNode('L', fno, NULL, NULL);
return p[fno];



elem * NewNode (char cm, int i, elem * lp, elem * rp) {
elem * pt = new elem; // Tao node moi
pt->com = cm; pt->fnum = i;
pt->L = 1lp; pt->R = rp;
return pt;
}
elem * Doc() {// Doc vhuong trinh, tao cay
char s[10];
ifstream f (£fn);
elem * v = NULL; // RAM
int i, fno;
for (1 = 0; i < mn; ++i) p[i] = NULL;
while (1) {
f >> s; fno = 0;
switch(s[0]) {
case 'E': f.close(); return v; // END
case 'L': £ >> fno; v = Load(fno); break; // LOAD
case 'S': £ >> fno; lastsave = fno;
plfnol= v; break; // SAVE
case 'I': £ >> fno; v = Ins(v,£fno); break; // INS
case 'M': v = NewNode('M',-1,v,NULL); break; // MODIFY

2.6 Gen
(Bai twong tu)
Trong phong thi nghiém sinh hoc phdn tir nguoi ta bao quan Cac doan md di truyén, tam goi la cdc doan
gen trong cdc ti chita dic biét dwpc ma sé 1, 2,...,98. Cdc gen dwoc chinh sita va cdy ghép véi nhau trén
ban thi nghiém T dé tao ra mét gen cudi cung dat trong tu chira 56 99 theo mét chuwong trinh may tinh tw
déng bao gom cdc thao tdc sau:

TAKE i : ldy mot gen tir tii chira i ddt lén ban thi nghiém T,

MODI: lam sach, sira chita cdc théng tin di truyén trong gen hién cé trén ban thi nghiém T,

INS 3j: cdy ghép gen hién cé trén T véi gen trong ti chira j, két qua thu dwo mét gen trén T,

STORE k: cdit gen trén T vao tu chira k,

END : két thiic chirong trinh.
Viéc ldy va cdt giit gen doi hoi cdc thi tuc rdt phikc tap nén nguwoi ta can han ché dén miic 16i da cdc thao
tac nay. Ngodi ra, luu y rang viéc cdy ghép gen i vao gen j cho két qua khac véi viéc cdy ghép gen j vdo
gen i. Hay thay chuong trinh cho trudc bang mot chwong trinh twong dwong véi it Iénh STORE nhdt theo
nghia cho cing két qua thu dwoc trong ti chira 99 nhw chwong trinh ban dau. Trong qud trinh thao tdc
dwoc phép su dung cdc tu chira tam tu 100 tro di .

2.7 Toi wu héa chwong trinh
(Bai twong tu)

prog.inp prog.out Trong cac b xwr Il mot dia chi cdc thao tac xw Il dwoc thuc hién trén
LOAD x LOAD x thanh ghi A, cac hang va bién dwoc ghi trong mién nhé RAM véi céc dia
ADD y SUB vy chi 0, 1, 2,... Chuong trinh duoc Viét dudi dang mot day tuan tw cac lénh
SAVE 100 SAVE 100 | md mdy bao gom cdc lénh sau
LOAD x LOAD x LOAD 1i: doc dir liéu tir dia chi ivao thanh ghi A,
SUB vy ADD vy ADD j: cdng s6 hién c6 trén thanh ghi A véi s6 cé trong dia
SAVE 101 | MULT 100 chi j, két qua dé trén A, A := A+(j), trong d6 (j) ki hiéu ndi
LOAD 100 SAVE z dung c6 trong dia chi j,
MULT 101 | END SUB 3: A = A—(j).
:ﬁgﬁ" z MULT j: A :=A*(j),

DIV j: A :=A/j),

SAVE 3. ghi néi dung trén thanh ghi A vao dia chi j,

END : két thiic chirong trinh.




Gid thiét rang cdc két qua tinh todn trung gian dwoc heu tam vao viing nhé tie do ¢6 dia chi qui wéce tir 100
tro di. cdc phép todan khong thoa cdc tinh chat giao hoan va két hop. Hay thay chuwong trinh ghi trén text
file tén prog.inp bang moét chicong trinh tiong dwong voi it lénh SAVE nhat va ghi két qud vao text file tén
prog.out .
Thi duy, file prog.inp la chuong trinh tinh 7 := (X+Y)*(X-y) voi 3 Iénh SAVE, file prog.out la chuwong trinh
twong dwong voi 2 Iénh SAVE.
2.8 Murc cua biéu thirc
Trong cdc biéu thirc tinh todn nguoi ta thuong dung cdc cap ngodc (...) dé nhém thanh cac biéu thirc con.
Mikc ciia biéu thire dwoe hiéu la s6 lwong t6i da cdc cdp ngodc long nhau trong biéu thike, thi du biéu thirc
(a+(b—c)*d)—(a-b) c6 mirc 2. Cho trudc k cap ngodc va mirc h. Hay cho biét c6 thé xdy dung dwoc bao
nhiéu biéu thirc mirc h va sir dung diing k cdp ngodc. Thi du, ta c6 3 biéu thirc mitc h = 2 sir dung diing k
= 3 cap ngodc nhw sau:

00)

(0)0

0 C0)
Dang ham: Level(k,h)
Test 1. Level(3,2) =3
Test 2. Level(19,18) =

Thuat toan

Goi s(k,h) 1a ham 2 bién cho ra s6 luong cac biéu thirc khac nhau ¢6 mirc h va chira dung k cap ngodc. Xét
cap ngodc thtr k. Ta thay,
- Néu goi A 1a biéu thirc mirc h—1 chira diing k—1 cdp ngodc thi (A) sé& 1a biéu thire d6 sau h va chua
dang k cdp ngoac.
- Néu goi B 14 biéu thirc muc h chtra ding k—1 cp ngodc thi () B va B () s& 1a hai biéu thire muc h va
chira dung k cip ngodc. Tuy nhién trong trudng hop nay ta phai loai di tinh hudng () B =B (). Tinh
hudng nay chi xay ra duy nhét khi B ¢6 dang diy cac cap ngodc mirc 1: B = ()...(). Khidé () B=()
()...0=BQ).
Toém lai, ta cé
s(k,h) = s(k-1,h-1) + 2s(k—1,h) véih > 1, va
s(k,1)=1,k=1,2, ..., véi k > lcap ngoic chi co thé viét dwoc 1 biéu thirc mirc 1 gdm day lién tiép k
cap ngodc () () .. ().
Ngoai ra ta co
s(0,h) =0, h >0, v6i 0 cap ngoic khong thé xay dung duoc biéu thirc mic h > 0;
$(0,0) = 1, véi 0 cdp ngodc co duy nhat 1 biéu thirc muc 0 (qui udc).
Cai dat: Ta c6 thé cai dat ham s(k,h) véi k lﬁn lap va 2 mang 1 chiéu a va b, trong d6 a[j] 12 gia tri cia ham
s(k—=1,j), b[j] 1a gia tri cua ham s(k,j), j =
Trude hét ta khoi tri ing véi k= 1: a[1] = b[l] =1;a[i] =0, i=2.h v6i y nghia sau: c6 1 cip ngodc thi viét
dugc 1 biéu thirc muc 1, khong cé cac biéu thirc muc trén 1.
Gia st tai budce lap thi k—1 ta da tinh dugc cac gia tri ciia ham s(k—1,j) va luu trong mang a nhu sau: a[j] =
s(k—1,j), j = 1..h. Khi d6 céc gia tri cua ham s(k,j) s€ dugc tinh va luu trong mang b nhu sau:
b[1] =s(k,1)=1
b[i] = s(k,j) = s(k-1,j-1) + 2s(k-1,j) = a[j—-1] + 2a[j],j = 2..h
D§ phire tap: k.h.

(* Level.pas ¥*)
uses crt;
const bl = #32; nl = #13#10; mn = 1000;
function Level (k,h: integer): longint;
var a,b: array[0..mn] of longint;

i,j: integer;

begin
fillchar (a, sizeof(a),0); a[l] := 1; b[l] :=1;
for i := 2 to k do { i cap ngoac }
begin
for j := 2 to h do { i cap ngoac, muc j }
b[j] := a[j-1] + 2*a[j];
a :=b;
end;
Level := a[h]:;

end;



BEGIN
writeln(nl, level(3,2), nl, level(19,18));
readln;

END.

// Dev-C++: Level
#include <string.h>
#include <iostream>
#include <stdio.h>
using namespace std;
// PROTOTYPES
int Level (int, int);
// IMPLEMENTATION
int main() {
cout << endl << endl << Level(19,18); // 35
cout << endl << endl << Level(3,2); // 3
cout << endl << endl << " Fini" << endl;
cin.get();
return 0;
}
int Level (int k, int h){
int hl = h+l;
int *a = new int[hl];
int *b = new int[hl];
memset(a,0,dl*sizeof (int)); a[l] = b[l] = 1;
for (int i = 2; i <= k; ++i) {
a[l] = 1;
for (int j = 2; j <= h; ++j) b[j] = al[j-1] + 2*a[j];
memmove (a,b,hl*sizeof (int)) ;
}
delete a; delete b;
return al[h];

2.9 Thép

(Bai twong tu)

Cdc em nhé ding cdc khéi gé hinh chit nhét to nhé khdc nhau va c6 bé day 1 don vi dat chong 1én nhau dé
tao thanh mét céng trinh kién triic gom nhiéu toa thap. Khoi dat trén phai nhé hon khoi diedi, s6 heong khoi
cdc loai la khéng han ché. Bé cao ciia cong trinh dwoc tinh theo chiéu cao ciia thap cao nhdt trong céng
trinh. Vi k khoi g6 ¢6 thé xdy dwge bao nhiéu kiéu cong trinh do cao h.

el | o | o e

3 cong trinh do cao 2 dwoc xdy bang 3 khoi gé

2.10 Mi trang



Trong mét file van ban c¢é n tiv. Vi méi tir thit i ta biét chiéu dai v; tinh bang sé ki tw ¢6 trong tir d6. Nguoi
ta can can 1é trai cho file voi do rong m ki tw trén moi dong. Moi tir can duoc xép tron trén mot dong, méi
dong co thé chira nhiéu tir va trat tw cac tir can dwoc ton trong. Hay tim mot phwong an can 1é sao cho
phan hut [6m nhdt & bén phdi cac dong la nhé nhat. Gia thiét rang méi tiv déu ¢ 1 dau cach ¢ cudi, di
nhién ddu cach nay dwoc tinh vao chiéu dai tir.

Dit liéu vao: file van ban PAGES.INP. Dong dau tién chira hai s6 n va m.

Tiép dén la n chiéu dai tir véi cdc gid tri nam trong khodng tir 2 dén m.

Dit liéu ra: file van ban PAGES.OUT. Dong dau tién chita hai sé h va k, trong d6 h la phan thira I6n nhdt
(tinh theo s6 ki tie) ciia phwong dn tim duwoe, k la s6 dong ciia van ban dd dwoc can lé. Tiép dén la k sé cho
biét trén dong dé phai xép bao nhiéu tir.

Cdc 56 trén ciing dong cdch nhau qua dau cdch.

PAGES . INP PAGES.OUT | Y nghia: Can xép 6 tir chiéu dai lan luot la 2, 2, 3, 3, 6 va 9 trén
6 10 33 cdc dong dai t6i da 10 ki tw. Néu xép thanh 3 dong la (2,2,3,3)
2233609(321 (6) (9) thi phan hut toi da la 4 (trén dong 2). Néu xép thanh 3
dong la (2,2,3) (3.6) (9) thi phan hut t6i da la 3 (trén dong 1).
Nhue vdy ta chon cdch xép thir hai véi 3 dong: Dong 1: 3 tir; dong
2: 2 tw; dong 3: 1 tur.

Thudt toan

Goi d(i) 1a dap sb ctia bai toan véi i tir dau tién. Ta xét cach xép tir w[i]. Pau tién ta xép w[i] riéng 1 dong,
d6 hut khi d6 s& 1a h = m—v[i]. Néu chd hut con du ta lai kéo tir i—1 tir dong trén xudng, d6 hut khi d6 sé la
h = h—v[i-1].... Tiép tuc lam nhu vay dén khi d6 hut h khong du chia thém tir kéo tir dong trén xudng. Mdi
1an kéo thém mot tir j tir dong trén vao dong méi nay ta c6 mot phuong an. Do hut ciia phuong an nay s€ la
max (h—v[j].d(-1)). Tasechonphuongannaodatulnnnnongsodo

Dé cai dat ta s dung mang mot chiéu d chira cac gia tri cua ham d(1) Ta khéi tri cho v[0] = m+1 lam linh
canh, d[1] = m—v[1], vi khi chi c6 1 tr thi ta xep trén 1 dong duy nhét va d6 hut 1a m —v[1].

Pé xac dinh sy phan bé sb luong tir trén moi dong ta dung mang tro nguoc t[1..n] trong do t[i] = j cho ta
bwtcactu]]+1 1cungnan1hen1notdongtheophucngant01uu Sau d6 ta goi dé qui mudn mang t dé
tinh ra s0 lugng céac tu trén moi dong, ghi vao mang sl theo trat tw nguoc.

D phikc tap: C&n° vi véi mdi tir i ta phai duyét nguoce i 1An. Téng cong c6 n tir nén sb 1an duyét s& 1a n.n.

(* Pages.pas ¥*)
uses crt;
const mn = 200; bl = #32; nl = #13#10;
fn 'pages.inp'; gn = 'pages.out';
type mil = array[0..mn] of integer;
var n,m,k,h: integer;

£f,g9: text;
v, d, t, sl: mil;
(X e e e

n - number of words; m - width of page;

k - number of lines; h - maximum of
white character of all lines;

v[i] - length of i-th word;

d[i] - solution result of input data v[1l..i];
t[i] = j: all words j, j+1,...,i are in one line;
sl[i] - number of words in i-th line
__________________________________________ *)

procedure PP(var x: mil; d,c: integer);

var i: integer;

begin for i :=d to c do write(bl,x[i]); end;
function Min(a,b: integer): integer;

begin if a < b then Min := a else Min := b end;
function Max(a,b: integer): integer;
begin if a > b then Max := a else Max := b end;

procedure Doc;

var i: integer;

begin assign(f,fn); reset(f); readln(f,n,m);
writeln(n,bl,m) ;
for i := 1 to n do read(f,v[i])



close (f) ;
end;
procedure Tinhd(i: integer);
var j,h, hmax: integer;

begin
h :=m; j :=1i; d[i] := m+1;
while h >= v[j] do
begin

h :=h - v[j]; hmax := Max(d[j-1],h);
if d[i] > hmax then
begin
d[i] := hmax; t[i] := j;
end;
dec(j) ;
end;

end;

function Xuli: integer;

var i: integer;

begin
t[0] := 0; v[0] := m+l; d[0] := O;
for i := 1 to n do Tinhd (i) ;
Xuli := d[n];
end;
procedure Xep(i: integer) ;
begin
if (i = 0) then exit;
inc(k); sl[k] := i-t[i]+1;
Xep (t[i]-1);
end;

procedure Ghi;

var i: integer;
begin

assign(g,gn); rewrite(q):;
writeln(g,h,bl k) ;

for i := k downto 1 do write(g,sl[i], bl);
close(qg) ;
end;
procedure Run;

var i: integer;
begin

Doc; PP(v,1,n); h := Xuli;
k := 0; Xep(n);
writeln(nl, h, bl, k, nl);
for i := k downto 1 do write(bl, sl[i]);
Ghi;
end;
BEGIN

Run;

write(nl, ' Fini ') ;readln;
END.

// DevC++: Pages.cpp

#include <fstream>

#include <iostream>

#include <math.h>

using namespace std;

// Data and variables

const char * fn = "pages.inp";
const char * gn = "pages.out";
const int mn = 200;

int n; // so luong tu

int m; // len dong

int k; // so dong can viet



int h; // do hut toi uu
int v[mn]; // len cac tu
int d[mn]; //
int t[mn]; // con tro nguoc
int sl[mn];
// Interface
void Doc() ;
void PP(int [], int , int);
int Xuli (),
void Tinhd(int) ;
void Xep (int) ;
void Ghi() ;
// Implementation
main () {
Doc(); h = XulLi();
k = 0; Xep(n); Ghi();

cout << endl << h << " " << k << endl;

for (int 1 = k; i > 0; --i) cout << " " K< slJ[i];
cout << endl << " Fini"; cin.get();

return O;

}
void Ghi () {

ofstream g(gn) ;

g << h << " " << k << endl;
for (int i = k; i > 0; --i) g << sl[i] << " ";
g.close() ;

}
void Tinhd(int i) {
int h = m-v[i]; // cho hut
d[i] = max(h,d[i-1]); t[i] = i,
int hmax;
for (int j = i-1; h >= v[j]l; --3) {
h =h - v[j]; hmax = max(h,d[j-1]);
if (d[i] > hmax) { d[i] = hmax; t[i] = j; }
}
}
void Xep(int i) { // xep cac tu tren moi dong
if (t[i] == 0) return;
sl[++k] = i-t[i]+1;
Xep (t[i]-1);
}
int XulLi() {
v[0] = m+l; d[0] = 0; d[1l] = m-v[1]; t[1l] = 1;
for (int i = 2; i <= n; ++i) Tinhd(i);
return d[n];
}
void Doc() {
ifstream £(fn); £ >> n >> m;
cout << n <K<K " " K< m;
for (int i = 1; i <= n; ++i) £ >> vI[i];
f.close();
PP(v,1,n);
}
void PP (int a[], int d, int c) {
cout << endl;
for (int i = d; i <= ¢; ++i) cout << a[i] < "

2.11 Xép thé



(Bai twong tu)

2.12 Xép xe
(Bai twong tu)

Tai Hoi thi Tin hoc tré cé n doan hoc sinh da xé’p hang ddy i tai dia diém tdp trung dé cho Ban t6 chirc
dira xe 6 16 dén ché cdc em di tham quan thii d6. Mo6i xe c6 m ghé danh cho méi em mét ghé. Cac doan
dirge bé tri 1én xe theo diing trdt tw tir doan s6 1 dén doan s6 n. Moi xe cé thé xép vai doan lién tiép nhau
nhing moi doan can dwoc xép gon trén 1 xe. Sau khi xép day dii cdc dodan, nguwoi ta dém sé ghé trong trén
mg5~i xe va cong bo s6 ghé tréng 16m nhat h da dém dwoc. Biét s6 hoc sinh trong méi doan, hdy tim mét cach

xép xe dé gid tri h la nhé nhat.

12345678290
1 2 Dong 1 1 2 3 00O
2 2 Dong 2 4 )
3 3 Dong 3 6 0
4 3 Bi todn xép thé

Xép n thé nhuwa d@6 choi véi chiéu dai cho triede VAo
tam bang réng m don vi, giit diing trdt tir trude sau
sao cho s6 6 trong Ién nhdt xét trén tdt ca cac dong
la nhé nhat. O trong la 6 chira O.

6 9 Sé: ghi canh mo:i thé la chiéy dai cua thé do.

So ghi tai dau moi the la so hiéu cia the do.




Chuong 3 Cap ghép

Lé&p céc bai toan xac dinh mot tuong ung giira hai tap phan tir A va B cho trudc, thi du nhu tap A gom céc
em thiéu nhi va tap B gdm cac mon qua nhu trong bai toan Chi Hang dudi ddy dugc goi 1a cac bai toan cip
ghép va thuong duoc ki hiéu 1a f: A—B véi ¥ nghia 1a can xac dinh mot anh xa, tirc 1a mot phép dit twong
g mdi phan tir i cta tap A vdi duy nhat mot phan tir j cua tap B, f(i) = j. Mot trong cac thuat toan giai cac
bai toan nay c6 tén 1a thut toan Ghép cdp. Thuit toan doi hoi thoi gian tinh toan 1a n.m phép so sanh trong
d6 n 1a s6 phan tir (lyc lwong) cua tap A, m 1a s phan tir ctia tap B, n = |JA]|, m = ||BJ.

Chuong nay trinh bay thuét todn ghép cip va cac bién thé ciia no.
3.1 Chi Hang

Nhdn dip Tét Trung Thu Chi Hang roi Cung Trang mang m mon qua khac nhau ma $6 1..m dén vui Trung
Thu véi n em nhé md sé 1..n tai mét lang qué. Truoc khi Chi Hang phat qua Méi em nhé da viét ra gidy
nhitng mén qua ma em dé mo wéc. Yéu cau: givip Chi Hang chia cho méi em diing 1 moén qua ma em do
yéu thich.
Diz li¢u vao: file van ban autum. inp
Dong dau tién: hai SO nm
Dong thit i trong s6 n dong tiép theo: k by b, ... b - k la s6 lwong qua em i yéu thich; by b, ... b la
md s6 C&c mon qua em i yéu thich.
Dir liéu ra: file van ban autum.out
Dong dau tién: v — sé6 em nhé da dwoc nhin qua.
v dong tiép theo: méi dong 2 s6 i b cho biét em i dwoc nhdn mén qua b.
Thi du,

autum.inp | autum.out | ¥ nghia

55 5 Cé 5em va5 modn qua. Em 1 thich 2 mén qua: 1 va 5; em 2 thich 2
215 11 mon qua: 2 va 4; em 3 thich 2 mén qua: 1 va 2; em 4 thich 3 mén qua:
224 2 4 1,4 va5; em5 thich 2 mén qua: 1 va 3.

212 32 Mot phuong dan xéb em nho— qua nhu sau: 1—-1; 2—4; 3—2; 4—>5;
3145 45 53

213 53

Thuét toan
Gia str cac phan tir ctia tp ngudn A (cac em nho) dwoc ma sb tir 1 dén n va cac phan tir cta tap dich B (cac
g6i qua) duge mi s6 tir 1 dén m. Sau khi doc dir liéu va thiét 1ap dugc ma tran 0/1 hai chiéu ¢ véi cac phan
tir C[I,J] =1 cho biét em i thich mén qua] va c[i,j] = 0 cho biét em i khong thich qua j. Nhiém vu dit ra 1a
thiét 1ap mot 4nh xa 1— 1furtap ngudn vao tap dich, f: A — B. Ta str dung phwong phap chinh dan céc cap
dd ghép dé tang thém s6 cap ghép nhu sau.
Ta ciing st dung hai mang mot chiéu A va B dé ghi nhan tién trinh chia va nhan qua véi y nghia nhu sau:
A[i] = j cho biét em i da dugc nhan qua j; B[j] =i cho biét qua j da duoc chia cho em i; A[i] = 0 cho biét
em i chua duoc chia qua va B[j] = 0 cho biét qua j trong tii qua B con rdi (chua chia cho em nao).
Gia sir ta da chon dugc qua cho cac em 1, 2, ..., i—1. Ta can xéac dinh (i) = j, tirc chon mén qua j cho em i.

Néu ta tim ngay dwoc mon qua j € B thoa ddng thoi cac diéu kién sau:

e B[j]=0:]jla mén qua con trong tli qua B, tirc 1a qua j chura duoc chia,
e c[i,j]=1, ticlaemithich quaj

thi ta dat f(i) = j va viéc chia qua cho em i dé xong.

Trudng hop ngugc lai, néu véi moi qua j thoa c[i,j] = 1 (em i thich qua j) déu da duoc chia cho mot

em t nao d6 (B[j] = t # 0) thi ta phai tién hanh thi tuc thwong hrong véi toan b cac em dang gitt qua

ma ban i thich nhu sau:

e Tam dé nghi c4c em dang giit qua ma ban i thich, dit qua d6 vao mot tai riéng bén ngoai tai
6 dé chit i v6i y nghia "sé trao 1 mén qua trong tii nay cho ban i*;
e Dua nhiing em vira tra lai qua vao mot danh séch st gom cac em cdn dwoc wu tién tim qua
ngay.

Nhu vay, em i s& c6 qua néu nhu ta tiép tuc tim dugc qua cho mot trong s6 cac em trong danh sach st noi
trén. Voi mdi em trong danh sach st ta lai thyuc hién cac thi tyc nhu da lam véi em i néi trén.



Ta can danh diu cac em trong danh sach dé dam bao réng khéng em nao xuét hién qua hai lan va nhu vay
s& tranh dugc vong 1ap vo han.
Sau mot $6 bude 1ap ta s€ thu duoc day
e e gt
v6iy nghia la
emt; s€ nhan qua tir em t,
emt, s€ nhan qua tir em t;,

em ty; s€ nhan qua tir em ty.
va s& gap mdt trong hai tinh hudng loai trir nhau sau day:
Tinh huéng I: Ta tim dugc mot mén qua cho em t,, nghia 1a v&i em t, ta tim duge mot moén qua j con rdi
(B[j] = 0) va t, yéu thich (c[tj] = 1). Ta goi thu tuc Update(ty, j) thuc hién diy céc thao tac chuyén qua
lién hoan tir em nay cho em kia nhu sau:
em t, trao qua g cia minh cho ban t_; dé nhan qua mdi j
em ty_; trao qua gy, ctia minh cho ban f, dé nhan qua méi gy tir tay ban ty;

em t, trao qua g, cua minh cho ban t; dé nhén qua mdi gz tu tay ban ts;
em t; nhan qua j. Pay chinh la em i ma ta can chia qua.
Ta thu duogc: (i) = f(t)) = qp; f(t) = qs; ...; f(tk) =] va hoan thanh vi€c chia qua cho em i trén co s¢ thuong
lugng cac em trong day trén nhirong qua cho nhau.
Tinh huéng 2: Khong gip tinh hudng 1, nghia 13, vi moi em trong day ty, t,,..., t, moi mon qua cac em
yéu thich déu da dugc chia cho em nao d6. Néi cach khac, chién lugc nhudng qua cho nhau (dé nhan qua
khac) khong mang lai két qua. Ta két luan: "khéng thé chia qua cho em i".
Do khéng thé chia dugc qua cho em i ta tiép tuc chia qua cho cac em khac.
T6 chire dir ligu
Mang nguyén t[1..n], t[j] = i: em j s€ nhuong qua cua minh cho ban i;
Mang nguyén a[1..n], a[i] = j: em i d3 dugc chia qua j;
Mang nguyén b[1..m], b[j] = i: qua j dang c6 trong tay em i. D& y ring a[b[j]] =j va b[a[i]] = i;
Mang nguyén st[1..n]: danh sach cac em tam tra lai qua va dang can dugc vu tién nhan qua méi.
Bién nguyén p: trd t6i ngin trén cing cua stack st.
Mang nguyén 2 chiéu nhi phan ¢[1..n,1..m], c[i][j] = 1 khi va chi khi em i thich qua j;
Ham Xep(i): chia qua cho ban i; Xep(i) = 1 néu tim dugc mot cach chia, ngugc lai, khi khong tim
dugc Xep =0.
Ham Par thuc hién ghép cdp cho cac em theo tha ty tir 1 dén n.

(* Autum.pas ¥*)

uses crt;

const fn = 'autum.inp'; gn = 'autum.out';

bl = #32; nl = #13#10; mn = 201;

type mil = array[0..mn] of integer;
mb2 = array[0..mn,0..mn] of byte;

var n, m: integer; { n - so nguoi; m - so qua }
a, b: mil;

t: mil;
st: mil; p: integer;
c: mb2;

£f,9: text; {f: input file; g: otput file }
procedure Doc;
var i,j,k,q: integer;
begin
assign(f,fn); reset(f); read(f,n,m);
fillchar(c,sizeof(c),0);
for i :=1 to n do
begin
read (£, k) ;
for j := 1 to k do begin read(f,q); c[i][q] := 1 end;
end;
close (f) ;
end;
procedure Print;
var i,j: integer;



begin
writeln(nl,n,bl,m);

for i :=1 to n do
begin
for j := 1 to m do write(c[i,j]):
writeln;
end;
end;

procedure Update(i,j: integer);
var q: integer;

begin
repeat
q := a[il; { i bé qua q }_
a[i] := j; b[j] := i; { dé nhén qua j }
jo=aq .
i := t[i]; { chuyén qua nguoi trudc }
until q = 0;
end;

function Xep(i: integer): integer;
var j: integer;

begin
Xep := 1;
p := 0; inc(p); st[p] := i; { nap st }
fillchar(t, sizeof(t),0); t[i] := i;
while p > 0 do
begin
i := st[p]; dec(p); { Lay ngon st }
for j :=1 tom do
if c[i,j] = 1 then { i thich qua j }
begin
if b[j] = 0 then { qua j chua chia }
begin Update(i,j); exit end
else if t[b[j]] = 0 { b[j] chua cé trong st }
then begin inc(p); st[p] := b[j]l; t[b[j]] := i end;
end;
end;
Xep := 0;
end;

procedure Ghi (v: integer) ;
var i: integer;
begin
assign(g,gn); rewrite(g);
writeln(g,v);

for i :=1 to n do
if a[i] > O then writeln(g,i,bl,al[i]):
close(qg) ;
end;

procedure Par; { Ghep cap }
var i,v: integer;
begin
Doc; Print; v := 0;
fillchar(a, sizeof(a),0); b := a;
for i :=1 tondo v :=v + Xep(i);
Ghi (v) ;
end;
BEGIN
Par;
write(nl,' Fini '); readln;
END.

// DevC++: Autum.cpp
#include <fstream>



#include <iostream>
using namespace std;
// DATA AND VARIABLES
const char * fn = "autum.inp";
const char * gn = "autum.out";
const int mn = 201; // so nguoi va so qua toi da
int a[mn]; // a[i] j: em i nhan qua j
int b[mn]; // b[]] i: qua j trong tay em i
int t[mn]; // t[j] = i : em j nhuong qua cho ban i
int c¢[mn] [mn]; // c[i][j] = 1: i thich qua j
int n; // so em nho
int m; // so qua
int st[mn]; // stack
int p; // con tro stack
// PROTOTYPES
int main();
void Doc() ;
void Print();
int Par();
int Xep (int);
void Update (int, int);
void PrintArray(int [], int , int );
void Ghi (int) ;
// IMPLEMENTATION
int main() {
Doc() ;
Print () ;
int v = Par();
Ghi (v) ;
cout << endl << "Xep duoc " <K v << " em.";
PrintArray(a,1l,n);
cout << endl;
system ("PAUSE") ;
return EXIT SUCCESS;

}
void Ghi (int v) {
ofstream g(gn) ;
g << v << endl;
for (int i = 1; i <= n; ++i)
if (a[i] > 0) g << i << " " << a[i] << endl;
g.close();
}
void PrintArray(int a[], int d, int c) {
int i;
cout << endl;
for (1 =d; 1 <= ¢; ++i) cout << a[i] <« " ";
}
void Update(int i, int j) {
int c;
do {
c = a[i]; // i bo qua c xuong
a[i] = j; b[j] = i; // i nhan qua moi j
i = t[i]; J = ¢; // chuyen qua nguoi khac
} while (c > 0);
}
int Xep(int i) { // tim qua cho em i
memset(t, 0, sizeof(t));
int j;
p = 0; st[++p] = 1i; t[i] = i;
while(p > 0) {
i = st[p--]; // lay ngon stack
for (j =1; j <= m; ++j) { // duyet cac mon qua
if (c[i]l[j] > 0) { // i thich qua j



if (b[j] == 0) { // qua j chua chia
Update(i,j); return 1;
}
if (t[b[j]] == 0) { //b[j] chua co trong danh sach
st[++p] = b[Jj]; t[b[j]l] = i; // nap
}
}
}
}
return 0; // Khong chon duoc qua cho em i
}
int Par(){ // Cap ghep
int v=20, i;
memset(a,0,sizeof (a)); memset(b,0,sizeocf (b))
for (1 = 1; 1 <= n; ++i) v += Xep(i);
return v;
}
void Print() { // Hien thi ma tran c
cout << endl << n << " " << m << endl;
int i,3;
for (i = 1; i <= n; ++i){
for (J = 1; j <= m; ++j)
cout << c[i][j]l << " ";
cout << endl;
}

}
void Doc() {

memset (c,sizeof (c),0);
ifstream f (£fn);
£ >> n >> m;
int i,j,k,r;
for (1 = 1; i <= n; ++i) {
f >> k;
for (r =1; r <= k; ++r) {
£>> 3 ; clill3j] = 1;
}
}

f.close();

}

Nhén xét Ta co thé dung ngin xép hay hang doi trong bai nay két qua khong phu thudc vao trat tu duyét.

3.2 Domino



Cho luci don vi gom n dong va m cot. Cac 6 trong ludi dugc gan ma s6 1,2, ..., nxm theo trdt tir tir dong
trén xuong dong duwdi, trén moi dong tinh tu trai qua phai. Nguoi ta dat v vach ngan giita hai 6 ké canh
nhau. Hay tim cach dat nhiéu nhdt k quan domino, mdi qudn gom hai 6 ké canh nhau trén ludi va khong co
vdch ngan o giita.

domino. inp domino.out | Dirli¢u
458 10 Input file: Text file domino.inp.
2 3 12 Dong dau tién: 3 sén — sé dong, m — 56 cot, v — $6 vach
45 34 ngan.
6 7 5 10 Tiép dén la v dong, moi dong 2 s6 a b cho biét vach ngan ddt
9 10 6 11 gitka hai 6 nay.
10 15 7 8 Output file: Text file domino.out.
7 12 9 14 Dong dau tién k — so quan 1 2 " 3 4 |5
19 20 12 13 dor,ninortéi da dat dwoc tfén luoi. s T7 8 19 10
13 18 15 20 Tiep den la k dong, moi dong 2
16 17 $6 x y cho biét sé hiéu ciia 26 ke |11 [12 13| 14 | 15
18 19 canh_ nhau tgo thanh mot quan 6 17118 19 | 20
domino.

Thudt toan

Bai ndy c6 hai diém khéc voi dang bai cip ghép truyén thong. Thir nhét 1a ghép cap dwoc thuc hién tir mot
tap A véi chinh né: f: A — A. Thi hai, mdi s6 trong tdp A chi c6 thé ghép tbi da v6i 4 s trong céc 6 ké
canh n6 ma ta tam goi la 56 ké. Thi du, 8 ¢6 4 sb ké theo tht tu trai, phai va trén, dudi la 7, 9va 3, 13.
Céc sb ngoai ria va cac sd co vach ngan con cé it ban hon. Thi dy, 20 ¢6 dung 1 ban.

Khi doc dit lidu ta x4c dinh ngay cho mdi s i trong bang bén s6 k& va ghi vao mang ke véi y nghia nhu sau
ke[i][j] = 1 khi va chi khi i c6 sd ké tai vitrij;j =1, 2,3, 4. Néu i c6 vach ngan phai thi i s& mat ban ké
phai. Tuong tu, néuicéd vach ngan dudi thi i s& mét ban ke dudi. Ngoai ra, dé hiéu rang cac sO trén dong 1
thi khong c6 s ké trén, cac s6 trén dong n thi khong c6 s6 ké dudi. Twong tu, cac sd trén cot 1 thi khong ¢
sO ké trai, cac s6 trén c6t m thi khong co s6 ké phai.

Nhic lai ring ta chi can sir dung mot mang a voi y nghia a[i] = j, dong thoi afj] =i cho biét sb i chon s6 ké j
dé ghép thanh 1 quan domino. Néi cach khac neu ta xep duogc f(i) = j thi ta phai gan a[i] =j va a[j] = i.

Tiép dén ta thyc hién thi tuc Xep(i) cho moi sb chua dugce ghép cap (a[i] = 0) va chua 13 ban cua bt ki sb
nao (b[i] = 0).

Khi ghi két qua ra file ta luu ¥ 1a hai cip (i , a[i] =j) va (j, a[j] = i) thuc ra chi tao thinh mot quan domino
duy nhat, do d6 ta chi can ghi mot trong hai cap do. Ta chon cip i < a[i] dé tranh truong hop khong xép
dugce cho s6 i, vi khi d6 a[i] = 0 tuc 12 i > a[i].

(* Domino.pas *)
uses crt;
const maxmn = 201; fn = 'domino.inp'; gn = 'domino.out';
= #32; nl = #13#10; phai = 1; trai = 2; tren = 3; duoi = 4;
type mil = array[0..maxmn] of integer;
var n: integer; { so dong }
m: integer; { so cot }
nm: integer;{ nm = n.m }
£f,9: text;
ke: array[0..maxmn,phai..duoci] of Boolean;
st: mil; { stack } p: integer; { ngon st }
a, t: mil;
procedure Doc;
var i, j, k, v, t: integer;
begin
fillchar (ke,sizeof (ke) , true) ;
assign(f,fn); reset(f);
readln(f,n,m,v); { v - so vach ngan }

nm := n*m;
{ dong 1 va dong n } k := (n-1)*m;
for j :=1 tom do
begin
ke[j, tren] := false; ke[]j+k, duoi] := false;

end;



j :=1; { cot 1 va cot m }

for i :=1 to n do
begin
ke[j , trai] := false; j := j + m; ke[j-1, phai] := false;
end;
for k :=1 to v do
begin
readln(f,1i,3j);
if i > j then begin t (=i; i = j; jJ :=tend; { 1< 3}
if i = j-1 then ke[i,phai] := false else ke[i,duoi] := false;
end;
close (f) ;
end;

procedure Update(i,j: integer);
var q: integer;

begin

repeat

q := a[i]; { 1 bo so gq }

a[i] := j; al[]j] := i; { de nhan so j }

j o= aq;

i := t[i]; { chuyen qua so truoc }
until q = 0;
end;

function Xep(i: integer): integer;
var j, k: integer;

begin
Xep := 1;
p := 0; inc(p); st[p] := i; { nap st }
fillchar(t, sizeof(t),0); t[i] := i;
while p > 0 do
begin
i := st[p]; dec(p); { Lay ngon st }
for k :=1 to 4 do
if ke[i,k] then { i co o ke }
begin
case k of
tren: j =i - m;
duoci: j =i + m;
phai: j (=1 + 1;
trai: j =i - 1;
end;
if a[j] = 0 then { j chua bi chiem }
begin Update(i,j); exit end
else if t[a[j]] = 0 { a[j] chua co trong st }
then begin inc(p); st[p] := al[jl; tl[al[j]] := i end;
end;
end;
Xep := 0;
end;

function Par: integer;
var i, v: integer;

begin
fillchar(a,sizeof(a),0); v := 0;
for i := 1 to nm do
if a[i] = 0 then v := v + Xep(i);
par := v;
end;

procedure Ghi (k: integer) ;
var i: integer;
begin
assign(g,gn); rewrite(g);
writeln(g, k)
for i := 1 to nm do



if i < a[i] then
writeln(g,i,bl,a[i])

close(qg) ;
end;
procedure Run;
var k: integer;
begin

Doc; k := Par; Ghi(k);
end;
BEGIN

Run;

writeln(nl,' Fini'); readln;
END.

// DevC++: Domino.cpp
#include <fstream>
#include <iostream>
using namespace std;

// DATA AND VARIABLES

const char * fn = "domino.inp";
const char * gn = "domino.out";
const int Maxmn
const int phai

const int duoi =
const int tren =
const int trai =

wMNhRrO

’
’
’

’

int a[Maxmn]; // a[i] = j, a[j] = i:

201; // tich max n.m

i chon

int t[Maxmn]; // t[j] = i : j nhuong cho i
bool ke[Maxmn][4]; // moi so co toi da 4 so

int n; // so dong
int m; // so cot
int nm;
int st[Maxmn]; // stack
int p; // con tro stack
// PROTOTYPES
int main() ;
void Doc() ;
int Par();
int Xep(int);
void Update (int, int);
void Ghi (int) ;
// IMPLEMENTATION
int main() {
Doc() ;
int k = Par();
Ghi (k) ;
cout << endl;
system ("PAUSE") ;
return EXIT SUCCESS;
}
void Ghi (int k) {
ofstream g(gn) ;
g << k << endl;
for (int i = 1; i <= nm; ++i)
if (i < a[i])
g<<i<< " " <K< a[i] << endl;
g.close();
}
void Update(int i, int j) {
int c;
do {
c = a[i]; // i bo c xuong

a[i] = j; al[j] = i; // i nhan so moi j



i = t[i]; j = ¢; // chuyen qua so khac
} while (c > 0);
}
int Xep(int i) { // tim so ghep voi i
memset(t, 0, sizeof(t));
int j, k;
p = 0; st[++p] = i; t[i] = i;
while(p > 0) {
i = st[p--]; // lay ngon stack
for (j = 0; j < 4; ++3j) { // duyet cac o ke
if (ke[i][j] > 0) { // co o ke
switch(j) {

case tren: k = i-m; break;
case duoi: k = i+m; break;
case phai: k = i+l; break;
case trai: k = i-1; break;

}

if (a[k] == 0) { // o k chua bi chiem

Update(i,k); return 1;

}

if (t[a[k]] == 0) { // al[k] chua co trong danh sach
st[++p] = alk]; t[a[k]] = i; // nap

}

}
}
}
return 0; // Khong chon duoc cap ghep cho i
}
int Par(){ // Cap ghep
int v=20, i;
memset(a,0,sizeof (a));
for (i = 1; i <= nm; ++1i)
if (a[i]==0) v += Xep(i);
return v;
}
void Doc() {
int i, j, k, r, v; // so vach ngan
int nl, ml,ij;
ifstream f (£fn);
£ >> n>>m>> v; nm = n*m;
nl = n-1; ml = m-1;
memset (ke,l, sizeof (ke)):;
// duyet cac o trong
for (j = (n-1)*m, i = 1; i <= m; ++i)

ke[i] [tren] = ke[i+]j][duoi] = O;
for ( =m-1, i =m; i <= nm; i += m)
ke[i-j] [trai] = ke[i] [phai] = O;

for (1 = 0; 1 < v; ++i) {
f > k >> r;
if (k>r) { Jj=k; k=r; r=173;1}// k<«
if (r == k+1) kelk][phai] = ke[r][trai] = O;
else ke[k] [duoi] = ke[r][tren] = 0;
}

f.close();

3.3 Tham hiém

Truong A va truong B déu cir n hoc sinh (HS) tham gia tro choi Tham hiém Cung Trang véi n xe tw hanh,
méi xe ché dwoc 2 nguoi co nhiém vy khdo cieu mot dé tai khoa hoc va hoat dong tai mot vung riéng trén
cung Tréing voi mét chii dé cu thé ghi trén xe do. Sau khi xem ban hwéng dan va trinh dién thir ciia cdc xe
tw hanh, méi HS chon mot s6 xe. Ban 6 chirc (BTC) can chia c&c em thanh cdc nhém, méi nhém 2 ban sé



lam vigc trén mot xe, mot ban cua truwong A, mot ban cua truong B sao cho 2 ban trén cung mot xe thi cung
quan tam dén chi dé chung. Hay gitp BTC Sdp xép sao cho nhiéu chii @é nhdt dwoc thuce hién.
Dir liéu vao: Text file Discover.inp.
Dong dau tién: sé tw nhién n
Dong thir i trong s6 n dong tiép theo c6 dang: K 1 C; ... C trong do k la sé lwong xe HS i ciia truong
A chon, cdac sé tié;p theo 1& mad sé ciia cdc xe déng thoi ld ma sé cia dé tai ma ban dé chon.
Dong thit i trong s6 n dong tiép theo la théng tin cia truong B ¢6 cdu triic tiwong tw nhw ciia truong
A
Dit liéu ra: Text file Discover.out gom n dong, méi dong 2 hoc sinh: i ciia trirong A, j ciia truong B cho biét
i va j tao thanh mét nhém do cing chon mét xe. DiF liéu trén cing dong cdch nhau qua ddu cdch. Bai toan
luén luén co nghiem.



Discover.inp

Discover.out

5 11
33114 25
2 23 4 2
3421 34
213 53
3542

3231

3143

25 2

3421

3312

Y nghia
Truong A: 5 HS, truong B: 5 HS, 5 xe = 5 chii dé.
Két qua (HS truwong A, HS Truong B): (1,1), (2,5), (4,2), (3,4),
(5.3)
Hoc sinh trwong A Hoc sinh truong B
1 12 3 4 5 1 2 3 4 5
xe | v1 v’ v’ vl | v v’ v’
1
xe v’ v | v v | v | v2
2
xe | v v’ v3 v’ v’
3
xe | v v v’ v’ v
4
Xe v5 v5
5

Thuét toan

Ta thuc hién hai 1dn ghép cip Xe-Trudng A va Xe-Trudng B. Sau lan ghép thir nhat ta thu duoc két qua ghi

trong mang a[1..n] trong d6 a[i] = j cho biét xe i s& chd ban j ctia truong A. Sau 1an ghép thi hai ta lai thu

dugc két qua ghi trong mang b[1..n] trong d6 b[i] = k cho biét xe i s& chd ban k ciia truong B. Tong hop lai

ta cO mdi xe i s& chd 2 ban, ban a[i] ciia trudng A va ban b[i] cta truong B, i = 1..n.

Khung chuong trinh khi d6 s€ nhu sau:
1. Mo file input f "Discover.inp";

2. Poc so n;

3. Poc dit lidu ctia truong A vao mang 2 chiéu c, c[i][j] = 1 khi va chi khi xe i

duogc HS j cua truong A chon;

4. Goi thu tyc Par(a) dé ghép cap Xe — A cho HS truong A. Két qua a[i] =j cho
biét xe i s€ cho HS i cta truong A, 1= 1..n;
5. Doc tiep dir li€u cua truong B vao mang 2 chicu c, c[i][k] = 1 khi va chi khi

xe 1 duoc HS k cia truong B chon,; )
6. Goi thu tuc Par(b) d¢ ghép cap Xe — B cho HS truong B. K&t qua b[i] = k cho biét xe i s€ chd HS k

cua truong B, 1= 1..n;

7. Ghi cac cap a[i], b[i], i = 1..n vao file output;
8. Bong cac files input va output.
Ban luu ¥, v6i thi du dé cho, sau khi doc n dong dir liéu cua truong A ban phai thu duoc két qua trong
mang ¢ nhu manh A trong bang. Twong tu, sau khi doc tiép n dong dit liéu cta truong B ban phai thu
duogc két qua trong mang ¢ nhu manh B trong bang.

'Discover.out';

nl = #13#10;

mn] of integer;
mn,0..mn] of byte;

= SO Xe

(* Pas: Discover ¥*)

uses crt;

const

fn = 'Discover.inp'; gn =

mn = 201; bl =

type mil = array]|[O..
mb2 = array]|[O..

var

f,g: text;

n: integer; { so HS

c: mb2;

a, b: mil;
t, x: mil;
st: mil;
pP: integer;

procedure XemC;

so de tai }
{ c[i,j] = 1 khi va chi khi hs j chon xe i }
{ xep xe truong a, b }
{ t - tro truoc }
{ stack }
{ ngon st }

A B
10110 | 11011
01101 | 10111
11010 | 11001
10101 | 01010
00001 | 00100




var i,j: integer;
begin
write(nl,n);
for i :=1 to n do
begin
writeln;
for j := 1 to n do write(c[i,j]):
end;
end;
{ xep lien hoan, xe i, hs j }
procedure Update(var a: mil; i, j: integer);
var c: integer;

begin
repeat
c := a[i]; { hs c roi xe i }
a[i] := j; x[j] :=1i; { hs j len xe i }
j :=c; i := t[i]; { xet hs tiep }
until ¢ = 0;
end;

function XepXe(var a: mil; i: integer): integer; { xep xe i }
var j: integer;

begin
XepXe :=1; p := 1; st[p] := i;
fillchar(t, sizeof(t),0); t[i] := i;
while (p > 0) do
begin
i := st[p]l; dec(p); { xe i }
for j :=1 tondo { hs j }
if (c[i,j] = 1) then { hs j chon xe i }
begin
if x[j] = 0 { hs j chua len xe } then
begin Update(a,i,j); exit end; { xep duoc xe i }
{ Nap x[]j] vao st }
if t[x[j]1] = 0 { x[j] chua duoc nap }
then begin inc(p); st[p] := x[j]; t[x[j]] := 1 end;
end;
end;
XepXe := 0; { kho xep duoc xe i }
end;

function Par(var a: mil): integer;
var i, k: integer;

begin
k := 0; { so xe da xep duoc }
fillchar(a, sizeof(a),0); x := a;
for i :=1 tondo k := k + XepXe(a,i);
Par := k;

end;

procedure Doc;
var soxe, hs, xe, j: integer;

begin
fillchar(c,sizeof(c),0);
for hs := 1 to n do
begin
read (f, soxe) ;
for j := 1 to soxe do { Hs chon xe }
begin read(f,xe); c[xe,hs] := 1 end;
end;
end;

procedure Ghi;
var i: integer;
begin
assign(g,gn); rewrite(q):;



for i := 1 to n do writeln(g,a[i],bl,b[i])
close(g); close(f);
end;
procedure Run;
var i: integer;
begin
assign(f,fn); reset(f); readln(f,n);
Doc; Par(a);
Doc; Par(b);
Ghi;
end;
BEGIN
Run;
write(nl,nl,' Fini'); readln;
END.

// DevC++: Discover.cpp

#include <fstream>

#include <iostream>

using namespace std;

// DATA AND VARIABLES

const char * fn = "Discover.inp";

const char * gn = "Discover.out";

const int mn = 501;

int a[mn]; // a[i] - xe i cho HS truong A

int b[mn]; // b[i] - xe i cho HS truong B

int x[mn];

int t[mn];

int c¢[mn] [mn]; // c[i][j] = 1 - xe i duoc HS j chon
int n; // so hoc sinh cua moi truong A, B; so xe
int st[mn]; // stack

int p; // ngon stack

ifstream f(fn); // mo san input file

// PROTOTYPES

int main() ;

void Doc() ;

void Print();

int Par(int []);

int Xep(int [], int);

void Update(int [], int, int);

void PrintArray(int [], int , int );
void Ghi() ;

// IMPLEMENTATION
int main() {
£ >> n; Doc(); Print(); Par(a);

cout << endl << " Xep xong truong A: "; PrintArray(a,l,n);
Doc(); f.close(); Par(b);

cout << endl << " Xep xong truong B: "; PrintArray(b,1l,n);
Ghi () ;

cout << endl << " Fini "; cinget();

return O;

}
void Ghi() {

ofstream g(gn) ;

for (int xe = 1; xe <= n; ++xe)

g << a[xe] << " " << b[xe] << endl;

g.close();
}
void PrintArray(int a[], int d, int ¢) { // hien thi mang al[d..c]



int i;
cout << endl;

for (i =d; 1 <= c¢; ++i) cout << a[i] <« " ";
}
void Update(int a[], int i, int j){
int xe;
do {
xe = a[i]; // HS i roi xe
a[i] = j; x[j] = i; // vao xe j
i= t[i]; J = xe;
} while (xe > 0);
}

int Xep(int a[], int i) { // xep HS vao xe i
memset(t, 0, sizeof(t)):;
int j;
p = 0; st[++p] = i; t[i] = i;
while(p > 0){
i = st[p--]; // lay ngon st, xe i
for (j = 1; j <= n; ++j) { // duyet cac HS j

if ((c[i][3j] == 1)) { // %xe i co the xep HS j
if (x[j] == 0) { // HS j chua duoc xep
Update(a,i,j); return 1;
}
if (t[x[j]] == 0) { // xe x[j] chua nap
st[++p] = x[3j]; t[x[j]l] = i;
}
} // if
} // for
} // while

return 0; // Khong xep duoc cho HS i
}
int Par(int a[]) {
intd=0, i;
memset(a,0,sizeof (a)); memset(x,0,sizeocf (b))
for (i = 1; i <= n; ++i) d += Xep(a,i);
return d;
}
void Print() {
cout << endl << n << endl;
int i,3;
for (i = 1; 1i <= n; ++i)
{
for (j = 1; j <= n; ++j)
cout << c[i][j] << " ";
cout << endl;
}
}
void Doc() {
memset(c,0,sizeof (c));
int hs, xe, soxe, r;
for (hs = 1; hs <= n; ++hs) { // truong A
£ >> soxe;
for (r = 1; r <= soxe; ++r)
{ £ >> xe ; c[xe]l[hs] =1; }

}
3.4 Show

Nhém n hoc sinh (HS) tham gia trinh dién phan mém. Moi em dwoc trinh bay rleng san phdm cua minh
trudc Ban giam khao (BGK) trong thoi han 30phut BGK lam viéc trong m ngay, ngay thir i ¢o thé nhén v,
HS. Trong ban dang ky méi HS ghi kha nang cé thé trinh dién phan mém ciia minh vao nhitng ngdy ndo.
Hay sdp lich dé cac HS duwoc trinh dién theo diing nguyén vong.

Dir liéu vao: Text file show.inp



Dong ddu tién: hai sé n m.

Dong thir hai: cac gia tri vy Vs ... vp

Dong thit i trong s6 n dong tiép theo: K Uy Us ... uy

trong dé k la s6 ngay HS i chon, cdc uj la nhitng ngay cu thé HS i chon.
Dit liéu ra: Text file show.out gom m dong,

dong thi i cho biét ngay thit i BGK duyét trinh dién

cua nhitng HS nao.
Dit liéu trén cing dong cach nhau qua ddu céch

show.inp | show.out Y nghia
53 45 5 hoc sinh, 3 ngay trinh dién
221 13 Ngay1l | Ngay2 | Ngay3
11 HS 3 v’ v’
11 HS 4 v

HS 5 v

Thuét toan

Bai nay kha d& giai néu ta biét cach bién d6i ngay thanh phién theo y twdong nhu sau. Ta hiéu mdi luot trinh
dién ctia mot HS 14 mot phién.



Ngay 1 | Ngay 2 | Ngay 3 | Péi ngay thanh phién:

Phien | PL 1 P2 | P3| P4 | P5 Néu trong mot ngay nao do BGK chi cham dwoc cho k HS thi
HS 1 v v ngay do co kp:len. Danh so tuan tu cacphhlen 1,2 ..

Ngay 1 c6 2 phién 1 va 2; ngay 2 c6 2 phién 3 va 4; ngay 3
HS2 | v | ¥ v ¢6 1 phién 5.,
HS 3 A A R Ngay dang ki ciia HS ciing dwoc doi theo. HS 1 dding ki ngay
HS4 | v | v 1 sé doi thanh dang Ki 2 phién 1 va 2; HS 2 dang ki 2 ngay 1
HS5 | v | v va 3 sé doi thanh dang ki 3 phién 1, 2 va 5, ...

(* Show.pas ¥*)
uses crt;

(*DATA AND VARIABLES ¥*)

const fn = 'show.inp'; gn = 'show.out';
mn = 101; bl = #32; nl = #13#10;
type mil = array[0..mn] of integer;

mb2 = array[0..mn,0..mn] of byte;
var

n, m: integer; { n - so hs; m - so ngay }

s: mil; { s[i] - phien cuoi cua ngay i }
a,b: mil;

c: mb2; { c[i,j] = 1 khi va chi khi hs i chon phien j }

t, st: mil; { stack st }
p: integer; { ngon st }

sp: integer; { so phien lam viec cua BGK }

f,g: text;
(* IMPLEMENTATTION %)

function ToNgay (p: integer): integer; { Doi Phien p -> ngay }

var ng: integer;

begin
ng := 1;
while (p > s[ng]) do inc(ng);
ToNgay := ng

end;

procedure Ghi;

var i,j,ng: integer;

begin
fillchar(c,sizeof (c),0);
for i :=1 to n do

if (a[i] > 0) then begin ng := ToNgay(a[il])

end;
{ Xep ngay cho hs i }
assign(g,gn); rewrite(g);

for i :=1 to m do { Duyet c theo ngay i }
begin
for j :=1 tondo { Hs j }

if (c[i,j] > 0) then write(g,j,bl):;

writeln(qg);
end;
close(qg) ;

c[ng,i]

Khi doc dir liéu ta ghi vao mang s, s[i] cho biét s6 hiéu phién cta cubi mdi ngay. V6i thi du trén, sa khi doc
dir liéu ban phai tinh dugc s6 phién sp =5 va s[0. 3]1=(0,2,4 5) Ngay thir nhat két thic tai phién 2; ngay
thir hai két thic tai phién 4 va ngay cudi cing, ngay thir m = 3 két thic tai phién 5.

Sau do6 ban t6 chirc mang 2 chiéu c, c[i,j] cho biét HS i thich trinh dién tai phién j. Cht y répg HS dang ki 1
ngay co theé sinh ra nhiéu phién tuy thudc vao ngay hdm dé cé6 may phién. Phién chinh 1a s6 HS dugc BGK
cho phép trinh dién trong ngay do6.

Sau khi thyc hién thu tuc cip ghép nhu cac bai trude, ban can duyét lai két qua dé déi phién thanh ngay.

1;



end;
procedure Update(i,j: integer);
var c: integer;

begin
repeat
c := a[i];
a[i] := j; b[]j] :=1i;
i = t[i]; J = c;
until ¢ = 0;
end;

function XepHs(i: integer): integer;
var j: integer;

begin
XepHs := 1; fillchar(t,sizeof(t),0);
p :=1; st[p]l] :=1i; t[i] := i;
while(p > 0) do
begin
i := st[p]; dec(p); { Lay ngon st, xep phien cho hs i }
for j := 1 to sp do { duyet cac phien }
if c[i,j] = 1 then { hs i chon phien j }
begin
if b[j] = 0 then { Phien j con roi }
begin Update(i,j); exit end;
if (t[b[j]] = 0) then { hs b[j] chua nap }
begin inc(p); st[p] := b[3j]; t[b[j]] := i; end;
end;
end;
XepHs := 0; { Ko xep duoc phien cho hs i }
end;

function Par: integer;
var i, d: integer;
begin
fillchar(a, sizeof(a),0); b := a;
d :=0;
for i :=
Par := d;
end;
procedure Doc;
var i,j,k,r,q: integer;
begin
fillchar(c,sizeof (c),0);
assign(f,fn); reset(f); readln(f, n, m);

l tondod :=d + XepHs (i)

s[0] := 0;
for i :=1 to m do { m ngay lam viec }
begin
read(f,r); { so phien trong ngay i }
s[i] := s[i-1] + r; { s[i] - phien cuoi cua ngay i }
end;
sp := s[m]; { Tong so phien }
for i :=1 to n do { xet nguyen vong cua hs i }
begin
read(f,k); { so ngay hs i chon }
for r :=1 to k do
begin
read(f,j); { cac phien trong ngay j }
for g := s[j-1]1+1 to s[j] do <c[i][gq] := 1; { hs i chon
phien q }
end
end;
close (£f) ;
end;

procedure PA(var a: mil; d,c: integer); { Print array a[d..c] }
var i: integer;



begin for i := d to ¢ do write(a[i],bl); end;
procedure Xem;
var i,j: integer;

begin
write(nl,n,bl,m,nl) ;
for i :=1 to n do
begin
writeln;
for j := 1 to sp do write(c[i,j]l);
end;
end;
BEGIN
Doc; Xem; writeln(nl,' Xep duoc: ', Par);
Ghi;
write(nl,' Fini '), readln;
END.

// DevC++: Show.cpp
#include <fstream>
#include <iostream>
using namespace std;
// DATA AND VARIABLE
const char * fn = "show.inp";
const char * gn = "show.out";
const int mn = 101;
int a[mn];
int b[mn];
int t[mn];
int c¢[mn] [mn];// c[i]l[j] = 1 khi va chi khi HS i dang ki phien j
int n; // so hoc sinh
int m; // so ngay lam viéc cua BGK
int sp; // so phien lam viec cua BGK
int s[mn]; // s[i] - ma so phien cuoi cua ngay i
int st[mn]; // stack
int p; // ngon stack
// PROTOTYPES
int main() ;
void Doc() ;
int Par():;
int Xep(int);
void Update(int, int);
void Ghi () ;
int ToNgay (int) ;
// IMPLEMENTATION
int main() {
Doc () ; Par(); Ghi();
cout << endl << " fini "; cin.get();
return O;
}
int ToNgay(int p) { // Phien -> ngay
int ng = 1;
while (p > s[ng]) ng++;
return ng;
}
void Ghi() {
int i,3;
memset(c,0,sizeof (c));
for (1 =1; i <=n; ++i) // hs i
if (a[i] > 0) c[ToNgay(a[i])][i] = 1;
// c[jl[i] = 1 neu hs i duoc xep cho ngay j
ofstream g(gn) ;
for (int i = 1; i <=m; ++i){ // ngay i
for (j =1; j <=n; ++j) // hs j



if (c[il[j] > 0) g << j << " ";
g << endl;
}
g.close();
}
void Update(int i, int j) {
int c;
do {
c = al[i];
alil = j; b[3] = i;
i=¢t[il; J = c;
} while (c > 0);
}
int Xep(int i) { // xep cho HS i
memset(t, 0, sizeof(t)):
int j;
p = 0; st[++p] = i; t[i] = i;
while(p > 0){
i = st[p--1;
for (j = 1; j <= sp; ++j) { // duyet cac buoi
if (ec[i][j] > 0) { // i chon j
if (b[j] == 0) { // j con roi
Update(i,j); return 1;
}

if (t[b[j]] == 0) { // b[j] chua nap
st[++p] = b[jl; t[b[jl] = i;
}
}Y// if
} // for
} // while

return 0; // Khong xep duoc cho HS i
}
int Par() {
intd=0, i;
memset(a,0,sizeof (a)); memset(b,0,sizeocf (b))
for (i = 1; i <= n; ++i) d += Xep (i)
return d;
}
void Doc() {
memset(c,0,sizeof (c));
ifstream f (£fn);
£>> n>>m; // n - so hs; m - so ngay
int irjrkrrrq;
s[0] = O;
for (i =1; 1 <=m; ++i) {
£ >> r; // so phien trong ngay i

s[i] = s[i-1] + r; // s[i] - phien cuoi cua ngay i

}

sp = s[m];

for (i = 1; i <= n; ++i){ // nguyen vong cua hs i

£f >> k; // so ngay hs i chon
for (r = 1; r <= k; ++r){
£ > 3 ; // HS i chon ngay j

for (q = s[j-11+1; q <= s[j]l; ++q) // duyet theo

cl[il[q] = 1;
}

}
f.close();

phien



3.5 Cap ghép cwe dai: Chi Hing 2
Noi dung glong bai cap ghép voz mét thay doi nhir sau: c[i][j] = v cho biét em i yéu thich mon qua j véi
mike @6 vi, 0 < v; <10. Yéu cau ghép cap sao cho tong do yéu thich dat max.

autum2.inp | autum2.out | Input text file: autum2.inp

55 60 Dong ddu tién: hai s6 n va m, trong dé n la sé6 em nho; m la 6

123105 |14 qua. Tiép dén la n dong ciia ma tran c[1..n,1..m], méi dong m

12341125 s6;, m< N,

12 2345|31 Output text file: autum2.out

113345 |42 Dong dau tién: gid tri max téng dg yéu thich dat dwoc theo

121445|53 phiong dn ghép cap da chon. Tiép dén la n dong, méi dong 2
6 i j cho biét em i nhdn qua j.

Thuat toan

Ta quan i mot gid tri dmax 1a gia tri gia tang nhiéu nhat trong cac phuong an xép qua cho em i. Th1 dy, sau
khi da xép qua cho i—1 em dau tién ta chuyén qua xép qua cho em i. Gia sir ta ¢6 2 phuong an xep qua cho
em i. Phuong an thir nhat c6 thé ting gia tri dmax 1én thém v, don vi, phuong an thir hai c6 thé tang gia tri
dmax Ién thém v, > v; don vi. Ta s& chon phuong 4n thir hai. Dé thuc hién diéu nay ta can luu y may gia tri
sau day.

e a[i] la qua em i hién giir trén tay, b[j] 12 em dang giit qua j. Ta da biét b[a[i]] = i va a[b[j]] = j,
ngoai ra, néu em i chua dugc chia qua thi ta dat a[i] = 0, va néu mén qua j chua duoc chia cho em
nao thib[j]=0

e c[i,j]1ado yéu thich ctia em i d6i voi mon qua j ma ta tam goi 13 gid tri ciia mén qua j doi véi em i
hay vin tit 14 gia #ri. Dé ¥ rang cing mét moén qua j nhung em i s& danh gia khac véi em k, tic 1a
noi chung c[i,j] = c[k,j].

Khac v6i phuong phap ghép cip khong phan biét mirc do yéu thich trudce kia, mdi khi tim dugc mot day
lién hoan em t; nhan qua tr em t, t; nhin qua tir em ts, ..., t s€ nhan mon qua q chua chia

i:tl(—tz(—...tk,l(—tk:j (*)

thi ta danh gia xem néu quyét dinh két thiic thu tuc Xep(i) bang cach thuc hién diy lién hoan (*) thi gia tri
gia tang dmax clia phuong an nay la bao nhiéu va cép nhat gia tri do.

Goi d la gié tri gia tang cua phuong an chia qua. Mbi khi em j nhudng qua afj] cia minh cho ban i dé nhan
qua méi q thi gia tri ctia phuong an sé thay d6i nhu sau:

e dgiam mot luong c[j,a[j]] khi em j dit qua a[j] xudng;

e dtang mot lugng c[j,q] khi em j nhan qua méi q;

e dtang mot luong c[i,a[j]] khi em i nhan qua a[j] tir ban j.
Téng hop lai, gia trj gia ting cla viéc em j nhuong qua cho em i dé nhan qua méi q sé& 1a c[j,q] + c[i,a[j]] -
cli,a[j]]- Taco d :=d + c[j,q] + c[i,a[j]] - c[i.a[jl]-
Ki hi€u d(j) 1a gia tri gia tang cua phuong an khi em j dugc dua vao danh sach nhuong qua. Phuong an nay
bat dau bang viéc tim qua cho em i, do d6 d(i) = 0. Mai khi dua j vao danh sach nhuong qua cho k ta tinh
dugce d(j) =d(k) + c[k.a[j]] - c[ka[jl]-

Gid sir ta quyét dinh két thuc viéc tim qua cho em i, tirc 14 két thuc th tuc xét tai day (*). Khi d6 do em j
cudi cung trong ddy nhén qua méi la q thi gia tri gia tang cua phuong an s€ dugce cong thém mot luong
c[j,q] va bang d(j) + c[j,q]. Ta so sanh dai lugng nay vdi dmax dé ghi nhan tinh huong toi uu.

(* Autum2.pas *)
uses crt;
const fn = 'autum2.inp'; gn = 'autum2.out';
mn = 201; { so nguoi va so qua toi da }
= #32; nl = #13#10;
type mil = array[0..mn] of integer;
mb2 = array[0..mn,0..mn] of byte;
var a: mil; { a[i]
b: mil; { b[]j]
t: mil; { t[3j]

j: em i nhan qua j }
i: qua j trong tay em i }
i : em j nhuong qua cho ban i }



mb2; { c[i][j] = 1: i thich qua j }
mil; { d[j]: gia tri gia tang tich luy den em j }
integer; { so em nho }
: integer; { so qua }
st: mil; { stack }
p: integer; { tro ngon st }
imax, jmax, dmax: integer;
procedure Ghi (v: integer) ;
var vmax, i: integer;

85 Qa0

g: text;
begin
vmax := 0;
for i :=1 to n do
if (a[i] > 0) then vmax := vmax + c[i,a[i]];

assign(g,gn); rewrite(q):;
writeln (g,vmax) ;

for i :=1 to n do
if (a[i] > 0) then writeln(g,i,bl,a[i]);
close(qg) ;
end;

procedure PrintArray(var a: mil; d,c: integer);
{ Hien thi mang a[d..c] }

var i: integer;

begin for i := d to ¢ do write(a[i],bl); end;
procedure Update(i,j: integer);

var c: integer;

begin
repeat
c := a[i]; { 1 bo qua c }
a[i] := 3j; b[]j] := 1i; { 1 nhan qua moi j }
i := t[i]; J := c; { chuyen qua nguoi khac }
until ¢ = 0;
end;

procedure Mark(i,j: integer);
{ ghi nhan phuong an i nhan qua j }
var sum: integer;

begin
sum := d[i] + c[i,j]; { neu i nhan qua moi j }
if (sum > dmax) then { ghi nhan phuong an tot hon }
begin
dmax := sum;
imax := i; jmax := j;
end
end;

procedure Nap(i,j: integer);
{ Nap em j vao danh sach nhuong qua cho em i }
begin
if (t[j] > 0) then exit; { Jj da co trong st }
inc(p); st[pl := j; t[j] := i; { jJ se nhuong qua cho i }
{ dieu chinh gia tri tich luy }
d[j] := d[i] + c[i,a[j]] - c[j,aljl] :
end;
function Xep(i: integer): integer; { tim qua cho em i }
var j: integer;
begin
fillchar(t,sizeof(t),0); d := t;
{ d[j] - do gia tang tich luy den em j }
dmax := 0; p := 0; Nap(i,i);
while (p > 0) do

begin
i := st[p]; dec(p); { lay ngon stack }
for j :=1 to m do { duyet cac mon qua }

if (b[j] = 0) then Mark(i,j) { qua j chua chia }



else Nap(i,j); { danh sach nhuong qua
end;
Xep := 0;
if (dmax = 0) then exit;
Update (imax, jmax) ;
Xep := 1; { Xep duoc qua cho em i }
end;
function Par: integer; { Ghep cap }
var i, v: integer;
begin
v :=0;
fillchar(a,sizeof(a),0); b := a;
for i :=1 tondo v :=v + Xep(i);
Par := v;
end;
procedure Print; { Hien thi ma tran c }
var i,j: integer;

begin
writeln(nl,' Input: ');
for i :=1 to n do
begin
writeln;
for j := 1 to m do write(c[i,j], bl);
end;
end;

procedure Doc;
var f: text;
i,j,k,r: integer;
begin
fillchar(c,sizeof (c),0);
assign(f,fn); reset(f);
readln(f,n,m) ;
for i :=1 to n do
for j :=1 tom do
read(£f,c[i,]]);
close (f) ;
end;
procedure Run;
var v: integer;
begin
Doc; Print;
v := Par;
Ghi (v) ;
writeln(nl, ' ket qua: '); PrintArray(a,l,n);
end;
BEGIN
Run;
writeln(nl,' Fini');
readln;
END.

// Dev-C++: Autum2

#include <fstream>

#include <iostream>

using namespace std;

// DATA AND VARIABLES

const char * fn = "autum2.inp";

const char * gn = "autum2.out";

const int mn = 201; // so nguoi va so qua toi da
int a[mn]; // al[i] j: em i nhan qua j

int b[mn]; // b[]j] i: qua j trong tay em i

int t[mn]; // t[j] = i : em j nhuong qua cho ban
int c[mn] [mn]; // c[i][j] = 1: i thich qua j



int d[mn]; // d[j] khi j nhuong qua cho i
int n; // so em nho
int m; // so qua
int st[mn]; // stack
int p; // con tro stack
int imax, Jjmax, dmax;
// PROTOTYPES
int main();
void Doc() ;
void Print();
int Par();
int Xep (int);
void Update (int, int);
void PrintArray(int [], int , int );
void Ghi (int) ;
void Nap (int, int);
void Mark (int, int);
// IMPLEMENTATION
int main() {
Doc() ;
Print () ;
int v = Par();
Ghi (v) ;

cout << endl << " Ket qua: "; PrintArray(a,l,n);

cout << endl;
system ("PAUSE") ;
return EXIT SUCCESS;
}
void Ghi (int v) {
int vmax = 0;
for (int i = 1; i <= n; ++i)
if (a[i] > 0) vmax += c[i][a[i]l]:
ofstream g(gn);
g << vmax << endl;
for (int i = 1; i <= n; ++i)

if (a[i] > 0) g << i << " " << a[i] << endl;

g.close();

}
void PrintArray(int a[], int d, int c) {
int i;

for (1 =d; i <= c¢; ++i) cout <K a[i] <« " ";

}
void Update(int i, int j) {
int c;
do {
c = a[i]; // i bo qua c

a[i]l = j; b[j] = i; // i nhan qua moi j

i = t[i]; J = c; // chuyen qua nguoi khac

} while (c > 0);

}
void Mark(int i, int j) {

int sum = d[i]+c[i][j];// neu i nhan qua moi j
if (sum > dmax) { // ghi nhan phuong an tot hon

dmax = sum;
imax = i; jmax = j;
}
}
void Nap(int i, int j) { // Nap j vao st
// em j se nhuong qua a[j] cho em i
// em i bo qua a[i] de lay al[j]
if (t[j]1>0) return; // j da co
st[++p] = Jj; t[j] = i;

d[j] = d[i] + c[i]l[a[j]l] - c[3l[a[3]]]

;// do lech



}
int Xep(int i) { // tim qua cho em i
memset(t, 0, sizeof(t)):;
memset(d, 0, sizeof(d)); // d[i] - do lech neu i nhuong qua
int j;
dmax = 0; p = 0; Nap(i,i);
while(p > 0) {
i = st[p--]; // lay ngon stack
for (j = 1; j <= m; ++j) // duyet cac mon qua

if (b[j] == 0) Mark(i,j); // qua j chua chia
else Nap(i,j);// danh sach nhuong qua
} // while

if (dmax = 0) return O0;
Update (imax, jmax) ;
return 1; // Xep duoc qua cho em i
}
int Par(){ // Cap ghep
int v=20, i;
memset(a,0,sizeof (a)); memset(b,0,sizeocf (b))
for (1 = 1; 1 <= n; ++i) v += Xep(i);
return v;
}
void Print() { // Hien thi ma tran c
cout << endl << " input: ";
cout << endl << n << " " << m << endl;
int i,3;
for (i = 1; i <= n; ++i){
for (J =1; j <= m; ++j)
cout << c[i][j] << " ";
cout << endl;
}
}
void Doc() {
memset (c,0,sizeof (c));
ifstream f (£fn);
£f >> n >> m;
int i,3;
for (i = 1; i <= n; ++i)
for (J =1; j <= m; ++j)
£ >> c[il[j];
f.close();



Chuong 4 Cac phép lat va chuyén vi

4.1 Ldt xdu

Cho xdu ki tiw s. Hay ldt Xau's, tikc la sdp cdc ki te ciia xdu s theo trdt tw nguwoe lai. Thi du, véi s = "abcd",
thi sau khi dao ta thu duoc s = "dcba".

Thuat toan

pé 1at mot doan s[d..c] trong day s bét ki ta thyc hién lién tiép cac phép ddi chd hai phan tir cach déu dau
va cuoi tinh dan tir ngoai vao giira day.

D6 phirc tap

Néu doan can 14t ¢6 chiéu dai n, mdi lan d6i chd hai phan tir ta cin 3 phép gan. Tong cong c6 n/2 cip phan
tor do d6 so phép gan s€ 1a 3n/2.

Chwong trinh

Ham Rev trong cac chuong trinh sau ddy nhan vao mdt xau s va hai chi s dau d va cudi ¢, sau d6 thyc
hién phép ddo doan s[d..c] roi cho ra chinh xau s do.

(* Reverse.pas ¥*)

uses crt;

const nl = #13#10;

var s: string;

function Rev(var s: string; d,c: integer): string;
var ch: char;

begin
while (d < c¢) do
begin
ch := s[d]; s[d] := s[c]; s[c] := ch;
inc(d); dec(c):;
end;
Rev := s;
end;
BEGIN
s := 'IT have a dream';
write(nl, 'Given: ',s);

Rev(s,1,length(s));

writeln(' => ',s);

writeln(nl,' Now, the source string is: ', Rev(s,1l,length(s)));
readln;
END.

// DevC++: Reverse.cpp
#include <fstream>
#include <iostream>
using namespace std;
// PROTOTYTPES
int main() ;
char * Rev(char *s, int d, int c);
// IMPLEMENTATION
int main() {
char * s = strdup("I have a dream") ;



cout << endl << " Given: " << s;

cout << " => " << Rev(s,0,strlen(s)-1);

cout << endl << " Now, the source string is => "
<< Rev(s,0,strlen(s)-1);

cout << endl;

system ("PAUSE") ;

return EXIT SUCCESS;

}
char * Rev(char * s, int d, int c¢) {
char ch;
while (d < ¢) {
ch = s[d]; s[d] = s[c]; s[c] = ch;
++d; --c;
}
return s;
}
Giai thich

Ham s = strdup("I have a dream") cip phit mién nhd cho xau s va khoi tri xau ndy bang day
kit "I have a dream'.
4.2 Lt sé nguyén
Viét ham Rev(x) cho ra sé nguyén dang ldt cia so nguyén x. Thi du, Rev(-1234) = —4321.
Thuét toan
Goi y 1a két qua. Ta khoi tri y = 0 sau d6 14y lan lugt cac chir sé dau phai cta x ghép vao bén phai s y.
D6 phire tap

Néu s6 da cho ¢6 n chit s6, mdi 1an chuyén mot chit s ta can thyc hién mot phép chia du va hai phép nhan.
Neéu ta coi thoi gian thye hién phép nhan, chia va chia du 1a xap xi bang nhau thi thuat toan 1at s0 nguyén
can thoi gian 3n. Moi so6 nguyén x c6 1g(x) + 1 chit so dang thdp phan. Vay do phuc tap c& 1g(x).

(* RevInt.pas ¥*)

uses crt;

var x,y: integer;

function Rev(x: longint): longint;
var y: longint;

begin
y :=0;
while x <> 0 do
begin
y := y*10 + (x mod 10);
x := x div 10;
end;
Rev := y;
end;
BEGIN
x := -1234;
y := Rev(x);
writeln(' Given: ',x,' => ' ,y);
writeln(' Now, the source number is ', Rev(y));
readln;
END.

// DevC++: RevInt.cpp

#include <fstream>

#include <iostream>

using namespace std;

// PROTOTYPES

int main() ;

int Rev(int x);

// IMPLEMENTATION
int main() {



int y, x = -1234;

cout << endl << " Given: " << x;
cout << " => " << (y = Rev(x));
cout << endl << " Now, the source number is => " << Rev(y)

cout << endl;
system ("PAUSE") ;
return EXIT SUCCESS;

}
int Rev(int x) {
int y = 0;
while (x) {
y = y*¥10 + (x % 10);
x /= 10;
}
return y;
}

4.3 Sdn bay vii tru

Muén dwa cdc con tau vii tru vao ding quy dao trén khéng gian nguwoi ta can chon dia diém thich hop dé
xdy dung dwong bang. Néu dieong bang ddt tai vi tri thudn loi, phit hop véi hiedng vin hanh ciia cac hanh
tinh thi sé tiét kiém dwoc nhiéu nhién liéu. Nguwoi da ta xdy dung xong mét dwong béng tai san bay vii tru.
Puong bang gom n tam bé tong lom dwoc ddt tai mot vi tri ¢é dinh. Trong cdc tam bé tong chiva nhiéu linh
kién va deong néi tinh vi do dé so dé lién két rat phire tap. Tuy nhién, lic kiém tra nguoi ta da phat hién ra
sw nham lan 16m: i tam bé tong dau dwong bang ddt sai vi tri: ching can dwoc chuyén vé phia cudi duong
bang. Rat may la tren cong truong lic nay cOn mét xe ddc ching co sirc cho 1 tam bé tong va mot can truc
¢6 sire nang 1 tam bé tong. Xe chay trén duwong ray song song voi dwong bang. Moi tam bé tong can
chuyén dwgc thdo cac khop noz va duwoc can truc cdu lén dat trén xe roi dwoc xe chuyen dén vi tri can dat
lai. Tai vi tri d6 can truc lai cdu tam bé tong khoi xe va dat vao vi tri thich hop. Cén truc ciing co thé ciu
triec tié'p 1 tdm bé tong tuir mot vi tri dén vi tri con tré'ng nao do. Thoi gian cdu va van chuyén mot tam bé
téng la dang ké. Hay dé xudt mot phirong dn khdc phuc sw ¢é véi thoi gian ngdn nhat, cu thé la can giam
16i da 56 lan cdu bé tong.

Thi du
DBuong bang gom 7 tam bé tong ma so lan luwot tir I den 7. 3
(2 [2 [38 [4 |5 |6 |7 | tam bé tong dau tién la 1, 2 va 3 bj dat sai vi tri. Sau khi
chuyén lai 3 tam nay ta thu dwoc dwong bang dat dung la

Thuat toan




Phwong dn 1. Ta goi mdi 1an cau mot tim bé tong la mot thao tac. Dé chuyén i tm bé tong tir du dudng
bing vé cudi duong bing ta chuyén dan timg tim. Dé chuyén mot tam t tir dau vé cubi duong bang ta thuc
hién n+1 thao tac sau day:
e 1 thao tac: Chuyén tim t ra xe x;
e n-1 thao tac: dich dan n—1 tim trén dudng bang 1én 1 vi tri;
e 1thao tAc: Chuyen tAm t tir xe vao vi tri cudi duong bang.
Tong hop lai, dé chuyén i tim tir dau vé cubi duong bang ta can T; = i(n+1) thao tac.
Gia sir duong biang c6 1000 tim bé tong va ta can chuyén 500 tim bé tong tir diu vé cudi dudng bang thi ta
cain T = 500(1000+1) = 500.1001 = 500500 thao téc. Lai gia sir mdi ngay ta c6 thé thuc hién dugc 100
thao tac thi thoi gian can thiét dé khic phuc su b s@ la:
500500/(100x365(ngay)) ~ 13 nim
Phwong dn 2. Ta van dung phép ddi ximg (phép 1at) dé giai bai toan nay. Ki hiéu u' 1a day lat ciia day u.
Thi dy, u = 1234 thi u' = (1234)' = 4321.
Phép 1at c6 cac tinh chit sau:
1. Tinh khad nghich hay liiy dang: 0" = u. Lt di lgt roi lat lai mét day sé cho ta day ban ddu;
2. Cong tinh ngwoc: (uv)' = v'u'. Lat mét day gom hai khiic u va v sé cho két quia la mét day gom hai
khiic It riéng ré: khiic lat thir hai V' két néi véi khiic 1t thir nhat u'.
Goi u 1a khuc dau gom i tim bé tong dau dudng bang, v 1a khic cudi gdm n—i tim bé tong con lai. Bai toan
dit ra 1a bién doi uv thanh vu: uv = vu. Vén dung hai tinh chat ciia phép 14t ta co:
(uv) =viu"=wvu (%)
Ta xét lai thi du duong bang gdm 7 tim bé tong va can chuyén i = 3 tim bé tong tir dau vé cudi duong
bang. Ta co u=123; v = 4567.
Nhiém vu: uv = 1234567 = vu = 4567123.
Vian dung ding thirc (*) ta c6
(u'v')' = ((123)'(4567))" = (3217654)' = 4567123 = vu
Néu Rev (s,d,c) la thi tyc 14t doan tir chi s6 d dén chi s6 ¢ trong day s(1..n) thi biéu thirc (*) néi trén
duogc cai dat qua ba phép goi thu tuc Rev nhu sau:
Rev(s, 1, i); { u' }
Rev(s, i+l, n); { v' }
Rev(s, 1, n); { s' = (u'v')' = vu }
Ta d3 biét, dé 1at mot khiic gdm m phan tir ta cAn d6i chd 1an lwot mdi cip phan tir cach déu dau va cudi.
Tong cong c6 m/2 cip. Mdi 1an ddi chd hai phan tir trong mot cip ta can thuc hién 3 phép gén tuong tng
v6i 3 thao tac cdu. Vay thudt téan chuyén vi theo cong thirc (*) s& doi hoi:
e 3i/2 thao tac cho u’;
e  3(n-i)/2 thao tac cho v/
e 3n/2 thao tac cho s';
Téng cong ta can T, = 3/2. (i+(n—i)+n) = 3n thao téc.
Véi thi du da cho, n= 1000, i = 500 ta tinh dugc T, = 3.1000 = 3000, tirc 1a 3000/100 = 30 ngay.
Phuong an 1 doi hoi 13 nam trong khi phuong 4n 2 chi can 1 thang!

Chay Néu m 14 s6 1é thi khi 13t doan gdm m phan tir s& chi can 3(m—1)/2 phép gan, do d6 cong thirc tinh
T, c6 thé con nho hon 3n toi da 1a 6 phép gan.

Phwong an 3. C6 thé van dung phép lay tich cdc hodn vi dé giai bai toan véi n+d phép chuyén, trong d6 d
1a wéc chung 16n nhit cua n va i. Gia su dudng bang a gém n =15 tim bé tong, a =(1,2,3,4,56,7,8,9,
10,11,12,13,14,15) vata can chuyén i = 6 tam tir diu vé cudi dudng bang theo yéu ciu cua diu bai. Két
qué cudi cing phai thu duge lab=(7, 8,9, 10, 11, 12, 13, 14, 15, 1, 2, 3, 4, 5, 6). Nhu vy ta c6 phép hoan

vi a — b nhu sau:

all 6 | 71891011 ]12]13|14 |15
b|7|8]9]|10|11|12 |13 |14 |15| 1|2 |3 |4 |5]|6

N
w
SN
(&3]

Ba hoan vi vong quanh
o Xe« 17«13« 4«10« 1(xe);
o Xe« 2«8« 14«5« 11« 2(xe);
o Xe« 39« 15«6« 12« 3(xe).

Ta s& ¢b ging mdi 1an chuyén 1 tAm vao dung vi tri can thiét. So sanh hai dong a va b cua bang ta c6 thé
thuc hién nhu sau:
Pha thir nhit

1. Cau tAm 1 ra xe; vi trf 1 tré thanh tréng,



2. CAu tAm 7 vao vi tri 1; vi tri 7 tr& thanh tréng,
3. Ciu tdm 13 vao vi tri 7; vi tri 13 tré thanh trong,
4. Céu tAm 4 vao vi tri 13; vi tri 4 tr6 thanh tréng,
5. Cau tAm 10 vao vi tri 4; vi trf 10 trd thanh tréng,
6. Cau tAm 1 tir xe vao vi trf 10.

Sau 6 thao tac chuyén ta thu duogc:

1/2(3|4 5|67 ]8|9]10|11]12]13|14]15
7 10 13 1 4

Ta tiép tuc:

Pha thir hai:
7. Céu tAm 2 ra xe; vi tri 2 tré thanh tréng,
8. Cau tam 8 vao vi tri 2; vi tri 8 trd thanh trong,
9. Cau tam 14 vao vi tri 8; vi tri 14 tro thanh trong,
10. Cau tim 5 vao vi tri 14; vi tri 5 tr& thanh tréng,
11. Cau tim 11 vao vi tri 5; vi tri 11 tr¢ thanh tréng,
12. Céu tAm 2 tir xe vao vi trf 11.

Dén day ta thu duoc:
11234 |5|6|7]8]9(10]11|12|13]|14 |15
718 10 | 11 13| 14 112 415

Ta lai chuyén tiép:

Pha thir ba:
13. Ciu tAm 3 ra xe; vi tri 3 trd thanh trong,
14. Cau tAm 9 vao vi tri 3; vi tri 9 trd thanh trong,
15. Céu tAm 15 vao vi tri 9; vi tri 15 tr& thanh tréng,
16. Céu tAm 6 vao vi tri 15; vi tri 6 tré thanh tréng,
17. Céu tAm 12 vao vi tri 6; vi tri 12 tr& thanh tréng,
18. Céu tdm 3 tir xe vao vj trf 12.

1123|456 |7[8]9]10]11]12]13]14]15
718|9]10|11]12]13|14[15] 1 |2 [3|]4|5]6

Sau T3 = 18 lan céu ta thu dugc két qua. Phuong an 2 doi hoi T, = 3n = 3.15 = 45 lan ciu.
Tdng quat, ta hiy tuéng trong cic tim bé tong duoc xép thanh vong tron nhu trén mit s dong hd, néu xuét
phat tir vi tri so sau it nhat 1a k 1an chuyén (khong tinh lan chuyén s, ra xe) ta s& thu dugc diy

XE =Sy ¢ S1 ¢ Sp < .. <—sk—so(xe)
Trong d6 tAm bé tong dau tién s, duoc chuyén ra xe va cudi cing, tai bude thir k tim d6 lai duoc chuyén
vao vi tri so. Ta dé dang nhén thay sjp = (s+i)modn,j=0, 1,.., k=1. Ttr day ta suy ra (so + ki) mod n =
So, hay ki mod n = 0. Goi d 1 udc chung 16n nhit ciian va i, d = (n i). Tacongay, n=dn'vai=di' batk=
n' =n/d, tacé kd = n'd = n va ki mod n = n'i mod n = (n/d)i mod n = (ni/d) mod n = ni' mod n = 0. S pha
chuyén la d.
Nhu vay téng cong sé co tit ca Ty = (k+l)d=kd+d=n+d lan chuyen trong d6 d =(n,i). Véin=15,i=
6 ta tinh dugc d = (15,6) =3, do do ta chuyen trong d = 3 pha va tong s6 lan chuyen s¢laT;=15+3=18.
Ham Move du6i day nhén vao hai gia tri: tong s6 tim bé tong n va sb bé tong dau tién can chuyén vé cudi i
sau d6 giai trinh trat ty chuyén cac tim bé tong theo timg pha.

(* SanBay.pas *)

uses crt;

const BL = #32; NL = #13#10;

function Ucln(a, b: integer): integer;
var r: integer;

begin
while (b <> 0) do
begin
r :=amod b; a :=b; b :=r;
end;
Ucln := a;
end;

function Move(n, i: integer): integer;
var



d: integer;
tamdau, tam, vitri: integer;
t: integer; { tong so lan chuyen }
j, p: integer;
a: array[0..1000] of integer;
begin
d := Ucln(n,i);
writeln(NL,' Se chuyen trong ', d, ' pha', NL);
t := 0; tamdau := 1;

for j := 0 to n do a[j] := j;
for p :=1 to d do
begin
writeln(NL, ' Pha thu ', p, ':', NL);
while (a[tamdau] <> tamdau) do inc(tamdau) ;
tam := tamdau; inc(t); a[tam] := O;
write(NL, t, '. Chuyen tam ', tam , ' ra xe');
readln;
while (true) do
begin
vitri := tam; tam := tam + i;
if (tam > n) then tam := tam - n;
inc(t); a[vitri] := tam;
if (tam <> tamdau) then
begin
write(NL,t,'. Chuyen tam ',tam, ' den vi tri ',6vitri);
a[tam] := O0;
end
else
begin
write(NL,t,'. Chuyen tam ', tamdau,
' tu xe vao vi tri ', vitri);
write (NL,' Xong pha ',p,NL);
break;
end;
readln;

end { while }
end ; { end for }
write (NL,' Ket qua: ');

for i :=1 to n do write(a[i],BL);
Move := t;
end;
var t: integer;
BEGIN
t := Move(1l5,6);
writeln(NL, NL, ' Tong cong ', t, ' phep chuyen');
writeln(NL,NL,' Fini');
readln
END.

// DevC++: SanBay.cpp
#include <string.h>
#include <fstream>
#include <iostream>
using namespace std;
// PROTOTYPES
int Ucln(int a, int b);
int Move(int n, int i);
// IMPLEMENTATION
main () {
cout << endl << endl
<< " Tong cong " << Move(15,6) << " phep chuyen";
cout << endl << " Fini "; cin.get();



}
int Ucln(int a, int b) {
int r;
while (b) {
r=a %$b; a=>b; b=r;
}
return a;
}
int Move (int n, int i) {
int d = Ucln(n,i);
cout << endl << " Se chuyen trong " << d << " pha" << endl;
int tam, vitri;
int t = 0; // tong so lan chuyen
int tamdau = 1; // tam be tong can chuyen dau tien cua moi pha
int a[n+1];
int j, p;
for (j = 0; j <= n; ++3j) aljl = 3;

for (p = 1; p <= d; ++p) {
cout << endl << " Pha thu " << p << ":" << endl;
while (a[tamdau] != tamdau) ++tamdau;

tam = tamdau;
++t; a[tam] = O;

cout << endl << t << ". Chuyen tam " << tam << " ra xe";
if (cin.get()=='.') return t;
while (1) {

vitri = tam; tam += i;

if (tam > n) tam -= n;

++t; a[vitri] = tam; // a[tam] = 0;
if (tam '= tamdau) {
a[tam] = 0;
cout << endl << t << ". Chuyen tam "
<< tam << " den vi tri " << vitri;
}
else {
cout << endl << t << ". Chuyen tam "
<< tamdau << " tu xe vao vi tri " << vitri;
cout << ". Xong pha " << p << endl;
break;
}
if (cin.get()=='.') return t;
} // end while
} // end for
cout << endl << endl << " Ket qua: ";
for (1 =1; 1 <= n; ++i) cout << af[i] <<« " ";
return t;
}
4.4 Can
Olimpic cac nudc vung Baltic, 2004
Nguoi ta can can mét vét cé khéi luong la mot $6 tir nhiénn gam b&ng mot b qua can khoi luwong 1, 3, 9,
- 3k, .. gam k=0,1,2, .., méi logi ¢ dung mot qud can. Vit can cén dwoc ddt trén dia trai. Hay chon
cdc qud cdn ddt trén hai dia dé can thiang bang.

can.inp | can.out Gidi thich
69 239 Input text file: s6 n; 1 < n < 1000000000 (1 ty).
181 Output text file: 2 dong

Dong 1: $6 qua can dat trén dia trai, tiép dén 1a cac qué can cu thé.
Dong 2: sb qua can dat trén dia phai, tiép dén 1a cic qua can cu thé.
Thi du, v6i khéi lugng vat cAn n = 69 g dit trén dia tréi, ta cin dit thém 2
qua cén trén dia trai 1a 3 va 9g; 1 qua can trén dia phai la 81 g. Ta cé:
69 +3+9=81

Thuit toan



DAu tién ta tam gia thiét 12 s6 luong qua can mdi loai 1a du nhiéu dé co thé can moi khéi luong trong gidi
han cho trude. Khi d6 ta biéu dién n dudi dang hé dém 3 rdi dat vat can cén trén dia tréi va dat cic qua can
tuong ung trén dia phai.
Dé biéu dién n dudi dang hé b tily ¥ ta chia lién tiép n cho b va ghi nhan cac s6 du. Trong cac phién ban
duéi day p 1a mang nguyén chira cac chit s6 trong dang biéu dién ngugc cua s6 n dudi dang hé dém b, dau
ra cta cac ham ToBase 13 s6 chit sé trong dang biéu dién do.

type mil = array[0..30] of integer;

(* Pascal *)

function ToBase(n: longint; b: integer; var p: mil): longint;

var i: longint;

begin
fillchar(p, sizeof(p),0);
i:=0;
repeat
pl[i] := n mod b;
n := n div b;
inc (i) ;
until n = 0;
ToBase := i;
end;
// DevC++
int ToBase(int n, int b, int *p) {
int i = 0;
memset(p, 0, sizeof(p)):;
do {
pli++] = n % b;
n /= Db;

} while (n '= 0);
return i;



Xuat xir

Claude Gaspar Bachet de Méziriac (1581-
1638) nha ngén nglt hoc, nha tho va hoc gia
Phap chuyén nghién ciru cac tac pham co dién.
Bachet ciing rat dam mé cac bai toan d6. Ong
d3 xudt ban cudn sach "Nhing bdi todn vui va
Iy thit vé cac con sé". Ong ciling 1a ngudi phat
biéu bai toan 1y tha vé chiéc can dia nhu sau:
Xdc dinh t6i thiéu mét b qud cin dé cé thé cin
moi vdt ¢é khoi luwong tir 1 dén 40g trén mot
chiéc cin dia. Bachet cho biét chi can ding 4

DIOPHANTI
ALEXANDRINI -
ARITHMETICORVM

Claude Gaspar Bachet de Méziriac quicanlal,3,9va27. _
9/10/1581 — 26/2/1638 Cuon S0 hoc noi tieng cua Diophantus do
Anh trai 1a bia cuén S6 hoc ndi tiéng Bachet dich da tao cam hung cho rat nhiéu the
ctia Diophantus viét vao khoang nim hé cac nha toan hoc trén The gidi.
250 tai Trung tdm van hoa Alexandria . ) ) o
do Bachet dich va xuat ban nim 1621. Nguon: Internet; Simon Sigh, Dinh Iy cudi
cung cua Fermat (Pham Van Thic¢u, Pham Viét
Hung bién dich)

Dé tién 14p luan ta tam qui udc goi qua cin 3' 1a qué cin loai i, tic 14 ta goi theo s6 mil ctia hé sb 3. Véi thi
du d& cho n =69, 1oi goi k= ToBase (69, 3, phai) s€cho k=4 va mang phai[0..3] = (0, 2, 1, 2)
chinh 1a cac chit sb hé dém 3 trong dang biéu dién cua sb 69. Cu thé 1a sb 69 duoc biéu dién ngugc trong hé
dém 3 s& 1a mot s6 gdm k = 4 chir s6 1an luot tinh tir chit s6 hang don 12 0, 2, 1 va 2, cu thé 1a:

69 =0.3%+2.3' + 1.3% + 2.3° = 2120,.

Loai qua 0 1 2 3 4 Vat can can khéi lugng n = 69 dugc dat trén
can (3°=1) | (3'=3) | (3%=9) | (8°=27) | (3'=81) | dfa trai. Trén dia phai dit 3 qué can:

phai[1]=2 qué can loai 1,2.3' =6 g,

Dia tréi 0 0 0 0 0 | phai[2] = 1 qua can loai 2, 1.32=9 g,
(69+...) : : 3

phai[3] =2 qua can loai 3, 2.3° = 2.27 =54 g,
Pia phai 0 2 1 2 0 69=6+9+54.

Dia trai tam thoi dé trong

Vi mdi loai qua can chi c¢6 dung 1 qua nén ta can tim cach thay 2 qué can cung loai i bang t6 hop khac. Ta
co

23'=33-3'=3"-3.
Heé thic trén cho ta thay rang co6 thé thay 2 qua can loai i & dia cdn phdi bang cach dit 1 qua can loai i+1
trén dia phai va 1 qua céan loai i trén dia trdi. Vi thi du di cho, phai[1] = 2 nén ta thay 2 qua cén loai 1
bang 1 qua can loai 2 trén dia phai va 1 qua cn loai 1 trén dia trai. Vi trén dia phai dd c6 sin 1 qua can loai
2 nén s6 qua can loai nay s& dugc ting thém 1 va bang 2. Ta thu dugc:

Loai qua 0 1 2 3 4 phai = (0,2,1,2) = (0,0,2,2);

can (3°=1) | (3'=3) | (8%=9) | (3°=27) | (3'=81) trai = (0,1,0,0).

bia trai Dia trai (69 g)+1 qua can loai 1 = 69 + 3 =

(69+..) 0 1 0 0 0 720;

Dia phai Dia phai: 2 qua can loai 2 + 2 qua can loai 3
0 0 2 2 0 =2.3242.3%= 2.9+ 2.27 = 18 + 54 = 72g.

Lai thtrc hién phép thay 2 qua cin loai 2 trén dia phai bang 1 qua can loai 2 trén dia phai va 1 qua can loai 3
trén dia trai ta thu duogc:

Loai qua 0 1 2 3 4 phai = (0,0,2,2) = (0,0,0,3);
cén @=1) | @'=9) | (3%=9) | (3°=27) | (&'=81)




Dia trai trai = (0,1,1,0).
(69+...) bia trai (69g) + 1 qua can loai 1 + 1 qua cén

Dia phai loai2 =69+1.3'+1.3°=69+3+9=81g¢;
Dia phai: 3 qua canloai3 =3.27=81g.

Cudi cling ta thay 3 qua can loai 3 trén dia phai bang 1 qua can loai 4 14 hoan tat.
phai = (0,0,0,3) = (0,0,0,0,1).
trai =(0,1,1,0).
Két qua ta thu duoc: Dé can véat n = 69 g ta dat vat d6 trén dia tréi va
Dit tiép trén dia trai 2 qua can 3 va 9 g;
bat trén dia phai 1 qua can 81 g.
Téng hop lai ta c6 thudt toan Replace thuc hién phép thay cac qua can loai i trén dia phai nhu sau:
e Néu trén dia phai c6 2 qua can loai i thi thay bang 1 qua loai i+1 trén dia phai va 1 qua loai i trén
dia tréi;
e Néu trén dia phai c6 3 qua can loai i thi thay bang 1 qua loai i+1 trén dia phai.
Ham Replace nhan vao la diy k qua cén trén dia phéi p[0..k—1], cho ra ddy m qua can trén dia trai
t[0..m-1]:
(* Pascal *)
function Replace(var p: mil; var k: integer; var t: mil): longint;
var m, i: longint;
begin
fillchar(t, sizeof(t),0);
for i := 0 to k do
if p[i] = 3 then begin p[i] := 0; inc(p[i+l]) end
else if p[i] = 2 then

begin p[i] := 0; inc(p[i+l]); inc(t[i]) end;

m := k;
if p[k] > 0 then inc(k);
Replace := m;

end;

// DevC++

int Replace(int * p, int &k, int * t) {
int i, m;
memset(t, 0, sizeof(t)):
for (1 = 0; 1 < k; ++i)

if (p[i] == 3) { pl[i] = 0; ++p[i+l]; }
else if (p[i] == 2) { pl[i] = 0; ++p[i+l]; ++t[i]; }
m = k;

if (p[k] > 0) ++k;
return m;

}

Trude khi ghi file ching ta can thu don so bé dit liéu. Ta duyét cac phﬁ?}n tir cua hai day tréi va phai dé dém
xem c¢6 bao nhiéu qua can va qui cac loai qua can d6 thanh gia tri cu thé, tirc 13 thay vi viét i ta phai viét 3",

(* can.pas ¥*)
uses crt;
const fn = 'can.inp'; gn = 'can.out';
mn 30; bl = #32; nl = #13#10;
type mil array[0..mn] of longint;
function Doc: longint;
var n: longint;
f: text;
begin
assign(f,fn); reset(f);
readln(f,n); close(f);
Doc := n;
end;
function ToBase(n: longint; b: longint; var p: mil): longint;
var i: longint;
begin




fillchar (p, sizeof(p),0):;

i:=20;

repeat
pPl[i] := n mod b;
n := n div b;
inc (i) ;

until n = 0;

ToBase := i;

end;

function Replace(var p: mil; var k: longint; var t: mil):

var m, i: longint;

begin
fillchar(t, sizeof(t),0);
for i := 0 to k do
if p[i] = 3 then begin p[i] := 0; inc(p[i+1l]) end
else if p[i] = 2 then
begin p[i] := 0; inc(p[i+l]); t[i] := 1 end;
m := k;
if p[k] > 0 then inc(k);
Replace := m;
end;

longint;

procedure Ghi(var t: mil; dt: longint; var p: mil; dp: longint);

var i, v, nt, np: longint;

g: text;
begin

v :=1; nt :=0;

for i := 0 to dt-1 do

begin
if t[i] > O then begin inc(nt); t[i] := v; end;
v :=v * 3;

end;

v :=1; np := 0;

for i := 0 to dp-1 do

begin
if p[i] > 0 then begin inc(np); pl[i] := v; end;
v :=v * 3;

end;

assign(g,gn); rewrite(q):;
write(g,nt,bl);
for i := 0 to dt-1 do
if t[i] > O then write(g,t[i], bl);
write(g,nl,np,bl);
for i := 0 to dp-1 do
if p[i] > O then write(g,p[i],bl);
close(qg) ;
end;
procedure Run;
var trai, phai: mil;
n, dt, dp: longint;
begin
n := Doc;
dp := ToBase(n,3,phai);
dt := Replace(phai, dp, trai);
Ghi (trai,dt,phai,dp) ;
end;
BEGIN
Run;
write(nl,' Fini');
readln;
END.

// Devcpp Can.cpp
#include <iostream>



#include <fstream>
using namespace std;
// DATA AND VARIABLE
const char * fn = "CAN.INP";
const char * gn = "CAN.OUT";
// PROTOTYPES
int main();
int Doc();
void Ghi(int *t, int n, int *p, int m);
int ToBase(int n, int b, int *p);
int Replace(int *p, int &n, int *t);
void Run() ;
// IMPLEMENTATION
int main() {
Run () ;
cout << endl << endl << " Fini ";
cin.get();
return O;
}
void Run() {
const int mn = 20;
int phai[mn], trai[mn];
int dp, dt, n;
n = Doc();
dp = ToBase(n, 3, phai);
dt = Replace(phai, dp, trai);
Ghi (trai,dt,phai,dp) ;
}
int Doc() {
int n;
ifstream f (£fn);
£f >> n;
f.close();
return n;

void Ghi(int *t, int dt, int *p, int dp) {
int i, v, nt, np;//dt,dp: so qua can tren dia trai va phai
nt = np = 0;
for (v=1,1i =0; i < dt; ++i, v*= 3)
if (t[i] > 0) { ++nt; t[i] = v; }
for (v=1,i =0; i <dp; ++i, v*= 3)
if (p[i] > 0) { ++np; p[i] = v; }
ofstream g(gn) ;
g<<Lnt<<""y;
for (i = 0; i < dt; ++i)
if (t[i] > 0) g << t[i] << " ";
g<<endl << np << " ";
for (i = 0; i < dp; ++i)
if (p[i] > 0) g << p[i] << " ";
g.close() ;
}
// Bieu dien so n qua he b
// return i - chieu dai so trong he b

// n =p[0].b*0 + p[1l].b*1 + ... + p[i].bi
int ToBase(int n, int b, int *p) {
int 1 = 0;
memset(p, 0, sizeof(p)):;
do {
pli++] = n % b;
n /= b;

} while (n !'= 0);
return i;



int Replace(int * p, int &k, int * t) {
int i, m;
memset(t, 0, sizeof(t)):
for (1 = 0; 1 < k; ++i)

if (p[i] == 3) { pl[i] = 0; ++p[i+l]; }
else if (p[i] == 2) { pl[i] = 0; ++p[i+1l]; ++t[i]; }
m = k;

if (p[k] > 0) ++k;
return m;

}

Dj phire tap: c& logs(n); trong d6 logs(n) + 1 1a s6 chit s6 trong dang biéu dién ciia n theo h¢ dém 3.

4.5 Biprime

Cap s6 ty nhién x va s6 1gt ctia né, x' néu d‘o”‘n’g thoi la hai s6 nguyén to khac nhau thi diege goi la cdp song
nguyén to. Hay liét ké cac cap song nguyén to trong khoang 1..N = 500000.

biprime.inp | biprime.out | Gidi thich
100 4 Input text file: s6 N
13 31 Output text file: Dong dau tién: M — s6 cap song nguyén t6. Tiép dén
17 71 la M dong, mdi dong mot cap song nguyén to.
37 73 Véi n = 100 ta tim dugc 4 cip song nguyén to: (13, 31), (17, 71),
79 97 (37, 73) va (79, 97).
Céc s ciing dong cach nhau qua déu cach.

Thuat toan
Trude hét dung thudt toan sang dé tim va ghi nhan cac s nguyén té trong khoang 1..N. Dung mang a danh
déu céac sb nguyén t5. Néu bit thir i bang 0 thi i 1a s6 nguyén t6. Cac thu tyc xt 1i bit bao gdm:

e BitOn (i): Dit bit thir i trong a bang 1 (bat bit i);

e BitOf (i): Dit bit thir i trong a bang 0 (tit bit i);

e GetBit (i) : cho gié tri 0/1 cta bit thi i trong day bit a.
Véi Nmax = 500000 thi mang a c6 kich thudc (Nmax+7) /8 = 625000 byte. Bit thtr i trong ddy a
s€ tng voi bit thir 1%8 trong byteb = i/8. Chuy rang i%8 = i&7 vai/8 = (i>>3).
Sau khi goi thi tuc Sang ta duyét lai day bit a, voi mdi so nguyén t6 i (GetBit (1) =0) ta tim s6 lat ip
= Rev(i). Néuip # i, ip < NVva ip ciing 13 s6 nguyén t& thi ta dém sb cip. Ta sir dung bang
quyét dinh dé xac dinh khi nao thi cin danh diu (dit BitOn (i) hodc BitOn (ip)). Néu i va s6 lat ip cua
no 1a cap song nguyén t6 thi ta chi can danh ddu mot trong hai sb d6 bang thu tuc BitOn. Lan duyét thu
hai ta chi quan tam nhitng bit i nhén gia tri 0 va ghi lai cac cdpiva Rev (i) .

Bang quyét dinh x6a i va s 1at ip = Rev(i).
Piéu | i nguyén to yes |yes |[yes yes | Xoa x tirc la dat BitOn (x) .
kién | jp<N yes yes yes no
ip#i yes yes no -
ip nguyén t6 yes no - -
Quyét | X6ai(BitoOn (i)) no yes yes yes
dinh | X6aip (BitOn (ip)) yes no no no

D§ phirc tap
Thi tuc sang doi hoi +/N phép chia du va n Ian duyét cho mdi sé nguyén té do do bai todn doi hoi do
phtc tap tinh toédn ¢ n \/ﬁ .

(* Biprime.pas *)

uses crt;

const mn (500000+7) shr 3;
fn 'biprime.inp'; gn = 'biprime.out';
bl = #32; nl = #13#10;




type mbl = array[0..mn] of byte;

var a: mbl;

procedure BitOn(i: longint); { bat bit i }
var p, b: longint;

begin
b :=1i shr 3; p :=1i and 7;
a[b] := a[b] or (1 shl p);
end;

procedure BitOff(i: longint); { tdt bit i }
var p, b: longint;

begin

b :=1i shr 3; p :=1i and 7;

a[b] := a[b] and (not(l1 shl p));
end;

function GetBit(i: longint): integer; { nhédn gia tri cuaa bit i }
var p,b: longint;

begin

b :=1i shr 3; p :=1i and 7;
GetBit := (a[b] shr p) and 1;
end;

procedure Sang(n: longint) ;
var i,j: longint;

begin
fillchar(a,sizeof(a),0);
for i := 2 to round(sqrt(n)) do
if GetBit(i) = 0 then
for j := 1 to (n div i) do BitOn(i¥*j) ;
end;

function Rev(x: longint): longint; { sbé 1lat cua x }
var y: longint;
begin
y :=0;
while x <> 0 do
begin
y := y*10 + (x mod 10);
x := x div 10;
end;
Rev := y;
end;
function Doc: longint;
var n: longint;
f: text;
begin
assign(f,fn); reset(f);
readln(f,n); close(f);
Doc := n;
end;
procedure Run;
var n, i, ip, d: longint;
g: text;
begin
n := Doc;
Sang(n) ;
d :=0;
for i := 13 to n do
if GetBit(i) = 0 then { i nguyén td }
begin
ip := Rev(i);
if (ip <= n) and (ip <> i) then
begin
if GetBit(ip) = 0 then { ip nguyén té }
begin
inc(d) ;



BitOn (ip); { xéa ip }
end else BitOn(i); { xbéa i }
end else BitOn (i) ;
end;
{ Ghi file }
assign(g,gn); rewrite(q):;
writeln(g,d);
for i := 13 to n do
if GetBit(i) = 0 then
writeln(g,i,bl,Rev(i))
close(qg) ;
end;
BEGIN
Run;
write(nl,' Fini'); readln;
END.
// Devcpp biprime.cpp
#include <iostream>
#include <fstream>
#include <math.h>
using namespace std;
// DATA AND VARIABLE
const char * fn = "biprime.inp";
const char * gn = "biprime.out";
const int mn = (500000+7)>>3;
char a[mn];
// PROTOTYPES
int main() ;
int Doc() ;
void BitOn(int i) ;
void BitOff (int i) ;
int GetBit(int 1i);
int Rev(int x);
void Sang(int n);
void Run() ;
// IMPLEMENTATION
int main() {
Run () ;
cout << endl << endl << " Fini ";
cin.get();
return O0;
}
int Doc() {
int n;
ifstream f (£fn);
£f >> n;
f.close();
return n;
}
void BitOn(int i) { // bat bit i
intb=1i>> 3, p=1i & 7;
alb] |= (1 << p);
}
void BitOff (int i) { // tdt bit i
intb=1i>> 3, p=1i & 7;
al[b] &= ~(1 << p);
}
int GetBit(int i) { // nhén tri cua bit
intb=41i> 3, p=1i¢&?7;
return (a[b] >> p) & 1;
}
int Rev(int x) { // sé lat cua x
int y = 0;



do {
y = y*¥10 + (x % 10);
x /= 10;
} while (x);
return y;
}
void Sang(int n) {
int can = int(sqgrt(n));
int i, j, ni;
for (i = 2; i <= can; ++i)
if (GetBit(i) == 0)
for (ni = n/i, j = i; j <= ni; ++3j) BitOn(i*j);
for (1 = 13; i <= n; ++i)
if (GetBit(i) == 0) cout << i << " ";
}
void Run() {
int i , n, d, ip;
n = Doc();
memset(a, 0, sizeof(a));

cout << endl << " n = " <K n << "mn = " << mn << endl;
Sang (n) ;
for (d =0, i = 13; i <= n; ++1i)

if (GetBit(i) == 0) {

ip = Rev(i);
if ((ip <= n) && (ip '= 1)) {
if (GetBit(ip) == 0) {
++d; BitOn(ip); // xéa ip
} else BitOn(i); // xbéa i
} else BitOn(i); // xba i
}
// Ghi file
ofstream g(gn) ;
g << d << endl;
for (1 = 13; i <= n; ++i)

if (GetBit(i) == 0)
g << i<< ' ' << Rev(i) << endl;
g.close() ;
}
4.6 Chuyén bi

Trén mot bang chia 2n+1 6 nguoi ta dat n vién bi xanh lién nhau, méi 6 1 vién, sau dé bé mt 6 trong va
dat tiép n vién bi @6 nhie hinh a. Héy tim cdach chuyén véi s6 lan it nhdt dé thu dwoc hinh b, trong do cac
vién bi xanh dwgc chuyén qua trdi cua o trong, cdc vién bi dé dwoc chuyén qua phdi 6 trong. Méi lan dwoc
phép chuyén mot vién bi vio 6 trong ké vién bi dé hodc cdach vién bi @6 1 0.

0e -

(b)

balls.inp | balls.out
3 bbborrr
bbobrrr
bbrborr

Gidi thich

Input text file: s6 N.




bbrbror Output text file: Dong d4u tién - cdu hinh xut phat 1 mot xau
bbrorbr gdbm N ki tu 'b' biéu thi bi xanh (blue), tiép dén 1a 1 ki tu 'o' biéu
borbrbr thi 6 trong, tiép dén 1a N ki tu 'r' biu thi bi d6 (red).

obrbrbr Tiép dén 1a M dong, mdi dong 1a mot céu hinh thu duoc sau mdi
rbobrbr lan chuyén.

rbrbobr Dong cudi ciing: M - téng s6 lan chuyén.

rbrbrbo
rbrbrob
rbrorbb
rorbrbb
rrobrbb
rrrbobb
rrrobbb
15

Thuit toan

Ta ki hiéu x(n) 14 diy gdm n chir cai x. Bai toan khi ¢6 duoc phat biéu nhu sau:
b(n)or(n) = r(n)ob(n)
Néu chuyen dan tirg Vién bi xanh dén vi tri cAn thiét & bén phai thi mdi 1an chuyén mét bi xanh qua phai
mdt vi tri ta phai theo so dd v6i 2 bude chuyén nhu sau:
-.por... = ..obr... = ...rbo...
Pé thuc hién phép chuyén mot bi xanh vé cubi day b(n)or(n) b(n-1)bor(n) = b(n-1)r(n)bo ta can 2n budc
chuyén. Sau d6 ta lai phai thyc hién n+1 budc dé chuyén 6 tréng vé dau trai cta diy r(n) theo so do:
b(n-1)r(n)bo = b(n-1)or(n)b
Vay dé chuyén mot bi xanh vé cudi diy sau d6 dua 6 trong vé diu trai ctia day r(n) theo so dd
...bor(n) = ...r(n)bo = ...or(n)b
ta can 3n+1 budc chuyén
Dé chuyén n-1 bi xanh qua phai theo so dd
b(n)or(n) = bb(n-1)or(n) = bor(n)b(n-1)
ta can (n- Lx3n+1)buocchuyen
V6i vién bi xanh con lai cudi ciing ta s& chuyén theo so db sau
bor(n)b(n-1) = r(n)bob(n-1) (2n budc chuyen) = r(n)obb(n 1) (1 bude chuyén) = r(n)ob(n).
Vaytongcongtacan(n.1X3n+1)+2n+1 3n%+n-3n-1+2n+1 = 3n® budc chuyén.
V6in =3 ta can 3.3% = 27 budc chuyén cu thé nhu sau:
bbborrr = bbobrrr = bbrborr = bbrobrr = bbrrbor = bbrrobr = bbrrrbo = bbrrrob =
bbrrorb = bbrorrb = bborrrb = bobrrrb = brborrb = brobrrb = brrborb = brrobrb =
brrrbob = brrrobb = brrorbb = brorrbb = borrrbb = obrrrbb = rborrbb = robrrbb =
rrborbb = rrobrbb = rrrbobb = rrrobbb.
Ta s& cai tién thudt toan trén dé thu duge mot thuat toan véi s6 budc chuyén 1a n(n+2). Ta goi thudt toan
nay la thudt toan qua lic vi co ché hoat dong cua nd rat glong v6i dao dong cua qua lc. Trude hét ta dé
xuat mot s6 heuristics trg gitip cho viéc tdi uu hoa sb 1an chuyén:
e Khong bao gio chuyén bi di 1ui, nghia 1a bi xanh phai ludn ludn dugc chuyén qua phdi, bi d6 qua
trai,
e Phai chuyén bi di nhanh nhat cé thé, nghia la phai tim cach chuyén bi qua 2 6 thay vi qua mot 6
mdi bude.
Ta theo doi sy di chuyén cta 6 trong. Ta ki hiéu —1 néu 6 trong dugc chuyén qua trai 1 vi tri, +1 néu 6
tréng du'orc chuyen qua phai 1 vi tri; +2(k) néu 0 tréng dugc chuyén qua phai k 1an, mdi 1dn 2 vi tri Va
—2(k) néu 6 trong dugc chuyén qua trai k 1an, mdi lan 2 vi tri. V&i n = 3 nhu thi du da cho, ta c6 dy gdm
15phepchuym10n0ngnhusau
Céu hinh ban dau: bbborrr
—1; +2(1): bbobrrr, bbrborr - dich 6 trdng qua tréi 1 6 sau d6 dich 6 tréng qua phai 1 1an nhay 2 6,
+1; —2(2): bbrbror, bbrorbr, borbrbr - dich 6 trong qua phai 1 6 sau d6 dich 6 trong qua trai 2 1an, mi lan 2
0,
—1; +2(3): obrbrbr, rbobrbr, rbrbobr, rbrbrbo - dich 6 tréng qua trai 1 6 sau d6 dich 6 trong qua phai 3 14n,
moi lan 2 0,
—1; —2(2): rbrbrob, rbrorbb, rorbrbb - dich 6 tréng qua trai 1 6 sau do dich tiép 6 trong qua trai 2 lan, mdi
lan 2 0,
+1; +2(1): rrobrbb, rrrbobb, - dich 6 tréng qua phai 1 6 sau d6 dich tiép 6 tréng qua phai 1 1an nhay 2 6,
—1: rrrobbb - dich 6 tréng qua trai 1 6. Hoan thanh.
Ban dé& dang phat hién ré‘mg thuat todn trén van dung tdi da 2 heuristics noi trén.



Tdng quat, ta mo ta thuat toan theo so dd sau:
Phal: (-1)' ; (-1)"%.2(i);i=1, 2, ..., n - hai phép chuyén trai d4u nhau;
Pha2: (-1)*' ; (-1)"'.2(i); i = n—1, ..., 1 — hai phép chuyén cung dau.
Cudi cung thyc hién phép chuyén 1.
Ta sir dung thi tuc Move(h,k) : chuyén 6 trong k 1dn, mdi ldn h 6, h =1, -1, 2, —2. Néu h > 0 thi chuyén
qua phai, nguoc lai, khi h < 0 thi chuyén qua trai. Khi d6 so d6 hai pha néi trén duoc trién khai nhu sau:
Phal: Move((-1)*, 1); Move((-1)****2, i); i =1, 2, ..., n.
Pha2: Move((-1)***, 1); Move((-1)**'*2, i); i = n-1, ..., 1.
Néu ta dé yrang (-1)* va (=1)**!trai ddunhauva (-1)** va (-1)**' cing dau thi hai pha noi
trén c6 thé cai dat thdng qua mot bién nguyén sign quan 1y dau nhu sau:
(* Pascal *)

{ Pha 1 }
sign := -1;
for i :=1 to n do
begin Move(sign, 1); sign := -sign; Move(sign*2,i) end;
{ Pha 2 }
sign := -sign;
for i := n-1 downto 1 do
begin Move (sign, 1); Move(sign*2,i); sign := -sign end;
// Devcpp
// Pha 1
sign = -1;

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

Move (sign, 1); sign = -sign; Move(sign*2,i);

}

// Pha 2
sign = -sign;

for (i = n-1; i > 0; --i){

Move (sign, 1); Move(sign*2,i); sign = -sign;
}
Chwong trinh

(* balls.pas *)
uses crt;
const fn = 'balls.inp'; gn = 'balls.out'; nl = #13#10;
var n, v: integer;
d: longint;

(* n - so vien bi xanh = so vien bi do
v - vi tri o trong
d - tong so lan dich chuyen

*)

a: string;
£f,9: text;
procedure Init;
var i: integer;
begin
a = T
for i
a := a 'o';
for i l tondoa :=a+ 'r';
d :=-1; v := n+l; { vi tri o trong o }
end;
procedure PP; begin writeln(g,a); inc(d) end; { Ghi file }
procedure Swap(i,j: integer);
var c: char;
begin ¢ := a[i]; a[i] := al[j]; alj] := c; PP end;
(* chuyen bi
h > 0: qua phai h o
h < 0: qua trai h o
k: so lan

1l tondoa :=a+ 'b';

n+ -~



*)
procedure Move (h,k: integer) ;
var i: integer;
begin

for i :=1 to k do

begin

Swap (v, v+h);

v :=v + h;

end;
end;
procedure Balls;
var i, sign: integer;
begin

assign(f,fn); reset(f); readln(f,n); close(f);

assign(g,gn); rewrite(q):;

Init;
writeln(n) ;
PP;
sign := -1;
for i :=1 to n do
begin Move(sign, 1); sign := -sign; Move(sign*2,i) end;
sign := -sign;
for i := n-1 downto 1 do
begin Move (sign, 1); Move(sign*2,i); sign := -sign end;
Move (-1,1) ;
writeln(g,d); close(qg)
end;
BEGIN
Balls;
writeln(nl,' Total ',d, ' move(s)',nl);
write(nl,' Fini');
readln;
END.

// DEV-C++: balls.cpp
#include <string.h>
#include <fstream>
#include <iostream>
using namespace std;
// DATA AND VARIABLE
const int mn = 202;
char a[mn];
int n, v, n2, d;
/* n - so vien bi xanh = so vien bi do
v - vi tri o trong
n2 = 2n+l - tong so o
d - tong so lan dich chuyen
*/
// PROTOTYTPES
void Init();
void PP () ;
void Run() ;
void Balls() ;
void Swap (int, int);
void Move (int, int);
ofstream f ("BALLS.OUT") ;
// IMPLEMENTATION
int main() {
Balls() ;
f << d; f.close();
cout << endl << " Total " << d << " move(s)" << endl;
cout << endl << " Fini";
system ("PAUSE") ;



return EXIT SUCCESS;

}

void Init() {
int i;
for (i = 1; i <= n; ++i) a[i] = 'b'; // blue
a[n+l] = 'o';
n2 = n+n+l;
for (i = n+2; i <= n2; ++i) a[i] = 'r'; // red
d=-1; v =n+l; // vi tri o trong o

}

void PP() { // Ghi file
for (int i = 1; i <= n2; ++i) £ << a[i];

f << endl;
++d;
}
void Swap(int i, int j) {
char ¢ = a[i]; al[i] = a[j]l; alj]l = c;
PP() ;
}

/* chuyen bi
h > 0: qua phai h o; h < 0: qua trai h o; k: so lan
*/
void Move (int h, int k) {

for (int i = 0; i < k; v += h, ++i) Swap(v, v+h);
}
void Balls () {

ifstream inf ("BALLS.INP") ;

inf >> n; inf.close();

Init();

cout << n ; PP();

cout << endl;

int i, sign = -1;
for (i = 1; i <= n; ++i) {
Move (sign, 1); sign = -sign; Move(sign*2,i);
}
sign = -sign;
for (i = n-1; i > 0; --i){
Move (sign, 1); Move(sign*2,i); sign = -sign;

}
Move (-1,1);
}

D6 phire tap

Tai pha 1 ta chuyén 6 trong 1 vi tri n 1an va 2 vi tri (1 + 2 +...4+n) lan, tong cong n + n(n+1)/2 lan.

Tai pha 2 ta chuyén tuong tu nhu trén nhung v6i n—1 1an: Ta ¢6 téng cong (n—1) + n(n—1)/2.

Lan cudi cung ta chuyén 1 1an 6 tréng qua tréi.

Vay tong cong s 1an chuyén 1a: t = n + n(n+1)/2 + (n-1) + n(n-1)/2 + 1 = n(n+2). Véin =3 ta cdn 3.5 =
15 14n thay vi 27 lan nhu thuat toan thir nhat.

4.7 Lit nén 2



Nguoi ta can lat kin mét nén nha hinh vuéng canh dai n = 2\, (t la mot s6 tw nhién trong khoang 1..6)
khuyét mot 6 thodt nwde tai vi tri (x,y) bcing nhitng vién gach mau hinh thudc the (chir L) tao boi 3 6 vudng
don vi nhw trong hinh 4.7.1(b). Hai vién gach ké canh nhau, du chi 1 don vi dai, phai co mau khdac nhau.
Hay cho biét mét cach lat véi s6 mau it nhdt.

- c Nén nha kich thudc 8x8
(t=3). Lo thoat nudc tai
dong 5 cot 6
D B
. b) Gach lat
a) Nén nha

Hinh 4.7.1
Dir liéu vao: tép van ban SQUARE . INP :
Dong déu tién: s6 tw nhién n;
Dong thir hai: hai s6 tir nhién x y cdch nhau qua dau cdch, trong dé x la toa dé dong, y I toa dé cét ciia 16
thoat nuoc.
Nén nha kich thude n dwge md sé dong 1, 2, ..., n tinh tir trén xudng va md sé cot 1, 2, ..., n tinh tir tréi qua phdi.
Dir liéu ra: tép van ban SQUARE . OUT:
Hai dong dau tién ghi lai cdc dir liéu cia input file;
Dong thit ba: s6 mau can dimg cho viéc lat nén.
Tiép dén la mot phicong dn lat nén tim dwge, trong dé méi vién gach ldt dwoc tao boi ba chik s6 giong
nhau thé hién mau cia vién gach dé. Cdc s6 trén méi dong cich nhau qua dau cach. O thodt nwée
dige ghi 56 0.

Thi dy, véi n = 8 va 6 thoat nude tai vitri x = 5,y =6 taco

mdt cach lat nén nhu hinh v&. NEN. INP NEN.OUT
Thuat toan 8 8
56 56
Vé sb in =2 thi chi 3
| € s0 mau, voi n = 2 thi chi 11331133
V2 N\ A PN A - :
2 e can 1 vién gach mau 1. Vi moi n
Z 16n hon 2 ta s& trinh bay mot thuit 12231223
todn cén t6i da ba mau. Ta s& gidi 32113321
bai todn qua hai pha. Truéc hét 33122311
tarlét nén nha dé chira mot 6 11321033
trong tai goc cudi cung (n,n) 12331123
cua nén nha. Sau d6 ta s€ tim 32213221
cach dich chuyén 6 tréng nay
dén vi tri (x,y) can thiét. 33113311

Hinh 4.7.2 Nén nhd vin — 8 P%lan 14t nAen da trinh bay;ch1. :Llet o ta?'l. 'Thl’l‘ tuF nay (A:o tén la Fl_ll
_ va hoat dong nhu sau. Dau tién ta khoi tri Vo1 hinh vuéng canh k = 2
(t=3) nam & goc trén trai cua nén nha dugc biéu dién dudi dang mot mang
hai chiéu a: ba 6 trong hinh vudng 2 x 2 s& dwoc dién gia trj 1, 6 nim & géc dusi phai dugc dién gid trj 2
(phan t6 dam). Nhu vay, sau khi khoi tri ta coi nhu da 1at xong nén nha canh n = 2 bang 1 vién gach mau 1,
10 thoat nudc nam 6 goc dudi-phai (6 (1,1)). Goi hinh dugc khai tri [a A. Moi budc tiép theo ta thyc hién
ba thao tac bién hinh sau day:
- Tinh tién A di xudng theo dudng chéo dé thu dugc hinh B (xem thu tuc Copy).
- Lat A sang phai (ttrc 1a 1dy ddi xting guong qua truc tung) dé thu dugc hinh C (xem thu tuc
Right).
- Lat A xubng dudi (tirc 1a 14y ddi ximg guong qua truc hoanh) dé thu dugc hinh D (xem thu tuc
Down).
Chu ¥ rang khi /i ta can thuc hién thém phép hoan dbi tri 1 va 3 cho nhau.



11 1(1]3]3 1(1(38|3]1|1]|3]|3
1|2 12|23 1f(2f2]|3]1|2]|2]|3
3f2]2f2 11 2|1

3312 3 122|311
1{1]3]2]2|2|3(3

1{2]|3]|3]1|2]|2(3

3f2]2|1|3]2]1|12

331|133 ]|1fo0

Hinh 4.7.3

Mbi lan ldp nhu vy ta s& thu dwoc hinh vudng c6 canh ting gip d6i hinh trude. Khi k = n ta thu dwoc nén
nha dugc lat bang cac vién ganh chit L véi t6i da 3 mau 1, 2 va 3 cho truong hop n > 2. Riéng 6 (n,n) mang
gia tri 2 s€ duoc sua thanh 0.

Bay gio ta chuyén qua pha thtr hai: Dich chuyén 6 trdng tai (n,n) dén vi tri (x,y). Ta s& sir dung thao tac co
ban sau day: dich chuyén 0 (d,c) tai gébc mot hinh vudng canh k tdi tdm cta hinh vudng cu thé 1a t6i mot
trong 4 6 nam tai tim cta hinh vudng nay.

O trong (8,8) dwoc dich 1{1|3|3)1|1|3]|s 1|1|3|3]1|1|3]s
chuyén dén tam, toi 6 12231 |2f2]3 1{2|2(3)1|2|2]3
(4.4). Hudng dich chuyén 3f2]1)1]3]|3]2]1 3l2]1|1]3]3 1
dx = -1 (theo dong) va dy
. 3{3|1]of2|3]1f1 3|3|1]of2(3]1f1
= —1 (theo cot).
1{1]3]2]1]|1]|3]|3 1{1]3]2)2|1]|3]|3
1{2]3]|3]1]|2]2](3 1{2]3]|3]1]2]2]3
AlC 01
3l2|2]1|3|2]1f1 3l2|2|1|3|2]2(1
DfB 2|3 3|3|1|1]3]|3]|1]o0 3|3|1|1|3|3]|1f1
Hinh 4.7.4

Thu tuc nay c6 tén la ToCenter (k). Do dich chuyén theo dong va cdt phu thudc vao hudng dich
chuyén. Ta goi dx 14 d6 dich chuyén (mdi budc 1 6) theo dong va dy 1a do dich chuyén theo cot. Khi can
dich 6 trong vé tAm theo huéng B — A ta dat dx = dy = —1; theo huéng D — C ta dat dx = -1, dy = 1; theo
huéng C > Dtadatdx=1,dy =-1.

Mubn dwa 6 tréng (d,c) vé vi tri (x,y) truée hét ta xac dinh xem hai 6 nay roi vao manh nao trong cac manh
phin tu cua hinh vudng canh k. Ta dung 2 bit dé biéu dién ménh dé s6 hiéu dong va cot 16n hon hay nho
hon k/2. Nhu véy gia tri 01 ing véi ménh dé: toa do dong cua 6 (x,y) dang xét x < k/2 va toa d6 cot cua 6
déy>k/2. . Vay 6 (x,y) dang xét nam trong manh phin tr 1. Theo cach ma hoa nhi phan nay, mdi manh s&
duoc ma sb nhu sau: A=0=00, B=3=11, C=1=01,vaD =2 =10. Sau khi dua dugc 6 (c,d) vé tim
ta con phai thyc hién mot bude nho nita 1a chuyén tiép 6 nay trong pham vi 4 6 & tim dé 6 (c,d) roi vao
cung manh véi 6 (x,y). Thu tuc nay c6 tén 1a Equalize.

V6i mbi hinh vudng canh k ta chia 1am 4 phan A, B, C va D r6i goi thu tuc Equalize dé dwa hai 6
(c,d) va (x,y) vé& cing mot manh phén tu. Sau mot sé 1an 13p ta thu dwoc k = 2. Khi d6 trong hinh vudng 4 6
chira hai 6 (c,d) va (x,y), trong d6 (c,d) 1a 6 trdng, 3 6 con lai ciing mau, ta chi lam phép doi chd hai 6 (c,d)
va (x,y) 1a thu duge két qua.

D§ phirc tap

Thu tyc 14t nén duyét mdi 6 1 1dn nén doi hoi n? phép gén.

Gia st n=2" Thu tuc chuyén 0 (c,d) tai goc dudi phai cua nén nha, tirc 1a tir vi tri (n,n) vé vi tri 15 thoat
nude (x,y) doi hoi t 1an 1ap, mdi lan 1ap ta phai dich chuyén tdi da v/2 lan, trong d6 v 1a chiéu dai canh ctia
manh nén nha hinh vuéng dang xét. Mdi lan dich chuyén ta ddi chd 2 6, do d6 can 3 phép gan. Tong cong
thu tuc nay doi hoi & 3t(n/2+n/2%+.. +n/2") = 3tn(1/2+1/2%+...+1/2") =3tn(1-1/2"") /(1-1/2) = 6tn(1/2"Y).
Vi n = 2" nén dai luong trén dugc rat gon thanh 6tn(1/2n) = 3t véi t = log,(n).

Téng hop lai, d6 phirc tap cua bai toan vao c¢& n’.

Chuong trinh
(* square.pas ¥*)



uses crt;

const fn = 'square.inp'; gn = 'square.out';
bl ="' '; nl = #13#10; mn = 101;
type mil = array[0..mn] of integer;
mi2 = array[0..mn] of mil;
var
a: mi2;

n: integer; { chieu dai nen nha }
X,y : integer; { Vi tri lo thoat nuoc }
colors: integer; { so mau gach lat }
sx, sy: integer; { goc tren trai cua manh dang xet }
d, c: integer; { dong (d) va cot (c) chua o trong }
gdc, gxy: integer;
{ gdc: manh chua o trong d c; gxy: manh chua o x y }
dx, dy: integer; { huong dich chuyen o trong }
procedure ReadData;
var f: text;
begin
assign(f,fn); reset(f);
readln(f,n,x,y)
close(f) ;
writeln(nl, n, bl, x, bl, y);
end;
procedure Down(k: integer); { Lat xuéng }
var i, j, ii, k2: integer;

begin
ii := k; k2 := 2*k;
for i := k+1 to k2 do
begin
for j := 1 to k2 do
alil[j] := 4-a[iil[3];
dec (ii) ;
end;
end;

procedure Right(k: integer); { Lat phai }
var i, j, jj, k2: integer;

begin
jj := k; k2 := 2*%k;
for j := k+1 to k2 do
begin

for i := 1 to k2 do
a[il[3]1 := 4-al[il[3j3l;
dec(j3);
end;
end;
procedure Copy(k: integer); { Tinh tién theo dudng chéo }
var i, j: integer;

begin
for i :=1 to k do
for j :=1 to k do
a[i+k] [+k] := a[il[3];
end;

procedure Fill; { Lat nén nxn }
var k: integer;

begin
a[l]l[1] :=1; a[l]l[2] :=1;
a[2][1] :=1; a[2][2] := 2;
k := 2;
while (k > n) do
begin
Down (k) ; Right(k); Copy (k)
k := k*2;

end;



a[n] [n] := O0;
end;
procedure ToCenter (k: integer); { Dich & tréng (c,d) vé tam }
var nd, nc, i: integer;
begin
nd :=d + sx; nc :=c + sy; k := k div 2;
for i :=1 to k do
begin
a[nd] [nc] := a[nd+dx] [nc+dy];
nd := nd + dx; nc := nc + dy;
a[nd] [nc] := 0;
end;
d :=d + k*dx; ¢ := ¢ + k*dy; { Chinh lai toa dé (c,d) }
end;
{ Manh chua (x,y) trong hinh [1..n,1..n].
01
2 3}
function Quater(n, x, y: integer): integer;
var q, n2: integer;
begin
q :=0; n :=n div 2;

if (x > n) then q :=q + 2;
if (y > n) thengq :=qg + 1;
Quater := q;
end;
procedure NewPos (n: integer); { toa d6é méi cua (x,y) va (c,d) }
begin
if (x > n) then x := x - n;
if (y > n) theny :=y - n;
if (d >n) thend :=d - n;
if (¢ > n) then ¢ :=c¢c - n;
case gxy of
l1: sy := sx + n;
2: sx := sy + n;
3: begin sx := sx + n; sy := sy + n; end;
end;

end;

{ doi cho a[x][y] va a[u][v] }

procedure ISwap(x, y, u, v: integer);
var t: integer;

begin

t := a[sx+x] [syty]; al[sx+x][syty] := al[sx+u] [sy+Vv];
a[sx+u] [sy+v] := t;
end;

procedure Equalize(k: integer); { Pua (c,d) vé cung manh véi (x,y) }
var k2: integer;
begin
k2 := k div 2;
if d = k then dx -1 else dx := 1;
if ¢ = k then dy -1 else dy :=1;
ToCenter(k); { d, ¢ den vi tri moi; a[d][c] = 0 }
case gdc of
0: if (gxy = 1) then
begin
ISwap(d,c,k2,k2+1) ;
d := k2; ¢ := k2+1;
end else if (gxy = 2) then
begin
ISwap(d,c,k2+1,k2);
d := k2+1; ¢ := k2;
end;
1: if (gxy = 0) then
begin



ISwap(d,c,k2,k2) ;
d := k2; ¢ := k2;
end else if (gxy = 3) then
begin
ISwap(d,c,k2+1,k2+1) ;
d := k2+1; ¢ := d;
end;
2: if (gxy = 0) then
begin
ISwap(d,c,k2,k2);
d :=k2; ¢ :=d;
end else if (gxy = 3) then
begin
ISwap(d,c,k2+1,k2+1) ;
d := k2+1; ¢ := d;

end;
3: if (gxy = 1) then
begin

ISwap(d,c,k2,k2+1);
d := k2; c := k2+1;
end else if (gxy = 2) then
begin
ISwap(d,c,k2+1,k2) ;
d := k2+1; ¢ := k2;

end;
end { case };
qgqdc := gxy;

end;
procedure Move;
var k: integer;
begin
k :=n; d :=n; ¢ :=n;
sx := 0; sy :=0;
while (k > 2) do
begin
if (x = d) and (y = c) then exit;
gdc := Quater(k,d,c); { manh chua (d,c) }
gxy := Quater(k,x,y); { manh chua (x,y) }
if (gdc <> gxy) then
{ chinh dong d va cot c cho cung manh voi (x,y)
Equalize (k) ;
k := k div 2; NewPos (k) ;
end;
{ k = 2. Final }
ISwap(d,c,x,y)’
end;
procedure WriteResult;
var i, j: integer;

g: text;
begin
ReadData;

assign(g,gn); rewrite(g);

writeln(g,n); writeln(g, x, bl, y); writeln(g, colors);

for i :=1 to n do
begin
writeln(qg);
for j := 1 to n do write(g,a[i][]j],bl);
end;
close(qg) ;
end;
procedure Run;
begin
ReadData;



Fill; Move;

if (n = 2) then colors := 1 else colors := 3;
WriteResult;
end;
BEGIN
Run;
writeln(nl,' Fini');
readln;
END.

// DevC++: square.cpp
#include <string.h>
#include <fstream>
#include <iostream>
using namespace std;
// DATA AND VARIABLE
const int mn = 101; // kich thuoc toi da cua nen nha
const char * fn = "square.inp";
const char * gn = "square.out";
const char bl = ' ';
int a[mn] [mn]; // nen nha
int n; // chieu dai nen nha
int %, y; // vi tri lo thoat nuoc;
int colors; // so mau
int sx,sy; // goc tren trai cua manh dang xet
int d,c; // dong (d) va cot (c) chua o trong
int gqdc, gxy; // gdc: manh chua o trong d c; gxy: manh chua o x y
int dx, dy; // huong dich chuyen o trong
// PROTOTYPES
void ReadData(); // doc du lieu: n, x, y
void Fill(); // lat nen nha
void Move(); // di chuyen o trong tu vi tri (d,c) den vi tri (x,y)
void WriteResult(); // Ghi file
void Down (int) ;// Lat len
void Right(int);// Lat phai
void Copy(int); // dich cheo
void Run() ;
void ToCenter (int); // di chuyen o trong den giua manh
int Quater (int n, int x, int y);// manh phan tu chua o (x,y) trong
manh nxn
void NewPos (int); // toa do moi
void Equalize(int);// can bang 2 manh
void ISwap(int, int, int, int);
// IMPLEMENTATION
int main() {
Run () ;
cout << endl << " Fini" << endl;
cin.get();
return O;
}
void ReadData () {
ifstream f (£fn);
£ >>n > x >> y;
f.close();
}
void Down (int k) { // Lat xudng
int i,ii = k, j, k2 = k*2;
for (i = k+1; i <= k2; ++i,--ii)
for (j =1; j <= k; ++j)
al[i][j] = 4-al[ii][]];
}
void Right(int k) { // Lat phai
int i, j, jj = k, k2 = 2*k;



for (j = k+1; j <= k2; ++j,--33)
for (i = 1; i <= k; ++i)
a[i][3] = 4 - a[i]l[3]];

o~

}
void Copy(int k) { // Dich chéo
int i, j ;
for (1 = 1; i <= k; ++i)
for (j =1; j <= k; ++j)
ali+k] [j+k] = a[i]l[j];
}
void Fill() { // Lat nén nxn

int k;
a[l][1] = a[1l][2] = a[2][1] = 1;
a[2][2] = 2;

for (k = 2; k< n ; k *= 2) {
Copy (k) ; Right(k); Down (k) ;
}
a[n][n] = 0;
}
void ToCenter (int k) { // dwa & (c,d) vé tam
int nd = d+sx, nc = c+sy;
k = k/2;
for (int i = 1; i <= k; ++i) {
a[nd] [nc] = a[nd+dx] [nc+dy];
nd += dx; nc += dy;
a[nd] [nc] = 0;
}
d += k*dx; c += k*dy; // toa d6 mdéi cua (c,d)

}
// Manh chua (x,y) trong hinh [1..n,1..n]

// 01

// 23

int Quater (int n, int x, int y) {
int g = 0;
n /= 2;

if (x > n) g += 2;
if (y > n) ++q;
return q;
}
void NewPos (int n) {// C&p nhat toa dd (x,y) va (c,d)
if (x > n) x -= n;
if (y >n) y -=n;
if (d > n) d -= n;
if (¢ > n) ¢ -= n;
switch (gxy) {
case 1: sy += n; break;
case 2: sx += n; break;
case 3: sx += n; sy += n; break;

}

}
// doi cho a[x][y] va a[u][Vv]
void ISwap(int x, int y, int u, int v) {
int t = a[sx+x] [sy+y]; al[sx+x][sy+y] = a[sx+u] [sy+Vv];
a[sx+u] [sy+v] = t;
}
void Equalize(int k) { // di chuyen o trong (d,c)
// den manh chua gxy
int k2 = k/2;
dx = (d==%k) ? -1 : 1;
dy = (c==k) ? -1 : 1;
ToCenter(k); // d, ¢ den vi tri moi; a[d][c] =0
switch (gqdc) {
case 0: if (gxy==1) ({



ISwap(d,c,k2,k2+1) ;
d = k2; ¢ = k2+1;
}
else if (gxy==2) {
ISwap(d,c,k2+1,k2) ;
d = k2+1; c = k2;
};
break;
case 1: if (gxy==0) {
ISwap(d,c,k2,k2);
d =c¢c =k2;
}
else if (gxy==3) {
ISwap(d,c,k2+1,k2+1) ;
d =c = k2+1;
};
break;
case 2: if (gxy==0) {
ISwap(d,c,k2,k2);
d =c¢c = k2;
}
else if (gxy==3) {
ISwap(d,c,k2+1,k2+1) ;
d =c = k2+1;
};
break;
case 3: if (gxy==1) {
ISwap(d,c,k2,k2+1);
d = k2; ¢ = k2+1;
}
else if (gxy==2) {
ISwap(d,c,k2+1,k2) ;
d = k2+1; c = k2;
};
break;
}
qdc = gxy;
}
void Move () {
int k;
k=d=c=
sx = sy = 0;
while (k > 2) {
if (x==d && y == c) return;
qdc = Quater(k,d,c); // manh chua (d,c)
gxy = Quater(k,x,y); // manh chua (x,y)
if (gdc '= gxy)
// chinh dong d va cot ¢ cho cung manh voi (x,y)
Equalize (k) ;
k /= 2; NewPos (k) ;

n;

}
// k = 2. Final
ISwap(d,c,x,y)
}
void WriteResult() {
ReadData() ;
ofstream g(gn) ;
g<<n;
g << endl << x << bl << y;
g << endl << colors;
int i,3;
for (i =1; i <= n; ++i) {
g << endl;



for (j = 1; j <= n; ++j)
g << a[i]l[j] << bl;
}
g.close() ;
}
void Run() {
ReadData() ;

Fill () ;
Move () ;
colors = (n==2) 21 : 3;
WriteResult() ;
}
4.8 Test

Ban hay giiip Ban Gidm khao cugc thi Viét mét chwong trinh kiém tra bai giai Lat nén 2 néi trén. Dir liéu
vao chinh la output file square.out. Dir liéu ra ghi trong output file test.out cdc thong tin sau dady:

0 — néu két qua diing;

1 — néu dit sai 16 thodt nwdc;

2 — néu dat gach sai;

3 — néu s6 mau cong bé khdc véi sé mau thiee lat.

Thuét toan

Trude hét mo file square.out doc thong tin bao gdm céc gia tri: n — chiéu dai canh cua nén nha; (x,y) — vi tri
(dong, cot) ciia 6 trong; colors — sé mau di dung. Tiép dén doc dir liéu két qua vé nén nha da lat vao mang
hai chiéu a roi chuyén qua pha kiém 15i.

— Néu a[x][y] # 0 ta ghi nhan 15i 1: dat sai 15 thoat nudc;

V6i mbi 6 (i,j) trén nén nha ta goi thi tuc Loang (i, j,c,d), trong dé ¢ 1a mau cua 6 (i,j), ¢ = a[i][j].
Thii tuc nay danh dau va dém s6 6 cing mau ¢ va lién théng canh véi 6 (i,j). Goi sb 6 dém duoc 1a s. Ta
Xét:

—Néu s > 3 ttrc 1a ¢6 hon hai vién gach chit L cung mau va ké canh nhau, vi mdi vién gach chit L chi duoc
phép chiém téi da 3 6 ciing mau. Trudng hop nay ta ghi 18i 2: dat gach sai.

— Néu s = 3 nhung 3 6 ciing mau d6 nam thang hang thi bao 13i 2: dat gach sai.

Thu tuc Loang con dam nhiém thém chirc ning tich lily vao bién d s mau gach 14t khac nhau da dung. Néu
d # colors ta ghi nhan 13i 3: s6 mau thyc dung khac v6i s6 mau da cong bo.

Khi loang ta danh diu 6 da xét bang gia tri ddi cua nod.

(* tsquare.pas *)
uses crt;
const mn = 100; bl = #32; nl = #13#10;

gn = 'square.out'; hn = 'test.out';
type mil = array[0..mn] of integer;
mi2 = array[0..mn] of mil;
var
a: mi2;

n, x, y, colors: integer;
procedure Loang(i, j, c: integer; var d: integer);

begin
if (a[i][j] <> c) then exit;
al[il[3j] := -al[i][3j]; inc(d);

Loang(i+l,3j,c,d);
Loang(i-1,3j,c,d);
Loang (i, j+1,c,d);
Loang(i,j-1,c,d);

end;

(*

0: khong co loi

1: Dat sai lo thoat

2: Dat sai gach

3: sai so mau

*)

procedure Test;

var i, j, ¢, dc, d: integer;

g,h: text;



col: mil; { danh dau so mau da dung }
begin
assign(g,gn); reset(g):;
read(g,n,x,y,colors) ;
write(nl,' n="', n, ' x="', x, ' y="',%;:
fillchar(a,sizeof(a),0); fillchar(col,sizeof(col),0);
for i :=1 to n do
begin
writeln;
for j :=1 to n do
begin
read(g,a[i] [j]); write(a[i][j],bl):
end;
end;
close(qg) ;
writeln;
assign(h,hn); rewrite(h); dc := 0;
if (a[x][y] <> 0) then
begin writeln(h,1l); close(h); exit; end;

for i := 1 to n do
for j := 1 to n do
begin

c := a[i][]j];
if (¢ > 0) then

begin
if (col[c] = 0) then
begin col[c] := 1; inc(dc) end;

d := 0; Loang(i,j,c,d);
if (d <> 3) then
begin writeln(h,2); close(h); exit end;
{ d=3: xet 3 phan tu lien tiep }
if ( (a[i]l[jl=al[i][j+1l])and(a[i][jl=ali]l[j+2]) )
or ( (al[il[jl=al[i+1]1[j]1)and(alil[jl=a[i+2]1[j]) )
then begin writeln(h,2); close(h); exit end;
end;
end ; { for }
if (d <> colors) then begin writeln(h,3); close(h); exit end;
writeln(h,0); close(h);
end;
BEGIN
Test;
writeln(nl,' Fini');
readln;
END.

// DevC++: tsquare.cpp
#include <string.h>
#include <fstream>
#include <iostream>
using namespace std;
// DATA AND VARIABLE
const int mn = 101;
const char * gn = "square.out";
const char * hn = "test.out";
const char bl = ' ';
int a[mn] [mn];
int n, x, y, colors;
// PROTOTYPES
void Test();
void Loang(int, int, int, inté& );
// IMPLEMENTATION
int main() {
Test () ;



cout << endl << " Fini" << endl;
cin.get();
return 0;

khong co loi
Dat sai lo thoat
Dat sai gach
: sai so mau
*/
void Test () {
ifstream g(gn);
g >> n >> x >> y >> colors;
cout << endl << " n="<K<Kn<K", x="<Kx<K", y="<Ky
<< ", colors = " << colors << endl;
int i, j, ¢, de, d; // dc dem so mau
int col[100]; // danh dau mau da dung
memset(a,0,sizeof (a)); memset(col,0,sizeof(col));
for (i = 1; 1 <= n; ++i) {
cout << endl;
for (j =1; j <= n; ++j) {
g >> a[i]l[j]; cout << a[i][]j] << bl;

WNRON-w

}
}
g.close() ;
cout << endl;
ofstream h(hn); dc = 0;
if (a[x][y] '= 0) { h << 1; h.close(); return; }
for (1 =1; 1 <= n; ++i)
for (j = 1; j <= n; ++3j) {

c = a[i] [j];
if (¢ > 0) {
if (col[ec] == 0) {col[ec] = 1; ++dc; } // them mau moi

d = 0; Loang(i,j,c,d);
if (d '= 3) { h << 2; h.close(); return; }
// d = 3: xet 3 phan tu lien tiep
if ( ( (a[il[jl==alil[j+1])s&&(a[il[j]==a[il[j+2]) )
Il ( (alil[j]l==ali+l][]j])&&(ali]l[j]==ali+2][3]) ) )
{ h << 2; h.close(); return; }
}// if ¢ > 0
}// for j
if (d '= colors) { h << 3; h.close(); return; }
h << 0;
h.close();
}
void Loang(int i, int j, int c, int &d) {
if (a[i]l[j] '= c) return;
al[il[3j] = -al[il[3]1; ++4;
Loang(i+1l,j,c,d);
Loang(i-1,j,c,d);
Loang (i, j+1,c,d);
Loang(i,j-1,c,d);

4.9 Gidi ma



Cho md nhi phdn ciia n chir cdi dau bang chir tiéng Anh A, B, C..... Biét rang khdng cé md nao la khiic dau
ciia md khéc va chiéu dai t6i da ciia méi md la 10. Ldp chwong trinh giai md mét van ban cho trieée.
Input text file: code . inp
Dong ddu tién: s6 n; 1 <n <26.
Tiép dén la n dong, méi dong chira ma nhi phén ciia mét chit cdi theo trit tw A, B, C....
Cudi cimg la dong chira ma can gidi.
Output file: code . out chita van ban da gidi.

code.inp code.out h

5 ABBA l 1

0000 0

0001 0 \1‘
0010 0 1

0011 f/
110 0 X1 oAl 2
0000000100010000

Thi du trén cho ma ciia n = 5 ki tw dau trong bang chir c4i tiéng Anh1a A = 0000, B = 0001, C =
0010, D = 0011VAE = 110.Poan mi vin ban cin giaild s =0000000100010000. Sau khi giai
mai ta phai thu dugc két qua: ABBA.

Thuét toan

Trude hét ta xay dung cdy nhi phan h v6i cac nhanh trai img v6i gid tri 0 ctia mdi ma, nhanh phai tng voi
gia tri 1. Tai cac 1a ciia cdy ta ghi ki ty twong (g ctia ma d6. Nhu vy, ddy nhdn trén mdi duong di tir gbc
cay h dén 14 cua h s& 1ap thanh ma cuta ki ty trén 14. Thi du, duong di 0011 s€ két thic tai 14 D, do d6 0011
la ma nhi phan cta D.

Sau d6 dua vao day bit 0/1 cia ma van ban s ta gidi ma thong qua phép duyét cay h nhu sau:

Duyét cay h dé gidi ma van ban

1. Xuat phat tir goc h.
2. Duyét 1an lugt mdi bit s;. xét 2 tinh hudng:
2.1 Néu's; = 0: r& trai;
Néu s; = 1: r& phai.
2.2 Néu gap 14 thi:
- Ghi ki t trén 14 vao két qua;
- Quay lai gbc h.

3. end.

Ta c6 thé cai dit nhanh bang cach sir dung heap (chim, déng) thay cho cy. Trong bai nay ta hiéu heap h 1a
mdt cdy nhi phan day du (goi 1a cdy cin bang hoan toan). Néu goi dinh dau tién cta h 1a 1 thi hai dinh ké
clia né s& nhan ma s 1a 2 va 3..., tong quat, hai dinh ké cua dinh i s& c6 ma s 2i va 2i+1, trong dé ta qui
dinh nhanh i — 2i s& 1a nhanh trai, do d6 nhan nhadn 0; nhanh i — 2i+1 1a nhanh phai, do d6 nhan nhan 1.
Néu d6 dai t6i da ctia ma 1a k thi heap s& co 2¥"*~1 phén tir. That vy, do heap c6 k nhanh tinh tir gbc dén 14
nén sé c6 k+1 muc véi sb lwong dinh theo tirng murc lanlwotla 1,2,4,....2',..., 2%, Téng s6 dinh cua heap
khi d6 1a
1+2+2%+ . +2k=2"1_1

Ap dung cong thire trén cho d6 dai max cua mé k = 10 ta tinh dugc s6 phan tir cua heap sé& 1a 2*'-1 = 2047.
Nhu vay ta co thé st dung mét mang h dé chira cac dinh cta cay. Thu tuc tao cay trén heap khi do6 s€ kha
don gian.

Tao cay h nhw mot cay con cla heap




1. Khoi tri moi phan tir ctia mang h bang 0 v6i y nghia
e h[i] = 0: dinh i 1a dinh trung gian hodc khong thudc
cay;
e h[i] = C: dinh i 12 14 va duong di tir gbc dén dinh i s&
la ma cua ki tu C.
2. Vi mdi ma (uy, Us,...,unm) cta ki ty C ta xét
2.1 Goi v 1a sb hi¢u cua dinh trong cay h.
Khoitriv:=1;
2.2 Véi mdi bit u; Xét.
Néu u; = 0: tinh v := 2*v;
Néu uj = 1: tinh v := 2*v + 1;
3.2Ganh[v]:=C.

3. end.

Va thu tuc giai ma trén heap h khi do s¢ la:

Gidi ma s trén heap h

. Xuét phat tir gbc h véi v := 1.
2. V&i mbi bit s; cua md van ban s xét:
2.1 Néusj=0: tinh v 1= 2*v ;
Néus;=1:tinhv:i=2*v + 1.
2.2 Néu h[v] # 0 tirc 1a da gap 14 thi:
- Ghi ki tu trén 14 vao két qua;
- Quay lai gbc h: dat v := 1.

3. end.

112[3]4|5]6([7]8[9]10(11|12)13|14|15)16|17[18]19
0jojofofojojojofojfofojojojEjJO)J]A|B|C|D

Heap h thu dvwoc sau khi doc dir liéu

D¢ phire tap

Co6 n mi cho n ki ty, mdi ma duge duyét 1 lan dé tao heap. Goi chiéu dai téi da cua ma l1a k. Vay dé tao
heap ta can n.k thao tic. Pé giai ma ta duyét mdi bit trong ban mi 1 1an trén cdy nhi phan. Vay khi giai ma
ta can m = len(s) thao tac trén cdy nhi phan. Thao tic trén cdy nhi phan v dinh can log,(v) = k phép so sanh.
Tong hop lai, tinh theo chiéu dai m ctia ma vin ban ta can mk phép so sanh.

Chuong trinh

(* code.pas ¥*)
uses crt;
const fn = 'code.inp'; gn = 'code.out';
mn = 2050; bl = #32; nl = #13#10;
var h: array[0..mn] of char;
procedure Decode;
var i, j, v, n: integer;
ch: char;

f,g: text;
x: string;
begin
ch := 'A'";

assign(f,fn); reset(f);
assign(g,gn); rewrite(g);
readln(f,n); writeln(n,nl,nl);
fillchar(h,sizeof (h),0);

{Tao heap h }

for i :=1 to n do



begin
readln(f,x); writeln(x);

v :=1;
for j := 1 to length(x) do
if x[j] = '0' then v := v*2 else v := v*2 + 1;
h[v] := ch; inc(ch);
end;
writeln(nl);
for i := 1 to mn do

if (h[i] <> #0) then writeln(i,bl,h[i]);
v :=1; { Giai ma }
while not eof (f) do

begin
read(£f,ch) ;
if (ch = '0') or (ch = '1l') then
begin
v = 2*%v;
if ch = 'l' then v := v+1;
if (h[v] <> #0) then
begin
write(g,h[v]);
v :=1;
end;
end;
end;
close(f); close(qg)
end;
BEGIN
Decode;
writeln(nl, ' Fini ') ;
readln;
END.

// DevC++: code.cpp
#include <iostream>
#include <fstream>
using namespace std;
const char * fn = "code.inp";
const char * gn = "code.out";
const int mn = 2050;char h[mn]; // heap
int main() ;
void Decode() ;
int main() {
Decode() ;
cout << endl << " Fini ";
cin.get();
return O0;
}
void Decode() {
int i, j, v, n;
char x[15]; // doan ma
char ch = 'A';
ifstream £(fn); £ >> n; cout << endl << n;
f.getline(x,mn, '\n');
ofstream g(gn) ;
memset (h,0,sizeof (h));
cout << endl << endl;
// Tao heap h
for (1 = 0; 1 < n; ++i) {
f.getline(x,mn,'\n'); cout << endl << x;
v =1
for (j = 0; x[j1; ++3)



v
hiv]

(x[j]=="0") ? 2*v : 2*v+l;
ch; ++ch;

}
cout << endl << endl;
// Giai ma

v=1l
while ('f.eof()) {
f >> ch;
if (ch == '0' || ch == "'1") {

cout << ch;
v = (ch=='0"') ? 2*v : 2*v+l;

if (h[v] '= 0) {
g << hlv];
v=1

}

}

f.close(); g.close();



Chuong 5 Luyén tap tir cac dé thi

5.1 86 nguyén té ciing dé cao

) ) ' ) N ' Olimpic Duy Tan 2009
Do cao cua mot so tw nhién la tong cdac chir so cua so do. Voi moi cdp so tw nhién n va h cho trucc hay liét
ké cdc s6 nguyén té khong vieot qud n va cé dg cao h, 10 < n <1000000; 1 <h <54,

hprimes.inp | hprimes.out

nh mdi dong 1 sb

Dir liéu test ) ) )
n = 1000, h = 16. Két qua 15 s6 nguyén t6 d6 cao 16: 79, 97, 277,
349, 367, 439, 457, 547, 619, 673, 691, 709, 727, 853, 907.

Thuat toan

Thuat toan liét ké cac sb nguyén tb do cao h trong khoang 1..n

1. Goi thu tuc Sang(n) (do Eratosthenes dé xudt, xem T4p 2)
xac dinh cac sb nguyén td trong khoang 1..n
va danh du vao mang byte p: p[i] = 0 khi va chi khi i 1a s6 nguyén td.
2. Duyét lai cac sb nguyén t6 i trong danh sach p, tinh d¢ cao cua sd i.
NéuHeight(i) = h thi ghi nhan.
3. end.

Pé tinh d6 cao cua s6 i ta tach dan cac chir s6 hang don cua i bang phép chia du cho 10 rdi cong don vao
mot bién tong.

Do phiirc tap

Thu tuc sang duyét \/ﬁ 1an, mdi 1an lai duyét n phén ttr do d6 can ¢ n \/ﬁ thao tac co s& (phép nhan,
phép gan).
Chuong trinh

(* Hprimes.pas - So nguyen to cung do cao *)
uses crt;

const fn = 'hprimes.inp'; gn = 'hprimes.out';
nl = #13#10; bl = #32; mn = 1000000;

type mbl = array[0..mn] of byte;

var p: mbl;

n,h: longint;
procedure Sang(n: longint);
var i,j: longint;

begin
fillchar (p,sizeof (p),0);
for i := 2 to round(sgrt(n)) do
if (p[i] = 0) then
for j := 1 to (n div i) do p[i*j] := 1;
end;

function Height(x: longint): integer;
var sum : integer;

begin
sum := 0;
while x <> 0 do
begin
sum := sum + (x mod 10);
X := x div 10;

end;



Height := sum;
end;
procedure Ghi;
var i: longint;

G: text;
begin
assign(g,gn); rewrite(q):;
for i := 2 to n do

if p[i] = 0 then
if Height(i) = h then writeln(g,i);
close(qg) ;
end;
procedure Doc;
var f: text;
begin
assign(f,fn); reset(f);
readln(f,n,h); close(f);
end;
BEGIN
Doc; Sang(n); Ghi;
writeln(nl,' Fini'); readln;
END.

// DevC++: hprimes.cpp - So nguyen to cung do cao
#include <string.h>

#include <fstream>

#include <iostream>

#include <stdio.h>

#include <math.h>

using namespace std;

// DATA AND VARIABLE

const int mn = 1000001;

char p[mn];

int n, h;
const char * fn = "hprimes.inp";
const char * gn = "hprimes.out";

// PROTOTYPES
void Doc() ;
void Sang() ;
void Ghi() ;
int Height (int x);
// IMPLEMENTATION
int main() {
Doc(); Sang(); Ghi();
cout << endl << endl << " Fini" << endl;
return 0;
}
void Doc () {
ifstream f (£fn);
f >> n >> h;
f.close();
}
// Sang Eratosthenes
void Sang() { // p[i] = 0 <=> i nguyen to
int can = (int) sqrt(n);
int i, j, ni;
memset (p,0,sizeocf (p));
for (i = 2; 1 <= can ; ++i)

if (pl[i] == 0)
for (ni = n/i, j = i; j <= ni; ++j)
pli*j]l = 1;

}
int Height(int x) { // tong so bit 1 cua x



intd =0;
for (; x ; x /=10) d += (x % 10);
return d;

}
void Ghi () {
int i;
ofstream g(gn);
for (1 = 2; 1 <= n; ++i)
if (p[i] == 0)
if (Height(i) == h)
g << endl < i;
g.close() ;
}

5.2 86 nguyén té ciing so bit 1

; ) Olimpic Dai hoc Ky thudt Cong nghé Tp HCM 2009
Voi moi n va h cho trude hday cho biét co bao nhiéu so nguyén to khong vuot qua n va ¢ dang nhi phdn
chira dung h bit 1, 10 < n <1000000; 1 <h <30.

bprimes.inp | bprimes.out | Gidi thich
100 4 7 C6 7 56 nguyén té trong khodng 1..100
chira dung h = 4 bit 1. Do la 23 = 10111, ;
29 = 11101, ; 43 =101011, ; 53 =110101,;
71 =1000111,; 83 =1010011, ; 89 =1011001,.

Bai nay la dang dic biét ciia bai trude vi trong dang nhi phan (chi chira cac chir s6 0/1) thi téng cic chir s6
chinh 1 s6 bit 1. Tha tuc Sum duéi day tinh téng cac chit sb cua sb tu nhién x khi biéu dién x theo dang h¢
sO b bat ky, b > 1. Nhu véy, dé tinh tong cac chit sé cua x trong hé dém 10 ta goi Height (x,10). Néu
can tinh tong cac bit 1 cia x ta goi Height (x,2).

(* Pascal *)
function Height(x: longint, b: integer): integer;
var sum : integer;

begin
sum := 0;
while x <> 0 do
begin
sum := sum + (x mod b);
X := x div b;
end;
Height := sum;
end;
// DevC++
int Height(int x, int b) {
int d = 0;

for (; x ; x /=b) d += (x % b);
return d;
}
Chuong trinh gidi bai ndy giong nhu bai truéc ngoai trir thay doi nho 1a thay 16i goi ham mot tham s6
Height (x) bang l0i goi 2 tham s6 Height (x, 2).

Dit liéu test

n =100, h = 4: 7
n = 1000000, h = 11: 14176
n = 1000, h = 4: 29
5.3 Ciit hinh

Viét Nam, 2008



Mot tam bia dang ludi vuong canh dai n = X tao boi cac 6 vuong don vi danh 56 theo dong 1.. n tinh tir
trén xu(fng va theo cot 1..n tinh tir trai sang. Nguoi ta thuc hién lan lwot hai thao tdac dan xen nhau sau day
cho dén khi nhdan dwoc mot cot g(;m n’é vuong don vi:
1. Cat ngang hinh theo dwong ké giita sau dé chong nika trén 1én trén nira duwdi;
2. Cdt doc hinh theo dwong ké giita sau d6 chong nira tréi 1én trén nira phdi.
Tai ¢t cudi ciing ngudi ta danh s6 cac 6 vuéng don vi 1, 2,..., n® tinh tir trén xuong.
Hay viét hai thii tuc sau ddy
a)ViTri(k, i, j) = v chora $6 thirtw v cua é (i, j) trén cot cudi cung.
b) ToaDo (k, v, i, j) Cho truée k va vi tri v trén cét cudi cung, tinh toa do (1,3) cua 6 ban
dau.
Thi du
ViTri(2, 4, 3) = 8.
ToaDo(2,8,i, j) chokétqui i = 4, j = 3.

Thuit toan

Ta khéo sat bai toan véi k =2. Ta c6 n=25=22= 4. Ta ki hiéu 6 nim trén dong i, cot j 1a [ij].

Nhin xét: Ta goi mot lan cat ngang va mot
1an cit doc lién tiép nhau 1a ND. Saq mdi lan A C [1,17[1,2] [1,3] [1,4]
ND ta thu duoc 4 mér}h vuong va bang nhau Tﬁng 1 [2,1]1[2,2] [2,3] [2,4]
A, B, C va D dugc chong lén qhau thanh mot [3,11[3,2] [3,3]1 [3.4]
cOt theo thtr tu tinh tir trén xuong 1a A, B, C B D [4,1] [4,2] [4,3] [4.,4]
va D (méanh A trén cung, manh D dudi cung).

Goi d 12 do day (s6 ting) cua khéi nay. Ta co,

P - A Y 1 A I £ 4 manh thu Truoc khi cat cot co duy nhat
lac dau d = 1 va cdt chi co 1 tang gom 1 tam ] B

. £ X S W dwoc sau mot 1 tang
bia duy nhat ban dau. Goi n la chiéu dai canh lim ND

ciia mot manh hinh vuéng. Sau mdi 1an ND, n
giam 2 lan. Vi tri v coa cac 6 don vi trong manh A s€ dugc bao luu, trong manh B dwoc cong thém d,
manh C duoc cong thém 2d va manh D dugc cong thém 3d. Sau mdi 1an ND s6 tﬁng d s€ tang thém 4 lan.
Biét toa d9 (i,j) trong hinh ABCD ta d& dang tinh duoc toa dd méi (i',j') trong tirng manh.

Tang 1: A [1,1][1,2]
Tang 1 [1,11[1,2] [1,3] [1,4] [2,1] [2,2]
AC [4,1] [4,2]
Tang 3: C [1,3] [1.4]
Tang 2 [3,11[3.2] [3.3] [3.4] [2,3] [2,4]
[4.1] [4.2] [4,3] [4.4] Tang 4: D [3,3] [3,4]
BD [4,3] [4,4]

Cat ngang lan 1 va chong nua trén lén trén nita dudi  Cat doc lan 1 va chong nwra trdi lén trén nwa phdi

thu duwoe 2 tang thu duoc 4 tang

Tang 1 [1,1][1,2] Tang 1 [1,1]
Tang 2 [3,1]1[3.2] Tang 2 [3,1]
Tang 3 [1,3][1,4] Tang 3 [1,3]
Téng 4 [3,3]1[3,4] Tang 4 [3,3]
Tang 5 [2,1][2,2] Tang 5 [2,1]
Tang 6 [4,1] [4,2] Tang 6 [4,1]
Tang 7 [2,3][2,4] Tang 7 [2,3]
Tang 8 [4,3] [4.4] Tang 8 [4,3]
Tang 9 [1,2]
Cdt ngang lan 2 va chong nira trén lén trén nita Tang 10 [3,2]
dudi thu dwoc 8 tang Tang 11 [1,4]
Tang 12 [3,4]
Tang 13 [2,2]
Tang 14 [4,2]
Tang 15 [2,4]
Tang 16 [4,4]




Cat doc lan 2 va chong niwra trai lén trén nira phai

Ta chqn géch mi s cic manh A, B, CNVE‘J. ‘D mot cach khon ngoan. Cy thé 1a ta gan ma $6 cho cac manh nay
theo so 1an cong thém dd day d sau moi lan ND, tic 1a ta dit A=0, B =1, C=2 va D = 3. Trong dang nhi
phan tacé A=00, B=01, C=10,vaD =11,.

function ViTri(k,i,j: integer): integer;

A C var d, v, m, manh, n: integer;
00,=0 10,=2 begin

d :=1; { so tang }

v := 1; { tang chua o [i,j] }

n :=1shl k; { n = 2%k }

B D form :=1 to k do
01,=1 11,=3 begin
n :=n div 2; manh := 0;
if (j > n) then
Sau moi lan ND ta thu begin
duoc 4 manh A, B, C, D. manh := 2; j :=j - n;
end;
if (i > n) then
begin
manh := manh + 1; i := i - n;
end;
v := v + manh*d; d := 4*d;
end;
ViTri := v;
end;

ThﬁtucToaDolédéixﬁngvéiﬂﬂnchiTri.

procedure ToaDo(k,v: integer; var i,j: integer);
var n,nn,m,d, manh: integer;

begin
n :=1 shl k; d := n*n;
n :=1 ; { kich thuoc 1 tang }
i::=1; 3 :=1;
for m := 1 to k do
begin
d :=d div 4;
manh := (v-1) div d;
if (manh >= 2) then j := j+n;
if odd(manh) then i := i+n;
v := v - manh*d; n :=n * 2;
end;
end;
// DevC++

#include <iostream>
using namespace std;
// PROTOTYPES
int ViTri(int, int, int);
void ToaDo(int, int, int &, int &) ;
void Test (int) ;
// IMPLEMENTATION
int main() {
Test(2) ;
cout << endl;
system ("PAUSE") ;
return EXIT SUCCESS;
}
// Cho biet k va toa do (i,j). Tim vi tri tren cot
int ViTri (int k, int i, int j) {



int n 1 << k; // kich thuoc hinh: n = 2%k
int d 1; // be day 1 tang
int v=1; // vi tri;
int manh;
for (int m = 0; m < k; ++m) {
n >=1; // n =n/2
manh = 0;

if (j >n) { manh = 2; j -= n; }
if (i > n) { manh += 1; i -= n; }
v += manh * d; d *= 4;

}
return v;
}
// Cho vi tri o tren cot v, tinh toa do (i,j). n = 2%k
void ToaDo(int k, int v, int &i, int &j) {
int n=1, d =1 << k, manh = 0;
d *= d;
i=j=1;
for (int m = 0; m < k; ++m) {
d>»>=2; // d /= 4;
manh = (v - 1) / d;
if (manh >= 2) j += n;
if (manh % 2 == 1) i += n;
v -= manh * d; n *= 2;

}

Do phiic tap
Véin=2* chuong trinh can k 1an lap, mdi 1an ldp can thyc hién khong qua 10 phép toan sé hoc trén cac sb
nguyén.
Thii tuc Test dudi day hién thi vi tri v cia moi 6 (i,j), i=1..n, j = 1..n sau d6 xuat phat tir vi tri v d¢ tinh lai
toa dd i, j.
(* Pascal *)
procedure Test(k: integer);
var n, v, ii, jj : integer;
begin
n :=1 shl k; { n = 2%k }
writeln; writeln( ' k="', k, ' n ="', n);
for i :=1 to n do
for j :=1 to n do
begin
v := ViTri(k, i, j); ToaDo(k, v, ii, jj);
writeln; write('(',i, ',', 3, ') => "', v);
writeln(' => ', '(', ii, ',', 33, ")'"):
readln;
end;
end;

// DevC++
void Test(int k) {
int n =1 << k;
cout << endl << "k = " KK k<K< " n="<<n
int v, ii, jj;
for (int i = 1; i <= n; ++i)
for (int j = 1; j <= n; ++j) {
v = ViTri(k, i, j); ToaDo(k, v, ii, jj);
cout << endl <K "(" KK i1 K "," kL j << ") ="
K vK" = ("< ii K "," jj << M";
cin.get();
}
}

5.4 Tong nhé nhit



Cho hai day s0 nguyén a;va b, i=1,2, ...,
1<n <1000. Tim gid tri nhé nhdt ciia ||ai+bj, 1 < i, j<n.

Viét Nam, 2008

N chira cdc gia tri trong khoang -1 ty dén 1 ty,

MINSUM. INP MINSUM.OUT
5 2
751-36

8 915 -9

Thuit toan

Trude hét ta sap ting hai day a va b. Sau d6, v6i ming a ta duyét xudi theo chi sO 1 bién thién tir 1..n, véi
mang b ta duyét nguoc theo chi sd j bién thién tirn vé 1. Dat t(i,j) = a + bj ta 6 nhan xét sau:

1.tla mot ham 2 bién theo i Va_],

2. Néu cb dinh i, cho j giam dan thi t 1a ham ddng bién theo j, nghia 14 t(i,j) > t(i,j") néu j > j'.
3. Néu c6 dinh j thi t 1a ham dong bién theo i, nghia la t(i,j) < t(i',j) néui<i".
Tir nhén xét trén ta suy ra chién luge tim kiém tri nhé nhat cta ||t(i,j)]] trong ham XuLi nhu sau:

-Néu t(i,j) =0 ta nhan gi4 tri nay va két thuc thuat toan.

- Néu t(i,j) < 0 ta can ting gia tri ciia ham nay bang cach tang i thém 1 don vi.
-Nmﬂ@ﬂ>0mcmgmmgw&umﬂwmnwbmgcwhgmnjbmlmmV1

Sau mét sO budce 1ap ta gap tinh huong, hodc i =n hodc j=1. Taxi Iy tiép nhu sau:
- Néu i = n, ta can duyét ndt phan con lai b[j..1], nghia 14 tinh t(n,k) v&i k = j..1. Vi day 1a ham

ddng bién nén khi t(n,k) < 0 ta dimg thuét toan.

- Tuong tu, néu j = 1, ta cdn duyét ndt phan con lai cua afj..n

], nghia la tinh t(k,1) véi k =1i..n. Vi

day 1a ham ddng bién nén khi t(k,1) > 0 ta cling dirng thuat toan.

Tai mdi budc lap ta tinh va cap nhat gia tri min m cta || t ||.

D6 phic tap

Thuét toan sap xép nhanh can n.log,(n) phép so sanh. Khi tinh gia tri min, mdi buéc lap ta thay dbi ding 1
trong 2 chi sb i hodc j do d6 s6 phép so sanh 1a 2n. Téng hop lai ta cin c& n.logy(n) phép so sanh.

Chwong trinh

(* Pascal *)

const

bl = #32; nl = #13#10;

fn = 'minsum.inp’';

gn = 'minsum.out';

mn = 1001;
type mll = array[l..mn] of longint;
var

a,b: mll;

n: integer;

£f,9: text;
procedure Print(var a: mll; d,c:
var i: integer;
begin

writeln;

for i:= d to ¢ do write(a[i],fbl);
end;

procedure Sort(var a: mll; d, c:
var i,j: integer; t,m: longint;
begin

i:=d; j :=c; m := a[(d+tc) div 2];

while (i <= j) do
begin
while (a[i] < m) do inc(i);
while (a[j] > m) do dec(j):
if (i <= j) then
begin
t := al[i]; a[i] := a[j]l; aljl
inc(i); dec(j);
end;

integer) ;

integer) ;

t;



end;
if (d < j) then Sort(a,d,j):
if (i < ¢) then Sort(a,i,c);
end;
procedure Ghi (m: longint) ;
begin
assign(g,gn); rewrite(q);
writeln(g,m) ;
close(qg) ;
end;
function Xuli: longint;
var i,j,v: integer;
t,m: longint;
begin
Xuli := 0;
Sort(a,1l,n); Sort(b,1,n);
writeln(nl, 'Sau khi sap tang ') ;
Print(a,1l,n); Print(b,1,n);

i :=1; j := n; m := MaxLongInt;
while (i <= n) and (j >= 1) do
begin
t := a[i]+b[j]; v := abs(t);
if (m > v) thenm := v;

if £t = 0 then exit;

if (t < 0) then inc(i) else dec(j):
end;
{i=n+l or j =01}

for i := i to n do
begin
t := a[i]+b[1l]; v := abs(t);
if (m > v) thenm := v;
if (t >= 0) then begin Xuli := m; exit end;
end;
for j := j downto 1 do
begin
t := a[n]+b[j]; v := abs(t);
if (m > v) thenm := v;
if (t <= 0) then begin XulLi := m; exit end;
end;
Xuli := m;
end;

procedure Doc;

var i: integer;

begin
assign(f,fn); reset(f);
readln(f,n);

for i := 1 to n do read(f,al[i]);
for i := 1 to n do read(f,b[i]);
close (f) ;

end;

procedure Run;

begin
Doc;

writeln(nl, n);
Print(a,1l,n); Print(b,1,n);
Ghi (Xuli) ;

end;

BEGIN

Run;

readln;

END.



// DevC++
#include <string.h>
#include <fstream>
#include <iostream>
#include <stdio.h>
#include <Math.h>
using namespace std;
// DATA AND VARIABLE
const char * fn = "minsum.inp";
const char * gn = "minsum.out";
const int mn = 1001;
int a[mn], b[mn];
int n;
// PROTOTYPES
void Doc() ;
void Print(int [], int , int);
int Xuli ()
void Ghi (int) ;
void Sort(int [], int, int);
void Run() ;
// IMPLEMENTATION
int main () {
Run() ;
cout << endl;
system ("PAUSE") ;
return EXIT SUCCESS;
}
void Run() {
Doc() ;
cout << endl << n;
Print(a,l,n); Print(b,1,n);
Ghi (XuLi()) ;
}
void Ghi (int m) {
ofstream g(gn) ;
g << m;
g.close();
}
int XulLi () {
Sort(a,1l,n);
Sort(b,1,n);
cout << endl << "Sau khi sap tang ";
Print(a,1l,n); Print(b,1,n);
int i =1, j =n, m = OX7f££f££ff, t,
while (i <= n && j >= 1){
t = a[i]l+b[j]; v = abs(t);
if (m > v) m = v;
if (t == 0) return O;
if (t < 0) ++i;
else --j;
}
// i=n+l || =0
for (;i <= n; ++i){
t = a[i]+b[1l]; v = abs(t):;
if (m > v) m = v;
if (t >= 0) return m;
}
for (;j >= 1;--3){
t = a[n]+b[]j]; v = abs(t);
if (m > v) m = v;
if (t <= 0) return m;
}

return m;



}
void Sort(int a[], int d, int c){
int i =d, j =c¢, m= a[(d+c)/2], t;
while (i <= j){
while (a[i] < m) ++i;
while (a[j] > m) --3j;
if (1 <= 3) {
t = a[i]; al[il = a[3j]l; alj] = t;
++i; --3;
}
}
if (d < j) Sort(a,d,j):
if (i < ¢) Sort(a,i,c);
}
void Doc() {
ifstream f (£fn);
f >> n;
int i;
for (1 = 1; 1 <= n; ++i) £ >> a[i];
for (i =1; i <= n; ++i) £ >> b[i];
f.close();

}
void Print(int a[], int 4, int c){
int i;
cout << endl;
for (1 =d; i <= c¢; ++i) cout <K a[i] <« " ";
}
5.5L0co

Viét Nam, 2008
Cho n vong tron, méi vong tron chita mét gid tri nguyén dwong c6 thé trimg nhau. Goi a; la gid tri chita
trong vong tron i. Néu ba vong tron i. j, k khdc nhau va théa dang thire a; ita; = ay thi ta vé 2 cung (CO
hiomg) i—k va j—k. Cho biét dwong di dai nhdt cé thé qua bao nhiéu dinh.

loco.inp loco.out | Gidi thich Voi 10 vong tron chita cdc gid

10 6 tri liét ké trong file loco.inp, mot duwong di

4658123234 dai nhdt qua 6 dinh chita gid tri sau:
05050505050

Thuét toan

Sau khi doc dit liéu vao mang a va sdp ting mang a ta thiy rang mdi cung i—k trong d thi c6 huéng G xay
dung theo yéu cu cua du bai ludn ludn kém véi mot cung j—k khi va chi khi a[i]+a[j] = a[k]; i #j; i,j < k.
G chinh 1a d6 thi mot chidu (co cung hudng tir dinh s6 hiéu nho t6i dinh s6 hiéu 16n), khong chu trinh.
Ngoai ra, do diy a chi gdm céc gia tri nguyén dwong va duoc sip ting nén véi i, j cho trudc thi dang thic
a[i] + a[j] = a[k] chi c6 hy vong dat dugc v6i nhitng k > max(i,j). Ta su dung mét mang d véi cac phan tir
d[K] ghi nhan s6 dinh ndm trén duong dai nhat di dén dinh k. Ta co

d[k] = Max { Max(d[i]+1, d[j]+1) | 1 <i<j <k, a[i] + a[j] = a[k] }
Ta khoi tri cho d[k] = 1 v6i moi k = 1..n véi ¥ nghia 1a khi chi ¢6 1 dinh doc lap thi duong dai nhat chi
chtra 1 dinh d6. MJi khi dat hé thic a[i]+a[j] = a[k] ta chinh lai d[k] 13 gia tri max cta 3 gia tri: d[k],
d[i]+1 va d[j]+1 ddng thoi ta cﬁng xac dinh gia tri dmax cho toan bai.
Do a la day sap ting nén voi mdi K ta chi duyét cac cdp dinh i, j théa 1 <i<j < k. Ngoai ra, dé tinh d[k],
v6i mdi i da chon, tire 1a khi d biét k va i, néu ton tai j dé a[i] + a[j] = a[k] thi ta khong can xét tiép cac gia
tri a[j] khac.
Ham chinh cta chuong trinh MaxPath hoat dong nhu sau:
V6i mdi k = 2..n ham tinh gia tri d[k] 1a s dinh nhiéu nhét trong s cac duong di két thuc tai dinh k. Pdng
thoi ham ghi nhan gié tri max cuia céc d[k].
Ham Tinhd(k) thuc hién chirc nang tinh gia tri d[k]. Ham nay hoat dong nhu sau:

Phdc thdo thudt todn tinh d[k]

Biét trude k;
Véi mdii=1..(k=1) va véi mbi j = (i+1)..(k-1):
Kiém tra diéu kién c6 hudéng: Néu a[k] = a[i]+a[j] chimg t6 c6 duong di i—k va




j—>k thi ta chon duong dai nhit (qua i hodc j) dén k va cap nhat lai d[k] théng qua
10 goi ham d[k] := Max(d[k], d[i]+1,d[j]+1).
end.

D6 phic tap

Ta c6 3 vong ldp: theo k trong ham MaxPath va 2 vong 1ap theo i va j trong ham Tind(k) nén d6 phirc tap
con’.

Chuong trinh
(* Loco.cpp ¥*)
uses crt;
const
fn = 'loco.inp'; gn = 'loco.out';

mn = 10001; bl = #32; nl = #13#10;
type mil = array[0..mn] of integer;

var
f,g: text;
a,d: mil;

n: integer;
procedure Doc;
var i: integer;
begin
assign(f,fn); reset(f);
readln(f,n) ;
for i := 1 to n do read(f,al[i]);
close (f) ;
end;
procedure Sort(d,c: integer);
var i, j, t, m: integer;
begin
i:=d; j :=c; m := a[(d+c) div 2];
while (i <= j) do
begin
while (a[i] < m) do inc(i);
while (a[j] > m) do dec(j):
if (i <= j) then

begin
t = a[i]; al[i] := a[j]; alj] := t;
inc (i) ; dec(j):;

end;

end;

if (d < j) then Sort(d,j):
if (i < ¢) then Sort(i,c);
end;
{ Max cua 3 so nguyen a, b, c }
function Max(a, b, c: integer): integer;
begin
if a < b then a := b;
if a < ¢ then Max :=
end;
procedure Tinhd(k: integer) ;
var i,j,t: integer;

c else Max := a;

begin
d[k] := 1;
for i := 1 to k-1 do
for j :=1i+1 tok -1 do
begin

t := al[i] + al[3jl;

if t > a[k] then break;
if t = a[k] then

begin



d[k] := Max(d[k], d[i]+1, d[]j]+1);
break;
end;
end;
end;
function MaxPath: integer;
var k, dmax: integer;

begin
MaxPath := 0;
if (n = 0) then exit;
d[1l] :=1; dmax := 1;
for k := 2 to n do
begin
Tinhd (k) ;

if d[k] > dmax then dmax := d[k]:;
end;

MaxPath := dmax;
end;
procedure Ghi (m: integer) ;
begin

assign(g,gn); rewrite(q);
writeln(g,m); close(qg)
end;
BEGIN
Doc; Sort(l,n); Ghi(MaxPath) ;
END.

// DevC++: Loco.cpp
#include <string.h>
#include <fstream>
#include <iostream>
using namespace std;
// DATA AND VARIABLE
const char * fn = "loco.inp";
const char * gn = "loco.out";
const int mn = 10001;
int a[mn], d[mn];
int n;
// PROTOTYPES
void Doc() ;
void Sort(int, int);
int Max(int, int, int);
int MaxPath() ;
void Tinhd(int) ;
void Ghi (int) ;
// IMPLEMENTATION
int main() {
Doc(); Sort(l,n); Ghi(MaxPath()):;
cout << endl;
system ("PAUSE") ;
return EXIT SUCCESS;
}
void Ghi (int m) {
ofstream g(gn); g << m; g.close();
}
// Max cua 3 so nguyen a, b, c
int Max(int a, int b, int c){
if (a < b) a = b;
return (a > ¢c) ? a : ¢c;
}
int MaxPath () {
int k, dmax = 1;
if (n == 0) return 0;



d[1l] = 1;
for (k = 2; k <= n; ++k){
Tinhd (k) ;
if (dmax < d[k]) dmax = d[k];
}
return dmax;
}
void Tinhd(int k) {
int i, j, t;
d[k] = 1;
for (1 =1; i < k ; ++i)
for (jJ = i+1 ; j < k ; ++3j){
t = al[i]+al[jl;
if (t > a[k]) break;
if (t == al[k]){
d[k] = Max(d[k],d[i]+1,d[]j]+1);
break;

}
}
void Doc() {
ifstream £ (£fn);
f >> n;
int i;
for (i=1l; i <= n; ++1i)
£f >> al[i];
f.close();

void Sort(int d, int c){
int i =d, j =c¢, m = a[(i+j)/2];
int t;
while (i <= j){
while (a[i] < m) ++i;
while (a[j] > m) --3;
if (1 <= J){
t = a[i]; a[i] = a[j]; alj]l = t;
++i; --3;
}
}
if (d < j) Sort(d,j);
if (i < c) Sort(i,c):
}
Cii tién 1
Khi tinh d[Kk] ta nén tim kiém nhi phan trén doan dugc sip ting a[i+1..k—1] nhu sau. Biét trude a[k], véi
mdi i ta biét a[i] va cin tim a[j] trong doan a[i+1..k—1] thoa diéu kién a[i] + a[j] = a[k]. Pat t = a[k] — a[i],
bai toan quy vé viéc tim phan tir a[j] = t trong doan sip ting a[i+1..k—1]. Néu tim duoc thi ta cap nhat d[k].
Cai tién nay giam d¢ phirc tap xubng con (log n).n.
Ham Binsearch(t,s,e) dudi ddy thuc hién viéc tim kiém nhi phan gié tri t trong doan sap tang afs..e] cua

mang a. Ham cho ra chi s j trong khoang s..e néu a[j] = t; nguoc lai, khi khong ton tai chi s6 j nhu vy thi
ham cho ra gia tri 0. Ham Binsearch hoat dong nhu sau:

Phac thao thuat toan cho ham Binsearch

1. Xac dinh phan tr m = a[(s+e)/2] 12 phan tir giita ctia doan a[s..e];
2. So sanh t véi m:
Néu t > m: s& tim kiém tiép trén doan tir s = m+1 dén e;
Néu t < m: s& tim kiém tiép trén doan tir s dén e = m.
3. Céc bude 1 va 2 s& duogce 1ap dén khis=e.
4. Khi s = e: Néu a[s] = t thi return s; néu khong: return 0;
5. end.




(* Pascal: Loco, Cai tien 1 *)

uses crt;
const
fn = 'loco.inp'; gn = 'loco.out';
mn = 10001; bl = #32; nl = #13#10;
type mil = array[0..mn] of integer;
var
f,g: text;

a,d: mil;

n: integer;
procedure Doc; Tu viét
procedure Sort(d,c: integer); Tu viét
function Max(a, b, c: integer): integer; Tu viét
{ Tim j trong khoang s..e thoa: a[j] = t }
function Binsearch(t,s,e: integer): integer;

var m: integer;
begin

Binsearch := 0;

if s > e then exit;

while (s < e) do

begin
m := (s+e) div 2;
if (a[m] < t) then s := m+l else e := m;
end;
if (a[s] = t) then Binsearch := s else Binsearch
end;

procedure Tinhd(k: integer) ;
var i,j,t: integer;
begin
d[k] :=1;
for i :=1 to k-1 do
begin
t := al[k] - al[i];
if (t > 0) then

begin
j := Binsearch(t, i+l1l, k-1);
if j > 0 then
d[k] := Max(d[k], d[i]+1, d[]j]+1);
end;
end;
end;

function MaxPath: integer;
var k, dmax: integer;

begin
if (n = 0) then begin MaxPath := 0; exit end;
if (n = 1) then begin MaxPath := 1; exit end;
dmax := 1; d[1l] := 1; d[2] := 1;
for k := 3 to n do
begin
Tinhd (k) ;
if d[k] > dmax then dmax := d[k];
end;
MaxPath := dmax;
end;
procedure Ghi(m: integer); Ty viét
BEGIN
Doc; Sort(1l,n); Ghi(MaxPath) ;
END.

// DevC++, Loco.cpp: Cai tien 1



#include <string.h>
#include <fstream>
#include <iostream>
using namespace std;
// DATA AND VARIABLE
const char * fn = "loco.inp";
const char * gn = "loco.out";
const int mn = 10001;
int a[mn], d[mn];
int n;
// PROTOTYPES
void Doc() ;
void Sort(int, int);
int Max(int, int, int);
int Binsearch(int, int, int);
int MaxPath() ;
void Tinhd(int) ;
void Ghi (int) ;
// IMPLEMENTATION
int main () {
Doc(); Sort(l,n); Ghi(MaxPath());
return EXIT SUCCESS;
}
void Ghi(int m) tu viét
int Max(int a, int b, int c) tu viét
// Tim nhi phan vi tri xua hien cua x trong a[s.e]
int Binsearch(int t, int s, int e){
int m;
if (s > e) return 0;
while (s < e) {
m = (s+e) / 2;
if (a[m] < t) s =m+ 1; else e = m;
}
return (a[s] == t) ? s : 0;
}
int MaxPath () {

if (n == 0) return 1;
if (n == 1) return 1;
d[1l] = d[2] = 1;

int k, dmax = 1;
for (k = 3; k <= n; ++k){
Tinhd (k) ;
if (dmax < d[k]) dmax = d[k];
}
return dmax;
}
void Tinhd(int k) {
int i, j, t;
d[k] = 1;
for (i =1; 1 < k ; ++i) {
t = alk]-ali];
if (t > 0){
j = Binsearch(t,i+l1,k-1);
if (j > 0)
d[k] = Max(d[k],d[i]+1,d[]j]1+1);

}
}

void Doc() tu viét;
void Sort(int d, int c) tu viét;

Cai tién 2



bPéy rang néu trong day a c6 hai phan tur ai i] = a[j], tirc 1a c6 hai dinh chira cung mét gia tri thi trong két
qua cudi cung ta phai c6 d[i] = d[j], tirc 1a sd luong dinh trén céc ducng di dai nhét két thuc tai i va j phai
bang nhau Tuy nhién ta phai xir 1y truong hop a[i] = a[j], i # j va ton tai k dé a[i]+a[j] = 2a[i] = a[k]. Khi
d6 ta van c6 2 cung i—k va j—)k va d[k] di nhién can dugc cip nhat. Nhan xét nay cho phép ta lugc bot
céc gia tri triung ldp chi giir lai t6i da hai phan tir bang nhau.

Cai tién 3
Néu cac gid tri cua day a la du nho, thi du nam trong khoang 1.. 20000 thi ta co ghé dung méng’dé danh dau.
Ta s€ ma so dinh bang chinh gia tri chtra trong dinh. Ta dat s[i] = 1 néu i xuat hién duy nhat 1 lan trong

input file; s[i] = 2 néu i xuat hién nhiéu lan trong input file; ngugc lai, néu i khong xuét hién trong day thi
ta dat s[i] = 0.

i 12|34 |5|6]|7
sfif (1 ]2 ]2 (2|1 ]1]0]|1
Mang s sau khi doc dir liéu:

s[i] = 1 néu i xuét hién duy nhat 1 lan;
s[i]= 2 néu i xuat hién hon 1 lan;

s[i] = 0 néu i khong xuat hién trong diy.

Sau d6, dé tinh d[k] ta chi xét nhirng gi4 tri k xuét hién trong ddy d cho, nghia 1a s[k] > 0. Vi mdi i =
1.J/2 ta xét, néu i va j = k=i déu c6 trong day, tirc 1 s[i] > 0 va s[k-i] > O thi ta dat d[k] = max(d[k], d[i] +
1, d[k—i] + 1). Cudi ciing ta xét thém truong hop k 14 s6 chin va s[k/2] = 2, nghia 1a k 13 tong cua hai s6
bang nhau va c6 mat trong day.

i 1|2[3]a]s][e]7]s
si] [1]2]2]2]1
dil] 1] 1] 2]3]4]5]0]6¢s

Mang d thu dwoc sau khi xir Iy theo s
d[i] - s6 dinh trén dudng dai nhat két thuc tai dinh i.

[EEN
o
[N

Cai tién nay rut do phtc tap tinh toan xuéng con n.
Ban luu y st dung Free Pascal d¢ c6 du mién nhé.

(* Loco.pas: Cai tien 3 ¥*)
uses crt;
const

fn = 'loco.inp'; gn = 'loco.out';

mn = 20000; bl = #32; nl = #13#10;
type mil = array[0..mn+l] of integer;
var

f,g: text;

s,d: mil;

n: integer;

maxv: integer; { Gia tri max trong input file }
procedure Doc;
var i,j: integer;

begin
assign(f,fn); reset(f); maxv := 0;
readln(f,n); fillchar(s,sizeof(s),0);
for i :=1 to n do
begin

read(£f,j);

if (maxv < j) then maxv := j;
if s[j] > 0 then s[j] := 2 else s[j] := 1;
end;
close (f) ;
end;

function Max(a, b, c: integer): integer; tu viét
procedure Tinhd(k: integer) ;

var i,k2: integer;

begin



d[k] :=1; k2 := (k-1) div 2;
for i := 1 to k2 do
if (s[i] > 0) and (s[k-i] > 0) then

d[k] := Max(d[k], d[i]+1, d[k-i]+1);
if (not odd(k)) then
begin
inc (k2) ;

if (s[k2] = 2) then
d[k] := Max(d[k], d[k2]+1, d[k2]+1);
end;
end;
function MaxPath: integer;
var k, dmax: integer;

begin
fillchar(d,sizeof(d),0); dmax := 0;
for k := 1 to maxv do
if s[k] > 0 then
begin
Tinhd (k) ;

if d[k] > dmax then dmax := d[k]:;
end;

MaxPath := dmax;
end;
procedure Ghi (m: integer); tu viét
BEGIN
Doc; Ghi (MaxPath) ;
END.

// DevC++: Loco.cpp, Phuong an Cai tien 3
#include <string.h>
#include <fstream>
#include <iostream>
using namespace std;
// DATA AND VARIABL
const char * fn = "loco.inp";
const char * gn = "loco.out";
const int mn = 10001;
int s[mn], d[mn];
int n;
int maxv; // Gia tri max trong input file
// PROTOTYPES
void Doc() ;
int Max(int, int, int);
int MaxPath() ;
void Tinhd(int) ;
void Ghi (int) ;
// IMPLEMENTATION
int main() {
Doc() ;
Ghi (MaxPath()) ;
cout << endl;
system ("PAUSE") ;
return EXIT SUCCESS;
}
void Ghi(int m) Tu viét
int Max(int a, int b, int ¢) Tvu viét
int MaxPath () {
int k, dmax = 0;
memset(d,0,sizeof (d)) ;
for (k = 1; k <= maxv; ++k)
if (s[k] > 0){
Tinhd (k) ;



if (dmax < d[k]) dmax = d[k];
}
return dmax;
}
void Tinhd(int k) {
int i, k2 = (k-1)/2;
d[k] = 1;
for (1 = 1; i <= k2 ; ++i)
if (s[i] > 0 && s[k-i] > 0)
d[k] = Max(d[k],d[i]+1,d[k-i]+1);
k2 = k/2;
if ((2*k2 == k) && (s[k2] > 1))
d[k] = Max(d[k],d[k2]+1,d[k2]+1);
}
void Doc() {
ifstream f (£fn);
f >> n;
memset(s,0,sizeof(s));
int i, j;
for (i=1l; i <= n; ++1i) {
£ > 3,
if (maxv < j) maxv
if (s[3]1 > 0) s[j]

Js
2; else s[j] = 1;

}
f.close();

5.6 Chuyén tin

Bdch khoa Pa Nang, 2001

Cdn chuyén hét n géi tin trén mot mang c6 m kenh truyén. Biét chi phi dé chuyén i géi tin trén kénh j 1a
C(i,j). Cho biét mét phicong én chuyén véi chi phi thap nhat.
Dit li¢u vao: file van ban messages.inp:

Dong dau tién: 2 s6 nvam;

Dong thit i trong s6 n dong tiép theo: Ddy m s6 nguyén dwong by, by, ..., by trong dé bj la chi phi

chuyén i goi tin trén kénh j.
Dit liéu ra: file van ban messages.out:

Dong dau tién: tong chi phi thap nhdt theo phwong an tim duoc,

Dong thiz j trong s6 m dong tiép theo: sé lwong géi tin chuyén trén kénh j.

messages.inp messages.out Y nghia
5 4 2 Véin =5 goi tin, m = 4 kénh va chi phi c(i,j) cho trudc,
3110 1 1 0 trong d6 i la chi s6 dong (s g6i tin), j la chi s6 cét (kénh)
1 31 12 13 4 thi cach chuyén sau ddy sé cho chi phi thap nhat la 2
4 10 31 1 1 Kénh | S6 géi tin | Chi phi
6 1 20 19 0 1 0 0
10 5 10 10 > 4 1
3 1 1
4 0 0

Thuat toan Quy hoach dong

Goi s(i,j) 1a chi phi thip nhét cua phuong an chuyen hét i goi tin trén mang gdm j kénh dau tién 1, 2, ..., J.
Ta xét kénh thr j va thir chuyén lan lugt k = 0, 1, ..., i goi tin theo kénh nay. Ta thiy, néu chuyen k g0i tin
theo kénh j thi chi phi cho kénh j nay s& 1a c(k,j), con lai i—k géi tin phai chuyén trén j—1 kénh dau tién voi
chi phi 1a s(i—k,j—1), vay phuong an nay cho chi phi la c(k,j) + s(i—k,j-1), k=0, 1, 2,...,i.
Tacé

s(i,j) = max { c(k,j) +s(i-k,j-1) |k=0,1,..,i}

D¢ cai dit, ta c6 thé  c6 thé ding 1 méang 1 chiéu p véi m budc 1dp. Tai bude 1dp thir j ta c6 p[i] = s(ij) 1a
chi phi thap nhat khi chuyén hét i goi tin trén mang vdi j kénh dau tién. Vay



p[i] = max { c(k,j) + p[i-k] | k=1,i-1,...,0};i=n..1
Chuy réng dé khoi ghi d¢ Ién gia tri con phai dung dé xir Iy bude sau, véi mdi kénh j ta cin duyét i theo
chiéu ngugc tir n dén 1.
Diém kho 1a phai giai trinh cu thé phuong an chuyén tin t6i uu, nghia 1a cho biét phai chuyén theo mdi
kénh bao nhiéu goi tin. Ta s& sir dung mot méang 2 chiéu SoGoi, trong d6 phan tir SoGoi[i][j] cho biét trong

phuong 4n ti wu chuyén i goi tin theo j kénh dau tién thi riéng kénh j s& duoc phan ph01 bao nhiéu gai tin.
Trude khi ghi két qua ta tinh nguoc tir kénh m dén kénh 1 s goi tin can chuyén theo mdi kénh.

D6 phuc tap
Tha tyc XuLi tinh m.n 1dn, mdi 14n lai tinh t8i da m ph?m tu, vay do phuec tap la O(nmz).

Chuong trinh

(* messages.pas ¥*)
const fn = 'messages.inp'; gn = 'messages.out';
mn 101; bl = #32; nl = #13#10;
type mil = array[0..mn] of integer;
mi2 = array[0..mn] of mil;
var f£,g: text;
c,sogoi: mi2; { c¢c - ma tran chi phi }
{ sogoi[i,j] - so goi tin chuyen theo kenh j }
p: mil;
n,m: integer; { n - tong so goi tin; m - so kenh }
procedure Ghi;
var i,j: integer;

begin
assign(g,gn); rewrite(g); writeln(g,p[n]);
i :=n;
for j := m downto 1 do
begin
Pl[J] := SoGoi[i,j]; { so goi chuyen theo kenh j }
i =1 - SoGoi[i,j]; { so goi con lai }
end;
for i := 1 to m do writeln(g,p[i]):
close(qg) ;
end;
{ Chi phi chuyen het i goi tin
theo j kenh dau tien: 1, 2, ... j }

procedure Tinhp(i,j: integer);
var k: integer;
begin
SoGoi[i,j] := 0;
for k := 1 to i do { thu chuyen k goi theo kenh j }
if (p[il > pl[i-k] + c[k][3j]) then
begin
pli] := pl[i-k] + c[k][j]l; { cap nhat tri min }
SoGoi[i,]j] := k; { chuyen k goi theo kenh j }
end;
end;
procedure Xuli;
var i, j, k: integer;
begin
fillchar (SoGoi,sizeof (SoGoi) ,0) ;
{ Khoi tri cho kenh 1 }
{ 1 goi tin chi chuyen tren kenh 1 voi chi phi c[i][1] }

for i :=1 to n do
begin p[i] := c[i,1]; SoGoi[i,1l] := i; end;
for j := 2 to m-1 do { xet kenh j }

for i := n downto 1 do

Tinhp(i,j); { chi phi chuyen i goi tin theo j kenh dau tien }
{ Xu 1li buoc cuoi, kenh m }
SoGoi[n,m] := 0;
for k :=1 to n do



if (p[n] > p[n-k] + c[k][m]) then

begin

SoGoi[n,m] := k;

pln] := p[n-k] + c[k][m];
end;

end;
procedure Print;
var i,j: integer;

begin
writeln(nl, n, bl, m);
for i :=1 to n do
begin writeln;
for j :=1 to m do write(c[i,]j],bl);
end;
end;

procedure Doc;

var i,j: integer;

begin
assign(f,fn); reset(f);
readln(f, n, m);

for i := 1 to n do
for j := 1 to m do
read(f,c[i,]j]);

close (f) ;

end;

BEGIN
Doc; Print;
XuLi; Ghi;
writeln(nl,' Fini ');
readln;

END.

// DevC++ messages.cpp
#include <string.h>
#include <fstream>
#include <iostream>
#include <stdio.h>
using namespace std;
// DATA AND VARIABLE
const char * fn = "messages.inp";
const char * gn = "messages.out";
const int mn = 101;
int c[mn] [mn]; // ma tran chi phi
int SoGoi[mn] [mn];//SoGoi[i][j]-so goi tin chuyen theo kenh j
int n, m;
int p[mn];
// PROTOTYPES
void Doc() ;
void Print() ;
void Xuli();
void Tinhp (int, int);
void Ghi () ;
// IMPLEMENTATION
int main() {
Doc(); Print();
XuLi(); Ghi();
cout << endl; system("PAUSE") ;
return EXIT SUCCESS;
}
void Ghi () {
ofstream g(gn) ;
g << p[n]; // chi phi min
int 1i = n, j;



for (j m; j > 0; --3) {
P[j] = SoGoil[il[j];
i =i - SoGoi[i][jl;// so goi con lai

}
for (1 =1; 1i <= m; ++i) g << endl << pl[i];

g.close() ;
}
// Chi phi chuyen het i goi tin
// theo j kenh dau tien: 1, 2, ... j
void Tinhp(int i, int j) {
int k;

SoGoi[i] [j] = O;
for (k = 1; k <= i; ++k) // thu chuyen k goi theo kenh j
if (p[i] > pli-k] + c[k][3]) {
pli] = pl[i-k] + c[k]l[j]l; // cap nhat tri min
SoGoi[i] [j] = k; // so goi can chuyen theo kenh j
}
}
void XulLi () {
int i, j, k;
memset (SoGoi, 0,sizeof (SoGoi)) ;
// Khoi tri cho kenh 1
// i goi tin chi chuyen tren kenh 1 voi chi phi c[i][1]
pl[0] = 0; // chuyen 0 goi tin tren kenh 1
for (1 = 1; i <= n; ++i) {

pli] c[i] [1]; SoGoi[i][1] = i;
}
for (j = 2; j < m; ++j) // xet kenh j = 2..m-1
for (i = n; i > 0; --i) // chuyen i goi tin tren kenh j
Tinhp(i,3J)

// Xu li buoc cuoi, kenh m
SoGoi[n] [m] = O;
for (k = 1; k <= n; ++k) // thu chuyen k goi theo kenh m
if (pIln] > pln-k] + c[k][m]) {
pln] = pln-k] + c[k][m];
SoGoi[n] [m] = k;
}
}
void Print () {
int i,3;
cout << endl << n << " goi tin, " << m << " kenh";
for (i =1; 1i <= n; ++i) {
cout << endl;
for (J =1; j <= m; ++j)
cout << " " << c[i][3];
}
}
void Doc() {
ifstream f (£fn);
memset(c,0,sizeof (c));
£ > n>m; // n goi tin, m kenh
int i,3;
for (i = 1; i <= n; ++i)
for (J =1; j <= m; ++j)
£ >> c[i][j];
f.close();

5.7 Ma BW

o ) Olimpic Quéc té (Bai du tuyén)
Ma BW do Michael Burrows and David Wheeler dé xuat diing dé ma héa xdu ki t s thanh cdap (u,d) nhu
sau.



1. Quay xdu s qua trdi moi lan 1 vi tri @é thu dwoc n xdu tinh ca ban than xdu s,
2. Sap tang cac xdu thu dwoc theo trat tw tir dién,
3. Ldy cdc ki cudi ciia cdc xdu dwoc sdp ghép thanh tir u,
4. Xac dinh d la vi tri xudt hién ciia xdu s trong ddy dwoc sdp.

Thi du, véi s = "panama” ta c6 két qud tai cac buoc nhw sau:
1. Sinh cac xau theo cach quay: "panama”, "anamap", "
2. Sdp cdc xdu: “amapan”, "anamap", "apanam", "mapana”,
3.u="npmaaa",
4.d=6.
Két qua: "panama” dieoc ma BW thanh: ("npmaaa”, 6).

Cho s, hay tinh (u,d) va biét (u,d), hdy xdc dinh s. Chiéu dai téi da ciia s la 200.

namapa"”, "amapan", "mapana apanam".

namapa”,"panama".

Thuit toan

Ta goi BW Ia thuat toan ma hoa va WB 1a thudt toan giai ma. Nhu vay, véi thi du da cho ta cd,
BW("panama") = ("npmaaa",6) VaWB("npmaaa",6) = "panama".
Bai toan xudi BW chi c6 mot diém kho 1a sinh ra n xau, tinh ca xau ngudn va sip ting cac xau d6. Vi xau
nguon s co chiéu dai ti da 1a 200 thi s& doi hoi mién nhd 40000 byte dé c6 thé luu trit c4c xau. Ta sé& trién
khai thuat toan véi chi 1 xau ngudn s duy nhat. Gia sir chiéu dai ctia xau s 1a n. V&i mdi i = 1..n ta ki hiéu
[i] 12 "xau vong" bat dau tinh tir ki ty s[i] dén hét xau, tirc 1a dén ki ty s[n] 10i lai tinh tiép dén s[1] va két
thic tai s[i—1]. Tom lai, xdu vong [i] 1a xau sinh ra khi ta duyét xau ngudn s theo vong tron ké tir vi tri i qua
phai. Mdi xau dai n s& c6 ding n xau vong va moi xau vong c6 dung n ki ty. Thi du, voi s[1. .6] = "panama"
thi [2] = "anamap" 12 mot xau vong. Ta dé dang sép Xep cac xau vong va ghi nhén trat ty trong mot mang
chi dan id. Vi xau da cho, sau khi sdp ting theo chi dan ta thu duoc:

id[1] = 4 — x&u vong [4] = "amapan” dimg dau tién trong day sép ting,

id[2] = 2 — xau vong [2] = "anamap"” dimg thr hai trong diy sap ting,

id[3] = 6 — xau vong [6] = "apanam" ding thir ba trong day sip ting,

id[4] =5 — xau vong [5] = "mapana” dimg tht tu trong day sip ting.

id[5] = 3 — x&u vong [3] = "namapa" dung thl'I nam trong day sap ting.

id[6] = 1 — xau vong [1] = "panama” dung cudi ciing, thr sau, trong day sap tang.
D@ thay, néu [i] 1a Xau vong thi ki tu cudi cua xau nay s€ 1a ki tu sat trai ki ty tht i trong s, cu thé 1a
s[(i+(n-1)) % n] néu s bleu dién trong C++ véi chi sb tinh tir 0 va 1a s[(i-1+(n-1)) mod n + 1] néu s biéu
dién trong Pascal v6i chi s tinh tir 1.
Khi sap xép ta goi ham Sanh(s,i,j) dé so sanh hai x4u vong [i] va [j] cta s. Ham cho ra gia tri 0 néu hai xau
bang nhau, va 1 néu xau vong [i] 16n hon xau vong [j], —1 néu xau vong [i] nhoé thua xau vong [j].

Hoat déng ciia ham Sanh 2 xidu vong [i] va [j]

1. Duyét n 1an cac phan tir s[i] va s[j] theo vong tron.

Xét:
- Néu s[i] > s[j]: return 1;
- Néu s[i] < s[j]: return -1;
2. return 0;
3.end.

Bai toan nguoc, WB khoi phuc xau ngudn s tir xdu ma u va gia tri d dwoc trién khai nhu sau. Trudc hét ta
dé y ring xau u 1a mot hoan vi cua cac ki ty trong xau s. Cing do cac xau vong dugc sép ting nén sau khi
goi ham BS de sép tang x4u u theo chi dan id ta dé dang tinh duoc xau s nhu sau. Ta coi u nhu la cot chira
cac ki tu Cu01 clng ciia cac xau vong trong diy duge sip va u' 1a xau sap tang cua xau u. Do day Ccé&c xau
vong dugc sip ting nén cot dau tién cua day cac xau nay ctng phai duoc sap tang. Vay cot do chinh la u'.
Xét ki tw u[i]. Pay 1a ki ty cudi ciia mot xdu vong v ndo do6 trong diy dwoc sip. Vay trudc khi quay, Xau v
s& nhan u[i] 1am ki tu dAu tién, nghia 1a ki tw u[i] s& thudc va 1a ki ty j nao d6 trong xau duoc sip u', ta co

u[i]=u []] hay la i duoc dat tuong (mg v6i j. Nho twong (ng nay ta co thé khoi phuc xau s Ki tu nay thude
ca xau u'. Néu ki tur cubi trong ddy nay 12 u[j] thi trude khi quay trai mot vi tri, ki tw u[j] phai ndm trong
cot dau tién duoc sap.

(* Pascal *)
procedure WB(var u: string; d: integer; var s: string);
var i: integer;
begin



n := length(u)i _
BS(u); { sép tang xadu u theo chi dan }

s := "', d := id[d];
for i :=1 to n do
begin
s :=s + u[d]; d := id[d];
end;
end;
// DevC++

void WB(char *u, int d, char * s) { // (u,d) ==> v
n = int(strlen(u));
BS(u); // sdp tdng xdu u theo chi din
int i;
d = id[d-1];
for (1 = 0; 1 < n; ++i) {
s[i] = u[d]; d = id[d];
}
s[n] = '\0';
}
Ban phai chon phuong thire sap xép khong x4o tron cac phan tir bang nhau ma chi tinh tién cac phan tir d6.
Cac phuong phap sap xep nhu quick sort, min sort déu vi pham tiéu chi ndy. Chwong trinh duéi day st
dung phuong phap sap noi bot (bubble sort).

(* BW.PAS *)

uses crt;
const bl = #32; nl = #13#10;
var

n: integer;
id: array[0..256] of integer;
procedure iswap(i, j: integer);
var t: integer;
begin
t := id[i]; id[i] := id[j]; id[j] := t;
end;
function Sanh(var s: string; i,j: integer): integer;
var k: integer;

begin
for k :=1 to n do
begin
if s[i] <> s[j] then
begin
if s[i] < s[j] then Sanh := -1 else Sanh := 1;
exit;
end;
i := (1imodn) + 1;
j := (j mod n) + 1;
end;
Sanh := 0;
end;

// sap tang cac xau vong cua s theo chi dan
procedure BubbleSort(var s: string);
var i,j: integer;

begin
for i := 1 to n do id[i] := i;
for i :=1 to n-1 do
for j := n downto i+l do
if Sanh(s,id[j],id[j-1]) < O then iswap(j,j-1);
end;

procedure BW(var s: string; var u: string; var d: integer);
var i: integer;

begin

n := length(s);



BubbleSort (s) ;

u := ;
for i :=1 to n do
begin
u :=u + s[(id[i]-1+n-1) mod n + 1];
if id[i] = 1 then d := i;
end;
end;

procedure BS(var u: string);
var i,j: integer;

begin
for i := 1 to n do id[i] := i;
for i := 1 to n-1 do
for j := n downto i+l do

if u[id[j]] < u[id[j-1]] then iswap(j,j-1):;
end;
procedure WB(var u: string; d: integer; var s: string);
var i: integer;

begin
n := length(u);
BS (u) ;
s :="'"'"; d := id[d];
for i :=1 to n do
begin
s :=s + u[d]; d := id[d];
end;
end;

procedure Test;
var s, u, v: string;
d: integer;

begin
s := 'panama';
BW(s,u,d);
writeln(s,' => (',u,',',d,")");
WB(u,d,v);
writeln('(',u,',',d,"') => ',v);
end;
BEGIN
Test;
readln;
END.

// DevC++: Bw.cpp

#include <iostream>

using namespace std;

// DATA AND VARIABLE
const char * fn = "bw.inp";

const char * gn = "bw.out";

const int mn = 256;

char s[mn];

char u[mn];

char v[mn];

int id[mn];

int n,d; // n = len(s); d: vi tri cua s trong day duoc sap
// PROTOTYPES

// BW(s) = (u,d)

// WB(u,d) =v (= x)

void BW(char * s, char * u, int & d);
void WB(char * u, int d, char * s);

int Sanh(char * s, int i, int j);

void BubbleSort (char * s);

void BS(char * u); // BubbleSort tren u
void iswap(int i , int j ); // doi cho id[i], id[j]



// IMPLEMENTATTION
int main() {
strcpy (s, "panama") ;

BW(s,u,d);
cout << endl << "BW(" << s < ") = (" << u
<< ", " << d << ")" << endl;
WB(u,d,v);
cout << endl << "WB(" << u << ", " << d <« ") =" << v;

cout << endl;
system ("PAUSE") ;
return EXIT SUCCESS;
}
void BW(char * s, char * u, int ¢ d) { // s ==> (u,d)
n = int(strlen(s));
BubbleSort (s) ;
for (int i = 0; i < n; ++i) {
ul[i] = s[(id[i] + n - 1) % n];
if (id[i] == 0) d = i+1;
}
u[n] = '\0';
}
void BubbleSort(char * s){
// sap tang cac xau vong cua s theo chi dan
int i,j, n1 = n - 1;

for (i = 0; i < n; ++i) id[i] = i;
for (1 = 0; i < nl; ++i) {
for (j =nl; j > i; --3j)

if (Sanh(s,id[j],id[j-1]1) < 0) iswap(j,j-1);
}
}

int Sanh(char * s, int i, int j) { // sanh 2 xau vong [i] va []j]

int k;

for (k = 0; k < n; ++k, 1 = (i+l)%n, j = (j+1)%n)
if (s[i] '= s[j]) return (s[i] > s[j]) ? 1 : -1;

return O;

}
void iswap(int i, int j) { int t = id[i]; id[i]l= id[j]; id[]j] = t;
void WB(char *u, int d, char * s) { // (u,d) ==> v
n = int(strlen(u));
BS (u) ;
int i;
d = id[d-1];
for (1 = 0; 1 < n; ++i) {
s[i] = u[d]; 4 = id[d];
}
s[n] = '\0';
}
void BS(char *u){ // sap tang xau u theo chi dan
int i,j,nl = n-1;
for (i = 0; i < n; ++i) id[i] = i;
for (i = 0; 1 < nl ; ++i) {
for (j =nl; j > i; --3j)
if (u[id[j]] < u[id[j-1]]) iswap(],j-1):

5.8 Tam giac Pascal



Tam gi4c Pascal bdc n la mét bang gom n dong, dong thit i la mot diy gom i+1 sé tw nhién dwoc xdy dung
nhw sau.
Dong i = I chira hai sé 1, 1.
Goi x = (X1, X2, -y Xi+1) la dong thir i, thi dong thir i+1, ¥ = (Y1, Yo, -, Yix2) dwoc xdy dung nhu sau:
Y1 =Yiv2 =
Yi = X+, j—2 3, ..., i+l
Cdc phan tir ciia day dwoc goi la he s6. Hai phan tir dau va cudi cua méi day luén luén mang gid tri 1 va
duwoc goi la hai hé sé ngoai. Cac phan tir con lai dwoc goi la cac hé 56 trong.

Blaise Pascal

Nha vdt Iy hoc, todn hoc va triét gia nguoi Phdp. Ong duwoc
tiép thu nén gido duc tir nguoi cha. Ngay tir thoi tré Pascal dd
néi tiéng la than dong. Cdc tdc pham dau tién ciia Pascal la vé
tw nhién va cdc khoa hoc wng dung, noi ong da co nhitng dong
g0p quan trong vdo viéc xdy dung mot mdy tinh co khi, cac
nghién cieu vé chat long, trinh bay cdc khai niém vé dp sudt va
chdn khéng bang viéc khdi qudt tac pham cia Evangelista
Torricelli.

Pascal la mot trong nhitng nguoi ddat nén méng cho hai linh
viee nghién ciru méi cua todn hoc. Ong di viét mét lugn an
quan trong vé hinh hoc xa anh ¢ do tuéi 16. Ciing véi Pierre de
Fermat xay dung Iy thuyet xdc sudt. Bdy la cong trinh c6 anh
hiong I6n t6i sw phdt trién cia kinh té hoc hién dai va cdc
khoa hoc xa hoi.

Blaise Pascal
Sau d6 ong danh tam sirc vao triét hoc va than hoc véi hai tac 19/6/1623-19/8/1662

phdm néi tiéng trong thoi ky do.

Nguén: Wikipedia

Tam giac Pascal (PT — Pascal's Triangle ) ¢6 nhiéu img dung néi tiéng. Dong thit n trong PT chinh la cdc
hé s6 trong dang khai trién ciia da thirc (a+b)". Pinh Iy sau ddy cho ta mét dau hiéu nhdn biét s6 nguyén
16 dyra trén PT.
Pinh 1y: 1 ld 56 nguyén t6 khi va chi khi moi hé s6 trong ciia dong n trong tam gidc Pascal chia hét cho n.
Chiing ta thi giai hai bai todn sau ddy lién quan dén tam gidc Pascal.
PTI1: Véi méi sé tw nhién n  hdy tinh cac h¢ so cua tam gidc Pascal va tong ciia chiing.
PT2: Ki hiéu a(i,n) la hé s6 thit i trén dong thir n ciia m gidc Pascal. Hay tinh tong
a(n) =sum{a(i, i/2+1) |[i=1.n} = a(l,1) + a(2,2) + a(3,2)+ ... + a(i, i/2+1) + ... + a(n, n/2+1)

trong do xly cho ta phdn nguyén ciia thiwong trong phép chia sé tw nhién x cho sé tw nhzen y. Gioi hgn cua

nlal<n<20.
Thi du, voin = 6 ta co
PT1: Dong 6 cua tam giac Pascal: (1, 6, 15, 20, 15, 1); Téng la: 64.
PT2: a(6) =1+2+3+6+ 10+ 20 = 42 (c4c sb gach dudi trong bang).

n Ung dung

1 j11 Dong 4:

2 |121 (a+b)*=1a*+4a’v+6a’b’+4ab®+1b*.
3 1331 Dong 5: Moi hé s trong chia hét
4 |14641 cho 5, vdy n = 5 nguyén 1.

5 |1510 1051 Dong 6: Hé s6 15 khong chia hét
6 16

15 20 15 6 1 | cho 6, vdy 6 khéng phdi nguyén to.

Thuit toan



He¢ s thir i trén dong n, p(n, i) cta PT chinh 1a to hgp chap i—1 ctia n phan tir do d6 duoc tinh theo cong
thire:
p(n,i) = C, " = nl/(i-1)(n—i+1)! = (n—i+2)...n/(i-1)!, i=1.n+l
Ta qui uwéc 0! =1, do do
p(n, 1) =p(n,n+1)=C, =C,"=1
Biét p(n, i) ta tinh dugc p(n, i+1) theo cong thirc sau:
p(n, i+1) = p(n, i).(n—i+1)/i *)

Ta khoi tri a[1] = 1 ung v6i p(n, 1). Ngoai ra ta sir dung hai bién phu tu va mau véi gia tri khoi dau 14 tu =
n, mau = 1. Sau d6, véi mdi i = 2..n+1 ta tinh p(n, i) = a[i] = a[i-1]*tu/mau va giam tu, ting mau 1 don vi.
Thu tuc PT dudi day tinh va hién thi dong thr n trong tam giac Pascal:

(* Passcal ¥*)
procedure PT(n: integer);
var x: longint;

i, tu, mau: integer;

begin
X :=1; tu := n; mau := 1;
for i := 2 to n+l do
begin
write(x,bl); { bl 1a dédu cach, bl = #32 }
X = (x * tu) div mau;
dec(tu); inc(mau) ;
end;
write (1) ;
end;
// DevC++

void PT(int n) {

int x = 1;

int i, nl = n+l, tu = n, mau = 1;

for (1 =2 ; i <= nl; ++i, --tu, ++mau) {
cout <K x <« " ";
x = x*tu/mau;

}

cout << 1;

}

Dé tinh tong cac hé sb trén dong thir n cua PT, T(n), ta xét dang khai _trién cua da thirc (a+b)":
(a+b)"=p(n, 1)a" + p(n, 2)a"*b + ... + p(n, i)a""'b"™* + ... + p(n, n+1)b"
Thay a = b = 1 vao biéu thirc trén ta thu duoc:
T(n)= (1+1)"=2" = p(n, 1) +p(n,2) + ... + p(n, i) + ... + p(n, n+1)
Vay T(n) = 2". Do céc sb nguyén trong may tinh duoc biéu dién dudi dang nhi phan nén ham T(n) nhan gia
tri 14 s6 1 dich qua trai n bit:

(* Passcal ¥*)
function T(n: integer): longint;
begin T := longint(l) shl n; end;

// DevCPP
int T(int n) { return (1 << n); }



Dé tinh ham  a(n) truée hét ta can tinh duge p(i, j) voii= 1.nva j = i/2 + 1. Ta goi x la gia tri cta
p(i,i/2+1) tinh dugc tai bude i. Ta c6 nhan xét sau day:

e Khii=1ltacox=p(1,1)=1;

e Néuila s chin thi gia tri cua x dugc ting gip doi: x =2 *x.

e Néuilasdle thix=x+ x, trong 6 x la gia tri tinh dwgc & bude sat trude, bude -1, x =
p(i-1,v), v = (i-1)/2; x' 1a gid tri sat sau x tai budc i-1, X' = p(i-1, v+1). St dung cong thire (*) ta
dé dang tinh dugc x' tir x. Khi cai dit ta sir dung bién v dé ghi nhén chi s6 clia hé s6 can tinh tai
bude i. v duge khoi tri 1, sau d6 tang thém 1 néu gap dong chan. Ta ciing st dung bién bool even
dé xac dinh dong chan.

Thi tuc Test trong cac chwong trinh dudi day tinh dong thoi véi mdi gia tri n = 1..20 cac dai lugng sau day:

e Dong thr n trong tam giac Pascal va tong céc hé sb trén dong;

e Hamo.

Dé két thuc chuong trinh ban hiy bam déu cham (.).
D¢ phire tap: O(n) cho ca hai thu tuc PT va Alpha.

Chuong trinh

(* Triangle.pas ¥*)
uses crt;
const bl = #32; nl = #13#10;
procedure PT(n: integer);
var x: longint;

i, tu, mau: integer;

begin
x :=1; tu := n; mau := 1;
for i := 2 to n+l do
begin
write(x,bl);
X := (x * tu) div mau;
dec(tu) ; inc(mau) ;
end;
write (1) ;
end;

function Alpha(n: integer): longint;
var x, sum, i, v: integer;
even: Boolean;

begin
X :=1; sum := 1; even := false; v := 1;
for i := 2 to n do
begin
even := not even;
if (even) then
begin
inc(v); x = x * 2;
end
else x :=x + x * (i-v) div v;
sum := sum + XxX;
end;
Alpha := sum;
end;

procedure Test;
var n: integer;

begin

for n := 1 to 20 do

begin
writeln(nl, ' n = ', 6 n);
write(' a = '), PT(n);
writeln(nl, ' Tong = ', longint(1l) shl n);
writeln(' Alpha = ',Alpha(n))
write(nl,' Bam . de ket thuc: ');
if readkey = '.' then exit;

end;



end;

BEGIN
Test;

END.

// DevC++: Triangle.cpp
#include <iostream>
using namespace std;
// PROTOTYPES
void PT (int) ;
int Alpha (int );
void Test () ;
// IMPLEMENTATION
int main() {

Test () ;

return 0;

}
void Test() {
int n;
for (n = 1; n <= 20; ++n) {
cout << endl << " n =" <K<K n <K ":";
cout << endl << "a = "; PT(n);
cout << endl << " Tong = " << (1 << n);
cout << endl << " Alpha = " << Alpha(n) << " ";
cout << endl << endl << " Bam . de ket thuc: ";
if (cin.get() == '.') return;
}
}

// p(i, v+l) = p(i, v).(i-v+l)/v, v =1i/2 + 1
int Alpha(int n) {
int sum=1, x =1, v=1, 1i;
bool even = false;
for (1 =2 ; i <= n; ++i) {
even = !even;
if (even) { // i chan
v++; X *= 2;
} else x += x*(i-v)/v;
sum += x;
}
return sum;
}
void PT(int n) {
int x = 1;
int i, n1 = n+l, tu = n, mau = 1;
for (1 =2 ; i <= nl; ++i, --tu, ++mau) {
cout <K x <« " ";
x = x*tu/mau;

}
cout << 1;
}
5.9 Son mé hinh

Moscow
Ban Minh lam mot mo hinh nhuw sau: Trén mot tdm bang nhya hinh chiv nhdt chia ludi kich thuoc n x m
don vi Minh dung keo gan tai mét s6 6 cua bang mot cot g6 vuong canh day 1 don vi, chiéu cao la mot so
nguyén. Cdc cét gé ké nhau ciing dwoc gin keo giita hai mat tiép gidp. Sau dé Minh son cdc mdt gé tiép
xiic véi khong khi. Tinh dién tich can son.

son.inp | son.out | Gidi thich

2 3 49 file son.inp: dong dau tién: 2 s6 nguyén dwong n va m.
120 Phan tir thi j trén dong i trong s6 n dong tiép theo la chiéu cao cia cot dit
545 tai o (i, j).

file son.out: dién tich can son.




Thuit toan

Bai nay kha dé nhung héau hét cac ban déu gnuén son mit trén. Vi mdi cot ta tinh dién tich can son trén 4
mit cot d6 néu tai mat do phﬁn tuong cao hon cft bén canh. Ta viét ham Hieu(x,y) cho ra hi¢u x—y néu x >
y, nguoc lai ham cho ra gia tri 0. Nhu vay ham nay cho ra dién tich cén son trén phén 10 cua birc tuong cao
X va birc tuong cao y k& no (x >y). Sau do6, néu 6 ndo c6 c¢ot (dd cao 16n hon 0) ban nhé cong thém dién
tich son mai 1a 1 don vi. Khi doc dit liéu vao mang ban nén dién cac 6 vién phia ngoai bang gia tri 0.

Do phire tap: O(n.m) vi ta duyét mdi 6 1 lan.

Chuwong trinh

(* son.pas ¥*)
uses crt;
const mn = 101; bl = #32; nl = #13#10;
fn = 'son.inp'; gn = 'son.out';
var n, m: integer;
a: array[0..mn,0..mn] of integer;
procedure Doc;
var i,j: integer;
f: text;
begin
assign(f,fn); reset(f);
readln(f, n, m);
fillchar(a, sizeof(a), 0);
for i :=1 to n do
for j :=1 tom do
read(f,af[i,jl);
close(f) ;
end;
procedure Ghi (d: longint) ;
var g: text;
begin
assign(g,gn); rewrite(g);
writeln(g,d); close(qg):
end;
procedure Print;
var i,j: integer;
begin
writeln(nl,n, bl, m);
for i :=1 to n do
begin
for j := 1 to m do write(a[i,j], bl);
writeln;
end;
end;
function Hieu(x, y: integer): integer;
begin
if x > y then Hieu := x - y else Hieu := 0;
end;
function Son: longint;
var d: longint;
i, j: integer;

begin
d :=0;
for i :=1 to n do
for j :=1 tom do
begin

d :=d + Hieu(al[i,j], al[i+l,3j]) + Hieu(al[i,3j], ali-1,3]) +
Hieu(a[i,j], al[i,j+1]) + Hieu(a[i,j], ali,j-11):
if a[i,j] > 0 then inc(d);
end;
Son := d;



end;

BEGIN
Doc; Print; Ghi(Son);
readln;

END.

// DevC++: son.cpp
#include <iostream>
#include <fstream>
using namespace std;
// DATA AND VARIABLES
const char * fn = "son.inp";
const char * gn = "son.out";
const int mn = 102;
int a[mn] [mn];
int n,m;
// PROTOTYPES
void Doc() ;
int Son();
int Hieu(int, int);
void Print(); // xem du lieu
void Ghi (int) ;
// IMPLEMENTATION
int main() {
Doc(); Ghi(Son());
cout << endl;
system ("PAUSE") ;
return EXIT SUCCESS;

}
void Print() { // Hién thi bang a
int i,3;
cout << endl << " n = " << n K " m=" << m;

for (i = 0; i <= n+l1; ++i) {
cout << endl;
for (j = 0; j <= m+l; ++j)
cout << a[i][j] << " ";
}
}
void Doc() {
memset(a,0,sizeof (a));
ifstream f (£fn);
f > n >> m;
int i,3;
for (i = 1; i <= n; ++i)
for (J =1; j <= m; ++j)
£ >> a[il[j];
f.close();
Print () ;
}
void Ghi (int d) {
ofstream g(gn) ;
g << d;
g.close();
}
int Son() {
int i,j, 4d = 0; // d: dien tich can son
for (i = 1; 1i <= n; ++i)
for (J =1; j <= m;++3) {
d += Hieu(a[il[j],a[i][j+1])+Hieu(a[i][3],al[i]l[j-1])
+ Hieu(a[i] [j],a[i-1]1[j]) + Hieu(a[i][j],al[i+1]1[3]):
if (a[i][3j] > 0) ++4;
}

return d;



}
int Hieu(int x, int y) { return (x >y) ? (x -y) : 0; }

5.10 Nhang mé hinh

Ban Minh lam mét mé hinh nhuw sau: Trén mét tam bang nhwa hinh chit nhdt chia lwoi kich thuoc n x m
don vi Minh dung keo gd'n tai mét s6 6 cua bang mot cot nhwa vuong canh day 1 don vi, chiéu cao la mét
6 nguyén. Cdac cét ké nhau ciing dwoc gan keo giita hai mdt va hai canh tiép gidp. Sau dé Minh nhiing md
hink ngdp vao nieée roi can than nhdc 18n. Tinh thé tich cia khoi nueée dong trong mo hinh.

model.inp | model.out | Gidi thich

45 8 file model.inp: dong dau tién: 2 s6 nguyén dwong n va m.

55455 Phdn tir thit j trén dong i trong s6 n dong tiép theo la chiéu cao cia cot dat
54030 tai 6 (i, j).

50525 file model.out: thé tich mede dong trong mé hinh.

55455

Thuat toan

Goi a 1a tim bang nén mé hinh véi kich thuéc nxm va a(i,j) 1a chiéu cao cuia cot nhua vudng dit trén 6 (ij).
Thoat tién ta gia sir chiéu cao t6i da cua cac cot 1a 1, nhu vay céc 6 trén nén nha chi chira cac gia tri 0 hodc
1.

Neén tang 1 voi cac 6 dac mang gid tri 1, 6 chira nuéc dong mau trang

(0) va 6 thoat nudc mau xam (0).
S 0 (0 |0 |0 0 0 | 6 thoat nudc

C6 5 6 trang bi giam nén thé tich nudc

111 |1 |1 |0 |1 |1 dongs&las. 0 | 6 nudc dong
Céc 0 lién thong voi 6 trong trén bién s&
1 0 1 1 |0 1 1 | tao thanh ndt cong thoat nudc ra ngoai md 1 | 6 dac

hinh.

O mang gié tri 0 chinh a mat san, con 6 mang gid tri 1 chinh la c6t. Bay gio ban thu rot nuéc vao mo hinh
don gian ndy cho ngép cac 6 va quan sat didu gi s& xay ra. DA thiy 1a chi c6 cac 6 trong bi giam tai gilra mo
hinh la con chira nuge. C6 5 6 tréng bi giam nén thé tich nude dong s€ 1a 5. Cac 6 trong (mang gia tri 0)
lién thong canh v6i mot 6 trong trén bién s€ tao thanh mot cdng thoat nudc ra ngoai mé hinh. Nhan xét nay
cho ta thuat toan tinh lugng nudc dong tai tang nén (tang 0) cua mo hinh nhu sau:

Duyét duong bién, néu gip 6 trong (trén bién va chira tri 0) thi goi thu tuc loang danh dau cac 6 nay bang
giatri 1.

Duyét céc 0 lot trong m6 hinh, dém cac 6 tréng (chtra gia tri 0) va dong thoi danh diu cac 6 nay bang gia tri
1. D6 la the tich nudc dong.

Tiép theo, sau khi da giuyét vé} tinh lugng nude dpng tai ting nén (tﬁng 0), ban dé’ dang suy ra cach tinh
luong nudce dong tai tang 1 néu nhu coi cac 6 trong da duyét tai tang 0 da dugc lap bang cac khoi nhya
chidu cao 1. Ta goi phuong thirc nay la dong bang cac 6 da xu li. Tong quat, tai tang h ta thyuc hién thu tuc
tuong tu nhu tai tng nén vé6i chut didu chinh 1a thay gla trj danh ddu bang h+1 thay vi bang 1. Goi chiéu

cao toi da cua cac cot 1a hmax, cho h bién thién tir 0 dén hmax—1 ta tinh duoc tong khéi nudce dong ctia mo6
hinh.

Dé thuc hién thuat toan loang ban nh¢ khéi tri moi 6 cla nénnha la —1.

Thu tuc Loang(i,j,h)

1. Xét tri cta 0 (i,j):




Néu a(i,j) = h thi
1.1 Thay a(i,j) bang h+1;
1.2 Loang tiép sang 4 6 ké: (i,j+1), (i,j-1), (i+1,j) va (i-1,j)
2. end.

Do phirc tap
Madi tang ta duyét n.m 6 vay tong s6 6 phai duyét vao c& hmax.n.m.

Chuwong trinh

(* Model.Pas *)

uses crt;

const mn = 101; bl = #32; nl = #13#10;
fn = 'model.inp'; gn ='model.out';

var

n, m: integer;
a: array[0..mn, 0..mn] of integer;
hmax: integer;
procedure Doc;
var f: text;
i,j: integer;
begin
assign(f,fn); reset(f);
fillchar(a,sizeof(a),255); // gan -1
readln(f,n,m); hmax := 0;

for i :=1 to n do
for j := 1 to m do
begin

read(£f,a[i,j]);
if hmax < a[i,j] then hmax := a[i,j];
end;
close (f) ;
end;
procedure Ghi (v: integer) ;
var g: text;
begin
assign(g,gn); rewrite(g);
writeln(g,v); close(qg):;

end;
procedure Loang(i,j,h: integer);
begin
if a[i,j] <> h then exit;
ali,j] := h+l;

Loang(i+l,j,h); Loang(i-1,3j,h);
Loang(i,j+1,h); Loang(i,j-1,h);
end;
function Tang(h: integer): longint;
var i, j: integer;
v: longint;
begin
for i :=1 to n do { canh trai, phai }
begin
Loang(i,1,h); Loang(i,m,h);
end;
for j := 2 to m-1 do { canh tren, duoi }
begin
Loang(l,j,h); Loang(n,j,h);
end;
v := 0; { Duyet trong }
for i := 2 to n-1 do



for j := 2 to m-1 do
if a[i,j] = h then
begin
inc(v) ;
al[i,j] := h+l;
end;
Tang := Vv;
end;
function TheTich: longint;
var h: integer;
v: longint;
begin
v := 0;
for h := 0 to hmax-1 do v := v + Tang(h);
TheTich := v;
end;
BEGIN
Doc; Ghi (TheTich) ;
readln;
END.

// DevC++: Model.cpp
#include <iostream>
#include <fstream>
using namespace std;
// DATA AND VARIABLES
const char * fn = "model.inp";
const char * gn = "model.out";
const int mn= 102;
int a[mn] [mn];
int n,m;
int hmax;
// PROTOTYPES
void Doc() ;
void Ghi (int) ;
int TheTich();
int Tang(int);
void Loang(int, int, int);
// IMPLEMENTATION
int main() {
Doc() ; Ghi (TheTich())
cout << endl;
system ("PAUSE") ;
return EXIT_ SUCCESS;
}
void Doc() {
memset (a,0xff,sizeof (a));
ifstream f (£fn);
f > n > m; hmax = 0;
int i,3;
for (i = 1; 1i <= n; ++i)
for (J =1; j <=m; ++j){
£ >> a[il[j];
if (a[i][3j] > hmax) hmax = a[i] [j];
}
f.close();
}
void Ghi (int v) {
ofstream g(gn) ;
g <L v;
g.close();
}
void Loang(int i, int j, int h) {



if (a[i][j] '= h) return;
++a[i]l [3]1;
Loang (i, j+1,h);
Loang(i,j—l,h) ;
Loang(i+1,j,h);
Loang(i-1,3j,h);
}
int Tang(int h){ // The tich nuoc bi giam tai tang h
// Loang ngoai
int i,3;
for (i = 1; i <= n; ++i){
Loang(i,1l,h); // bien trai
Loang(i,m,h); // bien phai
}
for (J = 2; j < m; ++3){
Loang(1l,j,h); // bien tren
Loang(n,j,h); // bien duoi
}
// Tong khoi nuoc bi giam ben trong
int v = 0;
for (1 = 2; i < n; ++1i)
for (J = 2; j < m; ++j)
if (a[i]l[3] == h) {
v++; ++a[il [J]
}
return v;
}
int TheTich () {
int h, v = 0; // v: The tich nuoc bi giam
for (h = 0; h < hmax; ++h)
v += Tang(h) ;
return v;

} // end

5.11 S sdt sau nhi phéin

Cho s6 tw nhién x trong dang thdp phan co 16i da 200 chi s6. Tim s6 tw nhién y dau tién 16n hon x va ¢
dang nhi phan x va y co cung so chir so 1.

Dir liéu vao: file van ban binnext.inp.

Dong dau tién: N — s6 chik s6 ciia x

Dong thir hai: s6 x dang thdp phdn véi cdc chik sé viét lien nhau.
Dit li¢u ra: file van ban binnext.out:

Dong dau tién: M — sé chir s6 ciia y

Dong thir hai: s6 y dang thip phdn véi cdc chik sé viét lien nhau.

binnext.inp | binnext.out | Gidgi thich

2 2 Trong dang nhi phin sé 22 ¢6 dang 10110 va chira 3 bit 1. Cac 6
22 25 23,24y325<xidqngnhjphdnldnlup#lélOlll,11000,11001.Vﬁy
25 la so sat sau s0 22 chia dung 3 bit 1 trong dang nhi phan.

Thuit toan

Trudc hét ta phac thao khung bai giai dudi dang

Thuat toan BinNext

1. boc $b x tur input file;

2. ToBin(x,y): Chuyén s x sang dang nhi phan va ghi vao
bién y;

3. Next(y): Tim s6 nhi phén sat sau sd y va ¢6 ciing sd bit




1 véi y; Két qua ghi ngay trong y;

4. ToDec(y,z): Chuyén sb nhi phan y sang dang thap
phan; Két qua ghi trong z;

5. Ghi s z vao output file;

6. end.
Ar e . bé chuyén mot so x sang dang biéu dién nhi phan y
Thuat toan ToBin(x , y) ta chia lién tiép x cho 2 va ghi cac s6 du theo trat

i = 0; tu nguogc tirc 14 tir bit thap dén bit cao.
repeat

bat bit y[i] := x%2;

i::=1i+1;

x :=x / 2;
until x = 0;
return y;

Deé chuyén mét s6 nhi phan y sang dang

Thuat toan ToDec(y , x L g
) v, %) bi€u dién thap phan x ta st dung thuat

x = 0; toan Horne duyét ngugc cac bit tir cao
Duyét (cac bit y[i] tu cao dén dén thap: nhan lién tiép x véi 2, cong
thap) thém bit vira duy¢t.

X = x*2 + y[i];

return x;

Vixla s6 16n nén ta can biéu dién Chung dudi dang mang. Ta st dung mang nguyén x[0..n] dé biéu dién
mdt s6 (nhi phan hay thap phéan) chiéu dai 1, trong do6 phan tir x[0] dugc dung dé luu chiéu dai n, tic 1a ta
dat x[0] :=n. Tada blet trong hé dém a, s6 x c6 loga(x)+1 chit s6 do d6 khi chuyén ddi x sang hé dém b s&
c6 logy(x) + 1 chir s6. Theo dinh nghia cua logarit ta ¢ log,(X) = loga(x).logy(a). V&ia=10,b =2 ta co:
loga(x) = 10g(10).10g10(X) < 4.10g10(X)

Nhu vay, véi s thap phan x co tdi da 200 chir s thi khi chuyén d6i x qua dang nhi phan s& c6 téi da 800
chir s0.

Qé y (éng, khi 1am céac phép toan s hoc, cac két qua q(’) thé 16n dén, tic 1a §6 chir sb cta két qua phat trién
dan ve bén trai (hang cao), do do ta nén luu cac chir s6 cua chdng theo chiéu ngugc, tir hang don \{i tre di;
Thi du, s6 157 s& duogc biéu dién trong mang x nhu sau: X[0..3] = (3,7,5,1), trong d6 x[0] = 3 1a sO chir s6

clia X. Vi cach biéu dién nay, khi s0 chir s6 tang lén thi chung s€ duoc bd sung vao bén phai mang, do d6
ta khong phai dich chuyén céc chir sd.

Duéi day sé giai trinh mot s6 thu tyc.
Div2 (x): Thyc hién phép chia nguyén sb x cho 2, X := x / 2. Dé chia nguyén mét sb 16n x cho 2 ta chia
nguyé’n lan luot ting chir s6 cua x cho 2, tinh tir chir s0 hang don. Neu gap chir s0 1¢ thi ta cong thém 5 vao
chit sO ket qua thu duqc,tai buédc trude d6. Cudi g:fmg ta bo b(’)j[ cécNChfr s0 0 & hang cao. Thi dy, dé thuc
hién phép chia nguyén s6 x = 157 cho 2 ta luu y rang x dugc biéu dién ngugc nhu sau x[0..3] = (3, 7, 5, 1).
Khi do
Xétx[1]=7:x[1] :=x[1]/2=7/2=3;
Xétx[2] =5
Vi x[2] = 5 1a 56 1é nén ta chinh lai x[1] :=x[1] +5=3+5=8;
X[2] = x[2]/2=5/2=2;
Xétx[3]=1
Vi x[3] = 1 1a 56 1é nén ta chinh lai x[2] :=x[2] +5=2+5=7;
X[3]:= x[3]/2=1/2=0.
Ta thu duoc x[0..3] = (3, 8, 7, 0). Sau khi b6 s6 0 & dau phai (hang cao) ta thu dugc x[0..2] = (2, 8, 7). Diéu
nay cé nghia 157 /2 =78.
Next (x) Xéac dinh s6 nhi phan sat sau x va c6 cung sb bit 1 nhu x, két qua ghi tai x. Tinh hudng nay
dugc goi 1a xu Ii tai ché. Truong hop duy nhat vo nghiém la khi x = 0. Tha tyc nay thuc hién nhu sau:



Ham Next(x): Stra s& nhij phan x thanh sé nhi phan sat sau x va cé cuing sb bit 1 nhw x

1. Néu x = 0: Gi két qua v6 nghiém; Thoat khoi thu tuc;

2. Duyét x tir bit thap (i = 1) tro di, tim bit i dau tién nhan gia tri 1, x[i] = 1.
3. Duyét tiép tir i+1 tim bit j d4u tién nhan gia trj 0, x[j] = 0;

4. Lat hai bit i va j: x[i] = 0; x[j] = 1

5. Pao lai doan x[1..j-1].

6. end.

Thi dy, véi x = 100110 ta c6 dang biéu dién ngugc cua x 1a x[0..6] = (6,0,1,1,0,0,1). Ta co:
i=2,x[(]=x[2]=1
j =4, x[[1=x[4] =0;
bat lai x[2] = 0; x[4] = 1 ta thu dugc x[0..6] = (6,0,0,1,1,0,1);
Lat doan x[1..3] ta thu duoc x[0..6] = (6,1,0,0,1,0,1).
Vay 101001 1a s6 sat sau s6 x = 100110 va c¢6 cung 3 bit 1 nhu x.

MultPlus (x,c) Thuc hién viéc tinh x = 2*x + c. Thu tuc nay dung trong thudt toan ToDec(x,y) —
chuyén dbi s6 nhi phén x sang dang thap phén y. Thu tuc hoat dong nhu sau: duyét cac chir sO cua x tur
hang don tré di. Vi mdi chir s6 x[i] ta tinh x[i] := (2*x[i] + ¢) mod 10. Ta coi ¢ nhu 1a s6 nhé cta phép

nhan, do d6 ta can tinh lai ¢ = (2*x[i] + ¢) div 10.

Nho tht tuc nay, khi ¢ = 0 ta tinh dugc ngay thu tuc x = x*2 véi 101 goi MultPlus (x,0) .
bool IsZero (char * x):Kiém trasb 16nx=0?

bool 0dd(char c):Kiém tra sd 16n x 1a sb 1&?

(* Binnext.pas ¥*)
uses crt;
const fn = 'binnext.inp'; gn 'binnext.out';
mn 801; bl = #32; nl #13#10;
type mil = array[0..mn] of integer;
var x,y: mil;
n: integer;
(* Ghi file ¥*)
procedure Save(var x: mil; fn: string);
var g: text; i: integer;

begin
assign(g,gn); rewrite(q):;
writeln(g,x[0]); { x[0] - chiéu dai sé x }
for i := x[0] downto 1 do write(g,x[i]); { Ghi nguoc }
close(qg) ;
end;
function IsZero(var x: mil): Boolean;
begin IsZero := (x[0] = 1) and (x[1] = 0) end;

{ so nhi phan sat sau x }
function Next(var x: mil): Boolean;
var i, j, k: integer;
begin
Next := false;
if (IsZero(x)) then exit;
{ tim so 1 dau tien }
i:=1;
while x[i] = 0 do inc(i);
{ x[i] =1}
{ tim so 0 dau tien sau i }
j = i+1;
while x[j] = 1 do inc(j):
if (j > x[0]) then

begin
inc(x[0]); { them 1 vi tri }
j = x[0];

end;

x[i] := 0; x[j] := 1;



i:=1; 3 :=3-1;
while (i < j) do

begin
k = x[i]; x[i] := x[]3]; x[]j] := k;
inc(i); dec(j)
end;
Next := true;
end;
procedure MultPlus(var x: mil; c: integer); { x := 2*x + c }
var i: integer;
begin
for i := 1 to x[0] do
begin
c := 2*x[i] + ¢; { ¢ la so nho }
x[i] := ¢ mod 10;
c := ¢ div 10;
end;
if (c > 0) then begin inc(x[0]); x[x[0]] := c; end;
end;

procedure ToDec(var x,y: mil);
var i: integer;
begin
y[0] :=1; y[1] := 0; { Khoi tri y = 0 }
for i := x[0] downto 1 do
MultPlus (y,x[1]);

end;
procedure Div2(var x: mil); { x := x div 2 }
var i: integer;
begin
x[1] := x[1] div 2;
for i := 2 to x[0] do
begin
if O0dd(x[i]) then inc(x[i-1],5);
x[i] := x[i] div 2;
end;
i := x[0];
while (x[i] = 0) do dec(i);
if i =0 then i := 1;
x[0] := i;
end;

procedure ToBin(var x,y: mil);
var i: integer;
begin
i:=0;
repeat
inc (i) ;
if 0dd(x[1]) then y[i] := 1 else y[i] := O0;
Div2 (x) ;
until IsZero(x);
y[0] := i;
end;
procedure Init(var x: mil; fileName: string);
var i: integer; c: char; f: text;
begin
fillchar(x,sizeof (x),0);
assign(f,fn); reset(f);
readln(f,x[0]);
writeln(x[0]);
for i := x[0] downto 1 do
begin
read(f,c); x[i] := ord(c)-oxrd('0');
write(x[i])
end;



close (f) ;
end;
procedure Print(var x: mil);
var i: integer;

begin
for i := x[0] downto 1 do write(x[i])
end;
procedure Run;
begin
Init(x,fn); { Doc so x tu file £fn }
write(nl, ' x = '); Print(x);
ToBin(x,y); { Chuyen x sang dang nhi phan y }
write(nl, ' y = '"); Print(y):;

if (Next(y)) then
begin { So nhi phan sat sau y }

write(nl, ' y = '"); Print(y):
ToDec(y,x); { Doi y sang x }
write(nl, ' x = '); Print(x);
end else { x = 0: vo nghiem }
begin x[0] := 1; x[1] := 0; end;
Save (x,gn) ;
end;
BEGIN
Run;
writeln(nl,' Fini '); readln;
END.

// DevC++: binnext.cpp

#include <string.h>

#include <fstream>

#include <iostream>

using namespace std;

// DATA AND VARIABLE
const char * fn = "binnext.inp";
const char * gn = "binnext.out";
const int mn = 1001;

int x[mn], y[mn];

int n;

// PROTOTYPES

void Init(int *, const char *);
void Save(int *, const char *);
void Print(int *);

bool 0Odd (int) ;

bool Even (int) ;

bool 0Odd(int *);

bool Even (int *);

void MultPlus (int *, int);

void Div2 (int *);

void ToBin(int *, int *);

bool IsZero(int *);

void ToDec(int *, int *);

bool Next (int * x);

void Run() ;

// IMPLEMENTATION

int main() {
Run() ;
cout << endl << " Fini "; cin.get();
return 0;

}
void Run() {



Init(x,fn); // Doc so x tu file f£fn

cout << endl << " x = "; Print(x);
ToBin(x,y); // Chuyen x sang dang nhi phan y
cout << endl << " y = "; Print(y):
if (Next(y)) { // So nhi phan sat sau y
cout << endl << " y = "; Print(y);
ToDec(y,x); // Doi y sang x
cout << endl << " x = "; Print(x);

}
else { // vo nghiem: 0
x[0] = 1; x[1] = O;
}
Save (x,gn) ;
}
// Ghi file
void Save(int * x, const char * fileName) ({
ofstream g(gn) ;
g << x[0] << endl;
for (int i = x[0]; i > 0; --i) g<< x[i];
g.close() ;
}
// so nhi phan sat sau x
bool Next(int *x) {
int i, j, k;
if (IsZero(x)) return false;
// tim so 1 dau tien
for (i = 1; i <= x[0]; ++i)
if (x[i] == 1) break;
// tim so 0 dau tien sau i
for (j = i+1; j <= x[0]; ++3j)
if (x[j]==0) break;
if (j > x[0]) ++x[0]; // them 1 chu so
x[i] = 0; x[j] = 1;
i=1; --3;
while (i < j) {
k = x[i]; x[i] = x[j]; x[]J] = k;
++i;--3;
}
return true;
}
bool IsZero(int * x) { return (x[0]==1 && x[1]==0);
void ToDec (int *x, int *y) {

int i;
y[0] = 1; y[1] = O;
for (i = x[0]; i > 0; --i)

MultPlus(y,x[i]);
}

void ToBin(int * x, int *y) {

int i = 0;
do {
y[++i] = Odd(x) ;
Div2 (x) ;
} while (! IsZero(x));
y[0] = i;
}
void Div2 (int * x) {
int i;
x[1] /= 2;

for (i = 2; i <= x[0]; ++i) {
if (0dd(x[i])) x[i-1] += 5;
x[i] /= 2;

}

i = x[0];

}



while (x[i] == 0 && 1 > 1) --i;
x[0] = i;
}
// x = x*2 + ¢
void MultPlus(int * x, int c) {
int i;
for (i = 1; i <= x[0]; ++i) {
c = 2*x[i] + ¢; // ¢ la so nho
x[i] = ¢ % 10;
c /= 10;
}
if (¢ > 0) { ++x[0]; x[x[0]] = c; }
}
bool O0dd(int c¢) { return (c%2) == 1; }
bool Even(int c¢) { return '0Odd(c); }
bool O0dd(int * x) { return (x[1]%2) == 1; }
bool Even(int * x) { return '0dd(x[1]); }
void Init(int *x, const char *fileName) {
int i;
char c;
memset(x,0,sizeof (x));
ifstream f (fileName) ;
f >> x[0]; cout << endl << x[0] << endl;
for (i = x[0]; i > 0; --i) {
f >> ¢c; x[i] = ¢ - '0'; cout << x[i];
}
f.close();
}
void Print(int * x) {
for (int i = x[0]; i > 0; --i) cout << x[i];
}

5.12 Ham f(n)

Tinh gia tri ciia ham f{(n) véi bién s6 nguyén n cho trude, 0 <n <1.000.000.000 (1 ty). Biét
f(0) = 0; f(1) = 1; f(2n) = f(n); f(2n+1) = f(n) + f(n+1).
Thuét toan
Xét ham 3 bién g(n,a,b) = af(n) + bf(n+1). Ta co,
1) g(n,1,0) = 1.f(n) + 0.f(n+1) = f(n).
2) g(0,a,b) = af(0) + bf(1) =a.0 + b.1 =h.
3) g(2n,a,b) = af(2n) + bf(2n+1) = af(n) + bf(n) + bf(n+1) = (a+b)f(n) + bf(n+1) = g(n,a+b,b).
4) g(2n+1,a,b) = af(2n+1)+bf(2n+2) = af(n) + af(n+1) + bf(2(n+1)) = af(n) + af(n+1) + bf(n+1) =
af(n) + (a+b)f(n+1) = g(n,a,a+b).
Tur bon tinh chét trén ta thiét ké dugc ham f(n) nhu sau: ) )
Dbé tinh f(n) ta tinh g(n,ab) véia =1, b = 0. bé tinh g(n) ta lap dén khi n = 0. Néu n chén ta goi ham
g(n/2,a+b,b); ngugc lai, néu n 1é ta goi ham g(n/2,a,a+b). Khi n = 0 ta thu dugc f = g(0,a,b) =b.

(* Pascal *)
function f(n: longint): longint;
var a,b: longint;
begin
a:=1; b :=0;
while (n <> 0) do

begin
if odd(n) then b := b + a else a := a + b;
n :=n div 2;
end;
f := b;
end;

// DevC++



int f£(int n) {
inta=1, b =0;
while (n) {
if (n $ 2 == 0) a += b;
else b += a;

n /= 2;
}
return b;
}
D6 phic tap
log,(n) vong lap.

Dir liéu test
f(100) = 7; f(101) = 19; f(1000000) = 191; f(1000000000) = 7623.
5.13 Ham h(n)

Tinh ham h(n) véi gid tri n cho truée 0 <n <1.000.000 (I triéu). Biét
h(0) = 3; h(1) = 1; h(2n) = 2h(n); h(2n+1) = h(n) — 2h(n+1).

Thuat toan
Xét ham 3 bién g(n,a,b) = ah(n) + bh(n+1). Taco,
1) g(n,1,0) = h(n).
2) g(0,a,b) =3a +b.
3) g(2n,a,b) = g(n,2a+b,—2b).
4) g(2n+1,a,b) = g(n,a,2b-2a).
Dir li€u test
h(100) = —176; h(101) = 128; h(1000000) = 3162112; h(1000001) = —1933312.

5.14 Rhythm
Viét ham Rhythm(s) cho ra dang diéu ciia xdu ki tw s = (s1. Sy, ..., Sp) nhur sau
o Rhythm(s) = 1, neu cdc ki tw trong s déu bang nhau: s;= S;=...= sy,

Rhythm(s) = 2, néu cdc ki tr trong s tao thanh day tang chat: s; < S;<...<sp,
Rhythm(s) = 3, néu cdc ki tw trong s tao thanh day dong bién: s, < S, <...< Sp,
Rhythm(s) = 4, néu cdc ki tr trong s tao thanh ddy giam chat: s, > S; >... > sy,
Rhythm(s) = 5, néu cdc ki tw trong s tao thanh day nghich bién: s, > s, > ... >$,,
e Rhythm(s) = 0, néu khéng xay ra cdc tinh huong trén,
Két qua dwoc chon wu tién cho cac gia tri nhé. Thi du, Rhythm("'aaaaa") = 1, trong khi cdc tinh huong 3
va 5 ciing théa. Biét 2 < n <255.

Thuat toan



Ta sir dung 3 bién dém b (bang), t (tang), g (giam) va duyét tudn ty xau s dé ghi nhan cac tinh hudng khi di
chuyén tir phdn tir s; sang phn tir tiép theo si1. Cu thé 1 ta gan

b=1 néu Si = Si+1,

t=1néu Si < Si+1,

g=1 néu s; > Si1.

Gid tri ciia ham Rhythm chinh la s6 nguyén c6 dang biéu dién nhjphin | g | t | b | Rnythm

(9,t,b). Cu thé la véi 5 truong hop ddu ta cé ojo|1]1
Rhythm = 4*g + 2*t+ b ol1lo2
Hai truong hop cudi tmg véi cdc tri 6 va 7 dwge chuyén vé 0. ol1l113
Tom lai, ta co 1lo0lo01la
Rhythm = ((4*g + 2*t + b) mod 7) mod 6 1101115

11110650

1]1]1)750

D§ phure tap. cd n.

(* Rhythm.pas ¥*)

uses crt;

function Rhythm(s: string): integer;
var i, g, t, b: integer;

begin
g :=0; t :=0; b :=0;
for i := 2 to length(s) do
if s[i] = s[i-1] then b := 1
else if s[i] > s[i-1] then t :=1
else { s[i] < s[i-1] } g :=1;
Rhythm := ((4*g + 2*t + b) mod 7 mod 6);
end;
BEGIN
writeln (Rhythm('aabcedx')); { 3 }
readln;
END.

// Rhythm.cpp
#include <string.h>
#include <fstream>
#include <iostream>
#include <stdio.h>
using namespace std;
// PROTOTYPES
int Rhythm(char ¥*);
// IMPLEMENTATION
int main() {
cout << endl << Rhythm("aabccdxxxz") << endl; // 3
cout << endl << " Fini ";
cin.get();
return 0;
}
int Rhythm(char * s) {
int g, t, b, i, n;
g=t=Db =20; n= strlen(s);
for (i = 1; i < n; ++i)
if (s[i] == s[i-1]) b =1;
else if (s[i] > s[i-1]) t =1;
else g = 1;
return ((4*g + 2*t + b) % 7) % 6;

5.15 Coc



Mot cht coc may c6 thé nhay k bude v6i do dai khac nhau (b, by, ..., by) trén doan duong thang. Dat coc
trén doan dudng théng tai vach xuét phat 0. Cho biét sb cach nhay dé coc dén duoc diém N.

Thi du, s budc k=2, b; =2, b, =3, doan duong dai N = 8.

Cb 4 cach: (2,2,2,2) (2,3,3)(3,3,2) (3,2, 3).

Thuét toan: Quy hoach dong.

Goi S(n) 1a s6 cach dé coc vuot doan dudong dai n. Dya theo budc nhay dau tién ta chia toan bo cac phuong
an nhay cuia coc thanh k nhém khong giao nhau. Nhu vay,

e Nhom 1 s& gom cac phuong an bat ddu bang budc nhay do dai b, tirc 1a gdm cac phuong an dang
(by,...). Sau budc nhay dau tién, coc vuot doan dudng by, doan duong con lai s& 1a n—by, do d6
téng sd phuong 4n ctia nhom nay sé& 1a S(n—by).

e Nhom 2 s& gom cac phuong 4n bit ddu bang budc nhay do dai b, tirc 1a gdm cac phuong an dang
(by,...). Sau budc nhay diu tién, coc vuot doan dudng by, doan dudng con lai s& 1a n—b,, do d6
téng s6 phuong 4n ciia nhom nay sé& 1a S(n—by).

e Nhom i s& gdm cac phuong 4n bat ddu bang budc nhay do dai b;, tirc 1a gdm cac phuong an dang
(bi,...). Sau budc nhay dau tién, coc vugt doan duong b;, doan dudng con lai sé 1a n—b;, do d6 tong
s0 phuong an cua nhom nay s€ 1a S(n—by)

e Nhom k s& gdm cac phuong 4n bt dau bang budc nhay do dai by, tirc 12 gdm cac phuong an dang
(bh").Saubuécnhéydﬁuﬁéncécqutdoandubngbk,domlduéngcbn]aiSélén—bb(h)déténg
s6 phuong 4n ciia nhom nay sé& 1a S(n—b).
Di nhién, budc dau tién 1a b; s& duoc chon néu b; < n.
Vay ta co,
S(n) = Z{S(h-b)|n=b;ji=1,2,...,k} *)
Pé y rang khi doan dudng can vuot ¢6 chidu dai n = 0 thi coc co 1 cach nhay (1a dimg yén), do d6 S(0)
= 1. Ngoai ra ta quy dinh S(n) = 0 néu n < 0.
Str dung mang s ta tinh dan cac tri s[0] = 1; s[1], s[2], ..., s[n] theo hé thirc (*) noi trén. Két qua duogc
Iwu trong s[n].

Do phirc tap Vi mdi gi tri n ta tinh k budc nhay, vay d6 phirc tap thoi gian cd k.n.

Céc chuong trinh dudi day doc dit lidu tir input file "coc.inp" gdm céc s6 k, n va d¢ dai cac bude nhay by, i
=1,2, ..k Két qua duogc hién thi trén man hinh.
(* Coc.pas ¥*)
uses crt;
const
fn = 'coc.inp';
maxk = 10; maxn = 50;
type mil = array[0..maxk] of integer;
mll = array[0..maxn] of longint;
var
k, n: integer;
b: mil;
s: mll;
procedure Doc;
var f: text; i: integer;
begin
assign(f,fn); reset(f);
read(f,k, n);
for i := 1 to k do read(f,b[i]);
close (f) ;
end;
procedure TinhS(d: integer) ;
var i: integer; v: longint;

begin
v :=0;
for i := 1 to k do
if (d >= b[i]) then v := v + s[d-b[i]];
s[d] := v;
end;

function Xuli: longint;
var d: integer;



begin

s[0] :=1;

for d := 1 to n do TinhS(d) ;

Xuli := s[n];
end;
BEGIN

Doc;

writeln (#13#10, Xuli);

readln;

END.

// DevC++: Coc.cpp
#include <string.h>
#include <fstream>
#include <iostream>
using namespace std;
// DATA AND VARIABLE
const char BL = ' ';
int b[10];
int s[50];
int n, k;
void Doc() ;
int XulLi ()
void TinhS (int) ;
int main() {
Doc() ;
cout << endl << XulLi() << endl;
system ("PAUSE") ;
return EXIT_ SUCCESS;
}
void Doc() {
ifstream f("Coc.inp");
f >> k >> n;
for (int i = 1; i <= k; ++i) £ >> b[i];

}
int XulLi() {
s[0] = 1;
for (int d = 1; d <= n; ++d)
TinhS (4d) ;
return s[n];
}

void TinhS(int d) {
int v = 0;
for (int j = 1; j <= k; ++j)
if (d >= b[j]) v += s[d-b[]j]];
s[d] = v;

Chay
Néu ta sip ting mang b thi chi can duyét dén khi b[i] > d.
5.16 Trd tién
Ucraina
Ngén’héng co6 m logi l‘l'é‘l’{ gidy ménh gid khac nhau by =1, by, ..., by véi s6 lwong khéng han ché. Can chon
it nhat la bao nhiéu to tién dé co tong bang t cho trude. .
Thi dy. C6 m =4 loai tién ménh gia 1an luot 1a 1, 2, 7 va 10 quan tién. Can tra lai t = 14 quan. Ta chon 2 to
tién ménh gia 7 quan.
Thuit toan

Goi s(t) 1a s to tién it nhét c6 tdng biang t. Néu trong sb ndy co to tién ménh gia b; thi tong s6 con lai 1a t-b;
va do d6 s to tién con phai tra not 1a s(t—b;). Phuong an t6i vu khi d6 s€ 1a



sy =min{s(t-b)+1|i=1,2,..,m;b; <t}

Dé cai dit ta ding mang s va tinh 14n luot cac gia tri s[1], s[2], ... , S[t]. K&t qua dugc hién thi trén man hinh
la s[t].

D6 phure tap: tm.

Chu y Diéu kién c6 loai tién ménh gia 1 voi ) lwong khong han ché dam bao rang bai toan luén ludn co
nghiém. That vy, trong truong hop x4u nhét ta c6 thé ding t to tién ménh gia 1 quan dé tra lai.

(* money.pas ¥*)
uses crt;
const fn = 'money.inp'; bl = #32; nl = #13#10;
var b: array[0..31] of integer;
s: array[0..1001] of integer;
m,t: integer;
procedure Doc;
var f: text; i: integer;
begin
assign(f,fn); reset(f);
read(f,m, t);
writeln(nl,m,bl,t);
for i := 1 to m do
begin
read(£f,b[i]) ;
write(b[i],f bl);

end;
close (f) ;
end;
function Min(a,b: integer): integer;
begin if a < b then Min := a else Min := b end;

procedure Tinhs(d: integer) ;
var i: integer;

begin
s[d] := d;
for i := 2 tom do
if (d >= b[i]) then s[d] := Min(s[d],s[d-b[i]]+1);
end;

function Xuli: integer;
var i: integer;
begin
for i := 1 to t do Tinhs (i),
Xuli := s[t];
end;
BEGIN
Doc;
writeln(nl, Xuli) ;
writeln(nl,' Fini'); readln;
END.

// DevC++: money.cpp

#include <string.h>

#include <fstream>

#include <iostream>

using namespace std;

// DATA AND VARIABLE
const char * fn = "money.inp";
int b[31]; // cac loai menh gia
int s[1001];

int m, t;

// PROTOTYPES

void Doc() ;

int Xuli();

void Tinhs (int) ;



// IMPLEMENTATION
int main() {
Doc() ;
cout << endl << Xuli() << endl;
system ("PAUSE") ;
return EXIT SUCCESS;
}
void Doc() {
int i;
ifstream £ (£fn);
£f > m>> t ;
cout << endl << m << " " <K< t << endl;
for (i =1; i < m; ++i) {
£f >> b[i];
cout << b[i] <« " ";
}
f.close();
}
int XuLi() {
for (int i = 1; i <= t; ++i) Tinhs (i) ;
return s[t];
}
int Min(int a, int b) {
return (a < b) ? a : b;
}
void Tinhs(int d) {
s[d] = 4d;
for (int i = 2; i <= m; ++1i)
if (d >= b[i]) s[d] = Min(s[d], s[d-b[i]]+1);
}

Chuy
Néu ta sdp ting mang b thi chi can duyét dén khi b[i] > d.
5.17 Game

Bulgaria
Pay la tro choi mot ngueoi tam goi la ban Vova véi hai day sé nguyén dwong: a gom n > 1 phan tir va b
gom m > 1 phan tit. Vova phdi thiee hién cdc thao tdc sau ddy:

e Chiamdi day ava b thanh k > 1 nhém, méi nhém gom déy céc phan tir dimg lién nhau, sé phan tir
clia moi nhém cé thé khdac nhau nhing téi thiéu phai la 1. S6 k do Vova ti quyét dinh; Ma sé cdc
nhomlal, 2, .., k;

e V&i méi nhém i trong day a Vova phdi tinh tong ¢ = ¢, + C, + ... + ¢

trong do

Ci = (Si—Ui)(ti—Vi), i=12 ..,k

si la tong cdc phan tir ciia nhém i trong day a;
U; ld s6 phan tir ciia nhém i trong day a;

tila tong cdc phan tir ciia nhém i trong déy b,
Vi 1a s6 phan tir ciia nhém i trong day b;

Hay cho biét gid tri min cua c.

Dit liéu vao: text file VOVA.INP Dir liéu ra: text file VOVA.INP | VOVA.OUT
Dong ddu tién: 2 s6 n va m; VOVA.OUT 3 2 17

Tiép dén la n phan tir cia ddy a; Chira gid tri min c. 37 4

Tiép dén la m phan tir ciia day b. 5 2

Cic 56 ciing dong cach nhau qua ddu cdch.

Giai thich

Vi thi du trén, Vova xét cac phuong an sau:

Phuong 4n 1: Chon k = 1. Khi d6 mdi day tu thao thanh mét nhom: a = (3,7,4); b = (5,2).
Thao tac trén ddy a: s, = 3+7+4 = 14; u; = 3;
Thao tac trénday b: t; =5+2=7; v, = 2;



C=C = (Sl - Ul)(tl—vl) = (14—3)(7—2) =11x5 =55.

Phuong 4n 2: Chon k = 2. Khi d6 mdi diy c6 diing 2 nhém: a = (3)(7,4); b = (5)(2) hodc a = (3,7)(4); b =
(5)(2) . Ta xét lan luot tirng phuong an con 2.1 va 2.2.

Phuong an 2.1: a=(3)(7,4); b= (5)(2)
Thaotactréndaya: s, =3;u; =1;s,=7+4=11; U, = 2;
Thao tac trénddy b: t; =5; v, = 1; t, = 2; vo,= 1;
€1 = (51 — Up)(ti—vy) = (3-1)(5-1) = 2x4 = 8;
C2 = (S2— Up)(t-V2) = (11-2)(2-1) =9x1 = 9;
c=C +c,=8+9=17.
Phuong an 2.2: a=(3,7)(4); b=(5)(2)
Thaotac trénday a: s, =3+7=10; u; = 2; s, = 4; U, = 1;
Thao tac trénddy b: t; =5; v; = 1; t, = 2; vo= 1;
Cy = (51— ug)(t1—vy) = (10-2)(5-1) = 8x4 = 32;
C2 = (S — Up) (Vo) = (4-1)(2-1) =3x1=3;
c=C +¢;=32+3=35.
Vay ecmin = min(55, 17, 35) = 17.
Thuét toan
Nhin xét 1. Ta c6 thé giam moi phan tir cta a va b xubéng 1 don vi. Khi d6 cong thirc tinh ¢; s& duoc rit
gon thanh ¢; = Sixt;.

Nhin xét 2. Mubn dat tri t6i wu cmin thi trong nhom cudi cung, nhom tht k cta a va b khong thé chira
dong thoi hon 1 phan tir.

That vay, gia st hai nhom cubi ciia day a va b, nhom thtr k, déu chira hon 1 phén tir. Ta goi phuong an nay
la P;. Ta xdy dung phuong dn P, gom k+1 nhém nhu sau. Tach hai nhém cudi ctia a va b thanh hai nhém
nho va goi tong cua cac nhom do6 lan lugt 1a A+B cho nhém cua diy a va C+D cho nhom cta day b. Khi d6
(A+B)(C+D) = AC + AD + BC + BD > AC + BD. Tu day suy ra phuong an phan nhom P, véi k+1 nhom
s& cho két qua nho hon phuong 4n phan nhom P, thanh k nhém nhu trong bang duéi day:

Phuong an P;: k nhdm | Phuong an P,: k+1 nhém

Déy a S15 825 - -5 Ske1s (A+B) S15 825 -5 Skls Al B
Déy b tl! t29 oo ey (C+D) tlv t23 oo ey C1 D
(A+B)(C+D) = AC + AD + BC + BD > AC + BD

Nhu vay, dé dat tri cmin, nhém thir k cua mét trong 2 day a hodc b phai chira dung 1 phan tir. Ta ki hiéu
cho céac tinh hudng nay la:

e 1:1— cahai nhom cudi ciia a va b déu co diing 1 phan tir;
e 1:N— nhém cubi ciia ddy a co ding 1 phan tir, cua diy b c6 hon 1 phan tir;
hoac
e N:1- nhém cubi cia ddy a c6 hon 1 phan tir, ciia ddy b c6 dung 1 phdn tu.
Ki hiéu c(n,m) 1a gia tri cmin cua bai toan véi hai day a(1..n) va b(1..m).
V6i tinh hudng 1:1 ta ¢ hai nhom cubi 13 (a,) va (by), do dé
c(n,m) = c(n—1,m-1) + a,by,
Véi tinh hudng 1:N ta gia st ¢6 hai nhém cudi 1a (a,) va (b; ,bisy, ... ,bms,bm), i <m. Taco
an(bi + Disrt ... b1 t0m) = an(Di + bivt ... +bp.1) + anbm , do do
c(n,m) = c¢(n,m-1) + a,by,

V6i tinh hudng N:1 ta gia sir ¢6 hai nhém cudi 1a (8 ,8j+1, - @n-1,80), ] < N va (by) . Xét twong ty nhu tinh
hudng 1:N ta thu dugc

c(n,m) = c¢(n—-1,m) + a,by,
Vay



c(n,m) = min { ¢(n-1,m-1) + a,b,,, c(n,m-1) + a,b,, c(n-1,m) + a,b, }, hay

¢(n,m) = min { ¢(n-1,m-1), c(h,m-1), c(n—1,m) } +a,by,

Khin =1, véi moi m > 1, mdi ddy tao thanh diing 1 nhém nén ta c6

c(n,m) = ay(by + byt ... +bya+bpy).
Tuong tu, khi m =1, v6i moi n > anSidﬁytaothanhdﬁng 1 nhém nén ta co

c(n,m) = (ay + ax+ ... +ap.1+a,)by.
Dé cai dat ta dung 2 mang 1 chiéu ¢ va d.
Khi doc dit liéu ban nhéd giam déng loat 1 don vi cho cac sb trong hai day a va b.
Mang ¢ lic ddu duoc khéi tri voin =1, c[j]=a[1]*(b[1] + ... + b[j]), j = 1..m v&i ¥ nghid diy a c6 ding 1
phan tir a[1] do d6 1dc du chi ¢6 2 nhom (a[1]) va (b[1.]]).
Sau d6 ta 1dp n—1 1an mdi lan lap thir i ta tinh tri cho ham c(i,j), j = 1..m va ghi vao mang d v&i

d[1] = c[1] +a[i]*b[1]
dj] = min{ c[j-1], c[j]. d[j-1] } + a[i]*b[j],j=2..m

(* Game.pas ¥*)
uses crt;

const mn = 201;
fn = 'vova.inp'; gn = 'vova.out';
bl = #32; nl = #13#10;

type mil = array[0..mn] of integer;

var a,b,c,d: mil;
n, m: integer;

function Min(a, b, c: integer): integer;
begin

if a > b then a := b;

if a < ¢ then Min :=
end;
function Cmin: integer;
var i,j: integer;
begin

fillchar(c,sizeof(c),0); d := ¢c;

{ Khoi tri: 2 day a[l] , b[l..m] }

for j :=1 tomdo c[]j] := c[j-1] + a[l]l*b[]j]:
for i := 2 to n do

a else Min := c;

begin
d[1l] := c[l] + a[il*b[1];
for j := 2 tom do

d[j] := Min(c[j-1]1, c[jl,d[3-1]1) + a[il*b[]];

c :=d;

end;

Cmin := d[m];

end;

procedure Doc;
var i: integer;
f: text;
begin
assign(f,fn); reset(f);
read(f,n,m); writeln(nl,n, bl, m);
for i :=1 to n do
begin
read(f,a[i]); dec(a[i]); write(a[i],bl);
end;
writeln;
for i :=1 to m do
begin
read (f,b[i]); dec(b[i]); write(b[i],fbl);
end;
close (£f) ;
end;
procedure Ghi (v: integer) ;
var g: text;



begin
assign(g,gn); rewrite(q):;
writeln(g,v); close(qg):;
end;
BEGIN
Doc;
Ghi (Cmin) ;
writeln(nl,' Fini');
readln;
END.

// DevC++: game.cpp
#include <string.h>
#include <fstream>

#include <iostream>
using namespace std;
const int mn = 201;

const char * fn = "vova.inp";
const char * fn = "vova.out";
int a[mn], b[mn], c[mn], d[mn];
int n, m;

void Doc() ;
int Cmin() ;
int Min(int, int, int);
void Ghi (int) ;
main() {
Doc(); Ghi(Cmin()) ;
cout << endl << " Fini "; cin.get();
return 0;
}
int Min(int x, int y, int z) {
if (x > y) x =y,
return (x < z) ? x : z;
}
int Cmin() {
int i,3;
memset(c,0,sizeof (c)); memset(d,0,sizeof(d))
for (j = 1; j <= m; ++3j) c[j] = c[j-1] + a[l]*b[]];
for (i 2; i <= n; ++i) {
d[1l] c[l] + a[il*b[1]:;
for (j = 2; j <= m; ++j)
d[jl = Min(c[3j-11, c[jl,d[3j-11) + alil*b[jl;
memcpy (c,d,sizeof (d)) ;
}

return d[m];

}
void Doc() {
ifstream f (£fn);

f > n >> m; cout <K endl << n << " " <K< m << endl;
int i;
for (i =1; 1i <= n; ++i) {

£f >> al[i]; --a[i]:;

cout << a[i] << " ";
}
cout << endl;
for (i = 1; i <=m; ++i) {
£f >> b[i]; --b[i];
cout <K b[i] <« " ";
}
f.close();
}
void Ghi (int v) {
ofstream g(gn) ;



g <L v;
g.close() ;
}

5.18 Robots

Mot khu nghién citu Robot c6 3 phong thi nghiém la A, B va C bé tri trén mt tuyén dwong thang theo thir
tw dd néu. Moi phong déu cé thé cé 3 loai robot théng minh la robot mii dé R, robot mii xanh B va robot
mil xanh la G. Nguoi ta ra lénh cho cac robot phai tw ban nhau dé thye hién nhiém vu sau day: di chuyén
vé cdc phong sao cho méi phong chi ¢6 mét loai robot va ning lwong chi phi cho viée di chuyén la it nhat.
Hay cting ban véi cdc robot dé chon mét phwong an t6i wu.
Dir liéu vao: text file ROBOTS.INP
Dong thik nhat: hai s6 nguyén dwong biéu thi khodang cich AB va AC;
Dong thit hai: ba s6 nguyén dwong r b g cho biét chi phi nang lwong ciia méi loai robot R, B va G dé
di chuyén 1 don vi khodng cdch;
Dong thit ba: ba sé nguyén khéng am cho biét s6 lwong robot méi logi R, B va G trong phong A;
Dong thik te: twong t nhie dong thit ba, chira théng tin vé phong B;
Dong thik nam: twong tw nhi dong thit ba, chita théng tin vé phong C.
Dir liéu ra: text file ROBOTS.OUT
Dong thik nhat: tong chi phi ndng lwong toi thiéu cho cdc robot di chuyén;
Dong thir hai: mét hodn vi ciia ba chir cdi R, B, G viét lién nhau cho biét phwong dn t6i wu bé tri Cac
robot vao cac phong.
Dir liéu trén cing dong cach nhau qua ddu cdch.

20 ABC, ‘ ‘ ,
RGB robot R can 3, B can 1 va G can 2 don vi nang hrong de di
chuyén 1 don vi khodng cdch;

Phong A c0 2 robot R, 1 robot B va 2 robot G;

Phong B ¢6 1 robot R, 4 robot B va 3 robot G;

Phong C cé 2 robot R, 2 robot B va 1 robot G.

Két qua: Néu tip hop cac robot mii dé R vé phong A, cdic
robot mii xanh ld G vé phong B va cdc robot mii xanh B vé
phong C thi chi phi nang leong la i thiéu va bang 40.
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Thuat toan

Bai nay kha d& giai vi chi doi hoi khoang vai chuc 1an tinh toan don gian. Ki hiéu XYZ la mot phuong an
b6 tri robot loai X vao phong A, loai Y vao phong B va loai Z vao phong C. Ta co tat ca 6 phuong an la
RBG, RGB, BRG, BGR, GRB va GBR. Ta tinh chi phi cho méi phuong an rdi chon phuong an véi chi phi
min. Ta sir dung cac ham ho trg sau day:

Move (r, i, j) — chiphidichuyén toan bo robot loai r hién cé trong phong i sang phongj #1i, i,j = A,
B, C.

PhuongAn (rl, r2, r3) — chiphicho phuong an dua cac robot loai rl vé phong A, loai 2 vé phong
B va robot loai r3 vé phong C.

(* ROBOTS.PAS ¥*)

uses crt;

const fn 'ROBOTS.INP'; gn = 'ROBOTS.OUT';
bl #32; nl = #13#10; NN = 3;
A=1; B=2; C= 3; { cac phong }

RR =1; RB =2; RG = 3; { mau mu cua robots }
type mil = array[0..NN] of integer;
mi2 = array[0..NN] of mil;

var AB,AC: integer; { Khoang cach }
energy: mil; { energy[i] - chi phi nang luong cua robot loai i }
number: mi2;
{ number[i,j] - so luong robot loai j trong phong i }
procedure Doc;
var i,j: integer;
f: text;
begin



assign(f,

fn) ; reset(f);

read (£,AB,AC) ;

write(nl,
write(nl,
for i

' Khoang cach:
' Nang luong:
1 to NN do

' ,AB,bl,AC) ;
")

begin read(f,energy[i]); write(energy[i],bl); end;

writeln(nl, '

for i
begin

writeln;

for j
begin
end;
close(£) ;
end;
(* Chi phi

function Move (r,
integer;

var e:
begin
e

A: if (3
else
if (3
else
if (3
else
end;
Move
end;

B:

C:

function PhuongAn(rl, r2, r3:

begin
PhuongAn

end;

Phan bo: ') ;
1 to NN do
= 1 to NN do

read (f,number[i,j]); write(number[i,j],bl) end;

chuyen robot loai r tu phong i sang phong j ¥*)
i, j: integer): integer;

energy[r] *number[i] [r];
case i of

= B) then e := e*AB

if (j = C) then e := e*AC else e := 0;

= A) then e := e*AB

if (j = C) then e := e*(AC-AB) else e := 0;
= A) then e := e*AC

if (j = B) then e := e* (AC-AB) else e := 0;

e;

integer) : integer;

Move (rl,B,A) +
Move (r2,A,B) +

Move (r3,A,C) +

Move (rl,C,A)+
Move (r2,C,B)+
Move (r3,B,C) ;

procedure Xuli;

var i, imin, p: integer; pa: array[l..6] of integer;
g: text;
begin
p := 1; { phuong an 1: RBG }
palp] := PhuongAn(RR,RB,RG) ;
inc(p); { phuong an 2: RGB }
palpl := PhuongAn(RR,RG,RB) ;
inc(p); { phuong an 3: BRG }
palp] := PhuongAn(RB,RR,RG) ;
inc(p); { phuong an 4: BGR }
palpl] := PhuongAn(RB,RG,RR) ;
inc(p); { phuong an 5: GRB }
palp] := PhuongAn(RG,RR,RB) ;
inc(p); { phuong an 6: GBR }
palp] := PhuongAn(RG,RB,RR) ;
imin := 1;
for i :=1 to 6 do
if (pal[i] < pal[imin]) then imin := i;

assign(g,gn); rewrite(g);
writeln(g,pa[imin]) ;

case imin of
1: write(g,'RBG') ;
2: write(g,'RGB');
3: write(g,'BRG');
4: write(g,'BGR');
5: write(g,'GRB') ;



6: write(g,'GBR') ;

end;

close(qg) ;
end;
BEGIN

Doc;

Xuli;

writeln(nl,' Fini'); readln;
END.

// DecC++: Robots.cpp

#include <fstream>

#include <string.h>

#include <iostream>

using namespace std;

const int A = 0; // Phong 0: A
const int B = 1; // Phong 1: B
const int C 2; // Phong 2: C
const int RR =
RB

0; // Red Robot
const int = 1; // Blue Robot
const int RG = 2; // Green Robot
const int NN = 3; // So loai Robot = 3
const char * fn = "robots.inp";
const char * gn = "robots.out";

const char bl = 32;
int energy[NN]; // chi phi nag luong
int number [NN] [NN] ;
// numer[i] [j] - so luong robot loai j trong phong i
int AB, AC; // Khoang cach AB, AC
int pa[6]; // cac phuong an
void Doc() {
int i, j;
ifstream f (£fn);
f >> AB >> AC;
cout << endl << "Khoang cach: " << AB << bl << AC;
cout << endl << " Nang luong: ";
for (i = 0; i < NN; ++4i) {
f >> energylil];
cout << energy[i] << bl;
}
cout << endl << " Phan bo: ";
for (i = 0; i < NN; ++4i) {
cout << endl;
for (j = 0; j < NN; ++3j) {
f >> number[i] [j];
cout << number[i] []j] << bl;
}
}
f.close();
}
int Move(int r, int from, int to) {
// chi phoi chuyen robot r tu phong i sang phong j
int e = energy[r]*number[from] [r];
switch (from) {

case A: if (to == B) return e*AB;

else if (to == C) return e*AC;
case B: if (to == A) return e*AB;

else if (to == C) return e* (AC-AB);
case C: if (to == A) return e*AC;

else if (to == B) return e* (AC-AB);



int PhuongAn (int rl, int r2, int r3) {
return (Move(rl,B,A)+Move(rl,C,A)+
Move (r2,A,B) +Move (r2,C,B) +
Move (r3,A,C) +Move (r3,B,C)) ;
}
void XulLi () {
int p, i, imin;
p = 0; // phuong an 0: RBG
palp] = Phuong?An(RR,RB,RG);
cout << endl << "RBG: " << pal[pl;
++p; // phuong an 1: RGB
palp]l] = PhuongAn(RR,RG,RB) ;
cout << endl << "RGB: " << pal[pl]-;
++p; // phuong an 2: BRG
palp]l] = PhuongAn(RB,RR,RG) ;
cout << endl << "BRG: " << pal[pl;
++p; // phuong an 3: BGR
palp] = Phuong?An(RB,RG,RR) ;
cout << endl << "BGR: " << pal[pl]-;
++p; // phuong an 4: GRB
palp]l] = PhuongAn(RG,RR,RB) ;
cout << endl << "GRB: " << pal[pl;
++p; // phuong an 5: GBR
palp]l] = PhuongAn(RG,RB,RR) ;
cout << endl << "GBR: " << pal[pl;
imin = 0;
for (i =1; i < 6; ++1i)
if (pal[i] < pal[imin]) imin = i;
ofstream g(gn) ;
g << pa[imin] << endl;
switch (imin) {

case 0: g << "RBG"; break;
case 1: g << "RGB"; break;
case 2: g << "BRG"; break;
case 3: g << "BGR"; break;
case 4: g << "GRB"; break;
case 5: g << "GBR"; break;
}
g.close();
}
main () {
Doc() ;
Xuli () ;

cout << endl << " Fini"; cin.get();
return O;
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