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Y
A

L&i noi dau

Thé theo yéu cau ciia déng dao ban doc, ching t6i bién soan lai cuén Séng
tao trong Thuat toan va Lap trinh voi cac bai Toan Tin ning cao cho hoc sinh
va sinh vién nham cung cdp nhitng ki thudt 1p trinh co ban dé gidai nhitng bai
toan kho trén may tinh.

Mot bai toan tin dwoc hiéu la khé néu ta sir dung thudt giai moi nay sinh
trong dau khi vira biét néi dung bdi toan thi hodc la ta thu dwoc két qua sai
hodc la loi gidi thu duoc sé khong hitu hiéu theo nghia chuwong trinh doi hoi
qua nhiéu bé nhé hodc/va chay qua lau. Nhitng thudt gidi nay sinh lap tic
trong dau nhw viy thuong dwoc goi la thuat giai tw nhién. Di nhién, khdi niém
nay chi la twong doi. Néu ban dd ndam vig nhiéu dang thudt gidi va da timg
thir sitc véi nhiéu bai toan khé thi dén mét lic ndo dé cdc thudt giadi tw nhién
cua ban sé dang tin cdy. Do ciing chinh la muc dich cua sw hoc tdp va ren luyén
va ciing la wée mo ciia nguwoi viét tdp sach nay.

Pé doc sach khéng doi héi ban phdi cé tri thire gi ddc biét. Pé tiép thu tot
va déng gop cho viéc hiéu chinh va cdi tién ndi dung cuon sach chi can ban biét
s dung mot trong cdc ngon ngit Idp trinh: Pascal trong moi truong Turbo hodc
Free Pascal hodac C#.

Cac ki thuat lap trinh dwoc minh hoa qua nhitng bai toan cu thé tuong
dwong véi trinh dé ndng cao ciia hoc sinh va sinh vién. Hinh thike phat biéu bai
toan suy cho cung la khéng quan trong. Cac ki thudt ldp trinh va phuwong phap
xdy dwng thudt giai cho nhiing bai todn thuong duwoc ding rong rai trong qud
trinh thiét ké va cai ddt cdc phan mém iing dung trong thuc tién, cho nén viéc
sém lam chii cdc tri thire ndy méi thét sw la can thiét. Chinh vi v@y ma ching
16i cho rang néi dung cuon sach cé thé phit hop véi cdc ban hoc sinh, sinh vién
cdac truong dai hoc va nhitng ban doc muén tw hoan thién tri thirc trong linh
vue gidi thudt va lap trinh. T} hiét nght cuon sdach ciing cé thé dwoe ding lam tai
liéu tham khao dé day o cac I0p chuyén tin cua cac truong phé thong. Noi dung
sdch gom hai phan. Phan thir nhdt gidi thiéu vén tdt vé ban chdt cdc phiong
phap va ki thudt Idp trinh va cdc dé todn dé cdc ban thir sicc. Phan thir hai trinh
bay va phdn tich chi tiét 16 gidi cing véi nhitng binh ludn va xudt xir ciia cdc
bai toan.

Trong tdp sdch nay ciing cung cdp todn van cdc chiwong trinh viét bang
ngén ngir lgp trinh Pascal va C# dé ban doc tién so sanh voi 1oi gidi ciia minh.
Ca hai phan déu dé cdp dén néi dung ciia tam chiwong nhw sau.

Chuwong thir nhdt trinh bay so d6 chung dé gidi mét bai todn tin. Cac bai
tdp & chirong nay hau hét thugc logi dé gidi. Chwong thir hai gidi thiéu cdc ki
thuat sinh dit lieu mot cach tw dong nham phuc vu cho viéc kiém thir (test)
chuong trinh. Chuong thir ba trinh bay cdc ki thudt quan Ii ban phim va man
hinh. Chwong thir tu dé cdp dén cach thirc t6 chice dif lieu cho mot bai toan tin.
Ba chirong tiép theo gii thiéu ba trong $6 cdc phuwong phdp khd phé bién
thwong dwoc vin dung trong thiét ké thugt giai. P6 la phuong phap tham lam,
phwong phéap quay lui va quy hoach dong. Cdc phwong phdp nay déu la khong
van nang theo nghia khong thé ding ching dé giai moi bdi todn tin. Trong thuec



Sang tao trong Thuéit toan va Lap trinh Tap | 5

té, mét phirong phép van ndang nhw viy la khong hivu hiéu. Tuy theo ngi dung
bai toan ma ta chon phwong phap phu hop. Po ciing la diém kho, doi héi o ban
doc mot qua trinh tim toi va tich luy kinh nghiém.

Riéng chuong cudi cung ciia cuon sach, chwong thir tam gidi thiéu mot sé
bai toan tin dé ban doc tw phat hién phuwong phadp gidi.

Nhitng noi dung trong tdp sach ndy duogc tdp hop va chinh Ii tir cac bai
giang vé thudt toan va ldp trinh, ti cdc cuon sach Tim duong trong mé cung,
Bin tau trén bién va tir cdc bai viét cia tdc gid dang trong tap chi Tin hoc va
nha trudng va mot so loi gidi hay cua cac ban hoc sinh.

Lan xudt ban ndy chiing t61 trinh bay thém cdc bai gidi viét trong moi
trwong ngon ngit C# dé cdc ban sinh vién cung tham khao. Hi vong rang trong
cdc dip khéc chiing t6i sé cung cdp thém cdc phirong dan giai véi ban doc. T uy
nhién, suy cho ciing, moi truong lap trinh chi mang tinh minh hoa. Khi da biét
thudt todn, viéc thé hién thudt todn dé trong moi truong ldp trinh cu thé chdc
chan la viéc lam quen thugc cua ban doc.

Xin dwoc chdn thanh cam on cdc em hoc sinh, sinh vién, cdc thdy co gido,
ban beé va dong nghiép da chia sé kinh nghiém va tro giup tai liéu, nhdn xét va
binh ludn dé hinh thanh néi dung co ban cua cuon sach.

Chiing t6i hi vong sé tiép tuc nhdn dwge nhitng y kién phé binh ciia ban doc
vé noi dung, chat lwong va hinh thirc trinh bay dé co thé dinh huong cho cdc
tdp tiep theo.

Ha Néi, Lé Hoi Pap Thanh - 2008
N.X.H
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CHUONG 1

GIAI MOT BAI TOAN TIN

Phéan nay s& gidi thiéu mot sé budc thudng van dung trong qua trinh giai cac bai

toan tin.

1.

Budc dau tién va la budc quan trong nhit 14 hiéu ré néi dung bdi todn.

bay 1a yéu cau quen thudc dbi Vv6i nhirng ngudi lam toan. Dé hiéu bai toan theo
cach tlep cén cua tin hoc ta phai gang xay dung mot sé thi du phan anh ding cac
yéu cdu dé ra ciia ddu bai rdi thir giai cac thi du d6 dé hinh thanh dan nhimng huwdng
di cua thuét toan.

Budc thir hai 1a dung mot ngdn ngir quen thudc, tot nhat 13 ngdn ngir toan hoc ddic
ta cde doi tiwgng can xtr li & mirc do triru twong, 1ap cac twrong quan, xay dung cac
hé thirc thé hién cac quan h¢ gitta cac dai lugng can xur li.

Budc thir ba 13 xdc dinh cdu tric dir liéu @ biéu dién cac dbi twong can xir 1i cho
phu hop véi céc thao tac cua thuit toan.

Trong nhimg budce t1ep theo ta tlep tuc lam min dan cdc dac ta theo trinh ty tir trén
xuong, tu triru tuong dén cu thé, tir dai thé dén chi tiét.

Budc cudi cing 1a sir dung ngén ngit 18p trinh da chon dé viét chirong trinh hoan
chinh. O bude ndy ta tién hanh theo ki thuét di tir du6i 1én, tir nhitng thao tic nho
dén cac thao tac to hop.

Sau khi nhan duoc chuong trinh ta cho chwong trinh chay thtr v6i cac dit liéu 1dy tir

céc thi du da xay dung & budc dau tién.

Diéu quan trong 14 xdy dung cdc thii tuc mdt cach khoa hoc va c6 chu dich nhim

kiém tra tinh tin cay cua chuong trinh thu dugc va thyc hién mot s6 cai tién.

Chung ta s€ van dung cach tiép can trén dé giai mot s6 bai toan cu thé.

Nhirng phan trinh bay du6i day c6 thé st dung mot vai ki phap quen thudc cua tin hoc,
thi du:

x = abc s6 tu nhién x dugc tao boi ba chix sd a, b va c.
a,b=0.9 haisbavab cé thé nhan cac giatritr 0 dén 9.
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S¢ di ta khong sir dung cdc ki hi¢u toan hoc vi trén ban phim mdy tinh khong c6
cac ki’ hiéu d6. Chon céc ki hiéu c6 san trong cac ngoén ngir 1ap trinh gitp chung ta c6
thé vi€t cac chu thich ngay trong chuong trinh.

Bai 1.1. S6 thén thi¢n

Tim tdt ca cac $6 tu nﬁién hai chit s6 ngd khi ddo trdt tu ciia hai chit s6 do sé thu

dwgc mot s6 nguyén to cung nhau voi so da cho.
Hiéu dau bai

Ta ki hi¢u (a, b) 1a u6c chung 16n qhét (ucln) ctia hai s6 ty nhién a va b. Hai sb tu

nhién a va b dugc goi 1a nguyén to cing nhau khi va chi khi (a, b) = 1. Khi do,

chang han:

a. (23, 32) = 1, vAy 23 la mdt sb can tim. Theo tinh chat doi ximg, ta c6 ngay 32

cling 1a mét so can tim.

b. (12, 21) =3, vay 12 va ddng thoi 21 khong phai 1a nhitng s6 can tim.

Dac ta: Goi hai chit s6 cua sb tw nhién can timx laa vab, ta cé:

(1) x=abh.

(2) a,b=0.9 (avab bién thién trong khodng 0..9).

() a>0Vixldsé co hai chit so.

(4) (ab,ba)=1.

Ta ki hiéu X' 1a s6 d6i ximg ctia s6 X theo nghia ctia dau bai, khi d6 ta co dic ta nhu
Sau:

(5) x=10..99 (x bién thién tir 10 dén 99, vi x la s6 c6 hai chiF sé).

6) (xx)=1.

Néu x = ab thi x' = ba. Ta c6 thé tinh gi4 tri cia X' theo cong thirc:

X' = (chit s6 hang don vi ciia x) * 10 + (chit s6 hang chuc ciia x).

Ki hiéu Do’n(x)’ la toéq tor léy chir sb hang don vi cla s6 tu nhién x va ki hiéu
Chuc(x) 1a toan tir 1ay chit s6 hang chuc cua x, ta co:

x"=Don(x)*10 + Chuc(x).

Téng hop lai ta co dic ta:

S6 can tim x phdi thoa cdc tinh chat sau:x = 10..99 (x nam trong khodng tir 10 dén
99).

(7) x'=Don(x)*10 + Chuc(x).

(8) (x, X') =1 (uwbc chung I6n nhdt ciia x va x' bang 1).

Pic ta trén dugce thé hién qua ngon ngit phong trinh twa Pascal nhu sau:

(9) for x:=10 to 99 do )

if ucln(x, don(x)*10+Chuc(x))=1 then Lay (x)

trong dd, ucln (a,b)la ham cho uéc chung 16n nhit cta hai sb tu nhién a va b;
Lay(x) 1a toan tir hién thi x 1én man hinh hodc ghi x vio mdt mang nao d6 véi muc
dich st dung lai, néu cén.

Ta lam min déc ta (10):

ucln(a, b):ThgatomlEuchd1échm1ﬁntﬁp,ﬂmyséthﬁnhﬁlﬁngducﬁané
khi chia cho so thir hai r6i hoan vi hai so6.

Tim uoc chung lon nhat cua hai so
a va b. Thuat toan Euclid

function Ucln(a,b: integer): integer;
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var r: integer;
begin
while b > 0 do
begin
r:= a mod b; a:=b; b:= r;
end;
Ucln:= a;
end;
Pon(x) = (x mod 10): s6 du ciia phép chia nguyén x cho 10, thi du:
Pon(19) = 19 mod 10 = 9.
Chuc(x) = (x div 10): thuong nguyén cta phép chia X cho 10, thi du:
Chuc(19) = 19 div 10 = 1.
Ldy(x): write (x) hodc nap gi tri X vao mang s theo cac thao tac sau:
n :=n+ 1;
s[n] := x;
n dém s6 phan tir hién da nap trong mang s .
Biéu dién dir liéu
_ Ta dung mang s dé luu cac s6 tim dugc. D@ théy s phai 1a mdt mang nguyén chira
toi da 90 phan tir vi cac sO can khao sat nam trong khoang tir 10 dén 99.
var s: array[l..90] of integer;
Phuong an 1 cta chuong trinh s€ hoat dong theo hai budc nhu sau:
1. n := Tim;
2. Xem(n) ;

Budce 1. Tim va ghi vao mang s cac s6 thoa diéu kién dau bai, n 13 sb luong cac $6
tim duogc.

Buée 2. Hién thi cac phan tir cia mang s [1. .n] chira cac sé da tim duoc.

Toan tir X' duge viét dudi dang ham cho ta §6 tao bai cac chir 556 cua X theo trat tu
nguoc lai. Ta dat tén cho ham nay la SoDao (s0 ddo). Ham c6 thé nhén gia tri vao la
mot sO tu nhién ¢6 nhi€u chir so.

i Dé tao s6 dao y cua §6 X cho trude, ham SoDao lay dan céc chit s6 hang don vi cua
x dé ghép vao bén phai so V:
y := y*10 + (x mod 10)
Sau mdi bude, chir sd hang don vi da léy dugc loai hin khoi X bﬁng toan tur:
x := x div 10

Chi thi {$B-} trong chuong trinh NTCN (nguyén t6 cing nhau) dué6i day dat ché
do kiém tra biéu thirc 1ogic vira du. Khi da xac dinh dugc gia trj chan Ii can thiét thi
khong tién hanh tinh ti€p gia tri cua biéu thirc d6 nira. Thi du, vdi cac 1énh

x :=1; y :=5;

if (x > 5) and (x + y < 7)theny :=y + 1

else y := y-1;
trong ché d6 {$B-}, sau khi tinh dugc gia tri chan li (x > 5) = false, chuong
trinh s€ bd qua nhan tr logic (x + y < 7), vi tich 16gic cua false véi gia tri tuy y
cho ta false. Trong truong hop nay Iénhy := y - 1 s€ dugc thuc hién. Nguoc lai,
néu ta dit chi thi {$B+} thi chuong trinh, sau khi tinh dugc (x > 5) = false van
tiép tuc tinh gid trictia (x + y < 7) 10i léy tich cua hai gié tri tim dugc (false
and true = false) lam gi4 tri clia biéu thirc diéu kién trong cdu triic r& nhanh noi
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trén. Cudi cing toan try := y - 1 ciing dwoc thyc hién giéng nhu trudng hop trén
nhung khoi lugng tinh toan lai nhiéu hon.

(* Pascal *)

program SoThanThien;

{$B-}

uses Crt;

const MN = 90;

var s: array[l..MN] of integer;

function Ucln(a,b: integer): integer; tu viét
function SoDao(x: integer): integer;

var y: integer;

begin
y = 0;
repeat
{ ghep chu so hang don cua x vao ben phai y }
y := 10*y + (x mod 10);
X := x div 10; { loai chu so hang don }
until (x = 0);
SoDao := y;
end;
(Koo m e e e -

Tim cac so thoa dieu kien dau bai
ghi vao mang s.
Output: so luong cac so tim duoc

function Tim: integer;
var x,d: integer;
begin
d := 0; {So luong cac so can tim }
for x := 10 to 99 do
if Ucln(x,SoDao(x)) = 1 then

begin
d :=d+ 1; s[d]:= x;
end;
Tim := d;
end;
(* ____________________________________

procedure Xem(n: integer) ;
var i: integer;
begin
writeln;
for i := 1 to n do write(s[i]:4);
writeln;
end;
BEGIN
n := Tim; Xem(n),; writeln;
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write(' Tong cong ',n,' so'); readln;

END.

// C#

using System;
namespace SangTaol

{

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

So Than Thien: (xy, yx) =1
Kkkkkkkhhkkhkkhkhhkkhkkhhhkkhkkkhkkx /

class SoThanThien
{
static int mn = 90;
static int [] s = new int[mn];
static void Main(string[] args)
{ Run() ;
Console.ReadLine() ;
}
static void Run()
{ int n = Find();
for (int i=0;i<n;++i)
Console.Write(s[i] + " "),
Console.WriteLine ("\n Tong cong
}
static int Find()
{ int d = 0;
for (int x = 10; x < 100; ++x)

if (Ucln(x,SoDao(x))==1) s[d++]

return d;

}

static int Ucln(int a, int {}b)

{ int r;
while (b '= 0){ r = a%b;a = b;b
return a;

}

static int SoDao(int x)
{ int y = 0;
do { y = y*10+(x%10); x /= 10;
return y;
}
} // SoThanThien
} // SangTaol

Cai tién

: "+n+"

so") ;

X;

10

} while (x!'=0);

Ta van dung tinh d6i x(mg di nhan xét & phan trén dé cai tién chwong trinh. Nhu
b ta khong

véy chi can khao sat cac sé x = ab,véia > b > 0. Trudng hop a

xétvikhido x'=xvadoddUecln(x, x) = x =2 10 = 1.
Néub =0 tacox=10ava x' = a. Ta thdy Ucln (10a, a)

khia = 1. Do d6 ta xét riéng truong hop nay. Khi ab = 10 taco (10,

Vay 10 chinh 1a mdt s0 can tim va 1a s6 dau tién.

a

1 khi va chi

1)

1
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Mbi khi tim dugc hai chit s6 a va b thoa diéu kién a > b va Ucln(a*10 + b, b*10 +
a) =1 ta dwa a*10 + b vao két qua, néu b > 0 ta dua thém s6 dao b*10 + a vao két qua.

(* Pascal *)

So Than thien: Phuong an 2

function Tim2: integer;
var a,b,d: integer;

begin
d:= 1; {So luong cac so can tim}
s[d] := 10;
for a :=1 to 9 do

for b := 1 to a-1 do
if Ucln(a*10+b,b*10+a)=1 then

begin
d :=d+ 1; s[d] := a*10 + b;
d :=d+ 1; s[d] := b*10 + a;
end;
Tim2 := d;
end;
// C#

// Phuong an 2
static int Find2()
{ int a,b, d = 0;
s[d++] = 10;
for (a =1; a <= 9; ++a)
for (b = 1; b < a; ++b)
if (Ucln(1l0*a + b, 10*b + a) == 1)
{ s[d++]=10*a+b; s[d++]=10*b+a; }
return d;

}

Bai 1.2. §0 cap cong
Tim cdc s6 t nhién 1é cé ba chir s6. Ba chit sé nay, theo trdt ti tir trdi qua phdi
tao thanh mot cap so cong.

Pac ta

1. x 14 s6 tu nhién c6 ba chir s: x = 100*a + 10*b + c.
2. x1a s6 1& nén chir s6 hang don vi ¢ phai lasd1é: ¢ =1,3,5,7, 9.
3. Chir s6 hang tram cta X phai khac 0: a=1..9.
4. Néu diy a, b, ¢ 1ap thanh mot cap s6 cong thi sé dung giira b 1a trung binh
cong cua hai s6 dau va cudi: b = (a + ¢)/2 hay 2b = a+c.
Tir (4) ta suy ra (a + ¢) 1a s6 chin. Do ¢ 1¢, (@ + ¢) chin nén a lé.
Néu biét a va ¢ ta tinh dwoc x = 100a +10(@ +¢) /2 + ¢
=100a + 5(a + c) + ¢ = 105a + 6c.
Vichico 5chirsdlélal,3,5,7 va9 nén td hop ctia a va ¢ s& cho ta 25 so.

Té chirc dir liéu
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5,7,

bao:

Ta tao san mang nguyén 5 phan tir ChuSoLe [1..5] va gan trudc cac gia tri 1, 3,
9 cho mang nay. Trong Turbo Pascal (TP) viéc nay dugc thyc hién théng qua khai

const ChuSolLe: array[l..5] of integer = (1,3,5,7,9);

Chi ¥ rang khai béo nay phai dat trong muc cons t 14 noi khai bao hang.

Trong C# ta khai bao nhu sau:

int [] ChuSole = {1,3,5,7,9};

Y nghia ciia dong khai bao trén 1a nhu sau: Xin cip phat mot bién mang kiéu

nguyén c6 5 phan tir voi chi dan tir 1 dén 5, tén bién 1a ChuSoLe. 5 phan tir ctia bién
duoc gan trude cac tri 1, 3, 5,7 va 9.

chir

Sau @6, mdi khi cin, ta chi viéc duyét mang ChuSoLe la thu dugc toan bd cac
sO 1€ theo trat tu da khai bao trudc.

Chay

(*

Thu tuc inc (d) trong chuong trinh TP dudi ddy ting gid tri ctia bién d 1én thém 1 don
vi, tirc la twong duong véi cu lénhd := d + 1 va ++d (C#). Tuong tu, tha tuc
dec (d) s& giam gia tri cua bién d xubng 1 don vi, tuong duong v6i cdu lénhd := d
-1 va --d (C#).
Téng quat hon, ta c6 thé viét:

inc(d,n) tuong duongvéid := d + nva

dec (d,n) tuong duong véid := d — n.
Khi n =1 thi ¢6 thé bé qua tham sd thir hai.

Pascal *)

Cac so tu nhien le 3 chu so
lap thanh cap so cong

program CapCong;
uses crt;
const
ChuSoLe: array [1..5] of integer = (1,3,5,7,9);
var s: array [l..25] of integer;
n: integer;

Phat sinh cac so dang
105a+6¢; a,¢c =1,3,5,7,9

____________________________________ *)
Function Tim: integer;
var a,c,d,x: integer;
begin
d :=0;
for a :=1 to 5 do
begin
x := 105*ChuSole[a];
for ¢ :=1 to 5 do
begin
inc(d); s[d] := x + 6*ChuSolLe|c];
end;
end;
Tim := d;

end;
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procedure Xem(n: integer); tu viét

BEGIN
n := Tim; Xem(n); writeln;
write('Tong cong ',n,' so'); readln;
END.
// C#

using System;
namespace SangTaol

{
class SoCapCong
{
static void Main(string[] args)
{
Show (Find ()) ;
Console.WriteLine("\n fini") ;
Console.ReadLine () ;
}
static int[] Find()
{
int d = 0;
int [] ChuSole = {1,3,5,7,9};
int []s = new int[25];
int x;
for (int i = 0; i < 5; ++i)
{
x = 105 * ChuSolel[i];
for (int j = 0; j < 5; ++j)
s[d++] = x + 6 * ChuSoLe[]j];
}
return s;
}
static void Show(int[] s)
{
foreach (int x in s)
Console.Write(x + " "),
}

} // SoCapCong
} // SangTaol

Chu thich

13

1. Trong C# mot ham co thé cho ra gia tri 1a mot mang nhu ham Find trong chuong

trinh trén.

2. Lénh foreach (int x in a) P(x) thuc hién thao tic P (x) trén moi phﬁn
th x cia mang, tu phan tir dau ti€én a [0] dén phan ti cudi cung a[a.Length] voi

a.Length la chiéu dai (s phan tir) cia mang a.

Chay



Sang tao trong Thuéit toan va Lap trinh Tap | 14

1. Dya vao nhdn xét: ddy ba sé a, b, ¢ tao thanh cdp sé cong khi va chi khi b 13
trung binh cong ctia a va c, tirc la 2b = a + ¢ ta c6 thé giai bai toan trén bang phuong
phép vét can dung ba vong for nhu sau:

for a :=1 to 9 do
for b := 0 to 9 do
for ¢ := 0 to 9 do

if odd(c) and (2*b=a+c) then
Ghi nhan sé 100*a+10*b+c;

Ham odd (c) kiém tra tinh 1¢ ciia s6 nguyén c.

Phuong phdp vét can doi hoi khoang 10¥10*10 = 1000 lan duyét trong khi chi c6
25 50, tire la mot phan bon muoi cac s6 thoa man diéu kién cua dau bai. Phuong phap
mo ta trong chuong trinh dugc goi 1a phuwong phdp sinh: n6 sinh ra ding 25 so6 can tim.

2. Ta can ghi nhan phwong phdp sinh

Phuwong phap sinh

Thay vi duyét tim cdc doi tiwong
hay sinh ra ching.

Bai 1.3. S0 cap nhén
Tim cdc $6 tw nhién c6 ba chit s6. Ba chit sé nay, theo trdt tw tir trdi qua phdi
tao thanh mét cdp so nhdn véi cong boi la mot so tw nhién khac 0.
Pac ta
Chu ¥ rang ta chi xét cac cép sb trén ddy sb tu nhién v6i cong boi d 1a mot sb
nguyén duong. Goi X 1a s0 can tim, ta c6:
1. x 1a 86 c6 ba chit s: x = 100%a + 10*b + c.
2.a=1.9;b=a*d;0<c=a*d*d<9.
Hg thirc 2 cho phép ta tinh gidi han trén cta d:

ad’ <9

d <+9/a

Vi d 1a s6 nguyén nén ta phai ¢6 d < trunc(sqrt(9 div a)), trong do
sqrt la ham tinh can bac hai, trunc la ham lay phan nguyén.
Ta cho a bién thién trong khoang 1..9 r(i)i cho cong boi d bién thién trong khoang tir
1 dén trunc (sqrt (9 div a)). VaGi moicdp soavadtatinh
x = 100*a+10*a*d+a*d*d = a*(100+10*d+d*d)
Tuy nhién, ta co6 thé nham tinh trudce can trén cua d thi s€ d& phai goi cac ham trunc va
sqrt 1a nhitng ham thao tac trén so thuc do d6 s¢€ ton thoi gian.

a 1 2 3 45 6 7 8 9
Cantréend 3 2 1 1 1 1 1 1 1
(* Pascal *)

Cac so tu nhien 3 chu so
lap thanh cap nhan
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program CapNhan;
uses crt;
const MN = 30;
cd: array[l..9] = (3,2,1,1,1,1,1,1,1);
var s: array [l..MN] of integer;
n: integer;

function Tim: integer;
var a,d,n: integer;
begin

n:= 0;

for a:= 1 to 9 do

for d:=1 to cd[a]ldo

begin
inc(n); s[n]:= a*(100+10*d+d*d) ;
end;
Tim:= n;
end;
procedure Xem(n: integer): tu viét
BEGIN

clrscr; n:= Tim; Xem(n);
writeln; write('Tong cong ',n,' so'); readln;
END.

// C#
using System;
using System.Collections;
namespace SangTaol
{
class SoCapNhan
{
static void Main(string[] args)
{
Show (Find()) ;
Console.WriteLine("\n £ini") ;
Console.ReadLine () ;
}
static Arraylist Find()
{

Arraylist s = new ArraylList();
int[] cd = {0,3,2,1,1,1,1,1,1,1};
for (int a = 1; a <= 9; ++a)
{
for (int d = 1; d <= cd[a]; ++d)
s.Add(a * (100 + 10 * d + d * d));
}
return s;

}

static void Show(Arraylist s) tu viét
} // SoCapNhan
} SangTaol

Chu thich

15
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e Trong C# mot ham c6 thé cho ra gia tri 14 mot mang - danh sach kiéu
ArrayList nhu ham Find trong chuong trinh.

e  Khi khong biét c6 bao nhiéu phan tir dwoc sinh ra trong qué trinh tim kiém thi
nén dung kiéu mang - danh sach dé chira két qua.

e Mang cd chira cic cin ciia d ing v6i mdi tri cia a = 1..9, ta thém cho ed phan
tir 0 dé tién truy nhap.

Bai 1.4. Ming ngdu nhién
Sinh ngdu nhién n sé nguyén khéng am cho mang nguyén a.
bac ta
Trong TP ham random(n) sinh mot sd ngiu nhién kiéu nguyen nam trong
khoang tr0dénn - 1. Hay tuong tuong c6 mot quan suc sdc n mat ma ) cac mat tu
0 dnn - 1. Khita goi ham random (n) thi may tinh s& gieo quan stic sic d6 va
cho ta gia tri xuat hién trén mat ngura.
Trong C# phuong thirc Next (n) cua 16p Random hoat dong tuong ty nhu
random (n) cua TP.
Chay
1. Trude khi goi ham random ta cin goi thu tuc randomize dé may tinh khoi
dong co ché phat sinh s6 ngau nhién.
2. Thi tyc Gen (m) trong chuong trinh dudi day sinh ngiu nhién m sb nguyén
trong khoang tir 0 dénm - 1. Ta co thé cai tién dé viét thu tuc Gen(n,d,c) -
sinh ngau nhién n sd nguyén trong khoang tir d dén ¢ (d < ¢) nhu sau.
Dé y rang random (c-d+1) bién thién trong khoang tir 0 dén c—d, do do
d+random (c—d+1) s& bién thién trong khoang tir d dén d+c-d = ¢

(* Pascal *)
program RandomGen;

Sinh ngau nhien n so nguyen
khong am cho mang a

{$B-}

uses crt;

const MN = 500;

var
a: array [1l..MN] of integer;
n: integer;

Procedure Gen(m: integer) ;

var i: integer;

begin
randomize; n := m;
for i := 1 to n do a[i] := random(m) ;
end;
procedure Xem: tu viét;
BEGIN

Gen (200) ; Xem;
END.
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/I C#
using System;
namespace SangTaol
{
class RandomGen
{
static void Main(string[] args)
{ Show (Gen (200)) ;
Console.WriteLine("\n Fini ") ;
Console.ReadLine () ;
}
static int [] Gen(int n)
{ int [] a new int[n];

Random r = new Random() ;
for (int 1 = 0; i < n; ++1i)
a[i] = r.Next(n);

return a;

}
static void Show(int [] s): tu viét
} // RandomGen
} // SangTaol
Bii 1.5. Chia ming ti I 1:1
Tim cach ghia day sé nguyén kho”}zg am aiz, 8z...,an, N > 1 cho truoc thanh hai
doan c6 tong cdc phan tir trong moi doan bang nhau.

Pac ta
_ Taquy usc viét #E 1a "ton tai" va #V 1a "véi moi". Ki hi¢u sum(a[d..c]) la tong cac
phan tir lién tiép nhau tir a[d] dén a[c] cta diy a:
sum(a[d..c]) = a[d] + a[d +1]+ ... + a[c].

Goi t 14 tong cac phan tir ciia mang: t = sum(a[1..n]).

Mubn chia a thanh hai doan a[1..i] va a[i+1..n] c6 tong bang nhau ta phai c6:

1. t1a s6 chin (t chia hét cho 2). Pat t2 = t div 2.

2. (#Ei: 1 <=i<=n): sum(a[l..i]) = t2.

Chwong trinh

Ham Chia cho gi4 tri i néu mang a chia duoc thanh a[1..i] va a[i+1..n].
Trong trudng hgp vo nghiém Chia = -1.Ta goi i la diém chia va ding bién tr (tong
riéng) dé tich luy tong cac phan tir cia doan dang xét a[1. .i]. Khi tr = t2 baitoén co
nghiém i. Nguogc lai, khi tr > t2 bai todn v6 nghiém.

Ta khoi tri ngdu nhién cho mang a. Tuy nhién ta muén sd lan c6 nghiém (mang a
chia dugc thanh hai phan c6 tong bang nhau) x4p xi bang sb 1an vo nghiém. Ta s& thuc
hién myc tiéu dé ra nhu sau:

Madi 1an khéi tri ta tung dong xu hai mat. Néu gap mit sap (random (2)=0), ta s&
khéi tri tiy ¥ cho mang a, nguoc lai, néu gip mit ngira (random (2) =1) ta khoi trj a
la méng c6 nghiém.

Dé khoi tri sao cho mang a c6 nghiém ta lai chon ngau nhién mot diém cit d trong
khoang 1. . (n/2). Sau do ta khaoi tri ngﬁu nhién cho cac phﬁn tr a[l..d]. Voi cac
phén tir con lai ta cling khoi tri ngdu nhién trong khoang hop li sao cho tong cac gia tri
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clia ching dung bang tong t cta doan a[1..d]. Ban doc xem chi tiét thu tuc Gen
trong chuong trinh

(* Pascal *)

Chia mang nguyen a thanh 2 doan
co tong bang nhau

program ChiaTiLell;

{$B-}

uses crt;

const MN = 500; Esc = #27;

var a: array [l..MN] of integer;
n: integer;

Sinh ngau nhien n so nguyen khong am
cho mang a

procedure Gen(m: integer) ;
var i,d,t: integer;
begin
randomize; n :=m;
if random(2)=0 then
begin {khoi tri tuy y}
for i := 1 to n do a[i] :=random(m) ;
exit;
end;
{ Khoi tri mang co tong d phan tu dau
bang tong cac phan tu con lai }
d := random(n div 2)+ 1; { diem chia }
t :=0;
for i :=1 to d do
begin
a[i] := random(n) ;
t =t + a[i];
end; { t = sum(a[l..d]) }
for i := d+1 to n-1 do
begin { sum(a[d+1l..i]) + t = sum(a[l..d]) }

a[i] := random(t);
t := t-al[i];
end;
a[n] := t; { sum(a[l..d]) = sum(a[d+1l..n]) }
end;

procedure Xem: Hién thi mang a, tu viét
function Chia: integer;
var i, t, t2, tr: integer;
begin
Chia := -1; t :=0;
for i:=1 to n do t:=t+a[i]; {t=sum(a[l..n]}
if O0dd(t) then exit; { vo nghiem }
t2 := t div 2; ¢tr := 0;
for i:=1 to n do
begin
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tr := tr + al[i];
if tr > t2 then exit; {vo nghiem }
if tr = t2 then { co nghiem i }
begin Chia:= i; exit; end;
end;
end;
procedure Test;
var i: integer;
begin
repeat
Gen(10); Xem; i := Chia;
if i = -1 then writeln('Khong chia duoc')
else
begin
writeln('Doan thu nhat: a[l..',i,']");
writeln('Doan thu hai: a[',i+l,'..',n,']");
end;
until ReadKey=Esc;
end;
BEGIN
Test;
END.

Chay
1. Mudn dimg chuong trinh hay nhan phim Esc c6 ma ASCII la #27.

2. Néu mang a c6 chira mot so gia tri 0 thi bai toan c¢6 thé c6 nhiéu nghiém
(nhi€u céch chia).

// C#

using System;
namespace SangTaol
{
class ChiaMangTilLel 1
{
static void Main()
{
do {
Run (20) ;
Console.Write("\n Bam phim ENTER “ +
“de tiep tuc, ");
Console.Write("\n Bam phim T de thoat: ");
} while (Console.ReadLine() == "");
}
static public void Run(int n)
{ int[] a = new int[n];
Gen(a, n); // sinh ngau nhien 1 test
Print(a, n);
int £t = 0, d = Chia(a, n, ref t);
if (d < 0)
Console.WriteLine ("\n Khong chia duoc") ;
else if (KiemTra(a, n, d))
{ Console.WriteLine("\n Doan thu nhat: 1..{0} ",d);
Console.WriteLine("\n Doan thu hai: {0}..{1} ",
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d+l, n);
Console.WriteLine("\n Tong moi doan: " + t);
}
else Console.WriteLine("\n Loi giai sai!");
} // end Run
// Kiem tra sum(a[l..d] == sum(a[d+l..n]) ?
static public bool KiemTra(int[] a, int n, int d)
{ if (d< 0 || d > n) return false;
int t = 0;
for (int 1 = 0; 1 < d; ++i) t += a[i];
for (int 1 = d; 1 < n; ++i) t -= a[i];
return (t == 0) ? true : false;
}
static public int Chia(int[] a, int n, ref int t)
{ int sum = 0; // sum = tong(a[l..n])
for (int i = 0; i < n; ++1i) sum += al[i];

if (sum % 2 !'= 0) return -1;
t =sum / 2; // tong moi doan
int tr = 0; // tong rieng
// doan 1: tr = sum a[l..i]
for (int i = 0; i < n; ++i)
{ tr += a[i];

if (tr == t) return i+1;
}

return -1;

}

// sinh ngau nhien n so ghi vao mang a
static public void Gen(int[] a, int n)

{

Random r = new Random() ;
if (r.Next(2) == 0)
{ // 1/2 so test la vo nghiem

for (int i = 0; i < n; ++i) a[i]=r.Next(n);

return;

}

// sinh mang a: sum(a[0..d-1])=sum(a[d..n-1])
int d = r.Next(n / 2) + 1; // diem chia

int t = 0;
// sinh doan a[0..d-1]
for (int i = 0; i < d; ++i)
{ a[i] = r.Next(n); t += a[i];
// sinh tiep doan a[d..n-1]
int nl = n-1;
for (int i = d; i < nl; ++i)
{ a[i] = r.Next(t); t -= a[i];
a[n-1] t; // phan tu cuoi
}
static public void Print(int[] a,
} // SoCapNhan
} // SangTaol

}

}

int n):

tu viét

20
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Bai 1.6. Chia mang ti l¢ 1:k
Tim cdch chia day 56 nguyén khong dm ai, y,...,an, N > 1 cho trudc thanh hai
doan c6 tong cdc phan tir trong mét doan gdp k lan tong cdc phan tir trong
doan kia, k nguyén dwong.
Dac ta
Goi t 14 tong cac phan tir ctia diy a, t = sum(a[1..n])
Mubn chia a thanh hai doan a[1..i] va a[i + 1..n] c6 téng gap nhau K 1an ta phai cé:
1. t chia hét cho (k + 1). Patt1 = tdiv (k + 1) vatk = t - t1.
2. (#E i: 1 <=1<=n): sum(a[l..i]) = tI hodc sum(a[l..i]) = tk.

Dé y rang néu k = 1 thi t1 = tk; néu k > 1 thi t1 < tk, do d6 bai nay la truong hop
riéng cta bai trudce khi k = 1.

Trong chuong trinh dudi day, ham Chia (k) cho gia tri i néu mang a chia dugc
thanh hai doan a[1..i] va a[(i + 1)..n] ¢6 tong gip k lan nhau. Trong truong hop vo6
nghiém Chia = -1. Ta goi i 1a diém chia va dung bién tr (tong riéng) dé tich luy
tong cac phan tir ciia doan dang xét a[1..i]. Khi tr = t1 bai toan c¢6 nghiém |, nguoc lai,
khi tr > t1 ta chua thé két luan 1a bai toan vo nghiém. Truong hop nay ta phai tiép tuc
tich luy tr dé hi vong dat dugc tong tr = tk. Néu sau khi tich luy ta thu duoc tr = tk thi
bai toan c6 nghiém i, nguoc lai, khi tr > tk ta két luan 1a bai toan v6 nghiém.

Function Chia(n,k: integer): integer;
var i: integer;
t, t1, tk, tr: longint;

begin
Chia := -1;
t :=0;, { £t = sum(a[l..n]) }
for i :=1 tondo t := t+al[i];

if (t mod (k+1) <> 0) then exit; { vo nghiem }
{ Xu 1li truong hop co nghiem }

t1l t div (k+1); { doan tong nho }

tk =t - tl; { tk = k * tl}

tr := 0; { tong rieng tr = sum(a[l..i]) }
for i :=1 to n do
begin
tr := tr + al[i];

if (tr = tl) or (tr = tk) then
begin { lay nghiem i }
Chia:= i; exit;
end;
end;
end;

Ta goi thi tuc Gen dé sinh dir liéu kiém thir. Ciing giéng nhu bai trude, ta s& sinh
ngiu nhién dit liéu kiém thir cho hai truong hop: chic chin c6 nghiém va c6 thé vo
nghiém. V&i trudong hop c6 thé vo nghiém ta sinh ngau nhién nhu binh thuong,

for i := 1 to n do a[i] := random(n);

V6i truong hop ¢6 nghiém, ta sinh ngdu nhién mang a gdm hai doan:

Poan thtr nhat a[1..d] va doan tht hai a[d + 1..n] trong d6 d 1a mot diém chia duoc
sinh ngau nhién

d := random(n div 2)+1; {diem chia}
Ta lai chon ngau nhién mot trong hai truong hop:
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Trudng hop thir nhét: doan thir nhat gép k 1dn doan thir hai.
Truong hop thir hai: doan thtr hai gip k lan doan thir nhét.

(* Pascal *)

Chia mang nguyen a thanh 2 doan
co tong ti le 1:k

{$B-}
uses Crt;
const MN = 500;
Esc = #27;{ dau thoat }
bl #32; { dau cach }
nl = #13#10; { xuong dong }
var a: array [0..MN] of integer;
n: integer;

Procedure Gen(m,k: integer);
var i,d: integer; t: longint;
begin
n :=m; t :=
if random(2)
begin
for i := 1 to n do a[i]:= random(n);
exit;
end;
{ co nghiem }
d := random(n div 2)+1; { diem chia }
for i :=1 to d do
begin
a[i] := random(n); t := t+a[i];
end;
if (random(2) = 0) then
{ doan a[l..d] gap k lan doan cuoi }
a[d] := a[d]l+(k-1)*t
else { doan cuoi gap k lan doan a[l..d] }

0;
= 0 then { vo nghiem }

t = k*t;
for i := d+1 to n-1 do
begin
a[i] := random(t); t := t-a[i]:;
end;
a[n] := t;

end;
Procedure Xem; Hién thi mang a, ty viét
Function Chia(n,k: integer): integer; Tu viét
Procedure Test;
var j,i,k: integer; t: longint;
begin
randomize;
repeat

22
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n := 10 + random(10) ;
k := random(5)+1;
writeln(nl,' n = ',n,' k = "',k);

Gen(n,k); Xem; i := Chia(n,k);
if i < 0 then writeln('Khong chia duoc')

else
begin
t :=0;
for j :=1 to i do t := t+a[j];
write('Doan 1: a[l..',i,'].");
writeln(' Tong = ',t);
t :=0;
for j:=i+1 to n do t := t+a[j]:;
write('Doan 2: a[',i+l1l,'.."',n,']1.");
writeln(' Tong = ', t);
end;
until ReadKey = Esc;
end;
BEGIN
Test;
END.
// CH#

using System;

using System.Collections.Generic;
using System.Text;

namespace SangTaol

{

/* -

* Chia Mang Ti Le 1l:k

* Chia mang nguyen khomng am a[l..] thanh

* hai doan ti le 1l:k hoac k:1
g g gy g S g S g Sy gy g g g S */

class ChiaMangTiLel k
{
static void Main(string[] args)
{
do
{
Run (10, 3);
Console.Write ("\n Bam RETURN de tiep tuc,
Console.Write("\n Bam T de thoat: ");
} while (Console.ReadLine() != "T");
}
static public void Run(int n, int k)
{
if (n < 0 || n > 1000000 || k < 1) return;
int[] a = Gen(n, k);
Print(a);
int d = Chia(a, k)’
if (d < 0)
{

")

23
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Console.WriteLine ("\n Vo nghiem") ;
return;
}
Console.WriteLine("\n “+ Test(a, d, k)):
}
// Kiem tra k*Sum(a[l..d]) = Sum(a[d+l..n]) ?
// hoac Sum(a[l..d]) = k*Sum(a[d+1l..n])
static public bool Test(int[] a, int d, int k)
{

Console.WriteLine ("\n\n Test, k = " + k);
Console.WriteLine (" Diem Chia = " + d);
int t1 = 0;

for (int 1 = 0; i < d; ++i) tl += al[i];
int t2 = 0;

24

for (int i = d; i < a.Length; ++i) t2 += al[i];

Console.WriteLine("Suml = {0}, Sum2 = {1}",
tl, t2);
return (tl ==k * t2 || t2 == k * tl);
}
static public int Chia(int[] a, int k)
{

int t = 0;

foreach (int x in a) t += x;

if (t % (k + 1) '= 0) return -1;

int t1 =t / (k + 1); // tong 1 phan chia

int t2 t - t1; // tong phan con lai
int tr = 0; // tong rieng
for (int i = 0; i < a.Length; ++i)
{
tr += a[i];
if (tr == tl1 || tr == t2) return i+l;
}
return -1;
}
static public int[] Gen(int n, int k)
{
Random r = new Random() ;
int[] a = new int[n];
if (r.Next(2) == 0)
{ // khoang 1/2 so test la vo nghiem
for (int i = 0; i < n; ++i)
a[i] = r.Next(n);
return a;

}
int d = r.Next(n / 2) + 1; //diem chia

int t = 0;
intdl=d - 1;
for (int i = 0; i < dl; ++i)

{ a[i] r.Next(n); t += a[i]; }
if (r.Next(2) == 0)
// doan dau a[l..d]
// gap k lan doan cuoi a[d+l..n]
a[dl] += (k - 1) * t;



Sang tao trong Thuat toan va Lap trinh Tap |

else t *= k; // doan cuoi gap k lan doan dau
int nl =n - 1;
for (int 1 = d; i < nl; ++i)
{ a[i] = r.Next(t); t -= a[i]; }

a[nl] = t;
return a;

}

static public void Print(int[] a) tu viét

} // ChiaMangTilLel k
} // SangTaol

25
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CHUONG 2

SINH DU LIEU VAO VA RA

Hau hét cac bai toan tin déu doi hoi dir liéu vao va ra. Ngudi ta thuong dung ba
phuong thitc sinh va nap dit li€u sau day:

1. Nap dir liéu truc tiép tir ban phim. Phuong thic ndy dugc dung khi dit lidu
khong nhiéu.

2. Sinh dir liéu nho ham random (xem chuong 1). Phuong thire nay nhanh chéng va
tién loi, néu khéo t chirc c6 thé sinh ngau nhién duoc cac dir liéu dép tmg dugc mot s6
diéu kién dinh trude.

3. Doc dir liéu tir mot tép, thuwong la tép van ban. Phuong thirc nay kha tién lgi khi
phai chuan bi trudc nhitng tép dir liéu phure tap.

Két qua thyc hién chuong trinh ciing thuong dugc thong bao truc tiép trén man
hinh hodc ghi vao mét t€p van ban.

Bai 2.1. Sinh ngdu nhién theo khoing

Sinh ngdu nhién cho mang nguyén a n phan tir trong khodng -M..M; M > 0.
Pac ta

Ta viét thu tuc tong quat Gen(n,d,c) - sinh ngiu nhién n sé nguyén trong
khoang tir d dén ¢ (d < c) (xem bai giai 1.4). Dé giai bai 2.1 ta chi can goi
Gen(n,-M,M) .

Dé y ring random(c-d+1) bién thién trong khoang tir 0 dén c-d do d6
d+random (e=d+1) s&bién thién trong khoang tir d dén d+c-d = ¢

sinh ngau nhien n so nguyen trong khoang
d den c va ghi vao mang a

Procedure Gen(n,d,c: integer)
var i,len: integer;

begin
randomize;
len := c-d+1;
for i:=1 to n do a[i]:= d+random(len) ;

end;
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(* Pascal *)

Sinh ngau nhien cho mang nguyen a
n phan tu trong khoang -M..M; M > 0.

program RGen;

uses crt;

const MN = 1000;

var a: array[l..MN] of integer;

sinh ngau nhien n so nguyen trong khoang
d den c va ghi vao mang a

Procedure Gen(n,d,c: integer); tu viét
procedure Xem(n: integer) ; Hién thi mang a, tu viét
procedure Test;
var n: integer;
begin
n := 20;
{ sinh ngau nhien 20 so trong khoang -8..8 }
Gen(n,-8,8);
Xem(n) ;
readln;
end;
BEGIN
Test;
END.

// C#

using System;

using System.Collections.Generic;
using System.Text;

namespace SangTaol

[ o m
* Sinh ngau nhien n so

* trong khoang d..c

K o o */

class RGen
{
static void Main(string[] args)
{
Print (Gen (20, -8, 8));
Console.ReadLine () ;
}
static public int[] Gen(int n, int d, int c)
{
Random r = new Random() ;
int len = c-d+1;
int [] a = new int[n];
for (int i = 0; i < n; ++i)
a[i] = d + r.Next(len);
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return a;

}

static public void Print(int [] a)

{
Console.Writeline() ;
foreach (int x in a)

Console.Write(x + " "),

Console.WriteLine() ;

}

} // RGen

} // SangTaol
Bai 2.2. Sinh ngdu nhién ting

Sinh ngcfu nhién n phdn tr duoc scfp khong giam cho mdng nguyén a.
Thuat toan

1. Sinh ngdu nhién phan tir dau tién: a[1] := random(n);

2. Tu phﬂ?m tr t~hfr hai tr¢ di, tri dugce sinh béng tri cla phén tur sat trudc nd cong
thém mot dai luong ngau nhién:

(i=2.n):a[i] := a[i - 1] + random(n), do d6 a[i] >= a[i - 1].

(* Pascal *)

Sinh ngau nhien cho mang nguyen a
n phan tu sap khong giam

program IncGen;

uses crt;

const MN = 1000;

var a: array [1l..MN] of integer;

procedure Gen(n: integer) ;
var i: integer;
begin
randomize;
a[l]:= random(5); {khoi tao phan tu dau tien }
for i:= 2 to n do a[i]:= a[i-1l]+random(10) ;
end;
procedure Xem(n: integer); tu viét
procedure Test;
var n: integer;
begin
n := 200; { test voi 200 phan tu }
Gen(n); Xem(n); readln;
end;
BEGIN
Test;
END.

// C#
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using System;

using System.Collections.Generic;
using System.Text;

namespace SangTaol

{
2y
* Sinh ngau nhien n so
* tao thanh day khong giam
K */
class IncGen
{
static void Main(string[] args)
{
Print (Gen (200)) ;
Console.ReadLine () ;
}
static public int[] Gen(int n)
{
Random r = new Random() ;
int [] a = new int[n];
a[0] = r.Next(5);
for (int 1 = 1; i < n; ++1i)
a[i] = a[i-1] + r.Next(10);
return a;
}

static public void Print(int [] a) tuw viét
} // IncGen
} // SangTaol

Bai 2.3. Sinh hodn vi ngdu nhién
Sinh ngdu nhién cho mdang nguyén a mét hodn vi ciia 1..n.
Pac ta

Xuét phét tir hoan vi don vi @ = (1, 2,..., n) ta doi chd a[1] voi mot phan tir tuy y (duoc
chon ngau nhién) a[j] sé€ dugc mot hoan vi. Ta c6 thé thuc hién viéc doi cho nhiéu lan.

(* Pascal *)

Sinh ngau nhien cho mang nguyen a
mot hoan vi cua 1..n

program GenPer;

const MN = 1000; { so luong toi da }
Esc = #27; { dau thoat }
BL = #32; { dau cach }

var a: array[l..MN] of integer;

procedure Gen(n: integer) ;
var i,j,x: integer;
begin

{ Khoi tao hoan vi don vi }
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for i:= 1 to n do a[i]:= i;
for i:= 1 to n do
begin
j := random(n)+1;
x := a[l]; a[l] := al[j]l; alj]l := x;
end;
end;

procedure Xem(n: integer); tu viét
procedure Test;
var n: integer;

begin
randomize;
repeat {chon ngau nhien kich thuoc n = 10..39}
n := random(30)+10; Gen(n); Xem(n)
until ReadKey = Esc; { Nhan ESC de thoat }
end;
BEGIN
Test;
END.
// C#

using System;

using System.Collections.Generic;
using System.Text;

namespace SangTaol

/* mm -
* Sinh ngau nhien hoan vi

* l..n

g g g gy S Sy g S g g */

class GenPer
{
static void Main(string[] args)
{
Print (Gen (20)) ;
Console.ReadLine () ;
}
static public int[] Gen(int n)
{
Random r = new Random() ;
int[] a = new int[n];
for (int i = 0; i < n; ++i)
a[i] = i+1;
for (int i = 0; i < n; ++i)
{

int j r.Next(n) ;

int t = a[0];

a[0] = a[j]l; alj]l = t;
}
return a;

}
static public void Print(int [] a) tu viét

30
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} // IncGen
} // SangTaol
Bai 2.4. Sinh ngdu nhién déu
Sinh ngdu nhién n pﬁdn tir cho mang nguyén a thod diéu kién n phan tir tao
thanh k doan lién tiep co tong cdc phan tir trong moi dogn bang nhau va bang
gid tri t cho truoc.
Thuat toan
1. Chon s lugng cac phan tir trong mdi doan 1a random(n div k) + 1, khi
d6 s lugng cac phan tir dugc phat sinh ngiu nhién sé khong vuot qua
k*(n div k) £ n
Sau d6 ta s& chinh sao cho s lugng cac phan tir diing bang n.
2. Gia sir a[d..c] 1a doan th{r j can duoc sinh ngiu nhién sao cho

a[d] + a[d + 1] + ... + a[ec] =t
Ta sinh doan nay nhu sau:
21.Gantr := t;{tr -giatricon laicuatong }.
2.2. Gén tri ngau nhién 0. . tr-1 cho cac phintra[d. . (¢ - 1)]
(i = d..c ): a[i] := random(tr)
2.3. Pdng thoi chinh gié tri con lai cia tr:
tr := tr - a[i]
Ta co:
af[d] < t

a[d+1l] < t - a[d]
a[d+2] < t - a[d+1l] - a[d]

af[c - 1] < t - a[d] - a[d + 1] - ... - a[c - 2]
Chuyén vé cac phan tir a[*] trong biéu thirc cudi cing, ta thu duoc
a[d] + a[d + 1] + ... + a[ec - 1] < t
2.4. Ta dat gia tri con lai cia té)ng riéng vao phﬁn tte cubi doan: af[e] :=
tr s€thuduoc a[d] + a[d + 1] + ... + a[ec] = t.

(* Pascal *)

Sinh ngau nhien cho mang nguyen a
n phan tu tao thanh k doan lien tiep
co tong bang nhau

program KGen;

uses crt;

const MN = 1000; {kich thuoc toi da cua mang a}
Esc = #27; {dau thoat}
BL = #32; {dau céach}

var a: array[l..MN] of integer;

procedure Gen(n,k,t: integer);
var i,j,p,tr,s: integer;
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begin
if (k < 1) or (k > n) then exit;
s := n div k;{s - so toi da phan tu trong moi doan}
i := 0; {chi dan lien tuc cho cac phan tu moi sinh}
for j := 1 to k do {sinh doan thu j}
begin
tr := t;
for p := 1 to random(s) do
{ random(s)+1l = so phan tu trong 1 doan }
begin
inc (i) ;
a[i] := random(tr) ;
tr := tr - a[i]; {gia tri con lai cua tong}
end;
inc(i); {i phan tu cuoi cung cua doan j}
a[i] := tr;
end;
{bu 0 cho cac phan tu con lai}
for i := i+l to n do a[i] := 0;
end;

procedure Xem(n: integer); Hién thi mang a, tu viét
procedure Test;
var n,k: integer;

begin
randomize;
repeat
n := random(30) + 1;
k := random(8) + 1;

t := random(30)+10;
writeln('n = ",n,' k= ",k,' t=",t);
Gen(n,k,t); Xem(n);
until ReadKey = Esc;
end;
BEGIN
Test;
END.

Il C#
using System;
using System.Collections.Generic;
using System.Text;
using System;
namespace SangTaol
{
class KGen
{
static void Main(string[] args)
{
Random r = new Random() ;
int n, k, t;
do

{
n = r.Next(30) + 1;
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t = r.Next(30) + 1;
k = r.Next(8) + 1;
Console.WriteLine("\n n
"k="+k+"t
Print(Gen(n, k, t));
Console.Write("\n Bam RETURN de tiep tuc: ");
} while (Console.ReadLine() == "");

"'+ n +
"o+ t);

}
// sinh n phan tu chia thanh k doan,

// moi doan co tong t
static public int[] Gen(int n, int k, int t)

{
if (k <1 || k > n) return new int[0];
Random r = new Random() ;
int[] a = new int[n];
int s = n / k; // so phan tu trong 1 doan
int 1 = 0;
for (int j = 0; j < k; ++3j)
{ // sinh doan thu j
int tr = t;
int endp = r.Next(s);
for (int p = 0; p < endp; ++p,++i)
{ a[i] = r.Next(tr); tr -= a[i]; }
af[i++] = tr;
}
// dien 0 cho du n phan tu
for (; 1 < n; ++i) a[i] = O0;
return a;
}
static public void Print(int[] a) tu viét
} // KGen

} // SangTaol

Bai 2.5. Sinh ngéu nhién ti I¢
Sinh ngau nhién cho mang nguyén a co n phan tik tao thanh hai doan lién tiép
c6 tong cdc phan tir trong mét doan gap k lan tong cac phan ti ciia doan kia.

Thuat toan
1. Sinh ng?lu nhién téng tl := random(n) + 1.
2.Tinht2 := k*tl.
3. Gieo dong xu bang cich goi random (2) dé xac dinh tong nao trong so tl
va t2 duoc chon trude.
. 4. Sinh randqm(n div 2)+1 phan tr cho doan thir nhét sao cho tdng céac
phan tir ciia doan nay bang t1 (xem bai 2.4).
. 5. Sinh ndt cac phan tir cho doan thtr hai sao cho tdng cac phin tir cia doan nay
bang t2.

(* Pascal *)
program K2gen;

uses crt;
const MN = 1000;
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var a: array[l. . MN] of integer;

procedure Gen(n,k:integer) ;
var i,j,tl,t2:integer;

begin
if (k < 1) OR (k > n) then exit;
tl := random(n) + 1;

{tong mot doan; tong doan con lai
{chon ngau nhien doan co tong lon

if random(2)= 0 then t2 := k*tl
else
begin
t2 = tl; tl := k*t2;
end;
i := 0; {sinh doan thu nhat}
for j := 1 to random(n div 2) do
begin
inc(i); a[i] := random(tl);
tl := t1 - a[i];
end;
inc(i); a[i] := tl1;
while i < n do {sinh doan thu hai
begin
inc(i); a[i]:= random(t2);
t2 = t2 - al[i];
end;
a[n] := a[n] + t2;
end;

procedure Xem(n: integer); tu viét
procedure Test;
var n,k: integer;
begin
randomize;
repeat
n random(30) + 1;
k random(8) + 1;
write(' n = "',n,' k = "',k);
Gen(n,k); Xem(n);
until ReadKey = #27;
end;
BEGIN
Test;

34

= k*tl }

dat truoc hay sau

}
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END.

// C#
using System;
using System.Collections.Generic;
using System.Text;
namespace SangTaol
{
class K2Gen
{
static void Main(string[] args)
{
Random r = new Random() ;
int n, k;
do
{

n r.Next(30) + 2;

k r.Next(8) + 1;
Console.WriteLine("\n n =" + n +
"k="4k);

int [] a = new int [n];

int nl = Gen(a,n,k);
Print(a);
Test(a, nl, k);
Console.Write ("\n Bam RETURN " +
" de tiep tuc: ");
} while (Console.ReadLine() == "");
}
// Kiem tra ket qua
static void Test(int[] a, int nl, int k)

{

int t1 = 0;
for (int 1 = 0; i < nl; ++i)
tl += a[il;
Console.WriteLine ("\n Doan thu nhat: " +
"sum(a[0.." + (n1 - 1) + "]) =" + tl);
int t2 = 0;
for (int i = nl; i < a.Length; ++i)
t2 += al[i];
Console.WriteLine("\n Doan thu hai: " +
"sum(a["+nl+".."+(a.Length - 1)+"]) = "+t2);
if ((tl == k * £2) || (t2 == k * t1))

Console.WriteLine ("\n DUNG") ;
else Console.WriteLine("\n SAI");

35
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static public int Gen(int [] a, int n, int k)

{

Random r = new Random() ;
int i = 0; // phan tu thu i trong a
// nl - so phan tu trong doan 1
int nl1 = r.Next(n / 2) + 1;
int t1 = 0; // tong doan 1
// sinh doan thu 1
for (; i < nl; ++i) //
{
a[i] = r.Next(10); tl1 += al[i];
}
int t2 = k* t1;
int tt = t1;
// xac dinh ngau nhien
// 0. t2 gap k lan tl, hoac
// 1. tl1 gap k lan t2
if (r.Next(2)==1)
{ // tl gap k lan t2
tl = t2; t2 = tt; a[i-1] += (tl1l-t2);
}
// sinh doan 2
for (; i < n; ++i) //
{
af[i] = r.Next(t2); t2 -= a[i];
}
a[n-1] += t2;
return nl;

static public void Print(int[] a)

{

}

Console.WriteLine() ;

foreach (int x in a)
Console.Write(x + " ");

Console.Writeline() ;

} // K2Gen
} // SangTaol
Bai 2.6. Sinh ngdu nhién tép ting

Sinh ngdu nhién n s6 tw nhién sdp tang va ghi vao mét tép van ban c6 tén cho

trueoc.

Thuat toan

Ban doc xem truc tiép chuong trinh va gidi thich cach lam.
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(* Pascal *)

Sinh ngau nhien n so tu nhien sap tang
va ghi vao tep van ban co ten cho truoc

program FincGen;
uses crt;
const BL = #32; { dau cach }

procedure Gen(fn: string; n: integer);
var f: text; i: integer; x: longint;
begin
assign(f,fn); {fn: file name (ten tep)}
rewrite (f); randomize;
x :=0;
for i:= 1 to n do
begin
x := x+random(1l0); write(f,x,BL);
{ moi dong trong file chua 20 so }
if i mod 20 = 0 then writeln(f);
end;
if i mod 20 <> 0 then writeln(f);
close (f) ;
end;
procedure Test;
begin
Gen ('DATA.INP',200) ;
write('Ket'); readln;
end;
BEGIN
Test;
END.

I C#
using System;
using System.Collections.Generic;
using System.Text;
using System.IO;
namespace SangTaoTl
{
class FincGen
{
static void Main(string[] args)
{
string fn = "Data.txt";
GenToFile (fn, 81);
Show (fn) ; Console.ReadLine () ;
}

static public void GenToFile(string fn, int n)

37
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StreamWriter £ = File.CreateText(£fn);
Random r = new Random() ;

int x = r.Next (10);

for (int i = 0; i < n; ++i)

{

f.Write(x + " ");
// Moi dong 20 so
if (i % 20 == 19) f.Writeline();

x += r.Next(10) ;

}
if (n $ 20 '= 19) f.Writeline();
f.Close();

}

static public void Show(string fn)

{

Console.WriteLine (File.ReadAllText(£fn)) ;
}
} // FincGen
} // SangTaol

Bai 2.7. Sinh ngau nhién tép cap so cong
Sinh ngdu nhién mét cdp sé cong cé n s6 hang va ghi vao mét tép van ban c6
tén cho truoc.

Thuéat toan
1. Sinh ngau nhién s6 hang thir nhat a [1] va cong sai d.
2. Sinh cac phﬁntﬁa[i] , i=2..n
for i:=2 to n do a[i]:= a[i-1]+ d;
3. Ghi file
Do phuc tap: n.

(* Pascal *)

program FCapCong;
uses crt;
const BL = #32;
procedure Gen(fn: string; n: integer);
var f: text; i,d: integer; x: longint;
begin
assign(f,fn); rewrite(f);
randomize;
d random(n div 4)+1; {cong sai }
X random (20) ; write(f,x,BL);
for i:= 2 to n do
begin { méi dong ghi 20 sé }
x:= x + d; write(f,x,BL);
if i mod 20 = 0 then writeln(f);
end;
if i mod 20 <> 0 then writeln(f);
close (£f) ;
end;
BEGIN
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Gen ('DATA.INP',200); write('Ket'); readln;
END.

// C#

using System;

using System.Collections.Generic;
using System.Text;

using System.IO;

namespace SangTaol

{
class FCapCong
{
static void Main(string[] args)
{
string fn = "Data.txt";
GenToFile (fn, 81);
Show (fn) ; Console.ReadLine() ;
}
static public void GenToFile(string fn, int n)
{
StreamWriter £ = File.CreateText(£fn) ;
Random r = new Random() ;
int s = r.Next(n), d = r.Next(10)+1;
for (int 1 = 0; i < n; ++1i)
{
f.Write(s + " ");
if (i % 20 == 19) f.Writeline();
s += d;
}
if (n $ 20 '= 19) f.WritelLine();
f.Close();
}

static public void Show(string fn)

{
Console.Writeline (File.ReadAllText (£fn)) ;

}
} // FcapCong
} // SangTaol

Bai 2.8. Sinh ngdu nhién ming déi ximg
Sinh ngau nhién cac gia tri dé ghi vao mét mang hai chiéu a[1..n, 1..n] sao cho
cdc phan tw doi xung nhau qua dwong chéo chinh, tirc la
ali,jl=alj, il 7<ij <N
Thuéat toan
1. Sinh ngéu nhién cac phan tir 7rén duong chéo chinh a[i,i],i=1. .n.
2. Sinh nglu nhién cac phin tir ndm phia trén duong chéo chinh ali,jl,
i=1..n, j=i+l..n 1dildy dbixung: a[j,i]:= a[i,j].
Do phtec tap: n?.

(* Pascal *)
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program GenMatSym;

uses crt;

const MN = 100;

var a = array[l..MN,1..MN] of integer;
procedure Gen(n: integer) ;

var i, j: integer;

begin
randomize;
for I :=1 to n do
begin
a[i,i] := random(n);
for j := i+l to n do
begin
a[i,j]:=random(n); a[j,i]:=ali,jl;
end;
end;
end;

procedure Xem(n: integer) ;
var i, j: integer;
begin
writeln;
for i:= 1 to n do
begin
writeln;
for j:= 1 to n do write(al[i,j]:4);
end;
end;
BEGIN
Gen (20) ; Xem(20); readln;
END.

// C#

using System;
using System.Collections.Generic;
using System.Text;
namespace SangTaol
{
class GenMatSym
{
static void Main(string[] args)
{
int n = 20;
int[,] a = Gen(n);
Print(a, n);
Console.WriteLine("\n Fini ") ;
Console.ReadLine () ;

}
static public int [,] Gen(int n)

{

int[,] a new int[n, n];
Random r = new Random() ;
for (int i = 0; i < n; ++i)
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{
a[i, i] = r.Next(100);
for (int j=i+l; j<n; ++3j)
{ a[i, j] = r.Next(100)
a[jl i] = ali, J]r
}
}

return a;
i }
// hién thi mang a[0.. (n-1]
static public void Print(int [,] a,int n) tu
viét
} // GenMatSym

} // SangTaol
Bai 2.9. S6 dp cao h

Do cao cua mot 56 tw nhién la téng cdc chir s6 ciia sé d6. Sinh toan bé cac $6

tu nhién co 16i da ba chir sé va cé do cao h cho truoc. Ghi két qua vao mot tép

van ban co tén cho trudc.
Thuéat toan

Bai toan nay c6 cach phat biéu khéc va tong quat nhu sau: ¢é n coc nuée dung tich
9 thia moi coc. Cho mét binh dung h thia nwoc. Hay xdc dinh moi phwong an chia
nuoc vdo cdc coc.
Ta xét 161 giai véin=3. Tacd h =0..27.
Lﬁkﬁc%ﬁmyuhmgy=maa+b+c=hﬁam&ﬂ%nmmMa&nmw&
trong d6 mina la lugng nudc it nhat trong coc dau tién a, maxa la lugng nudce 16n nhat trong
coc a. Néu d6 day hai coc b va ¢, moi coc 9 thia nude thi lugng nudce con lai s€ 1a toi thi€u
cho coc a. Ngugc lai, néu tong cong chi ¢6 h <9 thia nude thi lwgng nude t6i da trong coc a
phailah. Taco
if h < 18 then mina := 0 else mina := h-18;
if h > 9 then maxa := 9 else maxa := h;
2.Véimdia = mina..maxa tatinh
2.1.bc = h-a (bién be chira tong céc chit s6 b va c).
2.2. Giai bai toan nhé véin = 2.
if bc £ 9 then minb := 0 else minb bc-9;
if bc =2 9 then maxb := 9 else maxb := bc;
2.3.Véimdib = minb. .maxb tatinh
y = 100*a + 10*b + (bc - b).
Ghi s6 nay vao tép.

(* Pascal *)

(*_= _____________________________

Sinh cac so khong qua 3 chu so
co do cao h va ghi vao tep £fn

program HGen;
uses crt;
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function Gen (fn:string;h:integer): integer;

var f: text;

a,b,bc,mina,maxa,minb,maxb: integer;

x,y,d: integer;

begin {tong 3 chu so toi da la 27, toi thieu la 0 }
if (h < 0) OR (h > 27) then exit;

assign(f,fn); rewrite(f);
d:= 0; {dem so luong cac so do cao h}

if h <= 18 then mina := 0 else mina := h-18;
if h >= 9 then maxa := 9 else maxa := h;
for a := mina to maxa do
begin
x := 100*a;
bc := h-a;
if bc <= 9 then minb := 0 else minb := bc-9;
if bc >= 9 then maxb := 9 else maxb := bc;
for b := minb to maxb do
begin

y :=x + 10*b + (bc - b);
write(f,y:4);
inc(d); { Ghi moi dong 10 so }
if d mod 10 = 0 then writeln(f);
end;
end;
close (f) ;
Gen := d;
end;
procedure Test;
var n: integer;
begin
n := Gen('HEIGHT.NUM',10);
write('Tong cong ’,n,' so');
readln;
end;
BEGIN
Test;
END.

// C#

using System;
using System.Collections.Generic;
using System.Text;
using System.IO;
namespace SangTaol
{
class HGen
{
static void Main(string[] args)
{
string fn = "HGen.txt";
int h = 10;
Console.WriteLine("\n File " + £n);
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Console.WriteLine(" H = " + h);
int d = Gen(£fn,10);
Test (£fn,d) ;
Console.WriteLine("\n Fini ") ;
Console.ReadLine() ;
}
static public int Gen(string fn, int h)
{
int a, b, mina, maxa, minb, maxb,
bec, x, y, d = 0;
StreamWriter £ = File.CreateText(£fn);
mina = (h <= 18) ? 0 : h-18;
maxa = (h <=9) ? h : 9;
for (a = mina; a <= maxa; ++a)
{
x = 100*a; bc = h - a;
minb = (bc <= 9) ? 0 : bec-9;
maxb = (bc >= 9) ? 9 : bc;
for (b = minb; b <= maxb; ++b)
{
++d; y=x+10*b+ (bc-b); f.Write(y+" "),
if (d $ 10 == 0) f.WritelLine();

f.Close();
return d;
}
// Doc lai file de kiem tra
static public void Test(string fn,int d)
{
Console.WriteLine("\n Tong cong " +
d+ " so");
Console.Writeline (File.ReadAllText (£fn)) ;
}

} // HGen
} // SangTaol
Chay
1. C6 thé giai bai toan trén bing phuwong phép vét can dung ba vong for nhu sau:
for a := 0 to 9 do
for b := 0 to 9 do
for ¢ := 0 to 9 do

if a+b+c = h then
write(£f,a,b,c,#32);
Z.EhuongphépyétcandéihQi10*10*10::lOOOlﬁnduyétUongkhiVéih::1OChi
6 63 s6 thoa méan diéu kién cua déu} bai. Dung phuong phép sinh ta nhan dugc dung 63
s can tim, khong phai duyét thura s nao.

Bai 2.10. Tép cdc hodn vi
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Véi méi s6 n cho truée trong khodng 1..9, ghi vao mét tép vin ban cé tén cho
trude toan b cac hoan vi cua 1..n. Hodn vi dwoc sap xep tang theo thir ty tir
dién, thi du 21345 < 21354.

Thuéat toan

1. Khoi tao va ghi hoan vi nho nhat 13 hoan vi don vi s [1..n] =
(1,2,...,n).

2. Gia su ta da ghi dugc hoan vi s[1.n] vao tép. Hoan vi tiép theo duoc tao tir s
thdng qua ham Next nhu sau:
2.1 Tim diém giy: Tim nguoc tir s [n] tro vé trude dén vi tri i du tién thoa
diéukién s[i] < s[i + 11].

- Néu khéng tim duogc i tirc 12 s 14 hoan vi 16n nhét, s[1..n] = (n,n-
1,..,1). bat tri false cho ham Next va dung thuit toan. Next =
false c6 nghia a khong ton tai hoan vi sat sau hoan vi s hay s 1a hoan vi
16n nhét.
- Néu tim duoc: thuc hién buge 2.2.
2.2 Tim diém vuot: Tim nguogc tr s [n] trd vé trude dén vi tri j dau tién thoa
didukiéns[j] > s[i].
2.3.Péichd s[i] véis[j].
24. Lgt: Dao lai trat ty cia ddy s[1 + 1..n] ta s€ thu dugc hodn vi dung
sat sau hoan vi s .
3. Pat tri true cho ham Next. Next = true c6 nghia la tim duoc hoan vi sat
sau hoan vi s.
Cha y
Khi khéi tri hoan vi don vi ta sir dung phan tir S[0] = 0 1am linh canh. Nho vay, khi
duyét nguoc dé tim diém giy ta khong phai kiém tra gi¢i han mang. Thay vi viét
i :=n-1;
while (i > 0) and (s[i] > s[i+l]) do i:= i-1;
ta chi can viét
i := n-1;
while (s[i] > s[i+1]) do i := i-1;
Ham Next dugc mé ta nhu sau:
function Next(n: integer): Boolean;
var i, j, t: integer;
begin
Next := false; i := n-1;
while (s[i] > s[i+l]) do i:= i-1;
if i = 0 then exit;
{ s[i] < s[i+1], i la diém gay }
j :=n; { Tim diém vuot a[j] > a[i] }
while (s[j] < s[i]) do j := j-1;
{ Péi chd s[i] , s[j] }
t:= s[i]; s[i]:= s[]j]; s[j]l:= t;
{ Lat s[i+l..n] } i:= i+l; j:= n;
while i < j do

begin
t:= s[i];s[i]l:= s[]j]; s[jl:= t;
i:= i+l; j:= j-1;
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end;
Next:= true;
end;
Thi dy, véi n = 8, gia su ta da ghi dugc hoan vi s = 74286531, khi d6 hoan vi sat
sau s sé dugc xay dung nhu sau:

O @ &€ ® ® ® 0 ®
S 7 4 2 8 6 5 3 1
Timdiémgéy:i=3,v‘|s[3]<s[4] 7 4 2 8 6 5 3 1
Tim diém vuot: j=7,vis[7]>s[3] 7 4 2 8 6 5 3 1
DPdi cho diém gay va diém vuot: s[3]«<s[7] 7 4 3 8 6 5 2 1
Lat doan s[4..8] 7 4 3 1 2 5 6 8
Quy trinh hoat dong cua ham Next
74286531 = 74312568
(* Pascal *)
program GenAllPer;
{$B-}
uses crt;
const MN = 9; {max n} BL = #32; {dau cach}
var s: array[0..MN] of integer;
function Next(n: integer): Boolean; tu viét
procedure Gen(n: integer) ;
const
fn = 'HoanVi.dat'; {ten tep ket qua}
var
d: longint; {dem so luong hoan vi}
i: integer;
f: text; {tep ket qua}
begin
if (n < 1) or (n > MN) then exit;
assign(f,fn); rewrite(f);
d := 0; {dem so hoan vi}
{Sinh hodn vi don vi. Pat linh canh s[0] = 0}
for i := 0 to n do s[i]:= i;
repeat

d := d+1; {Ghi hoan vi thu d, s vao tep}
for i:= 1 to n do write(f, s[i], BL);

writeln (£f);

until not (next(n));
writeln(f,' Tong cong ',d, ' hoan vi');
close(f) ;

end;

BEGIN
Gen (5); write('fini'); readln;

END.

// C#

using System;
using System.Collections.Generic;
using System.Text;
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using System.IO;
namespace SangTaol
{
class GenAllPer
{
static void Main(string[] args)
{
string fn = "HoanVi.txt";
int d = Gen(£n,5) ;
Test(fn,d); // Xem két qua
Console.WriteLine("\n Fini ");
Console.ReadLine () ;
}
// Sinh céac hoan vi, ghi file fn
static public int Gen(string fn, int n)
{
if (n <1 | n>9) return O;
int d = 0; // dem so hoan vi d = n!
StreamWriter £ = File.CreateText(£fn);
int[] a = new int[n + 1];
for (int i=0; i <= n; ++i) al[il=i;
do { // Ghi file
for (int i=1l; i <= n; ++i)
f.Write(a[i] + " ");
f.Writeline(); ++d;
} while (Next(a)):
f.Close();
return d;
}
static bool Next(int[] a)//Hoan vi tiép
{
int i, j, t, n = a.Length-1;
for (i=n-1; a[i] > a[i+l];--i) ;
if (i == 0) return false;
for (j = n; aljl < alil; --3) =
t = a[i]; alil = a[3jl; alj] = t;
for (++i, j = n; 1 < j; ++i, --3j)
{ t =a[i]; al[i] = a[jl; a[j] = t; }
return true;
}
static public void Test(string fn, int d)
{
Console.WriteLine ("\n Tong cong "
+d+ " so");
Console.Writeline (File.ReadAllText (£fn)) ;
}
} // GenAllPer
} // SangTaol

Bii 2.11. Poc div liéu tiv tép vao méng biét hai kich thudc
Doc dir liéu kiéu nguyén tir mot tép van ban vao mot mang hai chiéu.
Tép cé cdu triic nhw sau:
- Hai $6 ddu tién n, m 1& kich thuée ciia mdang gom n dong va m cot.
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- Tiép dén la cdc dit liéu ghi lién tiép nhau theo timg dong ciia mang.
- Cac so cach nhau it nhat mot dau cach.
Thi du:

23 -145371
cho biét mang c¢6 n = 2 dong va m = 3 ¢ot véi dit liéu nhu sau:
-1 4 5
3 7

Pac ta

Ta viét ham Doc cho gia tri true néu doc duoc dit liéu. Chu v réng dir liéu vao 1a
dung do d6 khong can kiém tra tinh dung dén cia chung. Nhu vay Doc sé cho gié tri
false trong truong hop khong mé dugc £ile, do ghi sai duong dan hoic file
khong dugc tao lap tr trudce.

Chi thi {$I-} yéu cau hé thong chi ghi nhan chir khong bt cac 161 vao/ra, tirc 1a
khong ding su thuc hién chuong trinh. Bién hé thong IORESULT s& ghi nhan s6 hiéu
16i. Néu IORESULT=0 thi thao tac vao ra khong sinh 18i, nguoc lai, néu TORESULT #
0 tirc 1a da c6 16i.

Chi thi {$I+} yéu cau hé thong bat moi 16i vao/ra. Nhu vay, dong 1énh

{$I-} reset(f); {S$I+}
s& duoc hiéu nhu sau:

Thoat tién ta yéu cau hé thong bo ché do bét 16i vao/ra {$I-}. Sau d6 thuc hién

1énh mo tép dé doc reset (£) . Tiép dén dat lai ché do bat 161 {$ST+} .

(* Pascal *)

uses crt;

const MN = 100;

var a: array[l..MN,1..MN] of integer;
m,n: integer;

Function Doc(fn: string): Boolean;

var
f: text;
i, j: integer;
begin
Doc := false; assign(f,fn);

{$I-} reset(f); {S$I+}
if IORESULT <> 0 then exit; {khéng m& duoc file}
read(f,n,m) ; {doc kich thuoc n va m cua mang }
for i :=1 to n do
for j:= 1 to m do
read(f,a[i, Jjl);
close (f) ;

Doc := true;
end;
procedure Xem(n,m: integer); Hién thi mang 2 chiéu,
tu viét
BEGIN

if Doc('DATA.INP') then Xem(n,m)
else write('Khong mo duoc tep ');
readln;
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END.

// C#

using System;
using System.Collections.Generic;
using System.Text;
using System.IO;
namespace sabgTaol
{
class DocMang2Chieu
{
static void Main(string[] args)
{
string fn = "Data.inp";
int n =0, m=0;
int [,] a = Doc(fn, ref n, ref m);
if (a !'= null)
{
PrintInput (£fn) ;
Print(a, n, m);
}
else
Console.WriteLine("\n " +
" Khong mo duoc file " +fn);
Console.WriteLine("\n Fini ") ;
Console.ReadLine () ;

}

static public int[,] Doc(string £n,
ref int n, ref int m)
{

if (!'File.Exists(fn)) return null;

// Cac dau ngan
char[] cc = new char|[]

{ "', "\n', "\t', '\r' };

// Mo tep ten fn doc, téch, dong tep
string[] ss = (File.ReadAllText(fn)).
Split(cc,
StringSplitOptions.RemoveEmptyEntries) ;
// Chuyén sang mang 1 chiéu int [] c
int [] ¢ = Array.Convertall (ss,

new Converter<string,int>(int.Parse));
n = c[0]; m = c[1];
int[,] a = new int[n, m];

int k = 2;
for (int i = 0; i < n; ++i)
for (int j = 0; j < m; ++j)
ali,j] = clk++];
return a;

}
static void Print(int[,] a, int n, int m)
Hién thi mang 2 chiéu a, ty viét
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static public void PrintInput(string f£n)
Poc lai file fn, tu viét
} // DocMang2Chieu
} // sangTaol

Giai thich

Trong cac may tinh hién dai, b nhé trong RAM du 16n dé ¢6 thé chua toan bo dir
lidu trong hau hét céc file input vi thé voi moi truong C# . NET ban nén doc mot 1an
dir liéu tir cac file nay. Him Doc cho ra mang nguyén hai chidu. Néu file khong ton tai,
ham cho ra gia tri null. Ban can chuén bi trude file input vdi tén Data.inp va ghi vao thu
muc BIN\DEBUG trong Project hién hanh. Néu ghi file vao thu muc khac thi trong
tham bién fn phai ghi chi tiét duong din, thi du “D:\\MyDIR\\Data.inp”. Khi
viét dudng dan, thay vi viét ddu “\” ta phai viét hai ddu do, tirc 1a “\\” Vi ban than
dau “\” trong déng vai trd bao hiéu ki tu dimg sat sau n6 1a ki ty diéu khién, thi du,
“\n” biéu thi diu xudng dong. Ban ciing c6 thé viét dau déi mirc @ canh duong dan
dé chi thi réng ban mudn dung mot ddu “\” thay vi hai déu, thi du,

@“D:\MyDIR\Data.inp”

Lénh File.ReadAllText (£n) md file voi duong dan fn doc toan bd dir lidu
mdt 1an vao mot bién string sau do tu dong dong file.

Lénh Split(cc,StringSplitOptions.RemoveEmptyEntries)
tach cac don vi trong bién string d& ghi vao bién string[] ss dong thoi bo di cac
ddu trdng mo ta trong bién cc, bao gdbm ddu cach  , ddu xudng dong *\n’, d4u tab
“\t’ va dau két RETURN ‘\x’, cudi cing loai bo cac don vi rdng, tic 1a cac string
khong chira ki tu nao (Length = 0).

Lénh int[] ¢ = Array.Convertall (ss,
New Converter<string,int>(int.Parse)) ;
(;huyén céc string trong ss sang dang s nguyén va ghi vao mang nguyén (mot chiéu)
c. Bén day toan bo dir liéu trong file input £n da duoc doc va ghi vao mang nguyén c. Cac
mang trong C# dugc danh chi dan tir 0 dén Length-1. Theo diéu kién ctia dau bai ¢ [0]
chiragiatrin, c[1] chiragiatrim, ttr c[2] trd di chira lan luot céac gia tri trén cac dong
ctia mang hai chiéu.
Bai 2.12. Poc div liéu tiv tép vao mdng biét mot kich thuwéc
) Poc dir liéu kiéu ngyyén tir mot tép van bdn vao mot mang hai chiéu a[n,m] cho
biéet mot kich thudc m (so cot).
Tép c6 chu trac nhu sau:
- S6 dau tién ghi s6 lugng cot M clia mang tirc 14 sd phan tir trén mot dong.
- Tiép dén 14 cac dit liéu ghi lién tiép nhau theo timg dong clia mang.
- C4c s6 cach nhau it nhat mot déu cach.
Thi du:
3-145371
s& dugc b tri vao mang n =3 dong, m = 3 c¢ft nhu sau:

-1 4 5
3 7

Thuéat toan
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1. M¢ tép.
2. Poc gia tri déu tién vao bién m: sb luong ¢t ciia ma tran.
3. Mbi lan doc xong mot dong ta ting con dém dong (n) thém 1.
Chay
Do c6 thé gip dong trong nén ta can s dung ham SeekEof. Ham SeekEof
duyét tiép tu vi tri hién thoi cua con tro tép, bé qua céac dau trang (gom dau cach, dau
két thuc dong, dau dau dong, diu nhay TAB), néu gip dau hét tép thi cho gia tri true,

nguoc lai, néu sau khi dd bé qua cac dau traing ma chua gap dau hét tép thi cho gia tri
false.

(* Pascal *)

uses crt;

const MN = 100;

var a: array[l..MN,1..MN] of integer;

m,n: integer;

Function Doc(fn: string): Boolean;

var f: text; Jj: integer;

begin
Doc := FALSE; assign(f,fn);
{$I-} reset(£f); {S$SI+}
if IORESULT <> 0 then exit;
read(f,m); {m: so luong cot}

n := 0; {n: so luong dong}
while NOT SeekEof (f) do
begin
inc(n) ;
for j :=1 to m do read(f,al[n,jl);
end;
close(f) ;
Doc := TRUE;
end;
procedure Xem(n,m: integer); tu viét
BEGIN

if Doc('DATA.INP') then Xem(n,m)
else write('Khong mo duoc tep ');
readln;
END.
chay
Can chuan bi trudce dit lidu va ghi trong tép vin ban DATA . INP, thi duy:

DATA.INP
3-145371

// C#

using System;

using System.Collections.Generic;
using System.Text;

using System.IO;
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namespace SangTaol

{

class DocMang2

{

static void Main(string[] args)

{
string fn = "Data.inp";
int n=0, m=0;
int [,] a = Doc(fn, ref n, ref m);
if (a !'= null)
{
PrintInput (fn) ;
Print(a, n, m);

else Console.WriteLine("\n " +
" Khong mo duoc file " + £n);
Console.WriteLine("\n Fini ") ;
Console.ReadLine () ;

static public int[,] Doc(string £fn,
ref int n, ref int m)

if (!'File.Exists(fn)) return null;
int [] ¢ = Array.ConvertAll (
File.ReadAllText(£fn) .
Split(new char[] {' ','\n','\t','\r'},
StringSplitOptions.RemoveEmptyEntries),
new Converter<string,int>(int.Parse));

int k = 0;
m = c[k++]; n = (c.Length-1)/m;
int[,] a = new int[n, m];

for (int i = 0; i < n; ++i)
for (int j = 0; j < m; ++j)
ali,j] = clk++];

return a;

}
static void Print(int [,] a, int n, int m)
Hién thi mang 2 chiéu a[n,m], tuw viét
static public void PrintInput(string £n)
Hién thi file fn; tuy viét
} // DocMang2
} // SangTaol

Giai thich
Biét s6 cot ciia mang 1a m ta c¢6 thé tinh ra sé dong n cua mang theo cong thic
n = (c.Length-1) / m, trong d6 c.Length chua so lugng cac gia tri
da doc tu file input, bao gém gia tri m va n.m gid tri cia mang, tac la
c.Length = n.m+1.

Bai 2.13. Doc dit liéu tir tép vao mdang doi xung
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Poc dir liéu kiéu nguyén tir mot tép van ban cé tén fin vao mét mang hai chiéu
doi xirng.

Tép c6 ciu triac nhu sau:

- S6 dau tién ghi s6 lugng cot (va dong thoi 1a sb lugng dong) ciia mang.

- Tiép dén 1a cac dir liéu ghi lién tiép nhau theo nira tam giac trén tinh tir
duong chéo chinh.

- Céc s6 cung dong cach nhau it nhat mot ddu cach.

Thidu:3 1 2 3 4 6 8 s&dugebd tri vao mang 3 x 3 nhu sau:

123

2 4 6

3 6 8
Thuéat toan
1. Mo tép.

2. Poc gia tri dau tién vao bién n: sb lurong cot va dong cuia ma tran vudng dédi
xung.

3. V&i mdi dong i ta doc phan tir trén duong chéo chinh cia dong d6 ali, i], sau do
ta doc cac phan tir nim ¢ bén phai a[i, i], tirc 1a a[i, j] véi j = i + 1..n rdi lay ddi xing
bang phép gan a[j, i]:= a[i, j].

(* Pascal *)

uses crt;
const MN = 100;
var a: array[l..MN,1..MN] of integer;
n: integer; { kich thuoc mang }
Function Doc(fn: string): Boolean;
var f: text; i, j: integer;
begin
Doc := FALSE; assign(f,fn);
{$I-} reset(f); {S$I+}
if IORESULT <> 0 then exit;
read(f,n);

for i :=1 to n do
begin
read(f,a[i,i])
for j := i+l to n do
begin
read(f,al[i,j]); alj,il:= a[i,j];
end;
end;
close(f); Doc:= TRUE;
end;
procedure Xem(n,m: integer); tu viét
BEGIN

if Doc('DATA.INP') then Xem(n,n)
else write('Khong mo duoc tep ');
readln;

END.

// C#
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using System;
using System.Collections.Generic;
using System.Text;
using System.IO;
namespace SangTaol
{
class MangDoiXung
{
static void Main(string[] args)
{
string fn = "Data.inp";
int n = 0;
int [,] a = Doc(fn, ref n);
if (a '= null)
{
PrintInput (fn);
Print(a, n);
}
else Console.WriteLine("\n " +
" Khong mo duoc file "+£n);
Console.WriteLine("\n Fini ");
Console.ReadLine () ;
}
static public int[,] Doc(string £n,
ref int n)
{
if (!'File.Exists(fn)) return null;
int [] ¢ = Array.Convertall (
File.ReadAllText(£fn) .
Split(new char[] {' ','\n','\t','\r'},
StringSplitOptions.RemoveEmptyEntries),
new Converter<string,int>(int.Parse));
int k = 0; n = c[k++];
int[,] a = new int[n, n];
for (int i = 0; i < n; ++i)
for (int j i; j < n; ++3)
ali,jl a[j,il = cl[k++];
return a;

}

static void

Print(int [,] a, int n) 0|j0j0|0O|O|0]|2]|1

Hién thi mang 2
chiéu a[n,n], tu viét
static public void PrintInput(string f£n)
Hién thi file fn, tuy viét
} // MangDoiXung
} // SangTaol

Bai 2.14. Pém tau
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Mot tép van ban cé tén fn cé ghisodo [111]ololololololo

mét viing bién hinh chit nhdt chiéu ngang 1l1lololzlzlololt

250 ki twr, chiéu doc (sé dong) khong han
ché. Trén bién c6 cdc con tau hinh chiv 5tau

nhdt chira cac ki tw 1, viing nudc duoc biéu thi qua cac ki tw 0. Biét rcing cac
con tau khong dinh nhau. Hay dém sé lwong tau.

Vi dy, hinh bén ¢6 5 tau.

Thuéat toan

Vi cac tau khéng dinh nhau nén ta phan biét cac tau qua mii tau, tirc 1a goc A - goc
Tay-Béc cua tau. Ta cd,

6 lwong tau = s6 leong mili tau

Mili tau 1a diém nhan gia tri 1 va néu budc mot bude sang trai hodc Ién trén s€ 1én
bo hoic roi xubng bién.

Sau khi ma t€p ta doc va xu li ting dong van ban y va so sanh n6 véi dong x da xi
i trwde d6. Néu y 1a dong dau tién, tirc 1a dong nam sat bo Bic, ta khai tri cho X vai 250
ks tur O tirc 14 ta loai trir truong hop bude 1én bo Béc. Khi xir 1i y, ta chi y tach riéng
truong hop tau nam sat bd Tay, tirc 1a xét riéng y[1]. Sau mdi 1an xu li dong y ta copy

dong y sang x va ludn gitr cho X ¢ chiéu dai tdi da 250 ki tu nhu yéu cau cua dau bai.

(* Pascal *)

program Ships;

{$B-}

uses crt;

const MN = 250;

O|O|O W
olr|r|o
olr|r|o
olr|r|o
olr|r|o
olr|r|o

boong = '1l'; nuoc = '0';

Function Dem(fn: string):
integer; R
var Con tau ABCD
f: text; d,i: integer;
X,y: string;{x:dong tren, y:dong duoi }
begin
Dem := 0; assign(f,£fn);
{$I-} reset(f); {$I+}
if TORESULT <> 0 then exit;

X := nuoc;

for i :=1 to 8 do x:= x+x; {x = 700...0"}
d :=0;

while NOT EOF(f) do

begin

readln(f,y);
if (y[l1]=boong)AND (x[1]=nuoc) then d:=d+1;
for i:=2 to length(y) do
if (y[i]= boong) AND (y[i-1]= nuoc)
AND (x[i]= nuoc) then d:=d+1;
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end;

BEGIN
n:

readln;

END.

// C#

b4
end;
Dem :

V'

d;

Dem('TAU.INP');

if n=0 then

write ('Khong mo duoc tep/khong co tau')
else write('Tong so tau: ',n);

using System;

using System.Collections.Generic;
using System.Text;

using System.IO;

namespace SangTaol

{

class Ships

{

}

static public string fn = "Tau.inp";
static public string gn = "Tau.out";
static public char boong = '1';
static public char nuoc = '0';
static void Main(string[] args)
{

Save (Count()) ;

Test () ;

Console.WriteLine("\n Fini ");

Console.ReadLine() ;
}

static public int Count()// dem tau

{

StreamReader f = File.OpenText (fn) ;
string x = new string(nuoc,251);

string y;

string empty = "";

int d = 0;

while ((y=(f.ReadLine()) .Trim())
'= empty)

{

d += Scan(x, y); x =y,
}

f.Close(); return d;

// Sanh déng tren x vdi doéng dudi y

static public int Scan(string x, string y)

{

int d = 0;
if ((y[0]==boong)&& (x[0]==nuoc)) ++d;
for (int i = 1; i < y.Length; ++i)
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if ((y[i]==boong) &&(y[i-1]==nuoc)
&& (x[i]==nuoc)) ++d;
return d;
}
static public void Save(int d) // ghi file
{ File.WriteAllText(gn, d.ToString()); }
static public void Test()

{
Console.WriteLine ("\n" +
File.ReadAllText (fn) + "\n");
Console.WriteLine ("\n" +
File.ReadAllText(gn) + "\n");
}
} // Ships

} // SangTaol
Bai 2.15. Sap doan

Trong mot tép van ban chira nhitng doan cdt ra tir mot truc s6. Méi doan cé dang
<d, ¢> trong d6 "<" ¢é thé la mot trong hai ki tw ( hodc [, > ¢6 thé la mét trong
hai ki tiw ) hodc], d va ¢ la cdc biéu thire dang x hodc x + y hodc x*y véi x va y la
nhimg 6 tw nhién. Ta luon cé d <c. Chiéu dai ciia doan <d, ¢> la hiéu ¢ - d.
Hay sdp xép cdc doan ting theo chzeu dai va ghi chiing vao mot tép van ban theo
dung dang thirc doc dugc cua méi doan. C6 thé thém, bét mét s6 dau cach trong
va ngoai cdc doan. Trén méi dong ciia tép luén luén chira tron mét sé doan.

Thi du cho dir liéu vao trong file input “Doan.inp” la:
[2+1,7) (4,4*3) (5,6]
Sau khi sdp ta dwoc két qua sau trong file output “Doan.out”:

(5,61 [2+1,7) (4,4*3)

Thuat toan

Ta md ta ciu triic ctia mdi doan nhu sau:
mo solftoanl so02], so3[toan2 so4]
trong do:
¢ mo la mdt trong hai dau mo ngoac: (‘hodc [.
¢ sol, s02, s03 va so4 1a cac sb ty nhién xuét hién trong thanh phén cua
doan.
¢ toanl va toan2 1a ddu cac phép toan (+, *), néu co trong thanh phin
cua doan.
¢+ dong la mot trong hai ddu dong ngodc: ) hoic].

Trong mo ta trén, ching ta st dung ki phap [*] dé chi ra thanh phan * c6 thé bo
qua.

Néu thanh phan thir i (i = 1..2) cua doan khong c6 de‘iu,phép toan, thi cling khong co
toan hang thir hai, tirc la thanh phan d6 c6 dang la mét s6 ty nhién thi ta dat toan[i] =
BL (dau cach).

Néu s6 thtr i khong xudt hién trong doan, ta dit so[i] = 0

Thi du:

‘ Doan ‘ mo ‘ sol ‘ Toanl ’ $02 ’ so3 ‘ Toan2 ’ so4 ’ dong ’




Sang tao trong Thuat toan va Lap trinh Tap |

[2+10,7*6) [ 2 + 10 7 * 6 )
[2+10,7) [ 2 + 10 7 BL 0 )
(2,7+5] ( 2 BL 0 7 + 5 ]

57

Ngodi ra ta thém mot thanh phan len dé xac dinh chidu dai ciia doan. len ctua mdi

doan dugc tinh theo cong thirc sau
len = TriCuoi-TriDau

TriCuoi = so3 Toan2 so4, néu Toan2 la diu '+' hodc '*' va

TriCuoi = so3, néu Toan2 = BL.
Tuong tu,

TriDau = sol Toanl so2, néu Toanl la diu '+' hodc '*' va

TriDau = sol, néu Toanl = BL.
Ta str dung c4u trac ban ghi dé biéu dién dir liéu cho mdi doan:
type
MangSo = array[l..4] of integer; {4 toan hang}
MangToan = array[l..2] of char; {2 toan tu +,*}
KieuDoan = record
mo: char;
dong: char;
so: MangSo;
Toan: MangToan;
len: integer;
end;
Cac doan doc dugce s€ dugc ghi dan vao mang a véi bién dém s phﬁn torn:
type MangDoan = array[0..1000] of KieuDoan;
var a: MangDoan; n: integer;
Khi d6 thu tuc tinh chiéu dai len ciia mdi doan s& duoc cai dat nhu sau:
procedure LenSeg(i: integer) ;
var dau, cuoi: integer;

begin
with a[i] do
begin
dau := so[l];
if Toan[l]='+' then dau := dau+so[2]

else if Toan[l]='*' then dau:=dau*so[2];
cuoi:=so[3];
if Toan[2]='+' then cuoi:=cuoi+so[2]
else if Toan[2]='*' then cuoi:=cuoi*so[2];
end;
len := cuoi-dau;
end;

Céu tric with x do T cho phép ta thyuc hién thao tac T trén cac thanh phan

ctia ban ghi x ma khong phai viét lai phan tiép dau x.

Dé doc cac doan tir tép ta sir dung mot may trang thai nhu sau. Hay tudng tuong
mat ban bi bit kin, do d6 ban phai dung tay d€ nhan biét tung ki ty trong tép van ban.
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MBJi 14n ban s& mot ki tu ¢ ndo d6 roi dua vao ki tu d6 ban xac dinh cac thu tuc can thuc
hién dé nhan biét tirng ddi twong. Mudn vy ta sir dung mot bién goi 1a bién trang thai q
v6i muc dich ghi nhan cac tinh hudng da gip va trén co so d6 xac dinh cac thao tac can
thiét. Goi q 1a bién trang thai. Trong qua trinh doc va xur Ii tép input ta co thé gip nim
trang thai nhu sau:

q = 0: Trang thdi do tim dau dogn: Néu gip ki ty mo dau mot doan, cu thé 1a néu gap
kitue = '"('hodice = '[' thi cén tao mot doan mai nhu sau:

- Tang chi din ghi nhan doan méi:n := n + 1;

- Ghi nhan ki tu m& dau doan: a[n] .mo:= c;

- Khoi tri mang sé: a[n] .so := (0, 0, 0, 0);
- Khéiuinmngdéucécth)umn:a[n].Toan:= (BL, BL);
- Chuyén qua trang thdi q := 1 1a trang thai tim doc so[1].
0: if ¢ in['(','['] then
begin

n:=n+l; a[n].mo:=c;
a[n] .so0:=KhoiTriSo;
a[n] .Toan:=KhoiTriToan;

Céc bién KhoiTriSo vd KhoiTriToan duoc khai bao va gan tri khoi dau nhu
sau:

const

KhoiTriSo: MangSo = (0,0,0,0);
KhoiTriToan: MangToan = (BL,BL);
q = 1: Trang thai tim doc s6 thir nhat so[1]: O trang thai nay, néu gip chit sb thi ta
ghep thém chir s6 d6 vao so[11, néu gap déu phép toan thi ta hiéu 1a thanh phan thir
nhét ciia doan 12 mot biéu thurc dang:
so[1l] Toan[l] so[2]

Ta ghi nhan dau phép toan vao truong Toan[1] va chuyén qua trang thdiq =
dé doc sb thtr hai. Néu gap déu phay (, ) 1a diu ngan giita hai thanh phan cta doan ta
chuyén qua trang thaii q = 3 dé doc sd dau tién cta thanh phan thtr hai, tirc 1a doc
so[3].

1l: if ¢ in ChuSo then DocSo(n,1l)

else if ¢ in PhepToan then
begin a[n].Toan[1l]:=c; gq:=2; end
else if c=',' then q:=3;

Tha tuc DocSo (i, j) nhén thém 1 chi sb dé ghép vao bién a [i] .s0o[]3].
q=2: Poc sb thir hai, so[2]: 6] trang thai nay, néu gap chir s6 thi ta ghép thém chir §é
d6 vao so[2] , néu gip dau phay la dau ngan gitra hai thanh phan cua doan ta chuyén
qua trang thdi @ = 3 dé doc s6 dAu tién cua thanh phén thir hai, trc 1a doc so [31].

2: if ¢ in ChuSo then DocSo(n,2)

else if ¢ =',' then q:=3;
q =3: Poc sb thir ba, so[3]: O trang thai ne‘ly,’né’u gap chir gé thi ta ghép thém chir sb
d6 vao so[3], neu gap dau phép toan thi ta hiéu 1a thanh phan thu hai cia doan 1a mot
biéu thirc dang:
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so[3] Toan[2] so[4]

Ta ghi nhan déu phép toan vao trudng Toan[2] va chuyén qua trang thai ¢ = 4 dé doc
sdthutn, so[4],néugipkitue = ') ' hoic ¢ = '] thitahiéu la da két thuc mot
doan, ta goi thu tuc KetDoan dé thuc hién céc thao tac sau:

- Ghi nhan ki ty dong doan: a[n] .dong:= c.

- Tinh chiéu dai cia doan: LenSeg (n) ;

- Chuyén qua trang thai @ = 0 d¢ tiép tuc véi doan tiép theo, néu con.

procedure KetDoan;
begin
a[n] .dong:=c; LenSeg(n); q:=0;
end;
Poan chuong trinh thé hién trang thai @ = 3 khi d6 s& nhu sau:
3: if ¢ in ChuSo then DocSo(n,3)
else if ¢ in PhepToan then
begin a[n].Toan[2]:=c; q:=4 end
else if ¢ in[')',']'] then KetDoan;
q = 4: Poc s thir tw, so[4]: O trang thai nay, néu gap chir sé thi ta ghép thém chir )
dévao so[4], néugipkitue = ')' hodcec = '] thitahiéu la da két thuc mot
doan, ta goi thu tuc KetDoan.
4: if ¢ in ChuSo then DocSo(n,4)
else 1f ¢ in['")',']'] then KetDoan;

Doc tép xong ta ding thi tuc gsort sip cac doan ting dan theo chidu dai. Sau khi

sip ta ghi cac doan vao tép gn theo cac truong.

(* Pascal *)

{$B-}
program Segments;
uses crt;

const
fn = 'DOAN.INP'; {Tep input}
gn = 'DOAN.OUT'; {Tep output}
MN = 1000; {So luong toi da cac doan}
BL = #32;{Dau cach}
ChuSo = ['0'..'9'];
PhepToan = ['+','*'];
type

MangSo = array[l..4] of integer;

MangToan = array[l..2] of char;

KieuDoan = record
mo: char; {dau mo ngoac}
dong: char; {dau dong ngoac}
so: MangSo; {4 so trong doan}
Toan: MangToan; {2 phep toan}
len: integer; {chieu dai doan}
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end;

MangDoan = array[0..MN] of KieuDoan;
const

KhoiTriSo: MangSo = (0,0,0,0);

KhoiTriToan: MangToan = (BL,BL);
var

f,g:text;

a: MangDoan;

c: char; {ky tu dang xet}

n: integer;{chi so doan dang xet}

q: integer;{bien trang thai}
(Fmm e e e e~

Cac trang thai q = 0: do tim dau doan
1: doc so[l]
2: doc so[2]
3: doc so[3]
4: doc so[4]

procedure LenSeg(i: integer); tu viét
procedure KetDoan; ty viét

procedure DocSo(i,j: integer);
begin

a[i] .so[]j]:=al[i] .so[j]*10+(ord(c)-ord('0"'))
end;

procedure doc;
begin
assign(f,fn); reset(f);
q:=0; n:=0;
while not eof (f) do
begin
read(f,c);
case q of
0: if ¢ in['(','['] then
begin
n:=n+l; a[n].mo:=c;
a[n] .so:=KhoiTriSo;
a[n] .Toan:=KhoiTriToan;
q:=1;
end;

60
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1: if ¢
else

in ChuSo then DocSo(n,1l)
if ¢ in PhepToan then

begin a[n] .Toan[l]:=c; gq:=2 end

else
2: if c
else
3: if ¢
else

else
4: if c

if c=',' then q:=3;
in ChuSo then DocSo(n,2)
if ¢ =',' then q:=3;
in ChuSo then DocSo(n, 3)
if ¢ in PhepToan then
begin
a[n] .Toan[2] :=c; q:=4;
end
if ¢ in[')',']'] then KetDoan;
in ChuSo then DocSo(n,4)

else if ¢ in [')',']'] then KetDoan;
end; { case }
end; { while }

close (£f) ;
end;

procedure gsort(d,c:integer) ;

var i,j,m: integer;

x: KieuDoan;

begin

i:=d; j:=c; m:=a[(i+j) div 2].len;

while i<=j do
begin

while a[i].len < m do i:=i+l;

while a[j].len > m do j:=j-1;
if i<=j then

begin
x:=a[i]; a[i]l:=alj]; alj]l:= x;
i:=i+1l; j:=3j-1;
end;
end;

if d < j then gsort(d,j);
if i < ¢ then gsort(i,c);

end;

procedure Ghi;
var i: integer;
begin

assign(g,gn); rewrite(qg);
for i:=1 to n do

with a[i] do
begin

if Toan[1l]<>BL then
write(g,mo, so[l],Toan[1l],so[2])
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else write(g,mo, so[l]);
if Toan[2]<>BL then

write(g,',',so[3],Toan[2],so0[4],dong,BL)

else write(g,',',so[3],dong,BL);

{ moi dong viet 10 doan }

if i mod 10 = 0 then writeln(qg)

end;

close(qg) ;
end;
BEGIN

Doc; gsort(l,n); Ghi;
END.

I C#

using System;

using System.IO;

using System.Collections;
namespace SangTaol

{

class SapDoan

{

static
static
static
static
static
static
static

{

s =

public string fn = "Doan.inp";

public string gn = "Doan.out";

public string s; // du lieu vao

public Doan[] d = new Doan[5000]; // cac doan
public int n = 0; // so luong doan

public char Ket = '#';

void Main(string[] args)

File.ReadAllText (fn) + Ket.ToString();

Console.WriteLine("\n Du lieu " +

n =

"truoc khi xu li:\n " + s);
DocDoan() ;

Console.WriteLine("\n Tong cong " + n + " Doan");
Console.WritelLine(n); Printd():;

QSort(d, 0, n-1);

Console.WritelLine ("\n Da sap: "); Printd();

Ghi () ; XemLai () ;

Console.WriteLine("\n Fini ") ;
Console.ReadLine () ;

}

static public void XemLai ()

{

}
{

Console.WriteLine ("\n Kiem tra lai:\n");
Console.WriteLine ("\n Input:\n" +
File.ReadAllText (fn)) ;
Console.WriteLine ("\n Output:\n" +
File.ReadAllText(gn)) ;

static public int DocDoan ()
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int n = -1;

int q = 0; // trang thai

int i = 0; // bien tro trong s
int dau, cuoi;

for (; s[i]

{

switch (q)

{

case 0:

case 1:

case 2:

case 3:

case 4:

case 5:

'= Ket; ++1i)

// Tim dau doan
if (GapMo(s[i]))
{
++n; d[n] = new Doan();
d[n] .Mo = s[i]; g = 1;
}
break;
// Doc sol
if (GapSo(s[i]))
d[n] .Sol = DocSo(ref i);
else if (GapToan(s[i]))

{d[n] .Toanl = s[i]; q =
else if (s[i]==',') q = 3;
break;

// Doc so2

if (GapSo(s[i]))

d[n] .So2 = DocSo(ref 1i);
else if (s[i]==',') q = 3;
break;

// Doc so3
if (GapSo(s[i]))
d[n] .So3 = DocSo(ref i);

else if (GapToan(s[i]))

{

d[n] .Toan2 = s[i]; g

}

else if (GapDong(s[i]))
q=>5;
break;
// Doc so4
if (GapSo(s[i]))
d[n] .So4 = DocSo(ref i);
else if (GapDong(s[i]))
q=25;

break;
// Xong 1 doan
d[n] .Dong = s[--i];
dau = d[n] .Sol;
if (d[n].Toanl == '+')

dau += d[n].So2;
else if (d[n].Toanl == '*')

dau *= d[n].So2;

cuoi = d[n].So3;
if (d[n].Toan2 == '+')

cuoi += d[n] .So4;

2;}

4;

63
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else if (d[n].Toan2 == '*')
cuoi *= d[n].So4;
d[n] .Len = cuoi-dau;
Console.Write("\n Doan "+
n+".");
d[n] .Print(); q = 0; break;
}
} // endfor
return (++n);
}
static public bool GapSo(char c)
{ return (¢ >= '0' && c <= '9"); }
static public bool GapMo (char c)
{ return (¢ == "(' || e== "["); }
static public bool GapDong (char c)
{ return (¢ == ")' || e== "]"); }
static public bool GapToan (char c)
{ return (¢ == '"+' || c== '*'); }
static public int DocSo(ref int i)
{
int m = 0;
do
{ m=m* 10 + s[i++] - '0';
} while (GapSo(s[il])):
-——i;
return m;
}
static public void Printd()
{ for (int i = 0;i < n; ++i) d[i] .Print(); }
static public void Ghi ()
{
StreamWriter g = File.CreateText(gn);
for (int i = 0; 1 < n; ++i) d[i] .FWrite(qg)
g.Close();
}
static public void QSort(Doan[] d,int s, int e)
{
int i =s, j=e, m=d[(i+])/2].Len;
Doan t;
while (i <= j)
{
while (d[i].Len < m) ++i;
while (d[j].Len > m) --3j;
if (1 <= 3j)
{
t = d[i]; d[i] = d[3]; d4[]j] = t;
++i; --3;
}
}
if (s < j) QSort(d,s,i);
if (i < e) QSort(d,i,e);
}
} // SapDoan
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public class Doan

{

public char Mo;
public char Dong;
public int Sol;
public int So2;
public int So3;
public int So4;
public char Toanl;
public char Toan2;
public int Len;
public Doan()

{

}

Mo = '<'; Dong = '>';

Sol = So02 = So3 = Sod4 = 0;
Toanl = Toan2 = '#';

Len = 0;

public void FWrite (StreamWriter g)

{

}

g.Write (Mo.ToString()) ;
if (Toanl !'= '#')
g.Write(Sol + Toanl.ToString() + So2);
else g.Write(Sol) ;
g.Write(",");
if (Toan2 !'= '#')
g.Write(So3 + Toan2.ToString() + So4);
else g.Write(So3);
g.WriteLine (Dong.ToString()) ;

public void Print()

{

Console.Write (Mo.ToString()) ;
if (Toanl!="#")

Console.Write (Sol+Toanl.ToString()+So2) ;
else Console.Write(Sol) ;
Console.Write(",");
if (Toan2!="#")

Console.Write (So3+Toan2.ToString () +So4) ;
else Console.Write (So3);

Console.WriteLine (Dong.ToString()+
" Len = "+Len);

} // Print

} // Doan

} // SangTaol
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CHUONG 3

BAN PHIM VA MAN HINH

Bai 3.1. Bang ma ASCII
Sinh tép co tén ASCII.DAT chira ma ASCII dé tién dung.

Chuy

ASCII (doc 1a a-ski) 1a bd md chudn ding trong trao ddi thong tin cia Mi va dau tién
duoc cai dat trong cac may tinh sir dung hé diéu hanh MS-DOS. Trong bang mé nay, mdi
ki tw c6 mot ma sd riéng biét chiém 1 byte. Trong TP Ta viét 65 1a dé biéu thi ma sb 65,
viét #65 1a dé biéu thi ki tw c6 ma s 65, tirc 1a chir 'A'. Cac ki ty mang ma s tir 0 dén
31 1a cac ki ty diu khién, thi dy, ki tw #13 diéu khién con tro vin ban xudng dong méi,
ki tw #10 didu khién con trd vin ban vé dau dong. Nhu viy, xau ki ty #13#10 s& diéu
khién con tro vé diu dong méi va do d6 1énh write (#13#10) sé twong dwong véi lénh
writeln. Lénh writeln (#13#10) s€ twong duong véi hai 1énh writeln;
writeln.

Chuong trinh dudi day ghi vao tép van ban c6 t€n ASCII. DAT cac ki tu va ma cla
chung. Tat ca ¢6 256 ki tu chia lam hai phan. 128 ki tu ddu tién ma s6 tir 0 dén 127 12
cdc ki ty co so, 128 ki tu con lai, ma sb tir 128 dén 255 13 cdc ki tw mé rong.

Sau khi thyc hién chuong trinh, ban c6 thé mo tép ASCII.DAT dé xem tung ki tyr
va mi ctia ching. Luu ¥ ring c6 ki tu hién thi dwoc va c6 ki tw khong hién thi duoc trén
man hinh, chfmg han nhu cac ki tu diéu khién.

(* Pascal *)

program ASCII;
uses crt;
procedure ASCII;
var f: text; i: byte;
begin
assign(f, 'ASCII.DAT') ;
rewrite (f) ;
for i := 0 to 255 do
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begin
write(f,chr(i), ': ',i:3,"' ')
if i mod 5 = 0 then writeln(f);
end;

close(f) ;
writeln('OK'); readln;
end;
BEGIN
ASCII;
END.

// Cc#

Chuong trinh dudi dy luu lai ma cua 128 ki tw ddu tién Gmg véi phan co so cua
bang ma ASCII. Cac ki tu phan mé rong phu thudc vao timg phién ban cai dit cia cac
h¢ diéu hanh.

using System;
using System.IO;
namespace SangTaol

{
class ASCII
{
static void Main()
{
string fn = "ASCII.TXT";
StreamWriter g = File.CreateText (fn) ;
for (int i = 0; i < 128; ++i)
g.WritelLine("{0}: {1}", i, (char)i);
g.Close() ;
Console.WritelLine (File.
ReadAllText(fn)); // Doc lai
Console.ReadLine () ;
}
} // class
} // space

Bai 3.2. B¢ Tu lo kho
Ldp chwong trinh hién thi trén man hinh cdc qudn bai T lo kho gom Ré, Co,
Pich, Nhép theo quy dinh qudn A mang md sé 1 va ¢6 1 hinh don vi, cdc qudn
ma sé i tir 2 dén 10 ¢é i hinh don vi, cdc quan J, Q va K lan luot ¢6 11, 12 va
13 hinh don vi twong vmg. Hinh don vi gom bon loai ki tw ¢6 ma ASCII twong
ttng nhu sau:

¢ (RO) : #4, v (Co): #3, a (Pich): #6, & (Nhép): #5.

8 A Q

3o

3o

>
> > > > >
> > > > >
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8] | Al | Q

Ba quan bai Tu lo kho

Goiy

Trudc hét ta cAn théng nhat mot s quy dinh sau:

¢+ Quén bai dugc v& bang mot mau M tity chon.

¢ Néula quan Ro hodc Co ta ddt mau chit la d6 (RED), véi cac quan Pich va
Nhép ta dat mau chir la den (BLACK).

4 M01 quén bai c6 hai thudc tinh 14 loai (RS, Co, Pich hodc Nhép) va mi sd. Ma
sdclaquan Alal,J lall,Qlal2vaKla13. Cac quin con lai mang ma s0
tir 2 dén 10 tg voi sb ghi trén quan bai do.

¢+ Trénnén cac quan bai J, Q va K khong v& hinh nguoi ma ve s0 lwong hinh don
vi (RO, Co, Pich hodc Nhép) tuong rng véi ma so cua quan do.

Dé bb tri sb lwong hinh don vi trén mdi quan bai cho can ddi ta can 5 dong. Tl}fl tuc
Dong (g:char;s:string;x, y:byte) v&€ 5 dong chira hinh don vi loai 0 bat dau
tinh tir toa d(g) (X, y) ung vai vi tri goc trén Eréi cua quan bai trén man hinh, thgo dau hi€u ghi
trong xau mau s. Thi dy, 101 goi véi xdumau s = '20302" s& v& 5 dong thé hién cho quan
mang ma so 7 thudc loai v (R0, Co, Pich hodc Nhép) nhu sau:

Dong thir nhdt c6 2 ki twv.

Dong thir hai ¢6 0 ki tie Vv tie la dé trong.
Dong thir ba co 3 ki tw v.

Dong thir tie ¢6 0 ki tie v tike la dé trong.

M w D

5. Dong thirnam co 2 ki tuv.
Vi trong xau mau S tong cong c6 2 + 3 + 2 =7 ki tr v nén quan bai mang ma sd 7.
procedure Dong(v: char;s: string;x,y: byte);
var i: byte;

begin

x = x+3; y := y+TY;

for i :=1 to 5 do
begin

gotoxy (x,y) ;
case s[i] of
'l': write(BL,BL,v,BL,BL);
'2': write(v,BL,BL,BL,V);
'3': write(v,BL,v,BL,V);
end;
y = y+TY;
end;
end;
Céc mau dong s dugc tinh toan trude va khoi tri nhu sau:
MauDong: array[l..13] of string[5] =
('00100', '01010', '10101', '20002', '20102',
'20202', '20302', '21212', '30303', '22222',
'22322', '23232', '23332');
Ta d& dang nhan ra c6 tit ca 13 mau dong ing véi 13 ma s6 1(A), 2,..., 10, 11(J), 12(Q)
va 13(K). Tém lai mau dong thtr i cho ta phuong thirc vé& i hinh don vi trén quan bai mang
mé s6 i. Mbi mau dong duoc bidu dién qua mot xau 5 ki tur.
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Céc tha tuc didu khién man hinh c6 ¥ nghia nhu sau:

gotoxy (x,y) : Chuyén con tré man hinh dén cot x dong y.

TextColor (c): Pit mau ¢ cho nét chir. Thi du, k& tir sau khi gip lénh
TextColor (BLACK) cic ki tyr xuat hién trén man hinh s& c6 nét mau den,

TextBackGround (m) : Dit mau m cho nén chit. Thi du, ké tir sau khi gap lénh
TextBackGround (WHITE) céc ki ty s& dugc viét trén nén trang.

textattr: Bién h¢ thong co gia tri 1 byte, tinh tir phai qua trai, 4 bit dau tién (goi 1
céc bit thap) tao thianh mot s6 nguyén thé hién méau cho nét chit, 4 bit tiép theo (goi 1a cac bit
cao) thé hién mau cho nén chir. Thi du phép gin textattr:=7 s&duoc nhan gia tri nhi
phan 12 (0000)(0111) va do d6 hé théng s& dat mau nét chir 1a 7 (mau tring) va mau nén
chir 13 0 (mau den). Nhu viy phép gan trén twong duong voi t6 hop ciia hai 1énh
TextColor va TextBackGround.

Lénh write (a:m) hién thi don vi dir lidu a véi do rong m vi tri. Néu chiéu dai dir
liéu cia a nho hon m thi hé thong tu dong dién thém dau cach cho dim vi tri. Néu chidu dai
dir liu cia a 16n hon m thi hé théng hién thi du vi tri cho a. Thi du, 1énh
write (BL:20) s& hién thi 20 déu céach trén man hinh.

Vi man hinh trong hé diéu hanh Windows c6 d9 phén giai cao, khac véi man hinh vin
ban trong DOS nén thi tuc VeBai duoc cai dét vai tham s6 didu khién Kieu quy dinh kiéu
ctia hé didu hanh. Kieu = Wind s& hién thi bo bai trong ché d6 Windows, Kieu =
DOS 5@ hién thi bd bai trong ché &6 man hinh DOS. Hai kiéu chi khac nhau & mot gia tri
can khai tri cho vai tham sd, cu thé Ia:

Kich thudc quéan bai. Néu coi mdi quan bai nhu mdt hinh chir nhat thi DX 1a chiéu rong,
DY la chiéu dai.

Do gidn dong TX. Khi hién thi trén man hinh Windows thi ta dé cach hai dong, TX =
2, nguoc lai, trén man hinh DOStadat TX = 1.

Béng dudi ddy mo ta cac tham sb can khéi tri cho hai méi trudong WINDOWS va DOS.

WINDOWS DOS
DX 9 9
DY 12 6
TX 2 1

Cdc tham s6 kich thwéc qudn bai DX x DY va dg gidn cdch
dong TX
trong moi truong WINDOWS va DOS.

(* Pascal *)

uses crt;
const
CO = #3 = #4; NHEP = #5; PIC = #6;
WIND = 1 DOS = 2; BL = #32;
DX: byte = 9;
DY: byte = 12; {kich thuoc quan bai}
TY: byte = 2;
MauDong: array[l..13] of string[5] = ('00100',
'01010°',
10101,
120002,
'20102°',
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'20202°',
'20302°',
'21212°',
'30303"',
122222,
122322,
'23232°',
'23332"');
Nhan: array[l..13] of string[2]
= (|A1,121,13v,v4v,151,
|6|,l7v,181,191, 101,
IJIIVQI,IKI);
procedure Dong(q: char;s: string;x,y: byte); tu viét

Ve nen mau M cho quan bai
tai vi tri goc tren trai (x,y)

procedure Nen (M,x,y: byte);
var i: byte;
begin
TextBackGround (M) ;
for i:= 0 to DY do
begin
gotoxy (x+1,y+1i) ;
write (BL:DX) ;
end;

Ve 1 quan bai kieu q (ro, co, bich, nhep);
son (2 ... 10; 1 =A; 11 = J; 12 = Q; 13 = K)
goc Tay-Bac tai cot x, dong y cua man hinh,

procedure VeQuanBai (q: char; n, x, y: byte);
var i, j: byte;
begin {VeQuanBai}

if (g = RO) OR (g = CO) then TextColor (RED)

else TextColor (BLACK) ;

Nen (WHITE,x,y) ;

Dong (q,MauDong[n] ,x,y) ;

{viet so}

gotoxy (x+1,y+1) ; write(Nhan[n]:2);

gotoxy (x+DX-1,y+DY-1) ; write(Nhan[n]);
end;
Procedure VeBai (Kieu: byte) ;
var i: integer;

begin
if Kieu = DOS then
begin
DY:= 6;
TY:= 1;
end else

if Kieu = WIND then
begin
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DY:= 12;

TY:= 2;
end else
begin

writeln('Dat kieu khong dung') ;
write('Cach goi thu tuc: ');

writeln('VeBai (WIND) hoac VeBai (DOS)'):;

readln; halt;
end;
textbackground (BLUE) ; clrscr;
for i := 1 to 13 do {Ve bo Tu lo kho}
begin
VeQuanBai (RO,i,5,10) ;
VeQuanBai (CO,1i,20,10) ;
VeQuanBai (PIC,i,35,10);
VeQuanBai (NHEP,i,50,10) ;
if ReadKey=#27 then halt;
end;
textattr:= 7; clrscr;
end;
BEGIN
VeBai (WIND) ;
END.

// C#

using System;
using System.IO;
namespace SangTaol

{

class TulLoKho
{
static void Main()
{
BoBai b = new BoBai():;
b.Draw (6, 4);
Console.ReadLine () ;

}

} // Class
2y
* Mo ta bo bai Tulokho
X e, —————— */

class BoBai

{

private char CO (char) 3;
private char RO = (char)4;
private char NHEP = (char)5;
private char PIC = (char)é6;

71
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const int DX = 9;
const int DY = 6;// kich thuoc quan bai
// 1 khoang cach giua 2 dong
const int TY = 1;
const int SOQUAN = 13;
private string[] MauDong = {"00100",
"01010",
"10101",
"20002",
"20102",
"20202",
"20302",
"21212",
"30303",
"22222",
"22322",
"23232",
"23332" };
private string[] Nhan = {"a",6"2",6"3","4" "5", "6", "7",
"8m","9m","1o","Jg","Q","K"};
// Dat mau nen va text cho man hinh
private void SetColors (ConsoleColor bg, ConsoleColor £g)

{

Console.BackgroundColor
Console.ForegroundColor

bg;
fg;

}
// Viet s tai cot x, dong y
private void WriteAt(string s, int x, int y)
{
Console.SetCursorPosition(x, y);
Console.Write(s) ;
} // WriteAt
// Ve bo bai tai vi tri x, y
public void Draw(int x, int y)
{
int DD = DX + 10;
Console.BackgroundColor =
ConsoleColor.Blue;
Console.Clear() ;
for (int i = 0; i < SOQUAN; ++i)
{
VeQuanBai (RO, i, x, y);
VeQuanBai (CO, i, x + DD, y);
VeQuanBai (PIC, i, x + 2 * DD, y);

VeQuanBai (NHEP, i, x + 3 * DD, y);

Console.ReadLine () ;

}

Console.ResetColor(); // tra lai nen cu
} // Draw

private void Lines(char q, string s,

72
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int x, int y)

const string BL = " ";
string gs = gq.ToString();
x += 3;
for (int 1 = 0; i < 5; ++i)
{
y += TY;
Console.SetCursorPosition(x, y)
switch (s[i])
{
case 'l':
Console.WritelLine(BL + BL + gs + BL + BL);
break;
case '2':
Console.Writeline(gs + BL + BL + BL + gs);
break;
case '3':
Console.Writeline(gs + BL + gs + BL + gs);
break;
} // switch
} // for
}
// Dat mau nen cho quan bai
private void Nen (ConsoleColor m,
int x, int y)
{
string s = new string(' ', DX);
Console.BackgroundColor = m;
for (int i = 0; i <= DY; ++i)
WriteAt(s, x + 1, y + 1i);

[/ * e e e
Ve 1 quan bai kieu q (ro, co, bich, nhep):;
son (1 ... 10; 0 =A; 10 =J; 11 = Q; 12 = K)
goc Tay-Bac tai cot x, dong y cua man hinh,
____________________________________________ */
private void VeQuanBai (char q, int n, int x,

y)

{

// Chon mau chu RO, CO: mau do

// PIC, NHEP: mau den

Console.ForegroundColor =
(@ == RO || q == CO)
? ConsoleColor.Red

ConsoleColor.Black;

// Dat nen quan bai mau trang

Nen (ConsoleColor.White, x, y);

// Ve 5 dong

Lines(q, MauDong[n], x, y):

// Viet so o goc tren-trai

73
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Chu t

WriteAt (Nhan[n], x + 2, y);// + 1);
// Viet so o goc duoi-phai
if (n == 9)
WriteAt (Nhan[n], x + DX - 2, y + DY );
else WriteAt(Nhan[n], x + DX - 1, y + DY );
} // VeQuanBai
} // TuLoKho
} // SangTaol

hich

Céc tham s6 x, y Va DX, DY phu thudc vao d6 phan giai man hinh. Ban can diéu
chinh cac tham s0 nay cho phu hgp véi ché d6 phan giai man hinh da chon.

Bai 3.

Goiy

3. Ham GetKey

Mbi khi ta nhdn mét phim, trong vimg dém 2 byte sé dwoc nap 1 hodc 2 byte tuy
theo kiéu phim da nhén. Néu la phim thuong nhwr a, b, ¢, %, §,... trong ving dém sé
dwoe nap 1 byte chita ma ASCII ciia ki tw twong 1ing. Néu ta nhdn phim mé rong
nhw F1,..., F10, cdc phim dich chuyén contré, T, =, <, 4, Ins (chen), Del (x0d),
PageUp/PgUp (lén mét trang), PageDown/PgDn (xuong mot trang),... trong viing
dém sé deoe nap hai byte, byte thir nhdt cé gia tri 0, byte thir hai chita ma riéng
ciia phim da nhan. Ma riéng nay cé thé tring véi md ciia cde ki tw thwong. Thi du,
khi ta nhan phim mé réng F10 trong vimg dém sé dwoc nap 2 byte (0, 68). Ma
riéng 68 trimg véi md ciia ki tw D. Ham ReadKey cho ta ki tir ciia phim dé nhan va
khong hién thi ki tr do (trén man hinh), ta goi la ham nhdn tham mét ki .
ReadKey tredc hét kiém tra vimg dém ban phim xem con byte nao chua dwoc doc
khéng. Néu con, ReadKey sé doc byte dé. Nguroc lai, néu viing dém trong, ReadKey
€ cho dé ta nhan mét phim réi sau dé doc 1 byte tir ving dém.

Hay viét ham GetKey cho ra ma ASCII ciia phim thuong dd nhan va cho ra ma
riéng cia phim mé rong cong thém 128 nham phdn biét dirge phim thirong véi
phim mao rong.

Chi y: Ham GetKey & bai 3.3 cho mi ctia mot s6 phim mé rong dung dé diéu
khién con tré man hinh nhu sau:

LEN: 200 Miii tén tro lén T
XUONG: 208 Miii tén tré xuéng ¥
PHAI: 205 Miii tén tro qua phdi —
TRAI: 203 Miii tén tro qua trdi <

ESC (27) vaENTER/RETURN (13) la nhitng phim thuong.

Trude hét goi ham c:= ReadKey roi kiém tra gia tri cua ki tw ¢. Néu ¢ c6 ma 0
tic 1a da nhan phim mé rong, ta can doc tiép byte thir hai va gan cho ham gi trj ciia
byte d6 cong thém dau hi¢u nhan biét phim mé rong 1a 128. Néu ¢ c6 ma khac 0, ta gén
cho ham gia tri do.

(*

Pascal *)

program Conio;
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uses crt;
const Esc = 27;
Function GetKey: integer;
var c: char;
begin
c:= ReadKey;
if ¢ <> #0 then GetKey := Ord(c)
else GetKey := Ord(ReadKey) + 128;
end;
Procedure Test;
var k: integer;
begin
repeat
write (' Nhan Phim (Bam ESC de thoat): ');
k:= GetKey;
if k > 128 then
writeln(' Phim mo rong (0, ',k-128,') ==> ', k)
else
writeln(' Phim thuong ',chr(k), '(',k,')"')’
until k = Esc;
readln;
end;
BEGIN
Test;
END.

Bai 3.4. Tro choi 15
Co 15 quan co dugc danh ma $6 tir 1 dén 15 dwoc dit trong mot ban co hinh vuong 4
x 4 6 theo hinh trang ban dau nhw rong hinh . Méi buée di, ta dwoc phép di chuyén
mot qudn nam canh 6 trong vao trong é trong.

9 10 11 12

13 14 15

Tro choi 15

Viét chwong trinh thuwe hién hai chire nang sau ddy:

a) Pdo ngdu nhién cdc qudn co dé chuyén tir hinh trang ban dau vé mot hinh trang

H nao do.

b) Nhén phim diéu khién ciia nguoi choi r‘é‘i di chyuyé’n qudn co theo phim do. Khi

nao nguoi choi dat dwoc hinh trang ban dau thi ket thiic mgt van.

Trd choi ndy c6 tén 13 Tro choi 15, timg ndi tiéng & thé ki XIX nhu trd choi Rubic
0 thoi dai ching ta vay

Goiy
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Trd choi nay kha d& 1ap trinh. Ban can Iuu ¥ sy khac biét giita vi tri ctia phan tir a[i, j]
trong ma tran a véi vi tri hién thi ctia n6 trén man hinh, vi tha tuc gotoxy(i, j) dwa con tr6
man hinh &n cot i, dong j trong khi a[i, j] lai truy cap toi dong (i) va c6t (j). Su khac biét
nay duoc tinh dén trong thii tuc Den (dén - chuyén con tré dén vi tri thich hop dé hién thi
phan tir a[i, j]).

Mang b chira hinh trang ban dau cua ban ¢ va ding dé kiém tra xem mang a co
trung va6i hinh trang nay khong (xem ham 16gic Dung).

Hai thi tuc DaoNgauNhien va Gamel5 déu cung goi dén thu tuc Chuyen (k) -
dich chuyén mot trong bon quén sat véi 6 trong vao 6 trong. Ta quy udc chon cc gia tri
cuak la:

0: Lén - chuyén qudn nam sat dudi 6 trong vao 6 trong.

1: Xudng - chuyén qudn nam sdt trén 6 trong vao 6 trong.

2: Phai - chuyén qudn nam sét tréi 6 trong vao 6 trong.

3: Tréi - chuyén qudn nam sat phai 6 trong vao 6 trong.

Puong nhién, néu 6 tréng nam sat duong bién thi co thé cé trudng hop khong
chuyén dugc.

Ta phén biét phan tir (i, j) ciia mang a v6i vi tri hién thi gi4 tri a[i, j] ctia phan tir do
trén man hinh nhu sau. Goi (X, y) 1a vi tri goc trén trai ctia ving hién thi, dx va dy la
chiéu dai hai canh ciia 6 s& hién thi gi tri a[i, j], khi d6 thu tuc Den (i, 7) dudi day
chuyén con trd man hinh dén vi tri hién thi dugc mé ta nhu sau:

procedure Den(i,j: byte);
begin

Gotoxy (y+ (j-1) *dy, x+ (i-1) *dx) ;
end;

Khi @6 thu tyc viet (i, 7: byte)Vlet gia tri a[l ] vao 6 tuong (g trén man
hinh s& thyc hién cac thao tac sau. Trudce hét can chuyen con tro man hinh dén vi tri can
viét bang thu tuc Den (i, ) . Sau d6 xét 6 a[i, j]. Néu dé 1a 6 tréng (a[i, j] = 0) thi xoa
0 do, nguogc lai ta ghi gia tri cua ali, j] vao 6 can hién thi.

procedure Viet(i,j: byte);
begin
Den(i,]);
if a [i,j] = O then
begin
TextBackGround (YELLOW) ;
write (BL:2) ;
TextBackGround (BLUE) ;
end
else write(a [i,]j]:2);
end;

Khi khoi dong chuong trinh s& hién thi tro choi va tién hanh dao ngu nhién cac quan cd
cho dén khi nguoi choi nhin mot phim tuy ¥. Tir thoi diém do, nguoi choi s& tim cach di
chuyén cac quan c dé dat toi hinh trang ban dau.

(* Pascal *)
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BL = #32;

DD = 4;

x = 2; y = 3, {Goc Tay-Bac cua ban co}
dx = 2; dy = 3; {Khoang cach giua cac o}
{cac ma dich chuyen con tro}

LEN = 200;
XUONG = 208;
PHAI = 205;
TRAI = 203;
var

a, b: array [1..DD,1..DD] of byte; {ban co}
xx, yy: byte; {Toa do cua con tro}

Function GetKey: integer;
var c: char;
begin
c:= ReadKey;
if ¢ <> #0 then GetKey:= Ord(c)
else begin
c:= ReadKey;
GetKey:= Ord(c) + 128;
end;

Chuyen con tro man hinh
den vi tri hien thi

quan co (i,3)

procedure Den(i,]j: byte);

begin

Gotoxy (y+(j-1) *dy,x+(i-1) *dx) ;
end;

Viet gia tri cua quan co
al[i,j] vao o tuong ung

procedure Viet(i,j: byte);
begin
Den(i,J):
if a[i,j] = 0 then
begin
TextBackGround (YELLOW) ;
write (BL:2) ;
TextBackGround (BLUE) ;
end
else write(a[i,]j]:2);

Khoi tri:
1. Dat mau chu, mau nen
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2. Ve ban co

procedure Init;
var i, j, k: byte;
begin k := 0;
{nen ngoai mau vang}
TextBackGround (YELLOW) ;
Gotoxy (1,1) ;
{ Ve cac o trong }
for i:= 1 to dx*DD+1 do
begin
for j := 1 to dy*DD+3 do write(BL);
writeln;
end;
TextBackGround (BLUE) ; {nen ban co mau xanh}
TextColor (WHITE); {chu trang}
{Khoi tri va hien thi cac quan co}
for i:= 1 to DD do
for j:= 1 to DD do
begin
inc(k); al[i,j]:= k;
bli,j]:= k; Viet(i,j);

end;
a[DD,DD]:= 0; b[DD,DD]:= 0;
Viet (DD,DD); Den(DD,DD);
xx:= DD; yy:= DD;

Di chuyen quan co a[xx,yyl]
vao o trong ke no

procedure Chuyen(k: integer) ;

begin
case k of
0: {LEN}
if xx < DD then
begin
al[xx,yyl]l:= a[xx+1,yyl;
Viet (xx,yy) ;
inc(xx); a[xx,yyl:= 0;
Viet (xx,yy)
end;
1: {XUONG}
if xx > 1 then
begin
a[xx,yy]l:= a[xx-1,yyl’
Viet (xx,yy) ;
dec(xx); a[xx,yyl:= 0;
Viet (xx,yy) ;
end;
2: {PHAI}

if yy > 1 then
begin



Sang tao trong Thuat toan va Lap trinh Tap |

a[xx,yy]:= a[xx,yy-1];
Viet (xx,yy) ;
dec(yy); alxx,yyl:= 0;
Viet (xx,yy) ;
end;
3: {TRAI}
if yy < DD then
begin
a[xx,yy]:= a[xx,yy+1];
Viet (xx,yy) ;
inc(yy); alxx,yyl:= 0;
Viet (xx,yy) ;
end;
end;
end;

procedure DaoNgauNhien;
var c: integer;
begin
repeat
Chuyen (random(4)) ;
Delay (50); {Dat do tre de kip quan
until KeyPressed;
c:= GetKey;
end;

Kiem tra ban co a co
trung voi cau hinh chuan ?

function Dung: Boolean;
var i, j: byte;
begin

Dung:= FALSE;

for i:= 1 to DD do

for j:= 1 to DD do
if (a[i,3j] <> b[i,j]) then exit;
Dung:= TRUE;

end;
procedure Gamel5;
var k: integer;
d, v: longint;
sx, sy, ex, ey: byte;
begin
Randomize;
ClrScr; d:= 0; v:=1;
TextBackGround (BLUE) ;
TextBackGround (BLUE) ;
TextColor (WHITE) ;
Init;

gotoxy (5,25) ; clreol;
write(' Van: ');

sat}
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sx:= Wherex; sy:= Wherey;
write(v); write(' Tong so buoc: ');
ex:= Wherex; ey:= Wherey;
DaoNgauNhien;
repeat
gotoxy (sx,sy); write(BL:10) ;
gotoxy (sx,sy); write(v)
gotoxy (ex,ey); clreol; {xoa cho den het dong}
gotoxy (ex,ey); write(d);
Den (xx,yy) ;
k:= GetKey;
case k of
LEN: k:=
XUONG: k:
PHAI: k:= 2;
TRAI: k:= 3;
end;
Chuyen (k) ; inc(d) ;
if Dung then
begin
DaoNgauNhien;
inc(v); d:= 0;
gotoxy (sx,sy); write(BL:10);
gotoxy (sx,sy); write(v);

0;

end;
until UpCase(chr(k)) in [#27, 'Q'];
Textattr := 7; clrscr;
end;
BEGIN
Gamel5;
END.

Bai 3.5. Bing nhdy

Bang nhay bucc b, bdc k la mét tam bang co dac tinh ki la sau day: néu ban viét

lan lwot 1én bang n s6 nguyén thi sau khi viét sé thit i, s6 thir (i —b) da viét trude

do sé dege tang thém k don vi ma ta goi la nhay sé.

Véi méi cap sé nguyén dwong b va k cho triede hdy ldp trinh dé bién man hinh

mdy tinh ciia ban thanh mét bang nhdy sau dé thir viét lén tam bang dé dé

nhan dwoc day N s6 tw nhién dau tién 1 2 ... N véi méi N cho trude.

Thi dy, dé thu dugc diy sé 1 2 ... 10 trén bang nhay bude b = 3 bac k = 6 ban

can viét ddy so sau:

-5 -4 -3 -2-1018 9 10
Goiy
Vi mdi bude b ta can luu lai b gid tri nap trude d6 trong doan a[0..b-1] ciia méng a

ddng thoi voi Vi tri hién thi trén man hinh cua cac gia tri do trong cac mang tuong g X va
y. Ta str dung s6 hoc dong du cho viéc luu trir nay, cu thé 1a khi cAn nap phan tir thir i trude
hét ta nap vao mot bién dém z. Sau d6 ta tang phan tir a[i mod b] thém k don vi va tim dén
cot x[i mod b], dong y[i mod b] dé cap nhat lai gi4 tri nay. Cudi cung ta chuyén gia tri z vao
ai mod b]. Néi cach khéc ta xtr 1i vang dém a[0..(b - 1)] theo nguyén tic vong tron. Cac chi
tiét xir li man hinh trong truong hop chuyén dong va cudn man hinh khi thao tac & dong cubi
man hinh la don gian va dugc chi rd trong chuong trinh
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Pascal *)

uses crt;

const

MN = 50;

d = 6; {chieu dai cua moi so}

ML = 12; {so luong tren mot dong}

LIM = d*ML; BL = #32;

W = 500; {kich thuoc toi da cua bang nhay}
var

a: array [0..MN] of integer; {vung dem}
{toa do con tro man hinh}

X, y: array [0..MN] of byte;

procedure BangNhay(b,k,n: integer);
var i, j, z, t: integer;
Xx, yy: byte; {vi tri con tro}
begin
textattr := 7; clrscr;
writeln ('Bang nhay bac ' ,k,' buoc ',6b);
writeln(' gom ',n,' so');
writeln('Bat dau nap day ',n,' so.');
writeln('Sau moi so bam ENTER') ;
xx:= wherex; yy:= wherey;
for i := 0 to n-1 do
begin
gotoxy (xx,yy) ; readln(z); {nap 1 so}
if i < b then t :=1i
else
begin
t:= i MOD b;
for j:=1 to 5 do
begin {sua lai so truoc do b buoc}
gotoxy (x[t] ,y[t]), write(BL:d);
gotoxy (x[t],y[t]); write(a[t]):
delay (W) ;
gotoxy (x[t],y[t]); write(BL:d);
gotoxy (x[t] ,y[t]), write(a[t]+k)

delay (W) ;
end;
end;
x[t] = xx; y[t]:= yy;
a[t] = z; xx:= xx + d;

if xx > LIM then
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begin
xx:= 1;
if yy < 24 then inc(yy)
else
begin
gotoxy (1,25); writeln;
for j := 0 to b do dec(y[]j]):
end;
end;
end;
gotoxy (xx,yy) ; write(' KET ') ;
readln;
end;
BEGIN
BangNhay (3,6,10) ;
(* Loi giai: -5 -4 -3 -2 -1 01 8 9 10 ¥*)
END.

// C#

Cac bai 3.3, 3.4 va 3.5 la don gian. Trong C# c6 ham ReadKey() cho ra gia tri kiéu
ConsoleKeylInfor. Dua theo gid tri ndy ta cé thé xdc dinh phim nao da dwoc bam. Poan
tnnhamvldﬁynunhhoakhachznetwecnhgnbkncacphnn

// Minh hoa ham Console.ReadKey ()
using System;
using System.Text;
class Sample
{
public static void Main()
{
Test() ;
}
public static void Test()
{
ConsoleKeyInfo k;
do {
Console.Write ("\n Bam phim ESC de thoat: ");
k = Console.ReadKey (true) ;
char ¢ = k.KeyChar;
Console.Write(c) ;
if (char.IsLetter(c))
Console.Write (" Chu cai");
else if (char.IsNumber (c))
Console.Write (" Chu so");
else if (char.IsControl(c))
{
Console.Write (" Phim dieu khien ") ;
switch (k.Key) {
case ConsoleKey.Fl: Console.Write(" F1");
break;
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case C

case

case

case

case

case

case

case C

case Cons

case Cons

case Conso

case Console

case

case

case

case

case

case

case

case

case

case

onsoleKey.F2: Console.Write(" F2");
break;

ConsoleKey.F3: Console.Write(" F3");
break;
ConsoleKey.F4: Console.Write(" F4");
break;
ConsoleKey.F5: Console.Write(" F5");
break;
ConsoleKey.F6: Console.Write(" F6");
break;
ConsoleKey.F7: Console.Write(" F7");
break;
ConsoleKey.F8: Console.Write(" F8");
break;

onsoleKey.F9: Console.Write(" F9");
break;

oleKey.F10: Console.Write(" F10");
break;

oleKey.Fll: Console.Write(" F11");
break;

leKey.F12: Console.Write(" F12");
break;
Key .Enter:
break;
ConsoleKey.Backspace:
Console.Write (" Lui (Backspace)");
break;

ConsoleKey.Home:

Console.Write (" Home") ;

break;

ConsoleKey.Insert:
Console.Write (" Ins");

break;

ConsoleKey.Delete:
Console.Write (" Del");

break;

ConsoleKey.PageDown:
Console.Write(" PgDn") ;

break;

ConsoleKey.PageUp:

Console.Write (" PgUp");

break;

ConsoleKey.Pause:

Console.Write (" Pause - Break");
break;

ConsoleKey.RightArrow:
Console.Write (" Mui ten phai');
break;

ConsoleKey.LeftArrow:
Console.Write (" Mui ten trai");
break;

ConsoleKey.DownArrow:

Console.Write (" ENTER") ;
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Console.Write (" Mui ten xuong");
break;
case ConsoleKey.UpArrow:
Console.Write(" Mui ten len");
break;
case ConsoleKey.End: Console.Write (" End");

break;

case ConsoleKey.Escape: Console.Write(" ESC");
Console.ReadKey (true) ;
break;

}

}
} while (k.Key !'= ConsoleKey.Escape) ;

}
}// Sample

Chuong trinh C# dudi day thé hién trd choi Gaml15 nhim minh hoa mét sb tinh
nang quan 1y ban phim va man hinh trong moéi truong DOT.NET.

Ham GetKey() nhan mot phim va cuyén céc gia tri diéu khién sang ngi md, tirc 1 ma
do chiing ta ti dit, thi du, ta c6 thé gan ma cho phim mili tén trai 13 4.

Dé khoi tao c4u hinh ban dau ta sé lip ngau nhién maxk 1an véi gia tri maxk do
nguoi choi tu chon.

Céc 6 trong ban co dugc thé hién dudi dang [xx], trong d6 xx 14 tri sb ciia quan co.
O tréng dugc thé hién 1a [ ] voi mau xanh. Thi dy, ciu hinh ban dau (a) va cau hinh (b)
nhan dugc sau khi ddo ngau nhién mot s6 1an c6 thé nhu sau:

[ 11 [ 2] [ 31 [ 4] [ 1] [ 6] [ 2] [ 4]
[ 51 [ 61 [ 71 [ 8] [ 51 [10] [ 31 [ 8]
[ 91 [10] [11] [12] [ 1] (141 [ 71 [11]
[13] [14] [15] [ ] [ 91 [13] [15] [12]
(a) Cau hinh ban dau (b) Cdu hinh sau khi ddo
// C#

using System;
using System.IO;
namespace SangTaol

{

class Gamel5
{
const int scot = 20; // Toa do cot goc
const int sdong = 8; // Toa do dong goc
const int dcot = 5; // Kh cach giua 2 o tren dong
const int ddong = 2; // Khoang cach dong
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const int dd = 4; // ban co kich thuoc 4 X 4
const int ddl = dd - 1;

const int LEN = 1;

const int XUONG 2;

const int PHAI = 3;

const int TRAI = 4;

const int END = 5;

const int ESC = 6;

const string BL = " ";// dau cach

static public int [,] a = new int [dd, dd];
static public int [,] b = new int[dd, dd];
static public int cot = ddl; // toa do o trong
static public int dong = ddil;

static void Main()

{

Q-

Init(); Play():
}
static public void Play()
{
int k = 0;
int d = 0;
if (Console.CursorVisible)
Console.CursorVisible =
!'Console.CursorVisible;
Console.SetCursorPosition(1l, 1);
Console.Write("So buoc: ") ;
int coty = Console.CursorTop;
int dongx = Console.CursorLeft;
Console.SetCursorPosition (dongx, coty);
Console.Write(d) ;
do
{
VeO (dong, cot);
if (Sanhab())
{

Console.SetCursorPosition (dongx+2,

coty) ;
Console.Write (" Chuc mung “ +
"Thanh Cong '!!");
Console.ReadLine() ;
return;

}

k = GetKey (), ++d;
Console.SetCursorPosition (dongx, coty);
Console.Write (" ")
Console.SetCursorPosition (dongx, coty)
Console.Write(d) ;
switch (k)

{
case LEN: // Day quan duoi o trong LEN
if (dong < ddl)
{
a[dong,cot]=a[dong+l,cot];
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VeO (dong, cot);
++dong; a[dong, cot] = 0;
VeO (dong, cot);
}
break;
case XUONG://Day quan tren o trong XUONG
if (dong > 0)
{
a[dong,cot]=a[dong-1,cot];
VeO (dong, cot);
--dong; a[dong, cot] = 0;
VeO (dong, cot);
}
break;
case PHAI: // Day quan TRAI o trong sang
if (cot > 0)
{
a[dong, cot]=a[dong,cot-1];
VeO (dong, cot);
--cot; a[dong, cot] = 0;
VeO (dong, cot);
}
break;
case TRAI: // Day quan PHAI o trong sang
if (cot < ddl)
{
a[dong,cot]=a[dong,cot+1];
VeO (dong, cot);
++cot; a[dong, cot] = 0;
VeO (dong, cot);
}
break;
}
} while (k !'= ESC);
}
static public void Gotoij(int i,int j)
{
Console.SetCursorPosition (scot+dcot*j,
sdong+ddong*i) ;
}
static public void VeO(int i, int j)
{
int dong = sdong + ddong¥*i;
int cot = scot + dcot * j;
Console.SetCursorPosition (cot,dong) ;

Console.Write (" "),
Console.SetCursorPosition (cot, dong);
if (a[i,j] == 0)

{
Console.BackgroundColor =
ConsoleColor.Blue;
Console.Write (" ["+BL+BL+"]") ;
Console.BackgroundColor =
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ConsoleColor.Black;
}
else if (a[i,]j] < 10)
Console.Write("[" + BL + a[i,3j] + "1"):;
else Console.Write("[" + a[i,j] + "1");
}
// so sanh hai cau hinh a va b
static public bool Sanhab()
{
for (int i = 0; i < dd; ++i)
for (int j = 0; j < dd; ++3)
if (a[i,j] '= b[i,]j]) return false;
return true;
}
// Dao ngau nhien maxk lan
static public void DaoNgauNhien (int maxk)
{
Random r = new Random() ;
for (; Sanhab(); ) // Dao den khi a '= b
{
for (int k = 0; k < maxk; ++k)
{
switch (r.Next(4) + 1)
{
case LEN:
// Day quan duoi o trong LEN
if (dong < ddil)
{
a[dong,cot]=a[dong+l,cot];
++dong; a[dong, cot] = 0;
}
break;
case XUONG:
// Day quan tren o trong XUONG
if (dong > 0)
{
a[dong,cot]=a[dong-1,cot];
--dong; al[dong, cot] = 0;
}
break;
case PHAI:
// Day quan TRAI o trong sang
if (cot > 0)
{
a[dong,cot]=a[dong,cot-1];
--cot; a[dong, cot] = 0;
}
break;
case TRAI: // Day quan PHAI o trong sang
if (cot < ddl)
{
al[dong, cot] = a[dong, cot + 1];
++cot; a[dong, cot] = 0;
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}

}
break;
} // switch
} // for k
} // for sanh

static public void VeBanCo ()

{

}

for (int 1 = 0; i < dd; ++i)
for (int j = 0; j < dd; ++3)
VeO(i,J):

static public void Init()

{

}

// Khoi tri ban co a.
// Ban co b dung de doi sanh.
int k = 1;
for (int 1 = 0; i < dd; ++i)

for (int j = 0; j < dd; ++j)

bli,j] = ali, ] = k++;

b[ddl,ddl] = a[ddl, dd1l] = O;
dong = ddl; cot = ddi;
DaoNgauNhien (200) ;
VeBanCo () ;

static public int GetKey()

{

}

ConsoleKeyInfo k;
k = Console.ReadKey (true) ;
char ¢ = k.KeyChar;
if (char.IsControl(c))
{
switch (k.Key)
{

case ConsoleKey.RightArrow: return PHAI;
case ConsoleKey.LeftArrow: return TRAI;
case ConsoleKey.DownArrow: return XUONG;
case ConsoleKey.UpArrow: return LEN;
case ConsoleKey.End: return END;

case ConsoleKey.Escape: return ESC;

}
}

return O;

} // Gamel5
} // space
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89

CHUONG 4

TO CHUC DU LIEU

Bai 4.1. Cum

Mot cum trong mot biéu thirc todn hoc la doan nam giita hai déu dong va mo
ngodc don (). Véi méi biéu thirc cho triede hdy tach cdc cum ciia biéu thire do.
Dir liéu vao: Tép van ban CUM. INP chira mét dong kiéu xdu ki tr (string) la
biéu thirc can xit Ii.

Dit liéu ra: Tép vin ban CUM.OUT dong ddu tién ghi d la s6 heong cum. Tiép
dén la d dong, méi dong ghi mét cum dwoc tach tiv biéu thirc. Trwong hop gap
16i cii phap ghi s6 — 1.

Thi du:

CUM. INP CUM. OUT

x* (a+l) * ((b-2)/(c+3)) | 4

(a+l)

(b-2)

(c+3)

((b-2)/ (c+3))

Goiy
Gia su xau s chua biéu thuce can xur li. Ta duyét lan lugt tir dau dén cudi xau s, voi

mdi ki ty s[i] ta xét hai truong hop:

¢ Truong hop tht nhat: s[i] 12 ddu m& ngodc ' (': ta ghi nhan i 1 vi tri

xuét hién dau cum vao mot ngin xép (stack) st:
inc(p); st[p] := i;
trong d6 p 1a con tro ngan xép. p ludn ludn tro dén ngon, tirc 1a phan tir cudi
cung ctia ngan xép. Thu tuc ndy goi 1a nap vao ngin xép: NapST .
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¢ TTuonghcpﬂnIhm s[1]ladaudongngoac') “talayphannlngonra
khoi ngin xép két hop véi vi tri i dé ghi nhan cac vi tri dau va cudi cum
trong s. Ham nay goi la liy phan tir ra khoi ngan xép: LayST. Khi ldy mot
phén tir ra khoi ngan xép ta giam con tro ngan xép 1 don vi.
j := st[pl; dec(p);
C6 hai truomg hop gy ra 16i ct phap don gian nhu sau:

1. Gip ') ' matrudc d6 chua gap ' (': Loi "chua mo da dong". Lbi nay duoce
phét hién khi xay ra tinh huéng s [i] = ') ' vastackrong (p = 0).

2. Pagip ' (' masaudo khong gap ') ': Ldi "md roi ma khéng dong”. Li
nay dugc phat hién khi xay ra tinh huéng da duyét hét biéu thirc s nhung trong
stack van con phan tir (p > 0). Luu ¥ rang stack 1a noi ghi nhan cac ddu mo
ngoac ' ('.

Ta dung bién SoCum dé dém va ghi nhan cic cum xuét hién trong qua trinh duyét
biéu thic. Truong hop gip 15i ta dat SoCum := -1. Hai mang dau va cuoi ghi
nhén vi tri xuat hién coa ki tu ddu cum va ki tu cudi cum. Khi téng hop Kkét qua, ta sé
ding dén thong tin cua hai mang nay.

(Fmmmm e
Xt 1y biéu thtc trong s
___________________________ *)
procedure BieuThuc;
var i: byte;
begin
KhoiTrisSt; {Khéi tri cho stack}
SoCum := 0; {Khdi tri con dém cum}
for i := 1 to length(s) do

case s[i] of
'(': Napst(i);
') ': if StackRong then

begin SoCum:= -1; exit; end
else
begin
inc (SoCum) ;
dau[SoCum] := LaySt;
cuoi[SoCum] := i;
end;

end {case};
if p > 0 then
begin SoCum := -1; exit; end;
end;
Sau khi duyét xong xau s ta ghi két qua vao tép output g. Him copy (s, i,d)
cho xdu gdm d ki tw dugc cit tir xdu s ké tir ki ty thr i trong s. Thi du
copy ('12345678',4,3) = '456'.

(* Pascal *)

program Cum;

{$B-}

uses crt;

const

fn = 'CUM.INP'; gn = 'CUM.OUT';
type mbl = array[l..255] of byte;
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var s: string; {chua bieu thuc can xu 1i}
st: mbl; {stack}
{stack luu vi tri xuat hien dau ( trong xau s}
p: integer; {con tro stack}
dau,cuoi: mbl; {vi tri dau, cuoi cua 1 cum}
SoCum: integer;

f,g: text;

(Fmm e
Khoi tri stack st
___________________________ *)

procedure KhoiTriSt;

begin p := 0; end;

(Fmm e
Nap tri i vao stack st

___________________________ *)

procedure NapSt(i: byte);

begin inc(p); st[p] := i; end;

function LaySt: byte;
begin LaySt := st[p]; dec(p); end;

(Fmmmm e
Kiem tra Stack St rong ?
___________________________ *)
function StackRong: Boolean;
begin StackRong := (p=0); end;
(Fmmmm e
Xu ly bieu thuc trong s
___________________________ *)
procedure BieuThuc; tu viét
(Fmm e e e e~
Doc du lieu tu tep input vao xau s
__________________________________ *)
procedure Doc;
begin
s := ''; {gan tri rong cho s}

assign(f,fn); reset(f):
if not seekeof (f) then readln(f,s);

close (f) ;

end;

(* __________________________

Ghi ket qua vao tep output

___________________________ *)

procedure Ghi;

var i: byte;

begin
assign(g,gn); rewrite(g); writeln(g,SoCum) ;
for i := 1 to SoCum do

writeln(g,copy(s,dau[i] ,cuoi[i]-dau[i]+1))

close(qg) ;

end;

BEGIN



Sang tao trong Thuat toan va Lap trinh Tap |

Doc; BieuThuc; Ghi;
END.

// C#

using System;
using System.IO;
namespace SangTaol

class Cum
{
const string fn = "cum.inp";
const string gn = "cum.out";
static void Main()
{
if (XulLi()) KiemTra();
Console.ReadLine() ;

static public bool Xuli ()
{
// Doc du lieu vao string s,
// bo cac dau cach dau va cuoi s
string s = (File.ReadAllText(fn)) .Trim() ;
int[] st = new int[s.Length];//stack
int p = 0; // con tro stack
int sc¢ = 0; // Dem so cum
String ss = ""; // ket qua
for (int i = 0; i < s.Length; ++i)
{
switch (s[i])

{

case '(': st[++p] = i; break;
case ') ':
if (p == 0)
{
Console.WriteLine ("\nLOI:" +
" Thieu (")
return false;
}
++sc;
for (int j = st[p]; j<=i; ++3j)
ss += s[j];
ss += "\n"; // ket dong
--p;
break;
} // switch
} // for

if (p > 0)
{
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Console.WriteLine("\n LOI: Thua (")
return false;
}
// Ghi file ket qua
File.WriteAllText (gn, (sc.ToString() + "\n"
+ ss));
return true;
}
// Doc lai 2 file inp va out de kiem tra
static public void KiemTra ()

{
Console.WriteLine ("\n Input file " + fn);
Console.WritelLine (File.ReadAllText(fn)) ;
Console.WriteLine ("\n Output file " + gn);
Console.WritelLine (File.ReadAllText(gn)) ;
}
} // Cum

} // SangTaol
Bai 4.2. Bai gop

B¢ bdi bao g5m n quan, duwgc gan ma 6 tir 1 dén n. Liic dau b bai duoc chia cho n
nguoi, moi ngueoi nhdn 1 qudn. Méi lwot choi, trong tai chon ngau nhién hai s6 x va y
trong khodng 1..n. Néu c6 hai ngueoi khdc nhau, mdt ngueoi c6 trong tay qudn bdi x va
nguoi kia c6 qudn bai y thi mot trong hai nguoi do phai trao toan bg so bai ciia minh
cho nguoi kia theo nguyén tic sau: moi nguoi trong so hai nguoi do trinh ra mot
qudn bai tuy chon ciia minh, Ai ¢6 qudn bai mang md s6 nhé hon sé dwoc nhén bai
ciia nguoi kia. Tro choi két thiic khi cé mét nguweoi cam trong tay cd bg bai. Biét s6
qudn bdi n va cdc quan bai trong tai chon ngau nhién sau m heot choi, hdy cho biét
$0 lirong nguoi con ¢ bai trén tay.

Dir liéu vao: Tép van ban BAIGOP . INP.

- Dong. ddu tién: hai s6 n va m, trong dé n la s6 lwong qudn bai trong bé bai, m
la 6 lan trong tai chon ngau nhién hai sé x va y. Cdc quén bai dwoc gdn md so
tir I dén n. M@ s6 nay dwoc ghi trén qudn bai.

- Tiép dén la m dong, méi dong ghi hai s6 tw nhién x va y do trong tdi
cung cdp. Cdc s6 trén ciing mot dong cach nhau qua dau cach.

Dt liéu ra: Hién thi trén man hinh sé lwong nguoi con co bai trén tay.

Thi du:

D@ liéu vao: |Kétquahiénthitrén| y nghfa: b bai c6 10 quan ma s6 lan luot 1,
BAIGOP.INP man hinh 2,..., 10 va c6 10 nguoi choi. Sau lan trong tai

10 6

ONEFE_WNDN
woouldWww

chon ngau nhién cac cip sb (x, y) 1a (2, 5),
(3, 3), 4, 7), (1, 5), (2, 8) va (9, 3). Cudi van
choi con lai 5 nguoi ¢6 bai trén tay: {1, 2, 5, 8},
{3,9}, {4, 7}, {6}, {10}.

Thuat toan

Day 1 bai toan c6 nhiéu tng dung hitu hidu nén ban doc can tim hiéu ki va ¢ géng
cai dat cho nhuan nhuyén. Nhu sau nay s€ thay, nhiéu thuat todn xtr 1i d6 thi nhu tim
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cdy khung, x4c dinh thanh phan lién théng, xac dinh chu trinh... s& phai van dung cich
t6 chirc dir lidu twong tu nhu thuat toan s& trinh bay dudi déy.

Bai nay doi hoi to chirc cac tip quéan bai sao cho thuc hién nhanh nhét cac thao tac
sau day:

Find (x) : cho biét tén cua tap chtra phén tor X.
Union (x, y): hop tap chira X voi tdp chira y.

MJi tap 1a nhém cac quan bai c6 trong tay mot ngudi choi. Nhu vay mdi tap 1a mot
tap con cua bd bai {1, 2,..., n}. Ta goi bd bai 1a tdp chii hay tdp nén. Do tinh chét cua
tro choi, ta c6 hai nhan xét quan trong sau day:

1. Hop cua tit ca cac tap con (mdi tap con nay do mot ngudi dang choi quan
li) dung bang tap chi.
2. Hai tap con khic nhau khong giao nhau: tai mdi thoi diém cua cudc choi,
mdi quan bai nim trong tay dung mot nguoi.
Ho céc tap con thoa hai tinh chét néi trén duge goi 1a mot phdn hoach cia tap chu.
Céc thao tac noi trén phuc vu truc tiép cho viéc t6 chire trd choi theo so dd sau:
Khoi tri:
for i:= 1 to n do
begin
Trong tai sinh ngdu nhién hai sé x va y
trong khoang 1..n
Hop tép chita x véi tédp chira y: Union(x,y);
end;

Pé thyc hién thi tuc Union (x,y) trude hét ta can biét quan bai x va quan bai y
dang & trong tay ai? Sau d6 ta cAn biét nguoi giit quan bai x (hodc y) ¢6 quan bai nho
nhét 14 gi? Quan bai nho nhit dugc xac dinh trong toan bd cac quan bai ma ngudi do co
trong tay. Pay chinh 1a diém d& nham 1an. Thi dy, nguoi choi A dang giir trong tay céac
quan bai 3,4 va 7, A={3, 4, 7}; nguoi choi B dang giir cac quan bai 2,5,9va l1,B =
{2 5,9, 11}. Cac s6 gach chan 1a s6 hiéu cta quan bai nho nhat trong tay mdi nguoi.
Néux=9vay=7thi A (dang gitr quan y =7) va B (dang gilt quan x = 9) s& phai dau
v6i nhau. Vi trong tay A c¢6 quan nho nhat 1a 3 va trong tay B c6 quan nho nhit 14 2 nén
A s€ phai ndp bai cho B va ra khoéi cudc choi. Taco, B ={2,3,4,5,7,9,11}. Ta Kkét
hop viée xéc dinh quéan bai X trong tay ai va ngudi do ¢6 quan bai nho nhat 1a bao nhiéu
lam mot dé xay dung ham Find (x) . Cu thé 1a ham Find (x) sé& cho ta quan bai nho
nhdt cé trong tay nguwdi giit qudn bai x. Trong thi du trén ta co:

Find(x) = Find(9) = 2 va Find(y) = Find(7) = 3

Luu ¥ rang ham Find (x) khong chi rd ai 1a ngudi dang giit quan bai x ma cho
biét quan bai c6 sb hiéu nhd nhdt cb trong tay ngudi dang gitt quan bai x, nghia 1a
Find (9)=2 chu kh()ng phai Find (9) = B. Dé giai quyét sy khac biét nay ta hiy
chon phan tir ¢4 sb hiéu nho nhét trong tap cac quan bai c6 trong tay mot nguoi lam
phan tir dai dién cia tdp do. Ta ciing dong nhit phan tir dai dién v6i ma s6 ciia nguoi
gitF tdp qudn bai. Theo quy dinh nay thi biéu thuc Find (9) =2 c6 thé duoc hiéu theo
mot trong hai nghia twong duong nhu sau:

¢ Nguoi s6 2 dang giit quan bai 9.
¢ Tap s6 2 chtra phan tir 9.
T4 chirc ham Find nhu trén c6 loi la sau khi goi i :=Find (x) va j:=Find (y) ta
xac dinh ngay dugc ai phai ndp bai cho ai. Néui < j thi j phai ndp bai cho i, nguoc
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lai, néu i > 3jthi i phaindp baicho j. Truonghop i = 3 cho biét hai quan bai x
vy dang c6 trong tay mot nguoi, ta khong phai lam gi.

Tém lai ta dit ra cac nguyén tic sau:

a) Ldy phdn tir nhé nhdt trong moi tap lam tén riéng cho tdp do.

b) Phan tir ¢6 gid tri nhé quan Ii cac phan tr co gid tri I6n hon nd theo phuong

thirc: moi phan tr trong mot tdp déu tré truec tiép dén mét phan tir nhé hon né va cé trong
tdp do. Phan tir nho nhat trong tdp tro toi chinh né.

Trong thi dutréntaco A= {3,4,7}, B={2,5,9,11}, x=9vay=7.
Nhur vy, tip A c6 phén tir dai dién 13 3 va tip B c6 phan tir dai dién 13 2.
Dit liéu cua tap A khi d6 s& dugc to chirc nhu sau:
A={83—->34->3 73} Nhuvay3la phan tur dai dién cua tép nay, do do ta
khong can ding bién A dé biéu thi n6 nita ma co thé viét:
{3—>3,4—>3,7— 3} hodc gon hon {3,4,7} —> 3.
Tuong tu, dit liéu cua tap B sé& cd dang:
{252,5>2,9—> 2,11 > 2} hoac gon hon {2, 5, 9, 11} — 2.
Khi d6 Find(9) = 2 va Find(7) = 3, vado do, tap 3 phai duoc gop vao
tap 2. Phép Union (9, 7) s€ tao ra tap sau day:
{352,4537->32-525-529->2,11-> 2},
tie 1a ta thyc hién ding mét thao tac sra 3 — 3 thanh 3 — 2: dé hop hai tap ta chi viéc
d6i sanh hai phan tir dai dién i va j ctia chung:
¢ Néui> j thi cho tap i phu thudc vao tap j.
¢ Néuj>ithicho tap j phu thudc vao tap i.
¢ Néui = j thi khong lam gi.
K1 thuat néi trén duogc goi 1a hop cdc tap con roi nhau.
Ta dung mét mang nguyén a thé hién tat ca cac tap. Khi d6 hai tap A va B néi trén
duogc thé hién trong a nhu sau:
a[3]=3;a[4]=3;a[7] =3;
{tap A: phan tir dai dién 1a 3, cac phén tir 3, 4 va 7 déu tro dén 3}
a[2] =2;a[5]=2;a[9] =2; a[11] =2
{tap B: phan tir dai dién 1a 2, cac phan tir 2, 5,9 va 11 déu tro dén 2}

WD @@ 6|6 @][6 10011 (12) | d3) ]| (14) | (15

2 3 3 2 3 2 2
B) | A A) B (A) (B) (B)

Sau khi hop nhat A véi B ta duoc:
a[3] =2; {chd sira duy nhat}
a[4]1=3;a[7]=3; a[2] = 2; a[5] = 2; a[9] = 2; a[11] = 2;

Q@G| @& |G)[6 ™ ]|® 920 11 | (12) | (13) | (14) | (15

2 2 3 2 3 2 2

Theo cic nguyén tic trén ta suy ra phan tir X 1a phan tir dai dién cta tap khi va chi
khi a[x] = x. Dua vao day ta t6 chirc ham Find (x) : xac dinh phén tir dai dién coa tap
chtra x.

function Find(x: integer): integer;
begin
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while (x <> a[x]) do x := a[x];
Find := x;
end;

Khi d6 thi tuc Union dugc trién khai don gian nhu sau:
procedure Union(x, y: integer);

begin
x := Find(x);
y := Find(y);
if x = y then exit else
if x < y then al[y] := x
else {x > y} a[x] :=y;,
end;

Lic bit diu choi, mdi nguoi gitt mOt quan bai, ta khoi tri a[1i] :=1i chomoi i
= 1. .n vdiy nghia: tdp c6 dung mot phan tir thi n6 1a dai dién cua chinh né.

Pé dém sb tap con lai sau mdi bude choi ta c6 thé thuc hién theo hai cach.

Ta thiy, néu Find (x) =Find(y) thi khong xay ra viéc gdp bai vi x va y cung
nam trong mot tap. Nguo’c lai, néu Find (x)<>Find (y) thi do gdp bai nen s0 nguoi
choi s& giam di 1 tirc 1 s6 luong tap giam theo. Ta ding mot bién ¢ dém sb lugng tap.
Luc dau khoi tri e¢:=n (c6 n nguoi choi). Mdi khi xay ra diéu kién Find(x) <>
Find (y) tagiam c 1 don vi: dec(c) .

Theo céach thir hai ta viét ham Dem dé dém s luong tap sau khi két thiic mot luot
choi. Ta c6 déc ta sau day:
$6 luong tap = ) lugng dai dién cua tap.
Phan tir i 13 dai dién ciia mot tap khi va chikhi a[i] = i.
Pic ta trén cho ta:
function Dem: integer;
var d,i: integer;

begin
d :=0;
for i :=1 to n do
if a[i] = i then inc(d):;
Dem := d;
end;

Di nhién trong bai ndy phuong phap thir nhit s& hiéu qua hon, tuy nhién ta thuc
hién ca hai phuong phap vi ham Dem 1a mét tién ich trong loai hinh t5 chirc dit liéu theo
tiép can Find-Union.

Ta ciing s& cai dit Union (x,y) dudi dang ham véi gid tri ra 1a 1 néu trudc thoi
diém hop nhit x va y thudc vé hai tip phan biét va 1a 0 néu trudc d6 x vay da thuc
sy co trong ciing mot tap. Noi cach khac Union (x,y) cho biét phép hop nhét cé thuc
su xay ra (1) hay khdng (0).

Trong chuong trinh dudi ddy tép BAIGOP.INP chia dir liéu vao co ciu triic
nhu sau:

- Dong dau tién chira hai sd nguyén duong n Va m, trong d6 n 1a s6 lwong quén
bai, m 1a s6 1an trong tai phat sinh ra hai sé ngu nhién.
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- Tiép dén 1a m dong, mdi dong chira hai s6 do trong tai phat sinh. Cac s dugc
viét cach nhau béi déu cach.
K1 thuét trén c6 tén goi 1a Find-Union dong vai tro quan trong trong céc thu tuc xt
li hop céc tép roi nhau. Trudc khi xem chuong trinh chiing ta hay thir lam mot bai tap
nho sau day:
V&i mang a duoc t6 chie theo ki thuat Find-Union du6i day hiy cho biét c6 may
tap con va hay liét ké tung tap mot.

Q@A |OG)[6G | ™]® 9]0 11 | (12) | (13) | (14) | (15

1 2 2 3 2 6 3 1 2 6 2 10 3 8 12

Dap s6: ba tap.

Tap voi dai dién 1: {1, 8, 14}.

Tap véi dai dién 2: {2,3,4,5,7,9, 11, 13}.
Tap vai dai dién 6: {6, 10, 12, 15}.

(* ___________________________________
BAI GOP
____________________________________ *)

program BaiGop;

uses crt;

const

MN = 5000;

fn = 'BAIGOP.INP';

var
a: array[l..MN] of integer;
c,n,m: integer;
{c: dem so tap
n: so quan bai = so nguoi choi
m: so lan trong tai sinh 2 so}
f: text;

{ __________________________________
Xac dinh tap chua phan tu x
___________________________________ }
function Find(x: integer): integer;

begin
while (x <> a[x]) do x:= a[x];
Find := x;
end;
{ _____________________________________

Hop cua tap chua x voi tap chua y.

Union = 1: co hop nhat

Union = 0: khong hop nhat vi x va y
thuoc cung 1 tap

function Union(x,y: integer): integer;
begin

Union := 0;

x := Find(x);

y := Find(y);
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if x = y then exit

else if x < y then aly] := x
else a[x] :=y;
Union := 1;

end;

function Dem: integer;
var d,i: integer;

begin
d :=0;
for i := 1 to n do
if a[i] = i then inc(d):;
Dem:= d;
end;

procedure BaiGop;
var i,j,k,x,y: integer;
begin
assign(f,fn); reset(f);
readln(f,n,m) ;
{n - so quan bai; m - so lan chon x,y}

c := n; {c: so nguoi choi}
if (n < 1) or (n > MN) then exit;
for i :=1 to n do a[i] := i;
for i :=1 to m do
begin
readln(f,x,y);
c := c-Union(x,y)
end;
writeln(c) ;
close (f) ;
end;
BEGIN
BaiGop;
END.
// C#

using System;
using System.IO;
namespace SangTaol

class BaiGop
{
const string fn = "baigop.inp";
static int[] a; // quan 1li cac tap roi nhau
static int n = 0; // so quan bai
static int m = 0;// so lan trong tai
// chon 2 quan bai
static void Main()

{
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Run () ;
Console.ReadLine () ;
} // Main
// Xac dinh tap chua phan tu x
static int Find(int x) tu viét
static int Union(int x, int y) tu viét
static void Run()

{
int [] b = ReadInput();
n = b[0];
m = b[1];
a = new int[n + 1];
for (int i = 1; i <= n; ++i)
a[i] = i;
int j =2, d = n;
for (int i = 1; i <= m; ++i)
{
d -= Union(b[j], b[j+1])
Jj += 2;
}
Console.WriteLine("\n " + d + "\n");
}
static int[] ReadInput()
{

char[] cc = new char/|]
"', '"\n', "\t', '\r'};
string[] ss = (File.ReadAllText(fn)).
Split(cc,StringSplitOptions.
RemoveEmptyEntries) ;
return Array.ConvertAll (ss,
new Converter<string, int>(int.Parse))
}
} // BaiGop
} // SangTaol
Bai 4.3. Chuoi hat

Trong m¢t tép van ban tén CHUOIL .DAT co biéu dién mot chudi hat, méi hat
¢6 thé nhdn mot trong $6 cde mau mé s6 tir 1 dén 30.
Ldp trinh thuc hién cac viéc sau:
a) Poc chudi hat tir tép vao mang nguyén dirong a.
b) Hién thi s6 mau c6 trong chudi.
¢) Tim mét diém d@é cat chudi roi cdng thang ra sao cho téng sé cdc hat cing
mau & hai dau la 16n nhat.
Chudi dwgc thé hién trong tép dwdi dang hinh thoi, dong dau tién va dong cudi
cuing moi dong cé mot hat.
Mbi dong con lai ¢6 hai hat (xem hinh).
Cdc hat ciia chubi dwoc danh s6 bdt dau tir hat trén cung va theo chiéu kim
dong ho.

CHUOI.DAT Trong thi du nay, cac thong bao trén man hinh sé la:
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4 S6 mau trong chudi: 5
: Z Cdt giita hat thir 7 va thir 8, tong s6 lon nhdt la 7.
5 8
5 8
5 8
8

Chuoi hat

Thuét toan

Khung chuong trinh dugc phac thao nhu sau:

procedure run;

var i: integer;

begin
Poc dir liéu;
Tinh va théng béo sé mau
X& 1y dé tim diém céat;
Théng bao diém cit

end;

Dé doc chudi tir tép vao mang a ta ding thém mdt mang phu b co cing ciu tric
nhu mang a. Mang b s& chira cac hat & nira trai chudi, trong khi mang a chtra cac hat ¢
ntra phai. Luc déu, do chi c6 1 hat tai dong déu tién nén ta doc hat d6 vao a[1]. Tai cac
dong tiép theo, mdi dong n = 2,... ta doc s hiéu mau cua 2 hat, hat trai vao b[n] va hat
phai vao a[n]. Dau hiéu két thuc chudi 1a 1 hat. Hat nay dugc doc vao b[n]. Ta dé y
rﬁng, theo cAu trac cua chudi hat thi sb hat trong chudi luon ludn 1a mot sb chén.

Thi du dudi ddy minh hoa giai doan dau cia thu tuc doc dir lidu. Khi két thuc giai
doan nay ta thu duwoc n = 7 va nira phai ctia chudi hat (sé c6 gach duéi) duge ghi trong
a[l..(n — 1)], nira trai dugc ghi trong b[2..n]. Tdéng s6 hat trong chudi khi d6 sé& la
2*(n-1).

CHUOI.DAT

4 4 all)
4 7 b[2] 4 71 al2]
1 4 b[3] 1 4 a[3]
5 8 b[4] 5 8 a[4]
5 8 b[5] 5 8 a[5]
5 8 b(6] 5 8 a[6]

8 b[7] 8

Doc dir liéu ciia chudi hat vao
hai mang a va b
all..6]l=(4,7,4,8,8,8)
b[2..7]=(4,1,5,5,5,8)

Sau khi doc xong ta duyét ngugc mang b dé ndi nira trai cua chudi hat vao sau nira
phai a.
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Doc du lieu tu file CHUOI.DAT
ghi vao mang a

procedure Doc;
var
f: text;
i: integer;
begin
assign(f,fn); reset(f);
n :=1; read(f,a[n]);
while NOT SeekEof (f) do
begin
inc(n); read(f,b[n]);
if NOT SeekEof (f) then read(f,a[n]);
end;
{noi nua trai b (duyet nguoc) vao nua phai a}
for i:= 0 to n-2 do a[n+i]:= b[n-i];
n := 2*(n-1); close(f);
end;
Theo thi du trén, sau khi ndib[2..n] vaosaua[l..(n — 1)] tathu duoc
af[l..12] = (4,7,4,8,8,8,8,5,5,5,1,4)
Pé dém sd mau trong chudi ta ding phuong phap danh déu. Ta sir dung mang b
v6i y nghia nhu sau:

- b[i]

- bl[i] = 1:mduiddxudt hién trong chubi hat.

0: mau i chua xudt hién trong chudi hat;

Lan luot duyét cac phf?ln tra[i], i = 1..n trong chudi. Néumau a[i] chua
xuét hién ta tang tri cia con dém mau d thém 1, inc (d) va danh ddu mau a[i] do
trong b bang phép ganb[a[i]] := 1.

function Dem: integer;
var i,d: integer;

begin
d :=0;
fillchar(b,sizeof (b),0);
for i :=1 to n do
if b[a[i]] = 0 then
begin
inc(d) ;
b[a[i]] := 1;
end;
Dem := d;
end;

Dé tim diém cét voi tong chiéu dai hai dau 16n nhat ta thyc hién nhu sau. Trudc hét
ta dinh nghia diém ddi mau trén chudi hat 13 hat (chi s6) ma mau cua né khac véi mau
clia hat ding sat nd (sat phai hay sat trai, ty theo chiéu duyét xudi tir trai qua phai hay
duyét nguoc tir phai qua trai). Ta cling dinh nghia mot doan trong chudi hat 1a mot day
lién tiép cac hat cing mau véi chiéu dai t6i da. Mdi doan déu c6 diém dau va diém cudi.
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Vi diém CL~16i cua mdi doqn chi 1é&ch 1 don vi so véi fiiém q:iu C}ia doan ti@;‘p theq, cho
nén v6i moi doan ta chi can quan li mét trong hai diém: diém dau hodc di€m cudi cua
doan d6. Ta chon diém dau. K1 thuat nay dugc goi la quén li theo doan.
Thi du, chudi hat a véi n = 12 hat mau nhu trong thi du da cho:
a[l..12] = (4,7,4,8,8,8,8,5,5,5,1,4)
mdi xem tudng nhu dugc tao tir bay doan 1a:

a[l..1] = (4)
al[2..2] = (7)
a[3..3] = (4)
a[4..7] = (8,8,8,8)
a[8..10] = (5,5,5)
a[ll..11] = (1)

a[l2..12] = (4)
Tuy nhién, do chudi 1a mot day hat khep kin va cac hat dugc bb tri theo chiéu quay
cua kim dong ho nén thuc chat a chi gom sau doan:

a[2..2] = (7)
a[3..3] = (4)
al4..7] = (8,8,8,8)
a[8..10] = (5,5,5)
a[ll..11] = (1)

af[l2..1] = (4,4)

trong d6 a[x. .y] cho biét chi s6 diu doan 12 x, cudi doanla y. Néux < y thi cac
hat trong doan dugc duyét theo chiéu kim déng ho tir chi sé nhé dén chi sb 16m, ngugc
lai, néu x > y thi cac hat trong doan ciing duoc duyét theo chidu kim dong hd tir chi
s6 16n dén chi sb nho. Cac phan tir dau mdi doan dugc gach chan. Co thé co nhimng
doan chira ca hat cudi cung a[n] va hat dau tién a[1] nén ta can xét riéng truong
hop nay.

Poan trinh dudi diy xac dinh cic diém dau cia mdi doan va ghi vao mang
b[1l..sdc] . Giatri sde cho biét sb luong cac doan.

sdc := 0;
if a[l]<>a[n] then
begin

sdec := 1;

b[sdc] :=1;
end;
for i := 1 to n-1 do
if a[i] <> a[i+l] then
begin

inc(sdc) ;

b[sdc] := i+1;
end;

Goi diém déu ciia ba doan lién tiép 1a d1, d2 va d3. Ta thiy, néu chon diém cit sat
trai hat d2 thi hiéu d3 - d1 chinh la téng‘ s0 hat dong mau tai hgi dau cla ch}léi hat duoc
cang ra. Tur do ta phac thao dugc so do cho thu tuc xuly deé tim diém cat DiemCat
v6i chiéu dai 16n nhit Lmax nhu sau

Kh&i tri;

Duyét tw bé ba diém diu cuaa

ba doan lién tiép d1, d2, d3
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Néu d3-dl > Lmax thi
Pat lai Lmax := d3-dl
Pat lai DiemCat := d2
xong néu
Gia su chu01 hat ¢6 m doan. Theo phuong thirc duyét chudi hat vong tron theo chidu
kim dong ho, ta can xét riéng hai doan dau va cudi, cu thé 1a:
¢ Véi doan 1 ta phai xét hai doan dung trudc va sau doan do 1a doan m va
doan 2.
¢ Véi doan m ta phai xét hai doan dung trudc va sau doan d6 1a doan
m — 1 va doan 1.
Ta xtr li riéng hai doan nay ¢ budc khoi tri nhu sau:
{xu 1li diem cat dau}
Imax := (b[l1]+(n-b[sdc]))+(b[2]-b[1]);
DiemCat := b[l];
{xu 1li diem cat cuoi}
if (b[1]+(n-b[sdc]))+(b[sdc]-b[sdc-1]) > Lmax then

begin
Imax := (b[l]+(n-b[sdc]))+(b[sdc]-b[sdc-1]);
DiemCat := b[sdc];

end;

Phuong an cudi cung cua thu tyc xuly s€ nhu sau:
procedure xuly;
var i,sdc: integer; {sdc: so diem cat}
begin
sdc:=0;
if a[l]<>a[n] then
begin
sdec := 1;
b[sdc]:= 1
end;
for i:=1 to n-1 do
if a[i] <> a[i+1l] then
begin
inc(sdc) ;
b[sdc] := i+1;
end;
if sdc=0 then
begin
DiemCat:=0;
Lmax:=n;
exit;
end;
{xu 1li diem cat dau}
Lmax := (b[l]+(n-b[sdc]))+(b[2]-b[1]);
DiemCat := b[1l];
{xu 1li diem cat cuoi}
if (b[l]+(n-b[sdc]))+(b[sdc]-b[sdc-1]) > Lmax then
begin
Lmax := (b[l]+(n-b[sdc]))+(b[sdc]-b[sdc-1]);
DiemCat := b[sdc];
end;
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{xu 1li cac diem cat giua}
for i:= 2 to sdc-1 do

if b[i+1]-b[i-1] > Lmax then

begin
Lmax := b[i+l1l]-b[i-1];
DiemCat := b[i];

end;

end;

(* Pascal *)

(Fmmmm e
CHUOI HAT
_____________________ *)

program Chuoi;

{$B-}

uses crt;

const

MN = 500; {So luong hat toi da trong chuoi}
MC = 30; {So luong mau}

fn = 'CHUOI.DAT';

BL = #32;

var

a,b,len: array[0..MN] of byte;
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n: integer; {So luong phan tu thuc co trong chuoi hat}

DiemCat: integer; {diem cat}

Lmax: integer; {Chieu dai toi da}

Doc du lieu tu tep CHUOI.DAT ghi

vao mang a

procedure Doc;
var
f: text;
i: integer;
begin
assign(f,fn);
reset (f) ;
n:= 1;
read(f,al[l]);
while not SeekEof (f) do
begin
inc(n) ;
read(f,b[n]);

if not SeekEof (f) then read(f,a[n]):

end;

for i:=0 to n-2 do a[n+i]:= b[n-i];

n:= 2*(n-1);
close (f) ;

Hien thi chuoi tren man hinh
de kiem tra ket qua doc
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procedure Xem;

var i: integer;

begin

writeln;

writeln('Tong so hat: ', n);

for i:= 1 to n do
write(a[i],f bl);

end;

function Dem: integer;
var i,d: integer;

begin
d:=0;
fillchar (b,sizeof (b),0);
for i:= 1 to n do
if b[a[i]] = 0 then
begin
inc(d) ;
b[a[i]]:=1;
end;
Dem:= d;
end;

procedure xuly;
var i,sdc: integer; {sdc: so diem cat}

begin
sdc:=0;
if a[l]<>a[n] then
begin
sdc:=1;
b[sdc]:=1;
end;

for i:=1 to n-1 do
if a[i] <> a[i+1l] then
begin
inc(sdc) ;
b[sdc] :=i+1;
end;
if sdc=0 then
begin
DiemCat:=0;
Lmax:=n;
exit;
end;
{xu 1li diem cat dau}
Lmax:= (b[l]+(n-b[sdc]))+(b[2]-b[1]);
DiemCat:=b[1l];
{xu 1li diem cat cuoi}
if (b[1l]+(n-b[sdc]))+(b[sdc]-b[sdc-1]) > Lmax
then
begin
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Lmax:= (b[l]+(n-b[sdc]))+(b[sdc]-b[sdc-1]);
DiemCat:=b[sdc];
end;
{xu 1li cac diem cat giua}
for i:=2 to sdc-1 do
if b[i+1l]-b[i-1] > Lmax then
begin
Lmax:= b[i+l]-b[i-1];
DiemCat:=b[i];
end;
end;
procedure run;
var i: integer;

begin
Doc; Xem; writeln;
writeln('So mau trong chuoi: ', Dem);
xuly;
writeln;
if DiemCat=0 then
writeln(' Chuoi dong mau, cat tai diem tuy y')
else
begin
if DiemCat = 1 then i :=n
else i:=DiemCat-1;
writeln('Cat giua hat ',i,
' va hat ',DiemCat);
end;
writeln(' Chieu dai max: ', Lmax);
readln;
end;
BEGIN
run;
END.
D@ liéu kiém thcy Két qua duv kién
CHUOI.DAT '
4
i Z Cit gifra hat: 7 va 8
5 8 Chiéu dai max: 7
5 8
5 8
8
// C#

using System;
using System.IO;
namespace SangTaol
{

class ChuoiHat

{
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const string fn = "chuoi.dat";
static int[] a; // chuoi hat
static int n; // so phan tu trong input file
static void Main()
{
Run() ;
Console.ReadLine () ;
} // Main
static void Run()
{
int[] b = ReadInput();
n = b.Length;
a = new int[n];
int t = 0; // nua trai
int p=n - 1; // nua phai
int n2 =n/ 2;
for (int i = 0;

{

i < n2; ++i)

a[t++]
a[p--1

b[2 * i];
b[2 * i + 1];

Console.WriteLine() ;
for (int i = 0; i < n; ++i)
Console.Write(a[i] + " "),
Console.WriteLine ("\n\n Chuoi hat co "
+ Dem() + " mau \n");

DiemCat () ;

}

static int[] ReadInput()

{

char[] cc = new char[] { " ', '\n', '"\t', '"\r'};
return Array.ConvertAll (
(File.ReadAllText (fn)) .Split(cc,

StringSplitOptions.RemoveEmptyEntries),
new Converter<string, int>(int.Parse));

static int Dem()

{

int[] b = new int[31];

for (int i = 1; i <= 30; ++i) b[i] = 0;

for (int 1 = 0; 1 < n; ++i) b[a[i]] = 1;
int d = 0;

for (int i = 1; i <= 30; ++i) d += b[i];
return d;

}

static void DiemCat()

{

int sdc 0; // dem so diem cat
int[] b = new int[n];
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for (int 1 = 1; i < n ; ++i)

if (a[i] '= a[i-1]) b[sdc++] = i-1;
// xet diem dau a[0] va diem cuoi a[n-1]
if (a[n-1] '= a[0]) b[sdc++] = n-1;

int DiemCat = 0;
int Lmax = 0;
if (sde == 0) // chuoi hat dong mau
{
Lmax = n;
Console.WriteLine ("Chuoi hat dong mau. ");
Console.WritelLine ("Chon diem cat tuy y. ");

Console.WriteLine("Chieu dai max = " + Lmax);
return;
}
if (sdc == 2) // 2 mau
{

Lmax = n;
Console.WriteLine("\n Cat giua hat " + b[0]);
Console.WriteLine("va hat " + (b[0] + 1) % n);
Console.WritelLine("Chieu dai max = " + Lmax);
return;
}
for (int i = 0; i < sdc; ++1i)
if ((b[(i + 2) % sdc] + n - b[i]) % n > Lmax)
{
Imax = (b[(i + 2) % sdc] + n - b[i]) % n;
DiemCat = b[(i + 1) % sdc];
}
Console.WriteLine("\n Cat giua hat thu " +
(DiemCat + 1)) ;
Console.WriteLine (" va hat thu " +
((DiemCat + 1) $ n + 1))
Console.WriteLine (" Chieu dai max = " + Lmax);
}
} // class
} // SangTaol

Bai 4.4. Sap madng roi ghi tép
Sinh ngdu nhién n phan tir cho mdang nguyén a. Sap a theo trdt tir ting dan roi
ghi vao mét tép van ban co tén tuy dat.
Goiy
Chuong trinh giéi thi¢u hai thi tuc sdp mang la MinSort VA QuickSort. Theo
phuong phap MinSort v6i mdi i ta tim phan tir nho nhét afj] trong doan a[i..n] sau d6 ta
d6i chd phan tir nay voi phan tir a[i]. Nhu vay mang duoc chia thanh hai doan: doan
tréi, a[1..i] dugc sip tang, con doan phai a[i + 1..n] chua xur li. Mdi budc ta thu hep
doan phai cho dén khi con mot phan tir 1a xong.
Theo phuong phap QuickSort ta ldy mot phan tir X nim gitra doan mang can sép
lam mau r6i chia mang thanh hai doan. Doan trai a[1..i] bao gom céc gia tri khong lon

hon X va doan phai a[j..n] bao gpm céc gia tri khong nho thua x. Tiép dén ta lap lai thu
tuc nay voi hai doan thu dugc néu chung chira nhicu hon mét phan ti.

(* Pascal *)
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program SapTang;

{$B-}

uses crt;

const

MN = 5000;

fn = 'saptang.out';

var

f: text;

a: array[l..MN] of integer;
n: integer;

sinh ngau nhien m phan tu
cho mang nguyen a

procedure Init(m: integer);
var i: integer;
begin
if (m < 0) or (m > MN) then exit;
n:= m;
randomize;
for i:= 1 to n do a[i] := random (MN) ;
end;

procedure QuickSort(d, c: integer);
var i, j, x, y: integer;
begin
i:=d; j:= ¢c;
x:= a[(i+]j) div 2];{lay tri mau x}
while i <= j do
begin
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while a[i] < x do inc(i); {to chuc doan trai}
while a[j] > x do dec(j); {to chuc doan phai}

if (i <= j) then {doi cho neu can}

begin

y:= al[i];
a[il:= a[3jl;
a[jl:=y;
inc(i); dec(3);
end;

end;

if (d < j) then QuickSort(d,j); {sap tiep doan trai}
if (i < c) then QuickSort(i,c); {sap tiep doan phai}

end;

Tim chi dan m trong khoang d..c
thoa a[m] = min(a[d..c])

function Min(d, c: integer): integer;
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var i: integer;
begin
for i:= d+1 to c do
if a[i] < a[d] then d:= i;
Min:= d;
end;
procedure MinSort;
var i, j, y: integer;

begin
for i:= 1 to n-1 do
begin
j:= Min(i,n);
{doi cho a[i] wva a[j]}
y:= al[i];
a[i]:= a[j];
afjl:= y;
end;
end;
(Koo e e e e

procedure Ghi;
var i: integer;
begin

assign(f,fn); rewrite(f);

writeln(£f,n);

for i:= 1 to n do

begin
write(f,a[i]:5);
if i mod 20 = 0 then writeln(f);
end;

close (f) ;
end;
procedure TestQuickSort;
begin

Init (MN) ;

QuickSort(1l,n);

Ghi;

write('Fini Quick Sort'); readln;
end;
procedure TestMinSort;
begin

Init (MN) ;

MinSort;

Ghi;

write('Fini Min Sort'); readln;
end;
BEGIN

TestQuickSort;

{TestMinSort;}
END.

// C#

110
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using System;
using System.IO;
namespace SangTaol

{
K e
* Sinh du lieu
* Sap tang
* Ghi file
K e */
class SapTang
{

const int mn = 50000;
const string fn = "SapTang.dat";
static int[] a = new int[mn];
static int n = 0; // so phan tu trong input file

static void Main()
{
Run (150) ;
Console.ReadlLine () ;
} // Main

static void Run(int nn) // sinh nn phan tu
{
n = nn;
Console.Write("\n Sinh ngau nhien " + n);
Console.WriteLine ("\n phan tu cho mang
a[0.." + (n - 1) +
"1") ;

Gen() ;
Console.WriteLine("\n Quik Sort...");
QSort(0, n - 1);
Console.WriteLine("\n Ghi file " + £fn + "...");

Ghi () ;
Console.WriteLine ("\n Kiem tra lai file " +
fn + "\n\n");
ShowFile() ;
}

* Sinh ngau nhien n so nguyen
* cho mang a[0..n-1]

static void Gen()

{
Random r = new Random() ;
for (int i = 0; i < n; ++i) a[i] = r.Next(100);

* Giai thuat sap (tang) nhanh
* Quick Sort (Hoare T.)

static void QSort(int d, int c)
{
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int i = d;

int j = ¢c;

int m = a[(i + j) / 2];
int t;

while (i <= j)

{

while (a[i] < m) ++i;
while (m < a[j]l) --3:

if (i <= j)
{
t = a[i]; a[i] = al[j]l; al[j] = t;
++i; --3;
}

}
if (d < j) QSort(d, j);
if (i < c¢) QSort(i, c);

}
static void MinSort()
{
int i = 0;
int j = 0;
int t = 0;
for (1 = 0; i < n; ++1i)
for (J =1+ 1; j < n; ++j)
if (a[j] < al[i])
{ t = a[i]; al[i] = a[j]; al3j] = t;}
}
/* e
* Ghi du lieu vao file SapTang.Dat
K */
static void Ghi ()
{
StreamWriter £ = File.CreateText (£fn) ;
f .WriteLine (n) ;
for (int i = 0; i < n; ++i)
f . Write(a[i] + ((i % 10 == 9) ? "\n" : " "));
f.Close() ;
}
J* e

* Doc lai du lieu tu file
* SapTang.dat de kiem tra

X e —————— */
static void ShowFile ()
{
Console.WritelLine (File.ReadAllText (£fn)) ;
}
} // class

} // SangTaol

Bai 4.5. abc - sap theo chi din
Cho xdu S gém N ki ty tao tur cdc chit cdi 'a’..'z". ta goi S la xdu mau. Tir xdu
mau S nay nguoi ta tao ra N xdu thir cap bang cach dich xau S qua trdi i vi tri
theo dang vong tron, tirc la i ki tw dau xdau lan lwot dwroc chuyén vé cuoi xdu, i
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=0, 1,..., N - I. N vy xdu thir cap véii = 0 sé tring voi xdu mau S. Gid sir

ta da sap tang N xdu thu dwgc theo trdt ty tw dién. Hay tim xau thir k trong day.

Tén chuong trinh: abc.pas.

Dir ligu vao: tép van ban abc. inp co cAu trac nhu sau:

- Dong thir nhat chira hai s tu nhién N va k cach nhau qua dau cach,
6 < N’ <500, 1 <k <N. N cho biét chiéu dai xau “S, k cho biét vi tri cua xau
thir cap trong day dugc sap tang theo thir tu tir dién.

- Dong thir hai: xAu mau S.

Dir liéu ra: tép van ban abc.out gdm mot dong chira xau thir k trong day

dugc sap.
Thi du:
abc.inp abc.out
6 3 cdabde
dabdec
Bai giai

Ta goi xau s ban dau la x4u mau, cac xau dugc sinh ra boi phep quay la xau thir
cap Pé y rang cic xau mau cling 1a mot xau tht cp ung voi phép quay 0 vi tri. Ta co
thé nhan dugc xau thir cap thir i bang cach duyét xau mau theo vong tron ké tir vi tri thir
i vé& cudi, dén vi tri thir n. Sau d6 duyét tiép tuc tir vi tri thir 1 dén vi tri tha i - 1. Ta ki
hiéu xau thtr cp tht i 1a [i]. Thi dy, néu xdu mdu s = 'dabdec"' thi xau thir cép thi
2s81a [2] = 'abdecd'. Pé tim xau tht k trong ddy duogc sép, trudc hét ta cin sip
tang cac xau do theo trat ty tir dién sau d6 1iy xau thir k trong day duogc sap lam két qua.
Dé sap ting duoc cac xau nay ma khong phai sinh ra cac xau méi ta dung mot mang
phu id goi 1a mang chi dan. Trudc khi sip ta gan id[i]:= i. Sau khi sip thi id[i] s& cho
biét tai vi tri thir i trong ddy duogc sap 1a xau thir cdp nao. Trong thi du trén, id[3] = 6 1a
xau thir cap [6]. Gia tri 3 cho biét can tim x4u thi k = 3 trong diy sip ting cac xau thi
cap. Gia tri 6 cho biét xau can tim 1a x4u thtr 6 trong ddy cac x4u thu cap dugc sinh ra
lac déu, tirc 14 lac chua sap.

Xau the cp | Sap tang | id[i] =
®| [1] =S dabdec [2] 2
@ [2] abdecd [3] 3
® [3] bdecda [6] 6
@ [4] decdab [1] 1
® [5] ecdabd [4] 4
® [6] cdabde [5] 5

Sdp chi dan cdc xdu thir cdp

Thuét toan QuickSort sép nhanh céc xau thir cip do Hoare dé xuét c6 do phirc tap
N.logyN dugce trinh bay nhu sau:
Init: for i:=1 to n do id[i]:=i;
procedure idquicksort(d,c: integer);
var i, j, m, y: integer;
begin
i:=d;
j:=c;
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m:=id[ (i+j) div 2]; {phan tu giua}

while i <= j do
begin
while Sanh(id[i],m)<0 do inc(i); {doan trai}
while Sanh(m,id[j])<0 do dec(j); {doan phai}
{doi cho neu can}
if (i <= j) then

begin

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

end;
if d < j then idquicksort(d,j)
if i < ¢ then idquicksort(i,c);
end;

HmnSanh(i,j)sosmmlmixmlmucﬁaU]Véﬂ]ﬁwoﬂM%ut&dénvéchogﬁ
tri -1 néu xau thu cp [i] nho hon xéu thtr cap [j], cho gié tri 1 néu xau tht cap [i] 16n
hon xu thir cap [j] va 0 néu hai xau nay giong nhau. Dé so sanh hai xau theo trat ty tur
dién ta 1an luot duyét ting cap ki ty ciia moi xau. Néu hai xau glong nhau tai moi vi tri
ﬂﬁtagmluiOchohanlSanh.Ngugclm,néuﬁnlduqcViuikhécnhaudﬁut@nthim
so sanh hai ki tu s[i] va s[j] tai vi tri d6 va gan cho ham Sanh gié tri -1 néu s[i] < s[j],
nguoc lai, tae 1a khi s[i] > s[j] thi gan gia tri 1 cho ham Sanh.

Ta chi can luu ¥ 1a viéc duyét xau phai thuc hién trén vong tron theo chidu quay
ctia kim dong ho.

function Sanh(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;
if i=n then i:=1 else inc(i);
if j=n then j:=1 else inc(j);
end;
Sanh:=0;
end;

Hoare ciing cung cap thém thuat toan tim phan tir thir k trong day dugc sap voi do
phuc tap 2N. Ta van dung thuat toan nay cho bai toan abc. Ban chit thuat toan nay la
nhu sau. Ta ciing sip tang cac xau thir cap theo thuat toan QuickSort nhung khong sip
hét ma chi quan tim dén doan dit liéu trong mang c6 chita phan tir thir k. Luu ¥ ring sau
mdt 1an chia dit liéu cua doan id[d..c] ta thu dugc ba doan: doan id[d..j], id[j+1..i-1] va
id[i..c], trong d6 doan gitra la id[j+1..i-1] da duoc sép Néu k roi vao doan thtr nhat 1a
id[d..j] hodc doan thir ba la Id[l .c] thi ta chi can sép tiép doan d6. Him Find (k) cho ra
vi tri gbc cia xdu tho cip s& dimg the k trong diy di sip. Trong thi du trén
Find (3)=6.
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function Find(k: integer) :integer;
var d, ¢, i, j, m, y: integer;

begin
d:=1 ;
c:=n;
while d <= ¢ do
begin
i:=d;
j:=c;

m:=id[ (i+j) div 2]; {phan tu giua}

while i <= j do
begin

while Sanh(id[i] ,m)<0 do inc (i) ;
while Sanh(m,id[j])<0 do dec(j)

{doi cho neu can}
if (i <= j) then
begin

{doan trai}
{doan phai}

y:= id[i];

id[i]:= id[j];

id[jl:= y;

inc (i) ; dec(j):

end;
if j < k then d:=i;
if k < i then c:=j;
end;
find:=id[k];
end;

(* Pascal *)

program ABC;

{$B-}

uses crt;

const

MN = 501;

nl = #13#10; {xuong dong}
bl = #32; {dau cach}

fn = 'abc.inp';
gn = 'abc.out';
type

MI = array[0..MN] of integer;
MC = array[0..MN] of char;

var
f,g: text;
s: MC;

id: MI;

115
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n,k: integer;

Doc du lieu:
n: chieu dai xau s,
k: vi tri xau thu cap trong day da sap
procedure Doc;
var i: integer;
begin
assign(f,fn); reset(f);
readln(f,n,k);
for i:=1 to n do read(f,s[i]):
close (f) ;
end;

So sanh 2 xau thu cap [i] va [j].
Sanh (i, 3)

0: neu [i] = []J]

= -1: neu [i] < []]

= 1 neu [i] > []j]

function Sanh(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;
if i=n then i:=1 else inc(i);
if j=n then j:=1 else inc(j);
end;
Sanh:=0;
end;
(Koo e oo e

function Find(k: integer) :integer;
var d, ¢, i, j, m, y: integer;

begin
d:=1 ;
c:=n;
while d <= ¢ do
begin
i:=d;
j:=c;

m:=id[ (i+j) div 2]; {phan tu giua}
while i <= j do
begin
while Sanh(id[i],m)<0 do inc(i); {doan trai}



Sang tao trong Thuéit toan va Lap trinh Tap | 117

while Sanh(m,id[j])<0 do dec(j); {doan phai}
{doi cho neu can}
if (i <= j) then

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

end;
if j < k then d:=i;
if k < i then c:=j;
end;
find:=id[k];
end;

procedure Ghi (k: integer) ;
var i: integer;
begin
assign(g,gn); rewrite(q):;
for i:=1 to n do
begin
write(g,s[k]);
if k=n then k:=1 else inc (k)
end;
close(qg) ;
end;
procedure run;
var i:integer;
begin
Doc;
for i:=1 to n do id[i]:=i;
Ghi (find (k) ) ;
end;
BEGIN
run;
END.

// C#
using System;
using System.IO;
namespace SangTaol

{
* e
* Tim xau mau thu k voi do phuc tap 2N
Sy g g g g g g S g S S Sy S */

class abc

{
const int mn = 500;
const string fn = "abc.inp";
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const string gn = "abc.out";

static string s;

static int n = 0; // chieu dai xau mau
static int k = 0; // xau thu k

static int[] id;

static void Main()
{
Run () ;
Console.ReadLine () ;
} // Main

static void Run()
{
Doc() ;
Console.WritelLine(n + " " + k + " " + s);
id = new int[n];
for (int i = 0; i < n; ++i) id[i] = i;
PhanTuGiua () ;
Ghi () ;
Test () ;
Console.WriteLine("\n Fini");

* Ghi dong thu k trong
* day da sap vao file gn

static void Ghi ()
{
StreamWriter g = File.CreateText(gn) ;
int j = id[k-1];
for (int i = 0; i < n; ++i)
g.Write(s[(j + i) % n]l);

g.Close() ;
}
2y
* Hien thi dong thu s[j...]
S */
static void PrintLine (int j)
{
for (int i = 0; i < n; ++i)
Console.Write(s[(j + i) % n]l);
Console.WriteLine() ;
}
static void Doc()
{
char[] cc = new char[] { ' ', '\n', '\t', '\r'};

string [] ss = (File.ReadAllText(fn)) .Split(cc,
StringSplitOptions.RemoveEmptyEntries) ;
n = int.Parse(ss[0].Trim()); // do dai xau mau
k = int.Parse(ss[1l].Trim()); // xau thu k
s = ss[2]; // xau mau
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static void PhanTuGiua() // Tim phan tu thu k

{

}

int kO

}

int
int
int
int
int
int

I

I
ooob o

’

w0 Q8
]

’

=%k - 1; // xau thu k tinh tu 1

while (d <= c)

{

t =

}

i=d;

j=c;

m = id[(i + 3j) / 2];

while (Sanh(id[i], m) < 0) ++i;

while (Sanh(m, id[j]) < 0) --3;

if (i <= j)

{

id[i]; id[i] = id[j]; id[3j] = t;
++i; --3j;

if (j < k0) d =1i;
if (k < i) ¢ =3;

// so sanh 2 xau thu cap s[x...] va s[y..]
static int Sanh(int x, int y)

{

}

}

int ix = 0;
int iy = 0;
for (int i = 0; i < n; ++i)
{
ix = (x + i) % n;
iy = (y + i) % n;
if (s[ix] '= s[iy])
return (s[ix] < s[iy]) ? -1 : 1;
return O;

static void IdQSort(int d, int c)// sap theo chi

{

int i
int j

d;
c;

int m = id[(i + j) / 2];
int t = 0;
while (i <= j)

{

t =

while (Sanh(id[i], m) < 0) ++i;

while (Sanh(m, id[j]) < 0) --3;

if (i <= j)

{

id[i]; id[i] = id[j]; id[]] = t;
++i; --3;
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}
}
if (d < j) IdQSort(d, 1i);
if (i < ¢) IdQSort(i, c);

* Kiem tra lai bang cach dung
* thuat toan QSort theo chi dan

static void Test()
{
Console.WriteLine("\n Xau mau: " + s);
for (int i = 0; i < n; ++i) id[i] = i;
IdQSort(0, n - 1);
Console.WriteLine ("\n Day sap tang: \n");
for (int i = 0; i < n; ++i)
{
Console.Write((i + 1) + ". ");
PrintLine (id[i]) ;
}
Console.WriteLine() ;
Console.WriteLine("\n Xau thu " + k);
PrintLine (id[k-1]) ;
Console.WriteLine("\n Xau ghi trong file " + gn);
Console.WritelLine (File.ReadAllText(gn)) ;
}
} // class
} // SangTaol
Bai 4.6. Xdu mdu

Mot tép van bdn fco tén STRINGS.INP chira cdc xdu ki tir, moi dong ghi mot

xdu ¢6 chiéu dai t6i da 250 ki tw. Xdu dau tién dwoc goi la xdu mau s. Ldp

trinh:

Poc xdu mau s tir tép f. ghi vao tép van ban g co tén STRINGS.OUT. Sau do

doc tirng xdu x con lai cia f, véi méi xdu x can ghi vao g cdc théng tin sau:

- noi dung xdu X;

- hai s6 v va d cdch nhau qua ddu cdch, trong dé v 1 vi tri xudt hién va d
la chiéu dai [om nhdt ciia khiic ddu ciia x trong xdu mau s. Néu vé nghiém
thighi-1 0.

Thi du:

STRINGS.INP | STRINGS.OUT
cabxabcdab cabxabcdab

abcd abcd

cdaeh 5 4
cdaeh
7 3

Thuat toan

Véi mdi xau ki tw w ta ki hidu wi..j], i <}, va goi la doan, 1a xau gbm day ki ty lién
tiép tir w[i] dén w[j] trong xau w. Thi du, néu w = 'cabxabcdab' thi w[5..8] = 'abcd'. Goi
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s 1a xu mau, x 14 xau can khao sat. Nhiém vu cua ta 1a tim vi tri v va chiéu dai 16n nhét
d dé x[1..d] = s[v..(v + d — 1)]. Ta van dung ki thuat t6 chirc hau t6 nhu sau.

Hau t0 cua mét xau la doan cuoi cua xau d6. Nhu vy mdt xau cé chiéu dai n s€ cod

n hau t6. Thi dy, voi x4u mau s[1..10] = 'cabxabcdab' ta cé 10 hiu tb sau
day:

s[1..10] = 'cabxabcdab'

s[2..10] = 'abxabcdab'

s[3..10] = 'bxabcdab'

s[4..10] = 'xabcdab'

s[5..10] = 'abcdab'

s[6..10] = 'bcdab'

s[7..10] = 'cdab'

s[8..10] = 'dab'

s[9..10] = 'ab'
s[10..10] = 'b'
i Nhu vay, hau td sau s& nhan duoc tir hau td sat trude nod bé‘tng cach bo di ki tu
dau tién.
Trude hét ta sép tang cac hau té cua xau ‘mﬁu s theo trat tur tur dién. Su dung mot
mang chi dan id, trong d6 id[i] tro dén vi tri dau tién cua hiu to trong xau mau. Cu thé
1a, néu id[i] = k thi hau t6 twong ung s¢€ 1a s[k..n]. Sau khi sap tdng cac hau t6 ctia xau

mius[l..10] = 'cabxabcdab' tathu duoc:
i id[i] Hau té Xau
1 9 S[9..10] ab
2 5 S[5..10] abcdab
3 2 S[2..10] abxabcdab
4 10 S[10..10] b
5 6 S[6..10] becdab
6 3 S[3..10] bxabcdab
7 1 S[1..10] cabxabcdab
8 7 S[7..10] cdab
9 8 S[8..10] dab
10 4 S[4..10] xabcdab

Sap tdng theo chi dan cdc hau té cua xau
s[1..10] = 'cabxabcdab'

Viéc con lai 1a so sanh x4u X véi cac hau té S[i..j] dé tim khiic diu chung dai nhét
giita chung. Thi du, v6i x[1..4]="abcd" thi khiic diu chung dai nhit tim duoc véi
hau t s[5..10] do id[2] tré téi. Vi tri v tim duoc s& 1 5 va chiéu dai 16n nhat d sé& 1a 4.

Phan chinh ctia chwong trinh s& nhu sau:

procedure Run;
begin

n:= length(s);
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for i:=1 to n do id[i]:=i;

IdQuikSort(1l,n);

while not seekeof (f) do
begin
readln (f,x);
writeln(g,x);
Tim; {xac dinh v va d}
writeln(g,v,BL,d);
end;

end;
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Dé y rang v6i mdi xau X, néu phan tir dau tién ctia X 1a x[1] khong tring véi phan tir
dau tién ctia hau t6 h thi chiéu dai cta khic dau chung clia ching s& bang 0. Nhd nhan
xét nay va do diy cac hau t6 da duoc sip ting nén véi mdi x4u x, trude hét ta goi ham
Binsearch dé thyc hién tim kiém nhi phan phan tr X[1] trong ddy gom cac phan tir

dau tién cta cac hau to, sau do6 ta thuc hién viéc duyét tim.

procedure Tim;

var
i,Len: integer;
begin

v:=BinSearch; d := 0;

if v=0 then exit;

Maxlen:=0;

for i:=v to n do
begin

if s[id[i]]<>x[1l] then exit;

Len:=Eqgsx(id[i]) ;
if Len > d then
begin
d:=Len;
v:=id[i];
end;
end;
end;

Ham BinSearch s& cho ra chi din t6i hau t§ h dau tién thoa didu kién h[1] =

X[1].

Tim xuat hien cua x[1l] trong day

da sap cac hau to

function BinSearch:integer;
var
d,c,m: integer;
begin

d:=1;

c:=n;

repeat

m:=(d+c) div 2;

if x[1]>s[id[m]] then d:=m+l

else c:=m;
until d=c;
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if x[1]<>s[id[d]] then Binsearch := -1
else BinSearch := d;
end;

Ham Egsx (i) cho ta chiu dai 16n nhat ctia khiic dau chung gitra hau t6 s[i..n] va
Xau X.

Khuc dau dai nhat giua
hau to s[i..n] va x

_________________________________ *)
function Egsx(i:integer): integer;
var

k,m:integer;

begin

m:=min (length (x) ,n-i+1) ;
for k:=1 to m do
if s[i+k-1]<>x[k] then

begin
Egsx:=k-1;
exit;
end;
Egsx:=m;

end;

(* Pascal *)

program Strings;

{$B-}

uses crt;

const

MN = 255;

cd #0; {ki tu trong}

cc #255; {ki tu cuoi cua bang ma ASCII}
BL=#32; {dau cach}

fn = 'strings.inp'; {tep vao}
gn = 'strings.out'; {tep ra}
type

mbl = array[0..MN] of integer;
var

f,g: text;

s,x: string; {s: xau mau}

id: mbl; {chi dan}

n: integer; {chieu dai xau mau s}

v,d: integer;

{v: vi tri xuat hien khuc dau cua x trong xau mau s}
{d: maxlen}
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function min(a,b:integer) :integer;
begin

if a<=b then min:=a

else min:=b;
end;

function BinSearch:integer;
var
d,c,m: integer;
begin
d:=1;
c:=n;
repeat
m:=(d+c) div 2;
if x[1]>s[id[m]] then d:=m+l
else c:=m;
until d=c;
if x[1]<>s[id[d]] then Binsearch:=0
else BinSearch:=d;
end;

so sanh 2 hau to trong s:
s[i..n] va s[j..n]

function sanh(i,j:integer) :integer;
var k:integer;
begin
for k:=0 to min(n-i,n-j) do
if s[i+k]<>s[j+k] then
begin
if s[i+k]<s[j+k] then sanh:=-1
else sanh:=1;
exit;
end;
if i=j then sanh:=0
else if i<j then sanh:=1
else sanh:=-1;

procedure IdQuickSort(d,c: integer);
var i,j,m,t: integer;
begin

i:=d; {dau}

j:=c; {cuoi}

m:=id[ (i+j) div 2]; {phan tu giua}

while i<=j do

begin
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while sanh(id[i] ,m)<0 do inc (i) ;
while sanh(id[j],m)>0 do dec(j)
if (i<=j) then

begin
t:=id[i];
id[i] :=id[3];
id[j]:=t;

inc(i); dec(3):;
end;
end;
if d<j then IdQuickSort(d,j):;
if i<c then IdQuickSort(i,c);
end;

function Egsx(i:integer): integer;
var k,m:integer;
begin
m:=min (length (x) ,n-i+1) ;
for k:=1 to m do
if s[i+k-1]<>x[k] then

begin
Egsx:=k-1;
exit;
end;
Egsx:=m;
end;
(* ____________________________________________

Tim vi tri va chieu dai lon nhat

MaxLen giua cac hau to cua xau mau s va xau x
procedure Tim;

var i,Len: integer;

begin
v:=BinSearch;
d:=0;

if v=0 then exit;
for i:=v to n do
begin
if s[id[i]]<>x[1l] then exit;
Len:=Eqgsx(id[i]) ;
if Len > d then
begin
d:=Len;
v:=id[i];
end;
end;
end;
procedure Run;

125
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var i:integer;
begin

assign(f, £fn);
reset(£f) ;
assign(g,gn) ;
rewrite (qg) ;
readln(f, s);
writeln(qg,s);
n:= length(s) ;
for i:=1 to n do id[i]:=i;
IdQuickSort(1l,n) ;
while not seekeof (f) do
begin
readln(f,x);
writeln(g,x) ;

Tim;
writeln(g,v,BL,d);
end;
close (f) ;
close(qg) ;
end;
BEGIN
Run;
END.
D liéu kiém thcr Két qua dw kién
STRINGS.INP STRINGS.OUT
cabxabcdab cabxabcdab
abcd abcd
cdaeh 5 4
cdaeh
7 3
// C#
using System;
using System.IO;
namespace SangTaol
{
[ ¥ e
* Xau mau
T o o o o i e e e e */

class Strings

{

const string £fn "strings.inp";
const string gn = "strings.out";
static string s; // xau mau
static string x; // xau can xu ly

126
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static int[] id;
static int v = 0;// vi tri xuat hien khuc dau x trg s

static int d = 0;// chieu dai x trong s
static int n = 0; // chieu dai xau mau
static void Main()
{

Run() ;

Test () ;

Console.ReadLine () ;
} // Main

// Doc lai file gn de kiem tra ket qua
static void Test()
{
Console.WriteLine ("\n Kiem tra lai ket qua \n\n");
Console.WriteLine ("\n Input: " +
File.ReadAllText (fn)) ;
Console.WriteLine ("\n Output: " +
File.ReadAllText(gn)) ;
}
static void Run()
{
StreamReader f = File.OpenText (fn) ;
StreamWriter g = File.CreateText(gn);
// Bo qua cac dong trong dau tien
while ((s = (f.ReadlLine()) .Trim()) == "") ;
n = s.Length; // Len xau mau
id = new int[n];
// Khoi tri cho index
for (int i = 0; i < n; ++i) id[i] = i;
IdQSort(0, n - 1);

Console.WriteLine (" Xau mau: " + s + "\n\n");
SPrint() ;
g.Writeline(s);
while ((x = f.ReadLine()) '= null)

{

x = x.Trim() ;

if (x 1= "")

{
Console.Writeline (x) ;
g.Writeline (x) ;
Find() ;
g.WritelLine(v + " " + d);
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f.Close(); g.Close();
}
static void Find()
{
v = BinSearch(x[0]);// hau to co ki tu dau la x[0]
d=0;
if (v < 0) return;
for (int 1 = v; i < n; ++i)
{
int j = id[i];
if (s[j] '= x[0]) return;
int k = ComLen(x, 3j):;
if (d<k) {v=3 +1; d=k;}

}
// MaxLen khuc dau cua x va hau to s[j...
static int ComLen(string x, int j)
{
int minlen = Min(x.Length, n - j);
for (int i = 0; i < minlen; ++i)
if (x[i] '= s[j + i]) return i;
return minlen;
}
static int Min(int a, int b)
{ return (a < b) ? a : b;}
static int BinSearch (char c)

{

int i = 0;

int j n-1;
int m = 0;
while (i < j)
{
m= (i+3) / 2;
if (s[id[m]] < ¢) i =m + 1;
else j = m;
}
return (s[id[i]] == ¢) ? 1 : -1;
}
// Hien thi day duoc sap cac hau to
// cua s de kiem tra
static void SPrint()
{
Console.WriteLine("\n Cac hau to sap tang: \n");
for (int i = 0; i < n; ++i)
Console.WritelLine(s.Substring(id[i], n - id[i])):
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}
static void IdQSort(int d, int c)
{
int i = d;
int j = ¢c;
int m = id[(i + j) / 2];
int t = 0;
while (i <= j)
{
while (Sanh(id[i], m) < 0) ++i;
while (Sanh(m, id[j]) < 0) --3j;
if (1 <= Jj)
{
t = id[i]; id[i] = id[j]; id[3] = ¢;
++i; --3;
}
}
if (d < j) IdQSort(d, j):;
if (i < ¢) IdQSort(i, c);
}
static int Sanh(int x, int y)
{
int ix = 0;
int iy = 0;
for (int i = 0; i < n; ++i)
{
ix = (x + 1) % n;
iy = (y + i) % n;
if (s[ix] !'= s[iy])
return (s[ix] < s[iy]) ? -1 : 1;
}
return O;
}

} // Strings
} // SangTaol

CHUONG 5

PHUONG PHAP THAM LAM

129
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Phuong phap tham lam goi y chiing ta tim mot trat tu hop li dé duyét dir liéu nhim
dat dugc muc tiéu mot cach chic chin va nhanh chong. Thong thuong, dit ligu dugc
duyét theo mot trong hai trat tu 1a tdng hodc giam dén theo mot chi tiéu nao d6. Mot sb
bai toan doi hdi nhirng dang thire cai bién cia hai dang néi trén.

Bai 5.1. Bang nhac

Ngueoi ta can ghi N bai hdt, diege ma sé tir 1 dén N, vao mét bang nhac ¢6 thoi
liwong tinh theo phiit dii chita toan bg cac bai da cho. Véi méi bai hdt ta biét
thoi leong phat ciia bai d6. Bang sé dwoc ldp vao mot mdy phdt nhac ddt trong
mét siéu thi. Khach hang muon nghe bai hat nao chi viéc nhdn phim iing véi
bai 6. Dé tim va phdt bai thit i trén bang, mdy xudt phat tir dau cudn bdng,
quay bang dé bé qua i — 1 bai ghi trude bai dé. Thoi gian quay bdng bé qua
méi bai va thoi gian phdt bai @6 dwoc tinh la nhw nhau. Tinh trung binh, cdc
bai hdt trong mét ngay dwoc khich hang lwa chon véi sé lan (tan sudt) nhuw
nhau. Hay tim cach ghi cac bai trén bang sao cho tong thoi gian quay bang
trong moi ngay la it nhat.

Dit liéu vao dugc ghi trong t€p van ban tén BANGNHAC . INP.

- Dong dau tién 14 s tuy nhién N cho biét s6 lugng bai hat.

- Tiép dén 1a N s6 nguyén duong thé hién dung luong tinh theo phiit ctia

mdi bai. Mdi don vi dir liéu cach nhau qua déu cach.

Thi du dudi ddy cho biét co N = 3 bai hat: BANGNHAC.INP BANGNHAC.OUT
- Bai 1 phat trong thoi gian 7 phut. 3 2 2
- Bai 2 phat trong thoi gian 2 phut. 723 35
- Bai 3 phét trong thoi gian 3 phut. 112

Dit liéu ra dugc ghi trong tép van ban 19

BANGNHAC . OUT theo dang thirc sau:

- N dong diu tién thé hién trat tu ghi bai hat trén bang: m oi dong gérr} hai s6 nguyén
duong j va d cach nhau béi dau cach, trong d6 j 1a ma s6 cta bai hat can ghi, d 1a thoi
gian tim va phat bai d6 theo trat ty ghi nay.

- Dong thir n + 1 ghi tong sb thoi gian quay bang néu mdi bai hat dugc phat mét 1an
trong ngay.

Vi thi du trén, két qua thu dugc s€ nhu sau:

- Can ghi lan luot trén bang cac bai theo trat tyr : bai 2, bai 3, bai 1;

- Dé tim va phat bai 2 can 2 phut;

- Dé tim va phat bai 3 can 5 phut;

- Dé tim va phat bai 1 can 12 phut;

- Téng thoi gian dé tim va phat mdi bai mot 1an 1a: 19 phit.

Thuat toan

Gia sir ta c6 ba bai hat v6i sb phut lan lugt nhu sau:
Masbbaihat © @ O
Thoigianphat 7 2 3

Ta xét vai tinh hudng ghi bang dé rut ra két luan can thiét.
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Trat tw ghi trén bang Th&i gian phat

%y, 2) t(x) + t(y) + t(z); t(i): thdi gian tim va phat bai i
(©@,©,0) (7)+ (7 +2)+ (7 + 2+ 3) =28 phat

(©,0,0) (7)+ (7 +3)+ (7 +3 +2)=29 phat

(@,0,0) 2Q+@2+7)+(2+7+3)=23phat

(©@,3,0) (2) + (2 + 3) + (2 + 3+ 7) = 19 phat (phwong an t6i wu)
®,0,0) (3)+(83+7)+(3+7+2)=25phat

(®,0,0) (3)+(83+2)+ (3+2+7)=20phat

_Vay phuong 4n t6i wu sé 1a (@ , ® , ®): ghi bai 2 roi dén bai 3, cudi cung ghi bai
1. Tong thoi gian theo phuong an nay la 19 phut.

Dé co phuong 4n t6i vu ta chi can ghi bang theo trat ty ting dan cua thoi lugng. Bai
toan dwoc cho véi gia thiét bang du 16n dé ghi dugc toan bo cac bai. D& dang sta
chuong trinh dé van dung cho truong hop dung luong ting han ché trong M phiit.
Chuong trinh sip xép dir liéu theo chi dan.

Pascal *)

program BangNhac;
uses crt;

const

MN = 200; BL = #32; {dau cach}

fn = 'Bangnhac.inp'; gn = 'Bangnhac.out';
var

a,id: array[l..MN] of integer;
£, g: text;
n: integer;

procedure Doc;

var i,k: integer;

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

end;

Khoi tri mang chi dan id
quan li sap tang theo chi dan

procedure InitID;
var i: integer;
begin
for i := 1 to n do id[i] := 1i;
end;
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procedure IDQuickSort(d,c: integer);
var i, j, m, x: integer;

begin
i::= d;
j = c;
m := al[id[(i+j) div 2]]; {phan tu giua}
while i <= j do
begin

while a[id[i]] < m do inc(i);
while a[id[j]] > m do dec(3]):
if i <= j then

begin
x := id[i];
id[i] := id[j];
id[j] := x;
inc(i); dec(3j):
end;
end;

if d < j then IDQuickSort(d,j):;
if i < ¢ then IDQuickSort(i,c);
end;

procedure Ghi;
var i, t, tt: longint;

begin
assign(g,gn); rewrite(g);
t := 0; {thoi gian tim va phat 1 bai}
tt := 0; {tong thoi gian cho n bai}
for i := 1 to n do
begin
t = t + a[id[i]l]:;
tt 1= tt + t;
writeln(g,id[i] ,BL,t);
end;
writeln(g,tt); close(qg):
end;
BEGIN
Doc; InitID; IDQuickSort(l,n); Ghi;
END.
// C#

using System;
using System.IO;
namespace SangTaol

class BangNhac

{

const string fn = "BangNhac.inp";
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const string gn = "BangNhac.out";
static public Bang[] b;

static public int n = 0; // so bai hat
static void Main()

{
Doc(); QSort(0, n-1);
Ghi () ; Test();
Console.WriteLine("\n Fini ");
Console.ReadLine () ;

}
static void Ghi ()

{
StreamWriter g = File.CreateText(gn) ;
int t = 0; // tg tim va phat 1 bai
int tt = 0; // tong tg tim va phat n bai
for (int i = 0; i < n; ++i)
{
t += b[i].len;
tt += t;
g.WriteLine(b[i].id + " " + t);
}
g.Writeline(tt); g.Close();
}
static void QSort(int d, int c)
{
int i =d, j = ¢, m = b[(i+])/2].1len;
Bang t = new Bang(0,0);
while (i <= j)
{
while (b[i].len < m) ++i;
while (m < b[j].len) --3j;
if (1 <= 3j)
{
t = b[i]; b[i] = b[]j];
b[j] = t; ++i; --3;

}
if (d < j) QSort(d, 3J);
if (i < ¢) QSort(i, c);

// Doc lai file gn de kiem tra ket qua
static void Test() tu viét
static void Doc()

{
int [] a = Array.ConvertAll (
(File.ReadAllText (fn)) .Split(
new char[] { '\n', ' ', '\t', '\O0', '\r'},
StringSplitOptions.RemoveEmptyEntries),
new Converter<string, int>(int.Parse));
n = a[0];
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b = new Bang[n];
for (int 1 = 1; i <= n; ++i)
b[i-1] = new Bang(a[i], i)

}

public struct Bang

{
public int len;// thoi luong
public int id; // so hieu 1,2,
public Bang(int t, int nn)
{ len = t; id = nn;}

}

} // BangNhac
} // SangTaol

Bai 5.2. Xép vigc

Co N cong viéc can thiee hién trén mot may tinh, méi viéc doi hoi ding 1 gio
may. Voi moz viéc ta biét thoi han phai nop két qua thuwe hién sau khi hoan thanh
viéc do va tién thuong thu diegc néu ndp két qua trde hodc ding thoi diém quy
dinh. Chi c6 mot ngay tinh trong tay, hay Idp lich thyc hién du N cong viéc trén
may tinh sao cho tong so tién thuong thu duoc la Ion nhat va thoi gian hoat dong
cua may la nho nhat. Gia thiét rang may dwoc khoi dong vao dau ca, thoi diém
t = 0 va chi tat may sau khi da hoan thanh du N cong viéc.
Dit liéu vao: tép van ban viec. inp:

- Dong dau tién 1a s6 N.

- N dong tiép theo: mdi viéc durgec mo ta bang hai so tu nhién, s6 thir nhat 1a thoi
han giao ndp, so thir hai 1a tién thuéng. Cac sb6 cach nhau bai dau cach.

Thi du:

viec.inp | ¥ nghia: Cho biét cé 4 viéc vdi cdc théng tin sau:

4 - Viéc thir nhdt phdi ngp khong mudn hon thoi diém 1 (gio) véi

115 tien thuong 15 (ngan dong);

310 - Viéc thi hai phdi ngp khong mudn hon thoi diém 3 (gio) véi tién

5 100 thuwong 10 (ngan dong),

1 27 - Viéc thit ba phdi ngp khéng mudn hon thoi diém 5 (gio) véi tién
thuong 100 (ngan dong),

- Viéc thir tw phai ndp khong mugn hon thoi diém 1 (gio) voi tién

thuong 27 (ngan dong).

Dir liéu ra: t&p van ban viec.out:

- N dong déu tién, dong thtr t ghi mot sé tw nhién i cho biét viéc thir i dugc
lam trong gio t.

- Dong cudi cing ghi tong s6 tién thu duoc.

Vi thi du trén, t¢p viec. out s& nhu sau:

viec.out | ¥ nghia:

4 - Gio thwr 1 thuc hién viéc 4 va nop dung han nén duoc
2 thuong 27,
3 - Gio thir 2 thuce hién viéc 2 va ngp trudc han nén duoc
1 thuong 10;

137 - Gio thir 3 thuc hién viéc 3 va nop trudc han nén dwoc
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thuong 100;
- Gio thir 4 thue hién viéc 1;

- Tong tién thieong thu dwoc do da hoan thanh ding han
baviéc4,2va3la27+ 10+ 100 =137.

Thuat toan

Ta wu tién cho nhitng viéc cé tién thuong cao, do dé ta sdp cdc viée giam dan theo
tién thuong. Voi méi viéc k ta da biét thoi han giao nop viéc do la h = t[k]. Ta xét truc
thoi gian b. Néu gio h trén truc do da ban do viéc khac thi ta tim tw thoi diém h tré vé
truede mét thoi diém cé thé thyc hién duwoc viéc k do. Néu tim dwoc mét thoi diém m nhuw
vay, ta danh ddu bang ma sé cua viéc do trén truc thoi gian b, b[m]:= k. Sau khi xep
viéc xong, co thé trén truc thoi gian con nhitng thoi diém r0i, ta don cdc viéc da xep vé
phia trudc nham thu dwoc mot lich lam viéc tri mdt, ticc la khong co gio trong. Cudi
ciing ta xép tiép nhing viéc trude dé da xét nhung khong xép dugc. Day la nhimng viéc
phdi lam nhing khong thé ngp ding han nén sé khong co tién thwong. Voi thi du da
cho, N = 4, thoi han giao nép t = (1, 3,5, 1) va tién thuong a = (15, 10, 100, 27) ta
tinh todan nhw sau:

- Khéi tri: truc thoi gian voi 5 thoi diém Gng voi Tmax = 5 1a tho diém muén

nhét phai nop két qua, Tmax = max { thoi han giao ngp }, b= (0, 0, 0, 0,0).

- Chon viéc 3 ¢6 tién thuong 16n nhat 1a 100. Xép viéc 3 véi thoi han t[3] = 5 vao
h: h[5] = 3. Ta thu dugc h = (0, 0, 0, 0, 3).

- Chon tiép viéc 4 c6 tién thuong 27. Xép viéc 4 véi thoi han t[4] = 1 vao h: h[1]
=4, Tathuduoch=(4,0,0,0, 3).

- Chon tiép viéc 1 ¢6 tién thuong 15. Xép viéc 1 véi thoi han t[1] = 1 vao h:
Khéng xép dugce vi tir thoi diém 1 trd vé trude truc thoi gian h[1..1] da kin. Ta
thu dugc h=(4, 0, 0, 0, 3).

- Chon nbt viéc 2 c6 tién thuong 10. Xép viéc 2 voi thoi han t[2] = 3 vao h:
h[3] =2

- Tathuduoch=(4,0,2,0,3).

- Dbn viée trén truc thoi gian h, ta thu dugc h=(4, 2, 3,0, 0).

- Xép nbt viéc phai 1am ma khong c6 thuéng, ta thu duoc h = (4, 2, 3, 1).

- Calam viéc kéo dai dung N = 4 gio.

- Néu khong mudn sip giam mang tién thuong a theo chi din ta cé thé sip song

song a va id nhu mo ta trong chuong trinh.

Trong chuong trinh duéi day ta sit dung mang id véi hai muc dich: id[i]=v>0
cho biét viéc v dimg tht i trong diy dwoc sip giam theo gia tri tién thuong va viée v
chua duoc xép. id[i] = v < 0 cho biét viéc v da xép xong trong lan duyét dau tién.

(* Pascal *)

program viec;
uses crt;

const
MN = 200; bl = #32; {dau cach}
nl = #13#10; {xuong dong}
fn = 'viec.inp'; {input file}
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gn = 'viec.out'; {output file}
var
a,id,t: array[l..MN] of integer;
{a: tien thuong, t: thoi han giao nop}
{id: chi dan}
h: array[0..MN] of integer; {truc thoi gian}
N: integer; {so luong viec}
f,g: text;
M: integer; {so viec da xep}
tt: longint; {tong so tien thuong}

procedure Doc;

var i,k: integer;

begin
assign(f,fn); reset(f);
readln(f,N) ;
for i :=1 to N do

readln(f,t[i],a[i])

close (f) ;

end;

procedure InitID;
var i: integer;
begin
for i := 1 to N do id[i] := 1i;
end;

procedure IDQuickSort(d,c: integer);
var i, j, m, k: integer;

begin
i:= d; j := c;
m := al[id[(i+j) div 2]]; {phan tu giua}
while i <= j do
begin
while a[id[i]] > m do inc(i);
while a[id[]j]] < m do dec(]j):
if i <= j then
begin
k := id[i];
id[i] := id[]j];
id[j] := k;
inc(i); dec(3j):
end;
end;

if d < j then IDQuickSort(d,j):
if i < ¢ then IDQuickSort(i,c);
end;
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(Fmm e e e e e e e
Xep viec theo giai thuat tham lam
_______________________________________ *)
procedure XepViec;
var i,k,v: integer;
begin
fillchar (h,sizeof (h),0);
for i := 1 to N do
begin
v := 1id[i]; {viec nao}
for k := t[v] downto 1 do
if h[k]= 0 then
begin
{xep duoc viec v tai thoi diem k}
hlk] = v;
id[i] := -v;
break;
end;
end;
end;
(* ____________________________________

Don cac viec da xep trong h len phia truoc
va tinh tong tien thuong
procedure DonViec;
var i: integer;
begin
tt := 0;
{tim gio trong dau tien trong h}
for i := 1 to MN do
if h[i]=0 then

begin
M :=1i;
break;
end

else tt := tt+a[h[i]]:;
if M > N then exit;
for i := M+l to MN do
if h[i] > O then
begin
h[M] := h[i];
tt := tt+a[h[i]];

inc (M) ;
if M > N then exit;
end;
end;
(F oo oo e~

procedure XepTiep;
var i: integer;
begin

for i :=1 to N do

137
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if id[i] > O then

begin
h[M] := id[i];
inc (M) ;
end;
end;
(Fmmmm e

procedure GhiTep;
var i: integer;

begin
assign(g,gn); rewrite(q):;
for i := 1 to N do

writeln(g,h[i]);
writeln(g,tt); close(qg)
end;
BEGIN
Doc; InitID; IDQuickSort(l,n);
XepViec; DonViec; XepTiep; GhiTep;

END.

// C#

using System;
using System.IO;
namespace SangTaol

class XepViec
{
const int mn = 280;
const string fn = "Viec.inp";
const string gn = "Viec.out";
static public Viec [] v; // cac viec

static public int n = 0; // so luong viec

static public int tong = 0;
static public int[] h;
static public int k = 0;
static void Main()
{
Doc(); QSort(0, n-1);
Xep(); Ghi(); Test();
Console.ReadLine () ;
} // Main

static void Xep()

{
// Tim Tmax

138
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int tmax = 0;
for (int i = 0; i < n; ++i)

if (v[i].t > tmax) tmax = v[i].t;
int tt = tmax + n + 1;
h = new int[tt];
// Khoi tri cho h
for (int i = 0; i < tt; ++i) h[i] = O;
tong = 0;
for (int i

{

0; i < n; ++i)

int td = v[i].t;
while (h[td] > 0) --td;
if (td == 0)
h[++tmax] = v[i].id; //viec ko thg
else
{
h[td] = v[i].id;
tong += v[i].thuong;

}

// Dich cac viec len phia truoc

k =0;
for (k = 1; k <= tmax; ++k)
if (h[k] == 0) break;

for (int i =k + 1; i <= tmax; ++i)
if (h[i] > 0)
h[k++] = h[i];
}
static void Ghi() // Ghi file
{
StreamWriter g = File.CreateText(gn);
for (int i = 1; i < k; ++i)
g.Writeline (h[i]) ;
g.WritelLine(tong); g.Close();
}
// Sap cac viec giam theo tien thuong
static void QSort(int d, int c)
{

int i = d;
int j = ¢;
int m = v[(d + ¢) / 2].thuong;

Viec t = new Viec (0, 0, 0);
while (i <= j)
{
while (v[i].thuong > m) ++i;
while (m > v[j].thuong) --j;
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}

if (i <= jJ)

{
t = v[i]; v[i] = vI[]j]; vI[3] = t;
++i; --3;

}
if (d < j) QSort(d, j);
if (i < ¢) QSort(i, c);

// Doc lai file gn de kiem tra ket qua
static void Test() tu viét
static void Doc()

{

}

int [] a = Array.ConvertAll (
(File.ReadAllText (fn)) .Split(
new char[] { '\n', ' ', "\t', '\0', "\r' },
StringSplitOptions.RemoveEmptyEntries),
new Converter<string, int>(int.Parse))

n = a[0];

v = new Viec[n];

Console.WriteLine(" n =" + n);

int k = 1;

for (int 1 = 0; i < n; ++1i)

v[i] = new Viec(al[k++],a[k++],i+1);

public struct Viec

{

}

public int t; // Thoi han giao nop
public int thuong; // Tien thuong
public int id; // Ma so

public Viec(int th, int thg, int nn)
{ t = th; thuong = thg; id = nn; }

} // XepViec
} // SangTaol

Bai 5.3. Xép ba I6

Co N vat (mat hang), voi moi vit ta biét trong luong va gid tri cua no. Hay xdac
dinh trong lwong can ldy ¢ mot sé vit dé xép vao mét ba 16 ¢ sirc chira t6i da
la M sao cho gid tri chiva trong ba 16 la I6n nhdt. Gia thiét la c6 thé ldy mét ti
1é tuy ¥ ¢ moi vdt.

Dir liéu vao: T€p van ban balo.inp:

- Dong déu tién: hai gi tri nguyén duong N va M.

- N dong tiép theo, mdi dong chira hai gi4 tri nguyén duong d v cho mdi vit,
trong d6 d 1a trong lwong, v 1a gia trj tinh theo mét don vi trong lwong cta
vat do (don gia). Cac so cach nhau qua dau cach.

BALO. INP
5 30

N & O

8
5
4

CO6 N =5 vit va stic chira t6i da ctiaba 16 1a BALO.OUT

M =30 (kg). 8
Vat thir nhét co trong lugng 8, don gid 5 3
tr/kg, 0
Vat thtr hai c6 trong lugng 5, don gia 4, 3



Sang tao trong Thuéit toan va Lap trinh Tap | 141

38 - Vat tht ba c6 trong luong 4, don gia 2, 16
16 6 - Vat thr tu c6 trong luong 3, don gia §, 172
- Vét thir ndm c6 trong lugng 16, don gié 6.

(tr. - tridu dong)

Dir liéu ra: Tép van ban tén balo.out:
- N dong, dong thir i cho biét trong lugng can liy & vat thi i.
- Dong cudi cing ghi tong gia tri thu dugc.
Hwéng dan
C6 nhiéu bai toan thugc ho xép ba 10, thuat toan cho bai nay thudc 16p tham lam.
Dé thiy tiéu chuan chon la gia don vi cao. Ta duyét cac vat theo gia don vi tir cao

tro xudng. Vat dugc chon s& duoc lay t6i da. Nhu vay, néu tong trong luong cac vat
bang hodc 16n hon strc mang ciia ba 16 thi bao gio ba 16 ciing dugc xép di.

(* Pascal *)

(* ________________________________
BALO.PAS

_________________________________ *)
program balo;
uses crt;
const

MN = 200;

fn = 'Balo.inp’'; gn = 'Balo.out';
var

a,id: array[l..MN] of integer;{a[i] tr 1lg vat i}
gdv: array[l..MN] of integer; {gdv[i] don gia wvat i}
£, g: text;

n,m: integer; {n: so vat; m: trong luong balo}

t,tt: integer;

{t: tong trong luong con duoc xep vao balo}

{tt: tong gia tri da lay}

(* __________________________________

Doc du lieu
___________________________________ *)
procedure Doc;
var i,k: integer;
begin

assign(f,fn); reset(f); readln(f,n,m);
for i := 1 to n do read(f,a[i],gdv[i])
close (f) ;
end;
(* ____________________________________
Khoi tri cho chi dan
______________________________________ *)

procedure InitID;
var i: integer;
begin
for i := 1 to n do id[i] := i;
end;

Sap giam theo gia don vi
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procedure IDQuickSort(d,c: integer);
var i, j, k, x: integer;
begin
i:=d; j :=c¢c;
X gdv[id[ (i+j) div 2]]; {phantu giua}
while i <= j do
begin
while gdv[id[i]] > x do inc(i);
while gdv[id[j]] < x do dec(j)
if i <= j then

begin
k := id[i];
id[i] := id[j]’
id[j] := k;

inc(i); dec(3):
end;
end;
if d < j then IDQuickSort(d,j):;
if i < ¢ then IDQuickSort(i,c);
end;
procedure XepBalo;
var i: integer;

begin
tt := 0; {tong gia tri }
t := m; {trong luong con lai cua balo }

for i :=1 to n do
if t >= a[id[i]] then
begin { lay tron vat id[i] }
t := t-a[id[i]];

tt := tt + (a[id[i]]*gdv[id[i]]);

end

else { lay cho day balo }

begin
tt := tt+(t*gdv[id[i]]); {lay vua du }
a[id[i] := t; {chinh lai vat cuoi }
t :=0;

end;

end;
procedure Ghi;
var i: integer;

begin
assign(g,gn); rewrite(g):
for i := 1 to n do writeln(g,a[i]):
writeln(g,tt); close(qg)

end;

BEGIN

Doc; InitID; IDQuickSort(l,n);
XepBalo; Ghi;
END.
// C#

using System;
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using System.IO;
namespace SangTaol

class Balo

{

const string fn "BaLo.inp";

const string gn = "Balo.out";

static public Item[] Items;

static public int[] t;

static public int n 0; // so luong vat
static public int m = 0; // suc chua cua Ba lo
static public int vh = 0; // Gia tri cua balo
static void Main()

{

Doc(); QSort(0, n-1);
Xep () ; Ghi();
Test () ;
Console.WriteLine("\n Fini");
Console.ReadLine () ;
} // Main
static public void Xep()
{
int th = m; // tr 1lg con lai cua balo
vh = 0;
t = new int[n];
for (int i = 0; i < n; ++i) t[i] = 0;
for (int i = 0; i < n; ++i)
{
int j = Items[i].Id;
t[j] = Min(th,Items[i] .Weight) ;
th -= t[j];
vh += t[j]*Items[i].Price;
if (th == 0) break;
}
}
static public int Min(int a, int b)
{ return (a < b) ? a : b; }
static public void Ghi ()
{
StreamWriter g = File.CreateText(gn) ;
for (int i = 0; i < n; ++i)
g.WriteLine(t[i])
g.WriteLine(vh); g.Close();
}
// Sap cac Balo giam theo tien thuong
static public void QSort(int d, int c)
{
inti=d, j=c;
int m = Items[(d + ¢) / 2].Price;
Item t = new Item(0,0,0);
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while (i <= j)

{
while (Items[i].Price > m) ++i;
while (m > Items[j].Price) --j;
if (i <= j)
{
t = Items[i];
Items[i] = Items[j];
Items[]j] = t;
++i; --3;
}
}

if (d < j) QSort(d, j);

if (i < ¢) QSort(i, c);
}
// Doc lai file gn de kiem tra ket qua
static public void Test() tu viét

2
* Doc du lieu vao mang a

K e */
static public void Doc()

{

char[] cc = new char|[]
{'\n'," ", "\t",'\0","\r"};
int[] b = Array.ConvertAll ((
File.ReadAllText(fn)) .
Split(cc, StringSplitOptions.
RemoveEmptyEntries) ,
new Converter<string, int>(int.Parse));
n = b[0]; // so luong vat
m = b[l]; // gioi han trong luong balo
// Tach du lieu
Items = new Item[n];
for (int k = 2, i = 0; i < n; ++i, k+=2)
Items[i] = new Item(b[k], b[k+1l], i),

}
public struct Item // mo ta mot mat hang
{
public int Weight; // trong luong
public int Price; // don gia
public int Id; // ma so
public Item(int w, int p, int i)
{ Weight = w; Price = p; Id = i; }
}
} // Balo

} // SangTaol

Bai 5.4. Cay bao trim ngan nhat
Cho mét do thi lién thong G vé huéng bao gom n dinh, md sé tir I dén n, va m
canh néi hai dinh véi nhau. Méi canh ¢é chiéu dai cho trude. Tinh lién thong cua
do thi cho biét véi hai dinh cho triede tuy ¥ ta luén tim dwoc cdc canh goi dau
nhau dé di tir dinh ndy dén dinh kia. Hay chi ra mét phan P cia do thi thod cdc
tinh chat sau:
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(i) P chita tdt ca cac dinh cia G;

(i) P chita mét sé it nhdt cac canh cia G;

(iii) P la do thi lién théng;

(iv) Téng chiéu dai cdc canh ciia P la ngdn nhat.

D6 thi P thoa ba tinh chat (i), (ii) va (iii) dwoc goi 1a cay bao trim cia do thi G.
Néu P thoa thém tinh chét (iv) thi P duoc goi 1a cdy bao triim ngdn nhdt cia G. Mot sd
tai liéu dung thuat ngir cay khung thay cho cay bao trum va cdy khung cuc tiéu thay cho
cdy bao trim ngin nhat.

Bai toan trén c6 nhidu ung dung thyc tién. Mot trong sd tng dung d6 dugc mo ta
thong qua thi du sau:

Co N may tinh duoc nbi voi nhau thanh mang bang cap quang la mot loai day
truyén tin dat tién. Trong mang nay, hai may tinh bt ki déu c6 thé lién lac duoc véi
nhau truc tiép hodc théng qua mot vai may trung gian. Ta goi tinh chat ndy la tinh lién
thong cua mang mdy tinh. Hay bo b6t mot s6 day noi dé n may tinh trén van lién thong
dugc voi nhau. Mang t6i thiéu thu dugc chinh 1a mot cdy bao trim ngén nhat cia mang
ban dau.

Dt liéu vao: t&p van ban tén DOTHI . INP.
- Dong dAu tién ghi hai s tu nhién n va m cach nhau qua déu cach, biéu thi
s0 dinh (n) va so6 canh (M) cua do thi.
- Mbidong thiri =1, 2.,..., m trong s6 m dong tiép theo ghi ba gia tri x y va d
cach nhau qua dau cach vai y nghia canh (X, y) cta d6 thi ¢6 chiéu dai d.
Dit lidu ra: tép van ban tén DOTHI . OUT bao gom:
- Danh sach cac canh duoc chon.
- Dong cudi cung ghi téng chiéu dai tim dugc.
Thuat toan
Ta dung thudt gidi Kruskal véi ki thuat nhu sau. Duyét cac canh tur chiéu dai nho
deén 16n. Canh dugc chon s€ 1a canh khong tao thanh chu trinh khi ghép n6 vao do thi
két qua.

DOTHI.INP | ¥ nghia: D6 thi cé 8 DOTHI.OU | ¥ nghia: Cy bao trim

17 dinh va 17 canh. T ngin nhat cua do thi da

2 Canh (1, 2) dai 8, cho gdm 8 dinh va 7 canh

canh (1, 3) dai 4, la (chiéu dai mdi canh

canh (1, 4) dai 6, ..., duogc ghi sau ddu

canh (7, 8) dai 1 don hai cham):

Vi. canh 1. (1, 5): 1
canh 2. (4, 8): 1
canh 3. (7, 8): 1

4 canh 4. (2, 3): 2
canh 5. (1, 6): 2

8): 3

4
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canh 6. (3,
canh 7. (1, 3):
Tong chidu dai 7 canh da
chon la: 14.
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Luu y rang d0 thi két qua thu dugc & cac bude trung gian c6 thé khong lién thong
ma bao gom nhiéu manh lién thong (ciy con). Loai do thi nay dugc goi 1a rimg. Két qua
cudi cung s€ 1a cay vi nd lién thong va dugc tao thanh tr n - 1 canh. Ta van dung to
chirc find-union cho cac tap dinh roi nhau dé quan li céc tap dinh duoc chon nhiam phat
hién chu trinh. Canh (X, y) khi duoc ghép vao db thi trung gian s€ tao thanh chu trinh
khi va chi khi cac dinh x va y cung nam trong mot cay cua dd thi (ring) trung gian do.
Nhu vay mdi cay con ctia d0 thi trung gian dugc quan 1i nhu mot tap con ctia tap cac
dinh 1..n cta d6 thi ban dau. Tap con nay c6 phan tir dai dién chinh 1a gbc cia cay
tuong tng. Phan tir nay duoc chon theo ma sé nho nhat. Cac dinh con lai cta cdy con
déu tro dén gbc do.

D@ thiy cay bao trim luén luén ¢6 n dinh van - 1 canh.

(* Pascal *)

DOTHI.PAS Cay bao trum ngan nhat
(thuat giai Kruskal)

_________________________________ *)
program DoThi;

uses crt;

const

MN = 100; bl = #32; {dau cach}

fn = 'DoThi.inp'; gn = 'DoThi.out';
nl = #13#10; {xuong dong}

type { Mo ta mot canh cua do thi }
CANH = record
X,y: integer; {canh (x,y) }
len: integer; { do dai canh }
end;
var
a: array|[0..MN] of CANH; { Mang cac canh }
d: array[l..MN] of integer;{dung cho find-union }
n: integer; {n: so dinh }
m: integer; {so canh }
f,g: text;
procedure Doc; (* Doc du lieu ¥*)
var i: integer;
begin
assign(f,fn); reset(f);
read(f,n,m) ;
for i := 1 to m do
read(f,a[i] .x,a[i] .y,a[i].1len);
close (f) ;
end;
(* Sap canh tang theo len *)
procedure gsort(d,c: integer);

var
i,j,m: integer;
t: CANH;
begin
i:=4d;
j = c;
m := a[(i+j) div 2].len; {diem giua}

while (i<=j) do
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begin

while a[i].len < m do i := i+l1;
while a[j].len > m do j
if i<=j then

|
.

1
'—l

begin

t := ali];

a[i]l := aljl;

aljl := t;

i ::=13i+1; j := j-1;
end;

end;

if d < j then gsort(d,j):;

if i < ¢ then gsort(i,c);
end;
{Tim dai dien cua tap chua x }
function Find(x: integer): integer;

begin
while x <> d[x] do x := d[x];
Find := x;

end;

Hop nhat 2 tap dinh: tap chua dinh x va tap chua
dinh y.

147

Union = false: Neu canh (x,y) tao thanh chu trinh.
Union = true: Neu (x,y) khong tao thanh chu trinh.

function Union(x,y: integer): Boolean;

begin
Union := false;
X := Find(x);

y := Find(y);
if x = y then exit;

if x < y then dly] := x

else d[x] :=y;

Union := true;
end;
procedure CBTNN; (* Cay bao trum ngan nhat *)
var

i, t: integer;
k: integer;

begin
assign(g,gn); rewrite(g);
for i := 1 to n do d[i] := i; {Khoi tri }
k := 0;
t 0; {tong chieu dai cac canh}

for i := 1 to m do
{duyet cac canh theo chieu dai tang dan }
if Union(a[i] .x,a[i].y) then
begin
writeln(g,a[i] .x,bl,a[i].y) "
t := t + a[i].len;
inc (k) ;

if k=n-1 then break; {chon duoc n-1 canh la du }
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end;
writeln(g,t);
close(qg) ;
end;
BEGIN
Doc; gsort(l,m);
CBTNN; readln;
END.

// C#
using System;
using System.IO;
namespace SangTaol

e —

* Cay khung (cay bao trum)

* ngan nhat

K - */

class CayKhung
{
const string fn = "DoThi.inp";
const string gn = "DoThi.out";
// do thi co n dinh
// m canh (u,v)
// u la dinh dau, v - dinh cuoi
// Len - chieu dai canh
static int[] 4 ; // to chuc Find-Union
static int n = 0; // so dinh cua do thi
static int m = 0; // so canh cua do thi
static Canh[] cc; // Tap cac canh
static int [] t; // canh duoc chon
static int k; // so canh duoc chon
static int sum = 0;
static void Main()
{
Doc(); QSort(0, m-1);
Ghi () ; Test();
Console.WriteLine ("Fini") ;
Console.ReadLine () ;
} // Main
static void Xep()
{
new int[n+l1];
new int [n];
0; sum = 0;
// Khoi tri cho Find-Union
for (int i = 1; i <= n; ++i) d[i] = i;
for (int i = 0; i < m; ++i)
if (Union(cc[i].U,cc[i].V))
{ t[k++] = i; sum += cc[i].Len; }

Aot
nn

}
static void Ghi ()

{
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StreamWriter g = File.CreateText(gn) ;
for (int i = 0; i < k; ++i)
cc[t[i]] .FWrite(q)
g.WriteLine(sum); g.Close();

}
static int Find(int x)
{
while (d[x] !'= x) x = d[x];
return x;
}
// Hop nhat 2 tap dinh
// tap chua dinh u va tap chua dinh v
static bool Union(int u, int v)
{
u = Find(u); v = Find(v);
if (u == v) return false;
if (u < v) d[v] = u; else d[u] = v;
return true;
}
// Sap cac canh tang dan theo Len
static void QSort(int d, int c)
{
inti=d, j=c;
int m = cc[(d + ¢) / 2].Len;
Canh t = new Canh(0,0,0);
while (i <= j)
{
while (cc[i].Len < m) ++i;
while (m < cc[j].Len) --3j;
if (1 <= Jj)
{

t = ccl[i]; cc[i] = ccl[]jl;
ccl[j] = t;
++i; --3;

}

}

if (d < j) QSort(d, j);

if (i < ¢) QSort(i, c);
}
// Doc lai file gn de kiem tra ket qua
static void Test() tu viét
static void Doc()
{

int[] b =

Array.ConvertAll ((File.ReadAllText (fn)) .Split(
new char[] {'\n',"' ','\t','\0','\r"},
StringSplitOptions.RemoveEmptyEntries),

new Converter<string, int>(int.Parse));

n = b[0];// so dinh

m = b[1l]; // so canh

// Tach du lieu

cc = new Canh[m];
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Thi du:

for (int k =2, i =0; i < m; ++i, k += 3)
cc[i] = new Canh(b[k], b[k + 1], b[k + 2]);
} // Doc
public struct Canh // Mo ta canh
{
public int U; // dinh dau
public int V; // dinh cuoi u < v
public int Len;
public Canh(int d1, int d2, int d)

{
if (dl < d2) { U =dl; V =d2; }
else { U =d2; VvV =4d1; }
Len = d;
}
public void Print()
{
Console.WriteLine(U + " " + V
+ " " + Len);
}
public void Print2 ()
{ Console.WriteLine(U + " " + V); }
public void FWrite (StreamWriter f£)
{ £f.WriteLine(U + " " + V); }
}

} // CayKhung

} // SangTaol

Bai 5.5. Trén hai tép

Cho hai tép van ban datal.inp va data2.inp chita cdc s6 nguyén dioc sdp tang. Viét
chuwong trinh tron hai ddy di liéu trong hai tép nay thanh mot day dir liéu sap ting
duy nhat va ghi trong tép van ban data.out.

Chay:

Vi dit li¢u da cho trong tép thir nhat 1a 5 s6, tép thir hai 1a 6 s6 thi tép két
qua s€ chura 11 s0.

S6 lwong céac sb trong mdi tép tbi da 1a 50 nghin va khong biét trudc.

Céc sb c6 gia tri kiéu nguyén, dugc tich nhau béi déu cach va c6 thé nim
trén nhi€u dong.

Khi tron hai tép néi trén ta phai thuc hién tdi thiéu 22 1an doc-ghi bao gdbm
11 lan doc va 11 lan ghi.

datal.inp data2.inp data.out

2 3 2
3 3 3
5 4 3
5 7 3
10 12 4
20 5

5

7

10

12
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Thuat toan

Ta dung phuong phap can. Goi hai tép chira dit liéu can tron la fvag, tép chira két
qua tron 1a h. Hay tuong tuong, ta dung tay trai lay lan luot, mdi lan mot phan tir cia
tép f (ghi vao bién t) va ding tay phai 1y lan lugt mdi 1in mot phan tir cua tép g (ghi
vao bién p). So sanh vat ning trén hai tay t va p. Tay nao cam phan tir nhe hon thi dat
phan tir d6 vao tép két qua h va do tay do6 rdi nén 1y tiép phan tir tir tép tuong tng. Qua
trinh nay két thic khi nao mot trong hai tép f hodc g dwoc duyét xong. Cudi cung ta
chuyén ndt cac phan tir con lai ciia tép chua duyét hét (tép f hoic g) vao tép két qua h.

Ta can lyu ¥ may diém sau day:

Khi doc xong phan tir cudi ciing ctia mdt tép thi tép d6 chuyén sang trang thai két
thlic (EOF), do d6 néu ta t6 chirc vong lip WHILE trong thi tuc tron hai tép theo dicu
kién (NOT EOF (f)) AND (NOT EOF (g)) thi phﬁn tr cudi cua céc tép d6 sé chua
kip dugc so sanh, trong khi ta mudn ton trong nguyén tic: sau khi so sanh t va p thi mot
trong hai bién, t hodc p phai dwoc giai phong. C6 thé thuc hién nguyén tic nay bang ki
thuat sin dudi nhu sau: ding bién 16gic ef ghi nhan trang thai hét tép f s6m hon mot
nhip. Diéu d6 c¢6 nghia khi e £=FALSE bién t vin dang chua gia tri chua xir li (chua so
sanh véi p va do d6 chua dugc ghi vao tép h). Cha ¥ rang di ef = FALSE nhung ¢
thé ta vin c6 EOF (£) =TRUE. Mot bién eg tuong tu cling dugc tao cho tép g. V& ban
chat c6 thé hiéu cac bién e £ va eg khi chiing nhan gia tri TRUE la thyc sy d4 doc duoc
1 don vi dit liéu tu file.

(* Pascal *)

program MergeFiles;
uses crt;

const

BL = #32; MN = 12;

fn = 'datal.inp'; gn = 'data2.inp’;
hn = 'data.out';
{ _________________________________

procedure FMerge;
var
f,g,h: text;
ef, eg: Boolean;
t, p: integer;
d: longint; {so phan tu trong tep out}
begin
assign(f,fn); reset(f);
assign(g,gn); reset(q);
assign(h,hn); rewrite(h);
ef := SeekEof(f);
if NOT eof then read(f,t):;
eg := SeekEof(qg)
if NOT eg then read(g,p):
d := 0;
while (NOT ef) AND (NOT eg) do
if t < p then
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begin
inc(d) ;
write(h,t,BL);
if d mod 10 = 0 then writeln(h);
ef := SeekEof(f);
if NOT ef then read(f,t);
end else
begin
inc(d) ;
write (h,p,BL) ;
if d mod 10 = 0 then writeln(h);
eg := SeekEof(qg);
if NOT eg then read(g,p):;
end;
while (NOT ef) do
begin
inc(d) ;
write(h,t,BL);
if d mod 10 = 0 then writeln(h);

ef := SeekEof(f);

if NOT ef then read(f,t);
end;
while (NOT eg) do
begin

inc(d) ;

write(h,p,BL);
if d mod 10 = 0 then writeln(p):

eg := SeekEof(qg);
if NOT eg then read(g,p):;
end;
close(f) ; close(g); close(h);
end;
BEGIN
FMerge;
END.

// c#
using System;
using System.IO;
namespace SangTaol

class TronTep
{
static string gn = "Data.out"; // file ket qua
static string fnl = "datal.inp"; // input 1
static string fn2 = "data2.inp";// input 2
static void Main()
{
Merge() ;
Test() ;
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Console.WriteLine ("\n Fini");
Console.ReadLine () ;
}
// true neu ki tu c co phai la chu so
static public bool IsDigit(char c)
{ return (¢ >= '0' && c <= '9"); }
// true neu c¢ la dau + hoac -
static public bool IsPlusMin(char c)
{ return (¢ == '"+' || ¢ = '=-"); }
// true neu c¢ la chu so hoac dau +, -
static public bool Legal (char c)
{ return IsDigit(c) || IsPlusMin(c); }
// true neu c la dau trang, bao gom
// dau cach, xuong dong, tab, het dong, cuoi string
static public bool IsWhite(char c)
{ return (c==' '||lc=="\n"||c=="\t'||ec=="\r'||c=="\0"); }
// doc 1 so nguyen co dau
static public bool ReadInt(StreamReader f, ref int s)
{
s =0;
int sign = 1;
char ¢ = ' ';
while (IsWhite(c) && !'f.EndOfStream)
c=(char) £f.Read() ;
if ('Legal(c)) return false;
if (IsPlusMin(c))
{
if (¢ == '-') sign = -1;
if (f£.EndOfStream) return false;
c = (char)f.Read()
while (IsWhite(c) && !'f.EndOfStream)
c = (char)f.Read()
if ('IsDigit(c)) return false;
}
while (IsDigit(c))
{

s =s * 10 + (int)(c - '0");
if (f£.EndOfStream) break;
c = (char)f.Read()

}
s *= sign;
return true;
}
static void Merge()
{
StreamWriter g = File.CreateText(gn) ;
StreamReader fl = File.OpenText (fnl) ;
StreamReader f2 = File.OpenText (£fn2) ;
int x=0,y=0;
bool bl = ReadInt(fl, ref x);
bool b2 = ReadInt(f2, ref y);
while (bl && b2)
{
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if (x <= y)

{

g.Writeline (x) ;

bl = ReadInt(fl, ref x);
}
else
{

g.Writeline(y) ;

b2 = ReadInt(f2, ref y);
}

}
while (bl) {g.WriteLine (x) ;bl=ReadInt(fl,ref x);}
while (b2) {g.WriteLine(y)  ;b2=ReadInt(f2,ref y);}
f1l.Close(); £2.Close(); g.Close():;
}

static void Test()

{

Console.WriteLine ("Inpl:\n"+File.ReadAllText (£fnl)) ;
Console.WriteLine ("Inp2:\n"+File.ReadAllText (£fn2)) ;
Console.WriteLine ("Out:\n"+File.ReadAllText (gn)) ;
}
} // ChonTep
} // SangTaol

Ch thich Thyc ra c6 thé doc dir liéu tir hai file vao hai mang twong tng rdi tron hai
mang nay. Tuy nhién chiing ta muén minh hoa 16i giai voi han ché 1a mdi lan chi duoc
phép doc mét don vi dit lidu tir mdi file.

Ham bool ReadInt(StreamReader f, ref int i) doc mdi 1an mot so nguyén i tur file
text f. Néu doc dugc, ham cho ra gia tri true va sb i, nguoc lai, néu khong gip s6
nguyén, ham cho ra gia tri false. Ham hoat dong nhu sau. Trudc het bo qua cac ki tw
trang Néu gap dau trir *-* ham ghi nhan diu dé, sau d6 ham doc tiép day s va tich liy
dan vao bién nguyén i.

Bai 5.6. Trén nhiéu tép

Cho n tép van ban md sé tir 1 dén n. Tép thir i chira d; phan tir dhegre sdp ting.

Hay ldp mot lich chi ra trinh tie tron moi lan hai tép dé cudi cing thu dwoc mot

1ép sdp tang duy nhat véi tong sé lan ghi dit liéu vao tép la nhé nhdt. Biét rang

thu tuc tron hai tép chi co thé doc tuan tw hodc ghi tuan tw moi lan mot phan

t.

Dir liéu vao: T&p van ban MF . INP.

- Dong déu tién 1a sb lwong n cac tép chura dit lidu sép ting.

- Tiép dén 1a n s6 tu nhién d;, i = 1..n cho biét s§ phan tir trong tép thi i. Mdi
s0 ghi trén mot dong.

Dir liéu ra: T€p van ban MF . OUT.

- Dong dau tién: m 1a s6 1an thyc hién tron hai tép.

- Tiép dén 1a m dong, mdi dong chtra ba sé ty nhién i, j va k cho biét can lay
tép i tron voi tép j va ghi két qua vao tép k. Cac so trén cung mot dong
cach nhau qua dau cach.
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Tép chtra két qua trung gian phai c6 ma s6 khac vdi ma so cua cac tép tao lap

trude do.
Thi du:
MF.INP MF.OUT
5 4 Y nghia: Cho 5 tép sdp tang voi $6 phdnjdf ]dn luot la
10 53 6 10, 5, 4, 4, 3. Can thuc hién 4 lan tron, moi lan 2 tép.
5 42 7 Lan thir nhat: tron tép 5 voi tép 3 ghi vao tép 6.
Lan thir hai: tron tép 4 voi tép 2 ghi vao tép 7.
4 6 7 8 A o BeL. WO P 7 VO VAo
Lan thir ba: tron tép 6 voi tép 7 ghi vao tép 8.
4 189 Lan thit tu: tron tép 1 voi tép 8 ghivao tép 9.
3 58 Tong s0 lan ghi la 58.
Thuat toan

Trude hét dé y y rang neu tron tép sap tang f gom n phan tur voi tép sap tang g gorn m
phan tir dé thu dwoc tép sip tang h thi d6i véi cac phan tur trong hai t€p nguon ta chi can
thgc hién thao tac doc, con thao tac ghi chi thuc hién ddi véi tép dich h. Ki hi¢u |f| 1a )
phan tir trong tép f, ta co:

2 7 N |f|:n’|g|:rm\
Do tong so cac phan tir ctia hai t€p 1a m + n nén so phan tir trong tép dich h s€ la
[hl=n+m=[f[+]g]

va do d6 so lan ghi (t6i thi€u) cic phan tir vao tép h s€ lan +m.

Ta c6 nhén xét sau: Muén xdy dung mét quy trinh tron mdi 1an hai tép cho nhiéu
tép ban dau voi yéu cau tong so thao tac ghi tép 1a toi thi€u thi ta phai tao ra cac tép
trung gian cang it phan tir cang tot.

Ta dung ki hiéu f ® g — h v&i y nghia 1 tron hai tép ngudn f va g dé thu duoc tép
h. Tacé

Néuf @g —»hthi|h|=[f|+]g]

Dé ¥ rang tron tép f voi tép g hay tron tép g voi tép f thi s6 thao tac ghi tép nhu

nhau va cting bang | f| + | g |. Gia st ta c6 ba tép v6i sd phén tir twong tng 1a

s[1..3]1=(5, 1, 2).
Gia st ta thyce hién quy trinh (O @ @) @ @ nhu sau:
Bugce 1: Tron tép @ véi tép @ ghi tam vao tép @. Sb thao tac ghis&1a(5+1) =6
va tép @ c6 6 phan tu.
Budc 2: Tron tép @ véi tép @ ghi vao tép ®. SO thao tac ghi s& 1a 6 + 2 = 8 va tép
® c¢6 8 phan tir.
Két qua thu dugc tép ®. Tong sb thao tic ghi trong ca hai budc trén s& 1a:
6+8=14.
Téng quat, voi ba tép a, b va ¢ dugc tron theo quy trinh:
@a®b@c
ta d& dang tinh dugc tong s6 thao tac ghi tép cho quy trinh trén la
(lal+[b)+(al+|b])+c=2(al+]|b])+c.

Bang dudi day tinh toan cho ba phuong an dé phat hién ra phuong an tdi uu.
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Phwong an  Quy trinh thwc hién  Téng sb thao tac ghi tép

1 (OO0 25+1)+2=26+2=14
2 (O®0)® O 26+2)+1=27+1=15
3 (@ ®0)® D 2(1+2)+5=23+5=11

(phuong an tdi wu)

Khdo sat cac quy trinh trén ba tép
s[1..3]=(5,1, 2)

Thuat toan tham lam khi d6 sé nhu sau:

Thuét toan Huffman
Lip (dén khi chi con mot tép duy nhat)
¢ Lay hai tép U va v c6 s6 phan tir nho nhat.
¢ Tronu@v —>h. Taco|h|=|u|+]||v].
¢ Loai bo uva v khoi danh sach céc tép can xr Ii.
¢ Két nap h vao danh sach cac tép can xir li
xong lap

_ Vi n tép ban dau, dé thdy rang mdi lan 13p ta loai bo dwoc hai t&p (U va v ¢6 sb
phén tor min) va thém mot tép (h) tirc 1a moi 1an 1ap ta loai bo dugec mét tép, do do so
lan lap s€ lan— 1.

Thuét toan trén mang tén nha toan hoc Mi Huffman 14 ngudi dau tién dé xuét.
Ta minh hoa thuat toan trén véi dir liéu vao nhu sau:
s[1..5] = (10, 5, 4, 4, 3).

Y ngha: Tron 5 tép sdp tang vGi s phan tir 1an luot 1a 10, 5, 4, 4 va 3 dé thu dugc
mot t€p sdp tang duy nhat.

Lan Danh sach céac tép Hai tép co sb Tron S6 thao
lap can x li phan t& min tac
ghi tép
1 (©:10,:5,0:4,@:4,:3) ®:3,03:4 ORCROREYG)
2 (©:10,@:5,@:4,®:7) @5,®4 QOd->0
3 (©:10,0:7, @:9) ®:7,@:9 ©®DPD—->® 16
4 (®:10,®: 16) ®:10, ®:16 OP® > 0O 26
Két (@: 26) 58
qua

Minh hoa thuat toan Huffman véi div liéu vao
(©:10,@:5,0:4,@:4,0:3)

Vin =5 nén sd lan lapsé lan—1=4.Sau4 lan lap ta thu dugc tép ma s6 9 v6i 26
phén tir. Dé tinh tong sb thao tac ghi ta chi can Iy tong sd phan tir clia cac tép tham gia
trong mdi 1an tron hai tép. Tong d6 la:

tt=B+4)+(5+4)+(7+9)+(10+16)=7+9+ 16 + 26 =58.
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Ta chon phuong an cai dat sau day cho thuat toan Huffman. Phuong an nay to ra
tién loi trong nhidu tmg dung. Loi thé cua no 1a khong xo4 di cac dbi twong (tép) da xu
1i ma chi danh du chiing dé khi can c6 thé khoi phuc lai va giai trinh két qua.

Cu thé 14 ta s& xay dung mdt cdy nhi phan gdm 2n — 1 dinh va goi la cay Huffman
nhu sau.

Céc dinh duge ma s tir 1..2n — 1. Mdi dinh nhan mdt gia tri nguyén duong goi la
trong sb cta dinh do.

Trén hinh v€, dinh duoc thé hién trong hinh tron, canh dé 1a gia tri cta trong sb.
Trong bai toan tron tép nay ma sb cua dinh chinh 1a mi sé cia tép, trong s cua dinh
chinh 14 sé phan tir c6 trong tép twong tng.

Thuat toan tao cay Huffman
Khoi tao: ndinh roi nhau 1..n cé trong sé s(1),..., s(n).
h:=n;
Lip n—1 lin
¢ Ldy hai dinh uva v cé s(u) va s(v) min.
¢ Danh dau uva v la @i xit Ii.

¢+ h=h+1
¢ Tao dinh méi h tré dén uva v va s(h) = s(u) + s(v).
xong lap

Pé 6 chirc dir liéu cho _cdy Huffman chung ta dung ba mang nguyén s, t va p kich
thudc 2n — 1 phén tir. Véi mdi dinh i, s[h] cho biét trong sb cua dinh h, t[h] tro dén con trai
cua dinh h, p[h] tro dén con phdi cua dinh h. Hai con tréi t[h] va phai p[h] chinh 1a hai dinh
dat trong sb min trong mdi lan ip, h chinh 1a dinh méi dwoc tao Iap tir hai dinh c6 trong sd
min. Ngoai ra ta ding mot mang nguyén d dé danh déu cac dinh da xur 1i, d[i] = 0 cho biét
dinh i chua dwoc xt 1i, d[i] = 1 cho biét dinh i da xt li. Cac dinh méi duoc tao 14p va thém
vao cay lan lwot nhan ma sd lan+1,n+2,..., 2n — 1, do d6 dinh cudi cung s€ c6 ma s6 1a
h =2n— 1. Thu tuc tao cdy Huffiman h khi d6 s&€ nhu sau:

®
3

®

7
®
4

16

@
4

@)

9 ®
® 26
5

Cady Huffman h xdy dung tir 5 niit ban dau
s[1..5] = (10,5,4,4,3)
@ h=©
10
d=7+9+16+26 =58
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Tao cay Huffman h = 2n-1
tu cac trong so s[l..n]

procedure Huffman;

var i,u,v: integer;

begin
fillchar(d,sizeof(d),0);
fillchar(t,sizeof (t),0);
fillchar (p,sizeof (p),0);
h := n; tt := 0; {tong trong so}

for i :=1 to n-1 do

begin
min2 (u,v); {u,v dat trong so min }
h := h+l; {ma so cua dinh moi}
s[h] := s[ul+s[v]; {trong so cua dinh moi }
tt := tt+s[h]; {tong trog so }
t[h] := u; {tro toi con trai }
p[h] := wv; {tro toi con phai }

end;

end;

Thu tuc min2 (u, v) tim trong s6 cac dinh chua xt 1i hai dinh u va v dat trong $6
min. Thi tyc ndy goi hai 1an him min1, mdi lan tim mot dinh dat trong s min trong
s0 cac dinh chua xir 1i va danh dau luén dinh tim dugc (1a da xu 1i).

Tim trong so cac dinh chua xu 1li
hai dinh u va v dat trong so min.

__________________________________ }
procedure min2 (var u,v: integer);
begin
u := minl; v := minl;
end;
{ ________________________________
Tim trong so cac dinh chua xu 1li
mot dinh dat trong so min
va danh dau dinh tim duoc.
__________________________________ }

function minl: integer;
var i, imin, vmin: integer;
begin

vmin := MaxInt;
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for i :=1 to h do
if d[i]=0 then {dinh i chua xu 1li }
if s[i] < vmin then

begin
vmin := s[i]; imin := i;
end;
d[imin] := 1; minl := imin;

end;
Sau khi tao xong cay Huffman, dé ghi Két qua, ta chi‘cﬁn duyét cac dinh dugc tao
mai, tic 1a cac dinh ¢c6 ma s6 tir n + 1 dén h = 2n — 1 d¢€ lay hai con trai va phai cia
moi dinh.

Duyet cac dinh tu n+l den 2n-1,
ghi thong tin vao tep.

procedure Ghi;
var i: integer;
begin
assign(g,gn) ;
rewrite(qg) ;
writeln(g,n-1);
for i := n+l to h do
writeln(g,t[i] ,BL,p[i],BL,1i);
writeln(g,tt);

close(qg) ;
end;
(* Pascal *)
(* ___________________________________
Tron nhieu tep
____________________________________ *)
uses crt;
const
fn = 'MF.INP';
gn = 'MF.OUT';
MN = 200;

BL = #32; {Dau cach}
NL = #13#10; {xuong dong}

type
MI1 = array[0..MN] of integer;
MB1 = array[0..MN] of byte;
var

s,t,p: MI1l;

{s[i] - so phan tu trong tep i}
{t[i] - tro trai}

{p[i] - tro phai i}
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d: MB1l; {danh dau tep da xu 1li}
n: integer; {so luong tep ban dau}
h: integer; {cay Huffman}
£f,g: text;
tt: longint;
procedure Doc;
var i: integer;

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

end;

Tim trong so cac dinh chua xu li
mot dinh dat trong so min
va danh dau dinh tim duoc.

__________________________________ }
function minl: integer; tuy viét

{ ________________________________

Tim trong so cac dinh chua xu 1li

hai dinh u va v dat

trong so min, U < v.
__________________________________ }
procedure min2 (var u,v: integer); tu viét

Tao cay Huffman h = 2n-1
tu cac trong so s[l..n]

Duyet cac dinh tu n+l den 2n-1,
ghi thong tin vao tep.

procedure Ghi; tu viét
BEGIN

Doc; Huffman; Ghi;
END.

Il C#
using System;
using System.IO;
namespace SangTaol

* Cay Huffman
* Tron n file sap tang
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class HuffmanTree

{

static string fn

"MF.inp"; // file ket qua

static string gn = "MF.out"; // file ket qua

static
static
static

int[] t; // tro trai
int[] p; // tro phai
int[] v; // trong so dinh

static int[] d; // danh dau dinh da xu ly

static
static
static
static
static

{

int n = 0; // so phan tu

int n2; // n2 = 2*n

int h = 0; // Goc cua cay Huffman
int tt = 0; // tong trong so
void Main ()

Doc () ; Huffman();Ghi(); Test();
Console.WriteLine("\n Fini");
Console.ReadLine() ;

} // Main

static

{

void Ghi ()

StreamWriter £ = File.CreateText(gn) ;
for (int i = n + 1; i <= h; ++1i)
f.Writeline(t[i] + " " + p[i] + " " + i),
f.Writeline (tt);

f.Close();

}

static

{

void Huffman ()

h = n; // goc cay Huffman
tt = 0; // tong trong so
int ml =0, m2 = 0;

int x;

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

{

}
}

ml = MinV(); m2 = MinV();
if (ml > m2)

{x =ml; ml = m2; m2 = x;}
// ml < m2

++h; // them dinh moi

v[h] = v[ml] + v[m2];

t[h] ml; // tro trai
plh] = m2; // tro phai

tt += vI[h];

// Tim dinh chua xu ly co trong so min
static int MinV()

{

int imin = O0;

for (int i
if (d[i] == 0) // dinh i chua x 1li

1; i <= h; ++i)

if (v[i] < v[imin]) imin = i;
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d[imin]
return imin;

}

= 1; // danh dau dinh i

static void Doc()

{

char[] cc = new char[] {'\n',"' ','\t','\0','\r"};
int [] a
Array.ConvertAll ((File.ReadAllText (fn)) .Split(cc,

StringSplitOptions.RemoveEmptyEntries),
new Converter<string,int>(int.Parse));

Chay

QD 4 B

v[O0]

a[o
new
new
new
new

]; n2 = 2*n;

int[n2];

int[n2];

int[n2];

int[n2];
int.MaxValue; // linh canh

// Khoi tri cac nut cua cay
for (int i = 0; i < n2; ++i)

t[i

1 =pli] = d[i] = 0;

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

}

v[i

1

a[i];

static void Print(int[] a, int n) tu viét
static void Test() tu viét
} // Huffmantree

} // SangTaol

Thuat ngit tham lam khéng co nghia 1a 4y nhiéu nhit ma chi 1a x4c dinh mot
chién lugc xtr 1i dit liéu sao cho c¢6 hiéu qua nhat.
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CHUONG 6

PHUONG PHAP QUAY LUI

Gia st ta phai tim trong mot tap dit liéu D cho trudc mét day dir li¢u:

‘ ’ v = (v[1], v[2],’..., v[n]) ’
thoa man dong thoi hai tinh chat P va Q. Trudc hét ta chon mét trong hai tinh chat da
cho dé 1am nén, gia sir ta chon tinh chét P.

Sau d6 ta thuc hién cac budc sau day:
Bude 1. (Khoi tri) Xuét phat tir mot ddy ban dau v = (V[1]...., V[i]) ndo do6 cua

céc phan tir trong D sao cho v thoa P.
Budc 2. Néu v thoa Q ta dimg thuat toan va thong bao két qua 1a diy v, nguoc

lai ta thuc hién Budc 3.
Budc 3. Tim tiép mot phan tir v[i + 1] dé bo sung cho v sao cho

v = (v[1],..., V[i], V[i + 1]) thoa P.
C6 thé xdy ra cac truong hop sau day:
3.1. Tim dwoc phan tir V[i + 1]: quay lai budc 2.
3.2. Khéng tim duoc V[i + 1] nhu vay, tirc 1a véi moi V[i + 1] c6 thé 1ay trong
D, day v = (V[1],..., V[i], V[i + 1]) khong thoa P. Diéu nay c6 nghia la di theo
duong
v = (v[1],..., V[i])

s& khong dan t6i két qua. Ta phai d6i hudng tai mot vi tri nao d6. Dé thoat
khoi ngd cut nay, ta tim cach thay v[i] bang mét gia tri khac trong D. Néi cach
khac, ta loai V[i] khoi ddy v, giam i di mot don vi rdi quay lai Budc 3.
Céach lam nhu trén dugc goi la quay lui: lui lai mét budec.

Di nhién ta phai danh dau v[i] 13 phan tir da loai tai vi tri i dé sau d6 khong dit lai
phan tir d6 vao vi tri i trong day v.

Khi nao thi c¢6 thé tra 161 1a khong ton tai day v thoa dong thoi hai tinh chit P va Q? Néi
cach khac, khi nao thi ta c6 thé tra 101 1a bai toan vo nghiém?

D@ thay, bai toan vo nghiém khi ta di duyét hét moi kha nang. Ta n6i la da vét can
moi kha nang. Cha y rang c6 thé dén mot liic ndo d6 ta phai lui lién tiép nhiéu lan. Tir
do suy ra rang, thong thuong bai toan v nghiém khi ta khong con co thé 1ti duoc nita.
C6 nhiéu so do gidi cc bai toan quay lui, dudi day 14 hai so d6 kha don gian, khong dé
quy.

So d6 1: Giai bai toan quay lui So d6 2: Giai bai toan quay lui
(tim 1 nghiém) (tim 1 nghiém)
Khéi tri v: v thoa P; Khéi tri v: v thoa P;
repeat repeat
if (v thoa Q) then if (v thoa Q) then
begin begin
Ghi nhén nghiém; Ghi nhé&n nghiém;
exit; exit;
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end;
if (Tim duoc 1 nudc di)
then Tién
else
if (cé thé lui duoc)
then Lui
else
begin
Ghi nhé&n: v6 nghiém;
exit;
end;
until false;
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end;
if (Hét kha ning duyét)
then
begin
Ghi nhén v6 nghiém;
exit;
end;
if (Tim duoc 1 nudc di)
then Tién
else Lui;
until false;

Thoéng thudng ta khai tri cho v 1a ddy rdng (khong chira phan tir nao) hodc diy
c6 mot phan tir. Ta chi yéu cau diy v duoc khoi tri sao cho v thoa P. Luu ¥ 1a ca
ddy v thoa P chtr khong phai ting phan tir trong v thoa P.

C6 bai toan yéu cau tim toan bo (moi nghiém) cac day v thoa dong thoi hai tinh
chat P va Q. Néu biét cach tim mot nghiém ta d& dang suy ra cach tim moi nghiém
nhu sau: mdi khi tim dwge mot nghiém, ta thong bao nghiém d6 trén man hinh hoic
ghi vao mot tép roi thuc hién thao tac Lui, tirc 1a gia vo nhu khong cong nhan
nghiém d6, do d6 phai loai V[i] cudi cung trong diy v dé tiép tuc tim hudng khac.
Phuong phap nay co tén 1a phuwong phap gia sai. Hai so d6 trén s& dugc stra mot

chat nhu sau d€ tim moi nghiém.

So d6 3: Giai bai toan quay lui
(tim moi nghi€ém)
Khéi tri: v thoa P;

d := 0; {dém sbé nghiém}
repeat
if (v thoa Q) then
begin
d = d+1;

Ghi nhé&n nghiém thw d;
Lui; { gia sai }
end;
if (Tim duoc 1 nudc di)
then Tién
else if (cé thé lui dugc)
then Lui
else { hét kha ning }
begin
if d = 0 then
Ghi nhén: vé nghiém;
else
Ghi nhén: d nghiém;
exit;
end;
until false;

Bai 6.1. Cac quin Hiu

So db 4: Giai bai toan quay lui
(tim moi nghi¢m)
Khéi tri: v thoa P;

d := 0; {dém sé nghiém}
repeat
if (v thoa Q) then
begin
d = d+ 1;

Ghi nhén nghiém thu d;
Lui; { gia sai }
end;
if (Hét kha nidng duyét)
then
begin
if d = 0 then
Ghi nhén: v6 nghiém;
else
Ghi nhédn: d nghiém;
exit;
end;
if (Tim duoc 1 nudc di)
then Tién
else Lui;
until false;

Qudn Hau trén ban co Vua co thé dn theo hang, theo cot chira no hodc theo
dwong chéo cua hinh vuéng nhdn no lam dinh.
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a) Tim mét cach dat N quan Hgu trén ban co Vua kich thuée Nx N 6 sao cho
khéng qudn ndao an duwoc qudn nao.

b) Tim moi cach dat N qudn Hdu theo diéu kién trén. Ghi két quad vao mot tép
van ban tén N HAU.OUT.

Thuét toan

Trude hét ta dit cac quan Hau & mép ngoai ban co. Hau thir i s& dimg & dau cot thi
i. Sau d6 ta dich dan cic Hau vao trong cac dong cua ban cd va ghi nhan vi tri cua
chung vao mdt mang v. Phan tu V[i] ctia mang v cho biét phai didt Hau tht i, tuc 1a Hau
chiém cot i tai dong V[i].

Thi dy, véi ban co 4 x 4 ta ¢6 101 giai v = (2, 4,
1, 3) v6i y nghia:
- Dit Hau thtr nhét tai (cot 1) dong 2,
Hau thur 2 tai (cOt 2) dong 4, Hau thur
3 tai (cot 3) dong 1 va Hau thir 4 tai %
(cot 4) dong 3.

- MGJi khi ddt dugc Hau thir i ta chuyén
qua Hau tiép theo i + 1. Diéu kién dat %
duoc Hau i trén dong d cua ban co 1a
n6 khong bi cac Hau da dat trudc do,
tic 1a cac Hau j = 1..(i - 1) chiéu. Pay
chinh 14 tinh chét P.

- Hauj <i chiéu (dung d6) Hau i khi va chi khi v[j] = v[i] (cung hang) hodc i -
= abs(v[i] - v[j]) (Hau i va Hau j nam trén hai dinh ddi dién cua hinh vudng, do
d6 hai canh lién tiép cua hinh vudng nay phai bang nhau).

- Tinh chét Q khi d¢ s& la: dat duoc di N Hau.

So dd tim mot nghiém XepHaul nhu sau:

Tim 1 nghiem: xep M quan hau tren
ban co M X M

procedure XepHaul (M: byte) ;
var i: byte;
begin
if (M < 1) or (M > MN) then exit;
{MN = 20 la gioi han kich thuoc ban co}
n := M;
{Khéi tri: Pat céc hdu 1..N ngoai ban co.
Hau i Pat tai ddu cét i, i=1..N.}

for i := 1 to n do v[i] := O0;
i := 1; {Hau dang xét}
repeat
if i > n then {co nghiem v[1l..n]}
begin
KetQual (n) ;
exit;
end;
if i < 1 then {vo nghiem}
begin

KetQual (0) ;
exit;
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end;
if Tim(i) {co cach di }
then inc (i) {Tien}
else
begin {Lui}
v[i] := O0;
dec (i) ;
end;
until false;
end;
Thii tuc ¢6 hai tinh hudng, KetQual (n): hién thi mang v[1..n], trong d6 V[i] la
dong dat Hau i, KetQual (0) : thong bao vo nghiém.
Ham Tim (i) thuc hién chirc ning sau day: xut phat tir dong Hau i dang dung la
v[i] day tiép Hau i xudng cac dong dudi dé tim duoc mot dong dat né sao cho khong bi
cac Hau dat truge do, tirc 1a khong bi cac Hau j=1..(i — 1) an.
Tim (i) =true: tim dugc mot vi tri (dong) dat Hau i, nguoc lai Tim=false.

Xuat phat tu dong v[i]+1l, tim dong moi
co the dat duoc Hau i

______________________________________ *)
function Tim(i: byte): Boolean;
begin
Tim := true;
while v[i] < n do
begin
inc(v[i]);
if DatDuoc (i) then exit;
end;
Tim := false;
end;

Ham Boolean DatDuoc (i) cho gi4 tri true néu Hau i khéng bi cac Hau
j=1,2,...,1i—1dadit trude d6 an. Nguoc lai, néu Hau i bi mot Hau nao d6 an thi ham
choragidtri false.

(* ______________________________________
Kiem tra xem co dat duoc Hau i

tai o (v[i],i) cua ban co khong ?

______________________________________ *)

function DatDuoc(i: byte): Boolean;
var j: byte;

begin
DatDuoc := false;
for j := 1 to i-1 do
if (v[i] = v[j]) or (i-j = abs(v[i]-v[j]))
{Hau j an duoc Hau i}
then exit;
DatDuoc := true;
end;

Thao tac Tién don gian la chuyén qua xét Hau ké tiép, Hau i + 1.
Tien: Chuyén qua Hau tiép theo
inc(i);
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Thao tac Lui dua Hau ra ngoai ban c0, chuyén qua xét Hau trude do, Hau i — 1.
Lui: Dua Hau ra ngoai ban cd, chuyén qua Hau trude d6
v[i ]:= 0; dec(i);
Ta viét thu tuc XepHau dé tim moi nghiém cua bai toan. Vi ban co 8 x 8 ta thu
duoc 92 nghiém. V§i ban c¢o 10 x 10 ta thu dugc 724 nghiém.

Tim moi cach dat M Hau tren ban co
MXM

procedure XepHau (M: byte) ;
var
i: byte;
d: integer; {dem so nghiem}
begin
if (M < 1) or (M > MN) then exit;
n := m;
for i := 1 to n do v[i] := O0;
assign(g,gn) ;
rewrite(g);

i := 1; {Hau dang xet}
d := 0; {dem so nghiem}
repeat
if i > n then {Tim duoc 1 nghiem}
begin
inc(d) ;
KetQua(d); {v[l..n] la nghiem thu d}
i := n; {gia sai}
end;
if i < 1 then {Tim het cac nghiem}
begin
writeln(g, 'Tong cong ',d,' nghiem ');
close(qg) ;
writeln('Xem ket qua trong file ',gn);
readln;
exit;
end;

if Tim(i) then inc(i)
else begin

v[i] := O;
dec (i) ;
end;
until false;
end;
(* Pascal *)
(*
N Hau
*)
{$B-}
uses crt;
const

MN = 20;
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gn = 'N_HAU.OUT';
BL = #32; {dau cach}
var

v: array[0..MN] of byte;

n: byte; {so quan hau, kich thuoc ban co}
g: text; {tep ket qua}

function DatDuoc(i: byte): Boolean; tu viét
function Tim(i: byte): Boolean; tu viét

Hien thi nghiem tren man hinh
Cho bai toan tim 1 nghiem
k=0: vo nghiem
k=n: co nghiem v[1l..n]

______________________________________ *)
procedure KetQual (k: byte) ;
var i: byte;
begin

writeln;

if k = 0 then write('Vo nghiem')

else
for i := 1 to k do write(v[i]:3);

writeln;
end;
(Fmm e e e e
Tim 1 nghiem: xep M quan hau tren

ban co M X M
____________________________________ *)
procedure XepHaul (M: byte); tu viét
(Koo e o e -
Ghi nghiem thu d vao tep g 'N_Hau.out'
Bai toan tim moi nghiem

______________________________________ *)
procedure KetQua(d: integer);
var i: byte;
begin

write (g, 'Nghiem thu ',d4d,': ');

for i := 1 to n do write(g,v[i],BL);

writeln(g);
end;
(* _______________________________________
Tim moi cach dat M Hau tren ban co M X M
______________________________________ *)

procedure XepHau(M: byte); tu viét
BEGIN
XepHaul (8) ; {tim 1 nghiem}
XepHau(8); {tim du 92 nghiem}

END.
Phwong an cai tién

Ta xét mot phuong 4n cai tién tap trung vao viéc ndng cao tdc do tinh toan khi
kiém tra hai hau dung d6 nhau. M6i khi tim vi tri dat hau tha i trén ban co ta can kiém
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tra xem hau i d6 c6 dung do véi tat ca (i-1) hau dat trude d6 khong. Thoi gian chi phi
tap trung & chinh diém nay.

Dé cai tién, ta s& s dung thém 3 mang danh diu cac dong va cac dudng chéo cua

cac hau da dat trén ban cd voi y nghia la sau day:

- Mang dd[1..n] dung dé danh dau dong. Néu dd[i] = 0 tirc 1 chwa c6 hau nao
chiém dong i, do d6 c6 thé chon dong i nay dé dat mot hau khac. Nguoc lai,
néu dd[i] = 1 ¢6 nghia la da c6 hau nao dé duoc dat trén dong i. Cac hau khac
khong duoc phép chiém dong i d6 nira

- Mang c1[-(n-1)..(n-1)] kiém soat cac dudong chéo theo hudng Tay Bic - D’ng
Nam. Ta tam goi la cac duong chéo chinh. Co ca thay 2n-1 duong chéo trong
ban cd vuéng canh n. Néu hau i dat trén dong j thi s& kiém soat duong chéo
chinh i-j. Nhu vay khi c1[i-j] = 1 ¢6 nghia 1 da c6 hau kiém soat dudong chéo
nay. Nguoc lai, khi c1[i-j] = 0 thi duong chéo nay rdi va ta c¢6 thé dit mot quan
hau vao “ (X,y) ciia ban cd, néu y-x = i-j, trong do, X, i 1 cac toa dd dong va y, |
1a cac toa do cot.

- Mang ¢2[2..2n] kiém soéat cic duong chéo theo hudng Pong Bic - Tay Nam.
Ta tam goi 1a cac dudong chéo phu. Néu hau i dat trén dong j thi s& kiém soat
duong chéo phy i+j. Nhu vay khi c1[i+j] = 1 c6 nghia la di c6 hau kiém soat
dudng chéo nay. Nguoc lai, khi c1[i+j] = 0 thi duong chéo nay rdi va ta c6 thé
dat mot quan hau vao “ (x,y) ciia ban cd, néu y+x = i+j, trong do, X, i 1a cac toa
d6 dong vay, j 1a cac toa dg cot.

Diéu kién dé hau i c6 thé dat trén dong j khi do6 s& 1a:

(dd[j] = 0) and (cl[i-j] = 0) and (c2[i+j] = 0),hay
(dd[j] + cl[i-j] + c2[i+j] = 0)

(* Pascal *)

(*
N Hau
*)

{$B-}
uses crt;
const

MN = 20;

gn = 'N_HAU.OUT';

BL = #32; {dau cach} nl = #13#10; { Chuyen dong }

type mil = array[0..MN] of integer;
var
v: mil; { vi tri dat hau }
cl: array[-mn..mn] of integer; { cheo 1 }
c2: array[0..2*mn] of integer; { cheo 2 }
dd: mil; { dong }
n: integer; { so quan hau, kich thuoc ban co }
g: text; { file ket qua }

__________________________ *)
procedure NhacHau(i: integer) ;
begin

if v[i] = 0 then exit;

cl[i-v[i]] = 0; c2[i+v[i]] = 0,
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dd[vI[i]] = 0;
end;

procedure DatHau(i,j: integer);
begin
cl[i-j] = 1; c2[i+]] = 1;
dd[j] := 1;
end;

Xuat phat tu dong v[i]+1,
tim dong j co the dat duoc Hau i

______________________________________ *)
function Tim(i: integer): integer;
var j: integer;
begin
Tim := O0;
for j := wv[i] + 1 to n do
if ( cl1[i-3j] + c2[i+j] + dd[j] = 0 ) then
begin
Tim := jJj;
exit;
end;
end;
(* _______________________________________
Hien thi nghiem tren man hinh
Cho bai toan tim 1 nghiem
k = 0: vo nghiem
k = n: co nghiem v[1l..n]
______________________________________ *)
procedure Ketl (k: integer);
var i: integer;
begin
writeln;
if k = 0 then write('Vo nghiem')
else for i := 1 to k do write(v[i]:3);
writeln;
end;
(* ______________________________________

Tim 1 nghiem: xep M quan hau tren
ban co M X M

procedure XepHaul (M: integer) ;
var i,j: integer;
begin

if (M < 1l) or (M > MN) then exit;
fillchar(cl,sizeof (cl),0);
fillchar(c2,sizeof (c2),0);
fillchar(dd,sizeof (dd),0) ;
fillchar(v,sizeof (v),0);

n := M; i := 1; { Dang xet Hau i }
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repeat
if i > n then
begin
Ketl(n); { co nghiem v[1l..n] }
exit;
end;
if i < 1 then
begin
Ketl (0) ; {vo nghiem}
exit;
end;
NhacHau(i); j := Tim(i);
if j > 0 then
begin { Tien: Dat Hau i tai dong j }
DatHau (i, j);

v[i] := j; inc(i); { Xet Hau i+l }
end
else
begin { Lui: Dat Hau i ra ngoai ban co }
v[i] := O0; dec(i); { Xet Hau i-1 }
end;
until false;
end;
(Fmmm e e o e~

Ghi nghiem thu d vao tep g 'N_Hau.out'
Bai toan tim moi nghiem

______________________________________ *)
procedure Ket(d: integer);

var i: integer;
begin

write (g, 'Nghiem thu ',d,': ')’

for i := 1 to n do write(g,v[i],BL);

writeln(g);
end;
(* _______________________________________

Tim moi cach dat M Hau
tren ban co M X M

______________________________________ *)

procedure XepHau(M: integer);
var 1i,j: integer;
d: integer; { dem so nghiem }
begin
if (M < 1l) or (M > MN) then exit;
n = m;
fillchar(v,sizeof(v),0);
fillchar(cl,sizeof(cl),0);
fillchar(c2,sizeof (c2),0);
fillchar(dd,sizeof (dd),0);
assign(g,gn); rewrite(qg):;

i := 1; {Hau dang xet}
d := 0; {dem so nghiem}
repeat

if i > n then
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begin
inc(d) ;
Ket(d); { v[1l..n] la nghiem thu d }
i := n;
end;
if i < 1 then
begin
writeln(g, 'Tong cong ',d,' nghiem ');
close(qg) ;
writeln('Xem ket qua trong file ',gn);
exit;
end;
NhacHau(i); j := Tim(i);
if j > 0 then
begin { Tien }
DatHau(i,j); v[i] := 3j; inc(i);
end
else
begin { Lui }
v[i] := O0; dec(i);
end;
until false;
end;
procedure Test;
begin
XepHaul (8); { tim 1 nghiem }
XepHau(8); { tim du 92 nghiem }
readln;
end;
BEGIN
Test;
END.

I C#
using System;
using System.IO;
namespace SangTaol

¥ e

* Bai toan Tam Hau

* Phuong an tong quat cho N Hau

b S ——— */
class TamHau

{

static int mn = 20;

static int mn2 2 * mn;

static int[] v = new int[mn + 1];

// Vet tim kiem, v[i] - dong dat Hau i
static int[] dd = new int[mn + 1];

// dd[i] = 1: dong i bi cam

static int[] cl = new int[mn2 + 1];

// cl[i] = 1 duong cheo chinh i bi cam
static int[] c2 = new int[mn2 + 1];
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// c2[i] = 1 duong cheo phu i bi cam
static int n = 0; // kich thuoc ban co
static void Main()
{
Console.WriteLine("\n Test 1: Tim 1 nghiem " +
"voin=1..10 ");
Testl () ;
Console.ReadLine () ;
Console.WriteLine("\n Test 2: Tim moi nghiem " +
" voi n = 8");
Test2() ;
Console.WriteLine("\n Fini ");
Console.ReadLine () ;
} // Main
// Test 1: tim 1 nghiem voi n = 1..10
static void Testl()
{
for (int i = 1; i <= 10; ++1i)
{
Console.Write(" \nn =" 4+ i + ": ");
if (XepHau(i)) Print(v, n);
else Console.Writeline (" Vo Nghiem") ;
}
}
static bool XepHau(int SoHau)
{
if (SoHau > mn || SoHau < 1) return false;
n = SoHau;
Array.Clear(v,0,v.Length) ;
Array.Clear (dd,0,dd.Length) ;
Array.Clear(cl,0,cl.Length) ;
Array.Clear(c2,0,c2.Length) ;
int k = 1; // Hau dang xet
int dong = 0;// dong dat Hau k
do
{
if (k > n) return true;
if (k < 1) return false;
NhacHau (k) ;
if ((dong = TimNuocDi (k)) > 0)
{
DatHau(k, dong);
v[k++] = dong;// tien
}
else v[k--] = 0; // lui
} while (true);
}
// Nhac Hau k khoi vi tri dang dat
static public void NhacHau(int k)
{
if (v[k] == 0) return;
dd[v[k]] = cl[n+(k-v[k])] = c2[k+v[k]] = O;
}
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// Dat Hau k tai dong i
static public void DatHau(int k, int i)
{
dd[i] = cl[n+(k-1i)] = c2[k+i] = 1;
}
// Test2: Tim moi nghiem
static void Test2()
{
Console.WritelLine("\n Tong cong " +
XepHauNN(8) + " nghiem") ;
}
// Phuong an tim moi nghiem
// Phuong phap gia sai
static int XepHauNN (int SoHau)
{
int soNghiem = 0;
if (SoHau > mn || SoHau < 1) return 0;
Array.Clear (v, 0, v.Length);
Array.Clear(dd, 0, dd.Length);
Array.Clear(cl, 0, cl.Length);
Array.Clear(c2, 0, c2.Length);
StreamWriter £ =
File.CreateText ("N_HAU.OUT") ;
n = SoHau;
int k = 1;
int dong = 0;
do
{
if (k > n)
{
++soNghiem;
Console.Write("\n Nghiem thu "+
soNghiem + ": ");
Print (v, n);
for (int j = 1; j <= n; ++j)
f.Write(v[3j] + " ")
f . WritelLine() ;
k = n;
}
if (k < 1)
{
f.WritelLine (soNghiem) ;
f.Close();
return soNghiem;
}
NhacHau (k) ;
if ((dong = TimNuocDi (k)) > 0)
{
DatHau(k, dong);
v[k++] = dong;// tien
}
else v[k--]1 = 0; // 1lui
} while (true);
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}

// Dich hau k tu vi tri hien tai v[k]
// xuong den dong cuoi (n)

// tim mot vi tri dat hau k

static int TimNuocDi (int k)

{
for (int i = v[k] + 1; i <= n; ++1i)
if ((dd[i] + cl[n+(k-i)] + c2[k+i]) == 0)
return i;
return O;
}
static void Print(int[] a, int n)
{
for (int i = 1; i <= n; ++i)
Console.Write(a[i] + " "),
}

} // TamHau
} // SangTaol
Bai 6.2. Tir chuin
Mot tir logi M la mét day cdc chi $6, moi chir s6 nam trong khoang tir 1 dén M.
S6 lugng cdc chir s6 c6 mat trong mot tir duwoc goi la chiéu dai cua tir do. Tu
logi M duwoc goi la tir chudn néu nd khong chira hai khiic (tir con) lién nhau ma
giong nhau.
a) Vai gia tri N cho trudc, hién thi trén man hinh mot tw chuan loai 3 co chiéu
dai N.
b) Véi moi gia tri N cho trudc, tim va ghi vao tép van ban tén TUCHUAN.OUT
moi tir chudn loai 3 ¢o6 chiéu dai N.
1 < N <40000.
Thi du:
1213123 14 tir chuan loai 3, chiéu dai 7.
1213213 khong phai 1a tir chudn vi né chira lién tiép hai tir con gidng nhau 1a
213.
Tuong tw, 12332 khong phai 13 tir chudn vi chira lién tiép hai tir con gidng
nhau l1a 3.
Bai giai
Ta dung mang v[1..n] dé luu tir gén tim. Tai mdi budc i ta xac dinh gia tri V[i] trong
khoang 1..m sao cho v[1..i] 1a tir chuén.
Piéu kién P: V[1..i] 1a tr chuén.
Diéu kién Q: Dung thuat toan theo mdt trong hai tinh huéng sau day:
¢ néui=n thi bai toan c6 nghiém v[1..n].
¢+ néui= 0 thi bai toan vo nghié¢m.
TimTul: Tim mdt nghiém. .
{Khéi tri moi vi tré bing 0 }

for i := 1 to n do v[i] := O;
i::= 1;
repeat
if i > n then {co nghiem v[1l..n]}
begin

KetQual (n); {in nghiem v[1l..n]}
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exit;
end;
if i < 1 then ({vo nghiem}
begin
KetQual (0) ;
exit;
end;
j = Tim(i);
if j > 0 then
begin
v[i] = ,j;
inc(i) {tién}
end
else
begin {Lui}
v[i] := O0;
dec (i) ;
end;

until false;
Ham Tim hoat dong nhu sau: duyét cac gia tri tai vi tri V[i] cta tir V[1..i] ké tir
v[i] + 1 dén m sao cho V[1..i] 1a tir chuan.
Tim = true néu ton tai mot gia tri V[i] nhu vay. Nguoc lai, néu v6i moi
V[i] = V[i] + 1..m tir v[1..i] déu khong chuan thi Tim = false.
function Tim(i: integer): Boolean;
begin
Tim := true;
while v[i] < 3 do
begin
inc(v[i]);
if Chuan(i) {vI[1l..i] 1la tu chuan}
then exit;
end;
Tim := false;
end;
Dé kiém tra tinh chuin cta tir V[1..i], ta lvu y rang tir V[1..i-1] d& chudn (tinh chét
P), do d6 chi can khao sat cac cip tir c6 chira V[i], cu thé 1a khao sat cac cp tir c6 chiéu
dai k dung cudi tir v. D6 1a cac cap tir V[(i—k—k+1)..(i—k)] va v[i—k+1..i] véi k = 1..(i div
2). Néu véi moi k nhu vay hai tr déu khac nhau thi Chuan=true. Nguoc lai, Chuan
= false.
function Chuan(i: integer): Boolean;
var k: integer;

begin
Chuan := false;
for k := 1 to (i div 2) do
if Bang(i,k) then exit;
Chuan := true;
end;

Ham Bang (i, k) kiém tra xem hai tir ké nhau chiéu dai k tinh tr i tr& v& trude co
bang nhau hay khong.
Hai tir dwoc xem 1a khac nhau néu chiing khac nhau tai mét vi tri nao do.
function Bang(i,k: integer): Boolean;
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var j: integer;

begin
Bang := false;
for j := 0 to k-1 do
if v[i-j] <> v[i-k-j] then exit;
Bang := true;
end;

Thu tyc TimTu tim moi nghiém cuda bai toan.

(* Pascal *)

Tu chuan
_______________________ *)
{$B- }
uses crt;
const

MN = 40; {Cho cau b: tim moi nghiem }
MN1 = 40000; {Cho cau a: tim 1 nghiem }
gn = 'TuChuan.OUT';

var

v: array[0..MN1] of byte; {chua nghiem }
n: integer; {chieu dai tu: tinh chat Q }
g: text; {output file }

Kiem tra hai tu ke nhau, chieu dai k
tinh tu vi tri i tro ve truoc co bang nhau ?

Sua v[i] de thu duoc tu chuan
Tim = true: Thanh cong
Tim = false: That bai

Hien thi ket qua, tu v[1l..n]
(Cau a: tim 1 nghiem)

procedure KetQual (k: integer) ;
var i: integer;
begin
writeln;
if k = 0 then write('Vo nghiem')
else for i := 1 to k do write(v[i]);
writeln;
end;

Quay lui: tim 1 nghiem cho bai toan
tu chuan chieu dai len, chi chua cac
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chu so 1..1lim

Test cau a: Tu chuan dai 200
chi chua cac chu so 1, 2, 3

procedure Testl;

begin
clrscr;
TimTul (200) ;
readln;

end;

procedure KetQua(d: integer) ;
var i: integer;

begin
if d = 0 then write(g,'Vo nghiem')
else
begin
write (g, 'Nghiem thu ',d,': ');
for i := 1 to n do write(g,v[i]) -
writeln(qg) ;
end;
end;
(Fmmm e

Cau b: Liet ke toan bo cac tu chuan
chieu dai len, chi chua cac chu so 1, 2,3

procedure TimTu(len: integer) ;

var
i: integer;
d: longint;
begin
if (len < 1) or (len > MN) then exit;
n := len;
for i := 1 to n do v[i] := O0;

assign(g,gn) ;
rewrite(qg);

i::= 1;
d := 0;
repeat
if i > n then {tim duoc 1 nghiem v[1l..n]}
begin
inc(d) ;
KetQua (d) ;
i = n;
end;
if i < 1 then {da vet het}
begin

if d = 0 then KetQua(0) ;
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close(q) ;
write('OK'); readln;
exit;

end;

if Tim(i) then inc(i) {tién }
else {Lui }

begin
v[i] := O;
dec (i) ;
end;
until false;
end;
(Koo oo e e~

Test cau b: Liet ke toan bo cac
tu dai 16, chi chua cac chu so 1, 2,3
Ket qua ghi trong tep TuChuan.out

procedure Test;
begin
clrscr;
TimTu (16) ;
end;
BEGIN
Test;
END.
V6i N =16, M = 3, ¢6 tong cong 798 nghiém, tirc 1a 798 tir chuén chidu dai 16 tao
tir céc chir s6 1, 2 va 3. Dudi ddy 1a 20 nghiém déu tién tim dugc theo thuét toan.
Nghiem thu 1: 1213123132123121

Nghiem thu 2: 1213123132123213
Nghiem thu 3: 1213123132131213
Nghiem thu 4: 1213123132131231
Nghiem thu 5: 1213123132131232
Nghiem thu 6: 1213123132312131
Nghiem thu 7: 1213123132312132
Nghiem thu 8: 1213123132312321

Nghiem thu 9: 1213123212312131
Nghiem thu 10: 1213123212312132
Nghiem thu 11: 1213123212313212
Nghiem thu 12: 1213123212313213
Nghiem thu 13: 1213123212313231
Nghiem thu 14: 1213123213121321
Nghiem thu 15: 1213123213121323
Nghiem thu 16: 1213123213231213
Nghiem thu 17: 1213123213231232
Nghiem thu 18: 1213123213231321
Nghiem thu 19: 1213212312131231
Nghiem thu 20: 1213212312131232
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using System;
using System.IO;
namespace SangTaol
{
J* o
* Tu chuan
K el */
class TuChuan
{
static int mn = 500000;
static string fn = "TuChuan.out";
static int[] v = new int[mn + 1];
static int n = 0; // kich thuoc ban co
static int k = 0;
static void Main()
{
int s1 = 10;
Console.WriteLine("Test 1: Tim 1 nghiem voi n = "+sl);
Testl(sl) ;
Console.WritelLine ("Test 2: Tim moi nghiem voi n "+sl);
Test2(sl) ;
Console.WriteLine ("\n Doc lai Ket qua:\n");
Console.Writeline (File.ReadAllText(£fn)) ;
Console.WriteLine("\n Fini") ;
Console.ReadLine() ;

}

// Test 2: tim moi nghiem
static void Test2 (int sl)

{

}

// Tim moi nghiem.

Console.WriteLine (" Tong cong " +

TimMoiTu (s1)
nghiem") ;

static int TimMoiTu (int len)

{

+ A\

Phuong phap gia sai

if (len > mn || len < 1) return O;

StreamWriter £ = File.CreateText (£fn) ;

n = len;
int soNghiem = 0;
Array.Clear(v,0,v.Length) ;
k =1;
do
{

if (k > n)

{
++soNghiem;

for (int i = 1; i <= n;

f. Write(v[i])
f.Writeline() ;
k = n;

++i)
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if (k < 1)
{
f.Writeline (soNghiem) ;
f.Close();
return soNghiem;
}
if (CoNuocDi()) k++;// tien
else v[k--] = 0; // lui
} while (true);
}
// Test 1: tim 1 nghiem
static void Testl (int sl)
{
if (TimTu(sl)) Print(v, n);
else Console.WriteLine("\n Vo Nghiem") ;

}

static bool TimTu(int len)

{

if (len > mn || len < 1) return false;
n = len;

for (int i = 0; 1 <= n; ++i) v[i] = O0;
k=1;
do

{

if (k > n) return true;
if (k < 1) return false;
if (CoNuocDi()) k++;// tien
else v[k--] = 0; // lui
} while (true);
}
static bool CoNuocDi ()
{
while (v[k] < 3)
{
++v[k];
if (Chuan()) return true;

}

return false;
}
// Kiem tra v[l..k] la tu chuan
static bool Chuan()
{
int k2 =k / 2;
for (int j = 1; j <= k2; ++j)
if (Bang(j)) return false;
return true;
}
// v[k-2d+1. .k-d]==v[k-d+1..k] ?
static bool Bang(int d)
{
int kd = k - d;
for (int i = 0; i < d; ++i)
if (v[k - i] '= v[kd - i]) return false;
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}

return true;

static void Print(int[] a, int n)

{ // moi dong 50 ki tu
for (int i = 1; i <= n; ++i)
Console.Write(a[i]+
( (1%50==0) ?n\nn . n) ) ;
Console.WriteLine() ;
}

} // TuChuan

} // SangTaol

Bai 6.3. Tim dwong trong mé cung.

Mé cung la mét do thi vé huéng bao gom N dinh, dwgc md sé tir 1 dén N, véi
cdc canh, méi canh néi hai dinh ndo dé véi nhau. Cho hai dinh S va T trong
mét mé cung. Hay tim mot dwong di bao gom cdc canh goi dau nhau lién tiép
bdt dau tir dinh S, két thiic tai dinh T sao cho khéng qua dinh ndo qud mét lan.

Dir liéu vao: Tép van ban tén MECUNG . INP véi cau trac nhu sau:

- Dong dau tién, dugc goi 1a dong 0, chtra ba s6 tw nhién N, S va T ghi céch
nhau béi dau cach, trong d6 N 1a sé luong dinh ciia mé cung, S 1a dinh xuét
phat, T 1a dinh két thuc.

- Dong thtr i, i = 1..(N - 1) cho biét c6 hay khong canh néi dinh i véi dinh j,
j=(+1).N.

Thi du:

MECUNG. INP

cho biét:

7

HOOOOORRVO
OoOoOoOkrORrROO
oOoRroOoRr
oOoRror
oOoOoOOoORr

o O o

o o

- Dong 0: 9 6 7 - mé cung gdm 9 dinh ma

0 | s6 1.9, can tim dudng di tir dinh 6 dén dinh 7.

- Dong1:10111000 -dinh 1 duoc ndi
v6i cac dinh 2, 4, 5, va 6. Khong c6 canh ndi dinh 1
voi cac dinh 3,7, 8 va 9.
- Dong 8: 1 —dinh 8 ¢6 ndi véi dinh 9.
Vi dd thi 1a vo hudéng nén canh ndi dinh x véi
dinh y ciing chinh la canh ni dinh y v&i dinh x.

Thong tin vé dinh N khong can thong béo, vi véi

mdi dinh i ta chi liét ké cic dinh j > i tao thanh canh (i, j).
Két qua ra ghi trong tép van ban MECUNG . OUT :

- Dong ddu tién ghi s6 ty nhién k 1a s dinh trén duong di tir s d&én t, néu vo

nghiém, ghi $6 0.
- Tir dong tiép theo ghi 1an lugt cac dinh c6 trén duong di.
Vi thi du d cho két qua co thé 1a:

5 duong bon khuc:

64237 6 >4 >2->3->17.

MECUNG . OUT Tir dinh 6 c6 thé dén dugc dinh 7, qua 5 dinh theo
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Véi mé cung da cho, néu yéu cau tim duong di tir dinh 6 dén dinh 9, tirc 1a v6i dir liéu vao
nhu trén thi s&€ nhén duoc ket qua 0 voi y nghia la khong c6 duong di tir dinh 6 dén dinh 9,
do mé cung da cho khong lién thong, dinh 6 va dinh 9 nam trong hai vung lién théng khac
nhau.

Thuat toan

Xuét phat tir dinh v[1] = s, mdi budc lap i ta thyc hién cac kiém tra sau. Goi k 14 s6 dinh
da di qua va dugec tich luy trong mang giai trinh duong di v, cu thé 1a xuét phat tir dinh v[1]
=5, sau mot s6 lan duyét ta quyét dinh chon dudng di qua cac dinh v[1], v[2], V[3],..., VIK].
C6 thé gap cac tinh huong sau:

a) (Bén dich?) néu v[k] =t tirc 1a dd dén duoc dinh t: thong bao két qua, dimg thuat
toan, ngugc lai thuc hién b.

b) (That bai?) k = 0: néu di quay tro lai vi tri xuat phat V[i] = s ma tir d6 khong con
duong di nao khac thi phai lui mét budce nita, do do6 k = 0. Truong hop nay chirng té bai
toan vo nghiém, tirc 13, do do thi khong lién thong nén khong co dudng di tir dinh s dén
dinh t. Ta thong bao v6 nghiém va dirng thuat toan.

¢) (Pi tiép?) néu tir dinh v[k] tim duoc mot canh chua di qua va dan dén mot dinh i
nao do thi tién theo dudng dd, néu khéng: thuc hién bude d.

d) (Lui mét bude) Bo dinh v[K], lui lai dinh v[k-1].

Thudt toan trén c6 tén 1a sgi chi Arian dwoc phong theo mot truyén thuyét b
Hy Lap sau day. Anh hung Te-day phai tim di€t con quai vat nhan nguu (dau nguoi,
minh triu) Minotav 4n néu trong mot phong clia mé cung c6 nhiéu ngd ngach rac rdi da
timg 1am lac budc nhiéu diing s va nhitng ngudi ndy déu tré thanh nan nhan cua
Minotav. Nguoi yéu cta chang Te-day la cong chiia ctia xir Mino dd dua cho chang mét
cudn chi va dan chang nhu sau: Chang hay budc mot dau chi vao cira mé cung (phong
xuét phat s), sau do, tai mdi phong trong mé cung, chang hay tim xem ¢6 Minotav an
trong d6 khong. Néu co, chang hiy chién diu diing cam dé ha tha n6 rdi cudn chi quay
ra ctra hang, noi em trong ngong chang. Néu chua thiy Minotav tai phong d6, chang
hay kiém tra xem chi c6 bi roi hay khong. Cudn chi bt dau rdi khi nao tir phong chang
dimg c6 hai soi chi di ra hai ctra khac nhau. Néu chi réi nhur vay, chang hay cudn chi dé i
lai mdt phong va nhé danh déu dudng da di dé khoi lac bude vao d6 lan thi hai.

Néu khong gip chi r6i thi chang hdy yén tim do tim mét cira chua di dé qua phong
khac. Di dén dau chang nhé nha chi theo dén d6. Néu khong co cira dé di tiép hodc tir phong
chang dang dimg, moi ctra ra déu da duoc chang di qua rdi, thi chang hiy cudn chi dé lui lai
mdt phong rdi tiép tuc tim cira khac.

Ta xudt phat tir so dd téng quat cho 16p bai toan quay lui.
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(* Pascal *)

MC - Tim duong trong me cung
(Thuat toan Arian)
s: dinh xuat phat
t: dinh ket.

__________________________________________ *)
procedure MC;
var i: byte;
begin
Doc; {doc du lieu}
{ ____________________________
khoi tao mang d,
danh dau cac dinh da tham:
d[i] = 1: dinh da tham
d[i] = 0: dinh chua tham
_____________________________ }
fillchar(d,sizeof (d),0);
k := 1; {k — dem so dinh da chon }
v[k] := s; {dinh xuat phat }
d[s] := 1; {da tham dinh s }
repeat
if v[k] = t then {den dich }
begin
ket (k) ; {ghi ket qua: giai trinh duong di }
exit;
end;
if k < 1 then {vo nghiem }
begin
ket (0) ;
exit;
end;
i := Tim;

{tu dinh v[k] tim 1 dinh chua tham i }
if i > 0 then
{neu tim duoc, i > 0, di den dinh i }

NhaChi (i)

else CuonChi;
{neu khong tim duoc, }
{ i=0: lui 1 buoc - bo dinh v[k] }

until false;
end;

Thu tuc Doc - doc dir li€u tir t€p MECUNG. INP vao mang hai chiéu a. bay chinh
1a ma trén ké ctia do thj biéu dién mé cung. Mang a s& d6i ximg vi mé cung 1a d thi vo
huéng. Day cling chinh la li do giai thich dir liéu vao chi cho du6i dang nira trén cua ma
tran ke.

procedure Doc;
var i,j: byte;
begin
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assign(f,£fn);
reset (f) ;
read(f,n,s,t);
fillchar(a,sizeof (a),0);
if (n < 1) or (n > MN) then exit;
for i := 1 to n-1 do
for j := i+l to n do
begin
read(f,a[i,j]);
al[j,i] := ali,j]; {lay doi xung }
end;
close (f) ;
end;

Thii tuc Xem — hién thi dit liéu trén man hinh dé kiém tra viéc doc c6 ding khong.
Vi nhitng ngudi méi 1ap trinh can ludn ludn viét thi tuc Xem. Khi ndp bai thi co thé bo
10 goi thii tuc nay. Céc hing kiéu string bl = #32 1a mid ASCII cua dau cach,
hing nl = #13#10 la mot xau chira hai ki tu diéu khién c6 ma ASCII 1a xudng dong
#13, tirc 1a img v6i phim RETURN va dwa con tré man hinh vé dau dong #10. Khi d6
Iénh writeln s€ tuong duong voi Iénh write (nl) .

(* ________________________
Xem du lieu
_________________________ *)
procedure xem;
var i,j: byte;
begin
write(nl,n,bl,s,bl,t,nl);
for i :=1 to n do
begin
for j :=1 to n do
write(a[i,j],bl);
write(nl) ;
end;
end;

Thi tuc Ket (k) - ghi duong di v[1..k] tir s d@én t tim dwoc vao tép output .
Ket (0) : thong bao v nghiém.

Ghi ket qua.

k = 0: vo nghiem

k > 0: co duong tu s den t
gom k canh

procedure Ket(k: byte);

var i: byte;

begin
assign(g,gn); rewrite(g);
write(g,k,nl);
if k > 0 then

begin
write(g,v[1]);
for i := 2 to k do

write(g,bl,v[i]);
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end;
close(qg) ;
end;

Ham Tim - tir dinh v[k] tim mot bude di dén dinh i. Didu kién: i phai 1a dinh chua
tham va duong nhién c6 canh di tir V[K] dén i, nghia 1a gi4 tri a[v[K], i] trong ma tran ké
phai 1a 1. Ta dung mdt mang d danh dau dinh i da tham chwa. d[i] = 0 — dinh i chua
tham, d[i] = 1 — dinh i da tham va da timg duoc chon dé dua vao mang v 1a mang giai
trinh duong di. Néu tim kiém thanh cong ta gdn cho ham Tim gia tri i, chinh 1a dinh can
dén. Nguoc lai, khi viée tim kiém that bai, nghia la khong tim dwoc dinh i dé ¢6 thé di
tir dinh v[k] dén d6, ta gan cho ham Tim gia tri 0.

Ta luu ¥ 1a mdi dinh chi di d¢én khong qua mot 1an. Puong nhién khi i thi ta budc
phai quay lai dinh da dén, do d6, chinh xac hon ta phai goi d[i]=1 1a gia tri d4nh ddu khi
tién dén dinh .

Tu dinh v[k] tim duoc mot buoc di
den dinh i. Dieu kien:
d[i] = 0 - dinh i chua xuat hien
trong lich trinh v
d[i] = 1 - dinh i da xuat hien
trong lich trinh v.

function Tim: byte;
var i: byte;

begin
Tim := 0;
for i := 1 to n do
if d[i] = 0 then {dinh i chua tham }
if a[v[k],i] = 1 {co duong tu v[k] den i }
then
begin
Tim := 1i;
exit;
end;
end;

Néu tim duoc dinh chua tham ’thoé cac diéu kién n(')i‘ trén ta tién thém mot budc
theo canh (V[K], i). Ta ciing danh dau dinh i 1a da tham bang 1énh gan d[i]: = 1. D6 la
ndi dung cua thd tuc NhaChi (nha chi).

____________________________ *)
procedure NhaChi (i: byte) ;
begin
inc (k) ;
v[k] := i; {tien them 1 buoc }
d[i] := 1; {danh dau dinh da qua }
end;

Néu tir dinh V[K] ta khong tim dugc dinh nao dé di tiép thi ta phai thyuc hién thu tuc
CuonChi (cudn chi) nhu dudi day. Thu tuc nay chi don gian 1a lui mdt budce tr dinh
Te-day hién dang dung tré vé dinh trude d6, néu co, tic 1a k > 1, ta danh dau canh (v[k -
1], v[k]) 1a da di hai lan. Ta nhén xét ring, néu khong tinh lan tré lai mot dinh khi phai
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1ui mot budce thi mdi dinh trong mé cung chi cén tham t6i da 1a mot lan, do d6 thay vi
danh dau canh ([v[k - 1], v[K]) ta chi can danh dau dinh v[K] 1a du.

(*

Lui 1 buoc vi tu dinh v[k] khong
co kha nang nao dan den ket qua

_____________________________________ *
procedure CuonChi; )
begin
dec (k) ;
end;
Pascal *)
(* ____________________________________
MECUNG.PAS Tim duong trong me cung
_____________________________________ *)

{$B-}
uses crt;
const
MN = 100;

nl = #13#10;
bl = #32;
type

MB1 =

{So dinh toi da }
fn = 'MECUNG.INP'; {input file }
gn = 'MECUNG.OUT'; {output file }

{xuong dong moi }

{dau cach }

= array[0..MN] of byte;

MB2 = array[0..MN] of MB1;

MB2; {ma tran ke, doi xung }

MBl; {vet tim kiem }
MB1l; {danh dau dinh da chon }
byte; {so dinh }

byte; {dinh ket thuc }
byte; {buoc duyet }

,g: text;

a
v
d
n:
s: byte; {dinh xuat phat }
t
k
£

{£:

Ghi ket qua.
k = 0: vo nghiem
k > 0: co duong tu s den t gom k canh

Tu dinh v[k] tim duoc mot buoc di den dinh i.

Dieu kien:

input file; g: output file}
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d[i] = 0 - dinh i chua xuat hien
trong lich trinh v

d[i] = 1 - dinh i da xuat hien
trong lich trinh v,

____________________________ *)

Lui 1 buoc vi tu dinh v[k] khong co kha nang nao
dan den ket qua

Tim duong trong me cung
(Thuat toan Soi chi Arian)
s: dinh xuat phat

t: dinh ket.

procedure MC; tu viét
BEGIN

MC; write(nl,'£fini');
END.

Véi thi du da cho trong d& bai, ban hiy chay thir chwong trinh MECUNG . PAS vdi
hai dir liéu kiém ther, mot dir liéu kiém thir c6 nghiém va mot dir liéu kiém thir vo
nghiém.

Chuy

Puong di tim dugce khong phai 1a duong ngén nhat. Trong chuong 7 ta s& ding
thuat giai Dijkstra dé tim duong di ngén nhit.
Il C#

using System;

using System.IO;

namespace SangTaoTl

{
2y
* Tim duong trong me cung
|y g g g g gy S S Sy g S S Sy SRy g g */
class MeCung
{
static string fn = "MeCung.INP";
static string gn = "MeCung.OUT";

static int mn = 200; // So dinh toi da
static int[] v; // vet duong di

static int[] d;// dinh dang xet

static int[,] c¢; // ma tran ke 0/1
static int n 0; // So dinh

static int s 0; // Dinh xuat phat
static int t = 0; // Dinh ket

static int k = 0; // buoc duyet
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static void Main()
{
Doc(); Show(); Ghi(MC())
// Doc lai de kiem tra
Console.WriteLine("\n Kiem tra");
Console.WriteLine ("\n Input: \n");
Console.WritelLine (File.ReadAllText(£fn)) ;
Console.WriteLine ("\n Output: ");
Console.WritelLine (File.ReadAllText(gn)) ;
Console.WriteLine("\n Fini ");
Console.ReadLine () ;
} // Main
static void Doc()
{
int[] a = Array.ConvertAll (
((File.ReadAllText(fn)) .Trim()) .
Spllt(new Char[] { ! 'I '\n'l '\r'l '\t'l '\0' }I
StringSplitOptions.RemoveEmptyEntries),
new Converter<String, int>(int.Parse));
n = a[0]; // so dinh
= a[l]; // dinh xuat phat
t = a[2]; // dinh ket
c = new int[n + 1, n + 1];
// ¢ ma tran ke
v = new int[n + 1]; // vet duong di
d = new int[n + 1];
// d[i] = 1: da tham dinh i
k = 2;
for (int 1 = 1; i <= n; ++i)

{

0]

c[i, i] = 0
for (int j i+ 1; j <= n; ++j)
cli, j] = cl[]j,i] = al[++k];

"~

}
}
// Hien thi de kiem tra
// thu tuc doc du lieu
static void Show()
{
Console.WriteLine("\n" + n + " "
+ s+ " " + t);
for (int i = 1; i <= n; ++i)
{
Console.WriteLine() ;
for (int j = 1; j <= n; ++j)
Console.Write(c[i, Jj] + " ")
}
}
static void Ghi (bool Ket)
{
StreamWriter £ = File.CreateText(gn) ;
if (Ket) // co nghiem
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f .WriteLline (k) ;
for (int i = 1; i <= k; ++i)
f . Write(v[i] + " ");
}
else f.WriteLine(0);// vo nghiem
f.Close();

}
static bool MC()

{
Array.Clear (v, 0, v.Length);
Array.Clear (v, 0, v.Length);
k = 1; // Buoc duyet
v[k] = s; d[s] = 1;
// danh dau phong da den
int phong = 0;

do
{
if (v[k] == t)
return true; // den dich
if (k < 1)

return false; // het cach
if ((phong = Tim()) > 0)
{ // Tien them 1 buoc
// nha chi, danh dau
v[++k] = phong; d[phong] = 1;
}
else --k; // 1lui
} while (true);
}
// Tu phong v[k] tim duoc
//mot duong sang phong khac
static int Tim()
{
for (int j = 1; j <= n; ++j)
if (d[j] == 0)// phong j chua tham
if (c[v[k]l, jl1 > 0)
//co hanh lang toi j
return j;
return 0;
}
} // MeCung
} // SangTaol
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CHUONG 7

QUY HOACH DPONG

Céc bai toan quy hoach dong chiém mét vi tri kha quan trong trong t6 chirc hoat
dong va san xuat. Chinh vi 18 d6 ma trong cac ki thi hoc sinh giéi qudc gia va qubc té
chung ta thuong gap loai toan nay.

Thong thuong nhitng ban nao dung phuong phap quay lui, vét can cho céc bai toan
quy hoach dong thi chi co thé vét duge cac tap dir liéu nhd, kich thudc chung vai chuc
byte. Néu tim dwoc dang hé thirc thé hién ban chit quy hoach dong cia bai toan va
khéo 6 chire dir lidu thi ta c6 thé xir i dwoc nhimg tap dir lidu kha 16n.

C6 thé tom lugc nguyén li quy hoach dong do Bellman phat biéu nhur sau:

Quy hoach djng
Quy hoach dong la 16p cac bai toan ma quyét dinh
& budc thir i phy thude vao quyéet dinh & cac bude
da xtr 1i trude hoac sau do.

Dé giai cac bai toan quy hoach dong, ta c6 thé theo so dd sau dy:

So d6 giai bai toan quy hoach dong

1. Ldp hé thirc: Lap hé thirc biéu dién tuong quan quyét dinh ciia budc
dang xtr 1i v&i cac bude da xir 1i trude d6. Khi dd cé hé thirc twong quan
chung ta dd c6 thé xay dyng ngay thuat giai, tuy nhién cac hé thirc nay
thuong 1a cac biéu thic dé quy, do do dé gay ra hién tugng tran mién
nh¢ khi ta té chirc chwong trinh tryuc tiép bang dé quy.

2. T6 chire dir liéu va chicong trinh: TS chirc dit lidu tinh toan dan theo
ting budc. Nén tim cach khir d€ quy. Trong céc bai toan quy hoach dong
thudc chuong trinh phd thong thudng doi héi mot vai mang hai chiéu.

3. Lam tot: Lam tbt thuat toan bang cach thu gon hé thirc quy hoach dong
va giam kich thuéc mién nhé.

Bai 7.1. Chia thwong
Can chia hét m phan thuéng cho n hoc sinh sap theo thir ty tiv gioi tré' xuong
sao cho moi ban khéng nhdn it phan thuéng hon ban xép sau minh,
1<m,n<70.
Hay tinh s cach chia.
Thi dy, v6i s6 phan thuong m = 7, va s6 hoc sinh n = 4 s& ¢6 11 cach chia 7
phén thuéng cho 4 hoc sinh theo yéu cau ciia dau bai. Do la:
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Phuong an ® ©® ® ®
1 7 0 0 O
2 6 1 0 O
3 5 2 0 O
4 5 1 1 0
5 4 3 0 O
6 4 2 1 O
7 3 3 1 o0
8 3 2 2 O
9 4 1 1 1
10 3 2 1 1
11 2 2 2 1

Bai giai
1. Lap hé thac

Goi Chia(i, j) 1a s6 cach chia i phan thuang cho j hoc sinh, ta thay:

- Néu khdng c6 hoc sinh nao (j = 0) thi khdng c6 cach chia nao (Chia = 0).

- Néu khong c6 phan thuéng nao (i = 0) thi chi c6 mot cach chia
(Chia(0,j) =1 - mdi hoc sinh nhan 0 phan thuong). Ta ciing quy udc
Chia(0, 0) = 1.

- Néu s6 phan thuong it hon s6 hoc sinh (i < j) thi trong moi phuong én chia,
tur hoc sinh thir i + 1 tr¢ di sé khdng dugc nhan phan thuéng nao:

Chia(i, j) = Chia(i, i) néu i <j.

Ta xét tit ca cac phuong &n chia trong truong hop i > . Ta tach cac phuong an chia
thanh hai nhdm khéng giao nhau dua trén s6 phan thuéng ma hoc sinh dung cuoi bang
thanh tich, hoc sinh tht j, dugc nhan:

- Nhom thi nhat gom céc phuong an trong do hoc sinh thir j khong dugc
nhan thudng, tic !a i phan thuong chi chia cho j - 1 hoc sinh va do do, so
cach chia, tirc 1a s6 phan tir caa nhdm nay sé 1a: Chia(i, j - 1).

- Nhém thir hai gdm céc phuong én trong d6 hoc sinh thir j ciing dugc nhén
thuang. Khi @b, do hoc sinh dirng cudi bang thanh tich dwoc nhan thudng
thi moi hoc sinh khac ciing s& c6 thuong. Do ai cling dugc thuong nén ta
bat cia moi ngudi mét phan thuéng (Qé ho linh sau), s6 phan thuéng con
lai (i - j) s& dugc chia cho j hoc sinh. S6 cé&ch chia khi d6 sg 1a Chia(i - j, j).

Tong s cach chia cho truong hop i > j s& 1a tong sb phan tir caa hai nhém, ta co:

Chia(i, j) = Chia(i, j - 1) + Chia(i - j, j).

Tong hop lai ta co:

Diéu kién Chia(i, j)
i- sO phan thwéng

j: s0 hoc sinh

j=0 Chia(i, j)=0
i=0andj=0 Chia(i,j) =1
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i<j Chia(i, j) = Chia(i, i)

i >j Chia(i, j) = Chia(i, j — 1) + Chia(i -}, j)
Cdc tinh chdt cia ham Chia(i, j)
Chia i phan thuong cho j hoc sinh

2. T4 chire dir lidu va chuong trinh
Ta c6 phuong 4n dau tién cua giai thuat Chia nhu sau:

PHUONG AN 1: de quy.
So cach Chia i phan thuong cho j hs

function Chia(i,j: integer) :longint;
begin
if j = 0 then Chia := 0
else {j > 0 }
if i = 0 then {i =0; jJ > 0}
Chia :=1
else {i,j > 0 }
if i < j then {0 < i< j}
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S0 ldn goi ham Chia cuc bj

khi tinh ham Chia(®,®)

Chia := Chia(i,i)
else {i > j > 0 }
Chia := Chia(i,j-1)+Chia(i-

Phuong an nay chay cham vi phat sinh ra qua
nhiéu lan goi ham trung lap. Bang dudi day liét ké sb
1an goi ham chia khi giai bai toan chia thuong véi bay
phan thuong (m = 7) va 4 hoc sinh (n = 4). Thi dy, ham
Chia(1,1) s&duoc goi 9 lan,... Téng sb lan goi ham
Chia la 79. 79 1an goi ham dé sinh ra két qua 11 la qué
ton kém.

Lam tot lan 1: Phuong &n 1 khé dé trién khai nhung
chuong trinh s& chay rat lau, ban hdy thu goi
Chia (66,32) dé trai nghiém duoc diéu trén. Dién ta dé
quy thuong trong sang, nhan tan, nhung khi thuc hién sé
sinh ra hién tugng goi lap lai nhitng ham dé quy. Cai tién
dau tién Ia tranh nhang lan goi lgp nhu vay. Muén thé
chling ta tinh sin cac gia tri ciia ham theo céc tri cua dau
vao khac nhau va dién vao mot mang hai chiéu cc.

Mang cc dugc mo ta nhu sau:

i [i-3,3]
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const i [i,3-1] [i,7]

MN = 70;{ gioi han tren

cua m va n }

type
mll = array[0..MN] of longint;
ml2 = array[0..mn] of mll;

var cc: ml2;
Ta quy wdc ccli, j] chtra s céch chia i phan thuéng cho j hoc sinh.
Theo phan tich cua phuong an 1, ta co:

¢+ cc[0, 0] =1;cc[i, 0] =0, vdi i:=1..m.

o ccfi,jl=cc[i, i, néui<j

+ cc[i, j] = cc[i, j-1]+cc[i-j, j], néu i > j.

Tir d6 ta suy ra quy trinh dién tri vao bang cc nhu sau:

¢+ Khoi tri
. cc[0,0 J:= 1;
¢ voi i = 1l..m: cc[i,0] := O0;
¢ Dién bang: Lan luot dién theo tirng cét j:= 1..n. Tai mai cét j ta dat:
¢ vbdi i :=0..3-1: cc[i,]j] := cc[i,i];
¢ véi i = j..m: ccl[i,j] := ccli,j-1]+ccli-3F,3];
Nhan két qua: Sau khi dién bang, gia tri cc[m, n] chinh I két qud can tim.
(* _____________________________________
PHUONG AN 2: dung mang 2 chieu cc
cc[i,j] = Chia(i,j) - so cach chia i
phan thuong cho j hs
_____________________________________ *)
function Chia2 (m,n: integer) :longint;
var i,j: integer;
begin
cc[0,0] = 1;
for i :=1 tom do cc[i,0] := 0;
for j :=1 to n do
begin
for i := 0 to j-1 do cc[i,]j] := ccl[i,i];
for i := j to m do
ccl[i,j] := cecl[i,j-1]+cec[i-],]J];
end;
Chia2 := cc[m,n];
end;

Lam tot lan 2: Ding mang hai chiéu ching ta chi ¢ thé tinh toan dwoc véi dit liéu
nhé. Budc cai tién sau day kha quan trong: chiing ta ding mang mét chiéu. Quan sat ki
quy trinh gén tri cho mang hai chiéu theo tirng cot ching ta d& phét hién ra rang cot thir
j c6 thé dugc tinh toén tir cot thir j - 1. Néu goi ¢ 1a mang mét chiéu s& dung, ta cho sé
hoc sinh tang dan bang cach Ian luot tinh j budc, vai j := 1..n. Tai budc thir j, c[i] chinh
1a s6 cach chia i phan thuong cho j hoc sinh. Nhu vy, tai budc thi j ta cé:

- c[i] tai budc j = c[i] tai budc (j — 1), néu i < j. Tir day suy ra doan c[0..(j — 1)]

duoc bao luu.

- c[i] tai bu6c j = c[i] tai bude (j — 1) + c[i — j] tai budc j, néu i > j.

Biéu thuc thir hai cho biét khi cap nhat mang ¢ tir budc thir j — 1 qua budc thir j ta phai
tinh tir trén xudng, nghia I tinh dan theo chiéu tang cua i := j..m.

Mang ¢ dugc khai tri ¢ budc j = 0 nhu sau:
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- ¢[0] =1; c[i] = O,vii := 1..m.

V6i y nghia 13, néu 6 0 hoc sinh thi chia 0 phan thusng cho 0 hoc sinh s& dugc
quy dinh la 1. Néu s6 phan thuong m khac 0 thi chia m phan thuong cho 0 hoc sinh sé
duoc 0 phuong an.

Ta c6 phwong an ba, ding mét mang mét chiéu ¢ nhu sau:

PHUONG AN 3: dung mang 1 chieu c
Tai buoc j, c[i] = so cach chia i
phan thuong cho j hoc sinh.

_________________________________________ *)
function Chial (m,n: integer) :longint;
var i,j: integer;
begin
fillchar(c,sizeof(c),0);
c[0] :=1;
for j :=1 to n do
for i := Jj tomdo c[i] := c[i]+c[i-]j];
Chial := c¢[m];
end;

Dé so sanh cac phuong an ban hay dat mot bo ¢ém nhip ciia méy nhu sau:
nhip: longint absolute $0000:$046c;
{xac dinh nhip thoi gian }
t: longint; {ghi nhan nhip }
Sau d6 ban tao mot dir liéu kiém thir dé so sanh ba phuong &n d4 phan tich & phan
trén nhu sau:
procedure test;
begin
randomize; {Khoi dong bo sinh so ngau nhien }
repeat
m := random(mn)+1l; {sinh ngau nhien so phan
thuong m }
n := random(mn)+1l; {sinh ngau nhien so hs n }
writeln(m,bl,n); {xem du lieu vao }
t := Nhip; {dat nhip cho PA 3 }
{Phuong an 3 }
writeln('Mang 1 chieu: ',Chial(m,n));
{bao thoi gian }
writeln((Nhip-t)/18.2):0:0,' giay');
t := Nhip; {dat nhip cho PA 2}
writeln('Mang 2 chieu: ',Chia2(m,n)); {PA 2 }
{bao thoi gian }
writeln((Nhip-t)/18.2):0:0,' giay'):;
t := Nhip; {dat nhip cho PA 1 }
writeln('De quy: ',Chia(m,n));
{bao tgian}
writeln((Nhip-t)/18.2):0:0,' giay');
until readkey = #27; {lap den khi bam ESC }
end;
Céc gia tri m — sb phan thudng va n — s hoc sinh dugc sinh ngiu nhién nhe ham
random. Trugc d6 can goi thu tuc randomize dé chuin bi khai tao bo sinh sé ngau
nhién.
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Trong bd nhd ciia méy tinh c6 4 byte bt dau tir dia chi $0000:$046c diung dé
ghi s6 nhip caa may tinh. Mai lan doc gia tri cia bién Nhip ta co thé liy dugc sé nhip
hién hanh ciia may. Hiéu sb hai lan doc nhip lién tiép s& cho ta tong sé nhip tinh tir 1an
doc thir nhat dén lan doc thir hai. Chia gia tri nay cho 18.2 ta c6 thé quy ra lugng thoi
gian chay may tinh bang gidy. Lénh write (r:d:p) hién thi sé thuc r véid vi tri va p
wﬁﬁswdﬁpﬁyN&mad:p=Ommémmr%dmmh&ﬂMd@d&

(* Pascal *)

uses crt;
const
MN = 70; {gioi han tren cua m va n }
nl = #13#10; {xuong dong }
bl = #32; {dau cach }
type
mll = array[0..MN] of longint;
ml2 = array[0..mn] of mll;
var
cc: ml2; {cho phuong an 2 - mang 2 chieu }
m,n: integer;
c: mll; {cho phuong an 3 - mang 1 chieu }
nhip: longint absolute $0000:$046c;
{xac dinh nhip thoi gian }
t: longint; {ghi nhan nhip }

PHUONG AN 1: de quy
So cach Chia i phan thuong cho j hs

______________________________________ *)
function Chia(i,j: integer) :longint; tu viét
(Koo o e e
PHUONG AN 2: dung mang 2 chieu cc
cc[i,j] = so cach chia i phan thuong

cho j hs
_____________________________________ *)
function Chia2(m,n: integer) :longint; tvw viét
(* ________________________________________

PHUONG AN 3: dung mang 1 chieu c
Tai buoc j, c[i] = so cach chia i
phan thuong cho j hoc sinh.

function Chial (m,n: integer) :longint; tu viét

procedure test; tu viét

BEGIN

Test;
END.
Quan séat hoat dong cua chwong trinh ban sé rit ra dugc y nghia cta cac phuong an

cai tién.
Cha thich

Bai toan trén con c6 cach phat biéu khac nhu sau: Hay tinh sé cach biéu dién sb

tu nhién m thanh tdng cua n s6 tu nhién sip theo trat ty khong tang. Thi du, véi

m=7,n=4taco:

7=7+0+0+0=6+1+0+0=...
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I C#
using System;
using System.IO;
namespace SangTaol

{
2
* Chia thuong
K */
class ChiaThuong
{
static void Main()
{
Console.WriteLine (Chia (7, 4));
Console.WriteLine("\n Fini") ;
Console.ReadLine () ;
} // Main
static long Chia(int m, int n)
{
long[] ¢ = new long[m+1l];
Array.Clear(c, 0, c.Length);
c[0] = 1;
for (int j = 1; j <= n; ++j)
for (int i = j; i <= m; ++i)
c[i] += c[i - 3JI1;
return c[m];
}

} // ChiaThuong
} // SangTaol

Bai 7. 2. Palindrome

197

Olympic Quéc té, nam 2000 Bdc Kinh, Trung Quéc.
Day ki te s dwoc goi la doi ximg (palindrome) neu cde phan tir cach déu dau
va cudi giong nhau. Cho day s tao boi n ki tw gom cdc chir cdi hoa va thuong
phdn biét va cdc chir s6. Hay cho biét can xod di tir s it nhat la bao nhiéu ki
tu dé thu dwoc mot day dsi xung. Gia thiét rﬁng sau khi xoa bot mot s6 ki tw

tir s thi cac ki tw con lai sé tw dong xich lai sat nhau.
Dit liéu vao ghi trong tép vin ban PALIN. INP véi cdu tric nhu sau:

Dong dau tién 1a gia tri n, 1 < n < 1000. PALIN.INP PALIN.OUT

9 4

Dong thir hai 1a n ki ty cia day viét lién
baeadbadb

nhau.

Dir liéu ra ghi trong tép vin ban PALIN.OUT: sd lugng ki tu can xoa.

Thi dy, v6i day s g{”)m 9 ki tu, s = 'baeadbadb"' thi cin xo4 it nhét 4 ki tu, chéng

han, cac ki tu thir 5, 7, 8 va 9 s& thu dwoc diy ddi xtimg chidu dai 5 13 baeab:

baeadbadb — baeab

Di nhién 1 ¢6 nhidu cach xo4. Thi du, c6 thé xoa céc ki ty thir 2, 3, 4 va 6 tir ddy s dé

thu dugc diy con ddi xtg khac 1a bdadb véi ciing chiéu dai 5:

baeadbadb — bdadb
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Tuy nhién dap s6 1a s it nhat cac ki tu can loai bo khoi s thi 1 duy nhét va bang 4.
Bai giai

Bai toan nay da dugc nhiéu ban doc cdng b loi giai voi mot mang hai chiéu kich
thudc n? hodc vai ba mang mét chiéu kich thudc n, trong dé n 1a chiéu dai cua dir liéu
Vao.

V6i mot nhan xét nho ta c6 thé phét hién ra rang chi can diing mot mang mot chieu
kich thuéc n va mot vai bién don la du.

Goi day dir ligu vao la s. Ta tim chiéu dai cia day con d6i xtng v dai nhat trich tir
s. Khi d6 so ki tu can xo4 tir s s€ la t = length(s) - length(v). Day con ¢ day duoc hiéu la
day thu dugc tr s bang cach g<oé di mot S0 phan ti trong s. Thi du voi day
s = baeadbadb thi ‘déy con doi xung dai nhat cia s sé la baeab hoic bdadb,...
Cac day nay déeu co6 chicu dai 5.

Lap hé thuc: Goi p(i, j) 1a chiéu dai cua day con dai nhét thu duoc khi gidi bai toan
voi dir liéu vao la doan s[i..j]. Khi d6 p(1, n) la chiéu dai cua day con doi xing dai nhat
trong day n ki tu s[1..n] va do d6 so ki tu can loai bo khoi day s[1..n] sé la

n-p(1,n)
D6 chinh la dap sb cua bai toén.
Ta liét ké mot sé tinh chat quan trong caa ham hai bién p(i, j). Ta c6:
- Néu i >, tic 1a chi sb dau tréi 16n hon chi sb dau phai, ta quy ude dit p(i, j) = 0
- Néui=jthip(i, i) = 1 vi ddy khao sét chi chira ding 1 ki tw nén né 1a d6i xtng.
- Néu i <j va s[i] = s[j] thi PG, j)=pi+1j-1)+2 Vi hai ki ty dau va cubi day
s[i,j] giéng nhau nén chi Can xac dinh chiéu dai cua diy con ddi xing dai nhat trong

doan gitra 1a S[i + 1, j — 1] rdi cong thém 2 don vi ang véi hai ki tu dau va cudi day
la duoc.

- Néu i < vasli] = s[j], tic 1 hai ki tw dau va cui cua day con sfi..j] 1a khac nhau thi
ta khao sat hai day con 1a s[i..(j — 1)] va s[(i + 1)..j] dé 14y chiéu dai cua day con ddi
xing dai nhét trong hai day nay 1am két qua:

p(i.j) = max(p(i.j-1),p(i+1,j))

Vén dé dat ra 1a can tinh p(1, n). Ma mudn tinh duoc p(1, n) ta phai tinh dugc céc
p(i, j) véi moi i, j = 1..n.

Phuwong an dé quy

Phuong an dé quy dudi ddy nhu mé ta trong ham nguyén rec (i, 3) tinh tryc tiép
gid tri p(i, 3j) theo cAc tinh chat da liét ké. Pap sb cho bai toan khi d6 s& 1a n-
rec(1l,n)

(* ____________________________________
Phuong an de quy
____________________________________ *)
function rec(i,j: integer): integer;
begin
if i > j then rec := 0
else if i = j then rec := 1

else {i < j}
if s[i] = s[3j]
then rec := rec(i+l,j-1)+2
else {i < j & s[i] # s[j]}
rec := max(rec(i,j-1),rec(i+l,j)):
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end;
j-1 j blajle|a|d|b|a|d|b
o 6/ 60 6 0 6 0|0
b®|1|1(1 |3 |3 |5|5|5]|65
a|/®(0/1|1 |3 |3 (3|3 (|33
i [i,3-1] [1,3] e|l®@|O0(fO0|1 |1 |1 |1|3]|3]3
it1 [i+1,9-1] | [i+1,7] al@|ojojo|1]1]1]3]|3]3
d|/®jofojo|0|1|1|1]|3]3
b®|0j0fO0O|O0O |0 |1 |1 ]|1]3
a|/@lojoj0 0|0 |0 |1 |1 |1
ojojofofofo|jo0o |1 |1
®@|o0j0jO0O|O0O|O|O|O|O0|1

Gia tri ciia hdam p(i,j) doi véi day baeadbadb
ij=1.9

Dung mét mang hai chiéu

Goi @é quy sé phat sinh cac 161 goi ham trung lap nhu d& phén tich trong bai toan
7.1. Ta khic phuc diéu nay bang cach str dung mot mang hai chiéu dé tinh trudc céc gia
tri cua ham p(i, j), mdi gia tri dugc tinh t6i da mot 1an. Néu diing mot mang hai chiéu,
thi du mang p[0..n, 0..n] thi gi4 tri cua pli, j] s& duoc dién lan luot theo ting cot, tir cot

thu 1

dén cot thir n. Tai mdi cot ta dién tir dudi 1én trén. Ta luu y:
Phan tir tai cot i, dong j 12 gia tri pi, j] chinh 1a chiéu dai cua day con déi xtmg
dai nhat khi khao sat day con sJi..j].
Vi céc tri i > j, ta quy dinh p[i, j] = 0. Nhu vay nia tam gi&c dudi cua ma tran
p s€ chra toan 0.
Néu i = j thi p[i, j] = 1. Nhu vay, moi tri trén duong chéo chinh cia ma tran p s&
lal.
Véi cac 6 con lai, toa d6 (i, j) s& thoa diéu kién i < j, nén p[i, j] s& duoc tinh nhu
sau:
if s[i] = s[j] then p[i,j] = p[i+l,j-1]+2
else p[i,j] := max(pl[i,j-1],pl[i+1,3])
Ban hay thir dién mot vai gia tri cho bang trén dé rat ra quy luat.
Hay bét dau véi cot 1: p[1, 1] = 0;
Sau d6 dén cot 2:
p[2, 2] = 1; p[1, 2] = max(p[1, 1], p[2, 2]) = 1, vi s[1] = s[2].
Rdi dén cot 3:
p[3,3]=1; p[2,3] = max(p[2, 2], p[3, 3]) = 1, vi s[2] = s[3];
p[1,3] = max(p[1,2], p[2,3]) = 1, vi s[1] # S[3],...

Dung hai mang mét chiéu
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Ta s& khong theo dudi phuong an ding mang hai chiéu ma hdy can cir vao quy
luat dién mang hai chiéu dé van dung cho hai mang mét chiéu Ia v[0..(n + 1)] va d[0..(n
+ 1)]. Theo kinh nghiém, ta nén khai béo kich thuéc mang rong hon ching hai phan tir
dé sir dung céc phan tir nay nhu nhiing linh canh chira cac gié tri khoi dau phuc vu cho
cac truong hop chi s6 i, j nhan cac gia tri 0 hoac n + 1.

Gia st mang v chira cac gia tri da dién cua cot j — 1 trong mang hai chiéu p. Ta s&
dién cac gia tri cho cot j ciia mang p vao mang mét chiéu d. Nhu vay, tai budc j, phan
tur v[i] s& ung véi phan tir p[j — 1, i] con phan tu d[i] s& ang vai p[j, i]. Thu tuc dién tri
cho c6t d tai budc j dua theo két qua luu trong cot v ctia bude j — 1 khi d6 s& nhu sau:

for i := Jj-1 downto 1 do

begin
if s[i] = s[j] then d[i] := v[i+1l]+2
else d[i] := max(v[i],d[i+1]);

end;

Sau mdi lan lap véi j := 1..n ta chuyén gia tri ciia d cho v dé chuan bi cho budc tiép
theo.

Quy hoach dong voi 2 mang
1l chieu d, v

__________________________________ *)
procedure QHD2;
var i,j: integer;
begin
fillchar(v,sizeof (v),0);
for j :=1 to n do
begin
d[jl := 1;
for i := Jj-1 downto 1 do
begin
if s[i]= s[j] then d[i] := v[i+1l]+2
else d[i] := max(v[i],d[i+1]);
end;
v = d;
end;
writeln(nl,n-d[1]); {dap so}
end;

Dung mot mang mét chiéu
C6 thé chi s dung mot mang mot chiéu d cho bai toan nay voi nhan xét sau day.
Tai budgc cap nhat thir j, vai moi i = (j — 1)..1 ta cd d[i] = p[i, j] va duoc tinh nhu sau:
¢+ Néus[i] = s[j] thi d[i] tai budc j bang d[i + 1] tai budc j — 1 cong véi 2.
¢ Néu s[i] = s[j] thi
d[i] tai bu6c j bang max(d[i] tai budc j— 1, d[i + 1] tai budc j).
Néu ta tinh tir dudi I€n, tac 1a tinh d[i] véi i = n..1 thi d[i + 1] ci s€ bi ghi de. Ta
dung hai bién phu t va tr dé bao luu gia tri nay.

procedure QHDI1;
var i,j,t,tr: integer;
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begin
for j :=1 to n do
begin
tr := 0;
d[jl := 1;
for i := j-1 downto 1 do
begin
t := d[i];
if s[i]= s[]j] then d[i] := ¢tr+2
else d[i] := max(d[i],d[i+1]);
tr := t;
end;
end;
writeln(nl,n-d[1]); {dap so}
end;

Di nhién phuong &n ding mot mang mot chiéu sé duoc coi trong vi tiét kiém dugc
mién nhé. Tuy nhién, tinh ¥ mot chit, ban s& phat hién ra rang thoi gian tinh toan theo
phuong an nay khoéng it hon phuong an dung hai mang mot chiéu. That vay, dé tinh mdi
phan tir ta phai ding thém hai phép gan, trong khi dung hai mang mot chiéu ta chi phai
thém mét phep gan cho mdi phan tir. Hon nita, ding hai mang mot chiéu thudng tranh
dugc nham 1an, do d6 nhidu nguoi thudng chon phurong én nay.

Toan van chuong trinh véi ba phuong an, dé quy, ding hai mang mot chiéu va
dung mot mang mot chiéu khi d6 s& nhu sau

(* Pascal *)

uses crt;
const mn = 51;
bl = #32; nl = #13#10;
fn 'palin.inp'’'
gn 'palin.out’;
type mil = array[0..mn] of integer;
mi2 = array[0..mn] of mil;
mcl = array[0..mn] of char;
var n: integer; { Chieu dai xau }
f,g: text;
s: mecl; { xau can xu 1li }
d,v: mil;
c: mi2;
procedure Doc; tu viét
function Max(a,b: integer): integer; tu viét

(* ___________________________________

Phuong an de quy
____________________________________ *)
function rec(i,j: integer): integer; tu viét
(* ____________________________________

function QHD2C: integer; tu viét

Quy hoach dong voi 2 mang
1 chieu d, v
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function QHD1l: integer; tu viét
procedure Test;
begin
Doc;
writeln(nl, 'Phuong an 1: De qui: ', n-rec(l,n));
writeln(nl, 'Phuong an Mang 2 chieu: ',n-QHD2C) ;
writeln(nl, 'Phuong an 3: Hai Mang 1 chieu D, V: ', n-
QHD2DV) ;
writeln(nl, 'Phuong an 4: Mang 1 chieu D: ',n-QHD1);
end;
BEGIN
Test;
readln;
END.

N

Il C#
using System;
using System.IO;
namespace SangTaoT1l

{

class Palin
{
static string fn = "palin.inp";
static string gn = "palin.out";
static string s;
static int n = 0;
static void Main()
{
Doc() ;
File.WriteAllText (gn,Xuli () .ToString()) ;
// Doc lai de kiem tra
Console.WriteLine ("\n Input file " + fn);
Console.Writeline (File.ReadAllText (£fn)) ;
Console.WriteLine ("\n Output file " + gn);
Console.WriteLine (" So ki tu can xoa: " +
File.ReadAllText(gn)) ;
Console.ReadLine () ;

}

static void Doc()

{
StreamReader f = File.OpenText (fn) ;
n = int.Parse((f.ReadlLine()) .Trim()) ;
s = (f.ReadLine()) .Trim() ;
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f.Close() ;

}
static int Xuli ()

{
int[] 4 = new int[n + 1];
int tr = 0;
int t = 0;
for (int j = 0; j < n; ++j)
{
tr = 0;
d[jl = 1;
for (int i = 3j - 1; i >= 0; --i)
{
t = d[i];
d[i] = (s[i]==s[]])?(tr+2)
:Max (d[i],d[i+1]);

return n - d[0];
;tatic int Max(int a, int b)
{ return (a > b) ? a : b;
} //}Palin
} // SangTaol

Bai 7.3. Ciim hoa

g ok s

Olympic Quéc té nam 1999.
Can cdm hét k b6 hoa khéc nhau vio nlo xép thing hang sao cho bo hoa co $6
hig{u nho du',o’cr ddt trudc bo hoa cé so hiéu lon. Voi moi bo hoa i ta biét gid tri
tham mfi khi cam bo hoa do vao lo j la v[i, j].
Yéu cdu: Xac dinh mot phwong an cdm hoa sao cho tong gia tri thim mi 1a 16n
nhat.
Dir liéu vao ghi trong tép van ban HOA . INP:
- Dong déu tién 13 hai tri k va n.
- Tu dong thit hai tr¢ di 18 cac gia tri V[i, j] trong khoang 0..10, véi i = 1.k

vaj=1.n;1< k< n<100.

Dir lig¢u ra ghi trong ’tép van b’ém HOA . OUT: dong déu tién 1a tén}g gi4 tri tham
mi cua phuong 4n cdm hoa t6i vu. Tir dong th hai la ddy k so hiéu lo duoc
chon cho moi bé hoa.
Céc s liéu vao va ra déu la sb tw nhién va dugc ghi cdch nhau béi déu cach
trén moi dong.

Thi du:

HOA.INP HOA.OUT
6 24

1 6 4 310 13 46
1 4 7 2 7

2 610 2 3
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6 10 7

Bai giai

1 3 9

Béhancdmx@ok;&

B6 hoa 3 cim vao lo 4;
B6 hoa 4 cam vao lo 6.

Két qua cho biét tong gid tri tham mi sé
dat la 24 (diém) néu cam hoa nhw sau:
- Bé hoa 1 cim vio lo 1;

Trudce hét ta doc dir ligu tir tép HOA . INP vao cac bién k, n va v[i, j].

procedure doc;

var i,j:byte;

begin
assign(f, fn);
reset (f) ;
readln (f,k,n);
for i :=1 to

end;

for j :=1

k do
to n do

read(f,v[i,]]);
close (f) ;

Céc hang va bién duogc khai bao nhu sau:

{File du lieu vao }
{File du lieu ra }

101; {So luong toi da cac lo hoa: 100 }

cach }

#13#10; {Xuong dong }
(mn+7) div 8; {So bit danh dau cac lo hoa }

.mn] of byte; {mang byte 1 chieu }

mn] of mbl; {mang byte 2 chieu }

.kk] of byte;
.mn] of mll;

mn] of integer;

byte; {n - so luong lo, k - so luong bo hoa }

const
fn = 'hoa.inp';
gn = 'hoa.out';
mn =
bl = #32; {Dau
nl =
kk =
type
mbl = array]|O.
mb2 = array][O0..
mll = array]|O.
ml2 = array]|O.
mil = array][O..
var
n,k:
v: mb2;
{vii,3l
L: ml2;

- do tham my khi cam bo hoa i vao lo j }

{cac mang danh dau lo hoa

bit(i) = 1: lo hoa duoc chon
bit(i) = 0: lo hoa roi}

T: mil; {T[i,]]:

f,g: text;

tong so do tham mi
khi cam i bo hoa vao day j lo }

{files input wva output }
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1. Lap hé thic: Goi T(i, j) 1a tong gid tri thAm mi khi giai bai toan voi i b6 hoa ma s6
1.ivajlomaso 1.j, tic 1a d6 tham mi thu dwoc khi cam het i bo hoa dau tién vao j
lo dau tién, ta thay:

a)

b)
c)

Néu s6 bo hoa nhiéu hon s lo, i > j thi khong c6 cach cém nao vi dau bai yéu
cau phai cam hét cac bd hoa, moi b6 vao ding 1 lo.

T(@,j)=0
Néu sé b6 hoa bang sé lo (i = j) thi chi c6 mot cach cam la bé nao vao lo do.
Ta xét truong hop s6 b6 hoa it hon han s6 lo (i < j). C6 hai tinh huong: lo cubi
cung, tac lo thir j dugc chon cho phuong an toi wu va lo thir j khong duoc
chon.
Néu lo cubi cing, lo tht j duoc chon dé Cérp b6 hoa (cuéi cung) i thi i -1 bo
hoa dau tién sé duoc phan phoi vao j - 1 lo dau tién. Tong gia tri tham mi s khi
d6s81a T(i-1,j-1)+ Vi, jl.
Néu lo thir j khong dugc chon cho phuong an t6i uu thi i b6 hoa phai duoc cim
vao j-1 lo dau tién va do d6 tong gia tri tham mi s& 1a T(i, j-1).

Tong hop lai ta c6 gié tri ti wu khi cim i bd hoa vao j lo la:

T(i,j) = max {T(i-1,3-1)+vI[i,31,T(i,3-1)}

2. Té chitc dir liéu va chwong trinh: Néu dung mang hai chiéu T thi ta c6 thé tinh nhu
trong bang dudi day:

j-1 j Ngoai ra, ta con can dit trong mdi 6

cua bang trén mdt mang di liéu bao gom

n phﬁn ttr dé danh diu lo hoa nao duoc

i-1 [i-1,3-1] chon cho mdi tinh huéng. Goi mang dit
i [i,3-11] [i,31? liéu d6 1a L[i, j], ta dé thay la nén dién

bang 14n luot theo ting cot, tai mdi cot ta
dién bang tir dudi 1€n theo luat sau:

T(i,j) = max {T(i-1,3j-1) +

L T - Néu T[i-1, j-1] + v[i, j1 > T[i, j-
vii,31,T(i,3-1)} 1] thi ta phai thuc hién hai thao tac:

bat lai tri T[i, j]:= T[i-1, j-1] + VIi, j].

Ghi nhén viéc chon lo hoa j trong phuong 4n méi, cu thé 1y phwong an cim
hoa (i-1, j-1) r0i bo sung thém thong tin chon lo hoa j nhu sau: dat L[i, j]:= L[i-
1, j-1] va danh du phan tir j trong mang L[i, j].

Néu T[i-1, j-1] + V[i, j] < T[i, j-1] thi ta s& khong chon lo j d& cim b6 hoa i va
do d6 chi can copy L[i, j-1] sang L[i, j], ttrc 14 ta bao luu phuong an (i, j-1).

3. Lam tbt. Phuong an dung mang hai chiéu t6n kém vé mién nh¢. Ta c6 thé ding mot
mang mot chiéu T[0..100] xem nhu mdt c¢ft cia bang T noi trén. Ta duyét j bude. Tai
bude thi j, gia trj T[i] s€ 1a tri toi vu khi cam hét i b6 hoa vao j lo. Nhu vay, tai bude
thur j ta co:

- Néu T[i~1] tai budc j -1 + V[i, j] > T[i] tai budc j - 1 thi ta phai thuc hién hai thao

tac:

o bat lai tri T[i] tai budc j:= T[i-1] tai budc j -1 + V[i, j].

(@]

Ghi nhan viéc chon lo hoa jﬂ trong phuong an mdi, cu thé léy phuong an cim
hoa (i-1) ¢ budc j - 1 roi bo sung thém thong tin chon lo hoa j nhu sau: dat
L[i] tai budc j:= L[i - 1] tai budc j - 1 va danh dau phan tur j trong mang L[i].
Néu T[i - 1] tai bude j - 1 + V[i, j] < T[i] tai bude j - 1 thi ta khong phai lam gi
vi s€ bao luu phuong an cii.
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Biéu thirc so sanh cho biég khi cap nhat mang T tir budc thit j - 1 qua bude thir j ta phai
tinh tir dudi 1én, nghia 1a tinh dan theo chiéu giam cta i:=j..1.
bé danh dau céac 1o hoa ta dung mang L[0..MN] moi phﬁq tur L[i] lai la mot day s
byte. Néu dung mot bit cho moi lo hoa thi s0 byte can dung dé danh dau t6i da MN lo
hoa phai la:
kk = (MN+7) div 8
Véi MN = 101 ta tinh duogc
kk = (101+7) div 8 = 13
Khi can danh dau lo hoa thit j trong day L[i] ta bat bit th j trong L[i]. Khi can xem lo
thir j c6 dugc chon hay khéng ta goi ham GetBit dé 1ay tri (0 hodc 1) cua bit j trong
day bit L[i].
Ta chii  t6i hai biéu thirc sau:
- Pé xac dinh byte thir may trong diy chua bit j ta tinh:

b := j div 8;
- Pé xac dinh vi tri cua bit j trong byte thir b ta tinh:
P := Jj mod 8;

(* __________________________________________
Cho gia tri bit thu j trong day byte L[i]

function getbit(i,j: byte) :byte;

var b,p: byte;

begin
b := j div 8;
P := Jj mod 8;
getbit := (L[i][b] shr p) and 1;
end;
(* ________________________________________
Gan tri 1 cho bit j trong day byte L[i]

procedure batbit (i, j:byte);
var b,p: byte;

begin

b := j shr 3;

P := Jand 7;

L[i] [b] := L[i][b] or (1 shl p);
end;

Vi j = 0, tuc 1a khi khdng cé lo nao va khdng c6 bé hoa nao ta khai tri:
fillchar (L[0],16,0);
T[O] := O;

Vi mbi j = 1.0, ta luu y s6 b6 hoa phai khdng 16n hon s6 lo, tiec la i <j. V6i i = j
ta s& cam moi b6 vao mot lo. Be thyc hién dieu nay ta luu y rang phan tu L[j -1] tai
budc truge da cho biét j -1 lo déu ¢6 hoa do d6 ta chi can danh dau lo thi j cho budc j:

L[j] := L[j-1];
batbit(j,J)
Nhu vay ta can chia qua trinh duyét theo cac lo hoa tir 1..n thanh hai giai doan.
Giai doan 1: Duyét tir lo 1 dén lo k, trong d6 k chinh la sb b6 hoa va theo dau bai,
k <n.
Giai doan 2: Duyét nét n - k lo hoa con lai.
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Phwong an quy hoach dong véi mang mot chiéu khi d6 s& nhu sau:

procedure xuly;
var i,j: byte;
begin
{1. Khoi tri }
fillchar (L,sizeof (L),0);
{danh dau cac lo hoa duoc chon }

T[0] := 0; {do tham mi }
{Vi co k bo hoa nen xet k lo dau tien }
for j :=1 to k do
begin
L[3j] := L[3-1];
batbit(j,J);
T[3] := T[j-11+v[3,31’
for i := j-1 downto 1 do
if T[i] < T[i-1]+v[i,j] then
begin
T[i] := T[i-1]+vI[i,]j];
L[i] := L[i-1];
batbit(i,j);
end;
end;

{xet cac lo con lai }
for j := k+l1 to n do
for i := k downto 1 do
if T[i] < T[i-1]+v[i,]j] then
begin
T[i] := T[i-1]+v[i,]];
L[i] := L[i-1];
batbit(i,j);
end;
end;

(* Pascal *)

(*
Hoa.pas: Quy hoach dong
*)

uses crt ;
const

fn = 'hoa.inp'; {File du lieu vao }

gn = 'hoa.out'; {File du lieu ra }

mn = 101; {So luong toi da cac lo hoa: 100 }

bl = #32; {Dau cach }

nl = #13#10; {Xuong dong }

kk = (mn+7) div 8; {So bit danh dau cac lo hoa }
type

mbl = array[0..mn] of byte; {mang byte 1 chieu }

207
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mb2 = array[0..mn] of mbl; {mang byte 2 chieu }
mll = array[0..kk] of byte;

ml2 = array[0..mn] of mll;
mil = array[0..mn] of integer;

var
n,k: byte; {n - so luong lo, k - so luong bo hoa }
v: mb2;
{v[i,j] - do tham my khi cam bo hoa i vao lo j }
L: ml2;

{cac mang danh dau lo hoa
bit(i) = 1: lo hoa duoc chon
bit(i) = 0: lo hoa roi }

T: mil;

{T[i,]Jj] tong do tham my khi cam i bo hoa vao day j
lo }

f,g: text; {files input wva output }

(Fmm e e e e

Ghi ket qua TI[k] -
Tong do tham mi cac lo duoc chon

procedure ghi; tu viét
BEGIN

doc; xuly; ghi;
END.

// C#

using System;
using System.IO;

namespace SangTaoTl

class CamHoa

{
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const string
const string
static int k
static int n
// vli, 3] =
// hoa i vao
static int],

209

fn
gn

"hoa.inp";

"hoa.out";

= 0; // so hoa

0; // so lo

do tham mi khi cam
lo j

1 v;

static void Main()

{
Run () ;

Console.WriteLine("\n Fini") ;

Console.
} // Main
static void
{

Doc(); S

DayLo Lo

int Vmax

Ghi (Vmax
}
// Ghi file
static void
{

StreamWr

g.Writel

for (int

if (

g.Close(
}
// Doc lai £
static void
// Dynamic P
// T(i,j) ma
// T(i,3)
// T(0,0)
// Tinh theo

ReadLine() ;
Run ()

how () ;
new Daylo(n + 2);
= Xuli (Lo) ;
, Lo); KiemTra();

Ghi (int Vmax, DayLo d)

iter g = File.CreateText (gn) ;
ine (Vmax) ;

i=1; i <= n; ++1i)
d.Bit(i) > 0) g.Write(i + " ");
)

ile gn de kiem tra

KiemTra () tu viét

rogramming

x tham mi voi i bo hoa va j lo

max {T(i-1,j-1)+v[i,j],T(i,j-1)}

T(i,0)= T(0,3) =0

cot, duoi len

static int Xuli (DayLo d)

{
if (k >
int[] t
DayLo[]
for (int
Lo[i
Array.Cl
// xet k
for (int

for

n) return 0;
new int[k + 2];
new DaylLol[k + 2];

i 0; i <=k + 1; ++i)
1 new DaylLo(n + 2);
ear(t,0,t.Length) ;

hoa va k 1lo

Lo

j=1; j<=k; ++j) // 1o
{ // so hoa i <= so lo j
(int i = j; i > 0; --i) // hoa
if (t[i - 1] + v[i, 3] > t[i])

{

t[i] t[i - 1] + v[i, Jj1;
Lo[i - 1] .CopyTo(Lo[i]) ;

Lo[i] .BatBit(j);
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}
}

// xet cac lo con lai
for (int j =k + 1; j <= n; ++j)
{
for (int i = k; i > 0; --i)
if (t[i - 1] + v[i, 31 > t[i])
{
t[i] = t[i - 1] + vI[i, 31,
Lo[i - 1] .CopyTo(Lo[i]) ;
Lo[i] .BatBit(3j);
}
}
Lo[k] .CopyTo(d) ;
return t[k];
}
static void Doc()
{
int[] a = Array.ConvertAll ((File.
ReadAllText (fn)) .Split(
new char[] {'\0','\n','\t','\r',"' '},
StringSplitOptions.RemoveEmptyEntries),
new Converter<String, int>(int.Parse))
k = a[0]; // so hoa
n a[l]; // so lo
v = new int[k + 2, n + 2];
int 1 = 2;
for (int d 1; d <= k; ++d)
for (int ¢ = 1; ¢ <= n; ++c)
v[d, c] = a[i++];
// dien 0 vao cac vi tri con lai
for (int j = 0; j <= n; ++j)
v[0, j] =v[k + 1, j] = 0;

}
// Hien thi du lieu

static void Show() tu viét

} // CamHoa
// The hien 1 day lo
class Daylo

{

public const int bitnum = 32;
// so bit cho 1 bien int = 32 = 245
public int Size;
public uint[] Data;
public DayLo(int n) // day 0/1 gom n lo hoa
{
Size = (n + bitnum - 1) / bitnum;
Data = new uint[Size];
for (int 1 = 0; i < Size; ++1i)
Data[i] = (uint)O0;
}
// Gan tri 1 cho bit i trong day lo
// 1> 5 =1/ 225 =i / 32

210
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public void BatBit(int i)
{

Data[i >> 5] |= ((uint)l) <<

(i & (bitnum-1));

}
// Gan tri 0 cho bit i trong day lo
public void TatBit(int i)
{
Data[i>>5] &= ~(((uint)l)<<(i&(bitnum-1)));
}
// Lay tri cua bit i trong day lo
public int Bit(int i)
{

return (int) ((Data[i>>5]>>

(i&(bitnum-1)))&((uint)l));

}
// CopyTo DayLo this sang Daylo y
public void CopyTo (DayLo y)

{
int len = (Size <= y.Size) ? Size
y.Size;
for (int i = 0; i < len; ++i) y.Datal[i]
= Data[i];
}
} // Daylo

} // SangTaol

Bai toan sau day la mot cach phét biéu khéc cua bai toan cim hoa:
Bai toan
Cau lac bg - Hoc sinh gidi Tin hoc, Ha Noi, nam 2000
Can bé tri k nhém hoc sinh vao k trong sé n phong hoc chuyén @ sao cho
nhém c6 sé hiéu nhé duroc xép vao phong c6 so hiéu nhé hon phong chiza nhém co
so hiéu lén. Véi méi phong c6 nhén hoc sinh, cac ghé thira phdi dueoc chuyeén ra
hét, néu thiéu ghé thi phdi lay tir kho vao cho dii méi hoc sinh mét ghé. Biét sé hoc
sinh trong mai nhém va sé ghé trong méi phong. Hay chon phuong an bé tri sao
cho téng sé lan chuyén ghé ra va chuyén ghé vao 1a it nhdt.
Bai 7.4. Tim cdac dwong ngan nhat
Cho mét do thi c6 huwéng gom n dinh md sé tir 1..n voi cdc cung (u, v) co6
huomg di tir dinh u dén dinh v va cé chiéu dai thé hién dwong di néi tir dinh u
dén dinh v. Viét chuwong trinh tim moi dwong di ngdn nhat tiv mét dinh s cho
trueoc toi cac dinh con lai cua do thi.
Dit liéu vao duoc ghi trong mot t€p van ban tén DIJ. INP cd cAu trac nhu sau:
- Dong diu ghi hai s tw nhién n va s cach nhau boi déu cach, trong d6 n 1a s6
lugng dinh cta dd thi, s 1a s hiéu cua dinh xuét phat.
- Tir dong thir hai ghi 1an Iugt d dai duong di tir dinh i dén cac dinh 1, 2,..., n;
i = 1..n. Gid tri 0 cho biét khong c6 cung ndi hai dinh tuwong tmg. V&i moi dinh
i =1..n, cung (i, i) duoc xem 1a khong ton tai va ghi chidu dai 1a 0. Cac sb cing
dong cach nhau qua déu cach. Dang dit liéu cho nhu vy duoc goi 1a ma tran ké
ctia d6 thi.
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Thi du sau day cho biét do thi ¢ bay dinh, can tim c4c dudng di ngdn nhét tir dinh 2 t6i
cac dinh con lai cua do thi. Cung (2, 1) ¢6 chiéu dai 4,...

DIJ.INP 4 6

O RPr OO O h OV
O O OO OO OoON
O OO0 oor o
R O WO OoO oo
O O OO o oo
O O O N O O Oo
o un oo r U o

1

Dit liéu ra dwugc ghi trong tép vin ban DIJ.OUT gom n dong. Thong tin vé mdi
dudng di ngin nhat tir dinh s dén cac dinh con lai dugc ghi trén 1 dong. S6 dau tién cua
dong 1a chiéu dai dudng di. Néu khong ton tai duong di thi ghi gia tri 0. Tiép dén, trong
truong hop c¢6 dudng di tir dinh s d&én dinh i thi ghi diy dinh xuat hién lan luot trén
duong di, dinh dau tién, di nhién 1 s, dinh cudi cing 1a i. Puong di tir dinh i toi chinh
dinh d6 dugc coi 1a khong tdn tai, i = 1..n. Thi du trén cho ta két qua

- Pudng ngin nhat tir dinh 2 dén dinh 1 c6 chidu dai 4, cach DIJ.OUT
di:2—>1. , 121
- Duong ngan nhat tir dinh 2 dén dinh 2: khong c6 (thuc ra,
theo 18 thuong 13 c6 dudng chiéu dai 0). 0
- Pudng ngin nhat tir dinh 2 dén dinh 3 ¢6 chidu dai 1,cach |1 2 3
di: 2 - 3. 32374
- Dudng ngén nhét tir dinh 2 dén dinh 4 c6 chiéu dai 3, cach | 0
di:2>3->7->4. 52374 6
- Pudng ngin nhit tir dinh 2 dén dinh 5: khong co. 2237

- Pudng ngin nhat tir dinh 2 dén dinh 6 c6 chiéu dai 5, cach
di: 253—->7—-4—6.

- Duodng ngin nhét tir dinh 2 dén dinh 7 6 chiéu dai 2, cich di: 2—>3-7.
Bai giai

Thuat gidi quy hoach dong dugc trinh bay dudi day mang tén Dijkstra, mét nha tin
hoc 16i lac nguoi Ha Lan. Ban chat cua thuat toan la stra dinh, chinh xac ra la stra trong
s6 caa mdi dinh.

Theo so @6 giai cac bai toan quy hoach dong trudc hét ta xay dung hé thirc cho bai
toan.

Goi p(i) 1a do dai duong ngin nhat tir dinh s dén dinh i, 1 < i < n. Ta thay, ham p(i)
phai thod céc tinh chatsau: , , ‘

a) p(s) = 0: dudng ngan nhat tir dinh xuat phat s dén chinh dinh @6 c6 chiéu dai 0.

b) Véi i # s, mudn dén dugc dinh i ta phai dén duoc mot trong céc dinh sat trudc
dinh i. Néu j 12 mot dinh sét trudce dinh i, theo didu kién cua dau bai ta phai c6

alj,1 1 >0
trong do a[j, i] chinh la chiéu dai cung (j — i).
Trong sé céac dinh j st trudc dinh i ta can chon dinh nao?
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Ki hiéu path(x, y) la duong di ngin nhit qua céc dinh, xuat phét tir dinh tir x va két
thic tai dinh y = x. Khi d6 duong tir s dén i sé duoc chia lam hai doan, dudng tir s dén j
vacung (j — i):

path(s,i) = path(s,j)+ path(j,i)
trong d6 path(j, i) chi gdm mét cung:
path(j,i) = (3 - 1) ‘ ”

Do p(i) va p(j) phai la ngan nhat, tic la phai dat cac tri min, ta suy ra diéu kién dé
chon dinh j sét trudc dinh i 12 tong chiu dai duong tir s dén j va chiéu dai cung (j — i)
Ia ngan nhat. Ta thu duogc hé thuc sau:

p(i) =min{p()+alii]lafii]>0j=1.n}

Dé y rang diéu kién a[j, i] > 0 cho biét j 1a dinh sét trude dinh i.

Diéu tai tinh la Dijkstra d4 cung cip thuat toan tinh ddng thoi moi duong di ngan nhat
tir dinh s dén cac dinh con lai caa db thi. Thuat toan d6 nhu sau.

Thuat toan thuc hién n 1an lip, mdi lan lip ta chon va xu Ii 1 dinh cua do thi. Tai
1an lap the k ta khao sat phan cua d6 thi gom k dinh véi cac cung lién quan dén k dinh
dugc chon trong phan do thi d6. Ta goi phan nay la dd thi con thu dugc tai budce xir 1y
th k cua do thi ban dau va ki hiéu 1a G(k). Véi do thi nay ta hoan tat bai giai tim moi
duong di ngan nhit tir dinh xuat phat s dén moi dinh con lai caa G(k). Chiéu dai thu
dugc ta gan cho mdi dinh i nhu mot trong s6 p[i]. Ngoai ra, dé chuan bi cho budc tiép
theo ta danh gié lai trong s6 cho moi dinh ké sau cua cac dinh trong G(k).

Khai tri: Gan trong s p[i] = c cho moi dinh, trir dinh xuat phét s, gan tri p[s] = 0.

Y nghia cuia thao tac nay 1a khi méi dirng ¢ dinh xuat phét s cua do thi con G(0), ta
coi nhu chua thim manh nao cua do thi nén ta chua c6 théng tin vé duong di tir s dén
cac dinh con lai cua do thi ban dau. N6i cach khéc ta coi nhu chua 6 duong di tir s dén
cac dinh khac s va do d6, do dai duong di tir s dén céac dinh d6 1a .

Gia tri oo dugc chon trong chuong trinh la:

MAXWORD = 65535.
Tai buac lap thi k ta thuc hién céc thao tac sau:
- Trong sb cac dinh chua xir Ii, tim dinh i ¢6 trong s6 min.
- Voi mdi dinh j chua xur 1 va ké sau vai dinh i, ta chinh lai trong sb p[j] cua

dinh d6 theo tiéu chuan sau:
Néu p[i] + a[i, j] < p[j] thi gan cho p[j] gié tri mai:
pljl=plil+ali,]]

Y nghia cua thao tac nay la: néu do dai duong di path(s, j) trong db thi con G(k - 1)
khong qua dinh i ma lon hon d6 dai duong di maéi path(s, j) c6 qua dinh i thi cap nhat
lai theo duong mai d@o.

- Sau khi cap nhat ta can luu lai vét cap nhat d6 bang lénh gan before[i] = j véi y

nghia 13, dudng ngan nhat tir dinh s téi dinh j can di qua dinh i.

- Dénh dau dinh i 1a da xtr |1

Nhu vay, tai mdi budc lap ta chi xir Ii ding mét dinh i ¢6 trong s6 min va danh du
duy nhat dinh d6.

procedure Dijkstra;
var i,k,j: byte;
begin

Init;
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for k := 1 to n do
begin
i := Min; { tim dinh i co trong so p[i] ->
min }
d[i] := 1; {danh dau dinh i la da xu 1li }
for j := 1 to n do

if d[j] = 0 then {dinh chua tham }
if a[i,j] > 0 then {co duong di i -> j }
if p[i] + al[i,]j] < pl[j] then
begin {sua dinh }
plil = pli]l + ali,jl;
before[]j] := 1i;
end;
end;
end;
Thuat toan chira hai vong £or 16ng nhau do d6 c6 do phic tap la n’.
Sau khi hoan thanh thuat toan Dijkstra ta can goi thu tuc Ket (két) dé ghi lai két
qua theo yéu cau cua dau bai nhu sau.
~ Vi mdi dinh i = 1..n ta can ghi vao tép output chiéu dai duong di tir s dén i bao
gom gia tri p[i] va cac dinh nam trén duong do.
Cha y rang néu p[i] nhan gié tri khoi dau tic 1a MAXWORD = 65535 thi tic la
khong cé duong di tir s dén i.

procedure Ket;
var i: byte;
begin
assign(g,gn); rewrite(q):;
for i := 1 to n do
if (i=s) or (p[i] = MAXWORD) then
writeln(g,0)
else
begin
write(g,p[i], bl);
path (i) ;
writeln(qg);
end;
close(qg) ;
end;

Vé y nghia, mang before chira cac con tro nguoc tir méi dinh i dén dinh sét trudc
dinh i trén duong di ngan nht, do d6 ta phai lan nguoc bang thu tuc dé quy path (i) dé
ghi vao tép g vét cia duong di theo trat tu tr s dén .

Giai trinh duong ngan nhat tu s den i.
Ghi vao file g

procedure path(i: byte) ;
begin
if i=0 then exit;
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(*

path (before[i]) ;
write(g,i,bl);
end;

Pascal *)

DIJ.PAS Tim cac duong ngan nhat tu mot dinh
toi cac dinh con lai trong do thi co huong
(thuat giai Dijkstra)
{$B-}
uses crt;
const

MN = 100; {gioi han so dinh }

MAXWORD = 65535; {Gia tri duong vo cung }

fn = 'DIJ.INP';

gn = 'DIJ.OUT';

bl = #32; {dau cach }

nl = #13#10; {xuong dau dong moi }
type

mbl = array[0..MN] of byte;

mb2 = array[0..MN] of mbl;

mwl = array[0..MN] of word;
var

a: mb2; {ma tran ke}
before: mbl; {before[i] - dinh sat truoc dinh
p: mwl; {p[i] - trong so dinh i}
d: mbl; {d[i]=0: dinh i chua xu ly
d[i]=1: dinh i da xu ly}
n: byte; {so luong dinh}
s: byte; {dinh xuat phat}
f,g: text;

Khoi tri

- trong so cac dinh: vo cung

- trong so dinh xuat phat s, p[s] = 0
- cac dinh sat truoc: 0

procedure init;
var i: byte;
begin
for i := 0 to n do
begin
d[i] := O0;

i}

215
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pl[i] := MAXWORD;
before[i] := O0;
end;

pls]l := 0;

end;

Giai trinh duong ngan nhat tu s den 1i.
Ghi vao tep g

Ket thuc thuat toan:
ghi ket qua vao file g

Trong so cac dinh chua xu ly,
chon dinh trong so min

function Min: byte;
var m, i: byte;
begin
m := 0;
for i := 1 to n do
if d[i]= O then {dinh i chua xu 1i }

if p[i] <= p[m] then m := 1i;
Min := m;
end;
(* ____________________________
Thuat toan Dijkstra
______________________________ *)
procedure Dijkstra; ty viét
BEGIN
Doc; Xem; Dijkstra; ket;
END.

Ta minh hoa tién trinh hoat dong cua thuat toan Dijkstra qua 2
thi du da cho.

Sau khi doc dir liéu tir tép £=DIJ.INPtacén=7,s= 2, 0000000
Db thi c6 7 dinh, dinh xuit phat 1a 2. Ma tran k& a thu dugc |4 01 0 0 0 5
nhu sau: 000O0O0O01

0000020
Khéi tri 0003000
Dinh | d p befor 10000035
e 0001000
1 0| 65535 0
2 0 0 0
3 0| 65535 0
4 0| 65535 0
5 0| 65535 0
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6 0] 65535 0
7 0| 65535 0

Budc lap k=1
i =min =@ v¢i p[@] =0.

Cac dinh chua xir Ii va ké véi dinh @ s& duoc stra trong s6 1a 1, 3 va 7 (c6 dau v).

Vi p[®] + a[®, 1] = 0 + 4 = 4 < p[1] = 65535 nén p[1] dugc sitra thanh 4 va
before[1] dugc stra thanh @.

Vi p[®] + a[®, 3] =0 + 1 =1 < p[3] = 65535 nén p[3] dugc sira thanh 1 va
before[3] dugc stra thanh @.

Vi p[®] + a[®, 7] =0 + 4 = 5 < p[7] = 65535 nén p[7] dugc sira thanh 5 va
before[7] dugc stra thanh @.

Pinh | d p before
1v 0 65535/4 | 0/2
(2] 0/110 0

3V 0 65535/1 | 0/2

4 0 65535 0

5 0 65535 0

6 0 65535 0

v 0 65535/5 | 0/2

Buéc lap k=2

i =min=© vagip[O] = 1.

Dinh chua xir 1i va ké véi dinh © s& duoc sira trong s6 1a dinh 7.

Vip[®] + a[®, 7] =1+ 1=2<p[7] =5 nén p[7] dugc sua thanh 2 va
before[7] dugc sira thanh ©.

DPinh | d p before
1 0 65535/4 0/2
@) 0/110 0

(3] 0/1 | 65535/1 0/2

4 0 65535 0

5 0 65535 0

6 0 65535 0

v 0 65535/5/2 | 0/2/3

Budc lap k=3

i=min=7véip[@] =1

Dinh chwa xir 1f va k& véi dinh 7 s& duoc sira trong s6 1a dinh 4.

Vip[@] + a[@, 4] =2 + 1 = 3 < p[4] = 65535 nén p[4] dugc sta thanh 3 va
before[4] duoc sia thanh @.

DPinh | d p before
1 0 65535/4 0/2
@ 0/1]0 0

® 0/1 ] 65535/1 0/2
4v 0 65535/3 0/7

5 0 65535 0

6 0 65535 0

(7] 0/1 | 65535/5/2|0/2/3

Budc lap k=4
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i =min =4 vei p[@] = 3.
binh chua xir 1i va ké véi dinh @ s& duoc sira trong s6 13 dinh 6.
Vi p[@] + a[®, 6] =3 + 2 =5 < p[6] = 65535 nén p[6] dugc stra thanh 5 va
before[6] dugc stra thanh @.

BPinh | d p before
1 0 65535/4 0/2
® 0/11]0 0
® 0/1 ] 65535/1 0/2
(4]

5

0/1 | 65535/3 0/7

0 65535 0

6V 0 65535/5 0/4
@) 0/1 | 65535/5/2|0/2/3

Budc lap k=5
i =min= O véi p[O] = 4.
Khong c6 dinh chua xir li nao k& véi dinh @.

Pinh | d p before
o 0/1 | 65535/4 0/2
@ 0/11]0 0

® 0/1 | 65535/1 0/2
@ 0/1 | 65535/3 0/7

5 0 65535 0

6 0 65535/5 0/4
@ 0/1 | 65535/5/2|0/2/3

Budc lapk =6
i =min=0 vai p[@®] = 5.
Khéng c6 dinh chua xir Ii nao ké véi dinh @. Chii ¥ ring dinh 7 ké véi dinh @
nhung dinh 7 nay d& xu Ii roi.

Dinh | d p before
O} 0/1 | 65535/4 0/2
® 0/11]0 0

® 0/1 | 65535/1 0/2
@ 0/1 | 65535/3 0/7

5 0 65535 0

(6 0/1 | 65535/5 0/4
@ 0/1 | 65535/5/2|0/2/3

Thuét toan dung.
Luu y rang dinh xuat phat cho bai toan nay Ia s = 2. Ta minh hoa giai trinh két qua
cho ba thi du sau.
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Dudng di ngin nhat tir dinh s = 2 dén dinh t = 4: Pinh | d p before
Vi p[4] = 3 nén d6 dai duong di la 3. 1 11 a 2
Dé giai trinh vét cua duong di tir 2 dén 4 ta dya P 1o 5
vao mang before[1..7] nhu sau:
Vi before[4] = 7, tic 14 trude khi dén dinh 4 phai | 3 111 2
qua dinh 7 nén ta co 4 1|3 7
>4 , 5 0| 655350
Vi before[7] = 3, tirc la trude khi dén dinh 7 phai
s R . 6 1|5 4
qua dinh 3 nén ta cé
3574 7 1]2 3

Vi before[3] = 2, tic 1 trudc khi dén dinh 3 phai qua dinh 2 nén ta c6
25357514
Két qua nay dugc ghi & dong thir tu ctia tép DIJ . OUT nhu sau:
32374

trong d6 s6 dau tién 3 cho biét chiéu dai duong di, day sd con lai giai trinh vét cua
duong di tir dinh 2 dén dinh 4.

DPuong di ngén nhét tir dinh s =2 d&én dinh t = 5:

Vi p[5] = 32767 ung véi gia tri duong v cling oo khoi tri Ilc dau nén khong co
duong di tir dinh 2 dén dinh 5.

Ta ghi két qua 0 tai dong 5 cua tép DIJ. OUT.

Puong di ngin nhét tir dinh s = 2 d&én dinh t = 2:

Vi s = t nén ta coi nhu khdng c6 duong di tir dinh 2 dén dinh 2.

Ta ghi két qua 0 tai dong 5 cua tép DIJ. OUT.

Cac dang khac cla bai toan Dijkstra

Luu y rang ma tran ke c6 thé chura céc gia tri thuc, tuy nhién can gia thiét rang moi
gia tri trong ma tran ké phai la cac so khdong am. Véi cac so6 am bai todn s& phic tap
hon.

P1. Néu do thi d& cho la vd huong ta giai nhu trén, chi luu y dén tinh ddi xang khi
doc dix liéu vao ma tran ké a.

P2. Néu dé bai chi yéu cau tim mot duong di tir dinh s dén dinh t ta thuc hién cac
buéc sau:

1. Docdix liéu.

2. Goi thuat toan Dijkstra.

3. Ghi két qua p[t] va giai trinh mot duong theo thuat todn path (t).

I C#
using System;
using System.IO;
using System.Collections;
namespace SangTaoTl

* Thuat toan Dijkstra
* Tim moi duong ngan nhat tu mot dinh
* den moi dinh con lai

class Dijkstra
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const string fn = "Dij.inp";
const string gn = "Dij.out";
static int n = 0; // so dinh
static int s = 0; // dinh xuat phat
// c[i,j] ma tran ke cho biet
// do dai cung (i,])
static int[,] c;
static int[] d; // danh dau dinh
static int[] t; // tro truoc
static int[] p; // trong so dinh
static void Main()
{
Run() ;
Console.Readline () ;
} // Main
static void Run()
{
Doc() ; Show(); Dij();
Ghi(); Test();
Console.WriteLine("\n Fini");
Console.ReadLine () ;
}
// Kiem tra lai tep output
static void Test() tu viét
static void Ghi ()
{
StreamWriter g = File.CreateText(gn);
for (int i = 1; i <= n; ++i)

if (i == s || pl[i] == int.MaxValue)

g.WritelLine (0) ;
else
{
g.Write(p[i] + " ")
int u = InvPath(i);
for (int j = u; j > 0; --3j)
g.Write(d[j] + " ");
g.Writeline() ;
}
g.Close() ;
}
// Lan nguoc duong di
// tu dinh v den dinh s
// ghi tam vao mang d
static int InvPath(int v)
{
int i = 0;
do
{
d[++i] = v;
v = t[v];
} while (v !'= 0);
return i;



Sang tao trong Thuéit toan va Lap trinh Tap | 221

}
static void Dij()
{
for (int i = 0; i <= n; ++i)
{ //d: danh dau dinh, t: tro truoc
d[i] = t[i] = O;
pli] = int.MaxValue; // Trong so
}
pls] = 0;// s: dinh xuat phat
for (int 1 = 1; i < n; ++i)
{
int u = Minp();// u: dinh trong so min
d[u] = 1; // danh dau dinh da xet
// sua lai nhan dinh
for (int v = 1; v <= n; ++v)
if (d[v] == 0) // dinh chua =xet
if (c[u, v] > 0) // co cung(u,v)
if (p[u] + c[u, v] < plv])
{ // sua lai nhan dinh v
plvl = p[u]l + c[u, v];
// chon cach di tu u -> v
tlv] = u;
}
}
}

// Tim trong so cac dinh chua
// xu 1li mot dinh j co p min
static int Minp()
{
int jmin = 0;
for (int i = 1; i <= n; ++i)
if (d[i] == 0) // dinh i chua xet
if (p[i]l < pl[jmin]) jmin = i;
return jmin;
}
static void Doc()
{
int[] a = Array.ConvertAll ((File.
ReadAllText (fn)) .Split(
new char[] {'\0','\n','\t','\z'," '},
StringSplitOptions.RemoveEmptyEntries),
new Converter<String, int>(int.Parse));

n = a[0]; // so dinh

s = a[l]; // dinh xuat phat
c = new int[n + 1, n + 1];
d = new int[n + 1];

t = new int[n + 1];

P = new int[n + 1];

int k = 2;

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

for (int j = 1; j <= n; ++j)
c[i, j] = alk++];
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// Hien thi du lieu
static void Show() tu viét
// hien thi mang
static void Print(int[] a, int n) tu viét
} // Dijkstra
} // SangTaol
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CHUONG 8

SUY NGAM

Chuong nay gidi thiéu mot s6 bai toan thude cac 16p thuat giai khac nhau dé ban
doc tu luyén tap.

Théng thudng, néu chi biét mot phuong Jphap giai ma gap bai toan "tring ti", nghia la
bai todn van dung chinh phuong phap da biét thi ta gan nhu khong phai suy nghi gi. Tuy
nhién, khi da cé trong tay mdt sO phuong phap thi viéc chon thuat giai cho moi bai toan cy
thé s& khong d& dang chiit nao.

Luyén tap va suy ngdm dé tim kiém duong di trong cac tinh hudng nhu trén s&
cung cap cho chung ta nhiéu kinh nghiém quy.

Bai 8.1. Lat nén
Nguoi ta can 1dt kin mot nén nha hinh vuong canh dai n = 2k, (k la mot $6 tw nhién
trong khodng 1..6) khuyét mt phan tw tai goc trén phdi bang nhing vién gach mau
hinh thiée the (chit L) tao béi 3 6 vuéng don vi nhw trong hinh 2b. Hai vién gach ké
canh nhau du chi 1 don vi dai phai cé mau khac nhau. Hay cho biét mot cach lat voi
6 mau it nhdt.

D B
A C
a) Nén nha b) Gach lat
Hinh 2

Dit liéu vao: t&p van ban NEN . INP chira s6 tu nhién n.

Dit liéu ra: tép van ban NEN.OUT. Dong déu tién 1a hai s ty nhién m biéu thi
s0 vién gach va ¢ la sO mau can dung cho viéc lat nén. Tiep dén la mot phuong
an 14t nén tim dugc, trong d6 moi vién gach 14t dugc tao bai ba chir s6 gidng
nhau thé hi¢én mau cua vién gach do. Cac so trén moi dong cach nhau qua dau
céch.
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Thi dy, v6i n = 8 ta c6 mdt cach 14t nén nhu
Sau:

Loi giai sau day cua ban L€ Hoang Hai, 16p
10 chuyén Tin, Pai hoc Khoa hoc Ty nhién, Dai
hoc Qudc gia Ha Noi (ndm 2002).

Dé tinh s6 vién gach ta 1y ba phan tu dién
tich hinh vuéng pht nén nha chia cho 3 1a dién
tich 1 vién gach thudc tho:

sogach:=((3*n*n)

div 4) div 3;

§
~

| 2

=

mau.

\
$
w

B

e
&
B

NEN. INP
8

NEN.OUT
16 3

R DN WEFELDNMNDMDW
W NhDNEFEF P WWNDNDH-R
W wkFELMNMNDNDNWRPR
R R WNDN
RN WwWWw

FRWWwERE R W
WNNR
WwwkE R
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Vé s6 mau, v6i n =2 thi chi can 1 vién gach mau 1.
Vi moi n > 2 ta s€ trinh bay mot thudt todn can toi da ba

Dau tién ta goi thi tuc Init dé khoi tri véi
hinh vudng canh v = 2 nam & goc dudi trai cta
nén nha duoc biéu dién dudi dang mdt mang hai
chiéu a: ba 6 trong hinh vudng 2 x 2 s& duoc
dién gia tri 1, 6 ndm & goc trén phai duoc dién
gia tri 2 (phan t6 dam, hinh 6). Goi hinh dugc
khoi tri 1a A. M&i budce tiép theo ta thuc hién ba
thao tac bién hinh sau day:

- Tinh tién A di lén theo duong chéo dé thu dugc hinh B (xem thu tuc

DichCheo).

- Lat A sang phai (tirc 1 1iy ddi ximg guong qua truc tung) dé thu
dugc hinh C (xem tht tuc LatPhai).

- Lat A 1én trén (tirc 1a 1y d6i xing guwong qua truc hoanh) dé

dugc hinh D (xem thu tuc LatLen).
Chu ¥ ring khi It ta cn thyc hién thém phép hoan ddi tri 1 va 3 cho nhau.

thu

M&i lan lip nhu vay ta s& thu duoc hinh vudng c6 canh ting gap doi hinh trudc.

Khi v = n ta goi thil tuc Fini dé ghi ba manh D, A va C vao tép két qua.

31311
312121
1{12]13(3
111)13]2
3(3]1)2 313[1]2]2|3|1(1
312]1(1 312[1]1]3|3]|2(1
112 112123 11212 |311]|2|2]{3
1(1 1(1]13]3 1113311 |(1]3]3
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Hinh 6

Ta biéu din nén nha hinh vuéng qua mot mang hai chiéu a v6i cac dong duoc ma s6 1.
tir trén xuong va cac cot dugc ma so tir 1..n tr trai qua phai. Khi d6 vién gach & goc dudi trai sé
c6 toa do [n, 1]. Sau khi doc dir li¢u dé nhan gia tri n, ta gan tri ban dau cho 4 vién gach & goc
dudi trai nhu sau:

a[n-1,1] := 1; a[n-1,2] = 2,
a[n,1] := 1; a[n,2] = 1;

Ki hi¢u A 1a hinh vudng canh dai v don vi nam tai goc dudi trai cua nén nha, tic 1a
phan mang v[n — v + 1..n, 1..v] trong hinh 7. Khi d6 céac thu tuc di chuyén hinh vuéng A
s€ dugc mo ta nhu sau.

A
n-v+1]13| 3| 1|2
3|2 (1|1
n-1 1(2]2]3
n 1(1]3]3
1 2 %

Hinh 7. Hinh vuéng a canh v dwoc chon dé
bien hinh

B |33 (1 |2

3|2 1 1
112 |2 |3
A 111 |3 |3

n 1|13 (|3

1 2 Vv
Hinh 8. Dich chéo A d@é thu dwoc B

Dé dich chéo hinh vudng A ta copy dan ting phan tir trong cac dong, tir dong n — v
+ 1 dén dong cudi cung, dong thir n dén vi tri mai (h. 8).
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Dich hinh vuong A canh v,
a[n-v+1l..n,1..v]o goc duoi trai di len theo
duong cheo chinh cua nen nha de nhan duoc manh B.

procedure DichCheo (v: word) ;
var i,j:word;

begin
for i := n-v+l to n do
for j = 1 to v do
afi-v,j+v] := ali, jl;
end;
A C
n-v+ |3|3|1|2]|]2(3|1]1
; 3(2(1(1]|]3|3]|2]|1
n-1 11212131223
n 1|]1|13|3|]1(1](3
1 2 ... v
Hinh 9. Ldt A qua phdi d@é thu dwoc C
313 |1 (1 ]|D
312 (2|1
1121|313
1113 ]2
n-v+1|3 (3 |1 |2 |A
312 |1 |1
n-1 11212 |3
n 1(1 )3 |3
1 2 ... v

Hinh 10. Ldt A Ién trén dé thu dwoc D

Dé 1at phai hinh vudng A ta ciing chuyén dan timg phan tir trong céc dong, tir dong
n—v+ 1 d&n dong cubi cing, dong thtr n dén vi tri méi. Tuy nhién can luu y thay ddi tri
mau tu 1 sang mau 3 va nguoc lai. Thao tac nay dugc thuc hién qua phép gan 4 — c,
trong do6 ¢ 12 mau cuia 6 gbe. Néu ¢ = 2 thi 4 — 2 = 2, tirc 13 mau 2 khong thay ddi (h. 9).
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Lat hinh vuong canh v, a[n-v+1l..n,1..v]
o goc duoi trai sang phai, doi mau gach
de nhan duoc manh C.

procedure LatPhai (v: word);
var i,j,v2:word;

begin
v2 = 2%*v;
for i := n-v+l to n do
for j = 1 to v do
al[i,v2-j+1] = 4-ali,jl;
end;

Dé 14t hinh vudng A 1én trén ta ciing lam twong tu nhu 1t phai (h. 10).

Lat hinh vuong canh v, a[n-v+1l..n,1..v]
o goc duoi len tren, doi mau gach
de nhan duoc manh D.

procedure LatLen(v: word) ;
var i,j,v2:word;

begin
v2 = n-2*v+l;
for i := 0 to v-1 do
for j := 1 to v do
al[v2+i,j] = 4-a[n-i,j];
end;
Binh luan
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Thuét giai st dung hai phép bién hinh co ban trong chuong trinh phé thong 1a phép
doi hinh (tinh tién) va ddi xung qua tryc. Viéc hoan ddi tri 1 va 3 cho nhau 1a mot y
tuong thong minh. Mdi 6 trong bang dugc dién dung mot 1an do dé do phuc tap tinh
toan cua thuat toan 1a n’, trong khi cac bai giai khac déu phai sir dung cac phép do tim
dé xac dinh mau to va goi dé quy nén thuong tén kém vé mién nhé va thoi gian hon

nhiéu lan.

(* Pascal *)

(****************************

LATNEN - lat nen nha
hinh wvuong khuyet goc bang
cac vien gach mau hinh L
*****************************)
const
fn = 'NEN.INP'; {input file}
gn 'NEN.OUT'; {output file}
bl = #32; {dau cach}
mn = 65; {kich thuoc toi da cua n}
var {n - chieu dai canh nen nha}
f,g: text;
a: array[0..mn,0..mn] of byte; {nen nha}
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{a[i] - mau vien gach lat}
n,n2: word; {n2 = n/2}
sogach: word;

procedure Init;

begin
{Doc du lieu}
assign(f,fn); reset(f);
readln(f,n); close(f):;

n2 := n div 2;
sogach = ((3*n*n) div 4) div 3;
{Dat tam 4 o vuong (2 X 2) tai goc duoi trai}
a[n-1,1] := 1; a[n-1,2] = 2
a[n,1] = 1; a[n,2] = 1;
end;

procedure Fini (somau:word) ;
var i,j: word;
begin
assign(g,gn); rewrite(q):;
writeln (g,sogach,bl, somau) ;
{ghi goc tren trai D}
for i := 1 to n2 do
begin
for j := 1 to n2 do
write(g,a[i,]j], bl);
writeln(qg);

end;
{ghi nua duoi A va C}
for i := n2+1 to n do
begin

for j := 1 to n do

write(g,al[i,j],bl);
writeln(g);
end;
close(qg) ;
end;

Dich hinh vuong A canh v, a[n-v+1l..n,1..v]
o goc duoi trai di len theo duong cheo
chinh cua nen nha de nhan duoc manh B.

Lat hinh vuong canh v, a[n-v+l..n,1..v]
o goc duoi trai sang phai, doi mau gach
de nhan duoc manh C.

procedure LatPhai(v: word); tu viét
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Lat hinh vuong canh v, a[n-v+1l..n,1..

o goc duoi len tren, doi mau gach
de nhan duoc manh D.

procedure LatLen(v: word); tu viét
procedure Run;
var v:word;
begin
Init; {khoi tri voi n = 2}
if n = 2 then

begin
Fini (1), exit;
end;
v = 1;
repeat
v = v*2;
if v < n2 then DichCheo (V) ;
LatPhai (v) ;
LatLen(v) ;
until v = n2;
Fini (3) ;
end;
BEGIN
Run;
END.
// C#

using System;
using System.IO;
namespace SangTaol

class LatNen

{
const string fn = "Nen.inp";
const string gn = "Nen.out";

static int n = 0; // canh nen nha

static int[,] c¢; // nen nha

static void Main()

{
Run() ;
Console.ReadLine () ;

} // Main

static void Run()

{
Doc(); Lat(); Ghi();
Test() ;

Console.WriteLine("\n Fini") ;

Console.ReadLine () ;

229
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// Kiem tra ket qua
static void Test() tu viét
static void Ghi ()

{

}

StreamWriter g = File.CreateText(gn) ;
int n2 =n / 2;
const string BL = " ";
if (n == 2)
g.WriteLine(l + BL + 1);
else g.WriteLine(((n*n)/4)+BL+3) ;
for (int i = 0; i < n2; ++i)
{
for (int j = 0; j < n2; ++j)
g.Write(c[i, j] + BL);
g.WriteLine() ;
}
for (int 1 = n2; i < n; ++i)
{
for (int j = 0; j < n; ++3)
g.Write(c[i, j] + BL);
g.WriteLine() ;
}
g.Close() ;

static void Lat()

{

}

c = new int[n, n];

// Khoi tri

for (int 1 = n - 2; i < n; ++i)
for (int j = 0; j < 2; ++j)

cli, j1 = 1;

cln -2, 1] = 2;

int k = 2;

while (k < n)

{
Len (k) ;
Phai (k) ;
DichCheo (k) ;
k *= 2;

}

// Lat ma tran kXk len tren
static void Len(int k)

{

}

for (int i = n - k; i < n; ++i)
for (int j = 0; j < k; ++3)
c[2*(n-k)-i-1,3j] = 4-c[i,]];

// Lat ma tran kXk sang phai
static void Phai (int k)

{

k n; ++i)

for (int i ; i < n;
j < k; ++3)

=n
for (int j =

0;

230
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cli,2*k-j-11 = 4-c[i,jl;

}

// dich ma tran kXk theo huong Dong-Bac

static void DichCheo (int k)

{

< n; ++i)

k; ++3)

cli, 31;

for (int i =
for (int j
c[i - k,

k.

k

B
+ o 1
—_— e~
N A b

}

static void Doc()

{
n = int.Parse (File.ReadAllText (fn) .Trim()) ;

Console.WriteLine("\n Da doc n = " + n);

}
} // LatLen
} // SangTaol

Bai 8.2. Chir s6 cudi khdc 0
Pé thi Tin hoc Quéc gia Ireland, 1994.
Tim chit s6 cudi cing khdc 0 ciia n! véi n trong khodng 1..100.
Thi duy:
- n=7kétqua=4.
- n=15,kétqua=8.
Bai giai
Thuét giai cua ban Viét Hung (Ha Tay, 2002) cho phép mo rong gi6i han cia n dén hang
chyc van va néu ban muon, c6 thé tiép tuc mo rong dén hang triéu.
Y tudng chinh cua Viét Hung nam & cong thirc: 2 x 5 = 10 (hai 1an ndm 13 mudi).
That vy, ta bict:
n!'=1.23..n
_ Céc chir s’(‘) cubi cung bang 0 cta n giai thira dugc sinh ra khi va chi khi trong khai
trién ra thira sO nguyén t6 cua tich trén c6 chira cac cap thura s0 2 va 5. Vay thi trude het
ta dém so lugng cac thira s0 2, ki hiéu 1a d2 va so lugng céc thira so 5, ki hig¢u 1a d5.
Thi du, v6i n = 15 ta c6 dang khai trién ra thira sé nguyén t6 cia n giai thira nhu
Sau:
n!=1.2.3.(2.2).5.(2.3).7.(2.2.2).9.(2.5).11. (2.2.3).13.(2.7).(3.5)
Do d6 d2 = 11 va d5 = 3. Vay ta c6 ba cgp 2.5 = 10 va s6 mil doi ra ciia thira s6 2
so véi thira s6 5 s€ 1a d2 — d5 = 11 — 3 = 8. Khi do, két qua sé la:
chtt s6 cubdi cung khac 0 cua 15! = chit s6 cubi cung cua
k. 2d2—d5
Trong d6 k 1a tich ciia cac thira sé con lai.
D& thay v6i moi n, ta ludn c6 d2 > d5 vi ¢t hai s6 lién tiép thi c6 mot sb chin (chia
hét cho 2), con nam s6 lién tieép mdi cdé mdt so chia hét cho 5.
_ Viéc con lai la lé}{ tich k ciia cac sb con lai. Vi tich nay khong bao gi¢ tan cung
bang 0 cho nén ta chi can gitt lai mot chit s0 cudi cung bang cach lay mod 10.
Dé tinh chit s6 tan cing cua 2™ véi m = d2 — d5 > 0 ta dé y dén tinh tuan hoan cua
16, cu thé 13 ta chi can tinh chir s6 tan cung cua 20" ™% v6i cac trudong hop:
mmod4=0,1,2va3.
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Theo thi du trén ta c6 m mod 4 = 8 mod 4 = 0, do d6 chit s6 cudi ctia 2™ 13 6 chu khong
phaila 1 vi m> 0. Ta tinh dugc (nhitng cap 2 va 5 dugc gach dudi)
151=1.2.3.45.6.7.8.9.10.11.12.13.14.15 =
=1.2.3.(2.2).5.(2.3).7.(2.2.2).9.(2.5).11. (2.2.3).13.(2.7).(3.5)
= (3.3.7.9.11.3.13.7.3). 2°mod 10 =
= ((k mod 10) . (2% mod 10)) mod 10 = (3.6) mod 10 = 8.
Chir s6 cudi cung khac 0 ctia 15! 14 8.

Luu ¥ rang (a.b) mod m=((a mod m).(b mod m)) mod m cho nén ta c6 thé ldy mod
¢ cac budc trung gian véi so lan tuy ¥.

Dé tranh viéc tran s6 khi st dung cac bién dung lwong nho nhu kiéu word thay vi
dung longint chl'mg ta c6 thé ting thém mot phép toan mod nita. Chang han, khi tich
luy két qua, thay vi viet

k := (k*c) mod 10;
ta nén viét
k := (k*(c mod 10)) mod 10;
trong d6 K 1 s6 c6 mot chit s, ¢ 12 s6 ¢6 thé rét 16n, du dé 1am tich (k*c) vuot qua gisi
han cho phép. Thi dy, néu khai bao kiéu dit liéu 1a word thi khi k =8, ¢ = 17999 ta c6
k*c = 8%17999 = 143992 > 65535 (gi6i han ciia word), trong khi 8 va 17999 déu nam
trong gidi han cho phép.

Binh luan
Dé y ring:
14! = 87178291200, c6 chir s6 cudi cing khac 0 1a 2
15! = 1307674368000, c6 chit s6 cudi ciing khac 0 1a 8.

Néu dé tinh 15! ma ban chi lay mot chit s6 cubi khac 0 cua cac phép tinh trung gian

thi sau khi tinh chit s6 cuoi cua 14! ban s€ nhan dugc 2 va cuoi cung la:
(2*15) mod 10 = 30 mod 10 = 3.

Két qua nay 1a sai vi chir s6 cudi khac 0 cta 15! 1a 8.

Chuong trinh sau day chira thi tuc £ind tim chit s6 cudi ciing khac 0 ciia n! véin
trong khoang 1..65535.

Ta thuc hién mot cai tién nho nhu sau. Thay vi dém sd lugng cac thira s6 2 (d2) va
thira s6 5 (d5) sau do lam phep trir d2 — d5, ta dem luén mot lan hiéu sd nay va ghi vao
b1en’ m. Cu thé 1a v&i rpm giatrii=2.nta dem $6 luong céc thira $6 2 trudc, sau do trir
di s0 lugng cac thira s0 5.

(* Pascal *)

uses crt;
function find(n: longint): longint;
var m: longint;
{m - hieu so cac thua so 2 va thua so 5}
i,k,c: longint;
begin {k - ket qua trung gian}
k := 1; m := 0;
find := k;
if (n <= 1) then exit;
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d :=0;
for i := 2 to n do
begin
c = i;
while cmod 2 = 0 do
begin
m := m+l; ¢ := c div 2;
end;
while ¢ mod 5 = 0 do
begin
m := m-1; ¢ := c div 5;
end;
k := (k*(c mod 10)) mod 10;
end;
case (m mod 4) of
0: ¢ := 6;
1: ¢ := 2;
2: ¢ := 4;
3: ¢ := 8;
end;
find := (k*c) mod 10;
end;

procedure run;
var n: longint;
begin
writeln('----------—---—--——--- ')
repeat
write(' Nap N (Muon dung chuong trinh, bam 0 ):
")

read(n) ;
if n = 0 then halt;
writeln(' find(',n,') = ',find(n));
until false;
end;
BEGIN
run;
END.

Ki thuat gan trwéc
Ban c6 thé thay 1énh Case trong viéc tinh chit s6 tn cting cia 2™ bang céc thao tac
Sau:
1. Khai bao va gan truéce tri cho mang LuyThua
const LuyThua: array[0..3] of word = (6,2,4,8);
) Y nghia ctia dong 1énh trén: khai bao mot mang kiéu word véi bdn phan tir c6 chi
s0 bién thién tir 0..3 va gan trudce tri cho mang nay la:
LuyThua[0] := = 6; {= 2* mod 10}
LuyThua[1] 2; {= 2! mod 10}
LuyThua[2] 4; {= 2% mod 10}
LuyThua[3] 8; {= 23 mod 10}



Sang tao trong Thuéit toan va Lap trinh Tap | 234

Chu y rang, do doi hoi phai khai bao trude va gan dong thoi nén Turbo Pascal 7.0
quy dinh dit khai bao nay sau tir khoa const. Tuy nhién LuyThua van la bién mang
chir khong thé 13 hing.

2. Khi can tim chir s6 cubi cing ¢ ciia 2™ ban khoi phai dung 1énh case, chi
can viét:

c := LuyThua[m mod 4];

Ham Find theo phuong 4n méi s€ nhu sau:

const LuyThua: array[0..3] of word = (6,2,4,8);

Find - Tim chi sbé cubdi cung khac 0 ctaa n!
Phuong an dung mang LuyThua gan truoc

function find(n: longint): longint;

var m: longint;

{m - hieu so cac thua so 2 va thua so 5}
i,k,c: longint; {k - ket qua trung gian}

begin

k := 1; m := 0;

find := k;

if (n <= 1) then exit;

d :=0;

for i := 2 to n do

begin
c = i;
while ¢ mod 2 = 0 do
begin

m := m+l; ¢ := c div 2;
end;
while c mod 5 = 0 do
begin
m := m-1l; ¢ := c div 5;
end;
k := (k*¥(c mod 10)) mod 10;
end;
find := (k*LuyThua[m mod 4]) mod 10;
end;
// C#

using System;
namespace Tapl

{
2y
* Chu so cuoi khac 0 cua n!
X e ———— */
class ChuSoCuoi
{

static void Main()
{
Test (200) ;
} // Main
static void Test(int n)
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{
for (int 1 = 1; i < n; ++i)
{
Console.Write("\n Chu so cuoi khac 0 cua " +
i+ "l =" 4+ Find(i)+". ");
Console.Write("Bam exit de thoat: ");
if (Console.ReadlLine() == "exit") break;
}
}
static int Find(int n)
{
if (n < 2) return 1;
int m = 0;
long k = 1;
int ¢ = 0;
{6, 2, 4, 8};
= 2; i <= n; ++1i)

while (c % 2 == 0)
++m; ¢ /= 2;

while (¢ % == 0)
{
--m; ¢ /=5;
}
k= (k * (¢c $10)) % 10;
}
return (int) ((k * mu[m % 4]) % 10);

}
} // ChuSoCuoi
} // SangTaol

Bai tap lam thém
Bai T1. Cho biét N! tén cung voi bao nhiéu chir $6 0. Thi du, 15! tén cung voi 3 chir 56
0, vi 15! =1307674368000.
Goiy ’Néu p 1a mot s6 nguyén tb va pK 1a nhan ti trong dang phén tich N! ra
thra s0 nguyén to thi k dugc tinh bang tong cua céc thuong nguyén trong
phép chia lién tiép ctia N cho p.
Thi dy, véi N =15, p =2 va ki hiéu : 1a phép chia nguyén, ta tinh dugc
15:2=7,7:2=3;3:2=1;1:2=0.Do d k=7+3+1+0 = 11.
V&i N=15, p=5tatinh dugc 15:5=3;3:5=0.Do d6 k=3+0 = 3.
Nhu vay 15! =2"5%C.
Chung minh Qiéu nay kha dé, ban chi can viét diy 1.2...N thanh cac dong, mdi
dong p thira s6
1 . p Véy la trong tich 1...N chtra K; thua s6 p. Trong tich
p+l .. 2p ln.Klséchﬁa]<1:pth&asé[%.“ ’
Bai T2. Phéan tich N! ra thira s6 nguyén t6.

k NI Thi dy, 15! =2".8°5°7°11.13,
1p =N
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Goi y St dung két qua Bai 1. Trudc hét ban can viét ham Mu(n, p) cho ra s mil
cao nhat cta sd nguyén td p trong dang phan tich n! ra thira s nguyén t6.

Thi du, Mu(15,2) = 11; Mu(15,5) = 3.
Bai 8.3. Hinh chir nhdt toi dai trong ma trin 0/1.

Cho mét ma trdn biéu dién bc%ng mot mang hai chiéu kich thuée N x M 6 va chi

chd:a cac ki tw O va 1. Tim }%inh chir nhdt chira toan ki tw 1 va co dién tich lon

nhat (goi la hinh chir nhat toi dai).

Dir liéu vao: Tép van ban CNMAX . INP:

- Dong dau tién: sb tu nhién M,

3<M<LT70

- Tiép dén 1a cac dong dai bang nhau thé hién mot xau gdm M ki tu 1a cac
chir cai 0/1 viét lién nhau.

- S6 dong cua tép input c6 thé 1én t6i 60 nghin.

Dir li¢u ra: tép van ban CNMAX . OUT:

- Dong dau tién: Dién tich ctia hinh chit nhat t6i dai ABCD chira toan ki tur 1
tim duogc.

- Dong thtr hai: Toa d6 dong va cdt cia dinh A.

- Dong thur ba: Toa do dong va cot cua dinh C.

©® @ ® @ ®© ® @ ® O
o110 oj0|0j0]|]O0]|0O
@1 111 ]1]1]1]1]o0
©ojof1[1]1][1]1]0]o0
®@|ofof1|1f1][1|1]0]0
®@(o|lo|lo0o|0|O0O|O0O]|O0O]|]O0O]|O

Hinh 4

Thi dy, véi ma tran 5 x 9 chira dir liéu nl}u hinh 4 thi hinh chit nhat téi dai, tam goi
la ABCD, c¢6 dién tich 1a 15 6 va c6 toa do diém A 1a (dong 2, c6t 3) va diém C la (dong
4, c¢Ot 7) nhu trong hinh 4.

CNMAX.INP CNMAX.OUT

9 15
100000000 2 3
111111110 4 7
001111100
001111100
000000000

Chiing ta s& xay dung mot thut toan giai bai toan tong quat hon nhur sau:
Bai toan 8.3.1. Sdn bay vii tru
Nguéi ta can xdc dinh mot vim7g hinh chir nhat ABCD co dién tich lon nhdt vc‘g bdng
phang trén hanh tinh Vega dé xdy dung san bay vii try. Ban dugc cung cap mot
mdanh ban do hanh tinh Vega, noi can xdc dinh vi tri xdy dung mot san bay. Manh
ban do co dang hinh chir nhat gom nhieu dong diém ma so tir 1 tré di, moi dong co
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du’i}g M diém md $6 tir 1 dén M. M6i diém duoc t6 mot mdu {hé hjén do cao glia
diém do. Yéu cau: xac dinh hinh chit nhdt ABCD chira nhiéu diéem dong mau nhat.

Dit liéu vao: Tép van ban CNMAX . INP.

- Dong déu tién: s6 ty nhién M, 3 <M < 70.

- Tiép dén 1a cc dong dai bang nhau thé hi¢n mot xau gom M ki ty 1a cac
chir céj a..z viét lién nhau. Moi ki tu ‘t?iéu dién cho mdt mau thé hién do cao
cua diém tuong Umg trén manh ban do hanh tinh Vega. Hai ki ty khac nhau
thé hién hai d§ cao khac nhau. Hai diém cung d¢ cao dugc biéu dién véi
cung mot ki ty.

- S6 dong cua tép input c6 thé 1én t&i 60 nghin.

Thi du:

CNMAX . INP CNMAX .OUT

20 80
bceceddddeabevvvvvvvb 2 6
bbbbbcccccccceccbbbbb 9 15
vvvvvcccccccccceeecbb
vvceecccccccccecbbbbb
ppPpPpPpccccccccccabbbb
PPPPPCCCCCCCCCCZZZZZ
SSCCCCCCCCCCCCCZZZZZ
SSSSSCCCCCCCCCCCCCzz
hhhhhcccccccccczzzzz
UUUUUUUUCZZZZZZZZZZZ

Dir liéu ra: tép van ban CNMAX . OUT:

- Dong déu tién: Dién tich ctia hinh chit nhat t6i dai ABCD tim duge.
- Dong thi hai: Toa d6 dong va cot ciia dinh A (6 Tay-Bic).

- Dong thir ba: Toa d6 dong va cot cta dinh C (6 BDong-Nam).

Tinh tong quat cua bai toan 8.3.1 thé hién & diém sau:
- Tép khong chi chira cac ki tu 0/1.

Bai giai

Do khong thé doc toan bo dit lidu tur tép CMAX.INP vao mot mang dé xir 1 nén
chung ta s& doc mdi lan mot dong vao bién kiéu xau ki tu (string) y. Vi hinh chir nhéat
ABCD can tim chira cting mot loai ki tyr cho nén cac dong cta hinh sé lién thong nhau.
Dé phat hién tinh lién thong chung ta cin dung thém mdt bién kiéu xau ki tu x dé Iuu
dong da doc va xir 1i & bude trude. Toém lai 14 ta can xir li dong thoi hai dong: x 1a dong
trude va y la dong dang xét.

Néu xét cac cot trong hinh chir nhat can tim ta thiy ching phai chira ciing mét loai
ki tu. Ta ding mot mang h vdi y nghia phan tu h[i] cia mang cho biét tinh tir vi tri thir i
cua dong y tré 18n c6 bao nhiéu ki ty giong nhau (va giong voi ki tu y[i]). Ta goi h[i] 4
d0 cao ctia ¢4t i va mang h khi d6 s€ dugc goi la d9 cao ctia dong dang xét.

Thi dy, méang tich luy d6 cao cuia dong thir 5 trong thi du da cho sé la:

h = (1,1,1,1,1,4,4,4,4,4,4,5,4,4,4,1,2,2,4,5)
A B




Sang tao trong Thuéit toan va Lap trinh Tap | 238

c D

Biét do cao, voi hai dong x va y ching ta d& dang tinh duoc dién tich cia mdi hinh
chit nhat ABCD chira phan tir y[i] trén canh DC. That vy, gia sir ta dang xét ki ty thir i
= 8 trén dong thir 5 nhu da noi & phan trén. Ta c¢6 h[8] = h[7] = h[6] = 4; h[9] = h[10] =
h[11] = 4; h[12] = 5; h[13] = h[14] = h[15] = 4; h[16] = 1,... Vay thi, khi ta di tir i vé& hai
phia, trai va phai, néu gap cac ki tu gidng ki tu y[i] con do cao thi khong nhé hon h[i] ta
s& thu duoc hinh chir nhat 16n nhat chua ki tu y[i].

Vi dong tht 5 13 y dang xét, ta c6:

dong
4 x

5y

x = 'vvcccecceccecceccccccecbhbbbbb'; {dong thu 4 }

y = 'pppppccccccccccabbbb'; {dong thu 5 }

1 2 3 4 5 6 7 ® 9 10 11 12 13 14 15 16 17 18 19 2
v v c c c c c c c c b b b

P P P P P c c c c c b b b
11 1 1 1 4 4 4 4 4 5 4 4 4 1 2 2 4

trong d6 X chira dit liu cia dong thur 4, y chira dir li€u cua dong thtr 5 trong t&p
CNMAX. INP.

Tir diém i = 8 dich chuyén vé bén tréi ta thu dugc diém c1 = 6; dich chuyén vé bén
phai ta thu dugc diém c2 = 15. Dicu kién d¢ dich chuyén la:

¢ (ylel] = y[i]) and (h[cl] = h[i]), néu qua trai va

¢ (y[c2] = y[i]) and (h[c2] 2 h[i]),néuquaphéi.

Hai the}o tac trén duge dat trong ham tinh dién tich cta hinh chir nhat ABCD
16n nhat chira diém y[i]. Ham cho ra ba gia tri:

+ cl: diém trai nhat hay 1a toa do cot ctia dinh D.

¢ c2:diém phai nhét hay la toa do cot ctia dinh C.

¢+ Dién tich cta hinh.

function DienTich(i: byte; var cl,c2: byte): longint;
begin
{Qua trai}
cl := 1i;
while (y[cl-1] = y[i]) and (h[cl-1] >= h[i])
do dec(cl);
{Qua phai}
c2 := i;
while (y[c2+1] = y[i]) and (h[c2+1] >= h[i])
do inc(c2) ;
DienTich := h[i]*(c2 + 1 - cl);
end;

Phén xir i chinh dugc dat trong thu tuc Run.

0
b
b
5
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Mang h[1..m] lac dau dugc khoi tri toan 0. Sau mdi 1an doc dong y ta chinh lai do
cao h theo tiéu chuan sau.
Tai diém i dang xét trén dong y, néu y[i] = x[i] d6 cao h[i] duoc ting thém 1.
Nguoc lai, néu y[i] = x[i] ta dit lai 6 cao h[i] = 1.
{Chinh do cao}

for i := 1 to m do
if y[i] = x[i] then inc(h[i]) else h[i] := 1;
Mot vai cha giai

1. Chl’mg ta sf:»dung ph‘én tt h[0] = 0 va h[m+1] = 0 déchin vong lap,
cu thé 1a dé cac diéu kién (b[cl—l] >= h[i]) wva (h[c2+1l] >=
h[i]) tré thanh false & cudi vong lap.

2. Mot con dém dong d kiéu longint cho biét ta dang xir 1i dong nao cua tép.

3. Dong x liic dau dugc khéi trj toan ddu cach 1a ki ty khong c6 trong van ban thé
hién tam ban do.

4. Moi kh; xtr i xong dong y ta can sao chép gia tri cia y cho x dé luu giit cho
budc tiép theo. Khi d6 x sé€ tro thanh dong trudc.

5. Mbi khi tim dugc mot hinh ghﬁ nhat, ta so sanh di‘én tich cta hinh véi dién tich
16n nh?}t hién c6 (dtmax) dé luén ludn dam bao rang dtmax chinh la dién tich
16n nhat trong ving da khao sat.

Tha tuc Run dugce thiét ké theo so dd sau:
1. Mo tép dir liéu CNMAX . INP; ’
2. Poc gia tri chiéu dai moi dong vao bién m;
3. Khdi tri:
¢+ Condém dongd := 0;
+  Dong trudc x toan dau cach;
¢+ Mang chiéu cao h toan 0;
¢+ dtmax := 0; {diéntich max}
4. Lip cho dén khi hét tép CNMAX . INP:
4.1. Poc dong y;
4.2. Tang con dém dong d;
4.3.Chinh dd caoh[1. .m] ;
44 Xtlimdikityy[i] ciadongy; i = 1..m.
4.4.1. Tim dién tich dt cua hinh chir nhat 16n nhé; chira phan tar y[il;
cho gia tri ra 1a dt va hai chi s6 dau trai ¢l va dau phai c2 thé hién

canh day cia hinh chir nhét.

4.4.2.Néudt > dtmax: chinh lai cac gia tri
Dién tich max: dtmax := dt;
Toa 3o dinh A (Axmax, Aymax) :
Axmax := d - h[i] + 1;
Aymax := cl;
Toa 3o dinh C (Cxmax , Cymax) :
Cxmax := d;
Cymax := c2;

45.Saochépdongysangx:x := y;
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5. Doéng tép CNMAX . INP.
6. Thong bao két qua.
procedure Run;

var i,cl,c2: byte;
dt: longint;

begin
assign(f,fn); reset(f); readln(f,m);
d := 0;
{Khoi tri cho dong dau tien}
x := BL;
for i := 1 tomdo x := x + BL;

{Khoi tri cho chieu cao}
fillchar(h,sizeof (h),0);
while not eof (f) do

begin
readln(f,y);
inc(d) ;
{Chinh do cao}
for i := 1 to m do
if y[i] = x[i] then inc(h[i]) else h[i] = 1;
for i := 1 to m do
begin
dt := DienTich(i,cl,c2);
if dt > dtmax then
begin
dtmax = dt;
Axmax = d-h[i]+1l; Aymax := cl;
Cxmax := d; Cymax := c2;
end;
end;
X = y;
end;
close(£f) ;
Ket; {ghi ket qua}

end;

Do phure tap tinh toan

Gia sir tép CNMAX . INP chira n dong, m6i dong chira m ki tu. Khi xur 1i mot dong,
tai m01 ki ty thir i trén dong d6 ta dich chuyen qua trdi va qua phai, tirc 1a ta phal thyc
hién t6i da m phép duyét. Vay, véi mdi dong gobm m k1 tu ta phai thuc hién m? phép
duyét. Téng cong, véi n dong ta thyc hién t6i da t = n.m? phép duyét.

(* Pascal *)
(******************************************

CNMAX - Dien tich hinh chu nhat

toi dai
******************************************)

uses crt;
const
fn = 'CNMAX.INP'; {Ten tep chua du lieu vao}

gn = 'CNMAX.OUT'; {Ten tep chua du lieu ra}
MN 80; {chieu rong van ban}
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BL = #32; {dau cach}
NL = #13#10; {xuong dong moi}
var f£,g: text;
m: byte; {chieu rong tam ban do}
d: longint; {dem dong}
Xx,y: string; {x - dong tren}

{y — dong duoi}
h: array[0..MN] of longint;
{chieu cao cua cac cot}
dtmax: longint; {Dien tich max}
Axmax, Cxmax: longint; {toa do diem A, C}
Aymax,Cymax: byte;

procedure Ket;

begin
assign(g,gn); rewrite(qg);
writeln (g,Dtmax) ;
writeln (g,Axmax,BL,Aymax) ;
writeln (g,Cxmax,BL,Cymax) ;
close(qg) ;

end;

function DienTich(i: byte; var cl,c2: byte): longint;
tu viét
procedure Run; tu viét
BEGIN
run;
END.

// C#

using System;
using System.IO;
namespace SangTaol

class ChuNhatMax
{
static string fn = "cnmax.inp"; // input file
static string gn = "cnmax.out"; // output file
static string x;// dong tren
static string y;// dong duoi
static int m = 0; // chieu dai moi dong
static int[] d; // cao do
static int dong = 0; // dem dong
static int smax = 0; // dien tich max
static int ad = 0; // toa do dong cua dinh A
static int ac = 0; // toa do cot cua dinh A
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static int cd
static int cc

0; // toa do dong cua dinh C
0; // toa do cot cua dinh C

static void Main()
{
Run(); Ghi(); Test();
Console.ReadLine () ;
} // Main
static void Ghi ()
{
File.WriteAllText(gn, smax + "\n" +
ad + " "+ ac+"\n"+cd+" "+cc);
}
static void Test() tu viét
static void Run()
{
StreamReader f = File.OpenText (£fn) ;
do // Bo cac dong trong dau file
{
y = f.ReadLine() .Trim() ;
} while (y.Length == 0);
m = int.Parse(y);
Console.WriteLine (m) ;
d = new int[m + 2];
x = new string('#', m + 2);
Array.Clear(d,0,d.Length) ;
dong = 0; smax = 0;
while ('f.EndOfStream)
{
y = f.ReadLine() .Trim() ;
if (y.Length < m) break;
++dong; XY(); x = y;
}
f.Close(); act+; cct+;
}
// Xu 1li cap dong x va y
static void XY ()
{
int t 0; // chi so trai
int p 0; // chi so phai
int dt = 0; // dien tich
for (int i = 0; i < m; ++i)
if (y[i] == x[i]) ++d[i];
else d[i] = 1;
for (int i = 0; i < m; ++i)

t = Trai(i); p = Phai(i);

dt = (p - t + 1) * d[i];

if (smax < dt)

{
smax = dt;
ad dong - d[i] + 1; ac = t;
cd dong; cc = p;
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}
}
// quet tu k qua phai
static int Phai (int k)

{
for (int i =k + 1; i < m; ++i)
if (d[i] < d[k]) return i - 1;
return m - 1;
}

// quet tu k qua trai
static int Trai(int k)

{
for (int i =k - 1; i > 0; --i)
if (d[i] < d[k]) return i + 1;
return 1;
}

} // ChuNhatMac
} // SangTaol

ng dung

Bai toan tim hinh chit nhat t6i dai thuong dung trong linh vuc d6 hoa va xi li anh.
Dudi day liét ké vai tmg dung dién hinh.

1. Trong khi v& ban dd ta thuong phai tim mdt hinh chir nhat tdi dai trong mot
ving, ching han lanh thd ciia mot quéc gia dé co thé viét cac ki tw vao d6 nhu
tén qudc gia, tén chau lyc.

2. Trong hinh hoc phan hinh (fractal) ta thuong phai tim mét s6 hinh vuéng hoic
chit nhat tdi dai thoa man mot sd tiéu chudn cho trude dé 1am mau.

Trong bai nay, dé trinh bay van dé duoc don gian ching ta da thay mdi diém bang

mot ki tu.

Bai tap lam thém
Bai T1. Véi mdi ki tu ¢ cho trude hay tim trong tép CNMAX . INP mdt hinh chit
nhat t6i dai chua toan ki tu c.
Bai T2. V6i cap gid tri (k, €) cho trude hiy tim hinh chit nhat t6i dai chira cing
mot loai ki ty va dong thoi chira diém nidm trén dong k, cot ¢ cia tép
CNMAX.INP.

Bai 8.4. Ma phwong
Ma phuwong la nhitng bdang s6 hinh vuong trong do moi dong, moi cot va moi
duong chéo déu cing thod mét s6 tinh chat ndo dé. Cdc nha thién vin c6 Trung
Hoa cho rdng méi tinh tii trén bau troi déu g véi mot ma phiwong. Nhiéu nha
todn hoc ¢é Ai Cdp, An Bé va sau nay cdc nha toan hoc phirong Tdy da phat
hién nhitng tinh chdt khd li thii cia cdc loai ma phwong. Trong bdi nay ta gidi

han khai niém ma phwong theo nghia sau.
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Ma phuong béc n 1a mét bang s6 hinh vuéng, mdi canh n 6 chira cac s6 tir 1 dén n? sao
cho tong cac s6 trén mdi dong, trén mdi cdt va trén mdi dudong chéo déu bang nhau.

Téng nay duoc goi 14 dic s6 ciia ma phuong,

4 9 | 2 16 | 2 3 13
3 5 7 5 11| 10 8
8 1 6 9 7 6 12

4 14 | 15 1

(@) (b)

(a) — ma phuong bdc 3, dac 56 S3=15
(b) — ma phuong bdc 4, dac 56 S, =34

Yéu cau: Voi mdi tri N = 1..20 xay dung ma phwong bac n.
Bai giai
Ta dé dang ‘Einh duoc dic s cua ma phuong bac n qua nhan ,xét: téqg cua mot cot
(dong) chinh 1a tong ctia toan b cac sO nam trong bang chia cho so ¢t (s6 dong):
Sp=(1+2+...+nd)in=n(n?+1)/2.
Theo cac thi du trén ta co:
Dic sb cia ma phuong bac 3: S3 = 3(9 + 1)/2 = 15.
Dic sb cia ma phuong béac 4: S, = 4(16 + 1)/2 = 34.
Nhu véy, trong ma phuong bac 3, tong cua cac sb ne°1§n trén cung hang, cung cot
hodc cung dudng chéo déu 1a 15. Trong ma phuong bac 4, tong nay la 34.
Tinh chat trén khong thay d6i néu ta dién 1an luot cac s6 hang ciia mot cp sb cong
vao ma phuong.
) Ngoai bac n = 2, vdi moi ) tu nhién n > 1 déu t?)n tai ma phuong voi nhiéu cach
bo tri khac nhau. Ching ta s& tim hiéu hai thuat toan d¢ cai dat.
V6i mdi n cho trude ta xét tinh chén 1é ctia nd. Néu n 16 ta goi thii tuc MPL (ma phuong
béc 1&), nguoc lai ta goi thu tuc MPC (ma phuong bac chén).

(* _______________________________
Ma phuong
________________________________ *)
procedure MP (bac: word) ;

begin
n := bac;

if n = 2 then exit;
if O0dd(n) then MPL else MPC;
Test;

end;

Trong d6 n 14 bién tong thé chira bac ctia ma phuong cin xay dung.
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Ham 0dd (n) cho gié tri ding (true) khi n 1a mot sé 1&, nguoc lai ham nhan gié tri
sai (false).
Thu tuc MPL (n) : Ma phuong bac 1&

k+1

Pién 6 theo hirdng Péng - Nam cho ma phuong bdc Ié.
Ta dung mot mang hai chiéu M dé chira ma phuong can xay dung theo cac budc
sau day. D¢ cho tién ta dat tén cho ma phuong can xay dung la hinh vuong ABCD.
Bude 1. Khoi tri: Dién cac s6 0 vao bang M[1..n, 1..n].
Budc 2. Xac dinh 6 xuét phat: Do 14 6 gitra ciia dong cudi, tirc 1a 6
MIi, jlvéii=n,j=(ndiv2)+1.

Budc 3. Dién sb: V&i mdi k bién thién tr 1 dén n? ta thuc hién céc thao tac sau:

3.1. Pién 6 (i, j): M[i, jl:=k

3.2. Xac dinh vi trf ii, jj mai dé dién s6 tiép theo (k + 1).

_ Vit ii, jj méi duge xdc dinh theo nguyén téc Dong-Nam véi y nghia 14 sau khi da
dien gia tri k, gid tri k + 1 s€ dugc viét vao 6 nam ¢ vi tri Pong-Nam so v6i 6 chira k.
Nhu vy, néu M[i, j] =k thi vi tri 6 chira k + 1 s€ laii:= i + 1, jj:=j + 1. C6 the s€ xdy ra
cac tinh huong sau day:

321.(i=n)va(=ny S6 k da viét & goc Pong-Nam (g6c C) cua ma phuong. Khi
do, néu di tiép theo huéng Dong-Nam thi s€ roi vao 6 nam ngoai bang. Ta goi tinh
hudng nay 14 tinh hudng Péng-Nam va xir li nhu sau: viét s6 k + 1 vao 6 sat trén 6 chira
k, tirc 1a chon

ii := n-1; jj := n;

Ta goi phuong thirc xir 1i nay 1 dén trén: Dén vao 6 trén 6 vira viét (xem céc s 6
— 7 trong ma phuong bac 3).

3.2.2.(i=n) va(j <n): S6 k da viét ndm & canh DC va khac 6 C. Ta goi tinh hubng
ndy Ia tinh huong Nam va xtr li theo phuong thitc "ndi bot" nhu sau: Viét kK + 1 vao vi
tri Dong-Nam tuc 1a 6

i+l = n+1,j+1.

Di nhién 6 ndy nam ¢ ngoai bang, dudi canh DC. Bay gio ta cho n6 ndi 1én téi canh

AB. Nhu vay ta s€ chon

ii (i mod n) + 1;
33 (j mod n) + 1;
(xem céc s6 1 — 2 va 8 — 9 trong ma phuong bac 3).
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3.2.3. (i <n) va (j = n): S6 k da viét nam & canh BC va khac 6 C. Ta goi tinh hudng
nay la tinh huéng Pong va xir i theo theo phuong thirc ddy trai nhu sau: Viét k + 1 vao
vi tri Bong-Nam tic 1a 6

i+l, j+1 = n+1

O nay nam ngoai bang, bén phai canh BC. By gid ta day trai n sang t6i canh AD.

Gidng nhu trén, ta chon:

ii (i mod n) + 1;
33 (j mod n) + 1;
(xem céc s6 2 — 3 va 7 — 8 trong ma phuong béc 3).

3.2.4. Pung d6: Cudi cuing c6 thé 6 (ii, jj) roi vao trong bang nhung & d6 da c6 sb
dugc viét trude. Ta goi tinh hudng nay 1a tinh hudng dung d6 va xir li theo phuong thirc
dén trén nhu tinh huéng Pong-Nam (xem budc di 3 va 4 trong ma phuong bac 3).
Truong hop nay ta chon:

ii :=1i-1; 33 := 3;

St dung phép toan dong du ta ¢ thé giai quyét ty dong cac tinh hubng Nam va

Pong theo cong thirc

ii := (1 mod n)+1 ; jj := (j mod n)+l;
A B A B
k+1 Kk
\\
k k+1
~ S IO O A
D c™ D C
bong-Nam Pong
A B A B
k+1 k+1
A
k
: \‘
k| e
. :
D N\ © D C
Nam Pung do

Cic tinh huéng khi dién ma phuong béc 1é

Dudi day 1a thu tuc ma phuong bac 1é.

procedure MPL;
var k,i,ii,j,jj: word;
begin

{Buoc 1: Khoi tri}
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fillchar (M, sizeof(M),0);
{Buoc 2: Xac dinh o xuat phat}
i := n;
j = ndiv 2 + 1;
{Buoc 3: Dien so}
for k := 1 to n*n do
begin
{3.1. Dien o (i,3)}
M[i,j] := k;
{3.2 Xac dinh vi tri ii,jj
cho so tiep theo (k+1)}
if (i=n) and (j=n) then
{3.2.1.Tinh huong Dong-Nam:Den tren}

begin
ii := n-1; jj := n;
end

else
begin {3.2.2 va 3.2.3.}
ii := imodn + 1;
j3 = jmod n + 1;
end;

if M[ii,jj]<>0 {o da dien} then
begin
{3.2.4. Dung do: Den tren}
ii = i-1; 33 := 3j;
end;

i = ii; j = 3j;

end;

end;

Thi tuc MPC (n) : Ma phuong béc chan
Budce 1. Khéi tri: Dién cac sb tir 1 dén n? vao bang theo trat ty tir trén xuéng dudi,
tur trai sang phai. Thi dy, véi n =4, M dugc khoi tri nhu sau:

9 10 11 12

13 14 15 16

Khai tri cho ma phuwong bdc 4

Budc 2. Tao xau mau: Ta tao xau mau S phuc vu cho viée ddi chd cac sd trong M.
Xau mau s c¢6 chiéu dai k = n div 2 va bao gom cac ki tu 'T', 'D', 'N' va 'B' véi cac y
nghia sau:

- 'T'- thyc hién phép ddi xtmg tam: Doi chd cac cap phan tir:

M[i,j] © M[n-i+l,n-j+1]
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M[i,n-j+1] © M[n-i+1,3j]
- 'D' - thyc hién phép ddi xtmg theo truc doc: Ddi chd cip phan tir:
M[i,j] © M[i,n-j+1]
- 'N'- thuc hién phép ddi ximg theo truc ngang: Pdi chd cap phan tir:
M[i,j] < M[n-i+1,3]
- 'B'-khong lam gi.
Xau mau s duoc tao nhu sau:
2.1.Khéi trj xdurdng s[0] := #0;
22.Tinh k¥ := n div 2;
2.3. Nap (k div 2) ki tu 'T" cho s.
for i :=1 to (k div 2) do
s = s+TT;
2.4, Néuklé nap thém hai ki ty 'DN' cho s:
if 0dd(k) then s := s+DD+NN;
2.5. Dién thém céc ki tu 'B' cho du k ki tu trong S.
for i := 1length(s)+l to k do s
trong d6 cac hang TT, DD, NN va BB duoc khai bao nhu sau
const

s+BB;

TT = 'T'; {doi xung Tam}

DD = 'D'; {doi xung Doc}

NN = 'N'; {doi xung Ngang}

BB = 'B'; {Bo qua}
Céc thi du tao xdu miu s:
-Véin=4tacok=ndiv2=2(chin), kdiv2=1,dodd s='TB'
-Véin=6tacdk=ndiv2=3 (1¢),kdiv2 =1, do d6 s="'TDN'
-Véin=18tacé k=ndiv2=9 (1¢), kdiv2 =4, do 6 s=' TTTTDNBBB'
Thu tuc khai tri cho ma phuong bac chan s& nhu sau

procedure InitMPC;
var i,j: word;
begin

{Buoc 1. Khoi tri}

for i :=1 to n do

for j :=1 to n do
M[i,3j] := Num(i,j);

{Buoc 2: Tao xau mau}

s[0] := #0; {Khoi tri xau rong}

k := n div 2;

{Nap (k div 2) ki tu T}

for i :=1 to (k div 2) do s := s+TT;

{Nap them 2 ki tu D va N neu k le}

if O0dd(k) then s := s+DD+NN;

{Bu cac ki tu B cho du k ki tu}

for i := 1length(s)+l to k do s := s+BB;
end;
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Chu y rang dé khoi tri gia tri rong cho xau s ta c6 hai cach:
Céch 1. Viét hai ddu nhay don sat nhau:
s = '';
Céch 2. Gan cho phan tir s[0] 14 noi chtra chiéu dai xau s gia tri #0 tmg véi ki
tu ¢6 ma ASCII 1a 0:
s[0] := #0;
Céch thtr nhat khién ban doc d& nhim véi déu cach, nén dung cach thir hai.
Budc 3. Dién sb theo xau mau
for i :=1 to k do
begin
XuLyDong (i) ;
QuayXauMau;
end;
Dé xur 1i dong i ta 1an luot xét cac ki tu s[j] trong xdu mAu va xu li timg phan tir
MIi, j1, j = 1..length(s).
- Néu s[j] ="'T' ta goi thu tuc Tam (i,j,n) d& thyc hién di xing tdm cho cac
o(@,j)va(i,n—j+1).
- Néus[j]="'D'ta goi thu tuc Doc (i,j,n) dé thyc hién déi xing theo truc doc
cho 6 (i, j).
- Néus[j] ='N"ta goi thii tuc Ngang (i, j, n) dé thyc hién ddi xtmg theo truc
ngang cho 6 (i, j).
- Néus[j]="'B'ta b6 qua.
procedure XulyDong(i: word) ;
var j: word;
begin
for j := 1 to k do
case s[]j] of
TT: Tam(i,j)
DD: Doc(i,J):
NN: Ngang(i,3j):
end;
end;
Dé ¥ rang tai budc khoi tri s6 ndm trén 6 (i, j) s& c6 gid tri (i — 1)*n + j. Ta s& st
dung ham Num (1, §,n) dé tinh gia tri nay.

(* ____________________________________
So nam tren hang i, cot j.
_____________________________________ * )
function Num(i,j: word) :word;
begin
Num := (i-1)*n+j;
end;
Céc thii tuc 4y ddi xmg qua tam, doc va ngang 1a kha don gian.
(* _____________________________________
Lay doi xung qua tam (2 cap so)
______________________________________ *)

procedure Tam(i,j: word) ;
begin
M[i,j] := Num(n-i+l,n-3j+1);
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M[n-i+1l,n-j+1] := Num(i,j);

M[n-i+1,j] := Num(i,n-j+1);

M[i,n-j+1] := Num(n-i+l,3j);
end;

procedure Doc(i,j: word);

begin

M[i,j] := Num(i,n-j+1);

M[i,n-j+1] := Num(i,j);
end;
2

Doi xung ngang

________________________ *)
procedure Ngang(i,j: word) ;
begin

M[i,j] := Num(n-i+l,3);

M[n-i+1,3j] := Num(i,j);
end;

250

Mdi lan xir i ‘xong mét dong ta can quay xau mau s thém mét vi tri theo chiéu kim
ddng hd, ki tu cudi xau dugc dua vé dau xau, cac ki tu khac duoc dich qua phai mot vi

tri.
Thi du vé quay xau mau s: Vi n = 18 ta c6:
s = 'TTTTDNBBB'
sau lan quay thi nhét ta thu dugc
s = 'BTTTTDNBB'
sau lan quay thi hai ta thu duoc
s = 'BBTTTTDNB'
Dé quay xau s[1..k] ta ldy ki tu cudi cing S[k] ghép 1én khuc dau s[1..k-1
dat

s := s[k]l+s][l.

Dé 14y doan s[1..k-1] ta goi ham copy:

copy(s,1,1len-1)

trong d6 1en chinh Ia chiéu dai xau s.
Lénh

copy(s,i,m)
s& tao ra mOt xau con cua xau s véi m ki tu ké tir ki tu thir i

copy(s,i,m) = s[i.. (i+m-1)]

(* __________________________

Quay xau mau s 1 vi tri
___________________________ *)
procedure QuayXauMau;
var len: byte;
begin

len := 1length(s);

s := s[len] + copy(s,1,len-1);

end;

.k-1]

], tie 1a
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Sau day la thu tuc tao ma phuong bac chan.

procedure MPC;
var i,j: word;
begin
if n=2 then exit;
InitMPC;
{Dien so theo xau mau}
for i :=1 to k do
begin
XuLyDong (i) ;
QuayXauMau;
end;
end;
~ Sau khi da tao xong ma phuong ta can kiém tra lai xem ma tran M c6 thoa cac tinh
chat co ban cua ma phuong bac n cho trudc hay khong.

Thi tuc Test s& hién thi ma phuong trén man hinh va dong thoi kiém tra xem cac
tong céc phan tir trén moi dong, tong cac phan tu trén moi cdt, tong cdc phan tu trén
duong chéo chinh ¢l va tong cac phan tr trén duong chéo phu €2 c6 bang dac so cua
ma phuong hay khong.

Ta sir dung hai mang dong[1..n], cot[1..n] va hai bién don c1, c2 dé tinh cac tong
nay bang mét lan duyét mang hai chiéu M.

Dé tinh dic s6 ta luu y kiéu cua bién chira dic s6 d 1a longint trong khi d6 cac
tri cia mang M la word. Trong Turbo Pascal c6 nguyén tac sau:

Nguyén tic dinh kiéu cho biéu thirc
Kiéu cua tri cua biéu thuc s s& 1a kiéu rong nhét
trong sO cdc ki€u cua cac dai lugng (hang va bién)
c6 mat trong biéu thuec.

Theo quy dinh nay, v&i khai béo n 14 bién kiéu word thi kiéu cua tri cua biéu thirc
tinh dédc s6 ctia ma phuong béac n

((n*n+l1l) *n) div 2
cling s€ 1a word.

Diéu nay co thé din dén tran sd.

Ta khéc phuc bang thao tac hai budc nhu sau
d := 0;
d := d+((n*n+l)*n) div 2;

Khi @6, do biéu thirc vé phai ciia phép gan c6 chira bién d thudc kiéu longint
nén két qua sé co kiéu longint.

Ban cling c6 thé dung toan tir chuyén sang kiéu longint mdt trong cac dai lugng
trong biéu thirc vé phai, chang han:

d := ((n*n+longint(l))*n) div 2

procedure Test;
var i,j: word;
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dong, cot: ML1;
d,cl,c2: longint;
begin {Tinh Dac so}

d :=0;
d := d+((n*n+l)*n) div 2;
writeln(NL,' Ma phuong bac ',n,', Dac so:

fillchar (dong, sizeof (dong) ,0) ;

fillchar (cot,sizeof (cot),0);

cl := 0;
c2 := O0;
for i :=1 to n do
begin
writeln;
cl := ¢l + M[i,i];
c2 := c¢c2 + M[i,n-i+1];
for j := 1 to n do
begin
write (M[i,3j]:4);
dong[i] := dong[i] + M[i,]j];
cot[j] := cot[j] + M[i,]];
end;
end;
writeln;
for i := 1 to n do
begin
if dong[i] <> d then
writeln(' Sai dong ',i,BL,dong[i]);
if cot[i] <> d then
writeln(' Sai cot ',i,BL, cot[i]):;
end;

if cl <> d then writeln('
if c2 <> d then writeln('
end;

’

(* Pascal

*)

Sai cheo chinh
Sai cheo phu ',6c2);

',d);

',el);

252

Chuong trinh MAPHUONG. PAS dudi day tao bd dir li¢u kiém ther v6i cac ma
phuong tir bac 1 dén bac 20.
(* MAPHUONG.PAS *)

uses crt;

const

MN = 50;

TT = 'T'; {doi xung Tam}

DD = 'D'; {doi xung Doc}
NN = 'N'; {doi xung Ngang}
BB = 'B'; {Bo qua}

BL = #32; {dau cach}

NL = #13#10; {qua dong moi}
type

MWl = array[0..MN] of word;
MW2 = array[0..MN] of MW1l;
ML1 = array[0..MN] of longint;

var

: MW2;
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n,k: word;
s: string;

function Num(i,j: word) :word;
begin
Num := (i-1)*n+j;

procedure Doc(i,j: word); tu viét
begin
M[i,j] := Num(i,n-j+1);
M[i,n-j+1] := Num(i,j);
end;

procedure InitMPC; tu viét
procedure XulLyDong(i: word); tu viét

(* ___________________________

Ma phuong bac chan
____________________________ *)
procedure MPC; tu viét
(* _________________________________

Ma phuong bac le
__________________________________ *)
procedure MPL; tu viét
(* _______________________________

Ma phuong
________________________________ *)
procedure MP (bac: word); tu viét
(* ________________________________

253
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procedure Run;
var i: word;
begin
clrscr;
for i := 1 to 20 do MP(i);
end;
BEGIN
Run;
END.

// Cc#
using System;
namespace SangTaol
{
class maphuong
{
const int mn = 50;
static int[,] a = new int[mn, mn]; // Ma phuong
static char[] s = new char[mn]; // Xau mau
static void Main(string[] args)
{
for (int n = 1; n <= 20; ++n)
{ MaPhuong(n); Console.ReadLine() ;}

static void MaPhuong(int n)
{
if (n == 2)
Console.WriteLine("\n Khong ton tai "+
"Ma phuong bac 2");
else if (n $ 2 == 1) MaPhuongle(n) ;
else MaPhuongChan (n) ;

static void MaPhuongle (int n)
{
Array.Clear(a,0,a.Length) ;
int i =n-1;
int j =n / 2;
int nn = n * n;
ali, j] = 1;
for (int k = 2; k <= nn; ++k)
{ Next(ref i, ref j, n); ali, j] = k;}
Test(n); Print(n);
}
// Ma phuong le: Tim o dien tiep
static void Next(ref int i, ref int j, int n)

{

int ic = i; int jc = j;
i=(1+1) $n; j=(j+1) % n;
if (i + 3§ == 0)

{ i=n-2;73
if (a[i, j] > 0)
{i=ic-1; 3

n - 1;}

je;}

254
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}

static void MaPhuongChan (int n)
{

// Khoi tri 1, 2,..., n*n

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

a[i, j] = Num(n, i, j);

// Tao xau mau

int k =n / 2;

int k2 =k

for (int i
s[i] = 'T';

for (int i k2; i < k; ++i)
s[i] = 'B';

if (k%2==1) // k/2 le

{ s[k2] = 'D'; s[k2 + 1] = 'N';}

for (int i = 0; i < k; ++i)

{

2;
0; i < k2; ++i)

[ I I

for (int j = 0; j < k; ++j)
switch (s[j])
{

case 'T': Tam(n, i, j); break;
case 'D': Doc(n, i, j); break;
case 'N': Ngang(n, i, j); break;

} // switch
Quay (k) ;
}
Test(n); Print(n);

// Quay xau mau s qua phai 1 vi tri

static void Quay (int k)

{
char x = s[k - 1];
Array.Copy(s, 0, s, 1, k - 1);
s[0] = x;

// Doi xung qua Tam
static void Tam(int n, int i, int j)
tu viét
// Doi xung qua truc doc
static void Doc(int n, int i, int j)
tu viét
// Doi xung qua truc ngang
static void Ngang(int n, int i, int 3j)
tu viét
// So nam tai ding i, cot j
static int Num(int n, int i, int j)
{ return (i * n) + j + 1;}
// Kiem tra cac ma phuong
static bool Test(int n)
{
int c¢l1 = 0;
int ¢2 = 0;
// row[i] = tong dong i

255
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new int[n];

int[] row

// col[j] = tong cot j

int[] col = new int[n];

int dacso = (n *n + 1) *n / 2;

Console.WriteLine ("\n\n Ma phuong bac "
+ n);

Console.WriteLine (" Dac so: " + dacso);

for (int i = 0; i < n; ++i)
{ row[i] = col[i] = 0;}
// tinh tong cac cot va dong
for (int 1 = 0; i < n; ++i)
{
cl += a[i, i];
c2 += a[i, n - 1 - i];
for (int j = 0; j < n; ++j)
{ row[i] += a[i, JI;
col[j] += a[i, jl;}
}
if (cl '= dacso)
{
Console.WritelLine("Loi Duong cheo 1:
+" Dac so " + dacso + ", " + cl);
return false;

}
if (c2 '= dacso)
{
Console.WritelLine("Loi Duong cheo 2:
+" Dac so " + dacso + ", " + c2);
return false;
}
for (int i = 0; i < n; ++i)
{
if (row[i] '= dacso)
{

Console.WriteLine("Loi dong "
+(i+1)+ ": "+" Dac so "+dacso
+", "+row[i]):;

return false;

}
if (col[i] !'= dacso)
{

Console.WriteLine("Loi cot "

+(i+1)+": "+" Dac so "+dacso

+ ", " 4+ col[i]):;

return false;

}
}
return true;
}
// Hien thi Ma phuong
static void Print(int n)

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

256
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{
Console.WriteLine() ;
for (int j = 0; j < n; ++j)
Console.Write("{0} ", al[i, jl):
}

}
} // MaPhuong
}// SangTaol

Cac bai toan Thap Ha Noi
Bii 8.5. Thdp Ha Npi cé

1 2 3

Hinh 5. Bai todn thap Ha Ngi

Cé ba coc cam tai ba vi trila 1, 2 va 3 nhw hinh 5. Trén mot coc, goi la coc a
c6 mot chong gom n dia bang go hinh tron to nhé khdc nhau dwoc xuyén 16 &
gitta twa nhw nhitng d‘ong xu va ddt chong lén nhau dé tao ra mét toa thdp.
Nguwoi choi phdi chuyén dwge tod thap sang coc b #a theo cdc quy tdic sau:
(1) Nguoi choi duoc sir dung coc con lai dé dat tam cac t&ng thap.
(2) M6i lan chi dwge chuyén 1 tang thdp tir mot coc sang mot trong hai coc con
lai.
(3) Khéng bao gic dwoc dit tang thap om 1én trén tang thap nhé.
Hay tim cach gidi bai todn trén véi sé lan chuyén it nhat.
Thuat toan
Chic chin 13 ban da biét cach giai bai toan trén. Tuy nhién dé co thé giai d& dang
cac bién thé cua bai toan thap Ha Noi ching ta thir tim hiéu mot cach 1ap luén sau.
Gia str ta quan sat mot ngudi choi gidi, tire 13 ngudi chuyén dugc n tang thap tir coc
1 sang coc 2 v6i s6 1an chuyén tdi thiéu. Ta ding mot chiéc may anh chup ting két qua
trung gian sau mdi budc chuyén cua nguoi choi nay. Tong s birc anh, trir tAim anh ban
déu, chinh 13 s budc chuyén cac ting. Trong sb cac birc anh chéc chin phai c6 mot birc
nhu hinh 10.
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Hinh 10. Mot anh phai ¢6

Tai sao vay? Tai vi chirng nao chua d& dugc n - 1 ting thap ¢ phia trén cta vi tri 1
dé chuyén sang vi tri 3 thi anh ta khong thé chuyén dugc tang thap cudi, tirc 1a tang 16n
nhét sang vi tri 2.

Goi Hn (n, a,b) la tha tuc chuyén n tang thap tir vi tri a sang vi tri b # a, ta thiy:

- Néun = 0: khong phai lam gi;
- Néun>0ta phai thuc hién ba budc sau:
Thoat tién chuyén n — 1 tang thap tir vi tri a sang vitric =6 —a —b:
Hn(n-1,a,6-a-b)
Sau d6 chuyén tang 16n nhét tir vi tri a sang vi tri b:
a—>b
Cudi ciing chuyén n — 1 tang thap tir ¢ sang b:
Hn(n-1,6-a-b,b)
Dé y rang, do ta ma hoa cac coc 1a 1, 2 va 3 cho nén biét hai trong ba vi tri do, 1a x,
y chéng han, ta d& dang tinh dwgc vi tri con lai z theo hé thirc
zZ = 6-x-y
Thii tuc chuyén thap n tang tir coc a sang coc b dugc viét bang Pascal nhu sau:
procedure Hn(n,a,b: byte);
begin
if n = 0 then exit;
Hn(n-1,a,6-a-b);

write(a, '->',b,' ");
Hn (n-1,6-a-b,b);
end;

Chon phwong thirc ghi tép hoac man hinh

C6 thé chon mot trong hai cach ghi két qua vao t€p van ban hoic hién thi 1én man
hinh. Ban chi can luu y réng man hinh duoc dinh nghia nhu 1a mot t€p van ban. Chinh
xac hon 1a nhu sau. Trong Turbo Pascal ving dém man hinh, tic 1a noi chua dir liéu dé
xuét ra man hinh, dugc dinh nghia dudi dang mot tép. Néu ta m& mot t€p voi tén r5ng
nhu sau:

assign(f,'');
rewrite (f) ;
trong d6 f 1a bién kiéu tép vin ban dugc khai bio nhu sau
var f: text;
thi sau d6 moi 1énh
write(£f,..);
s& xuét dit liéu ra man hinh.
Nguoc lai, khi tén tép trong 1€énh mé t&p noi trén khac rf)ng, thi du:
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assign(£f, 'hanoi.out');
rewrite (£f) ;
thi sau d6 moi 1énh
write(£f,..);
s€ ghi dir liéu vao tép hanoi . out trén dia.

Chuong trinh hoan chinh dudi day sé ghi két qua vao tép van ban hanoi.out
dugc mo trén dia. Trude khi ghi chinh thirc, ban hiy chay thir chuong trinh véi 1énh mé
tép co tén rong dé kiém tra két qua trén man hinh. Sau khi thdy ung v, ban hay viét tén
tép cu thé dé luu két qua vao dia.

Chuong trinh sir dung bién dém d nhim dém sb budc chuyén.

(* Pascal *)
uses crt;
var d: longint;
f: text;
procedure Hn(n,a,b: byte);
begin

if n = 0 then exit;
Hn(n-1,a,6-a-b);
inc(d) ;
writeln(£f,d,'. ',a,' -> ',b);
Hn(n-1,6-a-b,b);

end;

procedure runHn(n: byte) ;

begin
d := 0;
assign(f, 'hanoi.out');
rewrite (f) ;
writeln('----———=—=====———- ),
Hn(n,1,2);
writeln(f, 'Total: ',d,' step(s)');
close (f) ;
readln;

end;

BEGIN
runHn (3) ;

END.

Khi thyc hién chuong trinh Hanoi . pas voi n = 3 ta thu dugc két qua sau:

1.1 -—> 2
2. 1 -—> 3
3. 2 -> 3
4. 1 -> 2
5. 3 > 1
6. 3 => 2
7.1 -=> 2
Total: 7 step(s)
// C#

using System;
namespace Tapl
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{
2 —
* Thap Ha Noi
K */
class ThapHaNoi
{
static int d = 0; // dem so lan chuyen
static void Main()
{
Console.WriteLine("\n Ha Noi ") ;
HaNoi (3, 1, 2);
Console.ReadLine () ;
} // Main
static void HaNoi(int n, int a, int b)
{
if (n == 0) return;
HaNoi(n - 1, a, 6 - a - b);
Console.WriteLine ((++d) +
ll. "+a+" _>"+b);
HaNoi(n - 1, 6 - a - b, b);
}
} // class
} // space

Bii 8.6. Thap Ha Ngi xuéi
Noi dung giong nhw bai todan thap Ha Noi ¢6 chi sia lai quy tdc (2) nhuw sau: 2
Moi lan chi dwoc chuyén 1 tang thap ti mot coc sang coc sdt no theo chiéu kim

dong ho.
) e

® @)
K_/

Diéu kién nay quy dinh ba phép chuyén 1 ting thap giita cac coc nhu sau:
® — @, hoic @ — ®, hoic ® — O@.
Hay tim cach giai bai toan vdi s6 lan chuyén it nhat.

Bai giai

Suy nghi mdt chut ban s& thiy cai loi cua nguyén tac "Birc anh budc phai c6". bat
tén céc tang thap theo thur ty tr nhd dén 16n 1a 1..r]. Ta mo6 ta moi té~m anh nhu mot bo
ba (a:[A], b:[B], ¢:[C]) trong d6 A, B va C 1a cac tang thap dat tai moi vi tri twong tng.
Goi a la vi tri xuat phat, b 1a vi tri dich, bai toan trén c6 thé dugc phat biéu nhu sau:

Gia thiét: (a:[1..n], b:[ ], c:[1)

Két luan: (a[], b:[1..n], c:[])
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V6i § nghfa 1a cho biét birc anh ban dau va cudi cung. Hay liét ké it nhat céc bic
anh can c6 ¢ giltta ba dau cham (...) sao cho bg anh giai thich duoc qua trinh chuyén
thap theo cac diéu kién cho trudc.

MBbi btrc anh dugc goi 1a mot hinh trang. Ngoai hai hinh trang dau tién va cubi
cung, mot trong nhitng hinh trang bugc phaicé6séla (a:[n ],b:[ 1,c:[1..n-1
1) . Tiép d6 1a hinh trang (a:[ 1,b:[n ],c:[1..n-1 1) thu dugc sau lénh
chuyén a — b

Goi Hnx (n, a, b) la tha tuc giai bai toan thap Ha Noi xudi, chuyén thap n ting tir
vi tri @ sang vi tri b. Ta xét hai truong hop.

a) Truong hop vi tri b dtg sat vi tri a theo chiéu kim dong ho:

Theo trudng hop nay ta co cac cdp (a, b) sau day: (1, 2), (2, 3) va (3, 1).

Dic ta cho didu kién cua truong hopnay lab = (a mod 3)+1

_ Voiynghia la, néu biét ma s6 vi tri a thi vi tri b sat sau a xudi theo chiéu kim dong
ho s€ duogc tinh theo cong thure trén.

Néu vi tri cac coc duge bd tri nhu sau

() ® ®
thi giita a va b c6 ba tinh hudng, cu thé 1a
Tinh huéng O © 0
1 a b
2
3 b a
Thap Ha Noi xudi

Pic ta a va b ké nhau b = (a mod 3)+1

Dura vao cac hinh trang budc phai c6 ta c6 thé mé ta viéc chuyén thap trong truong
hop nay giong nhu trong bai toan thap Ha Noi co, cu thé la:

Hinh trang Y nghia Lénh
(a[1..n],b:[],c:[] Hinh trang ban dau v&i vi tri b sat
vi tri a.
b = (a mod 3)+1
Dé chuyén n tang tir a sang b theo
chiéu kim déng ho ta phai...

(a: [n], b: 1, c [1..n - 1]) Chuyén (tam)n—1tAngtlraquac Hnx(n-1,a, 6 - a

=6-a-b. - b)

(@[], b:[nl, c:[1..n - 1]) sau do chuyén tAng con laiciaa a—b
qua b.

.(.a.\: [], b:[1..n], c:[]) Cubi ciing chuyénn— 1 tangtrc= Hnx(n-1,6 -a -
6 —a - b quab la hoan tat. b, b)

DPoan trinh cho truong hop nay s¢ la
if b = (a mod 3)+1 then
begin {b ke a}
Hnx(n-1,a,6-a-b);
inc(d) ;
writeln(£,d,'. ',a,' -> ',b);
Hnx (n-1,6-a-b,b) ;
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end ..
b) Trieong hop vi tri b khéng dirng sat vi tri a theo chiéu kim dong ho:
Cac cap (a, b) khi dé sé la: (1, 3), (2, 1) va (3, 2). Dac diém chung cia cdc cdp nay

la: néu di tir a dén b theo chiéu kim dong hé ching ta phdi vieot qua c la vi tri ndm giita
avab.

Tinh huéng ©) @) ©)

1 a b

2 b a

3 b a
Thap Ha Noi xuoi

Pdc td a va b khéng ké nhau b =(a mod 3) + 1
Céc hinh trang budc phai c6 khi d6 sé la:

Hinh trang Y nghia Lénh
(a:[1.nl,c:[1 b:[D Hinh trang ban dau VGi Vi tri b cach a
qua c theo chiéu kim dong ho.
b+(@mod3)+1
DPé chuyén n ting tir a sang b céch
qua vi tric =6 —a — b ta phai...

(@fn],c:[1, b:[1..n—1] Chuyén (tam) n — 1 tAng tir a qua b. Hnx(n — 1, a, b)

(@[] c:[n], b: [1..n—1]) sau d6 chuyén (tam)tingconlaicla a—6-a-b
aquac=6-a-b.

(@ [1.n—1],c:[n], b: [ ] ROi lai chuyén (tam) n — 1 tang tr b Hnx(n -1, b, a)
qua a nham giai phéng vi tri dich b...

(@ [1.n=1],c:[], b: [n]) dé chuyén tanglén nhdtntrcquab. 6-a-b—ob

(@[l c: 1 b:[1.n]) Cubi ciing chuyén n — 1 tang traqua  Hnx(n -1, a, b)
b Ia hoan tat.

(* Pascal *)

(*******************************

Ha Noi xuoi
*******************************)
uses crt;
var d: longint;

f: text;
procedure Hnx(n,a,b: byte);
begin
if n = 0 then exit;
if b = (a mod 3)+1 then
begin {b ke a}
Hnx (n-1,a,6-a-b);
inc(d) ;
writeln(f,d,'. ',a,' -> ',b);
Hnx (n-1,6-a-b,b);
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end
else {b cach a qua vi tri c}
begin
Hnx (n-1,a,b);
inc(d) ;
writeln(f,d,'. ',a,' -> ',6-a-b);
Hnx (n-1,b,a);
inc(d) ;
writeln(f,4,'. ',6-a-b,' -> ',b);
Hnx (n-1,a,b);
end;
end;
procedure runHnx(n: byte);
begin
d := 0;

assign(f, 'hnx.out') ;

rewrite (£f) ;
writeln('---———===="===———- ),
Hnx(n,1,2);

writeln(f, 'Total: ',d,' step(s)');
close (f) ;

readln;
end;
BEGIN
runHnx (3) ;
END.
Loi goi runHnx (3) chuyén n ting thap tir coc 1 sang coc 2 s& cho ta két qua sau:
1.1 -> 2 9. 3 —> 1
2. 2 -> 3 10. 1 -> 2
3. 1 > 2 11. 3 > 1
4. 3 > 1 12. 2 -=> 3
5. 2 -> 3 13. 1 -> 2
6. 1 -> 2 14. 3 > 1
7. 2 -> 3 15. 1 -> 2
8. 1 -> 2 Total: 15 step(s)
// CH#
using System;
namespace SangTaol
{
2y
* Thap Ha Noi Xuoi
|y gy g g g gy S Sy g S Sy Sy g g */
class ThapHaNoiXuoi
{

static int d = 0;//so buoc chuyen tang thap

static void Main()

{
Console.WriteLine("\n Ha Noi Xuoi") ;
HaNoiXuoi (3, 1, 2);
Console.WriteLine("\n Total: "
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+d + " steps");
Console.ReadLine () ;

} // Main
static void HaNoiXuoi (int n, int a, int b)
{

if (n == 0) return;

if (b == (a % 3) + 1)

{

HaNoiXuoi(n - 1, a, 6 - a - b);
Console.WriteLine ((++d)+". "+a

+" -> "+b);
HaNoiXuoi(n - 1, 6 - a - b, b);

}
else // a ¢ b, ¢ = 6-a-b
{
HaNoiXuoi(n - 1, a, b);
Console.WriteLine ((++d)+". "+a+
" => "+(6-a-b));
HaNoiXuoi(n - 1, b, a);
Console.WriteLine ((++d)+". "+
(6-a-b)+" -> "+b);
HaNoiXuoi(n - 1, a, b);
}

}
} // ThapHaNoiXuoi
} // SangTaol
Bai 8.7. Thap Ha Nji ngwoc
Noi dung giong nhuw bai todn thap Ha Noi c6 chi sira lai quy tac (2) nhw sau: 2

Mbi lan chi dwoc chuyen 1 tang thap tir mt coc sang coc sdt né vé huong
ngueoc chiéu kim dong ho.

Diéu kién nay quy dinh ba phép chuyén 1 tang thap nhu sau:
@ « @, hoiic ® « @, hoiic ® « D.
Hay tim cach giai bai toan vai s6 lan chuyén it nhat.
Bai giai
Bai nay tuong tu nhg bai Ha Noi X}léi. Ta chi cn xac dinh diéu kién k{% gilia hai
coc thap va luu y dén chiéu chuyén cac tang thap nguoc chiéu quay cua kim dong ho.
a) Trudng hop vi tri b dung sat vi tri a nguoc chiéu kim dong ho:
Theo trudong hgp nay ta co6 cac cdp (a, b) sau day: (3, 2), (2, 1) va (1, 3).

Hoan ddi vi tri ctia hai dai lugng a va b trong didu kién k& ctia bai toan Ha Noi xudi
ta thu dugc diéu kién ké trong truong hop nay la

a = (b mod 3)+1
Tinh hudng O © 0
1 a b
2 b a
3 b a

Thap Ha Noi nguoc
Dic ta ava b ké nhau a = (b mod 3) + 1
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Vi ¥ nghia 13, néu biét ma s vi tri a thi vi tri b sat sau a nguoc chiéu kim dong hd
s€ dugc tinh theo cong thuc trén.

Dua vao cac hinh trang budc phai ¢6 ta c6 thé mo ta viée chuyén thép trong truong
hop nay gidng nhu trong bai toan thap Ha Noi xudi, cu thé 1a:

Hinh trang Y nghia Lénh
(@ [1..n],b: [l c:[] Hinh trang ban dau véi vi tri b sat vi
tri a.
a=(bmod3)+1
Dé chuyén n tang tir a sang b nguoc
chiéu kim déng ho ta phai...

(@ [n], b: [1, c:[1..n - 1]) Chuyén (tam)n—-1tdngtraquac= Hnn(n-1,a,6

6-a-b. -a-b)

(@[], b:[n], ¢: [1..n—1]) sau d6 chuydntang conlaiclaaqua a—b
b

(@[l b:[1.n],c:[]) Cubi cung chuyénn — 1tdngtv c =6 Hnn(n -1, 6 —
—a-bquab la hoan tat. a-b,b)

DPoan trinh cho trudng hgp nay s¢€ 1a
if a = (b mod 3)+1 then
begin {b ke a}
hnn(n-1,a,6-a-b);

inc(d) ;
writeln(£,d,'. ',a,' -> ',b);
hnn(n-1,6-a-b,b);

end..

b) Trudng hop vi tri b khong ding sat vi tri a theo chiéu nguoc kim dong hd:

Cac cap (a, b) khi d6 sé la: (1,2),(2,3)va (3, 1). bac diém chung cua cac cip nay
la: néu di tir a dén b ngugc chiéu kim ddng hd ching ta phai vuot qua ¢ 1a vi tri nim
gitraavab.

Tinhhubng @ @ ©

1 a b
2 a b
3 b

Thap Ha Noi nguoc
Pdc td a va b khéng ké nhau
a=(bmod3)+1

Céc hinh trang budc phai c6 khi d6 s& rat giéng voi tinh hudng twong tu cia bai
toan Ha Noi xudi:
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Hinh trang Y nghia
(@ [l.n,c:[],b:[D Hinh trang ban déy Vi vi tri b cach
a qua ¢ nguwoc chieu kim dong ho
az(bmod3)+1
Dé& chuyén n ting tir a sang b cach
quavitric=6-a—btaphai..

(@ [n), c:[], b:[1.n—1] Chuyén (tam) n — 1 tAng tir a qua b.

(@[l c:[n], b:[1..n-1]) sau d6 chuyén (tam) tadng con la
claaquac=6-a-b.

(a: [1..n-1], c: [n], b: [ 1) R&i lai chuyén (tam) n — 1 tAng tir b

qua a nhdm giai phéng vi tri dich b...
(a: [1..n-1], c: [ ], b: [n]) dé& chuyén ting I&n nhét n t& ¢ qua
b.
(@[] e[ b:[1.n]) Cubi cung chuyén n — 1 tang tir a

qua b la hoan tat.

(* Pascal *)
(**************************************
Hano.pas - Ha N6i Nguoc
Chuyén phap nguoc chiéu kim déng hd.
*************************************)
uses crt;
var d: longint;

f: text;
procedure hnn(n,a,b: byte);
begin
if n = 0 then exit;
if a = (b mod 3)+1 then
begin {b ke a}
hnn(n-1,a,6-a-b);

inc(d) ;
writeln(£,d,'. ',a,' -> ',b);
hnn(n-1,6-a-b,b);
end
else {b cach a qua vi tri c}
begin
hnn(n-1,a,b);
inc(d) ;
writeln(f,4,'. ',a,' -> ',6-a-b);
hnn (n-1,b,a);
inc(d) ;
writeln(£f,d,'. ',6-a-b,' -> ',b);
hnn(n-1,a,b);
end;
end;
procedure runhnn(n: byte) ;
begin

d := 0;

266

Lénh

Hnn(n -1, a, b)
a—>6-a-b

Hnn(n -1, b, a)
6-a-b—-b
Hnx(n -1, a, b)
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assign(f, 'hnn.out');

rewrite (£f) ;
writeln('--————==—====————- ),
hnn(n,1,2);

writeln(f, 'Total: ',d,' step(s)'):;
close(£f) ;

readln;
end;
BEGIN
runHnn (3) ;
END.
Két qua:
1.1 ->3 12. 3 > 2
2. 3 => 2 13. 2 > 1
3. 1 -> 3 14. 3 => 2
4, 2 -> 1 15. 1 -> 3
5. 3 -> 2 16. 3 -> 2
6. 1 —> 3 17. 1 -> 3
7. 3 => 2 18. 2 -> 1
8. 1 -> 3 19. 3 > 2
9. 2 —> 1 20. 1 -> 3
10. 1 —> 3 21. 3 -=> 2
11. 2 -=> 1 Total: 21 step(s)

Nhan xét

Moéi xem ta ¢d cam tuong réng 161 goi Hnn (3,1,2) VaHnx (3,1,2) dé chuyén thap
3 tang tir coc 1 sang coc 2 phéi cho cling mot sb budc chuyén cac ting 14 15. Tuy nhién, 10i goi
Hnn(3,1,2) cho ta 21 budc chuyén cac tﬁng, trong khi 101 goi Hnx (3,1,2) chi cin 15
bude chuyén cac tang.
Suy ngam mdt chiit ban s& giai thich duoc nghich 1i nay.
Hay thir goi Ha Noi nguoc dé chuyén thap 3 ting tir coc 3 sang coc 2:
Hnn (3,3,2)

Ta s& thay chi can 15 bugc!!!

Lai goi Ha Noi xudi dé chuyén thap 3 tang tir coc 1 sang coc 3:
Hnx(3,1,3)

Ta lai thay 21 budc.

Nhu vy, Hnx va Hnn la d6i xtng 1éch. Néu hai coc, ngudn va dich ké nhau thi sé
lan chuyén thap 3 tang s& 1a 15. Nguoc lai, khi hai coc d6 khong ké nhau thi s6 lan
chuyén thap 3 tang s& la 21. Hai coc 1 va 2 1a k& nhau doi voi thap Ha Noi xudi nhung
khong ké nhau do6i véi thap Ha N(f)j ngu’qc.’Tuorng tu, hai coc 3 va 2 1a ké nhau doi véi
thap Ha Noi ngugc nhung khong ké nhau doi véi thap Ha Noi xudi.

Ta nhédn xét ring: néu liy hai s6 a, b khac nhau bat ki trong ba s6 1,2 va 3 thi gitta a va
b chi xdy ra mét trong hai truong hop loai trir nhau sau day

b = (amod 3) +1, hodc a = (b mod 3)+1
Do do, quan h¢ ké nhau trong hai bai toan Thap Ha Noi xudi va ngugc 1a pha dinh
do6i véi nhau.
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Ha No&i xubi Ha Néi nguwoc
b = (a mod 3)+1 a va b k& nhau a va b khéng ké nhau
a = (b mod 3)+1 a va b khéng k& nhau a va b k& nhau

Quan hé ké nhau trong hai bdi todn
thap Ha Ngi xuéi va nguoc

// C#

using System;
namespace SangTaol

{
2
* Thap Ha Noi Nguoc
g g Sy Sy S Sy S5 Sy g SR */
class ThapHaNoiNguoc
{

static int d = 0;
static void Main()
{

Console.WriteLine ("\n Ha Noi Nguoc ");
HaNoiNguoc (3, 1, 2);
Console.WriteLine("\n Total: " + d

+ " steps");
Console.ReadLine () ;

} // Main
static void HaNoiNguoc(int n, int a, int b)
{
if (n == 0) return;
if (a== (b $ 3) + 1)
{
HaNoiNguoc(n - 1, a, 6 - a - b);
Console.WriteLine((++d) + ". " +
a+" ->" + Db);
HaNoiNguoc(n - 1, 6 - a - b, b);
}
else // b c a, ¢ = 6-a-b
{
HaNoiNguoc(n - 1, a, b);
Console.WriteLine ((++d)+". "+a+
" => "+(6-a-b));
HaNoiNguoc(n - 1, b, a);
Console.WriteLine ((++d)+". "+
(6-a-b)+" -> "+b);
HaNoiNguoc(n - 1, a, b);
}

}
} // ThapHaNoiNguoc

} // SangTaol
Bai 8.8. Thdp Ha Npi thing
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Noi dung giong nhw bai todn thap Ha Noi 6 chi sira lai quy tac (2) nhw sau. (2)
Méi lan chi dwoc chuyén 1 tang thap tir mét coc sang coc ké né, khong dwoc
vong tir 3 sang 1 hay 1 sang 3.

Diéu kién nay quy dinh bon phép chuyén 1 ting thap nhu sau:
© 50,0 50, @50, @ 50
hoic, theo cach biéu dién khac:
Qo0 260
tire la chi duge chuyén qua lai giita hai coc ké nhau. Gia thiét 1a cac coc duoc
sap thanh hang nhu sau:
> >

©) @ ®

— 7 —

Hay tim cach giai bai toan voi s6 1an chuyén it nhat.
Bai giai
Gibng nhu da phén tich trong céc bai toan Ha Noi trude, ta co:
- Hinh trang xuat phat: (a:[1..n], b:[ ], ¢:[ 1)
- Hinh trang két thuc: (a:[ ], b:[1..n], c:[ 1)
- Hinh trang buc phai c6: (a:[n], b:[ ], c:[1..n—1])
Ta phan biét hai treong hop:
- Hai coc a va b dimg ké nhau trén dudng thang.
- Hai coc avab cach nhau qua c.
Truong hop thir nhat Néu vi tri cac coc duge bd tri nhu sau

© ® ®

thi giita a va b ¢6 bon tinh hudng, cu thé 1a:

Tinh huéng ©) @) ®
1 a b
2 b a
3 a
4 b

Théap Ha Néi thang
Ddc td a va b ké nhau abs(a —b) =1
Truong hop nay dugc déc ta la

abs(a-b) =1

Hinh trang Y nghia Lénh
(a[1..n],b:[],c:[] Hinh trang ban d&u véi vi tri b
ké vi tri a trén dwong thang
abs(a-b) =
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(@[n],b:[],c:[1..n=1))

(@[], b:[n],c:[1..n-1))

(@[l b:[1.n],c[]

Dé chuyén n tang tv a sang b
theo dwong thang ta phai...

270

Chuyén (tam) n — 1 tdng tr a Hnt(n -1, a, 6 —a — bh);

quac=6-a-bh.

sau d6 chuyén ting conlaicia a — b

aquab.

Cudi cung chuydn n — 1 tdng Hnt(n-1,6 —a—b, b);

tt c =6 —-a—bquab lahoan
tat.

Truong hop thir hai a va b cach nhau qua ¢ trén duong thing. Ta c6 ¢ =2 va chi c6
hai tinh hudng cho a va b nhu sau:

Hinh trang
(@L.nl,c[1b:[]

(@n],c:[] b [1..n-1]

(@[], c:[n], b:[1..n=1))
(@ [1.n-1], ¢: [], b: [ 1)

(a: [1..n-1], c: [], b: [n])

(@[] c:[] b:[1.n])

(* Pascal *)

Tinhhubng @ @ O

1 a ¢ b

2 b ¢ a
Y nghia

Hinh trang ban dau véi vi tri b
khong ké véi vi tri a trén dudng
thang.

abs(a-b)=1
Tacoc=2.
DPé& chuyén n ting tlr a sang b
céach qua vi tri c = 2 ta phai...

Chuyén (tam) n — 1 tAng tir a qua
b.

sau do chuyén (tam) tang cudi
claaquac=2.

R&i lai chuyén (tam) n — 1 tang
tlr b qua a nham giai phong vi tri
dich b.

d& chuyén tang I6n nhat n tr ¢ =
2 quab.

Cubi ciing chuyén n — 1 tAng tir a
qua b la hoan tét.

(****************************
HNT.PAS - Ha Noi thang
Chuyen n tang thap tu coc a
sang coc b theo duong thang
1->2, 2->1 hoac 2->3, 3->2

123

****************************)

Lénh

Hnt(n — 1, a, b)

a—>2

Hnt(n -1, b, a)

2—>b

Hnt(n — 1, a, b)
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uses crt;
var d: longint;
f: text;
procedure Hnt(n,a,b: byte);
begin
if n = 0 then exit;
if abs(a-b) = 1 then

begin
Hnt (n-1,a,6-a-b);
inc(d) ;
writeln(f,4d,'. ',a,' -> ',b);
Hnt (n-1,6-a-b,b) ;

end

else
{ _____________________________

abs(a-b)=2 tuc la a =1, b =3
hoac a = 3, b =1, do do c=2

begin
Hnt(n-1,a,b);
inc(d) ;
writeln(f,d,'. ',a,' -> 2"');
Hnt (n-1,b,a);
inc(d) ;
writeln(f,4d,'. 2 -> ',b);
Hnt(n-1,a,b);
end;
end;
procedure runHnt(n: byte) ;
begin
d := 0;
assign(f, 'hnt.out');
rewrite (f) ;
writeln('-----—-—-——-——--——-- ')
Hnt(n,1,2);
writeln(f, 'Total: ',d,' step(s)');
close (£f) ;

readln;
end;
BEGIN

runHnt (3) ;
END.
Két qua
1.1 —> 2
2. 2 -=> 3
3.1 —> 2
4. 3 -> 2
5. 2 > 1
6. 2 —> 3
7. 1 -=> 2
8. 2 -> 3
9. 1 —> 2
10. 3 -> 2
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11. 2 > 1
12. 3 -> 2
13. 1 -> 2

Total: 13 step(s)

// C#

using System;
namespace SangTaol

{
Ly Ly
* Thap Ha Noi Thang
|y gy g g g Sy g Sy gy Sy S Sy g Sy */
class ThapHaNoiThang
{

static int d = 0;

static void Main()

{
Console.WriteLine ("\n Ha Noi Thang") ;
HaNoiThang (3, 1, 2);
Console.WriteLine("\n Total: " +

d + " steps");

Console.ReadLine () ;

} // Main

static void HaNoiThang(int n, int a, int b)
{
if (n == 0) return;
if (Math.Abs(a - b) == 1)
{
HaNoiThang(n - 1, a, 6 - a - b);
Console.WriteLine ( (++d)+
". "+a+" -> "+b);
HaNoiThang(n - 1, 6 - a - b, b);
}
else // acb, bca, ¢c=6-a-b
{
HaNoiThang(n - 1, a, b);
Console.WriteLine ( (++d)+
", "+a+" -> "+(6-a-b));
HaNoiThang(n - 1, b, a);
Console.WriteLine ( (++d)+
". "+(6-a-b)+" -> "+b);
HaNoiThang(n - 1, a, b);
}
}
} // ThapHaNoiThang
} // SangTaol

Bai 8.9. Thdp Ha Ngi sic mau (Ha Néi Cau vong)

272

Nguoi ta son moi tang thap mot mau va quy dinh ludt chuyén cho méi loai tang

theo mau nhw mo ta trong bang sau.
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Kihiéu Mau Y nghia chuyén ting Quy tic
X xanh  xudi chidukimdénghd @ —>@ >0® —> @
n nau  nguoc chidukimdonghd D« @« @ « @
t tring thing Qo060
h héng tudo (handikinhdién) @ o @ o Qo0

Ngoai ra, di nhién van phai theo quy dinh 1a ting to khong dwoc dit 1én trén
tang nho.
Hay tim cach giai bai toan v&i sb 1an chuyén it nhat.
_ Thi dy, v6i céc tang thap dwoc t6 mau tir trén (ting nho nhét) xudng dudi (tang 16n
nhat) la:

| xanh |
[ nau |
| xanh |
| hong |
I tra“ing I

Ha Noi sic mau 5 tang xnxht
va can chuyén thap tir coc 1 sang coc 2 thi phai thuc hién tbi thiéu 31 1an chuyén céac
tang nhu sau:

1.1 -> 2 17. 3 > 1
2. 1 -> 3 18. 3 -> 2
3. 2 -=> 3 19. 1 —> 2
4, 1 -> 2 20. 3 > 1
5. 3 > 1 21. 2 -> 3
6. 3 -> 2 22. 2 > 1
7.1 -—> 2 23. 3 > 1
8. 1 —> 3 24. 3 -> 2
9. 2 -> 3 25. 1 -> 2
10. 2 > 1 26. 1 -> 3
11. 3 > 1 27. 2 => 3
12. 2 -=> 3 28. 1 > 2
13. 1 -> 2 29. 3 > 1
14. 1 -> 3 30. 3 -> 2
15. 2 -> 3 31. 1 -> 2
l16. 1 -> 2 Total: 31 step(s)
Bai giai

Diéu li thii 1a thu tuc Ha Noi sic mau 1a kha tong quat vi ta ¢6 thé ding no dé goi
cho céac bai toan vé thap Ha Noi da xét. Bang dudi day cho biét cach st dung thu tuc
Hnm cho céc truong hop riéng.

Muén goi Thi goi Chu thich
Hn(n,a,b) s := 'hh..h'; s chira n ki tw 'h’
Hnm(length(s) ,a,b);
Hnx(n,a,b) s := 'xx.x'; s chtra n ki tw 'x’
Hnm(length(s) ,a,b) ;
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Hnn(n,a,b) s := 'nn..n'; s chira n ki tw 'n'
Hnm(length(s) ,a,b);
Hnt(n,a,b) s := 'tt..t'; s chira n ki tw 't'

Hnm (length(s) ,a,b);

Ta quy wéc dit liéu ban dau dugc md ta trong bién tong thé kiéu xau ki tu s voi khai

bao nhu sau:
var s: string
Trong thi du trén, s s€ dugc gan tri 1a
s := 'xnxht';
Khi d6 c6 thé khai bao thu tuc thap Ha Noi sic mau nhu sau:
procedure Hnm(n: byte; a,b: byte);

trong d6 n 1a sb tang thap, a va b 1a hai coc khac nhau cho trudc va nhan céc gia tri 1, 2
hoac 3.

Ta viét thém thu tuc runHnm (Thap: string) dé t6 chirc 101 goi thuan tién cho
bai toan Ha Noi sic mau nhu sau.

Tham bién Thap kiéu string s chira mo ta cu thé cho cac ting thap. Thi du, 1oi
goi

runHnm ('xnxht') ;

s€ xu li thap 5 tang, tinh tir trén xudng, tirc 1a tir ting nho nhat c6 ma sé 1 dén tang day,
tang 16n nhat mang ma s6 5 nhu sau:

Tadng (i) Mau (Thapl[il])
\l X \l
\l n \l
\l X \l
A\l h A\l
A\l t A\l
Goi thu tuc cho bai
Ha Néi Sac mau
runHnm ('xnxht')
Céch mi s nay nguoc voi quy tic goi cac ting trong doi thuong. Nguoi ta thudng

g w N

ma s6 cac tﬁng cuatoanha trdudilénlal, 2,...

Vi 101 goi

runHnm (Thap:string) ;
thi gia tri ciia tham tri Thap s€ duoc truyén cho mot bién téng thé s:
s := Thap;

Sau d6 14 10 goi cu thé Hnm theo sb ting thip Length (s), coc ngudn (noi dat tang

thap ban dau) a = 1 va coc dich, noi cin chuyén thap dén, b= 2.
Hnm(length(s) ,1,2);
S& di phai dung mot bién tong thé s dé luu lai cdu hinh thap vi ta mu6n han ché ton

kém phat sinh trong 161 goi d€ quy cta tha tuc Hnm.
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Néu khai b4o Hnm v&i bdn tham bién nhu sau:
procedure Hnm(Thap: string; n,a,b: byte);
thi 15 rang 1a s& ton kém hon.
Bién tong thé d dugc khai tri 0 s& dugc ding dé dém sé bude chuyén cac tang thap.

procedure runHnm(Thap:string) ;

begin
s := Thap;
d := 0;

assign(f, 'hnm.out') ;
rewrite (f) ;
writeln('---———===="===———- ),
Hnm(length(s) ,1,2);
writeln(f, 'Total: ',d,' step(s)');
close (£f) ;

readln;
end;
BEGIN
runHnm('txhxn') ;
END.

Moi khi xir li mét tang thap i, ta xem X .- R N
mau s[i] ciia tng Vé..lua C‘%}Qn guyét dinh Neéu s[i] c6 mau Thi x& li nhw tha
nhu trong bang sau tue

_ Ta nhan xét rang, trong moi tinh x! hnx
hudng, tire 1a voi moi mau khac nhau cua 'n' hnn
tang thap, khi hai coc a va b ké nhau thi ta ey hnt
can thyc hién cac thao tac nhu nhau,
cu thé la: 'h' hn

Phuwong thire xut Ii cho bai toan
Viy ta chi can dic ta tinh chit ké Ha Noi sdc mau
glfra@@i qﬁgzﬁ_}@ blaxong. v nghia

Hrrn s thay,, dura thg%)i}lét célﬁzén yoi thap Ha Noi ¢0, hai coc a va b khac nhau tiy ¥
C

dgqc em la ke nhau."Véi (Su%p HE%IG_@; Xy, cc,)rg %hréq &{rgg sat coc a theo chiéu kim
dong ho: \ )
a _g) b Chuyén tang cudi cuing tlr a sang
b b = (a mod 3)+1
Hnm(n—1,6—-a-b, b) Chuyén n — 1 tAng thap t» ¢ = 6 Véi thap Ha Noi
—a-b (?ua b nguoc, b phai ding sat
Ha Noi sac mau a theo chiu quay
Chuyén thap trong truong hop a va b ké nhau ngugc cua kim dong

‘ o ho. Noi cach khac, a
phai dung sat b theo chiéu kim dong ho:

a = (b mod 3)+1

Véi thap Ha Noi thfmg, nhu ta da biét, gia tri ciia a va b phai I¢ch nhau dung 1 don
Vi
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abs(a-b) =1

Béang dudi ddy mo ta cac truong hop trén.

Bai toan Ki hiéu Diéu kién aké b Minh hoa
(a=b)
Ha Noi Cb h Ludén ding (True) Qo000
00,00,00,00
06,00
Ha Noi Xubi X b= (amod 3) +1 @® 5 @ 5> 0 > @

00, 00, B0

Ha N6i Nguwgc n a=(bmod 3) +1 @« @« ® « @
. o3, 00, @O
Ha NGi Thang t abs(a — b) =1 Do o0

00, 00, @0, OO0

. Ha Néi sdc mau
Cac diéu kién ke giita hai coc a va b
a,b=123;a=b

Ham Ke (k&) khi d6 s& dugc mé ta nhu sau.
function Ke(n,a,b: byte): Boolean;

begin
case s[n] of
'x': ke = (b = (a mod 3)+1);
'n': ke = (a = (b mod 3)+1);
't': Ke = (abs(a-b) = 1);
'h': Ke := True;
end {case};
end;

Tuong tu, khi hai coc a va b khong ké nhau ta cling thuc hién cac thao tac nhu
nhau.

Biét ham Ke, ta dwa vao cac thudt toan riéng cho mdi truong hop dé viét phuong an
cho bai toan Ha Noi sac mau nhu sau:

Ha Noi sac mau

x: xanh - xuoi chieu kim dong ho
n: nau - nguoc chieu kim dong ho
t: trang - chuyen thang

h: hong - chuyen tu do

procedure Hnm(n: byte; a,b: byte);
begin

if n = 0 then exit;

if Ke(n,a,b) then

begin
Hnm(n-1,a,6-a-b);
inc(d) ;
writeln(£f,d4d,'. ',a,' -> ',b);
Hnm(n-1,6-a-b,b);
end else

begin
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Hnm(n-1,a,b) ;

inc(d) ;

writeln(f,4,'. ',a,' -> ',6-a-b);
Hnm(n-1,b,a);

inc(d) ;

writeln(f,d,'. ',6-a-b,' -> ',b);
Hnm(n-1,a,b);

end;
end;

(* Pascal *)

(**************************************
HNM.PAS - Thép Ha N6i mau

x — xanh: Xuui chiéu kim ddng hdé

n - ndéu: Ngugc chiéu kim ddng hd

t - gréng: Ehéng theo hang ngang

h - Ha Néi cé: kinh dién
****************************************)
uses crt;

var d: longint; {dem so buoc chuyen}

f: text; {output file}

s: string; {cau hinh thap}

function Ke(n,a,b: byte): Boolean;

begin
case s[n] of
'x': ke = (b = (a mod 3)+1);
'n': ke = (a = (b mod 3)+1);
't': Ke = (abs(a-b) = 1);
'h': Ke := True;
end {case};
end;
(* ________________________________________

Ha Noi sac mau

x: xanh - xuoi chieu kim dong ho
n: nau - nguoc chieu kim dong ho
t: trang - chuyen thang

h: hong - chuyen tu do

______________________________ }
procedure runHnm(Thap:string) ;
begin

s := Thap;

d := 0;

assign(f, 'hnm.out') ;
rewrite (£f) ;
writeln('--—-————————————- ") ;
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Hnm(length(s) ,1,2);
writeln(f, 'Total: ',d,' step(s)');
close (f) ;
readln;
end;
BEGIN
runHnm('txhxn') ;
END.

// Cc#

using System;
namespace SangTaol

class ThapHaNoi
{
static int d = 0;
static char[] s = new char[64];
static void Main()
{
Console.WriteLine("\n Ha Noi Sac Mau");
RunHaNoiSacMau ("xnxht", 1, 2);
Console.WriteLine("\n Total: " +
d + " steps");
Console.ReadLine () ;
} // Main
static bool Ke(char KieuThap, int a, int b)
{
switch (KieuThap)
{

case 'x': return (b == (a % 3) + 1);
case 'n': return (a == (b % 3) + 1);
case 't': return (Math.Abs(a - b) == 1);

return true;

Ha Noi sac mau

x: xanh - xuoi chieu kim dong ho
n: nau - nguoc chieu kim dong ho
t: trang - chuyen thang

h: hong - chuyen tu do

void HaNoiSacMau(int n, int a, int b)
{
if (n == 0) return;
if (Ke(s[n], a, b))
{
HaNoiSacMau(n - 1, a, 6 - a - b);
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Console.Writeline ( (++d)+
ll. (ll+s[n]+") ll+a+ll _> H+b);
HaNoiSacMau(n - 1, 6 - a - b, b);

}
else
{
HaNoiSacMau(n - 1, a, b);
Console.WriteLine ((++d)+
". ("+S [n]+") n
+a+" -> "+(6-a-b));
HaNoiSacMau(n - 1, b, a);
Console.WriteLine ( (++d)+
". ("+s [n]+")"
+(6-a-b) +" -> "+b);
HaNoiSacMau(n - 1, a, b);
}

}
static void RunHaNoiSacMau(string w,
int a, int b)

{
d=0;
w.CopyTo(0, s, 1, w.Length);
HaNoiSacMau (w.Length, a, b);

}
} // ThapHaNoi

} // SangTaol

Hwéng dan kiém thi
Ta sé& dung ki thuat d6i sanh dé kiém thir cac truong hop.

Ta chon va ¢6 dinh cac giatrin,avab. Chéng han,n=4,a=1,b=2.

Khi dé ta co6:
RunHn (n) va RunHnm ('hhhh') cho cing Két qua.
RunHnx (n) vd RunHnm ('xxxx') cho cung két qua.
RunHnn (n) va RunHnm ('nnnn') cho cing két qua.
RunHnt (n) va RunHnm('tttt') cho clng Kkét qua.

279

Néu ghi cac két qua nay vao céc tép twong tmg, sau d6 goi thu tuc d6i sanh timg

cdp hai tép tuong tmg thi c6 thé kiém dinh dugc mot sé truong hop.

Dé xay dung céc tinh hudng kiém thir khac nhau con lai ban dé y dén cac tinh chét
thuan nghich cta cac thu tuc khac nhau. Thi dy, nhu da phan tich & phan trén, cac 161

goi Hnx (3,1,2) vaHnn (3, 3,1) phat sinh cing mot sb 1an chuyén.

Ban hiy thtr phat hién thém sy tuong dong gitra cac 161 goi Hnm véi cac tham tri

khac nhau.
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Poc thém

Lwoc str

M6t s6 bai toan vé thap Ha Noi da dwgc dua vao cac ki thi Olympic Tin hoc
tai mot sd quéc gia. Ching ta thd tim hiéu cdi ngudn cla cac bai toan thudc
loai nay.

Nam 1883, trén mot t& bao & Paris cé dang bai mé ta mét tré choi toan hoc
cla giao su Claus vé&i tén la Thap Ha No6i. Noi dung tré choi dwgc moi ngudi
say mé lam th& chinh la bai toan Thap Ha Noi cb.

Thoi d6 & thi do Paris dan ching d6 x6 nhau mua d6 choi nay va sudt
ngay ngdi chuyen thap. Trong lich s vé cac tro choi thong minh da tng co6
nhi*rng con s6t nhw vay. Tinh trung binh méi thé ki c6 mét vai con sét trd choi.
Thé ki thr XX cé con sbt Rubic, thé ki XIX & cac trd choi 15 va thap Ha Noi.
Bai toan nay ndi tiéng dén murc trd thanh kinh dién trong cac gido trinh vé thuat
giadi dé quy va dwoc trinh bay trong cac thdng bao chinh thirc cla cac phién
ban chuan ctia cac ngl trinh nhw ALGOL-60, ALGOL-68, Pascal, Delphy, C,
C++, Ada,... khi mubn nh&n manh vé kha n&ng dé quy cla cac ngdn ngi do.

Theo nha nghién ctru Henri De Parville cong bé vao nam 1884 thi tac giad
cla tro choi thap Ha N6i co tén that la nha toan hoc Eduard Lucas, nguwdi co
nhiéu déng gop trong linh vwe sd luan. M&i khi viét vé dé tai giai tri thi dng ddi
tén la Claus. Ban c6 dé y réng Claus Ia mot hoan vi cac chiv cai cta tir Lucas.

De Parville con ké ring bai toan thap Ha Noi bat ngudn tlr mot tich truyén
ki & An Do. M6t nhém cao tang An Do gido duoc giao trong trach chuyén dan
64 dia vang gitra ba coc kim cwong theo cac diéu kién da noi & bai toan Thap
Ha Noi cb. Khi nao hoan tat cong viéc, tire 1a khi chuyén xong toa thap vang 64
tang tw vi tri ban dau sang vi tri két thac thi cling 1a thdi diém tan thé. Sy viéc
nay co xay ra hay khong ta sé xét & bai tap 8.10.

Loi gidi dwoe cong bd dau tién cho bai toan thap Ha Néi la cta Allardice va
Frase, nam 1884.

N3m 1994 David G. Poole & Dai hoc Trent, Canada da viét mot bai khao
ctu cho t& Mathematics Magazine sé thang 12 nhan dé "Vé céac thap va cac
tam giac cla giao sw Claus" cung v&i mét phu dé "Pascal biét Ha Noi". Poole
da liét ké 65 cong trinh khdo ctru bai toan thap Ha Noi dang trén cac tap chi
toan-tin trong khodng muwdi nam. Tac gia cling chi ra s lién quan gilra cac
cobng thire tinh sb 1an chuyén cac tAng thap va moét phwong phap quen biét
dung dé tinh cac hé sb cta dang khai trién nhj thirc Newton (a + b)". Phwong
phap nay dwoc goi la Tam gidc Pascal, mang tén nha toan hoc kiém vat li hoc
Phéap Blaise Pascal (1623-1662), ngwdi da ché tao chiéc may tinh quay tay dau
tién trén thé gidi.

Mot s6 nha nghién clru trong va ngoai nuoc cé ban luan vé dia danh
Ha Noi. Theo t6i van dé nay van con ngd. Hau hét cac bai viét xoay quanh dé
tai chuyén thap néi trén déu dung thuat ng bai toan thap Ha Nai. Khi gidi thiéu
vé bai toan Ha Noi nhiéu thap Dudeney dat tén la bai toan dd cta Reve (The
Reve's Puzzle). Tuy nhién, nhiéu nha nghién ctru cho réng tét hon ca 1a nén
dat tén va phan loai theo tén nguyén thuy clia bai toan, nghia la Thap Ha Nai.

Ngoai cac dang Thap Ha Noi da liét ké & phan trén mot sb tac gia con dé
xuét nhivng dang kha ki la, chdng han nhw bai toan sau day.
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Ha Nbi nhiéu thap
Trong tro choi nay ngudi ta lam thém nhiing coc, chang han thay vi ba ta ding bon
coc va ‘cﬁng c6 the bo tri thap tai nhi€u coc. Y kién nay do H.E. Dudeney, mdt tac gia
hang dau ve toan hoc giai tri ngudi Anh dwa ra vao nam 1908. D c6 nhi€u bai dang 16i
giai cho bai toan nay, c6 nhiing bai méi xut hién gan day vao nhiing nam 1988 va

1989. Du vay chua ai chimg minh duoc 1& rang sb lan chuyén ciia bai giai 1a tdi thicu
nhu da lam véi cac dang thap Ha Noi khac.

Bai tap
Ban hay thir 1ap cong thirc tinh s6 lan chuyén céac tang tbi thiéu cho cac bai toan
Sau:
Thap Ha Noi,
Thap Ha Noi Xudi,

Thap Ha N6i Ngugc va
Thap Ha Noi Thing.

Loi cam on Cac tu liéu trén va mot s tu lidu khac trong bai duoc trich dan tir cac
bai viét ctia giao su vién si Nguyén Xuan Vinh, Khoa K§ thuét khong gian, Dai hoc
Michigan, cOng tac vién NASA, Hoa Ky. Tac gia xin chan thanh cam on gido su da cho
phép trich dan va chi gido vé cac phuong phap truyén thu tri thirc khoa hoc cho gidi tré.

NXH
8/4/2008
Stra ngay 4/4/09
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Nguyén XuGn Huy
s,ng t'o trong
thukEt to,n
vp lEp trxnh
vii C#, Pascal

tuydbn c,c bpi to,n tin néng cao
cho hac sinh vp sinh vi®n giai

TEp mét

Léi giii thilu

S,ch trxnh buy cd hO théng c,c ph-—-ng ph,p thiOt
kO thuEt to,n minh hda qua c,c bui to,n thi hé&c
sinh gidi vu Olimpic hdc sinh vu sinh vi®n trong
n-ic, khu vuc vp quéc tO. C,c bui to,n ®u ®-ic
phG©n tYch ®Cy ®A kIm theo thuEt to,n vu toun v'n
ch--ng trxnh viOt tr?n ng«n ng+ C# vu Pascal.
S,ch 1u tui 1i0u be Ych cho hdc sinh trung hédc,
gi,o vi®n c,c tr-éng phae th«ng vu cao ®4ng vpu
sinh vi®n c,c tr-éng ®'i hdc muén houn thiOn kiln
thec ®0 tham du c,c ku thi Olimpic Tin hdc quéc
gia vu quéc tO.

C,c ch-—-ng trxnh song ng+~ Pascal vu C# gidp cho
bln ®ic chuyOn ®zi nhanh chdng sang c,c m«i
tr-éng 1lEp trxnh ti®n ti0n.



