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DE QUY - QUAY LUI
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1.4. Bé quy

= Khai niém

= Thanh phan cua mét mo ta dé quy
= Mét sb vi du vé mo ta dé quy

= Phan loai dé quy

= Giai quyét bai toan bang dé quy
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1.4.1. Khai niém

= M6t déi twong dwoc mo ta thong qua chinh né goi la
mo ta dé quy.

= M6t bai toan c6 tinh chat dé quy khi n6 c6 thé phan ra
thanh nhirng bai toan nhé hon nhwng c6 tinh chat cua
bai toan ban dau.

= M6t ham c6 tinh chat dé quy néu trong than cta né c6
I&i goi lai chinh nd.

= Dinh nghia twéng minh: Giai thich khai niém méi bang
khai niém da cé:

= VD: Ngwei = Dong vat cao cap

= Binh nghia long vong (dé quy):

= VD: Ngwei = Con cua 2 Ngwei khac
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Thanh phan ctia mot mé ta dé quy

= Phan co sé& (neo, treng hop suy bién).
= Piéu kién dirng cla dé quy
= Phan quy nap.
= M0 ta déi twong thong qua chinh déi twong dé mét cach truc tiép
ho&c gian tiép.
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Thanh phan ctia mot mé ta dé quy

= Vidu
1. Tap sb tw nhién N.
2. N!

3. Wé&c chung I&n nhét ctia 2 s6 nguyén dwong a, b.

ucln(a, b) = bnéua % b = 0 (thanh phan co s&)
: ucln(b,a % b) néua % b # 0 (thanh phin quy nap)

4. Day sb Fibonaci.
5. Tb hop chap k ctia n phan t&r C(k, n).

Onéun=0

6. Tbng n sb tw nhién dau tién: p(n) = {n +p(n— 1) néun >0
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1.4.2. Phan loai dé quy

= Pé quy tuyén tinh:

— Mai Ian thuce thi chi goi dé quy mét 1an (trong ham dé quy chi cé

mét 1&i goi dé quy).

VD: Ham giai thira
unsigned long gt(int n){
if (n<2)
return 1;
else
return n*gt(n-1);

rec func( ) {
if (condition)
Lénh 1;
else {
Lénh 2 ;
rec func(..);

Phan loai dé quy
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= Pé quy nhi phan

— Mai 1an thuc thi cé thé goi dé quy hai 1an (trong ham dé quy c6 hai

101 goi dé quy).

VD: Ham tinh s6 C(k,n)
long C(int n, int k) {
if(k==0]|| k==n)

return 1;
else
return C(n-1, k) +
C(n-1, k-1);

rec func( ) {
if (condition)
Lénh 1;
else {
Lénh 2 ;
rec_func(..);
rec_func(..);
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Phan loai dé quy

= Pé quy twong hd.

— Cac ham dé quy goi lan nhau.

Phéng doan Collatz

« NéuXchdn > X=X/2

« NéuXlg>X=X*3+1

V6&i moi sé tw nhién X > 0 qua trinh bién ddi nhw trén déu

dwa vé sb 1 (va sau d6 sé tudn hoan véi day 4, 2, 1).
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Pé quy twong ho

void xuly le(int x) {
cout<<x*3+1", ";

xuly so (x*3+1);

void xuly chan(int x) {
cout<<x/2<<", ";
xuly so (x/2);

void xuly so(int x) {
if (x%2==0)
xuly chan(x);
else 1f (x>1) xuly le(x);
}




Pé quy twong hd

rec funcl() {
if (PK)
Lénh 1;
else({
Lénh 2 ;
req_func2(m);

rec_ func2 () {
if (PK)
Lénh 1;
else({
Lénh 2;

rec_ funcl(..);
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Phan loai dé quy

= Pé quy phi tuyén.

— Ham dé quy dwoc goi trong vong |ap.

Vi du:

X&c dinh day { An } theo céng thirc truy hoi:
A= 1; A= N2Ap+H(N-1)2A+ .. L+ 22A + 12A
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Pé quy phi tuyén

int A(int n) {
if (n==0)

return 1 ;

else {
int tg= 0 ;
for (int 1=0; i<n; 1i++)
tg = tg + (n-i)? * A(i);

return tg;

Design by Minh An

Phan loai dé quy

= Pé quy léng.

« Tham sb6 trong I&i goi dé quy |a mét I&i goi dé quy.

Vi du: Ham sé Ackermann
Cho ham A(x, y), v&i mién gia tri la R
A,y)=1,néuy=0

A(1,0)=2
A(X,0)=x+2 néux=0
A y)=AA(X-1,y),y-1),néux=1vay=1
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bé quy léng

long Acker (int m, int n)
{
if (m == 0)
return (n + 1);
else 1if (n == 0)
return Acker(m - 1, 1);
else

return Acker (m-1, Acker(m, n-1));
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1.4.3. Giai quyét bai toan bang dé quy

= Téng quat hoa bai toan.

= Tim trieéng hop suy bién (neo, co sé).

= Tim giai thuat trong trwong hop tdng quat bang phan ra
bai toan theo kiéu dé quy.
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Giai quyét bai toan bang dé quy

= Bai toan Thap Ha Noi.
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Bai toan thap ha ndi
|_DesgnbyMiniAn
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Bai toan thap ha ndi

= Tbng quat thanh bai to4an: Chuyén n dia tir Asang C
= Tim trwéng hop suy bién: Chicé 1 dia
= Tim gidi thuat trong trwéng hop téng quat bang phan ra
bai toan theo kiéu dé quy:
+ Chuyén n - 1 dia tlr A sang B (C lam trung gian)
+ Chuyén 1 dia tir Asang C
+ Chuyén n - 1 dia t¥ B sang C (A lam trung gian)
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Bai toan thap ha ndi

Mo ta dé quy

= Néun=1:
« Chuyén 1 diatlr Asang C
* Nguoc lai:
« Chuyénn-1diatrAsang B
« Chuyén 1 diatlr Asang C
« Chuyénn—1diaty BsangC
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Bai toan thap ha ndi

Thuat toan

void Chuyen(n, A, B, C){
if (n == 1)
Chuyén 1 dia t@ A sang C;
else({
Chuyen(n-1, A, C, B);
Chuyen(l, A, B, C);
Chuyen(n-1, B, A, C);
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Giai quyét bai toan bang dé quy

* Thuat toan Loang
+ Bai toan tim Mién lién théng: Cho mét lwdi hinh chi
nhat kich thwéc MxN g6m cac 6 cogiatri0 hoac 1.
—M&i 6 (i, j) cd 4 6 lienkeé 1a (i-1, j), (i+1, ), (i, j-1), (i, j+1).
— Hai 6 trong lwéi dwoc goi la cung moét mién lién théng,
néu chung coé cung gia tri, dong thoi co thé “di dén”
dwoc nhau théng qua cac 6 lien ké.

* Yéu cau: Tim sé mién lién théng cua lwdi.
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Thuat toan loang

= Bai toan tim Mién lién théng
* Vi du: Lwéi kich thwéc 5x6 duwdi day co 8 mién lién
théng.
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Thuat toan loang

= Phan tich:

< Tirmdio (i, j) s& 1an lwot “ther di”
sang cac 6 lién ké& theo mét thi
tw nhat dinh (VD: trai -> trén ->
phai -> duwéi).

_ ol N + Néu “di dwoc” va 6 dé cé cung

()= WD) =) | st voi 6 (i, j) dang xét thi:

ra — Ghi nhan & d6 la cing mién

(i+1,j )- v6i 6 (i, j).

— Va tiép tuc dé quy véi cac 6
nay.
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Thuat toan loang

= Thuat toan: “loang” tir 6 (i, j):
void loang(int i, int j) {
Panh dau la O[i][j] aa xét
if ((O[i-1][1==0lilll) && (O[i-1][j] chwa xét) && O[i-1]j]
nam trong bang)
loang(i-1, j);
ITwong tw véi cac Ofi+1][], O[illj-1] va Ofil[+1]
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Thuat toan loang

= Cdu truc dir liéu:
« Bién so_mien (kiéu int) dé dém sé mién lién thong.
+ Mang 2 chiéu O[M][N] (kiéu int) dé biéu dién Iwéi.
« Mang 2 chiéu flag[M][N] (kiéu bool) dé biéu dién viéc
danh dau 6 trong lwdi da duwoc xét.

Design by Minh An
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Thuat toan loang

= Ham “loang” tir 6 (i, j):

void loang(int i, int j) {

flag[i] [j] = true; //Loang t&i O(i, j)

if ((a[i-1][jl==a[i]l[]j]) && (! flag[i-1]1[3j]))
loang(i-1, j); //Loang tiép

if ((a[i+l][jl==ali][]]) && (! flag[i+1][3]))
loang (i+1, j):

if ((alil[j-1]l==alill3j]) && (! flagl[il[3j-11))
loang (i, j-1);

if ((a[i] [j+1l]==ali] []]) && (! flag[i][3j+1]))
loang (i, j+1);
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1.4.3. Bé quy c6 nh¢&

= Xét bai toan té hop chap k cua n, C(k, n)

long C(int: k; int n) {
if (k = 0) || (k == n)
return 1;
else return C(k, n-1) + C(k-1, n-1);

Design by Minh An
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Dé quy co nho

= Sodb goi dé quy cua C(k, n)
C(3.5)
C(24) C(3.4)
|
i1.3) C(2.3) C(2,3) C(3.3)
l
C(0,2) C(1,2) C(1,2) C(2,2) C(1,2) C(2,2
\
C(0,1) C(1,1) C(0,1) C(1.1) C(0,1) C(1,1)
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Dé quy co nho

= Nhan xét

« C6 mét sb (cdng thire tinh) I goi bi lap lai: C(2, 3), C(1,
2), ...

« Néu dung dé quy dé tinh lai cac cong thirc ndy sé mét
nhiéu th&i gian.

+ D& gidm bét thoi gian tinh ta Iwu céc gia tri da tinh toan
vao mét mang dé sau nay khi gap lai ta chi viéc lay gia tri
da lvu ma khoéng phai tinh lai.

= Can mot mang kich thuwéce (k+1)x(n+1) cho bai toan C(k,
n).
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Dé quy co nho

= Ham dé quy c6é nhé& cho bai toan C(k, n)

long **d;
long C(int k, int n) {
if (k == 0 || k == n)

d[k] [n] = 1;
else if (d[k][n] < 0)

d[k][n] = C(k, n-1) + C(k-1, n-1);
return d[k] [n];
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1.4.4. Khtr dé quy

Léi goi cép 0 L&i goi cép 1 Léi goi cép 2

Move(1,A,B,C)

Move(2,A,C,B)

Move(1,B,C,A) B->C
[ Move(3.AB.C) k— A8 |
Move(1,C.AB) ‘@
Move(2,C,BA) CB |
' Move(1,A,B,C) A-B

Design by Minh An
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Khir dé quy

= V&i bai toan Thap Ha ndi, khi n = 64 dia, thi sb 1an goi dé
quy va thwec hién Iénh la 264 - 1 (chwong trinh s€ hoan
thanh trong khoang 100 triéu nam véi may tinh hién dai
nhét hién nay).
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Kher dé quy

= Vidu1: Tinh n!

long Factorial (int n) {
if (n == 0) return 1;

else return n * Fac(n-1);

long Factorial (int n) {
int gt = 1;
for (int i=2; i<=n; i++)
gt *= 1i;

return gt;
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Khir dé quy

* Vidu1: Tinh n!

long Factorial (int n)

if (n == 0) return 1;

else return n * Fac(n-1);

{

long Factorial (int n)
int gt = 1;

gt *= 1i;
return gt;
}

for (int 1=2; i<=n; 1++)

{
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Vi du 2: Tim sb6 fibonaci thr n

long f(int n) {

else return f(n-1)

if (n < 3) return 1;

+ £(n-2);

long f(int n) {

for (int i=3; i<=n
fn = fnl + fn
fn2 = fnl; £fn
1

return fn;

}

int fn, fnl = 1, fn2 = 1;
)

;o1++)

2;
1 = fn;

Design by Minh An
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Vi du 3: Tim wéce sé chung I&n nhét

int ucln(int a, int b) {
if (a $ b == 0) return

else return ucln (b, a

b;
5 b);

int ucln(int a, int b) {

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

}

return b;

}
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Vi du 4: Thap Ha Noi

if (n == 1)

else {
chuyen(n-1, a, c, b);
chuyen(l, a, b, c);

chuyen(n-1, b, a, c);

void chuyen(int n, char a, char b, char c) {

cout<<"Chuyen 1 dia tu A sang B";

Design by Minh An
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Vi du 4: Thap Ha Noi

void chuyéen (int n, <¢har a, ehar b, char c) {
pushis; (ny; a; by @));
while (!empy(s)) {
pop(s, (n, a, b, c));
if (n == 1)
cout<<"Chuyen 1 dia tu A sang B";
else {
pushiis; (n=1, b, az ¢))
pushis, (1, a, b, €}));
pushiis; i(n=1; a, c; b);
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1) Cai dat ham tim s finonaci thir n béng dé quy c6 nhé. Ap
dung ham dé hién thi day n sé fibonaci va téng cta day.

2) Khéi tao lwdi (mang 2 chiéu) kich thwéc 12 x 12 gbm céac
s6 ngau nhién trong doan [0, 5], hién thj lwei. Dém sb mién
lién thdng chira cac 6 c6 gia tri 5 trong lwéi.

3) Thiét ké giai thuat tinh téng cac chir s6 clia mot sd nguyén
dwong theo céach:
= béquy
= Lap
= Viét chwong trinh ng dung.

Cong thirc khéi tao s6 ngdu nhién dung ham rand():

afilil = n +rand() % (m - n + 1); //So ngau nhien trong doan [n, m]
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