THUAT TOAN UNG DUNG

bé quy — Quay lui — Nhanh can



NOi dung

1. Dé quy

= Dé quy

= Pé quy c6 nh¢
2. Quay lui

= Nhj phan

" Tap con

= Hoan vi

= Phan tich

= Pat hau
3. Nhanh can

= Bai toan nguoi ban hang (TSP — Traveling Salesman Problem)

4. Baitap
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Phan 1

bé quy
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bé quy: khai niém

= Ham dé quy = Ham co lgi goi lai chinh no6 trong qua trinh
thuc hién
= Pé quy truc ti€p: goi lai chinh né ngay trong than ham
= P& quy gian tiép: goi lai chinh nd thuc hién trong cac ham con

// in cac s6 nguyén tu 1 dén n viét dé quy
void print(int n) {

if (n > 1) print(n-1);

cout << " " << n;

}

// tinh t6 hgp chdp k cla n dua trén céng thic
// C(k, n) = C(k-1, n-1) + C(k, n-1)
int C(int k, int n) {

if (k == n || k == @) return 1;

return C(k-1, n-1) + C(k, n-1);
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Pé quy: dac diém

= Pon gian:
= P& quy phu hop vdi tiép can tir trén xudng (chia bai toan Ién
thanh cac bai todn nho)
= M3 ngan gon, dé hiéu, thé hién chinh xac ti€p can top-down
= Cham:
= Chi phi thoi gian cho viéc goi ham dé quy
= M6t ham ¢ thé bi goi lai nhiéu lan
= Chuyén vé vong l3p (khir dé quy): hau hét cdc ham dé
quy don (single recursion — ham dé quy chi goi chinh né
mot 1an) déu cd thé chuyén vé vong lap kha don gidn
= Moi ham dé quy déu cé thé chuyén vé vong 13p, van dé |a viéc
chuyén nhu vy don gidn hay phirc tap ma thoi



bé quy co nho :

= Cac tiép can dé quy doi khi lam cho viéc goi ham con
bung nd t6 hop

int fibo(int n) {
if (n < 2) return n;
return fibo(n-1) + fibo(n-2);

}
fib(5)
ﬁb(4/ \ﬁb(s)
P M .
fib(3) fib(2) fib(2) fib(1)
ﬁb({ \ﬁb(l) ﬁb(ﬁ %(9) ﬁb(/) ﬁ\b(e)
1

.

fib(1) fib(9)
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Pé quy cé nhé

= Gidi quyét: dung bd nhé Iuu lai két qua dé dung lai

int fibo(int n) {
if (n < 2) return n;
// néu chua tinh ham fibo(n) thi tinh va luu vao f[n]
if (f[n] = -1)
f[n] = fibo(n-1) + fibo(n-2);
return f[n];

} "”””,.ﬁb(S).j::><::‘
fib(4 fib(3)
/}( 7N
fib(3) fib(2) fib(2) fib(1)
> Al * Z N\ 7 N
fib(2) fib(1) fib(1) fib(®) fib(1) fib(e8)

’ il

fib(1) fib(9)
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Pé quy cé nhd: nguyén tac trién khai

= S& dung bd nhé dé luu két qua:
= Tinh toan nhitng trwvong hgp nho, ghi vao bo nhé
» Nhitng phan chua duoc tinh toadn thi danh dau lai (chang han
nhu ghi tam gid tri la -1)
= Khi thwc hién dé quy:
* Tim trong bd nh& xem d3 cd két qua chwa, néu cd roéi thi tra
ngay vé két qua da cé
= Néu chua cé thi thuc hién dé quy nhu binh thuong, luu lai két
qua tinh dugc vao by nhé
= Tra vé két qua vira tinh duoc

= Chu y: khéng phai lic nao cling cé thé dung bd nhé dé
lwu lai két qua tinh toan
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Pé quy cd nhd: vi du trién khai

##include <iostream>
const int MAX = 100;
int ckn[MAX][MAX];

int C(int k, int n
if (k == n | = 0) return 1;
if (ckn[k][n] == -1)
ckn[k][n] = C(k-1, n-1) + C(k, n-1);
return ckn[k][n];

I ~ ~
N~

int main() {
for (int i = 0; i < MAX; i++)
for (int j = 0; j < MAX; j++) ckn[i][j] = -1;
std::cout << C(15, 30);
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Phan 2

Quay lui
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Quay lui
= Tén ti€ng Anh: backtracking (Lehmer, 1950)

= Chién lwgc tim kiém |oi gidi cho cac bai todn thoa man
rang budc bang cach xét moi td hop

= Bai todn tong quat: Liét ké moi cdu hinh A =(a,, a,,... a,)
thoa man mot s rang budc nao dé

= Nhj phan: liét k& moi chudi nhj phan do dai N

= Tap con: liét ké moi cach chon N phan tl&r trong s6 M phan ti

= Hoan vi: liét ké moi hoan vi cua (1,2,...,N)

= Phan tich: liét k& moi cdch phan tich sé M thanh tong N sb
nguyén duong

= Pat hau: liét ké moi cdch dat N quan hau Ién ban co N x N dé
hai quan bat ky khéng an nhau
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Quay lui

= Cau hinh dau tién la rong: A = ()
= Tim cach xdy dung dan dan céc phan tr a,, a,,... ay
= Quy tac xdy dwng phan tir a,:
= Néu k > N: cau hinh A d3 hoan chinh, in ra va quay lui
= X3y dung tap S, chira moi gia tri cé thé cua a,
= NéuS, = @, quay lui tr& vé ham goi
= Néus, # 0:
* Cho a, lan lugt nhan céc gia tri trong S,
* Goi dé quy xay dung phan ttr a,,,
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= Quy tac: xay dung tirng thanh phan cho dén khi dat dwoc
cau hinh theo yéu cau



Vi du: “Nhi phan”

= Liét ké moi chudi nhi phan d6 dai N
= Cau hinh A =(a,, a,,... ay)
= Cicgidtria, cothé nhan=S5, = { O 1}

(0,0,0,0)
00—

(0,0,0,1)

(0,0,1,0)
<

(0,0,1,1)

(0,1,0,0)
<

(0,1,0,1)

0110
] o
<

le
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Vi du: “Nhj phan”

#include <iostream>
using namespace std;

const int MAX = 100;
int a[MAX], n;

void print(int n) {
for (int i = 1; i <= n; i++) cout << a[i];
cout << endl;

}

void gen(int k) {
if (k > n) { print(n); return; }
alk] = 0; gen(k+1);
alk] 1; gen(k+1);

int main()
n =5;
gen(1);
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Vidu: “Tap con”

= Liét ké moi cach chon N phan tlr trong tdp M phan tlr

= Pon gian hda: dat M = {1, 2,... M} )
= C&u hinh tap hop A = (a,, ay,... ay)

= Pon gian hda: a; < a, <...< ay (125)

=S . ={a_*+1,... M+N-k }

(14,..)sm (1,4,5)
234

- 3,...
2...) < <

(2,4,..)mmm (2,4,5)

((3,...) g(34,.) g (34,5)
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Vi du: “Tap con”

#include <iostream>
using namespace std;

const int MAX = 100;
int a[MAX], n, m;
void print(int n) {

for (int i = 1; i <= n; i++) cout << a[i]; cout << endl;
}

void gen(int k) {
if (k > n) { print(n); return; }
for (int i = a[k-1] + 1; i <= m+n-k; i++) {
alk] = i; gen(k+1);

}

}

int main() {
n=23;, m=5; a[@] = 0;
gen(1);
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Vi du: “Hoan vi”

= Liét ké moi hoan vi cua (1,2,...,N)

= Cau hinh A =(a,, a,,... ay)

= Gia trj a, khac véi nhitng s6 nam truéc
=S, ={1.N}-{a; a,,...a,4}

= Dung mdt mang danh dau
xem gia tri da dung chua <
)
)
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(1,2,...) g (1,2,3)
(1,3,...) g (13,2)
(2,1,...) g (2,1,3)
(2,3,..) g (23,1)
(3,L,..) g (3.1,2)
(3,2,...) g (3:2,1)




Vi du: “Hoan vi”

#tinclude <iostream>
using namespace std;

const int MAX = 100;

int a[MAX], n;

bool b[MAX]; // mang danh dau, true nghia la chua dung
// in cau hinh A

void print(int n) {

for (int i = 1; i <= n; i++) cout << a[i];
cout << endl;
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Vi du: “Hoan vi”

// sinh phan tx tho k
void gen(int k) {

int

// néu da sinh duogc n phan t thi in ra va thoat
if (k > n) {

print(n); return;
}

// chon gia tri cho a[k]
for (int 1 = 1; 1 <= n; i++)

if (b[i]) { // néu chua danh dau
b[i] = false; // danh dau
alk] = i; gen(k+1); // chon gia tri va sinh tiép
b[i] = true; // bo danh dau
}
main()
n = 4;
for (int i = 1; i <= n; i++) b[i] = true;
gen(1);
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Vi du: “Phan tich”

= Liét k& moi cach phan tich s6 M thanh tong N sé nguyén
duong

= Cau hinh A=(a,, a,,... ay)

= Diéu kién:a; +a, +...+ay =M
es ={1..X)

= Tinh X nhu thé nao?

" (a;ta,+...+a ) +ta +(a, t...+ay) =M

= P=a,+a,+..+a,, (gid tri nay da biét)

" Q=a, +...+ay 2 N-K (vi moi s6 a, déu nguyén duong)
= Suyra: 1< X< M-P-N+K
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Vi du: “Dat hau”

= |iét k& moi cach dat N quan hiu lén ban co N x N dé hai
quan bat ky khong an nhau
= Cau hinh A=(a,, a,,... ay)
= MOi dong tat nhién chi cd6 mot quan hau
* Ta quan tdm dén vj tri cOt cha quan hu
» Trong d6 a, la vi tri cOt cua quan hdu dat trén dong th k
"5 =7

= Cac rang budc:
* Khoéng cung cot: a, # a,
* Khong cung duong chéo chinh: (a, - k) # (a, - i)
* Khéng cung duong chéo phu: (a, + k) # (a, + i)
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Phan 3

Nhanh can
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Nhanh can

= Tiéng Anh: Branch and Bound / Branch and Cut (cat
nhanh)

= Chién lwgc tim ki€m téi wu td hop:
z = min{f (x)|x € X}
hoac:
X = argmin{f(x)|x € X}

= “Tim phuong an téi wu trong moi té hop nghiém”

= Ung dung:
= Pinh tuyén
= Lap lich
= C3p phat tai nguyén
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Nhanh can

= Quay lui: (ban chat 13) qua trinh tim kiém theo chiéu sau
= Di theo chiéu sau (xac dinh dan cac gia tri cua x,)
= Quay lui (khi khéng con gia tri x, phu hop)
= Nhanh can: dwa ra quyét dinh quay lui sém néu nhanh
hién tai khong “tot”
* Thé nao la “to6t”? Nhanh hién tai khéng cé kha nang ra nghiém
tdi wu hon phuong an da biét
" Qua trinh quay lui:
 Cau hinh dé cr A = (a, a,,... ) s& dugc xay dung dan dan
e Can xay dung thanh phan a,, A’ = (a,, a,,... 3, 4)
« Xay dung ham danh gid p(A’) xem c6 nén di tiép khong
* Néu ki vong p(A’) thap qua, ta s& khdng di ti€p (cat nhanh sém)



Nhanh can

= Ciu hinh dau tiénlarong: A= (), z = +
= Tim cdch xday dwng dan dan cac phan tlr a,, a,,... a,

= Quy tac xdy dwng phan tir a,:
= Néu k > N: cdu hinh A d3 hoan chinh
e Ghi nhan z md&i néu f(A) < z
* Quay lui
= X3y dwng tap S, chra moi gia trj c6 thé cla a,
= NéuS, = @, quay lui tr& vé ham goi
= Néus, # 0:
* Cho a, lan lugt nhan céc gia tri trong S,
* Néu p(A) < z thi goi dé quy xay dwng phan tlr a, ,,

Dé thay: nhanh cin dya trén quay lui
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Nguwoi ban hang (Traveling Salesman Proble’{

’
\
NS o2z

= Cé N dja diém va khoang cach gilra tirng cap dia diém

= Nguwdi ban hang xuat phat tir mot dia diém va di tham tat
ca cac dia diém con lai moi dja diém ding mot lan va trd
vé dia diém ban dau

= Xac dinh 16 trinh t6t nhat (tbng quang dwong nhd nhat)

= A=(ay, a,,...ay), 6 trinh:a; > a, >... > ay 2a;

= F(A) =c(a,, a,) + c(a,, a3) + ... + c(ay, a,)

@5® (03 7 4)
\ 1 3012
7 7 105
@3@ \4 25 0 )
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-
g/

Nguwoi ban hang (Traveling Salesman PFObIe?{\:

" Gid str da di duvoc dén diém K:
» A'=(ay, ay... ), 0 trinh:a; > a, >... > a; 23,
* F(A’) =c(a,, a,) +cla,, a5) +... + c(a,.4, ay)
= Xay dwng ki vong p(A’) nhu thé nao?
= Con phai di (N-K+1) quang duwong
= Gid sl ¢ |a khodng céch ngan nhat gitra hai dia diém
" p(A) =c(a, a,) +c(a,, a5) +... +clay 4, ay) + (N-K+1) x ...

@5® (03 7 4)
4 1 =>c:3012
/ 7105
O=mO. \4250)
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n 4

28

A
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N

Bai tap

1. Ham f(N) v&i s6 N nguyén dwoc dinh nghia nhw sau:
f(o)=0 f(1)=1 f(2)=2
f(3k)=1(2k), véi k>0
f(3k+1)=1f(2k)+f(2k+1), v&i k>0
f(3k+2)=f(2k)+f(2k+1)+f(2k+2), voi k>0
Nhiém vu: Nhép s6 N va in ra gié tri cia f(N).

2.Chuo0i tam phéan l1a chudi chi gom nhirng ki tw 0, 1 hodc 2.
Chudi tam phan khéng lap 1a chudi tam phin ma khong c6
hai chudi con lién ti€p giong nhau. Hay nhap sd nguyén
dwong N va liét ké moi chudi tam phan cé d6 dai N.

3.Nhip s6 nguyén dwong N. Hay chi ra mét day tam phén
khong lap do dai N str dung it ki ty 2 nhat.



