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1 | GIOI THIEU

Lap trinh quy hoach déng 13 phuong phap giai quyét mot bai toan phiic tap bang cach chia né thanh mot tap
hop céc bai toan con don gidn hon. D6 chinh 1 § tudng clia chia dé tri va k§ thuat dé quy chinh la nong cbt.
Tuy nhién, khac véi dé quy chia dé tri d6 1a cach giai ting bai toan con mot lan va luu trit cac giai phap ciia
chiing bing ciu tric dit ligu dya trén bo nhé (array, list, map, set, v.v.). Mdi gidi phap clia chuong trinh con
dugc lap chi muc theo mot cach ndo dé, thudng dua trén céc gia tri ciia cac tham sé dau vao ciia né, dé tao
diéu kién tra citu. Vi vay, lan tiép theo xay ra cling mot bai todn con, thay vi tinh toan lai giai phap ciia no,
ngudi ta chi can tra cttu gidi phap da dugc tinh toan trudc dé, nhd dé tiét kiem thsi gian tinh toan. Ky thuat
Iuu trit cac gidi phap cho céc bai toan con thay vi tinh toén lai chiung dugc goi 1a ghi nhé.

Cau chuyén sau ké vé cach giai thich "ghi nhé" ctia mot cau bé 4 tudi.

Thay gido: H3i S=1+1+1+1+1+1+1+1 14 bao nhieu?

Cau bé: Dém, cong va tra 1oi S = 8.
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Thay gido: Viét tiép +1 vao bén phai clia cong thiic va héi tong.

Cau bé: tra 15i bang 9.

Thay gido: Sao tinh nhanh vay?

Cau bé: Khong can tinh lai chi can liy téng cong théem 1 1a ok.

Cau chuyén trén cho thiy lap trinh quy hoach dong chi 1a mot cach tha vi dé néi 'cong cu ghi nhé dé tiét

kiém thoi gian tinh toan sau nay".

2 | CAI DAT
Viéc cai dat thuat toan DP bing hai cach sau:

e Diing bang (Tabulation), sit dung cau tric bang mot hosic nhidu chicu dé luu két qua cac budc giai va thiét
ké tir dudi len va rat phit hgp vé6i ban chit ctia thuat toan DP. Céach nay duge st dung nhidu déi véi ngudi
lap trinh.

e Diuing Memoization, ciing st dung bo nhé dé luu trit két qua nhung thiét ké 15i goi bai toan tit trén xudng,

c6 thé xem 13 mot phién ban cii tién ciia ky thuat dé quy ! nhung gan véi DP hon.

2.1 | Dung bang
Sit dung bang dé luu dit lieu cho bai toan nhé nhét, dé tit d6 xay dung cic bai toan 16n hon, Theo dé, mot

thust toan DP bing bang gom ba budc sau:

e Dinh nghia béng.
e Dién dit lidu vao bang dya vao quan hé dé quy.

e Truy xuét bang.

Xét vi du cho bai toan cé dién sau:

/{Bai tap 1 Tim sb thi n clia day Fibonacci} ~

Tim sb thit n ctia day Fibonacci F, = F,_1 + Fp—p, F[0] =0, F[1] = 1.

Input

- Dong duy nhét chita s6 nguyen ducng n 1a chi sé clia F, théa 1 < n < 10°.
Output

- In ra sb cin tim, do s6 nay 16n nén cin Modulo cho 10° + 7.

Samples

Input

5

Output

5

1pe quy véi két qua trd vé qua tham sé ham - Tail Recursive
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RAt ngay tho dé giai bai toan nay bang cong thic dé quy dugc dinh nghia trudce ctia bai toan, vi do phiic tap
tinh todn ctia né rdi vao ham mii O(a"),a < 2 va né chi chay dugc v6i n < 40 trong mot giay. Ma ngudn nhu

sau:

int Fib(int n) {
if (n<=1) return n;

else return Fib(n-1)+Fib(n-2);

Bai toan nay giai bang ky thuat DP rat hop 1y, vi diing bang ta luu duge két qua ciia cdc phan ti& F; va chi
truy xuat mot 1an cho phép tinh cadc phan ti 16n hon. Ma dugc thiét ké theo ba buéc nhu sau:

FiboTab.cpp

typedef long long LL;

2 const int mod = 1e9 + 7;
; LL FiboTab(int n){
i // 1. Declare Tab

vector <LL> tab(n,0);
6 // 2. Fill data for Tab
7 tab[0] = 0; tab[1] = 1;
s for (int i = 2; i < N; i++)

tab[i] = (tab[i-1] + tab[i-2]) % mod;

L0 // 3. Get info from tab

return tab[n];

Nhan xét:

+ C6 thé khai bdo mang & toan cuc ngoai ham main() hodc dia phuong trong ham main() cho mang.
+ Ludn ddm bao ba buéc va & budc thit 2, quan trong nhat lam tim ra quy tic (cong thic truy hdi) dé
dién bang.

+ Mot s6 bai toan can yéu cau xit Iy truy vét, titc 1a khong nhitng l&y mot ma nhiéu gia tri ctia bang.

2.2 | Dung Memoization

Memoization tam hiéu 13 dugc ghi nhé. K§ thuat nay ngudc lai véi ky thuat ding bang va van st dung k§y
thuat goi dé quy nhu chinh cong thic ban diu cta thuat toan. Tuy nhién, né ciing cin mot bang dé ghi két
qua ctia 15i goi dén ham dé quy va tra vé két qua ngay lap tic néu gap 18i goi dé quy vé6i tham sbé dua vao da
giai & lan trudc.

Véi bai toan tim sb Fibonacci, két qua ctia cau goi ham sau bing téng két qua ctia hai 1an goi ham lién trudc,
dé thay ta c6 thé sit dung memoization dé tranh viéc tinh lai (ddng thai tranh ludn ca viéc goi dé quy quéa

nhidu khién vugt qua kich thudc clia stack). Ma cho bai toan trén nhu sau:
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FiboMem. cpp

#define NIL -1
» #define MAX 100001

3 const int mod = 1e9 + 7;

s vector <LL>lookup (MAX, NIL);
¢ long long fibMem(int n){

7 if (lookup[n] == NIL){
8 if (n <= 1) lookup[n] = n;
9 else lookup[n] = (fibMem(n-1) + fibMem(n-2))% mod;
L0 }
return lookup[n];
2 }
Nhan xét:

+ Bang phai khai béo toan cuc dé ham dé quy tham chiéu.
+ Stt dung dugc cong thitc dé quy nén dé viét hon.

D& ndm bit tét hai ky thuat trén, xét them vi du cho bai toan c¢d dién nita nhu sau:

/{Bai tap 2 Tinh t3 hop khong lap chap k tit n phan tfr] N

Cho cong thic t6 hop nhu sau: (7) = #lk), Lap trinh tim gia tri ctia cong thic vé6i k, n cho trudc.
Input

- Dong duy nhét chita hai s6 nguyen duong k, n théa 0 < k < n < 103,

Output

- In ra s can tim.

Samples

Input

25

Output

10

Bai toan nay c6 thé dua vao bai toan giai quyét theo hai cach trén dya vao cong thiic truy hoi con goi la tam

giac Pascal sau:

0= () (7 ()= rien=rori=o

Bang Iuu két qua cho bai toan nay 1a méng hai chiéu, ma ngudén DP cho né nhu sau:
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binomialDP.cpp

int binomialCoefficient (int n, int k){
> int dpl[n+1][k+1];
int i,j;
1 for(i=0;i<=n;i++)

5 for(j=0;j<=i && j<=k;j++)

6 if (j==0 || j==i) dpl[il[jl=1;

7 else

8 dpl[il[jl=dp[i-1]1[j-1]1+dpl[i-11[3j];
9 return dpl[n][k];

Duya vao cong thiic dé quy, ban cai dit bing phuong phap Memoization nhu sau:

BinomialMemoi.cpp

#include <bits/stdc++.h>
> #define MAX_N 100
using namespace std;

int n, k;

6 vector<vector<int> > Lookup(MAX_N,vector<int> (MAX_N,-1));

s int BinoMemoi (int n, int k){

9 if (k == n) return 1;
10 if (k == 0) return 1;
if (Lookup[n][k] !=-1) return Lookupl[n][k];

12 Lookup [n][k] = BinoMemoi(n-1,k) + BinoMemoi(n-1, k-1);
return Lookup[n][k];
4}
int main()
16 {
L7 cin >> n >> k;

18 cout <<BinoMemoi (n,k)<<endl;

Lo return O;

2.3 | Két luan

Vay k¥ thuat lap trinh DP diing dé giai cho nhitng dang bai toan sau:

e Khit dé quy clia nhitng bai todn dé quy c6 doé phic tap ham mi, thudng la cé bai todn con gbi nhau

(Overlapping Subproblems).
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e Giai cac bai toan téi wu véi nguyén 1y bellman:" Mot day cac Iua chon ag, ay,...,a, 1a t6i wu thi cac day
con aj,...,a;, v6i 1 </ <j < n cla né la t6i uu". Dya trén nguyeén ly t6i uu d6, giai bai toan theo phuong

phap tit dudi lén véi bang két qua clia bai toan con va téi wu & mdi buée gidi.

Diém méu chét ciia cach giai bai toan giai bang DP la:

e Tim dugc cong thic toan hoc thé hién bing cong thitc dé quy hay con goi 1a hé thitc truy hdi, phit hop véi
cach thiét ké téng quan cho bai toan.

e Chon mot trong hai k§ thuat cai dat 1a Tabulation hosic Memoization dé giai quyét.

e C6 thé giai bing thuat toan BruteForce dé kiém ching.

3 | CAC BAI TOAN DP

3.1 | DP coban

3.1.1 | Day con lién tiép c6 tong 16n nhat

/{Bai tap 3 Largest Sum Contiguous Subsequencea ~

Cho mot day n s6 nguyén ay, az,...,4,. Tim day con a;,...,a;,1 </ < j < n sao cho téng cac phan tit
trong day con la 16n nhét.

Input

- Dong dau tién chita sé nguyén duong n 1 s6 phan tit clia day théa 1 < n < 2.10°.

- Dong tht hai chtta n s6 nguyén a; cac phan ti cach nhau dau cach théa |a;| < 10°.
Output

- In ra téng 16n nhat can tim (c6 thé ydu cau in ra day con).

Samples

Input

5

246810

Output

30

Ref: http://oj.hueuni.edu.vn/practice/problem/829/details

Nhan xét:

+ Néu a la toan s6 duong thi tdng cac phan ti clia a chinh la két qua.

+ Néu a la toan s6 am thi s6 16n nhat ciia cac phan ti clia a chinh 1a két qua.

+ Néu a chi c6 mot phan tit thi phan tit d6 chinh 1 két qua can tim va day dugc xem la trudng hop suy
bién khi tim céng thitc truy hdi cho bai toan.

Duta vio nhan xét trén, goi S(n) la téng can tim, d& dang ta thay quan hé hdi quy nhu sau:
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{ a[1] n=1
S(n) =

max(S(n— 1)+ a[n], a[n]) n>1
Vay phuong an DP cho bai toan nay gdm ba budc sau:

e Dinh nghia va khai bdo mang S, 1ay chi s6 tir 1.
e Dién dit lieu vao bang: S[1]=A[1]; for i=2 to n do S[i] = max (S[i-1]+Al[i], A[i])

e Truy xuat bang v6i phan ti 16n nhit clia mang S.

Xét vi du A = {-6,2,-4,1,3,-1,5,—-1}, bang viéc dién dit liéu theo quy tic trén ta c6 mang S tuong tng:
S =1{-6,2,-2,1,4,3,8,7}. Vay két qua bang 8 va day con lién tiép la {1,3,-1,5}.

LSCS. cpp

#include <bits/stdc++.h>
2 using namespace std;

s typedef long long int 11i;

typedef vector<lli> vi;

¢ int main() {
7 ios_base::sync_with_stdio(0); cin.tie(0); cout.tie(0);
8 int n; cin >> n;
vi A(n+1), S(n+1);
) for (int i = 1; i <= n; i++) cin >> A[i];

L S[1]=A[1];11i ans = S[1];

12 for (int i = 2; i <= n; i++) {
S[i] = max(S[i-1] + A[il, A[il);
14 ans = max(ans, S[i]);
}

16 cout << ans << endl;

7 return O;

(i ]
Théach thic

+ Hay in day con can tim, mot thao tac truy xuit can thiét khi lap trinh DP.

Bai nay ciing c6 thé giai bang cach cai dit Memoization. Cau tric bang dugce dé xuét cho kj thuat Memoization
1 tit dién (Map in STL), thuan tién cho viéc do tim vét. Ngoai ra, mot thuat toan hay dé xuit cho bai toan

nay c6 tén la Kadane 2.

2https://algorithms.tutorialhorizon.com/kadanes-algorithm-maximum-subarray-problem/
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LSCSMemoi . cpp

#include <bits/stdc++.h>
> using namespace std;

typedef long long int 11i;

typedef vector<1lli> vij;
const long long int NIL = -1;
¢ vi A(200002), Lookup(200002,-1);

7 11i ans;

9 11i S(int n){

0 if (Lookup[n]==NIL){

if (n==1) Lookup[nl=A[n];ans=A[n];

12 elseq{

s Lookup [n]l= max(S(n-1)+A[n], A[nl);

4 ans=max (ans, Lookupl([n]);

16 }

7 return Lookup[nl;

int main()

po {

1 ios_base::sync_with_stdio(0); cin.tie(0); cout.tie(0);
o int n; cin >> n;

b3 for (int i = 1; i <= n; i++) cin >> A[i];

b 11i r=S(n);

ps cout <<ans<<endl;

be return O;

(i ]
Thach thuc

Hay st dung ciu tric pair hodc map, unorder map dé gop hai phan ti 13 Lookup va ans thanh mot cap

va trd vé cho ham, sau d6 truy cap phan t thit hai ans cho két qua ciia bai toan.

3.1.2 | Bai todn cai tai
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/{Bai tap4 01 Knapsack} ~

Cho n vat pham danh chi s tit 1 dén n, mdi vat pham c6 hai gia tri 1a trong lugng w; va gia tién v;. Ban
c6 quyén chon cac vat phdm tit n vat pham trén dé vao trong ba 16 cia ban. Biét riing ba 16 clia ban c6
stic chita véi téng trong lugng 13 C. Hay lap trinh tinh téng gia tri 16n nhéit c6 thé clia cic vat phadm ma
ban nhét vao ba 16 cia minh.

Input

- Dong dau tién chita sé nguyén duong n, C la sé phan ti vat pham va siic chita cia ba 16 théa 1 < n <
100,0 < C < 10°.

- n dong tiép theo mdi dong chita hai s6 wi, v; 1an lugt 1a trong lugng va gia tri clia vat phdm thi 7 thoéa
0 <v; <50,0 <w <10%.

Output

- In ra téng 16n nhat can tim. (C6 thé yéu cau in ra cac phan tit dugc chon).

Samples

Input

38

3 30

4 50

5 60

Output

90

Note: Phan tit 1 va 3 dugc chon, trong luong = 3+ 5 = 8 théa mén stic chita va téng tién= 30 + 60 =
90.

https://atcoder.jp/contests/dp/tasks/dp_d

Nhan xét:

+ Bai nay von la bai todn ciia thuat toan tham lam (greedy algorithm), tuy nhién né ciing dugc giai
mot cach dé dang bing DP.

+ 0/1 ¢6 nghia ta c6 thé chon hodc khong chon vat phadm dit vao ba 16, nhu vay danh sach cac vat pham

dugc chon hay khong nhu mot xau nhi phan.

Loi giai:

+ Goi X1, X2, ..., X, 14 cac bién thé hién sut chon lya clia cac vat pham bé vao ba 16. Ta c6, téng trong lugng clia
cac vat thé néu chon dugc hét 1a wyxq +waxa +. .. Wax, va tdng gia tri vat pham c6 thé 1a vix +voxo+- - -+ vpX,.
+ Vi du: Cho céac vat phdm va ba 16 c6 sic chia trong lugng C = 20.

itemy = (wy =2,vq =3).

itemy = (wp =4,vp =5).

item; = (w3 =5,v3 = 6).

item; = (wyq =7,v4 =8).

itemy = (ws =9,vs = 10).

Két qua lya chon ta c6 (xq, X2, X3, X4, X5) = (1,1,1,0,1) va tdng gia tri=24.
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+ Goi KS(n, C) 13 két qua clia bai toan véi viec b vat pham n vao ba 16 véi siic chita ¢, ta c6: KS(n, C) =
max(viXx1 + VoXg + - -+ VpXp) thda wix) + woxg + ... wpxy, < ¢, x;=0,1.
+ Vi gisi han sitc chita (trong lugng) C, viec chon t6i wu trong s6 cac vat pham tit 1 dén n dé c6 gia tri 16n

nhit vé6i hai kha nang sau:

e Néu khong chon vat phdm thi n thi nhd ngudi giup dé 3 giai bai toan véi chon phan ti thid n—1 ¢6 cling
trong lugng, néi cach khac KS(n,C) = KS(n-1,C).

e Néu khong chon vat phdm thit n va chi xét t6i truong hop nay khi C > w[n] thi nhd ngusi giap d6 giai bai
toan chon phén ti thit n — 1 nhung véi ba 16 ¢6 kich thuéc nhé hon ( C — w[n]) va cong theém gia tri v[n], néi
cach khac KS(n,C) = v[n]+ KS(n-1,C — w[n]).

e Do lya chon t6i ttu nén chi chon mot trong hai cach trén (01) nén KS(n, C) sé la gia tri 16n nhat mot trong

hai gia tri tuong ting hai cich chon trén.

Duya vao doé ta cé cong thiic truy hoi, va 15i giai bing cach Memoization cho cong thic nhu sau;

KnapsackMemoi.cpp

#include <bits/stdc++.h>

2 using namespace std;
typedef long long int 11i;
#define MAX_N 1001

; #define MAX_W 1000001

¢ int N, C;

s vector<vector<lli> > Lookup(MAX_N,vector<lli> (MAX_W,-1));
9 vector<int> wei(MAX_N);
0 vector<1li> val (MAX_N);

> 11i Knapsack(int n,int c¢){

if (Lookup[n][c] == -1){
4 if (c==0|| n==0)return 0;

else if(c-weil[n]>=0)

6 return Lookup[n][c] = max(Knapsack(n-1, c-weilnl])+vall[n], Knapsack(n-1, c));
17 else
s return Knapsack(n-1, c);
19 }
ko return Lookup[nl[cl;
P }
b2 int main ()
B3 {
pa cin>>N>>C;
bs for (int i =1;i<=N;i++) cin>>weil[il>>vall[il;
be cout <<Knapsack (N, C)<<endl;

b7 return O;

3Ngudi phuong tay viét 1a ngudi gitp dd (helper).
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Véi bang Lookup cho phuong phap Memoization, ta d& dang trién khai cho phuong phap bang nhu sau:

KnapsackDP. cpp

#include <bits/stdc++.h>
2 using namespace std;

s typedef long long int 11i;

int main ()
{
7 ios_base::sync_with_stdio(false); cin.tie(NULL);
8 11i N, W; cin >> N >> W;
vector <11i> wei(N+1), val(N+1);

o for (11i i=1; i<=N;++i) cin >> weil[i] >> vallil;

12 vector < vector<lli> > Lookup(N+1, vector <11i> (W+1));

4 for (11i i=0; i<=W;++i) Lookup[0][i]=0;
for (11i i=1; i<=N;++i) {
L6 for (11i j=1; j<=W;++j){
7 if (weil[il>j) Lookupl[il[jl=Lookupl[i-1]1[j];
L8 else Lookup[il[j] = max(Lookup[i-11[j],
Lookup[i-1] [j-wei[i]] + vall[il);

b cout << Lookup[N][W] << "\n";

pa return O;

Nhan xét va thach thic:

+ Mot trong nhitng ky thuat cta viec dién bang la x 1y bién (cot, dong bién) khi truy xuét véi quan
hé dé quy trang thai thi 7 goi trang thai i + 1 hodc 7 — 1.

+ Truy vét dé chi ra vat phdm nao dugc chon.

-+ Nop bai trén oj link: http://oj.hueuni.edu.vn/practice/problem/848/details.

RAt nhiéu bai toan DP can xit 1y trén dit lieu nhidu chiéu, trong trudng hgp nay viéc dinh nghia quan hé truy
hdi cling nhu phuong an xay dung bang doi héi ngudi lap trinh c6 tu duy da chiéu va cac bai toan nay thusng
khé hon. Dang nay thudng c6 nhiéu bién phu thuoc, do vay bai toan sé& phat trién theo nhiéu chiéu.

Mot sb bai toan c¢b dién sau cin ndm bit.

3.1.3 | Bién ddi xau

Trong x1 ly xau, phép do su tuong dong la bai toan thudng xuyén x4y ra. Hoic 1a bién dbi xau nay thanh xau

khéac sao cho diing it phép bién ddi nhit. Bai toan sau la mot dang trén dudc goi 1a bai toan Edit distance
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xac dinh s6 phép toan it nhat gdbm (thém, x6a, sita ky tu) dé bién déi xau nay thanh xau khac. Bai toan gbc

& khoang cach Levenshtein tén cia mot nha khoa hoc may tinh X6 Viét.

~(Bai tap 5 Edit distance) N

S6 phép bién ddi gitta hai xau 1a sé lugng thao téc t6i thidu can thiét dé chuyén déi mot chudi thanh
chubi khac. Cac thao tac dudgc phép la:

- Thém mot ky tu vao chubdi.

- X6a mot ky ty khoi chudi.

- Thay thé mét ky tu trong chudi.

Nhiém vy ciia ban 1a tinh s6 phép bién ddi gitta hai xau.

Input

- Dong thit nhat chita xau thi nhat gom m ky tu in hoa.

- Dong thtt hai chita xau thi hai gdm n ky tu in hoa thda 1 < n, m < 5000.
Output

- In s6 phép bién ddi can tim

Samples

Input

LOVE

MOVIE

Output

2

Ref: http://oj.hueuni.edu.vn/practice/problem/834/details

Loi gidi:

Xét vi du chuyén gitta hai xau la kitten va sitting, ta c6 thé thyc hién ba phép bién dbi nhu sau:

i) kitten -> sitten (thay 'k’ bing ’s’)

ii) sitten -> sittin (thay ’e’ bing ’i’).

ifi) sittin -> sitting (them ’g’ vao cubi).

Goi X =[1..m] va Y[1..n] 13 hai xau dit lieu vho, nhan thay:

Trudng hgp 1. Suy bién.

- Néu m = 0 ta mét cost = n phép toan dé c6 hai xau bing nhau, vi du: ("", "ABC")->("ABC", "ABC").

- Néu n = 0 thi ngudc lai mat cost = m phép toan, vi du: ("ABCD", " ")-> ("ABCD", "ABCD").

Bai todn nay ciing thuoc dang tdi wu bai toan gbi nhau (substructure), cho nén dinh nghia dé quy sau:
Trudng hop 2.

- Néu ky tu cudi cia X va Y bang nhau thi mat cost = 0 vi ta khong xét ky tu cudi ma chi xét bai toan con
ké tiép cho X[1..m—1] va y[1..n—1].

Trudng hgp 3. Néu ky tu cudi ciia X va Y khac nhau thi gia tri cost t6i thiéu c6 dudc béng 3 thao tac sau:
a). Chén ky tu cudi clia Y vio X (cost=1) va ta c6 két qua X git nguyén con Y gidm di 1 ky ty cudi, vi du:
("ABA", "ABC")->("ABAC", "ABC")->("ABA", "AB") theo trudng hop 2.

b). Ngugc véi thao tac chén 1a x6a va ta x6a ky tu cudi cia X (cost=1), két qua Y git nguyén va X gidm di
ky tu cudi, vi du: ("ABA", "ABC")-> ("AB", "ABC").
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c). Thay thé ky tu cudi ctia X bdi ky tu cudi clia Y (cost=1) va két qud X,Y déu gidm mot don vi, vi du:
(TABA", "ABC")->("ABC", "ABC")-> ("AB", "AB") theo trudng hop 2.

T khai thac cac tinh chat trén, ta cé cong thitc truy hoi sau:

max(m, n), khi min(m, n) =0
dist[m][n] = distfm—1][n-1], khi X[m]=Y][n]
1+ min(dist[m —1][n],dist[m][n —1],dist[m = 1][n - 1]), khi X[m] # Y|[n]

Thuat toan cai dat bang dung bang (Tabulation) nhu sau:

EditDistance.cpp

#include <iostream>

2 using namespace std;

i int dist(string X, int m, string Y, int n){
int T[m + 1][n + 1] = { 0 };

6 for (int i = 1; i <= m; i++)
7 TLil[0] = i; // (case 1)
s for (int j = 1; j <= n; j++)

TL01[j] = j; // (case 1)

o int substitutionCost;
i //£ill the lookup table in bottom-up manner
12 for (int i = 1; i <= m; i++){

13 for (int j = 1; j <= n; j++){

14 if (X[i] == Y[jD) // (case 2)
substitutionCost = 0; // (case 2)
16 else
7 substitutionCost = 1; // (case 3c)
18
T[i]l[j] = min(min(T[i - 11[j] + 1, // deletion (case 3b)
bo TLil[j - 11 + 1), // insertion (case 3a)

p T[i - 1]1[j - 1] + substitutionCost);
// replace (case 2 & 3c)

ps return T[m][n];
b ¥
b7 int main ()
be {
po string X; cin>>X; X=’ ’+X;
30 string Y; cin>>Y; Y=’ ’+Y;
cout << dist(X, X.length(), Y, Y.length());

32 return O;
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Théch thitc:

+ Giai bai toan biang phuong phap Memoization.

3.1.4 | Xau con chung dai nhét

/{Bai tap 6 Longest Common Subsequence] ~N

Xau ky tu X dugc goi 1a xau con clia xau ky tu Y néu ta c6 thé xoa di mot sb ky tu trong xau Y dé
duge xau X.

Cho biét hai xau ky tu A vd B do dai khong quéa 3000 ky tu in thuong. Hay tim xau ky tu C c6 do dai
16n nhat va 1a con clia cd A va B.

Input

- Dong tht nhat chita xau thi nhat gdm n ky tu in thuong.

- Dong thtt hai chita xau thit hai gdm m ky tu in thudng théa 1 < n, m < 5000.

Output

- In ra do dai ctia xau con can tim.

Samples

Input

LOVE

MOVIE

Output

3

Ref: https://atcoder.jp/contests/dp/tasks/dp f

Lo gii:

Xét hai xau X = ABCBDAB, xau Y = BDCABA. Xau chung con dai nhit ctia X va Y 1a 4 véi cac xau c6 thé
nhu sau: BDAB, BCAB va BCBA. Nhu vay, bai toan nay thudc dang nhiéu két qua néu mudn in mot xau con
chung dai nhat.

Ciing thuoc dang bai toan tbi wu bai toan gdi nhau, nén phuong an nghi t6i gidi n6 chinh l& tim quan hé truy
hdi. Néu c6 dugce cong thite, kj thuat diing bang hay memoization sé gitp ta gidi quyét van dé.

Goi X =[1..m] va Y[1..n] 13 hai xau dit lieu vho, nhan thay:

- Trudng hgp 1. Ca hai xau déu két thic véi ky tu gidng nhau, ta giadi bai todn con véi kich thuéc gidm di
mot trén cd hai xau va két qua xau con la ndi thém ky tu cudi dé vao, vi du: LSC("MOVIE", "LOVE") ->
LSC("MOVI", "LOV")+ ’E’. Néu khong muén lay xau con thi + 1 cho trudng hgp tinh do dai.

- Trudng hgp 2. Ca hai xau khong gidng nhau ky tu cudi, vi du: X = ABCBDAB,m=17,Y = BDCABA,n =6.
Xau chung dai nhat sé 1a max(LSC(X[1..m-1], Y[1..n]), LSC(X[1..m], Y[1..n-1]).

Van dé dat ra 1a LSC sé két thiic nhu thé nao? Don gidn chinh 1a lic m=0 hoic n=0.

Vi du quy trinh dé quy cho hai xau X,Y trén:

LCS("ABCBDAB", "BDCABA") = maximum (LCS("ABCBDA", "BDCABA"), LCS("ABCBDAB", "BD-
CAB"))

LCS("ABCBDA", "BDCABA") = LCS("ABCBD", "BDCAB") 4 "A"
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LCS("ABCBDAB'", "BDCAB") = LCS("ABCBDA", "BDCA") + "B"
LCS("ABCBD", "BDCAB") = maximum (LCS("ABCB", "BDCAB"), LCS("ABCBD", "BDCA"))
LCS("ABCBDA", "BDCA") = LCS("ABCBD", "BDC") + "A"

va cit nhu vay cho dén khi gap suy bién.

Vay ta c6 cong thiic truy hdi sau:

0, khi m=n=0
LSC[m][n] = LSC[m—=1][n-1]+1, khi X[m]=Y][n]
maximum(LSC[m — 1][n], LSC[m][n —1]), khi X[m] # Y[n]

Do phiic tap ciia thuat toan dé quy trén 1a O(2"*™) néu cai bang dé quy. Thuat toan cai dat bing dung bang

(Tabulation) nhu sau v6i do phic tap chi con 1a O(n x m):

LSC.cpp

#include <bits/stdc++.h>
2 using namespace std;
; int lcs(string &a, string &b) {
int m = a.size(), n = b.size();
a="’"+ a;
6 b=""+ b;
7 vector< vector<int> > f(m+1, vector<int>(n+1, 0));
8 for (int i=1; i<=m; i++)
9 for (int j=1; j<=n; j++) {
10 if (alil == b[j1) £[i1[j] = £[i-11[j-1]1 + 1;
else f[il[j] = max(£[i-11[j1, £[il1[j-11);
¥
] return f[m]([nl;
4}
5 int main() {
16 string a; cin >> a;
7 string b; cin >> b;
18 cout << lcs(a, b);

19 return O;

Théach thic va thong tin:

+ Giai bai toan bing phuong phap Memoization.

+ Liet ke hét cac xau con theo thit tu tir dién.

+ Giai va nop bai tai: https://atcoder.jp/contests/dp/tasks/dp f

+ Day chi la bai toan gbc, cac bién thé ctia bai toan LSC phiic tap hon nhiéu doi hdi rat nhiéu
ky thuat ciing nhu viéc phan tich dé duwa ra cach tiép can bai toan mot cach téi wu. Tham khéo

https://vnoi.info/forum/5/4953/
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4 | TONG KET

Bai viét chi khai thac vé mit tiép can giai bai toan theo phuong phéap truyén théng la sy téng quat héa thé
hién bing viéc tim hé thitc truy hoi va diing hai ki thuat chinh dé giai bai toan quy hoach dong la diing bang
(Tabulation) va duing Memoization.

Noi dung dugc trinh bay va téng hop tit nhidu ngudn tai liu trén internet, chii yéu tir kién thitc ctia lap trinh thi
dau (competitive prgramming) do dé c6 thé khong tdng quéat. Van phong theo chii quan ciia ngudi viét, do d6 cé
nhiéu sai s6t. Moi déng gép cho bai viét hay hon, chinh xac hon cac ban giii vé email: tvkhoa.husc@gmail.com.

Chitc vui va hen gap & season 2.



