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Tém tit: Phwong phéap quy hoach dong la mot ky thudt hiéu qua dé toi wu héa va gidm
thiéu s Idp lai viéc tinh todn, dwoc sir dung dé giai quyét cdc bai todn c6 tinh chat quy hoi.

Trong bai bdo nay, tic gia gioi thieu phiong phdp quy hoach dong va nhan dién mot 56
ddc trung co ban cua cdc bai toan co thé giai bang phwong phdp quy hoach déng, cdc bude cdi
dat dé giai mét bai todn bang phwong phdp quy hoach déng. Bdi bdo ciing phan tich mét bai
todn ddc trung dwoc giai theo phwong phap quy hoach dong, so sanh voi phuwong phdp khac dé
chi ra wu, nhwoc diém cia cdc phuong phap quy hogch dong dwoc sir dung. Pong thoi, bai bao
dea ra 101 gidi cu thé cho mét sé bdi todn, cdi dat bang ngén ngit ldp trinh C++, cung cap ham
sinh cdc bo dir liéu kiém thir dé kiém chung tinh 16i wu ciia gidi thudt.

Tir khéa: Quy hoach dong, Bdi todn quy hoach dong dién hinh, Phwong phdp quy hoach
dong, Bai toan 16i uu

DYNAMIC PLANNING METHOD AND INSTALLATION OF SOME PROBLEMS
USING C++ PROGRAMMING LANGUAGE

Abstract: The dynamic programming method is an effective technique for optimizing and
minimizing computational repetition, used to solve regression problems.

In this article, the author introduces the dynamic programming method and identifies some
basic characteristics of the problem that can be solved using the dynamic programming method
and the installation steps to solve the problem using the dynamic programming method. The
article also analyzes some optimization problems solved by dynamic programming methods,
comparing them with other methods to point out the advantages and disadvantages of the
methods used. At the same time, the article provides specific solutions to problems implemented
in the C++ programming language and provides functions to generate test data sets to verify the
optimality of the algorithm.

Keywords: Dynamic programming, Last data method, Typical dynamic programming
problem

1. PAT VAN PE

Dynamic programming (Quy hoach dong) dwoc phat minh béi nha toan hoc ndi tiéng
ngudi My, Richard Bellman, vao nhimg nam 1950 nhu mot phuong phép chung dé t6i wu hoa
qué trinh ra quyét dinh nhiéu giai doan. Tir “programming” trong tén cuia k¥ thuat nay 1a viét tat
ctia “lap ké hoach” va khong am chi dén 1ap trinh may tinh. [4].
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Phuong phap quy hoach dong 1a mdt k¥ thuat quan trong trong lap trinh may tinh dugc st
dung & giai quyét cac bai toan co tinh chat quy hdi. Quy hoach dong gitip giai quyét cac bai
toan bang cach chia ching thanh cac bai toan con nho hon, luu trir va sir dung lai két ‘qua cua cac
bai toan con dé tinh toan két qua cudi cung. Bay 1a mot phuong phap hiéu qua dé toi wu hoa va
giam thiéu sy lap lai tinh toan, dac biét ddi v6i cac bai toan co cau tric quy. hoi.

Pi c6 nhiéu nghién ctru vé phuong phap quy hoach dong trong nhiéu linh vuc khac nhau
nhu: “M¢t s6 g dung ciia quy hoach dong trong gidi bai toan TSP” - Tran Van Thu, Phan
Xuan Thinh. (Ky yéu H¢i thao Ty nhién khoa hoc va Cong nghé toan quéc, 2009) gidi thiéu viée
sir dung phuong phap quy hoach dong trong giai bai toan Con dudng ngin nhit (Traveling
Salesman Problem - TSP). “Ouy hoach dong ing dung vao giai bai toan tim day con chung dai
nhat” - Tran Tuén Diing, Do Thi Thanh Minh, Vii Thanh Lam. (Ky yéu Hoi thao qudc gia vé
cong nghé thong tin va truyén thong, 2016) gidi thiéu viée sir dung phuong phép quy hoach dong
dé giai quyét bai toan tim diy con chung dai nhit (Longest Common Subsequence). "Sir dung
phuwong phdap quy hoach dong trong gidi bai toan Ildp lich cong viéc" - Truong Quéc Théng,
Nguyén Thi Ha, Tran Thi Huong. (H6i nghi khoa hoc cong nghé tré lan thit XII, 2013), .

Trong bai bao nay, tac gia da tong hop ly thuyet ve phuong phap quy hoach dong tir nhiéu
ngudn khac nhau gitp tao ra cich tlep can hop nhét véi quy hoach dong, phén tich bai toan
Fibonaci dac trung theo 2 cach giai. Phan 3 trinh bay cu thé cai dit trén ngdn ngir 18p trinh C++
mot sb bai toan giai bang phuong phdp quy hoach dong, d6ng thoi cung cip thém cac ham sinh
b6 dir liéu kiém thir dé kiém tra tinh t6i wu ciia mdi bai toan nay.

2.NQI DUNG

2.1. Phuong phap giai bai toan quy hoach dong

* Pdc trung ciia cic bai toan giii bing phwong phap quy hoach dong [3]

Céc bai toan giai bang phuong phap quy hoach dong thudong co cac dic trung chung la
chiing ¢ céu triic quy hdi va tong hop két qua tir cac bai toan con thanh két qua cua bai toan gdc.
Phuong phap quy hoach dong thuong dugc s dung dé giai cac bai toan c6 dang:

- Bai toan c6 cdc bai toan con gbi nhau.

- Bai toan c6 cau tric con tdi .

CAu tric con t6i vu: Cac bai toan quy hoach dong thé hién tinh chit cia ciu trac con tdi
wu, c6 nghia 13 101 giai toi wu cho bai toan c6 thé duoc xdy dung tir 101 giai tdi wu ciia cac bai
toan con cta néd. Noi cach khéc, viée chia bai toan thanh cac bai toan con nhé hon s& dan dén
giai phap t6i wu cho toan bo bai toan.

Vi du: Trong bai toan tim duong di ngan nhét trén d6 thi, néu mot node x nam trén duong
di ngin nhét giita hai node u, v thi duong di ngan nhat tir u dén v s& 1a tong hop cta duong di
ngin nhét tir u dén x va dudng di ngin nhét tir x dén v. Mot s6 thuat toan tim duong trén do thi
(vi du thuat toan Dijkstra) déu dya trén tinh chit nay, va né duoc ap dung trong quy hoach dong.

Tinh chat cau tric con ti wu rat quan trong, n6 cho phép chiing ta giai bai toan 16n dya
vao cac bai toan con di giai dugc. Néu khong co tinh chét nay, ching ta khong thé ap dung quy
hoach dong dugc.

Cac bai toan con géi nhau: Nhiéu bai toan quy hoach dong c6 céc bai toan con gbi nhau,
nghia 13 céc bai toan con giéng nhau dugc giai nhiéu 1an. Dé tranh tinh toan dur thira, cac phuong
phap 18p trinh dong luu trir va st dyng lai két qua ctia cac bai toan con, thuong sir dung cac cau
trac dir liéu nhu mang hodc bang dé luu két qua. Mot vi du dién hinh ciia bai toan con gdi nhau
1a bai toan tinh s6 Fibonacci thir n.

Quy hoach dong s& khong thé ap dung duoc (hodc ndi dung hon 1a ap dung cling khong co
tac dung gi) khi cac bai toan con khong goi nhau. Vi du voi thudt toan tim kiém nhi phan, quy
hoach dong ciing khong thé toi uu duogc gi ca, boi vi mdi khi chia nho bai toan 16n thanh cac bai
toan con, mdi bai toan ciing chi can giai mot 1an ma khong bao gid dugc goi lai.

Tap chi
=HOA,
H L TRUGNG DAl HOC HOA LU

108



* Phwong phap giai cic bai toan quy hoach ddng: Co 2 cach tiép can 1a Top-Down va
Bottom-Up [3]

Top-Down (Tir trén xudng - Ghi nhé): Trong cach tiép can tir trén xubng, con duoc goi
1a ghi nhé, ta bit ddu véi bai toan ban dau va chia né thanh cac bai toan con nho hon theo cach
dé quy. Tuy nhién, ta phai luu trit két qua cta cac bai toan con trong ciu triic dir liéu (thuong 1a
mang hodc bang bam) dé tranh cac phép tinh du thira. Khi gip mot bai toan con di dugc giai, ta
lay két qua ciia nd tir cu trac dit lidu thay vi tinh toan lai né.

Bottom-Up (Tir duéi 1én - Lap bang): Trong cach tiép can tir dudi 1én, con duoc goi 1a
1ap bang, ta phai giai cac bai toan con lap di lap lai, bat dau tir cac bai toan con nho nhit va dan
dan phat trién dén bai toan ban dau. Ta sir dung mot bang hodc mang de luu trir két qua cua cac
bai toan con va dién vao bang mot cach c6 trinh tw dé dam bao ring mdi bai toan con déu dugc
giai trudc khi sir dung két qua ctia no dé giai cac bai toan con 16n hon.

* Quy trinh cal dat caa phlr(mg phap quy hoach dong c6 thé dwoc mé ta nhw sau:

1. Xac dinh cu tric quy hdi: Dleu nay bao gém viée xac dinh cac budc hodc cac phan
con trong bai todn ma c6 thé dugc giai quyét doc 1ap va co cau trac quy hoi.

2. Xac dinh ham quy hoach dng: Sau khi xac dinh cu tric quy hdi, ta s& tao mot ham
quy hoach dong dé tinh toan va luu trir két qua ciia cac bai toan con. Ham quy hoach dong nay
thuong sir dung mot mang hodc bang dé luu trit két qua tai mdi budc.

3. Thiét 1ap diém khéi dau: Dat gia tri cho cac bai toan con don gian nhét hodc giai cac
bai toan co so. Diéu nay thuong duoc thyc hién bang cach gan gia tri truc tiép vao mang hodc
bang luu trit két qua.

4. Duyét qua cac bai toan con: Bit dau tir cac bai toan co s, ta s& duyét qua timg bai
toan con va tinh toan két qua cia n(') Két qua nay sau d6 dugc luu trit trong méng hoéc bang.

5. Xay dung giai phap cudi cung: Sau khi da tinh toan két qua cua tat ca cac bai toan con,
ta s€ xay dung giai phap cu01 cung cho bai toan 16n bang cach két hop két qua tir cac bai toan
con. Két qua nay thuong nam & vi tri cu01 cung trong mang hodc bang luu trir.

6. Truy van giai phap: truy van giai phap t6i vu tai vi tri cy thé trong mang hodc bang,
noi chira két qua cta bai toan ban dau.

Pé biét dugc bai toan cd thé giai bang quy hoach dong hay khong, ta c6 the tu dat cau héi:
“M@t nghi¢m téi wu ciia bai todn Ién cé phdi la sw phéi hop cdc nghiém toi wu ciia cdc bai
todan con hay khong?” va “Liéu co thé nao luu triv dwoc nghiém cdc bai todn con dwdi mot
hinh thirc nao dé dé phoi hop tim dwoc nghiém bai todn I6n?”. Néu cau tra 10i 1a c6 thi bai
toan d6 hoan toan co thé giai bang phuong phap quy hoach dong [5].

2.2. Phan tich va cai dat bai toan Fibonaci thir n bang 2 phuong phap

Bai toan: Diy Fibonacci la diy sd nguyén duong dugc dinh nghia nhu sau:

Fi=F,= 1;
Fi=Fi1 +Fi2voimoii>3
Hay tinh F,

Phéan tich bai toén [4]

Néu chiing ta ¢b ging sir dung truc tiép phép truy h01 F (n)=F (n-1) + F (n-2) dé tinh sb
Fibonacci thir n F (n), chung ta s€ phai tinh lai cac gia tri gidng nhau ciia ham nay nhiéu 1an. Luu y y
rang bai toan tinh F (n) duoc thé hién dudi dang cac bai toan con nho hon va goi nhau cta nd vé
tinh F (n — 1) va F (n — 2). Vi vy, ta c6 thé chi can dién cic phan tir cia mang mot chiéu véin + 1
gia tri lién tiép ctia F (n) bang cach bét dau, theo diéu kién ban dau bang 0 va 1, va st dung phuong
trinh F (n) = F (n-1) + F (n-2) lam quy luat dé tim ra tit ca cic phan tir khac. Hién nhién, phan tir
cudi cting ctia mang nay sé chira F(n)

Xét hai cach cai dat chwong trinh:

Cach 1 - Sir dung dé quy:

int F(int i)

=HOA,
H L TRUGNG DAl HOC HOA LU

109



{
int res=0;
if (i<3)res=1,
elseres =F(i-1)+ F(i-2);
return res,
/ , ,
Trong phuong phap dé quy, ta sit dung dinh nghia truc ti€p ctia ddy Fibonacci dé tinh
Fibonacci(n).
Ta kiém tra néu n béng 0 hodc 1, thi tra vé n.
Néu n 16n hon 1, ta goi dé quy dé tinh Fibonacci(n-1) va Fibonacci(n-2), sau d6 cong
ching lai va tra vé két qua.
Ham dé quy F(i) dé tinh s6 Fibonacci thir i. Chuong trinh chinh goi F(6), n6 s& goi tiép
F(5) va F(4) dé tinh ... Qua trinh tinh toan c6 thé v& nhu cdy dudi ddy. Ta nhan thiy dé tinh F(6)
n6 phai tinh 1 1an F(5), hai 1an F(4), ba 1an F(3), nam lan F(2), ba lan F(1) [5].
Tuy cach giai nay don gian, nhung n6 c6 do phurc tap thoi gian 1a O(2*n) do viéc tinh toan
trang 1ap nhiéu lan. Diéu nay lam cho thuat toan tré nén khong hiéu qua khi n 16n.

+ : 3
Lallrm] (f] [(r]) (o]

Hinh 2.1. Ham dé quy tinh sé Fibonacci

Cach 2 - Sir dung phuwong phap quy hoach dong:

Dic trung clia bai toan 1a cac bai toan con gdi nhau, mudn tim f, ta phai tim fu.1 va foo,
mudn tim .1 ta phai tim f,.2 va fu3 ¢t nhu vay dén fo

Ta xac dinh duoc:

e Baitoancosdlafo=1fi=1;

e (Cong thirc truy hoi: f; = fi.1 + fiz

e Bang phuong 4n ta dung mot mang F[] dé luwu cac gi tri

e Nghiém cua bai toan chinh 1a F[n]

Ta su dung phuong phap quy hoach dong theo cac budc nhu sau:

1. Sir dung mot bang (hoidc mang) dé luu trit cac gia tri Fibonacci di tinh dé tranh tinh
toan trung lap.

2. Khéi tao mot mang (thuong 1a mang 1 chiéu) véi it nhat n+1 phan tir (dé co di chd luu
Fibonacci(n)).

3. Str dung mot vong lap dé tinh toan lan luot cac gié tri Fibonacci tir 0 dén n bang cach sir
dung cac gia tri da tinh trudc do.

4. Tra vé Fibonacci(n) sau khi tinh xong

Int fb2(int n)
{

A7 =s12] =1;

for(int i=3; i<=n; i++) fli] = f[i-1] +f[i-2];
/
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Phuong phap quy hoach dong nay cé do phiic tap thoi gian 1a O(n) do chi tinh toan mdi gia
trj Fibonacci mot 1an va luu trit két qua trong mang.

* Uu diém ciia phwong phdp Quy hoach dpng trong gidi bai todn Fibonaci:

Hiéu suit t6i wu: Phuong phap quy hoach dong giam thiéu tinh toan lap lai, bang cach luu
trir céc gia tri Fibonacci di tinh toan trudc d6 trong mot mang hodc bang. Khi can tinh toan mot sb
Fibonacci, ta c6 thé truy cap truc tiép gid tri da tinh ma khong can tinh lai tir dau.

Do phirc tap thoi gian thip: bai toan Fibonaci néu giai theo phuong phap dé quy (cach 1)
thi d6 phirc tap tinh toan kha cao (c6 thé 1én dén 2™'). Vi d6 10n cta n tir hon 100 thi viée tinh
toan mat nhiéu thoi gian méi ra két qua va khong thé dap Gmg yéu cau vé mit téc do tinh toan, bo
nh¢6 luu trit. Phuong phap quy hoach dong c6 d6 phuc tap thoi gian O(n), trong d6 n la s6
Fibonacci can mudn tinh. Piéu nay c6 nghia la viéc tinh toan s6 Fibonacci tht n chi can mét lan
duyét qua mang chira cac gia tri da tinh. Déi v6i cac s6 Fibonacci 16n, phuong phap nay cuc ky
hiéu qua. Tuy nhién, ciing can luu y rang phuong phap quy hoach dong sé& tiéu ton mot lugng bod
nhd dé luu trir két qua cua cac bai toan con.

2.3. Cai dit mdt sé bai toan méi theo phwong phap quy hoach dong bang ngdn ngir
l1ap trinh C++

2.3.1. Co s06 toan hoc

A/ Phwong phap quy nap

“Néu mot ménh dé todn hoc P(n) phu thuéc bién sé tw nhién n la dung voi gid tri co son =
a, ngoai ra khi P(k) diing kéo theo P(k+1) diing thi ménh d@é P(n) diing véi moi s6 tw nhién n
khong nho hon a”.

Diéu quan trong nhat dugc ap dung ¢ day khong phai dung phuong phap quy nap ching
minh bai todn ma chinh 1a cach ching minh P(k+1) dung. Dé lam didu nay, trong phuong phap
quy nap nguoi ta dd van dung that sang tao co s& da cé d6 1a P(n) ding véi cac n khong qua k.
Viéc nay hoan toan tuong tu khi chung ta phan tich xay dung xk theo cac gia tri da co6 trudc do
trong cau hinh dang xay dung cua bai toan [1].

B/ Cong thirc truy hoi

C6 hai dang cong thirc truy hoi ching ta sé& st dung:

1/ Mot day s6 hoan toan x4c dinh khi biét k gia tri dau tién va cong thirc xac dinh mot )
hang theo k s6 hang lién trudc no:

{Fn} x4c dinh néu biét Fy, F»,... Fx va cong thac Fn = F(Fn 1,Fn-2,...,Fnk).

2/ Mot day s6 hoan toan xac dinh khi biét gia tri dau tién va cong thic xac dinh mét )
hang theo cac s6 hang trudc né:

{Fn} xac dinh néu biét F va cong thitc Fn = F(Fy.1,Fa2,....F1).

Viéc tinh cac gia tri ban dau Fi, Fa, ..., Fi goi 1a budc co sd, viée tim cong thuc cho phép
tinh mot s6 hang cua ddy theo cac sé hang trude no goi 1a bude quy nap [1].

2.3.2. Céac bai toan tng dung phuong phap quy hoach dong

Sau déy 1a mot sd bai toan dugc chia theo cac dang Pém cdc xdu, cdc cdu hinh, cdc déy sé
théa man diéu kién nao dé dé thay duoc tac dung phong phu ciia viéc giai bai toan tin hoc bang
phuong phap quy hoach dong

Bai toan 1: PEM XAU NHI PHAN

Cho s6 nguyén duong n. Tinh s xau nhi phan d6 dai n khong c6 2 chit s 1 1ién nhau.

- Dir liéu: vao tir file binary.inp gdm mét sé nguyén duong n
- Két qua: ghi ra file binary.out mot s6 duy nhat 1a két qua bai toan, vi két qua c6
thé 1a mot s6 rat 1on nén ta lay két qua 1a phan du cho 10° + 7
Vi du

Binary.inp Binary.out
4 8
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Xay dung giai thuét:

Tir nhan xét: Mot xau do dai n thoa man yéu cau bai toan (khong c¢6 2 ky tu 1 lién tiép) thi
xau con n-1 ky tu dau tién cta no ciing thoa man diéu nay, thé c6 nghia 1a dé co xau d6 dain ta
chi viéc thém 0 hodc 1 vao sau xau d¢ dai n-1 nhu vay mdi don vi dit liéu 1a mot ky tu va don vi
dir liéu cudi & budc thir k 1a ky tu thir k ctia xau. T do bang phuong phap phén tich quy nap, ta
¢6 thé xay dyng cong thirc quy hoach dong cho phep tinh s6 xéu do dai n theo s6 xau co do dai
nhod hon cung thoa man yéu cau bai toan.

Goi F[k] 14 s6 x4u nhi phan do dai k khong c6 2 chir s6 1 1ién nhau.
Bwéc co'sé: n=1:co 2 xauthoamanla ‘0’ va ‘1’ nén F[1]:=2.
n=2:co6 3 xau thoa man 1a ‘00’;’01°va ‘10’ nén F[2]:=3.

Budéc quy nap: Gia sir da tim dwogc cac F[i] véi i:=1,2...,k-1. Ta tinh F[k] — s6 xau do6 dai
k théa man bai toan c6 duogc do:

+ Thém 0 vao sau 1 xau do dai k — 1, s6 xau loai nay bang sb xau d6 dai k-1 khong c6 2
chir s6 1 1ién nhau va bang F[k-1].

+ Thém 1 vao sau 1 xau do dai k — 1, dé tao xau d6 dai k thoa man yéu cau thi ky tu
cuoi clng xau d¢ dai k-1 phai 13 0, do d6 s6 xu loai ndy bang s6 xau d dai k-2 khong c6 2 chit
s0 1 lién nhau va bang F[k-2].

Vay F[k]=F[k— 1]+ F[k-2](1)

Do da biét F[1], F[2] nén tir cong thirc nay ta c6 thé tinh F[n] véin tay .

P phire tap: do ta mat mot vong for dé tinh F[i] nén d6 phuc tap 1a O(n).

Cai dat

#include <bits/stdc++.h>
#define mod 1000000007
using namespace std;
long long f[100005]; int n;
int main()
{
//sinh();
freopen("binary.inp","r" stdin),
freopen("binary.out”,"w",stdout);
cin>>n;
f1]=2;
f12]=3;
Sfor(int i=3; i<=n; i++) f[i] = (f[i-1]+f[i-2])%mod;
cout<<fnj;
return 0;
/
Ham sinh test:
void sinh(){
srand(time(0));
freopen("binary.inp”,"w",stdout);
n =rand()%100000+2;
cout<<n,
b o
Bai todan 2: PEM XAU NH] PHAN MO RONG
Tuong ty nhu trén, ta xay dung cong thirc tinh sé xau nhi phan d¢ dai n khong c6 k chir s6
1 lién nhau (k>=2).
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O day ta ciing goi F[n] dé giir gia tri s6 xau nhi phan khong c6 k chit s6 1 1ién nhau va co
do dai n.

Buéc co sé: Tathidy F[0]:=

Véi i:=k, F[k]

Buédc quy nap:

+ Thf:m 0 vao sau 1 xau d6 dai n — 1, sd xau loai nay b'fmg sb xau do dai n-1 khong c6 2
chit so 1 lién nhau va bang F[n-1].

+ Thém 1 vao sau 1 xau d6 dai n — 1 ciing tao thanh F[n-1] xau nhi phan méi c6 d6 dai n
nhung trong d6 c6 mot sé xau khong thoa mén vi k chir s6 lién tiép cudi cung bang 1. S xau sau
khi thém 1 ¢6 k chit s6 cudi bang 1 bang sé xau d6 dai n-1 thoa méan bai toan va ¢ k-1 chir s6
cudi cung 13 1 : X1X2. Xn-k-1Xnk1 1... 1, khi d6 Xnk = 0 va vi vy s6 xau loai nay bang s6 xau
X1X2..Xnk-1 thoa mén bai toan va bang F[n-k-1], tir d6 s6 xau do dai n tan cing bang 1 théa man
bai toan la: F[n-1]—F[n—-k—1].

Vay Ta c6 cong thitc quy hoach dong: F[n]:=2*F[n-1]-F[n-k-1].

D¢ phirc tap: O(n) do c6 n vong for.

Cai dat chwong trinh

#include <bits/stdc++.h>

#define mod 1000000007

using namespace std,

long long f[100005]; int n,k;

int main()

{
//sinh();
freopen("binaryex.inp","r",stdin),
freopen("binaryex.out","w",stdout);
cin>>n>>k;
M0]=1;
for(inti=1; i<k; i++) f[i]=f[i-1]*2;
S =flk-1]%*2 -1;
Sfor(int i=k+1; i<=n; i++) fli] = (2*f[i-1]%mod-f[i-k-1])%mod;
cout<<f[n];
return 0;

/

Ham sinh test

void sinh(){
srand(time(0));
freopen("binaryex.inp","w",stdout);
n =rand()%100000+2;
k =rand()%100000+2;
if(n<k) swap(n,k);
cout<<p<<'"'"<<k;

Bai toan 3: PEM SO DAY CON TANG DAI NHAT

(Mo réng ciia bai toan Tim ddy con don diéu tang dai nhat)

Cho day s nguyén A = a, az, ..., an. (0 < 1000, -10000 < a; < 10000). M6t day con cua A
la mot cach chon ra trong A mot s6 phan tur gitt nguyén tha tu. Nhu vay A c6 2" day con.

Yéu cau: Tim sb luong ddy con don diéu ting cia A c6 do dai 1on nhat.

15 F[i}:=2) voi i=1,2,. k-1,
=2k (trir x4u c6 k chir s 1)
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Dir liéu:
- Dong daulasbn
- Dong thr 2 chira n s nguyén
Két qua:
- Dong dau 1a d6 dai day con ting dai nhat
- Dong thtr 2 1a s6 lugng ddy con ting dai nhat
Vidu: A=(1,2,3,4,9,10,11, 13, 5, 6, 7, 8). Day con don di¢u tang dai nhét 1a: (1,2,3,4,
5,6,7,8)hoac (1, 2,3,4,9,10, 11, 13).
Vi du:

Cis.inp Cis.out
12 8
123491011135678 2
Giai quyét bai toan mo rong ndy ¢ y nghia siu sac trong viéc rén luyén tu duy quy hoach
dong cho hoc sinh. 6] day ta c6 nhén xét quan trong rang: ai1, ai, ..., aik 1a ddy con tang dai nhat
thi mdi doan dau lién tiép ciia no: aii, ap, ..., ap (p<=k) sé& la day con ting dai nhat c6 sd hang
cudi 1a ajp, nhur vay c6 nghia p 1a do dai déy con ting ndy nén né phai bang F[ip] (mang F noi
trén). Tir d6 ta s& tinh s6 ddy con tang T[i] c6 do dai F[i] va sé hang cudi cung 14 ai. R rang a;
lac nay chi dugc thém vao sau sb hang aj bé hon n6 ma F[j] +1 =F[i]. Khi ay tap cac diy con
tang d6 dai F[i] két thuc tai a[i] dugc bod xung thém T[j] phan tir. Vay ¢ day ta c6 cong thirc quy
hoach dong nhu sau:
T[i] = Tong cac T[j] VO‘lJ thoa man: j <1i; a[j] <a[i]; F[j] + 1 = F[i].
diéu nay c6 nghia 1a dé tinh T[i] ta phai tinh truéc cac F[j], tat nhién viéc nay s& két hop tinh
song song trong cung madt vong lap.
Két qua cudi cung 1a tong cac T[i] ma F[i] = max {F[j] :j=1,2,...,n}.
D phirc tap: O(n?)
Cai dat chwong trinh
#include <bits/stdc++.h>
#define maxn 1000
using namespace std;
int afmaxn~+5], ffmaxn+5], tfmaxn+5], n, res=0,c=0;
int main()
{
//sinh();
freopen("cis.inp","r" stdin);  freopen("cis.out","w" stdout);
cin>>n;
for(inti=1; i<=n; i++){
cin>>afil;  fli]=1; tfi]=1;
/
for(inti=1; i<=n,; i++){
for(int j=i-1; j>=1; j--){
iftafj]<ali]){
oI+ I=fEDTT =0T+ i =]}
else iftf[j] +1==/1i]) t[i]+=t[j];

/
}
res=max(res,f[i]);
}
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for(int i=1; i<=n; i++) if(f[i]==res) c+=t[i];

cout<<res<<endl<<c;
return 0;

/

Ham sinh test

void sinh(){
srand(time(0));
freopen("cis.inp", "w", stdout),
n = 1000;
cout<<n<<endl;
Sor(int i=1; i<=n; i++) cout<<rand()%100000+1<<"";

/

Vi cach cai dit nhu trén ta c6 mot thuat toan véi do phic tap O(n?).

* Mé rong: Bai toan "Bém sé diy con ting dai nhdt" (hoic bai toan “Tim day con don
diéu tang dai nhdt”) c6 thé sit dung thém tim kiém nhi phéan hodc sir dung ciu triic dir liéu Cay
chi s6 nhi phan (BIT) dé tinh F[i] v6i d6 phuc tap O(n*log n) — Vi du khi st dung cay BIT, dé
tim vi tri j thoa man j<i, aj<a; ma f[j] dat max, ta chi mat do phirc tap O(log n).

Cai dat chuong trinh

#include <bits/stdc++.h>

#define maxn 100005

using namespace std;

typedef long long lint;

int n, afmaxn], bfmaxn];

lint ffmaxn], tfmaxn], bit/maxn],

lint get(int u) {

lint kq=bit[u];

while (u) {
kg=max(kq,bit[u]),
u&k=(u-1);

/

return kq;

/

void update(int u,lint val) {

while (u<=100000) {
bitfu]=max(bit[u],val);
ut=u & (-u);
/
/

int main() {
freopen("cis.inp”,"r", stdin);
freopen('cis.out"”,"w",stdout),
scanf("%d",&n);
for(int i=1;i<=n;i++) scanf("%d", &a[i]),
Sfor(int i=1;i<=n;i++) {
Sij=get(a[i]-1)+1;
update(alil fli]);
/
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long long maxf=f[1],
for(int i=1;i<=n;i++) maxf=max(maxf,f[i]);
for(int i=1; i<=n; i++)
for(int j=1; j<i; j++){
iftafj]<afi] & &f]j]+1==/[i])
{
if(tli]==0) t[i]=1;
else tfi] +=t[j];
/
/
long long res=0;
for(int i=1;i<=n;i++)
if(fli]==maxf) res+=tfi];
cout<<maxf<<endl<<res,
/
Viée st dung cdu triic dit liéu Cay chi sé nhi phan (BIT) s& cai tién duge téc do cua bai
toan Tim day con don diéu ting dai nhat (con O (n*log n)).
Tuy nhién trong Bai todn 3 (Pém so lwong ddy con ting dai nhat), dé tinh sé luong day
con ting dai nhat T[i] thi ta vin mét thém hai vong l3p nita dé tinh nén d6 phirc tap van 1a O(n?)
gidng nhu khi sir dung phuong phap quy hoach dong don thuan.
3. KET LUAN
Bai bao da trinh bay duoc cac kién thtrc tong quan vé phuong phap quy hoach dong, dong
thot thr nghiém cai dat mot sO bai toan bang ngdn ngit 1ap trinh C++, viét ham sinh bo dir liéu
kiém thir dé kiém tra tinh chinh xac va t6i uu cua giai thut. Bai bao gitp tao ra mot tiép can hop
nhit d6i véi quy hoach dong, gop phan tao ra ngudn tu liéu tham khao cho gido vién, hoc sinh,
sinh vién, va nhimg nguoi quan tdm dén quy hoach dong. Pong thdoi mo ra hudng nghién ciu
sau hon vé viéc két hop quy hoach dong voi cac ki thuat va cAu truc dir liéu méi dé cai thién tdc
d6 tinh toan khi giai quyét bai toan trong tin hoc.
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