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THONG TIN KET QUA NGHIEN CUU

1. Gi6i thiéu van dé nghién ciru va muc tiéu nghién ciru

Dé tai nghién ctru viée giai quyét mot 16p bai toan tdi wu bang phuong
phap quy hoach dong. Muc ti€u nghién ctru phan loai 16p bai toan nay theo
mot s6 dang toan cu thé, 1ap trinh giai quyét bai toan va sinh test ty dong bang
ngon ngtr 1ap trinh C++.

2. Tinh méi va tinh sang tao cua nghién ciru

Dé tai da phan nhom thanh 3 dang toan cu thé; Lap trinh giai quyét cac
bai toan bang ngdn ngit 14p trinh C++, viét ma chuong trinh (code) dé sinh ty
dong dir liéu vao va dir liéu ra (test) co gia tri 16n, tinh toan do phtrc tap cua
giai thuat cua céc bai toan dit ra dé thiy duogc tinh wu viét cua phuong phap
quy hoach dong
3. Tém lwge két qua nghién ciru.

Pé tai d3 nghién ctu 1y thuyét vé phuong phap quy hoach dong va
nghién ctru su vé phuong phéap giai bai toan quy hoach dong bang cach st
dung don vi dit ligu cudi, Xay dung chuong trinh, sinh bd test ty dong br?lng
ngdn ngir 1ap trinh C++ cho mot sb bai tap tir dién hinh dén cac bai tap mo
rong, xac dinh do phire tap cuia mdi giai thuat dugc dua ra.

4. Péng gop vé mit kinh té - xa hoi, giao duc va dio tao, an ninh quoc
phong va kha nang ap dung cia nghién ctru

Pé tai gop phan nang cao ning lyc ciia nhém nghién ctru, hd trg gido
Vién trong viéc giang day On luyén thi hoc sinh giéi mon tin hoc Trung hoc
pho thong cap tinh.



MO PAU
1. Tong quan tinh hinh nghién ciu

Quy hoach dong (Dynamic Programming) 1a mot phuong phap rat hiéu
qua dé giai nhiéu bai toan tin hoc, dic biét 1a nhirng bai toan tdi wu, c6 mot sb
bai toan st dung phuong phap quy hoach dong lai cho hiéu quéa cao hon hon
han so v6i nhiéu phuong phap khac. Cac cong trinh nghién ciru trong nudc vé
phuong phap nay duoc trinh bay cha yéu trong cic cubn sach chuyén nganh
gbém cudn “Tai liéu gido khoa chuyén tin quyén 1 tac gia HO S§ Pam (chu
bién) — NXB giao duc Viét Nam 2009 [1]; va cudn Bai giang chuyén dé “Giai
thuat va 1ap trinh” dang Ebook cua TS. Lé Minh Hoang — BPH su pham Ha
Noi ndm 2002 [2], tong hop cac phuong phap giai thuat co ban va chuyén sau
trong d6 co phuong phap quy hoach dong. C6 nhiéu tai liéu di trinh bay
phuong phap quy hoach dong va tmg dung vao giai mot sd bai toan Tin hoc
noi tiéng, tuy nhién sd luong bai toan tin hoc duoc giai bang phuong phap
quy hoach dong ciing rat 16n va ludn duogc cai tién.

Pé tai nghién ctru theo hudng xdy dung mot sd bai tap cu thé c6 thé giai
bang phuong phap phan tich don vi dir liéu cudi, xay dung code va bo test day
du dé kiém tra tinh ding din, t6i wu cia cac bai toan dua ra, dé tai c6 thé ap
dung tryc tiép vao giang day trong chuong trinh boi dudng hoc sinh gioi clia
truong PTTHSP Trang An, boi dudng HSG céc cap, dic biét tir cap tinh tro
Ién.

2. Tinh cap thiét caa deé tai

pé giai cac bai toan trong Tin hoc, vi¢c xac dinh Thuat toan dé giai bai
todn la cong viéc dac bi€t quan trong. Trong cac bai toan tin hoc, c6 mot 16p
bai toan dugc goi chung 13 bai toan t6i wu (bai toan c6 nhiéu nghiém ma ta
phai di tim nghiém tdi vu theo yéu cau). Véi 10p bai toan ndy c6 mot sb
phuong phap giai c6 thé ké dén nhu: phuwong phap duyét — vét can, tham lam,
nhanh cin va quy hoach dong (QHDP). Vi mdi phuong phap déu cé wu,
nhuoc diém khac nhau, trong d6 QHP 1a phuong phap dugc cho 1a hiéu qua
nhat (xét vé kha nang tim ra nghiém ding va thoi gian, ciing nhu bo nhé can
phai bo ra dé giai quyét dugc bai toan).

Trong cac dé thi HSG Tin hoc céc cép, cd mot sd bai toan tdi wu can st
dung nhitng chién luge trén. Mic du, cling c6 nhitng cach khac dé giai bai

toan d6 nhung vi cac dé thi déu co6 gidi han ve thoi gian, cling nhu b nhd ctua



chuong trinh, nén mot thuat toan hiéu qua 13 cuc ky can thiét. Va trong nhimg
truong hop nhu vay, quy hoach dong 1a mot lya chon tt.

Do d6, chung toi lya chon dé tai: Phwong phdp quy hoach dpng va
mot sé bai todn boi dwing hoc sinh giéi tin hoc phé thong.

3. Muc tiéu nghién ciu

Nghién ciru phuong phap quy hoach dong thong qua viéc giai mot s6
bai toan quy hoach dong dién hinh.

Xay dung mot s6 bai tap co thé giai bang phuong phap phan tich don vi
dir lidu cudi, dong gdp thém vao ngan hang bai tap gitip hd tro cho cong tac
bdi dudng hoc sinh giéi mén Tin hoc.

4. Pbi twong nghién ciru

- Cau trac dir liéu va giai thuat.

- Cac phuong phép thiét ké thuat toan.

- Phuong phap quy hoach dong.
5. Pham vi nghién ctru

- Nghién ctru giai cac bai toan quy hoach dong bang cach phan tich don
vi dit lidu cudi.

- Ngon ngir 1ap trinh C++ trong giai quyét cac bai toan lap trinh tin hoc
cap pho thong.
6. Cach tiép can va phwong phap nghién ciru
6.1. Cach tiép can

Tiép can tir Iy thuyét — Tim hiéu bai toan — xay dung thuat toan >
Lap trinh giai quyét bai toan
6.1. Phwong phap nghién ctru

- Phwong phdp nghién cizu ly thuyét: Nghién ciu vé cac giai thuat.

- Phuong phap thuc nghiém khoa hoc: Lap trinh giai bai toan va xay

dung bo test dé kiém tra tinh toi vu cua bai toan



CHUONG 1. PHUONG PHAP QUY HOACH PONG VA
CAC BAI TOAN DIEN HINH
1.1. Cac khai niém trong Phwong phap quy hoach djng

Phuong phap quy hoach dong dung dé giai bai toan t6i wu co ban chét
dé quy, tirc 1a viéc tim phuong an tdi wu cho bai toan dé co thé dua vé tim
phuong an t6i wu ciia mot sd hitu han cac bai toan con. P6i véi nhiéu thuat
toan dé quy ching ta di tim hiéu, nguyén 1y chia dé tri (divide and conquer)
thuong dong vai tro chi dao trong viée thiét ké thuat toan. Dé giai quyét mot
bai toan 16n, ta chia né lam nhiéu bai toan con cung dang voi né dé cé thé giai
quyét doc 1ap. Trong phuong phap quy hoach dong, nguyén Iy nay cang duoc
thé hién rd: Khi khong biét can phai giai quyét nhimg bai toan con nao, ta s&
di giai quyét tat ca cac bai toan con va lwu trir nhirng 10 giai hay dap s6
ciia ching véi muc dich sir dung lai theo mét s phdi hop nao d6 dé giai
quyét nhitng bai toan tong quat hon. D6 chinh 1 diém khac nhau giita Quy
hoach dong va phép phan giai dé€ quy va cling 1a ndéi dung phuong phap quy
hoach dong:

Phép phan giai & quy bét dau tir bai toan 16n phén ra thanh nhiéu bai
toan con va di giai tirng bai toan con d6. Viéc giai ting bai toan con lai dua vé
hon d6 bat ké n6 da duoc giai hay chua [1].

Quy hoach dong bét dau tir viéc gidi tit ca cac bai toan nhé nhat (bai
toan co s) dé tir d6 timg bude giai quyét nhitng bai toan 16n hon, cho t6i khi
giai dugc bai toan 16n nhét (bai toan ban dau).

Ta xét mot vi du don gian:

Vi dy: Day Fibonacci la diy s6 nguyén duong duoc dinh nghia nhu
Sau.

Fi=F=1;

Fi=Fi1+Fi;voimoii>3

Hay tinh F,

Xét hai cach cai dat chuong trinh:

Cach 1

int F(int 1)
{
int res=0;
if (1 <3)res=1,



elseres=F(i-1) + F(i - 2);
return res;

Céch 2
Int fb2(int n)

{

f[1] = f[2] =1;

for(int i=3; i<=n; i++) f[i] = f[i-1] +f[i-2];
}

Trong cach 1, ta viet mot ham dé quy F(i) dé tinh s6 Fibonacci thu 1.
Chuong trinh chinh goi F(6), né s& goi tiép F(5) va F(4) dé tinh ... Qu4 trinh
tinh toan c6 thé vé nhu cdy dudi ddy. Ta nhan thay dé tinh F(6) n6 phai tinh 1
lan F(5), hai lan F(4), ba lan F(3), nam lan F(2), ba lan F(1).

o) (o)

(F@ ] (Fo) )

Ham d@é quy tinh sé Fibonacci
Cach 2 thi khong nhu vay. Trudc hét né tinh sin F[1] va F[2], tir d6

tinh tiép F[3], lai tinh tiép duoc F[4], F[5], F[6]. Pam bao ring mdi gia tri
Fibonacci chi phai tinh 1 lan.

Truwéce khi ap dung phwong phap quy hoach dong ta phai xét xem
phwong phap d6 ¢6 thoid mén nhirng yéu ciu duéi diy hay khong:

Bai toan 16n phai phan ra dugc thanh nhiéu bai toan con, ma sy phéi hop
101 gidi clia cac bai toan con do cho ta 101 gidi cia bai toan 1om.

Vi quy hoach dong 1a di giai tat ca cic bai toan con, nén néu khong du
khong gian vat 1y luu trit 101 giai (bd nhd, dia...) dé phdi hop chung thi
phuong phép quy hoach dong ciing khong thé thyc hién duoc.



Qua trinh tir bai toan co so tim ra 101 giai bai toan ban dau phai qua hiru
han budec.

* Cac khai niém [1]:

- Bai toan giai theo phuwong phap quy hoach dong goi la bai toan quy
hoach dong

- Cong thirc phdi hop nghiém ciia cac bai toan con dé co nghiém cua bai
toan 10n goi 1a cong thire truy hdi ctia quy hoach dong.

- Tap cac bai toan nho nhat co ngay 10i giai dé tir d6 giai quyét cac bai
toan 16m hon goi 1a co sé quy hoach dong.

- Khéng gian luwu trit 101 giai cac bai toan con dé tim cach phdi hop
chung goi 1a bang phwong an cia quy hoach dong

Cac budc cai dat mot chwong trinh sir dung quy hoach djng:

B1. Giai tit ca cac bai toan co so (thong thuong rat dé), luu cac 1oi giai
vao bang phuong an.

B2. Dung cong thic truy hoi phdi hop nhiing 10i giai cta nhitng bai toan
nho di luu trong bang phuong an dé tim 101 giai cta nhimg bai toan 16n hon
va luu ching vao bang phuong 4n. Cho t6i khi bai toan ban dau tim duoc 1oi
giai.

B3. Dya vao bang phuong an, truy vét tim ra nghiém tdi wu.

Cho dén nay, van chua c6 mot dinh 1y nao cho biét mot cach chinh xac
nhimg bai toan nao co thé giai quyét hiéu qua bang quy hoach dong. Tuy
nhién dé biét duoc bai toan co thé giai bang quy hoach dong hay khong, ta co
thé tu dat cau hoi: “Mgt nghiém t6i wu ciia bdi todn I6n cé phdi la sw phoi
hop cdc nghi¢m toi wu ciia cdc bai todn con hay khéng?” va “Liéu cé thé
nao lwu triv dwoc nghiém cdc bai todn con dwdi mét hinh thivc nao do dé
phoi hop tim dwoc nghiém bai todn Ion?”. Néu cau tra 10 1a c6 thi bai toan
d6 hoan toan c6 thé giai bang phuong phap quy hoach dong [2].

1.2. Phwong phap giii bai toan quy hoach dong

Chung ta dung thuat toan quy hoach dong khi gap:

- Bai toan c6 cac bai toan con gbi nhau.

- Bai toan c6 céu trac con tdi uu.

* Bai toan con goi nhau

Tuong ty nhu thuat toan chia dé tri, quy hoach dong ciing chia bai toan
16n thanh cac bai toan con nho hon. Quy hoach dong duoc sir dung khi cac
bai todn con nay dugc goi di goi lai. Phuong phap quy hoach dong s& luu két
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qua cua bai toan con nay, va khi dugc goi, né s€ khong can phai tinh lai, do
d6 lam giam thoi gian tinh todn.

Quy hoach dong s& khong thé ap dung duogc (hodc néi dang hon 1a ap
dung ciing khong c6 tac dung gi) khi cac bai toan con khong gdi nhau. Vi du
v6i thuat toan tim kiém nhi phan, quy hoach dong ciing khong thé ti uu duoc
gi ca, bdi 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 duge goi lai. Mot vi du dién
hinh ciia bai todn con gdi nhau 14 bai toan tinh sé Fibonacci.

* CAu tric con tdi wu

Céu trtic con toi wru co tinh chat 13 10 giai cta bai toan 16n s& 13 tap hop
101 giai tir cac bai toan nho hon.

Vi du: Trong bai toan tim dudng di ngin nhat trong d6 thi, néu mot
node x nam trén duong di ngan nhat giira hai node u, v thi duong di ngan nhét
tir u dén v s& 1a tong hop cua duong di ngan nhét tir u dén x va duong di ngan
nhét tr x dén v. Mot sd thuét toan tim dudong trén dd thi (vi du thuat toan
Dijkstra) déu dua trén tinh chat ndy, va nd dugc 4p dung trong quy hoach
dong.

Tinh chat cau trac con t6i vu rat quan trong, nd cho phép chung ta giai
bai toan 16n dua vao cac bai toan con da giai dugc. Néu khong co tinh chat
nay, chung ta khong thé ap dung quy hoach dong duoc.

* Cach tiép can: Quy hoach ddng xudi va nguoc [3].

Ta c6 khai niém st dung quy hoach dong kiéu “nguoc”. Nguoc & day
khong phai 1a chung ta duyét cac bai toan con tir 1on nguoc vé nhd. Ma quy
trinh 1a: Duyét qua tat ca cac bai toan con (tr nho dén 16n), véi mdi bai toan
d6, ching ta tinh toan két qua dua vao bai toan con trudc d6. Tat nhién, bai
toan con phia trudc di duoc giai theo quy trinh duyét, va véi mdi bai toan,
ching ta phai “nhin ngwgc lai” bai toan trudc do, nén cach lam nay goi la
quy hoach dong kiéu “nguoc”.

Phuong phdp quy hoach dong ngugc nay duogc st dung rong rai, vi nd
kha tuong tng véi suy nghi ty nhién con ngudi. Chiing ta doc dé bai, suy nghi
cach giai, cach giai d6 yéu cau phai giai nhitng bai toan nhé hon. Chung ta
tiép tuc suy nghi cho nhitng bai toan con ndy, sau d6 tong hop dé tim ra 10i
giai cho bai toan 16n. Qua trinh ctr tiép tuc nhu vay, va quy hoach dong kiéu

“nguoc” dang dugc xdy dung ding theo trinh tu do.



Ngoai ra, vé mat 1ap trinh, kiéu quy hoach dong nay c6 mdi quan hé
tuong dbi gan giii v4i dé quy. Mot bai toan 16n duoc giai dira vao cac bai toan
con tuong tuy nhau (va tuong tu bai toan 16n) thi viéc ap dung d€ quy co thé 1a
mot phuong phap dé dang dé code. Vi vdy, nhiéu trudng hop, c6 thé coi quy
hoach dong 13 mét cach dé t6i wu phuwong phap dé quy dé giai mot bai toan.

Ngoai kiéu quy hoach dong “ngugc”, c6 mot kiéu quy hoach dong
“xudi”. Tuy khong phd bién, kiéu quy hoach dong xudi ciing kha khé ap
dung, nhung quy hoach dong “xudi” mang dén cho chung ta nhiéu tién loi.
Véi phuong phap xudi nay ciing can duyét qua cac bai toan con tir nhd dén
16n, nhung véi mdi bai toan con, chung ta tinh toan két qua va tir d6 tim cach
thuc hién mot s6 phép tinh dé giai bai toan 16n hon. Nghia 13, vai mdi bai toan
con, ching ta s& nhin vé phia trwéc dé xem phai giai bai toan tiép theo nhu
thé nao tir bai toan hién tai.

Phuong phap nay khé 4p dung hon phuong phap nguogc, va cling khong
phai bai toan nao ciing 4p dung dugc. Vi mdi bai toan, viéc xac dinh bude
tiép theo twong d6i kho khin, tham chi viéc kiém tra tinh dung sai ctia phuong
phap ciing khong hé dé dang.

Thong thudng, mdi bai toan can phai giai bang cach tong hop két qua
tor mot vai bai toan con trudc do. Vi vay, cach quy hoach dong xudi nay chi
st dung mot bai toan con dé tinh toan trudc bai toan tiép theo s€ chi cho ra
mot phan cua két qua chi khong phai két qua cudi cung. Vi vy, dé thuc hién
quy hoach dong xudi, viéc dién sin mot mang cac gia tri trung tinh 13 diéu bat
budc (sau d6 chung ta s& cong don két qua vao mbi khi giai duge mot bai toan
con moi).

Sau day ta s& di vao mot sd bai toan quy hoach dong dién hinh dé xem
x¢€t cach quy hoach dong dugc ap dung vao cac bai toan cu thé nhu thé nao.
1.3. Phan tich mot s6 bai toan dién hinh
1.3.1. Tim s6 Fibonaci thir n

Bai toan: Tim s Fibonaci thtr n

Dit liéu: Mot sb nguyén duong n

Két qua: Ghi ra gi trj s6 Fibonaci thir n

Nhu d3 trinh bay & 1.1, bai toan Fibonaci néu giai theo phuong phap dé
quy thi do phirc tap tinh toan kha cao (c6 thé 1én dén 2™%) va véi do 16n cta n
tir hon 100 thi viéc tinh toan mat nhiéu thoi gian méi ra két qua va khong thé
dap mg yéu cau vé mit toc do tinh toan, b nhd luu trir.
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Dic trung cta bai toan 14 cac bai toan con gdi nhau, mudn tim f, ta phai
tim fo.1 Va f,.p, mudn tim £, ta phai tim f,» va f,.3 ¢t nhu vay dén f
Giai:
Ta s€ xac dinh duoc:
eBaitoancosdlafyp=f=1;
¢ Cong thirc truy hoi: fi= fiqy + fin
e Bang phuong an ta dung mot mang F[] dé luu cac gia tri
e Nghi¢m cua bai toan chinh 1a F[n]
Cai dat:
finclude <bits/stdc++.h>
#define maxn 100
using namespace std;
int f[maxn], n;
int main()
—I{
cin>>n;
fl0]=£f[1]=1;
for (int i=2; i<=n; i++) fli]=f[i-1]+f£[i-2];
cout<<f[n];
return 0;

}

1.3.2. Xau con chung dai nhat

Bai toan: Cho hai x4u ki ty X va 'Y gom cac ky tu tir a dén z trong bang
chit, hdly tim x4u con chung 16n nhat Z gdm cac ki tu thudc vao ca 2 xau X va
Y giir nguyén trat tu trudc sau. Pua ra do dai ciia Xau con chung dai nhat.

Dit liéu: gdbm 2 dong, dong dau 1a xau ki ty X, dong thar 2 1a xau ki tw Y

Két qua: Pua ra két qua bai toan

Giai:

Ddc trung bai toan do la: Gia st phai tim xau con chung tai budce thi k ta
dua vao két qua tai bude thir k-1, két qua tai budce thr k-1 dua vao két qua
bude thir k-2 tiép tuc cho ti budc dau tién

Xac dinh Ham muc ti€u: Ta nhan théy d6 dai 16n nhat ciia xau con chung
phu thudc vao s6 ki tu dang xét cia xau X va sb ki tu dang xét cua xau Y, nhu
vay ham muc tiéu cua ta s€ c6 hai tham $0.

Goi L[i,j] 12 do dai xau con chung 16n nhat ctia X va Y khi xét dén i ki ty
dau ctia xau X va j ki tw dau cta xau Y.

Ta thay rang néu mot trong 2 xau la rong thi d6 dai xau con chung bang
0 nghia la L[0,j]=L[1,0]=0; (Bai toan co s0)
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Néu X[i]= Y[j] thi d6 dai L[i,j] tang 1én 1; L[i,j]=L[i-1,j-1] +1;

Con trai lai ta phai xét xem X[i] c6 bang Y[j-1] va Y[j] c6 bang X[i-1]
khong? Nghia 1a phai xét dén L[i,j-1] va L[i-1,j] xem gi4 tri nao 16n hon thi
chap nhan: L[i,j]= Max(L[i,j-1] , L[i-1,j])

Ta c6 cong thirc truy hdi sau

L., +1 khi X, =Y,

b= Max(L,_, ;,L, ., )khi X, #Y,

i-1,j°
Dung mang L[][] dé luu bang phuong an
Két qua bai toan 1a gia tri 16n nhét ciia L[i,j] (i=1..n va j=1..m)
Cai dat:
#include <bits/stdc++.h>
#define maxn 1000
using namespace std;
string Xx,¥y;
int l[maxn] [maxn]; int n,m; int res=0;
int main{()
1
Cin?*)*x:i*)i*y,
n=x.size(); m=y.size();
for(int i=0; i<n; 1i++)
for (int j=0; Jj<m; J++)
for(int i=0; i<n; 1i++)
for (int j=0; j<m; j++)

] {

1]
o o
-~ .

if(x[i]==yI[J]) 1[i+1][J+1]1=1[i][J]+1;
else 1[i+1][j+1] = max( [i][J+L],1[i+11[31)+
res = max(res,1l[i+ [j+Lh),

}

cout<<res;

return 0O;

}

Do dac trung ctua c++, cac ki tu trong xau dugce danh s6 tir 0 nén ta tinh
cac chi sd ciia mang L[][] tinh tién 1én 1 dé khong bi tran mang.
1.3.3. Tim ddy con tiing dai nhat
Bai toan: Cho day sd nguyén A = aj, @y, ..., a. (n < 1000, -10000 < a; <
10000). Mot day con ciia A 1a mot cach chon ra trong A mdt sé phan tir giir
nguyén thir tu. Nhu vay A c6 2" day con.
Yéu cau: Tim ddy con don diéu ting cia A c6 d6 dai 16n nhat.
Dtr liéu:
- Dong daulasén
- Dong thir 2 chtra n s6 nguyén
Két qua:



- Dong dau 1a do dai ddy con ting dai nhat
- Dong thir 2 13 cac s thudc day con ting dai nhét

Vidu: A=(1,2,3,4,9, 10,5, 6,7, 8). Dy con don diéu ting dai nhat
la: (1,2,3,4,5,6,7,8).

Giai:

Dac trung cua bai toan la céac cAu trac con tdi wu, do dai cua day con
tang dai nhat ¢ vi tri i s& dugc tinh qua d6 dai ddy con tang tai cc vi tri j (j<i),
goi ham muc tiéu f[i] 1a do dai ddy con ting dai nhat két thuc & vi tri i, ta s&
xac dinh duoc:

e MGi diy con c6 mot phan tir s& 1a mot ddy con ting dai nhat c6 do dai
bang 1. Vay ban dau f[i] = 1 v6i moi i (bai toan co s&)

eDé tinh do dai day con tang dai nhat két thuc ¢ vi tri i, ta xem xét dé
ghép s6 & vi tri i v6i cac day con tang dai nhat két thuc ¢ vi tri j ma j<i;
a[j]<a[i] va chon ra diy c6 d6 dai 16n nhat. Ta dugc cong thire truy hoi:

f[i] = max(f[i]) + 1; (<i; a[j]<a[i])

e Bang phuong an 1a mang f]]

e Do dai diy con ting dai nhét s& 13 max cta céc f[]

o Truy vét: ta str dung mot mang t[i] = jmax (jmax 13 vi tri j ma tai d6 f[j]
dat max theo cong thirc truy hoi), ta ding mot mang res[] dé luu céac sb trong
day con ting dai nhat

Cai dat:

daycontang.cpp
1 #include <bits/stdc++.h>

2 #define maxn 1000

3 using namespace std;

4 int a[maxn+1], f[maxn+1],t[maxn+l], n, maxf=1 maxvt=1,res[maxn+l];
5 int main()

© {

7 E cin>>n;

8 |- for(int i=1; i<=n; i++){

9 cin»>ali];

10 fl[i]=1;

11 |t }

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

13 for(int j=i-1; j>=0; j--)
14 |& if(flil<f[jl+lasaljl<alil){
15 fli]l=f[j]+1:

16 tli]=3:

17 maxf=max (maxf, £[i]):

18 maxvt=i;

19 |t }

20 cout<<maxf<<endl;

21 int dem=0; int i=maxzvt;

22 o while (i>0) {

23 dem++;

24 res[dem]=ali];

25 i=t[i]:

26 |r }

27 for (int i=dem; i>=1; i-—) cout<<res[i]<<"™ "
28 return 0;

29 }

30 L




1.3.4. Bai toan cai tui

Bai toan: Co n do vat, vat thir i co gia tri g; va trong lugng 13 wi, can xép
cac d6 vat nay vao cai ti co sttc chtra trong luong toi da 1a M sao cho tong
gia trj cua ti 12 16n nhét. Xac dinh gia trj 16n nhat dat duoc.

Dtr liéu:

- Dong dau 13 hai sd n, m
- N dong tiép theo mdi dong chia 2 sd 1an luot 13 gia tri va
trong luong cua vat thur 1

Két qua: Dua ra tong gia tri 16n nhat dat duoc

Dac trung cua bai toan do la: Ta théy viéc chon hay khong chon dd vat
thr i phu thudc vao ca 2 yéu t6 d6 1a gia tri ctia d6 vat d6 va trong luong cta
no phu thudc vao trong lugng tdi da tai thoi diém duoc chon cua thi

Ta xay dung ham F[i,j] 1a gia tri 1on nhat cua tai khi xét tir mat hang thir
1 dén mat hang tha i va j 1a trong luong t6i da cua tai, do vay nghiém tdi wu
cua bai toan chinh la gia tri F[n,M].

Cong thire truy hoi: Tinh F[i,j] dwa trén nhan xét sau

F[0.j]=0 v&i j=0..M; (Bai toan co s&, néu khong chon vét nao thi gia tri
ctia thi bang 0)

Néu vat thir i khong duoc chon thi F[i,j]= F[i-1,j] (Gia tri bang gia tri ca
I-1 vat phia trudc)

Néu vat thtr i dugc chon thi F[i,j]= G[i]+ F[i-1, j- W[i]] (chon vat tht i
thi ta duoc gia tri cua no 1a G[i], va déng thoi khéi luong tdi da cua thi s& con
lai 1a j- WIi])

Vi vay viéc chon hay khong chon vat thir 1 phu thudc vao gia tri cuc dai
cua hai gia tri trén

F[i,j]= Max( F[i-1,j], G[i]+ F[i-1, j- W[i]]) (Céng thtc truy hoi)

Mang F[][] 12 bang phuong an, két qua cta bai toan 1a F[n][M]

Cai dat:



daycontang.cpp caitui.cpp
1 finclude <bits/stdc++.h>

2 #define maxn 1000
3 #define maxm 1000
4 using namespace std;
5 int g[maxn+1], w[maxn+l], f[maxn+l][maxm+l], n, m;
6 int main()
7 BH{
8 cin>>n>>m;
9 for(int i=1; i<=n; 1i++) cin>>g[i]>>w[i];
10 for (int j=0; j<=m; j++) £[0][]]1=0;
11 for(int i=1; i<=n; i++)
12 for (int j=1; j<=m; J++)
13 A {
14 fri1[31=£11i-111([31~
15 if (j>wli]) fli][j] = max(f[i][J],gli] + £[i-1][J-w[i]]);
16 |+ }
17 cout<<f[n] [m];
18 return 0;
19 }
20 5

1.3.5. Bai toan di chuyén tir TAy sang Pong
Bai toan: Cho mang 2 chiéu a[n][m] trén d6 ghi cac sd nguyén. Mot
nguoi xuat phat tai mot 6 nao d6 ciia ¢t 1 can sang cot m theo nguyén tac chi
dugc di chuyén sang 6 bén phai ké canh cing hang hoic 1éch nhau 1 hang,
sao cho tong cac sb ghi trén dudng di 14 16n nhat
Dtr liéu:
- Dong dau 12 hai sd n, m
- N dong tiép theo mdi dong chira m sd nguyén
Két qué: Ghi ra téng gia tri lon nhét dat duoc
Ddc trung cua bai toan do la: Ta phai tinh duogc gia tri cyc dai cua cac 6
trén luoi dua trén nhan xét sau:
Tait vi tri (1,j) cta ludi gia tri cuc dai nhan dugc chinh béng gia tri tai 6
d6 cong véi gia tri cuc dai cua cac 0 trude no (i-1, j-1); (i, j-1);(i+1, j-1)
Cong thuc truy hoi: goi BJ[i,j] 13 tong cuc dai cac sd trén dudng di tir cot
1 cho toi 6 (i,)) khi d6 B[1,j]=A[1,j] v6i j=1..m; va B[i,j]=Max(B[i-1,j-1],
BIi,j-1], B[i+1,j-1])+ Ali,j]
Cai dat:
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. #incluﬁé <pits/stdc++.h>

1
2 #define maxn 1000
3 using namespace std;
4 | int a[maxn+1] [mazn+l], b[maxn+l] [maxn+l], n,m;
5 int main()
6 Hi{
7 cin>>n>>m;
8 for (int i=1; i<=n; 1i++)
9 for (int j=1; j<=m; j++)
10 cin>>alil []];
11 for (int i=1; i<=n; 1++) b[i][l]=ali]l[l];
12
13 for (int j=2; j<=m; j++)
14 for (int i=1; i<=n; 1i++)
15 b[i][j] = max(b[i-1][j-1],max(b[i][§-1],b[i+1]1[]j-11)) + a[il[jl;
le
17 int res = 0;
18 for (int i=1; i<=n; i++) res = max(res, b[i][m]);
19
20 cout<<res;
21 return 0O;
22 }
23 -
i & others

Luu y la ta di chuyén lan heot sang cét 2 roi ¢t 3 réi civ thé dén cét m,

do do qua trinh tinh toan mang B ta can tinh cdc gia tri lan luot cua cac cot.

Do vay vong for j qua cdc cot phai o ngoai vong for i chay qua cdc dong.
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CHUONG 2. MOT SO BAI TAP UNG DUNG QUY HOACH PONG
GIAl BANG PHUONG PHAP PHAN TiCH DU LIEU CUOI
2.1. Mt s6 bai tap wng dung quy hoach dong
2.1.1. Phwong phap don vi dit liéu cudi

Trong mdt 1p rat 1on cac bai toan Tin hoc, chung ta phai dém cac ciu
hinh t6 hop c6 thr tir (X1, Xa,...,X) thoa min mot tinh chat dic trung nao do
hodc tim gia trj t6i wu (theo mot nghia nao d6) ctia cac cau hinh nay. Ching ta
st dung phuong phép quy hoach dong theo cach sau day:

Tim 1o gidi tieng buwdc mét: buwde thir k, dém cdc cdu hinh (x1, X2,...,Xx)
hay tim gid tri t6i wu ciia cdc logi cau hinh k phdn tir (x1, X2,...,Xk).

Viéc tim 101 giai timg budc mot nay thé hién nguyén 1y “chia dé tri”
trong tin hoc: Thay vi truc tiép tim 101 giai bai toan 16n, ta giai quyét cac bai
toan nho cting mo hinh, sau d6 dua trén két qua cac bai toan nho dé tim két
qua bai toan 16n. Noi mdt cach ndém na, né gidng nhu viéc ching ta xay mot
btic tudng thi phai xay tir mong, sau d6 xay lan lugt cac hang gach cho dén
khi c6 mot birc tuong hoan chinh, hang gach thu k (tinh to méng tré 1€n)
chinh Ia hinh anh trgc quan cua don vi dit li¢u cudi & bude thu k.

Dbi v6i cdu hinh ta xay dung dén budc thir k: (x1, Xz,...,Xx) thi ta ndi x 1a
don vi dir liéu cudi & budc nay. Viéc xac dinh gid tri ciia xx khong hé kho
khan vi trudc d6 da xay dung duogc (X1, Xz,...,Xk-1), tr d6 c6 dugc phuong an
tinh s6 lugng hay gia tri t6i wu cho budc thir k.

Mot diém mau chét khi phan tich quy nap xdy dung budc thtr k d6 la:
Néu ta coi mdi phén tr ctia cau hinh dang xay dung nhu la mot vi tri trén
duong di thi dé dén duogc vi tri thi k ta phai qua vi tri thit k-1. N6i cach khéc,
dé dén duogc vi tri cudi xx dd xac dinh thi xy1 phai 1a mét trong cac vi tri ¢d
thé “di dén x,”. Ttr nhan xét mau chét ndy ma viéc phan tich cu trac xx — don
vi dit liéu cudi budc k — dé tim ra nhitng vi tri ¢6 thé ctia x«.1 chinh 13 yéu t6
quyét dinh dé co duoc 101 giai cho bai toan.

2.2.2. Co sé toan hoc

A/ Phwong phap quy nap

“Néu mot ménh dé todn hoc Pm) phu thuéc bién s6 tw nhién n la dung
VOi gia tri co so n = a, ngoai ra khi P(k) dung kéo theo P(k+1) dung thi ménh
dé P(n) diing véi moi s6 tw nhién n khéng nhé hon a”.

Diéu quan trong nhat dugc ap dung & day khong phai diung phuong phap
quy nap ching minh bai toan ma chinh 1a cach chimg minh P(k+1) dtiing — d¢
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lam diéu nay, trong phuong phap quy nap ngudi ta da van dung that sang tao
co s¢ da co do 1a P(n) ding véi cac n khong qué k. Viée nay hoan toan tuong
tu khi chiing ta phén tich xay dung xy theo cac gia tri da co trude d6 trong cau
hinh dang xay dung cua bai toan.

B/ Cong thirc truy hoi

C6 hai dang cong thic truy hoi chiing ta s& sir dung:

1/ Mot day s hoan toan xac dinh khi biét k gia tri dau tién va cong thirc
xé4c dinh mot sd hang theo k sd hang lién trudc no:

{Fn} x4c dinh néu biét Fy, F,,...,Fx va cong thirc Fy = F(Fn.1,Fnz,...,Fn).

2/ Mot diy sd hoan toan xac dinh khi biét gia tri dau tién va cong thuc
xéac dinh mot sd hang theo cac sd hang trude né:

{Fn} xac dinh néu biét F va cong thirc Fy = F(Fn.1,Fna,....,Fa).

Viéc tinh cac gia tri ban dau Fq, Fo, ..., Fx goi 1a bude co s¢, viéc tim
cong thirc cho phép tinh mot s6 hang ctia ddy theo cac sd hang trude néd goi la
budc quy nap.

2.2.3. C4c bai toan wng dung phwong phap quy hoach dong
Sau ddy 1a mot sb bai toan duoc chia theo cac dang khac nhau dé thay

dugc nhitng van dung phong phi ctia viéc phén tich don vi dit liéu cudi.

Dang 1. Pém cdc xdu, cdc cdu hinh, cic day sé théa man diéu kién nao do
Bai toan 1: PEM XAU NHI PHAN

Pé bai: Cho s6 nguyén duong n. Tinh sd x4u nhi phan do dai n khong co
2 chit s6 1 lién nhau.

Dit liéu: vao tir file binary.inp gdbm mdt s6 nguyén dwong n

Két qua: ghi ra file binary.out mot s6 duy nhét 1a két qua bai toan, vi két
qua c6 thé 1a mot sb rat 1on nén ta 13y két qua 1a phan du cho 10° + 7

Vidu

Binary.inp Binary.out
4 8
XAy dung giai thuit:

Ta c6 thé liét ké moi xau do dai n khong c6 2 chir s6 1 lién nhau dé dém.
Tuy nhién phuong an nay ro rang khong kha thi, s€¢ khong c6 du bd nhé va
nhat 1a khong c6 thoi gian dé 1am cong viéc nay khi n kha 16n vi luc d6 sb
luong x4u can liét ké nhiéu dén mirc “kinh khung”.

13



Tir nhin xét: Mot xau do dai n thoéa man yéu cau bai toan (khdng co 2 ky
tu 1 lién tiép) thi xau con n-1 ky tu dau tién ctia né cling théa man diéu nay,
thé co nghia la dé co xau dd dai n ta chi viéc thém 0 hodc 1 vao sau xau do dai
n-1 nhu vy moi don vi dit liéu 1a mot ky tw va don vi dir liéu cudi & bude thi
k 1a ky tu tht k ctia xau. Tir d6 bang phuong phap phan tich quy nap, ta c6 thé
xay dung cong thirc quy hoach dong cho phép tinh s6 xau d6 dai n theo sb xau
c6 do dai nho hon cing thoa man yéu cau bai toan.

Goi F[k] 14 s6 xau nhi phan d¢ dai k khong ¢ 2 chir sé 1 lién nhau.
Bwéce corsé: n=1:co6 2 xauthoamanla ‘0’ va ‘1’ nén F[1]:=2.
n=2: ¢6 3 xau thod man 1a ‘00’;’01’va ‘10’ nén F[2]:=3.

Buéc quy nap: Gia su da tim dwoc cac F[i] voi i:=1,2...,k-1. Ta tinh
F[K] — s6 xau d6 dai k thoa man bai toan c6 duoc do:

+ Thém 0 vao sau 1 xau do dai k — 1, sb x4u loai nay bang sé xau do dai
k-1 khong c6 2 chir s6 1 lién nhau va bang F[k-1].

+ Thém 1 vao sau 1 xau do6 dai k — 1, dé tao xau do dai k thoa man yeu
cau thi ky tu cudi cung xau d6 dai k-1 phai 14 0, do d6 sé xau loai ndy bang s6
xau do dai k-2 khong c6 2 chir sb 1 lién nhau va bang F[k-2].

Vay F[k]=F[k-1] + F[k—2] (1)

Do d4 biét F[1], F[2] nén tir céng thitc ndy ta ¢ thé tinh F[n] v&in tuy §.

Po phirc tap: do ta mat mot vong for dé tinh F[i] nén d¢ phic tap 1a
O(n).

Bai toan 2: PEM XAU NHI PHAN MO RONG

Tuong ty nhu trén, ta xdy dung cong thic tinh s6 xau nhi phan do dai n
khéng c6 k chir s6 1 lién nhau (k>=2).

O day ta ciing goi F[n] dé giit gia trj s6 xau nhj phan khong c6 k chit sd 1
lién nhau va c6 do dai n.

Buéc co sé: Tathdy F[0]:=1; F[i]:=2' véi i:=1,2,..k-1.

Vi ==k, F[k] = 2K -1 (trtr xau c6 k chir s 1)

Buwdc quy nap:

+ Thém 0 vao sau 1 xau d6 dai n — 1, sd xau loai nay bang s6 xau do6 dai
n-1 khong c6 2 chit s6 1 lién nhau va bang F[n-1].

+ Thém 1 vao sau 1 xau do dai n — 1 cling tao thanh F[n-1] xau nhi phan
méi c6 do dai n nhung trong d6 c6 mot sé xau khong thoa man vi k chir s6
lién tiép cubi cung bang 1. S6 xau sau khi thém 1 c¢6 k chit s6 cudi bang 1
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bang s6 xau d6 dai n-1 théa man bai toan va c6 k-1 chit s6 cubi cung 1a 1 :
X1X2. Xnk1Xnk11...1, khi d0 Xnx = 0 va vi vdy s6 xau loai ndy bang sd xau
X1X2..Xnk-1 thoa mén bai toan va bang F[n-k-1], tir 46 s6 xau d6 dai n tan cing
bang 1 thoa man bai toan 1a: F[n-1] - F[n—k —1] .

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

D¢ phirc tap: O(n) do c6 n vong for.

Bai toan 3: LAT VIEN
Pé bai: Duong vién trang tri & nén nha c6 kich thude 2xN duoc 14t bang
2 loai gach: loai kich thudc 1x2 va loai 2x2. Hay xac dinh s6 cach 14t khac

nhau c6 thé thuc hién.

Dir ligu: Vao tir file van ban TILE.INP, gébm nhiéu dong, mdi dong
chtra mot s6 nguyén N (1 <N < 250).

Két qua: Pua ra file van ban TILE.OUT cac két qua tim dugc module 1
000 000 007, mdi s6 trén mot dong.

Vi du:
TILE.INP TILE.OUT
2 3

8 171

12 2731

Xay dung giai thuat:

Puong nhién khong thé liét ké tat ca cac cach lat roi dém boi vi sb cach
lat qua 16n. Tuy nhién khi dé y rang mdi cach lat, vi tri 1x2 cudi cing cia
duong vién chi c6 thé bi phil boi mot vién gach 1x2 “ding” , mot vién gach
2x2 hoac 2 vién gach 1x2 dit “pam”, & day “don vi dir licu cudi” cla ta 1a
cach dat gach 1at vi tri cudi duong vién. Tir d6 chung ta lai nghi dén chuyén s&
tinh s6 cach lat dudng vién d6 dai n theo sd cach lat duong vién ngin hon nhu
sau.

Goi F[k] 12 s6 lat vién kich thudc 2*k.

Buéc co so: Ta thiy ngay F[1]=1; F[2] = 3.

Budc quy nap:

+ Néu vi tri cudi cung 1a 1 vién gach 1x2 “dung”: sb cach lat bang sd
cach lat vién kich thuéc 2*(k-1) va bang F[k-1].
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+ Néu vi trf cudi cung 14 1 vién gach 2*2 hay 2 vién gach 1x2 xép “nam™:
s6 cach lat bang s cach lat vién kich thude 2*(k-2) va bang F[k-2].
Vay F[k] = F[k-1] + 2*F[k-2].

Chi ¥ khi viét chwong trinh:

+ F[n] rat 16n nén phai thuc hién tinh toan véi sb 16n.
+ Chi can dung ba bién tinh luan phién nhu Bai toan 1
Do phire tap: O(max(10°, n))

Bai toan 4: DEM SO DAY CON TANG DAI NHAT

(Bai todn mo réng cua bai toan 1.3.3 — Tim day con tang don diéu dai
nhat)

Bai toan: Cho day s6 nguyén A = ay, ay, ..., an. (n < 1000, -10000 < a; <
10000). Mot ddy con ctia A 1a mot cach chon ra trong A mot s6 phan tir gitr
nguyén tht tu. Nhu vay A c6 2" ddy con.

Yéu cau: Tim sb luong diy con don diéu ting ctia A c6 d6 dai 16n nhat.
Dir liéu:

- Dong daulasdn

- Dong tht 2 chtra n s6 nguyén
Két qua:

- Dong dau 1a do dai ddy con ting dai nhat

- Dong thir 2 13 s6 luong 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
nhat 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 mé rong ndy cd ¥ nghia siu sic trong viéc rén luyén
tu duy quy hoach dong cho hoc sinh. O day ta c6 nhan xét quan trong rang:
ai1, iz, ..., dik 12 ddy con tdng dai nhét thi mdi doan dau lién tiép cua no: aj,
ai2, ..., aip (p<=k) s& 1a day con ting dai nhat c6 s6 hang cudi 13 aj, nhu vay co

nghia p 1a d6 dai diy con ting nay nén né phai bang F[ip] (mang F néi trén).
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Tir d6 ta sé& tinh sb ddy con ting T[i] c6 d6 dai F[i] va sb hang cudi cung 1 a;.
RO rang a; lic nay chi dugc thém vao sau sd hang aj bé hon né ma F[j] +1
=F[i]. Khi dy tap cac diy con ting do dai F[i] két thtc tai a[i] duoc bd xung
thém T[j] phan ta. Vay & day ta co cong thirc quy hoach dong nhu sau:
T[i] = Tong cac T[j] v6i j thoa man: j <i; a[j] < a[il; F[j] + 1 = F[i].
diéu nay c6 nghia 1a dé tinh TJ[i] ta phai tinh truéc cac F[j], tat nhién viéc nay
s& két hop tinh song song trong cting mot vong 13p.
Két qua cudi cung 1a tong cac T[i] ma F[i] = max{F[j] :j = 1,2,....n}.
Do phurc tap: O(n?)
Bai toan 5: CAP SO 0
Xuat phat tir xdu S ban dau chi chira mot ky tu 1°, ngudi ta bién d6i n lan
theo quy tic sau:
e Tao xdu T bang cach dao cac ky tu trong S: 17 thanh 0’ va nguoc lai,
e TinhSmdi: S :=T + S.

Vo1 cach bién doi do, ta co:

n S

1 01

2 1001

3 01101001

Yéu cdu: Cho biét n (0 < n < 10°). Hay xac dinh cdp sd 0 trong xau S sau n
lan bién doi.

Dir li¢u: Vao tir file van ban PAIR.INP gébm mot s6 nguyén n.

Két qud: Pua ra file van ban PAIR.OUT két qua lay theo module 10° + 7.

Vi du:

PAIR.INP PAIR.OUT
2 1
3 1

Xay dung giai thuat:
Do T 1a x4u bu caa S va S:= T+S nén sb luong s cip sé 0 & xiu méi
duoc xac dinh nhu sau:
+ S6 luong cip s6 0 trong xau S cii;
+ S6 luong cip s6 0 trong xau T = s6 lugng cip s 1 trong x4u S cil
+ X cap s0 0 tao ra khi ghép 2 xdu S va T trong d6 x=1 khi cubi xau

T va dau xau S cii déu bang 0, truong hop nguoc lai x=0.
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Ta théy rﬁng ki tu két thic xau S ludn 1a ki tu “1° nén ki tu két thac xau T
luén 1a <0’ do d6 dé tinh x ta chi can cap nhap lai bién d luu ki tu ddu cua xau
la ‘0’ hay la ‘1°.

Go1 F[i] 1a ) luong cap $6 0, T[1] 1a $6 luong cap s6 1 cta S sau i 1an bién
doi.
Buwoc co so: F[1]=T[1] = T[2] = 0; F[2] = F[3]=T[3] = 1;
Budce quy nap:  F[i]:= T[i-1]+F[i-1]+X;
T[i]:=T[i-1]+F[i-1];
Do phire tap O(n).

Dang 2. Tim gid tri toi wu ciia mét dy sé thod mén diéu kign ciia bai toan
Bai toan 6: BOM UONG RUQU

Pé bai: Bom thang pht 6ng trong mot cudc danh cuge va budc phu 6ng
phai dai rugu. Phii 6ng bén bay ra mot diy n chai chira ddy rugu, va noi voi
Bom rang co thé udng bao nhiéu tuy y, nhung di chon chai nao thi phai udng
hét va khong duoc udng & ba chai lién nhau bai d6 1a didu xui xéo.

Ban hay chi cho Bom cach uéng duogc nhiéu ruou nhat.

Dir liéu: Vao tu file van ban BOTTLES.INP

Dong dau: ghi sé nguyén duong n (n < 100 000)

Céc dong tiép ghi s6 nguyén duong (< 100 000) 1a dung tich ctia cac chai
ruou phu ong bay ra, theo thur tu liét ké tir chai thir nhat dén chai tht n, céc sb
duogc ghi cach nhau boi ddu cach hodc dau xudéng dong.

Két qua: Ghi ra file vin ban BOTTLES.OUT

Ghi ra lugng rugu t6i da Bom c6 thé udng.

Vidu

Bottles.inp Bottles.out

6 69
16 10 10 13 10 30

Xay dung giai thuat:

Mbi don vi dit liéu 14 mot chai rugu, khi xét dén don vi dit liéu cudi 1a
chai ruou thar K Bom c6 thé udng hoic khong.

Goi Drink[K] 1a lugng ruou tdi da uéng duogce & K chai dau ma c6 uéng
chai thur K;

NotDrink[K] 13 lwong ruou tdi da udng ¢ K chai dau va khong udng chai
thur K.
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Khéi tao NotDrink[1]:=0; Drink[1]:=A[1].

Khi d6 véi méi K tir 2 dén N:

Bom khong uéng chai thir K thi ¢6 thé uéng hoic khong udng chai K-1:

NotDrink[K]:=max(NotDrink[K-1],Drink[K-1]);

Bom udng chai thir K thi khéng udng chai K-1 hodc ubng chai K-1
nhung khong udng chai K-2:

Drink[K]:=max{NotDrink[K-1];NotDrink[K-2] + A[K-1]} + A[K];

D¢ phirc tap O(n).

Bai toan 7: TRO CHOI VOI BANG SO

Pé bai: Tro choi véi bang s 1a tro choi tham gia tring thudng dugc mo
ta nhu sau: Co6 mdt bang hinh chir nhat dugc chia ra lam n 6 vuéng, danh $6
tir trai qua phai bat dau tir 1. Trén 6 vudng thr i nguoi ta ghi mot sé nguyén
duong a;, i=1, 2, ..., n. O mot luot choi, nguoi tham gia tro choi duoc quyén
Itra chon mét sb luong tiy ¥ cac 6 trén bang sb. Gia sir theo thir ty tir trai qua
phai, ngudi choi lya chon céac 6 iy, i, ..., ik. Khi d6 diém sb ma nguoi choi dat
duoc sé la:

dj1 - adjpp + ... T (-1)k'1aik

Yéu cau: Hay tinh s6 diém 16n nhat c6 thé dat duoc tir mét lugt choi.

Dir li¢u:

Dong dau tién chira s6 nguyén dwong n (n < 106 ) 1a sd luong 6 cua
bang s;

Dong thtr hai chira n ) nguyén duong al, a2, ...,an (ai<104,i=1, 2,
..., 1) ghi trén bang sb. Cac sd lién tiép trén cung dong duoc ghi cach nhau bai
it nhat moét dau cach.

Két qua: Mot s6 nguyén duy nhat 13 s6 diém 16n nhét c6 thé dat duogc tir
mot luot choi.

Vidu

Linegame.inp Linegame.out
5 6

13245

Xay dung giai thuat:
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Ta hinh dung ra viéc chon 1an lugt mot day con dé c6 dugc mot téng dan
dau 16n nhat. Mdi don vi dit liéu 12 mot sd hang, s hang ay — don vi dit liéu
cudi budce k c6 thé chon mang dau + hoic —.

Goi FC[k] 1a tong dan dau 16n nhit ma sd hang cudi 1a ay, FT[k] 14 tong
dan d4u 16n nhat ma sb hang cudi 1a - ax. Ta co:

FCIK] = max{FT[i] + A[K], i <k};

FT[K] = max{FC[i] — A[K], i <Kk};

Cai tién:

Viéc tim max{FTJi], 1 < k}; max{FC[1], 1 <k} duogc cap nhat ngay trong
qua trinh tinh toan, vi vy ta khong can hai mang FT va FC ma chi cp nhat
bang hai bién F1, F2.

Do phire tap: O(n)

Bai toan 8: NOI MANG MAY TiNH.

Céc hoc sinh mdi khi dén thuc tap trong phong may tinh thuong hay choi
tro choi trén mang. D& ngin nglra, ngudi truc phong may di ngat tat ca cac
may ra khoi mang va xép chung thanh mot diy trén mot cai ban dai va gan
chit may xudng mit ban roi danh sé cac may tir 1 dén N theo chiéu tir trai
sang phai. Cac hoc sinh tinh nghich khong chiu thua, ho da quyét dinh tim
cach ndi cac may trén ban boi cac doan cap ndi sao cho mdi may dugc nbi it
nhat v6i mot may khac. Dé tién hanh cong viéc nay, ho da do khoang cach
giita hai may lién tiép. Ban hiy gitip cac hoc sinh nay tim cach nbi mang thoa
mén yéu ciu d3 néu sao cho tong do dai cap ndi phai sir dung 13 nho nhit.

Dir liéu: Vao tur file van ban CABLE.INP:

Dong dau tién chira s6 lwong may N (1 <N < 25000);

Dong tht i trong s6 N-1 dong tiép theo chira khoang cach tir may i dén may
i+1 (i=1, 2, ..., N-1). Biét rang khoang cach tir may 1 dén méay N khéng vuot
quéa 10°.

Két qua: Ghi ra file vin ban CABLE.OUT d6 dai ctia cap ndi can sir dung.

Vi du:

CABLE.INP CABLE.OUT
6 7

2

2

3
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Xay dung giai thuat:

Nhén thiy ring: dé tong do dai cap nho nhit thi ta khong thé ndi day
gilra cdc may khong lién tiép; mdi don vi dit lidu 12 mot may, don vi dir liéu
cudi khi xét dén may thir k chinh 1a may nay. Trong cach néi tdi vu may thir k
c6 thé ndi hoidc khong ndi voi may thir k-1 ma van thoéa man mdi may duoc
ndi véi it nhat mot may khéc.

Goi D[k] 1a khoang cach gitta may K-1 va may K;

Link[K] 14 d6 dai nho nhat ndi K may dau va K-1 ndi véi K;

NotLink[K] 1a ¢ dai nhé nhat n6i K may dau va K-1 khong ndi véi K.
Khoi tao gia tri NotLink[1]:=0; Link[1]:=+o0 {+0 & ddy co thé lay 1a 107}.
Khi d6 véi mdi K tir 2 dén N ta lam dong thoi hai cong viée sau:

Néu may K duoc ndi voi may K-1 thi may K-1 ndi hoidc khong ndi K-2
cling duoc:

Link[K]:=min{Link[K-1];NotLink[K-1]} + D[K];

Néu may K khong ndi voi may K-1 thi may K-1 phai nbi véi may K-2:
NotLink[K]:=Link[K-1];

Do may thtr nhat phai néi voi may thir hai, may th@ N-1 phai nbi véi
may thir N két qua 1a Link[N].
Cai tién:

Ta thdy qua mdi budc ta chi can giit lai 2 gia tri cudi cua Link va
NotLink nén ta c6 thé dung 2 bién L va NL dé thay thé cho 2 mang. Nhu vay
ta con c6 thé dung bién D dé thay cho mang D. Khi d6 ta chi dung bién chay
K tir 2 ¢én N va bién tg vira doc dit liéu vira xt 1y

ReadIn(f,D);
tg:=NL;
NL:=L;
L:=min{tg;L} + D;
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Do phirc tap: O(n)

Dang 3. Céc bai toan di chuyén, cin tim hanh trinh t6i wu theo diéu kién va
yéu cdu ciia bai todn
Bai toan 9: NHAY VE PiCH (Bai toan mé rong ciia bai toan 1.3.5)

Dé bai: Xét bang kich thudc nxn 6 vudng (4 < n < 100), trén mdi 6 ghi
mot s6 nguyén trong pham vi tir 0 dén 9. O goc trén trai c6 mot quan co. Ta
phai chuyén quan cd vé 6 dudi phai cuia bang theo cac quy tic sau:

e Chi duoc di chuyén trén mot hang sang phai hay xuéng duéi theo mot cot

e S6 ghi trén 6 c6 quéan co kich thudc budc nhay

e Chi dugc di chuyén trong pham vi bang dang xét.

Véi mot bang cho trude, co thé khong ¢ cach nhay tir 6 trén trai vé 6

dudi phai hodc ¢6 nhiéu cach. Vi du, voi bang cho & hinh dudi, ta c6 3 cach

khac nhau nhay vé dich.
/\

@ 3 (3N 2 @\ 3131 @ 3131
1021 \3 1 )2 1|3 1 1+ 3

- { - -‘/ \‘-

1|2 3/1 S1q 2 | 3| 1| a2 3 M1

/ - |\ O o (-

301 [f1yffol |i3x 1|1 fio} | 3] 1]1WNo:

~c Ss-c .\,\—/., .-

Yéu cau: Cho n va céc s6 trén bang. Hiy xac dinh sé cach nhay khac
nhau vé dich.

Dir liéu: Vio tu file van ban JUMP.INP:Dong dau tién chira s6 nguyén
n, N dong sau; mdi dong chira n sé nguyén mo ta mot dong cua bang theo thir
tur tir trén xudng dudi.

Két qua: Pua ra file van ban JUMP.OUT mét sé nguyén duy nhat — sd
cach nhay. Két qua co thé 1a s rat 16n nén ta 1ay phan du cho 10° + 7.

Vidu

JUMP.INP JUMP.OUT

2331
1213
1231
3110
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Xay dung giai thuat:

Suy nghi dau tién 1a duong di tir 6 (1;1) dén 6 (N;N) ciing 1a mot day cac
o trong tu duong di trong bai toan 1.3.5, c¢6 diéu quy luat di chuyén cta quan
cd nay 1a kiéu khac. Mic du vay ta hoan toan c6 thé st dung ¥ tudng: Ta s&
tinh s6 cach di ctia quan cd tir 6 (1;1) dén moi 6 khac 1an luot trén cac dong tir
1 dén N tir trai sang phai. Khi d6 don vi dir liéu cudi chinh 13 6 cudi ciing cua
mdi duong di.

Goi F[i,j] 1a s6 cach nhdy khéc nhau tir 6 [1,1] dén 6 [ij] theo quy tdc.
Két qua cudi cung 1a F[N,N].

Céc F[i,j] duoc tinh 1an luot tir trén xudng dudi tir trai sang phai. Nhan
xét tuong tu rang dé dén duoc 6 [i,j] thi trude d6 quan cd phai dimg & mot
trong cac 6 [p,q] théa man:

p =i (cung hang) va q + a[p,q] =J;
hodac q=j (cung cot)vap +a[p,q] =1
Khi d6 F[i,j] 1a tong cac F[p.q] thoa min mot trong hai diéu kién trén:
Budc co sé: F[1,1] = 1; F[1,j] = 0 khi i<=0 hoac j<= 0;
Budc quy nap:
Theo cot:  for p:=i-1 downto i-9 do {do a[p,q] khong vuot qua 9}
if a[p,j]=(i-p) then {nhay dugc tir [p,j] dén 6 [i,j]}
FLLj1=FL]+FIp.jI;
Theo hang: for q:=j-1 downto j-9 do
if a[i,q]=(j-q) then {nhay duoc tir 6 [i,q] dén 6 [ij] }
Fli.j]:=F[i,j]+F[i.k];
Do phirc tap O(n®)
Bai toan 10: LO CO

Nhay 10 co 1a tro choi dan gian cia Viét Nam. Nguoi trén hanh tinh X
cling rat thich trd choi ndy va ho da cai bién tro choi ndy nhu sau: Trén mat
phing v& n vong tron dugce danh sd tir 1 dén n. Tai vong tron i nguoi ta dién
s6 nguyén duong a;. Hai s6 trén hai vong tron tiy y khong nhat thiét phai khac
nhau. Tiép dén ngudi ta vé cac mili tén, mdi miii tén hudng tir mot vong tron
dén mot vong tron khac. Quy tic vé miii tén 1a: Néu co ba sd a;, aj, ak thoa
man ax = a; + g thi v€ miii tén hudng tir vong tron i dén vong tron k va mii
tén hudng tir vong tron j dén vong tron k. Nguoi choi chi duoc di chuyén tir
mot vong tron dén mot vong tron khac néu c¢6 miii tén xuat phat tir mot trong
s6 cac vong tron, di chyén theo cach mili tén da vé dé di dén cac vong tron
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khac. Nguoi thing cudc sé 1a ngudi tim duoc cach di chuyén qua nhiéu vong
tron nhat.
Vi du: Vi 5 vong tron va cac ) trong vong tron la 1, 2, 8, 3, 5, tro choi
dugc trinh bay trong hinh dudi day:
A £

( — )
L EI
SN
(8 )
R
3 /‘q\
XN }

Khi d6 c6 thé di chuyén dugc nhiéu nhat qua 4 vong tron (twong Gmg voi
duong di chuyén dugc t6 dam trén hinh vé).

Yéu ciu: Hay xac dinh xem trong trd choi mo ta & trén, nhiéu nhat co
thé di chuyén duoc qua bao nhiéu vong tron.

Dir li¢u:

Dong dau chtra s6 nguyén n (3 < n < 1000);

Dong thir hai chtra day sb nguyén duong al, a2, ..., an (ai < 109, i=1,
2,..., n).

Hai s lién tiép trén mot dong dugc ghi cach nhau bai dau cach.

K¢ét qua: Ghi ra s6 lugng vong tron trén dudng di chuyén tim duoc.

Xdy dwng gidi thudt:

Gia st cac sb trong vong tron duge cho trong mang a[l.N]. Tir mot
vong tron s& chi ¢ thé di dén mot vong tron ghi s6 16n hon, vi vy ta sé& sap
xép lai mang a (tuong (mg v&i cac vong tron) theo chiéu ting dan. Bay gio ta
c6 quy tic di chuyén: tir vong tron i dén duoc vong tron j néu a[j] = a[i] + a[k]
v6i k <> 1, k <j nao d6. Véi quy tac di chuyén nay, mdi don vi dit liéu 1a mot
vong tron (Gmg v6i mot s trong diy di sap xép). Khi xét don vi dir lidu cudi
1a vong tron thir i, dé nd 1a vi tri cudi ciia mot day nhiu vong tron nhat ta
thém né vao sau diy dai nhat cé thé cac vong tron phia trudc.

Goi F[i] 1a s6 luong vong tron nhiéu nhét c6 thé di qua téi vong tron thir
1 (tinh ca vong tron thur 1).

Buwéc cosé: F[i]=1 véimoii=1,2,....N

Budéc quy nap: Dé tinh F[i] ta thém vong tron i vao sau ddy nhiéu vong

tron nhat da di qua & phia trude, c6 nghia 13 tim F[j] 16n nhat théa man diéu
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kién c6 dudng di tir vong tron j dén vong tron i, luc d6 F[i] = F[j] + 1. Nhu da
néu, viéc kiém tra xem c6 duong di tir vong tron j dén vong tron i chinh 14
viéc liém tra xem c6 thé tach a[i] thanh téng a[j]+a[k], diéu nay c6 thé thuc
hién nhanh chéong bang tim kiém nhi phan gia tri a[i] — a[j] trong day a[1..j-1]
D0 phirc tap: O(n?*logn).
2.2. X4y dung chwong trinh va b test dé kiém tra tinh t6i wu giai thuat
ciia mot s6 bai toan
2.2.1. Bai Toan 1: PEM XAU NHI PHAN
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;
f[1]=2;
f[2]=3;
for(int i=3; i<=n; i++) f[i] = (f[i-1]+f[i-2])%mod,
cout<<f[n];
return O;
¥
Ham sinh test:
void sinh(){
srand(time(0));
freopen("binary.inp","w" stdout);
n =rand()%2100000+2;
cout<<n;
} <
2.2.2. Bai Toan 2: PEM XAU NHI PHAN MO RONG
Cai dat chwong trinh
#include <bits/stdc++.h>
#define mod 1000000007
using namespace std;
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long long f[100005]; int n,k;

int main()

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

¥

Ham sinh test

void sinh(){
srand(time(0));
freopen("binaryex.inp”,"w" stdout);
n =rand()%2100000+2;
k =rand()%2100000+2;
if(n<k) swap(n,k);
cout<<n<<" "<<k:

} ’ R

2.2.3. Bai Toan 3: LAT VIEN

Cai dat chwong trinh

#include <bits/stdc++.h>

#define mod 1000000007

using namespace std;

long long f[1000005]; int n;

int main()

{
/Isinh();
freopen("tile.inp","r" stdin);
freopen("tile.out","w" stdout);
f[1]=1;
f[2]=3;
for(int i=3; i<=1e6; i++) f[i] = (f[i-1]+2*f[i-2]%mod)%mod;
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while(cin>>n){
cout<<f[n]<<endl;
¥
return O;
¥
Ham sinh test case
void sinh(){
srand(time(0));
freopen(“tile.inp","w" stdout);
n = 1000;
while(n--) cout<<rand()%1000000+1<<endl;
¥
2.2.4. Bai toan 4: PEM SO DAY CON TANG DAI NHAT
Cai dat chwong trinh
#include <bits/stdc++.h>
#define maxn 1000
using namespace std;
int a[maxn+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>>a[i];  f[i]=1; t[i]=1;
¥
for(inti=1; i<=n; i++){
for(int j=i-1; j>=1; j--){
if(alj]<a[i]){
(L 1+1I>TD{fTi=f 0]+ 1iti]=thl: 3
else if(f[j]+1==f[i]) t[i]+=t[j];
}
}
res=max(res,f[i]);
}
for(int i=1; i<=n; i++) if(f[i]==res) c+=t[i];
cout<<res<<endl<<c;
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return O;
by
Ham sinh test case
void sinh(){
srand(time(0));
freopen(“cis.inp","w" stdout);
n = 1000;
cout<<n<<endl;
for(int i=1; i<=n; i++) cout<<rand()%100000+1<<" ",
} <
2.2.5. Bai toan 5: CAP SO 0
Cai dat chwong trinh
#include <bits/stdc++.h>
#define MOD 1000000007
using namespace std;
long long a[1000005],f[1000005], t[1000005];int n,d,x;
int main(){
sinh();
freopen("pair.inp","r",stdin);
freopen(“pair.out”,"w" stdout);
f[1]=t[1]=t[2]=0;
f[2]=f[3]=t[3]=1;
cin >>n;
for (int i=4;i<=n;i++){
d=(i%2!=0);
x=(d+1)%?2;
f[i] = (f[i-1]+t[i-1]+x)%MOD;
t[i] =(t[i-1]+f[i-1])%MOD;
}
cout<<f[n];
return O;
¥
Ham sinh test
void sinh(){
freopen("pair.inp”,"w",stdout); srand(time(0));
n=100000;
cout<<n<<endl;
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}
2.2.6. Bai toan 6: BOM UONG RUQU

Cai dat chwong trinh
#include <bits/stdc++.h>
#define maxn 100000
using namespace std;
long long a[maxn+5],n,res=0;
long long f[maxn+5]; //Drink
long long g[maxn+5]; //NotDrink
int main()
{
//sinh();
freopen("bottles.inp”,"r",stdin);
freopen(“bottles.out™,"w" stdout);
cin>>n;
for(int i=1; i<=n; i++) cin>>a[i];
f[1]=a[1]; g[1]=0;
for(inti=2; i<=n; i++) {
g[i] = max(f[i-1],9[i-1);
f[i] = max(g[i-1],a[i-1]+g[i-2])+a[i];
¥
res=max(f[n],g[n]);
cout<<res<<endl;
return O;

Ham sinh test
void sinh(){
srand(time(0));
freopen(“bottles.inp™,"w" stdout);
n = 100000;
cout<<n<<endl;

for(int i=1; i<=n; i++) cout<<rand()%100000+1<<" "

}
2.2.7. Bai toan 7: TRO CHOI VOI BANG SO

Cai dat chwong trinh
#include <bits/stdc++.h>
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using namespace std;
long long n,f1,f2,3;
int main()
{
sinh();
freopen("linegame.inp","r" stdin);
freopen("linegame.out”,"w" stdout);
cin>>n;
cin>>f1;
for(inti=2; i<=n; i++){
cin>>g;
long long tg=f1,
fl=max(fl,f2+a);
f2=max(f2,tg-a);
¥
cout<<max(f1,f2);
return O;
¥
Ham sinh test
void sinh(){
srand(time(0)); freopen("linegame.inp™,"w",stdout);
n =10;
cout<<n<<endl;
for(int i=1; i<=n; i++) cout<<rand()%100000+1<<" ";
¥
2.2.8. Bai toan 8: NOI MANG MAY TiNH.
Cai dat chwong trinh
#include <bits/stdc++.h>
using namespace std;
long long n, NL, L,d;
int main()
{
sinh();
freopen(“cable.inp”,"r",stdin);
freopen(“cable.out","w" stdout);
cin>>n;
NL=0; L=1e9;
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for(inti=2; i<=n; i++){
cin>>d;
long long tg=NL;
NL =L;
L = min(tg,L) + d;
by
cout<<L;
return O;
¥
Ham sinh test
void sinh(){
srand(time(0)); freopen(“cable.inp","w" stdout);
n =100000; cout<<n<<endl;
for(int i=2; i<=n; i++) cout<<rand()%100000+1<<" ";
¥
2.2.9. Bai toan 9: NHAY VE DICH (Bai toAn mé rdng ciia bai toan 1.3.5)
Cai dat chwong trinh
#include <bits/stdc++.h>
#define MOD 1000000007
using namespace std;
int a[1005][1005],f[1005][1005];int n;
int main(){
//sinh();
freopen("jump.inp™,"r",stdin) ; freopen("jump.out”,"w",stdout) ;
cin >>n;
for (int 1=1;i<=n;i++)for (int j=1;j<=n;j++){cin >> a[i][j];f[1][1]=1;}
for(int i=1;i<=n;i++) for(int j=1;j<=n;j++)
{
for(int p=1;p<i;p++)if(a[p][j]==i-p)f[i][1=(f[i][i]+f[p][])%MOD;
for(int g=1;q<j;q++)if(ali][a]==j-a)f[i][i1=(f[i]i]+fi][a]) %MOD:;
}

cout<<f[n][n];

}

Ham sinh test
void sinh(){
freopen("jump.inp”,"w",stdout); srand(time(0));
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n=100;cout<<n<<endl;
for(inti=1; i<=n; i++) {

for(int j=1; j<=n; j++) cout<<rand()%3+1<<""; cout<<endl;
by

}
2.2.10. Bai toan 10: LO CO

Cai dat chwong trinh
#include <bits/stdc++.h>
#define MOD 1000000007
using namespace std;
int a[2005],f[2005];int n,res=0;
int main(){
sinh();
freopen("*hop.inp","r",stdin);
freopen("hop.out”,"w" stdout);
cin >>n;
for(inti=1; i<=n; i++){
cin>>a[i]; f[i]=1;
¥
sort(a+1,a+n+1);
for (int i=1;i<=n;i++){
for(int j=i-1; j>=1; j--){
int vt = lower_bound(a+1,a+i,a[i]-a[j])-a;
iIf(vt!=j&&alvt]==a[i]-a[j]) f[i]=max(f[i],f[j]+1);
¥
by

for(int i=1; i<=n; i++) res=max(res,f[i]);

cout<<res;
return O;
¥
Ham sinh test
void sinh(){
srand(time(0)); freopen("hop.inp","w",stdout);
n =100000; cout<<n<<endl;
for(int i=1; i<=n; i++) cout<<rand()%100000+1<<" ";

}

32



KET LUAN VA KIEN NGHI
1. Két luin

Pé tai da nghién ciru dugc mot sb bai toan dién hinh st dung phuong
phap quy hoach dong dé giai, thiy dugc tinh wu viét hon so véi cac phuong
phap khac & mot sb bai tap cu thé. Pé tai da tim kiém, lya chon va m& rong
dugc mot sd bai tap khac ¢ st dung phuong phap quy hoach dong dé giai,
xay dung code, dong thoi viét chuong trinh sinh bo test tuy dong dé kiém tra
tinh chinh xéac va téi uu cta giai thuat, st dung phan mém Themis dé chim
diém va kiém tra két qua cua chuong trinh.

Dé tai dd gop phan nang cao ning luc su pham cua tic gia, va dinh
huéng trién khai ap dung vao giang day hoc sinh giéi Tin hoc du thi cap tinh
cho hoc sinh truong PTTHSP Trang An.

Trong thoi gian tdi, nhom tac gia s& tiép tuc nghién ctru sdu tim kiém
nhiéu bai toan giai bang phuong phap quy hoach dong va tong quat hoa mot
s6 dang toan hay gip co thé giai bang phuong phap nay. Song song véi do,
nhom tac gia sé tiép tuc tim hiéu thém cac phuong phap va chuyén dé tin hoc
khac dé dap tmg duogc yéu cau ctia pham Vi chuong trinh thi hoc sinh giéi Tin
hoc phd thong trong tinh Ninh Binh.

2. Kién nghi

Phuong phéap quy hoach dong rat hiéu qua cho 16p bai toan téi wu, tuy
nhién khong phai bai toan t6i wu nao ciing c thé giai quyét bang phuong
phap nay. dé giai quyét bai toan can linh hoat dua trén viéc tinh toan so sanh
d6 phtic tap cta giai thuat va chuong trinh can xt 1y duoc cac gia tri test 16n
tr d6 gido vién lya chon va st dung cac phuong phap nhu quy hoach dong,
tham lam, quay lui, nhanh can hay dé quy, ... mot cach hop ly.
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