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Bai 1. Sap xép va Tim ki€m — tim kiém nhi phan
I. Cac phwong phap sip xép.

Taco 1 day s6 ai, az,, ..., an dugce luu trir trong cau trac dir liéu mang. Sap xEp day so ai,
a2, ...., an l1a thuc hién viéc bo tri lai cac phan tir sao cho hinh thanh dugc day maéi axi,
a2, ...., akN cO thir tu (vi du tha tu tang) nghi 1a ak; > ax -1.

Tuy theo yéu cau bai toan va tinh chat ciia day sb,ta co cac phwong phép sip xép khac
nhau. Tuy nhién, & diy minh s& gi6i thiéu 4 phwong phap phd thong nhat do6 1a: sip xép
noi bot,sap xép chon, sap xép tron va sip xép nhanh.

1. Sép xép noi bot

Y twong : Xuat phat tir dau ddy, so sanh 2 phan tir canh nhau dé dua phan tir nho hon Ién
trude, sau d6 lai xét cap tiép theo cho dén khi tién vé dau diy. Nho vay, ¢ lan xir 1y thir i
s& tim duoc phan tir & vi tri dau day 1a i.

Gidi thudt :
e Budc 1:i=1 //Lanxu ly dau tién

e Budc 2:j=N // Duyét tir cudi dy trd vé vi tri
Trong khi (j > 1) thuc hién:

Néu a[j] < a[j-1]: hoan vi a[j] va a[j-1]
j=-1;

e Budc 3: i=it+l // Lan xtr 1y tiép theo
Néu 1> N-1 thi dimg

Nguoc lai, 1ap lai budce 2.

Nhén xét : Lan duyét dau tién ta can duyét n phan tir,lan duyét thi 2 can duyét n-1 phan
tir,...ctr duyét nhu vay cho dén 1an duyét cudi cung 14 1 phan tir. Vay s6 lan duyét cua
phuong phap nay lan + (n-1) + (n-2) + ... 2 +1 = n(n+1)/2 twong duong vadi d phic tap
O(n"2).
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Vi du : Cho mang a[5]={ 5, 1, 12, -5, 16 }. Chung ta cin sip xép mang ting dan theo gia
tri. Khi do, thuat toan Bubble Sort sé dugc trinh bay nhu sau:

Code :

S1111112([-5]([16

51| 1

5112
12( |-5
12| {16

11195

S5 ||-5
5| |12

111]-5

11195

-5 (| 1

SS9 ][12] )16

unsorted

5> 1, swap
5 <12, ok
12 > -5, swap
12 < 16, ok

1 <5, ok
5> -5, swap

5 <12, ok

1> -5, swap

1<9, ok

-5 <1, ok

sorted

voce IR



void bubbleSort(int arr[], int n) {
ﬁnt tmp;
for (int 1i = 08 ; 1 <= n - 1; ++1i)
for (int j =@ ; j < n - 1 ; j++)
if ( arr[3j] > arr[j+1] ) {
tmp = arr[J];
arr[j] = arr[j+1];
arr[j+1] = tmp;

2. Sip xép chon

Y twéng : Chon phan tir nho nhat trong n phan tir ban dau, dwa phan tir ndy vé vi tri dung
1a dau tién cta diy hién hanh. Sau d6 khong quan tAm dén né nira, xem diy hién hanh chi
con n-1 phan tir cia day ban dau, bat dau tir vi tri thir 2. Lap lai qua trinh trén cho day
hién hanh dén khi diy hién hanh chi con 1 phan tu.

Giai thudt :

e Budc 1 : Bat i=1,min=1 v&i min 1a bién dung dé tim vi tri phan tir nhé nhat trong
day dang xét.
e Budc 2 : Tim phan tir a[min] nho nhét trong day dang xét tir i dén n.
e Budc 3 : Hoan vi a[min] va a[i].
e Budc 4 : Néu i<=n-1 thi i=i+1 va quay lai budc 2.Néu i=n thi ddy da duogc sip
Xép.
Dé phikc tap : O(n2) tuong dwong voi phuong phap ndi bot.

Vidu : Cho diy a[7]= {5, 1, 12, -5, 16, 2, 12, 14} .
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Code :

void selectionSort(int arr[], int n) {

int i, j, minIndex, tmp;
for (1 = 08; 1 < n 1; i++) {

minIndex = 1i;

for (j =1+ 1; j < n; j++)

if (arr[3j] < arr[minIndex])
minIndex = j;

if (minIndex != 1) {
E tmp = arr[i];
arr[i] = arr[minIndex];
arr[minIndex] = tmp;

3.Sip xép tron
Y twong : Gia st diy X[1],....X[i],...,X[n] c6 hai doan di duoc sap xép khong giam 1a
X[1],...,X[i] va X[i+1],....X[n], ta tién hanh tao ra diy moi bang cach lan luot 14y hai

phan tir ddu tién ctia mdi doan va so sanh véi nhau. Phan tir ndo nhé hon thi ldy ra diy

m&i va bo no ra khoi doan dang xét. Ctr tién hanh nhu vay cho tdi khi mot diy bi vét hét
(khong con phén tir ndo). Lay toan bd phan tir con lai ctia doan khong xét hét ndi vao sau

day dich. Nhu vay diy méi 1a mot day da duoc sap xép.

Trong moi trudng hop, c6 thé coi diy gdm duy nhat 1 phan tir 1a d duoc sap xép. Loi

dung viéc ndy, ta phan chia mot day ra thanh nhiéu diy con chi gdm mét phan tir rdi lan

luot hoa nhap tirng d61 mdt vai nhau.

Vi du: Sap xép diy so a[5] = {7, -5, 2, 16, 4}

voce I



71[-5 16| | 4
7[5 16] [ 4
2|7 16] [ 4
5|7 16] [ 4
5|7 16] |4
K 16] [ 4
5][2 16] [ 4
5][2 16] | 4
5][2 16] [ 4
5][2 16] [ 4
5][2 2 | [16
5][2 7|16
5][2 7|16
5|2 7|16

unsorted

-5 to be inserted
7 > -5, shift

reached left boundary, insert -5

2 1o be inserted
7 > 2, shift
-5 <2 insert 2

16 to be inserted
7 < 16, insert 16

4 to be inserted
16 > 4, shift
7> 4, shift
2<4 insert4

sorted
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void insertionSort(int arr[], int length) {
int i, j, tmp;
for (i = 1; 1 < length; i++) {
j = i3
whlle (j >0 & arr[j - 1] > arr[j]) {
tmp = arr[j];
arr[j] = arr[] - 1];
arr[j - 1] = tmp;
J--;

4. Sip xép nhanh

Y twéng : Dya trén ¥ tuong chia dé tri, QuickSort chia mang thanh hai danh sach bang
cach so sanh timg phan tir cia danh sach voi mot phan tir dwgc chon duoc goi 1a phan tir
chét. Nhirng phan tir nho hon hodc bang phan tir chét duoc dua vé phia trude va nam
trong danh sach con thu nhét, cac phﬁn ttr 16n hon chét duoc dua vé phia sau va thudc
danh sach con thir hai. Cir tiép tuc chia nhu vay téi khi cac danh sach con déu c6 do dai
bang 1.

Co6 cac cach chon phan tir chot nhu sau:

o Chon phan tir ding dau hoic dimg cudi lam phan tir cht.

o Chon phan tir ding giita danh sach lam phan ti chét.

o Chon phan tir trung vi trong 3 phan tir ding dau, dung gitta va dimg cudi 1am phan
tir chot.

o Chon phan tir ngiu nhién 1am phan tir chot (Cach nay hay dwoc chon vi
tranh dwgc cac truedng hop dic biét)

Gidi thudt :

Buwéc 1: Néu left <= right,thuc hién budc 2.Nguoc lai thi két thic.
Buwdéce 2: Chon X=(right _ lefiy2 14 phan tir chdt,i=right,j=left.
Phén hoach diy bau dau aief: ... arigh thanh cac doan : aier ... aj(doan chira nhiing

phan tr nho hon x),aj+1 ... ai.1 (doan chira nhitng phéan tir bang x), ai ... asien (doan
chtra nhitng phan ttr 16n hon x).




Buwéc 3: Sap xép doan 1: aer ... aj : quay lai budc 1,v6i right =j.
Budc 4: Sap xép doan 3: ai ... angn : quay lai bude 1,v6i left=i.

Nhén xét : Viéc chon phan tir 1a phan tir chdt quyét dinh dén kha ning xt 1y ctia phuong
phap nay.

e Trudng hop tét nhat: mdi 1an phan hoach ta déu chon duogc phan tir trung vi
(phan tir 1én hon hay bang nira s6 phan tir va nhé hon hay bang nira s6 phan tir con
lai) 1am médc. Khi d6 diy dwgc phan hoach thanh hai phan bing nhau, va ta can
log2(n) 1an phan hoach thi sip xép xong. Ta ciing d& nhan thiy trong mdi 14n phan
hoach ta can duyét qua n phan tir. Vay d6 phire tap trong truong hop tt nhat thudce
O(nlog2(n)).

e Trwong hop xdu nhit: mdi 1an phan hoach ta chon phai phan tir ¢6 gia tri cuc dai
hodc cuc tiéu 1am mbc. Khi d6 day bi phan hoach thanh hai phﬁn khong déu: mot
phan chi c6 mot phan tir, phan con lai ¢6 n-1 phan tir. Do d0, ta cn t6i n 1an phan
hoach méi sip xép xong. Vay do phuc tap trong truong hop x4u nhét thuée O(n2).

e Truong hop trung binh : B phuc tap O(nlogn).

Vi du : Cho mang a[10]= {1, 12, 5, 26, 7, 14, 3,7, 2}.
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12 2607|1143 ||7]]2
7
! !
pivot value j
12 2
! !
| |
2 26 71112
! f
i i
2 7|7 3|126] |12
! !
i i
2 7113 |14]]|7||26]|12
(.
i i
2 7 3 14 7 26 12
2 SI[I717|(12][14] |26

unsorted

pivot value = 7

122722, swap 12 and 2

26=7=17,swap 26 and 7

/=z7z3 swap 7and 3

i > |, stop partition

run quick sort recursively

sorted
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Code :

void quickSort(int arr[], int left, int right) {
int 1 = left, j = right;

int tmp;
int pivot =

while (i <=
while

while

if (i

};

}

5. Bai tap ap dung

arr[(left + right) / 2];

1) A

(arr[i] < pivot)
1++;

(arr[j] » pivot)
J--;

<= j) {

tmp = arr[i];
arr[i] = arr[j];
arr[j] tmp;
1++;

J--;

if (left < j)

quickSort(arr, left, j);
if (i < right)

quickSort(arr, i, right);

http://vn.spoj.com/problems/DHEXP/

http://www.spoj.com/PTIT/problems/PTIT123A/
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II. Thuit to4n tim kiém nhi phan

1. Tim kiém va tim kiém nhj phan

Pé tim mot gia tri trong mang khong duoc sip xép, chung ta phai duyét qua ting phan tur
ctia mang cho dén khi tim duoc gia trj can tim, d6 chinh 14 tim kiém théng thudng. Trong
truong hop gia trj tim kiém d6 khong c6 trong mang, ta s& phai duyét qua tat ca cac phan
tu. BJ phuc tap cua thuit toan nhu vay sé ty 1€ thuin véi chiéu dai cia mang, kha 1a 16n.
Tuy nhién ching ta co thé cai tién dé c6 thé tim kiém nhanh hon rat nhiéu 1an khi mang
da duoc sdp xép bang thuat toan tim kiém nhi phan. Ciing nhu cai tén cua no, tim kiém
nhi phin voi cac diy hodc chudi s6 tuyén tinh voi do phirc tap kha bé : O(log n).

2. Tw twéng thuat toan

Binary Search tim kiém mot phan tir cu thé bang cach so sanh phan tir tai vi tri giita nhét
ctia tap dit liéu. Néu tim thay két ndi thi chi muc cua phan tir duoc tra vé. Néu phan tir
can tim 16n hon gia tri phan tir gita thi phan tr can tim duoc tim trong mang con nam &
bén phai phan tir gitta; Néu khong thi s& tim ¢ trong mang con nam & bén trai phan tr
giita. Tién trinh s& tiép tuc nhu vy trén mang con cho t6i khi tim hét moi phan tir trén
mang con nay.

Khi d6, chi phi ctia thuat toan tim kiém giam xuéng logarithm nhi phan ctia chiéu dai
mang Pé tham khao, log2 (1 000 OOO) 20. Piéu nay c6 nghia I3, trong truong hop xau
nhat, thuat toan thyc hién 20 budc dé tim mot gia tri trong mang sap xép cua mot triéu
phan tir.

3. Minh hoa thuat toan
Gia str chung ta can tim vi trf cua gia tri 31 trong mot mang bao gém cac gia tri nhu hinh
dudi day boi su dung Binary Search:

10 18 [ 10 |28 [ 27 [ 1 [[ 30 [ 35 ][ 42 ] 4]

0 1 2 3 4 5 6 7 8 9
Pau tién, chiing ta chia mang thanh hai nira, theo phép toan sau:
chi-muyc-gitra = (cudi + dau)/ 2

Voividutrén (9 +0)/ 2 =4 (gia tri la 4.5). Do do 4 1a chi myc gitta cua mang.




|

10 18 ] 10 [ 20 G 31 J[ 30 J[ 35 [ 42 [

0 1 2 3 4 5 6 7 8 9
Bay gio chung ta so sanh gia tri phan ttr gitta v6i phan tir cdn tim. Gia tri phan tir gitra 14
27 va phan ttr can tim 14 31, do d6 1a khong két ndi. B&i vi gid tri can tim 1 16n hon nén
phan tir can tim s& ndm ¢ méang con bén phai phan tir giita.

222 2«

0 1 2 3 4 5 6 7 8 9

Khi d6 ta s& doi chi-muc-dau = chi-muc-gitta + 1 =4 + 1 = 5 va lai tiép tuc tim kiém gia

|

88 - B

tr1 chi-muc-gitra. Chi-myc-gita=(9+5)/2="17.

0 1 2 3 4 5 6 7 8 9

Ti€p tuc tim chi-muc-gitra 1an nita. Lan nay n6 c6 gia tri la 5.

o=

0 1 2 3 4 5 6 7 8 9
&l

0 1 2 3 g 5 6 7 8 9

Cudi cung ta s& tim duoc vi tri gia tri 31 trong dy trén trong log2(10) xap xi bang 3
budc.

4. Code tham khao
Doan code sau ap dung cho bai toan tim vi tri ctia gia tri value trong day arr[] bang tim
kiém nhi phan :
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int binarySearch(int arr[], int value, int left, int right) {
while (left <= right) {
int middle = (left + right) / 2;
if (arr[middle] == value)
return middle;
else if (arr[middle] > value)
right = middle - 1;
else

left = middle + 1;
}

return -1;

5. Bai tap ap dung :
http://www.spoj.com/PTIT/problems/P155SUMD/

http://www.spoj.com/problems/NDCCARD/

http://vn.spoj.com/problems/CRUELL2/
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http://www.spoj.com/problems/NDCCARD/
http://vn.spoj.com/problems/CRUELL2/

Bai 2: Cac phuong phap sinh

I. Gidi thiéu

Trong To4n hoc T6 hop, cdu hinh 1a mot nghiém bat ky thoa min yéu ciu cia bai toan t6
hop. Moi cau hinh déu 13 mét tdp hop cac phan tir cho bai toan.

Vidu: Cho tap hop X =1{1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19}.
Liét ké mot s6 chinh hop khong lip chap 3 cua tap hop.

Vi bai toan nhu trén, mot s6 cdu hinh c6 thé 1a {1, 4, 11}, {4, 1, 7}, {13, 19, 2}.

Ta nhén thiy, néu mé rong ra véi X.size() va bac chinh hop rat 16n, bai toan s& khong thé
don gian duogc giai quyét boi viée dém theo cam tinh — phai c6 mot quy luat dé liét ké
toan bo cac cau hinh thoa man. Do d6, viéc phat trién cac thuat toan sinh tré nén can
thiét.

Mot chuong trinh muén st dung duogc thuat toan sinh phai thoa man dugc 2 diéu kién
sau:

1.  Xac dinh trinh tu, diém dau va diém cudi cua tap hop cau hinh.That vay, trong
khi diém dau c6 y nghia 1 co s& dé ham sinh chay duoc, diém cudi cua tip hop
céu hinh s& dam bao thuat toan c6 diém ding.

2. Xay dung dugc thuat todn ma tir mot c4u hinh chua phai cudi thi ta ludn sinh ra
mot cau hinh ké tiép no.

Hién nhién, mudn sinh ra dugc toan bd cac ciu hinh thi ta phai c6 mdt thuat toan dé bién
d6i c6 quy tic cac cdu hinh nhdm tao duoc cu hinh moi.

II. Cu tric thuit todn sinh
Phuong phap sinh ¢6 thé mé ta nhu sau:

<Xay dung cau hinh dau tién>;

While(chua phai cau hinh cuéi)
{
<bua ra cau hinh dang c6>;

<TU cau hinh dang cé sinh ra cau
hinh ké tiép néu con>;

}
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I11. Gi6i thi¢u bon phwong phap sinh

1. Sinh nhj phin

- M4t day nhi phéan c¢6 d6 dai n [a mot day x=x1x2x3...xn trong d6 xi € {0,1} (i :
1<i<n).

- Nhu vay cdu hinh bat dau 13: 000...0 (n s6 0) , va cau hinh két thic 1a : 111...1 (n sb
D).

- Vi du : Day nhi phan d¢ dai 3 bao gém {000,001,010,011,100,101,110,111}
- Phén tich vin dé:
Ta nhan thay: S6 chudi nhi phén sinh ra dugc 1a 2", chudi dau tién 13 00...0 va chudi cudi

cung 1a 11...1. Nhan thdy néu chudi hién tai chwa phai chudi cudi cung can liét ké thi
chudi tiép theo s& bang chudi hién tai cong thém mot ( theo hé co s6 2 c6 nhé ) .

Nhu vay phuong phap sinh thoa mén 2 diéu kién : biét dugc cau hinh dau cubi va thuat
toan sinh duoc cau hinh tiép theo tir cau hinh trude do.

Phuong phép sinh dugc 4p dung cho bai ndy nhu sau : Xét tir cudi ddy 1én gap sé 0 dau
tién ta thay s6 0 d6 bang s6 1 va dat tat ca cac phan tir sau n6 1a 0 1am nhu vay cho téi khi
khong tim thay s6 0 nao ( cau hinh cudi cing ).

Thudt toan sinh nhi phan :

« Bu6c 1 : Khoi tao cau hinh ban dau : 000...0 (n s6 0)

« Bude 2 : Xét tir cudi diy vé dau, gip s6 0 dau tién thi thay n6 bang sé 1 va dit
tat ca cac phan tir phia sau vi tri d6 bang 0.

« Bu6e 3 : In cu hinh va quay lai budc 2.Sinh cho dén khi gip cdu hinh cudi :
111...1 (n s6 1) thi két thiic qué trinh sinh.

Code :
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#include<iostream>
using namespace std;
int a[100],n,stop =0;
void khoitao()

{

for(int i =0;i<n;i++)
al[i]=0;
}

void xuat()

{
for(int i=0;i<n;i++)

cout<<al[i]«k« ;

cout<<endl;
}
void sinh()
{
int i=n-1;
while(i>=0&& a[i]==1)
{
a[i]=0;
i--35
}
if(i==-1) stop =1;
else a[i]=1;
}

void ctrinh()

{
stop =0;
while(stop==90)
{
xuat();
sinh();
}
}
main()
{ .
cin>>n;
khoitao();
ctrinh();
}

2. Sinh hoan vi

Mot hoan vi 1a mot diy co tht tu chira mdi phﬁn tir cia mot tap hop mdt va dang mot

lan.

Piém khac nhau co ban giita mot hoan vi va mot tap hop 13: nhitng phan tir ciia mot

hoan vi duoc sép xép theo mot thir tu xac dinh.

Vi du: 1iét ké cac hoan vi cua {1, 2, ..., n} theo thir tu tur dién,v6i n=3 ta c6 cac hoan vi

:{123,132,213,231,312,321}.

Phiin tich vin dé :

Ta nhan thay cdu hinh dau tién 1a {1, 2, 3, ..., n} va cu hinh cubi s& I {n, n-1, n-2,

1L
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Hoan vi sinh ra phai 16n hon hoan vi hién tai hon thé nira phai 1a hoan vi vira du 16n hon
hoan hoan vi hién tai theo nghia khong thé c6 mot hoan vi nao khac chen gitta chung khi
sap thir tu.

Gia st hoan vi hién tai la x = {3, 2,6, 5,4, 1}, xét4 phﬁn ti cudi cung, ta théy ching
duoc sap xép giam dan, diéu d6 c6 nghia 1a cho du ta ¢6 hoan vi 4 phan tir nay thé ndo ta
cling chi thu dugc hodn vi nho hon hoan vi hién tai. Nhu vay ta phai xét dén x[2] =2,
thay n6 bang gi tri khac. Cau hoi dit ra 13 ta s& thay nd bang gia tri ndo ? Khong thé thay
bang 1 vi néu vy s& dugc hoan vi nho hon, khong thé 1a 3 vi da c6 x[1] = 3 1di (phan tu
dung sau khong duoc chon vao gia tri ma phan tir trude dd chon ). Con lai cac gia tri 4, 5,
6. Vi can mot hoan vi vira da 16n hon hién tai nén ta chon x[2] = 4. Con cac gia tri con lai
s& 14y trong tap {2, 6, 5, 1}. Ciing vi tinh vira du 16n nén ta s& tim biéu dién nho nhat cta
bdn s6 nay gan cho x[3], x[4], X[5], x[6] tic 1a {1, 2, 5, 6}. Vay hoan vi m&i s& 13 {3, 4,
1,2,5,6}.

Nhdén xét : Doan cudi cia hoan vi hién tai dugc sap xép giam dan, so X[5]= 4 1a s0 nho
nhat thoa man di€u kién 16n hon x[2]= 2. Néu doi cho x[5] cho x[2] va doan cudi van
dugc sap x€p gidm dan thi ta s€ dugc hoan vi ti€p theo ctiia hoan vi hién tai.

Vay ki thuat sinh hoan vi ké tiép tor hoan vi hién tai dugc xay dung nhu sau :

Xéc dinh doan cudi gidm dan dai nhat, tim chi s6 1 ciia phan tir x[i] ding lién trudc doan
cudi do. biéu nay dong nghia véi viée tim tir vi tri sat cudi 1én dau, gap chi s6 dau tién
thoa man x[i]<x[i+1] .

% Néu tim thay chi s6 i nhu trén
> Trong doan cudi giam dan, tim phan tir x[k] nho nhat théa man diéu
kién x[k] >x[1].
» bao gia tri x[k] va x[i]
> Sip xép doan cubi tro thanh tang dan
< Néu khong tim thay tic 13 toan diy da sip xép giam dan, day 1a cdu hinh cudi
cung

Thudn toan sinh hodan vi :

« Buge 1 : Khéi tao cdu hinh ban dau : 1,2,3,..n.

« Bude 2 : Xét tir cudi ddy 1én ddu diy,tim phan tir ddu tién 1am mét tinh khong
giam cua diy,danh diu phan tir d6.Néu khong tim duoc,két thic qua trinh sinh.
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« Budc 3 : Xét tir cudi 1én dau diy,tim phan tr dau tién 1on hon phan tir duge

danh ddu,d6i chd 2 phan tir do.

« Budc 4 : Tir vi tri phan tir tim duoc & bude 2,sap xép ting dan tir vi tri d6 cho

dén cudi day.In cau hinh va quay lai budc 2.

Code :
#include<iostream> void in()
using namespace std; {
int n,stop=0,a[9]; for(int i=1;i<=n;i++)
void khoitao() cout<<a[il];
{ cout<<endl;
for(int i=1;i<=n;i++)
a[i]=1; }
} void hoanvi()
void sinh() {
{
int i=n-1; Do
while(i>0&&a[i]>a[i+1]) {
i--; in();
if(i==0) stop=1; sinh();

else }

{ while(!stop);
int k=n; }
while(a[i]>a[k]) main()

k") {
swap(a[k],a[i]); cin>>n;
int c=n,r=i+1; khoitao();
while(r<c) hoanvi();
{ }

swap(a[c],a[r]);
r++;C--;
}

}

}
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3. Sinh t6 hop
Té hop : La cac tap con k phén tir ciia n phan tir ban dau,khong c6 su phan biét vé thi
tu.

Sinh té hop : La tao ra tit ca cac to hop (T4p con co k phan tir) cia mot tap hop n phan
tr.Vi mdi to hop 12 mot tp hop con, do dé viéc liét ké tat ca cac to hop cia mot tap
hop twong duong véi viée 1iét ké tit ca cac tip hop con cua 1 tap hop.

Vi du : t6 hop chap 3 cua day {1,2,3,4} ta c6 [{1,2,3};{1,2,4};{1,3,4};12,3.4}]

Phiin tich vin dé:

Ta nhan thay tap con dau tién ( cdu hinh khoi tao ) 1a {1, 2, 3, ..., k} va cau hinh két thuc
1a { n-k+1, n-k+2, n-k+3, ...,n} .

Ta s& in ra tap con bang cach in ra tap con bang cach in ra 1an lugt cac phan tir ciia n6
theo thir tw ting dan . Biéu dién mdi tap con 1a mot diy x[ 1...k] trong d6 x[1] < x[2] <
...<x[k]. Ta nhan thay gi6i han trén ( gi4 tri 16n nhat c6 thé nhan) cua x[k] 14 n, ciia x[k-
1]1a n-1, ctia x[k-2] 13 n-2. Tong quét gidi han trén cua x[i] = n-k+i , gidi han dudi cia
x[1] = x[1-1] +1.

Nhu vay néu ta dang c6 mdt day x dai dién cho mdt tap con , néu x 1a cau hinh két thic
c6 nghia 13 tat ca cac phan tir trong x déu da dat toi gii han trén thi qua trinh sinh két
thiic, néu khong thi ta phai sinh ra mot diy x méi tiang dan thoa méan vira di 16n hon day
cii theo nghia khong c6 mét tip con k phan tir ndo chen giita chiing khi sip xép thir tu tir
dién.

Vidu :n=9,k=6.Cau hinh dang c6 x ={1, 2, 6, 7, 8, 9} . Cac phan tir tir x[3] dén x[6]
da dat t6i gion han trén nén dé sinh cau hinh méi ta khong thé sinh bang cach ting mot
phan tir trong doan d6 1én dugc , ta phai ting x[2] 1én thanh 3. Puoc ciu hinh méi 1a x
={1,3,6,7,8,9}. CAu hinh nay théa man 16n hon c4u hinh trudc nhung chua thoa man
tinh chat vira du 16n vay ta lai thay x[3], x[4], X[5], x[6] bang cac gidi han dudi ctia nd.
Ta duoc ciu hinh x ={1,3,4,5,6,7} 1a cAu hinh ké tiép. Néu mudn tim tiép, ta lai nhan
thdy rang x[6]= 7 chua dat tGi gid tri han trén , nhu vy chi can tang x[6] 1én 1 13 duoc x
={1,3,4,5,6, 8}.

Ta coé thé tém tit lai ki thudt sinh tap con ké tiép tir tdp da co x nhw sau:

Tim tir cudi ddy 1én dau cho t&i khi gdp mot phan tir x[i] chua dat gidi han trén n-
k+i.
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Néu tim thay :

» Tangx[i] do1én 1.

> Dit tat ca ca cac phan tir phia sau x[i] bang gidi han duéi.

Néu khong tim thiy tirc 1a moi phan tir 3 dat gidi han trén, day 13 cAu hinh cudi cung.

Thudt todn sinh tb hop :

« Budce 1 : Khoi tao cdu hinh ban dau.

« Bude 2 : Xét day tir cudi 1én ddu,tim phan tir thr i dau tién khong théoa méan
a[i]=n - k + i.Néu khong tim duogc,két thuc qua trinh sinh.

« Bugc 3 : Tang phan tir i 1én 1 don vi, va tir phan i i, toan bd phan tir sau nd c6

dang a[i+1] =a[i] + 1 cho dén phan tir cudi.In cAu hinh va quay lai budc 2.

Code :

#tinclude<iostream>

using namespace std;
int a[100],n,k,stop=0;
void khoitao()

{
for(int i=1;i<=k;i++)
al[i]=1i;
}
void in()
{
for(int i=1;i<=k;i++)
cout<<al[i]k" ";
cout<<endl;
}
void sinh()
{
int i=k;

while(a[i]==n-k+i) i--

if(i==0) stop=1;
else a[i]++;

void tohop()

{
while(stop==0)
{
in();
sinh();
}
}
main()
{
cin>>n>>k;
khoitao();
tohop();
}
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int p=a[i];
while(i<=k) a[i++]=p++;

4. Sinh chinh hop

Chinh hop : La cic tap con k phan tir ciia n phan tir ban dau,co sy phan biét vé thir tr

cac phan tir gifta moi tap con.

Sinh chinh hop : 1A tao ra tat ca cac t6 hop (Tap con c6 k phan tir) ¢6 tinh sép xép cua

mdt tap hop n phan tir.

Vi du : Chinh hgp chap 2 cua {1,2,3} : [{1,2};{1,3};{2,1};{2,3};{3,1};{3,2}]

Thudt todn sinh chinh_hop : twong tu sinh to6 hop,nhung sau mdi cau hinh tim dugc ta

sinh hoan vi cta cau hinh do.

Code :

#include<iostream> void sinh()

using namespace std; {

int int i=k;
a[1ee],b[10],n,k,stop=0,stopl=0; while(a[i]==n-k+1)
void khoitao() i--;

{
for(int i=1;i<=k;i++)
{
a[i]=1;
b[i]=1;
¥
}
void in()
{
for(int i=1;i<=k;i++)
cout<<a[b[i]]<<" ";
cout<<endl;
}
void sinhhv()
{

int i=k-1,m=k;
while(i>0&&b[i]>b[i+1])
i--;

if(i==0) stop=1;
else a[i]++;
int p=a[i];
while(i<=k)
a[i++]=p++;
}

void next()

{
while(stop==0)

{
while(stopl==0)
{
in();
sinhhv();
¥
stopl=0;
for(int
i=0;i<=k;i++) b[i]=1i;
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while(b[m]<b[i]) m--;

if(i==0) stopl=1;

swap(b[m],b[1]);

m=Kk;

i++;

while(i<m)
swap(b[i],b[m]);

i++;
m--;

}
}
main()
{
}

sinh();

cin>>n>>k;
khoitao();
next();

5. Bai tap ing dung
1.Sinh nhi phan co bén :

http://www.spoj.com/PTIT/problems/BCSINH/

2.Bi xem phim :

http://www.spoj.com/PTIT/problems/BCCOW/

_Goi ¥ : Sinh nhi phan diy c6 d6 dai n dé kiém soat tat ca cac truong hop.Vs mdi cdu
hinh tim dugc lay tong khoi lwong rdi so sanh vs khoi lugng chiée xe dé tim khoi lugng

16n nhit.

3.Gia vi

http://www.spoj.com/PTIT/problems/P134SUMG/

_Goi ¥ : Sinh nhi phan d6 dai n dé loc tat ca truong hop.

4. http://www.spoj.com/PTIT/problems/PTITSUIC



http://www.spoj.com/PTIT/problems/BCSINH/
http://www.spoj.com/PTIT/problems/BCCOW/
http://www.spoj.com/PTIT/problems/P134SUMG/
http://www.spoj.com/PTIT/problems/PTITSU1C

Bai 3: B¢ quy quay lui va k¥ thuat nhanh can

I. D€ quy

1. Khai niém vé dé quy

Mot d6i twong dugc goi 1 dé qui néu nd dugc mo ta thong qua dinh nghia cta chinh né.
Nghia 13, cac d6i twong nay duoc dinh nghia mot cach guy nap tir nhitng khai niém don
gian nhét ciing dang v6i nd. Trong toan hoc va tin hoc c6 rat nhidu ddi tuong nhu thé.

Nhitng bai toan d¢ qui c6 thé duge phan rd thanh cac bai toan nho hon, don gian hon
nhung ¢ cing dang véi bai toan ban dau. Nhing bai toan nho lai duoc phéan ri thanh cac
bai toan nho hon. Ctt nhu vdy, viéc phan ra chi ding lai khi bai toan con don gian dén
mirc co thé suy ra ngay két qua ma khong can phai phan ri nita. Ta phai giai tat ca cac bai
toan con roi két hop cac két qua dé lai dé c6 duoc 10i giai cho bai todn 16n ban dau. Cach
phan i bai toan nhu vy goi 1a “chia dé tri” (devide and conquer), 1a mot dang cta dé
quy.

Vidu:
Ham tinh n! (giai thtra)
0!=1;
n! =n*(n-1)!;
Tinh 10!:

10! =10.9! va nhiém vu cua ta la tinh 9!

9! = 9.8! va nhiém vu cua ta la tinh 8!

2! =2.1! va nhiém vu cua ta la tinh 1!

1! =1.0! va nhiém vu cua ta la tinh 0!

0! lai bang 1, tinh dc 0! ta tinh dc 1!=>2!=> .. =>8!=>9!=> 10!

2. Giai thuat dé quy

- Néu 10i giai cia mot bai toan P dugc thuc hién bang 10i giai ciia bai toan P” ¢6 dang gidng
nhu P thi d6 1a mét 101 giai dé quy.

Giai thuat tuong tng véi 101 giai nhu vay goi 1a giai thuat dé quy. Nhung can lvu y 13 : P’
tuy c¢6 dang nhu P nhung né phai nhé hon P, d& giai hon P, va viéc giai no khéng can dén P

- Ham hay thu tuc dé quy gdm 2 phan:

e Phan neo: bai toan con nho nhat, don gidn nhat, c6 thé giai truc ti€p khong can qua
mot bai toan con nao ca




e Phan dé quy: ncu bai toan hién tai chua the gidi dugc nho phan neo, thi ta xac dinh
bai todn con cuia n6 va goi dé quy dé giai bai toan con do, sau khi c6 101 gidi cua cac
bai toan con ro61 thi phoi hgp lai dé€ giai bai toan hién tai.

- Phan dé quy thé hién tinh quy nap cta 10i giai. Phan neo thé hién tinh dirng cua 15i giai
(do khi gap phan neo, 10i giai s& ding lai khong di sau thém)

- Bé xay dung duogc ham dé quy, ta phai tim duoc phan neo, nghia 1a di giai tat ca cac bai
toan con nho nhat (nhu tinh n! thi bai toan nho nhét chinh 13 0! = 1), va ¢dng thirc tinh ham
phu thudc vao chinh ham d6 (vi du n! c6 thé tinh dugc tir cong thic n.(n-1)!).

3. Mot sb vi du co ban vé dé quy

a. Ham tinh n! :
Gia sur ta ¢c6 mot ham tinh n! nhu sau:

6] int giaithua(int n){

i if (n==0) return 1;

8 else return n*giaithua(n-1);
9 -1}

- Phén neo: véi n = 0 ham sé tra vé ngay gia tri 1

- Phan dé quy: véin > 0, ham s& tra vé n.giaithua(n-1): gia sit n-1 > 0, chua phai 13 neo
nén ham s€ di sau vao tinh giaithua(n-1)

Pé tinh dugc giaithua(n-1), ham lai di sau tinh giaithua(n-2). ..

Cho dén khi gip neo: giaithua(0), ham s& dirng khong tiép tuc di siu nira ma ding lai va tra
vé két qua cho cac bai toan 16n hon: giaithua(1) -> giaithua(2)->...->giaithua(n)

Ap dung véin = 3:

- Goi giaithua(3): may s€ nhé giaithua(3) = 3.giaithua(2)

-> goi giaithua(2): may s€ nh¢ giaithua(2) = 2.giaithua(1)

-> goi giaithua(1): may s€ nhé giaithua(1l) = 1.giaithua(0)

> goi giaithua(0): tra vé 1

Bay gi0 quay lai tinh duogc:

-> giaithua(1) = 1.giaithua(0) = 1.1 =1

-> giaithua(2) = 2.giaithua(l) =2.1=2

-> giaithua(3) = 3.giaithua(2) =3.2=6

-> Két thiic ham.

b. Ham tinh a”n
Bay gio ta s& xem mot vi du phic tap hon mot chat, d6 13 tinh a’n (a mii n). Dé y rang bai
toan tinh a*n c6 thé lam dé dang bang cach duyét nhan s6 a lam n lan. Nhung véi n 1én,




viéc duyét nhu vay sé& ton kém thoi gian. Khi d6 c6 mot giai thuat dé quy cho két qua nhanh
hon
Cong viéc cua ta bay gio 1a tim phan neo va cong thire dé quy cia bai toan.
Ta co:
Néu n=0: a"0 = 1
V61 n>0:
a’n = a*a*...*a (n s a)
= [a*a*...*a(n/2 sb a)] * [a*a*...*a(n/2 sb a)] néu n chin
=a * [a*a*...*a(n/2 sb a)] * [a*a*...*a(n/2 s6 a)] néu n 1é

Pé tinh a”n, duyét trdu s& mat n 1an duyét, dé phirc tap 1a O(n). Néu tinh theo cong thirc
trén, s& chi mat O(logn) do mdi lan ta déu chia n di 2 d¢ tinh bai toan con. Néu n ¢& 1018
thi log2(n) x4p xi 60 (rat nhanh).
Twr phan tich trén ta co:
e Phinneo: n=0thia’0=1
e Cong thirc dé quy v6i n>0: an = a"(n/2) * a*(n/2) néu n chin
=a* aNn/2) * a\(n/2) néu n 1é

Twr do ta xay dung dugc ham d¢é quy tinh a*n nhu sau:

10 int mu(int a,int n)fi

11 if (n==0) return 1;

12 int t = mu(a,n/2);

13 if (n%2==0) return t*t;
14 else return a*t*t;

15 L

Vi du: Tinh 2/5:
Goi ham mu(2,5):
=>t=mu(2,2), n =5 1é&: may nhé mu(2,5) = 2*t*t = 2*mu(2,2)*mu(2,2)

Goi ham mu(2,2):
=>t=mu(2,1), n = 2 chin: may nhé mu(2,2) = t*t = mu(2,1)*mu(2,1)

Goi ham mu(2,1):

=>t=mu(2,0), n=11¢&: may nhé mu(2,1) = 2*t*t = 2* mu(2,0)*mu(2,0)
Goi ham mu(2,0):

=> gdp neo n=0 tra vé 1
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Sau do quay lai tinh cac bai toan 16n hon:
=>mu(2,1) = 2* mu(2,0)*mu(2,0) =2*1*1 =2
=>mu(2,2) = mu(2,1)*mu(2,1) =2*2 =4
=>mu(2,5) = 2*mu(2,2)*mu(2,2) = 2*4*4 = 32
Két thic ham.

Uu diem va nhwoc diem cua dé quy:
e Uu diém: dé xay duyng, code don gian dé hiéu

e Nhuoc diém: t6n bo nhd, d6 sau dé qui (S6 1an goi dé qui) hitu han

4. Mot so bai tip ap dung

I1. Quay lui

1. Giéi thiéu vé quay lui

Thuét toan quay lui dung dé liét ké cac cdu hinh. Mbi cau hinh dugc xdy dung bang cach
xay dung tirng phan tir , mdi phan tir dugce chon bang cach thir tat ca cac kha ning .

Gia str cAu hinh can liét ké co dang x[1..n], khi d6 thuat toan quay lui thuc hién qua cac
budc:

1) Xét tat ca cac gia tri x[1] co thé nhén, thir cho x[1] nhén lan luot cac gi tri d6. Vi mdi
gia tri thir gén cho x[1] ta sé:

2) Xét tat ca cac gia tri x[2] c6 thé nhén, lai thir cho x[2] nhén lan luot cac gia tri d6. Vi
mdi gia tri thir gan cho x[2] ta lai thir cic kha nang cho x[3].. ¢t tiép tuc nhu vay dén budc:

n) Xét tat ca cac gia tri x[n] co thé nhan, thir cho x[n] nhan lan luot cac gia tri

do6, théng bao cau hinh tim dwoc (x[1], x[2]...., x[n]).

Trén phuong dién quy nap, c6 thé noi rang, thuat toan quay lui liét ké cac cAu hinh n phan tir
dang x[1..n] bang cach thir cho x[1] nhan lan lugt cac gid tri ¢6 thé. V&i mdi gid tri thir gan
cho x[1] bai toan tré thanh liét ké tiép cau hinh n-1 phan tir x[2..n].

Quay lui ciing 12 @é quy nhung c6 thém phan phia sau phan dé quy, s& quay lui lai thuc
hién sau khi di sdu vao phan dé quy.

D¢ hiéu rd hon vé quay lui, ta xem doan code va két qua sau:
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CUSers\ng
6] void Try(int n){ -
7 if (n==0) return; = ~
8 cout<<"n = "<<n<<endl; -
9 Try(n-1); _
10 cout<<"Quay lai o n = "<<n<<endl; =
11ty |

Ta thay sau phan dé quy Try(n-1) con c6 thém 1 dong Iénh in ra. Dong 1énh d6 chinh 14
phan s& duoc quay Iui lai dé thuc hién sau khi dé quy di sdu va tré vé.

Giai thich két qua chay chuong trinh:

Nhap n = 5. Goi Try(5), do 5>0 nén in ran = 5, di vao ham Try(4) ngay ma chua thuc hién
dong 1énh in ra cubi.
> Goi Try(4): n = 4>0 nén in ra 4, di vao Try(3), chua thyc hién dong 1énh in ra & cudi

> Cur thé s€ inran = 5, n=4, .., n=1 nhu hinh.

Cho dén khi goi Try(0): thoat Try(0). Luc ndy méi tré vé Try(1) va thuc hién cau 1énh
cout<<’Quay lai o n = “<<n<<endl;

Do licnayn=1néninra “Quaylaion=1".

> Tiép tuc quay lui vé Try(2) va thuc hién nét cau 1énh cudi. Do ltic nay n =2 nén in ra
“Quay laion=2".

-> Ct nhu vay s€ quay lui vé n =5 va in ra “Quay laion =5".

Ta nhan thiy n cang 16m thi dong “Quay lai o n = ...” s& in ra cang lau phia sau, 1y do 1a
Try(n) dc goi dau tién nén né sé di sdu nhat, va phan quay lui ciia n6 s& phai thuc hién sau
khi di di sau xudng hét ¢ tir Try(n-1) cho dén Try(0) va tir Try(0) méi trd vé lai Try(n).

2. M6 hinh thuat toan quay lui
void Try(int 1){

for (moi gié tri j ¢6 thé gan cho x[i]){
<thu cho x[i] =j>;
<d4nh déu da chon x[i] néu can>;
if (x[i] 1a phan tir cudi ctia cau hinh) {

<thdong bao cAu hinh tim duoc>;
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}

Thuat toan quay lui bat dau véi 11 goi Try(1).

}

else Try(i+1);//goi dé quy dé chon tiép x[i+1]

<x0a danh dau da chon x[i] néu can>;

3. Céc vi du vé quay lui

a. Liét ké cac day nhi phan d¢ dai n
Vi du don gian nhat vé quay lui 1a liét cac ddy nhi phan do dai n. Ta nhan thdy moi phan tr
ctia cdu hinh déu nhan mot trong 2 gia tri 0 hodc 1, va cach chon phﬁn t hién tai la tuy y,
khong anh huong dén cac phan tir ké tiép, nén ta khong can phai danh dau 13 di chon phan
tir nao d6. Dura vao md hinh chung, ta c6 thé viét thu tuc Try(i) giai quyét bai toan nhu sau:

5
6
7
8

-
10
11
12
13
14

15
16

int n,xﬂl@@ﬂ;

H void xuat(){

-}

_-Fnr

L E}
-}

for (int i=1j;i<=nj;i++) cout<<x[i];
cout<<endl;

Evnid Try(int 1){

(int j=0;j<=1;j++){
x[1]=3;

if (i==n) xuat();
else Try(i+l);

Vi¢c cua ching ta bay gio la nhap do dai n va goi Try(1).

C6 thé mod phong qua trinh Try bang cay sau véi n = 3:
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Nhin vao cay cac ban co thé dé dang hiéu duoc cach hoat dong cua thuat toan.
Vi du v6i 2 cau hinh dau tién: 000 va 001

Goi Try(1): gan x[1] = 0-> di sdu goi Try(2), gan x[2] = 0 -> di sau goi Try(3), gan x[3]=0->
(i==n) nén in ra cau hinh 000.

Bay gio quay lui lai Try(2) tiép tuc thuc hién vong for con do, gan x[2] = 1-> di sau goi
Try(3) -> gan x[3]=0-> (i==n) nén in ra cau hinh 010.

Tuong tu voi cac cau hinh con lai.

b. Liét ké cac hoan vi ctia n phan tir 1,2, ..., n

Loi giai. Moi hoan vi X = (x1, x2,..,xn) 1a bd ¢6 tinh dén thir tw cua 1,2, .., n. Mdi xieX cb
N lua chon. Khi xi = j dugc lya chon thi gia tr1 nay s€ khong dwgc chép thuan cho cac
thanh phan con lai. Dé ghi nhan diéu ndy, ta st dung mang chuaxet[] gdm n phan tir. Néu
chuaxet[i] = true diéu d6 c6 nghia gia tri i dwge chap thuan va chuaxet[i] = false twong Ung
v6i gia tri i khéng dwge phép sir dung. Dua vao md hinh chung, ta c6 thé viét thu tuc Try(i)
giai quyét bai toan nhu sau:
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5
6
7
8

T

9
10
11
12%%
13 1=

14
15
16
17
18
19 |
20
21 -

int n,x[100];
bool chuaxet[1008];
void xuat(){

}

for (int i=1;i<=nj;i++) cout<<x[i];
cout<<endl;

void Try(int 1i){

}

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

if (chuaxet[j]){
x[1]1=7;
chuaxet[j]=Ffalse;
if (i==n) xuat();
else Try(i+1);

| chuaxet[j]=true;

Chu ¥ ban dau ta phai khéi tao cac phan tir cia mang chuaxet bang true.

Cay liét ké cac hodn vi véin = 3:

Tuong ty nhu véi cdy liét ké cac day nhi phan, nhung & day dé ¥ rang phan tir j nao
chuaxet[j] =true méi duoc chap thuan cho cac phan tir x[i] tiép sau cua cu hinh.

Vi du véi 2 cau hinh dau tién:
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- Goi Try(1): do chuaxet[1] = true, gan x[1] = 1; gan lai chuaxet[1] = fasle; -> di sau vao
Try(2): do chuaxet[1] = false nén khong thé dung, sang j = 2 do chuaxet[2] = true, gan x[2]
= 2; gan lai chuaxet[2] = fasle; -> di sau vao Try(3): do chuaxet[1] = false va chuaxet[2] =
false nén khong thé dung, sang j = 3 do chuaxet[3] = true, gan x[3] = 3, gan lai chuaxet[3] =
fasle; -> (i==n) nén xuat c4u hinh 123

- Bay gid gan lai chuaxet[3] = true dé bo viéc ghi nhan 3 da chon. Quay lui lai Try(2): thuc
hién ca 1énh gan lai chuaxet[2] = true va thuc hién vong for con do, dén j =3 do chuaxet[3]
= true, gan x[2] = 3, gan lai chuaxet[3] = fasle; -> di vao Try(3): chi con chuaxet[2] = true
nén gan x[3] = 2, gan lai chuaxet[2] = fasle; -> (i==n) nén xuét cau hinh 132.

Tuong tu voi céac cAu hinh con lai.

IT1. Mt s bai toan dic trung sir dung thuit toan Pé quy — Quay lui

1. Bai toan tim duwong di trén ma tran

Cho ma tran a: mxn (1<=m,n<=20). Moi phf?m tur trén ma tran chi nhén 2 gia tri 0 hodc 1 véi
y nghia: a[i][j] = 1 néu 6 thé di qua 6 (i,j) trén ma tran, a[i][j] = 0 néu tai 6 (i,j) c6 chudng
ngai vat khong thé di qua. Cho trudc m,n va gid tri cac phan tir ciia a. Hay liét ké cac dwong
ditir 6 (1,1) dén 6 (m,n), v6i mdi 1an di chi dugc di chuyén sang phai hoic xudng duwdi.
(a[1][1] va a[m][n] ludn bang 1). Mbi dudng di thoa man ghi ra trén mét dong mot xau chi
gom 2 ki tu “R” (sang phai) va “D” (xubng dudi).

VD:
Input:
34
1010

1110 =>  hoac
0111

Output:
DRDRR
DRRDR
Loi giai:

- Ta d& dang nhan thay véi bdt ki cach di ndo thi s ldn di tir 6 (1,1) dén 6 (m,n) ciing 13
m+n-2 lan di.
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- C6 2 cdch di tai mdi 1an di 1a sang phai va xudng dudi. Do vay ta nghi ra mét cach c6 thé
liét ké duogc tdt ca cac dudng di co thé c6 tir 6 (1,1) dén 6 (m,n). Ta s& dung sinh cac ddy nhi
phan d6 dai m+n-2. V&i mdi diy nhi phan x sinh ra: néu x[i] = 0 thi di xudng, néu x[i] = 1
thi sang phai.

30
31
32
33
34
35
36

Evuid Try(int i){

-}

for (int j=0;j<=1;j++){
5 x[1]=3;

if (i==m+n-2) kt(Q)j
else Try(i+l);

- Cong viéc cua ta sau khi sinh dugc 1 diy nhi phéan 13 kiém tra xem diy d6 c6 1a 1 duong di
théa man khong. Cach kiém tra 1a dung mot bién logic ok khai tao bang true. Khoi tao hang
cot bat ddu h = 1, c= 1. Chay vong for tir 1 dén m+n-2 thtr di theo duong x tao ra. Néu x[i] =
0 thi xudng dudi: h=h+1; x[i] = 1 thi sang phai: ¢ = c+1. Néu trén duong di gip a[h][c] =0
hodc di ra khoi ma tran: h>m hodc ¢>n, thi déu gan lai ok = false va thoat. Cubi cing néu
ok van bang true nghia 1a duong di théa mdn. Ta chi can in ra dudng di d6: x[i] = 0: in ra
“D”, nguoc lai in ra “R”.

LLT

12 void kt(){
13
14
155
16
17
18 &
19
20
21
22
23E
24
25
26
27
28
29 L}

bool ok = truej|
int h = 1,c = 1;
for (int i=1j;i<=m+n-2;i++){

if (x[1]==0) h = h+1;
else ¢ = c+1;
if (a[hl[c]==0 || h>m || c>n){
5 ok = false;
g break;
}

}

if (ok){
for (int i=1;i<=m+n-2;i++)
' if (x[1]==0) cout<<"D";
_ else cout<<"R";
cout<<endl;

}

2. Bai toan nguoi du lich
Link @@ bai: http://www.spoj.com/PTIT/problems/BCTSP/
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Cho n thanh phd dénh sé tir 1 dén n va cac tuyén duong giao thong hai chiéu gitra
ching, mang ludi giao thong nay dugc cho boi mang C[1...n, 1...n] ¢ day C[i][j]
= C[j][1] 1a chi phi di doan duodng truc ti€p tir thanh phd I dén thanh pho j.

Mot nguoi du lich xu,ét phat tir thanh phé 1, mudn di thim tat ca cac thanh phé
con lai moi thanh pho dung 1 lan va cudi cung quay lai thanh pho 1. Hay chi ra
chi phi it nhat ma ngudi d6 phai bo ra.

Input

Dong dau tién 1a s6 nguyén n — sb thanh phb (n <= 15)

n dong sau, mdi dong chita n s6 nguyén thé hién cho mang 2 chiéu C.

Output

Chi phi ma nguo1 do phai bo ra.

Example

Input:

4

0203510

20090 50

3590012

1050120

Output:
117

Loi giai:

- Mbi hanh trinh tir thanh phé 1 di qua tit ca cac thanh phd, mdi thanh phd dting 1 1an 1a
mot hodn vi cia 1, 2,..., n, véi x[1] = 1. Ta nghi ngay dén viéc sinh céac hodn vi cta 1,
2,...,nv6i x[1] =1, mbi khi sinh dugc mot hoan vi thi cong lai toan bo chi phi cua cach
di d6 va so sanh véi chi phi nké nhdt hién tai, néu nho hon thi s& cdp nhdt lai. Cht y khai
tao x[1] = 1, chi phi nhé nhat ban dau MIN 1a 1 s6 dii I6n dé c6 thé cap nhat ngay 1an dau
tién, va cong viéc cua chiing ta la goi Try(2).
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11H void Try(int i){

12 for (int j=2; j<=n; j++)
13 E if (chuaxet[j]){

14 x[1]=7;

15 chuaxet[j]=Ffalse;
16 if (i==n) kt();
17 else Try(i+l);

18 chuaxet[j]=true;
19 |- }

20 L}

- Bai nay chi can viét thém vao bai liét ké hoan vi ham k#() tinh chi phi tong ctia mdi cach
di nhu sau:

5

6 long chiphi = c[x[n]][x[1]];
7 for (int i=2;i<=n;i++)

1 § chiphi+=c[x[1-1]1]1[%[1]];
9 if (chiphi<MIN) MIN = chiphi;
%

-}

Vi du nhu n =3 va hoan vi cia ta 1a 123, thi chi phi 1a c[1][2]+c[2][3]+c[3][1]. Sau khi
da thr toan bod cic hoan vi thi chi can in ra MIN chinh 14 chi phi nho nhat.

. Bai toan xép hau
Link bai: http://www.spoj.com/PTIT/problems/BCOQUEEN/

Pé bai : Cho mot ban cd vua co kich thudc n * n, ta biét rang quan hau c6 thé di
chuyén theo chiéu ngang, doc, chéo. Van dé dit ra rang, c6 n quan hau, ban can dém
sO cach dit n quan hau nay 1én ban cd sao cho véi 2 quan hau bét ki, chung khong
“an” nhau.

Input: S6 nguyén duong n duy nhat (n<=10)

Output: Céc cach sip xép quan hau trén ban co thoa man yéu cau dé bai, véi mdi ban
cO dugc coi nhu mdt ma trdn vuong cép n ma cac phén tr déu béng 0, tai vi tri dat
quan hau thi phan tr 46 bang 1. Dong cudi cliing in ra sb cach sip xép thoa man duy
nhat. Truong hop khong tim dugc cach sap xép nao thi in ra s6 0.

VD:

Test 1 Test 2
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Input: Input:

3 4

Output: Output:
01 0 O

0 00 0 1
1 0 0 O
0 01 0
01 0 O
0 0 0 1
1 0 0 O
0 01 0
2

Loi gidi: Ta s& coi ban cd 12 mang 2 chiéu a c6 n hang n cot, chi s6 bat dau tir 1
+ Puong chéo chinh 1a dudng chéo ndi gitra 2 6 a[1][1] va a[n][n]

+ Puong chéo phu 1a dudng chéo ndi gitra 2 6 a[n][1] va a[1][n]

Bai toan str dung phuong phap dé quy quay lui + ki thuat danh dau:

+/ khi mdt quan hau dugc dit vao 6 [1][j] thi cac quan hdu sau s€ khong thé dat
duoc vao hang i, cdt j va hai duong chéo ma né co thé an dugc.

+/ Do 1<= chi s ¢t <=n nén ta s& dung mdt mang mot chiéu cot[] dui I6m dé
danh diu cac cot da dat quan hau. Véi 6 tai hang h, cot c, néu cot[c] = 0 nghia la cé
thé dat thém quan hau, nguoc lai néu cot[c] = 1 nghia 13 di c6 quan hau dat ¢ hang ¢
roi va khong thé dat thém.

+/ cac 6 toa d6 [h][c] ndm trén duong chéo di qua 6 dit quan hau [i][j] song song hodc
tring v&i duodng chéo phu ¢ tong h+c =i + j = khong @di. Do 2<=h+c<=2*n nén ta
s& dung mang 1 chiéu cheol|[] dii I6n dé danh dau. V&i 6 tai hang h, cot ¢, néu
cheol[h+c] = 0 thi dit dweec quan hau, nguoc lai néu cheol[h+c] = 1 nghia la khéng
thé dat thém hau tai 6 [h][c].

+/ cac 6 toa d6 [h][c] ndm trén duong chéo di qua 6 dat quan hau [i][j] song song
hodc trimg v6i duong chéo chinh c6 hiéu h-c =1 - j = khoéng d6i. Do 1-n<=h-c<=n-1
nén ta s& khéong thé dung mang dé danh dau lai hiéu ddy do chi sé bi &m. Do vdy ta
cong thém 1 lugng 14 n, khi d6 1<=h-c+n<=2*n-1, luc nay ta dung mang 1 chiéu
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cheo2[] du Ién @& danh dau. Vi 6 tai hang h, cot ¢, néu cheo2[h-c+n] = 0 thi dit dwoe
quan hau, nguoc lai néu cheo2[h-c+tn] = 1 nghia la khéng thé dat thém hau tai 6

[h]fc].

=> str dung d¢é quy quay lui tim cach dit quan hau theo timg hang rdi danh dau lai ct
va hai dwong chéo, néu tim dugc dén hang cudi thi in ra két qua va tang bién dém,
néu khong tim dugc dén hang cudi thi quay [ui lai dé dat lai quan hau phia trudec.

Khdi tao:
1 #include<iostream>
2 using namespace std;

3 int n,cot[100]={0},cheol[200]={0},cheo2[200]={0},d=0,a[100][100]={0};

Ham in két qua:

18void in(){

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

3 for(int j=1;j<=n;j++) cout<<a[i][j]<<" ";
4 cout<<endl;

5 }

6 cout<<endl;

7%}

Ham d¢ quy quay lui:

1H void timhau(int 1){

26 if(i==n+1){
S in();
4 d++;
5 return;
6 }
7@ for(int j=1;j<=n;j++){
= if(cot[j]==0 && cheol[i+j]==0 && cheo2[i-j+n]==0){
9 cot[j]=1;
10 cheol[i+j]=1;
11 cheo2[i-j+n]=1;
12 a[i][j]=1;
13 timhau(i+l);
14 cot[j]=6;
15 cheol[i+j]=0;
16 cheo2[i-j+n]=0;
17 a[i][j]=e;
18 }
19 }
201}

Ham main:
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18 int main(){

2 cins>n;

3 timhau(1);
4 cout<«d;
5-}

4. Bai toan quin ma di tudn
Link bai : http://www.spoj.com/PTIT/problems/BCKNIGHT/

Pé bai : Cho mdt ban cod vua kich thudc n * n, ta dit san mot quan ma tai 6 (X, y),
nhi¢m vy ctia ching ta 1a tim cach di cho quan ma sao cho quan ma s& di qua tat ca cac
0 trén ban co va moi 0 di td1 chinh xac mdt 1an duy nhat.

Input: Gom 3 s nguyén n, X, y 1an lugt 1a kich thudc ban co, va vi tri dat quan ma (1
<=n<=8§, 1<=x,y<=n)

Output: Ban ¢ kich thuéc n * n, mdi 6 (x, y) ghi mot sé p v6i y nghia khi quan ma di
t61 0 (X, y) thi s6 budc da di la p. O (x, y) ta ghi 1a bude 1. Dt liéu ddm bdo bai toan co
mot dap an duy nhat, va thoi gian thuc khong qua 1s néu ding thuat toan quay lui co
ban.

VD:

Input:

623

Output:

36 17 6 29 8 11
19 30 1 10 5 28
16 35 18 7 12 9
23 20 31 2 27 4
34 15 22 25 32 13
21 24 33 14 3 26

- Bai toan su dung d¢ quy quay lui bang cach tir 6 hién tai thit di quan ma vao 1 trong
8 0nod co the dén, néu di duoc thi danh diu 6 day lai va tir 6 day thir di tiép dén 8 6 co
thé dén tiép theo. Néu di dugc n*n 6 thi in ra dap an.

- Ta str dung hai mang hang dé biéu dién cach di chuyén quan ma dén 8 6 n6 co6 thé
dén.

v

y
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X

- Gia sir quan ma dang c6 toa do (x,y), khi d6 n6 c6 thé di chuyén dén cac 6 do
tr 1 dén 8 nhu hinh v€ véi toa dd cac 6 do lan luot la:

Vi tri Toa do

(x+2,y+1)
(x-2,y-1)
(x-2,y+1)
(x-1,y+2)
(x-1,y-2)
(x+2,y-1)
(x+1,y+2)
(x+1,y-2)

0| Al | | B W N —

-Ttr do ta s€ s dung mot mang hang a[8]={2,-2,-2,-1,-1,2,1,1} dé biéu dién theo
hang x, va mot mang hang b[8]= {1,-1,1,2,-2,-1,2,-2} dé bicu dién theo cOt y.

-Khéi tao mang 2 chiéu h[][] voi tat ca phan tr bang 0, vi tri dit quan ma la
h[x][y]=1, ta d¢ quy quay lui bat dau véi gia trj s6 bugc di bat dau tir 2. Thu tyc
Try(i,x,y) c6 y nghia quan ma dang ¢ 6 (X,y) vo1 s6 budc di 13 i-1va néu di duoc dén 1
6 (x,y°) khac thi s6 bude di s& 14 i, tiép tuc di vao Try(i+1,x’,y’)...
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~ -Trong ham d¢ quy su dung mot vong lap voi bién j chay tir 0 dén 7 dé tim Vi tri
tiép theo cua quan mé (VD: j=0 thi ing vdi toa d cua ma 1a (x+a[0],y+b[0])). Néu tai
vi tri (X, y) ma ma khong thé di chuyén dén (x+a[0],y+b[0]) thi j++.

-Gia str, mi c6 thé di duoc vao 6 (x+a[0],y+b[0]). Pat u=x+a[0], v=y+b[0]. Diéu
kién dé chuong trinh dé quy 1 void Try(int i,int x,int y) dj siu vao tim duoc
vi tri ti€p theo cuia qudn ma la 1 <=u,v <=n va vi tri d6 quan ma chua di qua (tuc la
h[u][v]=0). Néu thoéa man thi gan h[u][v]=1.

e Néui<n*nthidisautim 1 void Try(int i+1,int x,int y)

e Nguoc lai, nghia la khi da tim du tat ca cac vi tri trén ban co thi in ra ma
tran.

Khoai tao:

#include<iostream>»

using namespace std;

int h[11][11]={0};

int n;

int a[8] ={2,2,1,1,-1,-1,-2,-2};
int b[8] ={1,-1,2,-2,2,-2,1,-1};

AV WwWN R

Ham in két qua:

18 void in(){

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

3 for(int 1=1;1<=n;1++) cout<<h[j][1]<<" ";
< cout<<endl;

5 }

6"}

Ham dé quy quay lui:
18void Try(int i,int x,int y){

) int u, v;

36 for(int k=0;k<=7;k++){

4 u=x+a[k]; v=y+b[k];
50 if(1<=u && u<=n && 1<=v && v<=n && h[u][v]==0){
6 h[u][v]=1;

78 if(i<n*n) {

8 Try(i+l,u,v);
9 h[u][v]=0;

10 }

11 else in();

12 + }

13 }

141}
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Ham main:

18int main(){

int x,y;
cin>>n>>x>>y;
h[x][y]=1;
Try(2,x,Y);

AUV WwWN

IV. Ky thuat nhanh cin

1. Bai toan tdi wu va sw bung né t6 hop

a. Bai toan toi wu

- M6t trong nhirng bai toan dat ra trong thuc té 1a viéc tim ra mot nghiém théa man mot )
diéu kién nao do, va nghiém doé 1a tét nhat theo mot chi ti€u cu thé. Trong nhiéu trudng hop,
ta chua thé xay dung mot thuét toan thuc sy hiru hi¢u dé giai bai toan, ma van phai dua trén
mo hinh 1iét ké toan bd cac cau hinh thoa man, danh gia va tim ra cau hinh tot nhat.

b. Sw bung nd t6 hop

- Ta thiy & thuat toan quay lui, chiing ta s& liét ké toan bo cau hinh c6 thé c. Vi du nhu sinh
day nhi phan d¢ dai n, véin = 30, s6 cdu hinh c6 thé 1a 230 tam khoang hon 1 ti ciu hinh.
Sinh hoan vi véi n = 13, s6 cau hinh 14 13! tam khoang hon 6 ti ciu hinh. Néu thir danh gia
toan bd cc cau hinh c6 thé sinh ra, thi thoi gian cho doi 1a v6 cing 16n d6i voi toe do clia
may tinh hién nay!

Do vay can phai c6 phuong phap danh gia ngay tai thoi diém quyét dinh chon x[i], néu chon

x[i] 1a thira, nghia 1a cac x[i+1],x[i+2],.. dit ¢c6 chon thé ndo thi ciu hinh hién tai van khong
kha quan, thi s€ khong chon x[i] nira.

- Khi 6, mot van dé dit ra trong qua trinh liét ké 101 giai 1a ta can tan dung nhiing thong tin
da tim duoc dé loai bé sém nhitng phuong an chac chan khong phai toi uu. K§ thuat d6 goi
1a k¥ thuat danh gia nhanh céan trong tién trinh quay lui.

2. M6 hinh ky thuat nhanh can
- Dya trén mo hinh thuat todn quay lui, ta xay dung moé hinh sau:
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void tim (int i)

2 I

for{ Chc gid tri j <o thé gdn cho x[i1)

- {
x[1]=7; B . .
5] if{ viéc thk trén van cdn hi wong tim ra cau hinh tét hon BESTCONFIG)
[y
8 if{ x[1] la phén t& cuéi cing)
Cap nhat lal BEST CONFIG
16 else
12 Ghi nhin viéc tha x[i]=j néu cin
tim{i+1);
14 B4 ghi nh&n viéc tht x[i]=j néu cén
1
16 1
1
18 1

- K¥ thuat nhanh can thém vao cho thuat toan quay lui kha nang danh gia theo tung budc,
néu tai budc thir i, gia tri thir gan cho x[i] khong c6 hi vong tim thay c4u hinh tét hon
BESTCONFIG thi thir ngay gi tri khac ma khong can phai goi dé quy tim tiép hay ghi nhan
két qua. Nghiém cutia bai toan s€ duoc lam t6t dan, vi khi tim ra mot cau hinh méi tét hon thi
BESTCONFIG sé& dugc cap nhat lai bang ciu hinh d6.

- Mot bai toan c6 thé ¢6 nhiéu cach danh gid nhanh can khac nhau. Viéc tim dugc can cang
chdt s€ gidm bdt cang nhi€u chi phi tinh toadn. Tuy nhién, viéc tim ra cach danh gié nhanh
can hiéu qua cho nhiéu bai toan 1a khong dé dang.

3. Mot s6 bai toan sir dung ky thuit nhanh cin
a. Bai toan nguoi du lich
Link d¢ bai:

Cho n thanh phé danh sb tir 1 dén n va cac tuyén dudng giao thong hai chiéu gitra
chung, mang ludi giao thong nay duoc cho boi mang C[1...n, 1...n] ¢ day C[1][j] =
C[j1[1] 1a chi phi di doan dudng truc ti€p tir thanh phd I dén thanh phd j.

Mot ngudi du lich xuét phat tir thanh phd 1, mudn di tham tat ca cac thanh phd con
lai moi thanh pho ding 1 1an va cudi cung quay lai thanh pho 1. Hay chi ra chi phi
it nhat ma nguo1 do6 phai bo ra.

Input

Dong déu tién 1a s6 nguyén n — sb thanh phd (n <= 15)

n dong sau, mo1 dong chtra n s6 nguyén thé hién cho mang 2 chiéu C.
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Output

Chi phi ma ngudi do phai bo ra.
Example

Input:

4

0203510

20090 50

35900 12

1050120

Output:
117

Quay trd lai v6i bai toan ngudi du lich ta di tiép can trong thuat toan quay lui. Néu ban nao
d3 1am va ndp thir bai ndy theo cach d lam trong quay lui 13 liét ké toan bo cac cau hinh va
cap nhat lai chi phi nho nhat sau khi sinh ra 1 cau hinh thi s& thay: két qua chinh xac nhung
bi qua thoi gian. Ly do 1a n<=15, v4i n = 15 thi s6 cau hinh 1a 15!, rat 16m nén khong thé
chay trong thoi gian cho phép. Chinh vi thé, ta s& sir dung k¥ thuat danh gia nhdnh cdn dé
lam bai nay trong thoi gian cho phép.

Loi gidi:

Goi cmin = min {c[i, ], i,/ =1, 2,.., n, i# } 13 gia tri nho nhdt cha ma tran chi phi.

Phuong phap danh gia cdn dudi ctia mdi bai toan bo phan cap k dugc tién hanh

nhu sau. Gia sir ta dang c6 hanh trinh bd phan qua k thanh pho:

T1-5Tu2 ».. 5Tuk (T1 =1).

Khi d6, chi phi ctia phuong 4n b phén cap k 1a:

S=c[l,u2] +c[u2,u3] +...+ c[uk-1, uk].

Dé phat trién hanh trinh bo phan nay thanh hanh trinh day du, ta can phai qua n-k thanh phé
nita rdi quay trd vé thanh phd sé 1. Nhu viy, ta can phai qua n-k+1 doan duong nira. Vi moi
doan duong déu co chi phi khéng nhé hon cmin, nén cin dudi cia phuong an b phan co thé
duoc xac dinh = S + (n-k+1).cmin. Chi phi cta phuwong an hién tgi luon >=S + (n-
k+1).cmin.
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Trong thu tuc Try(int i), ta s& tinh S tai mdi phuong an bd phan, va néu S + (n-i+1).cmin
nhé hon chi phi nho nhat 1a MIN hién tai thi méi dé quy tinh tiép, nguoc lai thir ngay
phuong an khac do c6 thir tiép thi chi phi ciing >=MIN ma thoi.

16 H void Try(int i){

17 for (int j = 2; j<= n; j++)

18 H if (chuaxet[j]){

19 x[1] = 33

20 chuaxet[j] = @;

21 S+=c[x[i-111[713l

22H if (i == n){

23 § if (S+c[jI[1]<MIN) MIN = S+c[j][1];
24 - }

25 else if (S+(n-i+1)*cmin<MIN) Try(i+1);
26 S-=c[x[1-1]11[31;

27 chuaxet[j] = 1;

28 | }

29 L}

b. Bai toan cai tui

Trong siéu thi c6 n gbéi hang (n <= 20), go61 hang thr 1 c6 trong luong 1la W; <= 100 va gia tri
Vi <=100. Mot Tén trom dot nhap vao siéu thi, strc cua tén trom khong thé mang dugc
trong lwong vuot qua M (M <= 100). Hoi tén trom sé& lay di nhitng goi hang nao dé dugc
téng gia tri 16n nhat.

Input
Dong dau tién gom 2 s6 nguyén n va M (n <= 20, M <= 100)

Trén n dong tiép theo, mdi dong chira 2 s6 nguyén W; va Vi (Wi, Vi <= 100) 1an luot
la trong luong va gia tri ciia goi hang thir 1.

Output

Gia tri 16n nhét tén trém lay duoc.
Example

Input:

34

14

P



25

36

Output:
10

Loi giai:

- Méi phuong an cta bai toan 13 mot xau nhi phan c6 do dai n. Trong d6, xi =1 tuong tng
voi do vat 1 duoc duwa vao ti, xi =0 tuong ing voi do vat i khong dwoc dwea vao thi. Tap céac
xau nhi phan X' =(x1,..,xn) con phai thoa man diéu kién tong trong lwong khong virot qua M.

- Ta dé& dang giai quyét bai todn nay bang cach liét ké toan bd cac cau hinh c6 thé va cap
nhat két qua. Tuy nhién thoi gian khong cho phép. Do vay cling can sir dung nhdnh cdn
trong bai toan nay. C6 mot cach danh gia nhanh can kha hay va hiéu qua doi voi bai toan

nay nhu sau:

Buwéc 1: Sap xép cac do vat thoa man: v1/wl>=v2/w2>=...>=vn/wn

1168 void sort(){

12 for (int i = 1; i<=n-1; i++)

13 for (int j = i+l; j<=n; j++)

14 : if ((double) v[i]/w[i]<(double) v[j]/w[j]){
15 - swap(v[il,v[j]);

16 ~ swap(w[il,w[3]);

17 - }

18 - }

Budc 2: Lap trén cac bai toan bd phan cép 1=1,2,...n:

e (Giatricuaido

e Trong lugng con lai cua thi: W=M - > xjvj

e Can trén clia phuong an bo phan cép i: V+W.

vat trong tai: V.= ) xjvj

Jj=1

j=1

v[i+1]
wli+1]

Tuc 1a gia tri 16n nhét ciia phuong 4n hién tai khi tré thanh phuong an hoan chinh luén
<=can trén. Trong thu tuc Try(int i) néu can trén ctia phuong an hi¢n tai >MAX thi méi
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dé quy tinh tiép, néu khong thir ngay phuong an khac vi co thir thi ciing s& thu duoc két

qua <=MAX ma thoi.

19H void Try(int i){

20 for (int j = 1; j»=0; j--){

21 x[i] = 3

22 V o += v[i]*x[i];

23 W o-= w[i]*x[i];

24H if (i == n){

25 § if (W>= 0 & VO>MAX) MAX = V;
26 }

27 else if ((double)V+(double)(v[i+1]*W)/w[i+1]>(double) MAX) Try(i+l);
28 V -= v[i]*x[i];

29 W += wli]*x[i];]

30 | }

31 L}

Buwéc 3: Tra lai két qua phuong an t6i uu tim duoc.

Chu ¥ ban dau ta khoi tao gid tri 1on nhét thu dugc MAX = 0; (chua c6 do vat nao). Sau khi
xong thu tuc Try(int i) thi MAX di duoc cip nhat chinh 13 gid tri I6n nhdt cia cac d6 vat bo

vao thi trong phuong an #4i eu.
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Bai 4: Cau tric dit 1i1éu STACK — QUEUE

I. STACK — Ngin xép

1. Khai niém:
Mot ngin xép 1a mot ciu trac dir liéu dang thung chira (container) ctia cac phan tir
(thudng goi 1a cac niit (node)) va ¢ hai phép toan co ban: push and pop. Push bd
sung mot phan tir vao dinh (top) ctia ngin xép, nghia 1a sau cac phan tir da co
trong ngin xép. Pop giai phong va tra vé phan tir dang ding & dinh cua ngin xép.
Trong stack, cac dbi tuong c6 thé dugc thém vao stack bat ky luc ndo nhung chi co
d6i twong thém vao sau ciing méi duge phép lay ra khoi stack.
VD thue té : c6 thé coi stack nhu 1 bang dan , mdi vién dan 1a 1 phén tir. chi co
thé lap dan vao dau bang dan (push ) va mdi 1an ban sé ban vién dan trén cling
bang dan ( pop). Hay con goi la LIFO (Last In First Out) vao trude ra trudc.

[ am .
Pm

/I_:‘op

2. Khai bao:

#include<stack> // thu vién

Vi du khai béo stack kiéu int
stack<int> s; (néu kiéu ki tu thi khia bao stack<char>s)
s.size() : tra vé kich thudc hién tai ciia stack (s6 phan tir trong stack).
s.empty() : true (1) stack néu réng, va (0) nguoc lai.
s.push(x) : ddy phan tir x vao dinh stack.
s.pop() : loai bo phén tir & dinh cia stack.
s.top() : truy cap t6i phan tir & dinh stack.

T4t ca ham trén déu c6 Do phirc tap O(1);
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3. Vidu
Ta c6 1 stack rong roi thuc hién cac thao tac nhu bén dudi
1 #include <iostream>

2 #include <stack>
3
4  using namespace std;
5 stack <int> s; // khail bao stack kieu int
6
7B main()
8 for (int i=1;i<=5;i++) s.push(i); // s={1,2,3,4,5}
9 s.push(100); // s={1,2,3,4,5,100}
10 cout << s.top() << endl; // In ra 100
11 S.p@p(); // s={1,2,3,4,5}
12 cout << s.empty() << endl; // In ra @
13 cout << s.size() << endl; // Inra s
14 L}
4. Ung dung

-Pao nguoc xau: nhap ting ki tu xau cho vao stack, sau d6 1y ting ki tu ra ta s&
dugc 1 xau dado nguoc.

- Chuyén hé co s6 10 sang co s6 2: thyc hién lién tiép phép chia du n cho 2 r6i ,
n=n/2 va push kq phép chia du véo stack, sau khi chia xong ta 1ay cac phan tir
trong stack ra.

- Tinh biéu thirc dai sb, chuyén biéu thire dai s6 dang trung sang hau td.

- Khtr d¢ quy (trong duyét db thi DFS)

5. Bai tap ing dung:

Cho céc doan vian chira cac ddu ngoic, c6 thé 1a ngodc don don ( ()" ) hoac ngodc vuodng
(“[T”). Mot doan van dung 1a doan ma véi mdi ddu mé ngodc thi s& cd dau dong ngoic
twong irng va dung thir tu. Nhiém vu cia ban kiém tra xem doan van c6 ding hay khong.

Input Output

Gom nhiéu bd test, mdéi bd test trén mot dong |VHi méi bd test,
chita doan van can kiém tra c6é thé bao goém: cac | xudt ra trén mot
ki tu trong bang chit cdi tiéng Anh, dau cach, va|dong “yes” néu
dau ngoac (ngoac don hoac ngoac vudéng). Két thuc | doan van dung,
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moi bd test 13 mdét diu cham. M6i dong cd khéng | nguoc lai in ra

qua 100 ki tu. “no”
Dir 1iéu két thudc bdi dong chira duy nhat mét dau

cham.

Input:

So when I die (the [first] I will see in (heaven) is a score list
).

[ first in ] ( first out ).

Half Moon tonight (At least it is better than no Moon at all].

A rope may form )( a trail in a maze.

Help( I[m being held prisoner in a fortune cookie factory)].

(L CCCCC 1) ) NN .

Output:
yes

yes

no

no

no

yes

yes

Y twéng bai todn

+ Néu gap dau ‘(‘ hodc ‘[* thi push vao trong stack

+Néu gap dau ‘)’ : néu dinh cua stack 1a ‘(* thi pop ra r xét ti€p va nguogc lai in ra “no”;
+Néu gap dau ‘]’ : néu dinh cua stack la ‘[* thi pop ra r xét tiép va nguoc lai in ra “no”;

Sau khi xét xong néu stack rong thi in ra “yes”;
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II. QUEUE - Hang dgi

1 .Khai niém:

Hang doi ( queue) 1a mot ciu tric dir liéu ding dé chua cac d6i twong 1am viée theo co
ché FIFO (viét tit tir tiéng Anh: First In First Out), nghia 13 "vao trudc ra trude", tirc 1a
mot kiéu danh sach ma viéc bd sung dugc thuc hién & cudi danh sach va loai bé & dau
danh séch.

VD thuc té: Viéc xép hang dé giai quyét 1 cong viée ndao do, ban phai xép hang vao cudi
danh sach néu mudn dc giai quyét cong viéc, co nghia 13 ai xép hang trude s& dc giai
quyét trude (dau danh sach) .

Queue

+ Trong hang doi, cac d6i twong co6 thé duge thém vao hang doi bat ky lac nao, nhung chi
c6 ddi twong thém vao dau tién méi dugc phép ldy ra khoi hang doi. Thao tac thém vao
va ldy mot d6i twong ra khoi hang doi duoc goi 1an luot 14 "enqueue” va "dequeue". Viéc
thém mot d6i twong ludn dién ra & cudi hang doi va mot phan tir ludn dugc 14y ra tir ddu
hang doi.

+Trong queue, c¢6 hai vi tri quan trong 1a vi tri dau danh sach (front), noi phan tir duoc
lay ra, va vi tri cudi danh sach (back), noi phan tir cubi cing duoc thém vao.

2. Khai bao:
#include<queue> // thu vién queue
Vi du khai bao queue kiéu int
queue <int> s;
s.size() : tra vé kich thude hién tai ctia queue.
s.empty() : true néu queue rong, va nguoc lai
s.push(x) : ddy x vao cudi queue.
s.pop(): loai bé phan tir (& du).
s.front() : tra vé phan tir & dau
s.back(): tra vé& phan tir & cudi.
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Tat ca ham trén déu c6 Do phirc tap O(1);

3.Vidu
Ta c6 1 queue rong r6i thuc hién cac thao tac nhu bén dudi

#include <iostream>

#include <queue>

using namespace std;

queue <int> q;

nt 1;

main() {

for (i=1;1<=5;i++) q.push(i); // q={1,2,3,4,5}
g.push(100); // q={1,2,3,4,5,100}
cout << g.front() << endl; // Inra 1
q-pop(); // ¢={2,3,4,5,100}

cout << g.back() << endl; // In ra 100
cout << g.empty() << endl; // Inra 0
cout << g.size() <<endl; // Inra 5

}

4. Ung dung:
Trong tin hoc, cu trtc dit liéu hang doi c6 nhiéu tng dung:

+khtr dé quy

+t6 chirc luu vét cac qua trinh tim kiém theo chiéu rong (BFS) va quay

lui,vét can

+t6 chirc quan 1y va phan phéitién trinh trong cac hé diéu hanh, to chic bd
dém ban phim.

I1I. Priority Queue Hang dg¢i wu tién

1. Khai niém:

Hang doi uvu tién 1a mot kiéu dit liéu tap hop dac biét, dugc xay dung tur cau trac dit liéu
queue nhung trong d6 mdi phan tir c6 mot d6 wu tién nhat dinh.

Ddi vai hang doi uu tién,phém tlr vao trude chua chic s& ra trude, nd con phu thude vao do
vu tién ctia cac phan tir trong hang doi.
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Muc tiéu chinh ctia hang doi uu tién d6 1a diéu chinh dé co thé lay phan tir c6 do uu tién
nhit ra trude. Khi thém phan tir méi vao thi sdp xép cho dung th ty wu tién lai.

2. Céu triic Heap:

Heap 1a mdt dang cay nhi phan hoan chinh ddc biét ma gia tri luu tai moi nat c6 do wu tién
cao hon hay bang gié tri luu trong hai nut con cta no.
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MinHeap Max Heap

- Céch xay dung Max Heap:

Gia su ta dang c6 mdt heap nhu sau:
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Hinh 1
Khi thém mot phﬁn tor x=45 vao heap trén ta thuc hién:
+ Tao nat méi tai vi tri cudi cung cua heap, nut ny c6 gia tri 1a 45

+ So sanh gia tri cia nGt con voi gia tri ntt cha néu nho hon thi d6i chd ¢ day 45>27
nén 2 nut nay doi gia tri cho nhau. Tiép tuc lam nhu vay cho dén khi heap c6 thudc tinh
nhu ban dau(phan tir 16n nhat ¢ dau cac phan tir tiép theo xép sau giam dan). Ta duoc heap

mo1 nhu sau:
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Hinh 2
-Céch x6a di mot phan tir cia Max heap:
Vi heap nhu hinh 2 phan tir ctia heap duoc x6a nhu sau

+ Xoa nut gbc, di chuyén phan tir cudi cung 1én nit gbe< di chuyén 27 1én vi trf cia
45>

+ So sanh gia tri con ndy véi gia tri cua cha néu nho hon thi doi chd 2 gia tri nay.
Lip lai budc nay cho dén khi heap c6 thudc tinh nhu ban dau. Ta duoc heap méi
chinh 14 hinh 1.

3. Cach sir dung priority queue trong thw vién STL.:
- Priority queue duoc thiét ké dé phan tir & dau luén ludn 16n nhat (theo quy udc vé do uu
tién ndo do) so v4i cac phan tir khac.
- Priority queue giéng nhu mot heap ma & day 1a heap max, tirc 1 phan tir c6 d6 wu tién
16n nhét c6 thé dugc ldy ra va cac phan tir khac dugc chén vao bat ki.
- Bé sir dung ta can khai bao thu vién queue.
- Phép toan mdc dinh khi st dung priority queue 1a phép toan less (nho hon).
Khai bao: priority queue <int> x;

- Ngoai ra con co6 cac phép toan khac :

greater: 16n hon

equal_to: bang

not_equal_to: khong bing

greater_equal: 16n hon bang

less_equal: nho hon bang
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- Nguoi dung ciing c6 thé ty dinh nghia cach so sanh.

Ta ¢ vi du sau: Viét chuong trinh nhap n. Sau d6 nhap mang gém n phan tir va in ra két

qua theo thir tuy giam dan.

#include <iostream>
#include <queuer

1

2

3

4  using namespace std;
5 priority_queue <int> x;
6

7

8

=l main(){
int n,k;

9 cin>>n;
10 while(n--){
11 cin>>k;
12 x.push(k);
13 | }
14 H while(!x.empty()){
15 cout<<x.top();
16 x.pop();
17 }
18 -~ }

V&1 sdp x€p giam dan chi can thay doi ¢ “priority queue<int> x” thanh “priority queue<int

,vector<int> , greater<int>>"

Ciing bai trén nhung 1a do nguoi dung tu dinh nghia nhu sau:
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16
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19
20
21
22 -
23

#include <iostream>
#include <gqueue:

using namespace std;

struct cmp{
bool operator() (int a,int b){
return a<b;}

};
priority queue <int, vector<int>,cmp > x;
main(){

int n,k;

cin>»>»n;

while(n--){

E cin>>k;

g x.push(k);

}

:while(lx.empty()){
cout<<x.top()<<" P;
X.pop();

P



Bai 5 : Quy hoach dong
I. Quy hoach dong la gi?
1. D€ quy va quy hoach dong :

- Nhu céc ban d3 biét dén phuong phap dé quy ¢ chuong trude, phuong phap dé
quy tinh toan cac bai toan bang cach giai quyét cc bai toan nho hon thong qua 151 goi
ham dén chinh no. Tuy nhién phuong phap dé quy thuong sir dung bo nhd 16n va thoi
gian tinh toan khong 16. Va quy hoach dong 1a mot k§ thudt nham cai thién hai nhwoc
diém 16n trén cua dé quy 1a sir dung b nhé 16n va thoi gian tinh toan rat 16n.

- Quy hoach dong 13 mét phuong phéap kho, vi mdi bai toan tdi vu déu c6 mot dic
thu riéng, nén cach gidi quyéet hoan toan khéc nhau doi hdi nguoi 1ap trinh phai nam ving
ban chat cia quy hoach dong.

2. Quy hoach dong la gi ?
- Trang thai 1a gi?

Trang thai 1a mot truong hop, mot bai toan con cua 1 bai toan 16n.
- Quy hoach dong :

Quy hoach dong la ki thuat dugc dung khi c6 mot cong thirc hodc mot (mdt vai) trang
thai bt dau. Mot bai toan dugc tinh bdi cac bai toan nho hon da dugce tim ra tir trude, va
két qua cac bai toan s& duoc luu lai dé nhirng 1an tinh toan tiép theo néu can dén nhirng
két qua d6 thi khong can ton thém thoi gian thuc hién lai nhitng bai toan nay nita.

Noi cach khac, quy hoach dong bat dau tir viéc giai cac bai toan nho, dé tir d6 tirng budc
giai quyét bai toan 1én hon , va cudi cung la bai toan 16n nhat ( bai toan ban dau).

OHD co do phire tap da thirc nén sé chay nhanh hon quay lui va duyét trau.

3. Uu nhuoc diém :
- Uu diém : chuong trinh chay nhanh, mang tinh t6i uvu héa cao

- Nhuoc diém :
+ Sy két hop giita cac bai toan con chua chic cho ta bai toan 16n.

+ SO lugng cac bai toan con can giadi quyét c¢o thé rat 1on.

II. Hai cach tiép cin quy hoach dong.
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Bai todan vi du :

Tim sb Fibonacci tht n: xay dyng ham tinh truc tiép diy Fibo thir n theo dinh nghia toan
hoc vé6i cong thire truy hdi : F[k] = F[k-1] + F[k-2] , F[0] = 1 , F[1] =1. Cho n tim F[n].

Chung ta s& tim cach giai quyét bai toan niy bang cac cach tiép can dudi day.

Cach gidi thong thuwong khi dung dé quy, quay lui :

Do phire tap cho phwong phap nay 1a O(2”n) vi mdi 1an goi ham tinh F[k] ta phai goi dén
hai bai toan con, va phai di sau tinh lai cac bai toan con do.

Vi du : Fibo(4) = Fibo(3)+Fibo(2) , Fibo(3) = Fibo(2)+Fibo(1) : & day Fibo(3) phai thuc
hién tinh 2 1an va v&i n bai toan déu phai tinh lai 2 1an sé& khién d6 phuc tap 1a O(2*n),
tuy nhién quy hoach dong c6 luu trit cac bai todn va cé thé giai quyét diéu nay.

2int Fibo(int n){

if (n==0 ||n == 1)

| return 1;

else

| return Fibo(n-1) + Fibo (n-2);

3

Quy hoach dong thuwong ditng moét trong hai cdch tiép cin :

1. Top-down (Tir trén xudng):

Bai toan dugc chia thanh cac bai toan con, cac bai toan con nay duogc giai va 1o1 giai dugc
ghi nhé dé phong truong hop can ding lai chiing, va cac bai toan con nay tiép tuc goi dén
bai todn con cia chung dén khi du dir kién dé lay ra két qua tinh toan.

Dy la ky thudt dé quy va liu triv dwoe két hop véi nhau, quy hoach dpng gidi quyét.

Ap dung v6i bai toan vi du : Ta s€ thuc hién 161 goi tinh toén tryc tiép dén bai toan géc
Fibo (n) va bai toan nay s& duoc chia nho va sau khi tinh duoc két qua s& duogc luu trit
vao mang, va khi gdp lai bai toan da duogc tinh toan roi ta s& khong can thyuc hién dé quy
di sau vao dé giai quyét ciia bai toan con do nira.

roce I
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Hint Fibo(int n){
if (n==0 ||n == 1) return 1; // bail toan co so

if (F[n] != @ )return F[n]; //da duoc tinh truoc do ->return F[n]
// ---> Neu Fibo (n) chua duoc tinh truoc do

F[n] = Fibo(n-1) + Fibo (n-2); // luu tru lai vao mang cho lan sau
return F[n] ; // tra ra ket qua cho lLoi thuc hien ham Fibo(n)

-}

Phén tich d6 phtrc tap : So véi phuong phap dé quy —quay lui, cach tiép can nay luu trix
lai nhitng bai toan da dugc tinh va khi can khong can phai di sau vao nita, bai toan
Fibo(k) goi dén hai bai toan nho hon nén sé lwong bai toan tdi da 1a n +1 bai toan Fibo(0)
... Fibo(n) va khi tinh dugc dén dau ta luu trit két qua mdi bai toén lai dén d6 nén bai
toan twong dwong vai toi da n+1 1an luu trit nén d6 phirc tap ctia thuat toan chi 1a O(n).
Va duong nhién quy hoach dong c6 thé chay vai n 1én dén hang triéu trong khi dé quy
quay lui chi chay véi n rat nho (n < 25)

Tir d6 cho ta thiy cach giai quyét ctiia quy hoach dong cho ta do phuc tap chi 1a s6 lugng
bai toan va c6 thé nhan thém véi chi phi chuyén bai toan (¢ nhitng bai toan khac) & day la
phép tinh tryc tiép nén d6 phirc tap 1a O(n*1) ~ O(n).

2. Bottom-up (Tir dwdi Ién)
T4t ca cac bai toan con co thé can dén déu duoc giai trude (tir bai toan co s trd di) , sau
dé duogc dung dé xay dung 101 giai cho céc bai toan 16n hon.

Cdch tiép cdn nay tét hon vé khéng gian bo nhé ding cho ngdn xép va sé 1oi goi ham.
Tuy nhién, doi khi viéc xdac dinh tat ca cdc bai todan con can thiéet cho viéc giai quyét bai
toan cho trudc khong dwoc truc quan nhu Top-down.

Ap dung v&i bai toan vi dy :
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Hint Fibo(int n){

F[e] = 1; F[1] = 1; // kRhoi tao bai toan co so

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

| F[i] = F[i-1] + F[i-2];

// tinh cac bai toan Llon dua vao bai toan nho co san

B }

return F[n];
-}

Céch tiép can nay cho ta thdy rd d6 phirc tap cua thuat toan quy hoach dong : mot vong
for O(n). o) day ta thyc hién chuén bi sin céac bai toan da tinh dugc : dau tién 1a F[0] va
F[1] sau d6 s& lan luot tinh cac F[2] -> F[3] ... va cubi cung s& dugc F[n] 1 két qua bai
toan. Cach tiép can nay code s& ngin gon hon nhiéu nhung véi nhiéu bai toan phuc tap
hon thi s& khong tryc quan nhu Top-down do phai diéu chinh tht ty goi cac bai toan cho
lan lugt & vong for dé dung véi quy trinh di tir nhé dén 16n. Tuy nhién cac tiép can nay
ludn t6t hon khi cai dat chinh xac do day 1a giai thuat khir dé quy cho bai toan Top-down.

3. Phwong phap giii bai toan quy hoach dong :

bé gidi quyét bai toan quy hoach dong ta chi can xac dinh duoc hai van dé :

Tht nhét 13 : Bai toan co so.

Thir hai 1a : Cong thie truy hoi.

Va dé co duoc cong thtrc truy hoi, ta phai xac dinh dugc bai todn véi du dir kién dé co thé
xay dung duoc cong thirc truy hoi di dén bai toan 16n nhat.

Do mdi bai toan quy hoach dong déu co dic thu riéng nén dé hiéu rd cach xac dinh bai
todn va xay dung bai toan co s¢ va cong thirc truy hoi, cac ban s€ dugc xem vi du cu thé
cho mot sO bai toan quy hoach dong & phan III phia duoi.

III. M6t so bai toan, vi du vé quy hoach dong

1. Bai toan vé ddy con don diéu dai nhat

Bai toan : Cho diy so nguyén (al , a2, ... ,an ). Biét rang, mot diy con ctia 1a mot cach
chon ra trong mot s6 phan tir giit nguyén thir ty. Hay tim ddy con gém cac phan tir a[il],
ali2], ... a[ik] voi 11<i2<...<ik va a[il]<a[i2]<...<a[ik].

Hay tim ra ddy con ting c6 do dai 16n nhét.

Input :
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- Dong dau tién nhap vao sé nguyén n.
- Dong tiép theo nhap vao n s6 nguyén tir a[1] dén a[n].
Output:

- In ra d¢ dai ctua day con dai nhat .

Input:
6
1254612

Qutput:
4

Giai thich test vi du: Ddy con dai nhét la day A[1]=1 < A[2] =2 < A[4] = 4 = A[5] = 6, d0 dai day nay la 4.

Loi gidi:
B6 sung thém 2 phén tir a[0] = - oo va a[n+1] =+ oo. Khi d6 day con tang dai nhat chic
chén s& bt dau tir a[0] va két thuc & a[n+1].

Xac dinh bai toan.

Véimoii:0<i<n+l.Tasétinh L[i] 12 d6 dai ctia diy con ting dai nhat bat dau tir vi tri
i.

Bai toan co so.

L[n+1] s& 1a trang thai bat dau cho thuat toan QHP ma dugc ap dung cho bai nay. Do
L[n+1]1a d6 dai cta ddy con ting dai nhat bat dau tir vi tri n+1 => L[n+1]=1.

Tir L[n+1] ta sé& tién hanh tim cac gia tri ctia L tir n dén 0.

Xay dung cong thire truy hoi, tién hanh tinh Lin] dén L]0]

Ta s€ phai thyc hién tinh lan lugt cac L[i] v6i chay tir n vé 0, ta s& tinh L[i] dua trén diéu
kién L[i+1 ... n+1] d3 biét :

Diy con ting dai nhat bat dau tir a[i] s& dugc thanh 1ap bang cach 13y a[i] ghép vao dau
mdt trong sb nhiing day con tang dai nhat bat dau tir vi tri a[j] ding sau a[i].
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Ta s& chon diy bat dau tai a[j] ndo d6 ma 16n hon a[i] ( dé dam bao tinh ting) va chon
day dai nhat dé ghép a[i] vao dau ( dé dam bao tinh dai nhat ) .

Cong thirc truy hoi : L[i] = max(L[j]) (v6ij=it+1..n+1 va a[j]>a[i])

Ta s& xét tat ca cac chi s j trong khoang i+1 dén n+1 ma a[j] > a[i], chon ra chi s6
JMaxc¢6 L[jMax] 16n nhat.

Luc do L[i] s€ duoc cap nhat theo L[jMax] : L[i1] = L[jMax] +1;

Code C++:

1 / Xay dung cong thuc .

2 a[@]=-Max; a[n+l]=Max; // Them 2 phan tu a[@] a[n+1]
3 L[n+1]=1; // Trang thai ban dau

4 for(int i = n; 1 »>= 0 ; i++){

5 JMAX=n+1:

6 for(int j = i+1 ; j <= n+l ; j++){

7E  sf(al3] > ali] && L[3] > LIIMAXD)

3 =

9 }

18 L[i] = L[jMAX]+1; //Luu do dai day con Lon nhat tai a[i]
11 F }

12 L }

Thuc hign truy vét

O tat ca cac bai toan quy hoach dong, ta luon c6 thé truy vét dua ra trang thai khi tinh
duoc bai toan tdi wu. Va cach 1an vét 1a ta s& lan tir con cudi cung duoc tinh, ¢ day 1a vi
tri L[0] = max(L[]) mdi phan tir luén duoc cap nhat theo mot vi tri tinh trude d6, dua vao
tinh chat ndy ma ta ¢ thé d& dang 1an vét ra duoc két qua. O day ta s& 1an vét dé in ra diy
con tang dai nhat.
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Code C++ :

Hwvoid trace(){
int u=90; // phan tu cuoil cung hien co
= for (int v = 1;v<=n; v++){
// duyet cac phan tu lan luot tu 1-> n
// kRhong phai tu 1->n+1 do phan tu n+1 luon duoc cap nhat
// va Rhong can thiet phai in ra phan tu thu n+l
= § if (F[v] == F[u] + 1 && aful<a[v]){
5 E // neu v duoc tinh theo u => ket nap v vao day dang lan vet
u=v; // phan tu cuoi cung hien co la v => u = v

cout<<u<<" ';

-}

-}

Vidu:Voia=(5,2,3,4,9,10,5,6,7,8). Hai diy L duoc tinh theo chiéu “Calculating”
trude va dua vao L[] cong voi gia tri mang a[] ta thuc hién tracing dé 1y dugc diy a[2],
a[3], a[4], a[7], a[8], a[9], a[10] <> 2, 3, 4, 5, 6, 7, 8 1a ddy con ting 16n nhat

- Caleulating
1 0 1 2 3 4 5 6 7 8 9 10 11
a, |—-= 5 2 3 4 9 10 5 6 7 8 4w
Ll1]| 9 5 8 7 6 3 2 5 + 3 2 1
uf|0 0 @ G @ 4 4 @ 9) 10 x

if (L[i] = L{u] +1 && afi] > afu)) > u =i, push(uka[))

Tracing

Mot cach xac dinh bai toan khdac :

O trén ta c6 thuc hién bd sung thém 2 phan tir a[0] = - oo va a[n+1] =+ co. Khi d6 diy con
tang dai nhat chac chan s¢€ bat dau tir a[0] va két thuc & a[n+1].

Bay gid néu dit bai toan 13 : V&i moii: 0 <i<n+1. Ta sé tinh L[i] 1a d6 dai cta day
con tang dai két thic tai vi tri 1.

Luc nay bai toan co s& s& 1a L[0] do ddy két thic tai vi tri 0 luén c¢6 d6 dai bang 1 chinh
1a phan tir a[0] va két qua can tim chinh 1a L[n+1] : ddy dai nhat khi xét dén phan tir cudi

day.
Poge




Va cong thire truy hdi luc nay ciing s& thay doi theo bai toan dat ra :

L[i] = max (L [j]) ( véi j<i hay j = 0...i-1 va a[j]<a[i] do tinh chat ting tir vi tri bé dén vi
tri 16n).

Céc ban c6 thé code lai bai nay vdi cach xac dinh bai toan nhu trén.
Nhdn xét :

Bai toan trén cho ta thdy mbi bai quy hoach dong néu dit ra bai toan khac nhau thi cach
giai quyét bai toan s& khac nhau, va néu nhu dat bai toan sai hodc chua du sé dan dén
cong thirc truy hoi sai hodc khong xac dinh duogc.

Bai toan trén sit dung quy hoach dong, & day s6 bai toan con 13 n va chi phi chuyén mdi
lan tinh cong thtrc truy hoi 1a duyé€t tat ca cac vi tri cua lan duyét trude nén do phuc tap 1a
O(n"2).

Céc ban c6 thé tim hiéu thém thuat toan xir Iy phan chuyén bai toan tim L[jMax] voi do
phuc tap log(n) bang cach két hop véi stack va chit nhi phén, lac d6 bai toan dugc giai
quyét trong O(n log n)

2. Bai toan x4u con chung dai nhat.
Bai todn : Cho 2 xau X, Y vé6i do dai lan lugt 1a m va n.

Hay tim mot xau S thoa man:

-S 1a xau con chung cua X, Y( tor X,Y c6 thé x6a mot vai ki tu d€ bién nd thanh
xau S, Vi du “abc” 1a xau con cta “xaxxbyyyczz” vi co6 thé xo6a di cac ky tu cua
“xaxxbyyyczz” dé dugc “abc”).

-bo dai cta S 1a 16n nhit.

Vidu : X = “abcldef2ghi3” , Y= “abcdefghil23” => X4u con chung dai nhét 13
“abcdefghi3” c6 do dai la 10

Loi gidi:

Xdc dinh bai todn :

Gia st xau X va Y duoc xét tur vi tri 1-> X.length() va 1-> Y.length() .

Goi L[i][j] 12 do dai xau con chung dai nhét cua 2 xau : x4u két thic tai vi tri i ctia xau X
va xau két thuc tai vi tri j ctia xau Y : Hay X[1..i] va Y[1.;].

Két qua bai toan sé& 1a L[n][m] — x4u con chung két thuc o n va m ¢ 1an lugt X va Y (2 vi
tri cudi ciing ctia 2 xau ).

roce IR



Bai toan co so :

Ta chi quan tim dén bai toan co s& ¢ nhitng 1an tinh két qua dau tién vi nhitng vi tri phia
sau s& dugc cap nhat lai theo vi tri trudce do.

Bai toan co so : & phﬁn trén chung ta da xét xau tur vi tri 1 muc dich dé khéi tao bién tuc
1a phan d3 duoc tinh trude 12 L[0][j] va L[i][0] va c4c gia tri nay déu bang 0 . Vi néu
khong xét tir vi tri 1 : ta phai tinh dugc L[0][j] va L[i][0] v6ij = 1..m va i= 1..n dé khdi
tao bai toan co sd, day 1a mdt k¥ thuat tao bién dé tao bai toan co s& dé dang hon.

Vay voi X[1..n] va Y[1..m] ta c6 bai toan co sé : L[0][j] = L[1][0] = 0; v61 moi (i=0..n va
J=10..m)

Xay dung cong thirc truy hoi.

Xét L[i][j] — 46 dai xau con chung cta X[1..i] va Y[1..,j] ta tim dugc cong thirc truy hoi
nhu sau :

Néu X[i] == Y[j] thi : L[i][j] = L[i-1][j-1]+1 :

Bang xau con chung dai nhat phia trudc ciia X[1..i-1] va Y[1..j-1] cong thém ky tu vira
moi xét bang nhau.

Nguoc lai — X[i] <> Y[i] thi : L[i][j] = max (L[i-1][j] , L[i][j-1])

O day 2 ky tu dang xét khac nhau nén thao tac xét i va j s& tuong tng véi viée thém ky tu
X[1] vao cap xau (X[ 1..i-1] va Y[1..,j]) hoac Y[j] vao (X[1..1]] va Y[1..j-1]) nén ta s€ chon
phuong &n 16m hon trong 2 phuong an.

Code C++:

Hint solve(){
for (int i=0; i<=n; i++) L[1i][0@]
for (int j=0; j<=m; j++) L[e][]]

9;
9; // Khoi tao bai toan co so

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

= for (int j=1;j<=m;j++){
// Do ta tinh X = X[1..n] ,Y = Y[1..n]
// nen Rhi xet X[i] va Y[j] tuong ung voi X[i-1] va Y[1-1]
if (X[1-1] == Y[]-11) L[il[3] = L[i-1][3-1] +1;

H else{

L[1I03] = max (L[i-11[31, LL[i][3-11);

! 3}

Bai todn thyc hién véi do phiic tap O(n*m).




Thuc hién truy vét:

Tuong tu v6i bai diy con ting dai nhat, ta s& thuc hién truy vét tir phan tir dugc tinh cudi
cung : L[n][m], v6i mdi phan tir L[i][j] néu X[i] == Y[j] thi dwong nhién L[i][j] tinh theo
L[i-1][j-1] va trong trudong hop nguoc lai thi néu L[i][j] == L[i-1][j] thi (i, j) duoc tinh
theo (i-1.j). va néu bang L[i][j-1] thi (i ,j) dwoc tinh theo (i,j-1).

B void trace(){

int 1 = n;

int j = m;

/// truy vet tu vi tri cuol cung
E while (i>0 && j>0){

if (X[i-1] == Y[J-11){ // ket nap them 1 ky tu

kq[i-1] = 1;// danh dau vi tri thu i trong X thuoc xau ket qua (1)
1--5
j--3

i }

= else{ // khong ket nap them 1 Ry tu
if (L[i][3] == L[i-1][3]) i--5// (1,j) tinh theo (i-1,j)
else j==3// (1,J) tinh theo (1,j-1)

i }

i ¥

= for (int i=0; i<n; i++){

; if (kq[i]) cout<<X[i]; // (1)
i }

Vidu : Véi X =“ABAC”, Y = “ACBC”, bai toan co s& chinh 13 hang 0 va cot 0 déu
bang 0, mdi phan tir L[i][j] xac dinh dwa vao 3 gia tri L[i-1][j-1], L[i][j-1] va L[i-1][j] ta
c6 thé thdy dé hon 14 3 phan tir goc trén da dugc tinh trong ma tran tinh toan. Phan truy
vét ta s& di tir F[4][4] v&, voi mdi F[i][j] ta biét duoc 6 nay duoc tinh theo 6 nao phia trén
va thuc hién di 1én, mdi vi tri néu X[i] bang Y[j] thi s& lay thém dugc mot ky tw vao xiu
két qua.
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A|C| B C

LG © | 1| 2 | 3 4

OO0 0] O 0
Al 1|0]1]1]1 1 [=>"A"
B| 2|01 1] 2 2 |=>"B"
Al 3|0]|1]1] 2 2 |[= O
c| 4|01} 2] 2 3 |[=>"C"
Res =| "ABC"

3. Bai toan cai tii — quy hoach dong.

Bai toan : Mdt si€u thi c6 n goé1 hang, goi thir i1 cé trong lugng Wi, gia tri Vi. Tén trom
d6t nhap vao siéu thi nhung han chi ¢ thé mang duoc trong lugng M. Tim cac goi hang
tén trom lay dugc dé tong gia tri 13 16n nhat.

Bai toan cai thi trude ddy ching ta di giai quyét theo phuong an sinh nhi phan (duyét
toan bo) hay dé quy quay lui+ nhanh cin dé giai quyét, tuy nhién néu nhu véi nhimg bai
c6 diéu kién tong khéi luong di bé dé luu trix ta c6 thé dung phuong phap quy hoach
dong dé tim ra bai toan toi vu.

Loi gidi:

Xdc dinh bai todan :

Goi B[i][j] 1a gié tri 16n nhét khi chon mdt s6 trong i gbi hang dau tién (xét dén goi hang
thi i) véi trong luong gii han bang j. Khi d6 B[n][M]) chinh 13 d4p an can tim.

Bai todan co so :
B[0][j]=0 (do khong chon gbi d6 nao).

Xay dung cong thire truy hoi.

Xét goi hang thur i :

Tuong tu vo1 phuong phap sinh : s€ ¢6 2 lya chon 0 hoac 1-chon hoac khong chon goi
hang 1.

Néu khong chon goi hang i : F[i][j] = F[i-1]1[j] ;
Néu chon géi hang i : F[i][j] = F[i-1][j-w[i]] + V[i];

. -



( dé chon thém gdi i ta phai xét i-1 goi phia trude né va tong gidi han 1a j- w{i] thi khi
cong thém géi thir i mai thoa man, dong thoi gia tri F[i][j] s& dugc cong thém mot luong
v[i] so voi F[j-1][5-w[i]]).

Cong thirc truy hoi F[i][j] = max (F[i-1][j] , F[i-1][j-w[i]] + V[i]);
bép an F[n][M]

Do phirc tap thuat toan : s6 lugng bai toan n*M , chi phi chuyén O(1) => D¢ phuc tap
O(n*M).

Bang phuwong dan :

Bang phuong an F gom n+1 dong va M +1 ¢6t, trudc tién dién bai toan co s& quy hoach
dong : Dong 0 gdom toan s 0. St dung cong thic truy hoi, dung dong 0 tinh dong 1, ding
dong 1 tinh dong 2,... mdi dong tinh tir 0-> M dén khi hét dong n ta duoc F[n][M]

P 0 | 2 | ... M

0 0 0 0 |..0..] 0

1

2

n

L)

Code C++:

1 for(int i=@;i<=M;i++) b[@][i]=8@;

2 Ffor(int i=1;i<=n;i++)fi

3 ' for(int j=1;j<=M;j++){

4  if(j-a[i].W>=0) b[i][j]1=max(b[i-1][j],a[i].V+b[i-1]1[§-a[i].W]);

5 . else b[i][§]1=b[i-1][3];

6 _ ]

7 )

Thuee hién truy vét:

P



Tuong tu v6i cac bai toan trén, bai todn cai tai thuc hién truy vét dua vao tinh chat ta xac
dinh xem phan tr (i ,j) dugc cap nhat theo phan tir (i-1,j°) nao trude d6. Thyc hién truy
vét tr (n,M) dén khi hét day.

Code dudi ddy duing mang kq[] danh dau : kq[i] == 1 néu i dugc chon.
1E void Trace(){

2 int i=n,j=M;

3% while(i!=8){

4E if(b[i][3]1!=b[i-11[5])
5 ? kq[i]=1;

6 : j=j-a[i].W;

?‘ —

8 i=i-1;

9r }




Bai 6: B0 thi - Cac phuong phap duyét do thi
I. Ly thuyét co ban vé do thi
1.Pinh nghia db thi:

Db thi (GRAPH) 1a mot cdu tric rdi rac gdm céc dinh va cac canh ndi cac dinh d6. Pugc
mo ta: G=(V.E)
Trong d6 V 1a tap hop cac dinh , E 1a tp hop cac canh — cac dudng ndi gitra cac cip dinh.

Vi du : trong d6 thi dudi day :

- Tap dinh bao gdbm 6 dinh V ={1,2,3.4,5,6}

- Tap canh gdm 7 canh, 14 cic duong ndi gitta cac cap dinh trong do thi
E={(12),(1,5),(5,.2),(23),(,4) (45) (4,6)}

Db thi ngay nay dugc tng dung rat rong trong doi séng. Mot s6 tng dung d& thiy
nhu :

- Mang x4 hoi Facebook : mdi ngudi dung (user) c6 thé duoc coi 1a mot dinh trong d6
thi, mdi quan hé gitta nhitng user c6 thé duoc coi 1a tap canh, dua vao mbi quan hé
do, Facebook c6 thé str dung nhirng thuét toan dd thi dé quan 1y.

- Hay nhiitng vi du khac truc quan hon nhu giao thong, cac diém nit giao thong 13 cac
dinh, cac con duong ndi cac diém nit s& tao thanh cac canh,...v...v.. hay cac phan tir
, nguyén tu lién két v6i nhau trong hoa hoc, ,...v..v..




2. Phan loai

D6 thi dugc chia lam nhiéu loai. Nhung tinkg dung chi yéu trong tin hoc gdm
2 loai 1a @6 thi cé hwéng va dd thi vo huéng.

a. DO thi vo huéng

PO THI VO HUONG

Do thi vo huéng hodc @d thi G 1a mot cap khong co thir tu (unordered
pair) G:=(V, E), trong d6

e V, tap céac dinh hoac nut,

o FE, tap céc cdp khong thtr ty chira cac dinh phan biét, duoc goi la canh.Hai
dinh thudc mot canh dugc goi la cac dinh dau cudi cia canh do.

Hiéu mot cach don gian : Ching han ta c6 1 d thi vo hudng biéu dién duong di
giira cac thanh phd. Néu c6 dudng di tir thanh phd A t6i thanh phd B thi sé ¢
duong di tir thanh phd B trd vé thanh phd A.
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b. Po6 thi c6 huéng

PO THI CO HUONG
Po thi c6 hwéong G 1a mdt cdp co tht tu G:=(V, A), trong do6
e V,tap cac dinh hoac nut,

o A, tap cac cap co thu ty chura cac dinh, dugc goi 1a cac canh ¢6
hwéng hoac cung. Mot canh e = (x, y) dugc coi 1a c6 hudng tir x téi y; x dugc
goi la diem dau/goc va y dugc goi 1a diem cuoi/ngon cua canh.

Hiéu mot cach don gian : Chang han ta c6 1 d6 thi c6 hudng biéu dién duong di
giita cac thanh phd. Néu c6 dudng di tir thanh phd A t6i thanh phd B thi chua
chic sé ¢6 dudng di tir thanh phé B trd vé thanh phd A. Con tiy thudc vao dit
liéu bai toan cho dwa vao cac miii tén chi hudng trong do thi.

3. Cac khai niém
a. Canh lién thudc, dinh ké, bac :

- Vi mbi canh e =(u,v) € E thi ra n6i dinh u va dinh v ké nhau , va e 1a canh lién
thude gitra 2 dinhuvav

- Béc ctia dinh v € V ky hiéu deg(v) dugc tinh bang sd canh lién thudc véi dinh v
trong dd thi. Trong don db thi, s6 dinh ké vé&i v cling chinh béng s6 canh lién thudc
v6i v va bang véi bac cia v.

- Bdi v6i d6 thi ¢6 hudng, mdi canh e =(u,v) : ta c6 khai niém dinh u di dén v hay
dinh v di ra tir u. Va ddi véi bac trong dd thi c6 hudéng, ta s& c6 2 khai niém 13 ban
béc ra va ban bac vao : deg+(v) va deg-(v) : deg+(v) 1a s6 cung di ra khoi dinh v
va deg-(v) 1a sb cung di vao dinh v.
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b. Pwong di va chu trinh :

- Mot duodng di c6 d6 dai p bao gdm tap cac dinh P = {v[0], v[1], ..., v[p]} trong
d6 (v[i-1], v[i] ) v6ii= 1..p la mot canh thude G (V,E). C6 thé hiéu 1a cach di
chuyén qua cac dinh bang cach di qua cac canh cua d6 thi.

- M6t chu trinh 14 mot duong di néu v[0] bang v[p] hay c6 thé hiéu 1a duong di bat
dau tir mot dinh di qua mot s dinh khac va quay vé dinh bét dau. Mot chu trinh
don gian khi v1,v2,... vp khac nhau d6i mot.

c. Lién thong :
- Mot d6 thi vo hudng lién thong khi v6i moi cap dinh (u,v) bt ky ludn ton
tai mot duong di tiru dén v
- Mot d6 thi 6 hudng, duoc goi la lién thong manh khi moi cip dinh (u,v)
ludn ton tai duong di tir u dén v va duong di tir v dén u.
- Mot @6 thi c6 hudng, duoc goi 14 lién théng yéu khi voi mdi cip dinh (u,v)
ta co thé di tir u dén v hoac tr v vé u.
4. Cac cach biéu dién va lwu trir do thi
Hién nhién, khi muén biéu dién mot d6 thi, ta phai biéu dién dugc di cac nit va cac mbi
lién hé gitra cac nuat do.
Ta c6 thé d& dang luu trir va biéu dién cac nit thong qua mot mang (c6 thé 1a mang tinh
hodc mang dong), nhung véi cac canh thi khong don gian nhur thé.

Vé nguyén tac, c6 2 giai phap dé biéu dién cac canh:

1. Liét ké tat ca cac canh cla ting nut.

2. Liét ké xem giira 2 nit bat ky c6 dudng ndi voi nhau hay khong.

3. Danh sach canh
Ung v6i 2 giai phap ndy, ta cling c6 2 cach biéu dién db thi khi lap trinh, d6 1a sir dung ma
tran lién ké (adjacency matrix) hodc danh sach lién ké (adjacency list), hodc mot cach khac
it dung hon ( dung cho bai toan cay khung) la sir dung danh sach canh.
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a. Luu trir do thi baing “Ma trén lién ké” (adjacency matrix)

Dinh nghia

Phuong phép sir dung ma tran lién ké 1a phuong phép liét ké cac nat va mdi lién hé gitra
chung thong qua mot ma tran A kich thuée N x N (voi N 1a s6 nuat ctia do thi). Boi voi do
thi khong trong s6 : trong ma tran nay, phan tir A(I, J) s€ ¢6 gia tri 1a 0 néu khong c6 duong

ndi truc tiép to nut [ té1 nat J trong do thi. Nguoc lai, gia tri cia phﬁn trnay sé la 1.

Xéy dung
#include <iostream:
using namespace std; & stdin
ff Undirected graph 8

int main() { 83

int node, edge_paraml, edge_param?; 26

cin »» node; 7

int matrix[node][node]; 5

1

for (int i=8; i<node; i++) {
for (int j=8; j<node; j++) {

matrix[i][]] = @;

} S Initializing matrix wvalues.

[ N ¥y B WE R o T s R S « 1]
[

e I |

while {(cin »» edge_paraml »>»> edge_param?) {

matrix[edge_paraml][edge_param2] = 1;
e

matrix[edge_param?][edge_paraml] = 1; € stdout
¥ 2111@
for (int i=0; i<node; i++) { leeal
for (int j=8; j<node; j++) { leeaad
cout << matrix[i][j] << " *; laeaa
g 1eaa
cout << endl; @leaa
¥ eelea
return 8; aee11

2

[l < R < B B < B B I
Homom m @ @@
& B P2 EREa a @

Trén hinh 13 mét vi du cho viéc bién d6i mot do thi v\6 huéng vé dang ma tran ké. Luu ¥
la tr sau vi dy nady, moi do thi dugc xét dén déu khong c6 khuyén, cho nén duong chéo
chinh cua ma tran luén bang 0 (trudng hop vi du nay thi c6 1 khuyén ¢ nat D). Néu do thi

1a vo hudng, thi hién nhién ma tran lién ké d61 xing nhau qua duong chéo chinh.

P



- Pbi v6i do thi co trong sb : néu cac canh cua dd thi co trong sb thi thay vi nhan gia tri 1
& cac nit c6 lién két, cac phan tir khac 0 ctia ma tran lién ké s& nhan gid tri ding bang trong
s6. Nhitng cip dinh khong c6 dudng ndi ta co thé gan gia tri trong sb rat 1on biéu hién cho
viéc khong c6 duong di.
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1. Véi dd thi c6 hudng, khi 1ap trinh phai ndm rd quy udc cua chinh minh déi véi
dr liéu nhap vao. Chéng han, néu input cho canh x->y thi chi ¢6 1 trong 2 1énh
sau dugc thyc hién: hodc 1a gan matrix[x][y] = 1 hodc gan matrix[y][x] = 1.

2. Lénh (while (cin >> edge paraml >> edge param2)) c6 tdc dung doc dir li¢u
cho t&i hét luéng stdin/istream. Dé an toan, khi bai toan cho sin s lugng canh
thi nén dung mat Iénh 1ap ma diéu kién c6 thé kiém soat béng mét thuong duoc.

Theo vi du trén, ta c6 thé nhan thay mdt s6 dac di€m cua vi¢c st dung ma tran lién keé:

e Do phuc tap O(1) do viéc kiém tra tinh lién ké ctia 2 phan tir chi thong qua kiém tra
gid tri 1 phan tir ctia ma tran.
e Dung lugng bd nhé O(n"2) 1a RAT LON, do vay chi nén st dung ma tran lién ké
khi théa man it nhat 1 trong 2 diéu kién sau:
o So6 lugng nut ctia d6 thi nho (khuyén nghi toi da 1a 10°4)
o D0 thi co d6 dic khit cao (nham tranh lang phi tai nguyén bd nhd cho nhiing
cap nit khong c6 duong ndi). Bai toan trén ciing 1a mot vi du cho do thi kém

ddc khit.
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a.Luru trir, biéu dién do thi bang danh sach ké

Dinh nghia

Phuong phap st dung danh sach ké 1a phwong phap liét ké cac nat va mbi lién hé gitra
chung qua chudi cac danh sach, mdi danh sach biéu dién cac nut ké cin nit dang xét trong
do thi.

y

(—2) sk b 3 5 3

(%) 30 1 010

‘/\_/ 4o 11 01

E—@ slh 1010
Ld) (k) ()

Hinh trén 1a so sanh twong quan giita d6 thi hinh hoc, do thi biéu dién boi danh sach ké va
ma tran lién ké. Co6 5 danh sach, danh sach thir i s€ lan luot tro dén cac dinh ké voi dinh 1.

X4y dung danh sich ké trong chwong trinh may tinh
C6 nhiéu cach dé mé phong danh sach ké cho mot do thi bang phwong phap 1ap trinh. O
day, tai liéu chi dé cap toi 3 phuong phap:

a.1. Str dung danh sdch lién két
Phuong phap nay hau nhu khong duogc sit dung dén, do su qua tai bd nhé / thoi gian va
nhirng rui ro c6 thé gap phai khi st dung bd nhd dong va con tro.

a.2. Swr dung mang cdc vector
Y tuéng ctia cach xay dung nay 1a: khoi tao mot mang gom n vector, mdi vector (g voi
1 ntit va chira s6 hiéu cua cac nat 1ién ké véi nit duge xét.
Chuy:
Trong truong hop d6 thi c6 hudng thi chi ¢6 1 chiéu dich chuyén trén mdi canh (tir u téi
v) nén sé khong c6 1énh gan u vao vector phan tir lién ké cua v.

Y tudng nay tuong ddi d& hiéu, tryc dién, d& 1ap trinh va c6 thé dam bao khong gdp cac
16i phat sinh vé bo nhd (nhu cac van dé vé bd nhd dong, segmentation fault [SIGSEGV],
v.v. ...), song thoi gian xtr Iy chuong trinh lai trong d6i cham. (do mdi truy van dé tim
kiém phan tir phai théng qua duyét toan bo 1 vector, v6i cac dd thi c6 lugng nut va dudng
nbi 16n thi cac truy vin nay co toc do rat cham).
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Duéi day la doan chuong trinh nhdp vao danh sach cac canh cua dd thi va ching ta thyuc
hién x4y dung cac danh sach ké ke[u] 1a danh sach cac dinh ké véi dinh u.

‘Hvoid readf(){

intn, m;

cin >> n >> m;°

vector <int> ke[n+1];

= for (int i=1; i<=m; i++){

E cin>>u >>v ;

ke[u].push_back(v) ; // push dinh v vao danh sach dinh ke voi u
: ke[v].push_back(u) ; // do thi vo huong => (u,v) + (v,u)
1 }

-}

Trong hinh bén, do thi c6 hudng, ta chi push theo hudng ctia cung chtr khong thyc hién
push vao 2 chiéu. O day :

ke[1]= (2, 3, 5) 00—

ke[2] = (5, 3) 4 \

ke[3]=(2) / ".H

ke[4] = (2, 3) 2 2

D061 véi do thi co trong s6, danh sach cac dinh keé &

thay
vi lIuu minh chi s6 dinh ké ta c6 thé thém vao gia tri trong sd cua canh bang cach khai bao
struct : ke[u].push_back( NODE ( v, ¢)); trong d6 v 1a dinh ké va c 14 trong sb.
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a.3. Danh sach lién thupc sir dung mang

Duéi day 1a mot cach biéu dién ma tran nita, khong phai dang danh sach ké, nhung
nhin chung n6 duoc luu trir va thoi gian truy van tuong dong véi danh sach ké,
duogc goi 1a danh sach lién thudc, str dung 2 mang dé truy van dén cac canh trong
do thi.

ID To Next Edge ID
1 2 -

2 3 -

3 3 1

4 5 3

5 3 -

6 2 -

7 2 5

8 5

From
Last Edge ID | 4 8 6 7 -

Hinh trén 1a mot vi du truc quan cho cach biéu dién danh sach ké bang mang. S& c6 2
mang dugc khéi tao: 1 mang luu trir cac doan ndi [bang trén] theo cAu trac: sé hiéu doan
nbi (ID), s6 hiéu nat dich dén ciia doan ndi (To), canh dugc duyét ngay trudce nd (xét theo
chiéu rong)* (Next Edge ID), va 1 mang luu trit cac nut [bang dudi] theo cau tric: sb
hiéu nut (From), canh cubi cung di tir nat d6 duoc duyét (xét theo chiéu rong) (Last Edge
ID).

Thuat toan nay khién cho viéc thay doi cac thanh phan bén trong d6 thi tré nén cuc ky
phec tap, bai d6i khi sy thay doi mot yéu td sé di lién vé6i su thay ddi hang loat cac gia tri
Last Edge, Next Edge. Tuy nhién, diém manh dang ké cta cach thuc hién nay chinh la
dung luong thap O(N+E) va thoi gian truy van twong doi nhanh.

Két hop véi dé quy hodc cac cdu tric dit lidu (stack / queue) thi ta c6 thé d& dang duyét
qua tat ca cac phan tir véi toc d¢ nhanh trang. B3 phuc tap O(E).

roce



b. Danh sach canh :

Mot cach biéu dién d6 thi nita thudng duogc st dung trong bai toan tim cay khung nho
nhit bang thuit toan Kruskal, ta chi quan tim dén cac canh ma khong can duyét cac canh
ké ctia mdi dinh. Ta chi can luu trit mot mang céac cip (u, v) ddy ciing chinh 13 s6 canh
ma dé bai yéu cau nhap vao nén duong nhién 14 cach luu trit t6i wu bd nhd nhat. Tuy
nhién sir dung danh sach canh tén rat nhiéu thoi gian truy van, mdi cip dinh u, v chung ta
déu phai thuc hién duyét m canh trong danh sach. Phuong phép luu trit bang danh sach
canh chi duogc st dung trong mét s6 bai toan dac thu.

I1.CAc thuit toan duyét do thi khong trong so.

Trong céc bai toan do thi, mot trong nhirng yéu cau cin ban nhét 13 tra ciru toan b do thi
ma mdi nit chi di qua 1 1an. Véi yéu cau nay, ta c6 2 kicu thuat toan co ban 1a duyét theo
chiéu sau (Depth-First Search | DFS) va duy¢t theo chiéu rong (Breadth-First Search |

Depth-First Search

BFS)
1.Thuét toan duyét do thi theo chiéu siu (Depth-First Search - DFS)

Dinh nghia

DFS (Depth-First Search) 13 tén goi cho thuat toan tim kiém trong d6 thi dya theo uu tién
chiéu sau. C6 nghia 1a, Xuét phat tor mot nut, ta bat dau duyét dén tan cung tung nhanh téa
ra tir nat d6 réi méi chuyén sang nhanh tiép theo, rdi nut tiép theo, v.v. ... D& hiéu hon
thi cach di chuyén trén do thi ciing gidng nhu tu tudong tham lam cia con nguoi : ¢ di
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sau vao dén khi khong con di dugce nira r61 moi quay lai nga r€ gan nhat dé thir r€ duong

khac.

Trén hinh 1a mot vi duy cua DFS, vai thtr ty vu tién ctiia cadc nhanh dugc duyét theo tha tu
tu 1 t61 6. Viéc chon nhanh duyét trude va nhanh duy¢t sau tuy thude vao input va cach

phan phdi cac duong ndi trong danh sach / ma tran ké.
Cac cach cai dat DFS

Bai todn cu thé :

Cho db thi nhu hinh v&: Bao gdm cac dinh tir 1 dén 6 dugc
no1 vo1 nhau boi cdc duong mau xanh.

Yéu cau: Duyét tat ca cac dinh cua do thi sao cho moi
dinh viéng tham dtng 1 lan.

A'p dung DFS (Depth First Search)

Thuét toan tim kiém theo chiéu xau (DFS) 1a bat dau tir
mot dinh bat ki v nao d6 + danh dau dinh v di dugc duyét,
chon mot dinh u bat ky ké voi v va lay né lam dinh duyét
tiép theo.

O day néu chon dinh 1 dau tién: Ta co cach duyét :
122;224;423;4-> 5,52 6; va thir tu cac dinh
dugc duyét lan luot 14 :

1,2,4,3,5,6.

Biéu dién do thi :

O day chiing ta s& biéu dién do thi bang danh sach ké. Do thong
thuong, input dé bai ludon doc vao dugc tat ca cac canh, nén str dung
danh séach ké cho bai toan duy¢t do thi 1a hop 1y nhat, dé tong so6

canh duyét qua dung bang sd canh nhap vao.

Cai dat thudt toan DFS : DFS thong thuong co6 2 céach cai dat : su
dung dé quy quay lui va cach th 2 13 sir dung cau trac Stack dé khur

dé quy.

1
3
5

6
Ke(1) = {2, 3};
Ke(2) = {1, 4};
Ke(3) = {1, 4};
Ke(4) = {2, 3, 5};
Ke(5) = {4, 6};
Ke(6) = {5};
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a. Cai dat thuit toan bang dé quy — quay lui :
o Nhdp dir ligu biéu dién do thi
Input y€u cau nhap vao n,m la s6 dinh va s6 canh, m dong sau la m cap canh
Luu trir do thi bang danh sach ké nhu trén. BDong thoi khoi tao mang danh dau céac
dinh ( chua xét).
int const nMax = 16606666;
vector <int> ke[nMax] ;

intn , m;
bool chuaxet[nMax] ;

o~

9
1e

11H void nhap(){

12
13H
14
15
16
17
18 r
19
20

21 1}

cin>>n >> m; // so dinh va so canh
for (int i=1; i<=m ; i++){
5 int u,v;

cin®> u >> v;
_ ke[u].push_back(v); // push dinh v vao danh sach ke voi dinh u
§ ke[v].push_back(u); // push dinh u vao danh sach ke voi dinh v
}

for (int i=1; i<=n; i++) chuaxet[i] = true ;

o Caidat ham dé quy DFS :

Ham DFS_Dequy(u) s& thuc hién duyét dd thi tir dinh u di sdu vao dén nhing dinh
chua dugc xét ké v6i u, mdi lan di qua dinh nao thi danh dau lai vao danh sach da xét
.Thyc hién di sau vao tinh tir dinh méi nhat cho dén khi khéng con dinh nao dé di sau
vao nita, chuwong trinh s& quay lui lai cac dinh (nga r&) trudc d6 dé thuc hién di sdu
theo 16i r& khéc.

Code C++:

19H void DFS_Dequy(int u ){

20
21
22
23H
24
25H
26
27
28 |
29 -

}

int v;
cout << u ;

chuaxet[u] = false; // danh dau da xet

for (int i = 0 ; i<ke[u].size() ; i++ ){ // Duyet danh sach ke
- v = ke[u][i] ;

if (chuaxet(v)){

j DFS_Dequy(v); // di sau vao

b

o Kiém nghiém thugt todn
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Cic dinh ¢6 thé
di dén

Pinh duyét

Pa duyét
chuaxet|u]=FALSE

Chua duyét
chuaxet[u]=TRUE

DFS Dequy ()

()

1,2,3,4,5,6

1,2,3,4,5,6

DFS Dequy (1)

1

2,3,4,5,6

2,3

DFS Dequy (2)

1,2

3,4,5,6

4

DFS Dequy (4)

1,2,4

3,5,6

3,5

DFS Dequy (3)

1,2,4,3

5,6

DFS Dequy (5)
6 DFS Dequy (6)

1,2,4,3,5 6
1,2,4,3,5,6 0

Giai thich:
- Oday, batdautrdinh 1 : 1 -=>2 ->4 ->3 . Pén 3 hét
1 dinh ké va thuc hién quay lui vé 4 tiép tuc duyét tiép: 4 ->
5->6,dén 6 co thé durng thuat toan do da tham du n dinh
hodc thyc hién quay lui vé, chuong trinh s& tu dong quay
lui va khong thyc hién di sdu nita do da di qua hét cac dinh.
7 Dudé1 day la giai thich cach hoat dong :
s - Gid st chon dinh 1: Duyét (1) va DFS Dequy (1).
- - For (1-> 6) tim dinh chua duoc ddnh dau va co thé di
dén tir 1. Gap 2 théa man: Duyét (2) va DFS Dequy (2).
- For (1-> 6) tim dinh chua duoc ddnh dau va co thé di
dén tir 2. Gap 4 théa man: Duyét (4) va DFS_Dequy (4).
6 - ’For (1-> 6) tim dinh chua dugc danh dau va cé thé di
dén tr 4. Gap 3 théa man: Duyét (3) va DF'S Dequy (3).
- For (1-> 6) tim dinh chua duoc danh dau va co thé di
dén tir 3. Khong tim thiy -> Ding DFS_Dequy (3).
Tiép tuc DFS Dequy (4). Gap 5 thoa min: Duyét (5) va DFS_Dequy (5).
For (1-> 6) tim dinh chua dugc danh dau va c6 thé di dén tir 5. Gap 6 thoa man: Duyét (6)
va DFS Dequy (6).
For (1-> 6) tim dinh chua duoc ddnh dau va cé thé di dén tir 6. Khong tim thdy -> Ding
DFS Dequy (6).
Tiép tuc DFS Dequy (5). Khong tim thdy -> Dirng DFS Dequy (5).
Tiép tuc DFS_Dequy (4). Khong tim thdy -> Dung DFS Dequy (4).
Tiép tuc DFS Dequy (2). Khong tim thdy -> Dung DFS Dequy (2).

b2
fad
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- Tiép tuc DFS Dequy (1). Khong tim thdy -> Dung DFS Dequy (1).
e Hoan thién Code :

1 #include <wvectory
2 #include <iostream:
3
4 using namespace std;
5
B int const nMax = 1888886;
7 vector <imt» ke[nMax] ;
8 int n , m;
g bool chuaxet[nMax] ;
1a
11 void nhap()q
12 cin»n *» m; S5 5o dinh va so canh
13 = for (int i=1; i<=m ; i++){
14 i int u,v;
15 E cin» u ¥ w;
16 E ke[u].push_back({w): /7 push dinh v vac donh soch ke voli dinh u
17 { ke[v].push_back{u); /7 push dinh u voo donh sgch ke voi dinh v
18 | }
19
28 for (int i=1; i<=n; i++) chuaxet[i] = true ;
21 L1
22
23 [F] void DFS_Dequyiint u ){
24 int v,
25 cout << u ;
26 chuaxet[u] = false; /7 danh dou do xet
27 |= for (int i = @ ; i<ke[u].size() ; i++ }{ // Duyet danh sach ke”
28 i v = ke[u][1i] 3
29 = E if (chuaxet[v]){
3e ; § DF5_Dequy(v); // di sou vao
31 ¥
32 b 1
33 - 1}
34
35 [ int main(){
36 nhapi);
37 DFS_Dequy(l); // duyvet do thi bat dou tu dinh 1
38 L1

b. Cai diit thuit toan bang cau tric dir liéu Stack :

Nhu chiing ta di biét mot ing dung cua Stack 1a khir dé quy, ddi voi bai toan duyét dd thi
bang thuat toan DFS, khi s6 dinh cta d thi rat 16n ( ¢d 10°6) thi s& c6 mot sé van dé vé
tran bo nhé dé quy va dé cai thién diéu nay thi st dung Stack 1a mot cach rat tét.

e Nhdp div liéu d6 thi : ( Giong nhw phan cai dat DFS _ Dé quy )
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24
25
26
27
28
29
30
31
32

33k

34
35
36
37
38
39
40
41
42
43
a4

« Cai dit DFS_Stack :

void DFS_Stack(int u ){

stack <int> s; // khai bao stack

s.push(u) ; // push dinh dau tien vao stack
chuaxet[u] = false ; // danh dau da xet dinh u

cout<< u <<' ';

while (!s.empty()){ // trong khi stack con chua dinh dem di duyet tiep

}

u = s.top(); s.pop(); // Lay dinh o dinh stack ra

for (int i= © ; i<ke[u].size(); i++){

int v = ke[u][i];

if (chuaxet[v]){
cout<< v<< ' 'y
chuaxet[v] = false ;
// Neu di den duoc v thi push (v) vao stack
// tuy nhien giong voi cach hoat dong cua pp dequy, phai co buoc
// quay lui Lai dinh u, nen ta thuc hien push lai dinh u vao
s.push(u);
s.push(v);

// duyet cac dinh trong danh sach ke cua dinh u

Trén tu tudong khir dé quy, mdi khi pop() 1 dinh ra, néu dinh d6 con c6 thé di sau vao ta
phai thuc hién push lai dinh d6 vao dé 1an pop phia sau c6 thé dem dinh d6 r& nhanh sang
nhanh khac — nhu tu tuong quay lui.

o Kiém nghiém thudt todn cho vi du :

STT | Trang thai stack Cac dinh dwgc duyét
1 1 1
2 1,2 1,2
3 11,2,3 1,2,3
4 11,2,3,4 (pop(4)) 1,2,3,4
5 11,2,3,5 1,2,3,4,5
6 |1,2,3,56 (pop(6) ) 1,2,3,4,5,6
7 11,2,3,5 (pop(5) ) 1,2,3,4,5,6
8 [1,2,3 (pop(3) ) 1,2,3,4,5,6
9 |1,2 (pop(2) ) 1,2,3,4,5,6
10 |1 (pop(1)) 1,2,3,4,5,6
11 | Rong = két thiic 1,2,3,4,5,6

o Hoan thién Code :

.
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=

11
12
13
14
15
16
17
18
15
28
21
22
23
24
25
26
27
28
29
38
31
32
33
34
35
36
37
38
39

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

int const nMax = 1888886;
vector <int> ke[nMax] ;
int n s m3;

bool chuaxet[nMax] ;

voild nhap(){
cin»n »» m; /7 so dinh va so canh

for (int i=1; i<=m ; i++){

! int u,v;

cin» u > w3

ke[u].push_back(v); // push dinh v vao donh sach ke voi dinh u
ke[v].push_back(u); // push dinh v vao donh sach ke voi dinh v

- }

for (int i=1; i<=nj i++) chuaxet[i] = true ;
— 1
] void DFS_Stack(int u ){
stack <int> s; 7/ kRhol boo stock
s.push{u) ; // push dinh dou tien voo stock
chuaxet[u] = false ; // donh dou do xet dinh u
cout<< u <<" "
— while (!s.empty()){ // trong khi stack con chua dinh dem di duyet tiep
u = s.top(); s.pop(); // Lay dinh o dinh stack ra
for (int i= 8 ; i<ke[u].size(); i++){
int v = ke[u][i]; // duyet cac dinh trong danh sach ke cua dinh u
— if (chuaxet[w]){

! cout<d wd< "3
! chuaxet[v] = false ;
E s.pushiul;
{ s.push{v);
B ¥
B ¥
B ¥
-3
[=] int main(){
nhap();
DFS_Stack(l); // duyet do thi bat dou tw dinh I
-1

¢. Ung dung cho DFS — Bai toan tim thanh phan lién thong
Dinh nghia thanh phan lién théng:

- D6 thi vo hudng duoc coi 1 lién thong néu ludn tim dugce dudng di giira hai dinh bat
ky cta no.

- Trong trudng hop d6 thi G khong lién thong, ta c6 thé phan ra G thanh mot sb do thi
con lién thong ma chiing d6i mot khong c6 dinh chung. Mdi do thi con nhu vay 1a mot
thanh phan lién thong cia G. Nhu vay, do thi lién thong khi va chi khi s6 thanh phan
lién thong ciano 1a 1.
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- Péi voi do thi vo hudng, duong di tir dinh u dén dinh v ciing gidng nhu dinh duong
di tir dinh v dén dinh u. Chinh vi vdy, néu ton tai u € V' sao cho u c6 duong di dén tat
ca cac dinh con lai cia do6 thi thi ta két luan dugc do thi 1a lién thong.

Vidu:

Cho db thi nhu hinh v& x4c dinh s thanh phan lién thong:

w

|
O O O O o o+ +r» O
O O O © O O O =
O O O O O r»r O O =
o o o ©o — O+ +» O
O O O O O o o
OO O O O~ O o O O
O r O O O O oo o o
O O r O O O O o O
O O O O O o o o o

D@ thay ta c6 3 thanh phan lién théng d6 1a: {1, 2, 3, 4, 5, 6}; {7, 8} va {9};

Ap dung DFS tim thanh phén lién thong:

o Ytuéong:

Mot d6 thi co thé lién thong hodc khong lién thong. Néu do thi lién thong thi s6 thanh
phan lién théng cua no 13 1. Piéu nay twong duong véi phép duyét theo thit tuw DFS (1)
duoc goi dén ding 1 lan.
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e Mo ta thudt toan:

Néu db thi khong lién thong (s6 thanh phan lién thong 16n hon 1) chiing ta c¢6 thé tach
chung thanh nhitng db thi con lién thong. Diéu ndy ciing c6 nghia 1a trong phép duyét
dd thi, s6 thanh phan lién thong cua nd dung bang s 1an goi toi thu tuc DFS (). Dé
xéac dinh sd cac thanh phan lién thong ctia dd thi, chung ta str dung thém bién solt dé

ghi nhéan cac dinh ctia mot thanh phan thong.

e Hoan thi¢n Code :
#include <iostream>
using namespace std;
#define Max 50
#define TRUE 1

#define FALSE ©

int A[Max][Max], n, chuaxet[Max];

[y
OVWOONOTUVLLAWNER

void khoitao () {

11 cin>>n; Nhap kich thuoc mang A;

12 for (int i=1; i<=n; i++) {

13 chuaxet[i]=TRUE; Cho tat ca cac dinh chua duoc xet
14E for (int j=1; j<=n; j++) {

15 cin>>A[i][]j]; Nhap thong tin mang A;

16 | }

17 }

18 L}

19

20H void DFS_TPLT (int u) {

21 int v;

22 cout<<u<c<" "; //In ra cac dinh DFS duyet;

23 chuaxet[u]=FALSE; /Danh dau u da duyet;

24 for (int v=1; v<=n; v++) {

256 if (A[u][v]==1 && chuaxet[v]==TRUE) {

26 DFS_TPLT (v); //Neu u co the den E chua duoc duyet thi di toi v;
27 }

28 | }

29 L}

30

318 main () {

32 khoitao ();

33 cout<<endl;

34 int solt=0;

35% for (int u=1; u<=n; u++) {

36 if (chuaxet[u]==TRUE) {

37 solt++; //Tang solt (so lien thong) neu u chua xet
38 cout<<endl<<"TPLT "<<solt<<": "; //In ra so thanh phan 1
39 DFS_TPLT (u);

40 }

41 }

42 -}

43
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2. Thuit toan duyét do thi theo chiéu rong (Breadth-First Search - BFS)

Dinh nghia
BFS (Breadth-First Search) 1a tén goi cho thuit toan tim kiém trong dd thi dua theo uu

tién chiéu rong. Co nghia 13, xuit phat tir mot nut, ta bit dau duyét tat ca cac nhanh & tang
lién ké no, roi1 tir cac nhanh dé duyét ti€p tang lién keé ti€p theo, ¢t nhu vay cho to1 hét

vung lién thong.

Order;:1 - 8—=5—-2—-26—-2-4-53-29-10—-7

Trén hinh 13 vi du ctia mot do thi dugce duyét tir niit 1 theo phuong phap BFS.

Cach cai dat BFS
bac trung cua BFS dé phan biét vdi cac thuat toan tim kiém dd thi khac 1a viéc st dung
cau truc dir liéu hang doi (queue).

Nguyén Iy hoat dong ¢ day s& 13: ban dau, nat du tién cua do thi s& dugc truyén vao
hang doi. Tir day tro di, mdi khi téi mot nat thi niit d6 s& duge xuat khoi hang doi, dong
thoi chén vao hang doi nhitng nut lién ké véi niat d6 ma chwa duoce duyét qua. Do cau
truc hang doi la LIFO — mot dau vao, 1 dau ra, nén nhiing dinh ¢ 16p trudc s€ dugc léy ra
va nhitng dinh méi duyét toi s& duoc cho vao phia sau hang doi, dam bao ludn duyét dd
thi tir nhirng 16p gan véi dinh xuat phat hon trude. Thuat toan két thuc khi hang doi rong.

.




Bai todn _cu thé : Cho d6 thi vo huéng khong trong sé nhu hinh v&. Vi diém xuat phat 13
1, yéu cau duyét qua cac dinh sao cho mdi dinh dting 1 1an bang thuat toan BFS.

Ap dung thudt todn BFS : Thuat toan tim kiém theo chiéu rong (BFS) 12 bat dau tir mot
dinh bat ki # nao d6 duyét dén cac dinh v ké né duoc mot tap cac dinh, tiép tuc chon 1
dinh trong tap cac dinh vira ldy duoc dem dinh d6 di tim cac dinh chua xét va dua vao
hang doi.

O day néu chon dinh 1 dau tién: Ta cé cach duyét :

1> 2,3 : duoc {2,3} © /
2>4 :duogc {3,4} i
320 :dugc {4}

4 - 5,6 : dugc {5,6}
5->7 :duogc {5,6,7}

2
Tk

Danh sach dinh duoc duyét lan luot 1a :
1,2,3,4,5,6,7.

Cai dat thudt toan BFS : I 6

« Nhap dit liéu biéu dién d6 thi : ciing nhu DFS,o day
chung ta s& nhap vao céc cip canh (u, v) va biéu dién d6
thi bang danh sach ke.
o (Cai dat thuat toan BFS :
- Pau tién khai tao hang doi chira mot dinh bat dau va danh dau dinh d6 da
duoc xét, cac dinh con lai chua xét
- MaJi budc thuc hién léy mot dinh ra khoi hang doi va thuc hién duyét dén
cac dinh ké véi dinh d6 ma chua duoc xét, rdi thuc hién push lan luot cac
dinh vao hang doi dong thoi danh dau da xét.
- Céc budc lap lai cho dén khi hang doi rong.

Code C++ : BFS(1) s& cho phép duyét d6 thi tir dinh 1.




188 void BFS(int s){

19 queue <int> Q ;

20 Q.push(s); // khoi tao Q gom 1 dinh La dinh xuat phat

21 chuaxet[s] = false ;

22H while (!Q.empty()){

23 int u = Q.front(); Q.pop() ; // lay 1 dinh o dau Queue

24 cout<<u<<' ';

25H for (int i=0; i<ke[u].size(); i++){ // duyet tap cac dinh ke voi u
26 § int v = ke[ul[i];

278 § if (chuaxet[v]){

28 é é Q.push(v); // neu gap v chua xet push(v) vao Queue
29 § § chuaxet[v] = false ;// danh dau lai La da xet v

30 )

31+ }

32+ }

33L}

o Kiém nghiém thugt todn :

Budc | Queue Dinh Dinh duyét ; .
chon P e ¥ e

1 1 1 2,3 A s 2

2 2,3 2 4 | |

3 3,4 3 Q |~ ©

4 4 4 5,6 4 {5

5 5,6 5 7 ~_ 3 6

6 6,7 6 %] £, 7

7 7 7 ]

8 1% Két thuc

ﬁng dung BFS vao bai toan tim dwong di ngd'n nhit trén do thi khong trong 56

Phdt biéu bai todn :

Cho don d6 thi vo hudng khong trong s gém n dinh, m canh, va 2 dinh s, t thudc tap
dinh. Cho m cip canh, tim dudng di ¢ tong sb canh di qua 1a nho nhat tirs > t

Nhan xét:

+ Khi thuc hién duyét d6 thi theo chiéu rong, cac dinh dugc duyét s& phan thanh cac 16p,
cac dinh trong mdi 16p déu co cung khoang cach t6i dinh xuat phat.

+ Céc dinh ndm & 16p 16n hon khong thé c6 cach duyét dé ndm & 16p bé hon vi tir 16p
trude s& duyét duogce tit ca cac dinh nam & 16p sau.

= Khoang céach giita dinh bat dau va dinh bat ky trong d6 thi khi sir dung phuong phap
duyét BFS 1a duong di c6 tong s6 canh nhé nhat




+ Mbi dinh dugc cap nhat vao hang dogi theo 1 dinh khac & 16p trude do

= Ta c6 thé tir dinh dich dan lan vét vé dé in ra duong di ngan nhat tir s>t cho trudc.

Y twéng:

- Thuat toan BFS bét dau tir dinh s khi duyét s& cho ta dudng di nho nhat dén dinh t.

- Str dung méng truoc[1..n] : truoc[v] luu dinh cha cia v 13 u trong khi duyét do thi di tir u
- v dé phuc vu cho qua trinh lan vét.

18H void BFS(int s){

19 queue <int> Q ;

20 Q.push(s); // khoi tao Q gom 1 dinh la dinh xuat phat

21 chuaxet[s] = false ;

22H while (!1Q.empty()){

23 int u = Q.front(); Q.pop() ; // Lay 1 dinh o dau Queue

24 cout<<u<<" ';

25H for (int i=0; i<ke[u].size(); i++){ // duyet tap cac dinh ke voi u
26 int v = ke[u][i];

275 if (chuaxet[v]){

28 Q.push(v); // neu gap v chua xet push(v) vao Queue
29 chuaxet[v] = false ;// danh dau lai la da xet v

30 truoc[v] = u; // di tu u-->v ==> truoc [v] = u; |
31+ T

32+ }

33t }

Truy vét:

37 weoid truyvet(){

38 int u = t; /S truy vet tu dinh ket thuc

39 int p[nMax] ;

48 int d = 8;

41 H while (u!=s){ // trong khi chua gap dinh bat dau

42 § dé+ ;

43 : p[d] = u; // them u vao danh dach dinh tren duong di
44 é u = truocfu];

45 }

46 d++: p[d] = u;

47 cout<< "Do dai duong di nn tu"<< s<< "-3"<2t <<"1"<4d-1 <<endl;
48[ for (int i=d; i»=1; i--){

45 § cout<< p[i]<<' ';

50 | }

51 L}

Code hoan chinh :

P



1 #include <bits/stdc++.h>
2 using namespace std;
3  int const nMax = 1000006;
4 vector <int> ke[nMax] ;
5 dint truoc[nMax];
& dintn , m,s , t;
7 bool chuaxet[nMax] ;
8 void nhap(){
ij cin®>n >> m >> s »» t; // so dinh va so canh + diem bat dau va ket thuc
10 for (int i=1; i<=m ; i++){
11 § int u,v;
12 § cin>> u >» v
13 : ke[u].push_back(v); // push dinh v vac danh sach ke voi dinh u
14 § ke[v].push_back(u); // push dinh u vao danh sach ke voi dinh v
15 | }
16
17 for (int i=1; i<=n; i++) chuaxet[i] = true ;
18 L }
19 void BFS(int s){
20 queue <int> Q ;
21 Q.push(s); // khoi tao Q gom 1 dinh La dinh xuat phat
22 chuaxet[s] = false ;
23d while (!Q.empty()){
24 int u = Q.front(); Q.pop() ; // lay 1 dinh o dau Queue
25 cout<<u<<” '
26 for (int i=0; i<ke[u].size(); i++)}{ // duyet tap cac dinh ke voi u
ETE E int v = ke[u][i];
28 : if (chuaxet[v]){
29 § § Q.push(v); // neu gap v chua xet push(v) vao Queue
30 § § chuaxet[v] = false ;// danh dau lai la da xet v
31 § E truoc[v] = u; // di tu u-->v ==> truoc [v] = u;
32 }
93 }
34 }
35}
36
37H void truyvet(){
38 int u = t; // truy vet tu dinh ket thuc
39 int p[nMax] ;
49 int d = 9;
A1 while (ul=s){ // trong khi chua gap dinh bat dau
42 § d++ ;
43 : pld] = u; // them u vao danh dach dinh tren duong di
44 : u = truoc[ul;
45 | }
46 d++; p[d] = u;
47 cout<< "Do dai duong di nn tu"<< s<< "-3"<<t <<":"<<d-1 <<endl;
43 for (int i=d; i»=1; i--){
49 § cout<< p[ilc<’ ';
50 |- }
51 L}
52
53
54H int main(){
55 nhap();
56 BFS(s); // duyet do thi bat dau tu dinh s
575}
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I11. Bai tap ap dung
http://www.spoj.com/PTIT/problems/BCACM11D/

http://vn.spoj.com/problems/MTWALK/

http://vn.spoj.com/problems/VMUNCH/

http://vn.spoj.com/problems/QBBISHOP/

http://vn.spoj.com/problems/NKGUARD/

http://vn.spoj.com/problems/PBCWATER/
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