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Tom tit: Thudt todn quay lui (Backtracking) la mét ky thudt giai bai todn bang cach tim kiém tdt cd cdc kha ning c6
thé xdy ra theo tirng buwdc, va logi bé (quay lui) nhitng lea chon khéng dan dén két qua ding. Nghién ciru ndy tdp trung
vao viéc vmg dung thudt toan Quay lui (Backtracking) trong ldp trinh C++ dé boi dudng hoc sinh gici (HSG) mén Tin hoc
cap THCS. Thuc trang cho thdy nhiéu HS gap khé khan trong viéc tim ra gidi phdp t6i wu, khién chirong trinh vieot qua
gi6i han thoi gian xit Iy khi d6i mat véi dir liéu I6n. Muc tiéu chinh la giip HS hiéu ré khdi niém, ban chdt ciia thudt todn
Quay lui va biét cdch thiét ké, cai dat mét cach chinh xdc. Thudt todn Quay lui la mot phwong phdp vét can thong minh,
xdy ding bg nghiém ting bude va “quay lui” khi khéng tim dwoc 1oi gidi, tiv d6 han ché dwoe cac nhanh khéng can thiét.

Tir khoa: Backtracking, HS, HSG, THCS.

APPLICATION OF THE BACKTRACKING ALGORITHM IN SOLVING JUNIOR
HIGH SCHOOL-LEVEL PROBLEMS USING THE C++
PROGRAMMING LANGUAGE

Abstract: The Backtracking algorithm is a problem-solving technique that involves searching for all possible solutions
step-by-step, and discarding (backtracking from) choices that do not lead to the correct result. This study focuses on the
application of the Backtracking algorithm in C++ programming to cultivate gifted students (Hoc sinh gioi - HSG) in
Informatics at the Junior High School (THCS) level. Current practice indicates that many students struggle to find optimal
solutions, causing their programs to exceed the time limit when processing large datasets. The main objective is to help
students thoroughly understand the concept and the nature of the Backtracking algorithm, and to learn how to design and
implement it accurately. The Backtracking algorithm is an intelligent brute-force method that constructs a solution set
incrementally and “backtracks” when a solution cannot be found, thereby limiting unnecessary search branches.

Keywords: Backtracking, Students, Gifted Students (HSG), Junior High School (THCS).
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I. PAT VAN PE II. NOI DUNG NGHIEN CUU
B6 mon Tin hoc, véi nhimg dong gop to 16n da 2.1. Muc dich nghién ciru
tao nén sy thay ddi ctia nén gido duc Viét Nam. Muc dich chinh cua bai viét nay 1a nghién ctru,

Bén canh d6 cac cudc thi HS gi6i mon Tin hoc phan tich va ing dung thuét toan Quay lui danh
dan dugc cht trong va dau tu nhiu hon, véi sy cho HS gioi cap THCS nham muyc dich giap HS:
tham gia ciia nhiéu HS tai nang. Ky thi HS gioi Hi€u rd va mo ta chinh xac khai niém, ban chat
mon Tin hoc 1a co hoi quy bau dé cac HS khong  Va muc dich cua thudt toan Quay lui. khoi day
chi thé hién sy thong minh ctia minh ma con phat niém dam mé kham pha thuat toan cta HS.
trién kha ndng tu duy va k¥ ndng giai quyét bai Biét cach trinh bay, thict ke va cai dat mdt cach
toan thong qua cac thudt toan phuc tap. Pac biét 1a cAhinh’ xac thu%t toan Quay lui thong qua cic bai
ap dung thudt toan quay lui dé giai cac bai toan tir 1P V1 ducu thf' i o o
co ban dén nang cao. Bén canh d6, dé boi dudng 'Nan‘g cao ket qua hoc tap' mon Tm hoc, dac b,lﬁ-:t
cho cac HS gioi tham gia céc cudc thi 1ap trinh thi dOI, Vol cac HSV O hang kh1€»u, glup cac em d}nh
GV s& yéu cau HS str dung mot NNLT cy thé. Mot huéng dung dan nang l'uc ban thén va dat thanh
trong nhiing ngén ngix lap trinh thuong duoc dung t1clzjcao troA’ng Caft ky th}- @i lidu tham khio vé
mot cach hiéu qua dé viét chuong trinh giai quyét ~Ung cap Mot nguon fal eu tham «hao ve
bai todn 13 C-++ thuat toan bo ich va chi tiét, ho tro cho HS va GV
e 1, . . .x giang day mon Tin hoc ¢ bac THCS.

‘A‘VmNnhu'ng ly do do‘ cqlzg YO,I thye tien d?y h(:)c Ap dung NNLT C++ theo Chuong trinh gido

boi dudng HS gidi thi viéc ing dung thuat toan

i > duc phé thong 2018, giup cdc em HS lam quen va
quay lul‘ trong giai bai toan trén ngdn ngir 1ap trinh g5 thao véi cong cu ny.
C++ nh’ém g%ﬁp cac GV va cac em HS c6 céi nhin 2.2. Thue trang truée khi nghién ciru
ding dan, hiu rd hon va ap dung thuat toan ding Trong qua trinh bdi dudng hoc sinh gidi mén
cach de glé.l quyét cac bai toan mot cach hiéu qUé. Tin hoc lé’p 9, trude khi ép dung thuét toan Quay
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lui, nhidu HS thuong gip kho khin trong viéc lya
chon thuat toan phu hgp. Méc du co6 thé dat dugc
két qua chinh xac véi nhiing bai toan don gian,
nhung khi ddi mat voi cac bo dir lidu 16n, thoi
gian xur 1y cia chuong trinh thuong vuot qua gidi
han cho phép (thuong 1a dudi 1 gidy cho mdi bd
dir liéu). HS thuong st dung cac thuat toan quen
thudc ma khong danh thoi gian phan tich dé tim
ra cach tiép can tbi uvu hon Diéu nay din dén viéc
chuong trinh khong chi ton thoi glan ma con st
dung nhleu b6 nhd hon so voi yéu cau.

Thuyc té nay dat ra van dé: Lam thé nao dé HS
c6 thé lap trlnh bang nhu’ng giai phap hiéu qua,
dap ng yéu cau ca vé thoi gian 1an bo nhé khi
lam viéc voi cac bai toan co dir liéu 1on.

2.3. Cac bién phap sir dung dé giai quyét
véan dé

2.3.1. Thé nao la phwong phdp Quay lui

Nguoi dau tién dé ra thuat ngit quay lui
(backtrack) la nha todn hoc nguoi My D.H.
Lehmer vao nhitng nam 1950. Thuat toan quay
lui 12 mot thuat todn nang cao hon dugc xay
dung dya trén thuat todn d¢ qui. Bay la mot thuat
toan giai quyét bai toan bang cach thir tit ca cac
Iwa chon co thé, va néu lua chon d6 dan dén giai
phap khong phu hop, thuat toan s& quay lui dé
thtr cac lua chon khac. Thudt todn nay ciing la
mot phuong phap nham giai quyét cac bai toan
v6i muyc tiéu tdi uu hoa do phirc tap hodc ung
dung trong cac bai toan tim kiém hodc liét ké tat
ca céc giai phap c6 thé.

2.3.2. Bai todn Quay lui vét can tong hop

Bai toan dang quay lui vét can thuong duoc
phat biéu mot cach téng quat nhu sau: Can tim
mét cdu hinh duge mo ta boi mot bo phan gém n
thanh phan X = {x1, x2, ..., xn}. Mdi thanh phan
xi (i =1 ..n) co mkhd nang chon tir mot tap S
={s1, 52, ..., sn} thoa man mot didu kién nao do.

V6i bai toan trén, can tim nhimg thanh phan sau:

X ={x1,x2,...,xn}, dugc goi la vector nghi¢m.
S={s1,s2, ..., sn}, dugc goi la tap ung cu vién.

Piéu kién rang budc cua vector nghiém.

Tuy theo tung bai toan ma vector nghiém c6
thé 1a nghiém cua bai todn hodc co thé 1a mot
vector cdu hinh dé tir d6 c6 thé tim ra nghiém ciia
bai toan. D6i voi didu kién rang budc cua vector
nghiém cling tuy theo tirng bai toan ma ching c6
thé khac nhau. Diéu kién rang budc cua vector
nghiém c6 thé lién quan dén timg thanh phan
trong vector nghiém hodc lién quan dén toan thé
c4u hinh vector nghiém.
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2.3.3.Y tuéng ciia phiong phdp Quay lui

Trong cac ky thuat co ban dé thiét ké thuat
toan, quay lui la mot trong nhiing k¥ thudt quan
trong nhit vi n6 cho phép giai mot 16p cac bai
toan kha 16n c6 dang tong quat nhu sau:

Tim mot (hodc tit ca) bo nghiém (x1, x2, ...
, xn) thoa man diéu kién F nao d6, trong do cac
thanh phén xi dugc chon tr mét tap hitu han Di
voimoii=1,2,...,n.

Tu tudng cua phuong phap quay lui nhu sau :

- Ta xay dung bo nghiém timg budc, bat dau tir
thanh phan nghiém x1 dugc chon trong céc gia tri
c6 thé S1=D1.

- Gia st da chon duogc cac thanh phén x1, x2,

, xi—1, tr cac diéu kién cta bai toan ta s& xac
dinh duoc tap Si gém cac gid tri dugc chon cho
thanh phan nghiém xi. Tap Si 14 tap con ciia Di va
phu thudc vao cac thanh phﬁn x1,x2, ...,xi—1da
chon. Chon mét phﬁn tr

xi thudc Sinhu mot thanh phén cua bg nghiém.
Tu bd x1, x2, ..., xi) 1ap lai qua trinh trén dé tiép
tuc mé rong nghiém cho thanh phan xi+1. Néu
khong chon duogc thanh phan nao cua xi+1. (do
Si+1.rdng) thi ta quay lai chon mot phan tir khac
ctia Si lam thanh phan nghiém xi (y nghia cta
quay lui 1a & budc nay).

- Trong qué trinh mé rong nghiém ta ludn kiém
tra nghiém thanh phan c6 phai la nghiém cia bai
toan hay khong. Néu chi cin mot nghiém thi ta
dimg lai, néu can tim tat ca cac nghiém thi qua
trinh tim nghiém chi dimg khi tit ca cac kha nang
chon céc thanh phan nghiém da vét can.

Quay lui 1a mdt trong cac phuong phap vét
can trong do cac gia tri nghiém dugc chon khong
thuc hién duoc béng cach duyét tudn tu. Diém tdt
cua thuat toan quay lui so véi vét can tuan tu 1a
han ché b6t cac nhanh phai duyét ma theo nhimg
nhénh d6 khong tim dugc 101 gidi thé hién & viéc
xdy dung céc tap gia tri ¢6 thé Si khi tim thanh
phan nghiém xi va quay lui khi khéng mé rong
thanh phan nghiém xi+1.

Han ché cta phuong phép nay 14 phai duyét qua
nhidu kha ning nén do phirc tap clia chuong trinh
thuong & muc giai thira hay ham mii nén toc do tinh
toan kha lau trong truong hop kich thudce cua dir li¢u
vao kha 16n. Dé khic phuc han ché nay nguoi ta tim
cach han ché cac kha niang khong dua dén két qua
bang phuong phap nhanh can, tuy nhién lc')p bai toan
dung dugc phuong phap nay khong nhiéu.

Dé giai bai toan bang thuat toan quay lui can
thuc hién cac budc sau:



TAP CHI TAM LY - GIAO DUC

Tim cach biéu dién nghiém ciia bai toan dudi
dang mot ddy cac d6i twong duoc chon dan timng
budce (x1, x2, ..., xn). Xac dinh dugc tap Si cac
kha ning dugc chon lam thanh phéan tht i cia
nghiém. Chon cach thich hop dé biéu dién Si.

Tim céac diéu kién dé cac nghiém da chon la
cac nghiém cua bai toan.

* Mot s6 luu ¥ khi xdy dung thuét toan quay lui:

- Phai duyét qua moi phuong 4n ctia bai toan cé
thé chira nghiém (vét can).

- Tranh truong hop duyét trung ldp cac kha
ndng da duyét.

Tur y tudng cua thuat todn quay lui da néu trén
ta dua ra dugc ma gia cua thuét toan quay lui bang
ngon ngtt C++ nhu sau:

{if (1> n){
if (nghiem ThoaMan()) { print(X);
}
return;
}
for (j in D) {
if (check(j, 1)) {
// Co the dat gia tri j vao vi trii X[i] =j; // Dat
backtracking(i+1); X[i] = 0; // Bo chon j
§
§
§

2.3.4. Mt 56 Vi du cai dit chwong trinh Quay lui
Vi du 1: Sinh cac day nhi phan
Bai toan: Liét ké tat ca cac day nhi phan do

void dai n, 1a ddy c6 tat ca n ky tu va gdm toan cac ky
backtracking(i) twOval.
’ INPUT OUTPUT
3 000, 001,010,011, 100, 101, 110, 111

Mo ta thut toan bang so do sau:

So dé mé ta thudt todan Sinh cdc day nhi phdn

Current func
Current string

gen(1)

777

gen(2) gen(2)
0?? 17?
gen(3) gen(3) gen(3) gen(3)
00? 01? 10? 117
gen(4)| |gen(4)| |gen(4)| |gen(4)| (gen(4)| |gen(4)| |gen(4)| [gen(4)
000 001 010 011 100 101 110 111

Tai ham gen(1), ta xét tung gia tri cua ky tu
hién tai, sau d6 goi dén gen(2) véi timg ky tu do.
Tuong tu nhu vy, ta goi dén gen(3) tir cac ky tu
o gen(2) va roi goi dén

gen(4) véi cac ky tu & gen(3). Téi gen(4) ta
da duyét hét cac vi tri va khong thé thir thém nira
nén co thé in ra két qua.

Viét chuong trinh giai quyét bai toan bang
ngdn nglr C++ nhu sau:

int n;

string curString;

void genString(int pos){ if (pos > n){

cout << curString << "\n";

return;

}

for (char1="0"; 1 <="1"; 1i++){

curString.push_back(i); / Them ky tu moi vao
day genString(pos + 1);

curString.pop_back(); // Bo ky tu nay di

h

}

int main(){
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cin >>n; curString = ""; genString(1); return 0;

}
Vidu 2: Liét ké tap hop

Bai toan: Liét ké tat ca tap hop khac rdng chira
cac so tur 1 dén n, theo thir tu tir dién.

INPUT

OUTPUT

1
12
123
13
2
23
3

Phan tich bai toan: Viéc liét ké tit ca cac tap hop giéng nhu viéc liét ké tit ca cac day nhi phan,
trong do6 bit thir i trong day nhi phan 1a 0/1 twong g vdi khong chon/chon so thir i vao tap hop.
Vi du voi n= 3 ta s€ c6 bang minh hoa xau nhi phan va cac tap hop nhu sau:

STT XAU NHI PHAN TAP HQP GIAI THICH
1 000 {} Tap hop rong
2 001 {3} Chi lay 3
3 010 {2} Chi lay 2
4 011 (2,3} Liy 2 va 3
5 100 {1} Chi lay 1
6 101 {1, 3} Lay 1va3
7 110 {1,2} Lay 1va2
8 111 {1,2,3} Lay1,2va3

Déi véi bai toan nay ta can duy tr1 mot vector
dé luu tap hop tao dwoc. Vi mdi phan tir c6 X[i ]
= 1, tlrc 1a chon phan tr i thi ta s€ thém phan tir i
vao cudi vector va duyét dén vi tri ké tiép. Sau khi
duyét xong thi lai bo phan tor cu01 cua vector di.

Viét chuong trinh giai quyét bai toan bang
ngon nglt C++ nhu sau:

int n;

vector <vector<int>> res; vector<int> a;

void backtrack(int 1) { if(i>n){

res.push_back(a); return;

}

// Khong chon phan tu i, vector giu nguyen
backtrack(i + 1);

// Chon phan tu i, vector them phan tu i vao
cuoi

a.push_back(i); backtrack(i+ 1); a.pop_back();

int main(){

cin >> n; backtrack(1);

sort(res. begln() res.end()); for(auto i: res) {
for(auto j: 1){

cout <<j<<"';

}

cout << "\n";

}
b
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Vi du 3: Bai toan xép hau

Bai toan: Tim tit ca cac cach xép n (n < 12)
quan Hau 1én mdt ban cd n X n sao cho khong co
hai quan Hau nao c6 thé an duoc nhau. Néu c6 hai
cach 1a hoan vi ciia nhau (vé vi trf) thi chi
tinh 1a mot, vi du hai taphop {(1,2),(3,4),
(6,6)} va {(1,2), (5, 6),(3,4)} childy 1. Hai quan
Hau duogc goi 1a co thé an duoc nhau néu ching
nam cung hang, ¢t hodc dudng chéo ciia ban co.

Phén tich bai toan:

Gia st quan Hau tht i nam & hang xi va cot yi.
Cach goi nay hoi nguoc mot chut so voi hé toa do
Decartes thong thuong nhung no s& rat hop cho
nhitng bai toan lién quan dén bang:

Khi nao thi hai quan Hau A va B an nhau?

- Khi A va B ndm cung hang, tic 1a xA = xB

- Khi A va B nam cuing cot, tic 1a yA = yB

- Khi A va B nam trén cung dudng chéo. Liic
nay c6 hai truong hop:

+xA+yA=xB+yB

+xA—yA=xB—yB

Pbi voi duong chéo, ban doc ¢ thé tur kiém
ching thay rang, hiéu hodc tong cua chi sO “hang
va chi s cot luon ludn 13 mot sb Kkhong ddi déi
v6i hai phan tir cing dudng chéo, 1an luot tng véi
dudng chéo chinh (hudng tay béc - dong nam) va



duong chéo phy (hudng dong bic - tay nam).

Vay thi, sinh ra nhitng bg toa d§ d6i mot thoa
man cac diéu kién trén. Sinh cac bo toa d¢ nay lan
luot theo ting hang, va dam bao rang quan Hau
sau s€ khong cung cdt va cung duong chéo voi
quan Hau trudc. Dé khoi phai dung vong lip for
lai tir dau tap da sinh dé kiém tra trung lap, duy tri
mot sd mang danh dau cot, duong chéo phu,
duong chéo chinh:

isInCol[], isinDiag1[], isIinDiag?2[]

Trong do:

- isInCol[k] nhén gia tri true néu da c6 mot
quan Hau da ndm & cot k.

- isInDiag1[k] nhan gia tri true néu di co
mot quan Hau da nam & duong chéo phu c6 tong
toadoxvaylak.

- isInDiag2[k] nhan gia tri true néu da cé
mot quan Hau da ndm & dudng chéo chinh ¢o hiéu
topadoxvaylak.

Mot vong dé quy s& két thac néu ta sinh thanh
cong n quan Hau. Luc nay, ta chi viéc in két qua,
va di tiép t6i cac trudng hop khéc.

Viét chuong trinh giai quyét bai toan Xép hau
bang ngdn ngit C++ nhu sau:

int n;

// Mang danh dau cot, duong cheo phu va
duong cheo chinh

bool  isInCol
1sInDiag2[26];

// Goi 2 tap rieng chi hang va cot

// Tap X co the bo qua do cac quan Hau
duoc sinh lan luot theo tung hang vector <int>
curQueensSetX, curQueensSetY;

// In ket qua dong (X, Y) void printQueensSet()
{

[13], isInDiagl  [26],

for (int i = 0; i <n; i++){
cout << "(" << curQueensSetX[i] << "," <<<
curQueensSety[i] <<")"; if (in 1) cout << ", ";

cout << "\n";

}

// Ham de quy

void genQueens Set(int curRow) {

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

// Xac dinh duong cheo phu va chinh hien tai //
intcurDiagl=curRow + curCol;

int curDiag2 = curRow - curCol + 13; // +13 de
tranh chi so am

// Kiem tra toa do moi xem co thoa man khong
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//if(isInCol[curCol] == true) continue;

if (isinDiag1[curDiagl] == true) continue;

if (isInDiag2[curDiag2] == true) continue;

// Them no vao tap hop hien tai neu thoa
man curQueensSetX.push_back(curRow);
curQueensSetY.push back(curCol);
isInCol[curCol] = true;

isInDiagl[curDiagl]=true;isInDiag2[curDiag2]
= true;

// Goi de quy them quan tiep theo hoac in ket qua
if (curQueensSetX.size() == n) printQueensSet();
else genQueensSet (curRow + 1);

/I Xoa quan vua them vao khoi tap hop
curQueensSetX.pop back(); curQueensSety.pop
back(); isInCol[curCol] = false;

isInDiagl[curDiagl |=false;isInDiag2[curDiag2]
= false;

b

III. KET LUAN

Nghién ctru tap trung vao vi¢c phan tich va
ung dung thuat todn Quay lui trong 1ap trinh, ddc
biét danh cho hoc sinh gi6i cap THCS, nham giai
quyét cac bai toan phirc tap mot cach hiéu qua.
Dong thoi, dong gop mot cach hé thdng va rd
rang vao viéc 1am sang to ban chat ctia thuét toan
Quay lui (Backtracking) nhu mét phuong phap
giai quyét van dé dua trén viéc thir tit ca cac lya
chon c6 thé, déng thoi “quay lui” khi huéng di
hién tai khong con phu hgp. Khéc vai thuat toan
vét can tuén tu, Quay lui dugc trinh bay nhu mdt
ky thuat vét can thong minh, biét loai bo som
cac nhanh khong thé dan dén 101 giai, qua d6 cai
thién hi¢u nang x1r 1y bai toan. Trén co s¢ do, bai
viét cling chi ra han ché thudong gip trong thuc
tién hoc tap khi hoc sinh quen sir dung cac thuat
toan co ban, khién chuong trinh tré nén cham va
t6n bo nhé véi dir liu 16n, tir d6 dé xuat viée ap
dung thuat toan Quay lui (két hop phuong phap
nhanh cén khi can) nhu mot huéng tdi wu hoa do
phtrc tap. Cac ma gia va vi du minh hoa cu thé
bang C++, nhu bai toan Sinh diy nhi phan, Liét
ké tap hop hay Xép Hau véi ky thuét dung mang
danh dau, giup nguoi hoc dé ~dang tiép can va
trién khai. V& y nghia, bai viét khong chi 1a tai
liéu tham khéo thiét thuc cho gido vién, hoc sinh
THCS trong day — hoc Tin hoc ma con gop phﬁn
rén luyén tu duy thuat toan, ky nang giai quyét
van dé va dinh huéng phat trién ning liwc ca nhan
cho hoc sinh trong tuong lai.
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