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Phan 1

Thong tin chung vé mon hoc
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(G161 thiéu mon hoc

= Tén modn: Thuat todn Ung dung
= Tiéng Anh: Application of Algorithms
= SO tin chi: 3 (30 ly thuyét + 15 thuc hanh)
= NOi dung chinh:
» Gidithiéu ciu truc dir liéu va thuat toan
= Pé quy, quay lui va nhanh can
= C4c cach ti€p can: tham lam, chia dé tri, quy hoach déng
= DO thi
= *X{r ly chuOi
= Giang vién: Trwong Xuan Nam, khoa CNTT

= Email: namtx@wru.vn / truongxuannam@gmail.com
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Ta1 ieu mon hoc va phan mém hoc tap

= Tai liéu chinh: bai giang cua gido vién
= Phan mém hoc tap: C/C++/Java/Python

= DUng ngdn ngit 1ap trinh nao cling dwoc, mién 1a minh hoa
dung tinh chat cda bai giai

= Cham ty déng bang phan mém FineTest hoic dich vu online

= Bai gidng, bai tdp, ma ngudn, diém so,... sé dwoc dua lén
site https://txnam.net muc BAI GIANG
= Bai giang va bai tap sé duoc dua lén site trudc gio hoc
* Trong gio thuc hanh, FineTest tu ddng glri bai cho sinh vién dé
lam, gido vién sé khong guri cho |&p
= Diém qua trinh s& duoc cdng bd trén website
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Kién thirc yeu cau

= Lap trinh dwoc véi C/C++, Java, Python hoac C#
= Vichuing ta sé ap dung kién thirc d6 vao mon hoc
= L3p trinh dwoc tire 1a b thé viét chwong trinh vdi ngdn ngir dé
dua trén mo ta thuat toan
= P3 hoc:
= Ngon nglt Lap trinh
= Cau truc D liéu va Giai thuat
= Biét sir dung email
= NOp bai tdp vao email cla thay gido: can ghi rd tén sinh vién,
bai ndp |a bai ndo, cta bubi bai tap s6 may
» C4 thé email cho thay gido dé héi thém cac van dé vé mdén hoc
= Chua y: copy bai ciia ban khic dé ndp sé bi cam thi
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Panh gia két qua

= Piém mdn hoc:

, X
" Diém qua trinh: 50% 6*(’6\\60 A
= Diém thi cudi ky: 50% N Q:OO
e Ne

= PDiém qua trinh: Q A

. (®)

* Chuyén can Q GO
= Bailam trén I&p, trong phong lab
. B?i tz?af vé nha (ndp qua email) QOO(
= B3ai kiém tra O

= Thi cudi ky:
= Thi trén mdy tinh bang FineTest
» Hoc gi thi ndy, khéng hoi ngoai mon hoc
= Khong co gidi han ndi dung thi
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Muc ti€u cua mon hoc nay

= Nang cao ky nang thuc hanh cua sinh vién trong viéc giai
quyét cac van dé thuat toan

= Nhan manh vao quy trinh “phan tich — thiét ké — cai dat —
tdi wu” thuit todn trong qud trinh phat trién phan mém

= Cé thé trd 10i duoc cac cdu hdi phdng van khi tim viéc
lam & cac cOng ty tot

= Tat ca cac cong ty cdng nghé hang dau déu phdng van &ng vién
|4p trinh vé thuat todn (Google, Facebook, Apple, Microsoft,
Grab, Shopee, Zalo, FPT, Viettel,...)

= Lam dep ho so xin viéc
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Phan 2

Thuat toan
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Khai niém thuat toan

= Thuat todn = Cac buwdc dé gidi quyét van dé

" Thuat toan = Phuong thie tinh toan duoc cai dat trén
may tinh

= Pac trung:

Co dau vao: mot tap gia tri

Co dau ra: két qua tinh todn, la mot tap gid tri khac
Tinh rd rang: xac dinh, khéng hiéu sai

*Tinh tong quat: gidi mot |&p cac bai todn

*Tinh dirng: két thac sau mot s6 bude hiru han
*Tinh ding: dua ra két qua dung
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Khai niém thuat toan

= Co ban

Gidi thiéu vé Thuat toan

Tim ki€m & Sap xép

Cau truc dit liéu co ban

bé quy, Quay lui va Nhanh can
Thuat toan tham lam

Chia dé tri

Quy hoach dong

Thuét toan vé do thi va &rng dung

= Nang cao

Cau truc dit liéu ndng cao va &rng dung
Thuat todn véi chudi ky tu va &ng dung
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Phan 3

Vi du dau tién
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Doan con co6 tong 16n nhat

= Tim doan con cd tdng I&n nhat cia mdt day so cho trudce
= Chométdaysé s=(a;,...,a,)
= Poan con: s(i,j)=(ai,...,aj),lsiSan

= Tong doan con: w(i, j) = w(s(i, j)) =a;+a,, +... + 3

= Tim doan con cd tdng I&n nhat: X = max(w(i, j))
= Tim cap (p, q) dé s(p, q) co tong |&n nhat
" (p, q) = argmax(w(i, j))
= Vidu:
= D3yso: -2, 11, -4,13,-5,2
= D3y con cO tong I&n nhat la: s(2, 4) = (11, -4, 13)
* TOng cla day con nay la 20
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Cac cach tiep can

Duyét toan bd cac cap (i, j)

Duyét toan bd nhwng tinh t6i wu hon
Chia dé tri

Quy hoach dong

N =
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3.1 Duy¢t toan b cac cap (1, )

= Duyét tat ca cac doan = duyét moi cdp (i, j)

= Tinh tdng cda cac cadp va lwu lai doan I&n nhat

// Phuong phap 1: duyét toan bd cap (i,J)
int tong max(vector<int> & a, int n) {
int m = a[1];
for (int 1 = 1; i <= n; i++)
for (int j = 1; j <= n; j++) {

int s = 0;
for (int k = i; k <= j; k++) s += a[k];
if (s >m) m=s;
}
return m;
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3.2 Duyét toan bo nhung tinh t6i wu hon

= Duyét tat ca cac doan = duyét moi cdp (i, j)
= Tinh tdng cda cac cadp va lwu lai doan I&n nhat
= TAn dung tinh chat: w(i, j) = w(i, j-1) + a[j]

// Phuong phdp 2: duyét nhung tan dung lai téng cii
int tong max2(vector<int> & a, int n) {

int m = a[1];

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

int s = 0;
for (int j = 1i; j <= n; j++) {
s += a[Jj];
if (s >m) m = s;
}
}
return m;
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3.3 Chia dé tri

=" Dinh nghia dé quy

= Doan con tong I&n nhat cla S, twr vi tri dau dén vi tri cudi

= Tim doan con tong |&n nhat cda S:
= NEu S chicd 1 phan tl&: doan can tim chinh la toan bd S
= Néu S nhiéu hon 1 phan tl, ta chia d6i S=S1 +S2
= Poan con can tim sé roi vao mot trong ba tinh hudng
e Trai: doan nam trong S1
* Phai: doan nam trong S2
* Gilta: dau doan nam trong S1, cudi doan nam trong S2
» Tinh gia trj cia ba tinh hudng va tra vé gia tri I|&n nhat
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3.3 Chia dé tri

// Phuong phdp 3: chia dé tri

int tong max3(vector<int> & a, int dau, int cuoi) {
// Xét trudong hgp d6 dai la 1
if (dau == cuoi) return a[dau];

// chia d6i day: (dau, mid) + (mid+1, cuoi)
int mid = (dau + cuoi) / 2;

// tinh max trong 3 trucong hop

int m_trai = tong max3(a, dau, mid);

int m_phai = tong max3(a, mid + 1, cuoi);

int m_giua = trai(a, dau, mid) + phai(a, mid + 1, cuoi);

// tra vé max cua 3 truong hop
return max(m_giua, max(m_trai, m_phai));
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3.3 Chia dé tri

//

int

//

int

tim doan max phia trdi (két thic & cuoi)
trai(vector<int> & a, int dau, int cuoi) {
int m = a[cuoi], s = 0;
for (int i = cuoi; 1 >= dau; i--) {

s += a[i];

if (s >m) m = s;
}

return m;

tim doan max phia phai (bat dau tu dau)
phai(vector<int> & a, int dau, int cuoi) {
int m = a[dau], s = 0;
for (int i = dau; i <= cuoi; i++) {

s += al[i];

if (s >m) m = s;
}

return m;
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- ORS

3.4 Quy hoach dong {cop

:\\ '~ "/.

= Xét cac day con két thuc tai k, dat w(k) 1a tong I&n nhat
= w(k) = max(wf(i, k))
= Dé thay X = max(w(i, j)) = max(w(k))
= Néu ta tinh dwoc moi w(k) thi dé dang tinh X
= Ta cd thé tinh nhanh w(k) dwa trén w(k-1):
= w(l)=2a,
= w(k) = a, hodc w(k-1)+a,, r'ng v&i hai tinh hudng
* D3y chigom a,
* D3y gbm a, va noi v&i phan t phia trudc a, 4
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3.4 Quy hoach dong

// Phuong phap 4: quy hoach dong
int tong max4(vector<int> & a, int n) {
vector<int> w(n+l);
wl1l] = a[1];
for (int k = 2; k <= n; k++)
wlk] = max(a[k], w[k-1] + a[k]);
int m = w[1l];
for (int i = 2; 1 <= n; i++)
if (m < w[i]) m = w[i];

return m;
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3.4 Quy hoach dong

// Phuong phap 4.1: quy hoach dong véi ma téi uwu hon
int tong max4 _1(vector<int> & a, int n) {
int w = a[1], m = a[1];
for (int k = 2; k <= n; k++) {
if (w > 0) w=w + a[k];
else w = a[k];
if (w>m)m= w;
}

return m;
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Phan 4

Phan tich thuat toan
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Phan tich thuat toan

= Gilp hiéu duoc so bd “chi phi” khi thwe hién thuat toan

= Cac khia canh quan tam:
= Kich thudc dau vao
» Kich thwdc dau ra
» Tai nguyén dé chay thuat todn
* BO nho
* SO lwong phép todn can thuc hién

= SO lwgng phép toan = thoi gian tinh todn
" Phép so sanh: 1 (CPU cycle)
= Phép cong/trir: 1 (CPU cycle)
"= Phép nhan: 10 (CPU cycles)
= Phép chia: 66-80 (CPU cycles)
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Phan tich thuat toan

Operation Cost in CPU Cycles

“Simple” register-register op (ADD,OR, etc.)
Memory write

Bypass delay: switch between

integer and floating-point units

“Right” branch of “if”

Floating-point/vector addition

Multiplication (integer/float/vector)

Return error and check

L1 read

TLB miss

L2 read

“Wrong” branch of “if” (branch misprediction)
Floating-point division

128-bit vector division

Atomics/CAS

C function direct call

Integer division

C function indirect call

C++ virtual function call

10°

1-T

1-7

A
-
] ]
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Phan tich thuat toan: bai tap vi du

= Thuat toan 1:
= BO ba (i, k, j) sap th& tv = n3/6
= O(n3)
= Thuat toan 2:
= C3p (i, j) sap th tv = n%/2
= O(n?)
= Thuat toan 3:
= D3y do dai n, chia d6i cho dén khi con 1 phan ti
* DH sdu kthda man n/2k= 1
* Nén k = log,n
= O(n log,n)
= Thuat toan 4: O(n)
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Phan tich thuat toan

= Thuat toan on dinh: th&i gian chay khéng déi, chi phu
thudc vao s6 lwong dit liéu dau vao

= Thuat toan thich (rng: thoi gian chay thay doi tuy thudc
vao gia tri cha dit liéu dau vao
= Thoi gian chay tot nhat: thei gian thuc thi ngdn nhat vai dir liéu
dau vao cd n
= Thoi gian chay t6i nhat: thoi gian thwe thi dai nhat véi dir liéu
dau vao cd n
= Thoi gian chay trung binh: thai gian thuc thi trung binh cia moi
lan chay
 Rat kho tinh toan thuc té (vi phai th&r moi trwong hop)
* Tinh todn uwdc lvong dua trén sé lugng phép toan phai thuce hién
* Dya trén giai thiét xac suat cta di¥ liéu dau vao
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Phan tich do tang trudng

= PO tang trudng cho ta uwdc lwong nhirng tinh hudng chua
thir nghiém thuc té
= Chan trén cua g(n): O(g(n))
f(n) = O(g(n))
khiva chi khid ¢ >0van,>0sao cho f(n) <
cg(n) Yn=n,
cg(n)

f(n)

f(n) bi chan trén bai g(n)

|
I
: theo nghia tiém can
I

Ny
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Phan tich do tang trudng

= Chan dudi cua g(n): Q(g(n))

= O-mé-ga clia ham cé thé khéng cung bac véi ham dé

f(n) = €2(g(n))
khi va chikhi 3 ¢>0van,>0saochocg(n) <
f(n) Vn 2> n,

f(n)
M cg(n) f(n) bi chdn duwéi béi g(n)

theo nghia tiém can
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Phan tich do tang trudng

= Tiém can cua g(n): 6(g(n))
= Thé-ta cia ham thuong la cung bac vdi ham dé

f(n) = ©(g(n))
khi va chikhi3¢;>0,c,>0van,>0sao cho
c,8(n) £f(n) <c,g(n) Vn=>n,

ng(n)

f(n)

f(n) cé cung téc do tang
___—c8(n) v&i g(n) theo nghia tiém
can

3 - s s |- -
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Phan tich thuc nghiém

= Cai dat thuat toan

= Chay chuong trinh rat nhiéu lan

" Trén cung mot may tinh

= D{¥ liéu dau vao cd kich thwéce khac nhau

= D{¥ liéu dau vao cé phan bé gia tri khdc nhau
= Po thoi gian chay thuc té

= Biéu dién, so sanh két qua
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Phan tich thuc nghiém

= Diém yéu:
= Cai dat thuat toan doi khi dwa vao nang luc cla nguwoi viét m3

= Phai thi rat nhiéu tinh hudng thi k&t qua ma&i 6n dinh va c6
tinh dai dién cao

= Khdng thé ngoai suy ra két qua trong cac tinh huéng mai
= Piém manh:

" Tryc quan, ro rang

" Tin cay
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Phan 5

Bai tap
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Viét ma va phan tich do phuc tap tinh toan

1.Nhap 2 s nguyén a va b, hay tinh ab. In ra 9 chif s
cudi cung néu gia tri tim dudc 16n hon 10°.

2.Day s6 Fibonacci dugc dinh nghia nhu sau:

:O:O
:1:1
- :Fn1+Fn2neun>1

n
Viet ham F(n) trd vé gia tri cla so Fibonacci thi n.

3.Cho day A = (a,, aj,..., ay.1), nhap s K (0 £ K < N).
Tim phan td nho tha K trong day A, in ra gia tri phan
tr do.

4.Nhap 2 so nguyén a va b, hay tinh ab. In ra 9 chil s6
dau tién néu gia tri tim dudc 16n hon 10°.
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