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Thuat toan tham lam

Gidi thiéu

Thuéat toan Il
m Cdc bai todn téi uu (optimization problems) yéu cau cuc Hoang Anh Biic
dai hda hodc cuc tiéu hda mdt s6 tham sb xét trén tap tat
ca cac dau vao cé thé

m Tim dudng di gilra hai thanh phé véi khodng cach nhdé nhat

m Tim céch mé héa céc thong diép sl dung s6 lugng bit nhd
nhat co thé

m Mot thuat toan tham lam (greedy algorithm) thuong dugc
st dung d€ giai bai toan tbi uu: ludn chon bién phap “tot
nhat” & mbi budc dia phuong (theo mét sb tiéu chuén cuc
bd nao dad) vai hi vong sé thu dugc mét 16i gidi toi wu trén
toan cuc.

m Gidi thuat nay khong nhat thiét xuat ra mot 16i gidi toi uu cho
toan QC) bai toan, nhung trong nhiéu truong hgp cu thé nd
co thé xuat ra Igi giai t0i uu

m Sau khi md ta cu thé “lira chon t6t nhat & tiing budc”, ta co
gang chiing minh rang giai thuét nay luén cho ta mét I giai
toi vu hodc tim mét phan vi du dé chi ra diéu nguagc lai.

Gi6i thidu

27



Thuat toan tham lam
Lap lich

Thuéat toan Il
| Bél tOén . Hoang Anh Burc
m Input:

m MGt nhom céc bai giang vdi thoi gian bat dau va két thuc
Chi cé mét glang duaong duy nhat

Khi mét bai gidng bat dau, né tiép dién cho dén khi két thic
Khéng ¢ hai bai gidng nao duoc tién hanh & cung thai diém.
Ngay sau khi mot bai giang két thic, mot bai giang khac co
thé bat dau

m Output: Mot danh sach cac bai giang dai nhat cé thé

Vidu

m O day, néu ta mubn ap dung giai thuat tham lam, 1am thé
nao dé “lva chon to6t nhat” 3 mdi budc clia thuat todn? NOi
cach khac, ta sé chon bai gidng nhu thé nao?

m Chon bai gidng bat dau sém nhét trong sé cac bai giang bat
dau sau cac bai giang ta vira chon trudc do?

m Chon bai gidng ngan nhat trong s6 cac bai giang bat dau
sau cac bai giang ta vira chon trudc do?

m Chon bai giang két thiic s6m nhét trong s6 cac bai giang bat
dau sau cac bai giang ta vira chon trudc do?
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Thuat toan tham lam

Lap lich’

m Chon bai gidng bat dau sém nhat? Khong xuat ra 10i gidi
toi uu trong moi trudng hop

Thuéat toan Il

Hoang Anh Buc

Gidi thiéu

Bai giang 3 Vidu

Bai giang 2

Bai gidng 1

Gidi thiéu
Binh ly thg
Cay dé quy

07:00 08:00

07:30 08:30

09:00

. . .-
10:00 thoi gian Gii thidu

09:30 10:30 Vidu

m Chon bai gidng ngan nhat? Khéng xuat ra 10i gidi ti vu

trong moi trudng hop

Bai gidang 3

Bai giang 2

Bai giang 1

07:00 08:00

07:30 08:30

09:00

09:30 10:30

>

10:00 11:00 thai gian
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Thuat toan tham lam
Lap lich

Thuéat toan Il

Hoang Anh Buc

Thuat toan 6: Lap lich tham lam (Greedy Scheduling)

Input: (s1,e1), (52,€2), ..., (sn, e,): thoi gian bat dau va két
thuc bai gléng bl, bg, ceey b,
Output: Danh sach bai gidng S ¢ sb bai gidng 16n nhat
trong dé khong co hai bai giang nao xung doét nhau
Sap xép cdac bai gidng theo thi tu ting dan theo thdi gian
két thic va gan lai nhan bai giang sao cho
R N

Vidu

2 S:=1)

6

for j .=1tondo
if Bai gidng j khéng xung dét vdi cdc phan ti cla S
then
L S:=SU{j}

return S
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Thuat toan tham lam
Lap lich

Thuéat toan Il

[- 'Dlnh Iy 1 Hoang Anh Buc

Thudt todn 6 xuét ra mét danh sach céc bai giang toi uu

Chung minh.

m Gid st S* la mot danh sach bai giang t6i uu trong do cac
bai giang z;, T2, ..., Tk AUJC sap xep theo thu ty tang dan
theo thai gian két thuc

m Gid st S la mot danh séch bai gidng xuat ra tir Thuat
toan 6 trong d6 cac bai giang 1,2, . . ., yx dUGC sap xep
theo thur tu tang dan theo thai gian két thuc

m Do S* 1at6i uu, k > &’

m Néu S = $* thi ta cd diéu phai chiing minh. Nguoc lai, néu
S # S’, goi i la chi s0 dau tién trong {1, ..., %'} thdoa man
x; # v;, nghia la
S* = <331 — Y1, X2 = Y24 ...y Lj—1 — Yj—15Ljyeee s Lk!y.. .,SEk>

S=(T1=Y1,T2=Y2,-- s Ti1 = Yi1,Yir-- > Yk')
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Thuat toan tham lam
Lap lich

Chitng minh (ticp). B

m Néu ¢ khéng tén tai thi S* = (y1,92, .- ., Yk', Thra1y - - -y Th)

m Ngugc lai, do y; dudc chon bdi Thuat todn 6, y; ket thic
trude khi ; két thuc, nghia la no khéng xung dét vai bat ky
bai giang nao sau z; trong S*.

m Do dé, day S* \ {z;} U {y;} cling la mét day toi uu. Ta gan
S* = S*\ {x;} U {y;} valap lai ly luan trén cho S* va S.

m Bang cach lién tuc st dung ly luan trén, ta thu dugc day
S* t6i uu co dang

Vidu

*
ST = <y17927°-°7yk’7$k’+17-°-737/€>

m Do y; 1a bai gidng cudi cung dugc chon béi Thuat toan 6,
cac bai giang con lai déu xung dot véi vy va cé thdi gian
két thic sau khi v, két thic. N6i cach khac, cac phan tl
Twi1,...,x, trong S* déu phai bang v, nghia 1a
S = <y1,y2, e 7yl€’> la mét déy té)l uu
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Udc lugng hé thirc truy hoi

Gidi thiéu

Thuéat toan Il

Hoang Anh Buc

m Mét ¢ng dung cla viéc udc lugng hé thirc truy hoi 1a trong (&) g
viéc phan tich thoi gian chay cua céac thuéat toan dé quy
m Mbt s6 phuong phap udc lugng hé thie truy hoi

(1) S dung cay dé quy
(2) Su dung dinh ly thg (Master Theorem)
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Udc luang hé thic truy hoi

Dinh ly tho

Thuéat toan Il

A Dinh ly 2: Binh ly tho (Master Theorem)

Hoang Anh Buc

Goi f 1a mét ham tang théa man hé thirc truy hoi

f(n) = af(n/b) + cn

trong dé n = b* vdi k I1a s nguyén duong nao do, a > 1, b la Binh g
s0 nguyén duong I6n hon 1, va c, d 1a cac so thuc vdi ¢ duong e
va d khéng am. Ta co Gisi thieu

Vidu

Gidi thiéu
Vidu

O(n4) néu a < b°
f(n) la < O(n®logn) néua = b?
O(n'°2 %) néua > b?

\

Vidu 1

m VéiT(n)
m VGiT(n)
m VGiT(n)

2T(n/2) +n,tacd T'(n) = O(nlogn)
T(n/2)+n,tacoT(n) =0(n)
3T (n/2) +n,tacod T(n) = O(n'°e3) 2




Udc luang hé thic truy hoi

Dinh ly thg

Thuéat toan Il

Hoang Anh Burc

Bai tap 1

St dung Binh ly thg, hdy udc luong cdc hé thic truy hbisau (o) omyme
theo O-Ion, gia st T(1) = 1 Gy db av
(a) ( ) = 4T(Tl/3) —|— ’n, Gi6i thieu

Vidu

(b) T(n) =4T(n/2) + n?
(c) T(n) =3T(n/3)+
(d) T'(n) =3T(n/3) +1

n

n
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Udc luang hé thic truy hoi

Cay dé quy

Thuat toan I
\/i'(jLJ 2 Hoang Anh Bic
Xét hé thirc truy hoéi T'(n) = 2T (n/2) 4+ n véi diéu kién ban dau
T(1) = 1 van = 2¥ véi s6 nguyén k > 1 nao d6. Ta vé cay dé
quy cho hé thuc nay nhu sau

T(n)
A n
0 PR
0 " 2 20 Cay dé quy
T(n/2) T(n/2) +
1 n n ol « n
2 2 21
Tm?y///\\\\ﬂWﬂ ﬂWﬂ////\\\\ﬂm> +
n n n n L
Ollogn) 72| 5 > 2 7| ¥xgz
/\ / N\ /\ 8 N
(1) (1) (1) -
L 1 1T | 1 oL o« V.
v 2L
n Y
1—27:L:10gn T(n)
L
i n
TacoT(n) = E 2" X 5 = n(logn +1) = O(nlogn)

1=0 27



Udc luang hé thic truy hoi

Cay dé quy

4 Thuat toan Il
V! dljl\ 3 ; A, L. . Hoang Anh Burc
Xet he thue truy h6i T'(n) =T (n — 1) +T'(1) + nvOin > 1 va
diéu kién ban dau 7'(1) = 1. Ta vé cay dé quy cua hé thirc nay
nhu sau

T(n—1) T(1) + Cay dé quy

1 n—1 1 (n—1)+1

2 n—2 1 (n—2)+1
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Udc luang hé thic truy hoi

Cay dé quy

Thuéat toan Il

Hoang Anh Diic
Bai tp 2
Su dung cdy dé quy dé udc luong T (n) cho bdi cdc hé thiic
truy hoi sau
(a) T(n) =2T(n/2) + n?
(b) T(n)=T(n/2)+1
(c) T(n)=2T(n—1)+1

Cay dé quy

Bai tap 3

Hé thire T'(n) = 2T (n/2) + nlog n khéng théa man cédc diéu
kién cta Dinh ly tho nén ta khéng thé udc luong nd théng qua
Pinh ly. Tuy nhién, ta van cd thé su dung cdy dé quy dé udc
luong T'(n) trong trudng hop ndy. Hay st dung cdy dé quy dé
chi raT(n) = O(nlog” n)
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Udc luang hé thic truy hoi

Cay dé quy

Thuéat toan Il

Hoang Anh Buc

Bai tap 4
Ta cd thé chirng minh Binh ly tho bang cdch si dung cay dé
quy
(a) Ve cdy dé quy choT(n) = aT(n/b) + cn® trong dén = b* O
VOi k la s nguyén duong nao do, a > 1, b la s6 nguyén
duong Ion hon 1, va ¢, d la cac so thuc voi c duong va d
khong am
(b) Tinh téng tiing hang va viét cong thic cda T (n) dudi dang
tong cua cdc hang trong céy.
(c) Xét cac truong hop a < b%, a = b?, vaa > b
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Thuat toan dé quy

Gidi thiéu

Thuéat toan Il

Hoang Anh Buc

m Dinh nghia theo dé quy khong nhitng cé thé ap dung cho
cac ham va tap hop ma con cho ca cac thuat toan
m MOt thu tuc dé quy (recursive procedure) |la mot thi tuc goi
chinh no
m MOt thuat toan dé quy (recursive algorithm) la mot thuat Gidi thg
todn giai mot bai todn bang cach chuyén vé viéc giai chinh
bai toan d6 nhung vai dau vao cé kich thudc nhé hon
m Ky thudt chia dé tri (divide-and-conquer technique): giai mot

bai todn ban dau thdng qua viéc chia né thanh cac bai toan
nho hon clng loai va giai chiing
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Thuat toan dé quy

Gidi thiéu

Thuéat toan Il
. ; Hoang Anh Buc
M6t thuat toan dé quy thuong cé dang nhu sau
Trudng hop co s& V6i moét s6 dau vao kich thudc nhd hodc
mot so truong hgp dac biét, thuat toan sé chora
két qua mot cach truc tiep
Dinh nghia bai todn con Trong truding hop dau vao khac véi
nhirng dau vao dinh nghta trong truong hgp co
s8, thuat toan dinh nghia mot hodc nhiéu “bai () som
toén con” véi cac dau vao nh6 han dugc tinh tu
dau vao ban dau
Gidi bai toan con Thuat todn goi chinh né dé gidi cac bai toan
con va luu trr cac két qua tinh toan
Xuat ra 101 gidi Sau khi gidi quyét toan bo céc bai toan con,
thuat toan xuat ra 10i giai dua trén dau vao ban
dau va cac |0i giai cla cac bai toan con
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Thuat toan dé quy

Gidi thiéu

Thuéat toan Il

Ch{tng minh tinh ding dan cla thuat toan dé quy bang quy nap manh
m Phat biéu dieu can chiyng minh: Mot diém quan trong 1a can
chi r6 “thudt todn dung” nghia la gi
m Budc co sd: Cac trudng hop khi thuat todn cho ra két qua moét
cdch truc tiép ma khéng can théng qua goi dé quy chinh né la
cac truong hop can xét trong budc co sé
m S dung mé ta cla thuat toan dé chi ra thuat toan sé tra lai gi trong
truong hop co sd
m Chi ra rang gia tri tra lai clia thuat toan 1a ding
m Budc quy nap: Gia thiét rang thuat toan dung cho moi dau vao
kich thudc nhé hon. Chi ra rang thuat toan cling ding cho dau
vao hién tai
m Phat bi€u gia thiét quy nap: Gia s thuat toan dung véi moi dau vao
gitra trudng hap co sd va cac dau vao cé kich thudc nhd hon mét
don vi so vdi dau vao hién tai
m M0 ta cu thé thuat todn tra lai gi véi dau vao hién tai dua trén cac
lan goi dé quy
m SU dung gid thiét quy nap dé thay méi lan goi dé quy bang dap an
chinh x&c. Chi ra rang nhitng diéu nay dan t6i dap an dung cho
truong hop hién tai
m Néu ban xét nhiéu trudng hgp trong thuat toan thi can thuc hién hai
diéu trén vai ting trudng hop mot

Hoang Anh Buc

Gidi thiéu
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Thuat toan dé quy

Tinh giai thua

Thuéat toan Il

Hoang Anh Buc

VGi moi s6 nguyén khéng &m n

0l =1
nl=nx(n-1)"~ Yn>1

Thuat toan 7: Tinh n!

Input: n: s6 nguyén khéng am
Output: n!
1 procedure factorial(n):
if n = 0 then
| return 1

() v

else
L return n x factorial(n — 1)

27



Thuat toan dé quy

Tinh giai thua

Thuat toan Il
Vi du 4 (Thuat toan dé quy tinh giai thua la dung) Hong Anh D
Ta chiérng minh tinh ding dan cla Thuat toan 7 bang quy nap. Goi
factorial (n) la gia tri tra lai bdi Thuat toan 7
m Ta ching minh factorial(n) = n! vdi moin > 0
m Buoc co so: Khin =0, factorial(n) =1 = n!
m Budc quy nap: Gid sl factorial (k) = k! vdi sd nguyén
k > 0 nao dé. Ta ching minh factorial(k+ 1) = (k+ 1)!.
That vay, Thuat toan 7 tra lai
factorial(k+1) — (k + 1) X factorial (k). Theo gid thiét (&
quy nap, factorial (k) = k!. Do do,
factorial(k+ 1) = (k+1) x k! = (kK + 1)!

Vi du 5 (Thai gian chay cua thuét toan dé quy tinh giai
thua)

T(n)=max{O(1),T(n—1)4+0(1)}+0(1)=T(n—-1)+ 0(1)

Vidu

nghia | t6n tai hang s6 C théa man T'(n) = T'(n — 1) + C. Suy ra
T(n) = O(n)
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Thuat toan dé quy

Tinh 0y thira

Thuéat toan Il

Hoang Anh Buc

V6i moi sb thuc a # 0 va s6 nguyén khéng am n,

Thuat toan 8: Tinh "

Input: a: sb thuc khac 0, n: s6 nguyén khéng am
Output: a"
1 procedure power(a, n):
if n = 0 then
| return 1

) v

else
L return a x power(a, n — 1)
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Thuat toan dé quy

Tinh Idy thira

Thuéat toan Il

Hoang Anh Burc

Baitap 5
(a) Chu’ng minh tinh ding dan cla Thuét toan 8

(b) Xay dung hé thite truy hoi dé danh gia thdi gian chay cua
Thudt toan 8. Giai hoac udc luong hé thic ban tim duoc
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Thuat toan dé quy

Tim kiém tuyén tinh

Thuéat toan Il

Thuat toan 9: Tim kiém tuyén tinh (Linear Search) Hoang Anh Difc
Input: a1, as, ..., a,: ddy s6 nguyén, i, j, z: SO nguyén,
I<i1<j<mn
OUtpUt: Néu xr € {CLi, Qiglye- - Cl,j} thi tra Ial
kedi,i+1,...,7}saocho x = a;. Ngugc lai thi
tralai 0
1 procedure LinearSearch(i, j, x):
if a; = x then // 0 dtng vi tri? Tra lai két qua
| return
else
if : = j then // Khéng tim thiy
| return 0
7 else // Tim trong phan coén lai
L return LinearSearch(z + 1, 7, x)
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Thuat toan dé quy

Tim kiém tuyén tinh

Thuéat toan Il

Hoang Anh Buc

Gidi thiéu
Vidu

Gidi thiéu
Binh ly thg

Bé' tép 6 Cay dé quy
X4y dung hé thirc truy hoi dé danh gid thoi gian chay cua s i
Thudt todn 9. Gidi hodc udc lugng hé thiic ban tim duoc o
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Thuat toan dé quy

Tim kiém nhj phan

1
2
3
4

N O O

10

11
12

Thuat toan 10: Tim kiém nhj phan (Binary Search)

Input: a;, as, ..., a,: day s6 nguyén thuc sy tang, i, j, z: sO
nguyén, 1 <i<j<n
Output: Néu T < {ai, Qiglye -y aj} thi tra lai k& € {Z,Z +1,... ,]}
sao cho = = a;,. Ngudc lai thi tra lai 0
procedure BinarySearch(i, j, x):

m = |(i+7)/2] // Di dén gitta day
if z = a,, then // bing vi tri?
. returnm
else
if z < a,, vat < m then // x & nta bén trai?

L return BinarySearch(z, m — 1, x)

else
if x > a,, vaj > m then // x 8 nlta bén phdi?
L return BinarySearch(m + 1, 7, x)

else // Khéng tim thiy
| return 0

Thuéat toan Il

Hoang Anh Buc

o
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Thuat toan dé quy

Tim kiém nhj phan

Thuéat toan Il

Hoang Anh Buc

Gidi thiéu
Vidu

Gidi thiéu
Binh ly thg

Bél tép 7 Cay dé quy
X4y dung hé thirc truy hoi dé danh gid thoi gian chay cua s i
Thuét toan 10. Gidi hodc udc luong hé thire ban tim duoc o
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Thuat toan dé quy

Sap xép trén

1
2
3

Thuéat toan Il

Thuét toan 11: Tron hai day sap tha tu (Merge) Hoang Anh Bic

Input: A = (a1,...,a.4)), B = (by,...,bp|): ddy sO nguyén
sap thu tu
Output: Day cac sd nguyén trong ca A va B sap thu ty
tang dan
procedure Merge (A, B):
if A= (0 then
| return B (28) via

if B = () then
L return A

if a; < by then
L return (a;,Merge(az,...,a 4, B))

else
L return (b;,Merge (A4, b2,...,0,5)))

27



Thuat toan dé quy

Sap xép trén

Thuéat toan Il

Hoang Anh Buc

Thuat toan 12: Sap xép tron (Merge Sort)

Input: L = ay,az, ..., a,: ddy sO nguyén
Output: Day s6 nguyén sap thu tu tang dan

1 procedure MergeSort (L):

2 if n > 1 then |
3 m = |n/2]
4 lezal,...,am

5 Lo = A1,y ---,0n

6 L := Merge (MergeSort (L), MergeSort (L))
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